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TASEKO MINES LTD
PROSPERITY GOLD-COPPER PROJECT
METEOROLOGICAL SITE INSTALLATION AND MAINTENANCE REPORT
(REF. NO. VA101-00266/01-8)

SECTION 1.0 - INTRODUCTION
The Prosperity Project is a large Porphyry Copper deposit located a short distance east of the
Coast Mountain Range, in the Chilcotin region of British Columbia, approximately 125 km
southwest of Williams Lake.
This Report includes a short history of the meteorological data collection that occurred at the
Prosperity Project during the past 15 years. It also includes some reference to general
meteorological data collection and representative guidelines for the collection of such data.
Finally, it describes the installation and maintenance of the Prosperity Meteorological Station,
constructed and installed at the beginning of September, 2006, by Knight Piésold Ltd (KPL). It
also includes installation requirements, site maintenance, data processing and QAQC, and any
issues that were encountered during the installation, and throughout the data collection period.
The Prosperity Gold-Copper Project is presently engaged in the Harmonized Federal-Provincial
Environmental Assessment Process. Project Report Specifications (PRS) were issued as part of
this process in 1998. An update to the 1998 PRS is currently being written, and is expected to be
finalized in 2008, as the technical working groups are formalized and agree to a new PRS. The
purpose of the 2006 Meteorological Station is to meet or exceed the requirements for collecting
on-site meteorological data based on the 1998 PRS. Once the revised 2008 PRS are issued, the
type and format of the data presently being collected by this new station may need to be altered.
If such changes are required, the programming of the station will be adjusted accordingly.
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SECTION 2.0 - HISTORICAL METEOROLOGY STATIONS
Historical site specific meteorological data for the Project were collected intermittently at four
climate stations (M01, M02 (Old), M02 (New) and M04) and one snow survey station (M03)
located within and around the area from 1992 to 1998. These stations are identified on
Figure 2.1.
Station M01 was a manned meteorology station that operated between September 1992 and
September 1998.
Stations M02 (Old) and M02 (New) were automated and were located in close proximity to Fish
Lake. Station M02 (Old) collected data between August 1995 and August 1997. It was relocated
in August 1997 and continued recording data until October 1998. During this time period, the
naming convention of this particular automated station became inconsistent. A variety of
documents refer to the new location for this station as M02, M02 (New) or M05. For the purpose
of this report, KPL is considering the historical name for this station to be M02 (New), which is
consistent with the logic for the name of the most recent climate station installation of 2006
(known as M05). It should be noted, however, that the 1998 PRS, as well as a climate summary
report authored by Conor Pacific in 1998, refer to this station at M05.
Station M04 was an automated climate station located in the Tete Angela area east of the
proposed open pit. It operated between August 1996 and October 1998.
Station M03 was a snow survey station, located in the lower reaches of the Fish Creek
watershed. It was installed in January 1994.
Site location information for these historical stations is given in Table 2.1. An interpretative
discussion of the meteorology data collected at these stations is given in KPL Report (VA10100266/01-2 – Hydrometeorology Report – Rev B, December 3, 2007).
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SECTION 3.0 - GENERAL METEOROLOGY
3.1

OVERVIEW

Meteorology is the scientific study of the atmosphere that focuses on weather processes and
forecasting. Weather processes vary considerably over space and time and can be generally
classified as follows:
• Micro-scale – less than 100 m (i.e. evaporation);
• Local scale – 100 m to 3 km (i.e. air pollution);
• Meso-scale – 3 km to 100 km (i.e. thunderstorms, mountain breezes);
• Macro-scale – 100 km to 3,000 km (i.e. fronts, cyclones); and
• Planetary scale – > 3000 km (i.e. tropospheric waves).
The micro and local scales are best suited to mining and hydropower projects and if needed, will
typically require small-scale installations focusing on local meteorological conditions within the
project area.
The study of meteorology encompasses several phenomena, including air temperature,
precipitation, humidity, wind speed and direction, and solar radiation. Stations may also include
atmospheric pressure sensors, called barometers and other sensors.
Meteorology parameters are commonly used in determining short-term site specific conditions.
This can be used, in conjunction with other parameters, to determine a completely synthetic
record of an entirely new parameter.
Meteorology data provides Engineers, Scientists and Planners with important information relating
to expected and probable climatic conditions that would be imposed upon large and small project
and project components. Commonly, specific meteorology parameters can be used as the
principle input for import modelling exercises such as site specific Water Balance(s).
3.1.1

Air Temperature
In meteorological terms, air temperature is the physical quantity describing the mean
random motion of molecules exposed to the air with units of Celsius (°C), Fahrenheit (°F)
or Kelvin (K). Air temperature is typically measured between 1.25 and 2.0 metres above
ground with the sensor located in a representative, well ventilated location, protected
from solar radiation by a radiation shield. Electrical thermometers are used almost
exclusively for measuring air temperature.

3.1.2

Precipitation
Precipitation is the liquid or solid product of condensation of water vapour falling from
clouds or deposited from air on the ground and includes rain, hail, snow, dew, rime, hoar
frost and fog precipitation. Precipitation over a given amount of time is measured as the
depth (in liquid form) to which it would cover the ground (usually ‘mm’). Instruments that
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measure precipitation may include all weather gauges (constant weight measurements of
the catch bucket) or tipping buckets (bucket 1 empties when 0.2 mm has been collected
and bucket 2 becomes the catch bucket).
3.1.3

Humidity
Humidity is a measure of the water vapour content in the air and is calculated with
respect to water temperatures above and below freezing. Humidity is commonly
expressed as a relative humidity percentage or as a dew-point temperature.
Relative Humidity (%) is the ratio of the vapour pressure to the saturation vapour
pressure with respect to water. This quantity is defined by the World Meteorological
Organization as the ratio of the mixing ratio to the saturation mixing ratio. These two
definitions yield almost identical numerical values.
Dew Point is the temperature to which a given parcel of air must be cooled at constant
pressure and constant water-vapour content in order for saturation to occur. When this
temperature is below 0 °C, it is called the frost point.

3.1.4

Wind Speed and Direction
Wind speed is defined as the movement of air over a horizontal surface per unit time.
Wind speed is reported in m/s, knots, mph, etc. depending on location. Wind direction is
the direction from which the wind is blowing and is measured in degrees with respect to
true north. Rapid fluctuations in wind direction and speed are referred to as gustiness,
and individual fluctuations are called ‘gusts’. Gust speed and direction may also be
measured depending on the project requirements.
Wind speed increases considerably with height; particularly over rough terrain therefore a
standard height of 10 m over open terrain (with consideration of potential future
obstructions) is recommended for siting wind instruments (i.e. wind vane or propeller
anemometer).

3.1.5

Solar Radiation
Solar radiation is the electromagnetic energy of the sun and accounts for over 99% of the
global energy budget. Although most solar radiation penetrating the atmosphere is
absorbed by the earth’s surface, parts of it may also be absorbed/scattered by molecules
in the atmosphere or reflected.
Solar radiation is typically measured using a
Pyranometer, and has units of W/m2.

3.1.6

Evaporation
Evaporation is the physical process by which a liquid or solid substance is transformed to
the gaseous state, and is the opposite of condensation. In meteorology, evaporation is
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usually restricted to the phase change of water from liquid to gas, while sublimation is
used for the change from solid to gas as well as from gas to solid.
3.1.7

Atmospheric Pressure
Atmospheric pressure is the force per unit area exerted on a surface by the atmosphere
above, and is typically measured using a barometer. Measurements may be recorded in
one of several units including kilopascals, millibars, millimetres mercury etc. Barometers
are typically housed within the weatherproof logger unit so that they are not exposed to
direct sunshine or drafty conditions, which may skew readings.
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SECTION 4.0 - GUIDELINES
Standards provide specifications which should be adhered to in order to obtain representative,
quality meteorological data at automated sites and to establish common practices for installation,
recording and reporting purposes.
4.1

SITING GUIDELINES

Siting requirements will vary according to the end objectives, location and type of project;
however the following standards will provide a general guideline based on World Meteorological
Organization (WMO) criteria for correct and representative siting and exposure of meteorological
instruments.
4.1.1

General Siting Guidelines
Careful consideration should be given to the scale and objectives of the project so that all
relevant data is collected at the appropriate spatial and temporal scales. For example, if
wind data is required for a potential small wind-power project, then windy sites, on top of
exposed ridges perhaps, would be the most representative location for an installation.
Orientation of the site and knowledge of project activities are also important during the
planning stages, particularly if modifications to the landscape are anticipated, as these
may influence local meteorological conditions and ultimately impact data quality.
Representative locations should be free from obstructions; this includes objects where
the lateral angle from the instrument to the ends of the object is 10 degrees or more
(MSC, 2004). Key considerations with respect to obstructions are provided below:
• Minimum distances from obstructions are specified in order to prevent the rain
shadow effect from affecting precipitation data, or turbulence from affecting wind
data. If the obstructions are trees, distances should be increased to allow for
growth.
• In cases where the terrain rises abruptly, for example, a steep cliff, the feature
should be treated as an obstruction and be subject to the same minimum
distances as trees or buildings.
• Generally, sites on flat land with few obstructions will yield representative data
where the terrain is flat and free from obstructions.
• In forested, mountainous, or built-up areas, moderately sheltered sites which
meet the minimum distances from obstructions should be selected because they
will yield data which are representative of the particular region.
Anemometer siting standards are shown as a separate type of site. In most cases the
anemometer can not be located in the primary area since the data will be compromised
by not meeting the siting criteria (ten times the height of the obstruction) or it will not
represent the location for which wind is required.
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4.1.2

Instrument Compound Siting Standard
The MSC guidance document recommends siting the meteorological station according to
the three areas of exposure standard, described in the sections below. After a site is
completed it is important to prepare and maintain documentation of the site. This
documentation should include photographs and scaled drawings indicating the features
of the site, the location of the instruments and ducting, and any other information which
aids in accurately describing the site.

4.1.2.1

Primary Area
This is the area where the instruments or sensors are physically located. The
primary area should be located on level open ground and covered preferably by short
grass or where grass does not grow. The primary area ground surface should be
such that the instruments are easily accessible by foot traffic for readings or
maintenance. This area should not contain potholes, puddles, hummocks, sidewalks,
boardwalks etc. Sensors are placed in the primary area according to the siting
specifications for that sensor. Generally, sensors shall be located so that they are at
a distance from vertical obstructions (e.g., trees, buildings, other sensors, etc.) of at
least four times the height of the obstruction for rain gauges, and two times the height
of the obstruction for Stevenson screens.

4.1.2.2

Secondary Area
This area provides protection and an undisturbed zone surrounding the primary zone.
The secondary area should generally be level with turf, natural grass or the natural
ground for the geographical location. The secondary area should be protected by a
single rail, cable or chain link fence as necessary to provide security for the
instrumentation and to prevent encroachment from vehicles, humans and large
animals. The primary and secondary areas, together, are also referred to as the
meteorological compound.

4.1.2.3

Protected Area
This area surrounds the secondary area and provides protection from itinerant
activities and operations that may compromise the sensor readings. The area should
be undeveloped, cleared of tall vegetation and shall be without obstructions. The
area should be free from buildings, active roads, tarmacs, vehicle parking areas,
taxiways, snow clearance operations, exhaust from aircraft, vehicle and aircraft
movement or any activity or object that may adversely affect meteorological readings.
The protected area may contain the anemometer provided the anemometer siting
standards are met.
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4.1.3

Anemometer Siting Standards
The anemometer may be located with other sensors or on a separate but similar site.
Some general guidelines with respect to anemometer siting include the following:
• The distance from vertical obstructions should be at least 10 times the height of
the obstruction;
• The site should have good access for maintenance; and
• Generally, locations to be avoided (depending on the project requirements)
include the tops of hills, in hollows, the bottom of narrow valleys, near hills or
ridges, or in areas where future development/alteration is likely.

4.2

MAINTENANCE GUIDELINES

Regular maintenance of meteorological stations is important to ensure data quality and to reduce
replacement costs of sensitive electronic equipment. Additionally, some sensors require
calibration checks and seasonal preparation. Some general maintenance guidelines are provided
below:
• All sites should be inspected prior to the onset of winter.
• When a component is replaced, it is good practice to record serial numbers
(original and new), date, time, duration and reason for removal.
• A record should be made documenting periods of invalid data (see
Documentation section).
• If the data is available remotely, the user should download the data regularly and
watch for anomalous events or suspicious data.
• It is recommended that site operators be consulted occasionally to describe site
use changes (if any) or events which may impact data that would otherwise go
unnoticed.
The MSC document provides a series of guidelines (outlined below) for annual, semi-annual and
unscheduled maintenance of meteorological stations. These will not apply in every situation but
are good ‘rules of thumb’ for ensuring instruments remain in good working order. In each
application, the individual sensor manuals should also be consulted.
4.2.1

Annual Maintenance
Annual maintenance includes the following:
• calibration checks and additional verification of the sensors;
• refurbishment of parts and materials used for annual maintenance;
• a variety of site (and building, if applicable) maintenance and procedures;
• a review and update of local contacts and phone number lists; and
• a complete site inventory check.
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4.2.2

Semi-Annual Maintenance
Semi-annual maintenance may be required at some sites due to sensor requirements.
Consideration should be given to carrying out a full “annual inspection” at this time, if
practical. The semi-annual routine includes the following:
• recharging and calibration of the precipitation gauge;
• a thorough check of the power system; and
• refurbishment of materials used for semi-annual maintenance.

4.2.3

Unscheduled Maintenance
Unscheduled visits are not part of the regular preventative maintenance program but the
opportunities such visits afford should be used to support the scheduled program
whenever possible. Where practical, scheduled maintenance should be completed if the
unscheduled visit falls within 30 days of a scheduled trip to the site.
An unscheduled maintenance requirement presents an opportunity to achieve “economy
of effort” by combining corrective action activities with preventive maintenance.

4.2.4

Sequence of Maintenance Procedures
Because the performance of the maintenance schedule is, in part, dependent on weather
conditions, the exact sequence in which the various procedures are performed will often
vary. The operator must employ sound judgement to ensure that as many procedures as
possible will be completed on a given trip. It is recognised however, that weather will
sometimes prevent completion of all the prescribed routines. Therefore, operators should
take advantage of good weather to complete the weather-dependent portions of the
schedule with dispatch.

4.3

SYSTEM REQUIREMENTS

The specific requirements of each meteorological system will differ, however most systems will
consist of a suite of sensors, a datalogger, an on-site recording device (internal memory,
computer storage, etc), suitable shelter for datalogger, instrument tower, lightning and
electromagnetic interference protection, installation and maintenance documentation and optional
communication equipment (i.e. satellite).
Sensors should be operated only within the acceptable range of environmental conditions
specified by the manufacturer. Equipment shelters used to house any equipment (including the
data logger electronics) should meet regulatory criteria for weatherproof and water-tightness.
Large installations may require a shed type of shelter to house the necessary equipment and
maintain operating conditions.
Instrument towers are commonly used for mounting sensors, particularly anemometers which
typically require a mounting height of 10 metres or more. Proper safety procedures should be
9 of 21

VA101-00266/01-8
Revision A
January 25, 2008

Knight Piésold
C O N S U L T I N G

followed when inspecting or servicing sensors on the instrument tower (i.e. safety harness, antifall protection).
Lightning protection is a valid concern in many environments and while complete protection from
lightning is virtually impossible, several steps can be taken to reduce the damage associated with
lightning strikes, namely:
• Proper grounding of the wind tower;
• The datalogger and components should be connected to a common earth ground; and
• Surge protection may be installed on all sensor leads and communication devices.
Power may be supplied to the system by either AC current or battery. Sufficient battery reserve
should be available in case of prolonged AC power outages or prolonged periods of darkness if
using solar charging systems.
4.4

SITE OPERATIONS

4.4.1

Installation
Installation procedures should follow those outlined in Section 4.1 – Siting Guidelines

4.4.2

Maintenance and Calibration Schedule
In the operating environment, all sensors will be subject to wear and perhaps calibration
drift. Those more prone to these effects include humidity sensors, tipping bucket rain
gauges, radiation sensors and anemometers.
In order to maintain good data quality, all meteorological stations should have an
established routine maintenance and calibration schedule. A quality assurance program
should also be established to monitor data and to detect any problems. The following are
examples of some recommended practices:
• All sites should be visited after severe weather events and the system should be
inspected for damage, solar radiation equipment should be cleaned, and the
datalogger clock checked (unless real-time communications is used).
• Annual site inspections should be conducted to document siting changes (if any).
• The datalogger and sensors should be calibrated as per manufacturers’
specifications.
• The accuracy of the dataloggers’ real-time clock should be checked as part of the
quality assurance program.
• A data quality assurance program should be established to monitor collected
data and implement remedial action to correct problems as soon as feasible.
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4.5

QUALITY ASSURANCE / QUALITY CONTROL

Data collection and processing systems are subject to systematic and random errors. In order to
minimize these errors a strict quality assurance/quality control (QA/QC) program should be
implemented so that data collection and analysis is of the highest quality and is scientifically
defensible, repeatable and well documented. The following summarizes the QA/QC procedures
and practices that should be followed:
• Operators should be experienced/trained individuals.
• Planning and efficient research will aid in ensuring representative, meaningful data are
collected.
• Use of standard protocols for installation, data collection, documentation and reporting.
• Regular calibration and maintenance of all meteorological station equipment.
Generally, any quality assurance procedures adopted should a) test whether an observation is
within its expected range limits as outlined in the manufacturers’ specifications, and b) test for a
reasonable rate of change of an observation over time. An example of such checks may include
the following individual observation and trend checks (MSC, 2004):
• Temperature should be within a manufacturers’ specification range (-35 to 50°C for
example).
• Relative humidity should always be between 0 and 100 (percent).
• If rainfall is reported, then maximum temperature should not be below freezing (except in
rare situations).
• Wind direction must be between 0 and 360°.
• Observe trends over time and watch for anomalies and missing data.
These are examples of the many QA/QC checks that can be applied to a meteorological program.
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SECTION 5.0 - 2006 - 2007 METEOROLOGY DATA COLLECTION
5.1

INTRODUCTION

The requirement for ongoing collection of meteorology data for the Environmental Assessment
(EA), led KPL to purchase, install and maintain an automated climate station for the Prosperity
Gold-Copper Project. This climate station is shown in Photo 1 and Photo 14.
5.2

SITE DESCRIPTION

5.2.1

Site Selection
The guidelines adopted by KP for site selection and installation of climate stations are
based on guidelines outlined by the World Meteorological Organisation (WMO), and
discussed in Section 4.0 - Guidelines.
The Fish Creek Catchment has very little suitable areas for the installation of an
automated climate station. Dense forests, variable gradients, and frequent traffic
rendered many potential sites unsuitable. Site selection for a climate station at the
Prosperity Project was largely governed by the presence of clearings and access roads.
A minimum radius of clearance around the site was required in order to ensure validation
of sensors, specifically for Wind and Solar Radiation data collection.
The site chosen for the installation was on the eastern flank of the Fish Creek Valley, at
the edge of a logging clear-cut, at an elevation of 1560 m. The site is located on a
shallow grade slope facing west, as shown in Photo 2, and is centred at the following
coordinates;
10

5.2.2

U

E 457,709

N 5,702,498

(W51.4721°, N123.6090°)

Site Access
The site (herein named M05) is accessed by vehicle from the Nemiah Valley main access
Road, by turning off at a logging road intersection, located at N51.6189°, W123.6853°,
and travelling for approximately 18 km. Turn right at N51.4826°, W123.6200°, and follow
the logging clear-cut track for approximately 2 km to the site. The site location is shown
on Figure 3.1. Like most locations in the Fish Creek watershed, winter access by vehicle
is limited, and not advised for safety reasons.

5.2.3

Enclosure Construction
The M05 Enclosure was constructed by Roland Class, a resident of the Nemiah Valley,
under the supervision of Cameron Butt, KPL Project Engineer/Scientist. All instruments
(with the exception of the Evaporation Pan and Rain gauge), were mounted on a 10 m
aluminum tower, constructed and supplied by Campbell Scientific Instruments (CSI). The
enclosure was constructed to resist access by large animals by installation of a 6-foot
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high, chain-link security fence around the perimeter of the site. An access gate was
constructed on the north side of the fence.
The enclosure was constructed over a period of approximately 4 weeks, commencing
with clearing and levelling of the site, followed by alignment, and excavation of the Main
Tower Base and Guy Wire Support slabs, as shown in Photo 3. Work also commenced
on excavating support posts for the perimeter enclosure at this time, allowing for
sufficient distance from the tower and the intended locations of the evaporation pan and
the rain gauge.
The Main Tower concrete base was constructed in the north half of the enclosure, with
three concrete guy-wire slabs located approximately 5 metres radius from the centrepoint of the Main slab, as shown in Photo 4. The tower was constructed according to the
specifications described in the documentation provided by CSI. The alignment of the
tower facilitates ease of servicing and maintenance through a base pivot, which allows
the tower to collapse to the north when undertaking maintenance.
The perimeter fence support posts were installed as shown in Photo 5, and the ring lock
fencing was secured to the perimeter posts, as shown in Photo 6.
5.3

INSTRUMENTATION

The choice of instrumentation that was to be used in the project was based on KPL experience
with similar projects throughout Canada, and internationally. CSI, based out of Edmonton, AB,
was chosen to supply all instrumentation for the proposed climate station as a “Turn-key”
package. At the date of purchase, CSI had a reputation for provision of instrumentation, which
was reliable under many climatic extremes.
5.3.1

CR10X Datalogger
CSI manufacture the CR10X datalogger, as shown in Photo 7. The specifications of this
datalogger are included in Appendix A1. The datalogger is secured within a rodent-proof
enclosure, mounted approximately 1.7 metres from the ground, as show in Photo 13

5.3.2

Sensors & Ancillary Hardware
The site includes standard climate station parameters:
• Rainfall;
• Temperature;
• Wind Speed & Direction;
• Relative Humidity;
• Solar Radiation; and
• Evaporation.
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The climate station also included a satellite telemetry unit and solar power. The
recommended grounding-rod, to protect the system from lightening strikes, was also
installed. Complete specifications for each instrument used on the climate station are
provided in Appendix A.
5.3.2.1

Rainfall
Rainfall data is collected using a Hydrological Services TB4 Rain gauge, with a 0.2
mm tipping bucket. The TB4 rain gauge catches rainfall in the 200 mm diameter
collection funnel. When 0.2 mm of rainfall is collected, the tipping bucket assembly
tips and activates a reed switch. The switch closure is recorded by the datalogger
pulse channel. When the bucket tips, the water drains out the screened fittings in the
base of the gauge.
The base of the gauge is located 1.2 metres above the ground surface, away from
structures which could impinge upon prevailing precipitation. The gauge is set up to
allow fine adjustment of the level using three adjustable bolts and is shown in Photo
8.
Due to the cost and exorbitant power consumption, the rain gauge is not heated, and
therefore is not able to provide water-equivalent for winter conditions. Sensor cables
to the datalogger were encased within a PVC pipe and buried. Exposed cables were
shrouded in an aluminum tape, in order to prevent rodents from compromising the
installation, as shown in Photo 14. Instrument Specifications are detailed in
Appendix A2.

5.3.2.2

Temperature & Relative Humidity
Temperature and Relative Humidity data is collected using a Vaisala HMP45C. The
Instrument is shown in Photo 9, installed 2 metres above the ground surface.
Instrument Specifications are outlined in Appendix A3.

5.3.2.3

Wind Speed & Direction
Wind data is collected using an R.M. Young 05103 Wind Monitor. The R.M. Young
Wind Monitor sensors are used to measure horizontal wind speed and direction.
Wind speed is measured with a helicoid-shaped, four-blade propeller. Rotation of the
propeller produces an AC sine wave signal with frequency proportional to wind
speed. Vane position is transmitted by a 10K ohm potentiometer. With a precision
excitation voltage applied, the output voltage is proportional to wind direction.
The anemometer is aligned to true north. Due to the cost and exorbitant power
consumption, the anemometer is not heated, and will, as such, require more frequent
maintenance than that outlined in the instrument specifications. The bearings within
the anemometer are not amenable to prolonged exposure to sub-zero temperatures.
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The anemometer can be seen at the top of the 10 metre tower shown in Photo 10.
Instrument specifications are detailed in Appendix A4.
5.3.2.4

Solar Radiation
Solar Radiation data is collected using a Kipp & Zonen SP LITE Silicon Pyranometer.
The Solar Radiation sensor is located on a small, level platform at the end of a boom,
which is angled up, and away from the Main Tower.
SP LITE can be used under all weather conditions. The sensor measures the solar
energy received from the entire hemisphere and uses a photodiode detector, which
creates a voltage output that is proportional to the incoming radiation. Also due to
the unique design of the diffuser, its sensitivity is proportional to the cosine of the
angle of incidence of the incoming radiation, allowing for accurate and consistent
measurements.
The sensor is positioned to avoid any structures which may cast a shadow over the
unit, as shown in Photo 10, and the instrument specifications are detailed in
Appendix A5.

5.3.2.5

Evaporation Pan & Refill Drum
Evaporation data is collected using a Class “A” Evaporation Pan, in conjunction with
a BCP Electronics Fluid Level Sensor. This instrument is installed away from any
structures which may cast shadows on the unit, on a level mounting, approximately
half a metre above the ground surface. The mounting is adjustable to compensate
for any expansion and contraction of the treated timber base using four large
threaded bolts.
The installation is shown in Photo 11. A refill drum was constructed approximately 6
metres from the evaporation pan, with a water hose encased within a PVC pipe and
buried under the ground, as show in Photo 12. Sensor cables to the datalogger were
encased within a PVC pipe and buried. Any exposed pipes and hoses were
shrouded in an aluminum tape, in order to prevent rodents from compromising the
installation. Instrument specifications and installation guidelines are given in
Appendix A6.

5.3.2.6

Satellite Telemetry
Satellite telemetry of the M05 weather station was considered important for both data
integrity, and to provide KPL with the flexibility to remotely access all meteorology
data, without the requirement for costly routine site visits.
A Satellite Telemetry unit was provided by CSI several months following the
installation of the M05 Climate station and commencement of logging. The unit was
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installed at the site on January 17th, 2007. As this was a new model that CSI were
integrating into their systems, there were some initial technical challenges that had to
be resolved by the manufacturer, CSI, and KP before the unit was fully functional on
April 26th, 2007. Remote collection of data commenced from this date.
5.3.3

Instrument Setup and Initialisation
The CR10X commenced logging on September 25th, 2006.

5.4

SITE VISITS

Site visits have been carried out since September, 2006. Several of these visits were
unscheduled due to problems associated with the Evaporation Pan and Satellite Telemetry. The
following activities should be undertaken during a typical site visit:
• Clean TB4 rain gauge funnel, filter & tipping buckets;
• Check TB4 rain gauge level bubble (adjusted if necessary);
• Undertake test tip(s) of rain gauge;
• Check for any damage to all instruments;
• Check for any damage to perimeter fence;
• Check tension of guy wire supports;
• Clean any debris or litter in the Evaporation Pan;
• Interrogation of datalogger for real-time sensor readings;
• Cross-reference readings, where possible, with additional instrumentation;
• Assess Temperature/Relative Humidity sensor for any degradation;
• Clean solar radiation sensor with soft cloth;
• Check instrument connections for any damage from rodents;
• Ensure instrument plugs are securely fastened;
• Test of evaporation pan ports and flags (trigger fill and drain functions);
• Download and review all data;
• Check Datalogger clock for accuracy;
• Review datalogger program; and
• Check Power Supply.
Site visits were carried out on the dates shown in Table 3.1. Site visits during winter were
reduced to access by helicopter, and were less frequent for this reason.
5.5

METEOROLOGY DATA QUALITY ASSURANCE

Specifications identify minimum requirements for calibration and maintenance of Climate Station
Instruments. These requirements vary from instrument to instrument, and are outlined in the
instrument specifications given in Appendix A.
Time and access constraints meant that a 1-year instrument calibration-check was undertaken,
as described in Section 4.2.1. All instruments (except the Evaporation Pan) were found to be in
good working order. At the end of the 2nd year of data collection (September, 2008), it is
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recommended that all instruments be removed and returned to the manufacturer for a complete
calibration. KPL will deal directly with the instrument manufacturers during this procedure.
5.5.1

Meteorology Data Validation & Correction
When collected, meteorology data undergoes a rigorous and standardised QA/QC. Data
is processed and imported into a climate data processing template, where specific fields
are converted to a recognisable format. For example, the date and time stamps provided
by the CR10X datalogger are inconsistent with standard processing formats, and a
simple conversion is necessary in the initial processing of the data.
New data is appended to the existing archive, and it is checked to ensure a seamless
connection with the archive. All parameters are viewed both as a spreadsheet table, and
graphically. Simple statistics are generated from the entire dataset to assist in both
Primary and Secondary validation.
The following are the Primary Validation & Quality checks that are undertaken on the
collected data:
• Check all parameters for obvious Data anomalies and exceedance;
• Data and time in consistent, ascending order;
• Temperature (≥ -40 º C, ≤ 60 º C);
• Relative Humidity (≥ 0%, ≤ 100%);
• Precipitation (restricted to 0.2 mm increments);
• Wind Direction (≥ 0 º, ≤ 360 º);
• Wind Speed (≥ 0m/s, ≤ 60 m/s – NB: Can GUST up to 100 m/s); and
• Solar Radiation (≥ 0 Wm-2, ≤ 1500 Wm-2).
Once completed, a Secondary validation and Quality check is made. This consists of the
following:
• Check all parameters for Data loss.
• Check data and time for gaps, determine and record cause(s), if any.
• Cross reference Temperature data with external dataset (such as exposed instream temperature data loggers, and/or regional meteorology stations - if
available). Ensure temperature data shows a trend that is consistent with what is
generally expected of daily air temperature data, and explain potential anomalies.
Check for data gaps, and explain cause(s).
• Cross-reference precipitation events with temperature. Delete all precipitation
data collected during times of freezing conditions.
• Check that wind direction is consistent with regional datasets, and historically
collected Project Site data. Scan Data to ensure there are no problems with the
sensor (i.e. no prolonged stagnant values, indicating that the anemometer has
seized).
• Check wind velocity data for anomalies, especially periods of extended stagnant
values, which may indicate that the sensor has seized.
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•

5.6

Check Solar Radiation Data patterns inconsistent with expected values, and
explain any anomalies.
TECHNICAL LIMITATIONS

Prolonged technical difficulties were encountered, particularly with respect to the evaporation pan
and satellite telemetry units. Historically, CSI has provided good technical support when
equipment does not function as designed. However, they were unable to provide timely and
effective support in these instances, which delayed the onset of some data collection. As a
result, KPL will be interacting directly with the manufacturers of the sensors during future
calibration and replacement campaigns, in order to minimize maintenance down-time of the
climate station.
5.6.1

Evaporation
The Evaporation Pan has presented challenges throughout data collection, and continues
to collect poor quality data. The cause(s) of these errors were difficult to identify, and
with the changing seasons, and inconsistent support from CSI, have been difficult to
resolve.
The unit was installed in September 2006. Due to the late season installation and the
need to drain and disable the evaporation pan during winter freezing, problems
associated with data collected were not able to be addressed until the spring of 2007
when it was re-commissioned. It was determined at this time that the code used in
programming the datalogger for evaporation was incorrectly written. CSI were unable to
resolve this error, despite being the authors of the program. In order to overcome this
impasse, KPL chose to provide in-house training by the manufacturer of the equipment
for one of its engineers. This training was conducted in Fresno, California, where
problems associated with the Fluid Level Sensor used to measure the level of water in
the Evaporation Pan were also discussed. It was at this time that the errors in the code
were fully identified and rectified. The re-built program is given in Appendix B.
Following correction of the code, and onsite reprogramming of the datalogger in late June
2007, further problems became apparent. The unit was unable to be calibrated as the
fluid level sensor was found to be faulty. A replacement unit was installed and calibrated
in July 2007. Data was collected for the following three months and was monitored via
satellite telemetry as no further field trips were planned for this period. While some of the
data appeared valid, some also indicated that additional calibration of the unit will be
required in spring 2008, when the evaporation pan will be re-commissioned for the 2008
data collection period. Once KPL is certain that good-quality data is being provided by
the evaporation pan, it will be included in an annual report towards the end of 2008.

5.6.2

Temperature/Relative Humidity
Several months of Temperature/Relative Humidity data was lost during the winter of
2006/2007. A site visit was undertaken by KPL staff on January 16th, 2007. At this time
18 of 21

VA101-00266/01-8
Revision A
January 25, 2008

Knight Piésold
C O N S U L T I N G

the Sensor cable was unknowingly disconnected from its plug, and data was lost as a
result. A subsequent site visit did not identify the problem, as a result of technical
difficulties associated with the Evaporation Pan and Satellite Telemetry, which
contributed to the lost data being overlooked. The sensor was restored to normal
operation during the April 26th, 2007 site visit and continues to collect good data to this
day.

19 of 21

VA101-00266/01-8
Revision A
January 25, 2008

Knight Piésold
C O N S U L T I N G

SECTION 6.0 - REFERENCES
Environment Canada Atmospheric Environment Service (AES), 2004. MSC Guidelines for
Co-operative Climatological Autostations, Version 3.0.
Meteorological Service of
Canada, September 2004.
World Meteorological Organization (WMO), 2006. Guide to Meteorological Instruments and
Methods of Observation. Preliminary seventh edition, WMO-No.8. Secretariat of the
World Meteorological Organization, Geneva, Switzerland.

20 of 21

VA101-00266/01-8
Revision A
January 25, 2008

Knight Piésold
C O N S U L T I N G

SECTION 7.0 - CERTIFICATION
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or actions, based on this report. This numbered report is a controlled document. Any reproductions of this report are
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TABLE 2.1
TASEKO MINES LTD
PROSPERITY GOLD-COPPER PROJECT
HISTORICAL METEOROLOGY STATIONS
STATION LOCATIONS
Print: 24-Jan-08
M:\1\01\00266\01\A\Report\8 - Meteorology Report\Tables\[Table 2.1.xls]Table 2.1

Date of Operations
Start | End

Station
Name

Station Type

M01

Manual

Sept, 92

Automated

M02 (Old)

(Hourly Instant)

Easting

Northing

Sept, 98

456,753

5,701,699

Aug, 95

Aug, 97

455,453

5,702,250

Aug, 97

Oct, 98

457,001

5,701,450

453,602

5,703,549

463,202

5,708,051

M02 (New)

Automated

M03

Snow

Jan, 94

M04

Automated

Aug, 96

(Hourly Average)

(Hourly Instant)

Rev'd 24-Jan-08

Oct, 98

Notes: "Manual" Station type(s) consisted of observations recorded manually, twice a day.
"Automated (Hourly Instant)" Station type(s) used a datalogger to automatically log climate
parameters as Instantaneous Hourly Readings
"Automated (Hourly Average)" Station type(s) used a datalogger to automatically log climate
parameters as Average Hourly Readings
"Snow" Station Types are snow survey stations
Station M02 (New) has also been referred to as M05. This is a different station and location than the
newly insalled 2006 climate station, which has been named M05.
Rev A - Issued for Report VA101-266/1-8

TABLE 3.1
TASEKO MINES LTD
PROSPERITY GOLD-COPPER PROJECT
M05 METEOROLOGY STATION
SITE VISIT RECORD
Print Jan/29/08 9:20:50
M:\1\01\00266\01\A\Report\8 - Meteorology Report\Tables\[Table 3.1.xls]Table 3.1

Rev'd Dec/10/07

Staff

Task(s) Undertaken

5th Sep

CB

Site selection. Commencement of construction.

25th Sep

CB

Site Initialisation and commencement of logging

2nd Oct

CB, GS

Routine Site Visit. Troubleshoot Evaporation Pan

17th Oct

CB, MW

Routine Site Visit. Troubleshoot Evaporation Pan

4th Dec

CB, KA

Routine Site Visit. Drained Evaporation Pan for winter.

16th Jan

KA, ER

Routine Site Visit. Satellite Telemetry Antennae Installation

28th Mar

KA, ER

Routine Site Visit. Troubleshoot Satellite Telemetry. Altered datalogger program.

26th Apr

CB, RN

Routine Site Visit. Restored Temperature/RH Sensor. Troubleshoot Evaporation Pan.

14th May

CB, ER

Routine Site Visit. Checked Satellite Telemetry with CSI via Sat Phone. Altered datalogger
Program.

31th May

CB, ER

Routine Site Visit. Troubleshoot Evaporation Pan

14th Jun

RN, KA

Routine Site Visit. Troubleshoot Evaporation Pan

25th Jun

CB, KA

Routine Site Visit. Installed new stilling well on Evaporation Pan

9th Jul

CB

Calibration check of instruments. Check alignment of wind sensor, condition of
Temperature/RH sensor.

13th Oct

CB

Routine Site Visit. Drained Evaporation Pan for winter.

Visit Date
2006

2007

Notes: A Routine Site Visit would generally include all services discussed in Section 5.4 (Site Visits)
CB - Cameron Butt
RN - Rob Nikkel
GS - Gregory Smyth
ER - Erin Rainey
KA - Kevin Ainsley
MW - Mathieu Wacowich
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PHOTO 1 – M05 Climate Station, 25th September, 2006
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PHOTO 2 – M05 Site Selection, 5th September, 2006
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PHOTO 3 – M05 Main Tower and
Guy-Wire Support Foundation
preparations. 6th September, 2006

PHOTO 4 – M05 Main
Tower and Guy-wire
support installations
during curing of concrete
base, looking Southeast,
6th September, 2006
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PHOTO 5 – M05 Main Tower and Guy-Wire Support Foundation, and
commencement of Perimeter fence supports. 11th September, 2006

PHOTO 6 – M05 Perimeter fence installation by Roland Class, 22nd
September, 2006
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CR10X

PHOTO 7 – M05
Datalogger enclosure,
CSI CR10X datalogger
at top of box, wiring
diagrams on inside of lid.
25th September, 2006

Sensor Relays

Tipping Buckets
Leveling Bubble

PHOTO 8 – M05 Hydrological
Services TB3 Rain gauge,
including Mount and leveling
adjustment bolts, 25th September,
2006

Level
Adjustments
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Temperature/Relative
Humidity Sensor

PHOTO 9 – M05 Temperature/Relative
Humidity Sensor, installed 2 meters
above ground surface. 25th September,
2006

Anemometer

Solar
Radiation
Sensor

PHOTO 10 – M05 Main Tower,
including anemometer, solar
radiation sensor, Logger
enclosure, solar panel, and battery
box. 25th September, 2006

Solar Panel
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PHOTO 11 –
Evaporation
Pan, setup and
initialization. 25th
September,
2006.

Empty/Fill
Solenoids
Adjustable
bolts

Instrument
Cover

PHOTO 12 – M05 Evaporation
Pan refill drum, and rain catcher,
25th September, 2006

Rain
Catcher

Buried
Refill Hose
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PHOTO 13 – M05 Final Installation, 25th September, 2006
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Aluminum
Cable
Shroud

PHOTO 14 – M05 Main Instrument Enclosure, showing Aluminium
rodent protection for exposed cables. 26th April, 2007
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APPENDIX A
INSTRUMENT SPECIFICATIONS

A1
A2
A3
A4
A5
A6

CR10X Datalogger Specifications
Hydrological Services TB4 Raingauge
Vaisala HMP45 Temperature/Relative Humidity Sensor
RM Young 05103 Wind Monitor
Kipp & Zonen SP LITE Solar Radiation Sensor
Class “A” Evaporation Pan & Automated Fluid Level Sensor
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APPENDIX A1
CR10X DATALOGGER SPECIFICATIONS
(One Page)

Knight Piésold
C O N S U L T I N G

APPENDIX A2
HYDROLOGICAL SERVICES TB4 RAINGAUGE
(Pages A2-1 to A2-8)

INSTRUCTION MANUAL

TB4 Rain Gauge
October 2007

Copyright © 2007
Campbell Scientific (Canada)Corp.
A2-1

WARRANTY AND ASSISTANCE
This equipment is warranted by CAMPBELL SCIENTIFIC (CANADA) CORP. (“CSC”) to
be free from defects in materials and workmanship under normal use and service for
twelve (12) months from date of shipment unless specified otherwise. ***** Batteries
are not warranted. ***** CSC's obligation under this warranty is limited to repairing or
replacing (at CSC's option) defective products. The customer shall assume all costs of
removing, reinstalling, and shipping defective products to CSC. CSC will return such
products by surface carrier prepaid. This warranty shall not apply to any CSC products
which have been subjected to modification, misuse, neglect, accidents of nature, or
shipping damage. This warranty is in lieu of all other warranties, expressed or implied,
including warranties of merchantability or fitness for a particular purpose. CSC is not
liable for special, indirect, incidental, or consequential damages.
Products may not be returned without prior authorization. To obtain a Return
Merchandise Authorization (RMA), contact CAMPBELL SCIENTIFIC (CANADA) CORP.,
at (780) 454-2505. An RMA number will be issued in order to facilitate Repair Personnel
in identifying an instrument upon arrival. Please write this number clearly on the outside
of the shipping container. Include description of symptoms and all pertinent details.
CAMPBELL SCIENTIFIC (CANADA) CORP. does not accept collect calls.
Non-warranty products returned for repair should be accompanied by a purchase order to
cover repair costs.
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CSI Model TB4 Rain Gauge
1. General Description
The TB4 tipping bucket rain gauge is manufactured by Hydrological Services
Pty. Ltd. (Model TB4) and modified for use with Campbell Scientific
dataloggers.
The TB4 rain gauge catches rainfall in the 200 mm diameter collection funnel.
When 0.2 mm of rainfall is collected, the tipping bucket assembly tips and
activates a reed switch. The switch closure is recorded by the datalogger pulse
channel. When the bucket tips, the water drains out the screened fittings in the
base of the gauge.
The -L option on the model TB4 Rain Gauge (TB4-L) indicates that the cable
length is user specified. This manual refers to the sensor as the TB4.

2. Specifications
MODEL TB4 RAIN GAUGE
Funnel:

200 mm

Drain Fittings:

Accept 12 mm ID tubing

Measurement Range:

0 to 700 mm/hr

Accuracy:

Better than +3% @ 25 – 500 mm/hr

Resolution:

0.2 mm

Environmental Conditions:
Temperature:

0°C to +70°C

Humidity:

0 to 100%

Temperature Specifications:

0 to +70°C

Siphon Capacity:

0.3mm

Contact:

Dual Reed Switch

Capacity:

12VA (0.5 amp max.)

Dimensions:

NOTE

Weight:

2 kg

Height:

330 mm

Diameter:

200 mm

The black outer jacket of the cable is Santoprene® rubber. This
compound was chosen for its resistance to temperature extremes,
moisture, and UV degradation. However, this jacket will
support combustion in air. It is rated as slow burning when
tested according to U.L. 94 H.B. and will pass FMVSS302.
Local fire codes may preclude its use inside buildings.
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TB4-L
(sensors)

3. Installation
3.1 Location
The rain gauge should be mounted in a relatively level spot which is
representative of the surrounding area. The lip of the funnel should be
horizontal and at least 76 cm above the ground. The ground surface around the
rain gauge should be natural vegetation or gravel. The gauge should not be
installed over a paved or concrete surface.
For accurate measurements, the rain gauge must be placed away from objects
that obstruct wind. The minimum distance should be 2 times the height of the
obstruction or more.

3.2 Mounting
The rain gauge is designed to mount on a flat surface. Three equally spaced
mounting pads are provided. The mounting pads are pre-drilled for three 9.5
mm (M8) bolts on a 234 mm diameter bolt circle. The CM240 mounting
bracket is available from Campbell Scientific for installing the TB4 on a
1.5" IPS pipe. The mounting bracket provides adjustment for leveling the
TB4.
Mount the TB4 to either a user-supplied bracket or CM240. Remove the TB4
funnel from the base by removing the three screws and lifting upward. Adjust
the three nuts on the CM240 bracket to level the rain gauge. On user-supplied
brackets, shims or washers can be used to level the rain gauge. A bubble level
is mounted on the TB4 base to facilitate leveling.

2
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Remove the rubber shipping band and cardboard packing securing the tipping
bucket assembly. Tip the bucket several times to insure the tipping mechanism
is moving freely. Replace the housing assembly and tighten the three screws
to secure the housing to the base.

4. Wiring
4.1 CR500, CR510, CR10(X), 21X, CR23X, CR7, and CR1000
Wiring
BLACK (+5 V)---------------- Pulse Channel
WHITE (Ground) ------------- GND
CLEAR (Shield) -------------- GND
The BLACK (+5 V Signal) lead connects to a pulse channel. The WHITE
(Power Ground) connects to any ground channel (G). The CLEAR (shield)
lead connects to any ground channel (G). The purpose of the shield wire is to
drain any charges built up in the cable due to transients, etc.
NOTE

If a pulse channel is not available, Control Ports C6, C7, or C8
can be used to record switch closures from a rain gauge with the
CR10(X) datalogger and Control Ports C5, C6, C7, or C8 with
the CR23X. Any control port on the CR1000 can be used to
record switch closures. Refer to the datalogger manual, section
8.5, for additional information or contact Campbell Scientific for
assistance when using control ports to count switch closures on
other datalogger models.

4.2 CR200 Series Wiring
BLACK (+5 V)---------------- P_SW
WHITE (Ground) ------------- GND
CLEAR (Shield) -------------- GND

5. Datalogger Instructions
This section is for users who write their own datalogger programs. A
datalogger program to measure this sensor can be created using Campbell
Scientific’s Short Cut Program Builder software. You do not need to read this
section to use Short Cut.

5.1 CR500, CR510, CR10(X), 21X, CR23X, CR7 Programming
The TB4 rain gauge is measured using Instruction 3 configured for a switch
closure (option code 2).
In the following example, the datalogger continuously measures rainfall and
outputs the time, date, and total rainfall every 60 minutes:
A2-5
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Input Location Labels:
1. Rain (mm)
Table Programs
01:
60

Sec. Execution Interval

01: Pulse (P3)
1: 1
2: 1
3: 2
4: 1
5: 0.2
6: 0

Rep
Pulse Input Channel
Switch Closure
Loc [:Rain (mm)]
Mult
Offset

02: If time is (P92)
1: 0
2: 60
3: 10

minutes into a
minute interval
Set high Flag 0

03: Real Time (P77)
1: 110

Day,Hour-Minute

04: Totalize (P72)
1: 1
2: 1

Repetitions
Starting Input Location

05: End Table 1 (P)
A multiplier of 0.01 converts the output to millimeters.

5.2 CR1000 Programming
'CR1000
'CR1000 Program for TB4
'Declare Variables and Units
Public Rain_mm
Units Rain_mm=mm
'Define Data Tables
DataTable(TB4_mm,True,-1)
DataInterval(0,60,Min,0)
Totalize(1,Rain_mm,IEEE4,0)
EndTable
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'Main Program
BeginProg
Scan(1,Sec,1,0)
'TB4 Rain Gauge measurement Rain_mm:
PulseCount(Rain_mm,1,1,2,0,0.2,0)
'Call Data Tables and Store Data
CallTable(TB4_mm)
NextScan
EndProg

5.3 CR200 Series Programming
'CR200 Series
'TB4 program
'Declare Variables and Units
Public Rain_mm
Units Rain_mm=mm
'Define Data Tables
DataTable(TB4_mm,True,-1)
DataInterval(0,60,Min)
Totalize(1,Rain_mm,0)
EndTable
'Main Program
BeginProg
Scan(10,Sec)
'TB4 Rain Gauge measurement Rain_mm:
PulseCount(Rain_mm,P_SW,2,0,0.2,0)
'Call Data Tables and Store Data
CallTable(TB4_mm)
NextScan
EndProg

6. Maintenance
During each site visit, remove any debris, insects, sediment, etc. from the
collection funnel, debris screen, siphoning mechanism, or tipping bucket
assembly.
Verify the tipping bucket assembly moves freely, and that the datalogger
records 0.2 mm for each bucket tip.

7. Calibration
The sensor is factory calibrated; recalibration is not required unless damage
has occurred or the adjustment screws have loosened. Nevertheless, the
following calibration check is recommended once every 12 months:
A2-7
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a.

Remove the housing assembly from the base by removing the three
screws and lifting upward on the housing.

b.

Check the bubble level to verify the rain gauge is level.

c.

Pour water through the inner funnel to wet the two bucket surfaces.
Using a graduated cylinder, slowly pour 314 ml of water, over a 15
minute period, into the collection funnel. This volume of water is equal
to 10 mm of rainfall.

d.

After the water has passed through the rain gauge, the tipping bucket
should have tipped 50 times.

e.

If the rain gauge fails to record the correct number of tips, return the unit
to Campbell Scientific for recalibration.
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WARRANTY AND ASSISTANCE
This equipment is warranted by CAMPBELL SCIENTIFIC (CANADA) CORP. (“CSC”) to
be free from defects in materials and workmanship under normal use and service for
twelve (12) months from date of shipment unless specified otherwise. ***** Batteries
are not warranted. ***** CSC's obligation under this warranty is limited to repairing or
replacing (at CSC's option) defective products. The customer shall assume all costs of
removing, reinstalling, and shipping defective products to CSC. CSC will return such
products by surface carrier prepaid. This warranty shall not apply to any CSC products
which have been subjected to modification, misuse, neglect, accidents of nature, or
shipping damage. This warranty is in lieu of all other warranties, expressed or implied,
including warranties of merchantability or fitness for a particular purpose. CSC is not
liable for special, indirect, incidental, or consequential damages.
Products may not be returned without prior authorization. To obtain a Return
Merchandise Authorization (RMA), contact CAMPBELL SCIENTIFIC (CANADA) CORP.,
at (780) 454-2505. An RMA number will be issued in order to facilitate Repair Personnel
in identifying an instrument upon arrival. Please write this number clearly on the outside
of the shipping container. Include description of symptoms and all pertinent details.
CAMPBELL SCIENTIFIC (CANADA) CORP. does not accept collect calls.
Non-warranty products returned for repair should be accompanied by a purchase order to
cover repair costs.
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1. General Description
The HMP45C Temperature and Relative Humidity probe contains a Platinum
Resistance Temperature detector (PRT) and a Vaisala HUMICAP® 180
capacitive relative humidity sensor.
The -L option on the model HMP45C Temperature and Relative Humidity
probe (HMP45C-L) indicates that the cable length is user specified. This
manual refers to both models as the HMP45C.
The HMP45C can be powered continuously or the power may be cycled to
conserve battery life. The HMP45C consumes less than 4 milliamperes current
at 12 volts. Approximately 0.15 seconds is required for the sensor to warm up
after power is switched on. At measurement rates slower than once per
second, the overall power consumption (datalogger and sensors) may be
reduced by switching power to the HMP45C.

2. Specifications
Operating Temperature: -40°C to +60°C
Storage Temperature: -40°C to +80°C
Probe Length: 25.4 cm (10 in.)
Probe Body Diameter: 2.5 cm (1 in.)
Filter: 0.2 μm Teflon membrane
Filter Diameter: 1.9 cm (0.75 in.)
Power Consumption: <4 mA @ 12 V
Supply Voltage (via CSCC Switching Circuit): 7 to 35 VDC
Settling Time: 0.15 seconds

2.1 Temperature Sensor
Sensor: 1000 Ω PRT, IEC 751 1/3 Class B
Temperature Measurement Range: -40°C to +60°C
Temperature Output Signal range: 0.008 to 1.0 V
Temperature Accuracy:
Error ( o C)

0.4
0.2
0.0
-0.2
-0.4
-40

-20

0

20

40

60

Temperature ( o C)
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2.2 Relative Humidity Sensor
Sensor: HUMICAP® 180
Relative Humidity Measurement Range: 0 to 100% non-condensing
RH Output Signal Range: 0.008 to 1 VDC
Accuracy at 20°C
±2% RH (0 to 90% Relative Humidity)
±3% RH (90 to 100% Relative Humidity)
Temperature Dependence of Relative Humidity Measurement: ±0.05% RH/°C
Typical Long Term Stability: Better than 1% RH per year
Response Time (at 20°C, 90% response): 15 seconds with membrane filter
NOTE

The black outer jacket of the cable is Santoprene® rubber. This
compound was chosen for its resistance to temperature extremes,
moisture, and UV degradation. However, this jacket will
support combustion in air. It is rated as slow burning when
tested according to U.L. 94 H.B. and will pass FMVSS302.
Local fire codes may preclude its use inside buildings.

3. Installation
3.1 Siting
Sensors should be located over an open level area at least 6 m x 6 m in
diameter (AES – ordinary climatological station guideline). The surface
should be covered by short grass, or where grass does not grow, the natural
earth surface. Sensors should be located at a distance of at least four times the
height of any nearby obstruction. Sensors should be protected from thermal
radiation, and adequately ventilated.
Standard measurement heights:
1.25 – 2,0 m (AES)
1.5 m +/- 1.0 m (AASC)
1.25 – 2.0 m (WMO)
2.0 m (US EPA)
2.0 m and 10.0 m temperature difference (US EPA)
See Section 10 for a list of references that discuss temperature and relative
humidity sensors.

3.2 Assembly and Mounting
Hardware Required:
41003-X Ten plate radiation shield or equivalent

2
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R41046DS-24A split nut
Tools Required:
•
•
•
•

1/2” open end wrench
Small flathead screw driver provided with datalogger
UV resistant cable ties
small pair of diagonal-cutting pliers

The HMP45C must be housed inside a radiation shield when used in the field.
The 41003-X Radiation Shield (Figure 3-1 and 3-2) mounts to vertical or
horizontal pipes up to 2 inches in diameter.
The radiation shield ships with the U-bolt configured for attaching the shield to
a vertical pipe. Move the U-bolt to the other set of holes to attach the shield to
a crossarm.
Insert the HMP45C into the split nut. Remove the yellow protective cap on the
HMP45C, and insert the sensor into the shield. Tighten the split-nut to secure
the sensor in the shield. Route the sensor cable to the instrument enclosure.
Secure the cable to the tripod/tower using cable ties.

41003-X

Split Nut

U-bolt

FIGURE 3-1. HMP45C and 41003-X Radiation Shield on a Tripod Mast

A3-6
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CM200 Series Crossarm

FIGURE 3-2. HMP45C and 41003-X Radiation Shield
on a CM200 Series Crossarm

4. Wiring
Connections to Campbell Scientific dataloggers are given in Tables 4-1 and 42. The probe can be measured by two single-ended or differential analog input
channels.
CAUTION

When measuring the HMP45C with single-ended
measurements, the purple or white and black leads must
both be connected to AG on the CR10(X) and
on the CR1000, CR5000, and
CR500/CR510 or to
CR23X. Doing otherwise will connect the datalogger’s
analog and power ground planes to each other, which in
some cases can cause offsets on low-level analog
measurements. To avoid 4 mA flowing into analog ground,
switch the sensor on/off for its own measurement.

4
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TABLE 4-1. Connections for Single-Ended Measurements

Color

Description

CR10X

CR1000,
CR3000,
CR800,
CR5000,
CR23X

Yellow

Temperature
Signal

Single-Ended
Input

Single-Ended
Input

Single-Ended
Input

Single-Ended
Input

Blue

Relative Humidity
Signal

Single-Ended
Input

Single-Ended
Input

Single-Ended
Input

Single-Ended
Input

Purple

Signal Reference

AG

Orange

Power Control

Control Port

Control Port

Control Port

Control Port

Red

Power
Continuous/Switched

12V

12V

12V

12V

Black

Power Ground

AG

AG

Shield

Shield

G

G

CR10,
CR510,
CR500

21X, CR7

AG

TABLE 4-2. Connections for Differential Measurements

Color

Description

CR10X

CR1000,
CR3000,
CR800,
CR5000,
CR23X

Yellow

Temperature
Signal

Differential
Input – H

Differential
Input – H

Differential
Input – H

Differential
Input – H

Jumper to Purple

Temperature Signal Reference

Differential
Input – L

Differential
Input – L

Differential
Input – L

Differential
Input – L

Blue

Relative Humidity Signal

Differential
Input – H

Differential
Input – H

Differential
Input – H

Differential
Input – H

Purple

Signal Reference

Differential
Input – L

Differential
Input – L

Differential
Input – L

Differential
Input – L

Orange

Power Control

Control Port

Control Port

Control Port

Control Port

Black

Power Ground

G

G

G

Shield

Shield

G

Red

Power
Continuous/Switched

12V
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5. Example Programs
This section is for users who write their own datalogger programs. A
datalogger program to measure this sensor can be created using Campbell
Scientific’s Short Cut Program Builder software. You do not need to read this
section to use Short Cut.
The temperature and relative humidity signals from the HMP45C can be
measured using a single-ended analog measurement or a differential analog
measurement.
The HMP45C output scale is 0 to 1000 millivolts for the temperature range of
-40°C to +60°C and for the relative humidity range of 0 to 100%. Tables 5-1
and 5-2 provide calibration information for temperature and relative humidity.
TABLE 5-1. Calibration for Temperature
Units

Multiplier
(degrees mV-1)

Offset
(degrees)

Celsius

0.1

-40

Fahrenheit

0.18

-40

TABLE 5-2. Calibration for Relative Humidity
Units

Multiplier
(% mV-1)

Offset
(%)

Percent

0.1

0

Fraction

0.001

0

5.1 Short Lead Lengths
Use a single-ended analog measurement when the HMP45C signal lead length
is less than 6.1 m (20 ft.) or if the probe will be turned on and off under
datalogger control between measurements. For lead lengths greater than 6.1 m
(20 ft.) or when the probe will be continuously powered, use a differential
analog measurement. For a discussion on errors caused by long lead lengths
see Section 5.2. Generic datalogger connections for measuring the HMP45C
using single-ended measurement are given in Table 4-1.
CR1000 Program using Single-Ended Measurement Instructions
'CR1000 program to measure HMP45C with single-ended measurements
'Declare Public Variables
Public AirTC
Public RH

6
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'Declare Data Tables
DataTable(Temp_RH,True,-1)
DataInterval(0,60,Min,0)
Average(1,AirTC,FP2,0)
Sample(1,RH,FP2)
EndTable
'Main Program
BeginProg
Scan(5,Sec,1,0)
'HMP45C Temperature & Relative Humidity Sensor
'measurements AirTC in Celcius and RH in percentage:
'Turn on HMP45C and delay measurement 150mSec
PortSet (1,1)
Delay (0,150,mSec)
'Measure HMP45C
VoltSE(AirTC,1,mV2500,1,True,0,_60Hz,0.1,-40.0)
VoltSE(RH,1,mV2500,2,True,0,_60Hz,0.1,0)
Turn off HMP45C
PortSet (1,0)
'Correct RH if reading is over 100
If RH>100 And RH<108 Then RH=100
'Call Data Table
CallTable(Temp_RH)
NextScan
EndProg

CR10(X) Program using Single-Ended Measurement Instructions Using SW12V on Datalogger

;Turn the HMP45C on.
;
01: Do (P86)
1: 41
Set Port 1 High
;Pause 150 mSec before making measurements so the
;probe can stabilize on true readings.
;
02: Excitation with Delay (P22)
1: 1
Ex Channel
2: 0
Delay W/Ex (units = 0.01 sec)
3: 15
Delay After Ex (units = 0.01 sec)
4: 0
mV Excitation
;Measure the HMP45C temperature.
;
03: Volt (SE) (P1)
1: 1
Reps
A3-10
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2:

5

2500 mV Slow Range

3:
4:
5:
6:

3
1
.1
-40

SE Channel
Loc [ T_C
Mult
Offset

;CR510, CR500 (2500mv); CR23X (1000 mV);
21X, CR7 (5000 mV)
;Yellow wire (SE 3), white or purple wire (AG)

]
;See Table 5-1 for alternative multipliers
;See Table 5-1 for alternative offsets

;Measure the HMP45C relative humidity.
;
04: Volt (SE) (P1)
1: 1
Reps
2: 5
2500 mV Slow Range
3:
4:
5:
6:

4
2
.1
0

SE Channel
Loc [ RH_pct
Mult
Offset

;CR510, CR500 (2500 mV); CR23X (1000 mV);
21X, CR7 (5000 mV)
;Blue wire (SE 4), white or purple wire (AG)

]
;See Table 5-2 for alternative multipliers

;Turn the HMP45C off.
05: Do (P86)
1: 51

;Set Port 1 Low

;Turn the HMP45C off.

5.2 Long Lead Lengths
This section describes the error associated with measuring the HMP45C with a
single-ended measurement if the probe has a long cable. To avoid these
problems, Campbell Scientific recommends measuring the HMP45C using a
differential analog measurement (Instruction 2) when long lead lengths are
required. Generic datalogger connections for measuring the HMP45C using a
differential measurement are given in Table 4-2.
Understanding the details in this section are not required for the general
operation of the HMP45C with Campbell Scientific’s dataloggers.
The signal reference (purple) and the power ground (black) are in common
inside the HMP45C. When the HMP45C temperature and relative humidity
are measured using a single-ended analog measurement, both the signal
reference and power ground are connected to ground at the datalogger. The
signal reference and power ground both serve as the return path for 12 V.
There will be a voltage drop along those leads because the wire itself has
resistance. The HMP45C draws approximately 4 mA when it is powered. The
wire used in the HMP45C (P/N 9721) has a resistance of 27.7 Ω/1000 feet.
Since the signal reference and the power ground are both connected to ground
at the datalogger, the effective resistance of those wires together is half of 27.7
Ω/1000 feet, or 13.9 Ω/1000 feet. Using Ohm’s law, the voltage drop (Vd),
along the signal reference/power ground, is given by Eq. (1).

Vd

= I ∗R
= 4 mA ∗ 13.9 Ω 1000 ft
= 55.6 mV 1000 ft

8
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This voltage drop will raise the apparent temperature and relative humidity
because the difference between the signal and signal reference lead, at the
datalogger, has increased by Vd. The approximate error in temperature and
relative humidity is 0.56°C and 0.56% per 100 feet of cable length,
respectively.
CR1000 Program using Differential Measurement Instructions
'CR1000 program to measure HMP45C with Differential measurements
'Declare Public Variables
Public AirTC
Public RH
'Declare Data Tables
DataTable(Temp_RH,True,-1)
DataInterval(0,60,Min,0)
Average(1,AirTC,FP2,0)
Sample(1,RH,FP2)
EndTable
'Main Program
BeginProg
Scan(5,Sec,1,0)
'HMP45C Temperature & Relative Humidity Sensor
'measurements AirTC in Celcius and RH in percent:
'Turn on HMP45C and delay measurement 150mSec
PortSet (1,1)
Delay (0,150,mSec)
'Measure HMP45C
VoltDiff (AirTC,1,mV2500,1,True,0,_60Hz,0.1,-40.0)
VoltDiff (RH,1,mV2500,2,True ,0,_60Hz,0.1,0)
Turn Off HMP45C
'Correct RH if reading is over 100
If RH>100 And RH<108 Then RH=100
'Call Data Table
CallTable(Temp_RH)
NextScan
EndProg

CR10(X) Program using Differential Measurement Instructions
;Turn the HMP45C on.
;
01: Do (P86)
1: 41
Set Port 1 High
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;Pause 150 mSec before making measurements so the
;probe can stabilize on true readings.
;
02: Excitation with Delay (P22)
1: 1
Ex Channel
2: 0
Delay W/Ex (units = 0.01 sec)
3: 15
Delay After Ex (units = 0.01 sec)
4: 0
mV Excitation
;Measure the HMP45C temperature.
;
03: Volt (Diff) (P2)
1: 1
Reps
2: 5
2500 mV Slow Range
3:
4:
5:
6:

3
1
.1
-40

;CR510, CR500 (2500mv); CR23X (1000 mV);
21X, CR7 (5000 mV)
;Yellow wire (3H), jumper (3L to 4L)

DIFF Channel
Loc [ T_C
]
Mult
Offset

;See Table 5-1 for alternative multipliers
;See Table 5-1 for alternative offsets

;Measure the HMP45C relative humidity.
;
04: Volt (Diff) (P2)
1: 1
Reps
2: 5
2500 mV Slow Range
3:
4:
5:
6:

4
2
.1
0

;CR510, CR500 (2500mv); CR23X (1000 mV);
21X, CR7 (5000 mV)
;Blue wire (4H), white or purple wire (4L)

DIFF Channel
Loc [ RH_pct ]
Mult
Offset

;See Table 5-2 for alternative multipliers

;Turn the HMP45C off.
;
05: Do (P86)
1: 51
Set Port 1 Low

;Turn the HMP45C off.

6. Absolute Humidity
The HMP45C measures the relative humidity. Relative humidity is defined by
the equation below:

RH =

e
∗ 100
es

(2)

where RH is the relative humidity, e is the vapor pressure in kPa , and es is the
saturation vapor pressure in kPa. The vapor pressure, e, is an absolute measure
of the amount of water vapor in the air and is related to the dew point
temperature. The saturation vapor pressure is the maximum amount of water
vapor that air can hold at a given air temperature. The relationship between
dew point and vapor pressure, and air temperature and saturation vapor

10
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pressure are given by Goff and Gratch (1946), Lowe (1977), and Weiss
(1977).
When the air temperature increases, so does the saturation vapor pressure.
Conversely, a decrease in air temperature causes a corresponding decrease in
saturation vapor pressure. It follows then from Eq. (2) that a change in air
temperature will change the relative humidity, without causing a change to
absolute humidity.
For example, for an air temperature of 20°C and a vapor pressure of 1.17 kPa,
the saturation vapor pressure is 2.34 kPa and the relative humidity is 50%. If
the air temperature is increased by 5°C and no moisture is added or removed
from the air, the saturation vapor pressure increases to 3.17 kPa and the
relative humidity decreases to 36.9%. After the increase in air temperature, the
air can hold more water vapor. However, the actual amount of water vapor in
the air has not changed. Thus, the amount of water vapor in the air, relative to
saturation, has decreased.
Because of the inverse relationship between relative humidity and air
temperature, finding the mean relative humidity is meaningless. A more useful
quantity is the mean vapor pressure. The mean vapor pressure can be
computed on-line by the datalogger as shown in the following examples.
CR1000 Program that Computes Vapor Pressure and Saturation Vapor Pressure
'CR1000 program to measure HMP45C with single-ended measurements
'Declare Public Variables
Public AirTC
Public RH
Public RH_Frac
Public e_Sat
Public e_kPa
'Define Data Tables
DataTable(Temp_RH, 1,-1)
DataInterval(0,60,Min,0)
Average(1,AirTC,FP2,False)
Sample(1,RH,FP2)
Sample (1,e_kPa,FP2)
EndTable
'Main Program
BeginProg
Scan(5,Sec,1,0)
'HMP45C Temperature & Relative Humidity Sensor
'measurements AirTC (degrees Celcius) and RH (as
percentage):
'Turn on HMP45C and delay measurement 150mSec
PortSet (1,1)
Delay (0,150,mSec)
'Measure HMP45C
VoltSE(AirTC,1,mV2500,1,1,0,_60Hz,0.1,-40.0)
A3-14
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VoltSE(RH,1,mV2500,2,1,0,_60Hz,0.1,0)
'Turn HMP45C off:
PortSet (1,0)
'Correct RH if reading is over 100%
If RH>100 And RH<108 Then RH=100
'Calculate Vapor Pressure
'Convert RH percent to RH Fraction
RH_Frac = RH*0.01
'Calculate Saturation Vapor Pressure
SatVP (e_Sat,AirTC)
'Compute Vapor Pressure
e_kPa=e_Sat*RH_Frac
'Call Output Tables
CallTable Temp_RH
NextScan
EndProg
CR10(X) Program that Computes Vapor Pressure and Saturation Vapor Pressure
;Turn the HMP45C on.
;
01: Do (P86)
1: 41
Set Port 1 High

;Turn the HMP45C on.

;Pause 150 mSec before making measurements so the
;probe can stabilize on true readings.
;
02: Excitation with Delay (P22)
1: 1
Ex Channel
2: 0
Delay W/Ex (units = 0.01 sec)
3: 15
Delay After Ex (units = 0.01 sec)
4: 0
mV Excitation
;Measure the HMP45C temperature.
;
03: Volt (SE) (P1)
1: 1
Reps
2: 5
2500 mV Slow Range
3:
4:
5:
6:

3
1
.1
-40

SE Channel
Loc [ T_C
Mult
Offset

;CR510, CR500 (2500mv); CR23X (1000 mV);
21X, CR7 (5000 mV)
;Yellow wire (SE 3), white or purple wire (AG)

]

;Measure the HMP45C relative humidity.
;
04: Volt (SE) (P1)
1: 1
Reps
2: 5
2500 mV Slow Range
3:
12

4

;CR510, CR500 (2500mv); CR23X (1000 mV);
21X, CR7 (5000 mV)
;Blue wire (SE 4), white or purple wire (AG)

SE Channel
A3-15
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4:
5:
6:

2
.001
0

;
05: Do (P86)
1: 51

Loc [ RH_frac ]
Mult
Offset

Set Port 1 Low

;Compute the saturation vapor pressure.
;The temperature must be in degrees Celsius.
;
06: Saturation Vapor Pressure (P56)
1: 1
Temperature Loc [ T_C
2: 3
Loc [ e_sat ]

;Turn the HMP45C off.

]

;Compute the vapor pressure.
;Relative humidity must be a fraction.
;
07: Z=X*Y (P36)
1:
3 X Loc [ e_sat ]
2:
2 Y Loc [ RH_frac ]
3:
4 Z Loc [ e
]

7. Sensor Maintenance
The HMP45C Probe requires minimal maintenance. Check monthly to make
sure the radiation shield is free from debris. The black screen at the end of the
sensor should also be checked for contaminates.
When installed in close proximity to the ocean or other bodies of salt water
(e.g., Great Salt Lake), a coating of salt (mostly NaCl) may build up on the
radiation shield, sensor, filter and even the chip. NaCl has an affinity for
water. The humidity over a saturated NaCl solution is 75%. A buildup of salt
on the filter or chip will delay or destroy the response to atmospheric humidity.
The filter can be rinsed gently in distilled water. If necessary, the chip can be
removed and rinsed as well. Do not scratch the chip while cleaning.
Long term exposure of the HUMICAP® relative humidity sensor to certain
chemicals and gases may affect the characteristics of the sensor and shorten its
life. Table 8-1 lists the maximum ambient concentrations, of some chemicals,
that the HUMICAP® can be exposed to.

TABLE 8-1. Chemical Tolerances of HMP45C
Chemical

Concentration (PPM)

Organic solvents

1000 to 10,000

Aggressive chemicals
(e.g. SO2, H2SO4, H2S,
HCl, Cl2, etc.)

1 to 10
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Weak Acids

100 to 1000

Bases

10,000 to 100,000

Recalibrate the HMP45C annually. Obtain an RMA number before returning
the HMP45C to Campbell Scientific for recalibration.

8. Troubleshooting
Symptom: -9999, NAN, -40 deg C, or 0 % relative humidity
1.

Check that the sensor is wired to the correct excitation and analog input
channels as specified by the measurement instructions.

2.

Verify the Range code is correct for the datalogger type.

3.

Verify the red power wire is correctly wired to the 12V, Switched 12V, or
SW12V module. The terminal the wire is connected to will depend on the
datalogger program.
Connect the red wire to a 12V terminal to constantly power the sensor for
troubleshooting purposes. With the red wire connected to12V, a
voltmeter can be used to check the output voltage for temperature and
relative humidity on the yellow and blue wires respectively (temperature
°C = mV * 0.1 – 40.0; relative humidity % = mV * 0.1).

Symptom: Incorrect temperature or relative humidity
1.

Verify the multiplier and offset parameters are correct for the desired
units (Table 5-1).

9. References
Goff, J. A. and S. Gratch, 1946: Low-pressure properties of water from -160°
to 212°F, Trans. Amer. Soc. Heat. Vent. Eng., 51, 125-164.
Lowe, P. R., 1977: An approximating polynomial for the computation of
saturation vapor pressure, J. Appl. Meteor., 16, 100-103.
Weiss, A., 1977: Algorithms for the calculation of moist air properties on a
hand calculator, Amer. Soc. Ag. Eng., 20, 1133-1136.
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R.M. Young Wind Monitors
1. General Description
Table 1-1. RM Young Wind Monitor Variations
Model

Description

05103
05103-10
05106
05106-10

Standard Wind Monitor, RMY Configuration
Standard Wind Monitor, CSC Configuration
Marine Wind Monitor, RMY Configuration
Marine Wind Monitor, CSC Configuration
Marine Wind Monitor, RMY Configuration, with
Weatherproof Connectors
Marine Wind Monitor, CSC Configuration, with
Weatherproof Connectors
Air Quality Wind Monitor, RMY Configuration
Air Quality Wind Monitor, CSC Configuration

05106C
05106C-10
05305
05305-10

The R.M. Young Wind Monitor sensors are used to measure horizontal wind
speed and direction. There are several variations of the wind monitor, as
presented in Table 1-1. Some models are configured for use with R.M. Young
displays such as the Wind Tracker or Translator, others are configured for use
with Campbell Scientific dataloggers.
Wind speed is measured with a helicoid-shaped, four-blade propeller. Rotation
of the propeller produces an AC sine wave signal with frequency proportional
to wind speed.
Vane position is transmitted by a 10K ohm potentiometer. With a precision
excitation voltage applied, the output voltage is proportional to wind direction.
Lead length for the Wind Monitor is specified when the sensor is ordered.
Table 1-1 gives the recommended lead length for mounting the sensor at the
top of the tripod/tower with a crossarm.
TABLE 1-2. Recommended Lead Lengths
CM6

CM10

CM110

CM115

CM120

UT10

UT20

UT30

10’

13’

13’

19’

24’

13’

24’

34’

The R.M. Young Instruction Manual for each model is also included as an
appendix to this manual. Each manual includes operating principles,
installation and alignment guide, and calibration information.
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2. Specifications
05103
05103-10

05106
05106-10
05106C
05106C-10

05305
05305-10

Range:

0-100 m/s (0-224 mph)

0-100 m/s (0-224 mph)

0-50 m/s (0-112 mph)

Accuracy:

±0.3 m/s (±0.6 mph)

±0.3 m/s (±0.6 mph)

±0.2 m/s (±0.4 mph)

Starting Threshold:

1.0 m/s (2.2 mph)

1.1 m/s (2.4 mph)

0.4 m/s (0.9 mph)

Distant Constant
(63% Recovery):

2.7 m (8.9 ft)

2.7 m (8.9 ft)

2.1 m (6.9 ft)

A/C Voltage (3 pulses per
revolution) 1800 RPM
90 Hz = 8.8 m/s (19.7 mph)

A/C Voltage (3 pulses per
revolution) 1800 RPM
90 Hz = 8.8 m/s (19.7 mph)

A/C Voltage (3 pulses per
revolution) 1800 RPM
90 Hz = 9.2 m/s (20.6 mph)

Range:

0-360° Mechanical,
0-355° Electrical (5° Open)

0-360° Mechanical,
0-355° Electrical (5° Open)

0-360° Mechanical,
0-355° Electrical (5° Open)

Accuracy:

±3°

±3°

±3°

Starting Threshold
at 10° Displacement:

1.1 m/s (2.2 mph)

1.1 m/s (2.2 mph)

0.5 m/s (1.0 mph)

Delay Distance
(50% Recovery):

1.3m (4.3 ft)

1.3m (4.3 ft)

1.2m (3.9 ft)

Damping Ratio:

0.25

0.25

0.45

Damped Natural
Wavelength:

7.2m (23.6 ft)

7.2m (23.6 ft)

4.4m (14.4 ft)

Output:

Analog D/C Voltage from
10kohm Potentiometer

Analog D/C Voltage from
10kohm Potentiometer

Analog D/C Voltage from
10kohm Potentiometer

Power

Switched Excitation supplied
by the Datalogger

Switched Excitation supplied
by the Datalogger

Switched Excitation supplied
by the Datalogger

Wind Speed

Output:

Wind Direction

2
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05103
05103-10

05106
05106-10
05106C
05106C-10

05305
05305-10

-50°C to 50°C, assuming
non-riming conditions

-50°C to 50°C, assuming
non-riming conditions

-50°C to 50°C, assuming
non-riming conditions

Overall:

37 cm H by 55 cm L
(14.6 " H by 21.7 " L)

37 cm H by 55 cm L
(14.6 " H by 21.7 " L)

38 cm H by 65 cm L
(15.0 " H by 25.6 " L)

Main Housing Diameter:

5 cm (2.0 ")

5 cm (2.0 ")

5 cm (2.0 ")

Propeller Diameter:

18 cm (7.1 ")

18 cm (7.1 ")

20 cm (7.9 ")

Mounting Pipe:

34 mm (1.34 ") OD;
Standard 1.0 " IPS
Schedule 40

34 mm (1.34 ") OD;
Standard 1.0 " IPS
Schedule 40

34 mm (1.34 ") OD;
Standard 1.0 " IPS
Schedule 40

Sensor:

1.5 kg (3.2 lbs)

1.5 kg (3.2 lbs)

1.1 kg (2.5 lbs)

Shipping (Approximate):

2.3 kg (5.5 lbs)

2.3 kg (5.5 lbs)

2.3 kg (5.5 lbs)

Cable

Supplied by CSC

Supplied by RMY / CSC
Standard Length 3.3m*
(10 ft)
Custom Lengths
Available
* 05106C Standard
Length
1m (3.3 ft) + Custom
Length (with Connectors)

Supplied by CSC
Standard Length 3.3m (10
ft)

Operating Temperature

Dimensions

Weight

Standard Length 3.3m (10 ft)
Custom Lengths Available

NOTE

Custom Lengths Available

The wind monitor is manufactured by R.M. Young (Traverse
City, Michigan), and cabled by CSC. The black outer jacket of
the cable is Santoprene® rubber. This compound was chosen for
its resistance to temperature extremes, moisture, and UV
degradation. However, this jacket will support combustion in
air. It is rated as slow burning when tested according to U.L. 94
H.B. and will pass FMVSS302. Local fire codes may preclude
its use inside buildings.
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3. Installation
The Wind Monitor mounts to a standard 1” IPS schedule 40 pipe (1.34” O.D).
An orientation ring is provided so that the instrument can be removed for
maintenance, and reinstalled without loss of the wind direction reference.
A Campbell Scientific crossarm can be purchased to mount the Wind Monitor
at a distance from the tower or tripod, so as to minimize the shadowing effect
of the structure.
Install the Wind Monitor and orientation ring as follows:
Place the orientation ring followed by the Wind Monitor on the vertical
mounting pipe; do not tighten the band clamps yet. Orient the junction box so
that it faces South.
Using a compass, you can orient the sensor to True North or Magnetic North,
depending on your requirements.
Alignment of the sensor is most easily done with two people after the
datalogger has been programmed to measure wind direction. Sighting down
the centerline of instrument, point the nose cone to a reference point for North
or True North. While holding this position, rotate the base of the sensor until
the datalogger reads 0. Make sure that the indexing pin on the orientation ring
is engaged with the notch in the sensor, and tighten both band clamps.
When removing the sensor for maintenance, leave the orientation ring in place
to ensure proper orientation upon re-installation of the sensor.

Wind Monitor

Orientation ring

019WM or
019WMTOW
Crossarm

Mounting Pipe (supplied
with crossarm)

FIGURE 3.1 Wind Monitor Mounted to a CSC Crossarm
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4. Wiring
Connections to Campbell Scientific dataloggers are given in Tables 4-1a and 41b. When Short Cut for Windows software is used to create the datalogger
program, the sensor should be wired to the channels shown in the wiring
diagram created by Short Cut. Colours may vary when using some versions of
Short Cut.
Table 4-1a Connections to Campbell Scientific Dataloggers (05103-10, 05305-10)

Board
Connections

Colours

Description

CR800
CR9000(X)
CR5000
CR3000
CR1000

CR510
CR500
CR10(X)

21X
CR7
CR23X

CR200

Pulse

Pulse

Pulse

P_LL

WS SIG

Red

Wind Speed Signal

WS REF

Black

Wind Speed Reference

WD SIG

Green

Wind Direction Signal

SE Analog

SE Analog

SE Analog

SE Analog

WD EXC

Blue

Wind Direction Excitation

Excitation

Excitation

Excitation

Excitation

WD REF

White

Wind Direction Reference

AG

EARTH GND

Clear

Shield

G

G

Table 4-1b Connections to Campbell Scientific Dataloggers (05106-10, 05106C-10)
CR800
CR9000(X)
CR5000
CR3000
CR1000

CR510
CR500
CR10(X)

21X
CR7
CR23X

CR200

Pulse

Pulse

Pulse

P_LL

SE Analog

SE Analog

SE Analog

Excitation

Excitation

Excitation

05106-10 &
05106C-10
Board
Connections

05106-10
&
05106C10
Colours

05106C-10
Connector
Pins

F

Red

Pin E

Wind Speed Signal

E

Blue

Pin D

Wind Speed Reference

B

Green

Pin C

Wind Direction Signal

SE Analog

C

White

Pin B

Wind Direction
Excitation

Excitation

A

Black

Pin A

Wind Direction
Reference

AG

D

Clear

Pin F

Shield

G

Description
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Connections to R.M. Young displays are give in Table 4-2.

Table 4-2 Connections to RM Young Displays (05103, 05305, 05106, 05106C)
Board Connections
(05103 & 05305 /
05106 & 05106C)

Connection Description

Sensors

05103

05305

05106 &
05106C

05106C Connector
Pins

WS SIG / F

Wind Speed Signal

Red

Red

Red

Pin E

WS REF / E

Wind Speed Reference

No Connection

No Connection

Blue

Pin D

WD SIG / B

Wind Direction Signal

Green

Green

Green

Pin C

WD EXC / C

Wind Direction Excitation

White

White

White

Pin B

WD REF / A

Wind Direction / Signal Reference

Black

Black

Black

Pin A

EARTH GND / D

Shield

Clear

Clear

Clear

Pin F

5. Example Programs – CSC Loggers
This section is for users who write their own programs. A datalogger program
to measure this sensor can be created using Campbell Scientific’s Short Cut
Program Builder software. You do not need to read this section to use Short
Cut.

5.1 Wind Speed
Wind speed is measured with the pulse count instruction. With the pulse count
instruction, specify the low level AC configuration code. For dataloggers
programmed with Edlog, specify configuration code 21 to output frequency in
Hertz.
The expression for wind speed (U) is:
U = MX + B
where
M = multiplier
X = number of pulses per second (Hertz)
B = offset
Table 5-1 lists the multipliers to obtain different units when the pulse count
instruction is configured to output Hz (configuration code 21). The helicoid
6
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propeller has a calibration that passes through zero, so the offset is zero (Gill,
1973; Baynton, 1976).

Table 5-1 Wind Speed Multipliers (With Configuration Code 21*)
Model
m/s
kmph
mph
knots
05103-10
05106-10
05106C
05305-10

0.0980
0.0980
0.0980
0.1024

0.3528
0.3528
0.3528
0.3686

0.2192
0.2192
0.2192
0.2290

0.1904
0.1904
0.1904
0.1989

* If Configuration Code 11 is used, the multiplier above is divided by the
execution interval in seconds.

5.2 Wind Direction
The wind vane is coupled to a 10K potentiometer. The potentiometer has a 5
degree dead band between 355 and 360 degrees, therefore the maximum signal
is 355 degrees. The potentiometer is measured with a half bridge measurement
instruction, which applies an excitation voltage and makes a Single-Ended
voltage measurement. The multiplier converts the measurement result to
degrees.
The EX-DEL-SE measurement instruction is used for dataloggers that are
programmed with Edlog (e.g. CR10X, CR23X) and the CR200. The
measurement result is mV; the multiplier to convert mV to degrees is
355deg/excitation mV.
The BRHalf measurement instruction is used for dataloggers that are
programmed with CRBasic (e.g. CR1000, CR3000). The measurement result
is the measured mV/excitation mV; the multiplier to convert mV/excitation mV
to degrees is 355.
The excitation voltage, range codes, and multipliers for the different datalogger
types are listed in Table 5-2.
TABLE 5-2. Parameters for Wind Direction
CR10(X),
CR510,
CR200

CR7, 21X,
CR23X

CR800
CR1000

CR5000,
CR3000

Measurement
Range

2500 mV,
slow

5000 mV,
slow/60 Hz

2500 mV,
60 Hz, reverse
excitation

5000 mV,
60 Hz, reverse
excitation

Excitation Voltage

2500 mV

5000 mV

2500 mV

5000 mV

Multiplier

0.142
deg/mV

0.071
deg/mV

355 deg
excitation
(mV/mV)

355 deg
excitation
(mV/mV)

Offset

0

0

0

0
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5.3 Wind Vector Processing Instruction (Output)
The Wind Vector output instruction is used to process and store mean wind
speed, unit vector mean wind direction, and Standard Deviation of the wind
direction (optional) using the measured wind speed and direction samples.

5.4 Example Programs
The following programs measure the Wind Monitor 05103-10 every 5 seconds,
and store mean wind speed, unit vector mean direction, and standard deviation
of the direction every 60 minutes. Wiring for the examples is given in Table
5-3.

Table 5-3 Wiring for Example Programs
CR10(X)

CR1000
P1

Red

Wind Speed Signal

P1

Black

Wind Speed Reference

G

Green

Wind Direction Signal

SE1

SE1

Blue

Wind Direction Excitation

EX1

EX1

White

Wind Direction Reference

AG

Clear

Shield

G

5.4.1 CR10X Example Program
;{CR10X}
*Table 1 Program
01: 5.0000
Execution Interval (seconds)
1: Pulse (P3)
1: 1
2: 1
3: 21
4: 3
5: 0.098
6: 0

Reps
Pulse Channel 1
Low Level AC, Output Hz
Loc [ WS_ms ]
Multiplier
Offset

2: Excite-Delay (SE) (P4)
1: 1
Reps
2: 5
2500 mV Slow Range
; 5000 mV(slow/60 hz) Range for CR23X, 21X, CR7
3: 1
SE Channel
4: 1
Excite all reps w/Exchan 1
5: 2
Delay (0.01 sec units)
6: 2500
mV Excitation
; 5000 mV for CR23X, 21X, CR7
8
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7:
8:
9:

4
0.142
0

Loc [ WindDir ]
Multiplier
Offset

; 0.071 for CR23X, 21X, CR7

3: If (X<=>F) (P89)
1: 4
X Loc [ WindDir ]
2: 3
>=
3: 360
F
4: 30
Then Do
4: Z=F x 10^n (P30)
1: 0
F
2: 0
n, Exponent of 10
3: 4
Z Loc [ WindDir ]
5: End (P95)
6: If time is (P92)
1: 0
Minutes (Seconds --) into a
2: 60
Interval (same units as above)
3: 10
Set Output Flag High (Flag 0)
7: Set Active Storage Area (P80)
1: 1
Final Storage Area 1
2: 101
Array ID
8: Real Time (P77)
1: 1220
Year,Day,Hour/Minute (midnight = 2400)
9: Wind Vector (P69)
1: 1
Reps
2: 0
Samples per Sub-Interval
3: 0
S, theta(1), sigma(theta(1)) with polar sensor
4: 3
Wind Speed/East Loc [ WS_ms ]
5: 4
Wind Direction/North Loc [ WindDir ]
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5.4.2 CR1000 Example Program
'CR1000
'Declare Variables and Units
Public Batt_Volt
Public WS_ms
Public WindDir
Units Batt_Volt=Volts
Units WS_ms=meters/second
Units WindDir=Degrees
'Define Data Tables
DataTable(Table1,True,-1)
DataInterval(0,60,Min,10)
WindVector (1,WS_ms,WindDir,FP2,False,0,0,0)
FieldNames("WS_ms_S_WVT,WindDir_D1_WVT,WindDir_SD1_WVT")
EndTable
'Main Program
BeginProg
Scan(5,Sec,1,0)
'Default Datalogger Battery Voltage measurement Batt_Volt:
Battery(Batt_Volt)
'05103-10 Wind Speed & Direction Sensor measurements WS_ms and WindDir:
PulseCount(WS_ms,1,1,1,1,0.098,0)
BrHalf(WindDir,1,mV2500,1,1,1,2500,True,0,_60Hz,355,0) ‘ mV5000
‘5000 mV excitation and mV 5000 range for CR3000 and CR5000 dataloggers,
2500mV excitation and mV 2500 range for CR800 and CR1000 dataloggers
'Over range correction calculation
If WindDir>=360 Then WindDir=0
'Call Data Tables and Store Data
CallTable(Table1)
NextScan
EndProg

6. Maintenance
R.M. Young suggests that the anemometer bearings and the potentiometer be
inspected at least every 24 months. Only a qualified technician should perform
the replacement.
Obtain an RMA number before returning the sensor to Campbell Scientific for
service.
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7. Troubleshooting (05103-10, 05106-10, 05106C-10,
05305-10)
7.1 Wind Direction
Symptom: -9999 or no change in direction
1.

Check that the sensor is wired to the Excitation and Single-Ended channel
specified by the measurement instruction.

2.

Verify that the excitation voltage and Range code are correct for the
datalogger type.

3.

Disconnect the sensor from the datalogger and use an ohm meter to check
the potentiometer. Resistance should be about 10K ohms between the
Blue and White wires. The resistance between either the Blue/Green or
White/Green wires should vary between about 1K to 11K depending on
vane position. Resistance when the vane is in the 5 degree dead band
should be about 1M ohm.

Symptom: Incorrect wind direction
1.

Verify that the Excitation voltage, Range code, multiplier and offset
parameters are correct for the datalogger type.

2.

Check orientation of sensor as described in Section 3.

7.2 Wind Speed
Symptom: No wind speed
1.

Check that the sensor is wired to the Pulse channel specified by the Pulse
count instruction.

2.

Disconnect the sensor from the datalogger and use an ohm meter to check
the coil. The resistance between the red and black wires should be about
2075 ohms. Infinite resistance indicates an open coil; low resistance
indicates a shorted coil.

3.

Verify that the Configuration Code, and Multiplier and Offset parameters
for the Pulse Count instruction are correct for the datalogger type.

Symptom: Wind speed does not change
1.

For the dataloggers that are programmed with Edlog, the input location
for wind speed is not updated if the datalogger is getting “Program Table
Overruns”. Increase the execution interval (scan rate) to prevent
overruns.
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GENERAL

MODEL 05103

Operating Temperature: -50 to 50°C (-58 to 122°F)

WIND MONITOR

INTRODUCTION
The Wind Monitor measures horizontal wind speed and direction.
Originally developed for ocean data buoy use, it is rugged and
corrosion resistant yet accurate and light weight. The main
housing, nose cone, propeller, and other internal parts are
injection molded U.V. stabilized plastic. Both the propeller and
vertical shafts use stainless steel precision grade ball bearings.
Bearings have light contacting teflon seals and are filled with a
wide temperature range grease to help exclude contamination
and moisture.
Propeller rotation produces an AC sine wave signal with frequency proportional to wind speed. This AC signal is induced in
a stationary coil by a six pole magnet mounted on the propeller
shaft. Three complete sine wave cycles are produced for each
propeller revolution.
Vane position is transmitted by a 10K ohm precision conductive
plastic potentiometer which requires a regulated excitation
voltage. With a constant voltage applied to the potentiometer, the
output signal is an analog voltage directly proportional to wind
direction angle.

WIND SPEED SPECIFICATION SUMMARY
Range
Sensor
Pitch
Distance Constant
Threshold Sensitivity
Transducer
Transducer Output

Output Frequency

The instrument mounts on standard one inch pipe, outside
diameter 34 mm (1.34"). An orientation ring is provided so the
instrument can be removed for maintenance and reinstalled
without loss of wind direction reference. Both the mounting post
assembly and the orientation ring are secured to the mounting
pipe by stainless steel band clamps. Electrical connections are
made in a junction box at the base. A variety of devices are
available for signal conditioning, display, and recording of wind
speed and direction.

0 to 60 m/s (130 mph), gust survival
100 m/s (220 mph)
18 cm diameter 4-blade helicoid
propeller molded of polypropylene
29.4 cm air passage per revolution
2.7 m (8.9 ft.) for 63% recovery
1.0 m/s (2.2 mph)
Centrally mounted stationary coil,
2K Ohm nominal DC resistance
AC sine wave signal induced by
rotating magnet on propeller shaft.
80 mV p-p at 100 rpm. 8.0 V p-p at
10,000 rpm.
3 cycles per propeller revolution
(0.0980 m/s per Hz)

INITIAL CHECKOUT

WIND DIRECTION (AZIMUTH) SPECIFICATION SUMMARY
Range
Sensor
Damping Ratio
Delay Distance
Threshold Sensitivity
Damped Natural
Wavelength
Undamped Natural
Wavelength
Transducer

360° mechanical, 355° electrical
(5° open)
Balanced vane, 38 cm (15 in)
turning radius.
0.3
1.3 m (4.3 ft) for 50% recovery
1.1 m/s (2.5 mph) at 10° displacement
7.4 m (24.3 ft)
7.2 m (23.6 ft)
Precision conductive plastic potetiometer, 10K ohm resistance (±20%),
0.25% linearity, life expectancy 50
million revolutions, rated 1 watt at
40° C, 0 watts at 125° C

Transducer Excitation
Requirement
Regulated DC voltage, 15 VDC max
Transducer Output
Analog DC voltage proportional to
azimuth angle with regulated excitation
voltage applied across potentiometer.

When the Wind Monitor is unpacked it should be checked
carefully for any signs of shipping damage.
Remove the plastic nut on the propeller shaft. Install the propeller
on the shaft so the serial number on the propeller faces forward
(into the wind). Engage the propeller into the molded ribs on the
propeller shaft hub. The instrument is aligned, balanced and fully
calibrated before shipment, however, it should be checked both
mechanically and electrically before installation. The vane and
propeller should easily rotate 360° without friction. Check vane
balance by holding the instrument base so the vane surface is
horizontal. It should have near neutral torque without any
particular tendency to rotate. A slight imbalance will not degrade
performance.
The potentiometer requires a stable DC excitation voltage. Do not
exceed 15 volts. When the potentiometer wiper is in the 5°
deadband region, the output signal is "floating" and may show
varying or unpredictable values. To prevent false readings,
signal conditioning electronics should clamp the signal to excitation or reference level when this occurs. NOTE: Young signal
conditioning devices clamp the signal to excitation level.
Avoid a short circuit between the wind direction signal line and
either the excitation or reference lines. Although there is a 1K
ohm current limiting resistor in series with the wiper for protection, damage to the potentiometer may occur if a short circuit
condition exists.
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Before installation, connect the instrument to an indicator as
shown in the wiring diagram and check for proper wind speed
and wind direction values. To check wind speed, temporarily
remove the propeller and connect the shaft to an Anemometer
Drive. Details appear in the CALIBRATION section of this manual.

INSTALLATION
Proper placement of the instrument is very important. Eddies from
trees, buildings, or other structures can greatly influence wind
speed and wind direction observations. To get meaningful data
for most applications locate the instrument well above or upwind
from obstructions. As a general rule, the air flow around a
structure is disturbed to twice the height of the structure upwind,
six times the height downwind, and up to twice the height of the
structure above ground. For some applications it may not be
practical or necessary to meet these requirements.
FAILURE TO PROPERLY GROUND THE WIND MONITOR
MAY RESULT IN ERRONEOUS SIGNALS
OR TRANSDUCER DAMAGE.
Grounding the Wind Monitor is vitally important. Without proper
grounding, static electrical charge can build up during certain
atmospheric conditions and discharge through the transducers.
This discharge can cause erroneous signals or transducer
failure. To direct the discharge away from the transducers, the
mounting post assembly is made with a special antistatic plastic.
It is very important that the mounting post be connected to a good
earth ground. There are two ways this may be accomplished.
First, the Wind Monitor may be mounted on a metal pipe which is
connected to earth ground. The mounting pipe should not be
painted where the Wind Monitor is mounted. Towers or masts set
in concrete should be connected to one or more grounding rods.
If it is difficult to ground the mounting post in this manner, the
following method should be used. Inside the junction box the
terminal labeled EARTH GND is internally connected to the
antistatic mounting post. This terminal should be connected to an
earth ground (Refer to wiring diagram).
Initial installation is most easily done with two people; one to
adjust the instrument position and the other to observe the
indicating device. After initial installation, the instrument can be
removed and returned to its mounting without realigning the vane
since the orientation ring preserves the wind direction reference. Install the Wind Monitor following these steps:
1. MOUNT WIND MONITOR
a) Place orientation ring on mounting post. Do Not tighten band
clamp yet.
b) Place Wind Monitor on mounting post. Do Not tighten band
clamp yet.

CALIBRATION
The Wind Monitor is fully calibrated before shipment and should
require no adjustments. Recalibration may be necessary after
some maintenance operations. Periodic calibration checks are
desirable and may be necessary where the instrument is used
in programs which require auditing of sensor performance.
Accurate wind direction calibration requires a Model 18112
Vane Angle Bench Stand. Begin by connecting the instrument
to a signal conditioning circuit which has some method of
indicating wind direction value. This may be a display which
shows wind direction values in angular degrees or simply a
voltmeter monitoring the output. Orient the base so the junction
box faces due south. Visually align the vane with the
crossmarkings and observe the indicator output. If the vane
position and indicator do not agree within 5°, adjust the potentiometer coupling inside the main housing. Details for making
this adjustment appear in the MAINTENANCE, POTENTIOMETER
REPLACEMENT, outline, step 7.
It is important to note that, while the sensor mechanically rotates
through 360°, the full scale wind direction signal from the signal
conditioning occurs at 355°. The signal conditioning electronics
must be adjusted accordingly. For example, in a circuit where 0
to 1.000 VDC represents 0° to 360°, the output must be adjusted
for 0.986 VDC when the instrument is at 355°. (355°/360° X 1.000
volts = 0.986 volts)
Wind speed calibration is determined by propeller pitch and the
output characteristics of the transducer. Calibration formulas
showing wind speed vs. propeller rpm and output frequency are
included below. Standard accuracy is ± 0.3 m/s (0.6mph). For
greater accuracy, the sensor must be individually calibrated in
comparison with a wind speed standard. Contact the factory or
your supplier to schedule a NIST (National Institute of Standards
& Technology) traceable wind tunnel calibration in our facility.
To calibrate wind system electronics using a signal from the
instrument, temporarily remove the propeller and connect an
Anemometer Drive to the propeller shaft. Apply the appropriate
calibration formula to the calibrating motor rpm and adjust the
electronics for the proper value. For example, with the propeller
shaft turning at 3600 rpm adjust an indicator to display 17.6 meters
per second [3600 rpm X 0.00490 (m/s)/rpm =17.6 m/s]
Details on checking bearing torque, which affects wind speed and
direction threshold, appear in the following section.

CALIBRATION FORMULAS
Model 05103 Wind Monitor w / 08234 Propeller

2. CONNECT SENSOR CABLE
a) Refer to wiring diagram located at back of manual.
3. ALIGN VANE
a) Connect instrument to an indicator.
b) Choose a known wind direction reference point on the
horizon.
c) Sighting down instrument centerline, point nose cone at
reference point on horizon.
d) While holding vane in position, slowly turn base until
indicator shows proper value.
e) Tighten mounting post band clamp.
f ) Engage orientation ring indexing pin in notch at instrument
base.
g) Tighten orientation ring band clamp.
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WIND SPEED vs PROPELLER RPM
m/s
=
0.00490 x rpm
knots
=
0.00952 x rpm
mph
=
0.01096 x rpm
km/h
=
0.01764 x rpm
WIND SPEED vs OUTPUT FREQUENCY
m/s
=
0.0980 x Hz
knots
=
0.1904 x Hz
mph
=
0.2192 x Hz
km/h
=
0.3528 x Hz

h) Place potentiometer coupling on potentiometer
adjust thumbwheel. Do Not tighten set screw yet.

MAINTENANCE
Given proper care, the Wind Monitor should provide years of
service. The only components likely to need replacement due to
normal wear are the precision ball bearings and the wind
direction potentiometer. Only a qualified instrument technician
should perform the replacement. If service facilities are not
available, return the instrument to the company. Refer to the
drawings to become familiar with part names and locations. The
asterisk * which appears in the following outlines is a reminder
that maximum torque on all set screws is 80 oz-in.

POTENTIOMETER REPLACEMENT
The potentiometer has a life expectancy of fifty million revolutions. As it becomes worn, the element may begin to produce
noisy signals or become nonlinear. When signal noise or nonlinearity becomes unacceptable, replace the potentiometer. Refer
to exploded view drawing and proceed as follows:
1. REMOVE MAIN HOUSING
a) Unscrew nose cone from main housing. Set o-ring aside
for later use.
b) Gently push main housing latch.
c) While pushing latch, lift main housing up and remove it from
vertical shaft bearing rotor.
2. UNSOLDER TRANSDUCER WIRE
a) Remove junction box cover, exposing circuit board.
b) Remove screws holding circuit board.
c) Unsolder three potentiometer wires (white, green, black),
two wind speed coil wires (red, black) and earth ground
wire (red) from board.
3. REMOVE POTENTIOMETER
a) Loosen set screw on potentiometer coupling and remove
it from potentiometer adjust thumbwheel.
b) Loosen set screw on potentiometer adjust thumbwheel
and remove it from potentiometer shaft extension.
c) Loosen two set screws at base of transducer assembly
and remove assembly from vertical shaft.
d) Unscrew potentiometer housing from potentiometer
mounting & coil assembly.
e) Push potentiometer out of potentiometer mounting & coil
assembly by applying firm but gentle pressure on potentiometer shaft extension. Set o-ring aside for later use.
f ) Loosen set screw on potentiometer shaft extension
and remove it from potentiometer shaft.
4. INSTALL NEW POTENTIOMETER
a) Place potentiometer shaft extension with o-ring on n e w
potentiometer (Gap 0.040") and tighten set screw*.
Regrease o-ring if necessary.
b) Push new potentiometer into potentiometer mounting & coil
assembly.
c) Feed potentiometer and coil wires through hole in
bottom of potentiometer housing.
d) Screw potentiometer housing onto potentiometer
mounting & coil assembly.
e) Gently pull transducer wires through bottom of
potentiometer housing to take up any slack. Apply a
small amount of silicone sealant around hole.
f ) Install transducer assembly on vertical shaft allowing
0.5 mm (0.020") clearance from vertical bearing.
Tighten set screws* at bottom of transducer assembly.
g) Place potentiometer adjust thumbwheel on potentiometer
shaft extension and tighten set screw*.

*Max set screw torque 80 oz-in

5. RECONNECT TRANSDUCER WIRES
a) Using needle-nose pliers or a paper clip bent to form a small
hook, gently pull transducer wires through hole in junction
box.
b) Solder wires to circuit board according to wiring diagram.
Observe color code.
c) Secure circuit board in junction box using two screws
removed in step 2b. Do not overtighten.
6. REPLACE MAIN HOUSING
a) Place main housing over vertical shaft bearing rotor. Be
careful to align indexing key and channel in these two
assemblies.
b) Place main housing over vertical shaft bearing rotor until
potentiometer coupling is near top of main housing.
c) Turn potentiometer adjust thumbwheel until potentiometer
coupling is oriented to engage ridge in top of main housing.
Set screw on potentiometer coupling should be facing the
front opening.
d) With potentiometer coupling properly oriented, continue
pushing main housing onto vertical shaft bearing rotor until
main housing latch locks into position with a “click”.
7. ALIGN VANE
a) Connect excitation voltage and signal conditioning electronics to terminal strip according to wiring diagram.
b) With mounting post held in position so junction box is facing
due south, orient vane to a known angular reference.
Details appear in CALIBRATION section.
c) Reach in through front of main housing and turn potentiometer adjust thumbwheel until signal conditioning system
indicates proper value.
d) Tighten set screw* on potentiometer coupling.
8. REPLACE NOSE CONE
a) Screw nose cone into main housing until o-ring seal is
seated. Be certain threads are properly engaged to avoid
cross-threading.

FLANGE BEARING REPLACEMENT
If anemometer bearings become noisy or wind speed threshold
increases above an acceptable level, bearings may need replacement. Check anemometer bearing condition using a Model
18310 Propeller Torque Disc. If needed, bearings are replaced
as follows.
1. REMOVE OLD BEARINGS
a) Unscrew nose cone. Set o-ring aside for later use.
b) Loosen set screw on magnet shaft collar and remove
magnet.
c) Slide propeller shaft out of nose cone assembly.
d) Remove front bearing cap which covers front bearing.
e) Remove both front and rear bearings from nose cone
assembly. Insert edge of a pocket knife under bearing
flange and lift it out.
2. INSTALL NEW BEARINGS
a) Insert new front and rear bearings into nose cone.
b) Replace front bearing cap.
c) Carefully slide propeller shaft thru bearings.
d) Place magnet on propeller shaft allowing 0.5 mm
(0.020") clearance from rear bearing.
e) Tighten set screw* on magnet shaft collar.
f ) Screw nose cone into main housing until o-ring seal
is seated. Be certain threads are properly engaged to
avoid cross-threading.
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VERTICAL SHAFT BEARING REPLACEMENT
Vertical shaft bearings are much larger than the anemometer
bearings. Ordinarily, these bearings require replacement less
frequently than anemometer bearings. Check bearing condition
using a Model 18331 Vane Torque Gauge.
Since this procedure is similar to POTENTIOMETER REPLACEMENT, only the major steps are listed here.
1. REMOVE MAIN HOUSING
2. UNSOLDER TRANSDUCER WIRES AND REMOVE
TRANSDUCER ASSEMBLY
Loosen set screws at base of transducer assembly and
remove entire assembly from vertical shaft.
3. REMOVE VERTICAL SHAFT BEARING ROTOR by sliding it
upward off vertical shaft.
4. REMOVE OLD VERTICAL BEARINGS AND INSTALL NEW
BEARINGS. When inserting new bearings, be careful not
to apply pressure to bearing shields.
5. REPLACE VERTICAL SHAFT BEARING ROTOR.
6. REPLACE TRANSDUCER & RECONNECT WIRES
7. REPLACE MAIN HOUSING
8. ALIGN VANE
9. REPLACE NOSE CONE

WARRANTY

Declaration of Conformity
Application of Council Directives:
89/336/EEC
Standards to which Conformity is Declared:
EN 50082-1(IEC 801-2,3,4)
Manufacturer's Name and Address:
R. M. Young Company
Traverse City, MI, 49686, USA
Importer's Name and Address:
See Shipper or Invoice
Type of Equipment:
Meteorological Instruments
Model Number / Year of Manufacture:
05103/1996
I, the undersigned, hereby declare that the equipment
specified conforms to the above Directives and
Standards.
Place / Date:
Traverse City, Michigan, USA / February 19, 1996

David Poinsett
R & D Manager, R. M. Young Company

This product is warranted to be free of defects in materials and
construction for a period of 12 months from date of initial purchase.
Liability is limited to repair or replacement of defective item. A copy
of the warranty policy may be obtained from R. M. Young Company.

CE COMPLIANCE
This product has been tested and shown to comply with European CE requirements for the EMC Directive (see Declaration of
Conformity below). Please note that shielded cable must be used.
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WARRANTY AND ASSISTANCE
This equipment is warranted by CAMPBELL SCIENTIFIC (CANADA) CORP. (“CSC”) to
be free from defects in materials and workmanship under normal use and service for
twelve (12) months from date of shipment unless specified otherwise. ***** Batteries
are not warranted. ***** CSC's obligation under this warranty is limited to repairing or
replacing (at CSC's option) defective products. The customer shall assume all costs of
removing, reinstalling, and shipping defective products to CSC. CSC will return such
products by surface carrier prepaid. This warranty shall not apply to any CSC products
which have been subjected to modification, misuse, neglect, accidents of nature, or
shipping damage. This warranty is in lieu of all other warranties, expressed or implied,
including warranties of merchantability or fitness for a particular purpose. CSC is not
liable for special, indirect, incidental, or consequential damages.
Products may not be returned without prior authorization. To obtain a Return
Merchandise Authorization (RMA), contact CAMPBELL SCIENTIFIC (CANADA) CORP.,
at (780) 454-2505. An RMA number will be issued in order to facilitate Repair Personnel
in identifying an instrument upon arrival. Please write this number clearly on the outside
of the shipping container. Include description of symptoms and all pertinent details.
CAMPBELL SCIENTIFIC (CANADA) CORP. does not accept collect calls.
Non-warranty products returned for repair should be accompanied by a purchase order to
cover repair costs.
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SP-LITE Silicon Pyranometer
The SP-LITE measures incoming solar radiation (sun plus sky radiation) with a photodiode
detector. Output from the photodiode is a current, which is converted to voltage by an
internal shunt resistor. The SP-LITE can be used in solar energy applications such as
plant growth, thermal convection and evapotranspiration.

1. General Description

FIGURE 1. SP-LITE Sensor without Leveling Fixture
The SP-LITE is used for measuring solar radiation. It measures the solar
energy received from the entire hemisphere – i.e. 180° field of view. The
output is expressed in Watts per square meter (W m-2).
The SP-LITE is designed for continuous outside use, and its calibration is valid
only for unshaded natural daylight – not for artificial light. It is most usually
used to measure solar radiation being received on the horizontal plane.
However, the SP-LITE can, if required, be used in an inverted or tilted
position.

1.1 Electrical Properties
The SP-LITE consists of a photodiode complete with housing and cable. The
circuit includes a shunt resistor for the photodiode in order to generate a
voltage output. The electrical specification of the sensor is determined by the
characteristics of the photodiode and resistor. The electrical circuit of the
pyranometer is shown in Figure 2, below.
The electrical sensitivity of the photodiode changes with temperature. A
nominal value for this change is 0.2% change per °C. Calibration is carried out
at 20 °C.
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FIGURE 2. SP-LITE Electrical Circuit

1.2 Spectral Properties
The spectral properties of the SP-LITE are mainly determined by the spectral
response of the photodiode, which is shown in Figure 3, below.

FIGURE 3. Spectral Sensitivity of Pyranometers Compared with Solar
Radiation
The SP-LITE is calibrated for solar radiation under clear sky conditions. The
spectrum for these conditions, at sea level, is also shown in Figure 3.
Unfortunately, however, the actual solar spectrum varies as a function of cloud
cover, season and solar elevation. Since the pyranometer does not have a flat
sensitivity across the whole solar spectrum, the accuracy of its response will
vary. However, the error range across the whole spectrum has been proven to
be small. The maximum total estimated error will only be in the region of ±5
percent when compared to the calibration conditions.

2

A5-5

SP-LITE Silicon Pyranometer

Both the spectral sensitivity and the photodiode sensitivity of the SP-LITE will
change with temperature, and the separate effect of each of these changes
cannot be easily determined.

1.3 Directional/Cosine Response
A perfect cosine response will show maximum sensitivity at an angle of
incidence of zero degrees (perpendicular to the sensor surface) and zero
sensitivity at an angle of incidence of 90 degrees (radiation passing over the
sensor surface). At any angle between 0 and 90 degrees the sensitivity should
be proportional to the cosine of the angle of incidence.
Figure 4 shows the behavior of a typical SP-LITE. The vertical axis shows the
deviation from ideal behavior, expressed in percentage deviation from the ideal
value.

FIGURE 4. Cosine Response of a Typical SP-LITE Pyranometer
In Figure 4, 0 degrees zenith angle equals 90 degrees angle of incidence. The
vertical axis shows the percentage deviation from ideal cosine behavior.
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2. Sensor Specifications
Electrical
<50 Ω
<1 second
(see Certificate of Calibration
that was shipped with sensor)
0 – 125 mV

Nominal Impedance:
Response Time:
Sensitivity:
Expected signal range:
(under atmospheric conditions)
Stability:
Non-linearity:
Temperature dependence
of sensitivity:

<±2% per year
<±1% up to 1000 W m-2
<±0.15% /°C

Spectral
Spectral range:
Detector type:

400 to 1100 nm
BPW 34

Directional
Cosine corrected between
80° angle of incidence, error:
Cosine errors averaged over opposite
azimuth error (at 60° angle of incidence):
Tilt response:

within ±10%
within ±10%
zero error

Mechanical
Housing material:
Cable material:
Weight:
Cable length:
Physical Dimensions:

Anodized aluminum
Polyurethane
110 g
5 m (can be extended up to 100 m)
See Figure 5

Environmental
Working temperature:

-30 to +70°C

Dimensions

∅ 80

FIGURE 5. Dimensions of SP-LITE with Leveling Device

4
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3. Installing the SP-LITE
The SP-LITE and CLF1 base/leveling fixture are attached to a tripod or tower
using one of two mounting configurations (see Figures 6 - 7).
Mount the sensor on the mounting arm so that no shadow will be cast on it at
any time of day, at any time of year, from obstructions such as trees, buildings
or the mast or structure on which it is mounted. In the northern hemisphere the
instrument is normally oriented towards the South to avoid potential problems
from shading.
NOTE

The SP-LITE will only perform to specification under clear-sky
conditions. It must not be mounted where it is subject to shade,
beneath structures or beneath a plant canopy.

SP-LITE

CLF1

015

FIGURE 6. 015 Mounting Arm
NOTE: refer to Appendix B – CLF1 Leveling Base with 015 Mounting Arm
for step-by-step mounting instructions.
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SP-LITE

025 STAND

019 Crossarm

FIGURE 7. 025 STAND and 019 Crossarm
Mount the sensor on the mounting arm at a height of at least 1.5 m above the
ground surface to minimize shading effects. The CLF1 mounting bracket has a
built-in bubble level that is used to mount the SP-LITE to the 025 STAND or
015 ARM. Mount and adjust the SP-LITE as follows:

6

1.

Attach the mounting arm to the tripod or tower at the required height.

2.

Loosely attach the CLF1 Kipp & Zonen Base and Leveling fixture to the
mounting arm using the three mounting screws provided with the
mounting arm (025 STAND or 015 ARM).

3.

Level the CLF1 by adjusting the three outside leveling screws as required
to center the bubble in the level. Tighten the three mounting screws.

4.

Attach the SP-LITE to the CLF1 using the two screws provided.
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4. Wiring
The SP-LITE can be measured with a differential or single-ended channel on
the datalogger; a differential channel is recommended.

Radiation Signal

White

Signal Reference

Green

(User supplied jumper wire for differential measurement only)

Shield Clear
FIGURE 8. SP-LITE to Datalogger Connections
TABLE 1. Datalogger Connections for Differential Measurement
Function
Radiation Signal
Signal Reference
Shield

Colour
White
Green
Jumper to
Clear

CR10X,CR510
Differential H
Differential L
AG
G

CR23X
Differential H
Differential L

21X/CR7
Differential H
Differential L

TABLE 2. Datalogger Connections for Single-Ended Measurement
Function
Radiation Signal
Signal Reference
Shield

Colour
White
Green
Clear

CR10X,CR510
S.E. Channel
AG
G

CR23X
S.E. Channel

21X/CR7
S.E. Channel

5. Datalogger Programming
The SP-LITE outputs a low-level voltage ranging from 0 to a maximum of
about 120mV. A differential voltage measurement (Instruction 2) is
recommended because it has better noise rejection than a single-ended
measurement. If a differential channel is not available, a single-ended
measurement (Instruction 1) can be used. The acceptability of a single-ended
measurement can be determined by simply comparing the results of singleended and differential measurements made under the same conditions.
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5.1 Datalogger Input Range Codes
Normally the 500 mV range for the 21X and CR7, the 250 mV range for the
CR10(X) and CR500/CR510, and the 200 mV range for the CR23X are
suitable.
The parameter code for the input range also specifies the measurement
integration time. The slow or 60 Hz rejection integration gives a more noisefree reading. A fast integration takes less power and allows for faster
throughput.

5.2 Calibration Factor and Multiplier
All SP-LITE sensors have a sensitivity (calibration factor) listed on the
calibration sheet (see Appendix A for example). Solar radiation can be
reported as an average flux density (W m-2) or daily total flux density (MJ m-2).
The appropriate multipliers for the measurement instruction are listed in Table
3. Programming examples are given for both average and daily total solar
radiation.
TABLE 3. Multipliers Required for Flux Density and Total
Fluxes
Units
-2

MJ m
KJ m-2
W m-2
KW m-2
cal cm-2
cal cm-2 min-1

Multipliers

Output Processing

t*[1/(1000*C)]
t*(1/C)
1000/C
1/C
t*0.0239*(1/C)
1.434*(1/C)

(P72 total fluxes)
(P72 total fluxes)
(P71 flux density)
(P71 flux density)
(P72 total fluxes)
(P71 flux density)

t = the datalogger program execution interval in seconds
C = Sensitivity (calibration factor with units of µV/W/m2)

5.3 Program Example 1, Average Solar Radiation
The examples below give the appropriate datalogger code for the CR10X
datalogger, using either Instruction 2 (differential) or Instruction 1 (singleended).
Example 1 shows the program instructions used to measure the signal from the
SP-LITE. A thirty-minute average is calculated and stored in final storage.
Wiring for Example 1

Colour
White
Green
Jumpered to
Clear

8

Function
Radiation Signal
Signal Reference
Shield
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Example CR10X
Program Channels
Used
1H
1L
AG
G

SP-LITE Silicon Pyranometer

EXAMPLE 1. Sample Instructions used to Measure an Average Flux with
a CR10X
;{CR10X}
;
*Table 1 Program
01: 10
Execution Interval (seconds)
01: Volt (Diff) (P2)
1: 1
Reps
2: 24**
± 250 mV 60 Hz Rejection Range
3: 1*
DIFF Channel
4: 1*
Loc [ W_m2
]
5: 12.3457*** Mult
6: 0
Offset
;Set negative values to zero.
;
02: If (X<=>F) (P89)
1: 1*
X Loc [ W_m2
2: 4
<
3: 0
F
4: 30
Then Do
03: Z=F (P30)
1: 0
2: 0
3: 1*

]

F
Exponent of 10
Z Loc [ W_m2

]

04: End (P95)
05:
1:
2:
3:

If time is (P92)
0
Minutes (Seconds --) into a
30
Interval (same units as above)
10
Set Output Flag High (Flag 0)

06: Real Time (P77)
1: 0220
Day,Hour/Minute (midnight = 2400)
07: Average (P71)
1: 1
Reps
2: 1*
Loc [ W_m2

]

-Input Locations1 W_m2
*
**

Proper entries will vary with program and input channel assignments.
The 250 mV range for CR10(X) and CR500/CR510, the 200 mV range for the CR23X,
and the 500 mV range for the 21X and CR7.
*** See Table 3 for alternative multipliers.
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5.4 Program Example 2, Total Solar Radiation
In Example 2 a daily total flux density is found. This total flux density is in MJ
m-2 day-1. Negative values are set to zero before they are added to the running
total.

5.4.1 Output Format Considerations
If the solar radiation is totalized in units of kJ m-2, there is a possibility of
overranging the output limits. The largest number that the datalogger can
output to final storage is 6999 in low resolution and 99999 in high resolution
(Instruction 78, Set Resolution).
Assume that the daily total flux density is desired in kJ m-2. Assume an
irradiance of 0.5 kW m-2, the maximum low resolution output limit will be
exceeded in just under four hours. This value was found by taking the
maximum flux density the datalogger can record in low resolution and dividing
by the total hourly flux density.
3.9 hr =

6999 kJ m −2

( 0.5 kJ m −2 s −1)( 3600 s hr −1)

(1)

To circumvent this limitation, record an average flux (see Example 1). Then,
during post processing, multiply the average flux by the number of seconds in
the output interval to arrive at a output interval flux density. Sum the output
interval totals over a day to find a daily total flux density.
Another alternative is to record total flux using the high resolution format
(Instruction 78, see Datalogger manuals for details). The disadvantage of the
high resolution format is that it requires four bytes of memory per data point,
consuming twice as much memory as low resolution.
Wiring for Example 2

10

Colour

Function

White
Green
Clear

Radiation Signal
Signal Reference
Shield
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Example CR10X
Program Channels
Used
S.E. Channel 1
AG
G
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EXAMPLE 2. Sample Instructions used to Measure a Daily Total Flux
Density with a CR10X
;{CR10X}
;
*Table 1 Program
01: 10
Execution Interval (seconds)
01: Volt (SE) (P1)
1: 1
Reps
2: 24**
± 250 mV 60 Hz Rejection Range
3: 1*
SE Channel
4: 1*
Loc [ MJ_m2 ]
5: .00012*** Mult
6: 0 Offset
;Set negative values to zero.
;
02: If (X<=>F) (P89)
1: 1*
X Loc [ MJ_m2
2: 4
<
3: 0
F
4: 30
Then Do
03: Z=F (P30)
1: 0
2: 0
3: 1*

]

F
Exponent of 10
Z Loc [ MJ_m2

]

04: End (P95)
05: If time is (P92)
1: 0
Minutes (Seconds --) into a
2: 1440
Interval (same units as above)
3: 10
Set Output Flag High (Flag 0)
06: Real Time (P77)
1: 0220
Day,Hour/Minute (midnight = 2400)
07: Totalize (P72)
1: 1
Reps
2: 1*
Loc [ MJ_m2

]

-Input Locations1 MJ_m2
*
**

Proper entries will vary with program and input channel assignments.
The 250 mV range for CR10(X) and CR500/CR510, the 200 mV range for the CR23X,
and the 500 mV range for the 21X and CR7.
*** See Table 3 for alternative multipliers.
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6. Maintenance
The SP-LITE is an ‘all weather’ instrument and is very stable, but should be
handled with care. It requires little periodic maintenance, apart from cleaning
the sensor surfaces carefully with a soft cloth using water or alcohol.

6.1 Calibration
It is recommended that the SP-LITE is checked, and re-calibrated if necessary,
every two years. The calibration can be checked by running the SP-LITE in
parallel with a reference sensor for at least two sunny days, and then comparing
the daily readings. The reference sensor should either be a higher standard
pyranometer, or an SP-LITE that is kept stored and used solely for this
purpose. If results differ by more than 5 percent, the sensor should be returned
for re-calibration. Please contact Campbell Scientific for further details.

7. Troubleshooting
7.1 Pyranometer produces no apparent output
If your pyranometer does not appear to be working at all, do the following
checks:
•

With the SP-LITE disconnected from the datalogger, connect a volt meter
to the white (+) and green (-) wires. The voltage range should be ~ 0-120
mV for 0-1500 W m-2 radiation.

•

If this appears to produce no results, measure the impedance of the sensor
across the white and green wires. The impedance reading should be close
to 50W. If it is less than 5W, a short circuit is indicated. If it is ‘infinite’,
the sensor is damaged, or the cable is broken.

7.2 Readings are not as expected
•

Under full sunlight the expected radiation value is about 1000 W m-2.

•

Verify that the multiplier parameter in the measurement instruction is
correct for the desired units (e.g., W m-2, see Section 5 above).

•

Check the datalogger program for errors.

If you cannot resolve your problems, please contact Campbell Scientific for
further advice.
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CLF1 Leveling Base with 015 Mounting Arm
To install the CLF1 leveling base onto the 015 mounting arm, a set of three
screws (included with the 015) and a set of three adjusting bolts (included with
CLF1) are required.

Set of three screws included with 015

Set of 3 adjusting bolts included with CLF1
Page
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Use the three screws to attach the CLF1 to the 015 loosely.

Use the three bolts to level the CLF1. Once the CLF1 is
level tighten it into place with the three screws.
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Set of 2 SP LITE fixing bolts included with the CLF1.

Use the set of 2 SP LITE fixing bolts to mount the SP LITE to the CLF1.
NOTE: A set of 2 CM3 fixing bolts is also included with the CLF1. These would
only be used if a CM3 is used with the CLF1.
NOTE: A mounting kit leveling fixture set of nuts and bolts is included with the
CLF1. This is not required to mount the CLF1 to the 015.
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Knight Piésold
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CLASS “A” EVAPORATION PAN & AUTOMATED FLUID LEVEL SENSOR
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