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Introduction

About this manual

This manual contains information about Schlumbeigmter Services
(SWS)’s Divers®. It contains a description of theifdiver (DI5xx),
Micro-Diver (DI6xx), Cera-Diver (DI7xx), Baro-DiM&00) and the CTD-
Diver (DI27x). The number in brackets designateBitler model.

This section contains a brief introduction to theeDs measurement
principles, an instrument designed to measure giaarer levels and
temperatures. Furthermore, a brief descriptiomefsbftware that can be
used in combination with the Divers is provided.riéxt section contains
the technical specifications for each type of Diaction 3 covers the
installation of Divers in monitoring wells andurface waters. This is
followed by a description of how to maintain a DiSection 4 discusses
conductivity measurements using the CTD-Diver anductivity
calibration. The last section includes the answerkequently asked
questions.

Operating principle

The Diver is a datalogger designed to measure viexets.
Measurements are subsequently stored in the Divetesnal memory.
The Diver consists of a pressure sensor designede@sure water
pressure, a temperature sensor, memory for stanegsurements and a
battery. The Diver is an autonomous dataloggercérabe programmed
by the user.

B Figure 1
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Measuring water levels

All Divers establish the height of a water colupmmieasuring the water
pressure using the built-in pressure sensor. Ag isthe Diver is not
submerged in water it measures atmospheric presgust like a
barometer. Once the Diver is submerged this islsommted by the
water’s pressure: the higher the water column tiglhdr the measured
pressure. The height of the water column abovéilier's pressure
sensor is determined on the basis of the measureskpre.

To measure these variations in atmospheric presaBaro-Diver is
installed for each site being measured. The bamowdmpensation for
these variations in atmospheric pressure is subsatjy effected using
SWS’ Diver-Office software package.

The compensated values can be related to a refer@oint such as the
top of the monitoring well or a vertical referedegdum, for example the
Ordnance Datum Newlyn (ODN).

Theory

This section explains how to calculate the wateelén relation to a
vertical reference datum using the Diver and Bak@» measurements.

The figure below represents a typical examplermabaitoring well in
which a Diver has been installed. In this case weetlaerefore interested
in the height of the water level (WL) in relat@othe vertical reference
datum. If the water level is situated above theregfce datum it has a
positive value and a negative value if it is sedditelow the reference
datum.

The top of casing (TOC) is measured in relatithre teertical reference
datum and is denoted in the diagram below as TOCmrDiver is
suspended with a cable with a length equal to CL cm

The Baro-Diver measures the atmospheric pressyrg gmd the Diver
measures the pressure exerted by the water coli@)(and the
atmospheric pressure (p).
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Figure 2

The water column (WC) above the Diver can be esguless:
1)

where p is the pressure in cn® g is the acceleration due to gravity (9.81
m/<) and fi is the density of the water (1,000 %kg/m

The water level (WL) in relation to the verticBnence datum can be
calculated as follows:

2
By substituting WC from equation (1) in equatjondbtain:
3

If the cable length is not exactly known, it cardbtermined using a
manual measurement. From the figure below it & dhat the manual
measurement (MM) is taken from the top of casinbdavater level. The
value of the water level is positive unless, iregxional circumstances,
the water level is situated above the top of casing

The cable length can now be calculated as follows:
(4)

where the water column (WC) is calculated on trssbaf the
measurements taken by the Diver and the Baro-Diver.
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Figure 3
Comments:

If the pressure measured by the Diver and the Baver is
measured at different points in time, it is necegsa interpolate.
The software automatically performs this interpotat

It is possible to enter manual measurements irecdftware.
The software subsequently automatically calculafescable
length.

Example:

The top of casing is measured to be 150 cm abev@rtinance Datum
Newlyn (ODN). TOC = 150 cm. The cable lengtheisamtly known and
Is therefore measured manually. It turns out ta2&cm: MM = 120 cm.

The Diver measures a pressure of 1,1700maHd the Baro-Diver
measures a pressure of 1,030 gihSubstituting these values into
equation (1), results in a water column of 140bwweathe Diver: WC =
140 cm.

Substituting the values of the manual measuremaahtize water column
in equation (4) results in the following cable tlenGL = 120 + 140 = 260
cm.

The water level in relation to the ODN can nowasdyecalculated using
equation (2): WL = 150 — 260 + 140 = 30 cm alddve OD

Measuring temperature

All Divers measure the groundwater temperatures @dm, for example,
provide information about groundwater flows. Ttie enakes it possible
to determine the diffusion of (polluted) water.

The temperature is measured using a semiconduettsa®. This sensor
not only measures the temperature, but also usesdtue of the
temperature to at the same time compensate thespressensor and
electronics (incl. the crystal clock) for the effeof temperature.
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Diver types

Various types of Divers are available. All Diverasure the absolute
pressure and temperature. Absolute pressure isxddfas the pressure
of the water column above the Diver plus the atimesp pressure.
Consequently, an atmospheric pressure measuremeeatuired to
determine the water level. The summary below expthie differences
between the various Diver types.

Mini-Diver. This is the basic Diver, manufactursdgia
stainless steel (316 L) casing with a 22 mm dianTdte Mini-
Diver is capable of storing a maximum of 24,008ureraents
(pressure and temperature).

Micro-Diver. This is the smallest Diver with a @ét@mof 18 mm
and a stainless steel (316 L) casing. The MicrerBivcapable of
storing a maximum of 48,000 measurements. ThisDsuatable
for pipes with a diameter of at least 20 mm.

Cera-Diver. This Diver comes with a 22 mm diametamic
casing and is suitable for use in semi-saline watet seawater
or in other aggressive environments. The Cera-Bvapable of
storing a maximum of 48,000 measurements.

CTD-Diver. In addition to taking pressure and testyre
measurements, this Diver also measures the water’s
conductivity. The 22 mm diameter ceramic casiagiiable for
salt water applications. The CTD-Diver is capahb#toning a
maximum of 48,000 measurements.

Baro-Diver. This Diver measures atmospheric presand is
used to compensate for the variations in atmosptmdssure
measured by the other Divers. The stainless s34él () casing
has a diameter of 22 mm.
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The Micro-Diver, Cera-Diver and CTD-Diver incorpargreater range
of functionality than the Mini-Diver and Baro-Divdrese last two Divers
only offer a fixed measurement option. This mdztghe Diver takes
measurements on the basis of user-defined intervals

The other Divers offer the following measuremetioog:
- Pre-programmed pump tests or user-defined pump.test
- Average values over a specified time period.

- An event-based option. In this case the Diver stoles
measurements once the percentage variation limifaethe
pressure or conductivity (CTD-Diver) measuremestdseded.
This percentage variation can be specified by ger.u

For applications in surface waters it is possiblaterage the values over
a specified period. The average values are theredtd he effects of
waves are ‘averaged out’ this way.

Software

DiverOffice

Diver-Office is a software package used in conjioncith every type of
Diver described in this manual. The latest versiddiver-Office can be
downloaded at any time from the websitew.swstechnology.com

Diver-Office operates under all current versionslimrosoft Windows
and is easy to install on a laptop or PC.

When new versions of Microsoft Windows are releasled website
www.swstechnology.comontains further information concerning the
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supported Windows versions, etc. The site will gbyarovide the late:
DiverOffice version as a free download/upgre

The Diver©Office makes it possible to communicate with thre®iand/ol
to start/stop them. The meurement data recorded by the Divers car
read out at any time. You have the option of rewggwwompensating f
variations in atmospheric pressures, printing qoeting the
measurement data to various file formats for prsicesby othe
software. Allvalues and settings are stored in a databaseh&umore
the raw Diver data is also stored as a

The software program’s manual contains additigriatination about th
operation of Div-Office.

ETO Daves

Frmmips Ve,

i | Diver-Office

i

Figure 5

DiverPocket

DiverPocket was specificey designed for field use. Divieocket is ¢
software application that runs on a Pocket

The DiverPocket is available in two versiol

DiverPocket Reader is a version designed exclusivelsefmting
out Divers. With this version it is not possio change settings
inadvertently or otherwise. Stopping/starting aebalso is no
possible with this version. The only thing thatRkader it
capable of is reading out the Diver's ¢
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DiverPocket Manager is a version that, in addition &alireg oit
the Diver’s data, can also be used to start/stap@ogram the
Diver.

The files collected with Div-Pocket can subsequently be downloade
a computer. This is however not necessary for itmgpthe Dive-Pocket
data into DiveOffice. Dive-Officecomes equipped with an imp
function that is capable of flawlessly locatingsidiles on ai
interconnected Pocket PC. The import is fast anddbs.

The software program’s manual contains additigriatination abot
how to work with a Div-Pocket.

Figure 6
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Technical Informatio

The Diver is a datalogger housed in a cylindriaaing with a suspensic
eye at the top. The suspension eye can be unscrandds designed 1
install the Diver into the monitoring well protects the optical
connector. The electronics, sensors and batteryiasealled
maintenancefree into the casing. The Diver may not be opdnezhse
of any complaints, please contact your supj

The name of the datalogger, the model number, dasurement rang
and the serial number (SN) are clearly identifiethe side of the Dive
This information is burin using a laser and is consequently chemic
neutral and inerasabl

Examples:
www.swstechnology.com ASiimegroder  WWW swstechnology.com Ascilmbercer prodict VSTV, swstechnolugy com ASchlumberger DI‘UUIIEI

DIS10 - 100m, snAi1234 &
I|HIII\IIIIIIIIIIIII\IIIHIIIIIIIIIIIIIIII

Calibration Procedur

The Diver is finduned and tested in accordance with a predefi
procedure prior to delivery. The most importaritissthe calibratiol
(verification of the measurements against a histandard).

The Diver measures pressure and is conventionalilgrated ir
centimetres of water column (ct,0). The relationship of the pressur
c¢cmHO to the pressure in millibars is defined as fall

1 mbar =1.01972 c,0 or 1 cm}® = 0.980665 mbar

The Diver is completely submerged in a water batimgl the calibratior
The temperature of the water bath is stabilisetE°C and 38C. The
Diver is calibrated at °C as well as 3&. Variations in pressure ¢
created at these two calibration temperatures. Fégations in pressur
consist of a series of increasing and decreasireggpure readings ¢
10%, 30%, 50%, 70% and 90% of the total

Manufacturer’s Certifica!

The Dier passes inspection if it meets all specificatioh
manufacturer’s certificate is available upon requelen the Diver i
supplied.
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Specifications

Aside from the Baro-Diver (DI500) for atmospheg&spre and
temperature measurements, there are 12 Diver ver$ay pressure and
temperature measurements and 3 CTD-Diver versiopsdssure,
temperature and conductivity measurements. The sugnbelow
summarises the measurement ranges of the watenuwduthat the
Divers are capable of measuring:

Mini-Diver:
- Upto 10 metres (DI1501)
- Up to 20 metres (DI1502)
- Up to 50 metres (DI505)
- Up to 100 metres (DI1510)
Micro-Diver:
- Upto 10 metres (DI1601)
- Up to 20 metres (D1602)
- Up to 50 metres (DI1605)
- Up to 100 metres (DI1610)
Cera-Diver:
- Upto 10 metres (DI701)
- Up to 20 metres (DI702)
- Up to 50 metres (DI705)
- Upto 100 metres (DI710)
CTD-Diver:
- Upto 10 metres (DI271)
- Upto 50 metres (DI1272)
- Upto 100 metres (DI273)
Baro-Diver:

- Barometric variations (DI500)
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Baro-Diver,NimiDiver, Micrebiver and Cerdiver
The Diver types meet the following general spatifins:

€ o= o= EGEEm

Diameter @22 mm @18 mm @22 mm
Length 90 mm incl. suspension eye
Weight approx 70 grams  approx 50 grams  approx 55 grams
Protection class IP68, 10 years continuously submerged in wateCatnl
Storage. -20 °C to 80 °C (affects battery life)
Transport temperature
Operating temperatu 0°Cto50°C
Material
- Casing 316L stainless stee316L stainless steedirconia (Zr¢)
(active substance (active substance
no. 1.4404) no. 1.4404)
- Pressure sensor Alumina (AD)
- Suspension eye/ Nylon PAG6 glass fibre reinforced 30%
nose cone
- O-rings Viton®
Communication Optically separated
Memory capacity 24,000 48,000 48,000

measurements measurements measurements

Memory Non-volatile memory. A measurement consists of
date/time/level/temperature

Sample interval 0.5 sec to 99 hours

Sampling options

- Fixed interval Yes Yes Yes
- Event-based No Yes Yes
- Pump test No Yes Yes
(to be configured by

user)

- Averaging No Yes Yes
Battery life* 10 years, depending on use

- Theoretical capacity 5 million measurements

2000x memory readouts
2000x programming

Page |1l



Clock accuracy

CE marking

- Emissions

- Immunity

- Certificate number

cIObiver

Diameter

Length

Weight

Material casing
Protection class
Memory capacity
Sampling rate
Sampling options

- Fixed interval
- Event-based

- Pump test (to be
configured by user)

- Averaging

Conductivity

am Schlumberger
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d DIVER

Better than + 5 minutes per year within the catidata
temperature range

EMC in accordance with the 89/336/EEC directive
Basic EN 61000-4-2 standard

EN 55022 (1998) + A1 (2000) + A2 (2003), Class B
EN 55024 (1998) + A1 (2000) + A2 (2003)
06C00301CRTO1  06CO0300CRTO1  06C00299CRTO1

B o  GEEm

Better than + 1 minute per year af@5

@22 mm

135 mm incl. suspension eye

Approx 100 grams

Zirconia (ZrQ)

IP68, 10 years continuously submerged in watdCatnl
48,000 measurements

1 sec to 99 hours

Yes
Yes
Yes

Yes

- measurement rangd.0 pS/cm — 120 mS/cm

- accuracy

Battery life

1% reading with a minimum of 10 uS/cm

- Theoretical capacity million measurements

500x memory readouts
500x programming
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CE marking EMC in accordance with the 89/336/EEC directive
Basic EN 61000-4-2 standard

- Emissions EN 55022 (1998) + Al (2000) + A2 (2003), Class B

- Immunity EN 55024 (1998) + Al (2000) + A2 (2003)

The other parameters are identical to the CeratDive

* The Diver is always active. The leakage curretiteointegrated
battery is dependent on the temperature. If them$/used, stored or
transported for extended periods of time under teghperature, this will
adversely affect the life of the battery. The bgisecapacity at lower
temperatures is reduced, but this is not permarilmit is normal
behaviour for batteries.

** The accuracy of the clock is highly dependentesnperature. The
clock is actively compensated for temperature limaldels.

General

Transport Suitable for transportation by vehicles,
ships and airplanes in the supplied
packaging.

Resistance to vibration In accordance with MIL-STD-810.

Mechanical shock test In accordance with MIL-STD-810, for light-
weight equipment.

Temperature

The following specifications apply to the Mini,fdjcCera, CTD-Diver and
Baro-Diver for temperature measurements:

Measurement range -20°Cto 80 °C
Operating Temperature (OT) °C to 50 °C
Accuracy +0.2°C
Resolution 0.01°C

Response time (90% of finaB minutes (in water)
value)
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The specifications for atmospheric and water pressoeasurements
vary by type of Diver. The specifications belowyagipa temperature

range of O °C to 50 °C.

Mini-Diver

¢ =D
Range

Accuracy

Typical

Long-term stability
Resolution

Maximum pressure

Range

Accuracy

Typical

Long-term stability
Resolution

Maximum pressure

Micro-Diver
L
Range

Accuracy

Typical

Long-term stability
Resolution

Maximum pressure

DI501

10 mED
+0.25% FS
+ 0.05% FS
+0.2% FS
0.2 cmtD
15 mHD

DI505

50 mED
+0.25% FS
+0.05% FS
+0.2% FS

1 cmHO
75 mHD

Dl601

10 mHD
+0.3% FS
+0.1% FS
+0.2% FS
0.2 cmtD
15 mED

DI502
20 mi®
+0.25% FS
+0.05% FS
+0.2% FS
0.4 cm@
30 m@

DI510
100 m@
+0.25% FS
+ 0.05% FS
+0.2% FS

2 cmbD
150 m@

DI602
20 mid
+0.3% FS
+0.1% FS
+0.2% FS
0.4 cmj®
30 mi®
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@ o -) DI605 DI610
Range 50 mED 100 mP
Accuracy +0.3% FS +0.3% FS
Typical +0.1% FS +0.1% FS
Long-term stability +0.2% FS +0.2% FS
Resolution 1 cmHO 2 cmbD
Maximum pressure 75 mHD 150 mpP
CaraeDiver

€= b DI701 DI702
Range 10 mED 20 mi®
Accuracy +0.2% FS +0.2% FS
Typical + 0.05% FS +0.05% FS
Long-term stability +0.1% FS +0.1% FS
Resolution 0.2 cmED 0.4 cmj@
Maximum pressure 15 mEOD 30 miD

<R ol DI705 DI710

Range 50 mED 100 mP
Accuracy +0.2% FS +0.2% FS
Typical + 0.05% FS + 0.05% FS
Long-term stability +0.1% FS +0.1% FS
Resolution 1cmHO 2 cmtD
Maximum pressure 75 mHD 150 m@
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cGIDDiver

Range

Accuracy

Typical

Long-term stability
Resolution

Maximum pressure

Range

Accuracy

Typical

Long-term stability
Resolution

Maximum pressure

Baro-Diver

q saro: P

Range

Accuracy

Typical

Long-term stability
Resolution
Maximum pressure

Temperature

am Schlumberger
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DI271 DI272

10 mED
+0.2% FS
+ 0.05% FS
+0.2% FS
0.2 cmtD
15 mED

50 mi@®

+0.2% FS

+ 0.05% FS
+0.2% FS

1 cmiD
75 mi®

DI273

100 Mk
+0.2% FS
+ 0.05% FS
+0.2% FS

2 cmHO
150 mtO

DI500

150 cmtD
+*2cmbD
+0.5cmi®
+*2cmbD

0.1 cmtD

15 mED

-10 °Cto +50 °C
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Accuracy of pressure measurements

All accuracy ranges specified above represent tlimum variations
permitted by the manufacturing process.

Maximum pressure variations

100% of the Divers operate within the values Spdabove.

Nominal pressure variations

More than 80% of all Divers produced perform wiitifo FS of the
measurement range (level/pressure).
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Diver Installation and Maintenance

Introduction
In actual practice the Diver is usually suspendhea monitoring well.

The illustration to the right depicts a set of
Divers and a Baro-Diver for
compensating for barometric
pressure.

In addition to the regular Divers
a Baro-Diver that acts as a
barometer and records
atmospheric pressure is
installed at each measuremen
site. Atmospheric pressure data
must be used to compensate the
pressure measurements
recorded by the Divers for variations
in atmospheric pressure. A Baro-Diver, —

designed for taking atmospheric pressure measurésnén
recommended for this purpose. In principle, a siBgiro-Diver is
sufficient for an area with a radius of 15 kiloese{depending on terrain
conditions. Also see AppenditJse of Divers at elevatiohs’

The following describes how to install the Diverd Baro-Diver.

Installation in a monitoring well

Divers are normally installed below water level monitoring well. The
depth at which a Diver can be suspended is depaeratethe
instrument’s measurement range. Further informatibmut the Diver’s
range is contained in the Secti@irechnical Information

First determine the length of the non-stretch saspm cable (Stainless
Steel wire item number MO5000) on the basis ¢dwest groundwater
level. Provide for the required additional lengthaftaching the cable to
the Diver and the length of the suspension eybkeatipper end when you
cut the wire to size.

Next use wire clips to attach the ends of the cablthe monitoring well's
end cover and the Diver’s suspension eye, respygtiv

To determine the distance of the pressure senstramimonitoring well
requires the precise length of the cable to be kmae which the
distance to the location of the pressure sensdhéDiver must be added
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to obtain the overall operating length. This isated in the diagrar
below.

®

o
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It is also possible to install the Diver with eeDivata Cable (DDC).s B
cable allows you to read out the Diver at the fdh® monitoring we E
Ll

w9 |

<.

e

2!

al

<

Diver suspended by steel w Diver suspended by DDC

Note: When the Diver is installed, it is possitetfe groundwater lev:
to betemporarily elevated. The reverse is true wherDiiver is remove(
The groundwater level may then be temporarily led

If the cable length is not exactly known, it cangikample, be calculate
using the Dive®ffice and a manual measurement (meing tape
measurement from the top of casing) (manual measme+ Dive
measurement Barc-Diver reading = cable length).
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The following must be taken into considerationstailing a CTD-Diver:
Preferably do not install in very tight fittingrmp

The C value readings are most accurate (most tejialhen the
through flow of the water to be measured is unireged

The preference is for CTD-Divers to be suspendscraén
height.

In contrast to ‘regular’ Divers, the position witiie monitoring
well in relation to the screen affects the measwata. Here too
the following dictum applies: the greater the tigtoflow the
more reliable the measurement.

The monitoring well is made of non-metal contaimatgrial.

lons released from the walls of the monitoring watl/will affect
the measurements.

Glued monitoring wells: it is known that certaire gypes affect
measurements.
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Installation insadfidaeonstbrss

If a Diver is to be used in surface waters it is
important that there is sufficient circulation

around the Diver’s sensors. Water flows prevent
the pipe from silting up and ensures that the Diver
in fact measures the surrounding water rather
than the stagnating water in the monitoring well
itself. We recommend that a monitoring well of at
least 2" is used, of which the openings must be
kept clear of, for example, algae and plant growth
as much as possible.

If a steel pipe is used (see pictures) with a 1hibooing well installed
inside the pipe, allow the Diver’'s extremity tdrpdee somewhat beyond
the end of the pipe so that the Diver’'s sensors @sne into contact with
the water at this point.

Install the fixing post to which the monitoringligehttached so that the
Diver benefits from the maximum water depth and flr example in the
middle of the ditch. To prevent vandalism, a glipel with a steel cap
that can be locked can be used.

Position the Divers deep enough so that they reinaliow a possible
ice layer.

This picture shows a Diver whose sensor protrudes below the
monitoring well. A thinner monitoring well has bpkaced into the steel
pipe in which the Diver can be installed.
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The use of Divers at elevations

Divers can be used at any elevation ranging frddmgfires below sea
level to 5,000 metres above sea level. Appendixtdios further
information on the use of Divers at elevations.

Baro-Diver

The Baro-Diver must be installed in such a wayitluatly measures
atmospheric pressure under all conditions. A lecathat is not subject
to rapid temperature variations is preferred.

Use in seawater
Do not use a MirDiver or MicrePiver in seawater.

The Mini-Diver and Micro-Diver

are made of 316L stainless

steel. This material is not suited

for semi-saline and/or seawater

because it is subject to

corrosion/crevice corrosion.

Corrosion is caused by the salt

content, and can be enhanced by temperature anatther
substances in the water.

We recommend that youselect the Cera-Diver andi-C

Diver for use in semi-saline water and/or seawdtbese Divers are
made of ceramic materials that are able to withdteemi-saline water
and/or seawater.

Diver maintenance

In principle, the Diver does not require any masutee. When required,
the casing can be cleaned with a soft cloth. Caicand other deposits
can be removed with white vinegar. The flow-throojggning can also
be rinsed with water and/or white vinegar.

Note: only use diluted acid solutions if the Diveeriously dirtied and
other cleansers are not effective.

Never use any hard brushes, abrasives or shargtsbier cleaning the
Diver and always rinse it properly with clean watféer cleaning,
particularly near the flow-through openings. Douss any powerful jets.
This could damage the pressure sensor.
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CTDDiver

Measuring conductivity

In addition to water levels and temperature, thB-Oiver also measures
the water’s electrical conductivity in milliSiemexes centimetre
(mS/cm). A change in conductivity may be an indicat flow
alterations, or increasing/decreasing pollutiosalinisation, for
example.

The CTD-Diver measures the conductivity of thielligased on the
measured conductivity and temperature, the CTDrDarecalculate the
specificconductance at 28C. The device provides the option of
recording the conductivity or the specific conduntte. This Diver setting
must be set prior to its start up. The value ostlected setting is stored

(logged).

Conductivity is measured using a 4-electrode maagaell. This type of
measuring cell is relatively insensitive to dirsedsors, thus keeping
maintenance to a minimuifhe measuring cell combined with the
selected measurement option results in an electisifree measurement
system.

Example

The conductivity of a liquid depends on the typerdf in the liquid and to
a significant degree on the liquid’s temperatuhgs @ependency is
indicated on the packaging of the calibration tigufor example. The
diagram below displays the conductivity as a famctif temperature for
three different calibration liquids. The specifiatlie of the calibration
liquid is the conductivity of the liquid at’€5
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As a rule of thumb it can be assumed that condtctraries by 2% for
each 1°C change in temperature. This means that a caklorétjuid

rated at 5 mS/cm (at 26) still only has a conductivity of approximately 4
mS/cm at 15C.

By way of example, the table below displays a numibigypical
conductivity values for various types of water.

Type Conductivity [mS/cm]
Tap water 0.2-0.7
Groundwater 2-20

Seawater 50 - 80

Calibration of the CTDiver

The CTD-Diver is calibrated at the factory. THibregion procedure
consists of three parts:

1. The registration of all product properties at vagipressures and
temperatures. A data set is produced from the c@tbdata. This set
of parameters is programmed into the CTD-Diverqdikeztion of
product-specific properties at certain pressureslaemperatures.
Identical to the calibration of the other Divers).

2. Based on this set of parameters, the CTD-Divexpalde of taking
measurements within its specified tolerances. MeE3 are tested to
verify that they meet these requirements (the catiitn).

3. The verification of the C channel for 6 value€ 5000, +3,000,
+12,500, £38,000 and £89,500 uS/cm (the caljbrattore use is
made of the built-in temperature correction featoiréhe CTD-Diver
during the calibration.

The factory calibration always remains stored en@{ D-Diver,
regardless of the number of times that a fieldcatlion is performed.

As long as the C sensor is not damaged or coveredvath algae or
deposits for example, the calibration remains \aalid a field calibration
will not be necessary.

In case of doubt, it is recommended that a measeméfirst be carried
out using a known solution (calibration liquidrditst thoroughly rinsing
the sensor in demineralised water, otherwise therence liquid will
become contaminated). This test measurement prewcgght into the
recent operation of the CTD-Diver. Based on thanee between the
reference value and the value indicated by the DiM&r when
submerged in the reference liquid, the measurersenes can be
adjusted if necessary.
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If the variance is too high (higher than the in@idaccuracy), it is
recommended that the CTD-Diver be first cleanesk( if necessary
with white vinegar or a diluted acid solution).

A second reference measurement can then be caoigdafter thorough
rinsing in demineralised water, otherwise the refiee liquid will
become contaminated).

Only if the variance is then still outside the ON@¥ specifications,
should a field calibration be considered.

Field calibration

The specification referred to above, related toabeuracy of the
conductivity cell across the entire 0-120 mS/cmswmeanent range, can
only be achieved if the CTD-Diver is calibratedl &ur calibration
points (1.413; 5; 12.88 and 80 mS/cm) duringldheafibration.

If you choose to use the CTD-Diver in a specifasarement area, you
may decide to perform the calibration on no maae thor 2 points. This
means that the CTD-Diver meets the specificatiotizait particular
measurement range. The CTD-Diver may deviate sahéwim the
specifications outside the calibrated measuremange.

Example: If the CTD-Diver is used in a measurearegg of 2-3 mS/cm,
perform the field calibration at 1.413 and/or £mSThe CTD-Diver will
consequently be within the specifications for th&l3 to 5 mS/cm
measurement range.

If the field calibration is later carried out at thcalibration points, then
the CTD-Diver will once again meet its specifioatiwithin the entire
measurement range.

The procedure for calibrating a CTD-Diver can bedan the Diver-
Office software manual.

Furthermore, we recommend that prior to carryirigaaralibration the
CTD-Diver be allowed to become acclimatised #strfot been used for
an extended period of time. This can be accomplislyammersing the
CTD-Diver in normal tap water for a day set tceanginute sampling rate.
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Important:

Prior to each reference measurement and/or calibrathe CTD-Diver
must be thoroughly rinsed in demineralised watfter & has been rinsed
it may not be touched by bare hands since the eafsr liquid can easily
become contaminated by residual contaminants ané&idual salts left
on hands. This invalidates a reference measuremeditifation since the
reference has become distorted. This effect isésglat the lowest
values.

Erroneous or improper calibration can aiegatigdiyaffect the
accuracy of the CTD-Diver.

Cleanliness during calibration is very importahtsait residues adhering
to the CTD-Diver will negatively affect the accyraicthe calibration
liquid. THississwaryy thiss liepi bl mresyy meaes e ussbiévice.
Temperature differences can also cause errors fedee acclimatisation
is a must).

In such cases it is recommended that the factotycation be restored.

Page |26



Page|2W



FAQ

This section contains an overview of questionsueady received from
our customers and our answers to them. If you ddimebthe answer you
are looking for in this FAQ, please contact Schéugds Water Services.

@How do | install my Diver?

A: Most Divers are installed underwater in a monigowell. The depth at
which you can suspend a Diver depends on the im&nt’'s
measurement range. Determine the lowest possibtemevel
measured from the top of the casing (or anothereete point)
prior to the installation. If the Diver is at lesisgpended at this
depth, it is then certain that the Diver always soees the water
level.

B: The Diver can be suspended from

a Diver Data Cable (DDC) or from a

non-stretch steel cable by means of a

suspension eye. Attach the Diver to the

monitoring well cover and the

suspension eye with two cable

clips.

@How do | connect a Diver to my computer?

A: The way in which a Diver is connected to a ceenglepends on the

way in which the Diver is installed in the monigprivell.
A Diver hanging in the monitoring well suspenda fx steel cable
must first be removed from the monitoring well feetacan be read
out. The Diver is read out with the help of a BEkd? PC or a readout
unit:

1. Connect the readout unit to your Pocket PC or ctanfiRC) via
the USB port. The required drivers are suppliegsd hare
automatically installed using our software
(Diver-Office or Diver-Pocket). The software
is supplied on a CD-ROM or can be
downloaded from the website
www.swstechnology.com

2. Unscrew the Diver’'s suspension eye.

3. Insert the Diver upside down into the readout
unit (see above).

Page |28



A Diver suspended from a Diver Data Cable (DDC)
can be left hanging in the well. This Diver can be
read out with a PC or Pocket PC via a DDC interface
cable:

1. Connect the DDC interface cable to a PC or
Pocket PC.

2. Unscrew the protective cap from the end of the
DDC.

3. Connect the connector on the interface cable to
the end of the DDC.

4. Read out the Diver measurements using one of
our programs.

5. Unscrew the DDC'’s interface cable.

o

Replace the protective cap on the DDC.

@What is a Pocket PC and what is Diver-Pocket?
A: A Pocket PC, also known as a PDA or HandhesdaH@ndheld
computer that can be used to download data frorarBin the field.
Diver-Pocket is the software package developedi$eron this
platform. The ActiveSync software program thatigpsed with the
Pocket PC is used to install the Diver-Pocket progm the Pocket
PC. The user has the option of installing a sietpirersion (only
suitable for Divereaddwtisisor an expanded version (capable of
performing all Diver interactions). A license cizdequired to use the
Diver-Pocket Manager version.

@is a Diver limited to being used at sea level?
A: No, Divers can be used from 300 m below sektéeb®00 m above
sea level.

@Do you always need two Divers for measuring aesimghitoring well?
A No, but at least one Baro-Diver to monitor batocpressure
must be included in each network. For examplej2®dand one
Baro-Diver would have to be installed for a netwdatk 20 monitoring
wells. We recommend installing one surplus Bare¥s a backup
for larger networks. This is dependent on geogcableionditions.

@What is the radius from the Divers within whichBlaeo-Diver should
be placed to ensure proper compensation for atmesplpressure?
A: The rule of thumb on open terrain, at approrisntiie same level
(above sea level), is one Baro-Diver within a maximadius of 15 km.
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@What is the formula for converting the resulthefDivers/Baro-Diver
measurements from cny®i (e.g. 1,020.74 cf@iHto atmospheric pressure
(mbar)?
A: The Divers/Baro-Diver measure in cm water coligmijO). To
convert the measured cm water column to atmosphedssure, it
must be multiplied by 0.980665. In this exan(pi?€.74 x 0.980665 =
1,001 mbar.

@What is the Diver’s battery’s lifespan?
A: The battery’s lifespan is dependent on the nreasent
frequencies, readout and programming cycles andytbe of Diver.

The battery in the Mini, Micro, Cera and Baro-Ohasrthe
capacity to perform:

- 5 million measurements;

- 2,000 readout cycles;

- 2,000 programming cycles.

The CTD-Diver’s battery has the capacity to perform
- 2 million measurements;

- 500 readout cycles;

- 500 programming cycles.

Given past experience, a maximum lifespan of 18 yeeonsidered
standard under ‘typical’ use. Typical use meant #mong other things,
Divers are not exposed to extreme temperatures extended periods of
time, the measurement sampling rate is not sesatnd, a download is
not requested by modem every hour, etc.

Example:

1 measurement per hour over a period of 10 yeadupes
87,600 measurements.

1 measurement every 15 minutes over a periodyafal
produces 350,400 measurements.

@is it possible to use the Divers in seawater?
A: The Mini and Micro-Divers are made of 316LlIastaisteel. This
material is not suitable for use in seawater. Téia @nd CTD-Divers
are made of zirconia, a ceramic material. This riztgoes not
corrode in seawater and these Divers can thereb@mased in
seawater. SWS explicitly selected a ‘non-metaltterDiver types
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required for use under more aggressive environm@uish as
seawater). Any metal will eventually corrode irravironment that is
too aggressive or due to the lack of oxygen. Therda used by SWS
(Cera-Diver and CTD-Diver) is extremely resistazdrtosion. The
ceramic (Alumina) pressure sensors exhibit the spraperties. The
FKM o-rings have been selected for their favourpldgerties in this
environment.

@How do | clean the Diver when it is very dirty?
A: If your Diver is very dirty, it can easily leawcéd with white
distilled vinegar.
A diluted phosphoric acid solution may also be usederamic
Diver types.
Place the Diver in the solution for some time. ydvwhoroughly rinse
the Diver with clean water after cleaning, espdgiakar the flow
through openings. If necessary, use a soft clotletoove any
deposits. Never use any hard brushes, abrasivesanp objects to
clean your Diver.

@Must the Diver be calibrated?
A No, this is not necessary. Schlumberger Wateri&ss calibrates
the Divers before they are delivered. A factoribcation certificate
can be supplied as part of the production process.
The Divers can only be calibrated by Schlumbergeei\Sservices. In
case of doubt, the user can perform a control mesment locally.

B: In terms of the CTD-Diver, a field calibrateonbe carried out for
the C channel. See the user manual for the softwsed (e.g., Diver-
Office) for more information.

A general warning:

A conductivity calibration is a delicate matterwHbe CTD-Diver is
cleaned prior to the calibration, temperature-rethinatters and how
the calibration liquid is handled are all very irtgodt. It is not
recommended to calibrate the CTD-Diver in the field
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Appendix I—Use of Divers at
elevations

Divers can be used at any elevation ranging frddm&ires below sea
level to 5,000 metres above sea level. It is haweeemmended that all
Divers and the Baro-Diver forming part of the saet@ork be used at
the same elevation (whenever possible).

The relationship between atmospheric pressure tiaria and elevation
is exponential, rather than linear:

PH - Po . e—(M-g-H)l(R~T)
where

P, = atmospheric pressure at elevation height H

P, = atmospheric pressure at reference height

M = 28.8 10’ kg/mol (molecular mass of air)

g = 9.81 migstandard gravity)

H = height in metres

R =8.314 J/mol/K (gas constant)

T = temperature in Kelvin

If the Baro-Diver is placed at a different elevatiorelation to the other
Divers in a measurement network, it is possibla fibeviation to occur in
the barometrically compensated data due to thetimiahips referred to
above. The graph below illustrates the deviatidherbarometric data as
a function of the variation in elevation 4C5and 25C.
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To determine the relative barometric pressure d®naelative to Pat
5°C (T = 278.71%) at a height differential of H, the above refezdn
formula can be used:

(P,-P)/R=1-e&""""% 100%

By substituting the data a relative deviation ®P4.at a height differential
of 100 m is obtained. At a height differentia)0ff0lm this increases to
11.5 %.

We therefore recommend that all Divers and the Havers in a network
be placed such that the mutual height differengaésminimised.

If necessary, multiple Baro-Divers can be deplagea/oid the
abovementioned problems.
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