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Introduction

This document s intended to provide addibional information about the LoadScanTallyClerk Load Volume
Scanner to assist rade measurement authorities in evaluating the instrument only. It is not ntended as a
general infroduction to the product or its usage.

Background
The Load Volume Scanner (LVS) is a non-contact volumetric measwement instrument designed to measure
loads of bulk loose solids in open-bin truck and trailer units. Typical applications are in civil construction,
quarmymng, mning, mulch mamsfacturing, debris cleanup, recycling and other industries where bulk materials
are raded by the truck knad and wolume is the key quantity of mterest or the most practical form of measure.
= The TallyClerk development project was mnitiated in 1208 to provide a sodution to industry
requirements for accurate tally of construction aggregate and spoil movements on, off and anownd
cvil constnuction sites.
= The LVS achieved type approval for trade use in Mew Zealand in 1889 and in Australia in 2010

= TallyClerk has been re-branded to LoadScan and now has over 75 installations around the world, the
majority in Mew fealand.

= The LVS format includes fully mobile, portable and fixed-mownt models.

=  The LVS is now used o measure a wide range of bulk load materials in a full spectrum of truck
designs across multiple industries.
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Principle of Operation

Trucks are 'scanned by driving slowly below an elevated Scan Head. This is essentially a mounting platfiorm
for two scanning laser range-finders, which we will refer o as laser scanners. When a truck crosses the
Scan Area below the Scan Head it falls within the field of view of these laser scanners which perform
thousands of distance measurements per second.

The LVS processes the distance data measured by the laser scanners as a truck passes below and
constructs a composite 30 model or 'surface profile’ in software. A vehicle s initially scanned empty and
recorded into the system database as an empty vehicle profile (zero reference). Load volume is computed
on subsequent scans by comparing each new loaded wehicle profile against the recorded empty profile
This involves aligning the empty and loaded vehicle profies spafally in software and computing a lead
profile from the difference between them.
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The LVS measures the load 35 Lslis In the ek al the tme of measyrement The measured
wolume is the “loose”™ volume generated by the surface contour and it makes no assumptions
about product density or changes in volume over time.
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The scanning process is fully automated and a touch-screen Operator Consale provides for operator control
and monitoring of the system. Trucks and trailers can be identified manually, or they can be fitted with RFID
Tags that automatically identify the wehicle{s) when scanned. Measurement results are displayed on the
Operator Conscle screen and loading tickets can be printed avtomatically with an optional Ticket Printer.
Results are also displayed on a high visibility LED Message Board. Permanent records are saved to kog
fies which can be transfemed to other systems for analysis, invoice generation and reporting.
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Metrological

Characteristics

General Metrological Characteristics

Basic Specifications
Unit of Measure

Measurement Range (per bin}
Scale Interval (resolution)

Measurable Vehicle Types

Measurable Bin Capacity
[truckfrailer size)

Measurable Load Types

Maximum Load Particle
Diameter (average)
Typical Measurement
Accuracy

Vehicle Speed {during
scanning)

Power Regquirements

Laser Protection Class
Clearance (from Ground)

Rated Operating Conditions
Operating Temperature

Minimum Visibility
Maximum 5can-Track Gradient
Maximum 5can-Track Camber

Cubic metre (m”) or cubic yard (yd*)
according fo regional reguirements

0— 130 m® (0— 170 yd%)

or a5 set by regional frade measurement authorifies

0.1 m* 0.1yd?

or a5 set by regional rade measurement authorifies

Open bin road-legal ruck, truck-trailer, semi-trailer and B-train
combinations (ncluding bottom-dump, side-tipper and belt unloaders);
Road-trains with up to 4 bins; Rigid bodied and articulated off-highway
dump trucks (mine, quarry, underground); solid sided rectangular
tractor frailers. Maximum 3m (107) wide, 4 25m {14") high for standard
fold-down LVS. Custom mounting may be required for larger trucks.

1.5—130.0 m* (2.0 — 170 yd%)
or 35 sat by regional frade measurement authorifies

Except where imited by regional frade measurement authoribes:
Flowable solids (bulk loose materiaks) including but not Emited to:

a) Earth, sand, gravel or other similar material

b} Mulch, bark, compost or other similar landscaping products and

raw constituent materals

c) WWoodchip or sawdust

d} Unprocessed ore, coal or mning waste

&) Bulk recycled materials in crushed, shredded or similar form

f)  Lumpy. iregular mixed materials where sold as waste or debns

200 mm (7.87)
no Bmit for non-trade applications

Better than 1% to limit of resalution
0.5 — 6.0 kmph (0.3 - 3.7 mph}

24VDGC, 13A max
or 110 - 240 VAC, 50v80Hz, 4A max with AC power supply installed

Class 1 (eye-safe)

5.0 m {16 4"} mnimum (depends on mounting system and type of
vehicles to be scanned)

-30—50°C (-2 — 122 °F) Scan Head, LED Message Board
0 —45%C (32 — 113 °F) Operator Console, Printer

50 m {1847} (dense fog)
5 degrees (2%)
3 degrees (5%)

_5.
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Type Classification

The LVS does not fit into any existing mternationally recognized standard instrument classification defined for
other types of measurement instruments and none exists spedfically for the LVS. In Mew Zealand and
Ausiralia, where the LVS cumently has type approvals, the trade measurement authortes have bormowed
from and modified existing classifications to create type approval specifications for the LVS.

In terms of principle of o son and unit of measure, the LVS is best compared to Multi-Dimensional
Measuring Instruments’ used for determining the dimensions and/or volume of objects for the purpose of
calculafing freight, storage, or postal charges based on the dimensions andior volume occupied by the object.
The scanning laser mngefinder technology utilized by the LVS &= essentially the same as used by the latest
pgeneration of these instruments. Howewver, the instnement design, metrological characteristics and

application s significantly different and the LVS does not fit well into this type classification. Some of the
existing guidelines for Multi-Dimensional Measuring Instruments can be applied to the LVS.

In terms of ggglcation, the LVS is better compared to instruments for Viehicle Weighing in Motion® such as
axle weighers and other in-motion weighbridges. Howewer, the technology is very different and these
instruments measure weight, not volume. Some elements of the existing guidelines for Vehicle Weighing in
Maotion can be applied to the LVE.

Brim Measures or Dry Measures’ inchuding front-end loader buckets or other measures of fized capacity for
the measuwrement of solids are also comparable in terms of unit of measure and type of materials measured.

Scan Head Mounting

The scan head support structure may be varied to suit the installation or portability requirements. In all cases
the mechanical support mechanism provides stable mounting for the scan head, in the required location
relative to the scan area and does not alter the metrological characteristics of the instrument. Standard
clearance from ground s approximately 5_2m but this may be increased for scanning langer dump trucks.

Calibration

The LVS is not an analogue measurement instrument and cannot be “calibrated” in the traditional sense — it
does not include any facility for scaling the measurements up or down or setting a zero point. Calibration
from a metrological point of view comesponds to the alignment of the LVS scan head to set the laser
scanners in the comect pesition and onentation relative to the scan track that trucks pass over. Howewver,
measurement accuracy does not have a direct linear or noninear relationship to scan head alignment which
can in no way be used to “calibrate” the measurements.

Zero Indication
The LVS does not have a zem indication, only a ready ndicaton. Zero reference is set for each individual
truck or trailer body by scanning empty and recording an empty wehicle profile in the system database.

! Sos Ersongple:  NIST Handbock 44 (2012), section 138, Mulriple Dimension Measuring Devices {USA)

? o fwarmple:  CHMLE 134-1 (MI06), Autormtic imetroares S warighing vond wabiclas in meion and messrring axia Inack (308, CHMI.)
Soo fxemmple:  MIST Eandbock 44 (2012), section 443, Dry beasares (USA)
MM Cortificats of Approal Mo ¥B/0A (2008), Kretes Metsires o she Detarminan of the Folime of Flnwable Sslid

[+
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Validation Checks

The LVS performs many validity checks designed to prevent the systern being used fraudulently or cartside
the Emitations. specified. H any validation checks fail, an emor is generated and no result is displayed. The
following are some of the validation checks performed by the system:

= On start-up the LVS will not enter ready-state i it detects gradient or camber of the scan area
[relative to the scan head) are outside olerance.

«  LVS prevents recording empty truckfrailer trays of less than about 1.5m” (2.0 yd*) capacity (or as
otherwise specified) nto the system database.

=  No measwrement output if covered load detected (e_g. tarpaulin covering tray).
= Mo measwrement output if vehicle speed is outside limits or speed is too uneven.
= Mo measwrement output if tray is scanned with hoist in fully or partially raised position.

= Mo measwrement output if truck tums, drives off-centre or passes at too great an angle through the
SCan area.

= Mo measwrement output if the basic visible dimensions of the ‘'empty’ and oad” trays do not match.
= LVS will not enter ready-state if high levels of dust, fog or other “visual pollution” are detected.

= No measwrement output if high levels of dust, fog or other “visual pollution™ are detected within
scanned wehicle profile data

Safety and Compliance

Declarations, certifications and reporis relating to electrical and mechanical safety and Blectro-Magnetic
Compatibility (EMC) of the LVS system components are retained on file by LoadScan Ltd. The LVS design
meets FCC (radiation ), FDA (laser) and UL {(electrical safety) requirements for import into the USA

System Security
The LVS has built n security features to prewent tampering or misuse. These features include:

= Access to system software and settings is not possible without access procedures and passwords
held by LoadScan Lid.

= Laser scanner serial numbers are stored in the system computer so that scanners or computer
cannot be replaced except by staff with the appropriate mantenance password and procedures.

= Access to user configuration and installation settings is limited by a "System’ password.
= Access to database functionality and historical measurement records can be Emited by a User”
password.

Database Records

Empty wehicle profiles are recorded info the system database as "Reference Scans’. These form the zero
references for each tray and have a 12-month expiry (or less as required by regional trade measwement
authornties), after which they must be updated. Reference scans must also be updated any time that
significant structural changes are made to the shape of a truck or trailer tray (e.g. adding or removing topper
boards or cover systems). It is still possible to use existing reference scans after expiry, but ‘'REFERENCE
SCAN EXPIRED will be displayed or printed with all measurement indications.

Measurement Records

In addition to screen and sign indications and optional printed tickets, the LS stores all results and
additional details in log-files on electronic media. These fies are secure and encrypted. They cannot be
modified and create a secure audit trad. Mon-encrypted copies of these files are available for downboad via
network connection or USB drive without resiriction (user password may be required). AddiSonally, for every
scan, a record of the raw laser measurement data is saved to a file. These files provide a further audit trad
and can be downboaded by LoadSean Ltd if necessary. They are automatically deleted afier 60 days.

7.
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Extended Indication (Test Mode)
A password pmlautedEuEnde-d Indication mode to assist in accuracy testing is available. In this mode the
scale interval is 0.01m” fpd across the full measurement range.

Access Log

An entry is automatically created in a secured access log file every time maintenance level configuration
setting changes, software upgrades or scanner or computer hardware replacements are made. This log fie
can be downloaded (password required).

Sources of Measurement Error

A full theoretical ermor analysis is not feasible due to the complex interaction of thousands of variables. But
the LV'S has been extensively tested and the accuracy range demonstrated.

The metrologically significant factors that affect measurement accuracy are:
= Distance Measurements (Laser Scanners)
= Data Processing {Software)
= Scan Head Alignment {Installation)
= Environmental Condifions

Distance Measurements (Laser Scanners)
The laser scanners perform thousands of individual distance measurements every second.

= Rated ghsolyte accuracy (typicall £12 mm (+0.47 'l1].*

= The LVS application is affected by the relative ermor between individual points, not the absolute ermor
relative to scanner zero location. This significantly reduces the effective emor.

ers is reguired. Bult-in reference targets enable on-the-fly calibration

nhu:h EMSUres ﬂ'lat Ihe rT‘IEEEuI'EI'I'I-Eﬂt accuracy remains the same throughout the Fe time of the units.

The error in individual distance measurements has ng relationship to the size of the truckitrailer

In practice, each individual distance measurement at a single point can be modeled as largely independent
from every other measurement with an equal probabiity of a positive or negative ermor within a ange of
statistical variance:

ot o soale)

* Mamfictmar's spocifications S coment modal medin VS {Sick LME511-20100)
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Data Processing (Software)

There are thousands of varables nvolved in the measurement data processing and ermor can only be
determined by testing. However, an integral part of the LVS design is that every metrologically significant
software process determines a ‘confidence level based on its input data quality and generates a ‘no
measurement’ ermor condition if the confidence level is not acceptable.

The LVS outputs no measurement if it is not confident of the result.

Software processing emof is not directly dependent on the size of the truckitrailer bin, size of the load or

instrument range settings. Ermor probability does however increase roughly proportionally to the visible upper
surface area of the load. This surface area is constrained by the physical dimensions of the truck/trailer tray it
is contained in. So absolute ermor tends to increase as koad volume increases but level off at higher volumes.

Scan Head Alignment (Installation)

The LVS scan head must be installed in the comect position and orentation relative to the scan area (track)
that trucks drive owver and the scan area should be well defined. The type of mounting structure can vary and
installafon. alignment and track marking procedures do not require special skills or gualfications. They can
be performed by the system operator.

The better the alignment of the scan head and quality of the scan track, the smaller the statistical variance n
measurement ermor. But this is equally dependent on the position, angle and speed of the truck on the scan
track during a scan and does not directly affect the magnitude or sign of average emor.

Scan head alignment does gof directly affect the direction of error (i.e. whether volume is ower-
reported or under-reported) and cannot be used to calibrate the instrument.

To ensure only good quality measurements, the LS monitors the ground profile and analyzes scan data to
determine if the scan head alignment is out or if truck position, angle or speed on the scan track is outside
acceptable limits. The systerm has many built-in checks to avtomatically generate 'no measwement’ emor
conditions in such cases. i the alignment is not comect or trucks are not following the designated path and
speed then they will not be able o get measurements.

The process of aligning the scan head and defining the scan track does not significantly improve
the measurement accuracy — it reduces the chances of getting "no measurement™ error
conditions.

Environmental Conditions

The effect of environmental conditions such as temperature, humidity, electro-magnetic interference and
visibility on raw distance measurements is msignificant compared to other systematic emors and the laser
scanners are rated for a very wide range of environmental conditions.

Dense fog, steam or dust in the ar can potentially block the view of the load surface and give false distance
measurements. Howewver, the LVS analyzes scan data to detect ‘visual pollution” and generates a no
measurement’ emmor condition if this ocours.

The LVS does not attempt to measure a load if its view of the target is significantly obstructed.

MnScimar's specifications for cument mode] med in LVE (Sick TMES]11-20000)

_9_
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Accuracy Classification

LV5 measurement error does Oof theoretically have a directly proportional relationship to measured load
volume. Howewer, in practice, in real worlkd conditions, over a full range of truck designs, instaliation
conditions and load types, absolute emor magnitude increases roughly proportionally to load velume.

The following charis are jpdicative only. They are compiled from informal in-house accuracy testing and
formal type approval testing results ower a 12 year period. A variety of test load constructions, with varying
degrees of uncertainty were used, test volumes are not evenly spaced and the number of measurements at
each test volume vanes. However the trend is dearly demonstrated:
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Absolute emor magnitude tends to increase roughly proportionally to measured wolume. Percentage emor
magnitude tends to a relatively constant (or slightly mproving) value with mcreasing valume.

Where d is the scale interval, one possible best-fit MPE (toderance] for the LVS is:

Maximum Permissible Error {T‘:PE];
+1.00 % or 1.5d (whichewer is the greater)

This is based on the "Class 7 Weighing In Motion {WIM) accuracy class as specified by OIML® but with the
same MPE for Acceptance and Maintenance (the approach used by NMI for LVS type approval in Australia).
The resultant MPE {in cubic metres, with d = 0.1) is as below:
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There are other possibdites. LVS type approval in Mew Zealand uses a stepped rather than percentage MPE.

" oo ORI R 1341 (2006, Ammeotic mctroments. for weighing road vehico i motion ad mesoring oo Ioads (OIML)

-10 -
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Test Methods

LV5 Accuracy testing requires the generation of suitable test measwes. A test load s an ariificially
pgenerated reference wolume, known to a suitable level of uncertainty, loaded onto a truck or trailer.

Current Methods

The following is a summary of methods currently used for generating test bads. LoadScan Litd has more
detailed written procedwres on file. These methods can be combined.

Solid Test Load [Reference Standard)
A solid block or hollow shell of known external volume, in the approximate shape of a typical measurable
load, may be loaded onto the test vehicle and used as a test load.

Advantages
= A permanent reference standard analogous to test weights used for scales.

= Volume does not change significantly ower time_
= Easy o transport and store.
= Fast and practical solution.
Disadvantages
= Oniy suitable for test volumes that are small compared to instrument capadcity.
= Requires a very flat tray floor as it is rigid and does not adapt to contours of test vehicle.

Multiple Brim Measure Loading
A rectangular bin or other bim measure of known capacity can be loaded with suitable material, and this
material transfemed to the test wehicle one or more Bmes io create a test load.

S&T - F14
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Advantages
= lses real load matenials and generates realistic load profiles.
= May be able to use resources available at test site

Disadvantages

= [t is very difficult to control or determine true test load volume because load materal compaction may
not be the same in truck/trailer bin as in measuring container.

= The uncerainty mcreases significanly with load size due to the unpredictable compaction or
settlernent level of the cumulative load. This means it is only suitable for a small number of repeated
brim measure transfers.

Levelled and Measured Load

Where the dimensions of the tray on the test wehicle are known, a test load of known volume can be
generated by loading the tray to a set level below the tray top-sides and computing the volume from the
known dimensions of the tray and the measured level of the load. The load material needs to be co

or "shaken-down” before leveling to avoid the volume changing over time as the load settles. Additional load
material should be added by the brim measure loading method or a solid test load put on top to create a
maore realistic load profile.

Advantages
= Lses real load materials.
= May be able to use resources available at test site.
= Can test up to larger volumes by this method.

Disadvantages
= Teme consuming and requires lots of resources
= Requires suitable test wehicle to be identfied n advance and available for testing.

= LUnless the wehicle tray profile is wery regular and simple the uncertainty in manual dimensional
measurements may be too high.

False Floor Measured Load

A false floor (fat or profiled ) may be constructed for a truck fray or custom test trailer of known dimensions. A
saolid test load or a measure of load material (brim measwre loading) may be placed on top of this to generate
a more realistic bad profile. This is essentially the same as the Levelled and Measwred Load method, except
that the levelled load i generated by a false fioor and the floor itseff may be profied to represent a load
instead of flat.

- 12 -
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Advantages
= Better control of surface profie than leveled and measured load so wolume uncertainty is lower.
= Can test up to langer volumes by this method.
Disadvantages
= Time consuming and requires lots of resources
= False floor must be custom-built for a particular test vehicle.

= LUnless the wehicle tray profile is wery regular and simple the uncertainty in manual dimensional
= may be too high.

Practical Constraints on Test Load Generation

COnly approved test loads or methods should be used. General requirements for test loads are:
=  Tre volume (conventional true value) must be determined by a verifiable method to a suitable level
of uncertainty.

=  Must be made of materials that cannot be easily influenced by environmental conditions.

=  Must not be subject to loss or increase in valume owver time.

= The shape of the test measure should reflect the shape of the koads to be measured.
Meeting these requirements is chalenging, especially for larger wolumes. There are practical constraints on:

» Technical construction method

= Ability to determine true wolume

= Availability of suitable resources at test sites

= Time

= Cost

= Size

= Transportation and storage
Because of practical limitations it & not feasible to repeatedly generate test loads with volume known to the
required level of uncertainty up to the maximum used capacity of the LVS (130m3/170yd3) beyond mitial
one-time type approval testing. However, as previously noted, the statistical emmor variance in the physical
distance measurements which volume computation s based on has no relationship to actual koad volume or

instrument range settings and cannot be adprsted (calibrated). An LVS instrument is either working within its
accuracy capabilibes across its full mnge or it is faulty.

Confirmation of acceptable error at lower volumes Emtmﬁmﬁelﬂkm

-13 -
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In Mew Zealand, where the LVS has had type approval since 1980, the trade measwement authorities
recognized this fact and the difficulties of attempting to -::reate suitable test boads at high wolumes. A cerfified
solid test load {referenue standard) with amlume of 210 m® is used for all verification/certification tesfing.
Approved maximum capacity is cumently 85 m” in New Zealand. Thts is adequate for the local market, but
type approval testing has been successfully conducted up to 100 m*.

In regions where required maximum capacity is significantly higher. a 2.10 m’ test load may not be
considered as adeguate for testing LVS performance across the full range as a matter of principle.

For such cases we suggest a requirement to test to 25% of ‘used capacity” where used capacity set
per device for the particular application, within limits of type approval {up to 130 m* 1 170 yﬂg;.“

This is analogous to the 25% nule for scales with a capacaty greater than 20,000 kg or 40,000 |b in the usa’.
Mote also that the LVS is a portable instrument and that due to system validation checks accuracy is not

significantly affected by site-specific installation. The LWV5 has been approved as a portable nstrument in
MNew Zealand since 2000.

| The LVS does not require re-verification each time it is installed on a new site.

Alternative Standardized Method

Due to the practical Emitations discussed, solid test load is the prefemed method for accuracy testing. it is
also the most familiar to trade measurement authorities as it involves the use of a permanent reference
standard that can be werified, does not change significanly ower time and can be stored and transported
relatively easily, as for example test weights used to test truck scales.

Howewer, large solid wolumes designed to simulate a load on any test wehicle are impractical. Such test
loads do not mold to the mtemal shape of the test bin like a real load and lange size s mpractical for
transport, handling and storage.

LoadScan Lid has deweloping a sef-contamed portable test system that does not require a separate test
wehicle. The test wehicle is a large collapsible rectangular bin that is frailer mounted to simulate a truck or
trailer body and has a moveable false floor. Combined with solid test luEI:Is this method is practical for testing
up to medium volsmes. The cument design can test up to about 35 m’ (48 jd!].

We propose the following accuracy testing regime:

Type Approval Testing
Test to maximum capgcity with a suitable number of intermediate steps as required by testing authorities.

Initial Verfication [Acceptance)
Where wsed capacity s less than or equal to 30 m * or 40 yd (depending on configuration):
= Test at zero and as close as possible to used capacity with intermediate tests as chose as
possible bo minimum capacity and 50% of used capacity.
Where used capacity is greater than 30 m* or 40 yd* (depending on mﬂigumm}
=  Test at zero and a maximum test wolume at least the g'eatu'uf:iﬂm 140 yd or 25% of used
capacity with intermediate tests as close as possible to minimum capacity and 50% of maximum
test volume.
Testing to be conducted with self-contamed test system as discussed above. Initial werification can be
conducted at any suitable location and the instrument then moved from site o site as required without
additional accuracy testing on each site.
Alfernatively, i acceplable fo lrade measurement awthorifies, use same method as for In-Service
Inspection (below). This is the approved regime in New Zealand and fhe most praclicable.

In-Service Inspection (Maintenance)

Test at zero and at a test volume of at least 2 m” urayd {depending on system configuration) with solid
test load (s} using any suitable test wehicle available on site.

7 Goa NIST ook 44 (201, sacticn 30, Scales, p2-31, Table-4, Mindmaan Tear Weiphin and Tear Loads (US4)
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Suitability for Use

The LVS has proven to have a high degree of suitability for use within its application areas, especially where
volumetric truck measure is the standard traded quantity.

Primary Application Areas

Civil Construction
= Bulk civil construction materials are specified and traded in volumetric quantities {m iyd”)
= Portable measwrement device on job sites (move from job to job)
= Muonitor incoming construction materals such as rock aggregates. sand and saoil
= Maonitor outgoing materials such as excavated clay, sod efc
The LVS is well established in the civi construction industry in Mew Zealand. Some regional/city councls are

requiring LV'S units to be operated on their infrastructure jobs. Some constuction companies are also
requiring that their suppliers {quamies) must use an LVS if they wish to supply to their jobs.

Quarrying
=  Mainly supply to the construction indusiry which works in volumetric quanties
= Measure ouigoing product such as rock aggregates or sand
= Measure incoming “cleanfll” for land reciamation

i
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Mining
= (Often problematic measuring weight due to size of wehicles and environment - LV is a non-contact,
in-motion, low mantenance solution
= Measure unprocessed ore or coal, ower-burden and construction materials used on site

= Monitor carmy-back (haul-back) where load material stuck in "empty” vehicle trays

Mulch/Landscaping Products
=  Bulk landscaping products are specified and traded in volumetric quantities {m’fyd’)
= Measure ouigoing processed product
= Measure incoming raw ingredient supplies.

Forestry
®*  Measure woodchip for pulp producton (pulp/paper mills)
®*  Measure woodchip, sawdust or bark for bumer fuel or sale to landscape product manufachwers
®*  Measure construction materiaks for forestry read buillding and maintenance

-16-
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Waste/Recycling

Landfill reclamation or capping material
Bulk recycled materials in crushed, shredded or similar form
Disaster Debris cleanup

Traditional Measurement Methods

Traditional methods for determining volumetric treck measure are often maccurate but are widely practised.

Converting from Weight to Volume

Measuring and trading by weight and applying conversion factors to determine wolume is often very
inaccurate. The most obwicus problem is that weight to volume ratio varies greatly, depending on the
moisture content of the load material.

Product can become wet because of min, ground mossture or from deliberate wetting of stockpiles or
truck loads to prevent dust. This practice which often sccurs i gquames, warks in the suppliers favouwr
when measuring weight.

If the material is wet when loaded, it can weigh considerably more at the point of loading than at the
point of unloading because water run-off occurs in transit. Generally trading by weight is based on
weight at the point of loading.

Weight-to-volume conwersion factors are typically computed on a dry day in carefully controlled
conditions and do not necessarily reflect the weight-to-volume ratio of supplied materials.

Counting Bucket Loads
There are well recognized issues with counting loader bucket scoops as a method of determining volumetric

truck measure.

In practice operators do not load each bucket consistently to the same level. In fact the loader
operator cannot generally see the scoop wery well and certainly it is not practical to get out and
sirike-off (level) every scoop. This varies from loader to loader and from operator o operator.
How the bucket is pushed into the stock-pile significantly affects the effective volume when

transfemred to truckfrailer. For example, pushing the bucket hard into the bottom of the stockpie
produces 3 more compacted load than loosely scooping off the side of the stock-pile.

Due to the seff-compaction/setfement of heaped matenal under its own weight. multiple bucket loads
may not equate to resultant cumulative heaped volumes in fruck bins or in stockpdes generated from
truck loads. This issue extends to differences in cumulative heaped wolumes generated by small
bucket loads or generated by large bucket loads because of material self-compaction within a single

SCO0p.

i o7
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Manual Surveying
Manual survey methods include:

= Lewel and measure (manual survey of levelled load in truck bin using tape measure)
= Surweysingle load on the ground after unloading

= Surwey stockpile or ‘cut and fill’ velume (multiple loads)

= LUnload truck load into a container of measured capacity.

These practices are widely used on a random check’ basis but are very time consuming. A commaon
complaint about the Tevel and measure” process is that it requires re-shaping and walking on the load

which effectwely changes the load volume. Disputes also commenly arise owver load setlement in

transit. This is the change in volume of a load due to the product “bedding down™ or “fluffing up™ as a result of
wibration, braking and bumps during transport. Often the differences between what the supplier claims was in
a truck (in cubic metres or cubic yards) and what the buyer claims, is guite significant. Unloading a truck onto
the ground and then re-loading it with the same material and manually surveying the load (lewel and measure)
at the buyer end is one way to check if the supplier's claimed volume is accurate. This method results in a
load that should be very close in volume o the original lsaded volume at the point-of-loading. before travel
influences.

It should also be noted that wolumes computed from “cut and fill’ surveys or by sureeying large stockpiles
generated from multiple truck loads over a period of time may not result in quantities that match the
cumalative tofal of all the truck loads as the surveyed material may be closer to "solid measure” {compacted)
than “loose measure” which is the measured and traded quantity.

Counting Truck Loads

A truck or trailer capacity may be determined by manual measurement, but in practice trucks and trailers
are not loaded exactly to capacity ewery time_ They may be at less than capacity or loads may be heaped
abowe the sides to greater than struck capacity. Loader/excavator operators often cannot see inside the
truck bins as they are lower than the bin sides. It is also difficult to load into the bin comers with a
loader or excavator. And in fact, in many cases trucks would be over-loaded if filled to capacity.

Accuracy Limitations in Volumetric Load Determination

Traditional methods of determining truck load volume are often not very reliable. However, this is only partly
due to limitations of the measurement methods. The true wolume of a given quantity of bulk loose solid
material is not a constant value. Violume fluctuates slightly as a result of natural changes in product density
due to changing compaction levels, moisture content and environmental conditions. For this reason it is
simply not possible to determine a meaningful wolume to the same level of accuracy as some other
measures, such as weight. This is not covered by legislation or type approval processes, but trade
measurement officers involved in testing and enforcement in the field will be familiar with these ssues.

Measunng truck load volume to a degree of uncertainty significantly smaller than the magnitude
of natural volume fluctuations does not generally provide more meaningful measurement.
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Industry understands the limitations in wolume determination. it is for example, common practise when
trading by truck load or multiple bucket count to round to the nearest cubic metre or yard where a higher
resolution measure is not meaningful.

One response to this problem is to trade by weight because this can be determined more accurately. But as
discussed above, there are problems with frading by weight where volume is the quantity of interest.

An accurate measure of weight is often less meaningful than a less accurate measure of volume
where volume is the quantity of interest

Key Advantages of the LVS
For trade by wolumetric truck measure the best solution is a fair determination of the load volume g5 it sits in
the truck at the time of megswrement. This is what the LVS prowides. Some key advantages of the LVS are:
= Awoids need to estimate by:
»  Converting from weight
» Counting bucket scoops or truck loads
»  Manually measuring or guessing

= Fast, fully automated measurement
= Mon-contact, 5o measunng the load does not mterfere with the load volume.

= Measures actual load in truck or trailer bin regardless of theoretical bin capacity
= Equity of trade for seller and buyer

Our expenence is that the LVS is accepted as providing a fair measure for all and acts io prevent many
disputes that otherwise occur. Truck measure is a happy median between individual bucket loads and
stockpiles and as such is equally equitable to seller and bauyer. It is also owr experience that suppliers such
as quarries that use the LV'S system may lose the small advantage of selling by more easily manipulated
methods bat their customers are happier.

The LVS is also a portable device, making it suitable for installation on construction sites and other short-
term applications.

The ability of the LVS to automatically detect unsuitable measurement conditions, combined with
the fact that no re-calibration is necessary makes the LVS very suitable for portable use and
installation on different sites by trained operators without any special legal metrolegical
qualifications.

Limitations and Potential Objections

Limitations of the LVS
= Limited to open-top trucksfradersibins
= Measurement of bulk loose solid materials only
=  Measurement accuracy is Emited

= The LVS 5 a visual inspection system. It is unable to operate n conditions of “visual pollution”™ and
reports an emor condition in cases of:
»  extreme dust
»  dense fog
» dense clouds of steam rising from load material

-19-
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Potential Objections to Trade Use of the LVS

Objection
Why should the LVS be approved for frede use when weighing insfruments of simiar measwrement acouracy
have been rejected ?

Response
The following points should be considered:

= The LV5E is not a weighing instrument. It should be compared to exisfing altematives, not a different
class of instrument.

= The LVS is pot a general purpose measurement nstrument. Unlike axde-weighers for example, which
also hawe a lower accuracy classification, it cannot measure gy type of product of goy valee. |t is
limited to measurement of bulk loose solids m open bin truck and trailer units. The application areas
where volume is of interest for this type of load is mainly limited to relatively low value product.

= Volume measurement inherenfly has a higher uncertainty due to natual volume fluctuations.
Measuring instantaneous wolume to a higher degree of accuracy than the inherent uncertainty is not
beneficial.

=  The LVS provides a significant improvement in accuracy, consistency and convenience over cument
standard practices

= The accuracy is well within that demanded by industry itseff (the buyers and sellers) for the types of
transactions that LV5 is used fior.

=  Accurate measurement of weight and conversion to wolume from known bulk density does not
provide a solution.

Objection
The LVS is not suitable for high valwe products due fo accwracy limitation.

Response

The natural limitations of the device and mdustry requirements largely mit application to lower walue
products. Generally “high value™ products that could be measwred with the LS are bulk dry powders with a
high lewel of consistency in bulk density and so are suitable for measurement by weight and are traded by
weight as standard.

Where considered necessary, frade measurement authonities can limit use. At a minimum the following
suitability for use applies:

a) Earth, sand, gravel and other similar excavated or mined materials

b) Mulch, compost and other similar specialty mixes and primary raw constituent materals

) Woodchip, sawdust, bark and samilar materials

d) Unprocessed ore, coal or mining waste

&) Bulk recycled materals in crushed, shredded or similar form

i Lumpy, imegular mized materals only where traded as waste or debris

Objection
The LVS is only suifable for a limied range of vehicle fypes and mafenal (product) fypes. Weight
measurement does not have fhese limitations.

Response
True. The LVS & only suitable for measurement of bulk loose solids in open bin truck and trailer units. It is

not intended as a general replacement for weight measurement. In fact it is often used in conjunction with
weight measwrement. it meets specific requirements of the industries where it is applied.
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Objection
The LV5 measures surface profile so voids {empty spaces) inside load are incleded in the measured volume.

Response

= In general the LVS is only intended for the measurements of bulk parficulate materials with relatively
small particle size so large vouds do not ocoar.

= [f the material is used in the same form it is measured in then it will have the same volumetric
propertes, including voids, in use.

= [f the materal is crushed/ground or otherwise modified after measurement then it becomes a
different product with different properties.

= In special cases such as measurement of debris the material may be lumpy and contain significant
woids, but the volume of interest includes the voids.

Objection
Some traders will befieve they can make more money sefling by the bucket count or weighing wef matenal so
it is not in their interest fo adopt this techmology.

Response

Furstly, it is the trader’'s choice to use the LVS or not. Secondly, the point of measurement is the point of
payment so the measurement needs to be as equitable as possible (fair to buyer and seller). Of course rates
(ie. cost per cubic metre or yard) also need to reflect the condition of the raded material at the point of
measurement.
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