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This memorandum summarizes the design for a remote monitoring system for Silver Creek Dam
which is located two miles southeast and upstream from downtown Silverton, Oregon.
1.0 INTRODUCTION
1.1 Project Background
The dam and reservoir is owned and operated by the City of Silverton and was constructed in the
late 1970’s to provide raw water storage and recreational uses for the City. The crest length of
the dam is 680 feet, and it has a maximum height of 65 feet. A 120-foot wide rectangular
reinforced concrete chute spillway is located on the right abutment. The regulating outlet is a 42inch inside diameter cast-in-place concrete pipe which is located on rock near the maximum
embankment cross section. The dam is constructed as a zoned earth embankment dam with a
3H:1V upstream slope, a 2H:1V downstream slope and a central core.
Soon after the first filling, horizontal drains were installed from the downstream toe area and a
buttress was added to the lower portion of the slope to remediate higher than expected seepage
on the downstream face. Embankment piezometers were also added to monitor the long-term

seepage performance of the dam. We understand that the results of the monitoring performed to
date have not shown any degrading trends in the seepage performance of the dam.
A Phase I Inspection Report was prepared in June 1981 by the Oregon Water Resources
Department in cooperation with the US Army Corps of Engineers (USACE), as part of the
National Dam Safety Program. The purpose of the inspection and report was to identify any
conditions that could threaten public safety. The inspection included general assessments and
recommendations pertaining to the condition and future use of the dam. The report indicated that
the existing upstream and downstream slopes yield acceptable factors of safety and that the
abutments and foundation were performing adequately. Silver Creek Dam was classified as a
high hazard dam based on the potential for loss of life and substantial property damage that could
result from failure of the dam. Because the dam is located immediately upstream of the City of
Silverton, very little warning time is available if the dam were to fail. For this reason, the Oregon
Water Resources Department has recommended that an early warning system should be
implemented for the project.
In 2002, a potential failure modes analysis (PFMA) for the dam was performed by the Monitoring
Systems Group of Squier Associates, which in 2003 became Engineered Monitoring Solutions
(EMS). The failure modes analysis was performed as part of the preliminary design of an early
warning system for the project. An alarm response plan was also developed to identify the
actions that should be taken in the event that a developing failure mode is detected at the dam.
An updated PFMA was performed in 2011 by the Portland District of the USACE. The results of
the 2011 analysis also concluded that a remote monitoring system at the dam would be beneficial
for the early detection and response to a developing seepage or overtopping failure mode.
At this time, the City of Silverton would like to add remote monitoring capabilities to the Silver
Creek Dam and Reservoir for the primary purpose of providing early detection of a developing
seepage or overtopping failure mode with enough time to take appropriate actions to prevent
failure of the dam and/or evacuate the downstream community. The design of a system for
notifying the downstream community of the need to evacuate, and the plan for evacuating and
keeping people out of the inundation area, were not part of this design effort. We understand that
the City will address this issue separately. We also understand that the City will integrate the
operation of this remote monitoring system with their existing Emergency Action Plan (EAP) for
the dam.
1.2 Review of PFMA and Alarm Response Plan
As part of this system design effort, the PFMA that was prepared by the USACE in 2011 and the
review comments to the PFMA that were provided to the City by the dam designer CH2M Hill
were reviewed. The purpose of this review was to evaluate the monitoring needs and
modifications to the alarm response plan that was prepared in 2002. The results of this review
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and the discussions from the project meeting with City staff on February 21, 2013 were used to
develop the monitoring system objectives and requirements. The 2002 alarm response plan was
also updated and is included as Table 1.
1.3 Condition of Existing Piezometers
An evaluation of the existing piezometers was performed to determine if they are functioning and
if they can be automated with electronic sensors. This evaluation included a review of the
construction details, sounding the depth of the piezometers, and surcharging the piezometers
with water to observe the rate at which it falls as a general indication of whether they are
transmitting water to the subsurface layers. The results of this evaluation indicated that all of the
piezometers appear to be functioning properly and have open standpipes to the original
constructed depths except for piezometer P-9, which has a blockage in the standpipe at a depth
of 22.5 feet below the ground surface. The piezometer drained immediately when surcharged
with water so the blockage is likely a piece of gravel or debris that is lodged in the standpipe. We
understand that City staff will attempt to remove the blockage by flushing the standpipe. The
surface monuments also need to be repaired or replaced on some of the piezometers because
they are allowing surface water to enter the top of the standpipes. We recommend replacing the
surface monuments for piezometers P-3, P-4, P-5, P-6, P-9, and P-10 as part of the monitoring
system installation to provide conduit for routing signal cable to the sensors.
1.4 Purpose of the System Design Memorandum
The purpose of this system design memorandum is to provide a recommended monitoring
system design for Silver Creek Dam. The information in this memorandum is provided so that the
City can review the system design to approve it for implementation. The memorandum also
includes estimated costs for implementing the monitoring system. Specifically, the following
items are included within this memorandum:
·

Discussion of the performance objectives for the monitoring system. These objectives
define the basis for the system design and the expectations regarding the ability to obtain
and manage data.

·

Recommended system design for the monitoring system. Design information on the
recommended system components and equipment is provided.

·

Recommended process for implementing the system design. The design memorandum
includes a recommended process for implementing the monitoring system.

·

Costs for implementation. A discussion of the costs for implementing the recommended
system design is provided.
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2.0 MONITORING SYSTEM OBJECTIVES AND REQUIREMENTS
2.1 Monitoring System Objectives
The objective of the remote monitoring system is to provide early detection of a developing
seepage or overtopping failure mode. For an internal erosion/piping failure, the precursor events
include changes in the seepage performance of the embankment and upstream blanket. For a
flooding condition failure, the events of concern include large inflows into the reservoir and a
rapidly rising reservoir level. Therefore, the objective of the monitoring system is to detect and
notify City personnel that these events are occurring. The secondary objective is to provide
remote observation of the conditions at the dam to allow City personnel to response quickly to a
detected condition of concern.
2.2 Monitoring System Requirements
To meet the monitoring objectives, the following design requirements are needed for the
monitoring system:
Detect Changes in Seepage Performance:
1. Provide for continuous monitoring of the water levels in piezometers P-1A, P-1B, P-2A, P-2B,
P-3, P-4, P-5, P-6, P-9, and P-10 at a frequency of once every 5 minutes.
2. Provide for continuous monitoring of the flow from the 6 horizontal drain collection basins and
the 2 buttress toe drains at a frequency of once every 5 minutes.
3. Provide for continuous monitoring of the water level stage in the outlet pipe stilling basin at a
frequency of once every 5 minutes.
4. Compare the instrument readings to predetermined alarm threshold values every 5 minutes
and provide notification to City personnel if a threshold value is exceeded.
5. Save the measured values once per day including reservoir level and daily rainfall for use in
evaluating historical trends for the piezometric and seepage flow data.
Detect Flooding/Potential Overtopping:
1. Provide for continuous monitoring of the reservoir level at a frequency of once every 5
minutes.
2. Provide hourly rainfall and cumulative daily rainfall data for use in evaluating the safety
condition under high reservoir levels.
3. Compare the reservoir level reading to high and critical alarm threshold values every 5
minutes and provide notification to City personnel if the threshold values are exceeded.
4. Use existing staff gauge in spillway approach to provide a manual check of the reservoir level.
5. Provide a video camera with pan, tilt, and zoom capability to observe the condition of the
spillway and crest of the dam. Also provide flood lights to observe the conditions at night.
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Remote Monitoring:
1. Provide remote access to the alarm conditions, current instrument readings, and video
camera (including camera controls).
2. Access will be for select City staff from work or after hours from their home using the internet.
On-site Monitoring:
1. Provide a weather proof monitoring building on site for use by City staff during a developing
condition of concern.
2. The building will be used to provide continuous on site monitoring by City staff and will include
an interface with the automated data acquisition system (ADAS) to observe the current
instrument readings.
3. The building will include 110VAC power, lights, panel connection for temporary backup
generator power, telephone land line, and an internet connection for access to the data server
and dam safety database.
Data Management/Presentation
1. Provide a computer server in City Hall with the data collection control software, camera
control software, and dam safety database for historical evaluation of the data.
2. Present current instrument readings on a real time display that is accessible over the internet.
3. Store the daily instrument readings in a relational dam safety database with an interface for
plotting time history data and evaluating trends.
4. Provide internet access to the server from the dam site and from home for select City staff.

3.0 SYSTEM DESIGN
This section provides a description of the system architecture, instrumentation, and data
collection equipment that is recommended to meet the monitoring requirements.
3.1 System Overview
The monitoring system will require various sensors and measurement and control units (MCUs)
for data collection. The MCUs will read, process, and store data from the various sensors. The
processing will consist of performing calculations on the raw sensor readings to convert the data
from raw units to engineering units. The processed data will then be temporarily stored in the
MCUs until it is forwarded to the Data Server at City Hall. The sensors will be connected to the
MCUs using signal cables. A video camera with pan, tilt, and zoom capability will also be
installed on the right abutment for remote observation of the spillway and dam crest. The
sensors, video camera, and MCUs will be installed at the locations, as shown on Figure 1.
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The MCUs will communicate with the gateway unit, MCU1, which will be connected to the internet
in the on-site monitoring building. The data from the dam will be transmitted over the internet to
the Data Server using a transmission control protocol / internet protocol (TCP/IP) data transfer.
The Data Server running LoggerNet® software will manage the flow of data to real time displays
and into the dam safety database. The LoggerNet server will be configured to automatically
contact each MCU once per hour to download the data collected by the MCU. If an alarm is
detected by an MCU, then it will initiate communications immediately with the LoggerNet server
which will provide notification by email. It will also notify MCU1 which will provide notification from
the dam site by placing telephone calls to selected City personnel. The video camera will be
connected to the internet and will be accessible for viewing the image and controlling the camera
from a remote computer using the camera control software. A dataflow diagram for the system is
shown on Figure 2.
3.2 Instrumentation
Pressure transducer and weir monitor sensors will be used to measure the data required for the
monitoring system. The instrumentation will also include a rain gauge and video camera. This
section describes the recommended sensors for the monitoring system. Table 2 provides a
summary of the monitoring program. Figure 1 presents the installation locations of the sensors.
3.2.1 Piezometers
We recommend utilizing vibrating wire pressure transducer sensors manufactured by Geokon,
Inc. for reading the piezometric water levels. The piezometers consist of ¾-inch inside diameter
PVC or steel standpipes. For this size of standpipes, we recommend Geokon Model 4500C
pressure transducers, which have an outer diameter of slightly less than ½-inch. Attachment A
includes a datasheet describing the Geokon 4500 Series pressure transducers.
The pressure transducers will be installed near the bottom of the piezometer standpipes using a
hanger assemble that grips the signal cable and is attached to the top of the standpipe. The
signal cable from the sensor will be routed from the standpipe to a junction box that contains
transient protection for the sensor. The existing piezometer surface monuments will be replaced
with a utility type handhole/meter box installed over the piezometer. The junction box will be
placed in this handhole and the signal cable will be routed from the junction box through a sweep
90 degree elbow into buried PVC conduit to the MCU equipment enclosure. The PVC conduit will
be buried no deeper than 1 foot below the ground surface for the piezometers located on the
crest and upstream slope of the dam. The signal cable for piezometers P-5 and P-6, near the
downstream toe, will be routed to the MCU in 4-inch diameter corrugated plastic pipe which will
be placed on the ground surface.
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3.2.2 Horizontal Drain Collection Basins
The horizontal drains are currently routed to six collection basins that are made of a short length
corrugated plastic pipe that is buried vertically in the ground and the bottom is plugged with
concrete. The basins were constructed to allow for visual observation of the turbidity of the water.
Water from the basins currently overflows in an uncontrolled manner. To measure the flow from
the basin, a rectangular notch will be cut in the side of the plastic pipe and a thin steel weir plate
will be attached with a gasket to the inside surface to provide a control section. Based on the
historical flow data measured for the drains, we recommend 30 and 60 degree V-notch weirs for
the basins as indicated on Table 2. As the flow increases the water level behind the V-notch will
also increase. A mathematical relationship will be used to calculate the flow rate for the
measured water level stage. We recommend measuring the water level stage using a Geokon
Model 4675LV Precision Water Level Monitor vibrating wire transducer. A datasheet describing
the water level transducer is included as Attachment B. The Model 4675LV consists of a
vibrating wire strain gage with a cylindrical weight attached. The strain gage works as a load cell
by measuring the buoyant forces on the hanging weight as the water level changes. A calibration
factor is provided for each sensor to convert the measurement in linear units to inches of water
level stage. The sensor assembly will be installed in a PVC standpipe attached to the inside
surface of the basin at the opposite side of the weir plate. The signal cable will be routed to the
MCU in 4-inch diameter corrugated plastic pipe which will be placed on the ground surface.
3.2.3 Toe Drain Flumes
Two 4-inch diameter perforated drain pipes run along the toe of the drainage buttress to collect
the seepage water. The outlets of these two pipes are on either side of the outlet works stilling
basin. The invert of the pipes is slightly above the top of the concrete training walls for the stilling
basin. Flow rates vary from approximately 15 gallons per minute (gpm) for the right side to less
than 1 gpm for the left side. To measure the flow from these pipes, we recommend using 0.5 foot
H-Flume as manufactured by Plasti-Fab. The 0.5 H-Flume can measure flows less than 1 gpm to
50 gpm. Attachment C presents a datasheet for the Plasti-Fab H-Flumes. The flumes will be
mounted and leveled on angle brackets anchored to the outside of the concrete training walls.
The flumes will be manufactured with a circular inlet so that they can be hydraulically connected
to the 4-inch drain pipes. The water will freely discharge from the end of the flumes.
The flume constricts the flow in a narrow channel called the throat. This constriction results in a
backwater profile that varies with the flow. A measurement of the water level stage in the throat
can be used to calculate the flow rate base on a mathematical relationship that is calibrated to the
dimensions of the flume. The measurement of the water level stage will be made in a stilling well
that is hydraulically connected to the flow. As the flow rate increases, the water level increases in
the stilling well. The stilling well will be a PVC pipe mounted to the outside of the training wall
near the flume and a Geokon Model 4675LV will be used to measure the level in the stilling well.
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Signal cable from the sensors will be routed to the MCU in the 4-inch diameter corrugated pipe as
discussed in Section 3.2.2.
3.2.4 Outlet Stilling Basin
The water level stage in the outlet pipe stilling basin will be measured and used as a relative
indication of the flow from the outlet works. A rating curve may be developed in the future so that
a direct calculation of the flow can be made. We understand that wood debris of significant size
is flushed through the outlet works and stilling basin. Therefore, the water level stage sensor
needs to be protected and out of the direct flow path. To measure the water level stage we
recommend installing a 2-inch diameter galvanized steel deployment pipe on the end of the right
concrete training wall and installing a Geokon Model 4580-2V pressure transducer inside. The
details for the Model 4580-2V are shown on the datasheet in Attachment A. The 4580-2V is
vented low pressure range transducer that can measure water level stage with an accuracy of
0.006 feet.
3.2.5 Reservoir Level
To automate the reservoir level readings, an electronic water level sensor will be deployed. We
recommend installing a Geokon Model 4500S pressure transducer into a 2-inch diameter
galvanized steel deployment pipe. A description of the Model 4500S is included in Attachment A.
The deployment pipe will be installed on the right abutment in the fish ladder approach channel
as shown on Figure 1. The pressure transducer will be deployed in the end of the pipe which
would be perforated. The sensor will be attached to the end of a ¾-inch diameter PVC “T handle”
rod for use in deploying the sensor to a known elevation within the pipe. The deployment pipe
will need to be installed during a low reservoir and would be buried in a shallow, less than 1 foot
deep, trench on the slope. The deployment pipe will terminate in a partially buried precast
concrete utility vault, located above the normal high reservoir level elevation to provide access to
the sensor for maintenance.
3.2.6 Rain Gauge
To monitor rainfall at the site, we recommend using an R.M. Young Model 52202 Tipping Bucket
Rain Gauge. Attachment D includes a datasheet for the rain gauge. The rain gauge uses the
tipping bucket mechanism to measure precipitation. During a rain event, the bucket is filled to a
predetermined amount, tips over and thus empties the water through the bottom of the
instrument. Each time the bucket tips, the instrument sends a signal (count) to the MCU. By
counting the number of tips, a calculation of total precipitation is determined. The MCU will
calculate and store the total precipitation for 1-hour and 24-hour periods.
3.2.7 Video Camera
One video camera will be installed at the on-site monitoring station location as shown on Figure
1. The camera will be used to provide remote surveillance of the general condition of spillway
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and dam crest. To accomplish this, the camera will need to have pan, tilt, and zoom (PTZ)
capability and be able to provide a recognizable image under both day and night conditions. The
camera must also be accessible over the internet.
We recommend using an Axis Model Q6032-C PTZ Dome Network Camera. The Model Q6032C is a waterproof and vandal-resistant outdoor camera with 36x optical and 12x digital zoom.
The camera is powered and controlled through one Ethernet cable. The camera also has 2 relay
outputs that can be controlled over the internet to turn on lighting for night time viewing.
Attachment E includes a datasheet with a more detailed description of the camera. The camera
will be mounted on a pole attached to the on-site monitoring station building. Remote viewing
and PTZ control will be accomplished by authorized City personnel over the internet using the
camera control software on workstation PCs as shown on Figure 2.
3.3 Data Acquisition Equipment
The recommended layout of the ADAS equipment is shown on Figure 1. There are a total of 3
MCUs that are connected to the sensors using signal cables. For the MCU1 location, we
recommend using a Campbell Scientific Model CR1000. For the other two locations we
recommend the less expensive Model CR850. The CR850 has fewer input and control channels
than the CR1000, and has a built in LCD display for direct viewing of the current sensor readings
at the unit. Both the CR1000 and CR850 are microprocessor controlled devices that are made
for remote low power operation. The MCUs will be programmed to read the sensors, perform
calculations on the raw data and to temporarily store the data until it is forwarded to the Data
Collection Server. Attachments F and G include datasheets describing the CR1000 and CR800,
respectively.
A Campbell Scientific Model AVW200 vibrating wire device will be used to provide the required
signal conditioning to allow the MCUs to read the vibrating wire sensors. For the MCU2 and
MCU3 locations that read more than 2 vibrating wire sensors, a Campbell Scientific AM16/32
Multiplexer will be connected to the AVW200 to provide the capability to read the additional
sensors. The MCUs will also be connected to a Campbell Scientific Model RF401 spread
spectrum radio that will allow for wireless communications with MCU1 in the On-site Monitoring
Building. Datasheets for the AVW200, AM16/32, and RF401 are provided in Attachments H, I,
and J respectively.
MCU2 and MCU3 will be installed in pole-mounted steel NEMA 4 painted grey enclosures. The
poles will be 3-inch diameter steel galvanized pipe that is buried in the ground so that the top of
the pole will be approximately 8 feet above the ground surface. The pole will be encased in
concrete to a depth of approximately 2 feet below the ground surface. A Yagi-directional antenna
will be installed near the top of the pole and directed to the On-site Monitoring Building. Each
location will have a 40 Watt solar panel mounted on the pole below the antenna. The solar panel
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will provide recharge for a 50 amp-hour battery that will directly power the ADAS equipment. An
Omni-directional antenna will be installed on a pole mounted to the side of the On-site Monitoring
Building. MCU1 will be installed in a steel NEMA 4 painted grey enclosure that is mounted to the
wall inside of the building. The MCU equipment will be powered by a battery that is recharged
using the 110VAC power in the building. MCU1 will communicate with the other MCUs wirelessly
and will be connected to the internet. It will serve as the gateway for communications with the
network from a remote location as shown on Figure 2. A Campbell Scientific Model COM320
voice synthesizer telephone modem will be used by the CR1000 to dial and deliver a voice
message to City staff providing notification of an alarm condition. A datasheet for the COM320 is
shown in Attachment K.
3.4 On-Site Monitoring Station
An on-site monitoring station will be constructed on the right abutment above the fish ladder as
shown on Figure 1. The monitoring station will be used as a shelter by City staff during a
developing condition of concern to monitor the on-going instrument readings and to make visual
observations of the spillway and dam. For the monitoring station we recommend using a 10.5
foot by 8 foot precast concrete Schweitzer Style Utility Building as manufactured by CXT Precast
Products. A product datasheet and texture/color options for the Schweitzer Style Utility Building
is provided as Attachment L. The building will need to be installed on a level 6-inch thick
compacted ¾-inch minus base of gravel that is placed on a firm soil with a minimum bearing
capacity of 1,500 pounds per square foot. We assume that the existing level area above the
spillway and near the fence will meet these requirements.
The monitoring station building will house the gateway MCU1 through which the monitoring
network can be accessed and data reviewed in real time. In addition to MCU1, the building will
be equipped with floodlights for use in observing the condition of the spillway and dam crest at
night and a telephone landline that will be used by MCU1 to call out and provide alarm
notification. An internet connection will also be required for remote access to the video camera
and data acquisition equipment over the internet. This internet connection can be used by City
staff to access the dam safety database while on site. The building will include inside lights and
an electrical panel for powering the equipment. The panel will be configured to allow for
connecting a portable gasoline powered generator to power the equipment during a power
outage. The power needs for the monitoring station building will be minimal under normal
operating conditions. The video camera and data acquisition equipment will use less than 5
amps. During a developing condition of concern at the dam, additional power needs will include
the flood lights and lighting within the building, and power for a laptop computer. The largest
power use will be the flood lights. The amount needed will depend on the final layout of the
lighting system. If four 1500 watt fixtures are used with 120VAC power, then the load would be
50 amps. With the other equipment mentioned, the total load would be approximately 60 amps.
The other services that are needed include one telephone line for the modem connection with
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MCU1, and internet service with a minimum of 5 Mbps. A second telephone line could be useful
for voice communications with on-site personnel during a developing condition of concern. This
would be a backup for the existing communications with a cellular phone.
3.5 Data Management and Presentation
A Data Server will be installed in City Hall to coordinate the collection and management of
historical data, and the presentation of real-time displays. Using an automated task scheduler in
Campbell Scientific’s LoggerNet® software, the Data Server will contact each MCU once per hour
to collect the current reading and download any new historical data collected by the MCUs.
Attachment M includes a datasheet on the LoggerNet® software. Communications between the
Data Server and the MCUs will be performed over an internet connection.
Campbell Scientific’s RTMC Web Server® software will also be running on the server and will
allow any PC connected to the server to view a near real-time display of data and dam safety
alarm status through a web browser (such as Internet Explorer). Access to the real-time displays
using a web browser will be a ‘view-only’ form of access. The MCUs will be programmed to notify
and update the real-time displays immediately if an alarm condition occurs or has cleared. The
RTMC interface will be configured to send email notifications when an alarm occurs.
Based on our understanding of the data presentation needs, we recommend using the VDV®
software as the user interface for historical data. This software provides an efficient means for
storing and reviewing historical data. Through VDV’s plotting menu, time history and other types
of plots are automatically generated using custom defined templates. Attachment N includes a
datasheet for VDV®. The historical Dam Safety Database will also be installed on the Data
Server in City Hall. Data will be automatically loaded into the database by VDV® as it is collected
from the MCUs by LoggerNet®.

4.0 IMPLEMENTATION
The next phase of work will involve implementation of the recommended monitoring system as
presented in the previous section. The new instrumentation and data acquisition equipment will
be programmed and installed by a combination of EMS and City personnel. Therefore,
preparation of formal plans and specifications for construction of the proposed improvements will
not be required.
4.1 Finalizing Remaining Implementation Details
The remaining design and installation details that need to be determined in the implementation
phase consist of the following items:
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·

Finalize the details of the On-site Monitoring Building.

·

Finalize the details of the flood lighting for observation of the spillway and dam crest at
night.

4.2 Tasks and Responsibilities for Implementation
In general, the implementation phase will include the following tasks:
1) Equipment procurement, programming, and bench testing;
2) Monitoring system component installation at the site;
3) Software installation and configuration for the Data Server at City Hall:
4) Connecting the project to the Data Server including configuring the dam safety database
and specific data presentation plots, and configuring real time displays for the project;
5) System calibration, testing, and troubleshooting;
6) Preparing system Operations and Maintenance Manual; and
7) Training City personnel on the use and maintenance of the monitoring system.

The system implementation will begin with the procurement of the instrumentation, data acquisition
equipment, and construction materials. Programming and integration of the instrumentation with
the data acqusition equipment will then be performed and the components will be bench tested.
The bench testing is conducted in a controlled environment to assure that the system components
are working properly and communicating appropriately before they are installed in the field.
Installation of the system at the project would then proceed.
At the dam,
1) Installation of the new piezometer surface casings, horizontal drain collection basin weir
plates, H-flumes for the toe drains, standpipe for the outlet pipe stilling basin, and buried
signal cable conduit and surface signal cable corrugated pipe on the dam.
2) Installation of the reservoir level deployment pipe and vault.
3) Installation of the buried signal cable conduit for piezometers P-1A and P-1B, and the
reservoir level sensor.
4) Installation of the on-site monitoring station building.
5) Provide 110VAC power, telephone, and internet service to the on-site monitoring station
building.
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6) Installation of the flood lighting at the on-site monitoring station building.
7) Installation of the data acquisition equipment; including the steel poles, MCU enclosures
and equipment, radio antennas, and power supply equipment.
8) Installation of the piezometer pressure transducers, weir monitoring sensors, outflow
pressure transducer, reservoir level pressure transducer, and rain gauge.
9) Installation of the video camera equipment.
10) Performing system startup, testing, and troubleshooting of the installed components at the
dam site.

At City Hall,
1) Installation and configuration of system software on the Data Server.
2) Connect to the internet and test communications with the equipment at the dam.
3) Configure users for remote access to the server.
4) Perform a complete test of the system operation to demonstrate that it is functioning
properly.

An Operations and Maintenance (O&M) Manual will then be prepared to provide guidance for the
use and maintenance of the monitoring system. The manual will include documentation of the
system configuration. The O&M Manual will serve as the main references for the training task.
After the system has been successfully installed and tested, the training task will be performed.
The training will involve “hands on” experience for the users in performing the typical tasks that
will be required for successful operation of the system. This task will be considered complete
when the system has been accepted in accordance with the plan as described in the following
section.
4.3 Acceptance Criteria Plan
The Acceptance Criteria Plan (ACP) outlines necessary acceptance criteria for successful
completion of the implementation phase. The ACP is initially developed by the system
developers and then reviewed and commented on by City personnel. The acceptance criteria
plan will be used during the system training session for final acceptance of the monitoring system.
The system will be deemed successfully complete when the following items are completed to the
satisfaction of the City or otherwise resolved with the development team.
1. Demonstrated the ability to view the data in real time displays that are updated hourly, with
notification provided within 5 minutes of the occurrence of an alarm.
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2. Demonstrated the ability to automatically collect daily instrument data and load it into the dam
safety database.
3. Demonstrated the ability to query and plot the daily instrument data in the dam safety
database.
4. Demonstrated the ability to remotely operate the video camera and view images, and turn the
flood lights on and off.
5. Demonstrated the ability to connect to the Data Server from a remote location using the
internet to view the current instrument readings.
6. Demonstrated the ability to provide alarm notification by both a voice message over a
telephone call, and by sending an email.
7. The O&M Manual provides the information needed to operate and maintain the system.
8. The user training session objectives have been completed.

5.0 COST ESTIMATE FOR IMPLEMENTATION
We have prepared an estimate of the costs to implement the monitoring system as described in
the previous sections. The cost estimate is presented as Table 3. This estimate assumes that
the City will provide an operator and excavation equipment as needed for the installation of the
buried signal cable conduit, reservoir level deployment pipe, reservoir level deployment vault, and
excavation and gravel pad for the On-site Monitoring Building. The estimate also assumes that
the City will provide for the installation of 110VAC power, telephone, and internet service with a
static IP address to the On-site Monitoring Building. Other assumptions include a cost of $3,000
for the flood lights, and that the Data Server meeting the required system specifications will be
provided by the City.
The costs to provide for automated monitoring of the piezometers and the outlet stilling basin
water level have been itemized in Table 3 as Additions No. 1 and 2, respectively. We
recommend that these items should be implemented; however they could be added as secondary
additions for budget planning purposes. To allow for uncertainties and unknowns that remain
until all of the implementation details are finalized in the next phase of work, the cost estimate
includes a 5 percent contingency.
6.0 LIMITATIONS
The scope of this memorandum is limited to the preparation of a recommended design for a
remote monitoring system for Silver Creek Dam and Reservoir. The system design is based on
our understanding that the City of Silverton desires to add remote monitoring capabilities to the
project for the primary purpose of providing early detection of a developing seepage or
overtopping failure mode with enough time to take appropriate actions to prevent failure of the
dam and/or evacuate the downstream community. The design of a system for notifying the
Engineered Monitoring Solutions
July 2013
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downstream community of the need to evacuate, and the plan for evacuating and keeping people
out of the inundation area, are not part of this design effort. We understand that the City will
address this issue separately and will integrate the operation of the system with their existing
EAP for the dam.
This memorandum has been prepared to present the recommended system design. We have
recommended the hardware and software components for the monitoring system as presented
herein based on our understanding of your monitoring needs, our experience with these or similar
products, and on the representations made by the product manufacturers. Sometimes
manufacturers decide to modify a product or discontinue production and/or support for the
product.
The next phase of work includes implementing the system design as recommended in this
memorandum. Correct operation of the system will also require proper installation and regular
maintenance to verify that the system remains fully functional in the future.
This memorandum has been prepared for the exclusive use of the City of Silverton for specific
application to the Silver Creek Dam and Reservoir in accordance with generally accepted
engineering practices. No warranty, expressed or implied, is made.
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TABLES

Table 1
Silver Creek Dam Alarm Response Plan
Alarm Level

Safety Condition
Developing Condition of Concern

Alert
(Triggering Event)

·
·
·
·
·

Piezometer level exceeds high threshold
values
Weir flow exceeds high threshold values
Reservoir level at Elev. 430
Earthquake occurs
Network communication error

Response
·
·

·
·

Unstable Condition Develops
Developing

·
·

·
·
·
·
·

May 2013
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Instability develops on the downstream
slope
Instability develops on the upstream slope
Sinkhole develops on the upstream slope
Uncontrolled seepage exiting at the
downstream toe or abutment contacts
Structural failure of spillway or upstream
sill erosion allows uncontrolled seepage
through right abutment talus
Debris in the spillway reduces capacity
and causes a sudden rise in reservoir
level
Reservoir level Elev. 430 to 435 (depends
on rainfall)

Silver Creek Dam Remote Monitoring System
Page 1 of 2

·
·
·
·

Gerald Fisher, Daryl Jones, and Steve
Starner notified immediately by cell
phone and email
Gerald Fisher, Daryl Jones, and Steve
Starner use the internet to view the
video camera image, current data
values, and dam safety database to
evaluate the alarm condition
Inspectors conduct a site visit to
observe the conditions that caused the
alarm
If the alarm is not the result of an
equipment malfunction, then inspector
remains on site to monitor for a
developing unstable condition
EAP activated to issue a “warning” of
an unstable condition (Developing
Notice)
Inspector continues to monitor the
situation on site
Engineering evaluation is immediately
conducted
Warning condition is removed when
the alarm conditions return to a normal
level, or actions have been taken to
successfully stabilize the situation
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TABLE 1

Table 1
Silver Creek Dam Alarm Response Plan

Alarm Level
Critical
(Immediate)

Safety Condition
Imminent Failure Condition

·

·

·
·

·
·
·
·
·
·

May 2013
Table 1 2013 Alarm Response Plan.docx

Response

Instability incorporates half of the
downstream slope
Instability or sinkhole on the upstream
slope reduces the freeboard to less than
4.5 feet
Whirlpool develops in the reservoir
Turbid flow is exiting the downstream toe
or abutment areas at an increasing rate
Reservoir level Elev. 435 to 440 (depends
on rainfall)
Erosion/slumping occurs in the upper 4.5
feet of the embankment under high
reservoir levels
Uncontrolled flow causing erosion at
spillway wall/embankment contact

Silver Creek Dam Remote Monitoring System
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EAP activated for imminent failure
condition (Evacuation Notice)
Evacuation Plan is initiated
Downstream population at risk allowed
to reoccupy the inundation zone when
the condition has been stabilized or the
flood wave has passed
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Table 2
Recommended Sensors for the Silver Creek Dam Remote Monitoring System
Instrument
I.D.

Location

Instrument Type

Sensor Type

Purpose

Monitoring
Location

Threshold
Comparison
Frequency

Historical
Reading
Frequency

Data Management

P-1A&1B

Right abutment

Dual Standpipe
Piezometer

Vibrating Wire
Pressure Transducer

Measure the phreatic surface in the right abutment rock.

MCU1

5 minutes

Daily

Dam Safety
Database

P-2A&2B

Crest of embankment, north end

Dual Standpipe
Piezometer

Vibrating Wire
Pressure Transducer

Measure the phreatic surface in the right abutment rock
talus.

MCU2

5 minutes

Daily

Dam Safety
Database

P-3

Crest of embankment, north end

Single Standpipe
Piezometer

Vibrating Wire
Pressure Transducer

Measure the phreatic surface in the right abutment rock
talus.

MCU2

5 minutes

Daily

Dam Safety
Database

P-4

Crest of embankment, center

Single Standpipe
Piezometer

Vibrating Wire
Pressure Transducer

Measure the phreatic surface in the embankment.

MCU2

5 minutes

Daily

Dam Safety
Database

P-5

Downstream side of
embankment, north end

Single Standpipe
Piezometer

Vibrating Wire
Pressure Transducer

Measure the phreatic surface in the foundation.

MCU3

5 minutes

Daily

Dam Safety
Database

P-6

Downstream side of
embankment, center

Single Standpipe
Piezometer

Vibrating Wire
Pressure Transducer

Measure the phreatic surface in the embankment.

MCU3

5 minutes

Daily

Dam Safety
Database

P-9

Upstream side of embankment,
north end

Single Standpipe
Piezometer

Vibrating Wire
Measure the phreatic surface in the embankment filter zone.
Pressure Transducer

MCU2

5 minutes

Daily

Dam Safety
Database

P-10

Upstream side of embankment,
center

Single Standpipe
Piezometer

Vibrating Wire
Measure the phreatic surface in the embankment filter zone.
Pressure Transducer

MCU2

5 minutes

Daily

Dam Safety
Database

W1

Downstream toe, north end

60o V-notch weir

Vibrating Wire Weir
Monitor

Measure total flow from horizontal embankment drains 1, 2,
and 3.

MCU3

5 minutes

Daily

Dam Safety
Database

W2

Downstream toe, center

30o V-notch weir

Vibrating Wire Weir
Monitor

Measure total flow from horizontal embankment drain 4.

MCU3

5 minutes

Daily

Dam Safety
Database

W3

Downstream toe, center

30o V-notch weir

Vibrating Wire Weir
Monitor

Measure total flow from horizontal embankment drain 5.

MCU3

5 minutes

Daily

Dam Safety
Database

W4

Downstream toe, center

30o V-notch weir

Vibrating Wire Weir
Monitor

Measure total flow from horizontal embankment drain 6.

MCU3

5 minutes

Daily

Dam Safety
Database

W5

Downstream toe, center

30o V-notch weir

Vibrating Wire Weir
Monitor

Measure total flow from horizontal embankment drain 8.

MCU3

5 minutes

Daily

Dam Safety
Database

W6

Downstream toe, center

30o V-notch weir

Vibrating Wire Weir
Monitor

Measure total flow from horizontal embankment drain 9.

MCU3

5 minutes

Daily

Dam Safety
Database

W7

Downstream toe, right side of
outlet stilling basin

H Flume

Vibrating Wire Weir
Monitor

Measure flow from buttress toe drain along right side.

MCU3

5 minutes

Daily

Dam Safety
Database

W8

Downstream toe, left side of
outlet stilling basin

H Flume

Vibrating Wire Weir
Monitor

Measure flow from buttress toe drain along left side.

MCU3

5 minutes

Daily

Dam Safety
Database

July 2013
Table 2 Instrument Details.xlsx

Silver Creek Dam Remote Monitoring System
Page 1 of 2

ENGINEERED MONITORING SOLUTIONS

TABLE 2

Table 2
Recommended Sensors for the Silver Creek Dam Remote Monitoring System
OUTFLOW

Outlet pipe stilling basin

Water level stage

Vibrating Wire
Pressure Transducer

Measure water level stage for calculation of flow from outlet
pipe.

MCU3

NA

Daily

Dam Safety
Database

RL1

Right abutment fish ladder
approach channel

Perforated standpipe

Vibrating Wire
Pressure Transducer

Measure reservoir water level.

MCU4

5 minutes

Daily

Dam Safety
Database

RG1

Right abutment

Rain gauge

Tipping bucket

Measure rainfall.

MCU1

Hourly

Daily

Dam Safety
Database

BAROCOR

Right abutment

Barometric pressure
sensor

Vibrating Wire
Pressure Transducer

Measure change in barometric pressure for correcting
piezometer pressure readings.

MCU1

NA

Daily

Dam Safety
Database

July 2013
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Table 3
Planning Level Cost Estimate for System Implementation
Items

Quantity

Finalize Remaining Implementation Details
Final Design of On-site Monitoring Building
Final Design of Flood Lighting for Spillway and Dam Crest

Estimated Cost

1
1
$3,300

Implement Monitoring System
Data Acquisition Equipment
Horizontal Drain Collection Basins
Toe Drain Weirs
Reservoir Level
Rain Gauge
Video Camera
On-Site Monitoring Building with Flood Lighting for Dam

2
6
2
1
1
1
1

Equipment
System Setup/Programming/Testing
Field Installation
Subtotal
Configure Data Presentation/Management System

$76,000
$21,800
$57,200
$155,000
1

Equipment
System Setup/Programming/Testing
Subtotal
O&M Manual/System Training/System Support
O&M Manual
System Training (16-hours, Dam and City Hall)
System Support

$3,900
$7,400
$11,300

1
1
40 hours
Subtotal

Addition No. 1 - Piezometer Automated Monitoring

$14,600
$5,300
$6,900
$196,400

10
Equipment
Field Installation
Subtotal

Addition No. 2 - Outlet Stilling Basin Water Level Automated Monitoring
Equipment
Field Installation

$23,300
$9,600
$32,900

1

Subtotal

$2,100
$3,300
$5,400

Contingency for Uncertainty (5%)

$11,800

TOTAL COST

$246,500

Assumptions:
1) A cost of $3,000 has been assumed for procurement of the flood light hardware.
City to provide:
1) Access and all permits, licenses required for the equipment installations.
2) Operator and excavation equipment needed for installation of the buried signal cable conduit, reservoir level deployment
vault and deployment pipe, and excavation and gravel pad for the On-site Monitoring Building.
3) Internet service with static IP, telephone, and 110VAC power services to the On-site Monitoring Building.
4) Server in City Hall that meets the system requirements and is connected to the internet.

July 2013
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Attachment A
GEOKON 4500 VIBRATING WIRE
PRESSURE TRANSDUCERS
DATASHEET

4500 Series

VW Piezometers & Pressure Transducers
Applications
For the measurement of…


Ground water elevations



Pore water pressures



Pump tests



Uplift pressures in dam
foundations



Hydraulic pressures in
tanks and pipelines



Wick drain efficiency



Water pressures behind
tunnel linings



Model 4500C, 4500S, 4500H, 4500DP and 4500HD Vibrating Wire Piezometers (front to back).

Operating Principle

contact resistances, etc.), nor by penetration of moisture

The transducer uses a pressure sensitive diaphragm with

into the electronic circuitry.

a vibrating wire element attached to it. The diaphragm is
welded to a capsule which is evacuated and hermetically
sealed. Fluid pressures acting upon the outer face of

A thermistor located in the housing permits the measurement of temperatures at the piezometer location.

the diaphragm cause deflections of the diaphragm and

All-stainless steel or titanium construction and evacua-

changes in tension and frequency of the vibrating wire.

tion of the capsule guarantees a high level of corrosion

The changing frequency is sensed and transmitted to the

resistance. Integral gas discharge tubes inside the main

readout device by an electrical coil acting through the

housing protect against lightning damage.

walls of the capsule.
Piezometers incorporate a porous filter stone ahead of

Standard porous filters are made from sintered 316
stainless steel. High air-entry ceramic filters are

the diaphragm, which allows the fluid to pass through

available for use in applications requiring that air be

but prevents soil particles from impinging directly on

prevented from passing through the filter.

the diaphragm.

Vented versions of all models are available to provide

Advantages and Limitations

automatic compensation for barometric pressure fluctua-

The 4500 Series Vibrating Wire Piezometers and Pressure

tions. Negative pressures up to 1 Bar can be measured.

Transducers have outstanding long-term stability and
reliability, and low thermal zero shift. Cable lengths of
several kilometers are no problem and the frequency
output signal is not affected by changing cable resis-

Vibrating wire pressure transducers are not suitable
for the measurement of rapidly changing pressures: for
these purposes Model 3400 transducers should be used.

tances (caused by splicing, changes of length, terminal

Geotechnical Instrumentation

Model 4500S/SV/SH/AL/ALV Standard Piezometers



Model 4500S (front) and Model 4500AL (rear) Standard Piezometers.

Model 4500DP Drive Point Piezometers



Model 4500DP Drive Point Piezometers.

The Model 4500S/SV Standard Piezometer is designed to measure fluid pres-

The Model 4500DP Drive Point Piezometer has the transducer located inside a

sures such as ground water elevations and pore pressures when buried directly

housing with an EW drill rod thread and removable pointed nose cone. When

in embankments, fills, etc. It is also suitable for installation inside boreholes,

threaded onto the end of EW drill rods, the unit can be pushed directly into soft

observation wells and standard ( >19 mm diameter) piezometer riser pipe.

ground with the signal cable located inside the drill rod. This model is ideally

The Model 4500SH is designed with a heavy duty housing for pressures that
exceed 3 MPa.
The Model 4500AL is designed for low-pressure ranges. The vented version
(Model 4500ALV) provides automatic compensation for barometric pressure
changes. Thermistors are included to measure temperatures.

suited for use in soft clays and landfills. The piezometer may be recovered at
the end of the job.
Models are also available that are similar in construction to the 4500DP
but which use standard metric threads allowing for installation using cone
penetrometer and other drill rods with adapters.

Model 4500B/BV/C Small Diameter Piezometers



Model 4500C (front) and Model 4500B (rear) Small Diameter Piezometers.

Model 4500HD Heavy Duty Piezometer



Model 4500HD Heavy Duty Piezometer.

These piezometers are designed to enable the automation of small diameter

The Model 4500HD Heavy Duty Piezometer is designed for direct burial

piezometer standpipes. The 4500B/BV fits inside 19 mm pipe and the 4500C

in fills and dam embankments. The 4500HD is used in conjunction with

inside 12 mm pipe.

heavily armored cable to withstand earth movements during construction.
Recommended for use in earth dams.

Model 4500H/HH Pressure Transducers



Model 4580 Pressure Transducer

Model 4500H Pressure Transducer.

The Model 4500H and 4500HH Pressure Transducers are supplied with a ¼-18
NPT pipe thread fitting to permit the transducer to be coupled directly into
hydraulic or pneumatic pressure lines. Other pipe thread sizes are also available.
Model 4500HT High Temperature Piezometer



Model 4580 Pressure Transducer.

The Model 4580 Pressure Transducers are designed for very low fluid pressure measurements, such as groundwater elevations in wells, water levels in
streams, weirs, flumes, etc. Changes in water levels of as little as 0.2 mm
can be measured. Non vented types can be used as a barometer to measure
atmospheric pressure changes.
Model 4500AR Autoresonant Piezometer


Model 4500HT High Temperature Piezometer.

The Model 4500HT High Temperature Piezometer is designed for applications
for temperatures up to 230°C. These sensors are supplied with either mineral
insulated cables or Teflon cables inside stainless steel tubing. For further
details, please see the Model 4500HT data sheet.
Model 4500Ti Titanium Piezometer



Model 4500AR “Autoresonant” Piezometer.

The Model 4500AR “Autoresonant” Piezometer is designed for use with existing
data acquisition systems incapable of reading standard (pluck and read) vibrating wire sensors. It can also be used where low frequency (< 20 Hz) dynamic
measurements are required.


Model 4500Ti Titanium Piezometer.

The Model 4500Ti is designed specifically for use in highly corrosive environments such as landfills and leach fields. Also used in critical areas where long
term survivability is essential, for example, as in nuclear waste repositories and
aggressive mine tailings. All exterior surfaces are made from titanium.

The Model 4500AR is powered using a 6-24 VDC supply, which yields a 5 V
square wave output at the sensor frequency. This high-output offers excellent
noise immunity and enhanced signal transmission over long (300 m+) cables.
The Model 4500AR is available in standard pressure ranges, with corresponding
resolution, linearity and accuracy.

Technical Specifications
Model

Standard Ranges

Over
Range

Temperature
Range¹

Thermal
Zero Shift

Diaphragm
Displacement

Length ×
Diameter

Mass

4500S/SV

−100 to 350, 700 kPa;
1, 2, 3 MPa

< 0.5% F.S.
(±0.1% F.S. optional)

–20°C to +80°C

< 0.05% F.S./°C

< 0.001 cm³ at F.S.

133 × 19.1 mm

0.12 kg

4500SH

±0.1% F.S.

< 0.5% F.S.
(±0.1% F.S. optional)

–20°C to +80°C

< 0.05% F.S./°C

< 0.001 cm³ at F.S.

194 × 25.4 mm

0.44 kg

0.025% F.S.

±0.1% F.S.

< 0.5% F.S.
(±0.1% F.S. optional)

–20°C to +80°C

< 0.05% F.S./°C

< 0.001 cm³ at F.S.

133 × 25.4 mm

0.25 kg

2 × rated
pressure

0.025% F.S.

±0.1% F.S.

< 0.5% F.S.
(±0.1% F.S. optional)

–20°C to +80°C

< 0.05% F.S./°C

< 0.001 cm³ at F.S.

133 × 17.5 mm

0.10 kg

−100 to 350, 700 kPa

2 × rated
pressure

0.05% F.S.

±0.1% F.S.

< 0.5% F.S.

–20°C to +80°C

< 0.05% F.S./°C

< 0.001 cm³ at F.S.

165 × 11 mm

0.09 kg

4500DP

−100 to 70, 170, 350,
700 kPa; 1, 2, 3,
5, 7.5 MPa

2 × rated
pressure

0.025% F.S.

±0.1% F.S.

< 0.5% F.S.
(±0.1% F.S. optional)

–20°C to +80°C

< 0.05% F.S./°C

< 0.001 cm³ at F.S.

187 × 33.3 mm

0.90 kg

4500HD

−100 to 70, 170, 350,
700 kPa; 1, 2, 3,
5, 7.5 MPa

2 × rated
pressure

0.025% F.S.

±0.1% F.S.

< 0.5% F.S.
(±0.1% F.S. optional)

–20°C to +80°C

< 0.05% F.S./°C

< 0.001 cm³ at F.S.

203 × 38.1 mm

1.50 kg

4500H²

−100 to 70, 170, 350,
700 kPa; 1, 2, 3 MPa

1.5 × rated
pressure

0.025% F.S.

±0.1% F.S.

< 0.5% F.S.
(±0.1% F.S. optional)

–20°C to +80°C

< 0.05% F.S./°C

< 0.001 cm³ at F.S.

140 × 32 mm ³
140 × 25.4 mm

0.30 kg

4500HH²

−100 to 5, 7.5, 10, 20,
35, 75, 100 MPa

1.5 × rated
pressure

0.025% F.S.

±0.1% F.S.

< 0.5% F.S.
(±0.1% F.S. optional)

–20°C to +80°C

< 0.05% F.S./°C

< 0.001 cm³ at F.S.

143 × 25.4 mm

0.30 kg

4500HT

−100 to 700 kPa;
1, 2, 3, 5, 7.5, 10, 25,
50, 75, 100, 150 MPa

2 × rated
pressure

0.025% F.S.

±0.1% F.S.

< 0.5% F.S.
(±0.1% F.S. optional)

0°C to +230°C

< 0.05% F.S./°C

< 0.001 cm³ at F.S.

133 × 19.1 mm

0.12 kg

4500Ti

−100 to 350, 700 kPa;
1, 2, 3, 5, 7.5 MPa¹

2 × rated
pressure

0.025% F.S.

±0.1% F.S.

< 0.5% F.S.
(±0.1% F.S. optional)

–20°C to +80°C

< 0.05% F.S./°C

< 0.001 cm³ at F.S.

125 × 25.4 mm

0.19 kg

4580-1
(Barometer)

200 Mbar¹

2 × rated
pressure

0.025% F.S.4

±0.1% F.S.

< 0.5% F.S.
(±0.1% F.S. optional)

–20°C to +80°C

< 0.05% F.S./°C

n/a

110 × 63.5 mm

1.18 kg

4580-2/2V

17, 35 kPa

2 × rated
pressure

0.025% F.S.4

±0.1% F.S.

< 0.5% F.S.
(±0.1% F.S. optional)

–20°C to +80°C

< 0.05% F.S./°C

n/a

165 × 38 mm

0.86 kg

4580-3V

7 kPa

2 × rated
pressure

0.025% F.S.4

±0.1% F.S.

< 0.5% F.S.

–20°C to +80°C

< 0.05% F.S./°C

n/a

165 × 63.5 mm

1.72 kg

4500AR   5

7, 17, 35, 70, 170, 350,
700 kPa; 1, 2, 3, 5, 7.5,
10, 20, 25, 35, 50, 75,
100, 150 MPa

2 × rated
pressure

0.025% F.S.4

±0.1% F.S.

< 0.5% F.S.
(±0.1% F.S. optional)

–20°C to +80°C

< 0.05% F.S./°C

< 0.001 cm³ at F.S.

varies
according
to pressure
range

varies
according
to pressure
range

Resolution

Accuracy

Linearity

2 × rated
pressure

0.025% F.S.

±0.1% F.S.

−100 to 5, 7.5, 10,
20 MPa

2 × rated
pressure

0.025% F.S.

4500AL/
ALV

70, 170 kPa

2 × rated
pressure

4500B/BV

−100 to 350, 700 kPa;
1, 2, 3 MPa

4500C

Note: PSI = kPa × 0.14503, or MPa × 145.03
1

Other ranges available on request.
All high pressure sensors are potentially dangerous and care must be taken not to over-range them beyond their calibrated range. Sensors are tested to 150% of the range to provide a factor of safety.

2
3
4

For 70 and 170 kPa range only.

Depends on readout system.

5

Power Supply Voltage Range: 6 V (min), 12 V (nom), 24 V (max). Power Supply Current: 15.5 mA @ 12 V @ 20°C. Operating Temperature Range: 0° to +70°C.

VW Output Signal Voltage: 5 V square wave @ fundamental vibrating wire frequency. VW Output Signal Impedance: 50 ohms. Cable: 3 twisted pairs.

Geokon, Incorporated
48 Spencer Street
Lebanon, NH 03766
USA
The World Leader in Vibrating Wire Technology

TM

Geokon maintains an ongoing policy of design review and reserves
the right to amend products and specifications without notice.

1 • 603 • 448 • 1562
1 • 603 • 448 • 3216
geokon@geokon.com
www.geokon.com
©2011 Geokon, Incorporated. All Rights Reserved | Doc. Rev. N.2, 10/11

Attachment B
GEOKON 4675LV VIBRATING WIRE
WEIR MONITOR
DATASHEET

Model 4675LV

Vibrating Wire Weir Monitor
Applications
The Model 4675LV is used
for the precision water
level measurement and
monitoring of…


Weirs



Tanks



Stream levels



Reservoir levels



The Model 4675LV with cutaway revealing its internal components: a cylindrical weight suspended from the vibrating wire force transducer.

Operating principle

Advantages and Limitations

The Model 4675LV is a precision water level monitoring

The main advantage of the 4675LV system lies in it’s

system that uses a vibrating wire force transducer to

high sensitivity and stability, which allows water level

provide a highly stable and sensitive means of monitor-

changes of as little as 0.1 mm to be measured accurately.

ing water levels.
The main component is a cylindrical weight suspended
from the vibrating wire force transducer. The cylinder
hangs partially in the water whose level is to be monitored.
As the water level changes, the changing buoyancy force
on the cylinder acts directly on the vibrating wire transducer altering its tension and hence its resonant frequency.
In operation the vessel containing the Weir Monitor is
connected hydraulically to the water whose level is to be

The force transducer is immune to zero drift and has a
very low response to temperature changes.
As with all vibrating wire sensors, because the output is
a frequency, it is not affected by changes of cable resistance and hence long signal cables are not a problem.
The frequency is measured by either a portable readout
box or datalogger.
40-20 mA or 0-5 V outputs can be obtained using the

measured. The vessel is positioned vertically so that the

Geokon Model 8020-59 Vibrating Wire Frequency to

average water level falls opposite the mid-point of the

Analog Converter.

hanging cylinder.

Geotechnical Instrumentation

System Components
The cylinder and force transducer are contained within

Standard Ranges¹

150, 300, 600, 1500 mm

a housing made from slotted PVC pipe. This pipe can be

Resolution

0.025% F.S. (minimum)

positioned within the weir or tank or it can be installed

Accuracy

±0.1% F.S.

in a Stilling Well connected hydraulically to the tank or

Linearity

< 0.5% F.S.

weir. The vibrating wire transducer is vented to the atmo-

Stability

±0.05% F.S. per year

sphere so that barometric fluctuations are compensated

Temperature Range²

–20°C to +80°C

for automatically. The vent line terminates in a moisture

Length × Diameter

(transducer) 165 × 25 mm

trap which requires periodic maintenance to replace
the desiccant.



Technical Specifications

¹Other ranges available on request.
² Using anti-freeze solution can extend the range below 0°C.

Typical Model 4675LV installation.

Geokon, Incorporated
48 Spencer Street
Lebanon, NH 03766
USA
The World Leader in Vibrating Wire Technology

TM

Geokon maintains an ongoing policy of design review and reserves
the right to amend products and specifications without notice.

1 • 603 • 448 • 1562
1 • 603 • 448 • 3216
geokon@geokon.com
www.geokon.com
©2012 Geokon, Incorporated. All Rights Reserved | Doc. Rev. C.1, 08/12

Attachment C
PLASTI-FAB H FLUMES
DATASHEET

H-Flumes
Widest Range of Flow Available
High Tolerance to Velocity
Low Maintenance

25 year

Corrosi
o

n

Warran
ty

Standard Sizes from 0.4’ to 4.5’
Engineered & Built to Order

As a leader in the flume fabrication revolution that began over forty years ago, Plasti-Fab has thousands of
flumes installed in corrosive environments around the world. Plasti-Fab products are fabricated from highly
corrosion resistant composite fiberglass reinforced plastic (FRP) with a 25 year corrosion warranty. Plasti-Fab
is recognized around the world as an experienced innovator providing composite solutions for municipal and
industrial fluid measurement applications.

Key Features

• Precise throat dimensions for
accurate flow measurement
•
•
•
•
•
•

Designed with a usable range of more
than 100:1
Standard 1/4” wall thickness
Free standing with up to 30” of Water
Depth
Premium Grade Isophthalic Gel Coat for
long term corrosion resistance
Head Gage for visual fluid level check
Reinforced with engineered box rib
design for strength on larger sizes

For our complete
product catalog
visit us online at
www.plasti-fab.com

Design Features and Accessories
Convenient Features & Accessories
•

H-Flumes standard with:

•

Available with:

•

Optional Accessories:

•
•
•
•

Anchor Clips
Head Gage in 100ths of a Foot and Centimeters
Temporary Spreaders
Minimum 2” Flange

•
•

Inlet Approach with Pipe Stub
Inlet Approach to bolt to Vault Wall

•
•
•
•
•
•

Ultrasonic Bracket
Bubble pipe with Cavity
Sample pipe with Cavity
Pressure Transducer Cavity
pH Probe Cavity with Lift-out Bracket
Stilling Well

•

Additional customization options:
•
•
•
•
•
•
•
•
•
•
•
•
•

Threaded Taps
Permanent Cross Ties
Caulking Collar
Slip Flange
Neoprene Boot with Stainless Steel Bands
Head Gages in MGD, GPM, CFS, Etc.
Capacitance Probe Side Cavity with
Stainless Steel Ground Plate
Top Grating
Sectioning
Two Vial Bubble Level
Tranquilizing Racks
Energy Absorbing Basins
Many specially engineered solutions are
available, such as integration into Packaged
Metering Manholes -- Please consult a
representative or the factory

The Plasti-Fab line of flumes is THE premier line of flumes available for measurement of
fluids. Precisely molded throat dimensions make it possible for consistent and accurate
flow measurement. All Composite materials are guaranteed against corrosion for 25 years.

Contact us for more information

Plasti-Fab, Inc.
P.O. Box 100
Tualatin, OR 97062-0100
(503) 692-5460
sales@plasti-fab.com
w w w. Pl a s t i - Fa b . c o m
Brochure HF-3.01.10 - Copyright© - 2009 Plasti-Fab Inc. - Plasti-Fab® is a trademark of Plasti-Fab Inc.

Attachment D
RM YOUNG 52202 TIPPING
BUCKET RAIN GAUGE
DATASHEET

tation

Reliable Rainfall Measurement

precipi

Model 52202

Tipping Bucket Rain Gauge

YOUNG

Model 52202 Tipping Bucket Rain Gauge

The YOUNG Tipping Bucket Rain Gauge
meets the specifications of the World
Meteorological Organization (WMO).

Specifications
Size:
18 cm dia. x 30 cm high, (39 cm high with mounting base)

The design uses a proven tipping bucket
mechanism for simple and effective rainfall
measurement. The bucket geometry and
material are specially selected for maximum
water release, thereby reducing contamination
and errors.
Catchment area of 200 cm2 and measurement resolution of 0.1 mm meet the
recommendations of the WMO. Leveling
screws and bullseye level are built-in for easy
and precise adjustment in the field. Measured
precipitation is discharged through a collection
tube for verification of total rainfall.
Model 52202 is heated for operation
in cold temperatures. An unheated version,
52203, is available for use in moderate
climates.
To discourage birds from perching on
the funnel rim, accessory bird wire assembly
may be attached to the gauge.

Ordering Information

Catchment Area:
200 cm2
Resolution:
0.1 mm per tip
0.2 mm per tip (optional)
Accuracy:
2% up to 25 mm/hr
3% up to 50 mm/hr
Output:
Magnetic reed switch (N.O.), rating 24VAC/DC 500mA
Operating Temperature:
-20°C to +50°C (heated)
Power:
18 Watts for heater only
Mounting:
Clamp for 1” (1.34” dia.) iron pipe
or 3 bolts on 160mm dia. circle
Other:
Leveling adjustment, thermostatic control for heater,
intake screen

MODEL

TIPPING BUCKET RAIN GAUGE (HEATED) ........................................... 52202
TIPPING BUCKET RAIN GAUGE (UNHEATED) ....................................... 52203
BIRD WIRE ASSEMBLY ................................................................. 52250

R.M. YOUNG COMPANY
2801 Aero Park Drive
Traverse City, Michigan 49686 USA
TEL: (231) 946-3980 FAX: (231) 946-4772
E-mail: met.sales@youngusa.com
Web Site: www.youngusa.com

Complies with applicable CE directives.
Specifications subject to change without notice.

Copyright © 2005 R.M. Young Company, Printed in U.S.A. 8/05

Attachment E
AXIS Q6032 PAN, TILT, ZOOM
NETWORK CAMERA
DATASHEET

DATASHEET

AXIS Q60-C PTZ Dome Network Cameras
High-speed PTZ domes with active cooling.

> Operate in
temperatures up to
75 °C (167 °F)
> Easy and reliable
installation: dustand waterproof, meet
military standard
> Powerful zoom;
resolutions up to
HDTV 1080p
> SFP slots for fiber,
RJ-45 connections
> I/O for alarm in/out

The top-of-the-line AXIS Q60-C PTZ Dome Network Cameras provide exceptional and reliable
surveillance in environments such as deserts, where high ambient temperatures and solar
radiation require cameras to operate in extreme heat. The robust AXIS Q60-C cameras are ideal
for use at construction and open-pit mining sites, along pipelines, and for city surveillance.
With a built-in active cooling system, AXIS Q60 cameras
can operate in temperatures up to 75 °C (167 °F). The
robust cameras meet the tough military standard,
MIL-STD-810G, ensuring reliable operation in harsh
weather conditions such as sandstorms. Installing the
outdoor-ready cameras is fast and easy. No additional
housing is required.

The supplied media converter switch allows AXIS Q60-C
cameras to be connected in a daisy chain to the network
using standard network or fiber optic cables that help
lower the cost of installing the cameras over long
distances. The media converter switch also enables the
cameras to connect to external alarm devices via two
configurable input/output ports, and to 12 V power.

AXIS Q60-C camera models support resolutions ranging
from D1, up to HDTV 1080p. They enable wide area
coverage with high-speed 360° pan and powerful zoom
for capturing details.

AXIS Q60-C cameras, which support day/night
functionality and H.264 compression, ensure the delivery
of high-quality video even under extreme conditions.

Mounting brackets are sold
separately.

Exceptional video surveillance in searing heat
AXIS Q60-C PTZ domes ensure reliable surveillance in demanding environments. The cameras are tested
to meet the tough MIL-STD-810G standard for high temperature, temperature shock, radiation, rain,
humidity, salt fog, sand and dust.
With precision pan/tilt performance, the high-speed AXIS Q60-C cameras can follow a walking person
or pan at a speed of 450° per second. The cameras also have powerful zoom. AXIS Q6035-C, for
example, can capture the license plate of cars up to 275 m (900 ft.) away. The cameras support full
frame rate video in resolutions up to HDTV 1080p (1920x1080), wide dynamic range, automatic guard
tour, alarm management and intelligent video capabilities such as autotracking and Active Gatekeeper.

Engineered for handling extreme heat
AXIS Q60-C cameras use Peltier technology to increase the operating temperature to 75 °C (167 °F). The advanced
climate control also handles rapid temperature changes to eliminate condensation on the clear dome cover. The
system ensures that the cameras always operate at an optimal temperature to reduce wear and tear to maintain
the cameras’ lifetime.

Heat inside camera is
transferred out

Peltier element draws heat out of
or into the camera as needed; forms part
of the barrier separating the camera unit
from the outer environment

Cooler
air in

Fan

Fan

Warmer air out
Heat sinks
Air-tight camera compartment;
no air flow between camera unit and outer part

Dimensions: AXIS Q60-C PTZ Dome Network Cameras

252 mm (10")

302 mm (12")

Top view

330 mm (13")

Side view

304 mm (12")

Front view

Back underside view

Easy installation and reliable performance
to network the cameras cost-effectively over long distances in a daisy
chain or in a ring topology for increased reliability in the event of a single
point of failure.* The RJ-45 connectors can also be used for connection
to complementary cameras such as a thermal camera or temporarily to a
laptop to service the system locally. With bayonet mounting, AXIS Q60-C
cameras attach easily to Axis’ standard mounting accessories.

An AXIS Q60-C connects to the supplied AXIS T8605 Media Converter
Switch using a multi-connector cable, which attaches to the camera with
a simple click. Through the media converter switch, the multi-connector
cable enables the camera to receive power, and send and receive data to
and from external alarm devices and the network. Two SFP slots and two
RJ-45 connectors in the media converter switch give installers the flexibility

AXIS T91A Mounting Accessories

Control
room

Wall/Pole

Corner

Pendant
kit

Parapet

Ceiling

Bayonet
connection

Cable
with IP66
connector

Multi-connector cable
(5 m/16 ft.)
supplied for
Ethernet, power, I/O

IP
NETWORK
AXIS Q6035-C

AXIS Q6034-C

Media converter
switch

AXIS Q6032-C

Media converter
switch

Power supply
(not included)

Power supply
(not included)

Daisy-chain/bus topology

Fiber/Cat-5
Power

Power in

Power in

Power in

AXIS T8605 Media Converter Switch
Multi-connector cable
2 I/O ports
Power in

Data rate

RJ-45: 10/100 Mbps; SFP: 100/1000 Mbps

Connectors

Power

2 RJ-45

2 SFP slots
(fiber)

Approvals

Network cables Shielded category 5 or higher, all fiber

Display &
indicators
Compliance

2x RJ-45 connectors
2x SFP slots (e.g. for SFP optical fiber modules)
2 configurable alarm input/output ports
1x power
12.0 - 13.2 V DC, min. 75 W (power in from
power supply)
Power
5x Network
RoHS, REACH, WEEE, CE, EN 50022, IEC 60715,
AS2756

Operating
conditions
Storage
conditions
Installation
Dimensions

EMC:
EN 55022 Class A, EN 55024, VCCI,
FCC Part 15 Class A with STP cabling, KCC
Safety:
IEC/EN/UL 60950-1, IEC/EN/UL 60950-22
-40 °C to 75 °C (-40 °F to 167 °F)
-40 °C to 75 °C (-40 °F to 167 °F)
Bracket Mount DIN Clip (included) for a
35 mm DIN rail
150 x 100 x 30 mm (5.9” x 3.9” x 1.2”)

AXIS T8008 PS12 (Optional accessory)
Power in

90 - 264 V AC (operating)
115 - 230 V AC (nominal)
47 - 63 Hz
Power out 12.5 V DC +/-0.2 V DC, 85 W

*IGMP filtering not supported

Approvals EMI Class B, EN61000 Immunity
IEC 68-2-27, IEC 68-2-6/IEC 721-3-2,
UL+CSA 60950-1 2nd Edition,
UL+CSA 60601-1 2nd Edition,
CB Scheme 60950-1,
EN 61347-1/-2-13, IP64

Operating -40 °C to 75 °C (-40 °F to 167 °F)
conditions
Storage
-40 °C to 75 °C (-40 °F to 167 °F)
conditions
Dimensions 178 x 102 x 38 mm (7” x 4” x 1.2”)

Technical specifications – AXIS Q60-C PTZ Dome Network Cameras
Cameras
Models
Image sensor
Lens

Minimum 		
illumination

Shutter time

Pan/tilt/zoom

AXIS Q6032-C 60 Hz, AXIS Q6032-C 50 Hz
AXIS Q6034-C 60 Hz, AXIS Q6034-C 50 Hz
AXIS Q6035-C 60 Hz, AXIS Q6035-C 50 Hz
AXIS Q6032-C: 1/4” ExView HAD progressive scan CCD
AXIS Q6034-C: 1/3” progressive scan CCD
AXIS Q6035-C: 1/2.8” progressive scan CMOS
AXIS Q6032-C:
f=3.3 – 119 mm, F1.4 – 4.2, autofocus, automatic day/night
Horizontal angle of view: 57.2° - 1.7°
AXIS Q6034-C:
f=4.7 - 84.6 mm, F1.6 - 2.8, autofocus, automatic day/night,
horizontal angle of view: 55.2° - 3.2°
AXIS Q6035-C:
f=4.7 - 94 mm, F1.6 - 3.5 autofocus, automatic day/night
horizontal angle of view: 54.1° - 2.9° in HDTV 1080p
horizontal angle of view: 37.6° - 2° in HDTV 720p
AXIS Q6032-C:
Color: 0.5 lux at 30 IRE F1.4; B/W: 0.008 lux at 30 IRE F1.4
AXIS Q6034-C:
Color: 0.74 lux at 30 IRE F1.6; B/W: 0.04 lux at 30 IRE F1.6
AXIS Q6035-C:
Color: 0.8 lux at 30 IRE F1.6; B/W: 0.04 lux at 30 IRE F1.6
AXIS Q6032-C:
1/30000 s to 0.5 s (60 Hz), 1/30000 s to 1.5 s (50 Hz)
AXIS Q6034-C: 1/10000 s to 1/4 s
AXIS Q6035-C: 1/30000 s to 1/4 s
E-flip, 100 preset positions
Pan: 360° endless, 0.05° – 450°/s
Tilt: 220°, 0.05° – 450°/s
AXIS Q6032-C:
36x optical zoom and 12x digital zoom, total 432x zoom
AXIS Q6034-C:
18x optical zoom and 12x digital zoom, total 216x zoom
AXIS Q6035-C:
20x optical zoom and 12x digital zoom, total 240x zoom
Tour recording, guard tour, control queue
On-screen directional indicator

System integration
Open API for software integration, including VAPIX® and
Application
AXIS Camera Application Platform from Axis Communications;
Programming
specifications available at www.axis.com
Interface
ONVIF, specifications available at www.onvif.org
AXIS Video Hosting System (AVHS) with One-Click Camera
Connection
Intelligent video Video motion detection, autotracking, Active Gatekeeper,
AXIS Camera Application Platform enabling installation of
additional applications
Event triggers
Video motion detection, autotracking, AXIS Camera
Application Platform, external input, PTZ preset, temperature,
memory card full
Event actions
File upload: FTP, HTTP, network share and email
Notification: email, HTTP and TCP
PTZ preset, guard tour, autotracking, external output,
video recording to edge storage
Pre- and post-alarm video buffering
Data streaming
Event data
Installation aid
General
Casing
Memory

IP66- and NEMA 4X-rated metal casing (aluminum),
polycarbonate (PC) clear dome, sunshield (PC/ASA)
256 MB RAM, 128 MB Flash

Power

See specifications under AXIS T8605 Media Converter Switch

Connectors

IP66-rated multi-connector for DC power, Ethernet
10BASE-T/100BASE-TX and I/O, including 5 m (16 ft.) cable
SD/SDHC/SDXC slot supporting memory card up to 64 GB (card
not included); support for recording to network share (networkattached storage or file server)
-20 °C to 75 °C (-4 °F to 167 °F) with active cooling
Humidity 10 - 100% RH (condensing)

Edge storage
Operating
conditions
Approvals

Pan/tilt/zoom
functionalities
Video
Video compression H.264 (MPEG-4 Part 10/AVC); Motion JPEG
Resolutions

Frame rate

Video streaming
Image settings

Network
Security
Supported
protocols

AXIS Q6032-C: Extended D1 752x480 to 176x120 (60 Hz),
Extended D1 736x576 to 176x144 (50 Hz)
AXIS Q6034-C: HDTV 720p 1280x720 to 320x180
AXIS Q6035-C: HDTV 1080p 1920x1080 to 320x180,
HDTV 720p 1280x720 to 320x180
AXIS Q6032-C/Q6034-C:
H.264: Up to 30/25 fps (60/50 Hz) in all resolutions
Motion JPEG: Up to 30/25 fps (60/50 Hz) in all resolutions
AXIS Q6035-C:
H.264: Up to 30/25 fps (60/50 Hz) in all resolutions; up to
60/50 fps (60/50 Hz) in HDTV 720p
Motion JPEG: Up to 25 fps (60/50 Hz) in HDTV 1080p; up to
50 fps (60/50 Hz) in HDTV 720p
Multiple, individually configurable streams in H.264 and
Motion JPEG; controllable frame rate and bandwidth;
VBR/CBR H.264
Wide dynamic range (WDR), manual shutter time, compression,
color, brightness, sharpness, white balance, exposure control,
exposure zones, backlight compensation, fine tuning of behavior
at low light, rotation, text and image overlay, 32 individual 3D
privacy masks, image freeze on PTZ
AXIS Q6032-C: Electronic image stabilization (EIS)
Password protection, IP address filtering, HTTPS encryption*,
IEEE 802.1X network access control*, digest authentication,
user access log
IPv4/v6, HTTP, HTTPS*, SSL/TLS*, QoS Layer 3 DiffServ, FTP, CIFS/
SMB, SMTP, Bonjour, UPnP™, SNMPv1/v2c/v3 (MIB-II), DNS,
DynDNS, NTP, RTSP, RTP, TCP, UDP, IGMP, RTCP, ICMP, DHCP, ARP,
SOCKS

Pixel counter

Weight
Included
accessories

Optional
accessories
Spare part

EMC
EN 55022 Class A, EN 61000-3-2, EN 61000-3-3,
EN 61000-6-1, EN 61000-6-2, EN 55024, EN 50121-4,
IEC 62236-4, FCC Part 15 Subpart B Class A, ICES-003 Class A,
VCCI Class A, C-tick AS/NZS CISPR 22, KCC Class A
Safety
IEC/EN/UL 60950-1, IEC/EN/UL 60950-22
Environmental
IEC 60068-2-1, IEC 60068-2-2, IEC 60068-2-6,
IEC 60068-2-14, IEC 60068-2-27
Camera compartment: IEC 60529 IP66, NEMA 250 Type 4X
MIL-STD-810G
501.5 High temperature
500.5 Low pressure
503.5 Temperature shock
502.5 Low temperature
506.5 Rain
505.5 Solar radiation
509.5 Salt fog
507.5 Humidity
514.6 Vibration
510.5 Sand and dust**
**Protected against entry of sand and dust. Clear/smoked dome
cover may need to be replaced if exposed to sandblasts.
5.6 kg (12.4 lb.)
AXIS T8605 Media Converter Switch with 2xRJ-45, 2xSFP,
2x1/O, power in, Bracket Mount DIN Clip, 5 m (16 ft.) IP66-rated
multi-connector cable, Installation Guide, Installation and
Management Software CD including AXIS Camera Companion,
Windows decoder 1-user license
AXIS T8008 PS12, AXIS T91A Mounting Accessories, AXIS T90A
Illuminators, AXIS P8221 Network I/O Audio Module, AXIS T8310
Video Surveillance Control Board, AXIS Camera Station,
smoked dome cover
Clear dome cover

* This product includes software developed by the OpenSSL Project for use in the
OpenSSL Toolkit. (www.openssl.org)
More information is available at www.axis.com

©2012 Axis Communications AB. AXIS COMMUNICATIONS, AXIS, ETRAX, ARTPEC and VAPIX are registered trademarks or trademark applications of Axis AB
in various jurisdictions. All other company names and products are trademarks or registered trademarks of their respective companies. We reserve the right
to introduce modifications without notice.

48072/EN/R7/1212

www.axis.com

Attachment F
CAMPBELL SCIENTIFIC CR1000
DATASHEET

®

CAMPBELL

SCIENTIFIC, INC.

WHEN MEASUREMENTS MATTER

CR1000
measurement & control datalogger

A rugged
instrument with
research-grade
performance.

CR1000 Measurement and Control System
The CR1000 provides precision measurement capabilities in a rugged, battery-operated package. It consists of a measurement and
control module and a wiring panel. Standard operating range is -25° to +50°C; an optional extended range of -55° to +85°C is available.

Input/Output Terminals—
Individually configured
for ratiometric resistive
bridge, thermocouple,
switch closure, high frequency pulse, low-level ac,
serial sensors, and more.

CS I/O Port—connects with
AC-powered PCs and communication peripherals such
as phone, RF, short-haul, and
multidrop modems.

Removable Power Terminal—simplifies
connection to external power supply.

{

RS-232—provides
a 9-pin DCE port
for connecting a
battery-powered
laptop, serial
sensors or RS-232
modems.

Peripheral Port—allows data to be
stored on a CompactFlash card and/or
supports Ethernet communications.

Features

Measurement and Control Module

• 4 Mbyte memory*
• Program execution rate of up to 100 Hz
• CS I/O and RS-232 serial ports
• 13-bit analog to digital conversions
• 16-bit H8S Renesas Microcontroller with 32-bit
internal CPU architecture
• Temperature compensated real-time clock
• Background system calibration for accurate measurements over time and temperature changes
• Single DAC used for excitation and measurements
to give ratio metric measurements
• Gas Discharge Tube (GDT) protected inputs
• Data values stored in tables with a time stamp and
record number
• Battery-backed SRAM memory and clock ensuring
data, programs, and accurate time are maintained
while the CR1000 is disconnected from its main
power source
• Serial communications with serial sensors and
devices supported via I/O port pairs
• PakBus®, Modbus, DNP3, TCP/IP, FTP, and
SMTP protocols supported

The module measures sensors, drives direct communications and telecommunications, reduces data, controls external devices, and stores data and programs in
on-board, non-volatile storage.  The electronics are RF
shielded and glitch protected by the sealed, stainless
steel canister.  A battery-backed clock assures accurate
timekeeping.  The module can simultaneously provide
measurement and communication functions.  The
on-board, BASIC-like programming language supports data processing and analysis routines.  

Wiring Panel

The CR1000WP is a black, anodized aluminum wiring
panel that is compatible with all CR1000 modules.  The
wiring panel includes switchable 12 V, redistributed
analog grounds (dispersed among analog channels
rather than grouped), unpluggable terminal block for
12 V connections, gas-tube spark gaps, and 12 V supply on pin 8 to power our COM-series phone modems
and other peripherals.  The control module easily disconnects from the wiring panel allowing field replacement without rewiring the sensors.  A description of
the wiring panel’s input/output channels follows.

*Originally, the standard CR1000 had 2 MB of data/program storage, and an optional version, the CR1000-4M, had 4 MB of memory. In September
2007, the standard CR1000 started having 4 MB of memory, making the CR1000-4M obsolete. Dataloggers that have a module with a serial number greater than or equal to 11832 will have a 4 MB memory. The 4 MB dataloggers will also have a sticker on the canister stating “4M Memory”.
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Communication Protocols

Analog Inputs
Eight differential (16 single-ended) channels measure voltage levels.  Resolution on the most sensitive
range is 0.67 µV.  
Pulse Counters
Two pulse channels can count pulses from high level
(5 V square wave), switch closure, or low level AC signals.

The CR1000 supports the PakBus, Modbus, DNP3,
TCP/IP, FTP, and SMTP communication protocols.  
With the PakBus protocol, networks have the distributed routing intelligence to continually evaluate links.  
Continually evaluating links optimizes delivery times
and, in the case of delivery failure, allows automatic
switch over to a configured backup route.  

Switched Voltage Excitations
Three outputs provide precision excitation voltages for
resistive bridge measurements.

The Modbus RTU protocol supports both floating
point and long formats.  The datalogger can act as a
slave and/or master.

Digital I/O Ports
Eight ports are provided for frequency measurements,
digital control, and triggering.  Three of these ports can
also be used to measure SDM devices.  The I/O ports
can be paired as transmit and receive.  Each pair has 0
to 5 V UART hardware that allows serial communications with serial sensors and devices.  An RS-232-tologic level converter may be required in some cases.

The DNP3 protocol supports only long data formats.  
The dataloggers are level 2 slave compliant, with some
of the operations found in a level 3 implementation.
The TCP/IP, FTP, and SMTP protocols provide TCP/IP
functionality when the CR1000 is used in conjunction
with an NL240, NL200, NL115, or NL120.  Refer to the
CR1000 manual for more information.

Power Supplies

CS I/O Port
AC-powered PCs and many communication peripherals
connect with the CR1000 via this port.  Connection to
an AC-powered PC requires either an SC32B or SC-USB
interface.  These interfaces isolate the PC’s electrical
system from the datalogger, thereby protecting against
ground loops, normal static discharge, and noise.

Typically, the CR1000 is powered with a PS200, PS100,
or BPALK.  The PS200 and PS100 provide a 7-Ah
sealed rechargeable battery that should be connected
to a charging source (either a wall charger or solar
panel).  The BPALK consists of eight non-rechargeable
D-cell alkaline batteries with a 7.5-Ah rating at 20°C.  
Also available are the BP12 and BP24 battery packs,
which provide nominal ratings of 12 and 24 Ah, respectively.  These batteries should be connected to a regulated charging source (e.g., a CH200 or CH100 connected
to a unregulated solar panel or wall charger).

RS-232 Port
This non-isolated port is for connecting a batterypowered laptop, serial sensor, or RS-232 modem.  
Because of ground loop potential on some measurements (e.g., low level single-ended measurements),
AC-powered PCs should use the CS I/O port instead of
the RS-232 port (see above).
Peripheral Port
One 40-pin port interfaces with the NL115 Ethernet
Interface & CompactFlash Module, the NL120 Ethernet Interface, or the CFM100 CompactFlash® Module.  

The PS200 (at right)
and CH200 are microcontroller-based smart
chargers that have two
input terminals that allow
simultaneous connection
of two charging sources.

Switched 12 Volt
This terminal provides unregulated 12 V that can be
switched on and off under program control.

Storage Capacity

Enclosure/Stack Bracket

The CR1000 has 2 MB of flash memory for the Operating System, and 4 MB of battery-backed SRAM for CPU
usage, program storage, and data storage.  Data is stored
in a table format.  The storage capacity of the CR1000
can be increased by using a CompactFlash card.

A CR1000 housed in a weather-resistant enclosure can
collect data under extremely harsh conditions.  The
28960 Enclosure Stack Mounting Kit allows a small
peripheral to be placed under the mounting bracket,
thus conserving space.      
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Data Storage and Retrieval Options
To determine the best option for an application, consider the accessibility of the site, availability of services (e.g., cellular phone or
satellite coverage), quantity of data to collect, and desired time between data-collection sessions. Some communication options can
be combined—increasing the flexibility, convenience, and reliability of the communications.

Keyboard Display
The CR1000KD can be used to program the CR1000,
manually initiate data transfer, and display data.  The
CR1000KD displays 8 lines x 21 characters (64 x 128
pixels) and has a 16-character keyboard.  Custom
menus are supported allowing customers to set up choices
within the datalogger program
that can be initiated by a simple
toggle or pick list.

Multidrop Interface
The MD485 intelligent RS-485 interface permits a
PC to address and communicate with one or more
dataloggers over the CABLE2TP two-twisted pair
cable.  Distances up to 4000 feet are supported.
Internet and IP Networks
Campbell Scientific offers several interfaces that enable
the CR1000 to communicate with a PC via TCP/IP.  
Radios
Radio frequency (RF) communications are supported
via narrowband UHF, narrowband VHF, spread spectrum, or meteor burst radios.  Line-of-sight is required
for all of our RF options.

One CR1000KD can be
carried from station to station in a CR1000 network.

iOS Devices, Android Devices, and PDAs
An iOS device, an Android device, our Archer-PCON
Field PC, or a user-supplied PDA can be used to view
and collect data, set the clock, and download programs.  To use an iOS or Android device, go to the
Apple Store or Google Play and purchase our LoggerLink Mobile Apps.  User-supplied PDAs require either
PConnect or PConnectCE software.

Telephone Networks
The CR1000 can communicate with a PC using landlines, cellular CDMA, or cellular GPRS transceivers.  
A voice synthesized modem enables anyone to call the
CR1000 via phone and receive a verbal report of realtime site conditions.
Satellite Transmitters
Our NESDIS-certified GOES satellite transmitter
provides one-way communications from a Data Collection Platform (DCP) to a receiving station.  Campbell
Scientific also offers an Argos transmitter that is ideal
for high-latitude applications.

Direct Links
AC-powered PCs connect with the datalogger’s CS I/O
port via an SC32B or SC-USB interface.  These interfaces provide optical isolation.  A battery-powered laptop can be attached to the CR1000’s RS-232 port via an
RS-232 cable—no interface required.  
External Data Storage Devices
A CFM100 or NL115 module can store the CR1000’s
data on an industrial-grade CompactFlash (CF) card.    
The CR1000 can also store data on an SC115 2-GB
Flash Memory Drive.  
Mountable Displays
The CD100 and CD295 can be mounted in an enclosure lid.  The CD100 has the same functionality
and operation as the CD1000KD, allowing both data
entry and display without opening the enclosure.  The
CD295 displays real-time data only.
Short Haul Modems
The SRM-5A RAD Short Haul Modem supports communications between the CR1000 and a PC via a fourwire unconditioned line (two twisted pairs).  

This weather station at Denali National Park, Alaska, transmits
data via a GOES satellite transmitter.
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Channel Expansion
4-Channel Low Level AC Module
The LLAC4 is a small peripheral device that allows
customers to increase the number of available lowlevel ac inputs by using control ports.  This module is
often used to measure up to four anemometers, and is
especially useful for wind profiling applications.  
Synchronous Devices for Measurement (SDMs)
SDMs are addressable peripherals that expand the datalogger’s measurement and control capabilities.  For
example, SDMs are available to add control ports, analog
outputs, pulse count channels, interval timers, or even
a CANbus interface to the system.  Multiple SDMs, in
any combination, can be connected to one datalogger.
Multiplexers
Multiplexers increase the number of sensors that can
be measured by a CR1000 by sequentially connecting
each sensor to the datalogger.  Several multiplexers can
be controlled by a single CR1000.  

The Network Planner, included in LoggerNet 4 or higher, generates device settings and configures the LoggerNet network map
for PakBus networks.

PC400, our mid-level software, supports a variety of
telemetry options, manual data collection, and data
display.  For programming, it includes both Short Cut and
the CRBasic program editor.  PC400 does not support
combined communication options (e.g., phone-to-RF),
PakBus® routing, or scheduled data collection.
RTDAQ is an ideal solution for industrial and realtime users desiring to use reliable data collection
software over a single telecommunications medium,
and who do not rely on scheduled data collection.  
RTDAQ’s strength lies in its ability to handle the
display of high speed data.

The CR1000 is compatible with the AM16/32B (shown above)
and AM25T multiplexers.

Software
Starter Software
Our easy-to-use starter software is intended for first
time users or applications that don’t require sophisticated communications or datalogger program editing.  
SCWin Short Cut generates straight-forward CR1000
programs in four easy steps.  PC200W allows customers to transfer a program to, or retrieve data from a
CR1000 via a direct communications link.  

LoggerNet is Campbell Scientific’s full-featured datalogger support software.  It is referred to as “full-featured”
because it provides a way to accomplish almost all the
tasks you’ll need to complete when using a datalogger.  
LoggerNet supports combined communication options
(e.g., phone-to-RF) and scheduled data collection.

At www.campbellsci.com/downloads you can download
starter software at no charge.  Our ResourceDVD also
provides this software as well as PDF versions of our
brochures and manuals.

Datalogger Support Software
Our datalogger support software packages provide
more capabilities than our starter software.  These
software packages contains program editing, communications, and display tools that can support an entire
datalogger network.

Both LoggerNet and RTDAQ use View Pro to display historical
data in a tabular or graphical format.

Applications
The measurement precision, flexibility, long-term reliability, and economical price of the CR1000 make it ideal for scientific, commercial,
and industrial applications.

Meteorology
The CR1000 is used in long-term climatological monitoring, meteorological research, and routine weather
measurement applications.  

Wind Profiling
Our data acquisition systems can monitor conditions
at wind assessment sites, at producing wind farms,
and along transmission lines.  The CR1000 makes and
records measurements, controls electrical devices, and
can function as PLCs or RTUs.  Because the datalogger has its own power supply (batteries, solar panels),  
it can continue to measure and store data and perform
control during power outages.

Our rugged, reliable weather station measures meteorological
conditions at St. Mary’s Lake, Glacier National Park, MT.

Sensors the CR1000 can measure include:
• cup, propeller, and
sonic anemometers
• tipping bucket
rain gages
• wind vanes
• pyranometers
• ultrasonic ranging
sensor

• thermistors, RTDs,
and thermocouples
• barometric pressure
sensors
• RH sensors
• cooled mirror
hygrometers

For turbine performance
A Campbell Scientific system
monitors an offshore wind
applications, the CR1000
monitors electrical current, farm in North Wales.  
voltage, wattage, stress, and torque.

Soil Moisture
The CR1000 is compatible with the following soil
moisture measurement technologies:
• Soil moisture blocks are inexpensive sensors
that estimate soil water potential.
• Matric water potential sensors also estimate
soil water potential but are more durable than
soil moisture blocks.
• Time-Domain Reflectometry Systems (TDR)
use a reflectometer controlled by a CR1000 to
accurately measure soil water content.  Multiplexers allow sequential measurement of a large
number of probes by one reflectometer, reducing
cost per measurement.
• Self-contained water content reflectometers are
sensors that emit and measure a TDR pulse.
• Tensiometers measure the soil pore pressure of
irrigated soils and calculate soil moisture.

Agriculture and Agricultural Research
The versatility of the CR1000
allows measurement of agricultural processes and equipment
in applications such as:
• plant water research
• canopy energy balance
• machinery performance
• plant pathology
• crop management
decisions
• food processing/storage
• frost prediction
• irrigation scheduling
This vitaculture site in
Australia integrates meteo• integrated pest
rological, soil, and crop
management
measurements.  
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Typical sensors for wind assessment applications include, but are not limited to:
• sonic anemometers
• three-cup and propeller
anemometers (up to
10 anemometers can be
measured by using two
LLAC4 peripherals)
• wind vanes
• temperature sensors
• barometric pressure
• wetness
• solar radiation

Air Quality
The CR1000 can monitor and control gas analyzers,
particle samplers, and visibility sensors.  It can also
automatically control calibration sequences and
compute conditional averages that exclude invalid
data (e.g., data recorded during power failures or calibration intervals).

Vehicle Testing
This versatile, rugged datalogger is ideally suited
for testing cold and hot temperature, high altitude,
off-highway, and cross-country performance.  The
CR1000 is compatible with our SDM-CAN interface
and GPS16X-HVS receiver.

Road Weather/RWIS
Our fully NTCIP-compliant Environmental Sensor
Stations (ESS) are robust, reliable weather stations used
for road weather/RWIS applications.  A typical ESS
includes a tower, CR1000, two road sensors, remote communication hardware, and sensors that measure wind
speed and direction, air temperature, humidity, barometric pressure, solar radiation, and precipitation.  
Water Resources/Aquaculture
Our CR1000 is well-suited to remote, unattended
monitoring of hydrologic conditions.  Most hydrologic
sensors, including SDI-12 probes, interface directly to
the CR1000.  Typical hydrologic measurements:
• Water level is monitored with incremental shaft
encoders, double bubblers, ultrasonic ranging
sensors, resistance tapes, strain gage pressure
transducers, or vibrating wire pressure transducers.  
Vibrating wire transducers require an AVW200series or another vibrating wire interface.
• Ionic conductivity measurements use one of the
switched excitation ports from the CR1000.
• Samplers are controlled by the CR1000 as a function of time, water quality, or water level.
• Alarm and pump actuation are controlled through
digital I/O ports that operate external relay drivers.

A turbidity sensor was installed in a tributary of the Cedar River
watershed to monitor water quality conditions for the city of
Seattle, Washington.

Vehicle monitoring includes not only passenger cars, but airplanes, locomotives, helicopters, tractors, buses, heavy trucks,
drilling rigs, race cars, and motorcycles.

The CR1000 can measure:
• Suspension—strut pressure, spring force, travel,
mounting point stress, deflection, ride
• Fuel system—line and tank pressure, flow, temperature, injection timing
• Comfort control— fan speed, ambient and supply
air temperature, refrigerant pressures, solar radiation, ac on and off, time-to-comfort, blower current
• Brakes—line pressure, pedal pressure and travel,
ABS, line and pad temperature
• Engine—pressure, temperature, crank position,
RPM, time-to-start, oil pump cavitation
• General vehicle—chassis monitoring, road noise,
vehicle position and speed, steering, air bag, hot/
cold soaks, wind tunnels, traction, CANbus, wiper
speed and current, vehicle electrical loads

Other Applications
• Eddy covariance systems
• Wireless sensor/datalogger networks
• Mesonet systems
• Avalanche forecasting, snow science, polar,
high altitude
• Fire weather
• Geotechnical
• Historic preservation

CR1000 Specifications
Electrical specifications are valid over a -25° to +50°C, non-condensing environment, unless otherwise specified. Recalibration recommended every
two years. Critical specifications and system configuration should be confirmed with Campbell Scientific before purchase.
PROGRAM EXECUTION RATE

RESISTANCE MEASUREMENTS

10 ms to one day @ 10 ms increments

ANALOG INPUTS (SE1-SE16 or DIFF1-DIFF8)

8 differential (DF) or 16 single-ended (SE) individually
configured. Channel expansion provided by multiplexers.
RANGES and RESOLUTION: Basic resolution (Basic
Res) is the A/D resolution of a single conversion.
Resolution of DF measurements with input reversal
is half the Basic Res.
Range (mV)1

DF Res (µV)2

±5000
±2500
±250
±25
±7.5
±2.5

667
333
33.3
3.33
1.0
0.33

Basic Res (µV)
1333
667
66.7
6.7
2.0
0.67

Range overhead of ~9% on all ranges guarantees that
full-scale values will not cause over range.
2
Resolution of DF measurements with input reversal.
1

ACCURACY3:
±(0.06% of reading + offset), 0° to 40°C
±(0.12% of reading + offset), -25° to 50°C
±(0.18% of reading + offset), -55° to 85°C (-XT only)
3

Accuracy does not include the sensor and measurement
noise. Offsets are defined as:
		 Offset for DF w/input reversal = 1.5·Basic Res + 1.0 µV
		 Offset for DF w/o input reversal = 3·Basic Res + 2.0 µV
		 Offset for SE = 3·Basic Res + 3.0 µV

ANALOG MEASUREMENT SPEED:
Integration Type/ IntegraCode
tion Time
250
250 µs
60 Hz4 16.67 ms
50 Hz4

20.00 ms

4

3 ms

INPUT STATE: high 3.8 to 16 V; low -8.0 to 1.2 V
INPUT HYSTERESIS: 1.4 V
INPUT RESISTANCE: 100 kohm with inputs <6.2 Vdc
220 ohm with inputs ≥6.2 Vdc
SERIAL DEVICE/RS-232 SUPPORT: 0 TO 5 Vdc UART

VOLTAGE RATIO ACCURACY6: Assuming excitation
voltage of at least 1000 mV, not including bridge
resistor error.

SWITCHED 12 VDC (SW-12)

±(0.04% of voltage reading + offset)/Vx
6

SE w/
No Rev
~1 ms
~20 ms
~25 ms

DF w/
Input Rev
~12 ms
~40 ms

~50 ms

AC line noise filter.
5
Includes 250 µs for conversion to engineering units.

INPUT NOISE VOLTAGE: For DF measurements
with input reversal on ±2.5 mV input range; digital
resolution dominates for higher ranges.
250 µs Integration:		
0.34 µV RMS
50/60 Hz Integration:
0.19 µV RMS

CE COMPLIANCE

PERIOD AVERAGE

RS-232 PORTS:
9-pin: DCE (not electrically isolated) for battery		 powered computer or non-CSI modem connection.
COM1 to COM4: Four independent Tx/Rx pairs on
		 control ports (non-isolated); 0 to 5 Vdc UART
Baud Rates: selectable from 300 bps to 115.2 kbps.
Default Format: 8 data bits; 1 stop bits; no parity
Optional Formats: 7 data bits; 2 stop bits; odd,
		 even parity

Any of the 16 SE analog inputs can be used for period
averaging. Accuracy is ±(0.01% of reading + resolution), where resolution is 136 ns divided by the specified number of cycles to be measured.
INPUT AMPLITUDE AND FREQUENCY:
Input
Voltage Range
Gain (±mV)
1
250
10
25
33
7.5
100
2.5

Signal (peak to peak)7
Min. (mV)
500
10
5
2

Max (V)
10
2
2
2

Min
Pulse
Width
(µV)
2.5
10
62
100

Max8
Freq
(kHz)
200
50
8
5

With signal centered at the datalogger ground.
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The maximum frequency = 1/(twice minimum pulse width)
for 50% of duty cycle signals.

PULSE COUNTERS (P1-P2)

2 inputs individually selectable for switch closure, high
frequency pulse, or low-level ac. Independent 24-bit
counters for each input.
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MAXIMUM COUNTS PER SCAN: 16.7x10

SWITCH CLOSURE MODE:
Minimum Switch Closed Time: 5 ms
Minimum Switch Open Time: 6 ms
Max. Bounce Time: 1 ms open w/o being counted

NORMAL MODE REJECTION: 70 dB @ 60 Hz
when using 60 Hz rejection

HIGH-FREQUENCY PULSE MODE:
Maximum Input Frequency: 250 kHz
Maximum Input Voltage: ±20 V
Voltage Thresholds: Count upon transition from
below 0.9 V to above 2.2 V after input filter with
1.2 µs time constant.

SUSTAINED INPUT VOLTAGE W/O DAMAGE:
±16 Vdc max.

LOW-LEVEL AC MODE: Internal AC coupling removes
AC offsets up to ±0.5 Vdc.

INPUT LIMITS: ±5 Vdc
DC COMMON MODE REJECTION: >100 dB

INPUT CURRENT: ±1 nA typical, ±6 nA max. @ 50°C;
±90 nA @ 85°C
INPUT RESISTANCE: 20 Gohms typical
ACCURACY OF BUILT-IN REFERENCE JUNCTION
THERMISTOR (for thermocouple measurements):
±0.3°C, -25° to 50°C
±0.8°C, -55° to 85°C (-XT only)

ANALOG OUTPUTS (Vx1-Vx3)

3 switched voltage, sequentially active only during
measurement.
RANGE AND RESOLUTION: Voltage outputs programmable between ±2.5 V with 0.67 mV resolution.
Vx ACCURACY: ±(0.06% of setting + 0.8 mV), 0° to 40°C
±(0.12% of setting + 0.8 mV), -25° to 50°C
±(0.18% of setting + 0.8 mV), -55° to 85°C (-XT only)
Vx FREQUENCY SWEEP FUNCTION: Switched outputs
provide a programmable swept frequency, 0 to 2500 mv
square waves for exciting vibrating wire transducers.
CURRENT SOURCING/SINKING: ±25 mA

1 independent 12 Vdc unregulated source is switched on
and off under program control. Thermal fuse hold current
= 900 mA @ 20°C, 650 mA @ 50°C, 360 mA @ 85°C.

Accuracy does not include the sensor and measurement
noise. The offsets are defined as:
		 Offset for DF w/input reversal = 1.5·Basic Res + 1.0 µV
		 Offset for DF w/o input reversal = 3·Basic Res + 2.0 µV
		 Offset for SE = 3·Basic Res + 3.0 µV
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Total Time5
Settling
Time
450 µs
3 ms

OUTPUT RESISTANCE: 330 ohms

MEASUREMENT TYPES: Ratiometric measurements
of 4- and 6-wire full bridges, and 2-, 3-, and 4-wire
half bridges. Precise, dual polarity excitation for
voltage excitations eliminates dc errors. Offset values
are reduced by a factor of two when excitation
reversal is used.

Input Hysteresis: 12 mV RMS @ 1 Hz
Maximum ac Input Voltage: ±20 V
Minimum ac Input Voltage:
Sine Wave (mV RMS)

Range(Hz)

20
200
2000
5000

1.0 to 20
0.5 to 200
0.3 to 10,000
0.3 to 20,000

DIGITAL I/O PORTS (C1-C8)

8 ports software selectable, as binary inputs or control
outputs. Provide edge timing, subroutine interrupts/wake
up, switch closure pulse counting, high frequency pulse
counting, asynchronous communications (UARTs), SDI-12
communications, and SDM communications.
HIGH-FREQUENCY MAX: 400 kHz
SWITCH CLOSURE FREQUENCY MAX: 150 Hz
EDGE TIMING RESOLUTION: 540 ns
OUTPUT VOLTAGES (no load): high 5.0 V ±0.1 V;
low <0.1

STANDARD(S) TO WHICH CONFORMITY IS
DECLARED: IEC61326:2002

COMMUNICATIONS

CS I/O PORT: Interface with CSI telecommunication
peripherals
SDI-12: Digital control ports 1, 3, 5, and 7 are
individually configured and meet SDI-12 Standard
version 1.3 for datalogger mode. Up to ten SDI-12
sensors are supported per port.
PERIPHERAL PORT: 40-pin interface for attaching
CompactFlash or Ethernet peripherals
PROTOCOLS SUPPORTED: PakBus, Modbus, DNP3,
FTP, HTTP, XML, POP3, SMTP, Telnet, NTCIP, NTP,
SDI-12, SDM

SYSTEM

PROCESSOR: Renesas H8S 2322 (16-bit CPU with
32-bit internal core RUNNING AT 7.3 MHz)
MEMORY: 2 MB of Flash for operating system; 4 MB
of battery-backed SRAM for CPU usage, program
storage and final data storage.
RTC CLOCK ACCURACY: ±3 min. per year. Correction
via GPS optional.
RTC CLOCK RESOLUTION: 10 ms

SYSTEM POWER REQUIREMENTS

VOLTAGE: 9.6 to 16 Vdc
EXTERNAL BATTERIES: 12 Vdc nominal (power
connection is reverse polarity protected)
INTERNAL BATTERIES: 1200 mAh lithium battery for
clock and SRAM backup that typically provides three
years of backup
TYPICAL CURRENT DRAIN:
Sleep Mode: 0.7 mA typical; 0.9 mA max.
1 Hz Sample Rate (1 fast SE meas.): 1 mA
100 Hz Sample Rate (1 fast SE meas.): 16.2 mA
100 Hz Sample Rate (1 fast SE meas. w/RS-232
		 communication): 27.6 mA
Optional Keyboard Display On (no backlight): add
		 7 mA to current drain
Optional Keyboard Display On (backlight on): add
		 100 mA to current drain

PHYSICAL

DIMENSIONS: 23.9 x 10.2 x 6.1 cm (9.4 x 4 x 2.4 in.);
additional clearance required for cables and leads.
WEIGHT (datalogger + base): 1 kg (2.1 lb)

WARRANTY

3 years against defects in materials and workmanship.
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Attachment G
CAMPBELL SCIENTIFIC CR800
DATASHEET

CR800-Series

Measurement & Control Systems

Rugged
Instruments with
Research-Grade
Performance

CR800 & CR850

Measurement and Control Systems

The CR800 and CR850 dataloggers provide precision measurement capabilities in a rugged, battery-operated package. Both models
consist of measurement electronics encased in a plastic shell and an integrated wiring panel. The standard operating range is -25° to
+50°C. An extended range of -55° to +85°C for the CR800 or -30°to +80°C for the CR850 is also available.
Input/Output Connections—Individually configured for ratiometric
resistive bridge, thermocouple,
switch closure, high frequency pulse,
low-level ac, serial sensors, and more.

CS I/O Port—connects
with AC-powered PCs
and communication
peripherals such as
phone, RF, short-haul,
and multidrop modems.

Removable Power Terminal—
simplifies connection to external power supply.

{
RS-232—provides a 9-pin DCE port for
connecting a battery-powered laptop,
serial sensors or RS-232 modems.

Features

Model Descriptions

• 4 MB* of battery-backed SRAM
• Program execution rate of up to 100 Hz
• CS I/O and RS-232 serial ports
• 13-bit analog to digital conversions
• 16-bit microcontroller with 32-bit internal CPU
architecture
• Temperature compensated real-time clock
• Background system calibration for accurate measurements over time and temperature changes
• Single DAC used for excitation and measurements
to give ratiometric measurements
• Gas Discharge Tube (GDT) protected inputs
• Data values stored in tables with a time stamp and
record number
• Battery-backed SRAM and clock that ensure data,
programs, and accurate time are maintained while
a CR800-series datalogger is disconnected from
the main power source
• One program-status LED
• Serial communications with serial sensors and
devices supported via I/O port pairs
• PakBus, Modbus, and DNP3 protocols supported

The models differ in their keyboard display.  The
CR800 uses an external keyboard display, the
CR1000KD, which connects to the CR800 via its
CS I/O port.  The CR850 includes an on-board
keyboard display as part of its integrated package.

Operating System/Logic Control

The on-board operating system includes measurement,
processing, and output instructions for programming
the datalogger.  The programming language, CRBasic,
uses a BASIC-like syntax.  Measurement instructions
specific to bridge configurations, voltage outputs,
thermocouples, and pulse/frequency signals are
included.  Processing instructions support algebraic,
statistical, and transcendental functions for on-site
processing.  Output instructions process data over
time and control external devices.

Storage Capacity*

The CR800 series has 2 MB of flash memory for
the Operating System, and 4 MB of battery-backed
SRAM for CPU usage, program storage, and data
storage.  Data is stored in a table format.

*Campbell Scientific is increasing the data storage memory from 2 MB to 4 MB. Dataloggers with a serial number greater than or equal to 3605
will have a 4 MB memory. The 4 MB dataloggers will also have a sticker on the canister stating “4M Memory”.
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Input Output Terminals

Communication Protocols

The CR800 series supports the PakBus, Modbus,
DNP3,TCP/IP, FTP, and SMTP communication protocols.  With the PakBus protocol, networks have the
distributed routing intelligence to continually evaluate
links.  Continually evaluating links optimizes delivery
times and, in the case of delivery failure, allows automatic switch over to a configured backup route.  

Analog Inputs
Three differential (6 single-ended) channels measure
voltage levels.  Resolution on the most sensitive range
is 0.67 µV.  
Pulse Counters
The CR800 and CR850 have two pulse channels that
can count pulses from high level (5 V square wave),
switch closure, or low level AC signals.

The Modbus RTU protocol supports both floating
point and long formats.  The datalogger can act as a
slave and/or master.  

Switched Voltage Excitations
Two outputs provide precision excitation voltages for
resistive bridge measurements.

The DNP3 protocol supports only long data formats.  
The dataloggers are level 2 slave compliant, with some
of the operations found in a level 3 implementation.

Digital I/O Ports
The CR800-series dataloggers include four ports for
frequency measurements, digital control, and triggering.  Three of these ports can also be used to measure
SDM devices.  The I/O ports can be paired as transmit
and receive.  Each pair has 0 to 5 V UART hardware
that allows serial communications with serial sensors
and devices.  An RS-232-to-logic level converter may
be required in some cases.

The TCP/IP, FTP, and SMTP protocols provide TCP/IP
functionality when the datalogger is used in conjunction with an NL200 or NL240.   

Transient Protection

Gas Discharge Tube (GDT) protects the inputs from
electrical transients.  The CR800 series is CE compliant
under the European Union’s EMC Directive, meeting
ESD, EMC, Fast Transient standards.

CS I/O Port
AC-powered PCs and many communication peripherals connect with the datalogger via this port.  Connection
to an AC-powered PC requires either an SC32B
or SC-USB interface.  These interfaces isolate the
PC’s electrical system from the datalogger, thereby
protecting against ground loops, normal static discharge, and noise.

Power Supplies

Typically, the CR800-series dataloggers are powered
with a PS200, PS100, or BPALK.  The PS200 and
PS100 provide a 7-Ah sealed rechargeable battery that
should be connected to a charging source (either a wall
charger or solar panel).  The BPALK consists of eight
non-rechargeable D-cell alkaline batteries with a
7.5-Ah rating at 20°C.  

RS-232 Port
This non-isolated port is for connecting a batterypowered laptop, serial sensor, or RS-232 modem.  
Because of ground loop potential on some measurements (e.g., low level single-ended), AC-powered
PCs should use the CS I/O port instead of the RS-232
port (see above).

Also available are the BP12 and BP24 battery packs,
which provide nominal ratings of 12 and 24 Ah,
respectively.  These batteries should be connected to
a regulated charging source
(e.g., a CH200 or  CH100
connected to a unregulated
solar panel or wall charger).  

Switched 12 Volt
This terminal provides unregulated 12 V that can be
switched on and off under program control.

The PS200 and
CH200 (at right) are
micro-controllerbased smart chargers that have two
input terminals that
allow simultaneous
connection of two
charging sources.

Enclosure/Stack Bracket

A CR800 or CR850 housed in a weather-resistant enclosure can collect data under extremely harsh conditions.  The 28960 Enclosure Stack Mounting Kit allows
a small peripheral to be placed under the mounting
bracket, thus conserving space.   
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Communication Options
To determine the best option for an application, consider the accessibility of the site, availability of services (e.g., cellular phone or
satellite coverage), quantity of data to collect, and desired time between data-collection sessions. Some communication options can
be combined—increasing the flexibility, convenience, and reliability of the communications.

External Data Storage Device
The CR800 and CR850 can use the SC115 2-GB Flash
Memory Drive to augment onsite data storage or to
transport data between the datalogger and PC.

Internet and IP Networks
The NL240, NL200, or NL100 interfaces enable the
CR800-series datalogger to communicate with a PC
via TCP/IP.   
Multidrop Interface
The MD485 intelligent RS-485 interface permits a
PC to address and communicate with one or more
dataloggers over the CABLE2TP two-twisted pair
cable.  Distances up to 4000 feet are supported.
Radios
Radio frequency (RF) communications are supported
via narrow-band UHF, narrow-band VHF, spread
spectrum, or meteor burst radios.  Line-of-sight is
required for all of our RF options.

The SC115 is a light-weight, portable instrument that fits in a
pocket allowing easy transport between the datalogger and PC.

Telephone Networks
The CR800 series can communicate with a PC using
landlines, cellular CDMA, or cellular GPRS transceivers.  A voice synthesized modem enables anyone to call
the datalogger via phone and receive a verbal report of
real-time site conditions.

Keyboard Display
Keyboard displays are used to program the datalogger, manually initiate data transfer, and display data.  
Both the CR850’s integrated keyboard display and the
CR1000KD can show 8 lines x 21 characters (64 x
128 pixels).  Their keyboard includes 16 characters.  
Custom menus are supported allowing customers to
set up choices within the datalogger program that can
be initiated by a simple “toggle” or “pick list”.

Short Haul Modems
The SRM-5A RAD Short Haul Modem supports communications between the datalogger and a PC via a
four-wire unconditioned line (two twisted pairs).  

Mountable Displays
The CD100 and CD295 can be mounted in an enclosure lid.  The CD100 has the same functionality
and operation as the CD1000KD, allowing both data
entry and display without opening the enclosure.  The
CD295 displays real-time data only.

Satellite Transmitters
Our NESDIS-certified GOES satellite
transmitter provides
one-way communications from a Data
Collection Platform
(DCP) to a receiving station.  We
also offer an Argos
transmitter that is
ideal for high-latitude applications.

iOS Devices, Android Devices, and PDAs
An iOS device, an Android device, our Archer-PCON
Field PC, or a user-supplied PDA can be used to view
and collect data, set the clock, and download programs.  To use an iOS or Android device, go to the
Apple Store or Google Play and purchase our LoggerLink Mobile Apps.  User-supplied PDAs require either
PConnect or PConnectCE software.
Direct Links
AC-powered PCs connect with the datalogger’s CS I/O
port via an SC32B or SC-USB interface.  These interfaces provide optical isolation.  A battery-powered
laptop can be attached to the datalogger’s RS-232 port
via an RS-232 cable; no interface required.  

Our GOES transmitters are used
for stream stage
(shown), water
quality, and rainfall
applications.
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Channel Expansion
4-Channel Low Level AC Module
The LLAC4 is a small peripheral device that allows
customers to increase the number of available lowlevel AC inputs by using control ports.  This module is
often used to measure up to four anemometers, and is
especially useful for wind profiling applications.  
Multiplexers
Multiplexers increase the number of sensors that can
be measured by a datalogger by sequentially connecting each sensor to the datalogger.  Several multiplexers
can be controlled by a single datalogger.  The CR800
and CR850 are compatible with the AM16/32B and
AM25T multiplexers.
Synchronous Devices for Measurement (SDMs)
SDMs are addressable peripherals that expand the datalogger’s measurement and control capabilities.  For
example, SDMs are available to add control ports, analog
outputs, pulse count channels, interval timers, or even
a CANbus interface to the system.  Multiple SDMs, in
any combination, can be connected to one datalogger.
The SDM-SIO1 Serial Input/
Output Module is fully
compliant with the RS-232
standards. It allows a
CR800 or CR850 to communicate with up to
17 serial devices.

Software
Starter Software
Our easy-to-use starter software is intended for first
time users or applications that don’t require sophisticated communications or datalogger program editing.  
SCWin Short Cut generates straight-forward datalogger programs in four easy steps.  PC200W allows customers to transfer a program to, or retrieve data from a
CR800 or CR850 via a direct communications link.  

RTMC, a program for displaying the datalogger’s data, is bundled with LoggerNet and RTDAQ. Customers may also purchase
the RTMCRT and RTMC Web Server clients, which use forms
created in the developer mode of RTMC.

PC400, our mid-level software, supports a variety of
telemetry options, manual data collection, and data
display.  For programming, it includes both Short Cut and
the CRBasic program editor.  PC400 does not support
combined communication options (e.g., phone-to-RF),
PakBus® routing, and scheduled data collection.
RTDAQ is an ideal solution for industrial and realtime users desiring to use reliable data collection
software over a single telecommunications medium,
and who do not rely on scheduled data collection.  
RTDAQ’s strength lies in its ability to handle the
display of high speed data.
LoggerNet is Campbell Scientific’s full-featured datalogger support software.  It is referred to as “full-featured”
because it provides a way to accomplish almost all the
tasks you’ll need to complete when using a datalogger.  
LoggerNet supports combined communication options
(e.g., phone-to-RF) and scheduled data collection.

At www.campbellsci.com/downloads, the starter software  can be downloaded at no charge.  Our Resource
CD also provides this software as well as PDF versions
of our brochures and manuals.

Datalogger Support Software
Our datalogger support software packages provide
more capabilities than our starter software.  These
software packages contains program editing, communications, and display tools that can support an entire
datalogger network.

Both LoggerNet and RTDAQ use View Pro to display historical
data in a tabular or graphical format.

Applications
The measurement precision, flexibility, long-term reliability, and economical price of the CR800 and CR850 make them ideal for scientific, commercial, and industrial applications.

Meteorology
The CR800 series is used in long-term climatological
monitoring, meteorological research, and routine
weather measurement applications.  

Wind Profiling
Our data acquisition systems can monitor conditions
at wind assessment sites, at producing wind farms,
and along transmission lines.  The reliability of these
systems ensures data collection, even under adverse
conditions.  Wide operating temperature ranges and
weatherproof enclosures allow our systems to operate
reliably in harsh environments.

Sensors the CR800
series can measure
include:
• cup, propeller,
and sonic
anemometers

The CR800 or CR850 makes and records measurements,
controls electrical devices, and can function as PLCs or
RTUs.  Because the datalogger has its own power supply
(batteries, solar panels), it can continue to measure and
store data and perform control during power outages.

• tipping bucket
rain gages
• wind vanes

Typical sensors for wind assessment applications include,
but are not limited to:  

• pyranometers
• ultrasonic
ranging sensor

• cup, propeller, and
sonic anemometers
(up to 10 anemometers
can be measured by
using two LLAC4
peripherals)

• thermistors,
RTDs, and
thermocouples
• barometers
• RH probes

Meteorological conditions affecting
marine larvae distribution are monitored at Exuma Cay, Bahamas.

• plant pathology
• machinery
performance
• frost prediction

• barometers
• pyranometers

Photo courtesy RADTech Ltd. UK

Agriculture and Agricultural Research
The versatility of the CR800 and CR850 allows measurement of agricultural processes and equipment in
applications such as:

• canopy energy
balance

• thermistors, RTDs,
and thermocouples

For turbine performance applications, the CR800
series monitors electrical current, voltage, wattage,
stress, and torque.

Data is output in a choice of units (e.g., wind speed
in miles per hour, meters per second, or knots).  
Standard outputs include wind vector averaging,
sigma, theta, and histograms.

• plant water research

• wind vanes

• crop management
decisions
• food processing/
storage
• integrated pest
management
• irrigation scheduling

A Campbell Scientific datalogging system monitors this offshore
wind farm located between Rhyl and Prestatyn in North
Wales at about 7 to 8 km out to sea.  
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Air Quality
The CR800 series can monitor and control gas analyzers, particle samplers, and visibility sensors.  The
datalogger can also automatically control calibration
sequences and compute conditional averages that
exclude invalid data (e.g., data recorded during power
failures or calibration intervals).
Water Resources/Aquaculture
Our CR800 series is well-suited to remote, unattended
monitoring of hydrologic conditions.  Most hydrologic
sensors, including SDI-12 probes, interface directly to
the datalogger.  

Vehicle Testing
This versatile, rugged datalogger is ideally suited for
testing cold and hot temperature, high altitude, offhighway, and cross-country performance.  The CR800
and CR850 are compatible with our SDM-CAN interface,
GPS16X-HVS receiver.
Vehicle monitoring
includes not only
passenger cars, but
airplanes, locomotives, helicopters,
tractors, buses,
heavy trucks, drilling
rigs, race cars, and
motorcycles.

Soil Moisture
The CR800 and CR850 are compatible with the following soil moisture measurement technologies:
• Soil moisture blocks are inexpensive sensors that
estimate soil water potential.
• Matric water potential sensors also estimate soil
water potential but are more durable than soil
moisture blocks.

The CR800-series dataloggers are ideal for monitoring water
quality and level at reservoirs, springs, canals, pipelines, and
culinary sites.

Typical hydrologic measurements:
• Water level is monitored with incremental shaft
encoders, double bubblers, ultrasonic ranging
sensors, resistance tapes, strain gage pressure
transducers, or vibrating wire pressure transducers.  
Vibrating wire transducers require an AVW200
series or another Vibrating Wire Interface.
• Well draw-down tests use a pressure transducer
measured at logarithmic intervals or at a rate
based on incremental changes in water level.
• Ionic conductivity measurements use one of the
switched excitation ports from the datalogger.
• Samplers are controlled by the CR800 or CR850 as a
function of time, water quality, or water level.
• Alarm and pump actuation are controlled through
digital I/O ports that operate external relay drivers.

• Time-Domain Reflectometry Systems (TDR) use
a reflectometer controlled by the datalogger  to
accurately measure soil water content.  Multiplexers
allow sequential measurement of a large number
of probes by one reflectometer.
• Self-contained water content reflectometers are
sensors that emit and measure a TDR pulse.
• Tensiometers measure
the soil pore pressure of
irrigated soils and
calculate soil moisture.

Other Applications
• Wireless sensor/
datalogger networks
• Avalanche forecasting,
snow science, polar,
high altitude
• Fire weather
• Geotechnical
• Historic preservation

Data measured by this
weather station near
Aspen, Colorado is used
in avalanche forecasting.  

CR800-Series Specifications
Electrical specifications are valid over a -25° to +50°C, non-condensing environment, unless otherwise specified. Recalibration recommended every
two years. Critical specifications and system configuration should be confirmed with Campbell Scientific before purchase.
PROGRAM EXECUTION RATE

CURRENT SOURCING/SINKING: ±25 mA

10 ms to one day @ 10 ms increments

ANALOG INPUTS (SE1-SE6 or DIFF1-DIFF3)
3 differential (DF) or 6 single-ended (SE) individually
configured input channels. Channel expansion provided by optional multiplexers.

RANGES and RESOLUTION: Basic resolution (Basic
Res) is the A/D resolution of a single conversion.
Resolution of DF measurements with input reversal
is half the Basic Res.
Range (mV)1

DF Res (µV)

±5000
±2500
±250
±25
±7.5
±2.5

2

Basic Res (µV)

667
333
33.3
3.33
1.0
0.33

2

Resolution of DF measurements with input reversal.

ACCURACY3:
±(0.06% of reading + offset), 0° to 40°C
±(0.12% of reading + offset), -25° to 50°C
±(0.18% of reading + offset), -55° to 85°C (-XT only)
3

Accuracy does not include sensor and measurement noise.
Offsets are defined as:
Offset for DF w/input reversal = 1.5·Basic Res + 1.0 µV
Offset for DF w/o input reversal = 3·Basic Res + 2.0 µV
Offset for SE = 3·Basic Res + 3.0 µV

ANALOG MEASUREMENT SPEED:
Total Time5
Settling
Time

SE w/
No Rev

DF w/
Input Rev

250

250 µs

450 µs

60 Hz4

~1 ms

~12 ms

16.67 ms

3 ms

4

~20 ms

~40 ms

20.00 ms

3 ms

~25 ms

~50 ms

50 Hz

VOLTAGE RATIO ACCURACY6: Assuming excitation
voltage of at least 1000 mV, not including bridge
resistor error.
		

		
		
		

Range overhead of ~9% on all ranges guarantees that
full-scale values will not cause over range.

Integration Type/ IntegraCode
tion Time

MEASUREMENT TYPES: Ratiometric measurements
of 4- and 6-wire full bridges, and 2-, 3-, and 4-wire
half bridges. Precise, dual polarity excitation for
voltage excitation eliminates dc errors. Offset values
are reduced by a factor of 2 when excitation reversal
is used.

±(0.04% of voltage reading + offset)/Vx

Accuracy does not include sensor and measurement noise.
Offsets are defined as:

1

		
		
		

RESISTANCE MEASUREMENTS

6

1333
667
66.7
6.7
2.0
0.67

OUTPUT VOLTAGES (no load): high 5.0 V ±0.1 V;
low <0.1

4

AC line noise filter.

5

Includes 250 µs for conversion to engineering units.

INPUT NOISE VOLTAGE: For DF measurements
with input reversal on ±2.5 mV input range; digital
resolution dominates for higher ranges.
250 µs Integration:		
0.34 µV RMS
50/60 Hz Integration:
0.19 µV RMS

Offset for DF w/input reversal = 1.5·Basic Res + 1.0 µV
Offset for DF w/o input reversal = 3·Basic Res + 2.0 µV
Offset for SE = 3·Basic Res + 3.0 µV

PERIOD AVERAGING MEASUREMENTS

Any of the 6 SE analog inputs can be used for period
averaging. Accuracy is ±(0.01% of reading + resolution), where resolution is 136 ns divided by the specified number of cycles to be measured.
INPUT AMPLITUDE AND FREQUENCY:
Input
Voltage Range
Gain (±mV)
1
250
10
25
33
7.5
100
2.5

Signal (peak to peak)7
Min. (mV)
500
10
5
2

Max (V)
10
2
2
2

Min
Pulse
Width
(µV)
2.5
10
62
100

Max8
Freq
(kHz)
200
50
8
5

7

With signal centered at the datalogger ground.

8

The maximum frequency = 1/(Twice Minimum Pulse Width)
for 50% of duty cycle signals.

PULSE COUNTERS (P1-P2)

ACCURACY OF BUILT-IN REFERENCE JUNCTION
THERMISTOR (for thermocouple measurements):
±0.3°C, -25° to 50°C
±0.8°C, -55° to 85°C (-XT only)

ANALOG OUTPUTS (Vx1-Vx2)

2 switched voltage, active only during measurement,
one at a time.
RANGE AND RESOLUTION: Voltage outputs programmable between ±2.5 V with 0.67 mV resolution.
Vx ACCURACY: ±(0.06% of setting + 0.8 mV), 0° to 40°C
±(0.12% of setting + 0.8 mV), -25° to 50°C
±(0.18% of setting + 0.8 mV), -55° to 85°C (-XT only)
Vx FREQUENCY SWEEP FUNCTION: Switched outputs
provide a programmable swept frequency, 0 to 2500 mv
square waves for exciting vibrating wire transducers.

SWITCHED 12 V (SW12)

One independent 12 Vdc unregulated source is
switched on and off under program control. Thermal
fuse hold current = 900 mA @ 20°C, 650 mA @ 50°C,
360 mA @ 85°C.

CE COMPLIANCE

STANDARD(S) TO WHICH CONFORMITY IS
DECLARED: IEC61326:2002

COMMUNICATIONS

RS-232 PORTS:
9-pin: DCE (not electrically isolated) for computer or
		 non-CSI modem connection.
COM1 to COM2: Two independent Tx/Rx pairs on
		 control ports (non-isolated); 0 to 5 Vdc UART
Baud Rate: selectable from 300 bps to 115.2 kbps.
Default Format: 8 data bits; 1 stop bits; no parity
Optional Formats: 7 data bits; 2 stop bits; odd,
		 even parity
CS I/O PORT: Interface with CSI telecommunication
peripherals
SDI-12: Digital control ports 1 or 3 are individually
configured and meet SDI-12 Standard version 1.3 for
datalogger mode. Up to ten SDI-12 sensors are
supported per port.
PROTOCOLS SUPPORTED: PakBus, Modbus, DNP3,
FTP, HTTP, XML, POP3, SMTP, Telnet, NTCIP, NTP,
SDI-12, SDM

MEMORY: 2 MB of Flash for operating system; 4 MB
of battery-backed SRAM for CPU usage, program
storage and final data storage

SWITCH CLOSURE MODE:
Minimum Switch Closed Time: 5 ms
Minimum Switch Open Time: 6 ms
Max. Bounce Time: 1 ms open w/o being counted

LOW LEVEL AC MODE: Internal ac coupling removes
dc offsets up to ±0.5 V.

INPUT RESISTANCE: 20 Gohms typical

INPUT RESISTANCE: 100 kohm with inputs <6.2 Vdc
220 ohms with inputs ≥6.2 Vdc

MAXIMUM COUNTS PER SCAN: 16.7 x 106

SUSTAINED INPUT VOLTAGE W/O DAMAGE:
±16 Vdc max.
INPUT CURRENT: ±1 nA typical, ±6 nA max. @ 50°C;
±90 nA @ 85°C

INPUT HYSTERISIS: 1.4 V

SYSTEM

NORMAL MODE REJECTION: 70 dB @ 60 Hz when
using 60 Hz rejection

DC COMMON MODE REJECTION: >100 dB

INPUT STATE: high 3.8 to 16 V; low -8.0 to 1.2 V

2 inputs individually selectable for switch closure, high
frequency pulse, or low-level ac. Independent 24-bit
counters for each input.

HIGH FREQUENCY PULSE MODE:
Maximum Input Frequency: 250 kHz
Maximum Input Voltage: ±20 V
Voltage Thresholds: Count upon transition from
below 0.9 V to above 2.2 V after input filter with
1.2 µs time constant.

INPUT LIMITS: ±5 V

OUTPUT RESISTANCE: 330 ohms

Input Hysteresis: 12 mV @ 1 Hz
Maximum ac Input Voltage: ±20 V
Minimum ac Input Voltage:
Sine Wave (mV RMS)

Range(Hz)

20
200
2000
5000

1.0 to 20
0.5 to 200
0.3 to 10,000
0.3 to 20,000

DIGITAL I/O PORTS (C1-C4)

PROCESSOR: Renesas H8S 2322 (16-bit CPU with
32-bit internal core running at 7.4 MHz)

RTC CLOCK ACCURACY: ±3 min. per year. Correction
via GPS optional.
RTC CLOCK RESOLUTION: 10 ms

SYSTEM POWER REQUIREMENTS
VOLTAGE: 9.6 to 16 Vdc

EXTERNAL BATTERIES: 12 Vdc nominal (power and
connection is reverse polarity protected)
INTERNAL BATTERIES: 1200 mAh lithium battery for
clock and SRAM backup, typically provides 3 years
of backup
TYPICAL CURRENT DRAIN:
Sleep Mode: 0.7 mA typical; 0.9 mA max.
1 Hz Sample Rate (1 fast SE meas.): 1 mA
100 Hz Sample Rate (1 fast SE meas.): 16.2 mA
100 Hz Sample Rate (1 fast SE meas. w/RS-232
		 communication): 27.6 mA
CR1000KD or CR850 Keyboard Display On
		 (no backlight): add 7 mA to current drain
CR1000KD or CR850 Keyboard Display On
		 (backlight on): add 100 mA to current drain

4 ports software selectable, as binary inputs or control
outputs. Provide edge timing, subroutine interrupts/
wake up, switch closure pulse counting, high frequency
pulse counting, asynchronous communications (UARTs),
SDI-12 communications, and SDM communications.

PHYSICAL

HIGH FREQUENCY MAX: 400 kHz

WARRANTY

SWITCH CLOSURE FREQUENCY MAX: 150 Hz

DIMENSIONS: 24.1 x 10.4 x 5.1 cm (9.5 x 4.1 x 2 in.);
additional clearance required for cables and leads.
WEIGHT (datalogger + base): 0.7 kg (1.5 lb)

3 years against defects in materials and workmanship.

EDGE TIMING RESOLUTION: 540 ns
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Attachment H
CAMPBELL SCIENTIFIC AVW200
SERIES VIBRATING WIRE MODULES
DATASHEET

AVW200-series
2-Channel Vibrating Wire Spectrum Analyzer Modules

The AVW200 series uses an innovative spectralinterpolation method for measuring the sensor’s
resonant frequency. With the spectral interpolation
method, the module excites the vibrating wire sensor,
measures the response, performs a Fourier transform
on the response, and returns the result with a resolution better than 0.001 Hz—all within two seconds.
Because spectral analysis can distinguish signal from
noise on the basis of frequency content, this method
offers improved immunity to competing noise.
The AVW200-series modules also provide many selfchecking diagnostics such as vibrating element signal
strength, signal-to-noise ratio, vibrating-element
signal decay ratio, and incorrect signal response. These
diagnostics can be running in the background to give
continual feedback of the condition for each sensor.

Features/Benefits
• Interfaces two vibrating wire sensors; more
sensors may be connected if an AM16/32B
multiplexer is used
• Resolves the vibrating-wire measurement to less
than 0.001 Hz (industry standard is 0.1 Hz)
• Eliminates the problem of incorrect readings
due to noise sources
• Retrieves frequency of interest via SDI-12, RS-232,
or PakBus network protocol
• Supports standalone capability by using a wireless
model (AVW206, AVW211, AVW216)
• Provides low current drain (300 µA quiescent,
40 mA during 2-second measurement)
• Includes dual channel coils plus a thermistor
measurement
• Simplified configuration and datalogger
programming

Improved Noise Immunity Using Spectral Analysis
250

200

Displacement (mm)

Campbell Scientific’s AVW200-series interface
modules allow the measurement of vibrating-wire
strain gauges, pressure transducers, piezometers,
tiltmeters, crackmeters, and load cells. These sensors are used in a wide variety of structural, hydrological, and geotechnical applications because of
their stability, accuracy, and durability.

Previous Time-Domain Analysis

150

100
New Spectral Analysis

50

0

-50
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0
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noise stops
100

120

140

160

180

200

220

240
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Datalogger Connections
When using SDI-12, a three conductor cable is required;
Campbell Scientific recommends the CABLE3CBL-L
cable. When using RS-232, the module attaches to the
datalogger’s RS-232 port via the 18663 null modem cable,
or attaches to control ports on a CR800, CR850, CR1000,
or CR3000 datalogger via the 17855 data cable.

Models/Datalogger Communications
All of the models can communicate with the datalogger using RS-232 or SDI-12. Other communications
supported are model dependent:
• AVW200—base model (i.e, communicates with
the datalogger via RS-232 or SDI-12).
• AVW206—includes an internal 915 MHz spread
spectrum radio that transmits data to the datalogger via an RF401 or RF430 radio. The 915 MHz
frequency is used in the US/Canada.
• AVW211—includes an internal 922 MHz spread
spectrum radio that transmits data to the datalogger via an RF411 or RF431 radio. The 922 MHz
frequency is used in Australia/Israel.
• AVW216—includes an internal 2.4 GHz spread
spectrum radio that transmits data to the datalogger via an RF416 or RF432 radio. The 2.4 GHz
frequency can be used in many countries worldwide.

Vibrating Wire Interface Module Specifications
Electrical specifications are valid over a -25° to +50°C range unless otherwise specified; non-condensing environment required.

ANALOG INPUTS/OUTPUTS

INPUT STATE: high 2.5 to 5.3 V; low -0.3 to 1.0 V

DESCRIPTION: 2 differential (DF) Vibrating Wire measurements
(V+ and V-) and 2 single-ended (SE) ratiometric resistive
half-bridge measurements (T+ and T-).

INPUT HYSTERESIS: 1.32 V

VIBRATING WIRE (V+ AND V-):

OUTPUT VOLTAGES (no load): high 5.0 V ±0.1 V; low <0.1

INPUT RESISTANCE: 100 kOhms

Range, Resolution, and Accuracy: 24-bit basic resolution.

Input Range

Measurement
Resolution
(-55° to 85°C)

Accuracy
Basic
(-55° to 85°C)

±250 (mV) DF

0.001 (Hz RMS)

±0.013% of reading

OUTPUT RESISTANCE: 330 Ohms

COMMUNICATION
RS-232: Non Isolated
BAUD RATES: Selectable from 1200 to 38.4 kbps. ASCII protocol
is one start bit, one stop bit, eight data bits, and no parity.

Input Resistance: 4.75 kOhms for the Vibrating Wire
Measurement inputs (V+ and V-).

SDI-12: Control Ports 1 is configured for SDI-12 Sensor asynchronous
communication. Meets SDI-12 Standard version 1.3

Vibrating Wire Measurement: Differential Coil+ (V+) and Coil- (V-)
outputs/inputs for direct connection excite and resonant
frequency measure of vibrating wire transducers. ±2.5 V
(5 V peak-to-peak) or ±6 V (12 V peak-to-peak), logarithmic
sine wave frequency excitation programmable from 100 Hz
to 6.5 kHz, followed by frequency domain measurements via
digital signal processing for excellent noise rejection.

SYSTEM
PROGRAM EXECUTION INTERVAL: 1 second
PROCESSOR: Hitachi H8S 2324 (16-bit CPU with 32 bit internal core)
MEMORY: Either 128 or 512 kbytes of SRAM; 2 Mbyte of OS Flash

RESISTIVE THERMISTOR (T+ AND T-):

CLOCK ACCURACY: ±10 minute per month. The clock is not
compensated over temperature.

Range, Resolution, and Accuracy: 24-bit basic resolution.

Input Range

Measurement
Resolution
(-55° to 85°C)

±2500 (mV) SE

0.001 (Ohms RMS)

Note: The AVW200-series module synchronizes with the datalogger
clock every execution interval (datalogger instruction AVW200).

Accuracy
Basic
(-55° to 85°C)

±0.25% of reading)1

CE COMPLIANCE
STANDARD(S) TO WHICH CONFORMITY IS DECLARED:
IEC61326:2002

1Thermistor interchangeability, resistance of the wire and thermistor

linearization errors should also be considered.

Input Resistance: 5 kOhms for the thermistor input T- (5 kOhm
0.1% completion resistor).

POWER REQUIREMENTS

Thermistor Measurement: A half-bridge ratiometric measurement. The value returned is in Ohms. This can be used for
temperature correction of the vibrating wire measurement.

VOLTAGE: 9.6 to 16 Vdc
TYPICAL CURRENT DRAIN @ 12 Vdc:
Quiescent (no radio or radio off): ~0.3 mA

COMMON MODE RANGE: ±25 V

Radio duty cycling ½ second: ~5 mA (includes quiescent current)

SUSTAINED INPUT VOLTAGE W/O DAMAGE: ±16 Vdc max.

Radio duty cycling 1 second: ~3 mA (includes quiescent current)

MEASUREMENT SPEED: The AVW200 Vibrating Wire measurement
(DF measurement) and the Half Bridge thermistor measurement
(SE measurement) combined take less than 2 seconds per
measurement. The DF measurement time depends on the
beginning and ending frequency range selected and will take
between 1.4 to 1.6 seconds. The Half Bridge thermistor measurement (SE) takes 60 milliseconds or 70 milliseconds depending
on the integration time selected. The thermistor measurement
integrates for 20 milliseconds (50 Hz) or 16.66 milliseconds
(60 Hz) with a positive excite and then 20 milliseconds or
16.66 milliseconds with a negative excite.

Radio duty cycling 8 second: ~0.75 mA (includes quiescent current)
Radio always on: ~26 mA (radio transmit current 100 mA)

Active RS-232 communication: ~6 mA ( 3 seconds after communication stops the current will drop to the quiescent current)
Measurement: ~25 mA (averaged over the 2 seconds
measurement)

PHYSICAL SPECIFICATIONS
SIZE: 8.5” x 4.4” x 1.25” (21.6 x 11.18 x 3.18 cm)

DIGITAL CONTROL PORTS

WEIGHT: 0.95 lbs (0.43 kg)

DESCRIPTION: 3 digital control ports (C1 – C3). C1 functions as
an SDI-12 I/O communication port. C2 functions as a Clk output
for Mux control. C3 functions as a Reset output for Mux Control.
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Attachment I
CAMPBELL SCIENTIFIC AM16/32B
MULTIPLEXER
DATASHEET

AM16/32B
Relay Multiplexer
The AM16/32B Relay Multiplexer increases the number of sensors that can be measured by a datalogger.
It multiplexes 16 groups of four lines (a total of 64
lines) through four common (COM) terminals.
Alternatively, a manual switch setting allows the
AM16/32B to multiplex 32 groups of two lines (also
a total of 64 lines) through two COM terminals.
Two clocking modes are supported. Mode A
sequentially advances through each channel.
Mode B uses a relay address to go directly to a
specific channel—reducing power consumption
and wear on the relay switches.
The AM16/32B is compatible with most of our
dataloggers (not compatible with the CR200 series
or CR510). The maximum distance between the
datalogger and the AM16/32B is determined by
the sensors used, the datalogger’s scan rate, and
the cable used in the application.

Features/Benefits
• Increases system channel capacity
• Decreases the cost of cabling individual sensors
on long wire runs
• Reduces power consumption and wear on the
relay switches by using a relay address to go
directly to a specific channel.
• Contains gas tubes on all of the inputs and a
ground lug for better surge protection
• Includes strain relief for sensor leads and
independent routing for sensor shield lines
• Compatible with thermistors, potentiometers,
load cells, strain gages, vibrating wires, water
content reflectometers, and gypsum soil
moisture blocks; AM25T is recommended
for multiplexing thermocouples

When multiple sensor types are connected to the AM16/32B,
Mode B allows one sensor type to be measured more frequently
than the other sensor type.

Maximum Number of Sensor Connections
The maximum number of sensors multiplexed through
one AM16/32B depends on the type(s) of sensors
measured. For example, assuming identical sensors,
the AM16/32B can multiplex:
• Up to 32 single-ended or differential sensors that
require two wires (e.g., thermistors, half bridges)
• Up to 16 single-ended or differential sensors
that require four wires (e.g., full bridges, fourwire half bridges)
• Up to 32 vibrating wire sensors (16 with
temperature) in conjunction with a AVW1,
AVW4, AVW100, or AVW200-series
Vibrating Wire Interface
• Up to 48 half-bridge measurements (assumes
common excitation and completion resistors at
the datalogger)
• Up to 48 CS616 Water Content Reflectometers
(assumes common excitation)
• Up to 32 gypsum soil moisture blocks (model 223
or 253). The AM16/32B eliminates the requirement for dc blocking capacitors, significantly
reducing sensor cost

Environmental Enclosures
The AM16/32B operates in most field conditions
but requires a non-condensing environment. A
weather-resistant enclosure equipped with desiccant is required for field use. The ENC10/12 is
the enclosure of choice for multiplexers housed
at a distance from the datalogger.

If the AM16/32B is to be housed in the datalogger’s enclosure, one AM16/32B, a CR800, CR850,
CR1000, CR3000, or CR10X datalogger, and a
PS100 power supply will fit in an ENC12/14. For
convenience in wiring, a larger enclosure (e.g.,
ENC16/18) is recommended.

Software Support

Scanning Multiple AM16/32Bs

Short Cut version 1.1 or higher (available free of charge
from our website) supports simple programs and
generates wiring diagrams for AM16/32B applications.
More complicated programs may be generated using
PC400 or LoggerNet datalogger support software.

Several AM16/32Bs may be connected to the same
datalogger depending on the number of control ports
and analog inputs available. For example, some customers have connected six multiplexers to one datalogger. This assumes adequate analog inputs, plus eight
control ports, two for clock lines and six for enable
lines, are available.

Power Considerations
The AM16/32B draws less than 210 microamps
quiescent, 6 milliamps active—so power considerations are heavily tied to the percentage of time in
quiescent versus active states. Use of a relay address
can reduce power consumption by minimizing the
time spent in an active state.

Short Cut is available from our website (at no charge) and
Resource CD. It is also bundled with Campbell Scientific’s
PC400 and LoggerNet Datalogger Support Software.

In most applications, the datalogger’s sealed
rechargeable power supply should be more
than sufficient; the datalogger’s alkaline power
supply could be used in applications where the
multiplexer is activated infrequently.

Datalogger Connections

Ordering Information

COM Terminals
When used in a 2 x 32 mode, the CABLE3CBL-L cable is
recommended for connecting the measurement/excitation
channels of the datalogger with the COM terminals of the
multiplexer. For the 4 x 16 mode, the CABLE4CBL-L
is typically used; the CABLE5CBL-L is recommended
when it is desirable to connect both shields.

Multiplexer
AM16/32B

16 or 32 Channel Relay Multiplexer

Temperature Ranges (choose one)
-ST

Tested -25° to +50°C

-XT

Tested -55° to +85°C

Cables (see Datalogger Connections)

Reset and Clock Terminals
The CABLE4CBL-L is recommended to supply
power and control signals from the datalogger
to the AM16/32B. The AM16/32B requires one
datalogger control port for enable (reset terminal),
and a second control port to advance through the
channels (clock terminal).
Cable Lengths
A 2-foot cable length should be sufficient if the datalogger and AM16/32B are housed in an ENC16/18
environmental enclosure.

CABLE3CBL-L

3-conductor, 22-AWG cable with drain wire and Santoprene jacket. Enter cable length, in feet, after the -L.
Must choose a cable termination option (see below).

CABLE4CBL-L

4-conductor, 22-AWG cable with drain wire and Santoprene jacket. Enter cable length, in feet, after the -L.
Must choose a cable termination option (see below).

CABLE5CBL-L

5-conductor, 24-AWG cable with drain wire and Santoprene jacket. Enter cable length, in feet, after the -L.
Must choose a cable termination option (see below).

Cable Termination Options (choose one)

2

-PT

Cable terminates in stripped and tinned leads
for direct connection to a datalogger’s terminals.

-PW

Cable terminates in connector for attachment
to a prewired enclosure.

Specifications1
Electrical

CE Compliance:

Power
@ -25° to +50°C:
@ -55° to +85°C:

11.3 to 16 Vdc (under load)
11.8 to 16 Vdc (under load)

Current Drain (typical)
Quiescent:
Active:

<210 μA
6 mA

Reset Levels
Inactive:
Active:

<0.9 V
3.3 to 8 V

Clock Levels:
Scan Advance:

ESD
Air Discharge::
Contact Discharge:
Surge:

EN 61326: 1998
EN 55022: 1998 Class B
Complies with IEC61000-4-2,
test level 4 (±15 kV)
Complies with IEC61000-4-2,
test level 4 (±8 kV)
Complies with IEC61000-4-5,
test level 3 (±2 kV, 2 ohms
coupling impedance)

Physical

Occurs on the leading
edge of the clock pulse
transition (from below
1.5 V to above 3.3 V).
8 Vdc

Operating Temperature
Standard:
Extended:

-25° to +50°
-55° to +85°C

Operating Humidity:

0 to 95%, non-condensing

Minimum Clock Pulse Width: 1 ms

Dimensions:

Maximum Actuation Time
for Relay:

4.0-in. W x 9.4-in. L x 1.8-in. D
(10.2-cm x 23.9-cm x 4.6-cm)

20 ms

Weight:

1.5 lbs (0.7 kg)

Relay Operation:

break before make

Initial Relay Resistance,
Closed:

0.1 Ohm

Maximum Switching
Current2:

500 mA.

Minimum Contact Life:

107 closures

Maximum Voltage:

1 in
2.54 cm

Mounting
Enclosure to Pipe:

1.25-in. IPS pipe (1.660-in. OD);
3.175 cm (4.22 cm OD)

AM16/32B in Enclosure:

compatible with 1-inch on
center hole grid (see footprint below)

AM16/32
AM16/32B

3 in
7.62 cm

9.4
9 inin
23.9
22.9 cm

1

If you have questions concerning the use of the AM16/32B in your application, please call Campbell Scientific at (435) 753-2342.

2

Switching currents greater than 30 mA (occasional 50 mA acceptable) degrade the suitability of that channel for switching low-voltage signals.

3

®
Campbell Scientific, Inc.
USA

|

AUSTRALIA

|

|

BRAZIL

815 W 1800 N
|

CANADA

|

|

Logan, Utah 84321-1784

COSTA RICA

|

ENGLAND

|

|

(435) 753-2342

FRANCE

|

GERMANY

www.campbellsci.com

|
|

SOUTH AFRICA

|

SPAIN

Copyright © 2008, 2010
Campbell Scientific, Inc.
Printed February 2010

Attachment J
CAMPBELL SCIENTIFIC RF401
RADIO MODEM
DATASHEET

RF401-Series & RF430-Series
Spread Spectrum Radio Modems
The RF401-series and RF430-series radios can be used for
general purpose wireless data communications and support point-to-point and point-to-multipoint datalogger
communications. Spread spectrum radios can serve as a
field modem/radio while connected to the datalogger or
as a base station modem/radio while connected to a PC.
They can also serve as a standalone RF router/repeater.
Spread spectrum radios spread the normally narrowband information signal over a relatively wide band
of frequencies. This allows the communications to
be more immune to noise and interference from RF
sources such as pagers, cellular phones and multipath.1
The RF401-series and RF430-series radios reduce susceptibility to RF interference from other spread spectrum devices by providing user-selectable frequency
hopping patterns.

Features
• Individual FCC license not required2
• Up to one mile transmission range when using inexpensive omnidirectional antennas (shown). Up
to 10 mile transmission range when using higher
gain directional antennas at ideal conditions
(please note that line-of-sight obstructions and RF
interference will affect transmission distance)
• 25-channel frequency-hopping radio
• Built-in simplified and advanced setup menus for
configuring port modes, network/radio addresses,
protocol, hop table, and power saving modes; settings stored in non-volatile memory
• Setup that allows different addresses for multiple
dataloggers in a point-to-multipoint network
• Reduced power consumption by the datalogger, as
the radios perform “packet address filtering”
• Greater immunity to interference and RF collisions by using RF retries
• Ability to have standalone RF router/repeaters
(up to 8 repeaters)
• Faster communication due to elimination of some
of the small “link state packets”

The RF401 shown above has a 15730 antenna that attaches
directly to the radio. This omnidirectional antenna should
reside inside a building or enclosure. It has a knuckle joint
that can be oriented at right angles.

Powering the Radio
Base Station (radio connected to PC)
If an RF401-series radio is used at the base station,
the #15966 wall charger supplies 12 Vdc power to the
radio. The RF430-series radio is powered by the PC
through its USB port.
Field Station (with datalogger)
At the field station, an RF401-series radio is typically
powered by the datalogger through its CS I/O port.
The #14291 Field Cable can also be used to connect
the radio to an appropriate 12 Vdc power supply. The
field cable is required for the following situations:
• RF401-series radio connected to the datalogger’s
RS-232 port instead of the CS I/O port
• RF430-series radio used at the field station
(RF430-series radios do not have a CS I/O port)
• Datalogger purchased before December 1997
Non-Datalogger Remote Site
Radio-to-MD485 networks and radio-to-phone networks require a power supply with a null modem port
at the non-datalogger site. An A100 adapter used with
a PS100 or PS200 power supply provides this capability. The power supply battery is recharged via a wall
charger or a solar panel.

1
The operating frequency band of these radio modems may be shared with other non-licensed services such as cordless telephones and with
licensed services including emergency broadcast and air-traffic control.
2

Spread spectrum radios, like all FCC Part 15 devices, are not allowed to cause harmful interference to licensed radio communications and
must accept any interference that they receive. Most Campbell Scientific users operate in open or remote locations where interference is
unlikely. If there is a problem, interference can be reduced using methods such as moving the device, reorienting or using a different type
of antenna, or adding RF shielding.

Radios

Antennas*

RF401 series
The RF401 series can serve as a field modem/radio
while connected to the datalogger or as a base station
modem/radio while connected to a PC’s RS-232 port.
The RF401 series consists of the following models:
• RF401 915 MHz Spread Spectrum Radio—transmits data to another RF401 radio, an RF430 radio,
a CR206(X) datalogger, or an AVW206 interface.
The 915 MHz frequency is used in the US/Canada.
• RF411 922 MHz Spread Spectrum Radio—transmits data to another RF411 radio, an RF431 radio,
a CR211(X) datalogger, or an AVW211 interface.
The 922 MHz frequency is used in Australia/Israel.
• RF416 2.4 GHz Spread Spectrum Radio—transmits data to another RF416 radio, an RF432 radio,
a CR216(X) datalogger, or an AVW216 interface.
The 2.4 GHz frequency is used worldwide.

14201

15970
14221
Above are antennas used with the RF401, RF411, RF430, and RF431
radios. The RF401 shown on page one has a 15730 whip antenna.

RF430 series
Usually, the RF430-series radio connects to a PC’s
USB port to serve as a base station modem/radio. The
RF430 series may also connect to the datalogger’s
RS-232 port to serve as a field modem (requires a null
modem cable and a field power cable). The RF430
series consists of the following models:
• RF430 915 MHz Spread Spectrum Radio—transmits data to another RF430 radio, an RF401 radio,
or a CR206(X) datalogger. The 915 MHz frequency
is used in the US/Canada.
• RF431 922 MHz Spread Spectrum Radio—transmits data to another RF431, an RF411 radio, or a
CR211(X) datalogger. The 922 MHz frequency is
used in Australia/Israel.
• RF432 2.4 GHz Spread Spectrum Radio—transmits data to another RF432, an RF416 radio, or a
CR216(X) datalogger. The 2.4 GHz frequency is
used worldwide.

RF401, RF411, RF430, or RF431 Antennas
The following are inexpensive antennas that can transmit short distances (up to 1 mile). They must reside in
an environmental enclosure or building:
• 14310 —straight 0-dbd, ¼-wave, whip antenna
with 3.2” length. RPSMA connector attaches directly to the radio; no antenna cable is needed.
• 14204—0 dbd, ½-wave, whip antenna with joint that’s
adjustable from 0° to 90°. RPSMA connector attaches
directly to the radio; no antenna cable is needed.
• 15970—1 dBd, dipole antenna with window or
wall mount. Antenna comes with a 10-foot cable
that has an RPSMA connector, which attaches to
the radio; an additional cable is not needed.
• 15730—0 dBd, ¼ wave whip antenna with joint that’s
adjustable from 0° to 90°. RPSMA connector attaches directly to the radio; no antenna cable is needed.
• 15731—straight, 0 dBd, ¼ wave whip, antenna
with 3” length. RPSMA connector attaches directly to the radio; no antenna cable is needed.

The RF430-series radios have a USB port instead of a CS I/O
port. They were developed for use with laptops or PCs that
do not have an RS-232 port.

The following are higher gain, outdoor antennas.
Their type N female connector attaches to an antenna
cable that’s purchased separately (see Antenna Cables):
• 14221—3 dBd omnidirectional antenna with
mounting hardware. The 14221 is suitable for base
station use where it needs to communicate with
multiple stations located in different directions.
• 14201—9 dBd, Yagi antenna with mounting hardware. This directional antenna is intended for
longer transmission distances.

Right End

*Only the FCC-approved antennas listed in this document can be used with the RF401-series and RF430-series radios. Call one of our Applications Engineers for help in choosing an antenna.
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RF416 or RF432 Antennas
The following are inexpensive antennas that can transmit short distances (up to 1 mile). They must reside in
an environmental enclosure or building:
• 16005—0 dBd, ½-wave whip antenna with joint
that’s adjustable from 0° to 90°. An RPSMA connector attaches directly to the radio; no antenna
cable is needed.
• 17480—1 dBd, dipole antenna with window or
wall mount. Antenna comes with a 10-foot cable
that has an RPSMA connector, which attaches to
the radio; an additional cable is not needed.

Mounting Brackets
• 14162—Mounting bracket kit that attaches the radio
to the backplate of an environmental enclosure.
• CM230—Adjustable Angle Mounting Kit that
secures an outdoor antenna to a mast or pipe with
a 1.3-in to 2.1-in outer diameter.

A CM230 supporting a Yagi antenna is
attached to the mast
of a CM110 tripod.
Only the first crosselement of the Yagi
antenna is shown

The following is a higher gain, outdoor antenna:
• 16755—13 dBd Yagi antenna with mounting
hardware. Its type N female connector attaches
to an antenna cable that’s purchased separately
(see Antenna Cables).

Compatible Devices
The RF401-series radios are compatible with all of our
contemporary dataloggers and most of our retired
dataloggers. The RF430 series can attach to any datalogger that has an RS-232 port. Communications with
the internal radio of our CR200(X)-series dataloggers
may require some settings to be changed; for more information, refer to the RF401-to-CR206 Communications application note at www.campbellsci.com/app-notes.

The 16005 antenna has an articulating knuckle joint
that can be oriented vertically or at right angles.

Antenna Cables/Surge Protectors
for Outdoor Antennas

To increase transmission distance, the RF401-series
radios can be combined with our COM210/COM220
phone modems, MD485 Multidrop Modem, and
SRM-5A Short Haul Modem. At the non-datalogger
site, an A100 adapter fastened to a PS100, PS200,
CH100, or CH200 is required.

Recommended for cable lengths less than 10 ft
• COAXRPSMA-L—Low-loss RG58 antenna cable
with reverse polarity SMA (RPSMA) connector
and type N male connector. Specify length, in feet,
after the L.

The RF401-series and RF430-series radios are compatible with the retired RF400-series radios if the RF401series or RF430-series radios use the Transparent
protocol setting. Campbell Scientific does not recommend using RF401-series or RF430-series radios in
networks containing RF450 Spread Spectrum Radios.

Recommended for cable lengths greater than 10 ft
and/or use with lightning protection
• COAXNTN-L—Low-loss RG8 antenna cable with
type N male to type N male connectors (requires
14462 or 16982). Specify length, in feet, after the L.
• 14462—Surge suppressor kit for 900 or 922 MHz
RPSMA radios. Includes one COAXRPSMA-L1.5.
Requires the COAXNTN-L cable.
• 16982—Surge suppressor kit for 2.4 GHz radios.
Includes one COAXRPSMA-L1.5. Requires the
COAXNTN-L cable.

COAXNTN-L

Surge
Suppressor

Demo Kit
Customers may test their radio communications onsite
by using the 21107 900 MHz Spread Spectrum Demo
Kit; contact Campbell Scientific for more information.

Radio installations that are susceptible to lightning should use
a COAXNTN cable and a 14462 or 16982 surge suppressor kit.
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Specifications
Operating Frequency
RF401, RF430:
RF411, RF431:
RF416, RF432:

Power:
910 to 918 MHz
920 to 928 MHz
2.450 to 2.460 GHz

Average Current Drain
Stand-by:

Type:

Frequency Hopping Spread
Spectrum (FHSS) Transceiver

RS-232 Baud Rate:

38.4 k, 19.2k, 9600, 4800,
or 1200 bps

USB Baud Rate1
(RF430-series only):

Transmitting:

Operating Temperature Range:
Standard:
-25° to +50°C
Extended3:
-55° to +85°C (RF401, RF411,
RF430, RF431 only)

65,000 Network Identifiers
share 25 hop channels

Frequency Hopping
Patterns:

Six different selectable patterns

Frequency Control:

Direct FM

Receiver Sensitivity
RF401, RF411, RF430, RF431: -110 dBm at 10-4 bit error rate2
RF416, RF432:
-104 dBm at 10-4 bit error rate2
Interference Rejection:

<1 mA (power-saving
options used),
24 mA (RF401, RF411)
36 mA (RF416)
26 mA (RF430, RF431)
40 mA (RF432)
<75 mA (RF401, RF411)
75 mA (RF416)
78 mA (RF430, RF431, RF432)

Receiving:

38.4 k, 19.2k, 9600, 4800,
or 1200 bps

Channel Capacity:

9 to 16 Vdc

LEDs:

Power on, TX, RX, diagnostics

RS-232 Connector:

9-pin D female (4 wire: Tx, Rx,
CTS, GND)

CS I/O Connector4:

9-pin D male (RF401-series
radios only)

Power Connector:

Barrel plug, center positive
12 V; used to connect the
14291 Field Power Cable
or 15966 AC adapter
(see Powering the Radio
on page 1)

Dimensions:

4.75 in. x 2.75 in. x 1.3 in.
(12.1 cm x 7.0 cm x 3.3 cm)

Weight:

8 oz. (227 g)

70 dB at pager and cellular
phone frequencies

Transmitter Power Output
RF401, RF411, RF430, RF431: 100 mW nominal
RF416, RF432:
50 mW nominal
FCC ID
RF401, RF411, RF430, RF431: OUR9XTREAM
RF416, RF432:
OUR-24XSTREAM
Antenna Connector:

Reverse polarity SMA

1

If an RF430-series radio has an operating system prior to OS2, its USB port will only communicate at 38.4 kbps. Therefore, the operating system
of an RF430-series radio may need to be updated to a newer version if the network will contain dataloggers that do not support 38.4 kbps (e.g.,
CR200(X), CR510, CR10X). Operating system updates are available from www.campbellsci.com/downloads
2

Campbell Scientific protocols will issue retries wherever a bit error occurs.

3
The push button that allows customers to check/edit programmable settings while the radio is connected to a computer may not operate at temperatures colder than -25°C.
4
Newer dataloggers provide power to the RF401-series radio on this connector. Dataloggers purchased before December 1997 require the #14291
Field Power Cable.
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Attachment K
CAMPBELL SCIENTIFIC COM320
VOICE SYNTHESIZER MODEM
DATASHEET

COM320
56k Telephone Modem with Voice Synthesizer
Campbell Scientific’s COM320 voice-synthesizer modem
provides a CR800, CR850, CR1000, or CR3000 datalogger
with speech capability—thus enabling the user to call a site
for a spoken summary of real-time or historical data. The
COM320 can also act as a standard modem.

Features
• Allows anyone to call a COM320-equipped site
from any phone (including cellular) to receive
a verbal report of current site conditions.
• Enables the datalogger to call you and recite a
verbal warning if specified conditions occur.
• Reports specific conditions or allows selection
of information by pressing numbers on a
touch-tone telephone.
• Uses voice strings created with CRBasic code.
• Operates over a wide temperature range
(-25° to +50°C standard, -40° to +85°C optional)
• Comes with a speaker that aids troubleshooting in the field.
• Supports communication rates up to 115.2 kbps
between modem and datalogger (in practice,
data transmission through phone lines is
generally limited to 33.6 kbps).

Air temperature is 82.15
degrees Fahrenheit.
Wind speed is 2.4 mph.
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You can use any phone to call a
COM320-equipped site and receive a
verbal report of real-time conditions

CS I/O Port
RJ-11C
Jack

Power
terminals

Screw terminals
The datalogger connects with the CS I/O port on the
COM320 via an SC12 or SC12R-6 cable. The RJ-11C jack is for
attaching a surge-protected telephone line. Alternatively,
the screw terminals (GND, RING, TIP) can be used to connect
the COM320 with a phone line via a surge protector.

Required Equipment

Ordering Information

• Phone. Typically a touch-tone phone, but a rotary
phone can be used to receive a verbal
report only when the report does not require user
participation (i.e., pressing numbers to select
information).
• Analog phone line. Some DBX office phone
lines are digital and cannot be used with analog
modems such as the COM320.
• Surge protector at the datalogger site if one is
not installed by the phone company. Campbell
Scientific offers model 6362 (mounts inside
enclosure) or model 4330 (similar to the 6362
but without enclosure mounts).
• COM320 voice-synthesizer modem
(includes SC12 cable).
• CR800, CR850, CR1000, or CR3000 datalogger.
• Environmental enclosure (ENC12/14, ENC14/16,
or ENC16/18).
• Power supply.**

Voice Phone Modem
COM320

Voice Synthesizer Modem

Temperature Range Options (choose one)
-ST

Tested for -25° to +50°C range.

-XT

Tested for -40° to +85°C range.

Country of Usage Options (choose one)
-US

Set for use in US or Canada

-UK

Set for use in the UK.

-AU

Set for use in Australia.

Accessories

Datalogger-to-computer communication also requires,
at the computer site, a PC or laptop running PC400,
LoggerNet, or RTDAQ datalogger support software,
7026 serial cable or equivalent modem cable, and a
user-supplied Hayes-compatible modem.

4330

Surge Protector 2-Wire, JOSLYN 2374-01

6362

Surge Protector Kit for 2-Wire Modem with Mounting for Enclosure Use.

17648

USB Cable that is required to change the COM320
operating system or to change settings such as the
number of rings before answering a call.

CABLE2CBL-L

2-conductor, 22-awg cable with user-specified
length; enter length, in feet, after the -L. Typically,
this cable is used when the COM320 is housed in a
prewired enclosure. For this application, order the
-PW option (see below).

Pigtail Options for CABLE2CBL (choose one)
-PT
-PW

Cable terminates in pigtails for direct connection to screw terminals.
Cable terminates in a connector for attachment to a prewired enclosure.

Specifications
Standards:

V.92, K56Flex, V.90, V.34,
V.32bis, V32, V23, V22bis,
V22, V.21, B212, B103

Communication Rate Between
Datalogger and COM320
9600, 38400, 57600, 115200 bps
(selected by user):

Registration:

FCC US: 3A4M508BSM2-T-W
IC 2377 A-SM2TW
TBR21

Operating Temperature Range
Standard:
-25° to +50°C
Optional Extended:
-40° to +85°C

Operation:

Full-duplex over standard
analog phone lines

Dimensions:

6.5-in. x 1.0-in. x 2.6-in.
(16.5-cm x 2.5-cm x 6.6-cm)

Compatible Dataloggers:

CR800, CR850, CR1000,
and CR3000

Weight:

0.35 lb (0.16 kg)

Operating Voltage:

12 Vdc

Ships with:

Current Drain
Quiescent:
Active:

SC12 cable, ground cable,
telephone patch cord,
screws, grommets

~125 μA
~35 mA

**Information on analyzing your system’s power requirements is provided in our Power Supply brochure and application note. You can also
contact an applications engineer who will help you determine an appropriate power supply for your system.
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COM320 Word List
The standard word list currently contains the following words. Campbell Scientific may eventually add more words to the
standard list. Customer-requested words for specific applications can also be included; consult the factory for details. The
COM320’s sentences are programmed using CRBasic code.

50MS

-AA
A-M
ABOVE
ACCUMULATE
ACKNOWLEDGE
ACRE
ADDITION
ADDITIONAL
AGAIN
AGO
AIR
ALARM
ALL
AMMONIUM
AND
APPROACH
ARE
AREA
AT
AVAILABLE
AVERAGE

-BB
BACK-UP
BAROMETRIC
BARS
BATTERY
BAY
BE
BEAVER
BEDS
BEHIND
BELOW
BIG
BILLION
BLAST
BOILER
BUILDING
BY

-CC
C-O
CALCIUM
CALIBRATE
CALL
CALLBACK

CALLS
CAMPBELL
CAN
CELSIUS
CEMENT
CENTI
CENTRAL
CHECK
CHILL
CHILLER
CHLORIDE
CHLORINE
CLOSED
CODE
CONDUCTIVITY
CONTACT
CORRECTED
CROSSING
CUBIC
CURRENT
CYCLES

-DD
D-O
DAM
DATA
DATALOGGER
DAY
DAYS
DEGREES
DELTA
DEPTH
DEVIATION
DEW
DING
DIRECTION
DISCONNECT
DISTRICT
DIVERSION
DOCK
DOOR
DOWN
DRAW
DURING

-EE
E-T-O
E08'S
EAST
EASTERN

EFFLUENT
EIGHT
EIGHTEEN
EIGHTY
ELECTRON
ELEVATION
ELEVEN
EMPTIED
ENGINE
ENTER
EPROM
EQUAL
ERROR
EVENT
EXCEEDS
EXTERNAL

-FF
FAHRENHEIT
FAILED
FAILURE
FALL
FALLING
FEET
FIFTEEN
FIFTY
FIRST
FIVE
FLAG
FLAGS
FLOW
FLUORIDE
FOLLOWING
FORTY
FOUR
FOURTEEN
FREEZER
FREQUENCY
FRIDAY
FROM
FUEL

-GG
GALLONS
GAS
GATE
GAUGE
GENERATOR
GOING
GOOD
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GOODBYE
GRADIENT
GRAM
GRASS
GROUND

-HH
H-2-S
HAD
HARDNESS
HAS
HASH
HAVE
HEAD
HEAR
HEAT
HELLO
HERTZ
HIGH
HOLD
HOT
HOUR
HOURS
HUMIDITY
HUNDRED
HYDROLOGIC

-II
IN
INCHES
INDEX
ING
INPUT
INTAKE
INTERNAL
INTRUDER
IRRADIANT
IRRIGATION
IS
IT

- J, K J
K
KEY
KILO
KILOBYTES
KNOTS

-LL
LAKE
LAST
LAYER
LEVEL
LINE
LITER
LOAD
LOCATED
LOCATION
LOCATIONS
LOGAN
LOW

-MM
M-R-P
MANAGEMENT
MAXIMUM
MEMORY
MENDON
MENU
MERCURY
MESSAGE
METER
METERS
MICRO
MID
MID-MOUNTAIN
MIDNIGHT
MILES
MILLI
MILLION
MINIMUM
MINUS
MINUTE
MINUTES
MODEM
MOISTURE
MONDAY
MONITOR
MONTH
MOUNT
MOUNTAIN
MULTIPLIER

-NN
N-T-U
NEEDS

COM320 Word List Continued
POINT
POND
PORT
PORTS
POTASSIUM
POUND
POWDER
POWER
PRECIPITATION
PREHEAT
PRESS
PRESSURE
PREVIOUS
PROBE
PRODUCT
PROGRAM
PROGRESS
PUMP

NETWORK
NEW
NEXT
NINE
NINETEEN
NINETY
NITRATE
NITROGEN
NO
NOON
NORTH
NOT
NUMBER

-OO
OF
OFF
OFFSET
OK
ON
ONE
OPEN
OR
OUT
OVERFLOW
OVERRUNS
OZONE

-RR
R-P-M
RACE
RADIAL
RADIATION
RAIN
RANGE
RATE
REACHED
READING
RECEIVED
REFERENCE
RELATIVE
RESERVOIR
RESET
RESIDUAL
RETURN
REVISION
RISING
RIVER
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COSTA RICA

STATES
STATION
STATUS
STORM
STREAMBED
SUMMIT
SUMP
SUNBURN
SUNDAY
SURFACE
SURFACTANCE
SYSTEM

S
S-O-2
SAMPLE
SATURDAY
SCIENTIFIC
SECOND
SECONDS
SECURITY
SEDIMENT
SELECTED
SELECTION
SENSOR
SENSORS
SET
SEVEN
SEVENTEEN
SEVENTY
SHAFT
SIEMENS
SIGNATURE
SINCE
SITE
SIX
SIXTEEN
SIXTY
SKIING
SMOG
SNOW
SODIUM
SOIL
SOLAR
SONAR
SOUTH
SPEED
SPILL
SQUARED
STAGE
STANDARD
STAR

Q
QUALITY
QUIT

P
P-H
P-M
P-S-I
PACIFIC
PARAMETER
PARTS
PAST
PEAK
PENDING
PER
PERCENT
PHONE
PLANT
PLEASE

USA

ROAD
ROOM
RUN
RUNOFF

|

ENGLAND

|

|

-TT
TABLE
TAIL
TEMPERATURE
TEN
TESTING
THANK
THAT
THE
THIRTEEN
THIRTY
THIS
THOUSAND
THREE
THRESHOLD
THRU
THURSDAY
TIME
TING
TO
TODAY
TODAYS
TOGGLE
TOTAL
TRIGGERED
TUESDAY
TURBIDITY
TWELVE
TWENTY
TWO

(435) 753-2342

FRANCE

|

GERMANY
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-UU
ULTRAVIOLET
UNITS
UP

-VV
V-O-C
VALUE
VELOCITY
VERSION
VERTICAL
VIA
VOLTAGE
VOLTS

-WW
WARNING
WAS
WATER
WATTS
WE
WEATHER
WEDNESDAY
WELCOME
WELL
WEST
WHAT
WIND
WITH

- X, Y X
Y
YEAR
YESTERDAY
YOU
YOUR

-ZZ
ZERO
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Attachment L
CXT SCHWEITZER MODEL
PRECAST CONCRETE BUILDING
DATASHEET

CXT Texture Chart

Page 1 of 1

TEXTURE CHART
WALL TEXTURES
STANDARD

BARNWOOD

OPTIONAL

SPLIT FACE
BLOCK

STUCCO

EXPOSED
AGGREGATE

SPECIALTY

HORIZONTAL
LAP SIDING

BOARD
AND BAT

BRICK

RIVER
ROCK

FIELD
STONE

NAPA
VALLEY

ROOF TEXTURES
STANDARD

CEDAR
SHAKE

OPTIONAL

DELTA

EXPOSED
AGGREGATE

SPECIALTY

TILE

CLOSE WINDOW

http://www.cxtinc.com/textures.html
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CXT Color Chart
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COLOR CHART

STONE COLOR OPTIONS

AMBER ROSE

LIBERTY
TAN

TOASTED
ALMOND

OATMEAL
BUFF

BUCKSKIN

MOUNTAIN BLEND

SUN
BRONZE

GOLDEN
BEIGE

MOCHA CARMEL

SAND
BEIGE

NATURAL
HONEY

BASALT

SALSA
RED

PUEBLO
GOLD

CAPPUCCINO
CREAM

COCOA
MILK

GRANITE
ROCK

NATURAL GREY

GEORGIA BRICK

WESTERN
WHEAT

NUSS BROWN

RICH EARTH

CHARCOAL
GRAY

ROMANA

BERRY
MAUVE

ROSEWOOD

MALIBU
TAUPE

JAVA BROWN

RAVEN
BLACK

SAGE GREEN

EVERGREEN

HUNTER GREEN

http://www.cxtinc.com/colors.html

4/19/2013

CXT Color Chart

Page 2 of 2

DISCLAIMER: The above color samples are approximations only. Jobsite applied colors will vary from these display colors due to
monitor differences, as well as the texture and porosity of the substrate. CXT Inc. recommends applying a color sample to an
inconspicuous area on the actual substrate to verify color choice.
CLOSE WINDOW

http://www.cxtinc.com/colors.html

4/19/2013

Attachment M
CAMPBELL SCIENTIFIC
LOGGERNET SOFTWARE
DATASHEET

Datalogger Support Software

LoggerNet 4 series
Datalogger Support Software
LoggerNet version 4 is Campbell Scientific’s latest offering in its suite of datalogger support software packages.
LoggerNet 4 is still built on a solid client/server architecture that allows data to be served to multiple LoggerNet
clients simultaneously, while featuring a newly designed user-interface and new or updated clients. While the
LoggerNet server does the work of communicating with the datalogger network, the client applications are used
to manage the network. This includes network setup, configuration, monitoring, and backup; datalogger programming, maintenance, and data collection; and real-time or historical data display.

Toolbar & Navigation
LoggerNet’s Toolbar starts the LoggerNet server and is
used to navigate to all the client applications. It has been
redesigned to offer quick access to all LoggerNet clients.
A new Favorites category has been added to the Toolbar.
With the click of a button the Toolbar can be restored
down to Favorites view, allowing easy access to those
clients most important to your application.

The Toolbar’s Full view is shown on top
right. The Favorites view reduces the
size of the toolbar and provides access
to your most-used applications.

LoggerNet Packages

➤

LoggerNet offers a complementary suite
of client applications for datalogger
programming, data collection, network
monitoring and troubleshooting, and data
display. This standard package is recommended for those who have datalogger
networks that do not require the more
advanced features offered in LoggerNet
Admin. LoggerNet 30-day Trial version
is available for download.
LoggerNet Admin includes tools that are
useful for those with large datalogger networks. It provides all the capabilities of
LoggerNet, plus it adds network security,
network management from a remote PC,
LoggerNet service, data export to third
party applications, and the ability to
launch multiple instances of the same client (for instance, two Connect windows).
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LoggerNet Remote is the full suite
of LoggerNet Admin client applications that lets you manage an existing
datalogger network from a remote PC.
LoggerNet Remote does not include the
LoggerNet server or the service.
LoggerNet for Linux provides a solution for those who want to run the
LoggerNet server in a Linux environment. The package includes a Linux
version of the LoggerNet server and a
copy of LoggerNet Remote. LoggerNet
Remote's Windows-based clients are
used to manage the LoggerNet Linux
server and the datalogger network.
LoggerNet Linux includes two RPM
distributions—Red Hat and SUSE.

Setup & Network Configuration
Setup
Setup and EZSetup have been combined into one application, providing you with a choice in setting up the
datalogger network. EZSetup walks you through the
process for each station step-by-step, while Setup allows you more flexibility and access to more advanced
features. You can toggle between the two by pressing a
button. When in Setup mode, you can choose to view
all devices in the network or the datalogger stations
only, to make finding a particular station easy.
New features for Setup include the ability to configure a scheduled datalogger network backup, the File
Retrieval tab for scheduling retrieval of image or other
files from a datalogger, the Notes tab for creating custom notes for a station, and the ability to cut and paste
single devices or a branch of the network to another
location in the network map. New file output options
include support for CSIXML and incrementing file
names with each data collection from a datalogger.

Select the EZSetup to walk through datalogger setup
step-by-step.

Task Master
The Task Master allows you to set up events (e.g., running a batch file) that occur on a schedule or based on
some trigger event such as a successful or failed data
collection attempt to a datalogger. LoggerNet 4 Task
Master now supports sending files via FTP/SFTP and a
new “After File Closed” trigger event. (Task Master not
supported in LoggerNet Remote or LoggerNet Linux).
Network Planner
LoggerNet 4 includes the Network Planner, a new tool for
designing your PakBus datalogger network. First, PakBus
devices are selected from a list and placed on the network
design palette. You then use a link tool to draw lines indicating the physical communication links between devices,
and an activity tool to indicate activities that will take
place between devices (scheduled data collection, callback, one-way data messages, or get/set variable transactions between dataloggers).

The standard Setup screen along with the Connect screen are
shown above. Notes entered in the Setup screen are displayed
in the Connect screen (lower right corner).

The Network Planner calculates the optimum settings
for each device in the network and then allows you to
send these settings to the device, or save them for later
download via the Network Planner or the Device Configuration Utility. If any change is made to a device in the
network, that change is propagated to any other devices in
the network that are affected. The configuration can then
be imported into LoggerNet’s network map, providing a
start-to-finish solution for PakBus network setup.

The Network Planner generates device settings and configures
the LoggerNet network map for PakBus networks.
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Connect & Datalogger Status
Connect
Connect allows you to perform maintenance on a
station (including sending a program and setting
the clock) while also viewing important datalogger
status information, managing program and other
files on a datalogger’s CPU, and displaying numerical
and graphical data. A new Table Monitor has been
designed within the Connect window so that a table
can be quickly selected from a drop-down list, and all
values from that table displayed. The numerical and
graphical displays are fully configurable and now allow
saving a configuration that can then be reloaded for
the original station or a different station. Any notes
that have been added for a station during Setup will be
displayed at the bottom right of the Connect window.

The Connect window’s numerical monitor displays real-time
and historical data.

Status Monitor
The Status monitor is used to view the communication
and data collection status of the overall datalogger network. The Status Monitor now allows for the configuration of custom Views, which was previously available
only in LoggerNet Admin.

Advanced Data Display & File Viewing
RTMC Development, RTMC Run-Time
RTMC is used to create custom displays of real-time
data, flags, and ports. It provides digital, tabular,
graphical, and Boolean data display objects, as well as
alarms. You can combine data from multiple dataloggers on one display. Complex displays can be organized on multi-tabbed windows.

RTMC simultaneously displays data from any number of
dataloggers on one display.

View Pro
View Pro is our newly designed data file viewer.
Beginning with LoggerNet 4.1, View Pro can also be
used to view data from a LoggerNet database table.
Data can be viewed in numeric format or in one of
several graphical layouts, including a line graph, X/Y
plot, histogram, rainflow, and 2D/3D FFTs. Multiple
data files can be opened at once, allowing side-byside comparison of the data. There is no limit to the
number of traces that can be displayed on a graph.
The Zoom feature offers a closer look at important
data, and the Statistical window provides the average,
standard deviation, minimum, and maximum for all
points displayed on a graph. Graphs can be saved to
a file (BMP, JPG, WMF, EMF, or PCX). View Pro supports all Campbell Scientific data file types (including
the new CSIXML format).

View Pro displays historical data in a tabular or graphical format.
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Programming
Full-featured Programming Tools
LoggerNet offers two full-featured programming
tools—the CRBasic Editor and Edlog. The CRBasic
Editor uses syntax similar to BASIC programming
language to provide sophisticated programming
capabilities for our CR200-series, CR800/CR850,
CR1000, CR3000, CR5000, and CR9000(X) dataloggers. The CRBasic Editor in LoggerNet 4 includes
new functionality to support encrypting a file prior
to sending it to the datalogger and support for userdefined functions. Edlog provides programming
capabilities for our CR500, CR510, CR10(X), 21X,
CR23X, and CR7 dataloggers.
Simple Program Generator
For those who prefer a simpler means of programming
their dataloggers, LoggerNet 4 includes Short Cut for
Windows (SCWin). SCWin provides a wizard-like
interface for generating programs for all Campbell
Scientific dataloggers and supports all of the popular
sensors we offer, as well as user-created custom sensor files (using an existing sensor file as the starting
point). You can use a program as generated by SCWin,
or open it in the CRBasic Editor for further editing
(for CR200-series, CR800, CR850, CR1000, CR3000,
CR5000, and CR9000(X) dataloggers).

CRBasic Editor offers keyword and other syntax highlighting and a
parameter dialog box with drop-down lists for CRBasic programming.

Troubleshooting
Troubleshooter
Troubleshooter helps you discover the cause of communication problems. Troubleshooter can be customized to display only the warnings of interest. In
addition, you can click on any highlighted warning
to bring up a menu that allows you to go to the Setup
Screen or Status Monitor to fix the problem, bring up
help describing the problem, or, in some cases, fix the
problem directly.

Short Cut provides a wizard-like interface for generating
datalogger programs.

PakBus Graph
PakBus Graph provides a graphical display of a PakBus
network as known by the LoggerNet server, and quick
access to the PakBus settings in LoggerNet and other
PakBus devices.
LogTool
The LogTool application is available to view operational log messages for the server as well as the low-level
communication between the datalogger and the server.

Troubleshooter, PakBus Graph (shown above), and Log Tool
are tools available for monitoring the status of a datalogger network and troubleshooting communication problems
within that network.
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Other Applications
Device Configuration Utility (DevConfig)
DevConfig allows you to send new operating systems to dataloggers and other devices with flash
memory, configure various PakBus® settings in
dataloggers, and edit settings for communication
peripherals such as the MD485 and RF401. DevConfig can now be launched from within LoggerNet, without conflict with the remainder of the
datalogger network. The latest DevConfig can be
downloaded from our website.
RWIS Administrator
New in LoggerNet 4 is the RWIS Administrator. With
the RWIS Administrator, LoggerNet is able to communicate with any station that implements the NTCIP
(National Transportation Communications for ITS
Protocol) Environmental Sensor Station interface.

DevConfig is used to configure dataloggers, communication
devices, and programmable sensors.

Card Convert
CardConvert is used to convert and save binary data
from a PC Card or CompactFlash® (CF) card. It can
also perform other conversions. PC Cards are compatible with our CR5000 and CR9000X dataloggers.
CF cards are compatible with our CR1000, CR3000,
CR5000, and CR9000X dataloggers.
Split
Split is used to post-process data files and create
printed reports. It sorts and combines data based
on time or conditions, performs calculations on data
values, converts between mixed-array “day of year”
calendar dates and more traditional date/time stamps,
and generates simple HTML-formatted reports.
Transformer
The Transformer tool converts Edlog programs to
CRBasic programs. Specifically, it can convert a CR510
or CR10X program to a CR1000, CR800, or CR850
program, or a CR23X program to a CR3000 program.
Data Filer
(LoggerNet Admin & LoggerNet Remote only)
Data Filer is an application used to retrieve data from
the LoggerNet server’s data cache and save that data
to a file. It provides a way to manually retrieve data
from a remote LoggerNet server and store the data on
the local computer.

The RWIS Administrator supports communication with RWIS
weather stations such as the one shown above.
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Data Export
(LoggerNet Admin & LoggerNet Remote only)
Data Export is an application used to export data from
the LoggerNet server’s data cache to a third party
computer program. Data Export “listens” for a request
from another application and sends the requested data
via a socket connection.
Service Manager (LoggerNet Admin only)
Service Manager is used to install LoggerNet as a
service, and to manage the service on the PC. When
run as a service, after a power failure, LoggerNet will
resume data collection and scheduled task activities
when power is restored to the computer—regardless of
whether or not a user logs on to the computer.
Security Manager
(LoggerNet Admin & LoggerNet Remote only)
Security Manager is used to set up security within
the LoggerNet application to restrict access to certain
functions. Individual user accounts are set up and assigned one of five levels of security, with different user
privileges assigned to each level.

Security Manager lets you set up multiple security accounts
for access to the datalogger network.

LoggerNet Server Monitor
(LoggerNet Admin & LoggerNet Remote only)
The LoggerNet Server Monitor is a utility that runs
minimized with an icon in the Windows Status Area.
It monitors the status of a LoggerNet server when
it is being run as a service or being run on a remote
computer. Multiple instances of the LoggerNet Server
Monitor can be launched to monitor more than one
server running on remote computers.
Hole Monitor
(LoggerNet Admin & LoggerNet Remote only)
The Hole Monitor is used to monitor the hole collection activity for the dataloggers in a LoggerNet
network. Holes are most often encountered with data
collected from table-based dataloggers via data advise
(data advise is used for data collection in large tabledata RF networks). A hole occurs when there are
missing records of data in the LoggerNet server’s data
cache for a datalogger.

The Hole Monitor lists datalogger stations and collection status
for missing records in LoggerNet’s data cache.

Computer Requirements
LoggerNet is a collection of 32-bit programs
designed to run on Intel-based computers running Microsoft Windows operating systems. The
recommended minimum computer configuration
for running LoggerNet is Windows XP. LoggerNet also runs on Windows Vista and Windows 7.

CoraScript
CoraScript is a command line scripting tool, which
can be used to configure the datalogger network from
a command prompt.
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Upgrades
License for Use

Upgrade pricing is available for current licenses of any
version of LoggerNet or PC400. Contact Campbell
Scientific for details.

LoggerNet is protected by United States copyright law and
international copyright treaty provisions. Installation of LoggerNet (including the trial version) constitutes an agreement
to abide by the provisions of its licensing agreement. The
agreement grants the user a non-exclusive license to use the
software in accordance with the following:

Software Developers Kits
LoggerNet-SDK and LoggerNet Server-SDK allow
software developers to create custom applications
that communicate with the LoggerNet server and
through the server to one or more dataloggers. Refer
to the Software Development Kit product brochure
for more information.

(1) The purchase of this software allows you to install
and use the software on one computer only.
(2) This software cannot be loaded on a network
server for the purposes of distribution or for
access to the software by multiple operators. If
the software can be used from any computer
other than the computer on which it is installed,
you must license a copy of the software for each
additional computer from which the software
may be accessed.

Separately Purchased Clients
Several clients may be purchased to add functionality to our LoggerNet and LoggerNetAdmin software
packages. To use the clients, a licensed copy of the
datalogger support software needs to be running on
a PC. Functions supported by these clients include
distributing data to remote files, OPC interface, PC
displays, and web browsers. Refer to the Software
Client product brochure for more information.

(3) If this copy of the software is an upgrade from
a previous version, you must possess a valid
license for the earlier version of software. You
may continue to use the earlier copy of software only if the upgrade copy and earlier version
are installed and used on the same computer.
The earlier version of software may not be
installed and used on a separate computer or
transferred to another party.

Alternate Language Files

(4) This software package is licensed as a single
product. Its component parts may not be
separated for use on more than one computer.

Campbell Scientific offers language files to convert
the LoggerNet user interface to languages other
than English. To obtain the language files, go to
www.campbellsci.com/downloads and select “Software Language Files”. They are simple to install and
you can easily switch from one language to another.
The applications that support alternate languages
are Setup, Connect, Status Monitor, Task Master,
Short Cut, CRBasic Editor, View Pro, Card Convert,
TroubleShooter, Network Planner, PakBus Graph,
LogTool, the Device Configuration Utility, Data
Export, and the RWIS Administrator.

Campbell Scientific, Inc.
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|

CANADA
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(5) You may make one (1) backup copy of this
software onto media similar to the original
distribution, to protect your investment in the
software in case of damage or loss. This backup
copy can be used only to replace an unusable
copy of the original installation media.
LoggerNet software or its trial may not be sold, included,
or redistributed in any other software or altered in any way
without prior written permission from Campbell Scientific.
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Data Management
for Geotechnical Data

ÖRN SMÁRI // GRAFÍSK HÖNNUN // DE

What is Vista Data Vision
VDV is a comprehensive data
management system for long term
measurements, storing data in a
database, offering web access, alarm
service, reports and application
specific data handling toolkits for
various disciplines

Who is using VDV
Our clients include consultants,
contractors, researchers and
educators in the fields of Civil
Engineering, Geotechnical Engineering,
Mining and Environmental Monitoring.

Why use VDV
Use the advanced and robust VDV
data management system to shorten
time to deployment and lower
operational cost, as well as to provide
the best tools for day-to-day
operation and for research work.

Twenty Years and
Going Strong

Since its beginning in 1984,
Vista Engineering, the founder of
Vista Data Vision, has been working
with data monitoring systems.
As soon as computers and
programming became affordable
we launched our first version
of VDV in 1991.
Ever since that day VDV has been
in constant evolution adding new

technologies to its core of functions.
Now, with its advanced Visualization
Interface, and important features like
Web Service, Displacement Graphs,
Google Maps, Summary Reports,
Alarm Service, Trend Lines, Web
Cams, and Total Station support,
VDV is the most powerful Data
Management service available for
large and small projects.

Vista Data Vision offers 3 versions
to meet demands for different sizes
of data services. All three versions
run the same proven and speedy
software engine.

Base Version
Entry level easy-to-use version,
suitable for small datalogging
systems and basic service.

Andres Thorarinsson CEO

3 Versions of VDV

Toolkits available for VDV:
»»Alarm Toolkit
»»Validation Toolkit
»»Report Toolkit
»»Displacement Graph Toolkit
»»Wind Energy Toolkit
»»Google Maps presentation Toolkit
»»VDV File Converter
»»Total Station support

Standard Version
For users utilizing small to average size
data logging systems and do not need
Access Control to the VDV web service.
Includes features such as Virtual
Variables & Intensity Plot.
Professional Version
For Professional Users who like to
run a Professional Data System for
Field Measurements, including Web
Access Control.
VDV Pro is perfect for running a Data
Hosting Service for staff and clients.
Visit vistadatavision.com/version-comparison
for comparison of the three VDV versions.

VDV makes it easy to store data
from different sources, handle
large amount of data and view it
on the web.

Vista Data Vision web page layout

This is Vista Data Vision

Real Time Display - Alptransit Ceneri

All Included
The Vista Data Vision (VDV)
Data Management System contains
powerful tools to store and organize
data collected from a wide variety of
data loggers. Using an intuitive interface,
it only takes a few mouse-clicks to
configure data storage, data
visualization, alarm settings and
web service.
Powerful
VDV operates on top of small and
large datalogger networks containing
tens and hundreds of dataloggers
connected to thousands of sensors
and serving a large number of users.
Visualization
A picture is worth a thousand words
- This is the philosophy of VDV, with
its graphical interface for all functions
like Trend Lines, Alarm Notifications,
Real-Time Displays and Google-Maps.
Quick Reports
Data is more than trend lines. VDV
offers Quick Reports to help users
to gain more information from time
series. Quick Reports include XY
graphs, Intensity Graphs, Overlay
Graphs, Sort by Size, Histogram,
Wind Rose and Download of Data.

Geotechnical Data Handling
VDV offers visualization of
inclinometer data in Displacement
Graphs with Horizontal and Vertical
axes. A new feature is a support for
data from Total Stations and
GPS Stations.
Web Service
VDV has a built-in comprehensive
Web Service serving any number
of web-based users.
Hosting Service
VDV is the perfect choice for running
a web based Data Hosting Service
for your colleges and clients.
Operating System
Vista Data Vision can fully exploit
latest technology for improved performance. VDV may be installed on
Windows 7 & 8 and Windows Server
2008/2010. Full support is given for
both 32bit and 64bit operating
systems. VDV can run as a Service.
Web Browsers
VDV supports all major web browsers,
such as Internet Explorer, Firefox,
Chrome, Safari and Opera.

www.vistadatavision.com

Vista Data Vision Overview

File Server

Vista Data Vision

Sensors

»» Operating System: Windows 7 & 8, Windows

Datalogger
Communications
GPRS
Radio
GSM
FTP

Server2008/2010, Windows Vista,
Windows XP Professional. Both 32bit
and 64bit supported.
Vendors
Call Engine

»» CPU: 1.5GHz or faster. 2.2GHz or faster is
VDV File
Converter

preferable and does greatly improve overall
response.
»» RAM: 1 Gbyte or more. Increasing
the RAM will improve the performance
of the application.
»» Hard Disk: Minimum space available on hard

Webcam

disk for installation is 190Mbytes.

Manual Data Input

VDV in short
VDV offers data handling, storage,
visualization, alarming, reporting
and web access to data from any
size of datalogger system. VDV is
a complete solution covering fundamental needs as well as advanced
features needed in professional Data
Management System.
Datalogger systems supported
VDV can import data from almost
any datalogger system, either
directly or using the VDV File Converter.
Call Engine
Vendor´s Call Engine is used to
collect data; thereafter VDV is
pointed to import that data.

Manual Input of data
VDV offers Manual Input of data
via web interface and via data files.
New records may be added and
edited online. This is useful for
manual input of sensor readings.
Size of VDV
VDV supports everything from small
projects with just a few dataloggers
up to huge projects with hundreds of
dataloggers and thousands of tags.
Keep Alive Monitor
VDV includes a Keep Alive Monitor
to let Network Monitoring programs
know if it is up and running. This is
a must in 24/7/365 systems.

MySQL Database
VDV stores its data in the speedy and
robust MySQL relational database.
All operations are automatic and
invisible to the user, so there is no
need to be a database specialist.
A MySQL commercial license is
included with the purchase of VDV.
One system for all data
VDV is perfect for combining
Geotechnical Data, Ambient Weather
Data and Industrial Data into a single
Data Handling system, offering an
intuitive and very powerful graphical
interface to data presentation and
other data handling.

VDV Manages all your data
Real Time Display

Local
Users

Alarms

Histogram

Vista Data Vision
»» Display up to 300 trend lines simultaneously.
»» Flexible configuration of graphs.
»» Alarm settings and acknowledge online

Displacement Graph

»» Comprehensive Report generator

Intensity Plot

with automatic Reports
»» Real-timeDisplay with navigation buttons
»» Support for Displacement Graphs
»» Support for Total Stations

Burst Data

Web
Users

Time Series

Table Format

Wind Rose

Contacts

Alarms & Summary Reports

VDV Web Service
The built-in VDV Web Service
includes everything needed for
publishing data to the Internet. Web
based users have access to Graphs
and Trends Lines, Quick Reports,
Acknowledge of Alarms, some of
the most needed configuration
features, comprehensive Access
Control, Real-Time display and
Google-Map display.
New calculated values
VDV includes Virtual Variables for
calculating new results based on
sensor readings from one or more
dataloggers across the network.
This is useful for rescaling and to
obtain results not calculated in
the datalogger.

Alarms
VDV monitors all new sensor readings
entered into its database for alarm
conditions. Alarms are sent as email
and/or SMS. Acknowledge of alarms
is via the web interface.
Multi-Language
VDV has a built-in multi-language
service for its web interface. English,
German and Spanish are provided as
default. A built-in Language Editor is
used to add new languages.
Custom SQL Queries
VDV includes a wizard for building
SQL queries to retrieve data from
VDV’s MySQL database. Results may
be viewed in a table or a graph and
saved to your computer.

Graphs and Trend Lines
VDV has a powerful and flexible
control of all aspects of trend lines
and graphs, including, color, thickness,
Moving Average, single or dual Y-scales,
automatic and fixed Y-scales and
linear and logarithmic Y-scale and
X-scale (time axis).
Useful Accessories
VDV includes useful features to
associate sensor data with various
information; Notes, Web Cam,
Information Pages, links to sensor
data sheets and links to information
found on other web sites.
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VDV ADVANCED features
VDV with its advanced features is
capable of serving any size of datalogger network. VDV serves all three
classes of data users, i.e. SCADA,
Consultants and Researchers.

VDV Login Page - Simple to customize with different Company logo and text

Access Control
The comprehensive Access Control to
VDV’s web service give users secure
access to their data. Any number of
User Accesses may be created with
any combination of Access Rights. It
is easy to give full access to colleges
and clients but limited access for less
demanding users.

Displacement Graph showing Temperature Profiles

Real Time Display showing Alarm status

Alarms
Relax and let VDV inform you when
sensor values are outside limits.
Alarms are a powerful feature that
simplifies the operation of
datalogger networks and eases the
workload of the operator. Alarm
thresholds (LL, L, H, HH) are easily
adjusted using the VDV web interface.
If sensor values or values of virtual
variables cross threshold levels then
Alarms are sent as email and/or SMS.
Threshold levels may be adjusted
and User Groups can be configured
to receive Alarms. User Groups may
be given time-of-day and
days-of-week schedules.
With VDV Alarms your will never
miss an important Alarm and
minimize false alarms (noise readings)
with Alarm Repeat and Alarm Delay.

Automatic Reports
VDV offers a special Report toolkit
for creation of automatic reports,
to be issued daily, weekly, monthly,
quarterly and yearly. Reports include
Tables, Graphs, list of Alarms,
Sensor Readings, Notes and more.
An unlimited number of user defined
report types are supported. Reports
are written to a file and sent
automatically by email to user groups.
VDV Burst Data
VDV supports data from seismic
recorders. Easily view and report
seismic data along with other
project data.
Data Update Monitor
This is the process of monitoring
data arrival and will greatly lower
the workload of the Datalogger
Network Manager. VDV monitors
data update and sends Alarms if
data is not updating, indicating loss
of datalogger communications, it’s
power or any other failure along the
transmission route.
Documents
Upload documents and files to VDV
and make them available to other
user. This includes Images, Manuals,
PDF, Calibration Sheets and
Excel Files

VDV ADVANCED features
Professionals in 6 continents
trust VDV for their long term
monitoring data.

Real Time Display - TK Dam Bulglaria

Overlay Graph comparing 28 days of data

Displacement Graphs
The VDV Displacement Graph Toolkit
is for plotting data from Displacement
Sensors at various depths at certain
time intervals. The layout is fully
customizable where users may
select Background Layers, Alarm
Limits, Limit Profile and Annotations.
VDV Displacement Graphs are also
useful for Temperature Profiles and
to display any set of measurements
that are based on a set of sensors.
Notes
Notes are very useful to keep
a maintenance diary for projects
by adding text and images. With
Notes, multiple users may enter
text through the web interface.
Notes may be added to Reports
for automatic publication.

Real Time Display showing latest data

Real-Time Display
Real Time Display is used to give
users a clear overview of all data on
a single page or multilevel pages.
Latest data can be viewed on
numerical indicators and as trend
lines. Furthemore, Alarm Status and
Data Update Monitoring of each
variable may be indicated by
background color.

Validation
Validation is a method used to
clean-up trend lines with out-of-range
sensor readings. If sensors readings
are affected by noise or spikes that
are clearly outside the normal range
of readings then the validation
process will replace that value with
the last known good value. There
are several validation options to
choose from.
VDV File Converter
With VDV File Converte you can
import any text based data file.
»»Data from standalone dataloggers
or instruments that have their own
data formats.
»»Data from one of the new breed of
dataloggers that send data via FTP
to the host computer.
»»Manual entry schema that needs
to be inserted into VDV.
VDV File Converter was built to
convert a wide variety of data formats
into a standard VDV format ready to
be automatically imported to VDV.
Web Cam
Include pictures from Web Cams
in VDV and see on-site pictures
with the Data.
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VDV Burst Data - View and report seismic data

Services and Support

Support Subscription
Vista Data Vision offers Support
Subscription that allows users to pay
a fixed yearly fee for dedicated
support and all VDV updates.
Our Service
We assist our clients to successfully
implement VDV.

We offer
»»Onsite Installation and configuration
in most parts of the world
»»Configuration of VDV systems
using internet access
»»Creation of Custom Features
»»Online VDV Courses for
Staff and Users
Contact us for further information.

How to start?

Download Vista Data Vision
Install VDV on your server and
import your own data, We will assist
you to successfully evaluate VDV.

Send us your data
We will analyze it and let you know if
it can be imported into VDV.
demo.vistadatavision.com
Try our live demo web

CONTACT

Vista Data Vision
Vista Engineering
Lynghals 9
IS-110 Reykjavik
Iceland

www.vistadatavision.com
www.facebook.com/vistadatavision
www.youtube.com/vistadatavision

Tel: +354 587 88 89
vdv@vistadatavision.com

vistadatavision.com/purchase/distributors

For local contact,see our
Representatives list.

