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Corporate Square 1, Suite 211
North Charleston, SC 29406

Re:  Geophysical Investigation at NIROP, Fridley, MN: Report Transmittal
Contract N62467-93-D-1106: RFP 4324-027

Dear John and Ulrich:

We have completed our geophysical survey and report at the NIROP Facility in Fridley
(Minneapolis), Minnesota.  Detailed EM31 and EM61 color contour maps have identified
numerous buried utilities and unknown metallic anomaly zones. Our final composite figure
(Figure 4.4) locates nine primary zones which likely contain high concentrations of metallic
objects; Figure 4.4 also identifies 41 secondary metallic targets.

We recommend that the nine primary areas be investigated further, using drilling and trenching
methods for confirmation of our results. The 41 secondary target areas may require investigation

in the future if the original nine areas yield undesirable materials.

If we may assist you or your staff further, please call.

Robert A. Glaccum

President
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Executive Summary

EXECUTIVE SUMMARY

The Naval Industrial Reserve Ordnance Plant (NIROP), located south of Interstate 694 and east
of the Mississippi River in the northern Minneapolis suburb of Fridley, has been producing naval
guns, missile launchers, torpedo tubes and associated control systems since 1941. It is believed
that during this time, debris and materials have been stored and disposed of in the North 40
portion of the site property (Figure 1.1). Some of the past disposal may have occurred in
trenches or pits cut into sandy/silty terrace soils, situated some 50 feet above the Mississippi
River level.

Survey: The North 40 area was surveyed for detection and delineation of buried materials
including metallic materials. Three geophysical instruments were employed for this purpose:
1) EM31 to map buried metal and conductive wastes/soils, 2) EM34 to locate any deeper
(greater than 20 feet) conductive plumes, and 3) EM61 to identify zones of metallic burials. The
site was gridded with wooden stakes on 50x50 foot centers, followed by a finer grid along 10
foot parallel lines. The survey was conducted in a north-south direction along the 10 foot parallel
grid lines with measurements taken every 5 feet (every 0.6 feet for the EM61 survey). The
EM34 survey was limited to 8 profile lines due to the presence of many cultural interferences.
The EM31 and EM61 data were processed and contoured as color maps over.a base map of the
site.

Results: The conductivity and inphase EM31 contour maps (Figures 4.1 and 4.2) clearly show
buried metallic utilities (pipelines and cables) as well as surface railroad tracks and steel
reinforced concrete pavement. In addition, other (smaller) features are identified which are
anomalous and cannot be correlated to known or suspected utility structures. Such anomalies
may represent groups of large buried metal objects. The EM61 contour map also shows surface
features (railroad tracks, concrete rebar) and many zones of shallower metallic anomalies (Figure
4.3). A composite anomaly map (Figure 4.4) identifies nine primary zones using both EM31 and
EM61 results; 41 secondary (smaller) targets are also located. The EM34 profiles revealed minor
conductivity changes in the 20-50 foot depth regime, suggesting little or no probability of a
deeper conductive plume.
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1 Introduction

1 INTRODUCTION

1.1 LOCATION AND DESCRIPTION

The Naval Industrial Reserve Ordnance Plant (NIROP) is situated in the city of Fridley, a
northern suburb of the Minneapolis/St Paul metropolitan area. The plant occupies property jointly
owned by the Navy and FMC in an area approximately 1000 feet east of the Mississippi River
(along East River Drive) and one mile south of Interstate 694.

NIROP has produced naval guns, missile launchers, torpedo tubes and associated control systems
since 1941. It is believed that debris and materials were stored and disposed of in the northern
portion of the site property; this acreage is called the North 40 area (Figure 1.1). Much of the
past disposal may have taken place in trenches or pits cut into sandy/silty terrace soils, situated
some 50 feet above the Mississippi River.

The North 40 area encompasses approximately 11 acres and consists of several buildings, railroad
spurs and switching tracks, and concrete roadways and aprons (Figure 1.2). Building 50 is a long
warehouse structure situated along the northwest section of the site; Building 37 bounds the site .
on the southeast. Concrete roadways are reinforced by steel bars/mesh and are oriented north-
south in the central and east-central portions of the survey area. Several railroad spurs dominate
the east-west central portion of the area.

Large propane tanks and piping are present along the north-central and east-central boundaries
of the site. Chain link fences run along the perimeter of the site on all sides except along
Building 37. Four metal light poles connected by buried wire conduit run east-west across the
north-central portion the site. A storm sewer system also runs east-west across the southern half
of the survey area.

In the early 1980's, remediation work included the survey and detection of a limited amount of
buried materials. Some of these materials were identified and excavated for proper disposal,;
however, due to the coarseness of the original geophysical survey, steel drums and waste products
may have remained undetected.

1.2 PURPOSE

Geosphere Midwest was contracted to conduct a detailed geophysical survey of the North 40 site;
this survey included coverage using EM31, EM34 and EM61 methods. The needed information
included location and delineation of buried metallic materials (such as drums), conductive zones
and general fill areas. Good signal levels (providing geophysical contrast) were expected between
the dry sandy/silty soil and buried waste materials. Detection and mapping of conductive soils
and ground-water plumes might also be expected in the EM31 and EM34 results.
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2 GEOPHYSICAL METHODS

2.1 GENERAL DESCRIPTION

Three electromagnetics methods were used at the NIROP Site in Fridley, Minnesota:

1)  EM3I]
2)  EM6I
3)  EMB34.

2.1.1 BASIC EM PRINCIPLES

The EM induction method determines electrical properties of earth materials by inducing
electromagnetic currents in the ground and measuring the secondary magnetic field produced by
these currents. An alternating current is generated in a wire loop or coil above the ground's
surface; both the primary magnetic field (produced by the transmitter coil in the instrument) and
the secondary field (produced by currents in the earth) induce a corresponding alternating current
in the receiver coil of the instrument. The coils are kept at a fixed distance and orlentatlon to
simplify handling of the data.

After compensating for the primary field (which can be computed from the relative orientations
of both coils), both the magnitude and relative phase of the secondary field are measured. These
measurements are then converted to components of inphase and 90 degrees (quadrature-phase)
with the transmitted field =~ The quadrature-phase component, using certain simplifying
assumptions, is converted to a measure of apparent ground conductivity. This apparent
conductivity conversion assumes a homogeneous, isotropic earth. In practice, this value is an
estimate of the average conductivity of the ground in the proximity of the instrument, to a depth
of mvestlgatlon (approxnmately 20 feet for the EM31 and 50 feet for the EM34) which is
dependent : ument's coil spacing (3.66 meters for the EM31 and 10 meters for the
EM34), ‘aperating frequency) and the conductivity distribution of the earth. The inphase
component provides a sémi-quantitative measure of nearby metallic anomalies.

Data quality of the conductivity (quadrature) signal may be degraded by the presence of cultural
interference such as that caused by utility lines, steel fences and large metallic objects whose high
conductivity values may overwhelm the conductivity of the ground itself. Often, very high
metallic responses will cause negative values in both the quadrature and inphase signals. The
EM31 system produces a linear signal up to the 600 millimhos/meter level, the EM34 system
produces a linear signal up to 65 millimhos/meter, higher conductivities may yield higher or
lower readings.
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2.2 EM31 AND EM34 ELECTROMAGNETICS

The EM31 instrument was employed to locate areas of shallow (0-20 feet) fill materials,
contaminated soil and buried debris which have conductivity and inphase signals very different
from natural soils. The EM34 was used to locate possible deeper conductive anomalies such as
conductive plumes. The presence of increased EM values divulge the location of concentrated
amounts of electrolytes which are likely associated with bulk waste materials. EM signals also
indicate metallic anomalies which may be in response to buried metallic objects such as drums,
tanks and pipes which have high conductivity relative to typical soil conditions. The Geonics
EM31 instrument was used as the primary tool for the following reasons:

1) provides conductivity information to 20 feet depth

2) 1s capable of resolving relatively small lateral features such as pipes and tanks

3) can be easily transferred to a digital recorder for near-continuous profile data.

221 EQUIPMENT

Electromagnetics measurements were taken with Geonics EM31 and EM34 systems used in the
vertical dipole orientation mode at coil spacings of 3.66 and 10 meters respectively at operating
frequencies fixed by the manufacturer. The instrument was connected to a digital data logger
(OmniData Polycorder) to obtain and store data from multiple profile lines over the site.
Readings were made at 5 foot intervals along these lines in units of millimhos/meter (mmhos/m).
The maximum investigative depth of the EM31 instrument for single drum-sized targets is 5 to
10 feet (as stated by Geonics); quadrature sensitivity is reduced in areas which have conductive
clayey soils. The EM34 data were taken along specific profiles at intervals of 5 feet using a
special rigid boom system to permit rapid near-continuous data acquisition; depth of penetration
1s approximately 50 feet. '

2.3 EM61 ELECTROMAGNETICS

The Geonics EM61 instrument was used to detect and map zones exhibiting metallic anomalies.
The EM61 operates in a somewhat different manner than the EM31 and EM34 systems. The
transmitter generates a pulsed primary magnetic field that induces eddy currents in the ground
as well as in nearby metallic objects. The eddy currents produce a secondary field that decays
with time after the termination of each primary field pulse. The receiver measures the strength
of the secondary field produced by the eddy currents at a sufficiently long time after the start of
the decay that the current induced in the ground has fully dissipated and only the eddy currents
in nearby metal is measured. The system is sensitive to both ferrous and non-ferrous metal.

The Geonics literature states that the EM61 can detect a single 55-gallon drum to a maximum
depth slightly greater than 10 feet. The response is a single sharp peak, providing high resolution
data that can be used to accurately locate relatively small metal objects. Larger quantities of
drums (and other metal) can be detected at greater depths. The EM61 is relatively insensitive
to nearby cultural features such as buildings, fences and power lines.
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23.1 EQUIPMENT

The Geonics EM61 was employed over the entire site at a higher density of readings along each
profile line to provide a detailed map of buried metallic items. The instrument was pulled around
as a trailer with an odometer mounted to the axle to trigger the data logger. Operated in this
manner, measurements were made every 0.6 feet along each line. Survey lines were 10 feet
apart. Data were displayed and recorded digitally on an OmniData recorder to facilitate computer
processing.
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3 Data Acquisition

3 DATA ACQUISITION
3.1 SURVEY LINES AND COVERAGE

A coarse 50x50 foot grid was positioned over the much of the North 40 site using wooden stakes
and surveyor tape. An east-west base line was established along the southern edge of the
concrete apron south of Building 50; the north-south base line (grid line 1000N) was set along
the western edge of the concrete road passing through the center of the survey area (grid line
1000E). An effective grid of 10x5 feet was employed using movable polypropylene rope
containing marked 10 foot intervals. The site was clear of brush and trees; allowances were
made for interior fences, buildings and above-ground propane tanks. Data were not collected in
narrow spaces between fences, buildings and propane tanks due to metallic interfence, buried
pipes and safety concerns. The area extended approximately 1500 feet in the east-west direction
and 350-550 feet in the north-south direction as depicted by the survey/grid lines shown in Figure
1.2. Field work was conducted over the period 12-16 June 1995.

3.2 EM31

Using the Geonics EM31 instrument, a series of parallel EM lines was made over the North 40
site in a north-south direction at a line spacing of 10 feet (Figure 3.1); readings were taken every
5 feet along each line. One hundred forty-six lines of EM data were acquired at the 10 foot
spacing. (Line density was increased in the south-central quadrant to S feet, due to identification
of a drum in this area; see pattern change in Figure 3.1.) Both the quadrature (conductivity) and
inphase signals of the instrument were simultaneously recorded on a digital (Omnidata
Polycorder) data logger. Finally, the data were dumped to a field computer, assigned grid
coordinates, processed, and plotted as quadrature conductivity and inphase (metal) contour maps.
Processing included gridding and color contour plotting using Golden Software's Winsurfer -
program. Individual EM31 profile (cross-section) lines are given in Appendix B.

3.3 EM34

Following a preliminary review of EM31 contour maps, it became apparent that many areas of
the site were subject to interference from buried utility lines, railroads tracks, buildings, and steel
reinforced concrete roadways which would seriously impair any large scale coverage by the
EM34 system. Therefore, certain areas of the site were selected for limited followup profiles
with the truck-boom EM34 system. These included the north-central, south-central and western
portions of the site. Four parallel lines were made in an east-west direction with approximate
line spacings of 20 feet; four parallel lines were also run in the north-south direction in the
western end of the site (see Figure 3.1). Readings were taken every 5 feet along each line.
Output from the EM34 was recorded on a digital (Omnidata Polycorder) data logger. The data
were dumped to a field computer, assigned grid coordinates, processed, and plotted as a series
of profile lines. Individual EM34 profile lines are given in Appendix B.
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3.4 EMé1

Using the Geonics EM61, parallel lines were run across the site in a north-south direction at a
line spacing of 10 feet (Figure 3.2); readings were taken every 0.6 feet along each line, using a
counter keyed to the EM61's wheel. (Line density was increased in the north-central quadrant
to 5 feet, due to many metallic targets visible at the surface and preliminary EM31 data; note
pattern change in Figure 3.2)) Data were recorded on a digital (Omnidata Polycorder) data
logger. Finally, the data were periodically dumped to a field computer, assigned grid coordinates,
processed, and plotted as EM61 metal response contour maps. Processing included gridding and
color contour plotting using Golden Software's Winsurfer program. Individual EM61 profile
(cross-section) lines are given in Appendix C.



EASTING GRID COORDINATES

20 x0 \ a0 &9 0 [+] 200 1000 00
100 IR II 1 T —[ i
WAREHOUSE BUILDING 50
1050 / =
2222/(53: HERR I RRR] “/E:s HER R IRER :2:: 2:2: R E:
1000 .
Tl OPEN
STORAGE
g fry
gm
8 R
O
]
2
E m
g .
™y
-
o
o
iy
L) - ] . .
p i GOVERNMENT S 1 THEIES i1y OPEN
VE : UILDING 37 : : H S ERH i3
i\ : PARKING LOT ; HEE e=ligiiiiipiiy | SRR
o AT i i : :::.j
HIHH BN AN B AR A HRH - N i e P

/Ay A it [ W LI

I /

7,
// / EM31 & EM34 NIROP A .
////// LINE LOCATIONS FRIDLEY, MINNESOTA
SIS S S S ]

JNROPPNTBL0 ] e Lt csormscusmeror /7]
NORTH 40 STORAGE AREA ‘

PERIMETER FENCE
S
L=
]

GEOSPHERE MIDWEST 6-20-95

FIGURE 3.1



PERWE TER FENCE EASTING GRID COORDINATES
200 300 400 500 600 700 800 fo] 1000 1100 1200 1300 14 50
. [ T T T T T 7 | I : [T 1
I 1 1 | i ] 1 | 1 1 1 i Il
LATBED
/ / WAREHOUSE BUILDING 50 e H H
109 TrarERS
. | (! LRI | -
K]
1 -
} i x T ke
8 -
g 1}
é ,z”;’ !
8 LU —
Q = i 8z «
5 F 1 )3
] 1]
gn ’/5,===— . ‘5,;==1 LA == "‘:hh\
§ ,4”/ 4”‘/ /455’% [T °
%/ F1 -1 445 ——__—\ BEsansiing N /
™ ’ z z L NIV
Z _,——" N
N ’ L+ §}§
| l I
© ‘ ‘N sr%;AENoe
GOVERNMENT 1 1] TORAC
PARKING LOT L. BUILDING 37 = FN\\R EE]
500 | | H.l_j v .
2 | —-=— MEWL DEBRIS
\ / PERMET ER FENCE - ] = \ PERIMETER FENCE
STORM SEWER URE
/ / f 7\ DS

PERIMETER FENCE
o
L=
]

- /7
7 EM61 LINE NIROP 7
////// LOCATIONS FRIDLEY, MINNESOTA
S S S
0
//5“/395/5%'/\];/%[/'99//// ST TV TOUN M T GEOPHYSICAL SURVEY OF 4 N
GEOSPHERE MIDWEST 6-20-65 NORTH 40 STORAGE AREA

FIGURE 3.2



| GEOSPHERE MIDWEST NIROP, Fridley, MN

4 Survey Results and Conclusions

4 SURVEY RESULTS AND CONCLUSIONS

4.1 EM31 RESULTS

The processed EM31 data are presented as conductivity and inphase contour maps shown in
Figures 4.1 and 4.2. These contours have been plotted in color over a detailed base map of the
site along with the geophysical grid system to assist in identifying anomalous conditions.
Typically, in landfilled areas, EM conductivity contours represent a large deviation from
background conditions, ranging from high values over conductive fill to negative values over
buried metal and reinforced concrete. The range of inphase contours represents zones of surface
and buried metallic objects/utilities, which may have either high positive or negative values.

4.1.1 UTILITY CORRELATION

Analysis of Figures 4.1 and 4.2 reveal the presence of several characteristic EM features:
a) surface railroad tracks
b) reinforced concrete roads/pads
¢) perimeter fences and buildings
d) singular objects such as light poles and iron manhole covers.
e) buried utility lines
f) unknown anomalies caused by buried materials.

The dominant EM contour features are strong responses caused by railroad spurs, reinforced
concrete roads/aprons, perimeter fences, metal light poles, and storm sewer grates/manhole covers
(Figure 4.1 and 4.2). These EM responses are easily correlated to the known features identified
in the field and on the site base map. Other linear anomaly features may be likewise interpreted
as representations of buried utilities, some of which are known from site utility maps and still
others which are surmised from noted sources such as surface (propane) tanks and
loading/dispensing stations (see Figures 4.1 & 4.2). Irregular EM conductivity and inphase
anomalies which do not appear to be associated with known or interpreted utility lines are
potential zones of buried metal materials.

As observed in Figures 4.1 and 4.2, north of the main railroad spur, a prominent linear zone of
anomalies passes west to east through the central portion of the site, from grid station 425E/910N
to 1470E/910N. This strong series of anomalies is interpreted as the buried cable/conduit for four
street lights located along this line. A similar, but weaker linear anomaly located at an offset of
50 feet to the south is also interpreted as an electrical cable conduit, probably as an older,
unrecorded system (NIROP utility maps did not show any structure in this location). Another
linear trend of strong negative conductivity contours (Figure 4.1) which are oriented north-south
along the western boundary correlate to two parallel concrete "rails" approximately 10 feet apart.
Small singular anomalies occur along manholes situated along the storm sewer line passing east-
west through the southern portion of the site (see Figure 4.2).

12
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4 Survey Results and Conclusions

Four other buried utility features are found in the eastern portion of the survey area. Three
appear to be associated with the large propane tank on the eastern periphery. Two are oriented
towards the northwest (in the direction of the three smaller propane tanks) and one towards the
west. A long corridor of interpreted utilities runs north-south from the three small propane tanks,
passes under the bunker and heads towards the main NIROP plant building to the south (along
grid line 1390E).

4.1.2 POSSIBLE BURIED MATERIAL

No large EM anomalies were detected which might indicate massive burial trenches or pits;
however, several irregular (unlike linear patterns from utilities) EM anomalies were found in
various areas of the site.

1) Of particular concern is a series of anomalies particularly visible in the inphase data given
in Figure 4.2 centered between coordinates 1150E/790N and 1240E/775N. At the eastern most
coordinate, a buried drum was observed in an erosional gully on the side of a slight rise in the
ground surface.

2) Also of interest is a distinctive inphase (and lesser conductivity) anomaly along the northern
perimeter of the survey area at grid line 1300E. This anomaly is at least 50 feet long and appears
to extend in an east-west direction. ‘

3) TWo other sizeable anomalies are found to the west of the concrete road, along grid line 775N
at 840E and 950E. These features lie just north of the storm sewer (plotted on the base map) and
could be associated with the storm sewer.

4) Two other zones of unexplained EM anomalies lie north of the railroad tracks, near
coordinates 875E/990N and 775E/925N (Figure 4.2). The size and shape of these anomalies
suggest two pits of buried metallic materials.

5) Farther west, two more anomalies are centered at coordinates 440E/875N and 490E/960N. The
440E/875N anomaly appears to extend over a 70 foot area from 430E to SOOE. It appears to lie
between the street light cable conduit and the unknown utility to the south.

6) Another significant EM metallic anomaly is situated between the railroad spurs at coordinates
530E/630N in the southwest section of the survey area.

7) Weaker inphase anomalies (Figure 4.2) are visible surrounding coordinates 1200E/950N.
During the field survey, numerous small pieces of metal plates, nuts, bolts, and scrap metal were
found and moved from the ground surface. The EM responses from this area are consistent with
such scattered metal in the subsurface. '

8) Other anomalous EM zones are interpreted to be related to different fill conditions as

observed around the western railroad spurs where low EM values occur over large areas.
Similarly, high conductivity values (Figure 4.1) are observed just west of the large propane tank

13
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4 Survey Results and Conclusions

’

(coordinates 1620E/825N). As they are not accompanied by metallic responses in the inphase
data (Figure 4.2), the anomaly may represent a thicker or more conductive fill material.

4.2 EM34 RESULTS"

The EM34 results are presented in profile form in Figures B-33 through B-35 in Appendix B.
Figures B-33 and B-34 present the long east-west profile lines (875N, 935N, 955N, and 975N)
and Figure B-35 presents the four north-south lines (225E, 255E, 295E, and 325E). Both EM
conductivity and inphase measurements are presented together with the conductivity scale on the
left side and the inphase scale (in ppt) on the right side of the plot.

The strong metallic features recorded in the data in Figures B-33 and B-34 are caused by the
effect of the central concrete road (1000E to 1050E), the buried utility corridor (see EM31
discussion above) at the eastern end (1300E to 1350E) and the concrete "rails” at the western end
of these four lines. The central portion of each profile does not appear to be affected by metal
except for Profile 875N. Here, the data is very irregular due to the presence of a suspected cable
conduit south of the street light conduit (see EM31 discussion above and Figure 4.1).

The remaining EM34 data show slight variations in values along the line; conductivities appear
to have a slight rise in the central portion of the lines with slight decreases to both the west and
east. Due to the presence of so many interfering cultural features, we cannot attach much
significance to this small effect. The four north-south profiles (Figure B-35) also show minor
variations in conductivity values, however, no significant local highs or general trends are
observable. Consequently, no evidence exists for a deeper conductive anomaly (plume) in the
20-50 foot soil/ground water system.

4.3 EM61 RESULTS
43.1 CORRELATION TO KNOWN OBJECTS

The processed EM61 data are presented in Figure 4.3. Higher value contours generally represent
higher concentrations of buried metal or shallower metal objects. Most metal responses are
recorded from depths in the range of 0 to 10 feet. Responses recorded by the EM61 are
typically very "tight", ie, high values only occur over and immediately adjacent to the suspected
target (whereas EM31 readings may be influenced up to 15-20 feet from the utility or surface
metal). Buried utility lines are not usually detected by the EM61 instrument due to the utility's
small size and depth of burial. (In comparison, the EM31 instrument has a greater depth of
penetration and is particularly sensitive to linear conductive features, ie, buried pipes and cable
conduits.)

Analysis of the metal response contours in Figure 4.3 shows a correlation with features observed

in the EM conductivity and inphase maps (Figures 4.1 & 4.2):
1) surface railroad tracks
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4 Survey Results and Conclusions

2) reinforced concrete roads/pads
3) perimeter fences and buildings (to a limited degree).
4) singular objects such as light poles and iron manhole covers.

In Figure 4.3, note the break in continuity of the north-south roadway anomaly. This occurs
precisely where the storm sewer line crosses below the roadway, suggesting that the original
reinforced concrete road was ripped up for the sewer and then replaced with normal concrete.
The remaining, unidentified anomalies are probably caused by fill or buried metallic materials.

432 FILL AND BURIED MATERIALS

A detailed inspection of Figure 4.3 reveals a considerable number of low amplitude contours and
a moderate number of stronger (higher) readings. As seen in Figure 4.3, the blue/green contours
represent instrument readings from 50 up to 200 millivolts. These contour levels cover a
significant portion of the site. For this reason, we interpret that these values are probably related
to soil/fill types which may have appreciable iron content. Conversely, contour levels over 200
millivolts (yellow and warmer colors) locate much more localized targets, caused by larger buried
metallic objects.

In an attempt to identify the more significant areas, the EM61 data was compared to the two
EM31 data sets (Figures 4.1 and 4.2). Those EM61 areas which have EM31 counterparts are
listed below and are located as primary targets (A1l through A9) in the composite anomaly map
given in Figure 4.4:

Anomaly 1: 1200E/ 770N Anomaly 5: 875E/980N
Anomaly 2: 1280E/1085N Anomaly 6: 775E/920N
Anomaly 3:  950E/ 775N Anomaly 7. 480E/970N
Anomaly 4:  840E/ 775N Anomaly 8: 470E/880N

Anomaly 9: 530E/630N

These anomalies identify nine zones within the North 40 area which have the highest probability
of containing drum-sized metallic materials. Possible target depths likely vary from 1 foot to
approximately 7 feet. The crosses located within each outlined zone define the precise location
of the metal target which provided the strongest response in the EM61 instrument. Future
excavation should start at these mapped positions.

Figure 4.4 also identifies 41 secondary metal targets obtained from the EM61 contour map. Most
of these secondary zones are estimated to be caused by responses from one to two significant
objects. Shallow targets will be found where strong gradients are observed in the EM61
anomaly; strong but lower gradients suggest a deeper metallic source target. If drums are

" identified in several of the nine primary zones, the secondary target zones (Figure 4.4) should

also be investigated. ~ Also shown in Figure 4.4 is our recommended location for an exploratory
trenching of the concrete rail anomaly found along the western edge of the site (Zone C1 in
Figure 4.4).
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GEOSPHERE ' : Consultants in Near-Surface Geology and Geophysics

Electrical Methods

Electrical properties are among the most useful geophysical parameters in
characterizing earth materials. Variations in electrical conductivity (or its
inverse, resistivity) typically correlate with variations in water saturation,
fluid conductivity, porosity, permeability, and the presence of metal.
Depending on the particular site, these variations may be used to locate
contaminant plumes, salt water intrusion, stratigraphic units, sinkholes,
fractures, buried drums and tanks, and any other feature whose electrical
properties contrast with the surrounding earth.

Ground conductivity can be measured either directly, using the galvanic
resistivity method, or inductively, using electromagnetic induction (EM).
Because EM requires no direct contact with the ground surface, data can
be acquired more quickly than with resistivity. Resistivity, however, can
provide better vertical resolution and is generally less sensitive to cultural
noise such as fences, buildings and overhead powerlines.

Electromagnetic Induction
The EM technique measures the electrical properties of materials contained in the subsurface including soil, rock, ground
water, and any buried objects. An alternating current in the EM transmitter coil creates a magnetic field which induces
electrical current loops within the ground; the current loops, in turn, create a secondary magnetic field. Both the primary
magnetic field (produced by the transmitter coil) and the secondary field induce a corresponding alternating current in
the EM receiver coil. After compensating for the primary field (which can be computed from the relative positions and
orientations of the coils), both the magnitude and relative phase of the secondary field can be measured. These can be
converted to components in-phase and 90° out of phase with the transmitted field. The out of phase (or quadrature-phase)
component, using certain simplifying assumptions, can be converted to a measure of apparent ground conductivity. The
in-phase component, while generally not responsive to changes in bulk conductivity, is especially responsive to discrete,
highly-conductive bodies such as metal objects. The apparent conductivity measurement is the average conductivity of
one or more layers in the ground in the proximity of the instrument, to a depth of investigation dependent on the coil
spacing, orientation, operating frequency of the instrument, and the individual conductivity of each ground layer.

Galvanic Resistivity

) Using an older technique called résistivity, electrical conductivity (resistivity)

EM-34 Results Showing . . .

Buried Materials and Plumes can also be measured by applying a current directly into the ground through a
pair of electrodes. A voltage difference measured across a second electrode
Pluma pair provides the necessary information to calculate the apparent earth
resistivity (the inverse of apparent conductivity). The depth of investigation
depends on the electrode separation and geometry, with greater electrode
separations yielding bulk resistivity measurements to greater depths.

The EM and resistivity methods are used in two different modes: profiling and
sounding. Profiling is used to detect lateral variations across a site by taking
a series of readings along a line using a fixed configuration of coils or
electrodes. (EM is typically used in the profile mode). Soundings are used to
estimate vertical variations in electrical conductivity or resistivity. A resistivity
sounding is made by taking many readings with increasing electrode separations
at a single location. An EM sounding is obtained by taking readings at a single
location with several coil spacings and coil orientations. The data are then
inverted to produce a model of conductivity (resistivity) variations with depth.
Due to the greater number of readings possible, resisitivity soundings provide
better vertical resolution than EM soundings. Profiles and soundings may be
obtained simultaneously to yield a 3-dimensional model.

3800 Gettysburg Street ® Midland, Michigan 48642 Phone (517) 832-8626 ® Fax (517) 832-8631
8616 Xylon Ave N Ste G ® Brooklyn Park, MN 55445 Phone (612) 493-3596 ® Fax (612) 493-3597



GEOSPHERE ) Consultants in Near-Surface Geology and Geophysics

Resistivity Sounding Used to Locate Municipal Well While both EM and resistivity measure apparent
ground conductivity, their response to certain
kinds of anomalies differs markedly. EM is very
- sensitive to highly conductive media, so a thin,
i high conductivity layer may dominate over much
4 L thicker, low conductivity layers. Also, if conduc-
] L tivities are very high, the measurements become
non-linear and eventually turn negative. The
100 resistivity method is less sensitive to thin, high

1000'3

RMS error: 1.08 s

[

Layered Interpretation
Res = BaD hp=m DL LT

100

Apparent Resistivity (ohm-meters)

S i . conductivity layers and can measure even the

5] o - lowest and highest apparent conductivities.

(LR LTI = — Wl Gl | i

1§= o= | Field Procedures

o Res 8 G i f 00000 Hede Cirve For EM work, Geosphere uses the Geonics EM-

od— R ” I EPPA 31DL, EM-34X]1., and EM-38 instruments. All in-

t 10 100 struments read apparent conductivity directly in

Electrode Spacing (meters)

units of millimhos/meter. The one-man portable
EM-31 has a fixed coil separation with an investigative depth of 20 feet. The EM-34 requires a crew of two and has
three coil separations, with investigative depths from 25 to 200 feet. Geosphere has rigged a 4x4 truck to acquire con-
tinuous data over large areas using the 10 meter configuration; this method has proved valuable in locating and mapping
deep karst features, faults, and buried sand channels. The EM-38 measures shallow soil conductivities to depths of 3
to 6 feet. With all three instruments, data are acquired either on analog strip charts or digitally which are downloaded
to a field computer. The in-phase component of these EM systems also provide valuable data concerning the location
of buried metal objects and pipes. Other EM systems available include the EM-39 borehole induction logger.

Resistivity surveys usually employ a Wenner electrode array (four co-linear, equally-spaced electrodes) and an ABEM
Terrameter earth resistivity meter. The instrument reading in ohms (applied current divided into the measured voltage
difference) is converted to apparent resistivity (in ohm-meters) by means of a geometric factor determined for the
electrode array. For soundings, the inter-electrode spacings are varied approximately logarithmically (six readings per
decade) over a range determined for the particular site.

Data Processing

Conductivity profile data are often computer gridded, producing a data
set which can be contoured or displayed as a 3-dimensional surface.
Resistivity sounding data are inverted, using in-house computer
software, producing a model of discrete layers, each of constant
resistivity (or conductivity). The inversion routine computes theoretical
curves based on a trial model and adjusts the model parameters
iteratively until it achieves a satisfactory match with the field data.
Geologic interpretation of electrical conductivity data involves
matching observed anomalies with characteristic responses to known
features. Constraining information, such as well data, outcrops, or
other geophysical data, is very useful in producing a comprehensive,
coordinated interpretation.

Summary

Electrical geophysical techniques are extremely useful in a wide
variety of situations. For example, the EM method can quickly
provide very high density information which cannot otherwise be
obtained in critical areas. Geosphere is among the leaders nationwide
in applying electrical methods to environmental investigations,
hazardous waste sites, ground water exploration, karst features,
archaeology, and other disciplines.

EM-31 Data Showing 3D Surface Display
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APPENDIX B

- EM31 AND EM34 PROFILE DATA

This appendix 1s a compilation of all EM31 and EM34 profile data obtained at the subject site.
Locations of these EM lines are given in Figure 3.1. The following profiles include conductivity
and inphase (vertical) scales and station location labels. Conductivity values are given in
millimhos/meter (mmhos/m) and inphase values are given in parts per thousand (ppt) units.

Bl. EM31 SURVEY: PROFILES FROM NORTH 40 SITE

Figures B-1 to B-32.

B2. EM34 SURVEY: PROFILES FROM NORTH 40 SITE

Figures B-33 to B-35.

B-1
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| GEOSPHERE MIDWEST NIROP, Fridley, MN
’ Appendix C

APPENDIX C
EM61 PROFILE DATA
This appendix is a compilation of all EM61 profile data obtained at the subject site. Locations

of EM61 lines are given in Figure 3.2. The following profiles include relative metal response
(vertical) scales in millivolts and station location labels in feet.

C1. EM6é61 SURVEY: PROFILES FROM NORTH 40 SITE

Figures C-1 to C-36.
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GEOSPHERE MIDWEST NIROP, Fridley, MN
Appendix D

APPENDIX D

FIELD INFORMATION

This appendix includes miscellaneous information relating Geosphere Midwest's geophysical gnd
system (used in this report) to RMT's coordinate system. Also included are the geophysical field
activity sheets. ' '

D1. SURVEY LOCATION INFORMATION

Figure/table relating Geosphere Midwest grid to RMT coordinates

D2. FIELD ACTIVITY SHEETS

D-1
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Figure 4  Meeting Signature Sheet

Type of Meeting: G{’Dp/[‘jSICﬁ/ //H/&S)ll 9&7‘10718 a?L NIROP- NOrﬂ') Yo Sﬂe
Topic:_Kick- off Me&mQ / Plan /3 fe Sa%e Health Plan /C&n(’ef'ns /NVIROP Pladt Eegu/as(mws

The following personnel were present for meeting conducted at (NIROP Plavd’\) 02/ (time) on M(date)
at_NIROP Plant | Frm”eﬂ MN. (location).

NAME SIGNATURE ORGANIZATION
DLRicH 3. CORDON ) : . MK
RoBAT A BrAccum_ QEOCYENE M1 oS~
Bbm(au. s\-owwv‘ l,_dw \DL—— éugosms,q_ HiDwEsT
% 4 Tree, Cros plae  Milloeak
Yot MosTes Kede / Us NAVY

_ULRICH J. CORDON (1059 ). oS 6-/2-95

Printed Name of Meeting Chairman

« Discussed Side Saledy & Mealth, Plav\/evac,uahm i;"e?ssemé/ /oom Aos/o.ia rou‘/e

Sfecnclc ComcernS (Lalhshc Jests in '8[0&13 37 velate t° no:se J " but SC/OIM/) n@rmuﬁ
me /;ermn/s CoOmmeuce

¢ Yevi ewed f[a,y, of ddflv:‘hes SQY %{Dc/aa ?rla( %c &ré&

4 sics «/ EHJ/
+ Tovwed plant, sive, Bldag 32, vﬁac./J,e?wf 4

MORRISON KNUDSEN CORPORATION 81
4324'\NIROP FRIDLEY.S&H (Rev. 0, 3/21/86)




Figure 5 Pre-Entry Briefing Signature Sheet

Work area(s) to be entered _ NJROP - MOF‘“‘\ 40 Sll'e 5 Fn_dleg . M N .

The following personnel have had a pre-site entry briefing conducted at 0 (?/5 (time) on OI/IQ/%S'
(date) at NIROP Plant (location), and are famiiiar with this plan’s provisions, and are
willing to meet the requirements of this plan.

NAME SIGNATURE ORGANIZATION

VLRICH J. CORYON L8 - Coef. MK
RoBgar A . & Accom, .@W ﬁ%z,» GCoSPr s M Dwnt™
Xudf) w'AbLiMSO"i MQ«) K&\\“ GQ’M'f'ﬁ'ﬂ—E M DuLsT
fjh" Y. T/ea, ! A C%“?/Z‘are /7/6&‘/%7’
J’ﬁ’t’ Mosites ' \ ?/étcc, / VS Nx\g
- \ N /

Digich J. CorDON M\/C{aﬁ[%\ b-/2-95~

. ~ . . Y
Printed Name of Supervisor Signature Date
MORRISON KNUDSEN CORPORATION 82
4324\NIROP FRIDLEY.S&H {Rev. 0, 2/21/86}




Figure 6. SSHO DAILY LOGBOOK REPORT Page | of | _

Date \!Uﬂ{_’, ICQ; 1949s Report Number oo/

Location(s) Work Activity and # Employees: NIRDP - /\/sz"A 90 sl‘lé N F'I.O”eg\ MN.
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3
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oHam{;ameA cp»a—{acff u.)/ NIROP sﬂk lizisew (Pa‘f' H&S-‘ks)

Other Comments: Sa?ﬁ% oMeerng ¢ thSlCB” (4'!99"\9\ ';:6“1'19 .,»3
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poSS\me npotse k)l‘“\m 'gl-cl'\% 37 /warmng Q,NQVD [’we” ezp)osbm“eSfS)

SSHO Printed Name: _JLRICH J.  CORDON  signawre MC\/M Date 6~ R-95

MORRISON KNUDSEN CORPORATION 83
4324\WNIROP FRIDLEY.S&H (Rev. 0, 3/21/86}




Figure 4  Meeting Signature Sheet

Type of Meeting: ! Inv “i NS é{' NIRDP~Noith 4o .Sla‘e

Topic: P[&w 'DF"H\Q—ABLO{ /rcv’:ewcd o‘\(éderda&‘s rﬁSUH'S . -

The following personnel were present for meeting conducted at 0 800 (time) on 6/13 fdate)

at _NIROP FarK‘msa ot (location). :

NAME . SIGNATURE ORGANIZATION
DLRics J. Corvoy ___Lhd N dswby Mk

B Réat A. GeAccom (/ / CeoSPyite mbduesy
T Y. Tree. ( B s Hore Mk.aé)g/
BDNA > W .A:)H MSor) , Ca)\}@ éec)s,{) hore | (c-J(uQﬂ

—7 o T Soe 2 Vet /éé

VLRicH S. COoRDOAS /wn.,:9\ QIC’%@A 6-(3-95

Printed Name of Meeting Chairman Signature ‘
. :D‘;scussec{ ?[an ‘Q:( 400[&3:—%?[3‘6 3r2c1 a4 easlenq .s:de of a3

—FPEsume EM3II Measuremeﬂ:/S

+ Reviewed geserolyy's resolds: -Gsm provided B4l eovolour maps of EM3Z| messorement

‘ d icle«i‘ﬁ‘ec{ 3eeas a}/Poss}Ue bvored bbris. '
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lead Yo mang ano alies ot Nirop — % has
VL’;k o#em‘fallic Je&ris svcv; :ec{bﬂf'»earso df':es.‘le

81
(Rav. 0, 3/21/96)

Date
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Figure 5 Pre-Entry Briefing Signature Sheet

Work area(s) to be entered _ NIRDP -~ Novth 4D SH—Q 5 F;‘i?lleg\ MN.

The following personnel have had a pre-site entry briefing conducted at O8O o . (time) on £/13 /as

(date) at (locauon) and are familiar with this plan’s provisions, and are
willing to meet the requirements of this plan

NAME SIGNATURE ORGANIZATION

Dlrien J. Coepon \ : MK

Soar# 64.46(0/’7 N/ CeoSuenes A1/Peuss
onaLy W \\ou-\)s,ow \l\_ﬁ&.&@ S\\ GEospucize I 1 e

T2, 4. TF #, Gt Gron ploge Ml

“Tom Beusse, ,%7/‘1 % /%éx

DLRICH J. CORDON M o’ m 6-13-95

Printed Name of Supervisor Signature Date
MORRISON KNUDSEN CORPORATION 82
4324\NIROP FRIDLEY.S&M {Rev. 0, 2/21/96)




Figure 6. SSHO DAILY LOGBOOK REPORT Page | of ) _

Date b - /3 - ?S Report Number OO0
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4
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7
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Figure 4  Meeting Signature Sheet

- Type of Meeting:ﬁeo;ahasica«[ lnves{igef"ims St NIQDP“NOfH\ 40sile
Topic: P[Bﬂ-oi ‘H\e-da% ‘ . N

The following personnel were present for meeting conducted at 08Ys (time) on -/ y’ir(date)
at_NIROP-North 40 packin 3 lot(tocation).

NAME SIGNATURE ORGANIZATION

ULricH ). COoRDON M&M MK
—‘]’Zp/z{d_s / Z?(ﬁSoh
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Printed Name of Meeting Chairman ' Signature Date
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MORRISON KNUDSEN CORPORATION 81
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Figure 5 Pre-Entry Briefing Signature Sheet

Work area(s) to be entered N IROP — North 4o S‘llﬁ' .y 'F;—::J,c\g)(_ MN.

The following personnel have had a pre-site

(date) at NIKDP'ND(‘H'; Yo Sﬂe p&thn‘gm

7

willing to meet the requirements of this plan

NAME
YLRICH J. CORDON

entry briefing conducted at D45 (time) on é~/9-95
ocation), and are familiar with this plan's provisions, and are

SIGNATURE ‘ ORGANIZATION

.8 o). Coly. pg

ZZaMﬂS 7 Lesson

7£

YLRicH J. CORYDON

LL?}«JQ\ C\/M 6-19-95

Printed Name of Supervisor-

MORRISON KNUDSEN CORPORATION

Signature Date

82

4324\NIROP FRIDLEY.S&H

(Rev. 0, 2/21/96)



Figure 6. SSHO DAILY LOGBOOK REPORT Page _lof [

b Ob-14-95

Report Number 003
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Figure 4  Meeting Signature Sheet

Type of Meeting: (SeoP;lg §i@ )n!:,ﬁﬁ géﬁ‘o_r.s B’% QZRQP-A}QﬂE] HDS;JQ
Topic: Plan-oi- ‘Hle' da#

The following personnel were present for meeting conducted at o0fDD (time) on 4-/S-95(date)
at &mﬁ- ﬁpf”‘s Yo Fg(kxgg /o&)cation). :

NAME - SIGNATURE ORGANIZATION
VlRice §. CORDON /CMM MK
Thorses . Pewsor  __Wrmnyel oo K ‘
Tow Y Trea, L Bevs ploce el F-
D0 Bhus o 0\ Goofhue Highuest
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A4 vV

VLRICH J. (ORDon AR o . 6-15-95

Printed Name of Meeting Chairman Signature Date
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Figure 5 Pre-Entry Briefing Signature Sheet

Work area(s) to be entered A IROP - North 4o SHC .; ﬁ'id[eé’{_} MA)

The following personnel have had a pre-site entry briefing conducted at 8o 6 (time) on £~16 -5~

(date) at _NIROP - ) ! ocation), and are familiar with this plan’s provisions, and are
willing to meet the requirements' of this plan.

NAME SIGNATURE ORGANIZATION

PLRICH J. CDRDOAS WC\/M MK
Tlhemaes . Benson  ___Ddoppeco O Tomdon  If
Js, Y. /\/‘QQL - S Lo o /77&?0@&+ :

CD.(U.—XE\MLSQ-\ tO\» é<°${\‘°k-u, H\M
Botsit? A & e PoAalOR Goe s Lo Lyt

VLRICH J. (pppons L3 S, ol . 61595

Printed Name of Supervisor Signature Date
MORRISON KNUDSEN CORPORATION 82
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Figure 6. SSHO DAILY LOGBOOK REPORT Page | of |

Date 06 ~ I1§- 9% Report Number OO0 (I

Location(s) Work Activity and # Employees: A[JRDP = }JO\’H‘\ 40 S\‘l@ T‘:’nﬂley ,N” .
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Monitoring conducted: Sampled
Location Sampled for Instrument used Results By/Time
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SSHO Printed Name: _f). {. CORDoN Signature M d M - Datc 4 “/&-?,S
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Figure 4  Meeting Signature Sheet
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U7 \S._
The following personnel were present for meeting conducted at T  (time) on%/ (?ate)

at (location).

NAME SIGNATURE ORGANIZATION

Printed Name of Meeting Chairman Signature Date
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