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EM38
GROUND
CONDUCTIVITY
METER with
INPHASE CHANNEL

The EM38 measures the conductivity of the
ground dircetly in mS/m. The EM38 also
measures the inphase component of
response, which epables it to be used as a
metal detector or, for poorly to moderately
conductlive material, a magnetic-
susceptibility meter.

The depth to which the EM38 measures
conductivity depends solely on the
orientation of the instrument. When the
mstrument is upright in vertical-dipole mode
(as shown), depth of measurement is
approximately 1.5 m. With the instrument
on its side, in horizontal-dipole mode, depth
of measurement is approximately 0.75m.
Readings are shown on digital meters which
arc mounted on the top and side of the
EM38, for convenient reading regardless of
the orientation of the instrument.

Using EM induction, the EM38 requires no
contact with the ground. As a result,
surveys can cover large arcas rapidly. To
survey at walking speed, a special handle

aliows the operator to carry the EM38 at
ground level.

The EM38 1s synchronized with DGPS
instrumentation to simultancously rccord
positioning and geophysical measurements.

The EM38 s most commonly used during
soil-salinity surveys, in both dry-land and
irrigated arcas. Compared to resistivity,
EM38 surveys offer better lateral-resolution,
and much faster coverage. The EM38 can
be towed behind a skidoo or other vehicle to
efficiently cover large terrain.

The EM38 can be applied to mapping ionic-
contamination at a variety of sitc types
including oil and gas, salt storage and waste-
disposal. These applications make good use
of the excellent spatial resolution of the
EM38. The EM38 can also be used to
identify shallow metallic objects.

Technical  information  provided by Geosies  Lid.,
Mississauga, Canada. Phone (905) 670-9580

EM38 SPECIFICATIONS

Intercoil Spacing: 1.0m
Operating Frequency: 14.6 kliz
Conductivity Ranges:  10-1000 mS/m

Quadrature in m5/m
Inphase mn ppt, Hs/Hp
Primary Field Source (Tx):  Sel{-Contained Dipole Tx
. Receiver (Rx}: - Sell-Contained Dipole Rx

Measured Quantities:



EM31

GROUND
CONDUCTIVITY
METER with
INPHASE
CHANNEL

The EM31 measures the conductivity of the
ground directly in mS/m. The EM31 also
measures the inphase component of
response, which is useful for detecting
ferrous and non-ferrous buried material.

Two meters on the front pane] of the EM31
simultaneously display conductivity and
inphase response. Readings can be taken at
successive survey stations, or continuously
along the survey line.

Using the inductive method, the EM31
operates without the ground contact required
by conventional resistivity. As a result,
surveys can be done over highly resistive
material, such as gravel or asphalt, at the
pace of a walk.

Compared to resistivity surveys, EM31
surveys yield detailed, continuous data, with
better resolution of small changes in
conductivity. This enables the EM31 to

identify subtle changes in conductivity that

can be caused by contamination, and to

delimit affected areas with precision. Depth
of exploration is about 6 m, which makes
the EM31 suitable for many geotechnical
and environmental applications.

The EM31 is synchronized with DGPS
instrumentation to simultaneously record
positioning and geophysical measurements.
The EM31 can be towed behind a skidoo or
other vehicle to efficiently cover large
terrain.

The EM31 can be applied to mapping ionic-
contamination at a variety of site types
including oil and gas, salt storage and waste-
disposal. The EM31 can map conductive
contamination of soil and groundwater, and
simultaneously detect buried metal, which
makes this instrument the ideal tool for site
assessment. It 1s most commonly used
during soil-salinity surveys.

*Technical information provided by Geonics Lid,
Mississauga, Canada. Phone (905} 670-9580

{ EM31 SPECIFICATIONS

Measured Quantities: Quadrature in mS/m
Inphase in ppt, Hs/Hp

Primary Field Source (Tx):  Self-Contained Dipole Tx

Receiver (Rx): Self-Contained Dipole Rx

Imtercoil Spacing: 3.66m
Operating Frequency: 9.8 kHz
Conductivity Ranges: 10-1000 mS/m




Key Features and
Benefits

* Total system solution
» Easy-to-use software
* High accuracy

* Real-time GIS data
collection and mainte-
nance

* Beacon and satellite
differential capabiiities

« Supports leading GIS
database formats

* WAAS - capable

Trimble

GPS Pathfinder Systems

Versatile GIS data collection and maintenance

Trimble’s GPS Pathfinder® systems
are a family of high-performance
(IS dara collection and mainte-
nance products. These versatile sys-
tems offer a variety of software, dara
collector and GPS receiver options
so youll find one chat is ideal for
your needs. Powerful and easy-to-
use, you can quickly collect quality
dara for urility, urban and narural
resource databases. And as the
demand for high-quality position
and attribute information increases,
these systems atlow you to update
existing GIS data—ensuring thar
your decisions are made with the
most accurate, current and reliable
dara available.

Easy-to-use Software
Time-saving field software is essen-
tial for productive GIS dara collec-
tion and maintenance.

With Trimble’s field software

options, you can quickly and easily

- collect point, fine and area features,

along with their customized attrib-
ute informarion. Field sofrware
makes it casy to take existing data
from your GIS into the field for
verification and update of position
and attribute information. Wich
powerful navigation tools, the ficld
software guides you to an existing
feawure or landmark using graphical
display and textual messages,

Three options are available for
collecting and maintaining quality
darta while out in the field.

Asset Surveyor® sofrware runs
on the revolutionary TSC1™ —a
rugged, weatherproof, handheld
dara collector developed and buile
by Trimbie,

TerraSync™ software operates on
standard Pocker PC and Windows
CE devices, providing the flexibility

Powerful, rapid, accurare dara collecrion and maintenance

to choose from a wide range of de-
vices depending on your requirments.
ASPEN?® software runs on your
pen or notebook computets, when
CXUra processing power of storage is
important for your field operations.

Real-time Receivers

Because you need immediate
results, the GPS Pathfinder sys-
tems family includes Trimble’s real-
time differential GPS (DGPS)
receivers. Real-time DGPS is key
for relocating existing assets and
for verifying that the correct fea-
ture is being updated.

The GPS Pathfinder Pro XRS
system incegrates GPS, real-time
beacon, satellite differential and
Wide Area Augmentation System
(WAAS) capabilities.

The GPS Pathfinder Pro XR
system integrates (GPS, real-time
beacon and WAAS capabilities.

The GPS Pathfinder Power

receiver integrates GPS, real-time

satellite differential, and WAAS
capabilities into a single, light-
weight unit,

Efficient Planning and Processing
The powerful GPS Pathfinder
Office sofrware allows you to
quickly plan your data collection
and maintenance work and
ptocess your field dara for use in
your GIS. Important functions
such as dara dictionary creation,
data viewing and editing, and dif-
ferential correction can all be
completed with ease. GPS
Pathfinder Office software can
process real-time DGPS dara,
ensuring your data is of the high-
est quality before exporting it to
many leading GIS packages.

With powerful field and
office software and integrated
real-time DGPS, the GPS
Pathfinder systems family meets
your GIS dara collection and
maintenance needs today and
into the future.



GPS Pathfinder Systems

Versatile GIS data collection and maintenance

FEATURES AND OPTIONS

GPS Fathfinder Systems Standard Features

Available Receivers and Standard Fearures

+ GPS Pachfinder Office software

« Choice of GPS receiver
« Choice of field sofrware

¢ (3PS Pathfinder Pro XRS receiver
* GPS Pathfinder Pro XR receiver
s GPS Pathfinder Power receiver

* Ergonomic backpack carrying system

* Rechargeable system barteries (provide 8 hours of field use)
* Battery charger and AC power supply

Optional Receiver Accessories

* 12-channel GPS receiver
* EVEREST™ mulzipath rejection technology
= WAAS differential correcrion capabilities

* Vehicle kit—includes cigarette lighter power adapter,
quick release, 2 quick-release adaprers and magnetic mount.
* GPS Pathfinder Cencimeter Processing option

* Rangepole bipod system

Available Field Software

» Asset Surveyor software—for Trimble TSC1 dara collector
* TerraSync sofrware—for standard Pocker PC and Windows CE devices
* ASPEN sofrware—for Windows-based pen or notebook computers

GPS PATHFINDER PRO XR AND XRS—RECEIVER & ANTENNA SPECIFICATIONS

GPS Pathfinder Pra XR

GPS Pathfinder Pre XRS

* Integrated GPS/Beacon receiver
* Incegrated GPS/Beacon antenna

* RTCM input/output
* 3-meter antenna cable

* Base datalogging mode

GPS Pashfinder Fro XR receiver

* Integrated GPS/Beacon/Satellite Differencial receiver
« Integrated GPS/Beacon/Sarellice Differential antenna
* RTCM input/outpur

* 3-meter antenna cable

* Base datalogging mode

General

Update rate

Power

Accaracy {RMS) {Nofe A]
MCORR400 differential correction

Carrier phase processing

RTCM beacon radio transmissions
Time to first fix
Size
Weipht

Tempetature

Humidity
Casing

GPS Pathfinder Pro XRS receiver

12 channel, L}/CA code tracking with carrier phase filtered measuremencs and multibir digicizer
I Hz
G Waws {max), 10 w 32 VDC

50 cm + 1 ppm on a second-by-second basis (horizoneal)
Submeter + 2 ppm on a second-by-second basis (vertical)
30 cm + 5 ppm with 5 minutes tracking satellites

20 cm + 5 ppm with 10 minutes tracking satellites

10 cm + 5 ppm with 20 minures eracking satellices

Lem + 5 ppm with 45 minutes tracking satellites (with Centimercr Processing option)
Beerer chan 1 meter (Noee B)

30 seconds (typical)

11.lecmx51cmx 19.5cm (44" x2.0" x 7.7")

0.76 kg (1.68 Ibs)

~30° C to +65° C (-22° F t0 +149° F) (operating)

—40° C to +85° C (—40° F to +185° F) {storage)

100% fully sealed

Dustproof, splashproof, shock resistant; sealed ro Spsi

Specifications for the Pro XRS receiver are che same as for the Pro XR receiver with the following exceprions:

Power
Accoracy [RMS) [Rote A)
RICM satellite differentlal correction

7 Watts (max), 10 to 32 VDC

Beteer chan 1 mecer (Noce B)



GPS Pathfinder Pro XR antenna

General Right-hand, circular potarized; omnidirectional; hemispherical coverage
Size 15.5 cm diamerer x 10.8 cm high (6.1" x 4.2
Weight 0.49 kg {1.08 lbs)

Operating temp
Storage temp
Humidity
Casing

GPS Pathfinder Pro XRS antenna

~30° C to +65° C{-22° F 1o +149° F}
—40° C 1o +85° C{—40° F 10 +185° F}
100% fufly sealed

Duseproef, waterproof, shock resistane

Specifications for the Pro XRS antenna are the same as for the Pro XR antenna with che following exceprions:

Size
Welght

15.5 cm diamerer x 14 em high (6.1" x 5.5")
0.55 kg (1.2 1bs)

GPS PATHFINDER POWER RECEIVER/ANTENNA SPECIFICATIONS

* Integrated GPS/Sateflite Differencial receiver and anzenna

*» RTCM inpur

General

12 channel, L1/CA code tracking with carrier phase filtered measurements.
Update rate 1 Hz
Power 3.1 Waees, 90 32 V
Accuracy (RMS) INote A}
MCORR4DD differential comection  Submeter + 1 ppm on a second-by-second basis (horizonral)

Carrler phase processing

RTCM sateflite differential correction

Submeter + 2 ppm on a second-by-second basis {verrical)

30 cm + 5 ppm with 5 minutes tracking satellites

20 ¢cm + 5 ppm with 10 minutes tracking sacellites

10 em + 5 ppm with 20 minurtes tracking satellites

1 cm + 5 ppm with 45 minutes rracking satellites (with Centimerer Processing option)
Better than 1 meter {Note B)

Time to first fix 30 seconds (rypical)

Size 15.2 cm diameter x 12.7 cm high (6" x 5")

Weight 0.625 kg (1.38 [bs)

Temperature -30° C o +G0* C (-22° F to +140° F) (operating)
—40° C to +80° C (-40° F to +176° F) (storage}

Humidity 100% fully sealed

Casing Fully sealed, dustproof, warerproof, shock resistant

TRIMBLE T5C1 DATA COLLECYOR SPECIFICATIONS

2 MB, memory extension through user accessible Type I ATA PC card slor (Note C)

Logging memory

Sire 26.7cmx 11.7 cm x 4.2 cm {10.5" x 4.6" x 1.65")

Weight 0.85 kg (1.875 Ibs), including rechargeable Lithium Ion battery

Operating temp ~30° Cto +05° C (-22° F 10 +149° F)

Storage temp ~30°C o +80° C{-22°F 10 +176° F)

Humidity 100% fully sealed against sand, dust and moisture, buoyant, waterproof against accidental immersion
Disglay 240 x 200 extended temperacure graphics STN LCD display

Power <1 Wart

(ﬁmrnﬂtﬁf)

Note A: At least 5 sarellizes, PDOP <6, signal to notse mtia 26, satellite elevation mask at 15 degrees.
Note B: RTCM SC-104 standard format broadcast fiom a Trimble reference station.

Note C: Memory extension through wser-accessible Type 11 PC card slot. 16 MB PCMCIA Data Cards are available (33050-16)

Trimble fallows a policy of continuons product improvement. Specifications are therefore subject to change without prisr notice.

_ORDERING INFORMATION

For Further information, contact your nearest Trimble Authorized Distribucor or Trimble Office. Please visit our web site at www.trimble.com



Powerful software for planning and
processing mapping and GIS data

capture projects.

Buile on the solid foundation estab-
lished by PFINDER sofrware,
Pathfinder Office™ is the next genera-
tion of Trimble’s GPS planning and
dara processing sofrware and is an inre-
gral pare of che GPS Pathfinder™ prod-
ucr line. The softsare is Microsoft
Windows-based and is designed for
ease-of-use and high productivicy.

The software provides al of the
tools te complete your projects quickly.
GPS Planning software is fully inte-
grated with Pathfinder Office.
Planning your daza collecrion sessions
is a simple rask thar lets you make che
most of field darta collection time,

The Dara Dictionary Editor lets
you build custom data collection menus
10 be uploaded to your dara collecror.

Irems can be quickly added, edited,
~ and moved within the data dictionary.

Pathfinder Othice Software

GPS Data Processing Software for Microsoft Windows

A graphic display makes the process fat
easier by helping you understand the
seructure of the dara dicrionary ata glance.

With Pathfinder Office’s Batch
Processor, you can auromate your
workfow. Dara can be transferred
from your dara collector, differentially
corrected, and exported 1o your GIS or
CAD system as a single auromared
function. After yout data has been
processed, you can print it or plot it to
scale using a pen plotrer.

A carrier phase processing module
for high accuracy positions is & sran-
dard component of the Pathfinder
Office system. Using this ptocessing
systeny, you ¢an achieve accuracies in
the range of 10 to 75 centimeters,
depending on which GPS Pathfinder
praduct you are using.

Pathfinder Office sofrware makes
exporting GPS dara w your GIS or
CAD system a simple process. Para-
meters for expotting data can be set up

" in the system once and saved for use

“MultiSy XV

on future projects. This allows you ro
export data without going through
setup each time.

With Pathfinder Office sofrware,
you can display a background map
behind your GPS data. This allows
you to see where you have collected
data and how it relates to fearures for
which you already have information,
such as roads or properry boundaries.
Dara formars for background files
include DXF, Shapefile, BMP and TIFE

The Time Line window fets you
visualize your data from a chronological
point of view. For example, if you
wanted to review data collected before
a lunch break, you could look for thar
time petiod on the Time Line. High-
lighting the feacure on the Time Line
also highlights ic on the map display.

Pathhnder Office software sets a
new standard for GPS planning and
processing software. It provides all the
tools needed to make your GPS dara
collection easy and successful.
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GPS Data Processing Software for Microsofi Windows

Patfinder ffce Software Caabiiios

* Automated workflow with Baich Processor

*+ Export to most major GIS and CAD systems

* Carrier phase processing for high accuracy positions

* Display background maps behind GPS data

* Review and edit attribute data

* Import GIS files and take them to the field

* Time Line for chronological view of GPS dara

e Microsoft Windows-based—Windows 3.1 or later,
Windows 95, Windows NT 3.51 or larer

* Advanced daea dictionary editor

* Quick Plan software for session planning

* Custom coordinate system editor

* Full project control

* Waypoint manager lets you create locations for navipation

* Support for printers and pen plotters

* Plots to scale

* Compatible with laser printers

-~ Standard Components

+ 3,5” Sofrware Disketres

* Software CD

* Software Security Key (not included with upgrades)
* Activation Disk

* Printed Manuals

* On-Line Help

* Turorial and Sample Files

Ordering Informaton

GEOQ-PC to Pathfinder Office
upgrade

PFINDER to Pathfinder Office
upgrade—current PEINDER
Support Agreement required

PFINDER to Pathfinder Office
upgrade —no Support Agreement

require

Part Number 31307-00
Part Number 31308-00

Part Number 31309-00

Trimble

Trimble Navigation Limited
Mapping & GIS Sysiems Division
485 Potrerp Avenpe

Sunnyvale, CA §4085
1-800-845-7762 in North America
+1-408-481-8940
+1-408-481-7744 Fax

hittp:rwww trimble.com

T AR A N WS WL L TY LLA W

Computer Requirements - -

Recommended Configuration:

Pentium microprocessor with 12 MB of RAM,
a 100 MB hard drtve, and a CD-ROM drive
Microsoft Windows 3.1 or later; Windows 95;
or Windows NT 3.51 or larer

Minimum Configuralipn:

Compuler:

Dperating System:

Compuler: 80480 microprocessor, 8 MB of RAM,
and an 80 MB hard disk
Dpesating System: Microsoft Windows 3.1 or later

Trimble follaws a policy of continuons product improvernent.
Specificasions are thys subject 1o change without dotice.

Trimbie Navigation Singapore PTE Limiled
300 Beach Road
#34-05 The Concourse

Trimble Navigation Europe Limited
Trimble Howse, Meridian Qffice Park
Osbern Way, Hook

Hampshire RGZ7 9KX UK. Singapore 199555
+44 1256- 760150 SINGAPCRE
+44 1256-760148 Fax +65 205-2700

+65 295-8033 fFax

@\ Dnnyrtgh! Segtemper 1996, Trimble Navigation Limifted. All rights resarved. Trimble with the Trimble Toga is a registered trademark and Pathfinder OHice is 3 trademarks of
Trimble Mavigation Limited, Sunnyvale, Galifarnia, U,S.A. All ather brand names, product names ar trademarks befong Lo their respective owners, TIDIGEESA (6/97)
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L INTRODUCTION

The measurement of terrain resistivity o map geology has been
wtilized for over half a eentury, Several shortcomings. however,
have prevented this technique from being widely accepted for ¢n-
gineering purposes. The first of these is that conventional galvanic
resistivity surveys require a relatively large amount of manpower to
exccute and are thus expensive. Secondiy . the actual value of resis-
tivity itsell i seldom diagnostic: it is the lateral or vertical variations
ol resistivity which form the basis of any interpretation. However
the high cost of resistivity surveying penerally mcans that fewer
measurements iare made than woutd be desirable, with the resuft
That vither (i) the survey area is not made large enough o estahiish a
reasonable hackeround aguinss which the anamatous areas are to be
delineited or (i) the unomalous area itself is obscure and lacks
definition.

An additional prablem inhezent ta conventional resistivity tech-
nigues is thal aithough the effcetive depth of exploration is deter-
mined by the selected imter-ciectrode spacing, resistive in-
homugeoeities which are small compared 10 this depth but which are
located near the potential electrodes cun causc a significant error in
the measurement. Such fAuciustions in the measured results are
truly geadogicsl “noise’” because itis not possible o determine the
physical size, resistivity contrast, or location of the source. As a
residt of such inhomogeneitics resistivity profiles carsied out st
constant interelecteode spacing 1end to be noisy, liemiting the resol-
ulien in resistivity that can be achieved. even though the in-
steumentation itself is capable of producing much higher accuracy,

11 was an awiareness of hoth the advantages of reséstivity for
engineering geaphysicat surveys und the disadvanages of conven-
tionid resistivily technigues that led Geonics Limited to examine the
possibility ol employing electramagnetic {inductive} techniques as
an aiternistive for resistivity surveys. With the development of the
EM3t and the EM34-3 it is now possible to map tesrain conductivity
virtualty as fast as the opcralor(s) cian walk: furthermore the sample
volume is averaged in such a manner as to yield unexcedled resolu-
tion in conductivity.

These patented instruments have been designed to cover the
range of depths generally useful for engineering geophysics; the
EM31, one-inan portable, has an effective depth of approximately 6
meters amd the EM34-3. two-man portable. has stepwise sclectable
depthy fram 7.5 meters 1o a maximam of 60 melers.

Typical applicutions for the EM31 and EM34-3 instrutnentation
wres

(i) Belincating regions of permafrost (frozen pore water)

(i) Eocating gravel

i) Extending knewn gravel deposits

tiv) Mapping saling intrusions

(v} Detecting cavities in carbonate rocks

{vi} Mapping poliution plumes in groundwater
(vii) Mapped bedrock topography
(viii) Mapping terrain conductivity for clectrical erouading
(ix}) General peologics] mapping (soil types. fault and fracture
Aones, ele.)

(%1 Archacologivad exploration

(xi} Locating pipes (EM3 1) sod metallic-lype conductors

This technival note deseribes both the principtes and the in-
steumendation employed to messure terrin conductivity using
electromapnetee techniques al low induction nembers. For a de-
sailed disvussion of the concept of tervain resistivity/conductivity
wnd of the various Tserovs that contral this parameter the reader is
relerred 1o Geonices Limited Teehnical Note * Etectrical Conduc-
rivity ol Boils and Racks™ .

H. PRENCEPLE OF OPERATION

The zpplication of electromagnelic techniques to the measure-
ment of lerrain resistivily. or more properly, conductivity™ is not

* Cunduetivaly is preferred with inductive technigues since the response is
generally proportional to conductivity amd inversely proportivnal to resis-
Livity.

FiGuge 1. Induced current fMlow (homogencous halfspace).

new and excellent descriptions of this technique are given in the
Yitersture (1], [2).

Consider Figure & in which a transmitter coil Tx encrgized with an
alternating current at ar audio frequency, is placed ot the earth
(assumed uniform} and a receiver coil Ry is located a short distance
s away. The time-varying magnetic fiefd arising from the alternating
current in the transmitter coil induces very small currents in the
carth. These currents genersic a secandary maugnetic fictd H, which
is sensed, wgether with the primary field, H,, by the receiver coil.

Ln general this secondary magnetic ficld is a complicated function
of the intercail spucing s, the operating frequency, f, and the ground
conduetivity «r. Under certain constraints, technicaily defined as
“‘operition at low values of induction number™ (and discussed in
detail in the appendin) the sceondary magnetic field is a very simple
function of these variables. These constraints are incorporated in
the design of the EM3 1 and EM 34-3 whence the secondury magnetic
field is shown to be:

W, iwpas? m
H, 4
where 1, = secondary magnetic ficld at the receiver coil
H, = primary mugnctic Geld at the receiver coil
w = 2af

I' = freguency (Hz)
1, = permeability of free spuce

v = ground conductivity (mhofm)
s = intercoil spacing (m)

V=i

The ratio of the secondary tw the primary magnetic field is now
linearty proportional tu the terrain conductivity, a fact which makes
it possible 1o construct a direct-reading, linear termin conductivity
meter by simply measuring this ratie. Given HyfH, the apparent
conductivily indicated by the instrument is defined from equation

{l)as
H
- LY
7 s (H..)

The MKS units of conductivity sre the mho (Siemen) per meter of,
more conveniently, the miflimho per meter,

2}

IH. INSTRUMENTATION
The EM3I (shown in Figure 2) has an intercoil spacing of 3,7
meters. which yiclds an effective depth of exploration of ashout 6
meters. The instrument can also be vperated on its side. in which
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Figewe 20 B in feld speridion,

cane i il he seen 19 Section 1V 1he effective depth ol exploration
is reduced Lo approsimulely 3 meters. The instrugeent s une-man
puttable wnd can be ased cither in —shlion-by-stution”” muode or
read continuously. The presence ol Tayering in the carth can be
detecied by suising Hwe sstrnment and noting the e wlings as u
Tunction of instrement heighi. 10 e carty is two-kyered the con-
ductivity of both bayers aad 1he upper layer thickness can e
reselved.

The 1EM34-3 which s tweeman postable bas the Beo coils flesibly
cammectend (Figere 31 The blereol spacing is measired elecironi-
cally so that the Tecesves apet Loz sy ceinls meter o accuratety
wet e coils 1o the coerect spacing. whicl can be 1y, 20, or d0 mcters
oo 10 dizec iy viny the ellective depth of exploration as showi in

Table 1.

Fiouae: Y. EM4-3 i feld operation.

Tape | iplorgion depths for 1M 3d-3 al virkus iniereoil
spacines

5§

Intercoil Spacine,
{melers) Hewiroptal Dipokes

Vertival §ipoles

i 7.5 15
20 5 ]

A R o

To messnre wereain comdugtivity the trnsmilier speralor stapyal
Ihe resnrement station: the receiver upetator moves the receiver
coil Fuckwards or forswards unsil his meter indicates corvectintereoil
spacing and he rewsds the errnn conduct iy from asevond aweter.
Fhe procedure takes 10 to 20 secomds. Fhe voils are noriadly
carried with their phnes vertival thorizental dipsle mode) since in
this contipuration the measprement is relatively insensitive o mis-
alignment of the ceils. In the event that the preater depth of pesictra-
lion resulting when the twe cails are in the vertical dipoie muode is
desiresl. more care st be taken with intercoil alignment. Because
of the relatively short intercoil spacing correct alipnmeat is usually
wot difficul’ o achieve.

Hoi instrements are calibrated 1o e tersin conductivity in
millimhos per meter. Fo comvert these readings e resistivily (in
alimyaeterst one simply divides them into LRG0, ie. 50 millimhos
s meter is the cqiivalent of 24 ohimane e

1V, SURVEY TECHNIQUES AND INTERPRETATION

Yor either the EM3 1 or £M34-3 il i be shown that ina hemo-
genewrs or borizentufly steatificd earth the current flow is entirely
harizantal. Forthermore uwder the canstrainis by which the instru-
menits are designed 1he cwrent Tow st any paint in the ground is
independent of the current low alany vther point since the magnetic
coupling betweenall current loaps is nepligiple. Finuliy, under thuse
consteaints e depth of penctration is limited only by ehe intercoil
sprging. We say that the depth ol pencizason s souree” or
“peometry” Fmited riher tan = skin depth™ limited SiRER 1T now
contrubed by the Gill-olf with distanee of the dipolar rasiter
licld. For this reason oll dimensions are aormalized wish respeet to
U intercoil spaciag in subsequent sections ol this technical nose.

IV. L. Iustcumental Response as o Function of Depth (Homogeneous
Hadfspace )

Consider 1t homogeneons hallspace on the surfaee of which is
tocated an EM3L or an EMA3 Gansmitter as shown i Fieare 4
Fining o attention on i thin liyer ol thickness dzat depth 7 (where
7 is the depth divided by the intercoil spacing s} il is passible 1o
culiie the secondary magnetic fichd in the receiver voib arising
[rom all of 1he cirerent low within this ar any other horizostal thin
layer. One can thus consteuct the function di (23 shown in Fignre 4
which deseribes the refative comzihation t the secondiry magnetic
field urisiseg From a thin Tayer alany depih 2. We see frem this figure
that material located al w depeh ol approaimately 0.4 s gives nisi-
mura contribution o the secomlary magnetic ekt but that material
at o depth of 155 stifl centributes significantly. Hos inLeresting Lo
note that the ground st zera depih, ic. the near suface material.

I

aGoRe 4. Relative response versus depth far vertieal dipodes. b ds) s the
ive contrifuetion (o H, fron matevial in o thia Tiyer d7 lucsted al tnor-
matlized )y <heptly 7.
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Frorrn 5.0 Keliative response verses depth lor horizontal dipoles

mahes i sery small confribution Lo the secondary magnetic field and
therelore this coil confipuration is insensitive to changes in aear
sarface conduciivity.

Iigiite 5 ithisoades the Tusction ol 19gure 4 Tor she case of both
trimstuitter amd receiver dipoles haizontal coplanar vather than
vertical coplinas. For the cosl condiguration ol Fipure § (commonly
used forthe KM 34-3 since s Jess eritzead o intercoil aligniment) the
relibive contribution fvom materiul acar-sorfice is lige and the
rexponse Glls ust monotonically with depth.

A vompanisen of the function  [or buth ¢oil conligurations in
Figure & emphasizes the different manner in which they respond 1o
materiat al different depths. The difference is important since cither
nstmment cim be rolesd aver so that the vertical dipole transmit-
terfieceiver peometry becomes o horizontal dipole transmitterfre-
cometry amd vice versi. As wili be seen kster, this leature is
useful in dingnosing and detining o Lyered carth, The feure also
shaws et for regions greater than one intercuil spacing in depih the
vertical ransmitterfieceiver dipole gives appraximalely twice the
relative comrsbution ol the harizental (ransmitterfreceiver dipole.

To sammarizc. with either horizontal or verticud transmitterfe-
ceiver dipole orientution it is possible 1o constiict a funclion which
pives the relative response 1o the seeendary magnetic field at the
receiver from a thin layer ol growend at any depth. That this is
pussible ivise s fronn the Faet that () all covrent flow §s horizomal and
it all cimrent loops are independent of 3t other current loops. 1L
should be noted that it is not possible to construct such functions for
conventiond resistivity teeknigues.

Finully, sitnee as shown in Section H the definition of ipparent
comductivify i given in terms of the secondary mapnelee ficld at the
veceiver, the funclions in Fipure Galso give the relative contribation

o TosT T o 5 20 7

faoeat 6o Compaiison s relative responses Tor vertical amd horizontal
dipafes.

from materind at different depths 1o the apparent conduetivity indi-
citted by the instrument meter. Fhe itepral of either function from
zero Lo infinily gives the tdal secondary magnetic fichd st the re-
ceiver col from a homuopencaus hidfspace which is directly related
to the electricd conductivity of the halfspace by equation (1. I is
therelore possible 1o stade with preal precision the relative influence
of material at different depths (o the indicated apparcat comluctiv-
Hy.

V. 2. Multi-Layered Earth Response

The funcuons shown i Figuere 6 are useful for deseribing the
relalive sensitivity of citber of the two coil contigiralions e material
at various depths. However a function derived Trom Them is mare
uselnd tor performing caleulations 41 i definesl as the relative con-
tribetivon to the secundury magnetic licld or apparent condiictivity
from all madertal below a depth 7 and s given by

Ry(2) —I . dfzulz hH
" Y H

.

Called the cumubative response. this function is illusteated in
Figure 7 fur vertical coplanwr (ransmitterfreceiver dipoles, The
figure shows. lor example. that for this configucation all material
below adepth of two ingercoil spacings yields iretative contribution
ob ipproxinuutely 0025 (e, 25973 10 the seeondary mapnetic Bebd
the receiver coil.

Suppose now that nr homogencars halfspace has a conductivity
of 20 smillimhos per meter (8 chmmeters). The equipment having
been calibrated according 1o equation{2). the sutput meterindicates
Ximillimhos per meter. From Figure T we observed that the material
bejow 1wo intercoil spacings contributed 25% w the secondury
magneliv ficld and therefore 25% to the tndicited saeter reading.
Suppose that we replace this deep miteriad withoan infinitely resis-
tive (zero conductivily) suhstance. Since we have reduced to zero
the 25% thut this material contributed ko the meter reading the new
reading will be 7597 of 20, or 15 miflimhos per meter. Conversely. if
we Jeave all of the materiad below two intercoil spacings at 20
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Fisuse B, Two layer earth model.

millimhos per meter but make afl material above two intercoil spac-
inps infinitely resistive the meter reading will fall from the originad 20
millimhas per meter for the homogeneous half space (o 3 millimhos
per meter, since, it all of the material below two intercol! spacings
contributed 25% of the ncier reading. alf of the material above two
intercoil spucings must contribute 75%; when rcmoved the meter
reading becomes 0,25 % 20 or 5 miliimhos per meter.

From this cxampie we see thal there is a simple way to calculate
the instrument reading on an arbitririly layered carth as long as the
intercoil spacing is much less than the skin depth in ail of the kayers.
We simply add the contribution from cuch fayer independently.
weighted according to its conductivity und depth according to Fig-
ure 7. For example assume that we have a two-layer case us shown
in Figure 8. The contrihution from the upper layer is given by

5, = ol — Ry(z)]

since all of the matertat below zero depih yickds a relative contribu-
tion of unity oF (0% to the meter reading, Converscly all of the
material in the bower Eayer adus a contsibution given hy

(4a)

(4b)

o, = a, Ry}
and the actual instrument reading will therefore be the sum of these
two quantities

= o[l = Ry(2)] + o2R(2) (5

if the carth is three-layered a5 shown in Figure 9 the same proce-
dure is empioyed to determine the instrumental response, In this
exumple the calculations are performed for different middle layer
thicknesses.

a, = 20mS/m T l n= 0%

gy =

;= 10, 15
2mS/m l

4, = 20mS/m

a,[1-A{z )} + o[l z) ~ Riz)] + 0y Riz,)
20[1-070] + 2[0?0~0-4a] + 20X 0°44 =15-3 mmho/m
20f1-0-10} + 2 [0 TO -0-32] + 20X 032 = 13- 2 mmha/m

Gp =
1,:10, O0g =
2,615, g =

FieRE Y. Calculation of response to three layer earth - certer layer thick-
NERS VATYINg.

The case with which such calenlations are performed acilitutes
survey preparation and inlerpretation, 11 is sometimes possible 1o
ke advanee estimates of the electrical propertivs of the materiads
1o be enccuntered during s survey v alternatively . once op-site the
operator can ublain Lhe same information from sample measuare-
mienis of the different materials, The procedures outtined above are
then employed to estimate the appareat conductivity measired
gnder virrious terrain conditions. Examples of sech cabeulations for
the EM3L are shown in Iigure $ As is seen in the appendix the
algebraic eapressions for 71 and Riz) are very simple and are
easily programmed vn hand held calculatoes

In Figure 10 the vertical dimensions are greatly exaggerated with
respect o the horizontid dimensions. The guestion arises s 1o whal
degree of lateral uniformity s reduired hefore the carth can he
considered as botizontatly stratified or homogencosus. Survey ex-
perience indicates that i the pround comluctivity does ot
significantly vary with horizontal distance within a rdios of one
intercoil spacing Itwin the instrument the ground ciun be considered
o be faterally unilorm.

Fhe ubove discussion referred o the use of vertical fransmit-
terfreceiver dipoles: it is equally possible to construct a cumuliieve
response function for the harizontak coplanar dipole configuristion
aml Figure 11 illustrates this function fur both coil confipurations. A
compatison of the lwo curves flustiates that the vertical dipole
mode of operation has approxinately wice the effective explori-
tion depth of the horizontal dipoke mode.

IV, 3. Compuorison with Conventional Resistivity Techniques

Many readers will be familiar with the twe-layer curves employed
to interpret data from convestional resistivity surveys using i Wen-
ner array of four cqually spaced clectrodes. Using the techaiques
described in the previous sectivn it is a simple matter to caleulate
two-layer curves for the electromugnetic technique; Figure 12
shows such curves for both the vertical and horizontal dipele
configurations superimpased on stamlird Wenner curves. The gen-
eral shape is similar but theve are marked differences in dewsil. For
vertical coplanar ieansmitterfreceiver dipoles we see that when the
substrute is the more rFesistive the response of the (wa systems s
similar; however when 1he substrate is the more conductive the
clectromagnetic technigue sees deeper in that the influcace of the
substrate, for o given comdustivily contrast, is bt at smatler inter-
coil spacing than inter-giectrode spacing. This is a general charace-
teristic of eleciromagnetic systens which prefer to louk through an
insulator 1o a conductor eather than through o conductor to an
insulator,

For the harizontat dipoke configuration it the lower layer js the
more resistive the eftective explonition depsh of the indugtive tech-
nique is slighthy less than the Wenuer array: owever, once agiin, in
the case where the lower fayer is the mwore conductive the explora-
tien depth of the inductive technigue is sebstantially peeater.

IV. 4. Resolution of Two-Layered Farth hy Varying Intercoil
Spacing

The principal advantape of the inductive electromagnetie tech-
nigue over conventiomal resistivity lies in the speed and aceuracy
with which latcral chunges of terrain conductivity cian be measured.
However this technigue can also be used to measure the vertical
variation of conductivity by cxpanding the intercoil spacing in
manner analagous ko that i which the electrode spacing is e xpunded
in conventional vesistivity sounding technigques. The cwrrent state-
of-the-ard, however, is such that relatively few intercoil spacings
can be employed; for example the EM34-3 can be operiated with an
intercoi! spacing of 1, 20 or 4 meters, This feature is somewhat
mitigated by the Fact that the instrumends can be used in cither the
vertical or horizontal dipole modes which, us shown in o previous
yection, exhihit dilferent seusitivity Lo visrions depths thus yicikfing
mure informatien than would be available by siinply using tbree
spacings with one coil urientation,

To interpret o two-kiyer geometry the two-layer cueves for hath
dipolc configurations are superimposed on g common plot as shown
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using R (Z) carrceted for instrement operation at waist (L meter) heighs.

Coil separgtion s = 3,67 meters.
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Figune 11, Cumulative response versus depth Tor vertical and horizontad
dipoles.
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Figure 12, Comparisan of Wenner armay and indeclive electromapnelic
sounding curves for a twa layer emth.
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in Figure 13, The six data points ohtained by miking mewsurements
with twu coil orientations and three intercoil spaciogs are plotted to
the ssme seake on o picce of transpareat paper and are (runsled
vertically and horizontally on the two-layer curves 1o aseer ain
whether at satisfictory [t can be sehieved. hrthe event that sucha it
can e made. Use earth devs exhibit two-laver charaeteristics and
the vitlies of comductivity for koth Tivers and the thickness of the
upper Tayer e shivectly read ot

1V, 5. Hesolution of Two-Layered Earth by Varying Instruement
Height

T il cise of the M3 the intercoil spacing is rigidly fixed sothat
e Lechuigne deseribed ahove is not available to analyse a layvered
it 10 i, hawever, possible fo raise the instrument above the
pround. measarng the apparent conducitvity as i lunction of in-
strument height for bagh the vertivid and horizengal dipole conhed-
cutions, This has the efTect of shifling the response carves ol Fignre
6 upwards through the varians regions of the carth and the vau arien
of apparent conghuclivity with height is therelore of diagnestiv vilue
in determining the nutire of any layeriag. 1 is u shaight lorwisd

matter o calonlate the response of the iastrement as @ funelion of

height fur various two-luyered cartls geometries and typical curves
are shown in Tigere b, [0 use The corves ane simply plols the
measured apparent cowductivily versis height for both coid conlign
Tations on @ picee ol transpiarent paper (o 1he ssne scale as Figure
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14b and shifts the plotied data vertically ustil good agreement
achieved with ane of the cirves, whereupon the two canductivities
and the apper faver thickness are immediately determined as i the
ilfustrated case history of Figuee 14e,

I the event #hat the conduetivity ol cither one of The two livers is
Knews 1o be much less thiu the othee, so that its contehntisn Lo the
meter reading is negligible. itis simply necessary 1o lay The instre-
ment on The groumal, ke it reading. Ly i on s side, tike o second
rending. and Trom these two vatues one can invediately cideulate
the vonductivity of the mere conductive Riyer and the thickness of
the apper liyer.

AND DESADVANEAG OF INDLCEIVE
CONDECTIVITY MEASUREMENTS

V. Lo Advantapes
The sdvantages of the wse of joductive electmmoppetic tech-
e Lo measure leern comdectivi sies Toblows:
it Fxcettens resolation o comdenivie . TUwas stated dn Section §
Uit & problem with convenzonal resistivily wis thai tie pres
ence ol Tocalized resistivily inhomopencitics neir the potential
clectraddes ctsed large errors, 15 we exininge 1he civrent fow
in a homogencons halfspace Tor the indactive techsigue de-
seribed herein we reatize that in the vieiity of the ransmities
the current deasity is very high and we srght expect the pres-
ence of acondaciive inbomoeencity fovisted here to sy e ke
etfect, However w here the carrent densiiy s high. ihe radhos ot
the current loops is sawdland their distuaee from the receiver
coil karpe, o that 1hese Toeps do nol cenple well wapnetivally
with the receiver. The effectol changing this current by varying
e local conduetivity B consegnentiy neplipible. Phe Lueral
extent of the v ofume of varih s hose condictivity s sensed by
the inductive technigue is approxisntely the same as the verti-
cal dlepth. Fhe resudtis that small changes in condnetivity, for
cxample of the order of 5% or W77 are easily and aceurately
measured.
iy No crrrent injection probleos, Since curvents are magnetivally
iluced in the carth, cortent injection prablems coconniered
witlt vonventional resistivity in naterials such s pravel, bed
rock. parmatirost, snow and ice. ete.oe ot cacanntersd with
this type of Bastrumentation.

(ii) Simple mudti-lovercd cartle calendaiions. I'tis magter is dealt
with 4t length in Section [V,

(iv} Eusy, rapid measurenrents. A probdlen with the conventionul
Wenner sray is that in order o survey joan effective deptiy a
the arrity must be 3a in enpth and the total leagth of wire
required da. used in four seetivns, Fhis presents many oppuor-
Lnities for smagging and breaking the wire, Furthermore cach
meastirement reguires insedtion of o eleeirodes amd rela-
tively careful measurement ol the inter-clectiode spacing.
These features iare avoided with the inductive clectromapnetic
technigues and 3 e ERLIRILIGN 1o sy a3 sirvey cisn
often be carried ontfive o ten times Sister using tis weehnigue.,
Indeed with cither the EM31orihe EM3E-3igis usually possible
under average termain condiions W osarvey 5 e 7 line-

kilometers a duy wilh i stition spacing of 25 ar Stbmelers.

V. 2, Dhsadvaniages

As with all geaphysicad instrments. there are ~ome limitations
and disadvantis 1o the ive of inductive cleciromigpoetic lech-
migaes and these are as [oflows:

(i} Fimited dyanmic ranee (1 W0 mnihos per sieter). At low
vilugs ol Lerraim eomiuctivity it heeonies dillivol o magnen-
cally induce sulficieat current in the gromsd to produce
tectible mignetiv tield at the receiver coil, Conversely at ligh

valies of conductivity the quadistnre component ol the re-
ceived magnetic ficld is no longer lincirly proportionid o ter-
ratin conduc livily ss is shown in the appeodiy

(8) Seating and soindeding e fadeantent Jeno. {deadly inorder o
wt the sero the instruzsent would e saspemded in free space

e




and the sero set theve. The more acceptable alternative is to
search out o region of very resistive proend. to accurately
measire its combuctivity useng conventional technigues. apd 1o
set the instrumentid zeroat that locion, This is the procedure
which is actually Tollowed.

1t s pecessinry thid 1his zera be acenrrately maintained over
tonp periods of time aml aver the wide variations of lempera-
Iere encountered during geophysical survey in various parts of
the world. Fhis produces tight censtrainis va the civeuitry, with
e resull that the zere may be do error by up to =82 mmhbos per
meter. Suchan erroy woukbd he negligible over the usual range ol
terrain coadnctivities: howeverin the event that measurements
are Peinp made on highty resistive ground the zeco error can
hecome signilicant,

(i31) Lineitod Vertioal Sesendivg Capabvifite, Intheory itis possible to
s u systent soch as the EM3-3 0 o coatinuum of intercoil
spascings Lo yield more informatien about electricul layering in
the pratezd. To sichieve oo wide variety of inter-electrode spac-
ings with conventionaf resislivily cquipment s siinples in the
cirve of The indnctive dectromagnetic technigue she vapid fuli-
AT of the magnetic field from she dipsle transmitter introduces a
seriots dlynamic range problem. In due course there will up-
dembiedly be instrumentalion with o wider variety ol spacings
at the expense ol additional complexity.

V1. UASE HISTORIES

This section deseribes several case histories obained with the
M3 and the EMYL The sievews ) ilostrate the rescdution in
candicsivity that cimn be achieved, Gikeompare the results abtained
with conventional resistivity sand Git) illusriste the use of the latter
Tor lacaiting sand, graved snd conductive minerals, determining bed-
ravk lopography fincluding focating & buried river channedy und
mapping the pollution plinne from a Bind-fild site. In some cases the
indicated conductivily has been converted 1e resistivity 1o Facilitale
comparison with conventions vesistivity survey results,

Caxe History #1
1 ocitien: Mississauga. Ontario
Insteument:  EM3|
Applieation:  Blustrates resobation and sepestability of EM3 8

fror this case history @ Rustrak chart recorder was used ke monitor
the output of wn EMAL A line ol length 200 meters was traversed ina
fickd in hoth casterly and westerly directions. Figure 15 demon-
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strales thal he instrument is resolving conduclevily chianges of less
than 1 mmhofm (19 of full seale defiection) and tha the repeatabil-
ity is of the siote oeder. In Tact the repeatabilizy is imited in this case
by the reselving power of the chigt recorders jtsell. 1t should Tur-
thermuore be noted that the instrament is detecting spatisd changes in
conductivity of a few mieters in lenpth — compatible with the eer-
cotl spacinge of 3.7 meters.

Case History #2
Locition: Hearth Lake, Ontane
Insiruments: M3

Conventiomal resistivity apparaius
Application:  bovition ol sundfgravet

Comparison of M3 and conventiona) resistivity

En this survey i line 190 L (588 metcees) in length wiss sueveyed
with o meanurement interval of B (30 meters), The sirvey arca
was generidly located ona buried esker, however the fast few survey
stations. 17 + Otho 1Y + O, raversed o region of expased sand smd
gravel {often ocearting in the form of concretionst and over this
portivn of the line measurements were made every 1001 {(34hnet-
ers).

The conventiona resistivity profile was carried o using i Wen-
ner array with s o spacing of 20 £ 4608 meters) except beiween
stations [7 + and 19 + D where the & spacing was reduced 1o | 01
(6,30 meters).

In general the cur ion hetween the two sets of disti is excel-
lent. wnd demnonstrates the ahility of the EM3E 1o genere good
quanigtadive dati even inregions of low conduclivity. thver the esker
the EM3 was actually read continuously dewn the Eee - the dada
wats recorded only at the T intervids, with the esception of the
reading al station 7 &+ S0 which was itlso recorded sinee it was noted
thal w conductivity low occurred there. Such an anomaly wis, of
course, missed by the conveatiomal resistivity where oreisurements
were only imike every 1001

Buth sets of dita become ralher erratic hetween suations 17 + (K
and 19 4 00 s avesulcof the very rapid fiferal changes i resistivity
arising from the conceetesd material referred 10 sbove.

Case History #3
Lasation:
Instrument:

Cavendish, Ontitio.

EM3I

- E.ocation of metathic type conductors
Anpplication: ¥

This sarvey line, ol length 200011 4630 meters), s Jovited atasite

11
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Figuat 18, EM3 survey of Cavendish test range Line ‘C".

in Ontario which is ofien used by Canadizn instrumentation man-
ufacturers 1o test new clectromagnetic geophysical equipment. The
survey. along line C. illustrates response from both the swump and
the two zones of melallic mineratization. Although measuremesnts
were only taken every 50 ft {§5 meters) both zones are well de-
lincated and when such high responses are encountered locali zation
Lo within # few melters is quickly and easity carried out.

Inasmuch as the EM31 and EM34-3 were designed to map terrain
comluctivity il the conductivity levels encountered in typical soils
both instlruments are extremely sensitive electromagnetic delec-
tors. For example an the maost sensitive scale. fult scale deflection
for the EM3 1 is H00 ppm of the primary magnetic field and for the
EM34-3 it is 3800 ppm. Such sensitivity makes either instrument
uselul for detecting metallic type canductors at what are very low
comductivity fevels by normal standards.

Case History #d

Laseation: Mississauga. Ontario
InsAruments:  EM3, EM34
Application:  Determination of bedrock 1opography

Total line length for this survey was 8400 fr. (2600 metersy and
measturements were nade every 100 ft, (30 meters) with both the
EM21 and the EM34 — an carlier version of the EM34-3 which had
two intereoil spacings vis. 100t {30 meters) and 50 ft. (15 meters).
The survey was performed 10 outtine the cross-sectional profile of a
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Froaisgre 190 EM31 and EM3d4 swrvey fine ever preglicial aver valley, Mis-
sissaigei, Ontario,

buried preglacial river valley whose existence hid been sugpested
from water-well data. At esther intercoll spacing the lime required
for the EM34 profile was 1-E2 hougs. resulting inapproximately one
survey measttrement per minite —ineluding the time to walk the 108
feet between measurement stations. The time aken lor the sub-
sequent EM31 survey was similar,

Typicad bedrock conductivity in the area is approximately 30
mmho/m. whereas an average value for the condoctivity of the
infiling placial till is of the order of 8 to 12 mmhofm. Thus the KM 34
at either intercoil spacing vields approximidely 3 mmhaofm af the
villey edges where the overburden is thin and 12 10 14 mmbofin at
the valley centre. The EM31 yiclds vadees of [4to 18 nunho/niat the
valley edges (stightly sffected by the presence ol bedrock) und
approximatefy 10 mmho/m s the vailey cemre. The interpreted
depth of the valley, based on the mode] shown in the tigure. is
approximately 120 feet { 36 meters) which is in reasenable agreement
with the water-wel data vabee of 150 feet (45 metersy, bearing in
mind that the three sets of dala show thal o two-Eyer moded i< an
over simplification.

The coaductivity high which accurs hetween stations 32 and 3%
results from @ very larpe pile of waste furnace ash lying on the
surface.

(ase History #5

L.ocation: Camp Borden, Ontane
Instruments:  EM31, EM34

Conventivnal resistivity appazatus
Application:  Mapping groundwuler sulinily

Comparison of EM34 and conventiomil resistivily

Geophysical surveys were carvied oud over i sanitisry land i site
using. in addition o other instruments, un EM3§, £M34 and con-
ventional resistivity [4]). The survey results in the sccompanying
ligures illustrate the good agreement between these techniques and
alse indicate the reduction in survey time achicved using indictive
clectromagnetic technigues. Particuiasty interesting are the verticasd
variglions in resistivity as shown by the EM3LE at 5.7 m imeccait
spacing and the EM34 a1 15 and 30 m spacing.

VII. SUMMARY

This techuical nole describes in detadl the primeiples of mapping
1he electrical conductivity of the pround using magnetically mduced
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currents at Jow lrequencies. It has been shown that certain advan-
tages can be derived from working at low values of induction
number. Amongst these are excellent resofution in conductivity, a
substantial reduction in man-hours necessary Lo carry out a con-
ductivily survey and a simplification in the calculation of layered
earlh response.

Two points should be kept canstantly in mind when performing
surveys of this 1ype to map geology. The first is that these instru-
ments map onky the etectrical conductivity. [f the conductivity does
not vary significantly with the geological environment, or if
parameters other than the geology also influence the conductivity,
the survey results may be difficult 1o interpret.

The second point is that measurement of terrain conductivity, bike
any other geophysical measurement, must begin and end with geol-
gy . Such measurements are only an aid o help visualize geological
conditions which cannot be seen. It is always necessary to interpret
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geophysical dala against known geology from out-craps, boreholes,
or any other such *‘bench marks'". Geophysical measurements can
be very effective by allowing interpokation hetween such sources, or
extrapolation away {from them. However in every cuse knowledge
derived from geophysical mecasurements must be eventually re-
confirmed against known geological conditions.
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HORIZONTAL DIPOLE

VERTICAL DIFQOLE

Traosr AE Viersical aed hoszontat dipole coil configuritions.

AFPENDIX: Theory of Operation at Low Induction Numbers

Consdder e two coil canfigurations shown in Figare AL Tneach
came Lhe trussmitter coil is encrgized with alterniting current al a
Trequeney [ Herts, The measteed guantity is the ratio of the secon-
Gy mapnetic ficld £E, at the receiver when both coils are [ying on
e surlsce of the bomogeneous hall=space of condictivity o o the
prisvary magnetiv lické Hyin e absence of the hallspace Gle. asif
Ihe coils were i [ree space). The spacing between the coils iy s
meters.

The ficld raties for vertical and hovizontl dipole configarations
¢ given by eguotions £ hand (2) respeetively.

[E‘ 2 ] | -y A ~
(u..)\- Tt W AT e e D

(), -2

where 3 ==

2)

3 ap e’
— T |3 4 R A4 () -
(F I Ay ](1‘>'F,
o — 2ol
= lrequency (Hz}
= permeability of free space

Y

These explessions are complicated Tunetions of the variable ys
which i in turn a reasonably complicsted (complex) function of
[reguency and conduoctivity. However. as will he shown below,
under certain conditions 1they can be preatly simplified.

A wefl known characteristic of @ homogeneous balf-space is the
ekectrival skin <epth §. which i delined as the distance n the
hudf-space that a propagaling plne wave has ravelied when ds
amplittde bies been attenuated to He of the amplitude at the sarfsee,
The skia depth is given by

s

s = /V =
LT

3

und therelare

(4}

The rutie ~fA, the intercoil spacing divided by the skin depth, 55
delined an thee indection number B, whereupon

. %)

Nuow it B is n:uch less thisn unity Ge ys =27 1) it isasimple matier Lo
shaw that the tield ratios of equations £ 1) and (2 reduce 1o the simple

expiression
Ly (Hy il
(), ~ ()

witich e the equation given in Section ik

The nugnitude of the secomlary mugnetic field is now directly
propurtionaé Lo the ground cunductivily and the phase of the secon-
iy magnetic ficld leaels the prinsry magnetic field by 907,

oy

{6

H

Froegy AL Elecnival mode! for vertical shipeles,

Lo muake B much less thao noity we see that wee mnst make s very
much bess thae & and thus

>

[T

(%]

,:"u\:
Fhit is. having decided on i value dor s ewhich tixes the effeciive
depth of penetrition under the cosdition 8 -+ 1), 1the minviazem
probuble ground conductivity s estimated and the eperiding Tre-
quency is chosen seihat equistion (7) is always salislied.

The appurent vonductivity which the instrument reads is then

defined by
E| (II\'
W, = 30
T s _”,.) sl s

panen

(%)

To examine the reasons for this simplification Iel s focus our
attentiom on the verticel dipole coil configuration showa in Fignre
AJE since symamelry mikes this canliguriation the simplest wrainader-
stand.

Consider current foop 1. The prinury emf v, Gassing this current
1 How is piven {through Faraday s Ly by the time rage of chanpe of
the primary magnetic flux from the tranamilter theough this ksop.,
Fhree impedanc suse the current (o be Bmited. These arise rom
tiythe electrical resistance R, ot the loop_giiy the Tact that the current
i generates ity own magnelic fieidd which couses a Lin
secendary magnetic flux theough the foop Gell-mductance
¢iii) the fuct that alf other current lovps siech as £ generate theirown
magmetic fiekds whick i turn catse o timwe-varying magnelic fluy o
link with lerp [ Onttuad-indactance . M),

The equivalent cireuit for this contiguration is casily derived from
clementiry circuit theory with 1he result shown ise Figuse AL

The complex impedance 7 incorporites alf of the sficets of
magnetic coupling hedween curvent loop | aod any other cusrent
loup 2. We see From this expression that Z can be made arbitrarily
small by reducing @ - 3nl, the operaling frequency . Whea Zis thas

£ R‘ 1
Re 3 e
z = dwl, 4 M
Ry § 1wt
e
i .
! R 2

Frotern ALEL Baginvadeot ciiemt for nyodel of Tguere AL




made much smaller than R, the current flaw in loop | is simply given
by

= iwh, G, i9)

TRTR T
where &, = primary flux linking foep |
Gy o= conductance of loap (G, = [/R)

[

We see thal the mapniteds of Lhe current is Tneardy proportiongl
Lo the fvop conductance ndd furtherayre that the phase of the
corrent leads the primary flux by 80, Sinee the secondiscy magnetic
fiehl it the receiver from civrent iy is in phase with amd directly
proportional (o 7, & teo will be directly proportional o G ant will
lead the primary flux by 90°, Thus

H.) .
) e

which his the same dependeace on frequency amd conduciance as
equudion (). We infer therefore, thut the condition B <20 [ js equiv-
alent 1o stating that for all corrent loops Lhat affect the receiver
<uplit the operating freguency s so low thul we can jgnore any
magnetie coipling between the loops. Fhus the current that Aows in
any loop is (0) completely independent’of the current that flows in
any othier loop sinee they are not magnetically coupled and (i) is
only a function of the primary miaenctic Aux linking that leep and of
the facal ground condictivity.

The luck of interaction between current Joups is of greal impor-
tance in simplifying the duta reduction procedares. OF eqaaliy great
significioce is the Gl that Toruny valoe of B and for uny urientation
ol a magnetic dipole (ur indeed of uny magnetic source) over eithera
umiform halfspace or o horizontlly stratificd earth it cian be shown
thirg all current Aow is borizontal. Thit this is the case Tor a vertical
dipole is casy to see lrom syavwnetry: for o hori zontaf dipole itis fess
evident bud cqually true. Thus, in @ horivontally liyered earth no
current crosses an interface which is forlunate since, 1 dinl,
changing cither of the conductivities would. by virtue of refraction
of the currenl, change the direction of Lthe current as it flewed from
one medium (o the ather,

I no enrrent fluw crosses an interfice and il there is no magnetic
coupling hetween current leaps, changing the conductivity of any
one of the dayers ol a hogizontally stratificd cartls will not alter the
geometry of the current Row . Varying the conductivity of any layer
will proportionately vary only 1be magnitude of the current in that
Tayer. To caleulate the resultant magnetic Geld at the surface of a
horizoatally layered eacth it bs simply necessary to caleulale the
independent contribution from cach layer, which s a function of its
depth amb conductivity, and o sum all the contributions.

The functions ¢6z) and Rizi discussed in Section 11 debine the
relutive influence of current flow as a funetion of depth. Their
derivation T ivolved and will not be given here. The resubtant

(m

g
i

g
H
T

[:> [reakdown ol

tow Induction
NuEmbar
apprasimoliah

Indicated ground conguctivity {m mnos/m})
&
T

S

; : i
Feue sonductivily (m mhasfm)

Frourk AV, Plotof isdcated comductiviey For EMY verss true thomoge
ncous half-spave) comducrivity Tor bath veetical Grg ) and horizontal e’
dipedes.

expressions are, heweyes. simple sid casily programmed into hansl
cileulators:

47

& . ,
W) e e (1

47
ddz) = 3 — . R 9
b 7) = 2 VLR TE (1]
Rz = -- ! 13
Wy e (13}

Rulz) = (%7 + '~ - 1, (14)
where 215 the depth divided by the intereoml spacing.

Finally it should be noted that For a given frequency and intereotl
spaeing as Lthe terrain canductivily inereases the approximation of
cquation 46} eventually breaks down and the instriomentst oulput is
no lenger proportioni] o terait conductivity, This effect is illus-
trated in Figure ATV, which plots apparcat (indicited) comductivity
aguinst true (homasgencons halfspacel conductivity tor boti verticat
and  horizontal transmitterfreceiver dipoles for the operuting
parameters of the EM3), Ax woukd he expected the horizontal
dipoles exhibit lincarity to greates values of conductivity as o result
ol the reduced depth of penetrtion in this contigurstion.
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‘Sample Details/Parameters ;
L434162-1 N16-S1 (0.0-0.4) l
Sampled By:  CR on 16-SEP-06 @ 16:00
Matrix: SOIL
MUST PSA % > 75um 44 1 % 25-3EP-06 | LK |R445781
Organic Matter 11 1 % 22-SEP-05| 22-SEP-06 | MMC | R445390
Particie Size
% Sand 79 1 % 21-SEP-06 | RT ;R444634
% Silt 15 1 % 21-SEP-06 RT | R444634
% Clay 6 1 % 21-SEP-06 RT |R444634
Texture 0 21-SEP-06 | RT |R444634
Detailed Salinity
Chioride (Cl} 44 20 mg/L 21-SEP-06 | SEL | R444589
SAR
Calcium (Ca) 169 5 mg/L 22-SEP-06 | MAT | R444736
Potassium {K} 7 2 mgiL 22-SEP-06 | MAT | R444736
Magnesium {Mg) 47 3 mg/L 22-5EP-06 ;| MAT | R444736
Sodium {Na) 42 2 mg/L 22-5EP-06 | MAT |R444736
SAR 0.7 SAR 22-SEP-06 | MAT | R444736
Suiphate (S04) 303 6 mg/L 22-SEP-06 | MAT |R444736
pH and EC (Saturated Paste)
% Saturation 56.0 0.1 % 06-SEP-21 | TMAR | R444365
pH in Saturated Paste 6.5 0.1 pH (06-SEP-21 | TMAR | R444365
Conductivity Sat. Paste 1.03 0.03 dS m-1 06-SEP-21 | TMAR | R444365
L434162-2 N16-51 {0.4-0.8)
Sampled By:  CRon 16-SEP-06 @ 16:00
Matrix: S0IL
MUST PSA % > 7hum 75 1 % 25-SEP-06 LK | R445781
Organic Matter . 5 1 % . |22-SEP-06| 22-SEP-06 | MMC | R445390
Particle Size
% Sand 85 1 % 21-SEP-06 | RT . R444634
% Slit 10 1 % 21-SEP-06 ; RT | R444634
% Clay 5 1 % 21-SEP-06 | RT | R444634
Texture 0 21-SEP-06 | RT |R444634
Detailed Salinity
Chioride {CI) a0 20 mg/L 21-SEP-06 | SEL | R444589
SAR
Calgium (Ca} 194 5 mg/L 22-SEP-06 1 MAT | R444736
Potassium (K) 10 2 mg/L 22-SEP-06 | MAT | R444736
Magnesium (Mg} 85 3 mg/L 22-SEP-06 | MAT | R444736
Sodium (Na}) 38 2 mg/L 22-SEP-06 | MAT | R444736
SAR 0.6 SAR 22-SEP-06 | MAT | R444736
Sulphate {SO4) 452 6 mg/L 22-SEP-06 | MAT | R444736
pH and EC (Saturated Paste)
% Saturation 353 0.1 % 06-SEP-21 | TMAR | R444365
pH in Saturated Paste 7.3 0.1 pH 06-SEP-21 | TMAR ;| R4443865
Conductivity Sat. Paste 1.28 0.03 dS m-1 06-SEP-21 | TMAR | R444365
L434162-3 N16-52 {0.0-0.4)
Sampled By:  CR on 16-SEP-08 @ 16:00
Matrix: SOIL
MUST PSA % > 75um 75 1 % 25-3EP-06 1 LK |R445781
Organic Maltter 2 1 % 22.SEP-08| 22-SEP-06 | MMC | R445390
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sample Delails/Parameters

L434162-3 N16-52 (0.0-0.4)
- BampledBy:  CR on 16-SEP-06 @ 16:00
© Matrix: SOl

Particle Size
% Sand a1 1 % 21-SEP-06 | RT !|R444634
% Silt 15 1 % 21-SEP-06 | RT | R444634
% Clay 4 1 % 21-SEP-06 RT | R444634
Texture 0 21-SEP-06 | RT | R444634
Detaited Safinity
Chiloride (C1} 40 20 mg/L 21-SEP-06 | SEL | R444589
SAR
Calcium {Ca) 173 5 mg/L 22-SEP-06 | MAT | R444736
Potassium (K} 7 2 mag/L 22-SEP-06 | MAT | R444736
Magnesium {(Mg) 40 3 mg/L 22-SEP-06 | MAT | R444736
Sodium {Na) 33 2 mg/L 22-SEP-06 | MAT |R444736
SAR 0.6 SAR 22-SEP-06 | MAT | R444736
Sulphate (S04} 410 6 mg/L 22-SEP-06 | MAT | R444736
pH and EC (Saturated Paste})
% Saturation 46.0 a1 % 06-SEP-21 | TMAR | R444365
pH in Saturated Paste 6.5 .1 pH 06-SEP-21 | TMAR | R444365
Conductivity Sat. Paste 1.06 0.03 dS m-1 06-SEP-21 | TMAR | R444365
 L434162-4 N16-S2 (0.4-0.8)
¢ 3ampled By:  CR on 16-SEP-06 @ 16:00
L. wlatrix: SOIL
MUST PSA % > 75um 85 1 %o 25-SEP-06 | LK |R445781
Organic Matter 2 1 % 22-SEP-06| 22-SEP-06 | MMC | R445390
Particle Size
% Sand 87 1 Y% 21-SEP-06 | RT |R444634
% Silt 10 1 % 21-SEP-06 | RT |R444634
% Clay 3 1 % 21-SEP-06 | RT |R444634
Texture 0 21-SEP-06 | RT | R444634
Detailed Salinity
Chiloride (CI) 30 20 mgfL 21-SEP-06 | SEL | R444589
SAR
Caicium (Ca) 167 5 mg/L 22-SEP-06 | MAT | R444736
Potassium {K} 28 2 mg/L 22-SEP-06 | MAT | R444736
Magnesium {Mg) a7 3 ma/L 22-SEP-06 | MAT | R444736
Sodium {Na) 34 2 mg/L 22.8EP-06 | MAT | R444736
SAR 0.6 SAR 22-SEP-06 | MAT : R444736
Sulphate (SO4) 389 6 mg/L 22-SEP-06 | MAT | R444736
pH and EC (Saturated Paste)
% Saturation 32.0 0.1 % 06-SEP-21 | TMAR | R444365
pH in Saturated Paste 7.3 0.1 pH 06-SEP-21 | TMAR | R444365
Conductivity Saf. Paste 1.16 0.03 dS m-1 06-SEP-21 | TMAR | R444365
L434162- N16-S3
Sampled By: CR on 16-SEP-06 @ 16:00
i Aatrix: SOIL
Organic Matter 75 1 Y% 22-SEP-06| 22-SEP-06 | MMC | R445390
Particle Size Range of Peat
Foreign Matter (>1.70 mm) <0.1 0.1 % 22-SEP-06 . LK | R445130
Coarse Fiber {(>1.70 mm} 134 a1 % 22-SEP-06 LK | R445130
Medium Fiber (0.85-1.70 mm) 18.0 0.1 % | 22-SEP-06 | LK |R445130
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Sample Details/

L434162-5
Sampled By:
Matrix:

N16-33
CR on 16-SEP-06 @ 16:00
SOl

Particle Size Range of Peat

Fines {<0.85 mm) 66.7 0.1 % 22-SEP-06 | LK |R445130
Detailed Salinity
Chlcride (CI) 220 20 mg/L 22-SEP-06 | SEL |R445094
SAR
Calcium (Ca) 72 5 mg/L 23-SEP-06 | MAT | R445859
Potassium (K) 75 2 mg/L 23-SEP-06 | MAT | R445859
Magnesium {Mg} 34 3 mg/L 23-SEP-06 | MAT | R445859
Sodium (Na} 39 2 mg/L 23-SEP-06 | MAT | R445859
SAR 1.0 SAR 23-SEP-06 | MAT | R445859
Sulphate (S04) 48 6 mg/L 23-5EP-06 | MAT | R445859
pH and EC (Saturated Paste)
% Saturation 400 0.1 % 21-SEP-06 | TMAR | R445091
pH in Saturated Paste 4.7 0.1 pH 21-SEP-06 | TMAR | R445091
Conductivity Saf. Paste 0.99 0.03 ds m-1 21-8EP-06 | TMAR | R445091
L434162-6 N16-84
Sampled By: CR on 16-SEP-06 @ 16:00
Matrix: SOIL
MUST PSA % > 75um 29 1 % 22-SEP-06 LK | R445140
Organic Matter 81 1 Y% 22-SEP-06| 22-SEP-06 | MMC | R445390
Particle Size
% Sand 72 1 % 22-SEP-06 RT | R445018
% Sikt 22 1 % 22-SEP-06 RT | R445018
% Clay 6 1 % 22-SEP-06 | RT |R445018
Texture Sandy loam 22-5EP-06 | RT |R445018
Detailed Salinity
Chloride {Cl) 30 20 mg/L 22-SEP-06 | SEL | R445094
SAR
Calcium (Ca} 19 5 mg/L 23-SEP-06 | MAT | R445859
Patassium (K} 5 2 mg/L 23-SEP-06 | MAT | R445859
Magnesium (Mg) 8 3 mg/L 23-3EP-06 | MAT | R445859
Sodium (Na) 14 2 mgiL 23-SEP-06 | MAT |R445859
SAR 0.7 SAR 23-SEP-06 | MAT A R445859
Sulphate (S04} 16 6 mg/L 23-SEP-06 | MAT | R445859
pH and EC (Saturated Paste}
% Saturation 370 0.1 % 21-SEP-06 | TMAR | R445091
pH in Saturated Paste 4.7 0.1 pH 21-SEP-06 ; TMAR | R445091
Conductivity Sat. Paste 0.22 0.03 dsS m-1 21-SEP-06 | TMAR | R445091
L434162-7 N16-55
Sampled By:  CR on 16-SEP-06 @ 16:00
Matrix: SOIL
Organic Matter 51 1 % 22-SEP-06| 22-SEP-06 | MMC | R445390
Particle Size Range of Peat
Foreign Matter {>1.70 mm) <0.1 0.1 % 22-SEP-06 | LK | R445130
Coarse Fiber (>1.70 mm}) 6.9 0.1 Y 22-S3EP-06 ; LK |R445130
Medium Fiber {0.85-1.70 mm) 7.3 0.1 % 22-SEP-06 | LK |R445130
Fines (<0.85 mm} 81.9 0.1 % 22-5EP-06 | LK |R445130
Detailed Salinity
Chioride (C1) 180 20 . mg/lL 22-GEP-06 | SEL : R445094
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sample Details/Par

. Qudlifier! D

L434162-7 N16-35
Sampled By:  CRon 16-SEP-06 @ 16:00

¢ Matrix; S0IL
Detailed Salinity
SAR
Calcium (Ca}

Potassium (K)
Magnesium (Mg)
Sodium (Na)
SAR
Sulphate (S04}

pH and EC {Saturated Paste)
% Saturation
pH in Saturated Paste

Conductivity Sat. Paste

. 14341628 N16-86
3ampled By: CR on 16-SEP-06 @ 16:00
* Matrix SOIL

MUST PSA % > 75um
Organic Matter

Particle Size
% Sand
% Silt
% Clay
Texture

Detailed Salinity

Chloride (CI}

SAR
Calcium {Ca)
Potassium {K)
Magnesium (Mg}
Sodium (Na}
SAR
Sulphate (504)

pH and EC (Saturated Paste)
% Saturation
pH in Saturated Paste
Conductivity Sat. Paste

L434162-9  N16-S7
- Sampled By: CR on 16-SEP-06 @ 16:00
. atrix SOIL

Organic Matter

Particle Size Range of Peat
Forelgn Matter (>1.70 mm)

Coarse Fiber (>1.70 mm}
Medium Fiber (0.85-1.70 mm}
Fines {<0.85 mm)

Detailed Salinity
Chloride (CI)

SAR

Calcium (Ca)
Potassium {K)
Magnesium (Mg}

75 5 mg/L 23-SEP-06 | MAT |R445859
32 2 mg/L 23-SEP-06 | MAT |R445859
24 3 mg/L 23-SEP-06 | MAT |R445859
31 2 mgiL 23-SEP-06 | MAT | R445859
08 SAR 23-SEP-06 | MAT  R445859
38 6 mg/L 23-SEP-06 | MAT | R445859
296 0.1 % 21-SEP-06 | TMAR | R445091
5.1 0.1 pH 21-8EP-06 | TMAR | R445091
0.81 003  dSmet 21-SEP-06  TMAR | R445001
77 1 % 25-SEP-06 | LK |R445781
11 1 %  |22-SEP-06| 22-SEP-06 | MMC |R445390
82 1 % 21-SEP-06 | RT |R444634
14 1 % 21-SEP-06 | RT  R444634
4 1 % 21-SEP-06 | RT |R444634
0 21-SEP-06 | RT |R444634
490 20 mg/L 21-SEP-06 SEL |R444589
174 5 ma/L 22-SEP-06 | MAT | R444736
32 2 mgfL 22-SEP-06 | MAT | R444736
74 3 ma/L 22-SEP-06 | MAT | R444736
54 2 malL 22-SEP-06 | MAT | R444736
09 SAR 22-SEP-06 | MAT |R444736
103 6 mg/L 22-SEP-06 | MAT  R444736
40.0 0.1 % 06-SEP-21 | TMAR | R444365
45 0.1 pH 06-SEP-21 | TMAR | R444365
1.83 0.03 | dSm-1 06-SEP-21 | TMAR | R444365
16 1 %  |22.SEP-06| 22-SEP-06 | MMC | R4453%0
<0.1 0.1 % 25-SEP-06 RA445852
53 0.1 % 25-SEP-06 R445852
16.8 0.1 % 25-SEP-06 R445852
774 0.1 % 25-SEP-06 R445852
2290 20 mgiL 22-SEP-06 | SEL |R445094
823 5 mgiL 23-SEP-06 | MAT | R445859
433 2 mg/L 23-SEP-06 | MAT | R445859
169 3 maiL 23-SEP-06 | MAT | R445859




JKAY046 L434162 CONTD....
PAGE 6 of 14

ALS LABORATORY GROUP ANALYTICAL REPORT

 Qualifier*
L434162-9 N16-57
Sampled By:  CR on 16-SEP-06 @ 16:00
Matrix; SOIL
Detailed Salinity
SAR
Sodium (Na} 154 2 mg/L 23-8EP-06 ;| MAT | R445859
SAR 1.3 SAR 23-8SEP-06 | MAT | R445859
Sulphate (S04) 151 6 mg/L 23.-8SEP-06 | MAT | R445859
pH and EC {Saturated Paste}
% Saturation 105 0.1 % 21-SEP-06 | TMAR | R445091
pH in Saturated Paste 5.1 0.1 pH 21-SEP-06 | TMAR | R445091
Conductivity Sat. Paste 7.44 0.03 dsS m-1 21-SEP-06 | TMAR | R445091
L434162-10 N16-S8
Sampled By:  CR on 16-SEP-06 @ 16:00
Matrix: SOIL
Organic Matter 60 1 Yo 22-5EP-06| 22-SEP-06 : MMC | R445330
Particle Size Range of Peat
Foreign Matter (»1.70 mm) 0.1 0.1 % 25-SEP-06 R445852
Coarse Fiber (>1.70 mm) 3.8 0.1 % 25-SEP-06 R445852
Medium Fiber {0.85-1.70 mm) 9.5 0.1 % 25-SEP-06 R445852
Fines (<0.85 mm) 86.8 0.1 % 25-SEP-08 RA45852
Detailed Salinity
Chloride {Ci} 110 20 mg/L 22-8EP-06 | SEL |R445094
SAR
Calcium {Ca) 49 5 mg/L 23-SEP-06 | MAT | R445859
Potassium {K) 8 2 mg/L 23-8EP-06 | MAT | R445859
Magnesium (Mg} 19 3 mg/L 23-8EP-06 | MAT ' R445859
Sodium {Na) 2 2 mg/L 23-SEP-06 | MAT | R445859
SAR 0.7 SAR 23-SEP-06 | MAT | R445859
Sulphate (S04) 30 6 mg/L 23-SEP-06 | MAT | R445859
pH and EC {Saturated Paste)
% Saturation 172 0.1 % 21-SEP-06 | TMAR | R445031
pH in Saturated Paste 5.0 0.4 pH 21-SEP-06 | TMAR | R445091
Conductivity Sat. Paste 0.54 0.03 ds m-1 21-SEP-06 | TMAR | R445091
L434162-11 N16-S9
Sampled By: CR on 16-SEP-06 @ 16:00
Matrix: SOIL
Organic Matter 31 L % 22.SEP-061 22-SEP-06 | MMC | R445330
Particle Size Range of Peat
Foreign Matter (>1.70 mm} <0.1 0.1 % 25-SEP-06 R445852
Coarse Fiber {~1.70 mm) 7.3 0.1 % 25-SEP-06 R445852
Medium Fiber (0.85-1.70 mm) 14.8 0.1 % 25-SEP-06 R445852
Fines (<0.85 mm) 776 0.1 % 25-8EP-06 R445852
Detailed Salinity
Chioride {CI} 110 20 mg/L 22.8EP-06 | SEL |R445094
SAR
Calicium {Ca) 72 5 mg/L 23-SEP-06 | MAT | R445859
Potassium (K) 4 2 mg/L 23-SEP-06 | MAT | R445859
Magnesium {Mg) 26 3 mg/L 23-SEP-06 | MAT | R445859
Sodium (Na} 31 2 mg/L 23-8EP-06 | MAT | R445859
SAR 0.8 SAR 23-SEP-06 | MAT ; R445859
Sulphate (804) 192 6 mg/L 23-SEP-06 | MAT : R445859
__pH and EC (Saturated Paste) e !
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sample DefailsiParameters

L434162-11 N16-59
: Sampled By:  CR on 16-SEP-06 @ 16:00
© Matrix: SOIL
Detailed Salinity

pH and EC (Saturated Paste)
% Saturation

pH in Saturated Paste
Conductivity Sat. Paste

'434162-12  N1B-510
© Sampled By:  CR on 16-SEP-06 @ 16:00
" Matrix: SOIL

Organic Matter
Particle Size Range of Peat

Foreign Matter (>1.70 mm)
Coarse Fiber (>1.70 mm}
Medium Fiber {0.85-1.70 mm)}
Fines (<0.85 mm)

Detailed Salinity
Chioride (CI)

SAR
Calcium (Ca)

Potassium (K}
Magnesium (Mg)
Sodium {Na)
SAR
Sulphate (S04)

pH and EC (Saturated Paste})
% Saturation
pH in Saturated Paste
Conductivity Sat. Paste

43416213 N16-S11
Sampled By:  CR on 16-SEP-06 @ 16:00
vatrix: SOIL

Organic Matter

Particle Size Range of Peat
Foreign Matter (>1.70 mm}
Coarse Fiber {=1.70 mm)
Medium Fiber (0.85-1.70 mm)
Fines (<0.85 mm}

Detailed Salinity

Chloride {Cl}

SAR
Calcium (Ca}
Potassium (K)
Magnesium (Mg}
Sodium (Na}
SAR
Sulphate (S04)

pH and EC (Saturated Paste)
% Saturation
pH in Saturated Paste
Conductivity Sat. Paste

180 0.1 % 21-SEP-06 | TMAR | R445091
5.0 0.1 pH 21-SEP-06 | TMAR | R445091
0.74 0.03 dS m-1 21-SEP-06 : TMAR | R445091
40 1 % 22-SEP-06| 22-SEP-068 ;| MMC | R445390
<0.1 0.1 % 25-3EP-08 R445852
6.8 01 % 25-SEP-06 R445852
17.3 0.1 Yo 25-SEP-06 R445852
758 0.1 % 25-SEP-06 R445852
30 20 mg/L 22-SEP-06 | SEL |R445094
36 5 mg/L 23-SEP-06 | MAT |R445859
7 2 mg/L 23-SEP-06 | MAT | R445859
12 3 mg/L 23-SEP-06 | MAT : R445859
17 2 mg/L 23-SEP-06 | MAT | R445859
0.6 SAR 23-SEP-06 | MAT | R445859
35 6 mg/L. 23-SEP-06 | MAT | R445859
144 0.1 % 21-SEP-06 | TMAR | R445091
4.5 01 pH 21-8EP-06 | TMAR ; R445091
0.28 0.03 dS m-1 21-SEP-06 | TMAR | R445091
80 1 % 22-SEP-06| 22-3EP-06 | MMC | R445390
<01 0.1 % 25-3EP-06 R445852
13.3 0.1 % 25-SEP-06 R445852
233 0.1 % 25-SEP-06 R445852
62.5 0.1 % 25.5EP-06 R445852
30 20 mg/L 22-SEP-06 | SEL | R445094
30 5 mg/L 23-SEP-06 | MAT | R445859
6 2 mg/L 23-SEP-06 | MAT | R445859
10 3 mg/L 23-SEP-06 | MAT | R445859
14 2 mg/L 23-3EP-06 | MAT | R445859
0.6 SAR 23-5EP-06 | MAT | R445859
N 6 mg/L 23-3EP-06 | MAT | R445859
383 0.1 % 21-SEP-06 | TMAR | R445091
47 0.1 pH 21-SEP-06 | TMAR | R445091
0.28 0.03 dS m-1 21-SEP-06 | TMAR | R445091
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Sampie Details/Parameters -

L434162-14 N16-512
Sampled By:  CR on 16-SEP-06 @ 16:00
Matrix: SOIL

Organic Matter 74 1 % 22-SEP-06: 22-SEP-06 | MMC | R445390
Particle Size Range of Peat
Foreign Matter (>1.70 mm) <01 0.1 % 25-SEP-06 R445852
Coarse Fiber (>1.70 mm) 8.1 0.1 % 25-SEP-06 R445852
Medium Fiber {0.85-1.70 mm)} 20.3 0.1 % 25-SEP-06 R445852
Fines (<0.85 mm) 704 0.1 % 25-SEP-06 R445852
Detailed Salinity
Chioride (Cl} 50 20 mg/L 22-SEP-06 | SEL | R445094
SAR
Calcium (Ca) 26 5 mg/L 23-SEP-06 | MAT | R445359
Potassium (K) 9 2 mg/L 23-SEP-06 | MAT |R445859
Magnesium (Mg) 13 3 mg/L 23-SEP-06 | MAT | R445859
Sodium (Na) 24 2 mg/L 23-SEP-06 | MAT ; R445859
SAR 0.9 SAR 23-SEP-06 | MAT | R445859
Sulphate (S04) az 6 mg/L 23-SEP-06 | MAT | R445859
pH and EC (Saturated Paste}
% Saturation 176 0.1 % 21-SEP-068 | TMAR | R445091
pH in Saturated Paste 4.3 0.1 pH 21-SEP-06 | TMAR | R445091
Conductivity Sat. Paste 0.31 0.03 dS m-1 21-SEP-06 | TMAR | R445091
L434162-15 N16-H1
Sampled By:  CR on 16-SEP-06 @ 16:00
Matrix: SOIL
CCME BTEX, TVHs and TEHs
CCME BTEX
Benzene <0.005 0.005 mg/kg 21-SEP-06, 22-SEP-06 | CAF :R445196
Toluene <0.01 0.01 rnglkg_ 21-SEP-06| 22-SEP-06 | CAF | R4451986
Ethylbenzene <0.01 0.01 mg/kg |21-SEP-06| 22-SEP-06 | CAF | R445196
Xylenes <0.01 0.01 mg/kg |21-SEP-06| 22-SEP-06 | CAF | R445196
CCME Totai Extractable Hydrocarbons
Prep/Analysis Dates 21-SEP-06| 23-SEP-06 | APR | R445335
CCME Total Hydrocarbons
F1 (C6-C10) <5 iy 5 ma/kg 23-SEP-06
F1-BTEX <5 5 mg/kg 23-SEP-06
F2 {C10-C16) 10 5 ma'kg 23-SEP-08
F3 {C16-C34) 120 5 mgfkg 23-SEP-06
F4 (C34-C50) 74 5 mg/kg 23-SEP-06
Total Hydrocarbons (C6-C50) 200 5 mglkg 23-SEP-08
Chromatogram to baseline at nC50 NO 23.SEP-06
% Moisture 17 0.1 % 21-SEP-06| 22-SEP-06 | ROS | R445297
L434162-16  N16-H2
Sampled By:  CR on 16-SEP-06 @ 16:00
Matrix: SO
CCME BTEX, TVHs and TEHs
CCME BTEX
Benzene <0.005 0.005 mg'kg 21-SEP-06| 22-SEP-06 | CAF | R445196
Tofuene <0.01 0.01 mg/kg 21-SEP-06] 22-SEP-06 ¢ CAF | R445196
Ethylbenzene <0.01 0.01 mg/kg 121-SEP-06; 22-SEP-06 | CAF | R445196
Xylenes <0.01 0.01 mghkg 21-SEP-08| 22-SEP-06 | CAF | R445196
CCME Totaf Exiractable Hydrocarbons
Prep/Analysis Dates 21-SEP-06

23-SEP-06

APR | R445335
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samble Details/Paramsters

L434162-16 N16-H2
: 3ampled By:  CR on 16-SEP-06 @ 16:00
Watrix: SOIL
CCME BTEX, TVHs and TEHs
CCME Total Hydrocarbons

F1 (C6-C10) <h IPT 5 mg/kg 23-SEP-06
F1-BTEX <5 5 ma'kg 23-SEP-06
F2 {(C10-C16) 10 5 mg/kg 23-SEP-06
F3(C16-C34) 200 5 mg/kg 23-SEP-06
F4 {C34-C50) 130 5 mglkg 23-SEP-06
Total Hydrocarbons (C6-C50) 340 5 mg/kg 23-SEP-06
Chromatogram to baseline at nC50 NO 23-5EP-06
: % Moaisture 9.9 0.1 % 21-SEP-06| 22-SEP-06 | ROS | R445297
L434162-17 N16-W3
: Sampied By: CR on 16-SEP-06 @ 16:00
" atrix WATER
Routine Water Analysis
Chlgride (CI) 163 0.1 mg/L 19-SEP-06, 19-SEP-06 | LHH | R443785
ICP metals for routine water
Calcium (Ca) 34.7 0.5 mg/L. 20-SEP-06 | MAT | R444656
Potassium (K} 219 0.1 mg/L 20-SEP-06 | MAT | R444656
Magnesium (Mg} 19.2 0.1 mgiL 20-SEP-06 ; MAT | R444656
Sadium (Na) 19 1 mg/L 20-SEP-06 | MAT |R444656
lon Balance Calcutation
fon Balance 106 % 21-SEP-06
TDS (Calculated) 253 mg/L 21-SEP-06
Hardness (as CaCO3) 166 mg/L 21-SEP-06
Nitrate+Nitrite-N <0.05 0.05 mg/L 19-SEP-06| 19-SEP-06 | LHH | R443785
Nitrate-N <0.05 0.05 mg/L " |19-SEP-06] 19-SEP-06 | LHH | R443785
Nitrite-N <0.05 0.05 mg/L 19-SEP-06, 19-SEP-06 ; LHH |R443785
Sulphate (504) 56 0.5 mg/L 19-SEP-06| 19-SEP-06 | LHH | R443785
pH, Conductivity and Total Alkalinity
pH 5.6 0.1 pH 19-SEP-06 GK | R443394
Conductivity (EC) 587 3 uS/cm 19-SEP-06 GK | R443384
Bicarbonate (HCO3) <5 5 mg/L 19-SEP-06 ! GK | R443384
Carbonate (CO3) <5 5 mg/L 19-SEP-06 | GK : R443394
Hydroxide (OH}) <5 5 mg/L 19-SEP-06 | GK | R443394
Alkalinity, Total (as CaCO3) <5 5 mg/L 19-SEP-06 | GK | R4433%4
"434162-18  N16-W6 .
. jampled By, CR on 16-SEP-06 @ 16:00
Matrix: WATER
Routine Water Analysis
Chiloride (CI} 333 0.1 mg/L 19-SEP-06| 19-SEP-06 | LHH | R443785
ICP metals for routine water
Calcium {Ca) 9.9 0.5 mg/L 20-SEP-06 | MAT | R444656
Potassium {K} 24 0.1 mg/L 20-SEP-06 | MAT | R444656
Magnesium {Mg} 6.1 0.1 mg/L 20-SEP-06 | MAT | R444656
Sodium {Na) 12 1 mg/L 20-SEP-06 | MAT | R4446h6
ion Balance Calculation
lon Balance 145 BL:INT % 21-SEP-06
TDS {Calcuiated) 68 mg/L 21-SEP-08
Hardness (as CaCOQ3) 50 mg/L 21-SEP-06
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Sample Details/Parameters

L434162-18 N16-WE

Sampled By: CR on 16-SEP-06 @ 16:00

Maitrix: WATER

Routine Water Analysis
Nitrate+Nitrite-N
Nitrate-N
Nitrite-N
Sulphate (S04)
pH, Conductivity and Totat Alkalinity

pH
Conductivity (EC)
Bicarbonate (HCO3}
Carbonate {CO3)
Hydroxide {OH}
Alkalinity, Total {as CaCO3)

L434162-19 N16-W7
Sampled By: CR on 16-SEP-06 @ 16:00
Matrix: WATER

Routine Water Analysis
Chloride {Cl)

ICP metais for routine water
Calcium (Ca)
Potassium (K}
Magnesium (Mg}
Sodium (Na)

fon Balance Calculation
ton Balance
TDS (Calculated)
Hardness (as CaCQ3)
Nitrate+Nitrite-N
Nitrate-N
Nitrite-N
Sulphate (S04)

pH, Conductivity and Total Alkalinity
pH
Conductivity (EC)
Bicarbonate (HCO3)
Carbonate (CO3)
Hydroxide (OH)
Alkatinity, Total (as CaCOQ3)

1434162-20  N16-W8
Sampled By: CR on 16-SEP-06 @ 16:00
Matrix: WATER

Routine Water Analysis
Chioride (Ch}

{CP metals for routine water
Calcium {Ca)
Potassium (K)
Magnesium (Mg)
Sodium (Na)

lon Balance Calculation
lon Batance
TDS {Calculated)

<0.05 0.05 mg/L  |19-SEP-06| 19-SEP-06 | LHH |R443785
<0.05 0.05 mg/iL  |19-SEP-06| 19-SEP-06 | LHH | R443785
<0.05 0.05 mgll  |19-SEP-06, 19-SEP-06 | LHH | R443785
<0.5 0.5 mgll  |19-SEP-06{ 19-SEP-06 | LHH | R443785
6.0 0.1 pH 19-SEP-06 | GK | R443394
170 3 uSfom 19-SEP-06 | GK | R443394
9 5 mg/L 19-SEP-06 | GK | R443394
<5 5 mg/L 19-SEP-06 | GK | R443394
<5 5 mail 19-SEP-06 | GK | R443394
7 5 maiL 19-SEP-06 | GK |R443394
378 0.1 mgil  |19-SEP-06| 19-SEP-06 | LHH A R443785
68.9 05 mgiL 20-SEP-06 . MAT | R444656
120 0.1 mail 20-SEP-06 | MAT | R444656
27.3 0.1 mgiL 20-SEP-06 | MAT | R444656
42 1 mgiL 20-SEP-06 | MAT | R444656
93.9 % 21-SEP-06

665 mgiL 21-SEP-08

284 mgiL 21-SEP-06

<0.05 0.05 mgll.  {19-SEP-06| 19-SEP-06 | LHH |R443785
<0.05 0.05 mg/ll. [ 19-SEP-06. 19-SEP-06 | LHH | R443785
<0.05 0.05 mg/L  |19-SEP-06] 19-SEP-06 | LHH | R443785
292 0.5 mgiL  |19-SEP-06| 19-SEP-06 | LHH | R443785
5.4 0.1 pH 19-SEP-06 | GK | R443394
1390 3 uSfom 19-SEP-06 | GK | R443304
<5 5 ma/L 19-SEP-06 | GK |R443394
<5 5 mg/L 19-SEP-06 | GK |R443394
<5 5 mgiL 19-SEP-06 | GK |R443394
<5 5 mgiL 19-SEP-06 | GK |R443394
389 0.1 mgll  [19-SEP-06| 19-SEP-06 | LHH | R443785
207 0.5 mgiL 20-SEP-06 | MAT | R444656
50.1 0.1 mg/L 20-SEP-D6 | MAT | R444656
89.9 0.1 mgiL 20-SEP-06 | MAT | R444656
74 1 mgiL 20-SEP-06 | MAT | R444656
99.8 % 21-SEP-06

1280 g/l 21-SEP-06




JKAI046

L434162 CONTD....
PAGE 11 of 14

ALS LABORATORY GROUP ANALYTICAL REPORT

Sample Detalls/Paramete Units Extracied  Analzed
L434162-20 N16-wW8
. Bampled By:  CR on 16-SEP-06 @ 16:00
. Matrix; WATER
Routine Water Analysis
lon Balance Calcuiation
Hardness {as CaCQ3) 887 mg/L 21-SEP-06
Nitrate+Nitrite-N <0.05 0.05 mgflL 19-SEP-06| 19-SEP-06 | LHH | R443785
Nitrate-N <0.05 0.05 mg/L 19-SEP-06| 19-SEP-06 | LHH ; R443785
Nitrite-N <0.05 0.05 mag/L 19-SEP-06| 19-SEP-06 | LHH | R443785
Sulphate (S04) 343 0.5 mg/L 19-SEP-06| 19-SEP-06 | LHH | R443785
pH, Conductivity and Total Alkalinity
pH 7.7 0.1 pH 19-SEP-06 | GK |R443384
Conductivity (EC) 2290 3 uSfem 19-5EP-06 | GK |R443394
Bicarbonate {HCO3) 254 5 mg/L 19-8EP-06 | GK |R443394
Carbonate (C0O3) <5 5 mg/L 19-SEP-06 | GK | R443304
Hydroxide (OH) <5 5 mg/L 19-SEP-06 | GK | R443394
Alkatinity, Total {as CaCO3) 208 5 mg/L 19-SEP-06 | GK | R443394
L434162-21 N16-W10
. SampledBy:  CRon 16-SEP-06 @ 16:00
L atrix: WATER
Routine Water Analysis
Chlioride (Cl} 16.0 0.1 mg/L 19-SEP-06| 19-SEP-06 | LHH | R443785
[CP metals for routine water
Calcium (Ca) 12.5 05 mg/L 20-SEP-06 | MAT | R444656
Potassium (K) 0.7 0.1 mgiL 20-SEP-06 | MAT | R444656
Magnesium {Mg) 5.8 0.1 mg/L 20-SEP-06 | MAT | R444656
Sodium (Na} 8 1 mg/L 20-SEP-06 | MAT | R444656
ion Balance Caicutation
fon Bafance 167 BLINT % 21-SEP-06
TDS (Calculated) 56 mg/L 21-5EP-06
Hardness (as CaCO3) 55 mg/L 21-SEP-06
Nitrate+Nitrite-N <0.05 0.05 mg/L 19-SEP-06] 19-SEP-06 | LHH | R443785
Nitrate-N <0.05 0.05 mg/L 19-SEP-06: 19-SEP-06 | LHH | R443785
Nitrite-N <0.05 0.08 mg/L 19-SEP-06| 19-SEP-06 | LHH | R443785
Suiphate (S04) <0.5 0.5 mg/L 18-SEP-06| 19-SEP-06 | LHH @ R443785
pH, Conductivity and Total Alkalinity
pH 59 0.1 pH 19-SEP-06 | GK | R443394
Conductivity (EC) 131 3 uSfem 19-SEP-06 | GK | R443394
Bicarbonate {HCO3) 26 5 mg/L 19-8EP-06 | GK ; R443394
Carbonate (CO3) <5 5 mg/L 19-SEP-06 | GK :R443394
Hydroxide (OH) <5 5 mgiL 19-SEP-06 | GK |R443394
Alkalinity, Totat (as CaCO3) 21 5 mg/L 19-SEP-06 | GK | R443394
1.434162-22 N16-W13
sampled By:  CR on 16-SEP-06 @ 16:00
wlatrix: WATER
Routine Water Analysis
Chloride (CI} 35.0 0.1 mg/L 19-SEP-06| 19-SEP-06 | LHH | R443785
ICP metals for routine water
Calcium (Ca) 215 0.5 mg/L 20-SEP-06 | MAT | R444656
Potassium (K) 24 0.1 mg/L 20-SEP-06 | MAT | R444656
Magnesium (Mg) 9.1 0.1 mg/L 20-SEP-06 i MAT | R444656
Sodium (Na) 12 1 mg/L 20-SEP-06 | MAT | R444656
.. lon Balance Calculation L
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L434162-22 N16-W13
Sampled By;  CR on 16-SEP-06 @ 16:00
Matrix: WATER

Routine Water Analysis
lon Balance Calculation

lon Balance 148 BLINT % 21-SEP-06
TDS (Calculated) 100 mg/L 21-SEP-08
Hardness (as CaCO3}) 91 mgiL 21-SEP-08
Nitrate+Nitrite-N <0.05 0.05 mg/L 18-SEP-06| 19-SEP-06 | LHH | R443785
Nitrate-N <0.05 0.05 mg/L 19-SEP-06| 19-SEP-06 | LHH | R443785
Nitrite-N <0.05 0.05 mg/L 19-SEP-08| 19-SEP-06 | LHH |R443785
Suiphate (S04) 0.6 0.5 mgiL 19-SEP-06| 19-SEP-06 | LHH : R443785
pH, Conductivity and Total Alkalinity
pH 6.5 0.1 pH 19-SEP-06 | GK | R443394
Conductivity {EC) 213 3 uSfcm 19-SEP-06 ; GK | R443394
Bicarbonate (HCO3) 38 5 mgiL 19-SEP-06 | GK | R443304
Carbonate (CO3} <5 5 mg/L 19-SEP-06 | GK |R443394
Hydroxide (OH} <5 5 mg/L 19-SEP-06 | GK |R44339%4
Alkalinity, Total {as CaC0O3) 32 5 mg/L 19-SEP-06 | GK | R443394
L434162-23 N16-W15
Sampled By:  CR on 16-SEP-06 @ 16:00
Matrix: WATER
Routine Water Analysis
Chloride (Cl) 217 0.1 mg/L 19-SEP-06! 19-SEP-06 | LHH | R443785
ICP metals for routine water
Calcium (Ca) 113 0.5 mg/L 20-SEP-06 | MAT | R444656
Potassium (K} 529 0.1 mg/L 20-SEP-06 | MAT | R444656
Magnesium (Mg} 435 0.1 mg/L 20-SEP-06 | MAT | R444656
Sodium {Na) 36 1 mg/L 20-SEP-06 | MAT | R444656
lon Balance Calcufation
fon Balance 104 % 21-SEP-06
TDS (Calculated) 683 mg/L 21-SEP-06
Hardness {as CaC03) 461 mg/L 21-SEP-06
Nitrate+Nitrite-N 0.10 0.05 mg/L 19-SEP-06| 19-SEP-06 | LHH | R443785
Nitrate-N 0.10 0.05 mg/L 19-SEP-06{ 19-SEP-06 | LHH | R443785
Nitrite-N <0.05 0.05 mg/L 19-SEP-06| 19-SEP-06 : LHH | R443785
Suiphate (S04} 143 0.5 mg/L 19-SEP-06| 19-SEP-06 | LHH | R443785
pH, Conductivity and Total Alkalinity
pH 786 0.1 pH 19-SEP-06 | GK | R443394
Conductivity (EC) 1250 3 uS/cm 19-SEP-06 | GK | R4433%4
Bicarbonate (HCO3} 157 5 mg/L 19-SEP-06 | GK |R443394
Carbonate (CO3) <5 5 mg/L 19-SEP-06 | GK |R443394
Hydroxide (OH) <5 5 mg/L 19-SEP-06 | GK | R443394
129 5 mg/L 18-SEP-06 | GK | R443394

Alkalinity, Total {as CaC03)

* Refer to Referenced Information for Qualifiers (if any) and Met'hedology.
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Reference Information

Sample Parameter Qualifier key listed:

Quaiifier Description
BL:NT Balance Reviewed: Interference Qr Non-Measured Component
IPT instrument performance showing response factors for C6 and C10 not within 30% of the response factor for toluene,

Methods Listed (if applicable):

ALS Test Code Matrix ~ Test Deécription Preparation Method Reference(Based On) . Analytlcal Method Reference{Based On)

CL-CL Water Chloride {Cl) APHA 4110 B-lon Chromatography

CL-SAR-CL Soil Chloride {Cl) (Saturated Paste) APHA 4500 - Ci- - E Auto'd
Ferricyanide

ETL-BTX, TVH-CCME-CL  Sail CCME BTEX CCME CW S-PHC Dec-2000 - Pub#
1310

ETL-ROUTINE-}CP-CL Water ICP metals for routine water APHA 3120 B-ICP-OES

ETL-TEH-CCME-CL Sail CCME Total Extractable CCME CWS-PHC DEC2000 CCME CWS-PHC Dec-2000 - Pub#

Hydrocarbons 1310
ETL-TVH,TEH-CCME-CL Soil CCME Total Hydrocarbons CCME CWS-PHC Dec-2000 - Pub#

310
Analytical methods used for analysis of CCME Petroleum Hydrocarbons have been validated and comply with the Re]’erence Method for the CWS PHC.
Hydrocarbon results are expressed on a dry weight basis.

In cases where results for both F4 and F4G are reported, the greater of the two results must be used in any application of the CW S PHC guidelines and the
gravimetric heavy hydrocarbons cannot be added to the C6 fo C50 hydrocarbens.

In samples where BTEX and F1 were analyzed , F1-BTEX represents a value where the sum of Benzene, Toluene, Ethylbenzene and total Xylenes has been
subtracted from F1.

In sampies where PAHs, F2 and F3 were analyzed, F2-Naphth represents the result where Naphthalene has been subtracted from F2, F3-PAH represents a
result where the sum of Benzo{ajanthracene, Benzo(a}pyrene, Benzo(b)fluoranthene, Benzo(k)fluoranthene, Dibenzo{a,h)anthracene, Fluoranthene,
indeno(t,2,3-cd)pyrene, Phenanthrene, and Pyrene has been subtracted from F3.

Unless otherwise qualified, the following quality control criteria have been met for the F1 hydrocarbon range:

1. All extraction and analysis holding times were met.

2. Instrument performance showing response factors for C6 and C10 within 30% of the response factor for toluene.
3. Linearity of gasoline response within 15% throughout the calibration range.

Unless otherwise qualified, the following quality control criteria have been met for the F2-F4 hydrocarbon ranges:

1. Ali edtraction and analysis holding times were met.

2. Instrument performance showing C10, C16 and C34 response factors within 10% of their average.

3. Instrument performance showing the C50 response factor within 30% of the average of the C10, C16 and C34 response factors.
4. Linearity of diesel or motor oil response within 15% throughout the calibration range.

HONBALANCE-CL Water lon Balance Calculation APHA 1030E
NZN3-CL Water Nifrate+Nitrite-N APHA 4110 B-lon Chromatography
NQ2-CL Water Nitrite-N APHA 4110 B-ion Chromatography
NO3-IC-CL Water Nitrate-N APHA 4110 B-lon Chromatography
OM-LOILSK Saoif Organic Matter by LOI at 375 deg CSSS8 (1978) p. 160

C.

McKeague, J.A., Manual on Sail Sampling and Methods of Analysis, Canadian Society of Soil Science, 2nd Edition, 1978, P. 160.

PH/EC/ALK-CL Water pH, Conductivity and Total APHA 4500H,2510,2320

Alkalinity
PREP-MOISTURE-CL Soail % Moisture Qven dry 105C-Gravimetric
PSA-1-CL Soil Particte Size (CSSS 47.3 - Hydrometer
PSA-MUST-CL Sall MUST PSA D50 > 75um ASTM D422-63
PSA-PEAT-CL Sail Particle Size Range of Peat ASTM D2973-D2978,02980,02944

SAR-CALC-CL Soit SAR CSS88S 18.4-Calculation
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SAT/PH/EC-CL Soit pH and EC {Saturated Paste) CSS88S, Chp. 18 - Saturation Extract
S04-CL Water Sulfate (S04) APHA 4110 B-lon Chromatography
S04-SAR-CL Soil Sulfate (S04) APHA 3120 B-ICP-OES

** Laboratory Methods emplayed follow in-house procedures, which are
generally based on nationally or internationally accepted methodologies.

Chain of Custody numbers;
259852 259853 269500

The last two letters of the above test code(s) indicate the laboratory that performed analytical analysis for that test Refer to the list below:

Laboratory Definition Code Labbfafbry Luoncation Laboratory 6efinition Code Laboratory Location
CL ALS LABORATORY GROUP - SK ALS LABORATORY GROUP -
CALGARY, ALBERTA, CANADA SASKATOON, SASKATCHEWAN,
CANADA

GLOSSARY OF REPORT TERMS

Suir - A surrogate is an organic compound that is similar to the target analyte(s) in chemical composition and behavior but not normally
detecfed in ertvironmental samples. Prior to sample processing, samples are fortified with one or more surrogate compotinds.

The reported surrogale recovery value provides a measure of method efficiency. The Laboratory control imits are determined under
column heading D.L.

mg/kg (units) - unit of concentration based on mass, parts per mifion,

mg/L (units) - unit of concentration based on volume, parts per milion,

< - less than.

D.L. - The reporting fimit.

N/A - Result not available. Refer to qualifier code and definition for explanation.

Test resulfs reported relate only to the samples as received by the laboratory.
UNLESS OTHERWISE STATED, ALL SAMPLES WERE RECENED IN AGCEPTABLE CONDITION.
UNLESS OTHERWISE STATED, SAMPLES ARE NOT GORREGTED FOR CLIENT FIELD BLANKS.

Although test resulfs are generated under strict QA/QC protocols, any unsigned test reports, faxes, or emails are considered preliminary.

ALS Laboratory Group has an extensive QA/QC program where all analytical data reported is analyzed using approved referenced
procedures foflowed by checks and reviews by senior managers and quality assurance personnel. However, since the results are
obtained from chemical measurements and thus cannof be guaranteed, ALS Laborafory Group assumes no liabilty for the use or
interpretation of the resulfs.
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