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1. INTRODUCTION 

The Mound Plant, located in ~~iamisburg, Ohio, is operated by EG&G Mound Applied Technologies for the 

U.S. Department of Energy (DOE). Mound Plant was placed on the Comprehensive Environmental 

Response, Compensation, and Liability Act (CERCLA-also known as Superfund) National Priorities List 

(NPL) on November 21, 1989 (54 Federal Register 48184). Pursuant to its NPL status, DOE signed a 

CERCLA Section 120 Agreement with the U.S. Environmental Protection Agency (EPA) on August 6, 1990. 

A similar agreement Is currently (November 1990) in negotiation between DOE and the Ohio EPA. 

In order to better manage the remedial investigation/feasibility study (RifFS), the DOE has divided 

approximately 100 potential release sites into eight operable units. Three of these operable units are the 

Seeps (Operable Unit 2), the Miscellaneous Sites (Operable Unit 3), and the Radioactively Contaminated 

Soils (Operable Unit 5), which together Include four potential release sites at which disposal of ferrous 

metal wastes was suspected. The terms of its Federal Facility Agreement require the DOE to submit work 

plans to the EPA as part of an RI/FS. This reconnaissance geophysical survey has been completed in 

order to support appropriate sampling and analysis at Operable Units 2, 3, and 5. 

Magnetic surveys were performed at potential release sites where disposal of ferrous waste was probable. 

The magnetic surveys were performed from September 20 to 24, 1990. Figure 1 shows the four areas 

included In the survey: Area 2, Area 6, Area 7, and Area C. Each area was surveyed using a Gem Model 

GSM-19 proton precession magnetometerjgradiometer for field measurements, and an additional GSM-19 

to provide simultaneous base station readings. Clocks on the two Instruments were synchronized to take 

discrete measurements at the same moment. In this way the diurnal (daily) variations in the earth's 

magnetic field were automatically removed from the data when the magnetometers were electronically 

linked at the end of each field day. All four areas were surveyed on a 5-ft-by-5-ft grid based on magnetic 

north, with simultaneous total magnetic field and magnetic vertical gradient measurements taken at each 

grid location. The magnetic investigations in the four grldded areas were completed using floating grid 

systems, and are described In relation to these systems, but were later surveyed and tied to Mound Plant 

coordinates. 

Area 2 is located at the intersection of the south and west boundary roads (Figure 1) and extends over part 

of the site sanitary landfill. The purpose of the magnetic survey in this area was to locate a concentration of 

approximately 2500 crushed empty thorium drums under the clay berm to the south of the landfill. 

Information on the location of the buried drums, determined from the magnetic survey, will be used to 

design boring and sampling programs in this area. 
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Area 6 is located on the east extension of the visitors parking area (Figure 1 ). The purpose of the magnetic 

survey in this area was to locate relatively small targets such as Individual buried drums. A steel fence 

surrounding the parking lot and pow13r lines traversing the area created cultural Interference that limited 

resolution of buried targets in soma parts of this area. The locations of buried ferrous materials, 

determined from the magnetic surve~·. will be considered in designing boring and sampling programs in 

this area. 

Area 7 Is located In the main parking lot to the east of Building 98 (Figure 1). The purpose of the magnetic 

survey In this area was to locate a buried flatbed truck; 2,500 crushed, empty thorium drums; and other 

debris beneath the parking lot. Cultural interference was only a problem along the perimeter of this area. 

Information on the location of buried ferrous materials beneath the parking lot, determined from the 

magnetic survey, will be used to design boring and sampling programs. 

Area C 

Area C Is located on the northeast side of the overflow pond (Figure 1) and occupies an area where 

ground-penetrating radar (GPR) survelys were performed In 1987 and 1988. An interactive comparison of 

magnetometer and GPR data will be used to determine the location of test pits in this area. The survey In 

this area was designed to locate relatively small discrete burled targets such as Individual 55-gallon drums. 

Cultural Interference was only a probletm on the western and northwestern perimeters of this area. 

2. THEORETICJ~L FOUNDATIONS OF MAGNETIC METHODS 

Magnetic anomalies occur because' of remanent and Induced magnetization of ferrous materials. 

Remanent magnetization Is permanen1t and depends on the thermal, mechanical, and magnetic history of a 

material. The earth's ambient magnetic field does not affect remanent magnetism once it has been 

established. Induced magnetization refers to the ability of a material to act as a magnet (dipole) in the 

presence of an ambient magnetic field. The ability of a material to enhance the ambient magnetic field is 

termed Its magnetic susceptibility. The sum of the remanent and induced magnetization is measured by a 

magnetometer jgradiometer. This instrument measures the intensity and the vertical gradient of the total 

magnetic field. 
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Ferromagnetic materials (such as steel and iron) are detected by magnetometer surveys because they 

have magnetic susceptibilities that are several orders of magnitude higher than the magnetic 

susceptibilities of common earth materials. Steel and iron objects also may have a very high remanent 

magnetization that affects the shape and intensity of magnetic anomalies measured by the magnetometer. 

Magnetic methods will not, however, detect the presence of nonferrous targets such as aluminum, brass, 

copper, and most types of stainless steel. 

Total field measurements may integrate a collection of closely spaced objects into one anomaly. Vertical 

gradient measurements provide higher resolution of discrete objects, but do not provide as great a depth 

of detection as total field measurements. Because of these different characteristics, both types of 

measurements were taken at Mound Plant. 

Total field measurements must be corrected for diurnal (daily) variations In the earth's magnetic field and 

for magnetic storms. To accomplish this, the field magnetometer and the time-synchronized base station 

magnetometer were electronically linked at the end of each field day to remove variations in the ambient 

magnetic field from the measurements. 

Vertical gradient measurements do not require information from a base station because they are solely 

based on the difference between magnetic field values measured at two different heights at the same 

moment. The difference between the two measured values is independent of the absolute strength of the 

magnetic field. Magnetometer readings were taken at two heights throughout the survey, so that total field 

values and vertical gradient values could be established at each measurement station on the grid. 

3. FIELD OAJOC PROTOCOLS 

A number of field data checks were performed In order to ensure the quality and accuracy of the 

geophysical data. Measurements were taken with the field magnetometer at a fixed base station at the 

beginning and end of each field day. Measurements at the beginning and end of the day were compared 

to ensure the accuracy and consistency of instrument readings. In addition, field magnetometer readings 

were taken every 90 degrees over a 360-degree sweep at the base station to ensure that little variation 

occurred with changes in sensor orientation. Field magnetometer measurements at the base station were 

also compared with dedicated base station readings at the beginning and end of each field day. 

At the beginning and end of each traverse, line readings were recorded In a field log book and later 

compared with readings on the data logging system to ensure that there were no errors in recorded data. 

Along each traverse, readings were periodically monitored by the instrument operator to make sure that 

data were being recorded and to observe readings on a real-time basis. Care was taken to ensure the 
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same sensor orientation with respect to north/south alignment for each measurement taken on the grid. 

The magnetometer and gradlometer data were electronically recorded In the field and downloaded to a 

personal computer at the end of each field day. Data were then configured and plotted in map view. In this 

way, the results of the survey were monitored on a dally basis as data were acquired. The data were 

plotted dally to reveal locations of anomalous zones during data acquisition, to preclude the possibility of 

returning from the field with invalid data points or an incomplete data set, and to provide information to 

determine if data gaps should be filled. A complete set of maps showing numeric values and locations for 

each type of reading was generated at the end of the field effort. The quantitative readings displayed on 

these maps were used In the interpretation of all data. 

4. RESULTS OF MAGNETIC SURVEYS 

Magnetic data for each of the four areas were interpreted in conjunction with detailed field maps of cultural 

features that contain ferrous metal. These features include buried utilities, monitoring wells, fences, 

structural steel in buildings and equipment, and overhead power lines. In this way anomalies related to 

cultural features were defined and delineated in the interpretive anomaly maps. Anomalies included in 

Interpretive maps are all related to buried ferrous metal objects. These include anomalies that are 

interpreted to represent buried wastes and anomalies that represent buried utilities. 

4.1. RESULTS IN AREA 2 

Figure 2 is a color postings plot derived from the total field measurements in Area 2, with an overlay 

showing cultural features. The values presented are the residual magnetic field, which is defined as the 

difference between the field magnetometer reading and the synchronized base station reading at each 

point. Positive residual values indicate that the field magnetometer total field reading was higher than the 

base station magnetometer total field reading taken at the same moment. In this way, data are presented 

as variance from background (zero residual field), as opposed to variation In total magnetic field values. 

Color ranges in Figure 2 are designed to optimize resolution of the burled thorium drums beneath the berm 

on the south side of the site sanitary landfill. The drums are located beneath the area of red on the figure 

and may extend beneath the orange portion to some degree. The negative anomaly located to the north of 

the target Is dampened by the fact that the readings extend up a steep hill (berm) to the north. Because of 

the elevation change, the sensor is positioned further from the target as the readings progress northward 

up the berm. Readings across the main body of the landfill Indicate, as expected, the presence of buried 

ferrous debris. However, ranges for the color plot were set to optimize resolution of the large cache of 

thorium drums and not to optimize resolution of miscellaneous ferrous debris contained in the landfill. 
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Figure 3 is a color postings map derived from magnetic vertical gradient readings in Area 2, with a cultural 

features overfay. The anomaly related to the large cache of crushed thorium drums is not as areally 

extensive as the residual magnetic field anomaly. This is because the higher resolution of gradient 

readings more sharply defines the lateral boundaries of buried targets. 

A linear anomaly is present in the magnetic vertical gradient plot (Figure 3) at approximately 180 east and 

trends north-south across the entire survey area. This feature Is also evident to a lesser degree in the 

residual magnetic field plot (Figure 2). The anomaly is probably related to a buried, ferrous feature such as 

a storm drain. However, site utility maps did not confirm the presence of such a feature. Another north· 

south oriented linear feature detected in the southern portion of Area 2 at 135 east is related to a buried 16-

inch steel culvert, as shown on the cultural feature overfay maps (Figures 2 and 3). 

Figures 4 and 5 are profiles of residual magnetic field values and magnetic vertical gradient values, 

respectively, for measurements along line 470 east In Area 2. The anomaly related to the buried thorium 

drums is present In the southern portion of both profiles. The anomaly is wider in the residual magnetic 

field profile than in the magnetic vertical gradient profile, as predicted by theory. The negative anomaly to 

the north of the drums is dampened in both profiles because of topography. Readings from approximately 

240 north to 350 north are within the background range for both plots. 

Figure 6 Is an Interpretive map of magnetic anomalies in Area 2. The large anomalous zone in the south­

central portion of the figure is interpreted to represent the burial site for the crushed thorium drums. The 

burial site has approximate dimensions of 30 ft x 65 ft, for an areal coverage of 1,950 sq ft. 

The linear feature shown on Figure 6 is interpreted to represent a ferrous utility such as a cable or pipe that 

is not reported on Mound Plant utility maps. The interpretive map does not include anomalies that are 

related to surface cultural features identified in the field. 

4.2. RESULTS IN AREA 6 

Figure 7 is a color postings plot derived from residual magnetic field readings in Area 6, with an overtay 

showing cultural features. The survey in this area was designed to define the smallest anomalies that could 

be positively identified given site conditions. Because of interference from ferrous features on the surface 

and overhead power lines, the background range for residual field values was set at -200 to +200 

nanoteslas (nT). The range of background values is larger than normally used for magnetic surveys 

designed to detect small targets. This high level of background noise was expected in Area 6. Readings 

that fell outside the assigned background range are considered to be anomalous and may be related to 

burled ferrous objects or cultural interference from surface features. 
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Figure 8 Is a color postings plot derivted from the magnetic vertical gradient measurements in Area 2, with 

an overlay of cultural features. The background range selected for this data set Is -75 to + 75 nanoteslas 

per meter (nT / m). This figure defintes several small anomalous zones that were not identified by the 

residual magnetic field data. In addition, a linear anomaly related to the overhead power lines Is evident in 

this figure. 

Figure 9 Is an Interpretive map of mag netic anomalies in Area 6. A relatively large anomaly exists between 

approximately 490 and 525 east and between 480 and 525 north. This anomaly Is Interpreted to be related 

to burled ferrous materials beneath the parking lot. Eight additional small anomalies are present 

throughout the area that are interpreted to represent burled ferrous objects. The Interpretive map does not 

Include anomalies that are related to surface cultural features Identified In the field. The locations of the 

centers of the eight areas and the approximate areal coverage of the anomalous zones are listed in Table 

1. 

4.3. RESULTS IN AREA 7 

Figure 10 is a color postings plot der~ved from residual magnetic field data in Area 7, including a cultural 

map overlay. The objective of the magnetic survey in this area was to locate a buried flatbed truck; 2,500 

crushed, empty thorium drums; and other ferrous debris. The data ranges for the color plot were set to 

optimize resolution of the large anomaly in the north-central portion of the parking lot. This anomaly is 

related to a large amount of buried ferrous metal and is interpreted to define the location of the buried 

truck, thorium drums, and other ferrous debris. The buried debris Is identified by positive anomalous 

readings to the south of the target and directly over it and negative anomalous readings on the north side 

of the target. This is the typical signature of a randomly oriented collection of ferrous metal objects In the 

presence of the earth's (ambient) magnetic field. In addition to this large anomaly, the survey also 

Identified a linear anomaly that lnters13cts a manhole cover in the parking lot. This feature is related to a 

storm drain that was identified on site !Utility maps (see overlay). 

Figure 11 is a color postings plot that was derived from magnetic vertical gradient readings in Area 7, 

including a cultural map overlay. A pattern similar to the one present in the residual field data set is evident 

in the north-central portion of the parl<ing lot, with positive anomalous readings to the south and negative 

anomalous readings to the north of the target. The anomaly related to the buried debris is not as areally 

extensive as the anomaly on the residlual magnetic field plot because of the higher resolution of magnetic 

vertical gradient readings. In addition, the drain pipe running beneath the parking lot is more clearly 

Identified on the magnetic vertical gradient plot. 

Figure 12 and 13 are profiles of resid1ual magnetic field readings and magnetic vertical gradient readings, 

respectively, for measurements alon!g line 470 east in Area 7. Both profiles show the drain pipe at 
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Table 1. Locations of Magnetic Anomalies in Area 6 That May Represent Buried Waste 

Locations o~ Center 
Point of Anomalies 

Coordinates Based on 
the Geophysical Grida 

North East 

500 510 

485 470 

575 532 

582 495 

527 465 

590 415 

630 485 

627 570 

Approximate Areal 
Coverage of Anomaly 

(tt2) 

2,500 

100 

300 

150 

50 

150 

75 

100 

aGeophysical grid coordinates are shown on Figure 9. 
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approximately 550 north. However. the anomaly related to the drain pipe is narrower and more distinct on 

the magnetic vertical gradient profile. Both plots also show the large zone of anomalous readings related 

to the burled truck, drums. and debris. Again, this anomaly is narrower and more distinct on the magnetic 

vertical gradient plot. The residual magnetic field curve is smoother than the magnetic vertical gradient 

curve. also Indicating the higher resolution of magnetic vertical gradient measurements for discrete 

objects. The negative readings at the extreme northern end of the profiles are related to ferrous metal 

objects on the surface In this area. 

Figure 14 Is an Interpretive map of magnetic anomalies In Area 7. The linear feature running southwest­

northeast Is a storm drain that was identified on site utilities maps. The large anomalous zone in the north­

central portion of the figure is interpreted to be related to the buried flatbed truck. thorium drums, and other 

ferrous debris. The burial site has approximate dimensions of 35 ft by 80 ft for areal coverage of 2800 sq ft. 

No other anomalies were identified in Area 7 that were not related to surface cultural features. 

4.4. RESULTS IN AREA C 

Figure 15 is a color plot derived from residual magnetic field data In Area C. Including an overlay map of 

cultural features. The objective of the survey In this area was to Identify any buried ferrous targets and 

relate them to point reflectors identified by the GPR surveys in 1987 and 1988. With the exception of the 

northwest corner of this area. there was lit11e cultural interference. For this reason. the range of 

background values, -100 to 100 nT, is narrower than the background range for Area 6. 

An anomaly is present In the southern portion of the figure at approximately 210 east, 120 north. The 

anomaly is characterized by a cluster of six readings greater than 300 nT, with a cluster of readings less 

than -300 nT to the northwest. The fact that the negative region of the anomaly Is not directly north of the 

positive region may Indicate Influence of remanent magnetization of the burled ferrous object. Based on 

this information, it appears that this anomaly is related to a discrete, relatively large object, as opposed to a 

cluster of randomly oriented ferrous debris. 

Aside from identifying this anomaly, the residual magnetic field plot Identifies a few small anomalies that do 

not appear to be related to surface cultural features. The plot also shows a general trend, with anomalous 

negative readings on the western perimeter of the area, related to site cultural features. Information on the 

total number of magnetic anomalies, their location, and their size Is presented in the discussion of the 

vertical gradient measurements. 
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Figure 16 shows a color postings plot derived from the magnetic vertical gradient data in Area C. Because 

there Is less cultural Interference in this area than in Area 6 and because target objectives were similar, the 

background values were set at the lowest reasonable range given site conditions: -30 to 30 nT fm. 

Eight discrete areas were identified where the vertical gradient measurements indicate the presence of 

burled ferrous material. The eight areas cannot be associated with site cultural information; therefore, the 

eight areas may represent burial sites for wastes that contain ferrous metal. The locations of the centers of 

the eight areas and the approximate areal coverage of the areas are listed in Table 2. The location of the 

eight areas are also shown on Figure 17. The anomalous area at approximately 210 east, 120 north in 

Figure 15 was also identified in the vertical gradient measurements (Figure 16) as displaying a magnetic 

signature associated with a single buried object with remanent magnetization. 

Two GPR surveys were performed in Area C in 1987 and 1988, using 120-MHz and 80-MHz antennas, 

respectively. A Geophysical Survey Systems, Inc .. System 8 instrument was used. This instrument is a 

short-pulse GPR system that transmits short pulses of electromagnetic energy into the subsurface and 

records reflected energy. The analog output of the GPR system provides a record of two-way travel time of 

the signal versus horizontal distance along a profile. 

Materials or objects with contrasting electrical properties (relative dielectric permitivities) provide reflective 

Interfaces for the electromagnetic signal. Discrete objects that provide reflection of energy appear as 

hyperbolas on GPR records, because the beam angle of the signal Is wide enough to reflect off of an object 

before and after the antenna is directly over it. The hyperbolas Identified on GPR records are termed point 

reflectors, and they indicate the presence of buried discrete objects that may or may not be made of metal. 

In addition to identifying discrete objects, the GPR system may be used to identify disturbed soils, depth to 

the water table, or stratigraphic horizons in the subsurface. The GPR survey in Area C identified a number 

of point reflectors and provided an estimate of the thickness of fill in the area; the survey indicated a 

maximum thickness of about 1 0 ft. 

Figure 17 is an interpretive map that includes magnetic anomalies not related to surface cultural features 

and point reflectors identified with the GPR system. Eight distinct anomalies were identified by the 

magnetic survey. Some of these are in close proximity to GPR point reflectors, while others are not. 

Conversely, a number of GPR point reflectors in the figure are not tied to magnetic anomalies. 

Point reflectors that are not related to magnetic anomalies probably represent buried, nonferrous objects. 

These objects could be made of metal other than steel or iron, or they may be made of nonmetallic 

materials with electrical properties that contrast surrounding earth materials. Magnetic anomalies that are 

not related to point reflectors on GPR records probably Indicate buried ferrous objects that are deeper than 
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Table 2. Locations of Magnetic Anomalies in Area C That May Represent Buried Waste 

Locations of Center 
Point of Anomalies 

Coordinates Based on 
the Geophysical Grid3 

North East 

95 123 

125 209 

167 235 

183 228 

202 160 

235 235 

245 247 

235 202 

Approximate Areal 
Coverage of Anomaly 

(tt2) 

140 

320 

180 

120 

180 

170 

140 

144 

3 Geophysical grid coordinates are shown on Figure 17. 
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the range of detection for the GPR, are too small to be resolved by the GPR signal, or are offset from the 

GPR profile lines. 

5. SUMMARY 

Magnetic surveys were performed in Area 2 and Area 7 to resolve specific targets, Including thorium drums 

and a flatbed truck. The objectives of the surveys In these areas were met, and the concentrations of 

ferrous debris were confirmed and located. Locations of the ferrous debris will be used to guide boring 

and sampling locations In both areas. 

The survey In Area 6 was designed to resolve objects as small as a discrete buried 55-gallon drum. 

Cultural Interference limited the resolution of buried ferrous metal to some degree, but several anomalous 

zones were Identified in the area that are related to buried ferrous objects. Results in Area 6 will be used to 

guide boring and sampling locations. The survey in Area C was also designed to resolve small targets, and 

cultural Interference was not as much of a problem in this area. The magnetic data acquired in Area C 

were Integrated with previously acquired GPR data and will be used as guidance in placing eight test pits. 
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Figure 4. Profile of residual magnetic field values in Area 2 along line 225 E. 
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DATE: J,\ N 8 1:)91 

U.S. DEPARTMENT OF ENERGY 
ALBUQUERQUE OPERATIONS OFFICE 

DAYTON AREA OFFICE 

REPLY TO 
ATIN OF 

SUBJECT. 

DAO:A~VI<: 5400.18 

Letter Rei;X>rt : 
November 1990 

memorandum 
Preliminary Results of Reconnaissance Magnetic SUrvey, 

TO: Richard Sena, Project Manager, ER, AL 

'Ibe Letter Rei;X>rt is an excellent first draft . Especially appreciated was 
the amount of interpretation of the results, something that is often 
missing in reJ;X>rts on geo-physical work. 'Ibe following minor corrunents 
should be incorporated, and the report can be issued to the regulators . 

1. Page 5, third paragraph, first and secorrl lines: '!his sentence 
refers to Figures 4 and 5 as relating to measurements along line 4 70 
east in Area 2. Figure 4 is titled and captioned accordingly. 
Figure 5 is captioned as line 470 east, but is t itled as 225 east. 
We believe all references in text and figures are truly along line 
225 east. In any case, resolve the discrepancy. 

2. Page 5, Section 4.2, first line: We believe Figure 7 refers to Area 
6 not Area 2 . 

3 . Page 11, Section 5 : It might be useful to include the "next step" 
for Areas 6 and C. For example, this section speaks of using the 
results to guide boring and sarrpling for Area 7. Similar statements 
of the usefulness of this data would help the reader remember the 
conclusion. 

If you have any questions, feel free to contact Art Kleinrath on 
FIS 774- 3597. 
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