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User Agreement/
WATERLOG ® Warranty

1. NATURE OF THE PRODUCT

This agreement accompanies a pressure measuritegnsgsmprising firmware, circuitry and other
electronic equipment in an enclosed housing, auttgged together with written instructional matsria
The packaged electronic circuitry and instructiamakerials herein are collectively referred tolaes t
“PRODUCT.” The PRODUCT is made available from DESIANALYSIS ASSOCIATES, INC., of

75 West 100 South, Logan, Utah 84321 (hereinaétierred to as “DESIGN ANALYSIS”), and contains
information and embodies technology that is comfit and proprietary to DESIGN ANALYSIS, and
the availability and use of the PRODUCT is extenttegou, the USER, solely on the basis of the terms
of agreement which follow.

2. ACKNOWLEDGMENTS BY USER

Opening the package which encloses the accompaPR@DUCT indicates your acceptance of the
terms and conditions of this agreement and conssitan acknowledgment by you of the confidential an
proprietary nature of the rights of DESIGN ANALY Sikbthe PRODUCT.

3. DUTIES OF YOU, THE USER

In consideration for the access to and use of R@PUCT extended to you by DESIGN ANALYSIS
and to protect the confidential and proprietarpiniation of DESIGN ANALYSIS, USER agrees as
follows:

(@) USER agrees that they will not remove from thtergor of the housing of the
PRODUCT any safety warnings or notices of proprietaterest placed thereon by
DESIGN ANALYSIS.

(b) USER agrees that they shall not disassembl¢herneise reverse engineer the
PRODUCT.

(© USER agrees to treat the PRODUCT with the samgeett of care as USER exercises in
relation to their own confidential and proprietamformation.

4. TERM

USER may enjoy these rights only as long as thessession of the PRODUCT shall continue to be
rightful. These rights will cease if the PRODUGTreturned to DESIGN ANALYSIS under the terms of
any redemption offer, warranty, or money-back gotee, or if USER transfers the PRODUCT to
another party on terms inconsistent with this aged.

5. LIMITED WARRANTY
(a) What is Covered
DESIGN ANALYSIS warrants that for a period of twelmonths from the time of delivery the
functions to be performed by the PRODUCT will béstantially in compliance with USER
documentation. DESIGN ANALYSIS also warrants tthee PRODUCT will be free from
defects in materials and workmanship for a perio@NE YEAR from the date of delivery.

(b) What USER Must Do
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If the product fails to satisfy the above warratdER must notify DESIGN ANALYSIS in
writing within the applicable period specified aleaand reasonably cooperate with the directions
they received from DESIGN ANALYSIS.

(c) What DESIGN ANALYSIS Will Do

DESIGN ANALYSIS will repair the PRODUCT or will emévor to provide a replacement of
same within a reasonable period of time. In thenéthat DESIGN ANALYSIS is unable to
make the necessary repairs or replacement withéagsonable period of time, the original
purchase price will be refunded upon the returthefPRODUCT to DESIGN ANALYSIS.

(d) Limitations

(1) THE ENTIRE REMEDY FOR BREACH OF THIS LIMITED WARANTY
SHALL BE LIMITED TO REPLACEMENT OF THE DEFECTIVE PEDUCT
OR REFUNDING OF THE PURCHASE PRICE, AS SET FORTH@E.
IN NO EVENT WILL THE LIABILITY OF DESIGN ANALYSIS TO USER
OR TO ANY OTHER PARTY EXCEED THE ORIGINAL PURCHASERICE
OF THE PRODUCT, REGARDLESS OF THE FORM OF THE CLAIM

(i) EXCEPT FOR THE EXPRESS WARRANTIES ABOVE, DESIGMNALYSIS
SPECIFICALLY DISCLAIMS ALL OTHER WARRANTIES, INCLUDNG,
WITHOUT LIMITATION, ALL IMPLIED WARRANTIES OF
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOB.

(iii) UNDER NO CIRCUMSTANCES WILL DESIGN ANALYSIS BELIABLE
FOR SPECIAL, INCIDENTAL, CONSEQUENTIAL, INDIRECT, R ANY
OTHER DAMAGES OR CLAIMS ARISING FROM THE USE OF THI
PRODUCT, THIS INCLUDES LOSS OF PROFITS OR ANY OTHER
COMMERCIAL DAMAGES, EVEN IF ADVISED OF THE POSSIBITY OF
SUCH DAMAGES. IN NO EVENT WILL DESIGN ANALYSIS BH.IABLE
FOR ANY CLAIMS, LIABILITY, OR DAMAGES ARISING FROM
MODIFICATION MADE THEREIN, OTHER THAN BY DESIGN
ANALYSIS.

(iv) THIS LIMITED WARRANTY GIVES USER SPECIFIC LEGAIRIGHTS.
USER MAY ALSO HAVE OTHER RIGHTS WHICH VARY FROM STAE
TO STATE. SOME STATES DO NOT ALLOW LIMITATIONS OMIOW
LONG AN IMPLIED WARRANTY LASTS OR THE EXCLUSION OF
INCIDENTAL OR CONSEQUENTIAL DAMAGES, SO THOSE
LIMITATIONS OR EXCLUSIONS MAY NOT APPLY.

6. GOVERNING LAW
This Agreement and its validity and interpretatstrall be governed by the laws of the State of Utah,
notwithstanding any choice of law rules of Utalaay other state or jurisdiction.
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Chapter 1
Introduction

1.0 Introduction

TheWATERLOG® H-3521 is a digital pressure transducer speclficisigned for water level
monitoring. The H-3521 directly measures wateotber fluid pressure over a broad
temperature range. Typical applications includemeooing snow pillows to measure snow pack,
measurement of water in accumulating rain gaugesflaid pressure in weirs and dams. The
H-3521 can be used in a gas-purge bubbler ingtall&diowever, Design Analysis Associates,
Inc., manufactures other instruments specificalythat application.

The H-3521 has RS-232, SDI-12 and Modbus “smaditaliinterfaces together with a 4-20mA
analog output. The sensor makes multiple pressegsurements, averages the results and
converts the measurement data into units of P$L, Feters or other engineering units.

The H-3521 is easy to use and works with any SDdldia recorder. The “Serial-Digital
Interface” is ideal for data logging applicationghathe following requirements.

Battery powered operation with minimal current drai

Pressure measurement data is transmitted digtedly long cable lengths without error
Multiple sensors on a simple three-wire cable

Up to 250 feet of cable between a sensor and ttzerdeorder

(Use of H-423, SDI-12 to RS485 converter extendsémge to 1000's of feet)

(H-4500 fiberoptic media converter works up to hiks)

The H-3521 has the following features:

Simple to install, use, and maintain (no on-sitécation required)

Performs extremely accurate measurements.

Linear deviation is less than 0.05%

Resolution is 1 part in 1,000,000

Accuracy over temperature range exceeds +0.02 itater

Enclosure is nonconductive and corrosion proof

Stainless steel sensor diaphragm

Sensor has an atmospheric vent for compensatibarometric pressure changes
Low current operation (less than 1 milliamp typistndby)

Simple RS-232 menu interface for quick and easyps@tio external module required)
Outputs a 4-20mA signal.(no external module regl)ire

Extended SDI-12 commands for setting the Stagedatrrent water elevation.
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1.1 Unpacking
The following is a list of items you should haveew®ed:

WATERLOG® H-3521 pressure transducer
Main interface cable

RS-232 communications cable(optional)
Owner's Manual

1.2 Check The Model Number

Before installing your neWWATERLOG® H-3521, check the information on the label of the
sensor enclosure. Check the model number, theeyamgl the output type to be sure that you
have received the instrument you ordered. Thd laitdook similar to the following:

H-3521
Model

Fluid Pressure Sensor
S/N 1103
Range: 0-15 PSI (34.6' H20)
Output:: SDI-12, RS-232, Modbus, 4-20mA
Input: 10 to 16.0 Volts

This example shows that tNReATERLOG® H-3521 measures pressure within the range from zer

to 15-psi.

1-2 Introduction
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Chapter 2

Installation
2.1 Installing the WATERLOG® H-3521

TheWATERLOG® H-3521 is a digital pressure transducer speclficidsigned for water level
monitoring. The H-3521 directly measures wateotber fluid pressure over a broad
temperature range. Typical applications includemeooing snow pillows to measure snow pack,
measurement of water in accumulating rain gaugestflaid pressure in weirs and dams. Before
proceeding with the installation, please consiéeesal site preparation and maintenance issues:

Figure 4 Sensor and Cable

2.2 Water Depth

The following chart shows the maximum pressure ctvthe H-3521 is factory calibrated. The
Sensor can survive temporary operation up to tifieemaximum rated pressure for you model’s
range. However, any measurements made beyondtdtemaessure will be inaccurate. The H-
3521 will be damaged if it is subjected to twice thaximum rated pressure.

Model Pressure Range Water Depth Ra*nlge Accuracy
H-3521-15 0 to 15 psi 0 to 34.60 ft. _001 1t
H-3521-30 0 to 30 psi 0 to 69.20 ft. _0:02 ft.

* NOTE: Depth calculations are derived from thenstard equation that one PSI is generated by
a column of water 27.680 inches deep at 39.4
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2.3 General Installation Recommendations

The H-3521 pressure transducer is not recommeradagé in applications where silt and mud
are problematic. In addition, if the sensor is uised shallow water application and happens to
dry out with mud coating the sensor diaphragm,diaphragm compliance will be altered and
the factory calibration spoiled.

The H-3521 sensor will be permanently damagedisffitozen.Transducers which are installed
in geographical areas with harsh winters shoulcebeved for the winter unless they are
installed in a heated shelter or are used withleti®yglycol or other antifreeze media.

2.4 Instrument Shelter

The sensor should be installed in a protected,ldcgtion such as an instrument shelter. The
installation should provide easy access and fatg#litegular inspection and maintenance. Care
should be taken to place it where it will not begd or dropped, the H-3521 is a precision
instrument. Normally the H-3521 is mounted with #heorner feet on a level surface. Normally
the H-3521 is used to measure the hydrostatic bbadvater source. The instrument should be
fastened to a gauge station shelf or fixed suchthieaelevation cannot accidently change.

Because the surface of the water being measuee@ased to atmospheric pressure, the pressure
sensor must provide correction for changes in batomair pressure. To provide the best
accuracy possible, the H-3521 uses an atmospledeienced pressure sensor design. The
internal pressure sensor in the H-3521 has a ubettonnected to the back side its pressure
diaphragm. The vent tube is routed to a sintered4e filter next to the pressure port. Make
certain the gauge station enclosure is open tatthesphere. If the sensor is placed in a cabinet
or sealed enclosure, the cabinet must have a sde®mt or other opening to the atmosphere.
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2.5 Making Connections to the Pressure Port

The H-3521 has a 1/8" female NPT pressure porninfking connections to your pressure source.
Apply Teflon tape or anaerobic thread dope to Ipewent leaks. The pressure port has a
stainless steel plate to prevent the port fittirmgf spinning in the housing. Make certain the
“keeper” plate is in proper position. Whenevergible, use a backup wrench to avoid damaging
the enclosure. Before tightening the pressureqmrhection, bleed any air from the supply line.
Trapped air in the supply line will slowly dissolwrdo the water, as it does the density of the
water column changes from air to water and thespiresoffset will drift.

Figure 5 Pressure & Vent Ports
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2.6 Connecting Your Data Logger

The H-3521 has RS-232, SDI-12 and Modbus “smaditaliinterfaces together with a 4-20mA
analog output. The H-3521 is a SDI-12 V1.3 complsensor excluding the CRC commands. It
connects directly to any data recorder with SDE&@ability. The instrument housing has both a
7 pin main interface connector and a 3 pin RS-288raunication connector.

Figure 6 Connector & Terminal Strip

7-pin Circular Connector 3-pin Circular Connector

Pin Color Function Pin Color Function

Orange [ RS485+(Modbus) N/A RS232(TxD)
Brown | RS485-(Modbus) N/A RS232(RxD)
Blue 4-20mA+ N/A GND

Green | 4-20mA-
Black GND

Red +12V Power
Yellow | SDI-12 Data

wWN PP

~NOoO o~ WNERE
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2.6.1 SDI-12 Interface
The user must connect pins 5,6, and 7 to the datader or the user can power the H-3521
separate of the data recorder and connect juSihd 2 data line(pin 7).

2.6.2 RS-232 Output

When the user wakes up the H-3521 with this pbe& H-3521 makes a new measurement and
updates the outputs (if enabled) and then printsheumeasured stage and temperature value. If
the user sends a carriage return(CR) followingathke up then the H-3521 simple menu
interface is initiated and the H-3521 waits foroanenand. After 3 minutes of inactivity the

menu mode times out and the H-3521 returns to sleep

2.6.3 4-20mA Output

Current loop sensors output a current rather thasitage. The 4-20mA output will drive
standard industrial telemetry and process contisihiimentation. Since the signal to noise
margin of 4-20mA is not large, take care to proteetwiring from noise and interference. The
loop power supply must be sufficient to maintai & 35V across the H-3521's output
terminals, in addition to whatever voltage is neettemaintain 20mA across the loop receiver
and interconnect wiring. The +12.0V SDI-12 poweurse will work only if the resistance of
your loop receiver and wiring is less than 150 ohms

8.5V + (150ohms * 20mA) = 11.5V

The 4-20mA output is reverse diode protected. H¥8521 is not loop powered, continuous
+12V instrument power must be supplied.

Make certain there is 8.5 to 35V across the 4-2@u#put terminals.
Make certain the H-3521 is receiving +12V power.
Use shielded 4-20mA cables in noisy environments.

2.6.4 Modbus Interface

Modbus is an industry standard serial digital if@ee for interconnecting Programmable Logic
Controllers (PLCs), intelligent sensors and othericks. The H-3521 is a Modbus slave and has
a serial RS-485 port for connecting to a Modbus matible host device. See Appendix B for the
Modbus register definitions. Continuous +12Volt gownust be supplied to the H-3521.

To activate the Modbus interface, issue an extei&®el2 command or use the RS-232 menu
interface and sd®ower_Mode4. See section 4/5 for details. This settingseauthe H-3521 to
remain awake and monitor the RS-485 port for Modbessages. This setting can be made at
the factory if requested.
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2.7 Wiring and Installation Precautions

The H-3521 requires that the water be at groundntiat. Mother Nature takes care of this
for surface and ground water.

Make certain the pressure port connection is tight

Make certain the sintered bronze vent port is aitted or covered

2.8 Programming Your SDI-12 Data Recorder

You must prepare your data recorder to receiveracard the H-3521 data. Since data recorders
differ widely, refer to your recorder manufactusetirections. In general, program the data
recorder to input four values via the SDI-12 pdgsually only one or two of the parameters are
actually recorded. Your data recorder must issu@lt’ command, then collect the data with a
“aD0" command, as explained in Chapter 4. The B133aces four parameters in its data
buffer:

a+AA.AAA+BB.BBB+CC.C+DD.D<cr><If>

Where:
a = SDI-12 address 0-9, A-Z
AA.AAA = Stage (feet, inches, meters etc.)
BB.BBB = Pressure (PSI)
CC.C = Temperature (C)
DD.D = Input Supply Voltage (Volts)

2.9 Programming the SDI-12 Address

If more than one sensor is to be connected to EHEL3 bus, make certain each sensor has a
different sensor address. The H-3521 comes franfidttory with its address set to “0". The
address can be edited using the RS-232 menu ic¢eofausing an extended SDI-12 command.
Refer to chapters 4 and 5 for more details.

2.10 Programming the H-3521 Sensor
The H-3521 comes from the factory with the follog/iprogrammable settings:

SDI Address: 0

Slope 2.3067 (feet of ED)
Offset: 0.00

MeanCount 16

Power_Mode: 0 (Sleep)
4-20ma_Hi: 20.0 (Ft)
4-20mA_Lo: 4.0 (Ft)

With these values th&tagewill be in units of feet when used in clean waiédre slope can be
changed to accommodate other engineering unitsasigiches or meters. The setups are stored
in EEPROM within the H-3521 and will not be lostlie power is disconnected. The extended
commands for changing these setups are descrilzztail in Chapter 5 and most of these
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settings can also be changed using the simple R®282, see Chapter 4.

MeanCounis the number of raw pressure measurements avetagetter to make one
measurement sequence. This setting determinesdmgvihe sensor will take to make a
measurementMeanCountan be changed as described in chapters 4 and 5.

2.10.1 Setting the Stage

Many applications use the pressure sensor to meagiter level in a gauge or reservoir. The
sensor translates water pressure to water levélerMthe H-3521 is first installed, you will want
to adjust theOffsetsuch that the measurement d&t@¢ corresponds to the current water
elevation or stage as determined with a staff gaunggher datum.

One of the ways to do this is by using the RS28%hk menu interface vidlyperterminalor

other similar terminal program. See chapter 4 sa€ionnecting to the H-35210nce you have
established connection your screen will look simtitathe screen image below. When the user
sets the stage, the H-3521 makes a fresh measuranteautomatically updates tdfsetas
needed to produce the desifetidge. To set the stage using the RS-232 menu predgerSs -
Stage:” and enter in the current stage value asal piness enter. Then press the ‘M’ key for “M -
Measure” and verify that the set stage commanexiatute. You should see that the offset
value has changed. The other way to set the gdgesend the extended SDI-12 “Set Current
Stage” command. The “aXSCSdd.d!” command is disatigs more detail in section chapter 5.
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Example of a H-3521 Fluid Extended "Set Current Sdge" command:

Command Response Time Values Description
"aXSCS2.3!" "a0061<cr><If>" 6sec 1 Set thBtageto 2.3
Subsequent Command Response Description
"aDO" a+12.80<cr><If> The newOffset

2.10.2 4-20mA Output

The H-3521 has a 12-bit digital-to-analog convefC), precision voltage reference and a 4-
20mA current transmitter. The SDI-12 and 4-20métisas are isolated from each other with a
high voltage digital opto-coupler. TI&ageis scaled into a 12-bit value and loaded into the
digital-to-analog converter to control the curreahsmitter. The 4-20mA output is updated
whenever a measurement is made. If no measurerrentsade, the 4-20mA output becomes
“stale”. For industrial applications where the H235s connected to a SCADA or PLC system
instead of a SDI-12 data logger, the H-3521 caprbgrammed to automatically make
continuous measurements. To program the H-352latermontinuous measurements, issue an
extended SDI-12 command and Beiver_Mode3. See Chapter 4 for details. This setting can
be made at the factory if requested.

Note: When the H-3521 is first powered up, the atuiqurrent is set to 4.0mA. It remains at
4.0mA until the first measurement sequence. Tgealito-analog converter is powered from

the loop side of the opto-isolator. If the loopyaw is disconnected or is applied after the SDI-12
side is powered up, the data in the digital-to-agaonverter will be lost. When the loop power
is restored, the 4-20mA output will be at an unknaxatlue. Once a fresh SDI-12 measurement
is made, the digital-to-analog converter is loadét new valid data.

2.10.3 Programming the 4-20mA Output Range

The H-3521 scales the curreédtagedata to drive the 4-20mA output. The20mA Hiand4-
20mA_Losettings control how th&tagedata is processed. TAe20mA_Loshould be set to the
desiredStagecorresponding a 4.00mA output. TR&0mA_Hishould be set to the desirBthge
corresponding to a 20.00mA output. For testing pses, the H-3521 comes from the factory
with 4-20mA_Hi= 20.0 and}-20mA_Lo= 4.00. See Chapter 4 for details on programntiege
settings. The extended “aXS!” command allows coresmrtesting of the 4-20mA output. This
command allows the user to temporarily force$tegeto a test value. For example, the user
can force th&tageto several different values while calibrating aomitoring the attached 4-
20mA instrumentation. Once a fresh measuremeantde via a SDI-12 measurement , the
temporaryStagedata is overridden.
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2.11 Testing

Before installing the H-3521 in your field locatiojou may wish to first test the sensor and data
logger in your shop or lab. This allows you to dme familiar with H-3521 and the data logger
in a controlled environment. The H-3521 can beetéstith a pressure standard or water filled
standpipe. However, for this test to work corrediye standpipe must be connected to the
chassis ground of the data record€he wire establishes a ground connection betweewater
and the data logger. Water and other conductiyectsbisolated by a plastic bucket or table
surface pick up AC noise from nearby lighting awavpr lines. The AC noise is coupled by the
water to the stainless diaphragm in the pressnscs. If a plastic or non-conductive tube is
used to connect to the pressure source to the H;38& sensor will be electrically isolated from
the water media. The AC noise may affect the pressieasurement due to large voltages
between the water media and the sensor (data oggemd. This precaution is not necessary
for field installations because surface water amdigd water are not isolated from earth ground.
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Chapter 3
Maintenance

3.1 Maintenance

Sustained operation of the H-3521 pressure seasdmiost maintenance-free. As with any
precision instrument, the calibration should becklkd on a regular basis. The instrument has no
filters or user serviceable internal parts.

3.2 Precautions
Check for leaks, make certain the connectionsegtiessure port are tight.
Make certain the atmospheric vent is not coverdaaked.
Make certain the gauge station enclosure is opémetatmosphere. If the sensor is placed in
a cabinet or sealed enclosure, the cabinet mustdacreened vent or other opening to the
atmosphere.

3.3 Offset Drift

Unlike sensors which measure dry gas pressure M#-BS50LITE) the H-3521 does not have an
internal valve for measuring and removing long teffset drift. The pressure sensor is very
stable however, as with any pressure sensor, teyngoffset drift will occur. We recommend
that the sensor be factory calibrated on a yea$yshin order to maintain the highest level of
accuracy. As an alternative, the sensor offsebeaadjusted in the field using a pressure
standard or known hydrostatic pressure as a referand using th®ffsetor Set Current Stage
commands.

3.4 Trouble Shooting
Experience over the years with pressure sensonsléasfied several common problems:

No SDI-12 response or intermittent data
1. Check all wiring including power and ground coctrens. Battery connections
can become corroded. Check for corrosion in theectors and terminal strips.

2. The H-3521 measures and reports it's internalgosupply voltage along with
StageandPressure Make a measurement and check to see if thegeita
between 10.0 and 16.0 Volts.

3. Check the connections between your data recartkthe H-3521 sensor.

4. Verify that there is not another SDI-12 sensothenSDI-12 bus with the same
SDI-12 address as the H-3521. Try communicatirtg thie H-3521 without any
other SDI-12 devices on the bus. Sending a “*I"'tt should cause the H-3521
to return its own address as long as there arehey 8DI-12 devices on the SDI-
12 bus.
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Chapter 4
Simple Menu Interface

4.0 Simple Menu Interface

The H-3521 has a RS-232 interface which is corardrfor setup and testing. This chapter is a
description of the Simple Menu interface. Inclused description of the menu and each setup
option.

4.1 Connecting to the H-3521

The Simple Menu interface is designed to work aitierminal program such as Hyper-
Terminal, Procom or other similar terminal prograifise following table shows the settings that
are needed for communication with the H-3521.

COMMUNICATION H-3521 SETTINGS
SETTING

BAUD RATE: 9600

DATA BITS: 8

STOP BITS: 1

PARITY: None

DUPLEX: Full

TERMINAL EMULATION: [ VT-100

FLOW CONTROL: Software (Xon / Xoff)

After the computer is connected, pressing any KEZE! (while the H-3521 is in sleep mode)
will cause the H-3521 to wake up, make a new nreasent and print the following message:

Stage = +/-X.XX
Temp = +/-XX.X

When the ENTER key is pressed after the H-352Waka it will invoke the H-3521 Simple
Menu. You will see a “Measuring...” message digpthas the H-3521 makes a fresh
measurement. Then the H-3521 will display the $&nMbenu as shown on the following page.
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4.2 General Operations
The H-3521 settings can be made either via the I8iiMpnu or with extend SDI-12 commands.
This chapter focuses on the Simple Menu interface.

The menu displays a list of available options. Tfight column is status information and cannot
be edited. At the bottom of the screen i a@nter Option> " prompt. Enter the desired menu
option here, the ENTER key does not have to besptkes

Some options, when selected act as a toggle ahdhaihge when selected. These options only
have two choices such as: On/Off. Options witlckets[ ] allow the user to set or
change a value. After entering the requested waitien the brackets, press ENTER to make the
change. If you do not want to edit the option thet been selected, press the ESC key and the
edit will be aborted.
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4.3 Menu Options
4.3.1 P - Sensor Mode Options
In this sub-menu you can view the current H-352&gramode settings or other modes if
available and change the modes if desired. Refsedtion 4.4 for the Sensor Mode
Options sub-menu options.

4.3.2 V - Sensor Output Options

In this sub-menu you can view the current H-352tbouoptions and enables. In this sub-
menu you can change these options and enablesr tRefection 4.5 for the Sensor
Output Options menu options.

4.3.3 A-SDI-12 Address
This option is for editing the SDI-12 sensor addrelsthe H-3521. The following prompt
appears the bottom of the menu.

Enter Option >Enter New SDI-12 Address [ ]

Enter the desired SDI-12 sensor address (0-9AaZ3, the menu will refresh with the
new address.

4.3.4 S - Stage
This option is for displaying the last measuredstaalue and also for setting the current
stage. The following prompt at the bottom of thenon

Enter Option >Enter Stage Value[ ]

Enter the stage setting you desire and press tAi&ERNey. The message

“Calculating New Offset...” will then be displayed. The H-3521 makes a new
measurement and then calculates the offset needsatdin the desired stage setting.
When the measurement is complete the offset vallibave changed. You must make a
new measurement “M” to see the results of the niéseb

4.3.5 D - Digits

This option is for displaying the current stageitdigp the right of the decimal and also
for editing the number of digits to the right oéttlecimal. After pressing the D key the
user will see the following prompt at the bottontloé menu.

Enter Option >Stage Digits [ ]

4.3.6 O - Offset
This option is for displaying the current stageseffvalue and also for editing the stage
offset value manually. The following prompt appeat the bottom of the menu.

Enter Option >Enter Offset Value[ ]

Enter the desired stage offset value and predsNA&=R key to input the value. The
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screen will refresh and show the new offset. ¥uouist make a new measurement “M” to
see the results of the new offset.

4.3.7 U - Slope
This option is for displaying the current stagepsl@nd also for editing the stage slope.
The following prompt at the bottom of the menu.

Enter Option >Enter Slope Value[ ]

Enter the new stage slope and press the Enteokapit the value. The screen will
refresh and show the new slope. You must make anmeagurement “M” to see the
results of the new stage slope.

Note: When the stage slope is set to 2.3067 thetabel (PSI to Feet) is appended to the
slope value and when the slope is set to 0.70388 the label (PSI to Meters) appears.

4.3.8 C - Averaged Measurements

This option is for displaying the current Averagdddasurements/Meancount value and
for editing the value. The option also displays éistimated time that the measurement
will take due to the amount of averaging. Thedwaihg prompt at the bottom of the
menu.

Enter Option >Averaged Measurements [ ]

Enter the new averaged measurements/meancountessithe ENTER key. Refer to
Chapter 5 for more details on the meancount value.

4.3.9 M - Measure
Pressing the M key causes the H-3521 to make anmeagurement and refresh the screen
with the new measurement data. The user willlseéallowing message after pressing

the M key.
Enter Option >Measuring...

4.3.10 X - Exit
Pressing the X key causes the H-3521 to exit thgplei Menu mode. The user will see
the following message after pressing the X key.

Enter Option >

H-3521 Fluid Off
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4.4 Sensor Mode Options Menu
This setup menu is for viewing and editing the F-Bpower modes and other mode enables.

4.4.1 P -Power Mode
This option is for changing the H-3521 power modée following prompt at the bottom
of the menu.

Enter Option >Power Mode Value(0-4) [ ]

Enter in the desired power mode.
Power Modes:

0 = Sleep between measurements

1 = Sleep with sensor bias On (reserved for fgaise)

2 = Sleep with sensor bias and reference On (reddor factory use)

3 = Wait mode. Make measurements and update gdutsuibased on the measure rate
4 = Wait mode. Power profile for Modbus

The menu will refresh with the new power mode.

4.4.2 F - Fast Mode

This option is the enable for putting the H-352higpecial mode called Fast Mode. Fast
Mode causes the H-3521 to complete measuremeftsaeoond vs. the normal mode
which takes about 6 seconds. This mode is nommewnded because the atmospheric
pressure and temperature values are only updaesg 8minutes and the H-3521 does
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not average as many measurements. When in this thedMeancount/Averaged
measurements value are not used. But if thene &pplication where the user needs the
H-3521 to measure that fast this mode does woHeré&fore, the user may lose some
accuracy using this mode because the H-3521 isra&id in the normal mode with the
atmospheric pressure and temperature measuredraeagurement. After pressing the F
key the screen will refresh with the option chahge

4.4.3 N - NOAA Mode

This options is the enable for putting the H-352NOAA Mode. NOAA Mode causes
the H-3521 to complete measurements in less tlsednd. This mode is for NOAA
applications where the data collection platformuesis a measurement/second for
3minutes and then requests no measurements fani@esi When in this mode the
Meancount/Averaged measurements variable is nok i3 this is a requirement for
NOAA application. After pressing the N key theesm will refresh with the option
changed.

4.4.4 R - Measure Rate

This option is a hidden menu option thabmy available when the H-3521 is on power
mode 3. This option is viewing and editing thereant measure rate value. After
pressing the R key the user will see the followpngmpt at the bottom of the menu.

Enter Option >Measure Rate(0-255)[ ]min

Then the user can enter in the desired measure Adtier entering the desired measure
rate press the ENTER key to submit the value aed the screen will refresh with the
option changed if the value was valid. If the ud®es not want to change the measure
rate then press the ESC key to abort.

4.4.5 D - Reset to Defaults
This option will reset the H-3521 back to factoseudefaults. The following message
will be displayed.

Enter Option >Resetting to Defaults...
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4.5 Sensor Output Options Menu
This setup menu is for viewing and editing the entrsettings of the 4-20mA output.

4.5.1 Slope
This is the current slope that the H-3521 has tatled based on the max and min stage
values.

4.5.2 M - Max Stage
This setting is the stage value (high) that comesls to a 20mA output. The following
message is displayed.

Enter 4-20mA Max Stage[ ]

Enter the desire8tagevalue which corresponds to a 20.00mA output aedENTER
to submit the value. Refer to Chapter-5 for matails about this setting

4.5.3 N - Min Stage
This setting is the stage value (low) that corresisao a 4.0mA output. The following
message is displayed.

Enter 4-20mA Min Stage[ ]
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Enter the desire8tagewhich corresponds to a 4.00mA output and pressERTD
submit the value. Refer to Chapter-5 for more ¢e&bout this setting.

4.5.4 U - Update Outputs
This option is used to force the H-3521 to makew measurement and update any

enabled outputs. The following message is displaye

Enter Option >Measuring...
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Chapter 5
SDI-12 Command and Response Protocol

5.0 SDI-12 Command and Response Protocol

This is a brief description of the Serial Digitatérface (SDI-12) Command and Response
Protocol used by th&/ATERLOG ® Series Model H-3521 sensor. Included is a desoriff the
commands and data format supported by the H-3521.

Refer to the document "A SERIAL DIGITAL INTERFACETBNDARD FOR
MICROPROCESSOR-BASED SENSORS.” Version 1.3 JulyZ®4 Prepared by the SDI-12
Support Group, 165 East 500 South River Heightahlhttp://www.sdi-12.0rg)

Note: The H-3521 incorporates V1.3 with the exceptiothef CRC request.

During normal communication, the data recorder serdaddress together with a command to
the H-3521 SDI-12 sensor. The H-3521 then rephdis a "response.” In the following
descriptions, SDI-12 commands and responses aleseddn quotes. The SDI-12 address and
the command/response terminators are defined lasviol

"a" Is the sensor address. The following ASCII Chtees are valid addresses:
"0-9", "A-Z", "a-z", "*", "?". Sensors will be inially programmed at the
factory with the address of "0" for use in singt@sor systems. Addresses
"1to 9" and "Ato Z" or "a to z" can be used fod#&ional sensors

addresses which select any sensor, regardlessanftital address.
" Is the last character of a command block.

"<cr><If>"  Are carriage return (OD) hex and line @A) hex characters. They are
the last two characters of a response block.

Notes:
. All commands/responses are upper-case printabl@lABaracters.
. Commands must be terminated with a "!I" character.
. Responses are terminated with <cr><If> characters.
. The command string must be transmitted in a caotig block with no gaps of

more than 1.66 milliseconds between characters.
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5.1 Measure Command

The Measure Command causes a new measurement seqodre executed. Data values
generated in response to this command are stottbe isensor's buffer for subsequent collection
using "D" commands. The data will be retainechm $ensor until another "M", " C", or "V"
command is executed.

Command Response Description
"am!" "atttn<cr><If>" Initiate measurement
"aM1!" "atttn<cr><|f>" Initiate measurement
Where:
a is the sensor address ("0-9", "A-Z", "a-z", "*?").
M Is an upper-case ASCII character
ttt is a three digit integer (000-999) specifying thaximum time, in seconds,

the sensor will take to complete the command ané haeasurement data
available in its buffer.

n is a single digit integer (0-9) specifying the rhenof values that will be
placed in the data buffer. If "n" is zero (0), cheta will be available using
subsequent "D" commands.

Upon completion of the measurement, a service stdaecr><If>" is sent to the data recorder
indicating the sensor data is ready. The datadecanay wake the sensor with a break and
collect the data any time after the service regisagtceived or the specified processing time has
elapsed.

Example of a H-3521 "aM!" command:
Command Response Time Values Description
"am!" "a0044<cr><[f>" 4 sec 4 Make measurement
Subsequent Command Response
"aDQ" a+AA.AA+BB.BBBB+CC.C+DD.D<cr><If>
Where:

AA.AA = Stage (feet, inches, meters etc.)

BB.BBBB = Pressure (PSI)

CC.C = Temperature (C)

DD.D = Power Supply Voltage (Volts)
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Example of a H-3521 "aM1!" command:
Command Response Time Values Description
"amM1!" "a0044<cr><|f>" 4 sec 4 Make measurement
Subsequent Command Response
"aD0O" a+AA.AAAA+BB.B+CCCCCCC.CC+DDDDDDD.DD<cr><If>
Where:

AA.AAAA = Pressure (PSI)

BB.B = Temperature (C)

cccccecece.cc = Raw Pressure A/D Counts

DDDDDDD.DD = Raw Temperature A/D Counts
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5.2 Concurrent Measurement Command

This is a new command since the release of Velki®isDI-12 Specification. A concurrent
measurement is one which occurs while other SDdetsors on the bus are also taking
measurements. This command is similar to the “addthmand, however, the nn field has an

extra digit and the sensor does not issue a semgeest when it has completed the measurement.
Communicating with other sensors will NOT aborbacurrent measurement. Data values
generated in response to this command are stottée isensor's buffer for subsequent collection
using "D" commands. The data will be retainedhm $ensor until another "M", "C", or "V"
command is executed.

Command Response Description
"aCl!" "atttnn<cr><|f>" Initiate measurement
Where:

a is the sensor address ("0-9", "A-Z", "a-z", "*?").

C is an upper-case ASCII character

ttt is a three digit integer (000-999) specifying thaximum time, in seconds, the
sensor will take to complete the command and has@&sorement data available in
its buffer.
nn is a two digit integer (00-99) specifying the raenof values that will be
placed in the data buffer. If "n" is zero (0), sheta will be available using
subsequent "D" commands.

The data recorder may wake the sensor with a laedlcollect the data anytime after the
specified processing time has elapsed.

Example of a H-3521 "aC!" command:
Command Response Time Values Description
"aC!" "a00604<cr><|f>" 6sec 04 Make measurement
Subsequent Command Response
"aD0O" a+AA.AA+BB.BBBB+CC.C+DD.D<cr><If>
Where:

AA.AA = Stage (feet, inches, meters etc.)

BB.BBBB = Pressure (PSI)

CC.C = Temperature (C)

DD.D = Power Supply Voltage (Volts)

5-4 SDI-12 Command and Response Protocol H-3521



5.3 Send Data Command
The Send Data command returns sensor data genasatkd result of previous "aM!", "aC!", or
"aVI" commands. Values returned will be sent incBaracters or less. The sensor's data buffer

will not be altered by this command.

Command Response
"aDO!" through "aD9!" "apd.d ... pd.d<cr><If>"
Where:
a is the sensor address ("0-9", "A-Z", "a-z", "*?").
DO0..D9 are upper-case ASCII characters.
p Is a polarity sign (+ or -)
d.d represents numeric digits before and/or afiedécimal. A decimal may

be used in any position in the value after the qitglaign. If a decimal is
not used, it will be assumed to be after the lagt.d

For example: +3.29 +23.5 -25.45 +300

If one or more values were specified and a "aDéitinns no data (<KCR><LF> only), it means
that the measurement was aborted and a new "M" @rdmmust be sent.

Example of a H-3521 "aDO0!" command:
Previous Command Response
"aM!" "a0064<cr><If>"
Subsequent Command Response
"aD0O" a+AA.AA+BB.BBBB+CC.C+DD.D<cr><If>
Where:
AA.AA = Stage (feet, inches, meters etc.)
BB.BBBB = Pressure (PSI)
CC.C = Temperature (C)
DD.D = Power Supply Voltage (Volts)
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5.4 Continuous Measurements

This is a new command for the Version 1.2 SDI-12c#ration. Sensors that are able to
continuously monitor the phenomena to be measstezh as a cable position, do not require a
start measurement command. They can be read gliveithl the R commands (R0!...R9!). The R
commands work exactly like the D (DO0!...D9!) comrdanThe only difference is that the R
commands do not need to be preceded with an M coldma

The H-3521does notsupport the aR0! continuous measurement commaetisibe the
measurement and math operations require sevekadeto complete..

5.5 Send Acknowledge Command
The Send Acknowledge Command returns a simplesstagponse which includes the address of
the sensor. Any measurement data in the sensdfés s not disturbed.

Command Response
"al" "a<cr><I|f>"
Where: a Is the sensor address ("0-9", "A-Z", "a*¥","?").

Example of H-3521 "a!" command:

Command Response Time Values Description
"al" "a<cr><|f>" 0 sec 0 Return the address of sensor
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5.6 Initiate Verify Command

The Verify Command causes a verify sequence tcebfeqmed. The result of this command is
similar to the "aM!" command except that the valgeserated are fixed test data and the results
of diagnostic checksum tests. The data generategbponse to this command is placed in the
sensor's buffer for subsequent collection usingc@hmands. The data will be retained in the
sensor until another "M", "C", or "V" command iseexited.

Command Response Description
"av!" "atttn<cr><If>" Initiate verify sequence
Where:

a is the sensor address ("0-9", "A-Z", "a-z", "*?").

\% is an upper-case ASCII character.

ttt is a three digit integer (000-999) specifying thaximum time, in seconds, the
sensor will take to complete the command and hate available in its buffer.

n is a single digit integer (0-9) specifying the rhenof values that will be
placed in the data buffer. If "n"is zero (0), aeta will be available using
subsequent "D" commands

Example of a "aV!" command:

Command Response Time Values Description

"av!" "a0014<cr><If>" lsec 4 Return fixed data and diagnostic data
for testing purposes.

Subsequent Command Response

"aDQ" a+123.456+78.9+ddddd+y<cr><If>

Key Description Units

+123.456 Fixed test data

+78.9 Fixed test data

+ddddd ROM checksum value (0-99999)

+y ROM checksum test 0 = Failed, 1 = Passed
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5.7 Send ldentification Command
The Send Identification Command responds with sevsador, model, and version data. Any
measurement data in the sensor's buffer is natrtisd.

Command Response

"all" "allcccccccemmmmmmuvvyxX. . xx<cr><[f>"
Where:

a is the sensor address ("0-9", "A-Z", "a-z", "*?").

I is an upper-case ASCII character.

I is the SDI-12 version compatibility level, e.gergion 1.2 is represented as
"12"

cceececcce is an 8 character vendor identificatiobapecified by the vendor and
usually in the form of a company name or its abiatewn.

mmmmmm  is a 6 character field specifying the sensmdel number.
VvV Is a 3 character field specifying the sensasia®m number.
XX...XX is an optional field of up to a maximumi# characters to be used for

serial number or other specific sensor informatiohrelevant to operation
of the data recorder.

Example of a "al!" command:
"al3 DAA H3521vvvS#nnnnnnVkkk<cr><If> "

H-3521 implementation of the optional 13 charafitdd:
S#nnnnnnVkkk (12 bytes total)

Where:
"nnnnnn " is a six character sensor serial number
"kkk " is a three digit sensor firmware revision level
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5.8 Change Sensor Address Command

The Change Sensor Address Command allows the saddess to be changed. The address is
stored in non-volatile EEPROM within the sensoheH-3521 will not respond if the command
was invalid, the address was out of range, or BeREEOM programming operation failed.

Command Response Description
"aAn! " "n<cr><If> " Change sensor address
Where:
a is the current (old) sensor address ("0-9", "A*&=z", ™", "?"). An ASCII

"*" may be used as a "wild card" address if theent address is unknown
and only one sensor is connected to the bus.

A is an upper-case ASCII character.
n is the new sensor address to be programmed ("GAZ)).

NOTE: To verify the new address use the "lder@immand.”

Example of a "Change Sensor Address" command:

Command Response Description
"aA2!" "2<cr><If>" Change sensor address to "2"
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5.9 Extended Set Current Stage Command

The H-3521 processes the pressure sensor inputoamoutedPressuran PSI units Stageis
computed with aStage=m * Pressuret b equation. During installation it is convertiém

quickly set the H-3521'Stagereading to match the current stage, elevationmesqure of the

water as determined by a staff gauge or other dafins command causes the H-3521 to make a
fresh measurement and automatically updat®fifeet(b) term as needed to produce the desired
Stage

Command Response Description
"aXsCcSsddd!" “a0061<cr><If>" Set currenStage
Where: a is the sensor address ("0-9", "A-Z", "a~g","?").

XSCS are upper case characters.

ddd is the new current stage value.
Example of a H-3521 Extended "Set Current Stage"@mmand:
Command Response Time Values Description
"aXSCs2.3!" "a0041<cr><If>" 4sec 1 Set thgtageto 2.3
Subsequent Command Response Description
"aD0" a+1.80<cr><If> The newOffset
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5.10 Extended Read/WriteOffsetand Read/Write Slope

The H-3521 processes the pressure sensor inputoamoutedPressuran PSI units Stageis
computed with aStage=m * Pressuret b equation. Th&lope(m) andOffset(b) terms are
programmable, allowing the user to scale the repihito other engineering units. These
commands allow the user to read or write (chartge$topeandOffsd terms. The slope is set to
2.3067 and the offset to 0.00 at the factory. \ththfactory default (2.3067) tt8tagewill be in
units of water depth (in feet). The new valuesstoeed in non-volatile EEPROM within the
sensor. Once the neéBlopeor Offsetvalue is written to the EEPROM, a copy is serthe®osensor
data buffer for verification. This data can beweel by using a subsequent "D" command. To
verify these settings any other time, use the "XBIS'XRO” commands. This command takes
001 seconds to complete and places 1 value indtzeliiffer. Use the “aD0" command to collect
and view the new slope or offset.

Command Response Description
"aXRS!" “a00ll<cr><If>" ReadSlope
"aXRO!" “a00l11<cr><If>" ReadOffsd
"aXwSddd!" “a0061<cr><If>" Write Slope
"aXwOddd!" “a0061<cr><If>" Write Offset
Where: a is the sensor address ("0-9", "A-Z", "a=g","?").

XRS are upper case characters.

XRO are upper case characters.

XWS are upper case characters.

XWO are upper case characters.

ddd is the new slope or offset value (For exampde0,2195)

Example of a H-3521 Extended "Readlop€ command:

Command Response Time Values Description
"aXRS!" "a0011<cr><If>" lsec 1 Rea8lope
Command Response Description

"aDO!" "a+1.00<cr><If>" SlopeiS 1.00

Example of a H-3521 Extended "WriteSlop€ command:

Command Response Time Values Description
"aXWS1.234!" "a0061<cr><If>" 6sec 1 WriteSlope
Command Response Description

"aD0!" "a+1.234<cr><|f>" Slopeis 1.234
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5.11 Extended Read/Write Stage Digits
This is for reading or writing the stage digitshe right of the decimal point. The stage digits by
default is set to 2.

Command Response Description
“aXRSD!” “a00ll<cr><If>" Read Stage Digits
“aXWsDd!” “a0021<cr><If>" Write Stage Digits
Where: a is the sensor address ("0-9", "A-Z", "a*","?").
XRSD are upper case characters.
XWSD are upper case characters.
d is the new enable value(0-9)

Example of a H-3531 Extended "Read Stage Digits" ecomand:

Command Response Time Values Description
"aXRSD!" "a0011<cr><If>" 1 sec 1 Read Stage Digits
Command Response Description

"aDO!" "a+2<cr><If>" Stage digits = 2

Example of a H-3531 Extended "Write Stage Digits" ommand:

Command Response Time Values Description
"aXWSD3!" "a0021<cr><If>" 2 sec 1 Set Stage digits to 3
Command Response Description

"aD0!" "a+3<cr><|f>" Stage digits = 3
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5.12 Extended Read/Write4-20mA_Hiand Read/Write 4-20mA_Lo

The H-3521 scales the currétagedata to drive the 4-20mA output. The20mA Hiand4-
20mA_Losettings control how th&tagedata is processed. TAe20mA_Loshould be set to the
desiredStagecorresponding to a 4.00mA output. h20mA_Hishould be set to the desired
Stagecorresponding to a 20.00mA output. These settngstored in non-volatiie EEPROM

within the sensor. Once the new value is writtethe EEPROM, a copy is sent to the sensor data

buffer for verification. This data can be viewedusing a subsequent "aD0" command. To
verify these settings any other time, use the “XRIH“XRIL” commands. The H-3521 comes
from the factory withhe 4-20mA_HF 34.6 feet and-20mA_Lo= 0.0 feet.(0-15 psi sensor
range)

Command Response Description
"aXRIH!" “a00ll<cr><If>" Read4-20mA_Hi
"aXRIL!" “a00l11<cr><If>" Read4-20mA_Lo
"aXWIHddd!" “a0061<cr><If>" Write 4-20mA_Hi
"aXWILddd!" “a0061<cr><If>" Write 4-20mA_Lo
Where: a is the sensor address ("0-9", "A-Z", "a*g","?").

XRIH are upper case characters.

XRIL are upper case characters.

XWIH are upper case characters.

XWIL are upper case characters.

ddd is the new value.

This command takes 001 seconds to complete andplacalue in the data buffer. Use the
“aD0" command to collect and view the slope or efffs

Example of a H-3521 Extended "Read 4-20mA_Hi" commad:

Command Response Time Values Description
"aXRIH!" "a0011<cr><If>" lsec 1 Read-20mA_Hi
Command Response Description

"aDQ!" "a+34.60<cr><If>" 4-20mA_Hiis 34.60

Example of a H-3521 Extended "Write 4-20mA_Hi" comnand:

Command Response Time Values Description

"aXWIH34.6!" "a0061<cr><If>" 6sec 1 Writed-20mA_Hiand make
new measurement

Command Response Description

"aDO!" "a+34.6<cr><|f>" 4-20mA_Hiis 34.6
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5.13 Extended ReadPower_Modeand Write Power_Mode

The quadrature, 0-5V, and 4-20mA outputs are upldateenever a measurement is made. For
industrial applications such as 4-20mA where th8524 is connected to a SCADA or PLC
system and low-power is not of concern, the H-3&21 be programmed to make continuous
measurements. This command is used to change ey peode. The H-3521 comes from the
factory with the power mode set to tBeeepmode. Once a new value is written, a copy is &ent
the sensor data buffer for verification. This deda be viewed by using a subsequent "aD0"
command. To read or verify the value any otheetiose the "XRPM" command.

Command Response Description
"aXRPM!" “a0011<cr><If>" ReadPower_Mode
"aXWPMn!" “a0011<cr><|f>" Write Power_Mode
Where:

a is the sensor address ("0-9", "A-Z", "a-z", "*?").

XRPM are upper case characters.

XWPM are upper case characters.

n is the new setting (O, 3 or 4):

0 = Sleep between measurements

1 = Sleep with sensor bias On (reserved for fgaise)

2 = Sleep with sensor bias and reference On (reddor factory use)
3 = Make measurements and update all outputs lmasetkasure rate
4 = Power profile for Modbus

This command takes 001 seconds to complete andglacalue in the data buffer. Use the
“aD0" command to collect and view the current value

Example of a H-3521 Extended "ReadPower_Modé command:

Command Response Time Values Description
"aXRPM!" "a0011<cr><If>" lsec 1 ReaBower_Mode
Command Response Description

"aD0!" "a+0<cr><If>" Mode = Sleep

Example of a H-3521 Extended "WritePower_Modé& command:

Command Response Time Values Description
"aXWPM3!" "a001l<cr><If>" 1 sec 1 WritdPower_Mode
Command Response Description

"aDO!" "a+3<cr><If>" Mode 3 = Continuous mode
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5.14 Extended Readvieasure Rateand Write Measure Rate

When the H-3521 is put in power mode 3 it makeginanus measurements based on a measure
rate. This command is for reading/writing that s\ea rate value. The measure rate range is O-
255 minutes. When the user sets the measureor@tthen the H-3521 makes continuous
measurements as fast as the H-3521 will measuiehwshabout 6 seconds by default. The
factory default is 1 minute measure rate.

Command Response Description
"aXRMR!" “a001l<cr><If>" ReadMeasure Rate
"aXWMRnnn!" “a0021<cr><I|f>" Write Measure Rate
Where: a is the sensor address ("0-9", "A-Z", "a*£","?").
XRMR are upper case characters.
XWMR are upper case characters.
nnn Is the rate in minutes that the sensor will tpd# outputs.

Example of a H-3521 Extended "Readvleasure Raté command:

Command Response Time Values Description
"aXRMR!" "a001l<cr><If>" 1 sec 1 RealMleasure Rate
Command Response Description

"aDO!" "a+l<cr><If>" Measure Rate = 1 minute

Example of a H-3521 Extended "WriteMeasure Raté command:

Command Response Time Values Description
"aXWMR2!" "a0021<cr><If>" 2 sec 1 WritdMeasure Rate
Command Response Description

"aDO!" "a+2<cr><If>" Measure Rate = 2 minutes
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5.15 Extended Readviean_Countand Write Mean_Count

The H-3521 makes multiple raw sensor measuremeistsards the high and low values,
integrates (averages) the measurement data andutes®pessurg(PSl). The number of raw
sensor measurements made for each SDI-12 measureegeence is programmable. When
measuring turbulent water, tides or other spegplieationsMean_Countan be changed to
increase or decrease the number of pressure neeasois made during the SDI-12 measurement
sequence.

The H-3521 makes 7.5 pressure measurements perdsg@B8ms/ measurement). The ttt field in
the SDI-12 sensor response is computed by the H-86d indicates how much time the H-3521
will require to complete the measurement sequentee ttt field will automatically change if
Mean_Counts changed.

The H-3521 comes from the factory witean_Counset to 16. The factory default ttt field is
computed internally by the H-3521 as follows:

Raw Measurements: +2.13 sec (0.133 sec/measurehftmeasurements)
Math Overhead: +0.3 sec
Round Upwards +1.0

ttt 3.0 Seconds

The “aXRMC!” and “aXWMC!” extended commands alloletnumber of raw sensor
measurements for each SDI-12 measurement sequehearonitored or changed.

Once a neviMean_Countalue is written, a copy is sent to the sensaa Qaffer for verification.
This data can be viewed by using a subsequentdbintand. To read or verify the value any
other time, use the "XRMC" command.

Command Response Description

"aXRMC!"  “a001l<cr><If>" ReadMean_Count

"aXWMCn!"  “a00ll<cr><If>" Write Mean_Count

Where: a is the sensor address ("0-9", "A-Z", "a“2","?").
XRMC are upper case characters.
XWMC are upper case characters.
n is the number of raw measurements wanted

This command takes 001 seconds to complete andglacalue in the data buffer. Use the
“aD0" command to collect and view the current value
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Example of a H-3521 Extended "Readvean_Count command:

Command Response Time Values Description
"aXRMC!" "a0011<cr><If>" 1 sec 1 ReatMean_Count
Command Response Description

"aDO!" "a+8<cr><If>" Count=8

Example of a H-3521 Extended "WriteMean_Count command:

Command Response Time Values Description
"aXwmMmc4!" "a0021<cr><If>" 2 sec 1 WriteMean_Count
Command Response Description

"aDO!" "at+4<cr><If>" Count=14
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5.16 Extended Read/Write NOAA Mode Enable

The H-3521 can be put into a NOAA Mode. In NOAA radte data collection platform requests
data from the H-3521 every second for 3 minutesthed is idle for 3 minutes. When NOAA
Mode is enabled the H-3521 measurement responsdditass than 1 second. Meaning that the
Data command can be sent within 1 second aftemtresure command is issued. When the
enable value is setto a ‘1' the NOAA Mode is éediland when it is set to a ‘0' NOAA Mode is
disabled.

Command Response Description
“aXRNE!" “a0011<cr><If>” Read NOAA Mode enable
“aXWNEd!" “a0061<cr><If>" Write NOAA Mode enable
Where: a is the sensor address ("0-9", "A-Z", "a*","?").
XRNE are upper case characters.
XWNE are upper case characters.
d is the new enable value (O=disabled, 1=enabled)

When the user enables NOAA Mode it takes 6 secbadause it updates the Atmospheric and
Temperature values until the 3 minute no activép.g

Example of a H-3521 Extended "Read NOAA Mode Enablecommand:

Command Response Time Values Description
"aXRNE!" "a001l<cr><If>" lsec 1 Read NOAA Mode Enable
Command Response Description

"aDQ!" "a+0<cr><If>" NOAA Mode disabled

Example of a H-3521 Extended "Write NOAA Mode Enabé" command:

Command Response Time Values Description
"aXWNE1!" "a0061<cr><|f>" 6sec 1 Enable NOAA Mode
Command Response Description

"aDO!" "at+l<cr><If>" NOAA Mode enabled

Example of a H-3521 "aM!" command in NOAA Mode

Command Response Time Values Description

"aM!" "a001l<cr><|f>" lsec 1 Measure in NOAA Mode
Command Response Description

"aDO!" "a+AA.AA<cr><|[f>" Returns Stage
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5.17 Extended “XTEST”

This command is used for installation or productiesting and requires the use of a H-4191
Sidekick interface and a PC. This command caumeeklt3521 to transmit unsolicited real-time
data for testing purposes. The test mode is ushdlptroubleshoot the installation by providing
a continuous readout of pressure data. This isamoipliant with the SDI-12 specification and is
not used with data loggers.

To activate the test mode, send the command “aXTH®&Im the PC. The H-3521 will enter the
test mode and make continuous measurements. e$tmode is exited by sending a break or any
new command on the SDI-12 bus. It may take a f@s to exit if the command is sent at the
same time data is being sent from the H-3521. Ramggower from the H-3521 also causes it to
exit this mode.

Format:
SensorAdr + Stage + Pressure + Temperature +Rawstras (counts) + RawTemperature (counts)

“XTEST” displays the following data:

1 +1.202 +3.222 +23.0 +12345 +67890
1 +1.212 +3.232 +23.0 +12345 +67890
1 +1.222 +3.342 +23.0 +12345 +67890
:+1.232 +3.352 +23.0 +12345 +67890
1 +1.232 +3.352 +23.0 +12345 +67890
etc.

[eelojoNe

5.18 Extended “XDEF”
This command is used to set all the user settingk to factory defaults. This is useful in
troubleshooting when nothings seems to be working.

5.19 Extended “XCFG”
This command is used for installation or productiesting and requires the use of a H-4191
Sidekick interface and a PC. This command rettireasurrent configuration of the H-3521.

“XCFG” displays the following data:

H-3521 Fluid Configuration

013 DAAH-3521001S#000000V100
Power Mode = +0

NOAA Mode = Off

Mean Count = +8.

User Slope = +2.306700

User Offset = +0.000000

Max PSI = +20.0

4-20mA Slope = +.462427
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Appendix A
Specifications

Accuracy Supply Current:
(Maximum percent of error in measurement) Sleep Mode 500A typ
Pressure: Less than or equal to 0.03% of full scale Active (measuring) 15mA typ
output (FSO) over temperature range Bias Mode 1.5maA typ
referenced to a straight line stretched from Surge Protection: Built in, 1.5 KVA
zero PSI to maximum pressure
Temperature: Internal temperature +1° C over Environmental
temperature range Operating Temperature: -40° Cto 60° C
Compensated Range: -30°Cto 60° C
Resolution Storage Temperature: -40° Cto 80° C

(Smallest change detectable in output signal)

Pressure: 0.001%
Temperature: 0.001%
Linearity

Less than 0.03% deviation from a straight linenexieed to
end points

Pressure Hysteresis
Less than 0.02% of FSO

Long-term Stability
Accuracy drift is less than £0.05% of FSO per year

Standard Pressure Ranges

Pressure Depth Accuracy
0to 15 PSI 0 to 34.6 ft. +0.01 ft.
0 to 30 PSI 0 to 69.20 ft +0.02 ft.

Custom calibration ranges available from 15 - 180 P

Pressure Overload
Less than 2 times the rated pressure

SDI-12 Interface

Baud Rate: 1200

Protocol: SDI-12 V1.3, 7-bit even parity, 1 stop bit

Output Voltage Levels:
Minimum high level:
Maximum low level:

Response Time

3.5 volts
0.8 volts

SDI-12: 3-second measurement sequence (programmable)

RS-485 Interface

Protocol: Modbus RTU
Port: RS-485
Baud Rate: Programmable (default=9600)

RS232 Interface

Protocol: RS232, 8bit, No Parity, 1 stop bit
Baud Rate: 9600

4-20mA Output

Type: 4-20mA, optically isolated
Loop Voltage: 8.0V min, 35V max
Resolution: 4 A (12-bit DAC)

Power Requirements

Voltage Input: 10 to 16.0 Volts DC

Media Compatibility
Liquids and gases compatible with RTV, stainlesslsind
brass

Mechanical

Material: Fiberglass

Size: 4.76" x 4.76" x 2.5" high
Rating: NEMA-4 enclosure

Pressure Inlet: 1/8" female NPT
Atmospheric Vent: Sintered bronze, #10-32

Connectors

H-3521: Amphenol MS3102R16S-1P (7-Pin male)
Cable:  Amphenol MS3106A16S-1S (7-Pin female)
(supplied with the H3521)

H-3521: Amphenol MS3102R10SL-3P (3-Pin male)
Cable:  Amphenol MS3106A10SL-3S (3-Pin female)
(connector available, order separately )

The WATERLOG® H-3521 is warranted against defects in
materials and workmanship for one year from date of
shipment.

Notes
Specifications subject to change without prior cetiue to
ongoing commitment to product testing and improveme
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Appendix B
Modbus Protocol

B.1 Modbus Interface

Modbus is an industry standard field bus for inbareecting Programmable Logic Controllers
(PLCs), intelligent sensors and other devices. H¥8531 FlashLite™ is a Modbus slave and has
a serial RS-485 port for connecting to a Modbus matible host device. See Chapter 2 for the
proper connections. Continuous +12Volt power messigpplied to the H-3531 FlashLite™.

B.2 Modbus RTU Transmission

The H-3531 FlashLite™ supports RTU (Remote Termisat) transmission mode. The host
must support RTU mode to communicate with the H13BlashLite™. The RTU framing format
for each byte is fixed at 11-bits and is as follotvstart bit, 8 data bits, 1 parity bit, and 1pshat.
The H-3531 FlashLite™ defaults to even parity It iser can change to no parity (parity fixed
=1). In RTU transmission mode all request anpgaase bytes are sent as two 4-bit hexadecimal
characters. RTU transmission mode also defingainanessage frame timing constraints, this
will not be discussed in this document but the gs@rfind the RTU mode transmission
specifications online atww.modbus.org.

B.3 Modbus Function codes
The H-3531 FlashLite™ supports three Modbus fumctiodes as shown in the table below.

Table 1 - Supported Function Codes

Function Code Description # of Registers to R/W
03 Read Holding Registers 28
04 Read Input Registers 8
06 Write Single Holding Register 11
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B.4 Holding Registers

There are 25 holding registers in the H-3531 FlashY, some are Read/Write registers and some
are Read Only registers. The user configurabtengstare found in the Holding Registers. Table
2 below shows the contents on the Holding Regist#ieved by a description of each register.

Table 2 - Holding Registers

Info in Register Start Address | # of 16-bit Registers| Data Type

ID String 0/ “0000" 17 Char String
Modbus Address 18 /“0012" 1 Short Integer
Stage Units Select 19 /*0013" 1 Short Integer
***Reserved*** 20 /“0014" 1 Short Integer
Modbus Baudrate 21/“0015" 1 Short Integér
Parity 22 /*0016" 1 Short Integer
User Stage Offset 23/*0017" 4 IEEE F P.
User Stage Slope 27 /*001B” 4 IEEE F.P.
User Stage Offset 31 /"001F" 2 IEEE F.P.
User Stage Slope 33/%0021” 2 IEEE F.P
Set Current Stage 35/*%0023” 4 IEEE F.P.
Set Current Stage 39 /*%0027” 2 IEEE F.P.

B.4.0 ID String(RO)

The first registers in the Holding Registers aeelth string registers, this is the same ID
string that the SDI-12 ID command returns. Refé8id-12 ID command to see details of
the response. The ID string consists of 17, 1@dgisters. These registers can be read
separately but to get the full ID string the useistiread all 17-registers at once. These
registers are RO (read only) registers. As showrainle 2 the response to reading the ID
string is sent as a ASCII character string. Exanal read the full ID string the host must
send the request as follows: “aa0300000011crcc”

H-3531 FlashLite™ Response: “113 DAA H-3531000@3000V011<CR><LF>0000"

B.4.1 Modbus Address(R/W)

This holding register allows the user to changeMioelbus address of the H-3531
FlashLite™. The programmable address range i24F7- The assigned Modbus address
factory default is: *1'. Address “0" is reserven the broadcast address meaning that all
Modbus sensors will respond to address “0".
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B.4.2 Stage Units Select(R/W)

This holding register allows the user to changeuthies of the stage that is reported in the
input registers. Below shows what values to wotéhe register to change to the desired
units.

Stage Units Select Register: = 00 (stage in feet)
= 01 (stage in meters)
= 02 (stage in inches)
= 03 (stage in mm)
= 04 (stage in cm)
= 05 (raw psi)
= 05 (user defined) factory default

B.4.3 Reserved(R/W)
This holding register is reserved space for futige.

B.4.4 Modbus Baud rate(R/W)

This holding register allows the user to changebtngd rate of the RS-485 port. This
register for H-3531 FlashLite™ defaults to 00, whis 9600 baud. When the user
changes the baud rate it does not take effect tinetipower is cycled. The list below
shows what values to write to select the desiredl bate.

Modbus Baud rate Select Register: = 00 (960f&ctory default
=01 (4800)
=02 (2400)
=03 (1200)
B.4.5 Parity(R/W)
This holding register allows the user to changepirty bit. The list below shows what
values to write to select the desired parity.

Modbus Parity Select Register: =00 (No Parity)
= 01 (Even Parity) factory default

B.4.6 User Stage Offset(R/W)

This holding register allows the user to enterex defined stage offset. The factory
default is 0. This holding register is a 64-bitdwog register, therefore the value sent to
write to this register must be in a 64-bit floatipgint number format. As shown in the
table there is also a 32-bit floating point numisgister for this value.

B.4.7 User Stage Slope(R/W)

This holding register allows the user to enterex gefined stage slope. Writing to this
register is only applicable when the Stage Unile@dRegister is set to 06, which
indicates the user defined mode for the units. Tbiding register is a 64-bit holding
register, therefore the value sent to write to tagister must be in a 64-bit floating point
number format. The factory default slope is 2.30@7ich sets stage units to feet. As
shown in the table there is also a 32-bit floapoegt number register for this value.
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B.4.8 Set Current Stage(WO)

This holding register allows the user to set theesu stage by writing the current stage
value to this register. Reading this registerasapplicable. This holding register is a 64-
bit holding register, therefore the value sent tidento this register must be in a 64-bit
floating point number format. As shown in the &aftilere is also a 32-bit floating point
number register for this command.

Example Reading Holding Register Command:
Format: “aabbccccddddeeee”
Where: aa =1 byte Modbus address
bb =1 byte function code
cccc = 2 byte start address
dddd = 2 byte quantity of registers
eeee = 2 byte crc check

example: 010300010001xxxx

Example Writing Single Holding Register Command:
Format: “aabbccccddddeeee”
Where: aa =1 byte Modbus address
bb =1 byte function code
cccc = 2 byte start address
dddd = 2 byte or dddddddd 4 byte register dataevalu
eeee = 2 byte crc check

example: 010600010001xxxx

Example Reading Input Register Command:
Format: “aabbccccddddeeee”
Where: aa =1 byte Modbus address
bb =1 byte function code
ccce = 2 byte start address
dddd = 2 byte quantity of registers
eeee = 2 byte crc check
example: 010400010001xxxx

B.5 Input Registers

B-4 Modbus Protocol H-3531



The input registers of the H-3531 FlashLite™ hdle measurement data. When the user sends a
read command to read an input register the regiséer initiates a measurement sequence and
returns the updated value. Note: The measuremegoesce takes approximately 3 seconds to
complete before the requested data is sent. Tétentast know this so that it does not timeout or
send a retry. These registers are 64-bit flogtimigt (double precision) numbers. Table 3 below
shows the contents of the input register followga llescription of each register.

Table 3 - Input Registers

Info in Register | Start Address | # of 16bit Registers Bta Type
Stage 0/ *0000" 4 IEEE F.P.
Pressure 4 /“0004" 4 IEEE F.P
Temperature 8/*0008" 4 IEEE F.P
Battery Voltage 12 /“000C” 4 IEEE F.P.
Stage 16 /“0010" 2 IEEE F.P.
Pressure 18 /“0012" 2 IEEE F.P
Temperature 20 /*0014" 2 IEEE F.P
Battery Voltage 22 /*0016” 2 IEEE F.P.

B.5.0 Stage(RO)This input register holds the current measuradesin the desired
units. As shown in the table you can also readséiee as a 32-bit floating point number.

B.5.1 Pressure(RO)This input register holds the current measuredgure before any
slope or offset is applied, therefore it holds té psi value. As shown in the table you
can also read the value as a 32-bit floating paoimber.

B.5.2 Temperature(RO) This input register holds the current measuretperature.

This temperature reading is the temperature oinfieenal pressure sensor and may not
accurately reflect air temperature. As shown ettble you can also read the value as a
32-bit floating point number.

B.5.3 Battery Voltage(RO) This input register holds the current input vgéia As
shown in the table you can also read the value3&shat floating point number.
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