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June 16, 2006 

Joe Sena 
Los Alamos Tectlnical Associates (LATA) 
999 Central Ave., Suite 300 
Los Alamos, NM 87544 

Re: 	 Report 
MASW Survey 
MDAC 
Los Alamos, New Mexico 

Dear Mr. Sena: 

This report presents the findings of Quantum Geophysics, Inc.'s MASW (multi-channel 
analysis of surface waves) to identify and map the walls between Pits 1,2, 3 and 4 at 
MDA C, Los Alamos National Labs, Los Alamos, New Mexico. 

The survey was carried-out April 17 , 18, and 19, 2006 by Quantum's principal geophysicist 
Richard Lee, with assistance from geophysicist Brian Brunette ofthe ARM Group, Inc., and 
helpers with the onsite drilling company under contract to LATA. LATA provided an 
electronic file of a basemap (MDAC NewShapes v2000.dwg) for the purpose of plotting the 
geophysical survey lines and findings. 

The survey was conducted along a total of 6 lines spaced approximately 100 feet apart. 
They are designated Lines A through F and begin at or just south of the southern fence 
line, and trend northwards across Pits 1 through 5. The survey incorporated a Geometrics 
StrataVisor NZXP 24-channel seismograph and a Geometrics Geode 24-channel 
seismograph with Oyo Geospace 4.5 Hz geophones connected by 2 24-takeout seismic 
spread cables. Seismic waves were generated by striking an aluminum plate coupled to 
the ground surface with a 12 Ibs. sledge hammer. 

For control, each line was marked in the field with pin-flags and the ARM Group located 
each flagged location into the local state plane system using GPS. 

-
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The propagation velocity (also known as phase velocity) of surface waves is frequency 
(wavelength) dependent. This property is known as dispersion. The dispersiveness of soils 
is determined mainly by the vertical variation in shear wave velocity (Vs). By recording 
fundamental-mode Rayleight waves propagating from the source to the receiver, the 
dispersive properties directly beneath the seismic spread can be measured and 
represented by a curve (dispersion curve). This curve is used to estimate the vertical 
variation of Vs (1-0 Vs profile) through a process called inversion. 

The MASW (multi-channel analysis of surface waves) method utilizes pattern recognition 
techniques. It employs multiple receivers (geophones) equally-spaced along a linear 
survey line and measures the travel-times of seismic waves generated by an implosive 
source (e.g., sledge hammer). This approach allow3s recognition of the various 
propagation characteristics of the seismic wavefield. Once the dispersive properties of the 
fundamental mode Rayleigh waves are identified (via pattern recognition), a corresponding 

'... signal curve is extracted and used in the inversion of a 1-0 Vs profile. This profile best 
represents the vertical Vs distribution at the middle of the receiver spread. By moving the 
same shot-receiver configuration incrementally along a preset survey line, multiple 
measurements can be made, each producing a 1-0 Vs profile that, when all gathered 
together, is used to construct a 2-D V s cross-section along the survey line. 

-

MASW has been used to map bedrock topography, identify bedrock fractures, abandoned 
mine workings, waste pits and trenches, and evaluate sink activity (e.g., voids, pinnacles, 
zones of enhanced weathering). It has several advantages over more traditional seismic 
methods. Unlike refraction, MASW does not require that velocities increase with depth. 
And because of the stronger amplitude associated with surface waves (compared with 
body waves such compressional and shear waves), MASW can be carried-out in an 
urbanized setting with minimal interference from ground vibrations and electrical noise that 
normally shut-down a traditional seismic refraction survey. 
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FIELD PROCEDURES AND DATA PROCESSING 

For each seismic line, a series of 48 geophones was laid-out spaced 3 feet apart. with the 
initial shot located 15 feet from the first geophone (a.k.a. shot offset). Data were acquired 
using the following parameters: 

record length =0.7 seconds (700 milliseconds) 
sampling interval =62.5 usec 
rolling interval = 3 feet (1 geophone spacing) 
all acquisition filters "out" 
shot gather =24 traces 
staked shots/station =3 

The data were processed using the software program Surfseis by the Kansas Geological 
Survey (KGS). in the following sequence: 

1. 	 convert raw seismic data (SEG-2) into KGS processing format, and combine all 
shot gathers into a single file (for each seismic line), 

2. 	 assign field geometry and recompile into a roll-along mode data set, 
3. 	 identify range of surface wave velocities for each shot gather, 
4. 	 conduct dispersion-curve analysis for all shot gathers, 
5. 	 inversion analysis for all dispersion curves analyzed to determine 1-D Vs. and 
6. 	 construct 2-D V s profile by interpolating 1-D V s profiles using a Kriging algorithm. 

- Representative dispersion curves are provided in Appendix A. 

ANALYSIS 

Geophysical data are typically analyzed with respect to known, suspected, or reported 
conditions, much like what doctors do when they evaluate test results with respect to a 
patient's medical history. 
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To guide the analysis, we constructed a conceptual model of the pits based upon known, 
suspected, or reported conditions, It is our understanding that the walls between Pits 1, 
3,2, and 4 are about 10' wide. The wall between Pit 4 and Pit 5 is nominally about 50' wide 
but narrows to about 40' wide towards the east end of the MDA. The pits are 25 +/- feet 
deep, and Pits 1 through 4 are approximately 40' wide. The cover is about 6' thick. The 
original ground surface is unknown. 

Shear waves velocities are a measure of "stiffness", Rock is stiffer (higher shear wave 
velocity) than soil. Undisturbed soils and/or more compacted soils tend to be stiffer (higher 
shear wave velocity) than disturbed soils. Based upon the conceptual model, a 3-layer 
seismic model was constructed whereby: 

• 	 Materials forming walls and the bottom of pits will have the highest seismic 
velocities because the materials are undisturbed. 

• 	 Cover material should have the lowest seismic velocities because the layer 
represents the most recently placed, and therefore, the most highly disturbed 
material. 

• 	 Materials in the pits and between the walls and cover probably have 
intermediate velocities (more than cover but less than wall and bottom of pits) 
because of consolidation from settlement and compaction over time. 

A cross-section of the conceptual model is shown in Figure 1. Basically, we look for 
features in the geophysical data that represent, mimic, or best fit features in the conceptual 
model. 

FINDINGS 

A fully annotated sitemap is shown in Figure 2. Shear wave profiles along the 6 lines are 
shown in Figures 3 through 8. Based upon the geophysical data: 

• 	 Wall-like structures resembling those in the conceptual model were identified 
on all 6 MASW lines. The height of the wall-like structures varies but it appears 
to be nominally 25 feet. 
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• 	 The wall between Pits 3 and 2 was the most prominent and bear the closest 
resemblance to the conceptual model in terms of size and width. It was 
observed on all 6 lines and plots to within approximately 2 to 3 feet of its' 
reported location. 

• 	 The wall between Pits 1 and 3 is not as pronounced or well-defined as the wall 
between Pits 3 and 2. But like the wall between Pits 3 and 2, it is traceable 
across all 6 seismic lines, and plots to within about 3 feet at some locations. 

• 	 No apparent wall structure was observed between Pits 2 and 4, at least within 
close proximity to its' reported location. 

- • The wall between Pits 4 and 5 does not appear to be a consistent 40 to 50-foot 
width across the MOA. There is good agreement between the geophysics and 
the conceptual model at 1 location (Line F, Figure 8) where the wall is 
approximately 40' wide and plots to within a few feet of where it is reported. At 
3 other locations (Lines B, C, and 0, Figures 4, 5 and 6, respectively), the wall 
appears to be only 10' wide. 

• 	 The cover appears to be between 10 and 12 feet thick (nominal). about twice as 
thick as shown in the conceptual model. 

Quantum appreciates this opportunity to be of service to LATA. Please call if you have any 
questions or if we can be of further assistance. 

Sincerely, 

Quantum Geophysics, Inc. 

~k~~~~ 
- Richard K. Lee, P.G., R. GP. 

President and Principal Geophysicist 

RKUjas 
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EXECUTIVE SUMMARY 

ARM Group Inc. performed a non-intrusive geophysical investigation at the Los 
Alamos National Laboratory (LANL), Materials Disposal Area C (MDA C) during April 

- 24 through 28th, 2006. The objectives of the investigation were to delineate the lateral 
extent of Pits 1 through 4 and locate anomalies that could be attributed to disposal 
shafts. To achieve these objectives, an integrated geophysical investigation was 
performed using high-sensitivity metal detector (EM61), cesium vapor magnetometer, 
terrain conductivity (EM31), and ground penetrating radar (GPR) geophysical 
techniques. 

The results from the four geophysical techniques used at this site are consistent in terms 
of the interpreted pit boundaries. Some lateral variations within interpreted pit - boundaries were observed, however these are explained by the heterogeneity of buried 
materials. The interpreted pit boundaries based on these data show a significant degree 
of variation with respect to historical information. Although the shapes and sizes of the - pits are consistent, the interpreted locations are offset as much as 25 feet from the 
historical data. 

The linear arrangement of anomalies along the western side of Pits 1 through 4 are 
attributed to the disposal shafts shown on historical drawings. The anomaly locations 
and historical data typically vary by less than 3 feet. The shafts located between Pits 1 - and 3, as shown in historical drawings, were not observed in the geophysical data. 
EM61 data were acquired in orthogonal directions and a more detailed line spacing to 
increase data density and therefore at lateral resolution in this area. In spite of these 
efforts, these data showed no evidence of the shafts. If the shafts still exist, they were 
not observed either because they contain very little metal or they are too deep (greater 
than 15 approximately feet) to be detected. 

-

-

-




TABLE OF CONTENTS 


1.0 Introduction and Scope ................................................................................................... 1 


2.0 Methodology..................................................................................................................... 2 


2.1. Geodetic Positioning .................................................................................................... 2 


2.2. High-sensitivity Metal Detector ................................................................................. 2 


2.3. Cesium Vapor Magnetometer .................................................................................... 2 


2.4. Terrain Conductivity ................................................................................................... 3 


2.5. Ground Penetrating Radar (GPR) .............................................................................. 3 


3.0 Results and Discussion.................................................................................................... 5 


3.1. High Sensitivity Metal Detector (EM61) Survey ..................................................... 5 


3.2. Cesium Vapor Magnetometer .................................................................................... 6 


3.3. Terrain Conductivity (EM31) ..................................................................................... 6 


3.4. Ground Penetrating radar (GPR) ............................................................................... 7 


4.0 Conclusions ........................................................................................................................ 9 


-
-

List of Figures 


Figure 1 - MDA C survey area location map 


Figure 2 -EM61 anomaly map 


Figure 3 - Enlargement of EM61 map showing interpreted locations of shafts 


Figure 4 - Plan map of the EM61 data acquired along suspected shaft locations 


Figure 5 - Plan map of magnetic data 


Figure 6 - Plan map of terrain conductivity (EM31) data 


Figure 7 - GPR profile of Line 60 


-




.... 

1.0 INTRODUCTION AND SCOPE - ARM Group Inc. performed a non-intrusive geophysical investigation at the Los 
Alamos National Laboratory (LANL), Materials Disposal Area C (MDA C) during 
April 24 through 28th, 2006. MDA C was used to dispose uncontaminated classified 
materials, inorganic chemicals, hazardous chemicals, and radionuclides from 1948 to 
1974. MDA C comprises 11.8 fenced acres where 7 pits and 108 shafts were excavated 
into the overlying soil and tuff. After each pit or shaft was filled to capacity with waste, 
it was backfilled to ground level with crushed tuff. In 1984, most of MDA C was 
covered with crushed tuff and topsoil and seeded with grass. -
The objectives of the investigation were to delineate the lateral extent of Pits 1 through 4 
and locate anomalies that could be attributed to disposal shafts. To achieve these - objectives, an integrated geophysical investigation was performed using high­
sensitivity metal detector (EM61), cesium vapor magnetometer, terrain conductivity 
(EM31), and ground penetrating radar (GPR) geophysical techniques. Figure 1 presents ..... 
a base map showing the location of Pits 1 through 4 and disposal shafts based on 
historical data. 

- This report details the methods of the investigation in Section 2. A discussion of the 
results is presented in Section 3. Finally, the conclusions of the investigation can be 
found in Section 4. 

--
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2.0 METHODOLOGY 

2.1. GEODETIC POSITIONING 

All geophysical instruments were integrated with a differential global positioning 
system (GPS) to allow real-time navigation along planned survey routes, to provide 
accurate location of geophysical measurements, to eliminate the need to establish a local 
reference grid, and to allow direct data integration with LANL's geographic 
information system (GIS). The geographic positions of all measurement points were 
acquired at 1-s intervals as the geophysical data were collected. The data were acquired 
using a differential system, which allowed accurate positioning with real-time accuracy 
of less than 1 meter. All geographic data are presented in New Mexico State Plane 
Coordinate System, North American Datum 1983, Central Zone, US survey feet. 

2.2. HIGH-SENSITIVITY METAL DETECTOR (EM61) 

Buried metal objects can be effectively located using a Geonics EM61-MK2 High­
Sensitivity Metal Detector. The EM61 is a time domain electromagnetic (EM) system 
that can discriminate between conductive soils and metal objects. It has numerous 
advantages over other commonly used metal detection devices. For example, it is 
significantly less sensitive to cultural interference. 

The EM61 generates rapid electromagnetic pulses and measures the subsurface 
response between pulses. Secondary EM fields are generated in the ground after each 
pulse. These fields dissipate rapidly in earth materials but remain for a longer time in 
buried metal objects. The EM61 measures the prolonged metal response only after the 
earth response has dissipated. This response is measured and displayed in millivolts 
(mV). 

For this investigation, data were collected at less than 2-ft intervals along lines spaced 
approximately 10-ft apart. Higher resolution coverage was completed in selected areas 
using a 5-ft line spacing. Line and station separation sometimes varied depending upon 
surface obstructions. Geodetic coordinates were recorded at 1-s intervals using an 
integrated GPS so each measurement point could be accurately located. 

2.3. CESIUM VAPOR MAGNETOMETER 

A magnetometer measures the intensity of the earth's magnetic field. The intensity of 
the earth's local field is affected by the presence of ferromagnetic materials such as iron 
and steel. Buried metal objects are detected by measuring the lateral changes in the 
intensity of the local field. A single buried drum can be detected at depths as great as 
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20 ft. Groups of drums can be detected at distances of 60 ft or more. 

For this investigation, the magnetic data were collected using a Geometrics G-858G 
Cesium Magnetic Gradiometer. Both total field and magnetic gradient measurements 
were collected at less than 6-inch intervals along lines spaced approximately 10-ft apart. 
Higher resolution coverage was completed in selected target areas using a 5-ft line 
spacing. A continuous-recording base station using a second G-858G was established to 
measure background values and correct for errors caused by natural variations in the 
earth's magnetic field. All data were digitally recorded in the magnetometer for 
subsequent processing on computer. 

2.4. TERRAIN CONDUCTIVITY 

The EM31 method uses the principle of electromagnetic induction to measure the 
electrical conductivity of the ground. Lateral changes in terrain conductivity can 
indicate the presence of disturbed ground, disposal areas, buried metallic and non­
metallic waste, and impacted ground water. In addition, the method is also useful in 
detecting linear metal objects such as utilities. 

A Geonics EM31-MK2 was used to conduct the survey. The EM31 operates in 
accordance with the theory of operation at low induction numbers. An alternating 
current is passed through a transmitter coil to induce eddy currents into the ground 
below the instrument. These eddy currents generate a secondary magnetic field. The 
quadrature-phase component of the induced secondary magnetic field is detected by a 
receiver coil and measured by the instrument. The measured response is linearly 
related to the terrain conductivity. The instrument converts the measured signal and 
displays it as terrain conductivity in millisiemens per meter (mS/m). 

For this investigation, EM31 data were recorded approximately at 2-ft intervals along 
lines spaced approximately 10-ft apart. Higher resolution coverage was completed in 
selected target areas using a 5-ft line spacing. Line and station separation sometimes 
varied depending upon surface obstructions such as the presence of cultural 
interference, buildings, and dense vegetation. Geodetic coordinates were recorded at 1­
s intervals using an integrated GPS. A base station free from cultural interference such 
as aboveground metal objects and overhead power lines was occupied at the beginning 
and end of each survey day to calibrate the instrument and perform system functional 
tests. During these tests, battery, phasing, and sensitivity checks were performed. 

2.5. GROUND PENETRATING RADAR (GPR) 

The GPR technique uses the transmission and reflection of radio waves to image objects 
beneath the ground surface. The technique responds to changes in the electrical 
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properties of the earth or buried materials. A GPR target must possess electrical 
characteristics that are different from the surrounding media in order to be detected. 
When the transmitted wave encounters an anomalous object or layer, the wave is 
reflected back to the surface where it is recorded and analyzed. The waves are 
transmitted rapidly such that a continuous subsurface image is generated as the 
transmitter is pulled along the ground surface. 

The GPR survey was performed using a digital SIR-3000 Subsurface Interface Radar - System, manufactured by Geophysical Survey Systems, Inc. Following initial field tests 
to determine maximum penetration and sufficient resolution, a 200 MHz transducer 
was chosen to perform the detailed survey. Data were digitally recorded, displayed, 

.,," 	

and analyzed during acquisition to allow real-time interpretation. Line locations were 
chosen based on historical locations of target features such as pits and shafts. 

In-field signal velocity calculations and depth calibrations were performed by recording 
two-way signal travel times over objects with known depths. In addition, hyperbolic 
fitting was performed by computer to calculate signal travel time and more accurately 
estimate target depths. 
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3.0 RESULTS AND DISCUSSION 

3.1. HIGH SENSITIVITY METAL DETECTOR (EM61) SURVEY 

Figure 2 presents a plan map of the EM61 data. This map represents the lateral 
variations in the instrument's response to metal objects. Theoretically, if no metal 
objects were present, the instrument reading would be zero. The amplitude of any 
anomaly is a function of the distance (depth) to the object and the amount of metal 
present. Several data channels are recorded at each measurement point in millivolts 
(mV). The presence of buried metal will produce elevated responses from background. 

The data set presented in Figure 2 was processed using the data from the top receiver 
coil on EM61 and represents 34,216 measurement locations along a total line distance of 
3.2 miles. East-west trending anomalies are observed over the survey area. The 
elevated response and anomaly character suggest the presence of buried metal 
materials. The location of these rectangular highs is generally coincident with the 
former pit locations as shown in historical documents. For this reason and because of 
the good correlation with the historical data, these anomalies are interpreted as Pit 
Number 1 through 4. The interpreted boundary of these pits, based on the EM61 data, 
is shown in Figure 2. 

The lateral variations within the interpreted pit boundaries are likely due to variations 
in the quantity or size of metallic objects. For example, relatively consistent 
measurements are observed within Pits 1 and 4. However, the response observed in 
eastern and western portions of Pits 3 are quite different. These variations suggest a 
greater quantity of metal exists on the west side of this pit than on the east. 

A north-south linear arrangement of small discrete anomalies is observed along the 
western side of Pits 1. through 4. An enlargement of this area is shown in Figure 3. The 
documented location of the shafts based on historical information is superimposed on 
the EM61 data. The interpreted locations of the shafts based on the EM61 is also shown. 
The discrepancy between the two data sources is approximately 3 feet. 

A thin linear anomaly is located approximately 10 feet north of Pit 4. The anomaly is 
parallel to the interpreted northern pit boundary. It is attributed to a water line that is 
shown on LASL drawing ENG- R-4459. Finally, discrete anomalies were also produced 
by the presence of steel casing at the monitoring well locations shown on Figure 2. 

Figure 4 shows additional EM61 data that were collected along the suspected locations 
of the shafts located between Pits 1 and 3. These data were acquired in an east - west 
direction and at a closer line spacing to increase the lateral resolution. The EM61 line 
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locations were based on wooden survey stakes that were surveyed by others to mark 
the center of the shaft locations. The EM61 data show no anomalies that can be 
confidently attributed to the shafts suspected at this location. 

3.2. CESIUM VAPOR MAGNETOMETER 

Anomalies produced by discrete buried metal objects typically produce a dipole 
anomaly that has both a positive and negative component. The location of the metal 
object is often between the two poles, in the area of highest magnetic gradient, although 
the true position is a function of the object's shape, orientation, permanent magnetism, 
and distance and direction from the sensor. For this reason, the location of the buried 
metal objects can be difficult to visualize. 

For this investigation, the magnetic data were processed to simplify typically complex 
anomaly shapes. The resulting data more clearly represents the true positions of buried 
metal objects. This vertical derivative data are presented in Figure 5. 

The data set in Figure 5 represents the processed results from 67,046 measurements 
collected along a total line distance of 3.1 miles. The general character of the anomalies 
observed in the magnetic data is similar to those in the EM61 data. Likewise, the 
interpreted pit boundaries are consistent in both data sets. However, the magnetic data 
shows more detail in the anomaly configuration. Linear groups of anomalies are 
observed within each pit near the north and south pit boundaries. These linear groups 
can be seen more clearly in Pits 2 and 3. This arrangement suggests that certain types of 
buried metal objects may have been grouped together and placed along the northern or 
southern walls of the pits in certain locations. 

3.3. TERRAIN CONDUCTIVITY (EM31) 

Terrain conductivity (EM31) data are commonly used to map the lateral changes in 
electrical conductivity that can indicate the presence of disturbed ground and both 
metallic and nonmetallic buried waste. The character of EM anomalies can be complex 
when produced by buried metal objects. Anomalies can be positive, negative, or both 
depending upon the depth, location, and orientation of the object with respect to the 
instrument orientation. If sufficient lateral resolution is achieved, shallow anomalies 
caused by large metal objects typically produce a negative anomaly directly over the 
object that is surrounded by a "haloll of elevated conductivity. 

The results of the terrain conductivity survey are presented in Figure 6. This map was 
constructed using the quadrature-phase component recorded at 32,099 locations along a 
total line distance of 3.1 miles. 
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East-west trending anomalies observed in the EM61 and magnetic data are also 
observed in the terrain conductivity data. Similarly, the interpreted pit boundaries are 
also consistent. One variation exists in the apparent boundaries of Pit 3 observed in the 
terrain conductivity data. The anomalies near the center of Pit 3 are shifted to the north 
by approximately 10 feet. This apparent shift may be due to the greater influence from 
metal objects located along the northern portion of Pit 3 in that vicinity. In addition, 
metal objects between Pits 2 and 3 are observed in the EM61 data, which may account 
for the shift. The EM61 data suggest the metal objects located between Pits 2 and 3 are 
shallow, although it is inconclusive whether these objects are on top of a wall between 
these pits or whether there is no wall at this location. The CPR data (discussed below) 
show lateral changes that suggest the two pits are discrete, but it cannot confirm the 
presence or absence of undisturbed materials between the pits. 

3.4. GROUND PENETRATING RADAR (GPR) 

The CPR technique responds to changes in the electrical properties of the earth or buried 
materials. A CPR target must possess electrical characteristics that are different from 
the surrounding media in order to be detected. In this investigation, significant 
electrical contrasts exist between many types of buried waste and the cover materials 
and bedrock. Poor electrical contrasts exist between the crushed tuff cover materials 
and tuff bedrock. Nevertheless, the base of the cover materials was interpreted along 
most lines. In some areas, structures beneath this interface and objects within the pits 
were observed as well. 

CPR data acquisition involves measuring the travel time of a reflected electromagnetic 
pulse from the subsurface target. The travel time can vary depending upon the 
electrical characteristics of the subsurface materials through which the pulse travels. 
The travel time is usually converted to depth to produce meaningful results. This time­
to-depth conversion is accomplished in several ways. Most often, the conversion is 
made using published travel time data for the appropriate sediment or rock types. For 
this investigation, the conversions were made using "ground truth" information (Le., 
drilling logs) from the site and by hyperbolic fitting of point source reflections. This 
site-specific information usually results in more accurate depth calculations. 

CPR data were acquired continuously along 37 lines, resulting in 3,265 feet of detailed 
coverage. The interpreted CPR profiles are presented in Attachment A. The following 
generalities are made: 

• 	 Strong reflection events are observed at interfaces between electrically contrasting 
layers. The first major change in electrical properties between layers is assumed to 
be at the interface between cover materials and buried waste. 

-7­



-~ 

• 	 The first significant reflection event is laterally extensive, which is assumed the case 
for the cover materials as well. 

• 	 Within each pit, the interface is overlain by a laterally homogeneous layer with faint 
chaotic reflections. Cover or fill materials often produce chaotic reflections due to its 
physical character. This material would likely be differentiated from buried waste 
by weaker reflections and greater homogeneity. 

• 	 Weak or nonexist:ent reflections are observed at the interface between the crushed 
tuff cover materials and tuff bedrock due to the similarity in electrical properties. 

Figure 7 presents an example GPR profile collected over Pits 1 and 3. Strong reflections 
were observed throughout Pit 1. The differences in responses between Pits 1 and 3 are 
due to the electrical properties of the buried materials within the pits. The high 
amplitude reflections from Pit 1 suggests the presence of more metallic objects. This 
interpretation is corroborated by the EM and magnetic data. Figure 8 presents another 
example radar profile collected over Pits 1 and 3 to illustrate the lateral correlation. The 
pit boundaries were interpreted from each profile to produce a plan map showing the 
lateral configuration of the pit boundaries based on the GPR data. This plan map is 
shown in Figure 9. All interpreted GPR profiles are provided in Appendix A for 
reference. 
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4.0 CONCLUSIONS 

Each technique used in this investigation measures different physical properties of the 
subsurface. The results from the four geophysical techniques used at this site are 
consistent in terms of the interpreted pit boundaries. Some lateral variations within 
interpreted pit boundaries were observed, however these are explained by the 
heterogeneity of buried materials. The interpreted pit boundaries based on these data 
show a significant degree of variation with respect to historical information. Although 
the shapes and sizes of the pits are consistent, the interpreted locations are offset as 
much as 25 feet from the-historical data. A comparison between the interpreted 
locations and the historical data is shown in Figure 10. 

It is assumed that th.~ pits are separated by walls of intact tuff bedrock. However, the 
geophysical techniques used in this investigation cannot confirm this assumption since 
both tuff bedrock and crushed tuff fill materials may produce similar responses. In 
general, the data suggest the buried waste materials are contained within the 
rectangular shapes of the interpreted pit boundaries. However, anomalies attributed to 
small amounts of metallic debris were observed between interpreted pit boundaries and 
are assumed to be contained within the cover materials. 

The linear arrangement of anomalies along the western side of Pits 1 through 4 are 
attributed to the disposal shafts shown on historical drawings. The anomaly locations 
and historical data typically vary by less than 3 feet. The shafts located between Pits 1 
and those that are shown in historical drawing were not observed in the geophysical 
data. EM61 data were acquired in orthogonal directions and detailed line spacing to -
increase data density and therefore lateral resolution. These data showed no evidence 
of the shafts. If these shafts still exist, they were not observed either because they 

-- contain very little metal or they are too deep (greater than 15 approximately feet) to be 
detected. 

Since these data may be used to locate exploratory borings near potentially hazardous 
materials, it is important to recognize that geophysical methods are indirect techniques. 
The correlation of geophysical responses with probable subsurface features is based on 
inferences made from the physical properties of buried materials. These physical 
properties are usually not definitive in terms of identification of the material or object 
and some ambiguities in interpretation may exist. 
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