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Introduction 

The Summer of Applied Geophysical Experience (SAGE) faculty and students have investigated 

environmental restoration (ER) sites at Los Alamos National Laboratory (LANL) during the 1995, 1996 

and 1997 seasons. TI1e particular experience of SAGE 1997 will be reported, emphasizing the participation 

of the students and the success of geophysical methods in delineation of waste trenches at LANL sites. 

The small-scale ER projects occupy only about 20 percent of the overall effort. but are very popular with 

the students, many of whom express interest in careers in environmental or hydrologic geophysics. A short 

discussion of the SAGE program, and the geology and history of the MDA-B site will provide the 

background for a description of the SAGE field operations in June of 1997. The utility of the magnetic, 

seismic refraction and ground pentrating radar methods will be demonstrated on a profile through one of 

the major waste trenches at the site. 

The SAGE Geophysical Field Course 

The SAGE field course has just completed its 15th year of operation in the Espanola basin area of 

northern New Mexico. During these years 370 undergraduate, graduate and professional students have 

participated with the facu1ty in an investigation of the structure of the Espanola basin segment of the Rio 

Grande rift. SAGE is sponsored by the Institute of Geophysics and Planetary Physics (IGPP) at LANL. The 

faculty is drawn from Los Alamos, San Diego State University, University of California at Riverside, 

Purdue University, University of Texas at Dallas and Golden West College. Funding has been provided by 

the National Science Foundation (NSF) Research Experience for Undergraduates (REU) Program, the 

Department of Energy, Los Alamos National Laboratory, the Regents of the University of California and a 

number of companies in the petroleum, mineral and geophysical industries. The program runs for three 

weeks (four weeks for U. S. undergraduates) and includes background lectures, fieldwork, data processing, 

inte~retation and a final oral presentation by each student. Seismic, electromagnetic and potential field 

methods are all applied. Every student participates in each of the field activities, but specializes during the 

processing and reporting phase. The students are organized into teams, for fieldwork and for data 

processing and interpretation. Tiiese efforts have recently resulted in four published scientific papers, all 

with SAGE student co-authorship. 

TI1e SAGE Class of 1997 was comprised of 14 undergraduate and 12 graduate students. These 

students came from a diverse range of small and large schools in all parts of the United States. A few 

examples include Bates College (ME), Colorado College (CO), Purdue University (IN), University of 

California at Santa Cruz (CA), University of Texas at Austin (TX) and Universidad Nacional Autonoma de 

Mexico. International graduate students were from Mexico, Indonesia, Venezuela and Belgium. The 

undergraduate students receive full support from the REU program of the National Science Foundation. 
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Graduate students pay their own transportation costs and a $350 fee . While being a very affordable 

program for the students, the small class size means that acceptance is on a selective basis. The quality and 

enthusiasm of the SAGE students are extraordinary. 

Beginning in 1995, a component of the activity has been directed toward the study of ER sites in 

the Los Alamos area. Two of seven field days are spent at the ER site and about 20 percent of the students 

specialize in the ER site analysis. This activity has been spurred by a growing interest among the SAGE 

students in environmental, engineering and hydrologic careers. It also has brought closer contact and 

partcipation with a LANL program and the possibility that the students can make real and timely 

contributions. The sites studied so far have typically involved trenches or pits dug into the local bedrock for 

waste disposal, although the 1996 site included a buried stream channel. All sites are thoroughly checked 

and approved by health and safety personnel and have required minimal or no personal protective 

equipment SAGE has applied a variety of teclmiques to these projects including seismic refraction, ground 

penetrating radar (GPR), magnetic, DC resistivity (conventional porous pots and capacitively coupled) and 

the transient electromagnetic methods. Not only has this experience been valuable for the students, we have 

also learned how to effectively characterize trench sites in the Los Alamos area. These lessons provide safe 

and cost-effective ways of obtaining critical information necessary to monitor or remediate the trench sites. 

For instance, since it is possible to define the trench location and dimensions to within about one meter 

using the seismic refraction method, one can then drill monitoring wells around and under the trench 

without fear of disturbing the possibly hazardous contents. 

The Material Disposal Area B Site 

MOA-B is one of the oldest waste trenches at LANL. It is situated on the narrow DP Mesa, just 

west of Technical Area 21, an area that served as a plutonium processing facility from 1945 until 1978. The 

mesa is a part of the Pajarito Plateau, a deeply dissected plateau underlain by Bandelier tuff, which was 

ejected 1.22 Ma ago from the Jemez volcanic center 25 km to the west. The tuff is exposed at the surface 

or locally covered by soil, which in this arid climate is typically very thin. Borings made on the MOA-B 

fence line in 1966 suggest that there may be 1 to 2 m of "soil" overlying the tuff. A braided channel system 

was incised into the tuff soon after deposition. The channel system is now buried by soil and alluvium. 

During SAGE 1996 one of these channels was successfully mapped using the seismic refraction method. 

DP Mesa was isolated by the retreat of DP and Los Alamos Canyons, which drain into the Rio Grande, 12 

km to the east. More than 240m of volcanic rocks overlie an unknown thickness of Tertiary sediments. The 

water table is below the volcanic rocks, at a depth of 365 m. Although it is possible that hazardous waste 

might contaminate the deep aquifer, it is perhaps more likely to find its way into the surface water of the 

adjacent canyons. 

The World War II Manhattan Project produced the first three nuclear weapons: one was e.x1>loded 

on 16 July 1945 at the Trinity test in southern New Mexico, the other two devastated Hiroshima and 

Nagasaki. Japan, in August. The earliest references to disposal pits in MOA-B occur at about this time, but 

unfortunately, the documentation was not very complete in those days. The site is and has been fenced for 
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many years. It is confined to a narrow strip of land between a busy road on the north and the canyon to the 

south. A small pit existed in the southeastern part of the area as early as 1944. As many as three pits were 

dug in 1945, one described as 12ft (3 .7 m) deep, 15ft (4.6 m) wide and 300ft (91.4 m) long (it is possible 

that two parallel pits of this type were dug). There are at least five and perhaps more separate excavations 

in the area. An oblique aerial photograph shows a single long trench open in January of 1948 (Figure 1). 

The site was closed in 1948, following a fire in the disposal pit. A variety of debris was buried in the pit; 

including boxes of ordinary, but contaminated, laboratory equipment including gloves, glassware, paper 

and small metal apparatus. Radioactive plutoniwn, poloniwn, uraniwn, americiwn, curiwn, lanthanwn and 

actinium are thought to be present (in very small quantities) as well as hazardous chemicals (some of these 

may have started the 1948 fire) . Larger objects were dumped as well: storage batteries, metal ductwork and 

a contaminated truck from the Trinity test. 

After closure, the site was used as a landfill for nonhazardous dirt and concrete from construction 

projects. The western two thirds of the site were paved with asphalt and used as a trailer storage facility for 

Los Alamos County from 1966 to 1990. In 1982 and 1987 experimental capping procedures were studied in 

the unpaved eastern third. The cap consisted of 1 to 2 m of soil, crushed tuff and in one area an additional 

"biobarrier" of cobble and gravel. Various types of plant cover were cultivated and shallow (a few meters) 

moisture-monitoring holes installed. 

SAGE Field Investigations at MDA-B 

On June 21 and 22 of 1997 the SAGE students and faculty conducted field experiments at the 

rviDA-B site. Most of the work was done in the unpaved, eastern portion (Figure 2), but some trials were 

done in the paved area. A complete total field magnetic map was made using a Geometries model G-858 

cesiwn vapor magnetometer. Four seismic refraction lines were shot transverse to the axis of the area and 

two longitudinally. Thirtteen GPR profiles were surveyed at the western end of the unpaved area 

Capacitively coupled resistivity profiles were collocated with some of the radar profiles. All of the students 

participated in each survey (Figure 3). Groups of students rotated through the activities, during both field 

days. Students presented reports on the GPR, resistivity and seismic refraction lines and on the magnetic 

anomalies. One profile is conunon to the seismic (Spread 5), GPR and magnetic surveys (Line 13), but not 

the resistivity survey. The interpretation,ofthis profile (Figure 4), will be discussed. 

A chainlink fence, which interferes with both the magnetic and radar surveys, surrounds the site. 

Lines were laid out every 2 rn, transverse to the site axis (NE-SW), never closer than 5 m to the fence. 

Ninety-one lines covered the entire unpaved area for a total-field magnetic map and thirteen of the 

westenunost lines were profiled with the radar. About 350 measurements were recorded along each 

magnetic line. The data were smoothed, resampled and gridded at 1.2 m interval for the map in Figure 2. 

A Sensors and Software pulseEkko 100 radar system operating at 100 MHz was used. The antenna 

spacing was 1 m and the soundings were 0.5 m apart. The reflected airwave from the nearby fence is 

recorded on all of the profiles. Diffraction events are visible in the profiles in the area of the suspected 

trench. In the dry soils and tuff at this site it is probable that more closely spaced GPR data in a higher 
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frequency band might produce better results. The 100 MHz wavelength at 0.15 rnlns (dry sand) is 1.5 m 

and the trench cap is likely to ~ only 1 to 3 m thick. 

The seismic data were digitally recorded with a Bison 9048 system, with up to 48 geophones at a 3 

ft (0.9 m) spacing. An "airless jackhammer" (similar in energy to an ordinary sledgehammer) source was 

applied at 36 ft (11 m) intervals. Six hammer blows were stacked for each record. The Bandelier tuff is a 

very highly attenuating medium, so the signal to noise ratio declines significantly at maximum offsets. The 

five shot-per-spread geometry provides enough redundancy to resolve laterally variable velocity structures, 

such as the trench. Refraction modeling software, developed at UTD, permits the specification of two

dimensional velocity models by very general polygonal areas. After rasterization onto a fine grid (0.3 m or 

less), travel times are evaluated using a flnite difference wavefront extrapolation. lbis method is much more 

effective than raytracing or time delay methods for modeling the sharp, lateral velocity contrasts at the 

trench boundaries and the variable thickness of the covering materials. 

Interpretation 

The magnetic map (Figure 2) provides an overview of the trenched areas. The anomalies are 

typically about 1500 nT peak-to-trough, but occasionally reach 2000 nT. Some very short wavelength 

anomalies, which are due to surface or very shallow ferrous debris, have been removed. The major 

anomalies are confmed to a narrow zone centered about 10m from the northern fence line. At the eastern 

end of the area the anomalies appear to cover a wider zone, a few meters farther to the south. Possibly, this 

map indicates two or three distinct excavations. Simple depth rules indicate source tops in the depth range 

of 2.7 to 5.1 m with an average of 4.5 m. One anomaly was modeled with a 2 m wide, 2.5 m long, 1 m 

thick prism at a depth of 4.5 m. 

Figure 4 shows the traveltime curves and velocity model for Spread 5. Very low velocities are 

indicated for the capping materials. These materials have porosities of 30 to 45 percent and therefore P

wave velocities less than the speed of sound in air (330 rnls) are not unexpected. The 855 rnls velocity in 

the Bandelier tuff is consistent with numerous other local measurements. SAGE 1995 efforts at another 

trench site, MDA-F, were able to characterize the trench dimensions with less than 1 m standard error. In 

contrast with MDA-F, which had virtually no soil cover, the thick cap at MDA-B complicates the modeling 

effort greatly. The topography of the pre-cap surface must be modeled as well as the trench. The horizontal 

position of the trench, which is fairly well constrained by the seismic data, corresponds to the location of 

the major magnetic anomaly patterns. The northern fence is located at distance 0, in Figure 4, so that the 

magnetic and GPR lines begin within the trench, due to the 5 m wide fence exclusion zone. The trench 

appears to be about 13 m wide, rather than 4.6 m (15ft) as documented. It was not possible to model the 

seismic data with two parallel trenches. The GPR proflle is difficult to interpret. The long wavelength 

direct airwave obscures shallow features and the steeply dipping reflected airwave from the fence interferes 

on both ends of the proflle. Reflections associated with the trench can be seen in the 30 to 70 ns range 

corresponding to depths of 2.5 to 5 m. 
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Conclusions 

Investigations conducted during the 1997 SAGE field course at the MDA-B site at LANL have 

successfully delineated a waste disposal trench dug in the 1940's. The magnetic map provided a general 

guide to regions of particular interest and the seismic refraction method delineated the trench with 

considerable precision. Both the GPR and magnetic data delimit the locations of large metallic objects in 

the trenches. The seismic data are too sparse to determine the three-dimensional structure of the site, but 

about 30 similar refraction spreads would enable such a model. Individual magnetic anomalies can be 

effectively modeled and indicate objects sitting on the trench floor. Future GPR surveys should use a higher 

frequency system, greater data density and migration to enhance diffractors associated with the trench. The 

MDA-B swvey, which was popular with the students, provided them important experience in "real world" 

geophysical problems. It was also demonstrated that students could obtain useful and important results, in 

the contell.1 of a short field exercise. 

The SAGE field course has continued NSF, DOE and industry support for 1998. Another ER site 

investigation at Los Alamos is planned as well as basin scale seismic, gravity and electromagnetic swveys 

near Santa Fe. SAGE has provided a boost to the careers of most of the 370 past students and will continue 

to provide a dynamic and exciting experience for future classes. Interested undergraduate, graduate students 

and professionals should visit the web site at http://geontl.lanl.gov/SAGE/SAGE.htm or contact the IGPP 

office at (505) 667~920 for further information. 
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Figaire Captions 

Figure 1 - An enlargement of an oblique aerial photograph of a trench at MDA-B taken on January 5, 

1948. The view is from the northeast and the tree-covered area behind the trench is on the canyon slope. 

Figure 2 - a) A base map of the eastern, unpaved portion of MDA-B with 1 m topographic contours 

(black), fence outline (green), seismic refraction spreads and shot points (red) and magnetic/GPR lines 13 

to 16 (blue). Notice the steep drop from the rather flat mesa top into the canyon adjacent to the site. b) A 

residual total-field magnetic map with contours shaded in color. 

Figure 3- A collage of seven photographs of SAGE students working at MDA-B on June 21 and 22, 1997. 

Figure 4 - An interpretation of collocated geophysical swveys across the MDA-B trench. a) Residual total 

field magnetic profiles for Lines 12 through 16. b) Seismic refraction traveltime curves for Spread 5, 
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observed times are red symbols and computed times are blue lines. c) A P-wave velocity model of the 

trench and capping layers. d) The GPR reflection section for Line 13. 
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