
14 September 2005 

MEMORANDUM FOR NEW MEXICO ENVIRONMENT DEPARTMENT 
Mr. Cornelius Amindyas 
Hazardous Waste Bureau 
5500 San Antonio Drive NE 
Albuquerque, New Mexico 87109 

FROM: 49 CES/CEV 
550 Tabosa Ave 
Holloman AFB NM 88330-8458 

SUBJECT: Voluntatry Corrective Measures Report for AOC-1 DP-64 Chemical Agent Site at 
Holloman Air Force Base, New Mexico, EPA ID NM6572124422 

1. Please find the subject report titled: Site Specific Report for Ordnance and Explosive 
Removal Action at Holloman Airforce Base prepared by Zapata Engineering 

2. This report summarizes the Voluntary Corrective Measures performed at this site. Please 
review and provide comments or approval of no further action. 

3. If you have any questions please contact me at (505) 572-5395. 

Daill.el K. Holmquist 

Environmental Restoration 49 CES/CEV 

Attachment: Site Specific Report for Ordnance and Explosive Removal Action at Holloman Airforce 
Base prepared by Zapata Engineering 

Cc (w/attachment): 

Mr. John Kieling 
Hazardous Waste Bureau 
2905 Rodeo Park Drive East 
Santa Fe, NM 87505-6303 
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15 Apr 89 PREVIOUS EDITIONS OF THIS FORM ARE OBSOLETE PAGE OF 1  

  I have reviewed the documents Volumes I and II, and submit the following 
comments for Volume I 

1 Pg 2-9 para 
2.10.2 

Remove Portable Chemical Agent Assessment System (PCAS) and replace with 
RAMANS Spectrometer System. 

 

 

 

 

 

   

2 Same pg Edgewood CBC should be spelled out or use ECBC which is now SBCOM 
(Soldiers Chemical Biological Command) 

 

3 Pg 1-5 Both Richard Byrd and David Becker were CEHNC Safety Specialist during the 
project 

   
 

  Concur with report in other areas except where identified in comments above. 
 

   

   
 
 
 

03-132-05, Holloman Draft Final Report      

Draft Final 
18 March 2005 
 

N:  IAW the ECBC report it states: “The 
portable Chemical Agent Identification Sets 
(CAIS) Assessment System (PCAS) was used 
on July 12, 2004 to non-intrusively evaluate the 
chemical contents of the ampoules found at 
Holloman….”  It also states that the instrument 
used was the Raman Spectrometer with 
Raman Probe…  The text was changed to 
reflect this as written in the ECBC report, dated 
July 19, 2004. 

A:  Text changed to “ECBC” as the acronym 
was spelled out earlier. 

A:  David Becker’s name was added to Table 
1-1. 
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  I have reviewed Volumes 1 and 2 and have the following comments  

1 Page 1-
5,Table1.1 

David Becker was also on-site as a CEHNC Safety Specialist. A:  David Becker’s name was added to Table 1-1. 

2 Page 2-9,para 
2.10.2 

The vials were analyzed using the RAMANS, not the equipment listed here. N:  The RAMANS was used as the instrument in the 
Portable Chemical Agent Identification Sets (CAIS) 
Assessment System (PCAS).  The text was 
changed to reflect the verbiage used in the PCAS 
Assessment of CAIS Items At Holloman AFB, NM, 
dated July 19, 2004. 

3 Page 2-9, para. 
2.10.2 

The RAMANS was operated by ECBC personnel. Not Edgewood CBC. A:  Text changed to “ECBC”. 
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1. Table 1-1 

p.1-5 

Under USAESCH, add Scott Bradley, Technical Manager, Attended DA Survey, 
and Intrusive Investigation 

 

 

A:  Scott Bradley’s name added to Table 1-1 as the 
Technical Manager for DA Survey and Intrusive 
Investigation. 

2. Section 2.5.1 

p. 2-4 

Final sentence should be corrected to read, “…amounts of 
vegetation…geophysical survey were removed and…” 

 

A:  Text changed to “were”. 

3. Section 2.5.2 

p. 2-4 

Please rephrase to improve readability. 

 

 

A:  Text was confusing and changed to improve 
readability. 

4. Section 2.5.3 

p. 2-4 

Correct first sentence to “After evaluating site conditions at the time of the 
discovery…” 

 

A:   Text changed as stated in your comment. 

5. Section 6.2 

p. 6-1 

Please separate the two issues being addressed here.  Describe likelihood of 
discovery of CWM in DP-64 as one concern.  Describe CWM occurrence on 
surrounding property as a separate paragraph. 

A:  The two issues have been separated.  An 
additional paragraph was added  (para 6.3) to reflect 
the possibility of additional CAIS on Holloman. 
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  CEHNC-ED-CS-G provided a review of the Draft Site Specific Report for the 
OE Removal Action at Holloman AFB dated November 2004, and has the 
following comments: 
 

 

1  Appendix E The dig sheets are not complete.  There are multiple targets with no dig 
results.  In addition, many of the Post-Dig Excavation QC Results (QC initials 
and Date) are not filled in.   

A:  Dig Sheets have been completed. 

2  Appendix D The ‘attached CD’ as referenced in this section and containing all the final 
geophysical data submittals is not present. 

A:  The CD is now attached to the report and 
contained in Appendix D. 

3 Appendix Document is missing geophysical field data sheets in the appendices  A:  One Geophysical Data Sheet has been 
completed for all 24 grids as the survey was 
conducted within three hours using the MTADS.  
This Geophysical Data Sheet in included in 
Appendix E in front of all the Dig Sheet Records. 

4 S:2.6.5, pg 2-6 Delete next to last sentence in paragraph to minimize confusion by non-
geophysical readers …”Targets that are found to be misplaced or invalid 
were moved or removed”   

A:  Sentence removed to eliminate confusion. 

5 S:2.7.3, pg 2-7 Insert before last sentence to explain why a 9” can was used as a target 
objective.  “The nine-inch metal can is the size and shape of an 
individual CAIS set, each “CAIS pig” contains four (4) CAIS set cans.” 

A:  Sentence inserted as requested. 

  -No Further Comments-  
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1.  General CEHNC-ED-SY-S has reviewed this document and has the following 
comment(s). 

 

 

2. Page 1-5 Role of Kellie Williams is Industrial Hygienist not Safety Specialist.  Also, check 
should be in the pre-op survey only. 

 

 

A:  Table 1-1 changed to reflect Ms. Williams as an 
Industrial Hygienist during the pre-op survey only. 

3. Page 2-4 Paragraph 2.5.2.  Recommend rewording this paragraph the first sentence is 
difficult to read. 

 

 

A:  Paragraph revised to make more readable. 

4. Appendix I Safety documentation.  All that is contained in this appendix is the Safety 
Meeting Attendance log and in some cases these logs are not filled out 
completely as the topics discussed is left blank.  Please include some narrative 
regarding air monitoring results and any accidents during the project.  Also, there 
should have been site inspections during the project.  This is not shown in this 
appendix. 

A:  Additional safety documentation added to 
Appendix I (Heavy Equipment Inspection Logs, 
Vehicle Inspection Logs).  Safety Attendance Logs 
completed and updated to include daily safety topics 
as per Safety Officer’s Log Book.  An introduction 
has been added to Appendix I to state that air 
monitoring was conducted by ECBC and that there 
were no accidents during the project.  
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1.0 INTRODUCTION 
Under contract to the US Army Engineering and Support Center, Huntsville (USAESCH) 
Ordnance and Explosives Center of Expertise, ZAPATAENGINEERING performed an Ordnance and 
Explosives (OE), Recovered Chemical Warfare Materiel (RCWM) removal action on Area DP-
64, Holloman Air Force Base, New Mexico, which is located in Otero County near the town of 
Alamogordo, New Mexico.  The recommended investigation and removal actions for Area DP-
64 are derived from the Final Chemical Safety Submission (CSS) completed in July 2002 by 
Foster Wheeler Environmental Corporation (FWEC) with subsequent revisions and corrections.   

1.1 PROJECT OBJECTIVE 
The initial objective as stated in the Scope of Work (SOW) of the USAESCH-issued Task Order 
was to conduct a geophysical survey and based on the results of that survey, conduct a removal 
action for OE and RCWM in Area DP-64, which is a 400-feet by 600-feet area adjacent to the 
capped Holloman Landfill.   

1.2 PROJECT AUTHORITY AND GENERAL GUIDANCE 
The activities performed by the ZAPATAENGINEERING project team fell under the Installation 
Restoration Program as RCWM and OE was discovered on an active Department of Defense 
installation.  RCWM and OE are extreme hazards and, if present, constitute an imminent and 
substantial endangerment to on-site personnel and local populace, thus the applicable provisions 
of 29 CFR 1910.120 apply.   All activities were performed under the Resource Conservation and 
Recovery ACT (RCRA) Subtitle C and the National Contingency Plan (NCP) and were 
supplemented by the procedures in the CSS prepared by Foster Wheeler for Area DP-64.  The 
CSS supplemented by ZAPATAENGINEERING’s Work Plans provided the approach, methodology, 
plans, and procedures to support ordnance and explosive surface sweep/clearance, geophysical 
investigation, and intrusive remediation of Area DP-64. 

1.3 SITE LOCATION 
Area DP-64 is approximately 5.5 acres in size and is located in the southeastern portion of 
Holloman Air Force Base on the north side and adjacent to the former Main Base Landfill.  
Holloman AFB is located in Otero County, New Mexico and covers approximately 60,000 acres.  
Holloman AFB was established as Alamogordo Army Air Field in 1942.  The Holloman Air 
Development Center was established in 1952 as one of the primary locations for guided missiles 
and space research and development for the Air Force.     

1.4 SITE HISTORY 
1.4.1 Holloman AFB began in 1942 as Alamogordo Army Air Field to serve as the center for 
the British Overseas Training Program; however, everything changed when the Japanese 
launched a surprise attack against the Hawaiian Islands.  The British decided to no longer pursue 
its overseas training program, and the United States military saw the location as an opportunity 
to train its own growing military. 
 
1.4.2 From 1942 to 1945, Alamogordo Army Air Field served as the training grounds for over 
20 different flying groups, flying primarily B-17s, B-24s, and B-29s.  In 1947, a new era began 
when the Air Materiel Command announced the airfield would be its primary site for the testing 
and development of pilotless aircraft, guided missiles, and other research programs.  For the next 
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25 years, the site, which became known as the Holloman Development Center, and later the Air 
Force Missile Development Center, launched many missiles including the Tiny Tim, Rascal, V-
2, XQ-2 Drone, Falcon, MACE, Matador, and Shrike. 
 
1.4.3 On January 13, 1948, the Alamogordo installation was renamed Holloman Air Force 
Base, in honor of the late Colonel George V. Holloman, a pioneer in guided missile research. 
Another era began at Holloman on 1 July 1968, when the 49th Tactical Fighter Wing arrived.  
The 49th’s F-4 Phantom IIs introduced a new era of fighter aircraft training and operations, 
which continued for the next three decades and until today.  In 1977, the 49th transitioned to the 
F-15 Eagle, the Air Force’s top air-to-air weapon.  In 1992, Holloman AFB again gained national 
attention when the Air Force’s most technological fighter, the F-117A Nighthawk made its new 
home at Holloman.  Today, Holloman AFB continues to serve at the forefront of military 
operations, with its F-117 “Stealth” aircraft and serving as the training center for the German Air 
Force’s Tactical Training Center. 
 
1.4.4 On 9 February 2000, a pedestrian walking near the Holloman Landfill, located on the 
eastern edge of the base, spotted several broken vials and two intact vials full of a clear to 
yellowish liquid.  The landfill topsoil had recently been turned as part of the re-vegetation 
project.  The pedestrian reported the sightings to the 49th Environmental Flight.  The 
environmental flight and FWEC, the environmental cleanup contractor, responded.  The two 
intact vials were located, recovered and sent to a laboratory at Brooks AFB, Texas, and later 
forwarded to Southwest Research Institute (SWRI) for analysis.  SWRI was tasked to analyze the 
liquid contents of the two ampoules for chemical warfare agents and three industrial chemical 
agents.  The results of SWRI’s analysis revealed that one vial contained 5 percent distilled 
mustard gas (HD) in chloroform, and the other vial contained 5 percent Lewisite in chloroform.  
The findings were consistent with the descriptions of the Chemical Agent Identification Set 
(CAIS) ampoules found in K951/K952 CAIS. 
 
1.4.5 According to the 1945 Report of Controlled and Other Critical Items of Equipment, two 
M4 sulfur mustard vapor detector kits and three detonation CAIS were present at Holloman 
AFB.  The 1996 Survey and Analysis Report identify Alamogordo Army Air Base as a location 
where CAIS were recovered. 

1.5 TECHNICAL INSTRUCTION 
ZAPATAENGINEERING, under contract to the USAESCH, conducted the OE/RCWM investigation 
and removal action of Area DP-64 beginning in April 2004 and concluding in September 2004.  
ZAPATAENGINEERING worked in close coordination with the USAESCH while developing the 
project scope, work plan, and technical directives.  The USAESCH SOW outlined the 
USAESCH guidance for the overall project. ZAPATAENGINEERING completed the work in 
accordance with the SOW and the approved project work plan entitled “Ordnance and Explosive 
Recovered Chemical Warfare Materiel Removal Action, Holloman Air Force Base, Otero 
County, New Mexico.” 

1.6 TECHNICAL SCOPE AND APPROACH 
As the prime contractor, ZAPATAENGINEERING utilized a team approach consisting of in-house 
capabilities and subcontractors to conduct the site preparation, survey operations, geophysical 
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operations, anomaly re-acquisitions, intrusive anomaly removals, quality control (QC) checks, 
scrap management and site restoration within the 5.5 acres of Area DP-64.   

1.6.1 Project Team Organization 
Project-specific personnel critical to the work site and their responsibilities while on-site are 
described in detail below.  Personnel on the site for various activities are listed in Table 1-1. 

1.6.2 Project Manager 
The Project Manager was Mr. Larry Hudgins. He was responsible for ensuring execution of the 
project in a timely and cost effective manner.  He was also responsible for communicating with 
the USAESCH Project Manager, oversight of the performance of the project team, coordinating 
all contract and subcontract work and resolving problems.  His responsibilities included 
monitoring adherence to the project schedule and overall management of the project budget, 
including assurance that subcontractor costs were within budget. 

1.6.3 Project Geophysicist 
Mr. David Smith was responsible for ensuring that high-quality geophysical data were collected, 
analyzed and evaluated in accordance with contract and SOW requirements.  His responsibilities 
included monitoring geophysical subcontractor field operations, reviewing raw data for quality 
control and evaluating final data for contract and SOW compliance. 

1.6.4 UXO Quality Control Specialist 
Through the duration of fieldwork Mr. Jerry Krieger and later Mr. Steve Burhans performed the 
duties of Unexploded Ordnance Quality Control Specialist (UXOQCS), responsible for quality 
control of all site activities required by the USAESCH and the SOW.  The UXOQCS was 
responsible to the ZAPATAENGINEERING Project Manager for project quality control, which 
included administering the program and coordinating site activities with the Senior Unexploded 
Ordnance Supervisor (SUXOS). He was also responsible for maintaining the site inventory of 
government and subcontractor equipment.  

1.6.5 UXO Safety Officer 
Through the duration of fieldwork, Mr. Terry Farmer was the UXO Safety Officer (UXOSO).  
He was responsible for ensuring site safety and compliance with the safety provisions of the 
Work Plan, the SSHP, and the CSS.  The UXOSO had the on-site responsibility and authority to 
halt work and to remove personnel from the site if working conditions changed and affected on-
site/off-site safety or health.  Mr. Farmer was the primary point of contact for any on-site 
emergency and conducted safety briefings daily. 

1.6.6 Senior UXO Supervisor 
The Senior UXO Supervisor (SUXOS) was Mr. Paul Bechtel. He was responsible for on-site 
management of UXO services. This included direction of all UXO site operations and 
coordination with the UXOQC/SO, Project Manager and sub-contractors. Responsibilities also 
included inspection/certification of RCWM/OE scrap, RCWM/OE scrap disposition and the 
documentation and reporting of RCWM/UXO activities. 
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1.6.7 UXO Technicians 
Those involved in the OE investigation, reacquisition of geophysical targets, intrusive operations 
and OE removal and/or disposal included Chris Brown (Tech III), Walter Hildreth (Tech III), 
Mike Matthews (Tech III), Val Valdez (Tech II), Bobby Sammons (Tech II), Anthony Locklear 
(Heavy Equipment Operator), Nate Reel (Environmental Technician), and Brad Kuntz 
(Environmental Technician).  The UXO Technicians reported to the SUXOS.  While on-site, 
UXO Technicians were responsible for conducting UXO services including UXO escort, 
intrusive removal operations, UXO disposal operations and scrap management. 

1.6.8 Geographical Information System (GIS) Manager 
Mr. Tim Burkett was responsible for development and maintenance of the project maps and 
figures in accordance with contract and SOW requirements.   

1.6.9 Technical Manager 
Mr. David Wolf was responsible for the standard data analysis, which includes; diurnal 
correction, positional offset correction, sensor drift removal, latency correction, and geophysical 
noise identification and removal.  After analysis of the geophysical data, Mr. Wolf developed 
digital “dig sheets” for transfer to the project site.  Through out the project he ensured products 
and services satisfied client requirements including quality, safety, performance, reliability, 
durability, accuracy, and maintainability.  Mr. Wolf provided technical oversight to ensure 
products and services complied with applicable standards, regulations, specifications, and 
documentation procedures. 

1.6.10 Geophysical Mapping 
Natasa Mekic (Blackhawk) was responsible for conducting the electronic geophysical data 
collection.  Her responsibilities included establishing the geophysical survey area within grid 
boundaries, collecting grid data, maintaining geophysical equipment and transferring data to the 
Technical Manager at the ZAPATAENGINEERING office in Charlotte, NC and to the 
ZAPATAENGINEERING Senior Geophysicist. 

1.6.11 Surveyor (Construction Surveying Services, Inc.) 
Mr. Steven Sandoval, PS (Construction Surveying Services, Inc.) was responsible for conducting 
surveys that established the locations and accurate dimensions of the grids in Area DP-64 and the 
Geophysical Prove-Out (GPO) area.  While on-site, the survey team was escorted by UXO 
Technicians. 

1.6.12 Emergency Medical Technician/Ambulance Support (American Medical Response, 
Inc.) 

Mr. Cliff Halls and Mr. Joel Darby (American Medical Response, Inc.) were responsible for 
providing highly trained and certified Emergency Medical Technician (EMT) and ambulance 
support during all field activities. 
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TABLE 1-1 PROJECT PERSONNEL ROLES AND PARTICIPATION 

GEOPHYSICAL – OE REMOVAL 
PERSONNEL ROLE 

SITE PREP 
RCWM 
SURVEY/ 

DA SURVEY 

GEOPHYSICAL 
PROVE-OUT 

GEOPHYSICAL SURVEY 
& REACQUISITION 

INTRUSIVE 
INVESTIGATION 

RCWM 
DISPOSAL & SITE 

RESTORE 

USAESCH PERSONNEL 
Allyn Allison Project Manager √     
Sherri Anderson-
Hudgins 

Project Manager 
√ √ √   

Richard Byrd Safety Specialist √ √ √ √ √ 
David Becker Safety Specialist  √   √ 
Scott Bradley Technical Manager √   √  
Kellie Williams Industrial Hygienist √     
Deb Edwards Geophysicists  √ √   
Bob Selfridge Geophysicists  √ √   
OMAHA USACE PERSONNEL 
Tom Zink Project Manager 

Omaha USACE √     
HOLLOMAN AIR FORCE BASE PERSONNEL 
David Scruggs Environmental 

Manager √ √ √ √ √ 
ZAPATA ENGINEERING PERSONNEL 
Larry Hudgins Project Manager √ √ √ √  
David Smith Senior  √ √   
David Wolf Technical  √ √   
Paul Bechtel SUXOS √ √ √ √  
Terry Farmer UXOSO √ √ √ √  
Jerry Krieger UXOQC √ √    
Ruthann Baur Contract Officer √     
Mike Matthews UXO Tech III √ √ √ √  
Walter Hildreth UXO Tech III √ √ √ √  
Chris Brown UXO Tech III √ √ √ √ √ 
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GEOPHYSICAL – OE REMOVAL 

PERSONNEL ROLE 

SITE PREP 
RCWM 
SURVEY/ 

DA SURVEY 
GEOPHYSICAL 
PROVE-OUT 

GEOPHYSICAL SURVEY 
& REACQUISITION 

INTRUSIVE 
INVESTIGATION SITE RESTORE 

Val Valdez UXO Tech III √ √ √ √ √ 
Bobby Sammons UXO Tech II √ √ √ √ √ 
Anthony Locklear Equip Operator √ √ √ √ √ 
Brad Kuntz Env Tech √ √    
Nathan Reel Env Tech   √ √  
US ARMY TECHNICAL ESCORT UNIT (TEU) 
Mike Rehmert Project Manager √ √ √ √  
Ryan O’Connell Supervisor √ √ √ √  
Field/PDS Crew Field Technicians √ √ √ √  
EDGEWOOD CHEMICAL BIOLOGICAL CENTER (ECBC) 
Chris Keiser Project Manager √ √ √ √  
Laboratory Technicians Analytical Services √ √ √ √  
Air Monitoring Crew Field Technicians √ √ √ √  
AMERICAN MEDICAL RESPONSE, INC. (AMR) 
Cliff Halls Manager √ √ √ √  
Joel Darby Supervisor √ √ √ √  
EMTs/Medics EMTs/Medics √ √ √ √  
CONSTRUCTION SURVEYING SERVICES, INC. 
Steven Sandoval, PS Surveyor √ √ √ √  
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2.0 OE/RCWM INVESTIGATION AND REMOVAL 

2.1 PROJECT BACKGROUND 
In December 2003, ZAPATAENGINEERING, P.A. was tasked to perform an Ordnance/Explosive 
(OE)/Recovered Chemical Warfare Materiel (RCWM) removal action in Area DP-64, Holloman 
Air Force Base, New Mexico.  This operation was completed by performing a geophysical 
survey using a multi-sensor towed array detection system (MTADS) consisting of three Geonics 
EM61 time domain electromagnetic (TDEM) coils. A Fisher magnetometer (MAG) was used by 
the geophysical survey team for anomaly reacquisition and a team of UXO technicians 
performed excavation. 

2.2 PHYSICAL SITE INFORMATION 

2.2.1 Topography 
2.2.1.1 Holloman AFB is located in the Tularosa Basin which is an internally-drained basin 
situated between two north-south trending mountain ranges – the San Andres Mountains on the 
west and the Sacramento Mountains on the east.  The average elevation at Holloman is 4,086 
feet. 
 
2.2.1.2 The soils on the main base are basin fill deposits with a high gypsum and salt content, 
primarily due to the eastern migration of gypsum sands from White Sands Missile Range and 
White Sands National Monument.  None of the soils types found on base are very productive, 
due to the high gypsum and salt content, and all are highly subject to both wind and water 
erosion when the vegetation is sparse or the soil is exposed  (Hawley, 1986). 

2.2.2 Climate 
2.2.2.1     Holloman AFB is located in a semi-arid region within the northern portion of the 
Chihuahuan Desert.  Its climate resembles other semi-arid regions with warm to hot summer 
days, cool night and mild winters.  December through March are the coolest months with 
average temperatures ranging from 41-46o F.  Freezing temperatures are common from late 
November through early March.  Snowfall averages approximately 4.8 inches annually and 
occurs primarily between the months of December and February.  July is typically the hottest 
month, with average temperatures of 81o F and mean maximum temperatures of 93o F.  Daytime 
temperatures in the summer commonly reach 100o F.  Evapotranspiration is usually high due to 
the dry air, large daily solar radiation, seasonally high winds, and warm temperatures. 
 
2.2.2.2 Seasonal fluctuation in precipitation rates is a result of prevailing wind directions, 
which can bring in frontal storms from the north or the Pacific or Caribbean systems.  Holloman 
averages 8.58 inches of rainfall annually.  Nearly half this amount falls within the months of July 
through September, known as the summer monsoons.  Monsoon thunderstorms are generally 
short in duration and high in intensity.  Occurrences are highly variable from year to year and 
one or two short-term events may contain a large percentage of the net annual precipitation.  
Low precipitation amounts and high rates of evapotranspiration deplete the soil of moisture, 
making summer rains critical to the survival of plants.   
 
2.2.2.3 Winds are seasonally variable, occurring at peak speeds in the spring.  When the 
ground heats, intensifying convection, this diverts stronger winds aloft down to the ground, 
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where they maintain horizontal momentum.  The highest wind speeds occur from April through 
July, reaching median wind speeds of 25 mph.  At 13-18 mph, velocities are great enough to pick 
up large amounts of dust, and winds from 32-46 mph will break twigs from trees.  During the 
month of May, wind velocities are greater than 17 mph approximately 90% of the time.  
Prevailing winds are from the west from February to June.  During the months of July through 
September the prevailing winds are south to southeasterly and from October through January 
winds are from the north (Bennett 1986). 

2.2.3 Overall Site Accessibility and Impediments 
Site accessibility was normally unimpeded through the duration of the project.  Although the 
ground surface was very fine silty sand, the teams were able to transverse the site and work 
safely.  The severe heat and intense sun precluded the field teams from working in the afternoon 
hours.  Due to the heat and solar radiation (sunshine) the work hours were adjusted to start daily 
operations at 0530 hours to take advantage of the coolest part of the day.  There was only one 
severe rainstorm that halted site operations for one day.  

2.3 AREA OF INVESTIGATION 
2.3.1 The area of investigation, Area DP-64, comprises approximately 5.5 acres contained in a 
400-feet X 600-feet rectangle located 150 feet north and east of the main Base landfill (opened in 
1958).  As indicated above, two 40 ml ampoules containing dilute chemical agents were found at 
the area.  The ampoules were discovered following ground surface disturbance during a re-
vegetation program.  Additionally, surface burn areas containing the remnants of incendiary 
bomblets were discovered at the site.  A six-foot chain-link fence topped with three strands of 
barbed wire surrounds Area DP-64.  Inside the outer fence was an inner fence constructed of 
various materials, e.g., plastic snow fence, goat wire, chicken wire, barb-wired, etc. attached to 
steel pickets. 
 
2.3.2 Area DP-64 consists of gently rolling terrain with non-random patterns of desert 
vegetation.  The ground surface was comprised of well-drained soils and exposed gypsum.  The 
soil has a light brown surface layer of very fine sandy loam from one to 13 inches deep.  White 
gypsum mixed with a brown or pink fine sandy loam underlies the surface soils and extends 
deeper than 60-inches. 
 
2.3.3 The temperatures on site ranged from the mid-30o F in the early morning hours to 
temperatures exceeding 100o F on some afternoons.  Work hours (0530 to 1330 hours) were 
adjusted to take advantage of the coolest part of the day.  The median wind speed during this part 
of the year is 25 mph with some days having wind speeds exceeding 40 mph.  The prevailing 
wind direction during May, June and July are south to southeasterly (Bennett 1986). 
 
2.3.4 Precipitation was almost non-existent with the exception of one day, during which a long, 
highly intense storm front caused a halt to field activities.   

2.4 MAJOR WORK STAGES 
2.4.1 The site work consisted of several work stages: 

• Site Mobilization and Preparation (included Huntsville and DA Pre-Op surveys) 
• Surface Clearance and Debris Removal 
• GPO 
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• Geophysical Survey with Digital Geophysical Mapping (DGM) of grids. 
• Intrusive Investigation 
• Scrap/Waste Management 
• Restoration of Site 
• Quality Control/Assurance 

2.4.1 Site Mobilization, Preparation and Training 
2.4.1.1 ZAPATAENGINEERING mobilized to Holloman AFB and established a field office in 
two office trailers outside of the Minimum Separation Distance with space sufficient to 
accommodate all participants involved in the project. These participants included personnel from 
ZAPATAENGINEERING, Tech Escort Unit (TEU), Edgewood Chemical Biological Center (ECBC), 
the USAESCH Safety Specialist, and the EMTs supporting the field operations.   Utility hookups 
were also provided for ECBC Mobile Analytical Platform and the Personnel Decontamination 
Station (PDS).  Heavy lift equipment was contracted to off-load ECBC and TEU equipment 
upon arrival to the site.  A storage trailer was positioned adjacent to the office trailers for 
additional storage of equipment and materials and a refueling point and storage facility was 
established within the Command Post area. 
 
2.4.1.2 ZAPATAENGINEERING subcontracted a local construction company in Alamogordo, 
NM to build a compound to house the Interim Holding Facility (IHF) in the event more RCWM 
was recovered.  The IHF compound was built to specification as outlined in Appendix F, 
PMNSCM Interim Holding Facility Plan, of the CSS.  The specifications applied to electrical 
service, fencing, physical security, roadways, and drainage.  A heavy lift crane was brought 
onsite to off-load the IHF from a lowboy trailer and position it within the IHF compound for 
anchoring and connection of electrical service.  
 
2.4.1.3 A local professional land surveyor licensed in the State of New Mexico was 
subcontracted to install two horizontal control monuments with an accuracy of Class 1, Third 
Order or better using the metric system and based on the North American Datum of 1983 (NAD 
83), UTM Grid System. The subcontracted surveyor established the grid nodes every 100-feet on 
the outside of the fence surrounding Area DP-64 as they were not allowed to enter the 
investigative area due to the associated hazards.  Additionally, the surveyor established the GPO 
area grids and located both horizontally and vertically three distinct points on 24 individually 
emplaced items as well as ground surface elevation above each item.  ZAPATAENGINEERING 
provided UXO technicians for all survey operations to ensure the locations free of subsurface 
metallic anomalies. 
 
2.4.1.4 ZAPATAENGINEERING conducted intensive training following mobilization and site 
setup to ensure that all participants understood their portion of the project (roles and 
responsibilities), the proper chain-of-command for operations, safety and health, emergency 
actions and procedures, and the proper lines of communication. Training classes were given on 
air monitoring instrumentation; sampling techniques; processing through the PDS; selection and 
dress-out procedures for Personal Protective Equipment (PPE); and, other health and safety 
issues.   
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2.4.1.5 Once the USAESCH Safety Specialist determined that all participants were 
adequately trained a survey team from Huntsville was called upon to conduct a table-top exercise 
to ensure the effectiveness of the responses and to identify deficiencies or omissions in the 
emergency response process and establish continuity and coordination among response 
participants. All deficiencies noted during the Huntsville survey and tabletop exercise were 
immediately corrected.  Those areas where response actions were weak or lacking were 
identified and additional training was provided to the response teams.   
 
2.4.1.6 Upon successful completion of the Huntsville survey, a team from the Department of 
the Army (DA) arrived onsite to administer a DA Pre-Operational (Pre-Op) inspection of 
personnel, equipment and materials, and response actions to ascertain that that personnel are 
adequately trained and the necessary equipment/materials are on-hand to perform the work 
assignments and that work procedures and safety controls are appropriate for the tasks to be 
performed.  As shortcomings and deficiencies were identified they were immediately corrected 
on the spot or the necessary actions were immediately initiated to remedy these situations. 

2.5 SURFACE CLEARANCE AND DEBRIS REMOVAL 
2.5.1 ZAPATAENGINEERING performed an OE/UXO surface clearance and debris removal on 
Area DP-64.  As part of the surface clearance an inner fence constructed of various materials 
attached to metal pickets was removed to facilitate the subsequent geophysical survey with 
minimal probability of encountering OE/RCWM items.  Also during the surface clearance small 
amounts of vegetation that would hinder the geophysical survey were removed and staged for 
later disposal.   
 
2.5.2 The USAESCH Safety Specialist, SUXOS, UXOSO and UXO Team Leaders entered 
Area DP-64 to evaluate site conditions in order to formulate a plan of action for the removal of 
the inner fence for access to conduct the surface clearance.  Immediately upon this initial entry, 
an intact glass ampoule from a CAIS kit was encountered lying on the ground surface.  Upon 
closer inspection of the immediate area broken shards of glass from other ampoules were also 
discovered.  All items were conspicuously marked and personnel backed out of Area DP-64.  
The USAESCH Safety Specialist immediately notified the USAESCH Project Manager.  Further 
site preparation within Area DP-64 was halted and the area was secured pending an evaluation 
by USAESCH. 
 
2.5.3 After evaluating site conditions at the time of discovery of the intact glass ampoule, it 
was decided that TEU would enter Area DP-64 to further inspect the ampoule for markings, 
package the ampoule in accordance with prescribed procedures, and transport the packaged item 
to the IHF for storage pending final disposal.  ECBC personnel entered the site to set up 
MINICAMS and DAAMS tubes air monitoring instrumentation to monitor the perimeter of the 
work area during recovery activities.  The glass shards from the broken ampoules were policed 
from the ground surface and placed in a “kill bucket” filled with bleach.  After TEU’s departure 
from Area DP-64 with the packaged intact ampoule, ZAPATAENGINEERING reentered the site to 
collect two soil samples: one from under the intact ampoule and one sample from the area around 
the shards of glass.  A chain-of-custody was initiated and the samples were transferred to ECBC 
for agent analysis and subsequent shipment of samples to the ECBC off-site laboratory in 
Edgewood, MD for low-level analysis for agent and agent breakdown products.  Analytical 
results indicated negative results for chemical agents and agent breakdown products. 
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2.5.4 Following removal of the ampoule and soil sampling, the clearance team returned to Area 
DP-64 to prepare the area for the surface clearance by removing the inner fence and selected 
vegetation that would hinder the geophysical survey.  The grid lines were then established within 
the outer fence by pulling a measuring tape between the grid nodes that were plotted and staked 
outside Area DP-64 by the surveyor.  A total of 24 grids (100-feet X 100-feet) were established 
along north/south and east/west azimuths within Area DP-64.  Portions of the grids extended 
outside of the outer fence line and would not be included in the geophysical survey and intrusive 
investigation.  See Figure B-4, Appendix B (Site Maps) for Area DP-64 grid demarcation. 
 
2.5.5 During the surface clearance and debris removal the following items were recovered from 
the ground surface of Area DP-64:   

• Blasting caps, electric 17 each 
• Smoke pot components (no energetics) 
• M69 incendiary bomb components (no energetics) 
• Scrap metal, 50 lbs. 

2.6 GEOPHYSICAL PROVE-OUT (GPO) 
The GPO was designed to demonstrate the ability of different geophysical instruments, 
positioning methodology, sensor deployment, data flow, and data processing procedures.  Four 
instruments were tested during the GPO.  These include an electromagnetic (EM) system, a 
MAG system, and EM ground conductivity system, and a ground penetrating radar system 
(GPR).  The objectives of the geophysical survey were to locate burial trenches indicative of 
previous “trench and fill” disposal operations, identify other ground disturbances suggestive of 
former burial pits and locate potential K951/K952 CAIS (pigs) or their associated nine-inch 
metal cans.  The GPO was conducted in accordance with requirements of Data Item Description 
(DID) OE-005-05A.01.  Detailed procedures and results are included in the “Geophysical Prove 
Out Report for Holloman Air Force Base Utilizing MTADS EM-61, MAG, EM31 and GPR, 
Blackhawk GeoServices”, Appendix D. 

2.6.1 Electromagnetic System.   
The MTADS EM-61 system consists of three one-meter by one-meter coils; left, right and 
center.  The left and right coils are placed adjacent to one another and the center coil is centered 
on top of the midpoints between the left and right coils.  This results in a sampling width of two 
meters (6.56 feet).  A Mobile Instrument Platform (MIP) towed the MTADS EM-61 system and 
sensor positioning was achieved by using a Trimble 4700 Global Positioning System (GPS) Real 
Time Kinematic (RTK) system.  Results from the GPO indicate that seeded items buried from 
one (0.3.0 m) to five (1.52 m) feet below ground surface resulted in an average response of 109 
millivolts (mV) and range from approximately 5 to 491 mV using line spacing of 6.56 feet (2 m). 

2.6.2 Magnetometer System 
The MTADS MAG Cesium-vapor MAG array system is able to detect ferrous (i.e., iron-
containing) metals.  The array consisted of eight MAGs linearly aligned normal to the direction 
of travel with a sensor separation of 0.25 meters (0.082 feet).  The sampling width of the 
MTADS MAG system was two meters and was towed by a MIP.  Sensor positioning was 
achieved by using a Trimble 4700 GPS RTK system.  A GeoMetrics G858 base station MAG 
was established to the south of the GPO grid and recorded data at a rate of two Hertz (Hz).  
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Results from the GPO indicate that seeded items buried from one (0.305 m) to five (1.52 m) feet 
below ground surface resulted in an average response of 83.8 nanoteslas (nT) and range from 
approximately 5 to 211 nT.  It should be noted that five of the 18 seeded items were not detected 
using the MAG system. 

2.6.3 EM Ground Conductivity System 
The EM31 was run in both north/south and east/west directions, over the trenches dug at the 
north-end of the GPO.  The EM31 system was unable to detect any difference in electrical 
conductivity between the disturbed and undisturbed ground.   

2.6.4 Ground Penetrating Radar (GPR) System 
The GPR system was used to collect data over the GPO grid known to contain two trenches with 
disturbed soil.  Layer discontinuity was visible in some of the GPR files, however, no trend was 
apparent from profile to profile.  This method did not successfully locate the areas of disturbed 
ground (trenches).  Glass ampoules (12) were buried at various depths and orientations in a grid 
measuring approximately seven to 17 feet.  Data were collected with a 900 mHz antenna and 15 
centimeter (0.5 foot) line spacing.  The GPR detected all of the vials to a depth of 15 cm (0.5 
foot).  Wide ranges of soil conductivities were measured at the site.  Therefore, it was 
determined that the depth of penetration of the GPR would vary too greatly over the area to be an 
effective instrument in this case.   

2.6.5 Data Processing and Target Selection 
The MTADS Data Analysis System (DAS) was used to pick potential targets using data from the 
lower coil of the EM instrument.  A peak-picking algorithm was applied to the gridded data and 
filtered as an initial step in target selection.  After evaluation of the MTADS EM61 data 
collected during the GPO, the project team determined a threshold value of 17 mV to be the 
minimum response criteria for target selection.  Anomaly characteristics of plan-view, profile 
shaped, EM signal amplitudes as well as anomaly discreteness were considered in anomaly 
selection.  Each of the target anomalies selected by the software were scrutinized by the project 
geophysicist and evaluated as to the validity and position reported by the software.  Additionally, 
anomalies that were not selected by the DAS, yet deemed to represent a target, were picked 
manually. 

2.7 GEOPHYSICAL INVESTIGATION – DIGITAL GEOPHYSICAL MAPPING (DGM) OF DP-64 
2.7.1 Using techniques demonstrated during the GPO and approved by USAESCH, 
ZAPATAENGINEERING and its subcontractor, Blackhawk GeoServices (Blackhawk), conducted 
geophysical surveying, mapping and evaluation of the DP-64 site (400-feet x 600-feet).  No 
additional support facilities were required and the PDS was not used for this portion of the task.  
Daily field surveying followed a systematic approach for quality control and data acquisition.  
Equipment warm-up, functional tests, zero calibration and base station setup were performed as 
required.  Data acquisition began after reviewing the performance test data to ensure that the 
equipment was operating properly.  The objectives of the geophysical survey at Area DP-64 are 
to: 

• Locate burial trenches indicative of previous “trench and fill” disposal operations. 
• Identify other ground disturbances of former burial pits. 
• Locate potential K951/K952 CAIS (pigs) or their associated nine-inch metal cans. 
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2.7.2 The survey area extended well beyond the small area where the glass ampoules were 
observed on the ground surface.  Within the area of investigation, geophysical data were 
collected using the MTADS EM-61 electromagnetic system along parallel lines spaced 
nominally at two meters or less ensuring 100 percent surface coverage to adequately assess each 
of the two potential disposal areas.  The instruments collected data continuously at a rate of 16 
samples per second.  The distance between sample points is dependent upon the sample rate and 
the speed at which the operator moves during acquisition.  The instruments used for this survey 
were configured to achieve a sample spacing of approximately 0.28 to 0.45 foot along each of 
the survey lines.   
 
2.7.3 Based on the initial site visit it was expected that the trench and fill deposit areas may 
contain metal objects (e.g., munitions).  There were no known subsurface disposal features at the 
DP-64 Area.  DGM was used to locate and assess the extent of potential subsurface disposal 
features at the DP-64 Area site because these methods can detect both ferrous and nonferrous 
buried debris and also potentially detect areas of ground disturbances.  Items such as individual 
glass ampoules cannot be detected using DGM.  However, if disposal of the ampoules occurred 
in the same location as metallic debris or in an area of ground disturbance large enough to be 
detected, then the geophysical survey may indicate locations where intrusive remediation should 
be considered.  The QC/QA criterion for the DP-64 Area was a nine-inch metal can (five and one 
half inches in diameter).  The nine-inch metal can is the size and shape of an individual CAIS 
set; each “CAIS pig” contains four (4) CAIS set cans.  This task was conducted in accordance 
with DID OE-005-05.01. 

2.7.1 DGM Survey Results Summary 
2.7.1.1 Data were collected over the survey area on June 8, 2004.  See Appendix D for color 
grid contour map of the MTADS EM61 data collected over the survey area.  These data are 
projected in NAD83 UTM Zone 13N coordinates (meters).  A total of 4.6 acres were surveyed 
with the MTADS EM61 array.  See Appendix D for Geophysical Investigation Report. 
 
2.7.1.2 Additional data were collected on June 9, 2004 for the purpose of covering data gaps 
in the existing DGM coverage.  Prior to collecting these data, the equipment was modified by 
exchanging the center coil of the EM towed array system.  Quality control tests were completed 
after the equipment change and a portion of the GPO grid was collected again to ensure the 
functionality of the equipment.  It was not possible to collect data over a few of the areas where 
data gaps were evident.  Blackhawk marked the data gaps using the Trimble DGPS system and 
non-metallic pin flags.  These locations were investigated with hand-held EM (Fisher) and Mag 
(Schonstedt) instruments.   

2.7.2 Target Section and Relocation Summary. 
2.7.2.1 The EM61 data from the MTADS were used to identify the metal targets.  A 
preliminary total of 136 individual metal targets were identified.  These targets were prioritized, 
seven additional targets were selected below the 17-millivolt (mV) minimum response threshold 
and one was removed as a result of a dual target pick.  Blackhawk relocated a total of 142 
anomalies.  These locations were marked on the ground with non-metallic pin flags using DGPS 
location methodology. 
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2.7.2.2 After Blackhawk had relocated 142 targets, 19 additional targets were removed from 
the target list associated with the surrounding fence and other cultural features.  These 19 targets 
were removed following discussions with the project team including USAESCH.  Therefore, the 
total number of anomalies intrusively investigated as a result of the DGM was 123 (142 
relocated minus 19 targets associated with cultural features).  Results of the intrusive 
investigation are in Appendix E (Anomaly Dig Sheets). 

2.8 INTRUSIVE INVESTIGATION 
2.8.1 The intrusive investigation of area DP-64 began June 14, 2004.  Under the guidance of 
the SUXOS, two teams consisting of a Team Leader (UXO Technician III) and two other 
individuals (an UXO Technician II and an equipment operator) were used to conduct the 
excavation of all the anomalies selected for investigation. Monitoring procedures were conducted 
by ECBC using MINICAMS and DAAMS tubes surrounding the excavation sites during all 
intrusive activities. Dig teams verified the removal of the anomaly source using Schonstedt® 
MAGs.     
 
2.8.2 The UXO Tech IIIs provided a detailed accounting of each targeted anomaly on dig 
sheets.  This accounting included the type, depth, and dimensions, and weight of items located at 
each flagged anomaly. Digital photographs were taken of every subsurface anomaly investigated 
and all OE and RCWM related material found on the surface.    
 
2.8.3 At anomaly 103, two complete and five partial M69 incendiary bombs were located at a 
depth of six inches.  At anomaly 120, seven M3 grenade igniters were located at a depth of eight 
inches. These items were recovered by Holloman AFB Explosive Ordnance Disposal (EOD) 
personnel for disposal. 
 
2.8.4 At six other anomaly locations (108, 109, 112, 114, 137, 142) approximately 172 M69 
bomb bases were located at depths of 4 to 24-inches.  These items were treated as OE scrap. 
 
2.8.5 The SOW required an intrusive investigation of the immediate area where the initial 
ampoules and glass were discovered.  This investigation was to consist of a minimum area of 10-
foot x 30-foot to a depth of at least 12-inches.  After the discovery of an additional ampoule on 
the surface, on site supervisors increased the area to 10-foot x 60-foot to encompass the entire 
surface area where RCWM was encountered.   
 
2.8.6 Intrusive investigation of the 10-foot x 60-foot area began on June 24, 2004. The initial 
investigation of the top two inches of soil began at the northern edge and extended 
approximately 45 feet to the south.   During this dig, two ampoules were located, packaged, and 
stored. Anomaly 99 was marked inside the southern 15-foot section of the 10-foot x 60-foot area, 
in close proximity to the broken ampoules found on the surface. The source of the magnetic 
signature was identified as deteriorated CAIS can material.  Nine ampoules were initially found 
within the metallic debris.  During the process of recovering and packaging the ampoules, TEU 
personnel uncovered one additional ampoule, which was subsequently packaged and stored in 
the IHF.  When excavation of the 10-foot x 60-foot area continued two more ampoules were 
found approximately two feet south of the anomaly 99 flag at a depth of 6-8 inches.    
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2.8.7 The remainder of the 121 located anomalies consisted of various items of scrap, probably 
attributable to the close proximity to the landfill.  Anomaly 139 was a “no find”. 
 
2.8.8 The intrusive investigations of Area DP-64 concluded on July 9, 2004. 

2.9 SCRAP MANAGEMENT 
OE-related scrap certification was an ongoing process throughout the project.  All OE-related 
scrap was inspected before removal from the site.  A visual inspection process conducted by the 
UXO Technicians, SUXOS and UXOQC confirmed that all OE related scrap was free of any 
explosive contamination and explosive residue. Three five-gallon buckets of OE scrap were 
certified and sealed with a numbered seal.  A Department of Defense (DD) Form 1348-1a was 
completed for each container before release to the scrap dealer (Appendix F).  Disposal 
documentation receipts were generated identifying the day of off-site removal, approximate 
scrap weight and signature of the recipient. 

2.10 DISPOSAL OPERATIONS 
2.10.1 Live ordnance items encountered during the excavation of DP-64 were immediately 
recovered by the Holloman AFB EOD team for disposal. 
 
2.10.2 The Portable Chemical Agent Assessment System (PCAS) was used by ECBC personnel 
on 12 July 2004, to non-intrusively evaluate the chemical contents of the recovered 15 ampoules 
and identify as either industrial compounds (phosgene or chloropicrin in chloroform) or chemical 
agent (mustard or lewisite in chloroform).  The instrumentation and materials used for the 
evaluation was the InPhotote Raman Spectrometer (Model INP-3b-785LR, S/N 5004); Raman 
Probe with 25-meters of fiber optic cable; laptop computer; CAIS sample holder; and Tylenol 
calibration standard.  Seven of the ampoules were characterized as industrial compounds, 
packaged, and shipped off-site on August 4, 2004 for disposal. 
    
2.10.3 Four of the remaining eight ampoules were identified as containing lewisite and 
chloroform.  The other four ampoules were not positively identified but considered consistent 
with mustard or lewisite.  All eight ampoules were neutralized by Technical Escort Unit 
personnel on September 18 – 20, 2004, utilizing the Self-contained Chemical Agent 
Neutralization Set (SCANS).  The SCANS were packaged and shipped off-site on September 22, 
2004 for disposal.    

2.11 SOIL SAMPLING 

2.11.1 Surface Sweep 
ZAPATAENGINEERING collected one soil sample consisting of two splits at each of the two areas 
where RCWM was found during the investigation of the surface area.  The soil samples were 
taken on May 25, 2004 and one split from each sample was subjected to headspace analysis on 
site to ensure its suitability for safe shipment. The remaining two splits were subsequently 
shipped to ECBC’s laboratory for analysis. 

2.11.2 Intrusive Investigation 
ZAPATAENGINEERING collected three soil samples within the excavation site of the 10 foot x 60 
foot investigative area.  The first sample was obtained from the location of the two ampoules 
located in the northern 45-foot section of the area.  The second sample was taken from the 
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vicinity of Anomaly 99, where a total of ten ampoules were recovered.  The third sample was 
taken approximately two feet away where an additional two ampoules were located.  Each 
sample was divided into two splits.  A chain-of-custody was initiated and the samples were 
transferred to ECBC for agent analysis and subsequent shipment of samples to the ECBC off-site 
laboratory in Edgewood, MD for low-level analysis for agent and agent breakdown products.  
Analytical results indicated negative presence of chemical agents and agent breakdown products. 

2.12 PROJECT QUALITY CONTROL 
2.12.1 ZAPATAENGINEERING performed Quality Control (QC) checks on all phases and types of 
work done on the project.  QC procedures were implemented throughout all phases of the 
project, including document review and control, data review/analysis and evaluation of areas in 
the field.  All grids passed government Quality Assurance checks per the applicable criteria.  
 
2.12.2 ZAPATAENGINEERING’s Project Geophysicist performed independent analyses of the 
geophysical data collected and processed.  He designed the GPO plot to include a “blind test” by 
burying items with the location unknown to the geophysical teams.  He was on-site during the 
prove-out and during geophysical data collection. 
 
2.12.3 Completed daily journals were turned over to the UXO Quality Control Specialist 
(UXOQCS) at the end of each workday. The UXOQCS verified the completeness of each journal 
before it was transferred to the SUXOS for data entry. 
 
2.12.4 ZAPATAENGINEERING’s QC Officer inspected each intrusive investigation prior to the 
relocation of ECBC’s point monitoring equipment. The inspection consisted of verifying the 
identification of each anomaly, checking the excavated area with a Schonstedt® MAG, and 
taking a digital photograph of the recovered contact(s).  The USAESCH quality assurance 
inspection was conducted concurrently.   

2.13 RCWM/OE SUMMARY 
ZAPATAENGINEERING, in accordance with the Scope of Work dated 17 September 2003, 
performed a detailed search of the surface area of DP-64 and 123 subsurface excavations.  A 
total of 15 CAIS Kit components were recovered, packaged, and stored. Seventeen electric 
blasting caps, seven M3 grenade igniters, and seven complete and partial M69 incendiary 
bomblets were recovered by Holloman AFB EOD personnel for disposal.  Condensed daily 
SUXOS reports documenting site activities are contained in Appendix H.  Copies of CEHNC 
Form 948 are contained in Appendix G2. 
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3.0 DOCUMENTATION 
The following documentation was generated during the Removal Action at Area Dp-64, 
Holloman Air Force Base, New Mexico: 

• Appendix C – GPO Letter Report 
• Appendix D – Geophysical Survey Report 
• Appendix E – Anomaly Dig Sheets 
• Appendix F – Scrap Management Forms and Analytical Results 
• Appendix G – Quality Control/Quality Assurance Documentation 
• Appendix H – SUXOS Documentation (Daily Reports) 
• Appendix I – Safety Documentation 
• Appendix J – Photographs 
• Appendix K – Cost Breakdown Summary 
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4.0 FINANCIAL BREAKDOWN 
The Final Breakdown of the Time and Material tasks can be found in Appendix K. 
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5.0 SUMMARY 
5.1 The area identified as site DP-64 is located on Holloman AFB in Otero County, New 
Mexico. ZAPATAENGINEERING, as the prime contractor, utilized a team approach consisting of 
in-house capabilities, government agencies, and subcontractors to conduct the RCWM and 
ordnance removal action.  The removal action included site preparation and setup, pre-
operational inspections, surface sweep, geophysical survey and anomaly 
reacquisition/investigation, intrusive removal, scrap management, and quality control checks.  
All task elements for this project have been completed in accordance with the Task 
Order/Delivery Order Statement of Work (SOW) and the approved Work Plan.  

 
5.2 A total of 123 single point anomalies within 24 grids were investigated throughout the 
entire project.  All cleared excavations passed quality control (QC) checks and government 
quality assurance (QA) evaluation prior to UXO personnel demobilization.  Intact CAIS Kit 
ampoules (15) were packaged, stored in the IHF, analyzed, and properly disposed.  All OE items 
that were recovered were turned over to Holloman EOD personnel for final disposal.  All OE 
scrap was inspected, certified, verified, and transferred to a scrap dealer. 
 
5.3 No archaeological or environmentally sensitive areas were encountered.  There was no 
damage to utilities or facilities in the performance of this investigation.  The removal of natural 
vegetation was kept to a minimum and no re-vegetation or re-seeding was necessary.  Table 5-1 
summarizes site-specific exposure data, as reported in monthly progress reports. 

TABLE 5-1 EXPOSURE DATA 
Phase I 

Total Cumulative 
Hours Worked 2,882.75 
Number Employees On Site 16 
Accidents/Illnesses 0 
Lost Work Hours Due to Accidents/Illnesses 0 
Number of Vehicles 7 
Miles Driven 9,446.6 
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6.0 CONCLUSION 
6.1 The surface sweep and intrusive investigation of the 24 grids resulted in: 31 MEC items 
recovered and transported off-site for disposal by USAF EOD personnel; 15 intact CAIS Kit 
ampoules recovered, packaged and stored until neutralization/destruction; 180 lbs of MEC scrap 
inspected, certified, verified, and transferred for disposal; one pound of broken CAIS kit glass 
recovered, neutralized, and disposed of; and 270 lbs of metal scrap inspected and determined to 
be non MEC/RCWM-related.  
 
6.2 Since the MEC/RCWM items located were confined to a three-grid area within the 24 
grids at Area DP-64, it is not anticipated that there is a widespread threat of MEC or RCWM in 
the area surrounding DP-64, especially since the surrounding acreage has been disturbed by the 
construction of roads and a capped landfill is adjacent to the site. 
 
6.3 Based on the lack of historical data concerning the disposition of CAIS materials shipped 
and stored at Holloman and the fact that the components recovered represent only a portion of a 
complete CAIS set, the possibility of additional RCWM on Holloman exists. 
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7.0 RECOMMENDATIONS 
The following recommendations are provided based on the field activities conducted during the 
removal action. 
 

• All entities involved with the origination and approval of the CSS and Work Plan 
should ensure that these documents are logical, workable, and are not self-
contradictory, and do not contradict with themselves or the publications which they 
reference.  Making major corrections to the plan after the mobilization of field 
personnel causes delays and places undue burdens on the field personnel.  

 
• It is highly recommended that RCWM field operations in desert areas not be 

conducted in late spring or summer seasons. The wearing of impermeable clothing in 
intense heat presents additional safety concerns and decreases productivity resulting 
in schedule delays and additional costs. 
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1.0 INTRODUCTION 
This report describes the procedures and results of the Geophysical Prove Outs (GPO) conducted 
at the Holloman Air Force Base, Alamogordo, New Mexico.  Four geophysical instruments were 
used to record data during the GPO investigation; the Multi-sensor Towed Array Detection 
System EM61 (MTADS EM61) electromagnetic system; the Multi-sensor Towed Array 
Detection System Magnetometer 822 Array (MTADS MAG); an EM31 Electromagnetic (EM) 
Ground Conductivity Meter, and the SIR 10B Ground Penetrating Radar (GPR) system.  GPO 
data recording was conducted on May 17, May 20, May 21, and May 22.  Blackhawk 
Geophysical and UXO Services (Blackhawk) personnel performed the work as detailed in the 
Geophysical Prove-Out Work Plan.   
 
All data collection and field procedures were performed in accordance with the scope of work 
and the Army Corps of Engineers DID MR-005-01.  A digital copy of the GPO report, all raw 
and processed data, geophysical maps, seeded item coordinates, selected target coordinates, and 
control and survey coordinates are included in Attachment A. 
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2.0 GROUND PROVE OUT DESIGN AND PLAN 
 
To meet the objectives of the work plan, three different GPO areas were prepared.  Selection and 
construction of the prove-out areas were based upon the technical and site specific 
considerations.  GPO GRID 1 (GRID 1) was approximately 18 meters by 91 meters (60 feet by 
300 feet).  The corner points of this grid are listed in Table 1.  An additional GPO grid, GRID 2, 
was also constructed and overlapped the northern edge of GRID 1.  Two trenches were 
constructed in GRID 2 that were approximately one to two meters in width.  GRID 2 in its 
entirety was approximately 19.8 meters by 21.3 meters (65 feet by 70 feet).  The corner points of 
GRID 2 are listed in Table 2.  A final grid, GRID 3, which was approximately 2.1 meters by 5.2 
meters (7 feet by 17 feet), was constructed over Trench 1 and within GRID 2.  Glass vials were 
buried in this area.  The corner points of GRID 3 are listed in Table 3. 
 

Easting (m) Northing (m) ID 

399395.00 3636895.39 SE Corner 

399377.06 3636898.00 SW Corner

399389.96 3636989.00 NW Corner

399408.57 3636985.94 NE Corner 

Note:  Coordinates are listed in NAD 83 
UTM Zone 13 

TABLE 1.  GRID 1 CORNER POINTS COORDINATES. 
 

Easting (m) Northing (m) ID 

399413.51 3636980.36 SE Corner 

399393.76 3636982.79 SW Corner 

399415.35 3637001.60 NE Corner 

399395.76 3637003.91 NW Corner 

Note:  Coordinates are listed in NAD 83 UTM 
Zone 13 

TABLE 2.  GRID 2 CORNER POINTS COORDINATES. 
 

Easting (m) Northing (m) ID 

399411.09 3636992.04 NE Corner 

399408.95 3636992.29 NW Corner 

399410.37 3636986.94 SE Corner 

399408.27 3636987.12 SW Corner 

Note:  Coordinates are listed in NAD 83 UTM 
Zone 13 

TABLE 3.  GRID 3 CORNER POINTS COORDINATES. 
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GRID 1 was constructed on the site and 18 items were seeded. Table 4 describes the seeded 
items located in GRID 1.  The seeded items vary in size, depth below the ground surface, and 
orientation.  Photographs of the seeded items are located in Attachment B.  Data were collected 
with the MTADS EM61 and MTADS MAG over GRID 1 in order to test the ability of the 
instrument to locate isolated metallic seeded items.  GRID 1 data were also collected with the 
EM31 ground conductivity meter. 
 

Target_ID X (UTMm) Y (UTMm) Z (UTMm) Line 
Distance 

(ft) to 
the 

North 
Description

Orientation 
Relative to 

Path 

Depth to 
the top 

(meters)

Depth 
to the 

top 
(inches)

124 399387.5 3636904.1 1232.405 30 25 SC#377 Vertical 0.3 12 
126 399395.63 3636902.7 1232.418 60 25 RC1 Vertical 0.3 12 
129 399388.5 3636911.5 1232.442 30 50 SC#385 Perpendicular 0.3 12 
133 399397.13 3636910.2 1232.313 60 50 RC2 Perpendicular 0.3 12 
136 399389.48 3636918.9 1232.393 30 75 B#389 Vertical 0.41 16 
139 399398.28 3636917.5 1232.385 60 75 B#388 Parallel 0.41 16 
143 399390.56 3636926.6 1232.009 30 100         
146 399399.59 3636925.4 1232.359 60 100 B#387 Perpendicular 0.41 16 
150 399391.57 3636934.1 1231.852 30 125 B#390 Parallel 0.84 33 
154 399392.66 3636941.1 1231.694 30 150 B#383 Vertical 0.91 36 
157 399401.68 3636940.3 1231.646 60 150 B#391 Perpendicular 0.84 33 
162 399394.53 3636956.1 1231.268 30 200 SC#378 Parallel 1.19 47 
166 399403.93 3636955 1231.482 60 200 SC#382 Perpendicular 0.91 36 
170 399396.02 3636967.8 1230.909 30 237 SC#381 Parallel 1.52 60 
174 399405.07 3636962.5 1231.213 60 225 SC#386 Perpendicular 1.22 48 
177 399406.08 3636970 1231.204 60 250 SC#379 Vertical 1.22 48 
179 399397.69 3636977.3 1230.904 30 270 SC#380 Vertical 1.52 60 

182 399407.25 3636977.9 1230.876 60 275 SC#384 Parallel 1.52 60 
Coordinates are listed in NAD 83 UTM Zone 13N             
RC = REAL CAN          
SC = SIMULATED CAN         
B = BOMBLET         

TABLE 4.  DESCRIPTION OF GRID 1 SEED ITEMS. 
 

EM31 data were also collected over GRID 2 in order to test the ability of the instrument to locate 
ground disturbances (trenches) as well as to provide information concerning the background soil 
conductivity and magnetic susceptibility at the site.  The endpoints of the trenches were known 
and are listed in Table 5.   
   

Easting  Northing ID 

399409.02 3636986.37 Trench1 South

399409.72 3636994.84 Trench1 North

399400.99 3636999.08 Trench2 North

399400.06 3636987.10 Trench2 South
Note:  Coordinates are listed in NAD 83 UTM 

Zone 13 

TABLE 5.  TRENCH ENDPOINTS LOCATIONS. 
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GPR data were initially collected over GRID 2, or the trenches, to test its ability to locate areas 
of ground disturbances.  GRID 3 was then constructed and glass vials were buried in Trench 1.  
The coordinates of the glass vials are listed in Table 6.  The points correspond to the endpoints of 
the vials.  GPR data were collected over GRID 3. 
 

Target_ID X (UTMm) Y (UTMm) Z (UTMm) 
Depth 

(inches) 
Depth 

(meters) Description Orientation 
1VIAL-1 399409.63 3636987.913 1232.218 

1VIAL-2 399409.65 3636988.123 1232.231 
3 0.076 Glass Vial North-South

2VIAL-1 399409.65 3636988.704 1232.222 

2VIAL-2 399409.85 3636988.688 1232.247 
3 0.076 Glass Vial East-West 

3VIAL-1 399409.87 3636989.313 1232.069 3 0.076 Glass Vial Vertical 

4VIAL-1 399409.93 3636989.935 1232.131 

4VIAL-2 399409.97 3636990.149 1232.157 
6 0.15 Glass Vial North-South

5VIAL-1 399409.96 3636990.722 1232.136 

5VIAL-2 399410.16 3636990.69 1232.137 
6 0.15 Glass Vial East-West 

6VIAL-1 399410.07 3636991.463 1231.984 6 0.15 Glass Vial Vertical 

7VIAL-1 399408.93 3636987.933 1232.068 

7VIAL-2 399408.98 3636988.124 1232.079 
9 0.23 Glass Vial North-South

8VIAL-1 399408.97 3636988.815 1232.036 

8VIAL-2 399409.16 3636988.77 1232.043 
9 0.23 Glass Vial East-West 

9VIAL-1 399409.22 3636989.419 1231.911 9 0.23 Glass Vial Vertical 

10VIAL-1 399409.3 3636990.043 1231.939 

10VIAL-2 399409.31 3636990.266 1231.918 
12 0.3 Glass Vial North-South

11VIAL-1 399409.27 3636990.946 1232.026 

11VIAL-2 399409.49 3636990.926 1231.97 
12 0.3 Glass Vial East-West 

12VIAL-1 399409.42 3636991.496 1231.899 12 0.3 Glass Vial Vertical 

Coordinates are listed in NAD 83 UTM Zone 13N         

TABLE 6.  DESCRIPTION OF GRID 3 SEED ITEMS. 
 
Figure 1 is an As-Built map displaying the location of the three grids, the trenches, and the 
buried seed items in GRID 1.  Figure 2 is an As-Built map of GRID 3 at a larger scale to enhance 
details of the buried vials. 
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3.0 GEOPHYSICAL EQUIPMENT 
3.1 ELECTROMAGNETIC SYSTEM  
3.1.1 The MTADS EM61 is a high-sensitivity time domain electromagnetic (TDEM) system 
that is able to detect both ferrous (steel) and non-ferrous (aluminum, copper, brass, etc.) metals.  
The MTADS EM61 system generates an electromagnetic (EM) pulse in the transmitter coil, 
causing eddy currents to flow both within the ground and within metal objects.  When the EM 
pulse is terminated, the eddy currents decay, thus producing a changing magnetic field, called a 
secondary magnetic field.  The eddy currents, also called secondary currents, in metal objects 
decay more slowly than those in the ground and produce measurable anomalies.  This system is 
designed so that a low-level and/or constant signal is received when no metal is present.  When 
metal is present, an increased secondary magnetic field is recorded.  This signal is generally at its 
maximum level when the coils are located directly over the object.  This results in a “bulls-eye” 
type anomaly for isolated metal objects and simplifies data analysis.   
 
The MTADS EM61 system consists of three one-meter by one-meter (3.28 feet x 3.28 feet) coils, 
designated by left, right, and center.  The left and right coils are placed adjacent to one another 
and the center coil is centered on top of the midpoint between the right and left coil.  This results 
in a sampling width of two meters (6.28 feet).  A Mobile Instrument Platform (MIP) towed the 
MTADS EM61 system. 
 

3.1.2 Sensor positioning on the grid was recorded with a Trimble 4700 Global Positioning 
System (GPS) Real Time Kinematic (RTK) system.  A base station and rover were used to 
collect positioning information for both of the MTADS systems.  The coordinates for the base 
station used for the entire GPO are listed in Table 7.  The GPS-RTK system provides real-time 
positioning at five readings per second (5 Hz) providing spatial coordinates with an error of 
about 5 cm (0.16 ft) under ideal conditions. However, because of the dimensions of the MTADS 
EM61 coil, the accuracy with which the sources of anomalies can be positioned is about 30 cm 
(0.98 ft).  

Easting  Northing ID Latitude Longitude 

399529.840 3637688.790 CP2 32.52.21.82 -106.04.26.22 

Note:  Coordinates are listed 
in NAD 83 UTM Zone 13  

Note:  Coordinates are listed in 
WGS 84 coordinates. 

 

TABLE 7.  BASE STATION COORDINATES. 
 
3.1.3 MTADS EM61 data were logged using an industrial PC running MagLog logging 
software written by Geometrics, Inc. at a rate of 16 samples per second.  Data were recorded at 
the normal driving speed of 4.8 to 8.1 kilometers per hour (3 to 5 miles per hour) resulting in a 
data station interval of 0.08 to 0.14 meters (0.28 to 0.45 feet) along the survey line.  The line 
spacing was nominally two meters (6.56 feet) or less thus ensuring 100% surface coverage. 
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3.2 MAGNETOMETER SYSTEM 
3.2.1 The MTADS MAG Cesium-vapor magnetometer array system is able to detect ferrous 
(i.e. iron-containing) metals.  Magnetic surveys measure the magnitude of the total magnetic 
field and are expressed in units of nano Tesla (nT).  The total magnetic field is the sum of the 
earth’s magnetic field and any perturbations in this field caused by local ferromagnetic objects 
along with the magnetic field of geologic materials.  A magnetic anomaly usually contains both a 
magnetic high and an associated magnetic low (dipole).  This anomaly occurs because the earth’s 
magnetic field induces positive (north) poles as it enters a magnetic body and negative (south) 
poles as it leaves the body.   
 
The MTADS MAG consists of eight Geometrics, Inc. model 822 Cesium vapor magnetometers 
in a linear array aligned normal to the direction of travel with a sensor separation of 0.25 meter 
(0.082 feet).  The swath width of MTADS MAG is two meters (6.56 feet).  A GeoMetrics G858 
base station magnetometer was set up to the south of the GPO grid and was maintained at that 
location during the subsequent grid surveys.  The base station recorded data at two readings per 
second (2 Hz).  The base station’s coordinates are listed in Table 8.  The MIP towed the MTADS 
MAG system.   
 

Easting  Northing ID 

399364.33 3636807.33 CP2 
Note:  Coordinates are listed in NAD 83 UTM 

Zone 13 

TABLE 8.  MAG BASE STATION COORDINATES. 
 
3.2.2 Positioning for the MTADS MAG was achieved using the GPS system (refer to section 
3.1.2 for details). 
 
3.2.3 The magnetometer data were recorded using the program MagLog at a rate of 50 samples 
per second.  Data recorded at the normal driving pace of 4.8 to 8.1 kilometers per hour (3-5 miles 
per hour) acquisition rate results in a data station interval of 0.027 to 0.045 meters (0.088 feet to 
0.15 feet) along the survey line.  The line spacing was nominally two meters (6.56 feet) or less to 
ensure 100% surface coverage. 
 

3.3 EM GROUND CONDUCTIVITY SYSTEM 
3.3.1 The EM31 is a frequency domain electromagnetic induction instrument built by Geonics 
Ltd.  The transmitter consists of a coil through which oscillating electrical current is passed.  The 
current generates an oscillating electromagnetic (EM) field that penetrates the ground.  This field 
is the primary EM field.  This EM field induces secondary oscillating currents in conductive 
material in the ground.  Greater ground conductivity results in stronger secondary currents. The 
oscillating secondary currents generate secondary oscillating EM fields that are detected by the 
receiver of the instrument.  The EM31 system measures the quadrature-phase and in-phase 
component of the induced secondary magnetic field.  The quadrature-phase, which is sensitive to 
the bulk electrical properties of the near surface material, is linearly related to the ground 
conductivity at low induction numbers.  The in-phase component of the received signal is often 
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used to detect large metallic objects and pipes. The EM31 is used primarily for mapping lateral 
variations in the bulk conductivity to an effective depth of approximately 5 meters (16 feet). 
 
The EM31 can be used in two modes, one called the vertical dipole mode and the other the 
horizontal dipole mode. In the vertical dipole mode, the readings are insensitive to near surface 
variations in the ground conductivity but have the greatest investigation depth, whereas in the 
horizontal dipole mode, the readings are more sensitive to near surface variations in the ground 
conductivity but have a lower depth of investigation. Data were collected in the vertical dipole 
mode to ensure that the measured conductivity had the greatest depth of investigation and 
minimal influence by the near surface conductivity of the ground.  The MIP towed the EM31 
system. 
 
3.3.2 Positioning for the EM31 was achieved using the GPS system (refer to section 2.1.2 for 
details).  GPS data were recorded simultaneously with the EM31 data on a Juniper Systems 
Allegro data logger at a rate of 5 Hz.  The GPS data were merged with the EM31 data during 
processing.  The line spacing is for the EM31 survey was approximately 3.05 meters (10 feet). 
 
3.3.3 A Polycorder 720 measured the data at a rate of five samples per second (5 Hz).  Data 
recorded at the normal driving pace of 4.8 to 8.1 kilometers per hour (3-5 miles per hour) 
acquisition rate results in a data station interval of 0.25 to 0.45 meters (0.88 feet to 1.46 feet) 
along the survey line.  
 

3.4 GROUND PENETRATING RADAR SYSTEM 
3.4.1 A Geophysical Survey Systems, Inc. (GSSI) Subsurface Interface Radar (SIR) 10B 
control unit was used to acquire GPR data.  According to the work plan, only two antennae were 
to be tested at the Holloman site.  Per the request of the Army Corps of Engineers, Blackhawk 
tested an additional antenna at the Holloman site.   The three antennae tested were a 200 MHz, 
500 MHz, and 900 MHz center frequency antennae.  As a general rule, higher frequency 
antennae provide greater resolution, but provide less depth of penetration while lower frequency 
antennae provide greater depth of penetration, but less resolution.  The GPR antenna consists of 
a transmitter antenna and receiver antenna contained in a single enclosure.  Electromagnetic 
energy is transmitted into the ground by the transmitter antenna.  The receiver antenna detects 
energy that is reflected by a layer or an anomaly in the subsurface.  The radar controller records 
the two-way travel time of the reflected energy.  The two-way travel time of the reflected energy 
is a function of the depth of the reflection and the physical properties of the overlying material 
(i.e. dielectric constant).  Due to the fact that the work plan only called for the testing of two 
antennae and the 500 MHz antenna produced poorer data than the other two antennae, only the 
results of the 200 MHz and the 900 MHz are discussed in this report.  The results of the 500 
MHz antenna were inconclusive and added no benefit.   
 
Data were collected over the trench GPO grid with the 200 MHz antenna in order to test the 
ability of the antenna to locate areas of disturbed ground.  Data were collected over a grid 
containing known seeded vials with the 900 MHz antenna in order to test the ability of the 
antenna to locate isolated targets to a depth of about one third of a meter.   
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3.4.2 Positioning was accomplished by setting up a local grid with fiberglass tapes.  The 
locations of the corners of the grids were obtained with the GPS system.  Each antenna was 
manually pulled across the survey grids. 
 
3.4.3 The 200 MHz antenna GPR data were collected in “wheel mode”.  In this mode, 
electronic signals are triggered by the movement of the wheel allowing accurate positioning of 
the data.  Data were recorded at 39.04 scans per meter (11.9 scans per foot) and a mark was 
placed in the data every 1.54 meters (five feet).  Data were recorded for a time range of 200 
nanoseconds.  The line spacing used in conjunction with this antenna was 1.5 meters (five feet).  
The lines recorded with the 200 MHz antenna were aligned west to east and recorded in 
unidirectional fashion.  GPS positions were recorded at the beginning and end of each profile 
line.  The data recorded with the 900 MHz antenna was collected in “auto mode”.  In this mode, 
the user places fiducial marks in the data and uses these marks to correctly position the data.  The 
line spacing used with this antenna was 15 cm (.5 feet).  Data were recorded in a grid with north-
south profiles and east-west profiles.  Data were recorded in a unidirectional fashion for each of 
the profile lines in the grid (west to east and south to north). 
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4.0 QUALITY CONTROL TESTS 
The GPO was used to determine the ability of the MTADS EM61, EM31, MTADS MAG and 
GPR systems to detect the items. QA/QC equipment tests were performed in accordance with the 
Geophysical Prove-out Work Plan.  To ensure high-quality geophysical data, 
ZAPATAENGINEERING’s and Blackhawk’s Senior Geophysicists evaluated the setup of each 
instrument and monitored the data collection and processing steps.  
 

4.1 EQUIPMENT WARM-UP  
Equipment warm-up time was approximately fifteen minutes for each array. 
 

4.2 RELATIVE SENSORS POSITIONS 
All sensor offsets were measured in relation to the GPS antenna. These offsets were used to 
determine the location of each sensor during data processing.  
 

4.3 PERSONNEL TEST 
This test ascertains that the operator is not carrying any metal objects that might interfere with 
the instrument readings. This test was performed under the supervision of Blackhawk’s Senior 
Geophysicist. The requirements of this test were met. 
 

4.4 STATIC/STANDARD TESTS 
After being given sufficient time to warm up, during which any instrument drift was observed, a 
static/standard test was conducted. The static/standard test consisted of a minimum of a nine-
minute record; three minutes background, three minutes with standard, and three minutes 
background.  This test was performed each day, both prior to any data recording and after all of 
the data had been recorded for that day. After the initial three minute stationary test, a metal 
standard board was placed in exactly the same position relative to the MTADS EM61 and 
MTADS MAG sensors and data were collected for three minutes.  Instrument readings of the 
standard object, called the standard test, were checked to determine that they were within +/- 
20% of the average of all readings taken. After the standard test, an additional stationary test of 
three minutes was performed in order to check the instrument for repeatability. All three tests 
were performed with the MTADS EM61 and the MTADS MAG system, whereas only the initial 
static test was performed with the EM31.  The static test was performed at the same location 
every day.  This location is listed in Table 9.  Profiles showing the static and standard tests are 
located in Attachment C (MTADS EM61 Profiles 1–16, MTADS MAG Profiles 1-8, and EM31 
Profiles 1-4).  The responses of the MTADS MAG and EM31 instruments during static and 
standard tests were within tolerance limits.  The responses of the MTADS EM61 instruments 
during static and standard tests were not within tolerance limits.  A record of the MTADS EM61 
response is located in Attachment D, QC Spreadsheets. 
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Easting  Northing ID 

399409.522 3636909.274 STATIC PT 

Note:  Coordinates are listed in NAD 83 UTM 
Zone 13 

TABLE 9.  STATIC POINT COORDINATES. 
 
The static tests performed during the GPO survey at Holloman showed periodic noise in the data 
and the tests were not within tolerance.  It was first hypothesized that RADAR or other 
electronic interference from the Air Force Base caused this noise.  The GPO grid data collected 
with this noise was acceptable and did not show any periodic noise. The noise was mostly 
filtered out with the demedian filter because the period of the periodic noise was greater than the 
demedian window. To test the ambient electronic noise theory, the equipment was taken to the 
mountains east of Holloman and tested at the end of the GPO. The noise was still present in the 
static test.  The equipment was taken back to Blackhawk’s Golden, CO office for further 
investigation and repair.  The problem was traced to the jumper boxes that synchronize data 
recording between the three coils.  The problem was remedied and the equipment was then tested 
in Golden and the noise was no longer present. The equipment was returned to Holloman A.F.B. 
and retested. At this point, the static test showed no signs of periodic noise.  EM61 Profiles 38 – 
41 display the AM and PM static tests recorded on June 8, 2004.  These static tests were within 
tolerance limits. 
 
The GPO grid data collected with this noise was acceptable and did not show any periodic noise. 
 

4.5 SENSOR HEIGHT OPTIMIZATION TEST 
It was determined that the MTADS MAG instrument lower sensor settings of 25 cm would not 
be suitable due to tall vegetation. Thus, the data were collected with a sensor height of 40 cm. 
 

4.6 SIX LINE TEST 
The Six Line Test consisted of six passes of the geophysical instruments over a 50-foot line.  The 
first two passes were performed at normal driving speed with no metallic item placed on the line.  
The next two passes were conducted at normal driving speed with a metal object (seeded item) 
placed at the 25-foot mark.  The coordinates of the seeded item are listed in Table 10.  To 
simulate data collection downhill where the instrument operator will be driving faster than 
normal, the fifth pass was performed while driving at a fast pace with the metal object placed at 
the 25-foot mark.  The final pass was performed while driving at a slow pace with the metal 
object placed at the 25-foot mark, thus simulating data collection uphill where the instrument 
operator might be driving slower than normal. These tests were performed using the MTADS 
EM61 and the MTADS MAG.  Profiles showing the data are located in Attachment C (MTADS 
EM61 Profiles 17–22 and MTADS MAG 9-14).  The response of the instruments during the six 
line tests was within tolerance limits.  A record of the MTADS EM61 response is located in 
Attachment D. 
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Easting  Northing ID 

399414.439 3636943.827 6 Line Test PT

Note:  Coordinates are listed in NAD 83 UTM 
Zone 13 

TABLE 10.  SIX LINE TEST SEEDED ITEM COORDINATES. 
 

4.7 LATENCY TEST 
Prior to and after data collection, the instruments were driven over the trailer ball (2 5/16” 
uniball) in order to determine the positional accuracy and data repeatability of the 
instrumentation. The trailer ball’s location is listed in Table 11.  The latency test was performed 
driving over the trailer ball in two opposing directions. This test was performed using the 
MTADS EM61 and the MTADS MAG.  However, a railroad tie, located southeast of the GPO 
grid was used as the latency point for the EM31.  During the GPO post-seed data processing, the 
latency value of +25 ms was used for the MTADS EM61 system, -25 ms for MTADS MAG 
system, and 800ms for EM31 system.  Positional accuracy and data repeatability of the systems 
were within acceptable limits.  MTADS EM61 Profiles 23-34, MTADS MAG Profiles 15-22, 
and EM31 Profiles 5-8 show data collected during the Latency Test. A record of the MTADS 
EM61 response during the latency test is located in Attachment D. 
 

Easting  Northing ID 

399414.440 3636943.830 Latency PT 

Note:  Coordinates are listed in NAD 83 UTM 
Zone 13 

TABLE 11.  LATENCY TEST SEEDED ITEM COORDINATES. 
 

4.8   OCTANT TEST 
An Octant Test was performed with the MTADS MAG system to determine heading effects.  
This test was accomplished by collecting a total of eight lines of data in the directions N-S, S-N, 
NE-SW, SW-NE, E-W, W-E, SE-NW, and NW-SE in a clean area.  MTADS MAG Profiles 23-
30 show the results of the octant test.  Heading effects were less than +/- 1 nT.  These values 
were not removed from the data due to their low amplitude. 
 

4.9 REPEAT LINE TEST 
After Post-Seed data were collected, a repeat line of data was recorded to document positional 
and geophysical data repeatability.  The first line of the GPO was used for the Repeat Line Test.  
MTADS EM61 Profiles 35 through 36 show the data from the Repeat Line Test.  The positional 
and geophysical data repeatability were within acceptable limits.   
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4.10 CABLE SHAKE TEST 
The cable shake/vibration test is performed to verify that there are no electrical problems 
(breaks, short circuits) in the cables.  Prior to data collection, the cables associated with each 
instrument  (MTADS EM61 and MTADS MAG) are manually shaken.  All shake tests produced 
results that were within acceptable limits and no faulty cables were discovered. Cable shake 
profiles, MTADS EM61 – Profile 37 and MTADS MAG Profile 31, are shown in Attachment C. 
 

4.11 PRE-SEED GPO DATA 
The Pre-Seed data is displayed on the following Figures: 
 
Figure 3 GPO GRID 1 Background – MTADS EM61  
Figure 7 GPO GRID 1 Background – MTADS MAG  
 

4.12 POST-SEED GPO DATA 
The post seed data is displayed on the following Figures: 
 
Figure 4 GPO GRID 1Post Seed – MTADS EM61 
Figure 5 GPO GRID 1Post Seed With Target Selections – MTADS EM61 
Figure 6 GPO GRID 1 Post Seed With Target Selections Compared to Seeded Items – 

MTADS EM61 
Figure 8 GPO GRID 1 Post Seed – MTADS MAG 
Figure 9 GPO GRID 1 Post Seed With Target Selections – MTADS MAG 
Figure 10 GPO GRID 1 Post Seed With Target Selections Compared to Seeded Items – 

MTADS MAG 
Figure 11 GPO GRID 1 and GRID 2 North South – EM31 Quadrature Phase 
Figure 12 GPO GRID 2 East West – EM31 Quadrature Phase  
Figure 13 GPO GRID 1 and GRID 2 North South – EM31 In-Phase 
Figure 14 GPO GRID 2 East West – EM31 In-Phase 
Figure 16 900 MHz GPR Anomalies – GRID 3 East to West Survey Lines  
Figure 17 900 MHz GPR Anomalies – GRID 3 South to North Survey Lines 
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5.0 DATA PROCESSING 
5.1 ELECTROMAGNETIC SYSTEM (MTADS EM61) 
All data taken in the field were processed on the same day as it was recorded and checked for 
data quality and completeness using a laptop computer. The MTADS Data Analysis Software 
(DAS) program was used to process the data, check the data for quality, pick targets and generate 
files containing the target locations (xyz files). The MTADS DAS was used to pick the targets, 
which were later edited. Some targets were removed but most were left in case blind seed items 
existed in the GPO grid. Each of the targets picked by the MTADS DAS were evaluated as to the 
validity and position as reported in the GPO seeded items list. Target location files (xyz files) of 
the data were sent to Blackhawk GeoServices main office in Golden for QC analysis. The files 
were also uploaded to the ZAPATAENGINEERING web site for access by ZAPATAENGINEERING’S 
personnel and authorized users.  
 
Data processing steps in the MTADS DAS include, but were not limited to: 

• Reviewing the field data sheets and log forms for completeness; 
• Reviewing the static instrument standardization files to verify repeatability of amplitude 

response; 
• Applying an additional instrument drift correction; 
• Monitoring the data for gaps or incomplete coverage; 
• Monitoring the survey line separation; 
• Visually comparing the target anomaly selections to the DGM anomalies generated by 

the known seeded items; 
• Monitoring and applying lag corrections when necessary; 
• Tracking data processing steps to ensure all data are processed in the same manner; 
• Producing an output of the final data in *.xyz (ASCII) format;  
• Converting the spatial coordinates to NAD83 UTM coordinates; 
• Generating target lists with location and peak value. 

 
The XYZ files were then imported into Oasis montaj.  Profiles of the QC Tests were created and 
were exported into Corel Draw where final profile figures were created. All profiles are 
displayed in Attachment C.  The Bottom Channel Filtered Data were gridded with a 0.2m grid 
cell size and a 1.0m blanking distance.  All of the final maps were created in Oasis montaj. 
 

5.2 MAGNETIC SYSTEM (MTADS MAG) 
The magnetic data was processed in the same manner as the MTADS EM61 data.  The data were 
first processed in the MTADS DAS, where processing steps included, but were not limited to: 
 

• Reviewing the field data sheets and log forms for completeness; 
• Reviewing the static instrument standardization files to verify repeatability of amplitude 

response; 
• Applying an additional instrument drift correction; 
• Applying a diurnal correction; 
• Monitoring the data for gaps or incomplete coverage; 
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• Monitoring the survey line separation; 
• Visually comparing the target anomaly selections to the DGM anomalies generated by 

the known seeded items; 
• Monitoring and applying the heading and lag corrections when necessary; 
• Tracking the data processing steps to ensure all data are processed in the same manner; 
• Producing an output of the final data in *.xyz (ASCII) format;  
• Converting the coordinates to NAD83 UTM coordinates; 
• Producing target lists with location and peak value. 

 
The XYZ files were then imported into Oasis montaj.  Profiles of the QC Tests were created and 
exported into Corel Draw where final profile figures were created. All profiles are displayed in 
Attachment C.  The eight sensor data were gridded with a 0.2m grid cell size and a 1.0 m 
blanking distance.  All final maps were created in Oasis montaj. 
 

5.3 EM GROUND CONDUCTIVITY (EM31) 
The electrical conductivity data were downloaded from the data logger and imported into the Dat 
31W software.  The EM31 data and the GPS data were merged and a xyz file was generated 
from this program. 
 
The xyz file was then imported into Oasis montaj and a lag correction applied to the data.  
Profiles of the QC Tests were created and then exported into Corel Draw where final profile 
figures were created. All profiles are displayed in Attachment C.  The data were gridded with a 
0.5 m grid cell size and a 2.0 m blanking distance.  All of the final maps were created in Oasis 
montaj. 
 

5.4 GROUND PENETRATING RADAR SYSTEM (SIR 10B) 
The GPR data, which were stored in the SIR 10B, were downloaded to a laptop computer for on-
site review and editing.  The 200 and 900 MHz data were then imported into the GSSI program 
called RADAN 5.0 where corrections for travel time, distance, and display gain were made.  A 
background removal filter was applied to the 900MHz data to remove banding (”ringing”) in the 
data.   
 
The GPR processing steps used included, but were not limited to: 
 Positional and distance corrections; 
 Time zero adjustment to obtain accurate depth estimations, and; 
 A background removal to remove flat lying banding in the data where individual targets 

may be encountered. 
 
Accurate depth positioning of known items in the 900 MHz data required a dielectric constant 
between 20 and 30.  Profiles generated in Radan were exported as screen captures and imported 
into Corel Draw for presentation purposes.  All the GPR data are displayed in Attachment C.  
The GPR profiles are displayed using English units because English units were used during data 
collection. 
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6.0 ANALYSIS AND RECOMMENDATIONS 
 

6.1 ELECTROMAGNETIC SYSTEM 
A total of 39 targets were selected from the MTADS EM61 data collected over GRID 1.  The 
targets were selected before the locations of the grid corners were known; thus, some of the 
targets are outside the grid.  The 39 targets selected by Blackhawk along with the known seeded 
items are shown superimposed on the data in Figure 5.  Table 12 lists the targets selected by 
Blackhawk.  The MTADS EM61 system located all of the seeded items within the GPO area that 
were known to the Blackhawk personnel. Table 13 compares the targets selected by Blackhawk 
to the known seeded items. For the following discussion please refer to Figure 6. One seeded 
item was located within a 1.5-meter radius (4.9 feet) from its true location. A total of six seeded 
items were found within a one-meter radius (3.3 feet), and the remaining 11 seeded items were 
found within a half-meter radius (1.6 feet). Due to the EM61 ability to accurately locate the 
seeded items, the MTADS EM61 system will be used for additional geophysical investigations at 
Holloman.  
 

Target_ID Easting (m) Northing (m) Magnitude 
(mV) Target_ID Easting (m) Northing (m) Magnitude 

(mV) 

1 399380.34 3636897.23 7.78 21 399398.76 3636931.43 6.38 

2 399380.14 3636895.63 7.12 22 399391.35 3636934.63 16.5 

3 399380.54 3636897.63 6.75 23 399401.56 3636941.03 16.69 

4 399381.14 3636896.03 4.88 24 399392.55 3636941.23 59.25 

5 399395.55 3636902.83 374.72 25 399390.95 3636941.63 6.17 

6 399387.55 3636904.43 490.88 26 399403.96 3636955.23 35.62 

7 399385.75 3636904.23 7.07 27 399394.35 3636956.83 14.25 

8 399377.54 3636904.03 28.75 28 399405.36 3636962.83 16.5 

9 399397.35 3636910.43 196.69 29 399408.76 3636964.83 6.56 

10 399378.94 3636910.43 17.44 30 399396.15 3636968.23 12 

11 399388.15 3636911.83 366.28 31 399405.76 3636970.43 17.62 

12 399379.14 3636916.43 35.72 32 399387.55 3636973.23 8.25 

13 399398.16 3636917.83 89.91 33 399397.35 3636977.63 8.25 

14 399389.55 3636919.23 150 34 399406.56 3636978.83 4.69 

15 399380.14 3636922.43 7.12 35 399402.96 3636987.03 12 

16 399399.96 3636925.63 83.25 36 399398.16 3636987.23 5.69 

17 399390.15 3636927.03 15 37 399411.56 3636987.43 5.25 

18 399388.35 3636925.83 5.25 38 399395.95 3636988.23 7.78 

19 399382.15 3636929.03 234.38 39 399415.57 3636991.63 4.88 

20 399380.74 3636927.43 17.16 Coordinates are listed in NAD 83 UTM Zone 13N 

TABLE 12.  MTADS EM61 POST SEED ANOMALIES SELECTIONS. 
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Seeded Item 
Target_ID X (UTMm) Y (UTMm) Line Description

Orientation 
Relative to 

Path 
Depth to the 
top (inches) 

Matching 
Picked 

Target ID 

Matching 
Picked 
Target 

Response 
(mV) 

124 399387.498 3636904.067 30 SC#377 vertical 12 6 490.88 

126 399395.6345 3636902.73 60 RC1 vertical 12 5 374.72 

129 399388.4966 3636911.515 30 SC#385 perpendicular 12 11 366.28 

133 399397.127 3636910.219 60 RC2 perpendicular 12 9 196.69 

136 399389.4754 3636918.916 30 B#389 vertical 16 14 150 

139 399398.2772 3636917.518 60 B#388 parallel 16 13 89.91 

143 399390.5613 3636926.567 30       17 15 

146 399399.5873 3636925.395 60 B#387 perpendicular 16 16 83.25 

150 399391.5739 3636934.111 30 B#390 parallel 33 22 16.5 

154 399392.6577 3636941.131 30 B#383 vertical 36 24 59.25 

157 399401.6794 3636940.309 60 B#391 perpendicular 33 23 16.69 

162 399394.529 3636956.103 30 SC#378 parallel 47 27 14.25 

166 399403.9276 3636955.009 60 SC#382 perpendicular 36 26 35.62 

170 399396.0226 3636967.783 30 SC#381 parallel 60 30 12 

174 399405.0662 3636962.466 60 SC#386 perpendicular 48 28 16.5 

177 399406.0828 3636970.02 60 SC#379 vertical 48 31 17.62 

179 399397.6936 3636977.25 30 SC#380 vertical 60 33 8.25 

182 399407.2504 3636977.901 60 SC#384 parallel 60 34 4.69 

Coordinates are listed in NAD 83 UTM Zone 13N           

TABLE 13.  MTADS EM61 SEED ITEM DETAILS WITH PICKED TARGET RESPONSE. 
 

6.2 MAGNETIC SYSTEM 
Blackhawk selected a total of 16 targets from the MTADS MAG data (Table 14).  Targets were 
selected from the analytical signal data.  The MTADS MAG system located nine out of 18 
seeded items (see Figure 8). The 16 targets selected by Blackhawk along with the known seeded 
items are shown superimposed on the magnetic data collected over GRID 1 in Figure 9.  Table 
15 compares the targets selected by Blackhawk to the known seeded items. In total, Blackhawk 
located nine of 18 targets.  One target was found within a radius of one-meter (3.3 feet), and 
eight seeded items were found within a radius of 0.5 meter (1.6 feet).  The remaining seven 
targets did not correlate with seeded items.  This instrument will not be used for further 
investigations due to its lack of ability to locate all the known seed items.  
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Target_ID Easting (m) Northing (m) Magnitude 
(nT) Target_ID Easting (m) Northing (m) Magnitude 

(nT) 
1 399395.55 3636902.83 120.6 10 399399.96 3636925.43 98 
2 399387.15 3636904.23 52.17 11 399382.35 3636929.03 69.19 
3 399377.74 3636904.03 8.8 12 399391.35 3636934.63 15.78 
4 399396.95 3636910.43 44.75 13 399402.16 3636940.43 18.35 
5 399388.55 3636911.63 47.91 14 399407.96 3636961.43 11.72 
6 399398.36 3636917.83 76.74 15 399400.76 3636983.63 13.55 
7 399389.35 3636919.23 87.65 16 399412.76 3636992.23 8.05 
8 399380.14 3636922.43 13.1 
9 399389.15 3636924.43 10.64 

Coordinates are listed in NAD 83 UTM Zone 13N 

TABLE 14.  MTADS MAG POST SEED ANOMALIES SELECTIONS. 
 

Seeded Item 
Target_ID X (UTMm) Y (UTMm) Line Description

Orientation 
Relative to 

Path 
Depth to the 
top (inches) 

Matching 
Picked 

Target ID 

Matching 
Picked 
Target 

Response 
(nT) 

124 399387.498 3636904.067 30 SC#377 vertical 12 2 52.17 

126 399395.6345 3636902.73 60 RC1 vertical 12 1 120.6 

129 399388.4966 3636911.515 30 SC#385 perpendicular 12 5 47.91 

133 399397.127 3636910.219 60 RC2 perpendicular 12 4 44.75 

136 399389.4754 3636918.916 30 B#389 vertical 16 7 87.65 

139 399398.2772 3636917.518 60 B#388 parallel 16 6 76.74 

143 399390.5613 3636926.567 30       not found not found 

146 399399.5873 3636925.395 60 B#387 perpendicular 16 10 98 

150 399391.5739 3636934.111 30 B#390 parallel 33 12 15.78 

154 399392.6577 3636941.131 30 B#383 vertical 36 not found not found 

157 399401.6794 3636940.309 60 B#391 perpendicular 33 13 18.35 

162 399394.529 3636956.103 30 SC#378 parallel 47 not found not found 

166 399403.9276 3636955.009 60 SC#382 perpendicular 36 not found not found 

170 399396.0226 3636967.783 30 SC#381 parallel 60 not found not found 

174 399405.0662 3636962.466 60 SC#386 perpendicular 48 not found not found 

177 399406.0828 3636970.02 60 SC#379 vertical 48 not found not found 

179 399397.6936 3636977.25 30 SC#380 vertical 60 not found not found 

182 399407.2504 3636977.901 60 SC#384 parallel 60 not found not found 

Coordinates are listed in NAD 83 UTM Zone 13N           

TABLE 15.  MTADS MAG SEED ITEM DETAILS WITH PICKED TARGET RESPONSE. 
 

6.3 EM GROUND CONDUCTIVITY SYSTEM 
The EM31 was run in both a north-south direction over GRID 1 and GRID 2 and east-west 
direction over Grid 2 (Figures 11-14). The EM31 system was unable to detect any difference in 
electrical conductivity between the disturbed and undisturbed ground.  Furthermore, the EM31 
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data did not show any sign of the buried seed items from GRID 1.  The EM31 did show a large 
variation in the ground conductivity over the GPO grid ranging from approximately 25-65 mS/m.   
 

6.4 GROUND PENETRATING RADAR SYSTEM 
GPR data, using a 200 MHz antenna, were collected over the 19.8-meter x 21.33-meter (65-foot 
x 70-foot) GPO GRID 2 known to contain two trenches.  Data were collected from west to east.  
A total of 15 lines were collected (shown in Attachment C).  The trenches are centered on 6.1 
and 13.7 meters (20 feet and 45 feet).  Layer discontinuity is visible in some of the GPR files 
over the known trenches; however, no trend is noticeable from profile to profile.  This method 
did not successfully locate the areas of disturbed ground (trenches). 
 
Figure 15 shows the layout of the 2.1-meter x 5.2-meter (7-foot x 17-foot) grid where 12 vials 
were buried at various depths and orientations.  Data were collected with the 900 MHz antenna 
using a 15 cm (0.5 foot) line spacing.  This resulted in a total of 15 survey lines collected in a 
south to north direction and 35 lines collected in a west to east direction.   
 
Analysis of the data shows that the GPR was capable of detecting all the vials to a depth of 15 
cm (0.5 foot).  Vials were only detected when the survey lines were collected perpendicular to 
the orientation of, and directly over, the vial.  Along two survey lines, GX1.5 and GL10, vials 
were detected at depths greater than 15 cm (0.5 foot).  Figure 16 shows all of the vials located 
when data were collected in the west to east direction, and Figure 17 shows the three south to 
north lines that contain anomalies that coincide with vials. Table 16 lists each survey line in the 
west to east direction and the location of any vial detected.  Table 17 lists each survey line in the 
south to north direction and the location of any vial detected.  Although the GPR did detect the 
vials to depths of six inches, this survey method requires that survey lines be collected 
perpendicular to one another using line spacing no wider than the width of the antenna, which is 
approximately 18 cm.  The EM31 surveys over the GPO Grid showed a wide conductivity range.  
This infers that although the GPR data were effective at detecting vials to depths of 15 cm, the 
conductivity values, which influence the depth of penetration of the GPR method, vary widely 
over the site, and thus the depth of detection would vary greatly over the site. 
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900 MHz Antenna GPR Grid 

W-E Lines Unidirectional from West=0 to East=7ft, only mark at 0 and 7 

File Name Line Start (w) End 
(e) Anomaly  Comments 

GL0 0 ft 0 7 None   

GL0_5 0.5 0 7 None   

GL1 1 0 7 None   

GL1_5 1.5 0 7 None   

GL2 2 0 7 None   

GL2_5 2.5 0 7 None   

GL3 3 0 7 None   

GL3_5 3.5 0 7 3"   

GL4 4 0 7 None   

GL4_5 4.5 0 7 None   

GL5 5 0 7 None   

GL5_5 5.5 0 7 None   

GL6 6 0 7 None   

GL6_5 6.5 0 7 None   

GL7 7 0 7 None   

GL7_5 7.5 0 7 None   

GL8 8 0 7 None   

GL8_5 8.5 0 7 None   

GL9 9 0 7 None   

GL9_5 9.5 0 7 6"   
GL10 10 0 7 6" Item located at the 12" location but is at 0.20 - 0.22 cm 

GL10_5 10.5 0 7 None   

GL11 11 0 7 None   

GL11_5 11.5 0 7 None   

GL12 12 0 7 None   

GL12_5 12.5 0 7 None   

GL13 13 0 7 None   

GL13_5 13.5 0 7 None   

GL14 14 0 7 None   

GL14_5 14.5 0 7 None   

GL15 15 0 7 None   

GL15_5 15.5 0 7 None   

GL16 16 0 7 None   

GL16_5 16.5 0 7 None   

GL17 17 0 7 None   

TABLE 16.  900 MHZ EAST TO WEST GPO GRID 3 GPR LINE RESULTS. 
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900 MHz Antenna GPR Grid 
File Name Unidirectional from South=0 to North=17   

File Line Start (s) End (n) Anomaly  Comment 
GX0 0 0 17 None   

GX0_5 0.5 0 17 None   
GX1 1 0 17 None   

GX1_5 1.5 0 17 9" 

Item located at the 12" 
location but is at 0.20 - 
0.22 cm and is south of 

location by 8-9" 
GX2 2 0 17 None   

GX2_5 2.5 0 17 None   
GX3 3 0 17 None   

GX3_5 3.5 0 17 3"   
GX4 4 0 17 3" and 6"   

GX4_5 4.5 0 17 None   
GX5 5 0 17 None   

GX5_5 5.5 0 17 None   
GX6 6 0 17 None   

GX6_5 6.5 0 17 None   
GX7 7 0 17 None   

 TABLE 17.  900 MHZ SOUTH TO NORTH GPO GRID 3 GPR LINE RESULTS.  
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1.0 INTRODUCTION 
This report describes the procedures and results of the Geophysical Prove Outs (GPO) conducted 
at the Holloman Air Force Base, Alamogordo, New Mexico.  Four geophysical instruments were 
used to record data during the GPO investigation; the Multi-sensor Towed Array Detection 
System EM61 (MTADS EM61) electromagnetic system; the Multi-sensor Towed Array 
Detection System Magnetometer 822 Array (MTADS MAG); an EM31 Electromagnetic (EM) 
Ground Conductivity Meter, and the SIR 10B Ground Penetrating Radar (GPR) system.  GPO 
data recording was conducted on May 17, May 20, May 21, and May 22.  Blackhawk 
Geophysical and UXO Services (Blackhawk) personnel performed the work as detailed in the 
Geophysical Prove-Out Work Plan.   
 
All data collection and field procedures were performed in accordance with the scope of work 
and the Army Corps of Engineers DID MR-005-01.  A digital copy of the GPO report, all raw 
and processed data, geophysical maps, seeded item coordinates, selected target coordinates, and 
control and survey coordinates are included in Attachment A. 
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2.0 GROUND PROVE OUT DESIGN AND PLAN 
 
To meet the objectives of the work plan, three different GPO areas were prepared.  Selection and 
construction of the prove-out areas were based upon the technical and site specific 
considerations.  GPO GRID 1 (GRID 1) was approximately 18 meters by 91 meters (60 feet by 
300 feet).  The corner points of this grid are listed in Table 1.  An additional GPO grid, GRID 2, 
was also constructed and overlapped the northern edge of GRID 1.  Two trenches were 
constructed in GRID 2 that were approximately one to two meters in width.  GRID 2 in its 
entirety was approximately 19.8 meters by 21.3 meters (65 feet by 70 feet).  The corner points of 
GRID 2 are listed in Table 2.  A final grid, GRID 3, which was approximately 2.1 meters by 5.2 
meters (7 feet by 17 feet), was constructed over Trench 1 and within GRID 2.  Glass vials were 
buried in this area.  The corner points of GRID 3 are listed in Table 3. 
 

Easting (m) Northing (m) ID 

399395.00 3636895.39 SE Corner 

399377.06 3636898.00 SW Corner

399389.96 3636989.00 NW Corner

399408.57 3636985.94 NE Corner 

Note:  Coordinates are listed in NAD 83 
UTM Zone 13 

TABLE 1.  GRID 1 CORNER POINTS COORDINATES. 
 

Easting (m) Northing (m) ID 

399413.51 3636980.36 SE Corner 

399393.76 3636982.79 SW Corner 

399415.35 3637001.60 NE Corner 

399395.76 3637003.91 NW Corner 

Note:  Coordinates are listed in NAD 83 UTM 
Zone 13 

TABLE 2.  GRID 2 CORNER POINTS COORDINATES. 
 

Easting (m) Northing (m) ID 

399411.09 3636992.04 NE Corner 

399408.95 3636992.29 NW Corner 

399410.37 3636986.94 SE Corner 

399408.27 3636987.12 SW Corner 

Note:  Coordinates are listed in NAD 83 UTM 
Zone 13 

TABLE 3.  GRID 3 CORNER POINTS COORDINATES. 
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GRID 1 was constructed on the site and 18 items were seeded. Table 4 describes the seeded 
items located in GRID 1.  The seeded items vary in size, depth below the ground surface, and 
orientation.  Photographs of the seeded items are located in Attachment B.  Data were collected 
with the MTADS EM61 and MTADS MAG over GRID 1 in order to test the ability of the 
instrument to locate isolated metallic seeded items.  GRID 1 data were also collected with the 
EM31 ground conductivity meter. 
 

Target_ID X (UTMm) Y (UTMm) Z (UTMm) Line 
Distance 

(ft) to 
the 

North 
Description

Orientation 
Relative to 

Path 

Depth to 
the top 

(meters)

Depth 
to the 

top 
(inches)

124 399387.5 3636904.1 1232.405 30 25 SC#377 Vertical 0.3 12 
126 399395.63 3636902.7 1232.418 60 25 RC1 Vertical 0.3 12 
129 399388.5 3636911.5 1232.442 30 50 SC#385 Perpendicular 0.3 12 
133 399397.13 3636910.2 1232.313 60 50 RC2 Perpendicular 0.3 12 
136 399389.48 3636918.9 1232.393 30 75 B#389 Vertical 0.41 16 
139 399398.28 3636917.5 1232.385 60 75 B#388 Parallel 0.41 16 
143 399390.56 3636926.6 1232.009 30 100         
146 399399.59 3636925.4 1232.359 60 100 B#387 Perpendicular 0.41 16 
150 399391.57 3636934.1 1231.852 30 125 B#390 Parallel 0.84 33 
154 399392.66 3636941.1 1231.694 30 150 B#383 Vertical 0.91 36 
157 399401.68 3636940.3 1231.646 60 150 B#391 Perpendicular 0.84 33 
162 399394.53 3636956.1 1231.268 30 200 SC#378 Parallel 1.19 47 
166 399403.93 3636955 1231.482 60 200 SC#382 Perpendicular 0.91 36 
170 399396.02 3636967.8 1230.909 30 237 SC#381 Parallel 1.52 60 
174 399405.07 3636962.5 1231.213 60 225 SC#386 Perpendicular 1.22 48 
177 399406.08 3636970 1231.204 60 250 SC#379 Vertical 1.22 48 
179 399397.69 3636977.3 1230.904 30 270 SC#380 Vertical 1.52 60 

182 399407.25 3636977.9 1230.876 60 275 SC#384 Parallel 1.52 60 
Coordinates are listed in NAD 83 UTM Zone 13N             
RC = REAL CAN          
SC = SIMULATED CAN         
B = BOMBLET         

TABLE 4.  DESCRIPTION OF GRID 1 SEED ITEMS. 
 

EM31 data were also collected over GRID 2 in order to test the ability of the instrument to locate 
ground disturbances (trenches) as well as to provide information concerning the background soil 
conductivity and magnetic susceptibility at the site.  The endpoints of the trenches were known 
and are listed in Table 5.   
   

Easting  Northing ID 

399409.02 3636986.37 Trench1 South

399409.72 3636994.84 Trench1 North

399400.99 3636999.08 Trench2 North

399400.06 3636987.10 Trench2 South
Note:  Coordinates are listed in NAD 83 UTM 

Zone 13 

TABLE 5.  TRENCH ENDPOINTS LOCATIONS. 
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GPR data were initially collected over GRID 2, or the trenches, to test its ability to locate areas 
of ground disturbances.  GRID 3 was then constructed and glass vials were buried in Trench 1.  
The coordinates of the glass vials are listed in Table 6.  The points correspond to the endpoints of 
the vials.  GPR data were collected over GRID 3. 
 

Target_ID X (UTMm) Y (UTMm) Z (UTMm) 
Depth 

(inches) 
Depth 

(meters) Description Orientation 
1VIAL-1 399409.63 3636987.913 1232.218 

1VIAL-2 399409.65 3636988.123 1232.231 
3 0.076 Glass Vial North-South

2VIAL-1 399409.65 3636988.704 1232.222 

2VIAL-2 399409.85 3636988.688 1232.247 
3 0.076 Glass Vial East-West 

3VIAL-1 399409.87 3636989.313 1232.069 3 0.076 Glass Vial Vertical 

4VIAL-1 399409.93 3636989.935 1232.131 

4VIAL-2 399409.97 3636990.149 1232.157 
6 0.15 Glass Vial North-South

5VIAL-1 399409.96 3636990.722 1232.136 

5VIAL-2 399410.16 3636990.69 1232.137 
6 0.15 Glass Vial East-West 

6VIAL-1 399410.07 3636991.463 1231.984 6 0.15 Glass Vial Vertical 

7VIAL-1 399408.93 3636987.933 1232.068 

7VIAL-2 399408.98 3636988.124 1232.079 
9 0.23 Glass Vial North-South

8VIAL-1 399408.97 3636988.815 1232.036 

8VIAL-2 399409.16 3636988.77 1232.043 
9 0.23 Glass Vial East-West 

9VIAL-1 399409.22 3636989.419 1231.911 9 0.23 Glass Vial Vertical 

10VIAL-1 399409.3 3636990.043 1231.939 

10VIAL-2 399409.31 3636990.266 1231.918 
12 0.3 Glass Vial North-South

11VIAL-1 399409.27 3636990.946 1232.026 

11VIAL-2 399409.49 3636990.926 1231.97 
12 0.3 Glass Vial East-West 

12VIAL-1 399409.42 3636991.496 1231.899 12 0.3 Glass Vial Vertical 

Coordinates are listed in NAD 83 UTM Zone 13N         

TABLE 6.  DESCRIPTION OF GRID 3 SEED ITEMS. 
 
Figure 1 is an As-Built map displaying the location of the three grids, the trenches, and the 
buried seed items in GRID 1.  Figure 2 is an As-Built map of GRID 3 at a larger scale to enhance 
details of the buried vials. 
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3.0 GEOPHYSICAL EQUIPMENT 
3.1 ELECTROMAGNETIC SYSTEM  
3.1.1 The MTADS EM61 is a high-sensitivity time domain electromagnetic (TDEM) system 
that is able to detect both ferrous (steel) and non-ferrous (aluminum, copper, brass, etc.) metals.  
The MTADS EM61 system generates an electromagnetic (EM) pulse in the transmitter coil, 
causing eddy currents to flow both within the ground and within metal objects.  When the EM 
pulse is terminated, the eddy currents decay, thus producing a changing magnetic field, called a 
secondary magnetic field.  The eddy currents, also called secondary currents, in metal objects 
decay more slowly than those in the ground and produce measurable anomalies.  This system is 
designed so that a low-level and/or constant signal is received when no metal is present.  When 
metal is present, an increased secondary magnetic field is recorded.  This signal is generally at its 
maximum level when the coils are located directly over the object.  This results in a “bulls-eye” 
type anomaly for isolated metal objects and simplifies data analysis.   
 
The MTADS EM61 system consists of three one-meter by one-meter (3.28 feet x 3.28 feet) coils, 
designated by left, right, and center.  The left and right coils are placed adjacent to one another 
and the center coil is centered on top of the midpoint between the right and left coil.  This results 
in a sampling width of two meters (6.28 feet).  A Mobile Instrument Platform (MIP) towed the 
MTADS EM61 system. 
 

3.1.2 Sensor positioning on the grid was recorded with a Trimble 4700 Global Positioning 
System (GPS) Real Time Kinematic (RTK) system.  A base station and rover were used to 
collect positioning information for both of the MTADS systems.  The coordinates for the base 
station used for the entire GPO are listed in Table 7.  The GPS-RTK system provides real-time 
positioning at five readings per second (5 Hz) providing spatial coordinates with an error of 
about 5 cm (0.16 ft) under ideal conditions. However, because of the dimensions of the MTADS 
EM61 coil, the accuracy with which the sources of anomalies can be positioned is about 30 cm 
(0.98 ft).  

Easting  Northing ID Latitude Longitude 

399529.840 3637688.790 CP2 32.52.21.82 -106.04.26.22 

Note:  Coordinates are listed 
in NAD 83 UTM Zone 13  

Note:  Coordinates are listed in 
WGS 84 coordinates. 

 

TABLE 7.  BASE STATION COORDINATES. 
 
3.1.3 MTADS EM61 data were logged using an industrial PC running MagLog logging 
software written by Geometrics, Inc. at a rate of 16 samples per second.  Data were recorded at 
the normal driving speed of 4.8 to 8.1 kilometers per hour (3 to 5 miles per hour) resulting in a 
data station interval of 0.08 to 0.14 meters (0.28 to 0.45 feet) along the survey line.  The line 
spacing was nominally two meters (6.56 feet) or less thus ensuring 100% surface coverage. 
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3.2 MAGNETOMETER SYSTEM 
3.2.1 The MTADS MAG Cesium-vapor magnetometer array system is able to detect ferrous 
(i.e. iron-containing) metals.  Magnetic surveys measure the magnitude of the total magnetic 
field and are expressed in units of nano Tesla (nT).  The total magnetic field is the sum of the 
earth’s magnetic field and any perturbations in this field caused by local ferromagnetic objects 
along with the magnetic field of geologic materials.  A magnetic anomaly usually contains both a 
magnetic high and an associated magnetic low (dipole).  This anomaly occurs because the earth’s 
magnetic field induces positive (north) poles as it enters a magnetic body and negative (south) 
poles as it leaves the body.   
 
The MTADS MAG consists of eight Geometrics, Inc. model 822 Cesium vapor magnetometers 
in a linear array aligned normal to the direction of travel with a sensor separation of 0.25 meter 
(0.082 feet).  The swath width of MTADS MAG is two meters (6.56 feet).  A GeoMetrics G858 
base station magnetometer was set up to the south of the GPO grid and was maintained at that 
location during the subsequent grid surveys.  The base station recorded data at two readings per 
second (2 Hz).  The base station’s coordinates are listed in Table 8.  The MIP towed the MTADS 
MAG system.   
 

Easting  Northing ID 

399364.33 3636807.33 CP2 
Note:  Coordinates are listed in NAD 83 UTM 

Zone 13 

TABLE 8.  MAG BASE STATION COORDINATES. 
 
3.2.2 Positioning for the MTADS MAG was achieved using the GPS system (refer to section 
3.1.2 for details). 
 
3.2.3 The magnetometer data were recorded using the program MagLog at a rate of 50 samples 
per second.  Data recorded at the normal driving pace of 4.8 to 8.1 kilometers per hour (3-5 miles 
per hour) acquisition rate results in a data station interval of 0.027 to 0.045 meters (0.088 feet to 
0.15 feet) along the survey line.  The line spacing was nominally two meters (6.56 feet) or less to 
ensure 100% surface coverage. 
 

3.3 EM GROUND CONDUCTIVITY SYSTEM 
3.3.1 The EM31 is a frequency domain electromagnetic induction instrument built by Geonics 
Ltd.  The transmitter consists of a coil through which oscillating electrical current is passed.  The 
current generates an oscillating electromagnetic (EM) field that penetrates the ground.  This field 
is the primary EM field.  This EM field induces secondary oscillating currents in conductive 
material in the ground.  Greater ground conductivity results in stronger secondary currents. The 
oscillating secondary currents generate secondary oscillating EM fields that are detected by the 
receiver of the instrument.  The EM31 system measures the quadrature-phase and in-phase 
component of the induced secondary magnetic field.  The quadrature-phase, which is sensitive to 
the bulk electrical properties of the near surface material, is linearly related to the ground 
conductivity at low induction numbers.  The in-phase component of the received signal is often 
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used to detect large metallic objects and pipes. The EM31 is used primarily for mapping lateral 
variations in the bulk conductivity to an effective depth of approximately 5 meters (16 feet). 
 
The EM31 can be used in two modes, one called the vertical dipole mode and the other the 
horizontal dipole mode. In the vertical dipole mode, the readings are insensitive to near surface 
variations in the ground conductivity but have the greatest investigation depth, whereas in the 
horizontal dipole mode, the readings are more sensitive to near surface variations in the ground 
conductivity but have a lower depth of investigation. Data were collected in the vertical dipole 
mode to ensure that the measured conductivity had the greatest depth of investigation and 
minimal influence by the near surface conductivity of the ground.  The MIP towed the EM31 
system. 
 
3.3.2 Positioning for the EM31 was achieved using the GPS system (refer to section 2.1.2 for 
details).  GPS data were recorded simultaneously with the EM31 data on a Juniper Systems 
Allegro data logger at a rate of 5 Hz.  The GPS data were merged with the EM31 data during 
processing.  The line spacing is for the EM31 survey was approximately 3.05 meters (10 feet). 
 
3.3.3 A Polycorder 720 measured the data at a rate of five samples per second (5 Hz).  Data 
recorded at the normal driving pace of 4.8 to 8.1 kilometers per hour (3-5 miles per hour) 
acquisition rate results in a data station interval of 0.25 to 0.45 meters (0.88 feet to 1.46 feet) 
along the survey line.  
 

3.4 GROUND PENETRATING RADAR SYSTEM 
3.4.1 A Geophysical Survey Systems, Inc. (GSSI) Subsurface Interface Radar (SIR) 10B 
control unit was used to acquire GPR data.  According to the work plan, only two antennae were 
to be tested at the Holloman site.  Per the request of the Army Corps of Engineers, Blackhawk 
tested an additional antenna at the Holloman site.   The three antennae tested were a 200 MHz, 
500 MHz, and 900 MHz center frequency antennae.  As a general rule, higher frequency 
antennae provide greater resolution, but provide less depth of penetration while lower frequency 
antennae provide greater depth of penetration, but less resolution.  The GPR antenna consists of 
a transmitter antenna and receiver antenna contained in a single enclosure.  Electromagnetic 
energy is transmitted into the ground by the transmitter antenna.  The receiver antenna detects 
energy that is reflected by a layer or an anomaly in the subsurface.  The radar controller records 
the two-way travel time of the reflected energy.  The two-way travel time of the reflected energy 
is a function of the depth of the reflection and the physical properties of the overlying material 
(i.e. dielectric constant).  Due to the fact that the work plan only called for the testing of two 
antennae and the 500 MHz antenna produced poorer data than the other two antennae, only the 
results of the 200 MHz and the 900 MHz are discussed in this report.  The results of the 500 
MHz antenna were inconclusive and added no benefit.   
 
Data were collected over the trench GPO grid with the 200 MHz antenna in order to test the 
ability of the antenna to locate areas of disturbed ground.  Data were collected over a grid 
containing known seeded vials with the 900 MHz antenna in order to test the ability of the 
antenna to locate isolated targets to a depth of about one third of a meter.   
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3.4.2 Positioning was accomplished by setting up a local grid with fiberglass tapes.  The 
locations of the corners of the grids were obtained with the GPS system.  Each antenna was 
manually pulled across the survey grids. 
 
3.4.3 The 200 MHz antenna GPR data were collected in “wheel mode”.  In this mode, 
electronic signals are triggered by the movement of the wheel allowing accurate positioning of 
the data.  Data were recorded at 39.04 scans per meter (11.9 scans per foot) and a mark was 
placed in the data every 1.54 meters (five feet).  Data were recorded for a time range of 200 
nanoseconds.  The line spacing used in conjunction with this antenna was 1.5 meters (five feet).  
The lines recorded with the 200 MHz antenna were aligned west to east and recorded in 
unidirectional fashion.  GPS positions were recorded at the beginning and end of each profile 
line.  The data recorded with the 900 MHz antenna was collected in “auto mode”.  In this mode, 
the user places fiducial marks in the data and uses these marks to correctly position the data.  The 
line spacing used with this antenna was 15 cm (.5 feet).  Data were recorded in a grid with north-
south profiles and east-west profiles.  Data were recorded in a unidirectional fashion for each of 
the profile lines in the grid (west to east and south to north). 
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4.0 QUALITY CONTROL TESTS 
The GPO was used to determine the ability of the MTADS EM61, EM31, MTADS MAG and 
GPR systems to detect the items. QA/QC equipment tests were performed in accordance with the 
Geophysical Prove-out Work Plan.  To ensure high-quality geophysical data, 
ZAPATAENGINEERING’s and Blackhawk’s Senior Geophysicists evaluated the setup of each 
instrument and monitored the data collection and processing steps.  
 

4.1 EQUIPMENT WARM-UP  
Equipment warm-up time was approximately fifteen minutes for each array. 
 

4.2 RELATIVE SENSORS POSITIONS 
All sensor offsets were measured in relation to the GPS antenna. These offsets were used to 
determine the location of each sensor during data processing.  
 

4.3 PERSONNEL TEST 
This test ascertains that the operator is not carrying any metal objects that might interfere with 
the instrument readings. This test was performed under the supervision of Blackhawk’s Senior 
Geophysicist. The requirements of this test were met. 
 

4.4 STATIC/STANDARD TESTS 
After being given sufficient time to warm up, during which any instrument drift was observed, a 
static/standard test was conducted. The static/standard test consisted of a minimum of a nine-
minute record; three minutes background, three minutes with standard, and three minutes 
background.  This test was performed each day, both prior to any data recording and after all of 
the data had been recorded for that day. After the initial three minute stationary test, a metal 
standard board was placed in exactly the same position relative to the MTADS EM61 and 
MTADS MAG sensors and data were collected for three minutes.  Instrument readings of the 
standard object, called the standard test, were checked to determine that they were within +/- 
20% of the average of all readings taken. After the standard test, an additional stationary test of 
three minutes was performed in order to check the instrument for repeatability. All three tests 
were performed with the MTADS EM61 and the MTADS MAG system, whereas only the initial 
static test was performed with the EM31.  The static test was performed at the same location 
every day.  This location is listed in Table 9.  Profiles showing the static and standard tests are 
located in Attachment C (MTADS EM61 Profiles 1–16, MTADS MAG Profiles 1-8, and EM31 
Profiles 1-4).  The responses of the MTADS MAG and EM31 instruments during static and 
standard tests were within tolerance limits.  The responses of the MTADS EM61 instruments 
during static and standard tests were not within tolerance limits.  A record of the MTADS EM61 
response is located in Attachment D, QC Spreadsheets. 
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Easting  Northing ID 

399409.522 3636909.274 STATIC PT 

Note:  Coordinates are listed in NAD 83 UTM 
Zone 13 

TABLE 9.  STATIC POINT COORDINATES. 
 
The static tests performed during the GPO survey at Holloman showed periodic noise in the data 
and the tests were not within tolerance.  It was first hypothesized that RADAR or other 
electronic interference from the Air Force Base caused this noise.  The GPO grid data collected 
with this noise was acceptable and did not show any periodic noise. The noise was mostly 
filtered out with the demedian filter because the period of the periodic noise was greater than the 
demedian window. To test the ambient electronic noise theory, the equipment was taken to the 
mountains east of Holloman and tested at the end of the GPO. The noise was still present in the 
static test.  The equipment was taken back to Blackhawk’s Golden, CO office for further 
investigation and repair.  The problem was traced to the jumper boxes that synchronize data 
recording between the three coils.  The problem was remedied and the equipment was then tested 
in Golden and the noise was no longer present. The equipment was returned to Holloman A.F.B. 
and retested. At this point, the static test showed no signs of periodic noise.  EM61 Profiles 38 – 
41 display the AM and PM static tests recorded on June 8, 2004.  These static tests were within 
tolerance limits. 
 
The GPO grid data collected with this noise was acceptable and did not show any periodic noise. 
 

4.5 SENSOR HEIGHT OPTIMIZATION TEST 
It was determined that the MTADS MAG instrument lower sensor settings of 25 cm would not 
be suitable due to tall vegetation. Thus, the data were collected with a sensor height of 40 cm. 
 

4.6 SIX LINE TEST 
The Six Line Test consisted of six passes of the geophysical instruments over a 50-foot line.  The 
first two passes were performed at normal driving speed with no metallic item placed on the line.  
The next two passes were conducted at normal driving speed with a metal object (seeded item) 
placed at the 25-foot mark.  The coordinates of the seeded item are listed in Table 10.  To 
simulate data collection downhill where the instrument operator will be driving faster than 
normal, the fifth pass was performed while driving at a fast pace with the metal object placed at 
the 25-foot mark.  The final pass was performed while driving at a slow pace with the metal 
object placed at the 25-foot mark, thus simulating data collection uphill where the instrument 
operator might be driving slower than normal. These tests were performed using the MTADS 
EM61 and the MTADS MAG.  Profiles showing the data are located in Attachment C (MTADS 
EM61 Profiles 17–22 and MTADS MAG 9-14).  The response of the instruments during the six 
line tests was within tolerance limits.  A record of the MTADS EM61 response is located in 
Attachment D. 
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Easting  Northing ID 

399414.439 3636943.827 6 Line Test PT

Note:  Coordinates are listed in NAD 83 UTM 
Zone 13 

TABLE 10.  SIX LINE TEST SEEDED ITEM COORDINATES. 
 

4.7 LATENCY TEST 
Prior to and after data collection, the instruments were driven over the trailer ball (2 5/16” 
uniball) in order to determine the positional accuracy and data repeatability of the 
instrumentation. The trailer ball’s location is listed in Table 11.  The latency test was performed 
driving over the trailer ball in two opposing directions. This test was performed using the 
MTADS EM61 and the MTADS MAG.  However, a railroad tie, located southeast of the GPO 
grid was used as the latency point for the EM31.  During the GPO post-seed data processing, the 
latency value of +25 ms was used for the MTADS EM61 system, -25 ms for MTADS MAG 
system, and 800ms for EM31 system.  Positional accuracy and data repeatability of the systems 
were within acceptable limits.  MTADS EM61 Profiles 23-34, MTADS MAG Profiles 15-22, 
and EM31 Profiles 5-8 show data collected during the Latency Test. A record of the MTADS 
EM61 response during the latency test is located in Attachment D. 
 

Easting  Northing ID 

399414.440 3636943.830 Latency PT 

Note:  Coordinates are listed in NAD 83 UTM 
Zone 13 

TABLE 11.  LATENCY TEST SEEDED ITEM COORDINATES. 
 

4.8   OCTANT TEST 
An Octant Test was performed with the MTADS MAG system to determine heading effects.  
This test was accomplished by collecting a total of eight lines of data in the directions N-S, S-N, 
NE-SW, SW-NE, E-W, W-E, SE-NW, and NW-SE in a clean area.  MTADS MAG Profiles 23-
30 show the results of the octant test.  Heading effects were less than +/- 1 nT.  These values 
were not removed from the data due to their low amplitude. 
 

4.9 REPEAT LINE TEST 
After Post-Seed data were collected, a repeat line of data was recorded to document positional 
and geophysical data repeatability.  The first line of the GPO was used for the Repeat Line Test.  
MTADS EM61 Profiles 35 through 36 show the data from the Repeat Line Test.  The positional 
and geophysical data repeatability were within acceptable limits.   
 



Holloman Air Force Base 
Geophysical Prove-out Letter Report 

Blackhawk Geophysical and UXO Services  Project #0401.008 
June 2004 12 Contract # DACA 87-01-D 

4.10 CABLE SHAKE TEST 
The cable shake/vibration test is performed to verify that there are no electrical problems 
(breaks, short circuits) in the cables.  Prior to data collection, the cables associated with each 
instrument  (MTADS EM61 and MTADS MAG) are manually shaken.  All shake tests produced 
results that were within acceptable limits and no faulty cables were discovered. Cable shake 
profiles, MTADS EM61 – Profile 37 and MTADS MAG Profile 31, are shown in Attachment C. 
 

4.11 PRE-SEED GPO DATA 
The Pre-Seed data is displayed on the following Figures: 
 
Figure 3 GPO GRID 1 Background – MTADS EM61  
Figure 7 GPO GRID 1 Background – MTADS MAG  
 

4.12 POST-SEED GPO DATA 
The post seed data is displayed on the following Figures: 
 
Figure 4 GPO GRID 1Post Seed – MTADS EM61 
Figure 5 GPO GRID 1Post Seed With Target Selections – MTADS EM61 
Figure 6 GPO GRID 1 Post Seed With Target Selections Compared to Seeded Items – 

MTADS EM61 
Figure 8 GPO GRID 1 Post Seed – MTADS MAG 
Figure 9 GPO GRID 1 Post Seed With Target Selections – MTADS MAG 
Figure 10 GPO GRID 1 Post Seed With Target Selections Compared to Seeded Items – 

MTADS MAG 
Figure 11 GPO GRID 1 and GRID 2 North South – EM31 Quadrature Phase 
Figure 12 GPO GRID 2 East West – EM31 Quadrature Phase  
Figure 13 GPO GRID 1 and GRID 2 North South – EM31 In-Phase 
Figure 14 GPO GRID 2 East West – EM31 In-Phase 
Figure 16 900 MHz GPR Anomalies – GRID 3 East to West Survey Lines  
Figure 17 900 MHz GPR Anomalies – GRID 3 South to North Survey Lines 
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5.0 DATA PROCESSING 
5.1 ELECTROMAGNETIC SYSTEM (MTADS EM61) 
All data taken in the field were processed on the same day as it was recorded and checked for 
data quality and completeness using a laptop computer. The MTADS Data Analysis Software 
(DAS) program was used to process the data, check the data for quality, pick targets and generate 
files containing the target locations (xyz files). The MTADS DAS was used to pick the targets, 
which were later edited. Some targets were removed but most were left in case blind seed items 
existed in the GPO grid. Each of the targets picked by the MTADS DAS were evaluated as to the 
validity and position as reported in the GPO seeded items list. Target location files (xyz files) of 
the data were sent to Blackhawk GeoServices main office in Golden for QC analysis. The files 
were also uploaded to the ZAPATAENGINEERING web site for access by ZAPATAENGINEERING’S 
personnel and authorized users.  
 
Data processing steps in the MTADS DAS include, but were not limited to: 

• Reviewing the field data sheets and log forms for completeness; 
• Reviewing the static instrument standardization files to verify repeatability of amplitude 

response; 
• Applying an additional instrument drift correction; 
• Monitoring the data for gaps or incomplete coverage; 
• Monitoring the survey line separation; 
• Visually comparing the target anomaly selections to the DGM anomalies generated by 

the known seeded items; 
• Monitoring and applying lag corrections when necessary; 
• Tracking data processing steps to ensure all data are processed in the same manner; 
• Producing an output of the final data in *.xyz (ASCII) format;  
• Converting the spatial coordinates to NAD83 UTM coordinates; 
• Generating target lists with location and peak value. 

 
The XYZ files were then imported into Oasis montaj.  Profiles of the QC Tests were created and 
were exported into Corel Draw where final profile figures were created. All profiles are 
displayed in Attachment C.  The Bottom Channel Filtered Data were gridded with a 0.2m grid 
cell size and a 1.0m blanking distance.  All of the final maps were created in Oasis montaj. 
 

5.2 MAGNETIC SYSTEM (MTADS MAG) 
The magnetic data was processed in the same manner as the MTADS EM61 data.  The data were 
first processed in the MTADS DAS, where processing steps included, but were not limited to: 
 

• Reviewing the field data sheets and log forms for completeness; 
• Reviewing the static instrument standardization files to verify repeatability of amplitude 

response; 
• Applying an additional instrument drift correction; 
• Applying a diurnal correction; 
• Monitoring the data for gaps or incomplete coverage; 
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• Monitoring the survey line separation; 
• Visually comparing the target anomaly selections to the DGM anomalies generated by 

the known seeded items; 
• Monitoring and applying the heading and lag corrections when necessary; 
• Tracking the data processing steps to ensure all data are processed in the same manner; 
• Producing an output of the final data in *.xyz (ASCII) format;  
• Converting the coordinates to NAD83 UTM coordinates; 
• Producing target lists with location and peak value. 

 
The XYZ files were then imported into Oasis montaj.  Profiles of the QC Tests were created and 
exported into Corel Draw where final profile figures were created. All profiles are displayed in 
Attachment C.  The eight sensor data were gridded with a 0.2m grid cell size and a 1.0 m 
blanking distance.  All final maps were created in Oasis montaj. 
 

5.3 EM GROUND CONDUCTIVITY (EM31) 
The electrical conductivity data were downloaded from the data logger and imported into the Dat 
31W software.  The EM31 data and the GPS data were merged and a xyz file was generated 
from this program. 
 
The xyz file was then imported into Oasis montaj and a lag correction applied to the data.  
Profiles of the QC Tests were created and then exported into Corel Draw where final profile 
figures were created. All profiles are displayed in Attachment C.  The data were gridded with a 
0.5 m grid cell size and a 2.0 m blanking distance.  All of the final maps were created in Oasis 
montaj. 
 

5.4 GROUND PENETRATING RADAR SYSTEM (SIR 10B) 
The GPR data, which were stored in the SIR 10B, were downloaded to a laptop computer for on-
site review and editing.  The 200 and 900 MHz data were then imported into the GSSI program 
called RADAN 5.0 where corrections for travel time, distance, and display gain were made.  A 
background removal filter was applied to the 900MHz data to remove banding (”ringing”) in the 
data.   
 
The GPR processing steps used included, but were not limited to: 
 Positional and distance corrections; 
 Time zero adjustment to obtain accurate depth estimations, and; 
 A background removal to remove flat lying banding in the data where individual targets 

may be encountered. 
 
Accurate depth positioning of known items in the 900 MHz data required a dielectric constant 
between 20 and 30.  Profiles generated in Radan were exported as screen captures and imported 
into Corel Draw for presentation purposes.  All the GPR data are displayed in Attachment C.  
The GPR profiles are displayed using English units because English units were used during data 
collection. 
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6.0 ANALYSIS AND RECOMMENDATIONS 
 

6.1 ELECTROMAGNETIC SYSTEM 
A total of 39 targets were selected from the MTADS EM61 data collected over GRID 1.  The 
targets were selected before the locations of the grid corners were known; thus, some of the 
targets are outside the grid.  The 39 targets selected by Blackhawk along with the known seeded 
items are shown superimposed on the data in Figure 5.  Table 12 lists the targets selected by 
Blackhawk.  The MTADS EM61 system located all of the seeded items within the GPO area that 
were known to the Blackhawk personnel. Table 13 compares the targets selected by Blackhawk 
to the known seeded items. For the following discussion please refer to Figure 6. One seeded 
item was located within a 1.5-meter radius (4.9 feet) from its true location. A total of six seeded 
items were found within a one-meter radius (3.3 feet), and the remaining 11 seeded items were 
found within a half-meter radius (1.6 feet). Due to the EM61 ability to accurately locate the 
seeded items, the MTADS EM61 system will be used for additional geophysical investigations at 
Holloman.  
 

Target_ID Easting (m) Northing (m) Magnitude 
(mV) Target_ID Easting (m) Northing (m) Magnitude 

(mV) 

1 399380.34 3636897.23 7.78 21 399398.76 3636931.43 6.38 

2 399380.14 3636895.63 7.12 22 399391.35 3636934.63 16.5 

3 399380.54 3636897.63 6.75 23 399401.56 3636941.03 16.69 

4 399381.14 3636896.03 4.88 24 399392.55 3636941.23 59.25 

5 399395.55 3636902.83 374.72 25 399390.95 3636941.63 6.17 

6 399387.55 3636904.43 490.88 26 399403.96 3636955.23 35.62 

7 399385.75 3636904.23 7.07 27 399394.35 3636956.83 14.25 

8 399377.54 3636904.03 28.75 28 399405.36 3636962.83 16.5 

9 399397.35 3636910.43 196.69 29 399408.76 3636964.83 6.56 

10 399378.94 3636910.43 17.44 30 399396.15 3636968.23 12 

11 399388.15 3636911.83 366.28 31 399405.76 3636970.43 17.62 

12 399379.14 3636916.43 35.72 32 399387.55 3636973.23 8.25 

13 399398.16 3636917.83 89.91 33 399397.35 3636977.63 8.25 

14 399389.55 3636919.23 150 34 399406.56 3636978.83 4.69 

15 399380.14 3636922.43 7.12 35 399402.96 3636987.03 12 

16 399399.96 3636925.63 83.25 36 399398.16 3636987.23 5.69 

17 399390.15 3636927.03 15 37 399411.56 3636987.43 5.25 

18 399388.35 3636925.83 5.25 38 399395.95 3636988.23 7.78 

19 399382.15 3636929.03 234.38 39 399415.57 3636991.63 4.88 

20 399380.74 3636927.43 17.16 Coordinates are listed in NAD 83 UTM Zone 13N 

TABLE 12.  MTADS EM61 POST SEED ANOMALIES SELECTIONS. 
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Seeded Item 
Target_ID X (UTMm) Y (UTMm) Line Description

Orientation 
Relative to 

Path 
Depth to the 
top (inches) 

Matching 
Picked 

Target ID 

Matching 
Picked 
Target 

Response 
(mV) 

124 399387.498 3636904.067 30 SC#377 vertical 12 6 490.88 

126 399395.6345 3636902.73 60 RC1 vertical 12 5 374.72 

129 399388.4966 3636911.515 30 SC#385 perpendicular 12 11 366.28 

133 399397.127 3636910.219 60 RC2 perpendicular 12 9 196.69 

136 399389.4754 3636918.916 30 B#389 vertical 16 14 150 

139 399398.2772 3636917.518 60 B#388 parallel 16 13 89.91 

143 399390.5613 3636926.567 30       17 15 

146 399399.5873 3636925.395 60 B#387 perpendicular 16 16 83.25 

150 399391.5739 3636934.111 30 B#390 parallel 33 22 16.5 

154 399392.6577 3636941.131 30 B#383 vertical 36 24 59.25 

157 399401.6794 3636940.309 60 B#391 perpendicular 33 23 16.69 

162 399394.529 3636956.103 30 SC#378 parallel 47 27 14.25 

166 399403.9276 3636955.009 60 SC#382 perpendicular 36 26 35.62 

170 399396.0226 3636967.783 30 SC#381 parallel 60 30 12 

174 399405.0662 3636962.466 60 SC#386 perpendicular 48 28 16.5 

177 399406.0828 3636970.02 60 SC#379 vertical 48 31 17.62 

179 399397.6936 3636977.25 30 SC#380 vertical 60 33 8.25 

182 399407.2504 3636977.901 60 SC#384 parallel 60 34 4.69 

Coordinates are listed in NAD 83 UTM Zone 13N           

TABLE 13.  MTADS EM61 SEED ITEM DETAILS WITH PICKED TARGET RESPONSE. 
 

6.2 MAGNETIC SYSTEM 
Blackhawk selected a total of 16 targets from the MTADS MAG data (Table 14).  Targets were 
selected from the analytical signal data.  The MTADS MAG system located nine out of 18 
seeded items (see Figure 8). The 16 targets selected by Blackhawk along with the known seeded 
items are shown superimposed on the magnetic data collected over GRID 1 in Figure 9.  Table 
15 compares the targets selected by Blackhawk to the known seeded items. In total, Blackhawk 
located nine of 18 targets.  One target was found within a radius of one-meter (3.3 feet), and 
eight seeded items were found within a radius of 0.5 meter (1.6 feet).  The remaining seven 
targets did not correlate with seeded items.  This instrument will not be used for further 
investigations due to its lack of ability to locate all the known seed items.  
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Target_ID Easting (m) Northing (m) Magnitude 
(nT) Target_ID Easting (m) Northing (m) Magnitude 

(nT) 
1 399395.55 3636902.83 120.6 10 399399.96 3636925.43 98 
2 399387.15 3636904.23 52.17 11 399382.35 3636929.03 69.19 
3 399377.74 3636904.03 8.8 12 399391.35 3636934.63 15.78 
4 399396.95 3636910.43 44.75 13 399402.16 3636940.43 18.35 
5 399388.55 3636911.63 47.91 14 399407.96 3636961.43 11.72 
6 399398.36 3636917.83 76.74 15 399400.76 3636983.63 13.55 
7 399389.35 3636919.23 87.65 16 399412.76 3636992.23 8.05 
8 399380.14 3636922.43 13.1 
9 399389.15 3636924.43 10.64 

Coordinates are listed in NAD 83 UTM Zone 13N 

TABLE 14.  MTADS MAG POST SEED ANOMALIES SELECTIONS. 
 

Seeded Item 
Target_ID X (UTMm) Y (UTMm) Line Description

Orientation 
Relative to 

Path 
Depth to the 
top (inches) 

Matching 
Picked 

Target ID 

Matching 
Picked 
Target 

Response 
(nT) 

124 399387.498 3636904.067 30 SC#377 vertical 12 2 52.17 

126 399395.6345 3636902.73 60 RC1 vertical 12 1 120.6 

129 399388.4966 3636911.515 30 SC#385 perpendicular 12 5 47.91 

133 399397.127 3636910.219 60 RC2 perpendicular 12 4 44.75 

136 399389.4754 3636918.916 30 B#389 vertical 16 7 87.65 

139 399398.2772 3636917.518 60 B#388 parallel 16 6 76.74 

143 399390.5613 3636926.567 30       not found not found 

146 399399.5873 3636925.395 60 B#387 perpendicular 16 10 98 

150 399391.5739 3636934.111 30 B#390 parallel 33 12 15.78 

154 399392.6577 3636941.131 30 B#383 vertical 36 not found not found 

157 399401.6794 3636940.309 60 B#391 perpendicular 33 13 18.35 

162 399394.529 3636956.103 30 SC#378 parallel 47 not found not found 

166 399403.9276 3636955.009 60 SC#382 perpendicular 36 not found not found 

170 399396.0226 3636967.783 30 SC#381 parallel 60 not found not found 

174 399405.0662 3636962.466 60 SC#386 perpendicular 48 not found not found 

177 399406.0828 3636970.02 60 SC#379 vertical 48 not found not found 

179 399397.6936 3636977.25 30 SC#380 vertical 60 not found not found 

182 399407.2504 3636977.901 60 SC#384 parallel 60 not found not found 

Coordinates are listed in NAD 83 UTM Zone 13N           

TABLE 15.  MTADS MAG SEED ITEM DETAILS WITH PICKED TARGET RESPONSE. 
 

6.3 EM GROUND CONDUCTIVITY SYSTEM 
The EM31 was run in both a north-south direction over GRID 1 and GRID 2 and east-west 
direction over Grid 2 (Figures 11-14). The EM31 system was unable to detect any difference in 
electrical conductivity between the disturbed and undisturbed ground.  Furthermore, the EM31 



Holloman Air Force Base 
Geophysical Prove-out Letter Report 

Blackhawk Geophysical and UXO Services  Project #0401.008 
June 2004 18 Contract # DACA 87-01-D 

data did not show any sign of the buried seed items from GRID 1.  The EM31 did show a large 
variation in the ground conductivity over the GPO grid ranging from approximately 25-65 mS/m.   
 

6.4 GROUND PENETRATING RADAR SYSTEM 
GPR data, using a 200 MHz antenna, were collected over the 19.8-meter x 21.33-meter (65-foot 
x 70-foot) GPO GRID 2 known to contain two trenches.  Data were collected from west to east.  
A total of 15 lines were collected (shown in Attachment C).  The trenches are centered on 6.1 
and 13.7 meters (20 feet and 45 feet).  Layer discontinuity is visible in some of the GPR files 
over the known trenches; however, no trend is noticeable from profile to profile.  This method 
did not successfully locate the areas of disturbed ground (trenches). 
 
Figure 15 shows the layout of the 2.1-meter x 5.2-meter (7-foot x 17-foot) grid where 12 vials 
were buried at various depths and orientations.  Data were collected with the 900 MHz antenna 
using a 15 cm (0.5 foot) line spacing.  This resulted in a total of 15 survey lines collected in a 
south to north direction and 35 lines collected in a west to east direction.   
 
Analysis of the data shows that the GPR was capable of detecting all the vials to a depth of 15 
cm (0.5 foot).  Vials were only detected when the survey lines were collected perpendicular to 
the orientation of, and directly over, the vial.  Along two survey lines, GX1.5 and GL10, vials 
were detected at depths greater than 15 cm (0.5 foot).  Figure 16 shows all of the vials located 
when data were collected in the west to east direction, and Figure 17 shows the three south to 
north lines that contain anomalies that coincide with vials. Table 16 lists each survey line in the 
west to east direction and the location of any vial detected.  Table 17 lists each survey line in the 
south to north direction and the location of any vial detected.  Although the GPR did detect the 
vials to depths of six inches, this survey method requires that survey lines be collected 
perpendicular to one another using line spacing no wider than the width of the antenna, which is 
approximately 18 cm.  The EM31 surveys over the GPO Grid showed a wide conductivity range.  
This infers that although the GPR data were effective at detecting vials to depths of 15 cm, the 
conductivity values, which influence the depth of penetration of the GPR method, vary widely 
over the site, and thus the depth of detection would vary greatly over the site. 
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900 MHz Antenna GPR Grid 

W-E Lines Unidirectional from West=0 to East=7ft, only mark at 0 and 7 

File Name Line Start (w) End 
(e) Anomaly  Comments 

GL0 0 ft 0 7 None   

GL0_5 0.5 0 7 None   

GL1 1 0 7 None   

GL1_5 1.5 0 7 None   

GL2 2 0 7 None   

GL2_5 2.5 0 7 None   

GL3 3 0 7 None   

GL3_5 3.5 0 7 3"   

GL4 4 0 7 None   

GL4_5 4.5 0 7 None   

GL5 5 0 7 None   

GL5_5 5.5 0 7 None   

GL6 6 0 7 None   

GL6_5 6.5 0 7 None   

GL7 7 0 7 None   

GL7_5 7.5 0 7 None   

GL8 8 0 7 None   

GL8_5 8.5 0 7 None   

GL9 9 0 7 None   

GL9_5 9.5 0 7 6"   
GL10 10 0 7 6" Item located at the 12" location but is at 0.20 - 0.22 cm 

GL10_5 10.5 0 7 None   

GL11 11 0 7 None   

GL11_5 11.5 0 7 None   

GL12 12 0 7 None   

GL12_5 12.5 0 7 None   

GL13 13 0 7 None   

GL13_5 13.5 0 7 None   

GL14 14 0 7 None   

GL14_5 14.5 0 7 None   

GL15 15 0 7 None   

GL15_5 15.5 0 7 None   

GL16 16 0 7 None   

GL16_5 16.5 0 7 None   

GL17 17 0 7 None   

TABLE 16.  900 MHZ EAST TO WEST GPO GRID 3 GPR LINE RESULTS. 
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900 MHz Antenna GPR Grid 
File Name Unidirectional from South=0 to North=17   

File Line Start (s) End (n) Anomaly  Comment 
GX0 0 0 17 None   

GX0_5 0.5 0 17 None   
GX1 1 0 17 None   

GX1_5 1.5 0 17 9" 

Item located at the 12" 
location but is at 0.20 - 
0.22 cm and is south of 

location by 8-9" 
GX2 2 0 17 None   

GX2_5 2.5 0 17 None   
GX3 3 0 17 None   

GX3_5 3.5 0 17 3"   
GX4 4 0 17 3" and 6"   

GX4_5 4.5 0 17 None   
GX5 5 0 17 None   

GX5_5 5.5 0 17 None   
GX6 6 0 17 None   

GX6_5 6.5 0 17 None   
GX7 7 0 17 None   

 TABLE 17.  900 MHZ SOUTH TO NORTH GPO GRID 3 GPR LINE RESULTS.  
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GRID 1 Corner Points Coordinates

Easting Northing ID
399395.00 3636895.39 SE
399377.06 3636898.00 SW
399389.96 3636989.00 NW
399408.57 3636985.94 NE

Note:  Coordinates are listed in NAD 83 
UTM Zone 13
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GRID 2 Corner Points Coordinates

Easting Northing ID
399413.51 3636980.36 SE Corner
399393.76 3636982.79 SW Corner
399415.35 3637001.60 NE Corner
399395.76 3637003.91 NW Corner

Note:  Coordinates are listed in NAD 83 UTM 
Zone 13
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GRID 3 Corner Points Coordinates

Easting Northing ID
399411.09 3636992.04 NE Corner
399408.95 3636992.29 NW Corner
399410.37 3636986.94 SE Corner
399408.27 3636987.12 SW Corner

Note:  Coordinates are listed in NAD 83 UTM 
Zone 13
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Description of GRID 1 Seed Items.

Target_ID X (UTMm) Y (UTMm) Z (UTMm) Line

Distance 
(ft) to the 

North Description

Orientation 
Relative to 

Path

Depth to 
the top 

(meters)

Depth to 
the top 
(inches)

124 399387.5 3636904.1 1232.405 30 25 SC#377 Vertical 0.3 12
126 399395.63 3636902.7 1232.418 60 25 RC1 Vertical 0.3 12
129 399388.5 3636911.5 1232.442 30 50 SC#385 Perpendicular 0.3 12
133 399397.13 3636910.2 1232.313 60 50 RC2 Perpendicular 0.3 12
136 399389.48 3636918.9 1232.393 30 75 B#389 Vertical 0.41 16
139 399398.28 3636917.5 1232.385 60 75 B#388 Parallel 0.41 16
143 399390.56 3636926.6 1232.009 30 100
146 399399.59 3636925.4 1232.359 60 100 B#387 Perpendicular 0.41 16
150 399391.57 3636934.1 1231.852 30 125 B#390 Parallel 0.84 33
154 399392.66 3636941.1 1231.694 30 150 B#383 Vertical 0.91 36
157 399401.68 3636940.3 1231.646 60 150 B#391 Perpendicular 0.84 33
162 399394.53 3636956.1 1231.268 30 200 SC#378 Parallel 1.19 47
166 399403.93 3636955 1231.482 60 200 SC#382 Perpendicular 0.91 36
170 399396.02 3636967.8 1230.909 30 237 SC#381 Parallel 1.52 60
174 399405.07 3636962.5 1231.213 60 225 SC#386 Perpendicular 1.22 48
177 399406.08 3636970 1231.204 60 250 SC#379 Vertical 1.22 48
179 399397.69 3636977.3 1230.904 30 270 SC#380 Vertical 1.52 60
182 399407.25 3636977.9 1230.876 60 275 SC#384 Parallel 1.52 60

B = BOMBLET

Coordinates are listed in NAD 83 UTM Zone 13N

RC = REAL CAN

SC = SIMULATED CAN
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Trench Endpoints Coordinates

Easting Northing ID
399409.02 3636986.37 Trench1 South
399409.72 3636994.84 Trench1 North
399400.99 3636999.08 Trench2 North
399400.06 3636987.10 Trench2 South

Note:  Coordinates are listed in NAD 83 UTM 
Zone 13
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Description of GRID 3 Seed Items.

Target_ID X (UTMm) Y (UTMm) Z (UTMm)
Depth 

(inches)
Depth 

(meters) Description Orientation 

1VIAL-1 399409.63 3636987.913 1232.218
1VIAL-2 399409.65 3636988.123 1232.231
2VIAL-1 399409.65 3636988.704 1232.222
2VIAL-2 399409.85 3636988.688 1232.247
3VIAL-1 399409.87 3636989.313 1232.069 3 0.076 Glass Vial Vertical
4VIAL-1 399409.93 3636989.935 1232.131
4VIAL-2 399409.97 3636990.149 1232.157
5VIAL-1 399409.96 3636990.722 1232.136
5VIAL-2 399410.16 3636990.69 1232.137
6VIAL-1 399410.07 3636991.463 1231.984 6 0.15 Glass Vial Vertical
7VIAL-1 399408.93 3636987.933 1232.068
7VIAL-2 399408.98 3636988.124 1232.079
8VIAL-1 399408.97 3636988.815 1232.036
8VIAL-2 399409.16 3636988.77 1232.043
9VIAL-1 399409.22 3636989.419 1231.911 9 0.23 Glass Vial Vertical

10VIAL-1 399409.3 3636990.043 1231.939
10VIAL-2 399409.31 3636990.266 1231.918
11VIAL-1 399409.27 3636990.946 1232.026
11VIAL-2 399409.49 3636990.926 1231.97
12VIAL-1 399409.42 3636991.496 1231.899 12 0.3 Glass Vial Vertical

Coordinates are listed in NAD 83 UTM Zone 13N

12

12

0.076

0.076

0.15

0.15

0.23

0.23

0.3

0.3

3

3

6

6

9

9

Glass Vial North-South

Glass Vial East-West

Glass Vial North-South

Glass Vial East-West

Glass Vial North-South

Glass Vial East-West

Glass Vial North-South

Glass Vial East-West
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Base Station Coordinates

Easting Northing ID Latitude Longitude
399529.840 3637688.790 CP2 32.52.21.82 -106.04.26.22

Note:  Coordinates are listed 
in NAD 83 UTM Zone 13

Note:  Coordinates are listed in 
WGS 84 coordinates.
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MAG Base Station Coordinates

Easting Northing ID
399364.33 3636807.33 CP2

Note:  Coordinates are listed in NAD 83 UTM 
Zone 13
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Static Point Coordinates

Easting Northing ID
399409.522 3636909.274 STATIC PT

Note:  Coordinates are listed in NAD 83 UTM 
Zone 13
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Six Line Test Seed Item Coordinates

Easting Northing ID
399414.439 3636943.827 6 Line Test PT

Note:  Coordinates are listed in NAD 83 UTM 
Zone 13
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Latency Test Seed Item Coordinates

Easting Northing ID
399414.440 3636943.830 Latency PT

Note:  Coordinates are listed in NAD 83 UTM 
Zone 13
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EM61 Target Selections Over Grid 1

Target_ID Easting (m) Northing (m) Magnitude 
(mV) Target_ID Easting (m) Northing (m) Magnitude 

(mV)
1 399380.34 3636897.23 7.78 21 399398.76 3636931.43 6.38
2 399380.14 3636895.63 7.12 22 399391.35 3636934.63 16.5
3 399380.54 3636897.63 6.75 23 399401.56 3636941.03 16.69
4 399381.14 3636896.03 4.88 24 399392.55 3636941.23 59.25
5 399395.55 3636902.83 374.72 25 399390.95 3636941.63 6.17
6 399387.55 3636904.43 490.88 26 399403.96 3636955.23 35.62
7 399385.75 3636904.23 7.07 27 399394.35 3636956.83 14.25
8 399377.54 3636904.03 28.75 28 399405.36 3636962.83 16.5
9 399397.35 3636910.43 196.69 29 399408.76 3636964.83 6.56

10 399378.94 3636910.43 17.44 30 399396.15 3636968.23 12
11 399388.15 3636911.83 366.28 31 399405.76 3636970.43 17.62
12 399379.14 3636916.43 35.72 32 399387.55 3636973.23 8.25
13 399398.16 3636917.83 89.91 33 399397.35 3636977.63 8.25
14 399389.55 3636919.23 150 34 399406.56 3636978.83 4.69
15 399380.14 3636922.43 7.12 35 399402.96 3636987.03 12
16 399399.96 3636925.63 83.25 36 399398.16 3636987.23 5.69
17 399390.15 3636927.03 15 37 399411.56 3636987.43 5.25
18 399388.35 3636925.83 5.25 38 399395.95 3636988.23 7.78
19 399382.15 3636929.03 234.38 39 399415.57 3636991.63 4.88
20 399380.74 3636927.43 17.16 Coordinates are listed in NAD 83 UTM Zone 13N
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MTADS EM61 Seed Item Details With Picked Target Response

Seeded Item 
Target_ID X (UTMm) Y (UTMm) Line Description

Orientation 
Relative to 

Path

Depth to the 
top (inches)

Matching 
Picked 

Target ID

Matching 
Picked 
Target 

Response 
(mV)

124 399387.498 3636904.067 30 SC#377 vertical 12 6 490.88
126 399395.6345 3636902.73 60 RC1 vertical 12 5 374.72
129 399388.4966 3636911.515 30 SC#385 perpendicular 12 11 366.28
133 399397.127 3636910.219 60 RC2 perpendicular 12 9 196.69
136 399389.4754 3636918.916 30 B#389 vertical 16 14 150
139 399398.2772 3636917.518 60 B#388 parallel 16 13 89.91
143 399390.5613 3636926.567 30 17 15
146 399399.5873 3636925.395 60 B#387 perpendicular 16 16 83.25
150 399391.5739 3636934.111 30 B#390 parallel 33 22 16.5
154 399392.6577 3636941.131 30 B#383 vertical 36 24 59.25
157 399401.6794 3636940.309 60 B#391 perpendicular 33 23 16.69
162 399394.529 3636956.103 30 SC#378 parallel 47 27 14.25
166 399403.9276 3636955.009 60 SC#382 perpendicular 36 26 35.62
170 399396.0226 3636967.783 30 SC#381 parallel 60 30 12
174 399405.0662 3636962.466 60 SC#386 perpendicular 48 28 16.5
177 399406.0828 3636970.02 60 SC#379 vertical 48 31 17.62
179 399397.6936 3636977.25 30 SC#380 vertical 60 33 8.25
182 399407.2504 3636977.901 60 SC#384 parallel 60 34 4.69

Coordinates are listed in NAD 83 UTM Zone 13N
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MTADS MAG Target Selections Over Grid 1

Target_ID Easting (m) Northing (m) Magnitude 
(nT) Target_ID Easting (m) Northing (m) Magnitude 

(nT)
1 399395.55 3636902.83 120.6 10 399399.96 3636925.43 98
2 399387.15 3636904.23 52.17 11 399382.35 3636929.03 69.19
3 399377.74 3636904.03 8.8 12 399391.35 3636934.63 15.78
4 399396.95 3636910.43 44.75 13 399402.16 3636940.43 18.35
5 399388.55 3636911.63 47.91 14 399407.96 3636961.43 11.72
6 399398.36 3636917.83 76.74 15 399400.76 3636983.63 13.55
7 399389.35 3636919.23 87.65 16 399412.76 3636992.23 8.05
8 399380.14 3636922.43 13.1
9 399389.15 3636924.43 10.64

Coordinates are listed in NAD 83 UTM Zone 13N
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MTADS EM61 Seed Item Details With Picked Target Response

Seeded Item 
Target_ID X (UTMm) Y (UTMm) Line Description

Orientation 
Relative to 

Path

Depth to the 
top (inches)

Matching 
Picked 

Target ID

Matching 
Picked 
Target 

Response 
(nT)

124 399387.498 3636904.067 30 SC#377 vertical 12 2 52.17
126 399395.6345 3636902.73 60 RC1 vertical 12 1 120.6
129 399388.4966 3636911.515 30 SC#385 perpendicular 12 5 47.91
133 399397.127 3636910.219 60 RC2 perpendicular 12 4 44.75
136 399389.4754 3636918.916 30 B#389 vertical 16 7 87.65
139 399398.2772 3636917.518 60 B#388 parallel 16 6 76.74
143 399390.5613 3636926.567 30 not found not found
146 399399.5873 3636925.395 60 B#387 perpendicular 16 10 98
150 399391.5739 3636934.111 30 B#390 parallel 33 12 15.78
154 399392.6577 3636941.131 30 B#383 vertical 36 not found not found
157 399401.6794 3636940.309 60 B#391 perpendicular 33 13 18.35
162 399394.529 3636956.103 30 SC#378 parallel 47 not found not found
166 399403.9276 3636955.009 60 SC#382 perpendicular 36 not found not found
170 399396.0226 3636967.783 30 SC#381 parallel 60 not found not found
174 399405.0662 3636962.466 60 SC#386 perpendicular 48 not found not found
177 399406.0828 3636970.02 60 SC#379 vertical 48 not found not found
179 399397.6936 3636977.25 30 SC#380 vertical 60 not found not found
182 399407.2504 3636977.901 60 SC#384 parallel 60 not found not found

Coordinates are listed in NAD 83 UTM Zone 13N
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900 MHZ east to west GPO GRID 3 Results

W-E Lines
File Name Line Start (w) End (e) Anomaly  Comments

GL0 0 ft 0 7 None
GL0_5 0.5 0 7 None
GL1 1 0 7 None

GL1_5 1.5 0 7 None
GL2 2 0 7 None

GL2_5 2.5 0 7 None
GL3 3 0 7 None

GL3_5 3.5 0 7 3"
GL4 4 0 7 None

GL4_5 4.5 0 7 None
GL5 5 0 7 None

GL5_5 5.5 0 7 None
GL6 6 0 7 None

GL6_5 6.5 0 7 None
GL7 7 0 7 None

GL7_5 7.5 0 7 None
GL8 8 0 7 None

GL8_5 8.5 0 7 None
GL9 9 0 7 None

GL9_5 9.5 0 7 6"

GL10 10 0 7 6"

Item located 
at the 12" 

location but is 
at 0.20 - 0.22 

cm
GL10_5 10.5 0 7 None
GL11 11 0 7 None

GL11_5 11.5 0 7 None
GL12 12 0 7 None

GL12_5 12.5 0 7 None
GL13 13 0 7 None

GL13_5 13.5 0 7 None
GL14 14 0 7 None

GL14_5 14.5 0 7 None
GL15 15 0 7 None

GL15_5 15.5 0 7 None
GL16 16 0 7 None

GL16_5 16.5 0 7 None
GL17 17 0 7 None

900 MHz Antenna GPR Grid
Unidirectional from West=0 to East=7ft, only mark at 0 and 7



Holloman GPO Report
Project Number 401.008

900 MHZ north to south GPO GRID 3 Results

File Name
File Line Start (s) End (n) Anomaly Comment
GX0 0 0 17 None

GX0_5 0.5 0 17 None
GX1 1 0 17 None

GX1_5 1.5 0 17 9"

Item 
located at 

the 12" 
location but 
is at 0.20 - 
0.22 cm 
and is 

south of 
location by 

8-9"
GX2 2 0 17 None

GX2_5 2.5 0 17 None
GX3 3 0 17 None

GX3_5 3.5 0 17 3"
GX4 4 0 17 3" and 6"

GX4_5 4.5 0 17 None
GX5 5 0 17 None

GX5_5 5.5 0 17 None
GX6 6 0 17 None

GX6_5 6.5 0 17 None
GX7 7 0 17 None

900 MHz Antenna GPR Grid
Unidirectional from South=0 to North=17
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QA and QC Spreadsheets 
 



MTADS EM61 
QC Summary Spreadsheets

051704

Holloman Air Force Base
Geophysical Prove-out Letter Report

Date File Name Coil
Number of values 2857 Number of values 2715 Number of values 2930 Easting 399414.58
Minimum -4.5 Minimum -1.69 Minimum 35.25 Northing 3636943.81
Maximum 6 Maximum 1.5 Maximum 79.5 Peak 124.5
Mean 0.04756 Mean 0.05378 Mean 48.615
Median 0 Median 0 Median 47.25
Standard deviation 0.9523 Standard deviation 0.7373 Standard deviation 6.3075
Number of values 2277 Number of values 2165
Minimum -3.75 Minimum -2.06
Maximum 5.25 Maximum 2.25
Mean 0.03997 Mean 0.02351
Median 0 Median 0
Standard deviation 1.076 Standard deviation 0.8504
Number of values 2857 Number of values 2715 Number of values 2990
Minimum -2.81 Minimum -1.13 Minimum 199.5
Maximum 3.56 Maximum 1.31 Maximum 231
Mean -0.01681 Mean -0.01935 Mean 209.579
Median 0 Median 0 Median 207.75
Standard deviation 0.6135 Standard deviation 0.4834 Standard deviation 5.97122
Number of values 2271 Number of values 2159
Minimum -2.62 Minimum -1.31
Maximum 4.31 Maximum 1.5
Mean 0.0289 Mean 0.01412
Median 0 Median 0
Standard deviation 0.6902 Standard deviation 0.5398
Number of values 2849 Number of values 2707 Number of values 2781
Minimum -2.06 Minimum -0.75 Minimum 87
Maximum 2.44 Maximum 0.75 Maximum 105.56
Mean -0.06418 Mean -0.0665 Mean 92.3262
Median 0 Median 0 Median 92.06
Standard deviation 0.4338 Standard deviation 0.37 Standard deviation 2.10811
Number of values 2277 Number of values 2165
Minimum -2.25 Minimum -0.75  
Maximum 2.25 Maximum 0.75
Mean -0.01728 Mean -0.0225
Median 0 Median 0
Standard deviation 0.4976 Standard deviation 0.424

Date LINE PASE
Number of values 786 Number of values 748
Minimum -6.19 Minimum -3
Maximum 7.5 Maximum 3.75
Mean 0.06677 Mean 0.03433
Median 0 Median 0
Standard deviation 1.733 Standard deviation 1.407
Number of values 726 Number of values 690
Minimum -6.75 Minimum -3.75
Maximum 7.5 Maximum 3.19
Mean -0.1109 Mean -0.1325
Median 0 Median 0
Standard deviation 1.746 Standard deviation 1.456
True Target Location Easting True Target Location Northing

399414.44 3636943.83
Highest Peak Location Easting Highest Peak Location Northing

399414.63 3636943.95
Difference -0.19 Difference -0.12
Peak Reading

True Target Location Easting True Target Location Northing
399414.44 3636943.83

Highest Peak Location Easting Highest Peak Location Northing
399414.55 3636943.85

Difference -0.11 Difference -0.02
Peak Reading

True Target Location Easting True Target Location Northing
399414.44 3636943.83

Highest Peak Location Easting Highest Peak Location Northing
399414.55 3636943.88

Difference -0.11 Difference -0.05
Peak Reading

True Target Location Easting True Target Location Northing
399414.44 3636943.83

Highest Peak Location Easting Highest Peak Location Northing
399414.61 3636943.85

Difference -0.17 Difference -0.02
Peak Reading

Statistics for 100% of data Statistics for 97.5% of data

5/17/2004 051704_stand_am Static_1 Left Coil

5/17/2004 051704_stand_am Static_2 Left Coil

5/17/2004 051704_stand_am Static_1 Center Coil

5/17/2004 051704_stand_am Static_2 Right Coil

Standard Test

5/17/2004 051704_stand_am Static_2 Center Coil

5/17/2004 051704_stand_am Static_1 Right Coil

Statistics for 97.5% of data

STATIC_STANDARD TEST_AM LATENCY TEST
Latency_am Test

5/17/2004 South-North Normal with target

5/17/2004

5/17/2004 South-North Fast with target

Statistics for 100% of data

5/17/2004 South-North Normal

5/17/2004 North_South Normal

5/17/2004 North_South Slow with target

6-LINE TEST (Statistics for all three coils)

138.56mV

136.50mV

138.56mV

138.00mV

North_South Normal with target
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MTADS EM61 
QC Summary Spreadsheets

051704

Holloman Air Force Base
Geophysical Prove-out Letter Report

Date File Name Coil
Number of values 2877 Number of values 2735 Number of values 3189 Easting 399414.58
Minimum -3 Minimum -1.5 Minimum 39.75 Northing 3636943.96
Maximum 3.38 Maximum 1.5 Maximum 69 Peak 145.5
Mean 0.01745 Mean 0.02101 Mean 49.395
Median 0 Median 0 Median 49.31
Standard deviation 0.7014 Standard deviation 0.5584 Standard deviation 3.1255
Number of values 2594 Number of values 2466
Minimum -7.5 Minimum -3
Maximum 9 Maximum 3.56
Mean 0.04602 Mean 0.03245
Median 0 Median 0
Standard deviation 1.463 Standard deviation 1.058
Number of values 2845 Number of values 2703 Number of values 3157
Minimum -4.5 Minimum -2.25 Minimum 200.81
Maximum 6.75 Maximum 2.25 Maximum 214.31
Mean -0.02052 Mean -0.02914 Mean 207.377
Median 0 Median 0 Median 207
Standard deviation 0.9787 Standard deviation 0.7075 Standard deviation 2.15285
Number of values 2611 Number of values 2481
Minimum -4.69 Minimum -2.81
Maximum 4.5 Maximum 2.25
Mean -0.01527 Mean -0.01328
Median 0 Median 0
Standard deviation 1.028 Standard deviation 0.7312
Number of values 2845 Number of values 2703 Number of values 3063
Minimum -3 Minimum -1.5 Minimum 86.62
Maximum 3.38 Maximum 1.5 Maximum 96
Mean 0.01679 Mean 0.02036 Mean 91.459
Median 0 Median 0 Median 91.5
Standard deviation 0.7035 Standard deviation 0.5594 Standard deviation 1.6052
Number of values 2598 Number of values 2470
Minimum -3.56 Minimum -1.5
Maximum 3.75 Maximum 1.5
Mean 0.01557 Mean 0.01661
Median 0 Median 0
Standard deviation 0.7044 Standard deviation 0.53

5/17/2004 051704_stand_pm Static_1 Left Coil

5/17/2004 051704_stand_pm Static_2 Left Coil

5/17/2004 051704_stand_pm Static_1 Center Coil

5/17/2004 051704_stand_pm Static_2 Center Coil

5/17/2004 051704_stand_pm Static_1 Right Coil

5/17/2004 051704_stand_pm Static_2 Right Coil

Latency_pm Test
STATIC_STANDARD TEST LATENCY TEST

Statistics for 100% of data Statistics for 97.5% of data Standard Test
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MTADS EM61
QC Summary Spreadsheets

052104

Holloman Air Force Base
Geophysical Ground Prove-out Report

Date File Name Coil
Number of values 7652 Number of values 7270 Number of values 4487 Easting 399414.61
Minimum -6 Minimum -2.25 Minimum 29.25 Northing 3636943.88
Maximum 7.12 Maximum 2.25 Maximum 90 Peak 149.25
Mean 0.006555 Mean 0.001582 Mean 42.981
Median 0 Median 0 Median 42.75
Standard deviation 1.109 Standard deviation 0.8407 Standard deviation 2.7898
Number of values 4225 Number of values 4015
Minimum -6.19 Minimum -2.25
Maximum 6 Maximum 2.25
Mean 0.007543 Mean 0.01317
Median 0 Median 0
Standard deviation 1.222 Standard deviation 0.9854
Number of values 7675 Number of values 7293 Number of values 4258
Minimum -3.75 Minimum -1.5 Minimum 201.75
Maximum 11.25 Maximum 1.5 Maximum 217.5
Mean 0.019091 Mean 0.008427 Mean 208.117
Median 0 Median 0 Median 208.12
Standard deviation 0.78697 Standard deviation 0.5987 Standard deviation 1.62462
Number of values 4237 Number of values 4027
Minimum -5.25 Minimum -1.5
Maximum 3 Maximum 1.5
Mean -0.01292 Mean -0.008061
Median 0 Median 0
Standard deviation 0.8423 Standard deviation 0.7046
Number of values 7649 Number of values 7267 Number of values 4315
Minimum -2.25 Minimum -0.75 Minimum 87
Maximum 3 Maximum 0.75 Maximum 96
Mean 0.007214 Mean 0.0037 Mean 90.794
Median 0 Median 0 Median 90.75
Standard deviation 0.4983 Standard deviation 0.397 Standard deviation 1.0315
Number of values 4212 Number of values 4002
Minimum -3.19 Minimum -0.94  
Maximum 2.25 Maximum 0.75
Mean -0.02201 Mean -0.0206
Median 0 Median 0
Standard deviation 0.5408 Standard deviation 0.451

Date File Name Coil
Number of values 3338 Number of values 3072 Number of values 5498 Easting 399414.53 First Data Line Number of values 2397
Minimum -7.5 Minimum -3 Minimum 33 Northing 3636943.87 Minimum -5.25
Maximum 6.94 Maximum 2.25 Maximum 63 Peak 147.56 Maximum 8.25
Mean 0.02722 Mean -0.08699 Mean 45.486 Mean 0.02008
Median 0 Median 0 Median 45 Median 0
Standard deviation 1.526 Standard deviation 1.069 Standard deviation 4.1077 Standard deviation 1.307
Number of values 2713 Number of values 2579
Minimum -7.5 Minimum -3.75
Maximum 9 Maximum 3 Repeat Line Number of values 2418
Mean -0.03729 Mean -0.02584 Minimum -4.5
Median 0 Median 0 Maximum 6
Standard deviation 1.448 Standard deviation 1.015 Mean 0.03746
Number of values 3373 Number of values 3205 Number of values 5563 Median 0
Minimum -5.06 Minimum -2.25 Minimum 194.25 Standard deviation 1.264
Maximum 4.87 Maximum 2.25 Maximum 219
Mean 0.009253 Mean -0.004718 Mean 203.825
Median 0 Median 0 Median 203.25
Standard deviation 1.052 Standard deviation 0.8041 Standard deviation 3.08192
Number of values 2797 Number of values 2659
Minimum -5.25 Minimum -2.25
Maximum 6 Maximum 2.25
Mean -0.0311 Mean -0.02382
Median 0 Median 0
Standard deviation 1.014 Standard deviation 0.7339
Number of values 3409 Number of values 3239 Number of values 5756
Minimum -2.44 Minimum -1.5 Minimum 66.94
Maximum 6 Maximum 1.5 Maximum 119.25
Mean -0.01408 Mean -0.02401 Mean 79.0487
Median 0 Median 0 Median 78.75
Standard deviation 0.7481 Standard deviation 0.6204 Standard deviation 3.98696
Number of values 2893 Number of values 2749
Minimum -3.75 Minimum -1.69
Maximum 6 Maximum 1.5
Mean 0.008597 Mean 0.01063
Median 0 Median 0
Standard deviation 0.7926 Standard deviation 0.5832

5/21/2004 052104_stand_am Static_1 Left Coil

5/21/2004 052104_stand_am Static_2 Left Coil

5/21/2004 052104_stand_am Static_2 Right Coil

5/21/2004 052104_stand_am Static_1 Right Coil

Statistics for 100% of data Statistics for 97.5% of data Standard Test

Latency_am TestStatistics for 100% of data Statistics for 97.5% of data

Latency_pm Test

Standard Test

5/21/2004 052104_stand_pm Static_1 Left Coil

5/21/2004 052104_stand_pm Static_2 Left Coil

Static_2 Center Coil

5/21/2004 052104_stand_pm Static_1 Right Coil

STATIC_STANDARD TEST_AM LATENCY TEST

STATIC_STANDARD TEST LATENCY TEST

5/21/2004 052104_stand_am Static_2 Center Coil

5/21/2004 052104_stand_am Static_1 Center Coil

5/21/2004

REPEAT LINE TEST

052104_stand_pm Static_2 Right Coil

5/21/2004 052104_stand_pm Static_1 Center Coil

5/21/2004 052104_stand_pm
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1.0 INTRODUCTION 

This report covers the procedures and results of the electromagnetic (EM) geophysical. 
investigation of a site located on the Holloman Air Force Base, Alamogordo, New 
Mexico. The work was performed by Blackhawk Geophysical and UXO Services 
(Blackhawk) for Zapata Engineering (Zapata) from June 8, 2004 to June 10, 2004. 

The objective of the geophysical survey was to perform a non-intrusive investigation 
over approximately five acres to locate subsurface metallic targets that are potential 
K951/K952 CAIS (pigs) or their associated 9-inch metal cans. The electromagnetic 
(EM) array of the Multi-sensor Towed Array Detection System (MTADS) was used to 
geophysically map metallic objects within the project area. The MTADS EM61 was 
pulled by a Mobile Instrument Platform (MIP). 

The EM metal detection system was employed because of its ability to detect both 
ferrous and non-ferrous metal objects with a high lateral position resolution. Also, this 
system is more sensitive to buried metal and less sensitive to magnetic rocks and soils 
than the magnetic method, which is also commonly used to locate buried metal objects. 
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2.0 SURVEY LOGISTICS 

2.1 Site Description 
The terrain within the project area is relatively flat except for a few dirt mounds. The site 
encompassed approximately five acres and was surrounded by a chain-link fence to the 
north, east, and west. The fence was removed along the southern boundary of the site 
and had two out of every three fence posts removed. A landfill borders the site to the 
west. Cultural features at the site include two monitoring wells and a partially buried 
pipe. A site location map is presented as Figure 1. 

Broken glass and one intact glass vial associated with the K951/K952 CAIS were found 
in the northeast section of the survey area before data collection began. 

2.2 Site Activities 
In order to obtain 100% coverage of the site, lines were planned spaced five feet apart. 
However, data collection was restricted in portions of the survey area due to 
obstructions such as dirt mounds, monitor wells, and a large yucca tree. Because of 
these obstructions, it was not always possible to maintain the desired 100% coverage. 
The line spacing was maintained by the equipment operator by driving along 
overlapping vehicle tracks. 

2.3 Geophysical Equipment 

2.3.1 MTADS EM61 Array 
The MTADS EM61 array consists of three pairs of overlapping modified Geonics EM61 
coils contained on a fiberglass trailer. This trailer was towed with a custom designed 
Mobile Instrument Platform (MIP). Data were collected by driving the array over the 
target area, searching a two-meter swath with each pass. MTADS EM61 data were 
collected at a rate of 16 Hertz (Hz) and recorded by an on-board computer. To obtain 
total coverage of the site, survey line spacing was approximately 1.52 m (five ft). 

The EM array was towed at a speed of between three and five miles per hour resulting 
in an approximate data point spacing of 0.09 m (0.3 ft) and a maximum data point 
spacing of 0.15 m (0.5 ft) along survey lines. 

Positioning for the MTADS EM61 was accomplished with the Trimble 4700 real time 
kinematic (RTK) differential global positioning system (DGPS). The DGPS antenna 
was positioned three feet above the bottom EM61 coils at the center of the coil 
assemblage. The 4700 receiver was located within the MIP and received data from 
both the DGPS antenna and from the DGPS base station. Positional data were 
recorded using the WGS-84 spheroid providing latitude and longitude readings at a 
frequency of 5 Hz. 

Positional/navigational data and geophysical sensor data were displayed in real time on 
the computer screen allowing the operator to monitor the sensor position and the 
geophysical data quality. The geophysical and positioning data were sent to a data 
acquisition computer within the tow vehicle. The MT ADS EM61 data was logged using 
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an industrial PC running Maglog logging software written by Geometrics, Inc. The data 
were stored on the hard drive of the computer for downloading at the end of the field 
day. 

2.3.2 Sensor Positioning 
Positioning for the MTADS EM61 system was accomplished with the Trimble 4700 
RTK DGPS. With this system, the center points of sensor readings have a location 
error of 0.15 m (6 inches). Target anomalies are expected to have location error 
between 0.15 to 0.46 m (6 to 18 inches) due to the geophysical sensor width and line 
spacing. The DGPS receiver, located within the tow vehicle, received data from both 
the DGPS antenna and from the DGPS base station. As mentioned above, positional 
data were recorded using the WGS-84 spheroid in latitude and longitude. 

The base station receiver was set up over a known control point and the spatial 
position correction was transmitted in real time to the DGPS rover receiver using a 
radio modem. The control point, labeled CP North, was used as the initial base for the 
geophysical survey. This point was located within one mile of the survey area. The 
location of this point was obtained from licensed New Mexico surveyors. For 
consistency, this position was used throughout the survey. All map data and target 
locations were reported in NAD83 UTM Zone 13N coordinates (meters). Table 1 lists 
the base station location. 

TABLE 1 

GPS BASE STATION LOCATION 

Point Northing (m) I Easting (m) 
CP North 3637688.79 I 399529.84 

NAD83 UTM Zone 13N coordinates (meters) 

2.4 Quality Control 
During data collection, the following steps were performed for quality control: 

• A 15-minute warm-up for the geophysical sensors prior to data collection. 

• The DGPS quality control index number and sensor data were monitored during 
data collection. 

• Daily latency tests were performed to verify DGPS positioning, lag correction, and 
sensor operation. 

• Daily standard tests were performed to verify sensor operation. 

During data processing the following quality control steps were performed: 

• The positional data were verified through the DGPS quality control index. 

• Latency tests were processed to verify DGPS positioning, lag value, and sensor 
operation. 
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• Individual data streams were monitored for time gaps that may indicate sensor 
failure. 

• Data coverage was monitored for gaps and total acreage surveyed. 

• Data processing steps were tracked to ensure that all of the data were processed in 
the same manner. Additional processing steps (i.e., filtering) that proved useful in 
data analysis and target identification were identified. 

2.5 Static/Standard Tests 
Prior to geophysical data collection, sensor data were recorded in a stationary mode for 
three minutes. The deviation of the instrument readings was checked to make sure it 
was within +/- 2.5 mV. 

A static/standard test was conducted twice a day, prior to and after data collection. The 
"standard" is a metal object used to simulate anomalous readings. The static/standard test 
consisted of a minimum of a nine minute record; three minute background, three minute 
standard, and an additional three minute background. After the initial background test was 
recorded, a metal standard was placed in exactly the same position on the EM coils and 
data were recorded for three minutes. The percent difference (from morning to evening) in 
the magnitude of the standard readings (standard reading minus background) was 
checked to make sure it was within +/- 20%. After the standard test, an additional 
background test was recorded for three minutes to check the instrument for repeatability. 
Profiles showing the static/standard test for data collected on June 8, 2004 are located in 
Appendix A. Tables detailing the daily standard tests for each system are located on the 
attached CD. 

2.6 Latency/Position Tests 
A trailer ball (2 5/16") was positioned in a known location to conduct the latency test. 
Daily latency tests were performed by collecting data in two directions over the trailer 
ball. The geophysical data were checked for positional accuracy, lag correction, and 
coil operation. In addition, to verify DGPS positioning in the field, the DGPS antenna 
was positioned over this point and the location given was compared to the known 
location. The trailer ball location is shown in Table 2. During processing, the DGPS 
location for the trailer ball was compared with the detected location and the positional 
differences were computed. Profiles showing the latency test performed on June 8, 
2004 are located in Appendix A. Results of the latency tests are located on the attached 
CD. 

TABLE2 DGPS LATENCY LOCATION 

Trailer Ball Northing (m) I Easting (m) 
Latency 3636943.83 I 399414.44 

NAD83 UTM Zone 13N coordinates (meters) 
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2.7 Cable Shake Tests 
The cable shake/vibration test was performed to verify that there were no electrical 
problems (breaks, short circuits) in the cables. Prior to data collection, the cables 
associated the MTADS EM61 were manually shaken. The shake test produced results 
that were acceptable and no faulty cables were discovered. The cable shake test profile 
performed on June 8, 2004 is shown in Appendix A. 

3.0 DATA PROCESSING 

3.1 Geophysical Data 
The geophysical data were processed and interpreted using the MT ADS data analysis 
software (DAS). All processing and data analysis steps were recorded on a tracking 
sheet. Hard copies of the MT ADS DAS Tracking Sheets for this survey are located on 
the attached CD. 

The processing stream for the MTADS EM data consisted of the following steps: 

• Raw geophysical and GPS data for the MT ADS EM system were downloaded from 
the field computers and integrated in the DAS preprocessor. 

• The static tests were evaluated to ensure a deviation of less than+/- 2.5 mV. 

• The QC standard tests were evaluated and coil readings were tracked in a 
spreadsheet. This spreadsheet is included on the attached CD. 

• The latency tests were evaluated and the necessary lag corrections were applied to 
the data. Positional checks over the latency spikes were tracked in a spreadsheet. 
This spreadsheet is included on the attached CD. All latency corrections were 
recorded on the MTADS DAS Tracking Sheets. 

• Individual EM data streams were evaluated for spikes, time gaps, and sensor failure. 

• Low quality positional data points were edited or removed. 

• Data coverage was evaluated for data gaps. 

• The field notes were evaluated for cultural features. 

• A demedian filter was applied to the geophysical data to remove sensor drift and 
level the data to a zero baseline. A 100-point average was used for the MTADS EM 
data. 

• The data were gridded with a 0.2 m cell size and displayed on the screen in gridded 
and pixel format. 

• Processed data were output in Geosoft XYZ ASCII format. Positioning data were 
reported in NAD83 UTM Zone 13N coordinates (meters). Preliminary data sets were 
delivered to the Zapata Project Manager during the field survey and uploaded to the 
Zapata web site. Final data sets were delivered on CD-ROM after the completion of 
the fieldwork. 

• MTADS EM61 site data were filtered with a 0.4 m width low pass boxcar filter to 
smooth the data and enhance target anomalies. 
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• Preliminary targets were selected using gridded data from the lower coil. This was 
accomplished by applying a peak-picking algorithm with a threshold value of 17 mV 
for the MTADS EM61 data. Preliminary target lists were submitted to Zapata for 
review. Electronic files of the preliminary target lists are included on the attached 
CD. 

• The preliminary targets were evaluated by the processor. All existing data displays 
were reviewed, including pixel, gridded, and filtered data. Targets whose amplitudes 
were lower than 17mV, but close to the discovered glass vials were added to the 
target list. 

• Final target lists were generated from the modeled targets. Positioning data were 
reported in NAD83 UTM Zone 13N coordinates (meters). Final target lists were 
submitted to Zapata for review. Electronic files of the final target lists are included 
on the attached CD. 

3.2 Preliminary Target Lists 
The MT ADS DAS was used to pick potential targets using data from the lower coil of the 
EM instrument. A peak-picking algorithm was applied to the gridded and filtered data as 
the initial step in target selection. 

After evaluation of the MT ADS EM61 data, a threshold value of 17mV was determined 
to be best for target picking after analyzing GPO results and after discussions with 
Zapata and Army Corps of Engineers personnel. A preliminary target list was generated 
and a total of 136 targets were picked from the MTADS data with a threshold greater 
than 17mV. 

3.3 Final Target Lists 
Final target lists were generated from the preliminary targets. The preliminary targets 
were reviewed and many were removed from the target lists for the following reasons: 

• They were located over cultural features that were reported by the Blackhawk field 
crew. 

• The anomalies were found to result from small (one or two pixels) spikes in the EM 
data. 

• The anomalies were found to result from gridding or edge effects from the mapping 
software. 

The target list was prioritized in the field using the following criteria: 

• Proximity to the glass vials found on the surface. 

• Magnitude of the peak reading. 

Another target list was generated and seven additional targets were added that were 
close to the discovered vials, but had anomaly amplitudes that were less than 1 7 mV. 
Some of these targets were picked whose amplitudes were as low as 4 mV. Targets106 
and 107 were dual picks of the same target and target 106 was removed. Therefore, 
the total number of targets was 142 (136 preliminary targets plus 7 added close to the 
glass vials minus 1 dual picked target). This target list was the one that was used for 
relocation. 
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The target lists along with all raw and processed data can be found on 'tne attached CD. 

4.0 SURVEY RESULTS 

4.1 Data Coverage 

4.1.1 GPO Grid 
Data were collected over the GPO grid containing the seeded items on June 8, 2004 
before data collection began over the survey area. Figure 2 shows a color grid contour 
map of the MTADS EM61 data collected over the GPO grid. The figure depicts the 
MTADS EM61 data in NAD83 UTM Zone 13N coordinates (meters). All seeded targets 
were identified with the MTADS EM61. 

4.1.2 Survey Area 
Data were collected over the survey area on June 8, 2004. Figure 3 illustrates a color 
grid contour map of the MTADS EM61 data collected over the survey area. The figure 
depicts the EM61 data in NAD83 UTM Zone 13N coordinates (meters). A total of 4.6 
acres were surveyed with the MTADS EM61 array. 

Data were collected on June 9, 2004, in order to cover gaps in the existing data 
coverage. Prior to collecting this data, the equipment was modified by exchanging the 
center coil of the EM system. Quality control tests (static/standard test, latency test, 
cable shake test, six line test) were completed after the equipment change and a portion 
of the GPO grid was collected again to ensure that the equipment was working properly. 
All raw and processed data collected after the equipment change is located on the 
attached CD. It was not possible to collect data over a few of the gaps with the MTADS 
EM61 system. These gaps were marked by Blackhawk using the Trimble DGPS system 
and non-metallic pin flags and were later swept by Zapata personnel using a Schonstedt 
along with Blackhawk personnel using a Fisher hand held EM instrument. 

A gap exists in the data coverage approximately equidistant from where the full glass 
vial and broken glass were located. The gap was due to an irregular driving pattern in 
that area in order to avoid the vials and was not identified during the field portion of the 
work. It was therefore not swept by Zapata personnel. 

4.2 Targets 
The EM61 data from the MTADS was used to identify the metal targets. A preliminary 
total of 136 individual metal targets were identified. These targets were prioritized, 
seven were added that were below the 17mV threshold, and one was removed resulting 
from a dual target pick. The total number of targets relocated on the site was 142. 
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4.3 Relocation 
The targets that were relocated for investigation by Zapata are shown on Figure 3 as 
open circles. A total of 142 targets were relocated. These locations were marked on 
the ground with non-metallic pin flags using DGPS location techniques. 

After Blackhawk had relocated 142 targets, 19 additional targets were removed from the 
target list associated with the surrounding fence and other cultural features. These 19 
targets were removed after discussions with Zapata and Army Corps of Engineers 
personnel. Target 32 was thought to be a cultural feature and removed. It was later 
determined that target 32 was not a cultural feature and was returned to the list. This 
information was provided verbally from Blackhawk to Zapata personnel. Therefore, the 
total number of targets was 123 (142 relocated targets minus 19 targets associated with 
cultural features). 

5.0 SUMMARY AND CONCLUSIONS 

An electromagnetic geophysical survey was used to locate metal targets that may be 
K951/K952 CAIS (pigs) or their associated 9-inch metal cans at the Holloman Air Force 
Base in June 2004. Approximately five acres were geophysically mapped with the 
MTADS EM61 array. One hundred and forty-two targets were relocated and, based on 
discussions with Zapata and Army Corps of Engineers personnel, 123 were selected for 
investigation. 

To determine the type of metal causing the geophysical anomalies, Zapata 
representatives will do intrusive investigations of selected individual targets that have 
been relocated on the ground by Blackhawk. 
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All QA inspections passed.  No corrective action reports required. 
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Accidents 
 
Strict adherence to the approved Site Specific Health Plan (SSHP), daily safety briefings and 
daily equipment safety inspections resulted in no accidents, injuries or near misses during the 
OE/RCWM Investigation and Removal at Holloman Air Force Base, New Mexico.  Due to the 
extreme desert heat and wearing of Personal Protective Equipment (PPE) the UXO Safety 
Officer mandated that vital signs be taken on all site personnel by Emergency Medical 
Technicians (EMTs), licensed in the State of New Mexico.  Those personnel involved in 
downrange activities were medically monitored upon each entry to and exit from the exclusion 
zone.  All vital signs were logged by the EMTs.  
 
 
Air Monitoring 
 
The Edgewood Chemical Biological Center (ECBC) conducted all air monitoring using the 
MINIRAMS and DAAMS tubes.  All air-monitoring results were provided in ECBC’s daily 
Situation Reports (SITREPS).  There were no readings above background levels detected during 
site operations.      
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Final Site Specific Final Report 
Holloman Air Force Base, New Mexico 

Appendices 

ZAPATA ENGINEERING, P.A.  Contract No.:  DACA87-00-D-0034 
June 2005 Page J-12 Task Order No.:  0019 
Revision 0 

 

 
 
 

SCANS Operations Training 
 

 
 

PDS 



Final Site Specific Final Report 
Holloman Air Force Base, New Mexico 

Appendices 

ZAPATA ENGINEERING, P.A.  Contract No.:  DACA87-00-D-0034 
June 2005 Page J-13 Task Order No.:  0019 
Revision 0 

 
 

 
 

Dismantled IHF Compound 
 

 
 

DP-64 Fence Removal 
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Grid E03, Anomaly 103: M69 Incendiary 
 

 
 

Grid E02, Anomaly 108: M69 Incendiary Base 
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Grid E03, Anomaly 109: M69 Incendiary Bases 
 

 
 

Grid E02, Anomaly 112: M69 Incendiary Bases 
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Grid E03, Anomaly 137: M69 Incendiary Pieces (Burn Pit) 
 

 
 

Grid E03, Anomaly 114: M69 Incendiary Base 
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Grid E02, Anomaly 142: M69 Incendiary Base 
 
 

 
 

Grid E03, Anomaly 99: CAIS Ampoules 
 



Final Site Specific Final Report 
Holloman Air Force Base, New Mexico 

Appendices 

ZAPATA ENGINEERING, P.A.  Contract No.:  DACA87-00-D-0034 
June 2005 Page J-18 Task Order No.:  0019 
Revision 0 

 

 
 

Grid F01, Anomaly 99: M3 Grenade Ignitors 
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Contract No.:  DACA87-00-D-0034 
Task Order No.:  0019 
Prepared By: L.Hudgins 

 
Area DP-64

Holloman Air Force Base, New Mexico
OE Recovered CWM Removal Action

L A B O R    H O U R S   (Time & Materials Tasks)  

SERV 
CLIN LABOR CATEGORY LABOR 

RATE TASK 
5        

Surface Clear 
($46,357) 

TASK 
8        

Intrusive 
Investigation 

($234,053) 

TASK 
9           

Field 
Monitoring 
($15,524) 

TASK 
10          

IHF Support 
($79,332) 

TASK 
11     

RCWM 
Scrap 

($6,326) 

TASK 
12 

OE Destruct & 
Certification 

($3,090) 

TASK 
13          
Site 

Restoration 
($9,003) 

TASK 
16        

Medical 
Support 
($42,759) 

TASK 
 17         

SCANS 
Support 
($26,473) 

TOTAL 
($462,917) COSTS 

0010AK Heavy Equipment Operator $45.96 42 73 38 14 - - - -  40 - - 131 338 15,534 

0010AN Project Manager $94.73 28 55 8 7 9 - -  2 8 - - 117 11,083 

0010AV Senior UXO Supervisor $59.27 58 183 6 12 7 - -  7 - - - - 273 16,181 

0010BA UXO Technician II $50.01 168 603 39 28 9 - -  20 - - - - 867 43,359 

0010BB UXO Technician III $57.49 154 608 24 22 10 - -  24 - - - - 842 48,407 

0010BF UXO QC Specialist $55.23 74 52 14 6 10 - -  7 - - - - 163 9,002 

0010BG UXO Safety Officer $55.23 61 80 - - 5 7  - - - -  - - 104 257 14,194 

              

Labor Costs 32,731 91,811 6,963 5,289 3,232  - - 5,209 758 11,765  157,758 

Material/Equipment Costs 7,639 61,668 2,518 2,584 53 - -  - -  - - - -  74,462 

Travel/Lodging/Per Diem Costs 4,883. 28,485 763 3,831 892 - -  - -  - - - -  38,854 

Subcontracting Costs  42,179 2,747 63,880 6,451 - -  - -  44,219 - -  159,476 

TOTAL COSTS 45,253 224,143 12,991 75,584 10,628 0.00 4,419 44,977 11,765  430,550 
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