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Preface 

A geophysical investigation was conducted at the U.S. Army Materials 
Ted!nology Laboratory, Watertown, Massachusettes, by personnel of the 
Geotedmical Laboratory (GL), U.S. Army Engineer WaterWays Experiment 
Station (WES), between 1 and 4 October 1992. The investigation was con
ducted for the U.S. Army Environmental Center (AEC), Aberdeen Proving 
Ground, Maryland. The AEC Technical Monitors were Ms. Phyllis Breland 
and Mr. Mark Mahoney. Mr. William Nelson (AEC) was project geologist. 

This report was prepared by Mr. Jo~ L. Uopis and Dr. Janet E. Simms, 
Earthquake Engineering and Geosciences Division (EEGD). The work was 
performed under the direct supervision of Mr. Joseph R. Curro, Jr., Chief, 
Engineering Geophysics Branch. The work was performed under the general 
supervision of Drs. A. G. Franklin, Chief, EEGD, and William F. 
Marcuson m, Director, GL. Field work and data analysis were performed by 
Mr. Jo~ L. Uopis and Dr. Janet E. Simms. Mr. William Megehee, EEGD, 
assisted in drafting and preparing the report figures. 

At the time of publication of this report, Director of WES was 
Dr. Robert W. Whalin. Commander was COL Bruce K. Howard, EN. 



Conversion Factors, 
Non-SI to Sl Units of 
Measurement 

Non-SI units of measurement used in this report can be converted to SI units 
as follows: 

Multiply By To ObUin 

ecree 4,048.873 equare metere 

feet 0 .3048 metere 

g.-nme 1.0 nenoteela 

milet (U.S . atatute) 1.609347 kllometera 

mile• per hour 1.809347 kllometere per hour 

mllllmhot per foot 3:28 millimhot per meter 

millimho• per foot 3 .28 milliSiemena per meter 

v 



1 Introduction 

Background 

The U.S. Army Materials Technology Laboratory (MTL) is located on 
36.5 acres of land on the north bank of the Charles River in Watenown, MA, 
approximately 5 miles west of Boston (Figure 1). The facility was established 
in 1816 by President James Madison and was originally used for the storage, 
cleaning, repair, and issue of small arms and ordnance supplies. During the 
1800's the mission was expanded to include ammunition and pyrotechnics pro
duction; materials testing and experimentation with paint, lubricants, and car
tridges; and manufacaue of breech-loading steel guns and cartridges for field 
and siege guns. Arms manufacauing continued at the facility until operational 
phasedown was initiated in 1967. In 1960, the Army's first materials research 
reactor was completed at M1L, which was used actively in molecular and 
atomic strucaue research activities unti11970, when it was deactivated. 

In December of 1989, the Secretary of Defense's ad hoc Commission on 
Base Realignment and Closure issued its final report that included a recom
mendation, subsequently approved by Congress, for the closure of 81 Depart· 
ment of Defense installations, including MU. The M1L closure program is 
being supervised by the U.S. Army Environmental Center (AEC). 

Both the research reactor and the facilities that handled depleted uranium 
(DU) were associated with the storage, testing and harvUing of radioactive 
materials. The purpose of the geophysical investigation was to characterize 
those sites not previously studied, to determine if anomalies exist, and to aid 
in the decision to conduct remedial actions. 

Objectives 

At the request of AEC, personnel of the U.S. Army Engineer Waterways 
Experiment Station (WES) conducted a geophysical investigation at five loca
tions at MTI.. during the period 1 and 4 October 1992 (Figure 2). Geophysi
cal surveys were conducted at Sites 1 and 2 to delineate anomalies indicative 
of buried waste and waste containers. The waste supposedly consists of bur
ied drums of DU and/or burlap sacks conuining sand and DU chips. Site 1 
was a parking lot south of Bldg. 36 where former Bldg. 45 was located and 
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Site 2 was an area between Bldg. 295 (fuel storage tanks) and the south boun
dary fence. Site 3 was located south of Bldg. 37 and was investigated to de
termine the presence of a suspeaed underground storage tank (UST). Sites 4 
and 5 were investigated to delineate anomalies indicative of \tomapped under
ground drain or sewer lines with the potential of carrying wastes off site. Site 
4 was a parking lot located west of Bldg.39 whereas, Site 5, also a parking 
lot, was located northwest of Bldg. 39 and south of Bldg. 243 as shown in 
Figure 2. Electromagnetic (EM), magnetic, and ground penetrating radar 
(GPR} surveys were conducted at the sites to accomplish these objectives.· 



2 Geophysical Test Principles 
and Field Procedures 

Geophysical Test Principles 

Electromagnetic surveys 

The EM technique is used to measure differences in terrain conductivity. 
Like electrical resistivity, conductivity is affected by differences in soil porosi
ty, water content, chemical nature of the ground water and soil, and the physi
cal nature of the soil. In fact, for a homogeneous earth, the true conductivity 
is the reciprocal of the true resistivity. Some advantages of using the EM 
over the electrical resistivity technique are (a) less sensitivity to localized re
sistivity inhomogeneities, (b) no direct contact with the ground required, thus 
no current injection problems, (c) smaller crew size required, and (d) rapid 
measurements (McNeil, 1980). The DU chips should be detectable if buried 
in the near-surface in metal containers. However, because DU is not a good 
electrical conductor and is only very weakly magnetic, it may not be detected 
if buried in burlap sacks unless it is in sufficient quantity to create a conduc
tivity contrast with that of the surrounding material. 

The EM equipment used in this survey consists of a transmitter and receiv
er coil set a fixed distance apart. The transmitter coil is energized with an al
ternating current at an audio frequency (Khz range) to produce a time-varying 
magnetic field which in turn induces small eddy currents in the ground. 
These currents then generate secondary magnetic fields which are sensed to
gether with the primary field by the receiver coil. The units of conductivity 
are millimhos per meter (mmho/m) or, in the SI system milliSiemens per me
ter (mS/m). The EM data are then presented in profile plots or as isoconduct
ivity contours if data are obtained in a grid form. A more thorough discus
sion on EM theory and field procedures is given by Butler (1986), Telford et 
al. (1973) and Nabighian (1988). 

There are two components of the induced magnetic field measured by the 
EM equipment. The first is the quadrature phase component, which gives the 
ground conductivity measurement. The second is the in-phase component, 
which is used primarily for calibration pwposes. However, the in-phase com
ponent is significantly more sensitive to large metallic objects and hence very 
useful when looking for buried metal containers (Geonics Limited 1984). 
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When measuring the in-phase component, the true zero level is not known 
since the reference level is arbitrarily set by the operator. Therefore, mea
surements collected in this mode are relative to a reference level and have 
arbitrary units of parts per thousand (ppt). 

A Geonics model EM-31 ground conductivity meter was used to survey the 
sites. The EM-31 has an intercoil spacing of 12 ft and an effective depth of 
exploration of about 20ft (Geonics Limited 1984). The EM-31 meter reading 
is a weighted average of the earth's conductivity as a function of depth. A 
thorough investigation to a depth of 12 ft is usually possible, but below that 
depth the effect of conductive anomalies becomes more difficult to distinguish. 
The EM-31, when carried at a usual height of approximately 3 ft, is most sen
sitive to features at a depth of about 1 ft . Half of the instrument's readings 
result from features shallower than about 9 ft, and the remaining half from 
below that depth (Bevan 1983). Figure 3 more clearly illustrates the effect of 
depth on instrument sensitivity with the dashed line depicting the sensitivity of 
the instrument to objects between it and the ground surface. The instrument 
can be operated in both a horizontal and vertical dipole orientation (Figure 4) 
with correspondingly different effective depths of exploration. The instrument 
is normally operated with the dipoles vertically oriented (coils oriented hori
zontally and co-planar) which gives the maximum depth of penetration. The 
instrument can be operated in a continuous or a discrete mode. 

Magnetic surveys 

The magnetic method of surveying is based on the ability to measure local 
disturbances of the earth's magnetic field. Magnetic anomalies are caused by 
two different types of magnetism: induced and remanent magnetization 
(Parasnis 1966 and Breiner 1973). Remanent magnetization is a permanent 
magnetic moment per unit volume whereas induced magnetization is tempo
rary magnetization that disappears if the material is removed from a magnetic 
field. Generally, the induced magnetization is parallel with and proportional 
to the inducing field (Barrows and Rocchio 1990). The remanent magnetism 
of a material depends on the thermal and magnetic history of the body and is 
independent of the field in which it is measured (Breiner 1973). 

An EDA OMNI IV proton-precession magnetometer was used to measure 
the total field intensity of the local magnetic field. The magnetic unit of mea
surement is the nanotesla (nT) or gamma. One nanotesla is equivalent to one 
gamma. The local magnetic field is the vector sum of the field of the local 
magnetized materials (local disturbance) and the ambient (undisturbed) mag
netic field. Figure 5 shows the ambient earth's field as 50,000 nT with a lo
cal disturbance of 10 nT. Figure 5 shows that the quantity measured with the 
magnetometer is the resultant total field with a value of 50,006 nT. 

The magnetometer was also used with dual sensors thereby allowing the 
gradient of the total magnetic field to be measured. The gradient is taken by 
measuring the total field at the two sensors which are fixed a small distance 
apart. The difference in values between the two sensors divided by their sepa-
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ration approximates the gradient measured at the midpoint of the sensor spac
ing. Two advantages of using the magnetic gradient are that 1.. the regional 
magnetic gradient is filtered out thus local anomalies are better defined and~ 
since the two readings are taken simultaneously magnetic storm effects and 
diurnal magnetic variations are essentially removed (Breiner 1973). The 
magnetometer used in this survey has an absolute accuracy of approximately 
± 1 nT. For reference, the earth's magnetic field varies from approximately 
60,000 nT at the poles to 30,000 nT at the equator {the nominal field strength 
at MTI.. is 51,000 nT). 

A magnetic anomaly represents a local disturbance in the earth's magnetic 
field which arises from a localized change in magnetiution, or magnetiution 
contrast. The observed anomaly expresses the net effect of the induced and 
remanent magnetiution and the earth's ambient magnetic field. Depth of de
tection of a localized subsurface feature depends on its mass, magnetization, 
shape and orientation, and state of deterioration. 

Ground penetrating radar 

Ground penetrating radar (GPR) is a geophysical subsurface exploration 
method using high frequency EM waves. The GPR system consists of a tran
smitting and a receiving antenna. The transmitting antenna transmits an EM 
signal into the ground and is reflected by materials having contrasting electri
cal properties back to the receiving antenna. These signals are then amplified, 
processed and recorded to provide a continuous profile of the subsurface. 

The transmitted EM waves respond to changes in soil and rock conditions 
having sufficiently different electrical properties such as those caused by clay 
content, soil moisture or ground water, water salinity, cementation, man-made 
objects, voids, etc. The depth of exploration is determined by the electrical 
properties of the soil or rock as well as by the power of the transmitting an
tenna. The primary disadvantage to GPR is its extremely site specific applica
bility; the presence of high-clay content soils in the shallow subsurface will 
generally defeat the application of GPR (Olhoeft 1984). High water contents 
in the shallow subsurface and shallow water tables can also limit the applica
bility of GPR at some sites. A general rule is that GPR should not be applied 
to projects in which the mapping objective is greater than SOft in depth. For 
shallow mapping applications at sites with low clay content soils, GPR will 
generally have the best vertical and horizontal resolution of any geophysical 
method (Butler and Uopis 1990). 

A Geophysical Survey Systems, Inc. SIR System-S radar with a 300 Mhz 
antenna as shown in Figure 6 was used to conduct the GPR surveys. A gra
phic recorder was used with the SIR System-S. The graphic recorder accepts · 
the analog signal from the receiver and produces a continuous, permanent 
chart on electro-sensitive paper. By recording a vertical intensity modulated 
scan for every few inches of antenna travel, a continuous profile is developed 
showing reflections from subsurface strata and anomalies within the strata. 
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Soils at MU are agriculturally classified as Merrimac gravelly sandy 
loam, although they have been significantly altered as a result of numerous 
construction and fill activities (Roy F. Weston, Inc. 1992). Much of the site 
is overlain by sand and gravel fill material, which is underlain by less coarse 
glacial till deposits. The groundwater table ranges in depth from 
approximately 4 ft in the southeastern comer of the site to 24 ft in the 
northwestern comer. 

Field Methods 

Detailed surveys were conducted by establishing rectangular-shaped grids 
at the sites to encompass the area of interest. The grid stations at the sites 
were marked at constant intervals with chalk on paved areas and by implant
ing polyvinyl chloride (PVC) stakes into the ground in grassy areas. PVC 
states were used to prevent any possible interference with the geophysical 
tests conducted at the sites. Magnetic and EM-31 readings were taken at 10ft 
intervals over the gridded areas. Continuous GPR survey profile lines were 
taken along the long axis of the sites and in some cases additional GPR survey 
profile lines wece collected transverse to the long axis of the site. The dis
tance between GPR profile lines ranged between S and 20 ft with the distance 
between profile lines being depeodent on the shape and size of the target of in
terest. 

The EM-31 data were taken in both the quadrature phase (conductivity) 
and in-phase mode at each measurement station. Measurements were recorded 
on a digital data logger and transferred to a portable field computer at the con
clusion of the survey. 

Total magnetic field and magnetic gradient readings wece taken at each sur
vey point. Data were collected aod stored in the intemal memory of the mag
netometer and transferred to a portable field computer at the conclusion of the 
survey. 

The radar antenna was hand-towed along each survey line at a slow walk
ing rate (approximately 1 to 2 miles per hour) whlle the control unit and 
graphic recorder were operated from a motor vehicle. Station positions were 
established on the radar records by electronically impressing dashed, vertical 
reference lines on the graphic records as the antenna passed each marked 
location. 



3 Geophysical Test Results 

Presentation of Test Results 

The results of the EM-31 and magnetic surveys for Sites 1,3,4 and S are 
presented as contour maps of the measured values. The color contour maps 
show a two-dimensional representation of the data with bot colors (reds) indi
cating areas with relatively high values and cold colors (blues) showing areas 
with relatively low values. No contour plots of EM-31 or magnetic survey 
results were prepared for Site 2 because the site was too narrow to make a 
meaningful contour plot. Instead, profile plots showing the survey values 
were prepared. The plots of the GPR survey results are presented showing 
areas of discrete hits (depicted with an ·x· for Sites 1,3,4 and Sand with an 
••• for Site 2) and disturbed areas (depicted by shaded areas). A discrete hit 
was identified by a hyperbolic shape on the radar record due to an isolated 
buried object, whereas a disturbed area was characterized by a section of dis
continuous reflectors and is generally associated with fill zones. 

Superimposed on the contour and GPR plots are the locations of cultural 
fean1res (metal signs, lamp posts, steel grates, etc.) which may have an affect 
or interfere with the survey results. By superimposing the cultural fean1res on 
the contour plots anomalous features caused by these features can be account
ed for and not misinterpreted as being caused by an unknown buried feature. 
Maps of underground utilities (steam pipes, sewer lines, water lines, etc.) 
were obtained from the Facilities Engineering Branch, MTL in order to deter
mine any correlation between interpreted anomalies and mapped utilities. 

Test Results 

Site 1 (parking lot south of bldg. 36) 

Figure 7 shows the location of Site 1 and the extent of the surveyed area. . 
Figure 7 also shows the location of the known buried utilities and utility tun
nel . Figure 8 shows the layout of the survey grid along with the location of 
cultural fearures. Total field magnetic, magnetic gradient, EM-31 conductivity 
and in-phase, and GPR survey results are presented in Figures 9 ~ugh 13, 
respectively. EM and magnetic readings were taken on a 10-ft gr1d ~terval 
across the site. The survey stations are denoted on the maps by the uck 
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marks along each survey line. GPR survey lines were run in a east-west di
rection with a 5-ft survey line separation. 

The results of the magnetic total field, magnetic gradient, EM-31 conduc
tivity and in-phase surveys are given in Figures 9-12, with descriptions and 
locations of significant anomalies presented in Tables 1-4, respectively. 

The GPR anomaly results are presented in Figure 13. As previously men
tioned, individual GPR anomalies are represented with an "X" whereas, more 
widespread anomalies are represented by the shaded areas. Numerous individ
ual anomalies as well as disturbed areas were interpreted. The linear anomaly 
extending from (100W, OON) to (150W, 130N) as seen on the other anomaly 
maps is also detected by the GPR, as well as a disturbed area between (140-
190W, 65-BSN). 

Table 1 
Ducriptlon and Location of Significant Magnetic Total Field 
Anomalies, Site 1 

--=- --= ---==--=--=---==- ---=-~--=--=---- -~ -- =- - --= 1 

Anomely 
Ret.Nnoe 
Number 

1 

2 

3 

4 

5 

7 

Approximetely 1D-ft wide p081tiw linear enomely extending from 
C100W,OONI to C145W,130NI. 

P081tiw linear anomaly extending from C140W,70NI to (110W,70NI. 

Sprielly emell pothiw linNr anomaly extending betwnn C160W,11 ON) 
and C180W,110N). 

Circular negMiw anomaly looatad at COOW,tON). 

Small negatlw anon'Wy looatad at (1 OW ,130N). 

Small P"!tlw anomaly oenterad on (70W, 115NI. 

Poaltlw 1 D-16 ft widt anomaly located between (110W ,25N) and 
(210W,15N). 



I 

II 

Table 2 
Description and Location of Significant Magnetic Gradient 
Anomalies, Site 1 
~-~ 
~ - --------------- - --_-~ 

AnoiMiy 
RefeNMe 
Number 

1 

2 

3 

6 

e 

7 

Table 3 

Circuler enomaly centered on COSW,70NI. 

Circuler enomaly centered on (10W,130NI. 

Uneer enomaly between (40W,7SNI end (8SW,70NI. 

Smell circuler enomely centered on (70W,110N). 

SeriH of lineer trending enomaliea extending from (110W,OON) to 
(150W ,130N). 

Anomaloua eree bounded epproldmetety by (140W,50N),(140W,120N), 
(210W,120N), end (210W,50N). 

Anomalou1 eree centered on (180W,20N). 

Description and Location of Signific.nt EM-31 Conductivity 
Anomalies, Site 1 

: - - ------=-=---====-~ ---=-c- --- - -_-c --=-~ 

1 

2 

3 

5 

e 

Approldmetely 1O-ft wide lineer low conducthrity enomely extending from 
(1 OOW ,OONl to (150W, 130Nl. 

High conductivity lineer enomaly extending from (30W, 1 30Nl to 
(140W, 130N). 

Spetielly lerge, high conductivity enomely centered on (1 e&W ,1 OONI. 

Smell, high conductivity enomely loceted et (185W,130N). 

Smell negetiw enomely loceted et (1 OW ,130N). 

A high-low conductivity enomely centered on (195W,75Nl. 
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Table 4 
Description and Location of Significant EM-31 In-phase Anomalies, 
Site 1 

------------------------------- --

Anomely 
Refer.noe Anomaty Deecriptlon end Looe1lon 
Number 

1 Negative circular anot'Miy cantered approximately around (05W,50N). 

2 Small negative anomaly centered around (16W,120N). 

3 Nqative 10-ft widelineer anonwly extending from (116W,OON) to 
(150W,130N). 

4 Smell poeitive anot'Miy oentered around (130W. 1 ON). 

6 Clrcular negative enot'Miy located at (50W,ION). 

8 Large poeitive anonwly centered about (170W,90N). 

7 Smell poeitive anomllly centered about (206W,75N). 

Site 2 (between North Beacon Street and fuel atorage area) 

Site 2 is a narrow strip of land located between North Beacon Street and 
the fuel storage area as shown in Figure 14. Figure 14 also shows the loca
tion of cultural features which might have the potential to interfere with the 
geophysical readings. The width of the site varied between S and IS ft. 
whereas the length varied between 120 and 310ft. The western portion of the 
site sloped steeply to the south (towards North Beacon Street) causing Lines 
OON and OSN to be shortened. Magnetic total field, EM-31 conductivity and 
in-phase, and GPR surveys were conducted at this site. Magnetic and EM-31 
readings were taken at 10-ft iDtervals along each survey line. GPR surveys 
were run along the entire length of each survey line. 

Figures lS through 17 present the magnetic, conductivity, and in-phase 
data, respectively, for Site 2. The figures have been annotated indicating the 
location of buried lines, manhole covers, monitoring wel.ls, and other features 
which might affect these readings. The araphed data show many anomalies as 
indicated by the peaks and valleys. The majority of these anomalies can be 
attributed to interference from cultural features. Figure 18 was prepared to 
show the location of the anomalies as interpreted from the different tests and 
to indicate their relative position to cultural features. Also presented in 
Figure 18 are the interpreted anomalies from the GPR survey. Figure 18 
shows that indeed, most of the anomalies occur in the vicinity of, and are be
ing affected by underground lines, manhole covers, and monitoring wells. 
However, there are basically two anomalous zones that cannot be attributed to 
known cultural fean•res. One zone consists of anomalous conductivity read
ings (Lines OON, OSN, and 10N) located approximately 120 ft west of the sur
vey line starting point. The other anomalous area is located on line OSN ap
proximately 140-lSO ft west of the survey line starting point where a small 
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magnetic and a significant in-phase anomaly were interpreted. The disturbed 
anomalous zones determined from the GPR surveys appear to correspond with 
the location of cultural features. 

Site 3 (parking lot aouth of bldg. 37) 

Figure 19 shows the location of Site 3 and the boundaries of the geophysi
cal survey along with the locations of known buried utilities. Figure 20 shows 
the layout of the geophysical survey grid and the location of cultural features. 
The survey encompassed an area measuring 180ft by 60ft. Total field mag
netic, magnetic gradient, EM-31 conductivity and in-phase, and GPR surveys 
were conducted at this site and are presented in Figures 21 through 25, re
spectively. EM-31 and magnetic readings were taken on a 10-ft grid interval. 
GPR survey lines were run in an east-west fashion with a 5-ft survey line sep
aration. As previously mentioned the purpose of this survey was to determine 
the presence of a UST near the northern portion of the parting lot. 

The results of the magnetic total field, magnetic gradient, EM-31 conduc
tivity and in-phase surveys are presented in Figures 21-24, respectively. The 
significant anomalies interpreted from these surveys are presented in Tables 
S-8, respectively. 

The GPR anomaly results for Site 3 are presented in Figure 25. Individual 
GPR anomalies are represented with an ·x· whereas, more widespread anom
alies are represented by the shaded areas. Numerous individual anomalies as 
well as disturbed areas were interpreted. A large disturbed area is noted in 
the northern portion of the parting lot. Also, there is a large concentration of 
individual GPR anomalies in the western portion of the parking lot. 

Table 5 
Description and Location of Significant Magnetic Total Field 
Anomalies, She 3 

Anomely 
Reference Aftomely O..crtpdon encll.oorion 
Number 

1 A plue-minus •nomelv centered on {75W,OON). 

2 Positive circul•r enomely centered on C85W,35Nl. 

3 urge elongeted negative Dnomely Dxtending betWHn epproximetely 
(20W,ISON) •nd (95W,ISONI. 

4 Circul•r positive •nomelv loc•ted st (1 50W, 1 5Nl. 

s Positive •nomelv located et (1 eow.eoNl. 

1 1 
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Table 6 
Description and Location of Significant Magnetic Gradient 
Anomalies, Site 3 
-------------~ ------ ~---------------- ------- ---

Anomely 
Refarenoe 
Number 

1 

2 

3 

4 

6 

8 

7 

Table 7 

Circular ~w anomety centered on (OOW,OON). 

Negative anomety cantered on (35W,80Nl. 

Polltiw anomety cantered on (80W,OON). 

Smell circular anomaly cantered on (85W,40N). 

Nagtltiw •nometv loc.ted .t (85W,80N). 

Poeltiw anomaly cantered .t (150W, 15Nl. 

Polltiw anomaly cantered on (180W,eoN). 

Description and Location of Significant EM·31 Conductivity 
Anomalies, Site 3 

;~ ~---_--------------~---~---~ 

Anomely . ....._ 
Numhr 

1 

2 

3 

Approximately 6 to 1 ().ft wide llnaer high conducti\lfty anomaly extending 
from (20W,80Nl to (170W,eoN). 

Low oonductMty ai'IOI'NIIy cantered at (70W,OON). 

Low conductivity anomlly cantered on (150W,20N). 



Table 8 
Description and Location of Significant EM-31 In-phase Anomalies 
S~3 ' 

Anomety 
Referenoe Anomaly Deecription and Location 
Number 

1 Poeitive circular anomaly centered approximately around (25W,25N). 

2 Smell negative anomaly centered around (00W,80N). 

3 Poeitive circular anomaly centered about (35W,80N). 

4 Smell poeitive anomaly centered around (50W,20N). 

5 Circular negative anomaly looeted at (85W,OON). 

8 Negative anomaly centered about (80W,80NI. 

7 Poeitive enomaly centered about (95W,15N). 

8 Poeitive anomaly centered about (125W,OONI. 

9 Large poeltive anomaly centered about (140W,20N). 

10 Elongate politive anomaly extending betwHn (140W,80NI and 
(180W,80N). 

Site 4 (parking lot west of bldg. 39) 

As previously mentioned a geophysical investigation was carried out at 
Site 4 to determine the location of unknown drain lines. The location of the 
boundaries of the geophysical survey and the known buried utility lines for 
Site 4 are shown in Figure 26. The layout of the geophysical grid and loca
tion of cultural features are shown in Figure 27. The gridded area covered an 
area 150ft by 120ft. Magnetic total field, EM-31 conductivity and in-phase 
measurements were taken on a 10-ft grid interval. GPR survey lines were run 
in an east-west and north-south fashion at 10-ft survey line intervals. To facil
itate in the detection of pipes or drain lines, GPR survey lines are usually ru.n 
perpendicular to these linear fean1res. Since the direction of the suspect drain 
lines was 1mknown at Site 4, GPR lines were run in an east-west and north-
south configuration. 

The results of the magnetic total field, EM-31 conductivity and in-phase 
surveys for Site 4 are presented in Figures 28-30, respectively. The signifi
cant anomalies interpreted from these surveys are shown in Tables 9-11, re-
spectively. 

The GPR anomaly results for Site 4 are presented in Figure 31. There are 
numerous GPR anomalies scattered across the surveyed area. It is noted that 
there is a high concentration of GPR disturbed areas in the northwest portion 
of the site coinciding with interpreted anomalous areas from EM-31 and mag-

netic surveys. 

13 
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Table 9 
Description and Location of Significant Magnetic Total Field 
Anomalies, Site 4 

Anomllly 
RefeNnoe 
Number 

1 

2 

3 

Table 10 

Anomely DNcrif»tlon end Locetlon 

Magnetic low enornely loceted epproximetely between ( 1 OW ,20N) end 
110W,70N). 

Megnetic low enomely loceted epproximetely between (20W,SON) end 
(<45W,50N). 

High megnetic enomely encompnling the northwelt portion of the alte. 

Magnetic low enomely elong the aouthem boundery of aite between 
(OOW,OON) (1 SOW,OON). 

Description and Location of Significant EM-31 Conductivity 
Anomalies, Site 4 

~~- ----------------------
-~~~- - -- -- - - - --~ - - - --- -~~----

Anomllly 
Ret-oe Anomaly DNcription end Locetlon 
Number 

1 Conductivity low enomely loceted epproximetely between (10W,20N) end 
(10W,80N). 

2 Conductivity low anomaly located IIPProximetely betwHn (20W,80N) end 
(SOW,60N). 

3 High conductivity enornely along the aouthem portion of the aurvey eree. 

.. Higt.-low broad (epprox. 30 ft wide) conductivity enomely in northweat por-
tion of the alte. Anomely ie centered along e line between (<40W, 120N) end 
(150W,50N). 



Table 11 
Description and location of Significant EM-31 In-phase Anomalies, 
Site 4 

Anomaly 
"-ferenoe Anomaly Deecription and Location 
Number 

1 Ne~tive anomaly along the eeetern perimeter of eurwy area. 

2 Elongated •••t-weet trending negative anomaly between approximately 
(25W,80NI end (70W,80N). 

3 Elongated positive anomaly along the southern perimeter of survey area. 

4 Broed, diagonally oriented anomaly in the northweet portion of the survey 
area. The anomaly Nne along • line with approximate end pointe 
(30W,120NI end (130W,SON). 

Site 5 (parking lot south of bldg. 243) 

A geophysical survey using magnetic total field and EM-31 conductivity 
and in-phase methods was conducted at Site 5 to delineate the location of pos
sible drain pipes. The area covered by the survey and the location of under
ground utilities is presented in Figure 32. Figure 33 shows the survey grid 
points and the location of cultural features. Geophysical readings were taken 
on a 10-ft grid spacing. GPR lines were run east to west with lines spaced 
10ft apart. An additional three lines oriented in a north-south sense were run 
along lines 20E, OOE, and 20W. 

The magnetic total field, EM-31 conductivity and in-phase survey results 
are presented in Figures 34-36, respectively. A description and location of 
the significant anomalies are presented in Tables 12-14, respectively. 

The results of the GPR survey are presented in Figure 37. Two disturbed 
areas were interpreted near the eastern portion of the site. Numerous GPR 
individual anomalies were interpreted across the site. 

15 
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Table 12 
Description and Location of Significant Magnetic Total Field 
Anomalies. Site 5 
-- ----------- ------------- - - -- -

AnofMiy 
,._ferenoe 
Number 

1 

2 

3 

4 

5 

Table 13 

Megnetic low enomaly loceted along eettern portion of the tite. 

Magnetic high anomaly loceted between approximately (25E,40NI and 
(15W,40N). 

Low magnetic anomaly loceted between approximately (15W,40N) and 
(50W,40N). 

Elongated ... t-watt trending magnetic high anomaly extending between 
(25E,20NI and (30W,20NI . 

Small negative anomaly centered about (OOW,OON). 

Magnetic high anomaly centered on (80W,40NI. 

Description and Location of Significant EM-31 Conductivity 
Anomalies. Site 5 
~----------------
~ - ----- ---------- -- -- - --- - ---- - --- -

Anomely 
,._ferenoe 
Number 

1 

2 

3 

4 

5 

Anornely Deacriptlon and Locetlon 

Conductivity high anomaly centered about (50E,20N). 

PoiSible email anomaly centered about (30E,20N). 

Conductivity high anomaly located along northern portion of the elte 
approximately between (50E,40NI and (40W,40N). Thit may be two 
tepartte anomaliet. 

Small negative anomaly centered about (OOW,OON). 

Conductivity high anomaly centered on (80W,40N). 



Table 14 
Description and Location of Significant EM-31 In-phase Anomalies. 
Site 5 
------------------------

AnofMiy 
Ref•~ Ano!Miy Deecription end Location 
Number 

1 Negative anomaly centered about C30E,20N). 

2 urge poaitive anomaly between COSE,40Nl end CSOW,40NI. Small negative 
anomaly centered about (55W,40NI ia probebly •••ociated with thia poaitive 
anomaly. 

3 l~phue poaitive anomaly centered about COOW,OON). 

.. l~phaae poaitive anomaly centered on (80W,40N) . 

17 
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4 Data Interpretation 

In determining which of the anomalous areas are to be considered signifi
cant, several factors must be considered. Anomaly detection is limited by in
strument accuracy and local "noise" or variations in the measurements caused 
by factors DOt associated with the anomalies of interest. For the anomaly to 
be significant, it must be two to three times greater than responses due to 
these factors. Since the anomaly amplitude, spatial extent, and wavelength are 
the keys to detection, the size and depth of the feabJre causing the anomaly 
are important factors in determining detectability and resolution. The intensity 
of the anomaly is also a function of the degree of contrast in material proper
ties between the anomaly and the surrounding material. Based upon the meth
ods employed, noise conditions at the site and the assumption that the target 
objects are relatively shallow (less than 10ft), the areas indicated as anoma
lous in Section 3 (Geophysical Test Results) can be considered as significant. 
In the interpretation of the results, the above criteria were utilized and refer to 
anomalies caused by localized contrasts in magnetic susceptibility and electri
cal properties. 

The location, an anomaly reference number, type, and an interpretation of 
the anomalies resulting from the geophysical surveys conducted at Sites 1 · 
through S are presented in Tables 15-19, respectively. The tables also indi
cate whether further action should be taken to determine the cause of the ano
maly. The location of the geophysical anomalies described in Tables 15-19 
(Sites 1 through S) are shown in Figures 38 through 42, respectively. The 
numbered areas refer to the anomaly reference numbers used in the correspon
ding anomaly interpretation table. 



Table 15 
Geophysical Anomaly Interpretation. Site 1 (Parking Lot South of Bldg. 36) 

General Anomaly 
Anomaly reference 
Location number 

C100W,OON) to 1 
C160W,130NI 

(170W,90N) 2 

(05W,120N· 3 
130Nl 

(70W,110N) 4 

(80W,80N) 5 

(190W,20NI e 

(190W,80NI 7 

(30W,130NI to 8 
C140W, 130NI 

(180W,130N) 9 

(OOW,60N- 10 
SON I 

• 

Note: T • magnetic tote! field 
G • magnetic gredlent 
C • E~31 conductivity 
I • E~31 lo-phe1e 

Magnetometer 

T 0 

X X 

X X 

X X 

X X 

X 

X X 

X X 

X X 

X 

EM·31 GPR Anomaly O..crlpdon and Interpretation 

c I 

X X X Uneer anomaly approximately 1 0 ft 
wide. Magnetic gredient 1how1 an indl· 
cation of an anomely. Anomaly I• due 
to tunnel beneath the parking lot. 

X X Large anomelou1 area. Indicative of bur· 
led ferrou1 materiel. Po11lbly old bull-
ding foundation or Nbble. 

X Anomaly probably ceu1ed by a metal 
grate and metal 1fgn In the area. 

Anomaly ceu1ed by unknown ferrou1 
object. 

X X X Week anom.!y. May be oau1ed by 1mall 
f1rrou1 object. 

X X X Anomaly probably due to buried ferrou• 
objectl. 

X X X Anomaly ceu1ed by parked vehicle. 

X High conductivtty anomely elong nor-
thern portion of perking lot. May be 
cau1ed by 1ldewalk or burled utility line. 

X X X Anomaly ceu1ed by mete! manhole 
cover and/or buried utility line. 

X Anomaly probably ceu•ed by • buried 
ferrou• object. Steel gr•t• 11 the probe-
ble CIUII • 

Further action 
requlrad7 
YH/NO 

No 

Ye1 

No 

Ye1 

Ye1 

Ye1 

No 

No 

No 

No 
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Table 16 
Geophysical Anomaly Interpretation. Site 2 (Between North Beacon Street and Fuel Storage Area) 

General Anomely Meg 
anomaly reference 
location number T 

OOW Unee 1 X 
OON • 15N 

30W 2 
05N • 16N 

45WUnee 3 X 
OON • 15N 

90W Uno• 4 X 
OON • 15N 

110W Unee 6 
OON • 1SN 

140WUne e X 
OSN 

170WUnee 7 X 
OSN • 15N 

220W Unee I X 
10N & 1SN 

230W Une 9 
15N 

280W· 10 X 
310W 10N 
& 15N 

Note: T • megnetlc tote! field 
C • EM-31 conductivity 
I • EM-31 ln-pheee 

EM-31 

c 

X 

X 

X 

X 

X 

OPR Anomely deecrlpdon end Interpretation Fut1her action 
required? 

I YM/NO 

X Theee enomeliee ere probebly e11ocleted with • No 
mepped buried etorm dreln. 

X Theee enomeliee ere probably e11ocieted with • No 
mepped burled etorm dreln. 

X A north-10t.1th trending enomely may be ceueed by No 
• comblnetlon of the monitoring well end mapped 
burled etorm dreln end eewer line. 

A north-eotJth trending enomely probably ceueed by No 
e mepped etorm dreln. 

X X A north-eouth trending enomely probably ceueed by Vee 
en unmepped eubeurfece utility line. 

X Smell enomeiOlle eree probably ceueed by e emell v .. 
ehellowly burled ferroue object. 

X X A north-IOllth trending enomely. Ceueed bye com- No 
binetlon of e burled mete! pipe end • mete! manhole 
cover In the vicinity. 

X A north-eot.~th trending enomely. Probably ceueed No 
by • mapped etorm dreln. 

X Anomely probably oeueed by • ernell ehellow mete!· Vee 
lie object. 

X X large enomeloue eree colncidee with en eree In No 
which • etorm dreln; water, electrical end eewer 
linee; • mete! manhole cover: end • monitoring weft 
ere mapped. 
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Table 17 
Geophysical Anomaly Interpretation. Site 3 (Parking Lot South of Bldg. 37) 

Gener .. Anomaly Magnetometer 
Anomaly reference 
Loc.tlon number T 

I80W-100W, 1 X 
OON) 

185W,35N) 2 X 

IOOW,OONI 3 

120W-100W, 4 
SON) 

(150W,15N) !5 

1180W,80N) 8 

105W,80NI 7 

I20W,80N) 8 
to 
1180W,80N) 

125W,25N) 9 

1125W,OON) 10 

Note: T • magnetic total field 
G • magnetic gradient 
C • EM-31 conductivity 
I • EM-31 ln-phaee 

X 

X 

X 

0 

X 

X 

X 

X 

X 

X 

EM-31 OPR Anomely Deeorlpdon end lnt..,.,.tadon 

c I 

X X A plue-mlnue total field magnetic and EM-31 In-
phaee anomaly. An EM-31 conductivity low and 
magnetic gradient high anomaly. Anomaly probably 
ceueed by 1teel grate located at 180W,02N). 

X Poaltive magnetic anomalie1 and a •mall EM-31 In-
pha11 anomaly In the general location. Indicative of 
burled ferrou• material. 

X Anomaly probably ceueed by a metal reber In 
concrete walk. 

X Strong negative anomaly probably ceu1ed by 
unknown ferrou• object. 

X X X A l•~oe broad anomaly detected by all method•. 
May be cau1ed by burled ferrou• materiel. 

X X Anomaly probably due to burled ferroue object•. 

X X X Anomaly ceueed by monitoring well. 

X High conductivity anomaly along northern portion of 
parking lot. May be ceu1ed by eldewalk or burled 
utility line. The other geophytlcal method• 
detected dl1crete anomellee In the earne general 
area 11 mentioned above. 

X X Anomaly may be caueed by ehallow end/or email 
burled metallic ob.fect. 

X Anomaly may be caueed by a nearby 1teel elgn. 

Further acdon 
requfred7 
Vee/No 

No 

Ye• 

No 

v .. 

v .. 

v .. 

No 

No 

No 

No 



Table 18 
Geophysical Anomaly Interpretation, Site 4 (Parking lot West of Bldg. 39) 

O.nerel Anomely 
Anom .. y referen08 
Location number 

(OSW,OON) 1 
to 
(05W,120N) 

(10W,20Nl 2 
to 
(10W,70N) 

(20W,80Nl 3 
to 
(80W,80Nl 

(OOW,OONI 4 
to 
1150W,OON) 

(40W,120Nl s 
to 
(150W,50Nl 

Note: T • magnetic total field 
C • EM-31 conductivity 
I • EM-31 ln-phaea 

M .. EM-31 

T c 

X X 

X X 

X X 

X X 

OPft Anomely O..crfpdon Mcllnterpretedon 

I 

X Elongeted negetlve norttt-eouth trending enomaly 
elong eeetern edge of parking lot. Probably ceueed 
mete! gretee and/or buried dreln pipe. 

X X Thle enomaly le probably ceuaed by metal gretee 
and/or buried drain pipe. 

X Elongated e11t-weet trending anomaly may be 
ceueed by buried ferroue utility (dreln pipe, water 
pipe, ete.-n Nne, etc.) or by rlber In concrete walk. 

X An ent-weet trending anomaly le probably ceueed 
by an eeet-weet eteel perimeter fence loceted 12 ft 
from the eouthern portion of the elte. Any burled 
ferroue utility Hne or object would probably be 
meeked by the Influence of the eteel fence on the 
local magnetic field. 

X X The EM-31 anomely le e large broad elongetad 
anomaly epproxlmately 30 ft wide. The magnetom-
eter anomely overtepe the EM-31 enomely and cov-
ere the whole north welt portion of the alte. The 
anomaty I• ceueed by ferroue materiel which may 
be a11oclated with burled rubble, en unmepped tun-
net, unmapped utility linee, lnfiRed trench, ato. 

FurdMtr ectlon 
requlrecl7 
Vee/No 

No 

No 

Vee 

No 

Vee 
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Table 19 
Geophysical Anomaly Interpretation, Site 5 (Parking Lot South of Bldg. 243) 

O.nerel Anomaly M .. 
Anomely reference 
location number T 

C50E,20NI 1 X 

C2SE,20NI 2 

C10E-50W, 3 X 
40NI 

(80W,40N) 4 X 

COOW,OONI 5 X 

C20E,20N) e X 
to 
(90W,20NI 

Note: T • megnetlc totel field 
C • EM-31 conductivity 
I • EM-31 ln-pheee 

EM-31 GPR Anomely O..crtptlon encllnWpNtetlon 

c I 

X Anomaly probably ceueed by eteel etop elgn 
located at epproxlmetely (SSE, 15NI end/or 
eteel manhole cover located It approximately 
(35E,22N). 

X X X Thl1 anomaly I• moet likely ceueed by 1 metal 
manhole cover located at approximately 
(35E,22N). 

X X The EM-31 poeitive enomeli11 end the 
magnetic plue-minue enomely le probably 
ceueed by metal reber In concrete drive In front 
of Bldg. 243 end/or the metal In the building. 

X X Anomaly probably ceueed by 1 buried ferroue 
objeot In the vicinity, po .. ibly 1 catch beein. 

X X Anomely probebly ceueed by 1 buried ferroue 
object. 

Elongated 111t·we1t trending anomaly. Mev be 
CIUied by buried Utility, 

Fwther ectlon 
required? 
Y"/No 

No 

No 

No 

v •• 

Vee 

Vee 
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5 Conclusions and 
Recommendations 

A geophysical investigation was conducted at five sites at the U.S. Army 
Materials Teclmology Laboratory. The purpose of the investigation was to 
determine any evidence of soil disturbance indicative of fill material at Sites 1 
and 2, the presence of an underground storage tank at Site 3, and any evi
dence suggesting the presence of unmapped underground lines capable of car
rying wastes off the Laboratory boundaries at Sites 4 and S. Magnetic, elec
tromagnetic, and ground penetrating radar methods were employed to meet 
these objectives. Numerous geophysical anomalies were interpreted for eacb 
site. However, many of these anomalies were attributable to visible or 
mapped objects capable of interfering with the geophysical tests. Maps show
ing the locations of the interpreted anomaly locations, along with a corre
sponding anomaly reference mtmher, were constructed for each site. The 
areas requiring further action were defined for each site. 

The anomalous areas that should be considered for further action include: 

a. Site 1 - Anomaly numbers 2, 4, S, and 6 

b. Site 2 - Anomaly numbers S, 6, and 9 

c. Site 3 - Anomaly numbers 2, 4, S, and 6 

d. Site 4 - Anomaly numbers 3 and S 

e. SiteS - Anomaly numbers 4, S, and 6 

• 
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Figure 6 . GSSI System 8 GPR with 300 Mhz antenna 
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