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INTRODUCTION

The GEOSTRING system consists of a vertically installed casing and a string of GEOSTRING in-place inclinometer MEMS sensors.
The casing provides access for the subsurface measurements and moves with the surrounding ground. The casing is installed
in a borehole that passes through a suspected zone of movement into stable ground below. The GEOSTRING sensors are
installed in the casing and measure inclination from vertical. As ground movement occurs, the casing moves with it, changing
the inclination of the sensors inside the casing.

The inclination measurements are then processed to provide displacement readings in millimeters or inches. In most
applications, the sensors are connected to a data acquisition system and data processing is completed by a computer program.
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Advantages

Real Time Monitoring:
The GEOSTRING system is ideal for continuous, unattended monitoring and can deliver readings in near-real time.

Convenient Shipping and Transport:

GEOSTRING systems have joints capable of bending to 90°, allowing for a compact shipping option. Five segments, each 10
feet (imperial) or 2.5m (metric) long, can be shipped in a carton measuring approximately 64 x 64 x 64 cm (26 x 26 x 26 in) and
which weighs less than 22 kilograms (50 pounds). This allows for the system to be shipped via common overnight carrier as
well as fit in most standard vehicles.

Figure 1: GEOSTRING segment folded for transport

Flexible Configurations:
GEOSTRING systems have standard segment length of 5 sensors (10ft imperial or 2.5m metric) but can be custom ordered in
lengths of 4, 3, 2 or 1 sensors (8, 6, 4, 2ft imperial or 2, 1.5, 1, 0.5m metric) to instrument the required precise length.

The GEOSTRING system can also be installed with sensor less nodes at the top of the system, allowing the designer to
economize by only monitoring the zone of interest and bypassing the upper layers.

Durable & Redeployable Components:
Nodes, cables, connectors, and gage rods are exceptionally durable, making it practical to remove the systems at the end of
the project and redeploy them on other projects.

Data Reduction:

The GEOSTRING system outputs the displacement as engineering units, requiring less computing power and a lighter load on
your data acquisition system. The nodes are preloaded with the calibration information, allowing the segments to be installed
in any order.
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INSTALLATION

Preparation
Verify that all system components have been received and are ready for installation. One suspension kit is used for each

string.

Figure 2: GEOSTRING Suspension Kit

Each standard GEOSTRING segment is either 2.5 m or 10 ft in length and has a male connector at the upper end and a female
connector at the lower end. The segment consists of 5 nodes and each node has a 2 ft (imperial) or 0.5m (metric) gage length.
The upper end can also be identified by its lack of joint on the node. The lower end has a universal joint, as can be seen in the

images below.

One jumper cable is used for each string. The jumper cable has a female connector on one end and exposed inner conductor
wires on the other for connection to the data logger.

One bottom plug is used for each standard configuration string. The bottom plug has a male connector on one end and is used
to protect the last node from water ingress via the connector.

Figure 3: GEOSTRING Bottom Node

Figure 4: GEOSTRING Top Node
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Installation Steps

Attach the Bottom Plug to the female connector on the first segment to be placed in the casing.

Insert the bottom end of the first segment into the casing.

If inclinometer casing is being used, verify that the centralizer standoffs are placed in the grooves orthogonal
to the direction of movement. The X-axis direction is marked on the sensor and should point towards the
direction of anticipated movement.

If PVC pipe is being used, roughly align the X-axis direction marking on the sensor with the direction of
anticipated movement. Adjustments may be made once the entire string has been installed.

Continue to lower the segment into the casing until four nodes have been inserted. Fold the fifth node over
the top edge of the casing. For deeper installations, a clamp (e.g. vise grips) may be attached to the upper node
to protect it from accidentally dropping into the casing.

While lowering the nodes, the signal cable should be placed in the notch of the centralizer to avoid pinching it
between the segment and the casing.

Connect the signal cables of the installed segment and the next segment to be installed. Note - it does not matter
in which order the segments are installed, as the data logger will query the sensors and number them at start-

up.

Remove the pin from the universal joint of the installed segment and insert the top node’s gage rod, pinning it
in place. Verify that the alighment of the sensors is the same for both segments.

Lower the nodes into the casing, repeating the above steps until all but one segment has been installed in the
casing.

Attach the suspension kit to the top of the last segment.

Connect the last segment to the installed segments, as per above.
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Lower the last segment into the casing, aligning the suspension kit so that it is firmly seated on the top of the
casing. The male connector should extend out of the casing.

Attach the jumper cable to the male connector and to the data logger.
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1. DATA REDUCTION/DATA FORMAT

Data Format

1. The Campbell Data Logger outputs a *.dat file. This file contains the readings in a comma-separated
format, which can be imported into a spreadsheet program, such as Microsoft Excel™.

2. Once imported, the data will appear as below:

4 ) ' < 0 I ' 2 " | ' . i L N ° ' o " 1 1 " ¥ " X

1 I TAW NEORD Mt vt Meng K (1) A1) vomI  Tessldl X% i) vorill  espld vy N VAN Tesal XN L] Ve  Tespil X% Yo el Temgy
VR e WH D N DN DM TN DO SR DM N DOMT JUHIM 00N LLATN NI JLITL MRS LIANN W0 ATINE 10 R W I8
VIR 0y M LAY DN MM AN LMY JA0GAT2 LI MSOMMIT DOV MATHE JRM0MET MANMPL LLANIN AR ML) MAAYMT LIWM RI2I0M1 AN LMM LIS N0

Vivxa e UM nu P B0 N LN L NORY SRLM KSRl LEWAR A8 PRSE2D AN LINAP M LAIRN MMM LIS DIEMI A0 2Shial W oAt
WINER “on nu B DADE IANTN LW 008 MG MJIME WD AN LI 2 M0M 1NN ANNE JLTI MTITR WD D G JENEN BN XN
VIVEU N L) ASL) DN BAND ANNT DD 0200 SLIRN BB LW BT DL RN 12NTS JLISEE JLMIE ML LW s NA LN LT sl
WV s “y L) LN A v 2N N0 SLMITT BN RINEN NLIMA RN AR 1IN JAOMD RLTOE MATMML LIRS BINGK MM LU LIRS o
VivEu e “e 234 JEAL DANDE AWM LIS DRI SR I0OM VLOMM O LINET A 0004 IV BREILN L0 AT BLALES WD LIOWEN DT JGENET ARG RS B
VIR 00 L uwn 29 BN ISWEL 11T JLID SRGEMS  IMANOL LIV MUK ST M LANATS JALNTT NLAMAL  MUTM IR NATIM 4NN 1MW T Wi

Bomwrwewm

VIR e (B ny N SAMS YIS NONN LM BMNL LR0EM MM RIS MMM LINATS DOITME NI BANGE LINWN MG M ARMA0 RS e
1 WaVER e LU (SR ) 20 DA B0UT LOWN J0MUE AN MY RIAGAM LR JLIANT IS L2 J000MM RLAGIEY NG LW JIGMM Q0PN SOt Qe o)
U VovEe e “a AL TR DNID WS 10 NME DN DINTY BN SCAME NS LN LT AINNE AN MM LW RINEM AWM IRMW LS X0
1] VR e (A1) TS B JASANT LINAM Al 000004 MM LRNEM  MIN NI IR0 LLNATS JA0MOE  BLAME MAMSE LIS ML) JAMTIY QAW LS s
" V' e M By RO AN DMK LN NAMN LGN MM RIAEM  Jelel SLIML R0 L2NAN JAOEM RLANAL MRl LI AN N 1MW Ll mdew
B Yawas e wi TN DTEN NANM WD 02T ALMEN IS LIWAN T I RGN AR RSN JLMMNE MR BOWN 0NN AN LENTT BN

LR e R 1. une 1050 BN LIWL DD MM SLINIT DROMOL  LLYAM  JLAMRD VALAT AT 1201 MANTEY HLAINTL MANDDD LY AT JANINT LSMAN L2 01w
1 VBl (Y tu B2 OBAINL LA LI RS RO BR300 LBGAN MMO0hed el SIS 1DNAN LMD BLASND MU LI DA 0N oMM L 0N
n VaRlve cu nu VI DN DM (1T RS ARATeM  FACOMA  EIMOE TLOWIED VAN GROWIA 10 OWT AT AR MM DOV W RN TN Bwen Xous
" VRN en ny ZI06 0UNT ISNSN LANES DAY SAI BT LIOMM ZIAINT SIND MG 1A0NTS M7 JAIM MO LIRS RSN MMTI LU0 LW o
2 VaRume L nu B3 NN LAY LANR LR SLLMY) ORI LLRUEM JLTLMP MM S 1N DML CHLMIND MM LIS DIMOM skt Ll wen Xoun
it VR () uu 23 DM BANY LIS 05N SLMIN 08 RIAM  ZLAM 000N RS JANAN AN AN MALD NN R o s D
ﬂl VR e () nn an 3w I!S NBIM NNTT BORE LW WMT BITIR SNMN LT AENT DT MR LW TN JAENN 2T LW N
N VWrRurs e S84 0N BT 1AM 1WAN 0000 S0 NG5S LESUON LA NLINA IAMOY  LLNSTS BARDT LMD MM LI ZRMUD AWMT LIMN0 LLWMTS e
N VAEure (530 nu N3N 06 11NN LU AN Ot R JIAel hJei RAONT LN Ja0NY BLEIN MADT UM JMe WM Jmi Lowen XoaoM

3. The columns consist of the following:

TIMESTAMP - date and time the reading was taken.

RECORD - consecutive reading that was taken since last data logger reboot.
Batt_volt - voltage of data logger battery at time of reading.

PTemp - temperature measured at the data logger.

X_(n) - X-axis tilt reading, in mm/m

Y_(n) - Y-axis tilt reading, in mm/m

Volt(n) - voltage input to the sensor, in V

Temp(n) - temperature measured by sensor node, in °C

SQ e o0 o

where n = sensor node location (1 is the top sensor, 2 is second from the top, etc.)
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Calculations

Calculating Tilt in mm/m

X+

It is not necessary to calculate tilt, as the GEOSTRING system

outputs the tilt in mm/m natively. The sign of the result indicates

the direction of the tilt. The X+ direction of the sensor node is

marked on every node. Y+ i
X-

Calculating Tilt in Degrees

Tilt(degrees) = arcsin(Tiltmm/m/1000)

Calculating Deviation

To calculate deviation over the gauge length of the sensor node, use one of the formulas below:

For imperial version:

Deviationmm = Tiltmm/m X
0.6m or

Deviationin = Tiltmm/m X (24 in /1000 in)

For metric version:

Deviationmm = Tiltmm/m X 0.5m

Calculating Displacement

Displacement (movement) is the change in deviation:

Displacement = Deviationcurrent — Deviationinitial
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2. CONNECTION TO DATA LOGGERS

Overview

These instructions provide information needed for reading the GEOSTRING system with the Campbell
Scientific CR300, CR800, CR1000, CR1000X or CR6 data loggers. Please note that the diagrams presented
on the following page are examples and do not cover every potential connection type. A wiring diagram
will be provided with each data logger system that is purchased.

Limitations

The last sensor node in the chain must receive 8 volts. This limits the number of sensor nodes that can be
connected based on the distance of the chain from the data logger.

Number of Nodes Jumper Length, m (12V supply) Jumper Length, m (24V supply)

10 320 -

25 122 -

50 52 215
75 24 139
100 5 97
125 - 69
150 - 47
175 - 28
200 - 12
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GEOSTRING Sensors
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CR6

24 Volt Converter

GEOSTRING Sensors
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