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ABOUT THIS MANUAL

This manual describes the operation of Argus Titan nutrient control programs, specifically:
e Nutrient Injection program (Beta)

o Feed Recipes program (Beta)
Itis intended as a technical reference for program configuration.

These programs are normally used in conjunction with other types of control programs to build
complete nutrient control Applications. Within an Application, the individual control programs work in
an interconnected fashion to accomplish an overall control objective.

The Factory Screens depicted in this manual (screens that have white backgrounds by default) are
intended for the initial setup and tuning of the control programs by Argus service personnel. Only a few
of the readings and settings on the Factory Screens are necessary for daily operation.

These ‘operator’ parameters are normally brought out to the Operator Screens for the application
(operator screens have light blue backgrounds by default). They are then presented along with
parameters from other control programs in the context of the overall control or monitoring objectives of
the application.

Individual applications may also contain their own help documentation embedded in the operator
screens. Operator help is specifically intended to assist system operators in the daily operation of their
control systems. We recommend you start with any available operator help before consulting these
control program reference manuals.

LE ]

Warning: As of this publication date, both the Nutrient Injection and Feed Recipes
programs are still in the BETA stage of development. By convention, Argus designates
new control programs as ‘BETA'. This designation remains until they have been in general
use for long enough to fully prove their reliability and stability. Although we have carefully
evaluated the performance of this software during development and testing, it is impossible
to test for all possible failure modes. Even with mature software, it is not unusual to find the
odd obscure ‘bug’. As such, BETA programs should be monitored carefully with sufficient
alarms and data recording to ensure they are operating as intended. Please report any
anomalies to Argus so that we can quickly identify and correct any possible problems. This
level of monitoring is consistent with the general level of monitoring required for nutrient
control since there are many other failure modes that are not software related yet still cause
the same errors.

Warning: Although you can access Factory Screens, we strongly recommend you consult
Argus before making any changes. Never make any changes to program settings unless
you understand the consequences. Contact Argus if you are unsure how to proceed.

LE ]

Note: For nutrient dosing applications, Argus highly recommends off-line analysis of the
resulting dilute fertilizer solutions during setup and commissioning and at regular intervals
during normal operation to safeguard against mixing and measuring errors, incorrect control
settings, and equipment malfunctions.

LE ]
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Alternatives

A variety of nutrient delivery control strategies can be configured on the Argus Titan system. Nutrient
Injection and Feed Recipes programs are used for mixing and delivering nutrients from stock
concentrates. In other situations, where pre-mixed or pre-diluted feeds are available, other control
programs can be used for nutrient delivery and control.

These include injection feed programs and capabilities such as selector valve control built in to
Irrigation Zones programs. In other situations, Sequencer and Equations programs can be used for
custom applications. An Argus service representative can help you determine which control
configuration best suits your needs.

© 2009 ARGUS CONTROL SYSTEMS LTD
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SAFETY FIRST!

This program is intended for users who are familiar with the general principles of fertilizer
chemistry and the risks and benefits that liquid feed programs have on crop production.

Mixing your own nutrients always requires care and diligence. Keep in mind that with nutrient
control it is never possible to automatically detect all conditions that could cause crop damage.

The Nutrient Injection and Feed Recipes programs contain several management alarms for
monitoring the operational status of the programs. They also contain threshold settings for EC, pH, and
solution temperatures intended to halt dosing and produce alarms should any of these measurements
go ‘out of bounds’.

However, they cannot detect or prevent all dosing failures that might arise from broken equipment,
improper settings, accidental or intentional misuse, mixing mistakes, or a variety of other malfunctions.
This is because many of these failure scenarios are site-specific in nature and they must be configured
individually to suit your circumstances.

To accomplish this, there is a single pointer assignment in the Nutrient Injection program can be used
to halt all injection when it is triggered. This enables the logic for shutting down the nutrient injection
system to be developed in other control programs. By dealing with critical conditions in this manner, it is
possible to cover the widest range of possibilities and to take the appropriate actions.

Argus recommends using feedback sensors and guard sensors for monitoring critical out-of-
bounds conditions. This should include monitoring:

e Flow and pressure in the both the irrigation system and nutrient injection equipment,
e EC and pH levels downstream from the Injection equipment.

Using an appropriate array of monitoring sensors for your application you can configure conditions that
immediately halt injection using the Injection Stop Input in the Nutrient Injection program (see page
44).

Be particularly careful with trace elements. Most of the major elements have a measurable effect on
EC making it relatively easy to detect a mixing mistake before any acute crop damage can occur. For
example, if you accidentally mix 10 times too much potassium nitrate into a stock tank (assuming it
would even dissolve) the problem is evident immediately since the resulting EC is too high in the dilute
solution, triggering a dosing shutdown and alarm.

This is not the case with trace elements. At ten or even a hundred times too much boron, the effect on
EC is negligible, but severe crop damage is likely. The only way to avoid this is through careful
measuring and mixing practices or by using fertilizer concentrate sources with pre-blended major and
minor elements (in which case you are relying on the manufacturer’s quality control practices).

Be particularly careful when first configuring the Stock Tanks and Recipes. Make sure that the
setting values are accurate. Before placing the system into automatic control, you should always use
off-line lab analysis to confirm injection accuracy, particularly when you are mixing your own trace
elements and when using recipes that blend concentrates from several stock tanks.

© 2009 ARGUS CONTROL SYSTEMS LTD
- 4 -



l%!l.\'
N UTRIENT CONTROL
PROGRAMS

INTRODUCTION

Two types control programs are typically used to accomplish automatic nutrient delivery with the Argus
Titan system:

e Nutrient Injection program
One of these programs is required to manage the injection equipment.
Main Features include:

Up to 14 managed stock tanks plus 1 Acid/Base tank

Full fertilizer analysis entry for each stock tank

Concentration factor settings

Allowances for preexisting fertilizer elements in the water supply

Several output styles to accommodate a variety of injector types

Complete integration with Titan Irrigation programs

This program can be used with Argus Multi-Feed injector systems or other
injection equipment

e Full support for single-tank, A/B. and single element dosing systems

e Can be used for in-line injection or dilute stock tank management

e Can produce up to 64 distinct feed recipes, each recipe defined by the user

o Feed Recipes program

Depending on the number of distinct feed recipes required, from one to eight of these
programs can be used with each Nutrient Injection program.

Main Features include:

e Up to 8 distinct feed recipes per program

e Automatic, semi-automatic, or manual feed recipe creation

Rules-based feed recipe creation

Automatic parts per million tabulation for each element

Full integration with the Nutrient Injection program and Irrigation programs

Together, these programs can mix and deliver many different feed formulations and feed
concentrations to an irrigation system from a suitably equipped injector. Before use, they must be
carefully configured to match the physical nutrient injection equipment in both system design and
capacity.

© 2009 ARGUS CONTROL SYSTEMS LTD
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Control Objectives

Before we discuss how the nutrient injection programs work, let’s talk about what they can do. Their
purpose is to prepare and deliver fertilizer recipes from liquid stock concentrates. A fertilizer recipe is
like a baking recipe and the liquid concentrates are its raw ingredients.

Just as we can make many types of cakes and cookies by varying the raw ingredients and their relative
proportions, we can also make many types of fertilizer recipes from relatively few ingredients.

With the large selection of fertilizer ingredients that are commercially available, you have many choices
when it comes to preparing nutrient recipes:

You can use premixed fertilizers where all or most of the necessary fertilizer elements
have been included in a single dry concentrate mix.

With these products you can vary the overall concentration of the fertilizer elements in
the irrigation water, but not the relative concentration of the individual elements.

You can prepare two-part or ‘A/B’ recipes where the fertilizer constituents are divided
between two concentrate tanks to prevent undesirable chemical reactions while in
concentrate form.

With this type of strategy, you can adjust the relative concentration of the individual
elements while you are preparing the concentrates and you can vary the overall
concentration when the concentrates a7re injected for fertilizer delivery.

You can prepare your own custom recipes using several concentrate tanks where each
tank contains only one type of fertilizer material. This is sometimes called single element
dosing.

With this type of strategy and suitable control software and hardware, you can vary both
the individual element ratios and the overall dilute solution concentration during
the injection process.

Injection flexibility increases as you move down this list, while costs increase as you add the extra
injection equipment to handle the increasing number of stock solutions.

With the Titan system and the appropriate delivery equipment such as an Argus Multi-Feed system,
you can provide all the above options.

You can even use a combination of strategies with the same injection system. The following
pages illustrate examples of each type of strategy.

© 2009 ARGUS CONTROL SYSTEMS LTD
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Pre-Mixed Fertilizers

With pre-mixed fertilizers, only one concentrate is delivered at a time since most or all of the desired
nutrients have been pre-blended into a single bag. Separate pH adjustment may still be required.

The following diagram illustrates how you might use the Nutrient Control and Feed Recipe programs
to deliver a variety of pre-blended or ‘complete’ feeds with a multi-head injector system. Note that in the
illustration only 4 of the possible 14 stock tanks are being used. Your application might require more or

fewer tanks.
\ /= \V/ \/ \/
A A“ A: AC

Water
‘_ Nutrient Injector

Acid/ [
Base

| 1
Vo \V/ i v ﬁ ﬁ %
N N N° N° A\ N N

2 VA VA
A A

Water + Fertilizer

[€]

With the above configuration, each concentrate tank contains a specific fertilizer blend. Since the
nutrient control program supports up to fourteen separate concentrate tanks plus an acid/base
adjusting tank, you can inject up to fourteen different feed formulations - many more than you likely
ever need.

You can also vary the overall concentration of each formulation to suit your needs. For example, you
could designate one Fertilizer Recipe to deliver 20-10-20 at 100 ppm nitrogen for use on young
seedlings, and another recipe to deliver the same material at 200 ppm nitrogen for use on more mature
plants.

With a capacity for up to 14 separate complete fertilizer concentrates and up to 64 separate recipes to
adjust for concentration levels you have plenty of flexibility for using a variety of ‘one-tank’ fertilizer
mixes on the same irrigation system.

The Feed Recipes program includes other features that permit you to either override or scale the
fertilizer concentration based on an external control variable such as light levels. When combined with
the features of the Irrigation Schedule programs, you can even designate more than one recipe to be
applied to the same target crop.

© 2009 ARGUS CONTROL SYSTEMS LTD
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For example, on a poinsettia crop, you could set up a rotating schedule where 20-10-20 is used for four
consecutive waterings, with every fifth feeding using a high calcium source such as calcium nitrate (15-
0-0-19 Ca). The Irrigation Schedules specify the feeds to be delivered, and the Nutrient Injection
program prepares them on-the-fly from its stock concentrates.

To use dry fertilizer pre-mixes on your system all you need to do is dissolve the fertilizer concentrates to
a designated concentration and enter this information in the Nutrient Injection program. It is not

necessary to enter the full elemental analysis of each tank. You can then configure recipes that call
for the specific stock tank and a specified dilution ratio to achieve the desired concentration in the dilute

feed.

Notes: If you use several pre-mixed fertilizers, as in the above example, and you take the
time to enter their complete analyses in the Nutrient Control program, it is possible to use
the Feed Recipe program to create unique recipes by blending varying amounts from
different tanks. However, in practice, if you need to create specific feed recipes on a routine
basis, it is usually easier (and less expensive) to use single salt concentrates in each stock
tank as described on page 12 .

A fertilizer injection system set up for pre-mix fertilizers may cost far less than one set up for
single element dosing. On the other hand, the premix fertilizer material is usually more
expensive. Growers with high fertilizer consumption may wish to consider A/B or single
element dosing systems or to reduce the cost of fertilizer even if control flexibility is not
required.

Advantages of using pre-mixed fertilizers:

Convenience
Requires the least complicated and least expensive injection equipment.

Quality and chemical analysis is assured by the fertilizer manufacturer (you can’'t make a
mistake blending the fertilizer).

Since the chemistry is known and fixed, electrical conductivity (EC) measurements can
be used to reliably predict the elemental concentrations in the dilute feeding solutions.

Disadvantages of using pre-mixed fertilizers:

Material cost is generally higher than the basic fertilizer constituents.
The relative ratio of the fertilizer elements is fixed.
Some fertilizer formulations are simply not possible due to incompatible chemistry.

Only a limited number of formulations are commercially available.

© 2009 ARGUS CONTROL SYSTEMS LTD
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With this type of feeding strategy, two concentrated stock solutions, separated to avoid chemical
precipitation at high concentrations, are used to produce a complete dilute feed solution. One tank,
usually called the ‘A’ tank contains calcium nitrate, and sometimes other compatible materials such as
half the total potassium nitrate requirement (this practice helps overcome the low solubility of potassium
nitrate by ‘sharing’ the solubility load between both stock tanks). The ‘B’ tank generally contains the rest
of the concentrates including phosphate and sulfate materials required to make up the complete dilute
fertilizer formula (a third ‘C’ tank is sometimes used to boost one or more of the fertilizer constituents
under certain conditions.

The table below illustrates typical fertilizer constituents for A and B tanks.

Tank A
0/100 liters @200:1 g/100 liters @200:1
Fertilizer concentration Fertilizer concentration
Calcium Nitrate 14737 Potassium Nitrate (1/2 of total) 3940
Potassium
Nitrate (1/2 of 3940 Magnesium Sulfate 7000
total)
Iron Chelate 301 Monopotassium Phosphate 3472
13%
Ammonium Nitrate 2059
Manganese Sulfate 71
Solubor 49
Zinc Chelate 14
Copper Sulfate 39
Ammonium Molybdate .36

When equal amounts from the above tanks are diluted (each at 200 times) to the final feed strength,
the resulting solution has the following elemental concentrations:

Element ‘ ppm
Nitrogen 200
Phosphorus 40
Potassium 200
Calcium 140
Magnesium 35
Sulfur 45
Iron 20
Manganese 1.0
Boron 5
Copper 5
Zinc A
Molybdenum .01

© 2009 ARGUS CONTROL SYSTEMS LTD
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With Titan nutrient control programs you can use up to 7 pairs of A/B concentrate tanks on the same
system, each with a different elemental chemistry:

ejepelolee

Water + Fertilizer

Wat
w Nutrient Injector

Acid/
Base

-
II |I
Ve Ve \vA \vA Ve Ve Ve
AN Ny N N N N N
o

‘A/IB’ Dosing Control — Paired Tanks

The above example shows a maximum of 7 pairs of A/B tanks operated from the Nutrient Control
program (although this is more than you ever likely need). For example, whenever a Feed Recipe calls
for the A1/B1 pair, both are usually injected at equal rates. Using this sort of mixing strategy, A1/B1
could be a complete tomato feed, A2/B2 could be a cucumber feed, and so on.

There are many other configuration options. For example, you could use a common ‘A’ tank, with as
many ‘B’ tank formulations as you require (to a maximum of 13):

v vﬁ Ve vc VA VA
Ny Ny N N N N
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=
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Water + Fertilizer
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w Nutrient Injector

Acid/
Base

TrTeRY

‘A/IB’ Dosing Control — Common ‘A’ Tank
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To use these A/B concentrates on your system you need to dissolve the individual fertilizer constituents
in sufficient water to produce the correct final stock solution volume for each stock tank and enter this
information in the nutrient control program.

You then configure recipes that call for each tank pair, excluding all the other stock tanks. It is not
necessary to enter the elemental analysis of each tank.

Advantages of using A/B fertilizers:

Cost. Basic fertilizer constituents are usually less expensive that blended materials.

Flexibility. When dissolving the materials for each stock tank refill, it is possible to alter
the chemistry within each tank to suit the current conditions. You are not limited to the
pre-mix formulas supplied by the fertilizer companies.

You can vary the injection ratios between the A and B tanks at any time.

Disadvantages of A/B fertilizers:

Additional management responsibility to develop the concentrate formula.
Human error when weighing and dissolving the fertilizer concentrates.
The relative ratio of delivered elements is fixed from batch to batch.

At least two output-matched fertilizer injection heads are required.

The accuracy of electrical conductivity (EC) measurements as a means of reliably
predicting the elemental concentrations in the dilute feeding solutions depends upon the
accuracy of weighing and dissolving the concentrates, and the relative injection accuracy
between the A and B fertilizer injection heads.

© 2009 ARGUS CONTROL SYSTEMS LTD
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‘Single Element’ Dosing

Individual element control opens up the possibility for an injection system to produce almost any feed
composition or concentration, without any changes to the stock solutions. A single system supplied
with the appropriate fertilizer concentrates can produce almost any feed formulation ‘on-the-fly’. The
Nutrient Injection and Feed Recipes programs on the Titan system have been specifically designed
to accomplish this.

Single element dosing is more appropriately called ‘single salt’ dosing, since many fertilizer salts
contain more than one nutritional element making it impossible to deliver just one element at a time
from a single source ingredient.

However, by injecting a combination of different fertilizer salts, each in its own concentrate tank, it is
possible to control the relative concentrations of each element within a wide range of values.

Calcium e
Nitrate Sulphate

Water + Fertilizer

Wat
w Nutrient Injector

Acid/ [
@ T

ﬁ \V/ V _ V
A N AT N AN

‘Single Element’ Dosing Control

In the above illustration, each tank contains a fertilizer compound. Some of these compounds supply
only one nutritional element, while others may supply two or more. For convenience, the trace elements
are provided from a pre-blended source, and an additional iron tank has been included to boost the iron
levels for certain crops.

By varying the proportions from each tank, it is possible to create a wide range of fertilizer recipes from
the same stock concentrates. With up to 14 stock tanks, it is also possible to administer the trace
elements separately if needed (see the note on trace elements on the following page).

Since many fertilizer salts contain two essential elements, the permutations and combinations of stock
solutions that are required to achieve a given recipe can become quite complex.

The Feed Recipes programs contain special automatic calculation functions designed to assist you
with creating recipes from the stock fertilizer concentrates on hand. As you develop each recipe, the
system scans the available stock concentrate materials according to your rules to make sure a
workable injection combination exists.

© 2009 ARGUS CONTROL SYSTEMS LTD
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To achieve the desired recipes, single-element dosing control requires a larger number of stock tanks
with an individual proportioning control injector for each stock solution. The Titan nutrient control
program supports a maximum of 14 individually controlled injectors plus an acid/base injector for pH
control. To reduce system complexity and cost, trace elements and occasionally some of the less
important macro-elements can be combined into one or two tanks if individual control of these materials
is not required.

Advantages of using Single-element dosing:

Fertilizer cost: basic fertilizer constituents are less expensive that blended materials.

Maximum flexibility: the relative ratios of the fertilizer elements can be adjusted at any
time.

Stock solution preparation is less complex as only one fertilizer source is prepared in
each stock solution

Disadvantages of Single-element dosing:

Human error when weighing and dissolving the fertilizer concentrates.

Mechanical complexity: this is the most complex type of fertilizer dosing to manage and
control. There are more opportunities for mistakes and failures.

Uneven draw-down of the individual stock tanks can make it difficult to confirm that each
fertilizer salt is being dosed in the correct proportions. This means that clogged suction
lines, filters, or other operating problems are more difficult to spot and correct.

EC measurements of the resulting dilute fertilizer solution are only useful as a gross
indication of salt strength. They cannot be used to confirm that the relative chemistry is
correct. Off-line lab analysis must be used for this.

More expensive than A/B injection systems. Several independently controlled fertilizer
injection heads are required.

Note: Trace elements are delivered in very small quantities compared to the major elements.
Assuming that the injector system has been engineered with uniform injection heads, trace
elements must always be diluted in sufficient quantities of water in the stock tanks to
roughly match the relative volumes that are being administered from the other tanks.
This not only increases injection accuracy but also aids in mixing safety should there be a
problem with a stuck injector etc.

© 2009 ARGUS CONTROL SYSTEMS LTD
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CONTROL OVERVIEW

Now that we know what the nutrient control programs are capable of, let’s look at how they do it. This
section provides an overview of the key program linkages and functions.

The diagram on the following page illustrates how the Nutrient Control programs (in the yellow boxes)
and the Irrigation programs (green boxes) work together to accomplish automatic watering and
nutrient injection.

The red lines indicate program linkages to and from the nutrient programs and the green lines indicate
the other irrigation linkages. Linkage lines entering on the left are inputs to the programs and lines
exiting on the right are outputs.

Some of these linkages are assigned individually during program setup and configuration, and others
happen automatically, once the programs are assigned to an Irrigation System. All physical inputs and
outputs are managed through 1/0O Module programs.

Note: These program linkages are created during system configuration and you should never
need to alter them after that. The illustration is just to show how nutrient control is fully
integrated with irrigation control.

Here is a simplified sequence of the major events that occur during an irrigation watering:

1. Anlrrigation Schedule decides it is time to water. It creates a watering request that includes
the Zones to Water, the Watering Duration, and the Feed to be used. This request is passed
on to the Irrigation system manager.

2. The Irrigation System program operates the system pump and processes watering requests
in the order that they occur within the capacity of the system. It also separates watering
requests by Feed Type, since only one feed can be delivered at a time. To do this it declares
what the Current Feed is.

3. The Nutrient Injection program obtains the Current Feed information from the Irrigation
System. It finds the recipe for this feed in the linked Feed Recipes program(s). This recipe
contains the concentrate injection instructions to produce the correct dilute feed.

4. The Irrigation System turns on the irrigation pump (if it is not already on) and starts gives the
signal to begin watering the designated zones.

5. AnlIrrigation Zones program then provides the signals to operate each of the requested zone
valves so that water can begin flowing into the zones.

6. The Nutrient Injection program uses information from its Flow Meter to automatically adjust
the nutrient injection rates to match the irrigation water flow rate.

Once configured, this entire process is automatic.

© 2009 ARGUS CONTROL SYSTEMS LTD
- ]_4 -



ARG

A CONVIRON COMPANY

N UTRIENT

CON
PROGRAMS

TROL

Integrated Linkages between Nutrient Control and Irrigation Programs

Irrigation Schedules

Generate Feed Requests:
- Which Zones?

- How Long?
- Which Feeds?

Mono-
potassium
Phosphate

Calcium Potassium
Nitrate Nitrate

Feed Recipes

- Feed Recipes

derived from the
|-'> Stock Tank Ingredients

Nutrient Injection Program

) - Monitors System Flow
- Monitors Current Feed
from Irrigation System
- List of Stock Tank Ingredients
- Calculates Output values
for Injectors

Water + Fertilizer

Trace
Elements

Irrigation System Program

- Manages System Capacity
- Operates the System Pump
- Designates the Current

Irrigation Zones

—JP- Manages the Watering Zone

Outputs

watering Zones
Designates the Current Feed

1/0 Module Programs
Physical Outputs for:

- System Pump
- Zone Valves

- Feed Valves (Dilute Feeds)
- Selector Valves

} - Injectors

Physical Inputs for:
- Irrigation Sensors
- Flow Meter

Irrigated Zones

© 2009 ARGUS CONTROL SYSTEMS LTD




A CONVIRON

N UTRIENT
PROGRAMS

OPERATOR SCREENS

CONTROL

The Nutrient Injection and Feed Recipes programs are highly integrated, but separate programs with

separate screens.

An Operator Screen like the one below is usually created to help display the unified elements of these
separate programs. This makes operating the nutrient system easier and more understandable.
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The above operator screen was created with a drawing program and imported into the Argus program
as a background bitmap. Key readings and parameters from the Feed Recipes and Nutrient Injection
programs were then applied as shortcuts. This screen now functions as the ‘Home Screen’ for the
nutrient system. With a screen similar to this, you can monitor system activity and navigate to any of the

underlying program screens with ease.

Note: Keep in mind that in order to demonstrate the extent of the nutrient control
capabilities for this system, the above screen depicts a single-element dosing setup that
uses the maximum number of stock tanks. Your system (and operator screens) may be
much simpler).
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NUTRIENT INJECTION PROGRAM

Nutrient Injection Overview

The Nutrient Injection program is used to manage the injection equipment. It is also defines the
contents of up to 14 possible stock tanks plus one acid/base tank. During operation it continuously
calculates output values for each enabled injector, as well as managing injector purging, feed source
selection, and flow metering.

To accomplish this, it must inject the correct proportions of fertilizer concentrates from each enabled
stock tank into the irrigation stream so that the resulting dilute feed matches the current Feed Recipe. It
must also match the overall rate of injection to the current flow rate of the system to produce the correct
concentration.

The actual physical outputs (connected to the injection equipment) and inputs (sensors) are managed
by I1/0 Module programs. Injector outputs can be operated as either proportional (0 to 100.00%) or as
pulsed (On/Off) to properly match the control capabilities of the injectors.

Installing a Nutrient Injection Program

This program is normally installed by Argus system engineers as part of the system configuration. It is
installed as a part of a preconfigured Group of control programs and operator screens that are custom
engineered as a complete nutrient control and monitoring application.

Notes: The Nutrient Injection program must be installed on the same controller as the
Feed Recipes and Irrigation System programs.

© 2009 ARGUS CONTROL SYSTEMS LTD
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Nutrient Injection Main Screen

The main screen of the nutrient injection program provides an overview of the injector program and
menu entries for navigating to underlying screens:

Program Twype: Nutrient Injection [Beta) Program Name PES Nutrient Injection (BETL)
Alarms Current Alarm Status Silent Clear Latched Alarws
Injection COutputs Loetive
Stock Tanks <-- make a Shorccut to this frow Recipe Screens Injected Amounts
Srock Tank 1 20-10-20 Enabled Totals This Second
Ztock Tank 2 Hurserey Enabled 0.000000 L 0.000000 L
Htock Tank 3 Calcium MNitrate Enabled 0.000000 L 0.000000 L
Jtock Tank 4 Fotassium Nitrate Enabled 2.566520 L 0.000000 L
Stock Tank 5 Potassium Sulphate Enabled 2.070715 L 0.000000 L
Stock Tank 6 Jumonimum Nitrate Enabled 0.000000 L 0.000000 L
Stock Tank 7 Magnesium Sulphate Enakled 1.102437 L 0.000000 L
Stock Tank 8 Irom Enabled 1.843228 L 0.000000 L
Stock Tank 9 Manganese Chelate Enahled 0.752457 L 0.000000 L
Stock Tank 10 Solubor Enahled 0.402477 L 0.000000 L
Stock Tank 11 Copper Chelate Enahled 0.128326 L 0.000000 L
Stock Tank 12 Zine Chelate Enabled 0.186656 L 0.000000 L
Srtock Tank 13 Ammonium Molybdate Enahled 0.367479 L 0.000000 L
Stock Tank 14 Monopotassium Phosphate Enakbled 0.093328 L 0.000000 L
0.915781 L 0.005833 L
Acid Tank Sulfuric Acid Enabled
Base Tank Caloiwm Hydroxide Enasbled 0.209988 L 0.000000 L
Aoid Injection Ratio 2500 :1 pH Modifer Not Used 0.000000 L 0.000000 L
0.000400 L /L Before Feedback Correction Clear Injected Amounts
0.000400 L /L ifter Feedback Correction
Water Cowposition Analysis
Flow Meter Flow Detected Flow Rate 0.083335 L / second 5.000100 L fmin
Feed Request Source Manual Cverride 009 Towatoes Target EC 1.80 mS Targest pH 6.50 pH
Purge Control Normal Feed Injection Furge Walwve State 0.00 % Charge WValve State 0.00 %
Recipe Program Assignment
Synchronized Cutput Groups
Stabilization Delay
pH & Temperature Shutdouns
External Stop No Injection Stop Pointer
Recipe Calculation Rules
Emergency Shutdown and Restart
Program Inputs
Installation and Service

Injected Amounts — this table displays the total cumulative and instantaneous amounts being injected
from each concentrate tank.

The “This Second” column displays the instantaneous volumes. These values can be used directly for
data recording or in the Equations Program Equation Counters (accumulator mode) or the new
accumulation filter (Filters Program) as the Add value.

The Equation Counters can then have a divisor (up to 10,000) to provide 0.01 L resolution with values
up t0 42,949,672.95 L.

The counters can be cleared on any basis controlled by an Equation. Accumulation rates can also be
used for overdose alarm warning purposes.

The Menu Entries display screens for configuring the following settings:

Alarms - This section is used to configure management alarms. These settings are described on page
46.

Stock Tanks —there is a screen for each Stock Tank where the details of its chemical composition and
overall concentrate strength are entered. These settings are described starting on page 20. The Stock
Tanks menu entry opens a screen with a list of menu entries each Stock Tank Screen. You can place
a User Shortcut to this screen in your Feed Recipes programs for quick access to the Stock tank
settings.

Water Composition Analysis — This optional section is used to enter details on the chemical
composition of the source water. The nutrient injection program automatically compensates for any
plant nutrients already present in the source water. These settings are described on page 28.

© 2009 ARGUS CONTROL SYSTEMS LTD
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Flow Meter — This section configures the flow meter. The nutrient injector program automatically
proportions nutrient injection in proportion to the current flow rate. These settings are described on
page 29.

Feed Request Source — This section links the nutrient Injection program to an irrigation system. These
settings are described on page 30.

Purge Control - This section controls optional injector purging features. These settings are described
on page 37.

Recipe Program Assignment - This section links Feed Recipe programs to this Nutrient Injection
program. These settings are described on page 40.

Synchronized Output Groups - This section configures synchronized injector outputs. These settings
are described on page 41.

Stabilization Delay — this section is used to define a delay time after injection first starts for the outlet
EC and pH readings to stabilize.

pH & Temperature Shutdown - this section is used to define safety limits for pH and temperature
deviation, beyond which, the program halts injection. These settings are described on page 41.

External Stop - This section configures an optional external stop input signal. These settings are
described on page 44.

Recipe Calculation Rules - This section assists automatic recipe calculation in the Feed Recipes
programs. These settings are described on page 45.

Emergency Shutdown and Restart - This section configures optional emergency shutdown and
restart settings. These settings are described on page 47.

Program Inputs — This is an overview of all the external inputs that are used to set up the program.
This screen is not required for daily operation.

Installation and Service — These settings are used by Argus Service technicians for program setup
and service diagnostics. They are not required for everyday operation.

© 2009 ARGUS CONTROL SYSTEMS LTD
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Stock Tank Screens

S

There is a stock tank screen for each concentrate tank on the system plus an acid and a base

concentrate tank. The stock tank screens are identical. Up to 14 tanks can be used for fertilizer
concentrates. Use as many as you need to match your injection equipment. Tank 15 is dedicated to

acid addition and Tank 16 is dedicated to base addition.

Stock Tanks <—-- make a Shortout to this from Recipe Screens

Stock Tank 1 20-10-Z0 Enahled
Stock Tank 2 Nurserey Enabled
dtock Tank 3 ECalcium Nitrate Enshled
Stock Tank 4 Potassium Nitrate Enabled
Stock Tank 5§ Potassiuwm Sulphate Enabled
Stock Tank & Jummonimum MNitrate Enahled
Stock Tank 7 Magnesium Sulphate Enabled
gtock Tank & Iron Enshled
Stock Tank 9 Manganese Chelate Enabled
grock Tank 10 Solubor Enshled
Stock Tank 11 Copper Chelate Enabled
Stock Tank 12 Zinc Chelate Enshled
Stock Tank 13 Ammoniwm Molvhdatce Enabled
Stock Tank 14 Monopotassium Phosphate Enabled

Aeoid Tank Sulfuric Acid Enshled

Base Tank Calcium Hydroxide Enabled

Aeid Injection Ratio 2500 :1 pH Modifer Mot Used
0.000400 L /L Before Feedback Correction
0.000400 L /L After Feedback Correction

Inject
Inject
Totals

=]

000000 0R B ONDD

o

Clear

ion Cutputs Lotive
ed Amounts

This Second
oooooo L 0.000000
000000 L 0. 000000
683180 L 0. 000000
164043 L 0. 000000
oooooo L 0. 000000
149101 L 0.0o00000
924890 L 0. 000000
787455 L 0.005833
419976 L 0. 000000
132159 L 0. 000000
182489 L 0.0o00000
384975 L 0. 000000
093328 L 0. 000000
956612 L 0.005833
221654 L 0.0o00000
000000 L 0.000000
Injected Amounts

= e e e el s =0

=

Selecting the menu entry for a stock tank opens its configuration screen:

Tank Comwposition

Tank Nawe Z0-10-20 Stock Tank Enabled Status Enabled

Clear Accumulator Limits

Relative Concentration: Input Aocumulator
Composition Weight 0.200 kg
Nitrogen 20,0000 % rer unit Volwme 1.000 L Aecumulator 0.000000 L
Phosphorus BoIEE & Maximme Limit 2.000000 L
Potassium 16.5975 % Optional Values: Limit Timer 00:00:00
Calcium 0.0000 % dpecific Gravity 0.0o00 Limit Counter o
Macgmes iwn 0.0000 % Molecular Weight 0.00000 ilsrm Pricrity Silent
Sulphur 0.0000 % Llarm Delay DO0:00:00
Iron 0.0000 % Alarm Itatus Okay
Manganese 0.0000 %
Boron 0.0000 % gucput Accumulator
Zine 0.0000 %
Copper 0.0000 % Aecumulator 0.000000 L
Molybdenum 0.0000 % Maximmn Limit 0.300000 L
Chloride 0.0000 % Limit Timer 00:00:00
Element i 0.0000 % Limit Count fu)
Element B 0.0000 % Alarm Priority Silent
Element C 0.0000 % Alarm Delay 00:00:00
Alarm 3tatus Okay
Stock Tank Ready External Input
Enahle Status Mo External Pointer
Stock Ready Reading Not Used
Address
Cross Module Reguest Time 89 seconds | o
Logic Amtiwve when Non-Zero
When Inactive Only Shutdown This Tank
Output Type Synchronized Pulse Group 1 Total Injection 3536.662237 L
Pulse Group 1 Blarm Status
Minitum Delivery 0.005833 L 0.10 Sec Calculated On Time 0.00 Sec
Maximum Delivery 0.0558333 L 1.00 Zec Output Pulse Jutput Assignment Value
Start Time 0.00 Sec
End Time 0.00 Sec
Group Period 1.00 Sec
Period # 206
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Use the Tank Name setting to enter a descriptive name for the tank contents:

Tank Neme Calciwn Nitrate

The tank must be [Enabled] for the injection program to use its contents. You can use the
Enable/Disable setting to temporality take the tank off line for mixing and cleaning activities.

Tank Composition

Tank Name 20-10-20

Stock Tank Enabled

Tank Composition

Nitrogen
Phosphorus
Fotassium
Caloium
Magnesium
Sulphur
Iron
Manganese
Boron

Zine
Copper

Mo lybdenum
Chloride
Element &

Relative
Composition
20.0000 %
4.3649 %
16.5975 %
0.0000 %
0.0000 %
0.0000 %
0.0000 %
0.0000 %
0.0000 %
0.0000 %
0.0000 %
0.0000 %
0.0000 %
0.0000 %

Concentration:

Teight
per unitc Volumwe

Optional Values:
Specific Gravity
Molecular Height

0.200 kg
1.000 L

0.000
0.00000

0.0000 %
0.0000 %

Element B
Element C

This section is defines the elemental composition of chemicals in this tank as well as the overall
concentration of dissolved materials. In this example, the tank contains only calcium nitrate, so its
elemental analysis has been entered.

For the concentration settings, enter the weight of concentrate material per unit volume. In the above
example, calcium nitrate has been dissolved at the rate of 0.1 Kg (100 grams) per liter of final solution.
The optional values (specific gravity and molecular weight) are not used by the program at this time, so
they can be left at zero.

The label on the fertilizer bag usually lists the elemental content of each fertilizer constituent as a
percentage by weight. The exceptions are for P and K. By convention, phosphorus is usually
expressed as P20s (phosphoric anhydride) and potassium is given as K20 (potash). For nutrient
recipes, you must first convert these two numbers to their true elemental content. Let’s look at the
following commercial pre-mix soluble fertilizer:

20 - 10 - 20

(N) (P20s)  (K20)
o P20s divided by 2.291 = P (elemental phosphorus content)
o K20 divided by 1.205 = K (elemental potassium content)

Therefore, the common fertilizer 20 - 10 - 20 is actually 20 — 4.5 -17 when expressed as elemental
content.

Note: you only need to enter the complete analysis unless if your recipes are using
automatic PPM calculation methods. If you intend to inject using manually entered dilution
ratios you can leave the relative composition table blank (in the Feed Recipes program,
you can set the Injection Control to Manual Calculations and enter the concentrate
dilution ratio to use. See page 67 for details).

© 2009 ARGUS CONTROL SYSTEMS LTD
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Stock Tank External Enable

Stock Tank Ready External Input
Ensble 3tatus External Lotive

Stock Ready Reading MNon-Zero
Address Controller I/0 House Z; Tank Low Lewvel:

Cross Module Request Time 30 seconds |

Z = C38 INY Compensated R
o)
Logic Aotive when MNon-Zero

When Inactive Only Shutdown This Tank

This optional section is intended to halt dosing from a stock tank when it is empty or when it has some
other externally defined problem.

To enable it, assign a Stock Ready Reading value. Typically, this is the reading from a level sensor in
the tank. Use the Logic setting to determine how the Reading causes the external input to switch
between Active and Inactive states.

When the external input is Active, dosing can proceed. When it becomes Inactive, you can select
whether to shut down injection on this tank only, or all tanks.

When the Stock Ready reading is set to [Not Used] the Enable Status reads [No Pointer Assigned]
and the External Enable is always active, effectively preventing this program section from shutting
down injection.

Note: Irrigation operations continue as normal. Depending on whether just this tank or all
tanks are shut down, the Injector continues to provide nutrients from other enabled stock
tanks used by the current Feed Recipe, or clear water if all tanks are shut down.

Output Configuration

output Type Syhchronized Pulse Group 1

Pulse Group 1 hlarm Status

0.005833 L
0.058333 L

0.10 Sec
1.00 Sec

Calculated On Time
Cutput

Jtart Time

End Time

Group Period
Period #

Minimwun Deliwvery
Maximwun Delivery

Total Injection 1719.951232 L

0.158 Zec
Pulsze Output Assignmwent Value
0.00 Sec
o dlfsl SEE
i1.00 Zec
229

You can select an output style to match the injection equipment that you are using. In the above
example, a synchronized output strategy is being used, where each of the enabled tanks are injected

sequentially.

The Output Type setting is used to select the output style:

© 2009 ARGUS CONTROL SYSTEMS LTD
,22,




l%!l.\'
N UTRIENT CONTROL
PROGRAMS

Argus Control Systems ltem Selection

Controller 2 - CZ; PZe MNubrient Injection (BETA); Stock Tank 02 Output Type

Please Make Selection:

Rate Output (Percent)
Standalone Pulse Output

aronized Pulse Group
Svnchronized Pulse Group
Svnchronized Pulse Group
Svnchronized Pulse GFroup
Svnchronized Pulsze Group
Svnchronized Pulse Group

LU R O P G

0K Cancel

Help ‘ Properties

Selectable Output types are:
« Rate Output — outputs are expressed as instantaneous proportional percentages
e Standalone Pulse Output — output values are expressed as on time pulses

o Synchronized Pulse Outputs — all current stock outputs are operated in a controlled
sequence

Rate Output (Percent)

output Type Bate Cutput [(Percent) Total Injection 1752.475645 L

Rate Cutput
Cutput  100.00 %

Hinimum Delivery 0.0055833 L /second [ 0.10 % open
Maximum Delivery 0.058333 L fsecond @ 100.00 % open
I/O Module:

Relay Names: Oucput Module Hame #003 Relay Type: Single Channesl Frequency - High Resolution
P1 Qutput output Neme Hame #003 Output State Automatic 71.64%
Current Timed Fosition Tl.684 %

Reading Source 71.64 %
Address Controller 2 - C2; P26 Nutrient Injection (BETA); Caleiws Nitrate: Stock Tank 03 Output Percentade
If the Reading Source is on snother Controller, request an update Once Every 15 Seconds
Cross Module Reguest Timer o
Coutput Mode Fregquency

Freguency Oucput Settings
On Loss of Communications Output Last Value

Freguency Range O to 65535 Hz Full Movement Time 00:00:05
output Start 3 Hz
output End £0  Hz

Manual Lockout Allow Manual Operation

For Rate Output, the program generates a value of 0.00% to 100.00% which translates into volume
delivered per second as a % of the maximum possible injector rate.

The Output value should be assigned to one of the proportional output types in the I/O Module
program. Enter Minimum and Maximum Delivery values and corresponding percent open values for
the injection device. In the above example, the valve delivers .005833 L per second at 10%, and
.058333 liters per second at 100%.

© 2009 ARGUS CONTROL SYSTEMS LTD
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This calibration information must be derived empirically or from data supplied by the injector
manufacturer.

Standalone Pulse Output

Cutput Type Standalons Pulse Output Total Injection | 1723.517568 L
Standalone Fulse hAlarm 3tatus
Minimwuwn Delivery 0.005333 L 0,10 Zec Calculated On Time 0,13 Zec
Maximum Deliversy 0.058333 L 1.00 Sec Pulse Period 1.00 Seconds 0.00 e

Output FPulse Output Assignment Value

I/O Module:

Output "4" High Fregquency Dutput Name OPR Caleium Nitrate Output State Lutomatic 14.00%
Current/Timed Fosition 14.00 %
FPulse Type Synchronized Pulses
Haster

Feading Source Pulse Output Assignment Value
Address Controller 2 - C2; P26 HNutrient Injection (BETL): Calcium Nitratce; 3tock 03 Pulse oucput Value - fo
Watchdog a Request Timer a

The Standalone Pulse Output provides an independent pulse output that delivers a fixed volume for
each pulse or ‘on’ time. The Minimum and Maximum delivery time values can be set from 0.02
seconds up to 5.00 seconds in 0.02 second increments.

The Maximum delivery time should never exceed the set Pulse Period setting (from 1.00 seconds to
5.00 seconds). The Alarm Status indicates when there is a settings problem. This can occur if:

1) The Maximum Delivery Time is less than Minimum Delivery Time.

2) The Maximum Delivery Time is greater than Total Period.

3) The Maximum Delivery (volume) is equal to zero.

4) The Maximum Delivery (volume) is less than or equal to Minimum Delivery.
5) A Standalone Pulse type has no Pulse Period assigned.

This Output value can only be assigned to an I/O Module D2: High Frequency Output using a Pulse
Type of Synchronized Pulses. In the linked I/O module Output, the Output must be set to Master.

© 2009 ARGUS CONTROL SYSTEMS LTD
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Synchronized Pulses

Output Type Synchronized Pulse Group 1 Total Injection 1760.823296 L
Pulse Group 1 ALlarm Jtatus
Minimwwen Delivery 0,0058833 L 0.10 Zec Caleculated On Time 0.1 Zec
Maximum Delivery 0.058333 L 1.00 3Zec cutput Pulse Output Lssignment Value
SJtart Time 0.oo =

End Time 5 SIS
Group Period S0 Sec
Period #

I/O Module:

Qutput "A"™ High Freguency output Name OPA Calciwm Nitrate Qutput Jtate Automatic 14.00%
Curpent Tiwed Position 14.00 %

Pulse Type Synchronized Pulses
Haster

Reading Source Pulse Ougfur hssigmment Value
Address Controller : P26 Nutrient Injection BFTL) ; Calocium Nitrate; Stock 03 Pulse Output Value - fao

Watchdog a Regquest Timer a

The Synchronized Pulse Group 1 to 6 type output delivers a fixed volume of concentrate for a given
pulse width that is synchronized with up to a total of 13 other outputs to ensure that none of the outputs
is on simultaneously. This is to interleave stock solution injection to reduce the output ripple as
measured by an EC sensor.

The pulse widths can be set from 0.02 seconds up to 5.00 seconds in 0.02 second increments. The
pulse widths should never exceed the set Pulse Period from 1.00 seconds to 5.00 seconds (the pulse
period is set on the Synchronized Output Groups screens accessed from the Main screen of the
Nutrient Injection program). Otherwise, and alarm is triggered.

The Alarm Status indicates when there is problem with the current settings. This can occur if:
1. The Maximum Delivery Time is less than Minimum Delivery Time.
2. The Maximum Delivery Time is greater than Total Period.
3. The Maximum Delivery (volume) is equal to zero.
4. The Maximum Delivery (volume) is less than or equal to Minimum Delivery.
5. A Standalone Pulse type has no Pulse Period assigned.

This Output value can only be assigned to a D2: High Frequency Output using a Pulse Type of
Synchronized Pulses. In the /0O module, set the Output as Master for one of the outputs within the
Synchronized Group and set the other outputs in the group to Synchronize to the Master Output.
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- 25 -



A CONVIRO

N UTRIENT CONTROL
PROGRAMS

Input Accumulator

Tank Hame Calcium Nitrate Stock Tank Ensbied Status Emenied

Clear dee Limits

Input Accumilator

0.000153 L

0.100 kg Aceumulator

1.000 L

bt
per unit Volmse

Nitrogen 4550
Phosphorns | 0.00
Potassium | 0.00
Caleiun | 19,00
Ragnesiun | 0.00

optional Values:
Specific Gravicy
Holeculsr Weight

©0.000
-00000

su 0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.000234 L
0.300000 L

Pl

Mo m
E i
Element B
Elemant C

Stock Tank EXternal Enable

Stock Ready Peading Starus EXEESEmAl ASEivE

Stock Resdy Reading Not Ussd
Address

= Hodule Request Time | 90 sefonds ( | 8 ) Reading Vatchdog | 0
Stock Resdy Reading Active Stave MEESVe When Nou-Zeso
Mot Ready Action Oaly Shucdewn This Task

output Trpe SYNCHEGHiEed Pulse|Groun 'l Total Injection ||818.010176 1

Pulse Sroup 1 Alghm Status

Hinimum Delivery 0.005833 L BUi6088E  calculgfed on Time [NNENIE SR
Maximum Delivery 0.058333 L 1.00 Sec Outpur Pulse Output kssigmwent Valus
Starc Time | D.0D See
End Time | 0.8 See
Group Period | 1.00 See
Period # 178

Input Aecumulatdr

Avcurmlator 0.000106 L
Maxirmunm Limit Z.000000 L
Limit Tiwer OO0:00:00
Limit Counter o

Llarm Pricority No Alarm
Alarm Delay O0:00:00
Llarm Status Dkay

The Input Accumulator for each stock tank accumulates the flow volume measured by the irrigation
flow meter. It acts as a buffer between the inlet measurements and the actual feed injection calculations
to carry forward any residual values.

Accumulation only occurs when this stock tank is part of the current feed recipe. The Injection
accumulation value increases in proportion to the irrigation system flow rate and the current Feed
Recipe and it decreases as the injector completes the injection process.

The current Accumulator value represents the lag between the injection volume calculation and the
actual injection. If the injection process lags too far behind the demand the accumulator increases until
it is limited by the maximum limit setting. This limit should never be reached in normal operation.

The Maximum Limit setting prevents the accumulator from climbing to a dangerously high value and
causing subsequent high injection when the injector ‘catches up’ to the flow rate. It should be set just
high enough to prevent the limits from being hit. Setting too high a value causes the accumulator to
carry forward uninjected remainders for too long.

The Limit Timer and Limit Counter are used to ‘box score’ when the Maximum Limit has been
reached. This box score information can be useful when diagnosing injection control problems. The
Alarm Priority and Alarm Delay settings are used to notify the operator if the Maximum Limit is applied
for too long.
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Output Accumulator

Tank Hame Calcium Nitrate Stock Tank Ensbied Status Emenied

Clear Aecumulator Limits

Input Accumilator

bt 0.100 kg Aceumulator 0.000153 L
per unit Volmse 1.000 L

Nitrogen 4550
Phosphorns | 0.00
Potassium | 0.00

Caleiun | 19,00
Ragnesiun | 0.00

optional Values:
Specific Gravicy 0.000
Holeculsr Weight 0.00000
su 0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.000234 L
0.300000 L

Pl

Mo m
E i
Element B
Elemant C

Stock Tank EXternal Enable

Stock Ready Peading Starus EXEESEmAl ASEivE

Stock Resdy Reading Not Ussd
Address

= Hodule Request Time | 90 seconds/( | 0 ) Reading Vatchdog | 0
Stock Resdy Reading Active Stave MEESVe When Nou-Zeso
Mot Ready Action Oaly Shucdewn This Task

output Trpe SYNCHEGHiEed Pulse|Groun 'l Total Injection ||818.010176 1
Pulse Sroup 1

Hinimum Delivery 0.005833 L G160 888 calculated
Maximum Delivery 0.058333 L 1.00 Sec

Time 0,18 Zec
Outpur Pulse Output kssigmwent Valus
Time 0,00 Zec
Time 0,18 Zec
Gfoup Period | 1.00 See

Cutput Eccumulator‘

Aocumulator 0.000829 L
Maxirmum Limit 0.300000 L

Limit Timer 0O0:00:00

Limit Count u]

Llarm Priority Mo Alarm
Alarw Delay OO0:00:00
Alarm 3tatus Okay

The Output Accumulator for each stock tank is used to sum the calculated required output volume
based on the Input Accumulator and the Injection Volume calculated in the Feed Recipe as part of
the Target ppm. Accumulation only occurs when this stock tank is part of the current feed recipe. Its
purpose is to increase injection accuracy by carrying forward any calculated concentrate injection
amounts that do not fit into the current pulse. This can be thought of as an uninjected remainder.

The Injection Accumulator value increases in proportion to the irrigation system flow rate and the
current Feed Recipe and it decreases as the injector completes the injection process. The current
Accumulator value represents the lag between the injection volume calculation and the actual
injection.

If the injection process lags too far behind the demand the accumulator increases until it is limited by
the maximum limit setting. This limit should never be reached in normal operation. It prevents the
accumulator from climbing to a dangerously high value and causing subsequent high injection when
the injector ‘catches up’ to the flow rate.

The Maximum Limit is used to prevent the accumulator from reaching excessively high values. It
should be set just high enough to prevent the limits from being hit. A high maximum limit setting value
allows the accumulator to carry forward large uninjected remainders that may cause large injection
target overshoot when the injection system is able to ‘catch up’.

The Limit Timer and Limit Counter are used to ‘box score’ when the Maximum Limit has been
reached. The Alarm Priority and Alarm Delay settings are used to notify the operator when the
Maximum Limit is applied for too long.
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Water Composition Analysis

The Nutrient Injection program automatically compensates for the elemental concentrations in the inlet
water by subtracting these amounts from the recipe before it calculates the injection volumes required
to achieve the recipe targets.

From a water analysis report, enter values in ppm in the Source Water column and provide the overall
inlet water conductivity as well.

If the current feed recipe is set to be recirculated, the program calculates the elemental composition of
any recirculating nutrients by comparing the EC of the recirculated inlet water to the declared EC in the
recipes program.

Note that this method does not consider any differential uptake of elements that can occur in long term,
tightly closed systems. It assumes that all elements are used in proportion to the amounts that they are
administered in.

For example, if the recipe EC is 2.0 ms and the returning water is 1.0 ms, the program assumes that
the elemental concentration is 50% of the current recipe value.

If pH correction is used, the program adds the nutrient value of any pH correcting materials that are
currently being injected from the declared elemental values of the pH correction tank.

The After/Acid/Base Addition column shows the amounts of each element that it calculates are in the
inlet water. This is subtracted from the current recipe amounts before calculating the volumes of each
concentrate to inject.

Water Composition Analysis
This screen is used to enter background nutrient lewvels in your irrigation water.
If the current Feed RBecipe in use is set to be recirculated, the =slemental
wvalues are calculated based on the current Inlet Conductivity reading.
The After Acid/Base Addition column shows the calculated effect of pH
controlling substances.
Current Feed Recipe Feed 1 After Acid/Base
- Source Water Recirculated Feed Addition
Nitrogen 0.000 pprm Nitrogen 13.333 ppm Nitrogen 13.333 ppm
Phnsphn;us 0.000 pprn FPhosphorus Z.667 ppm Fhosphorus Z2.667 pp
Potass%um 0.000 ppr Potassiwn 13.333 ppm Potassiwn 13.333 ppm
caloiuwm 5.000 ppm caleium &.667 ppm Caloium &.667 ppm
Hagnesium 0.000 ppm Magnesium 2.333 ppm Magnesiuwm Z2.333 ppm
Sulphur 0.000 ppm Sulphur 3.000 ppm Sulphur 3.001 ppm
Iron 0.100 ppm Iron 0.133 ppm Iron 0.133 ppm
Haganese 0.000 pprm Manganese O.067 ppm Manganese 0.067 ppt
BDFDH 0.000 pprm Boron 0.033 ppm Eoron 0.033 ppm
Zine 0.000 ppm Zine 0.007 ppm Zine 0.007 ppm
Copper 0.000 ppm Copper 0.033 ppm Copper 0.033 ppm
Holybdenum 0.000 ppm Molybdenum 0.001 ppm Mo lybdenum 0.001 ppm
Chleride 2.000 ppw = Chlorine 1.333 ppm Chlorins 1.333 ppm
Element B 0.000 ppr  Elewent & 0.000 ppm Element & 0.000 ppm
Element B 0.000 ppm  Element B 0.000 ppm Element E 0.000 ppm
Element C 0.000 ppm  Element C 0.000 ppm Element C 0.000 ppm
Conductivity 0.10 mS
Inlet Conductivity REeading 0.10 w3
Feed: Target Conductiwvicy 1.50 ms
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Flow Meter

|Fl|:|w Heter Flow Detected Flow Rate 1.666700 L / second 100.002000 L fmin

The Nutrient Injection program automatically adjusts its injected concentrate volumes to match the
current system flow rate. To accomplish this, an accurate flow meter must be correctly positioned in the
main irrigation stream.

The Injection System supports two different types of Flow Meters; Pulse and Rate. Pulse Flow Meters
use on/off or digital signals that indicate a specific volume for each pulse transition. Rate Flow Meters
give an instantaneous voltage signal that represents a specific volume per second. Pulse type flow
meters are less expensive and more accurate for this application and should always be your first
choice.

Select the Flow Meter menu entry to open its configuration screen:

Pulse Type Flow Meter
Set the Flow Meter Type to [Pulse]

Current Second's Volume 1.350027 L

Current Flow Rate 81.001616 L /min
Reading g1
hddress Controller 2 — CZ2; I/0 House 2; Flow Sensor; INS Compensated Read
Cross Module Reguest Time 30 seconds. | (]
Flow Meter Type FPulse

No Flow Watchdog Time 5 SZec

No Flow Watchdog Timer o Sec
Volume per Pulse 0.01l6667 L Mo Flow Flag Flow Detected

Enter the Volume per Pulse in Liters using the Flow Meter manufacturer’s information for the pipe
size used. Pulse type inputs are typically assigned to I1/O Module channel A (IN8) or B (IN9). Use the
Raw Counter reading from the 1/O Module.

The No Flow Watchdog setting is used to indicate how quickly the Input and Output Accumulators
should clear after no flow is detected from the flow meter. On most systems with properly sized flow
meters, this setting should be set to zero. On systems with extremely low flow rates where less than
one flow meter pulse is recorded over several seconds, settings of 2 to 5 seconds may be more
appropriate.
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Rate Type Flow Meter
Set the Flow Meter Type to [Rate]

Current Second's Volume 1.666700 L
Current Flow Bate 100.002000 L fmin

Reading 100
Lddre=ss Controller 2 - C2; If0 House Z: Flow Meter: INY Compensated Readi
Cross Module Regquest Time 30 seconds. | (]
Flow Meter Type Rate
Input Multiplier 100 Mo Flow Watchdog Time 0 Sec
Input Diviser 100 Mo Flow Tatchdog Timer 0 Sec
Conwversion Factor O0.016667 L No Flow Flag Flow Detected
Debug: Last Z3econd'=s Remainder o

Use the Input Multiplier, Input Divisor and Conversion Factor to convert the reading into liters per
second with micro liter resolution.

The No Flow Watchdog setting is used to indicate how quickly the Input and Output Accumulators
should clear after no flow is detected from the flow meter. On most systems, with properly sized flow
meters this should be set to zero. On systems with extremely low flow rates, settings of 2 to 5 seconds
may be more appropriate.

Feed Request Source

This section designates which recipe the injector supplies.

Whenever the flow meter measures flow through the irrigation system, the injector system must either
deliver one of the recipes chosen from a linked Feed Recipes program or deliver clear water (inject
nothing). The injection response can be configured manually or automatically.

When manual feed selection is used, the Injector always provides the designated feed recipe (or clear
water) regardless of any other requests from the irrigation system or external feed requests.
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When automatic feed selection is used, the feed requests originate from an assigned Irrigation
System or from an External Feed Source.

Feed Reguest Source This screen is used to detemine how the Injection Program receives Feed Regquests.

There are 2 reguest modes: Manual Lssignment: (8 specific Feed or Clear Water override
Antomatic: (regquests frow the Irrigation System
or the optionsl External Feed Source)

Feed Selection Automatic [Automatic, Feed #, or Clear Water)
Feed Source 3tatus Used Feed Source Irrigation System

Current Feed Recipe Clear Water

Feed: Target Conductiwvity 0.10 mS

Feed: Target pH &.50 pH

pH Modifer Mot Used
Feed: Ratio of Water to Acid Z500 1
Wanted Feed Source Irrigation Systcem
Desired Feed Recipe Clear Water
Unrecoghized Feed Reguested (Clesr Water Used] Mot Used
Muier ©Of Times Unrecoghized Feed Reguested a

External Feed Source (optional)
External Feed Reading MNOT TSED

Address
Cross Module Request Time 16 seconds. | o)
Iefault Feed Settings Hanual Override Feed 3tatus
Default Feed Recipe Clear Water
If Default Feed Isn't Available Use Clear Uater
Defsult pH Target Reading &.50 pH
Address GRP:NT1:F66 Feed Recipes (EBEETA) :Recipe 1 pH Target
Cross Module Request Time 15 seconds. | (]
Default Water to Acid Ratio 2500 =1
pH Modifer (Feedback) Reading NOT TSED (optionsal)
Address
Cross Module Regquest Time 27 seconds. | o

Irrigstion System Settings
Irrigation System Assignment Main Irrigation 3ystem
System Lssignment Fault System: Current Load 33 %
System: Wanted Feed Clear Water
System: Wanted Feed after Feed Switch Clear Uater
System: Desired Feed Clear ater
System: Current Feed Clear ater

© 2009 ARGUS CONTROL SYSTEMS LTD
,31,



A CONVIRON

COMPANY

N UTRIENT CONTROL
PROGRAMS

Feed Selection

|Feed Selectcion Automatic [Automatic, Feed #, Clear Mater”

This setting is used to choose between:
e Fully Automatic feed selection
e A manually designated Feed Recipe
e Clear Water

When Clear Water is selected no injection occurs except for Acid/Base injection from Tank 15. When
Automatic is selected the injection program automatically injects the Current Feed. When Feed (x) is
selected the system always injects the designated feed whenever tit detects flow.

Number, & Label Selection

-Pz6& Nucriemt Injection (BETA) Feed Bequest Source

Clear Water
Feed 1

e

Feed Source Status

Feed Source 3tatus Used Feed Source Irrigation System
Current Feed Recipe Clear Water
Feed: Target Conductivity 0.10 m3
Feed: Target pH .50 pH
pH Modifer Mot Used
Feed: Ratio of Water to Aoid 2500 :1
WManted Feed ZJource Irrigation System
Desired Feed Recipe Clear Water
Unrecognized Feed Regquested (Clear Water Used) Not Used
Nurber Of Times Unrecognized Feed Regquested a

This section shows the status of current feed requests to the Nutrient Injection program. The above
example indicates that a linked Irrigation System is providing the recipe requests and that the current
recipe is Feed 1.

The Used Feed Source indicates the source of feed requests. Readings include:

[Irrigation System] — The system is using feed requests from the Irrigation System and there are
currently no problems.

[Manual Override] - The Feed selection setting is set to Manual and the system delivers the designated
feed recipe whenever there is flow.

[External Value] -The external feed source is being used to determine which recipe to feed.

[Default Feed] -The system was unable to recognize or make the requested feed so it is using the
default feed.

[Clear Water] - The system is currently using Clear Water (not injecting).
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[Default Clear Water] - The system is using the default feed and it is clear water.

[Bad Default Feed] - The default feed is needed but it is not available of does not exist on the system.
[Default Feed Offline] — The system cannot deliver the default feed because it is offline (not enabled)
[No Default] — The system cannot deliver the requested feed and no default feed has been assigned.
The Current Feed Recipe indicates the Feed Recipe currently in use.

The Feed: Target Conductivity value is calculated from settings in the current Feed Recipe.

The Feed: Target pH value is calculated from settings in the current Feed Recipe.

The Feed: Ratio of Water to [Acid/Base] [ XXXXX:1] readings indicate the material (acid or base and
the injection concentration currently being used for pH control.

The Wanted Feed Source message indicates where Feed requests are currently originating from.
Sources Include: Irrigation Systems, Manual Override or and External value.

The Desired Feed Recipe indicates the Wanted Feed from the Wanted Feed Source.

Unrecognized Feed Request (Clear Water Used) this shows a Feed that was requested by the
Irrigation Source that didn’t exist on the controller. This is used to debug improperly setup Irrigation
Schedules.

The associated Number of Times Unrecognized Feed Requested count value simply tallies the
number of times this happens.
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External Feed Source

External Feed Source (optional

External Feed Reading o
Address Controller 2; Tank Filler: Register 01
Cross Module Bequest Time 0 seconds. | o

This option can be used as an alternative to feed requests originating from an Irrigation System. For
example, if the Nutrient Injector is configured to fill a series of large dilute tanks which in turn are used
to supply an irrigation system, there may be no need to couple the nutrient injector to the instantaneous
requests from the irrigation system.

Instead, a combination of Sequencer and Equations programs could be used to keep the tanks filled,
and to direct the Nutrient Injection program to supply the correct recipe when refilling each tank.

Decoupling the supply of fertilizer supply from the instantaneous demand can be beneficial in ensuring
that there is a sufficient buffer of prepared nutrients as a contingency against interruptions due to
breakdowns or stock tank mixing and replenishing operations.

It also permits the smaller sizing of the injection equipment to match daily needs as opposed to meeting
the maximum instantaneous flow requirements.

Often these buffer tanks are already part of the irrigation system (ebb and flood benches or floors).
The External Feed reading is interpreted as follows:

0 = Clear Water

l1=Feed1l

2 =Feed 2 etc.

Note: When a value is assigned as an External Reading, this section overrides all
Irrigation System requests. External requests and Irrigation System requests cannot
be used at the same time. If you need to fill dilute tanks as well as managing in-line injection
to irrigated zones you can do this by designating separate Irrigation Schedules for these
tasks.
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Default Feed Settings

Default Feed Settings Manual Cwerride Feed Status
Default Feed Recipe Feed 1
If Default Feed Isn't Available Use Clear Water
Defsult pH Target Reading 5.50 pH

Address Controller 2; NUTGRF; P31 Feed Recipes (BETA): Recipe 1 pH Targe

Default Water:icid/Base Ratio 2500 :1 Cross Module Request Time 18 seconds. | a

pH Modifer (Feedback) EREeading 1.60 % [optional)
Address Controller 2; NUTGRF:; pH Correction PID Ecquations; Feed 1 pH Corr

The Default Feed Recipe settings designate the default recipe to be used if the program can’t deliver
the requested feed. This could occur when one or more of the stock tanks that are needed to make the
desired feed are either empty or off line.

The ‘If the Default Feed isn’t available’ setting defines an injector response if the default feed can’t be
made or is off-line. Normally this is set to [Use Clear Water].

Argus Control Systems Item Selection Elg|

liccess Point. ... ......._...........; PE7 MNutrient Injection (BETA); If Default Feed Isn't

Ilease Make Selection:

Use Clear Water
Skip Watering

0K Cancel

Help ‘ Properties

Warning: It is usually best to select [Use Clear Water] so that the crop continues to be
irrigated whenever there is a problem with feed delivery. If you select [Skip Watering] he crop
is not watered when there is a problem with feed delivery.

The Default pH Target Reading is the pH target to be used when the Default feed is in use. Normally
this is mapped to the pH setting in the default feed recipe.

The Default Water: Acid/Base Ratio setting is the default pH concentrate injection ratio that the
system uses.

The pH Modifier (Feedback) reading is an optional external pointer value intended for feedback
correction of the default pH using an external PID equations program. It is only used when the default
pH is used. Each Feed Recipe also has an external pointer for optional external pH correction (see
page 63).

The Manual Override Feed Status reading displays the following error message when the manual
override is set to a feed number that does not exist or is not currently assigned to this nutrient system:

|Hanual Crrerride Feed Status Manual Crrerride Feed Invalidl

© 2009 ARGUS CONTROL SYSTEMS LTD
- 35 -



ARGUS

N UTRIENT CONTROL
PROGRAMS

Irrigation System Requests

Irrigation 3ystem Settings

Irrigation 3ystem Assignment Main Irrigation System
System Assignment Fault
System: Wanted Feed Feed
System: Wanted Feed after Feed Switch Feed
Syzstem: Dezired Feed Feed
System: Current Feed Feed

System: Current Load BE %

[

This section is used to assign the Nutrient Injection program to an Irrigation System. An injection
system cannot be ‘owned’ by more than one irrigation system since it can only make one feed at a
time. Once assigned, Irrigation Feed recipe requests originating in the Irrigation schedules on this
system are passed to this Injection program as they are processed by the Irrigation System program.

The Irrigation System Assignment is used to link the Nutrient Injection program to an Irrigation
System program. Both programs must be running on the same controller. The System Assignment
Fault reading indicates a problem if the assigned Irrigation System program is missing or deleted.

The four feed readings show the current status of feeds as they originate and progress through the
Irrigation System:

The Current Feed reading shows the feed that is currently being used by the Irrigation System or the
last feed that was used.

The Desired Feed reading shows the next feed pending on the irrigation system. To become the
Desired Feed, the Switching to Feed Delay Time (if any) must have expired, and the Feed is now
waiting for the system to move it into the Current Feed State.

The Wanted Feed after Feed Switch reading shows the feed that is next in line after a Feed Switch. It
may still need to count off the Switching to Feed Delay Time before the feed is ready.

The System Wanted Feed reading shows the next feed to be processed from the Irrigation Schedule
decisions.

The System: Current Load reading shows the current flow expressed as a % of maximum system
capacity from the linked Irrigation system.

Tip: The Nutrient Injection operates based on measured flow. If it sees irrigation system flow it
injects the Current Feed or the Default Feed that has been assigned even if there is no
System Load (no active watering requests).

This enables injection while hand watering and it may also help to maintain proper EC in
irrigation lines with slow leaks (if the flow rate is measurable). If you wish to prevent nutrient
injection under ‘no load’ conditions, you can configure an Equations program to watch for
measurable flow conditions when there is no system load (no active requests from the
Irrigation System). The results of this equation can then be linked into the External Stop
Input (see page 50).

For example, high flow, no load conditions might indicate a break in the line particularly if your
system is externally pressurized. This situation could create lots of flow without any current
irrigation requests to create the system load. You can also use the Equation logic to create
appropriate alarms for alerting you should this sort of problem occur.
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Purge Control

This option flushes the Injector with water during a feed change and then charge it with the next Feed.

Purge Control

Injection Cutputs Inactive current Feed Recipe Feed 1

Purge/Charge Active JItate o.00 %

Purge/Charge Status Normal Feed Injection Purge Walwve State a.00 %

Injector Purge Wolume 20.000000 L Charge Valwve State o.oo0 %
Furge Duration D0:02:00 FPurge Tiwer O0:00:00
Charge Duration 00:02:00 Charge Tiwer O0:00:00

Then switching to CLEAR WATER Purge EBEefore Using Clear later

Purge/Charge EC Reading Fault Alarm Priority No Alarm

Purge Verification
FPurged EC Status
3top Control On Purge Faulc =
Conductivity Allowable Difference Afrer Purging 0.25 m5
Inlet Conductivity FReading 0.00 mS
Conductivity After Purging 0.16 m3
Purged Conductivicy Reading 1.580 mS Purged Conductivity Reading Watchdog 23
bddress EC Beadingslt-hit REesults 01
Cross Module Regquest Time 30 seconds. | T

Charge Verification
Charged EC Status
Stop Control On Charge Fault o

Conductivity Allowable Difference After Charging 0.25 m3
Feed: Target Conductivity 1.80 mS
Conductivity Lfter Charging 1.80 mS
Charged Conductivity RBeading 1.80 m3 Charged Conductivity Reading Watchdog 23
Lddressz EC ReadingsConstant 01
Cross Module Reguest Time 30 seconds. | i

Each Feed Recipe can be individually set to have the Nutrient Injection program run a purging
operation before the system switches to it (see page 52).

Purging produces less cross contamination between feeds in situations where this might be important.
It does so at the expense of wasted fertilizer and water.

To use this feature, the irrigation system must be suitably designed.

For example, the purged volume is normally directed through a simultaneously operated purge or
‘dump’ valve.

The purging sequence occurs as follows:

1. System Flush - Upon change to a Feed that is set to Purge Before Using This Recipe, a
purge valve is opened (using the Purge Valve State reading as a reading source) for the
Purge Duration. This flushes out the previous feed solution and replace it with Clear Water.

The duration is defined by the time it takes to flush the old feed out of the system. The duration
can be calculated by using the included injector system volume and the purge flow rate. The
efficiency of the flush potion of the purge can be observed by observing the injector system EC
(in relation to the purge water source) after the purge is completed.

Note: the purge duration can be set to quite long purge times if a high degree of purging is
required. It might take several purge volumes to completely clean out the old feed.

2. The purge valve is then closed.
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3. Using the declared Injector Purge Volume, the injection system injects enough of the hew
feed to bring the recirculated contents of the injector up to the new feed strength.

4. Line Charging — If required, a line changing time can be used to replenish the lines up to the
point where the purge valve is located. This flushes the any remaining clear water from the
line, so that the line is now filled with the new feed.

5. Once the Purge Volume and optional Line Charging operations are complete, the new Feed
becomes available and the Irrigation system can begin using it.

Optional Purge Verification and Charge Verification settings can be used to ensure proper
functioning of the purging operations.

The Switching to CLEAR WATER setting is used to define injector purging behavior when switching
from any Feed to Clear Water.

Argus Control Systems Item Selection @E‘

Controller 2 - C2; P26 MNutrient Injection (BETA); Clear Water Purge Enable

Please Make Zelection:

Turging Hot
Purge Before

TUsing Clear Uster

To operate a purge valve, the Purge/Charge Active Valve State reading is assigned to an On/Off
relay output in the /O Module program that operates the purge valve.

Use The Purge /Charge EC Reading Fault Alarm to set an alarm priority for purging faults:
Purge/Charge EC Reading Fault Alarwm Priority Lewvel #1

Purge Verification

Purge VWerification
Purged EC Status
Stop Control On Purge Fault =
Conductivity Allowable Difference After Purging O0.25 m3
Inlet Conductivity Reading 0.00 mS
Conductivity After Purging 0.16 mS
Purged Conductivity Reading 1.80 ma Purged Conductivity Reading Watchdog 20
Address EC Readingsls-bit Results 01
Cross Module Redguest Time 30 seconds. | io g

This section can be used to ensure that purging operations are successful. After the Purge Duration
timer has counted to zero, it compares the Inlet Conductivity to the Purged Conductivity Reading.

Depending on your system design, the Purged Conductivity Reading can be either the nutrient injector
conductivity reading or a downstream EC sensor at the Purge Valve.

Except for the live readings, the values are only updated during an active Purge operation, so the
Conductivity After Purging reading is the value from the most recent purge. The Purged EC Status
parameter remains blank unless there is a Fault.
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The messages are:

e Fault: After Purging Line — Indicates that the Conductivity After Purging was not with the
Conductivity Allowable Difference After Purging setting.

e Was Faulted: After Purging Line — indicates that the last purge had a fault but since the Stop
Control on Purge Fault was not enabled, the injector has continued to operate.

Select the Purged EC Status parameter to clear a fault:

Argus Control Systems ltem Selection @El

PES MNutrient Injection (BETA)Purged EC Status

Please Make Selection:

)34 Cancel

Help ‘ Propercies

When enabled, the Stop Control On Purge Fault causes the injector to stop injecting until it is

manually restarted by a System Operator * = Enabled = = Disabled. Unless Purging operations are
critical, it is best to disable the stop control function and rely on the Purge /Charge EC Reading Fault
Alarm to alert you of purging faults without interrupting the nutrient injection operations.

The Conductivity Allowable Difference After Purging setting lets you set a conductivity tolerance
range for the purge flushing operation.

Charge Verification

Charge Verification
Charged EC Status
Stop Control On Charge Fault =

Conductivity Allowable Difference After Charging 0.25 ma
Feed: Target Conductiwvity 1.580 w3
Conductivity After Charging 1.80 m=

Charged Conductivity Reading 1.830 w3 Charged Conductivity Reading Watchdodg 5

Address EC ReadingsConstant O1
Cross Module Request Time 30 seconds. | 25 )

This section can be used to ensure that optional Charging operations are successful. After the Charge
Duration timer has counted to zero, it compares the Feed: Target Conductivity for the new Feed to
the Conductivity After Charging reading. Depending on your system design, the Charged
Conductivity Reading can be either the nutrient injector conductivity reading or a downstream EC
sensor at the Purge Valve.

Except for the live readings, the values are only updated during an active Charge operation, so the
Conductivity After Charging reading is the value from the most recent purge. The Charged EC
Status parameter remains blank unless there is a Fault. The messages are:

e Fault: After Charging Line — Indicates that the Conductivity After Charging was not with
the Conductivity Allowable Difference After Charging setting.

e Was Faulted: After Charging Line — indicates that the last purge had a fault but since the
Stop Control on Charge Fault was not enabled, the injector has continued to operate.
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Select the Charged EC Status parameter to clear a fault:

Argus Control Systems Item Selection EIE|

IEE Mutrient Injection (BETA)Charged EC Status

Dlease Make Selection:

(1):4 Cancel

Help ‘ Properties

When enabled, the Stop Control On Charge Fault causes the injector to stop injecting until it is

manually restarted by a System Operator * = Enabled = = Disabled. Unless Charging operations
are critical, it is best to disable the stop control function and rely on the Purge /Charge EC Reading
Fault Alarm to alert you of charging faults without interrupting the nutrient injection operations.

The Conductivity Allowable Difference After Charging setting lets you set a conductivity tolerance
range for the purge flushing operation.

Recipe Program Assignment

Feed Recipe programs must to be assigned to the Injection programs before they can be used.

Fecipe Program Assigrnment

Use the above menu entry to open the following screen:

Becipe Program Lssigrmment

External Recipe Program
External Recipe Program
External Recipe Program
External Recipe Program

1 P31 Feed Recipes [BETAL)
2
3
4
External Recipe Program S5
f
2
g

External Recipe Program
External Recipe Program
External Recipe Program

The Nutrient Injection program can be linked to eight Feed Recipes programs for a maximum of 64
recipes per injector.

All assigned Feed Recipes programs must be located on the same controller as the Nutrient Injection
program.
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pH and Temperature Shutdowns

Stopped Alarm Priority Lewvel #1 Stop Delay Time O00:00:30
CONDUCTIVITY Normal Operation NOTE: Conductivity Limits are set in each Feed Recipe
pH Zhutdown Thresholds Status Normal Operation
pH Reading 7.00 pH
Feed: Target pH 5.50 pH
pH Guard Reading 7.00 pH
Stop If pH Below Target by 1.00 pH gd:oo:00
Stop If pH Abowve Target by 1.00 pH gd:oo:00
SGtop If pH Deviates From Guard by 0.50 pH gd:oo:00
Resume Control when pH Reading Ckay
pH Control is Independent of Temperature
Temperature Shutdown Thresholds Status
Temperature Reading 21.67 °C
Temperature Guard Reading 21.67 °C
SGtop If Temperature Below 15.00 °C gd:o0o:00
SGtop If Temperature ALbove 40.00 *C gd:o0o:00
SGtop If Temperature Deviates From Guard 1.00 *C gd:o0o:00
Resume Control when Temperature BReading Okay

This section is used to define the conditions for halting dosing based on pH and temperature readings.
These settings apply to all recipes, default feeds and clear water. Separate EC shutdown settings are
located in the individual Feed Recipes.

The Stopped Alarm Priority setting lets you select the type of alarm priority to generate when one or
more of the above STOP conditions are triggered. The Stop Delay Time is used to set a delay before
stopping the injector. This is used to avoid nuisance shutdowns caused by temporary or transient
sensor readings.

Stop Thresholds

Set the high, low, and optional guard probe deviation limits for pH and Temperature. If the measured
reading exceeds these amounts the injector stops. If a Stopped Alarm Priority is set, an alarm is
triggered after the Stop Delay Time.

For pH injection, once the stop condition has cleared, you can have the injector:
Fesume Control when pH Reading Ckay or
Femain STOPPED until Manually Cleared

You can also decide whether temperature deviations should:
STOFP pH Control if ITOPPED for Temperature

pH Control is Independent of Temperature

or

For temperature deviations you can have the injector:
Femain 3ITOPPED until Manually Cleared

Fesume Control when Temperature EBeading Okay

or
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Stabilization Delay

Stabilization Delay Time O00:00:30 Stabilization 2Status Stabilizing
SJtabilization Timer O00:00:24
Flow Detected

Stabilization Delay Status
Stabilization Flow Watchdog Time 10 Gec
Stabilization Flow Watchdog Timer 0 Sec

This optional section lets you define a startup stabilization time, during which, the alarm shutdown
readings and Feedback Correction values on the recipe screens are ignored. While stabilizing the
alarm limits timers are not allowed to increment. This allows longer term problems to shut down the
feed, but short-term stabilization issues are ignored. The Stabilization Delay Time setting should set
long enough to avoid nuisance shutdowns, but short enough to catch serious problems.

The stabilization feature is triggered whenever there is no flow for more than the Stabilization Flow
Watchdog Time setting. As soon as flow is detected, the stabilization Timer begins to count down.

Synchronized Output Groups

These values are usually set by Argus technicians during system setup and commissioning They are
used to set up the pulse Output Period when using synchronized outputs.

Synchronized outputs deliver their nutrients sequentially, one output at a time. This ensures that the
injected concentrates are introduced into the water stream separately, reducing the likelihood of
chemical reactions that might cause precipitate problems. Since each concentrate is injected in
sequential pulses rather than continuously, a momentary ‘striping’ or ‘ripple’ effect is produced that
must be compensated for in the overall system design so that by the time the nutrients reach the plants
they are uniformly mixed. Generally, the smaller the output period, the smaller the ripple. However,
each time an output is turned on and off the overall accuracy of injection is affected by flow
disturbances that occur from opening and closing the valve. These flow disturbances are a function of
the valve design and the relative volume that is being delivered.

The Output Period is the maximum amount of time needed to activate all of the valves in sequence.
The system then uses this value to calculate on times for each of the valves. The Total On Time
should not exceed the Output Period. There are specific alarms in the Alarms section of this program
to monitor this. Generally, the Output Period should be the smallest time interval that can
accommaodate all of the outputs.

The Synchronized Output Groups are used to ensure that the members within the group do not
overlap their total output pulse times.

Synchronized Ouctput Groups
Gap Interwval Total On output
Dutput Period Eetween Outputzs Time Count
Synchronization Group 1 1.00 Jeconds 0.00 Zec 0.50 Zeco 4q
Synchronization Group 2 2 1.00 Jeconds 0.00 Sec O.00 Jec ]
Synchronization Group 3 1.00 3Jeconds 0.00 Zec 0.00 Zec ]
Synchronization Group 4 1.00 3econds 0.00 Zec 0.00 Zeco ]
Synchronization Group 5 2 1.00 3econds 0.00 Sec 0.00 3ec ]
Synchronization Group & 2 1.00 3econds 0.00 Zec 0.00 Zec ]
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There are 6 possible output pulse groups and each group only manages synchronization of the
injectors it contains. Most injector systems that require output synchronization only needs 1 or 2
separate groups.

The menu entry for a synchronization group opens the following screen:

Synchronization Group 1

Synchronization Group 1 Pulse Cutput Period 1.00 Seconds
Synchronization Group 1 Gap hetween Cutputs 0.00 Sec
Debug: Synchronization Group 1 Injection Period Timer 0.00 Zec

Debug: Synchronization Group 1 Nuber Of Cutputs (=]

Debug: 3ynchronization Group 1 Last Cutput o
Debug: Synchronization Group 1 Calculated Total Time 0,68 Sec

Debug: Synchronization Group 1 Period Number 239
Synchronization Group 1 Box Score: Bad Setup, Tnable To Use Miniwwam Gap o
Synchronization Group 1 Box 3core: Bad J3etup, Minimum On Times excesd Period o

There are only 2 settings required for the Synchronization Group; the Pulse Output Period and the Gap
between Outputs.

The Output Period value can be setto 1, 2, 3, 4 or 5 seconds.

The Gap Between Outputs can be set from 0.00 to 5.10 seconds in 0.02 second increments. In most
cases the Gap between Outputs is not required as the Injection system automatically maximizes the
time between the Outputs during each injection period. Gaps should only be set if the injection system
requires a ‘recovery period’ between each injection to optimize injection accuracy.

Since it contributes to the Total On Time, the gap time should be set low enough so that the total of the
minimum on times for the outputs within the group, plus the gap time, multiplied by the number of
outputs within the group does not exceed the Pulse Output Period.
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External Stop Input

This feature is used to halt injection due to externally configured conditions.

External Stop Status Injection 3top Mot Active

Injection Stop Non-Zero
Address Controller &; H1: External 3top Logic: Final Cutput Position
Feading Watchdog 0 Zec
Aotive 3tate  Aotive when Zero

For example, a typical application may need to stop the Injection System if the Expected Conductivity
differs from the Measured Conductivity for a sufficient amount of time while feeding. This is an example
of an independent safety check intended to catch a multitude of possible errors or failures that could
produce possibly dangerous overdosing.

Other shutdowns could result from pressure problems or high temperature problems. These external
safety tests can be configured using sensors connected to the Argus system and an Equations
program. The final result of these external tests is used as the Injection Stop value.

When the injection Stop is Active, all nutrient injection is halted, including acid/base control.

However, the Irrigation system continues to water! To disable this section, set the Injection Stop to
[Not Used]

Note: each Stock Tank also contains an individual Stock Ready External Pointer that can
be used to halt injection if there is a problem with the supply of stock solution from individual
tanks.
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Recipe Calculation Rules

The Recipe Calculation Rules control the element calculation order when Automatic Injection Volume
Calculation routines are used in Feed Recipes programs. There are 4 modifiable lists and one pre-
defined default list.

These rule lists are common to all Feed Recipes programs assigned to this Nutrient Injection program.

The following screen shows a specific evaluation hierarchy for rules list 1. The other three rules lists are
not used in this example.

0 m -1 3 b

[
= O

H H R
[, S =y SV o}

Recipe Calculation Rules

Thi=s screen is used to specify the order in which elements are calculated.
Bule=z List 1 Rules List 2 Bules List 3 Bules Lizt 4
Calcium Not Used ot Used Mot Used
Magnesiwmn Not Used ot Used Not Used
Phosphorus Not Used ot Used MNot Used
Pota=zsiwmn Not Used ot Used Mot Used
Nitrogen Not Used Not Used ot Used
Sulphur Not Used ot Used Not Used
Iron Not Used ot Used MNot Used
Manganese Not Used Not Used ot TUsed
Boraon Not Used ot Used Mot Used
Copper Not Used ot Used Not Used
Zinc Not Used ot Used MNot Used

Mo lyhhnemarm Not Used Not Used ot TUsed
Chlaoride Not Used ot Used Mot Used
Not Used Not Used ot Used Not Used
Not Used Not Used ot Used MNot Used
Not Used Not Used ot Used Mot Used

[y
(=)

The Default Rules hierarchy is:

0
1
12
13
14
15
16

P RPOO0O~NOODWNER

Calcium
Phosphorous
Potassium
Nitrogen
Magnesium
Sulphur
Chloride

Iron
Manganese
Boron
Copper

Zinc
Molybdenum
Element A
Element B|
Element C
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Alarms

CONTROL

Llarms Clear Latched Alarms

Local Alarm Priorities

CRC Okay

dtock Tank Alarms

Pulse Output JIetup Fault

Input Accumulator

Output Accurulator

Tank Alarm Prioricy Lewel #1 Status Prioricy Itatus Priority
1 Z0-10-20 Okay Module Okay Module
2 MNursery Okay Module Okay Module
3 CANO3 Okay Module Okay Module
4  FENO3 Okay Module Okay Module
5  EsOD4 Okay Module Okay Module
& NHAITOZ Dkay Module Okay Module
7 MGI04 Okay Module Okay Module
& TIron Okay Module Okay Module
9 HMn Okay Module Okay Module
10 B Okay Module Okay Module
11 Cu Okay Module Okay Module
12 EZn Okay Module Okay Module
13 HMa Okay Module Okay Module
14 EHZFPO4 Okay Module Okay Module

Aoid Aedid Okay Module Okay Module

dtock Tanks Shutdown Status
Default Feed 3Status
Recuezted Feed Recipe Status Okay
pH & Temperature Shutdowns Low High Deviation from Guard Stopped Alarm Priority Lewvel #1

Aeidity (pH)
Tenperature

Synchronized Outputs Llarms
Alarm Priority Module

Svnchronization Group
Synchronization Group
Synchronization Group
Synchronization Group
Synchronization Group
Synchronization Group

=T, MR

SGetup Faults

Unsble To Use
Minimuam Gap
0

oo ooo

Hinimum On Times
Exceed Period

o

oo ooo

e Pulse Output Setup Fault

e Input/output Accumulator Maximum Limits

e pHand temperature Shutdown Alarms

e Stock Tank Shutdown Status

e Synchronized Outputs alarms indicate when the optional Minimum Gap was bypassed

The Nutrient Injection program includes management alarms for monitoring the Stock Tank Outputs
and Synchronized Outputs. Alarms include:

to achieve the required output or when the Minimum On Times for the requested

outputs in the group totaled more than the set Output Period.
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Alarms for individual feeds, including EC shutdown alarms are in the Feed Recipes programs.

These alarms advise you when the normal operating capabilities of the injection system have been
exceeded. In some cases, such as temperature and pH alarms, they can also cause the injector to stop
dosing until the problem has been corrected.
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Emergency Shutdown and Restart

The use of these shutdown and restart settings is optional. They are intended to suspend operations
during power outages and to delay and shed electrical loading when power is restored by spreading
the startup sequence of equipment systems over a few minutes.

If you need to configure any other conditions to halt injection use the External Stop Input section
described on page 50.

Emergency Shutdown and Restart

Shutdown is Active when the Reading 0.00 %
Address Controller 2 - CZ; Power Failure 3Sensor: Final Output Position
Cross Module Reading Reguest Time 30 seconds. | o

Shutdown Threshold Iz More Than
S0.00 %

If the Reading fails Force Shutdown
When the Shutdown condition ends, wait 40 seconds before resumiong program control.

Staging Delay Timer 255 seconds
Shutdown State

This section suspends program operations while the configured shutdown condition is in effect. For
example, system shutdown might be required during a power outage, when the Argus system remains
running on emergency power, but control of some or all of the connected equipment may no longer be
possible.

The shutdown feature suspends operations and calculations within this program without losing current
values.

The Shutdown Source can be any numeric reading on your system. It is often assigned to a sensor
channel that has been connected to a relay which is held closed by an electrical circuit. In this example,
when the power fails, the circuit opens, sighaling a power outage.

Whenever the Reading [Is More Than] or [Is Less Than] the Threshold setting, this section registers a
[SHUTDOWN!] condition. If the Shutdown Action setting is set to [Force Shutdown], program
operation is suspended. If the Shutdown Action setting is set to [Ignore Shutdown], the shutdown
section is ignored (not used).

Restarting

When the Shutdown condition clears, or when the Argus controller has restarted after a power failure, it
waits for the power staging delay time before allowing this control program to resume operation.

Therefore, if you enter different delay times for your controlled equipment systems you can stagger the
restart timing, providing effective load management during startup, and preventing possible overload
situations as all systems try to restart together.

If the Shutdown Source Reading fails, you can configure the system to either [lgnore Shutdown] or
[Force Shutdown].

Warning: Consider the consequences of these shutdown actions carefully. If you are using emergency
power generation to hold up selected equipment during power outages, these systems should be hard-
wired onto backup power.

Do not use the Argus System as your sole means of load management during power outages.

Use Alarms and Data Recording to warn you of possible dangerous situations. The improper
shutdown of critical equipment could have disastrous consequences if not promptly rectified.
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Program Inputs

This overview screen is a summary of all of the external inputs for the nutrient program. It is used for
program setup and testing. It is not required for normal operation.

Installation and Service

This section contains many parameters that are only used by Argus engineers during initial program
setup and testing. It is not required for normal operation.
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FEED RECIPES PROGRAM

Feed Recipes programs work with the Nutrient Injection program to accomplish automatic nutrient
dosing of multiple fertilizer recipes using the same injection equipment.

Each Feed Recipes program can define up to eight individual nutrient recipes to be delivered by a

Nutrient Injector program. You can use as many recipes programs as needed to define all of your
recipes. Up to eight Recipes Programs can be linked to a Nutrient Injection program for a total of 64
recipes per injection system.

In Automatic Calculation Mode, Feed Recipes are developed using an operator entered nutrient
formula. As the elemental values are entered or adjusted, the Recipes program checks the contents of
the tanks in the Nutrient Injection program and calculates a mathematical injection rate achieving the
desired parts per million in the dilute feed solution.

In Manual Calculation Mode, the operator designates the stock tanks to be used and the injection
rates for each tank.
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Feed Recipes Main Screen

Program Type:

Feed Recipe
Feed Recipe
Feed Recipe
Feed Recipe
Feed Recipe
Feed Recipe
Feed Recipe
Feed Recipe

Feed Recipes (BETAL)

Lo TS B TR R R

Tomatoes
20-10-20
HNursery

Feed
Feed
Feed
Feed
Feed

Eecipe
Recipe
Recipe
Recipe
Recipe

ilarms

Nutrient Injection 3ystem

Installation and Zervice

#004
#005
#0086
#007
#008

Nutrient Program Assignment Pointer

Program Name: P31 Feed Recipes [(BETAL)

Systewnm Feed
Designation

Feed
Feed
Feed

1

2

ES|
Used
Used
Used
Used
Used

The main screen of the Feed Recipes program displays menu entries for the eight recipe programs as
well as a menu entry for Alarms and Installation and Service screens. The system feed designation

readings display the current designation for each configured recipe.

In the above example the first three recipes have been configured and each has been given a
designation on the system. Once this is done, to use tomato feed, all you need to do is set an Irrigation

Decision in an Irrigation Schedule program to request Feed 1.

The Control Overview section on page 14 describes how this program gets into the sequence of
events for nutrient injection and watering. To see the linkages between all nutrient and irrigation control

programs please refer to the diagram on page 17.

Warning: The Nutrient Program Assignment Pointer reading is the parameter you select
from a Nutrient Injection program to assign the recipes in this program to that injection
system. A Feed Recipes program can only operate with one Nutrient Injection program
at atime.

If more than one Nutrient Injection program has assigned the same Feed Recipes program, a
Level 1 alarm priority is activated and the alarm label [Assigned to Multiple Nutrient Injection

Programs] is displayed:

Llarms

P39 Nutrient Injection

Level 1

Nutrient Progratn Assighmwent Pointer
[(BETL)
A=z=igned to Multiple Nutrient Injection Programns
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Feed Recipes

CONTROL

Select a menu entry for a Feed Recipe to open the following screen:

Tomatoes

Enabled

Purging Not Required

3ystem Feed Designation Feed
Recirculaced Feed

Recipe Tindow

Okavy

Target ppmn Tally ppm Tolerance Results Clear Latched Alarms
Nitrogen Z00.000 ppm 199,985 ppm Within +/- 5 % Okay
Phosphorus 40.000 ppm 39.996 ppm Within +/- 5 % Okay
Potassium Z00.000 ppm 199.989 ppm Within 44— 5 % Okay Recipe Tolerance Llarm
Calcium 100.000 ppm 99.995 ppm Within +/- 5 % Okay
Hagnes ium 35.000 ppm 35.003 ppm Within +/- 5 % Okay
Sulphur 45,000 ppm 45,472 ppm Don't Care
Iron Z.000 ppm Z2.000 ppm Within +/- 5 % Okay
Hanganese 1.000 ppm 1.000 ppm Within +/- 5 % DOkay
Boron 0.500 ppm 0.500 ppm Within +/- 5 %  Okay
Zinc 0.100 ppm 0.100 ppm Within +/- & % Okay
Copper 0.500 ppm 0.501 ppm Within +/- 5 % Okay
Holybdenum 0.010 ppm 0.010 ppm Within +7— 5 % Okay
Chloride 20.000 ppm 1.333 ppm Less Than Okay
Element A 0.000 ppm 0.000 ppm Don't Care
Element B 0.000 ppm 0.000 ppm Don't Care
Element C 0.000 ppm 0.000 ppm Don't Care
CONDUCTIVITY Resume Control when Conductivity Reading Okay STOP Delay Time O0:01:00
STOP if 0.50 m3 Below Expected Conductivity 0O0:00:00
STOP if 0.50 mS Abowve Expected Conductivity O0:00:00 Conductivity Reading 1.40 ws
STOP If Deviates 0.50 m3 from Guard 1.40 w3 00:00:00 Expected Conductivity 1.50 m3
Alarm if at Correction Maximuwm for more than 00:30:00 0O0:00:00
Conductiviy Control iz Independent of pH Control
Conductiviy Control iz Independent of Temperature pH Control iz Independent of Conductiviy Control
Injection Control
Use these settings to designate which Stock Solutions to use:
Injection Control Automatic Calculations
Tank Current Amount Feedback Correction -5.00 %
1 Lutomatic 0.000000 L o 0.000000 L
z lutomatic 0.000000 L 0 0.000000 L
3 Lutomatic 0.004912 L o 0.004666 L
4 Lutomatic 0.003702 L o 0.003517 L
3 Lutomatic 0.000000 L o 0.000000 L
] lutomatic 0.001855 L o 0.001745 L
7 lutomatic 0.003267 L 0 0.003104 L
g lutomatic 0.001404 L 0 0.001334 L
=l Lutomatic 0.000718 L o 0.000682 L
10 Lutomatic 0.000228 L o 0.000217 L
11 lutomatic 0.000554 L o 0.000517 L
1z lutomatic 0.000855 L o 0.00082Z2 L
13 lutomatic 0.000181 L 0 0.000153 L
14 Lutomatic 0.001623 L o 0.001542 L
* Correct A1l
0 Correct None
Calculate Using Defsult Rules (rules are defined in Hutrient Injection SysStTem

Each feed recipe consists of a Recipe Window, a Conductivity Control window, and an Injection
Control window.

The Recipe Window is used to set tolerances for the desired elemental content in the final dilute
solution of the recipe. The Target PPM menu entry is where you define the feed formula in parts per

million.

Conductivity Control is used to halt injection if the measured EC deviated from the set limits.

Injection Control is used to designate the stock tanks to be used and whether automatic calculations

or manually entered injection ratios are used.
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Recipe Settings

Tomatoss Enabled Swystem Feed Desighnation Feed 1
Purging Mot Reguired Non-Recirculated Feed

At the top of each recipe window you can enter a descriptive name for the recipe. A recipe must be set
to [Enabled] before it can be used by the Nutrient Injection program. You should disable the recipe
temporarily while making adjustments to avoid dosing errors should this feed be called while you are in
the middle of making changes. If this recipe is disabled and the Irrigation System requests it, the
Nutrient Injection program use its default recipe instead of this one.

Use the Purging setting to specify whether injector system purging is needed when changing to this
recipe. The purging settings are in the Nutrient Injection program that is linked to this Feed Recipes
program (see page 42 for details).

Purging flushes out the previous feed’s solution with clear water and then inject this recipe’s nutrients
before starting irrigation. This type of purging only applies to the injection system. Purging of shared
branch lines must be done using purge valves on the irrigation system.

The System Feed Designation setting selects a number for this feed. Recipes are referenced by their
feed number in Irrigation Schedule programs.

Note: there is currently no automatic checking to prevent you from doubly assigning a Feed #
value. Make sure each Feed Recipe has a unique feed number.

The Feed Recirculation setting is used to designate whether or not the Nutrient Injection program
should compensate for any nutrients in the returning water when this feed is used. When set to
Recirculated Feed, the Nutrient Injection program compares the EC of the inlet water to the Expected
EC value for this Feed Recipe (see the conductivity control section page 70).

The difference is then used to offset the amounts of each element to be injected (the program assumes
that all elements are used equally).

For example, if the Expected EC is 2.00 ms and the returning Inlet EC is 1.0 ms, then the program
assumes there is already 50% of the concentration required. This causes it to reduce the injected
amount by 50%. Therefore, if the Nitrogen target is 200 ppm, the program reduces the injected
amount to 100 ppm. Set this value to Non-Recirculated Feed if you do not wish to use inlet EC
compensation.

Note: this type of EC based compensation is usually sufficient for at least a few days
depending on your crop and recirculation methods. However, in the longer term, it is best to
use regular lab analyses when using closed or partially closed systems to ensure that the
nutrient balance is kept within acceptable tolerances.
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Recipe Window

Recipe Window
Target ppm Tally ppm Tolerance Results

Nitrogen 200.000 ppm 199.997 ppm Within +/- 5 % Okay
Phosphorus 40,000 ppm 39.997 ppm Within +/- 5§ % Okay
Fotassium 200.000 ppm 200.012 ppm Within +/- 5 % Okay
Calcium 120.000 ppm 120.007 ppm Within +/- § % Okay
Magnesium 35.000 ppm 35.000 ppwm Within +/- 5 % Okay

Zulphur 45.000 ppm 46.700 ppm Don't Care
Iron 2.000 ppm 2.001 ppm Within +/- 5 % Ckay
Hanganese 1.000 ppm 1.000 ppm Within +/- & % Okay
Boron 0.500 ppm 0.500 ppm Within +/- 5 % Ckay
Zine 0.100 ppm 0.100 pprm Within +/- 5 % Okay
Copper 0.500 ppm 0.500 ppm Within +/- 5 % Ckay
Mo lybdenum 0.010 ppm 0.010 ppm Within +/- 5 % Okay
Chloride 20.000 ppm Z.000 ppm Less Than Okay

Element 4 0.000 ppm 0.000 ppm Don't Care

Element B 0.000 ppm 0.000 ppm Don't Care

Element C 0.000 ppm 0.000 pprm Don't Care

Expected Conductivity 1.50 m3
Clear Latched Alarms
Recipe Tolerance Alarm
Okay

Note: if you intend to use manual Injection Control for this feed you can ignore this section.
This would be appropriate if the feed is derived from a single bag source such as a 20-10-20.
In such cases you can simply direct the recipe injection program to use a fixed injection ratio
from the selected stock tank. An example of this type of setup is shown on page 67.

The recipe window consists of a table of columns and a menu entry for setting elemental targets.
Elements A, B, and C can be used to set targets for any other materials you wish to administer. In the
above example, a recipe for feeding tomatoes has been produced from the Target ppm screen and
the available nutrients in the Stock Tanks of the linked Nutrient Injection program.

The Target ppm column displays the currently calculated desiredor target elemental constituent values
based on settings entered in the Target ppm screen.

The Tally ppm column displays the calculated ppm values based on the Injection Volume. This is what
the Nutrient Injection program can currently provide from its enabled stock tanks using the current
recipe calculation rules.

The Tolerance column is used to set the amount of difference that is acceptable between the Target
and Tally ppm values. Settable values include:

e [Don’t Care]

e [Greater Than]

e [Less Than]

o [Within +/- 1 %] to [Within +/- 100%]

The Results column displays the results of the Tolerance check.
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Displayed values are:

[Okay]
[Was Low] - Indicates a previous fault that has now been corrected
[Was High] - Indicates a previous fault that has now been corrected

[Was Hi/Lo] - Indicates that the element has been both too high and too low since the last
time the result messages were cleared.

[Fault: High] — Indicates that the current settings results in a higher injection amount for
this element than specified. You may need to change the injection and tank
specifications.

[Fault: Low] — Indicates that the current settings results in a higher injection amount for
this element than specified. You may need to change the injection and tank
specifications.

[Fault: Set Amount] — This fault occurs if one or more of the Tank settings in the Injection
control section is set to either Get Exactly or Get At Least xxx of a specified element, and
in doing so, it forces another element from the same stock tank to exceed the specified
tolerances.

[ (blank) ] if the Tolerance is set to [Don’t Care].
Use the [Clear Latched Alarms] setting to clear all past warnings and alarms in the program.

The Expected Conductivity is the conductivity amount that the final diluted feed solution
should read. This value is calculated using the optional Scaling and Conductivity settings
values found on the Target ppm screen.

The Recipe Tolerance Alarm shows the current alarm status using the set alarm priority
found on the Alarms screen.
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Target PPM

Target ppm
External Value Starc/Lovw Limit/Target End/High Limit Target ppm
External Setup
HNitrogen Not Used Target 200.000 ppm HNot U=zed 150.000 ppm 200.000 ppm
FPhosphorus Not Used Target 40,000 ppm Hot Used 30.000 ppm 40.000 ppm
Potassiuwm Not Used Target Z00.000 ppm HNot U=zed 150.000 ppm Z00.000 ppm
Caloium Not Used Target 100.000 ppm ot Used 140.000 ppm 100.000 ppm
Magnesium Not Used Target 35.000 ppm Hot Used 30.000 ppm 35.000 ppm
Sulphur Not Used Target 45.000 ppm HNot Used Not Used 45.000 ppm
Iron Not Used Target 2.000 ppm Hot Used Not Used 2.000 pprm
Manganhese Not Used Target 1.000 ppm HNot Used Not Used 1.000 ppm
Boron Not Used Target 0.500 ppm ot Used Not Used 0.500 pprm
Zine Not Used Target 0.100 ppm HNot Used Not Used 0.100 ppm
Copper Not Used Target 0.500 ppm ot Used Not Used 0.500 pprm
Mo lybhdenum Not Used Target 0.010 ppm Hot Used Not Used 0.010 ppm
Chloride Not Used Target 20.000 ppm HNot Used Not Used 20.000 ppm
Element & Not Used Target 0.000 ppm Hot Used Not Used 0.000 pprm
Element B Not Used Target 0.000 ppm HNot Used Not Used 0.000 ppm
Element C Not Used Target 0.000 ppm ot Used Not Used 0.000 pprm
Conductivity & pH Targets EC 3tart 1.50 w3 EC End 1.25 w3 Target EC 1.50 w3
pH Modifier (Feedback) 1.60 % Target pH &.50 pH
Address Controller 2; MNUTGRP; pH Correction PID Eguations; Feed 1 pH Corr Batio of Water to Acid 2500 :1
Scaling
Reading NOT TSED No Scaling Pointer
Address
Start NOT USED End HOT USED
Hotes:
* If an External Value is used it will override any 3caled walues
for that Element and the Settings become Low and High Safety Limits.
* The Optional 3caling walues apply to all Elements (unless they are using an External Valuej.
» If you do not wish to use a range, set the End/High Limit waluss to NOT UIED.

This is where you set the recipe targets and limits. This screen is used to develop your target values.

Note: There is no guarantee at this point that the program can prepare the required recipe to
produce this feed from the available stock concentrates.

Once you have entered your targets, the program examines the contents of the enabled stock
concentrate tanks and reports back in the Results column on the main screen for the recipe.
The ability of the injector to prepare and deliver the recipe depends on the materials that are in
the concentrate stock tanks and the concentrations/volumes of nutrient solution that are be
required.

Setpoints can be entered locally in the two settings columns or they can be obtained from external
sources in the optional External Value column. The values entered into the settings columns have
different meanings depending on the way the targets are being defined. The reading labels to the left of
each settings column change according the method being used to derive each target (see below).
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Conductivity and pH Targets
Conductivity and pH Targets settings are used to calculate the Target EC and pH of the final solution.

Select [Ratio of Water to Acid] or [Ratio of Water to Base] to designate either base or acid addition for
this recipe. Enter an injection ratio for the designated pH concentrate. The optional pH Modifier
(Feedback) is used for applying pH feedback correction from an external PID Equations program. The
difference between the pH reading at the injector outlet is compared against the current target pH and a
correction (if any) is applied.

This value is then used in the Nutrient Injection program to modify the pH injector output.

Note: The Feed Recipes program contains native PID equations for EC feedback correction
(see page 80), but you must use an External PID Equation if you want to correct pH in a
similar manner.

Scaling

The optional Scaling section is used to increase or decrease the target values over a defined Start and
End range based on a selected scaling value (i.e. parts per million).

Target PPM Column

The Target ppm column displays the results.

There are three available methods for creating the Target ppm values:
1. Single settings
2. Scaled settings
3. External settings

These modes can be selected separately for each element.
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Single (Absolute) Settings

Target ppm

External Value Start/Low Limic/Target End/High Limit Target ppm
External Setup
Nitrogen Not Used Target 200.000 ppr Not Used 150.000 ppm 200.000 ppm
Phosphorus Not Used Target 40.000 ppm Not Used 30.000 ppm 40.000 ppm
Potassium Not Used Target 200.000 ppm Not Used 150.000 pprm 200.000 ppm
Caloium Not Used Target 100.000 pprm Not Used 140.000 ppm 100.000 ppm
Magnesiun Not Used Target 35.000 ppm Not Used 30.000 ppm 35.000 ppm
Sulphur Not Used Target 45.000 ppm Not Used Not Used 45.000 ppm
Iron Not Used Target 2.000 ppr Not Used Not Used 2.000 ppm
Manganese Not Used Target 1.000 ppm Not Uszed Not Used 1.000 ppm
EBoron Not Used Target 0.500 pprm Mot Used Not Used 0.500 ppm
Zine Not Used Target 0.100 ppr Not Used Not Used 0.100 ppm
Copper Not Used Target 0.500 pprm Not Used Not Used 0.500 ppm
Mo 1ybdenum Not Used Target 0.010 ppr Not Used Not Used 0.010 ppm
Chloride Not Used Target 20.000 ppm Not Used Not Used 20.000 ppm
Elenent i Not Used Target 0.000 ppm Not Uszed Not Used 0.000 ppm
Elexent B Not Used Target 0.000 ppr Mot Used Not Used 0.000 ppm
Elewent € Not Used Target 0.000 ppr Not Used Not Used 0.000 ppm
Conductivity & pH Targets EC ZItart 1.50 m3 EC End 1.25 3 Target EC 1.50 m3
pH Modifier (Feedback) 1.80 % Target pH 6.50 pH
Address Controller Z; NUTGRFP; pH Correction PID Eguations; Feed 1 pH Corr Ratio of Water to Base/Acid 2500 :1
Scaling
Reading MNOT U3SED No Scaling Fointer
Address
Start NOT USED End NOT USED
Hotes:

* If an External Value i=s used it will override any 3caled wvalues

for that Element and the Zettings bhecome Low and High Zafety Limits.
* The Optional Scsaling walues apply to all Elements (unless they are using ah External Value).
= If you do not wish to use a range, et the End/High Liwmit walues to NOT USED.

In this mode you define an exact target value for each element that do not need automatic adjusting to
compensate for changing conditions such as the available light. Set the optional Scaling Reading to
[Not Used] and set the External Values to [Not Used].

This method lets you create an exact recipe with no variations due to shifting external factors such as
light levels, and no allowance for variations in the raw ingredients.

All the settings in the Start/Low Limit/ Target window become the absolute Targets and any settings
in the End / High Limit Window are ignored [Not Used] (see above).

In this mode, only the EC Start value is used for optional feedback control. The EC End value is
ignored. The Target EC Reading shows the expected EC based on the EC Start value.

Enter a Target pH for this feed and the Ratio of Water to Acid/Base that is required to achieve it.
Whenever this feed is in use, the Nutrient Control program uses this value to inject pH concentrates
as well as for optional pH correction.
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Scaled Settings

Target ppm
External Value Start/Lov Liwit/Target End/High Limit Target ppm
External 3etup
Nitrogen HNot Used Start 200,000 ppm End 150.000 ppm 178.000 ppm
Phosphorus Mot Used Start 40.000 ppm End 30.000 ppm 35.600 ppm
Potassium Mot Used Start 200,000 ppm End 150.000 ppm 175.000 ppm
Calociwn HNot Used Start 100,000 ppm End 140,000 ppm 117.600 ppm
Magnesium Mot Used Start 35.000 ppm End 30.000 ppm 32.800 ppm
Sulphur Mot Used Start 45,000 ppm End Not Used 45.000 ppm
Iron HNot Used Start 2.000 ppm End Mot Used 2.000 pprm
Manganese Mot Used Start 1.000 ppm End Not Used 1.000 ppm
Boron Mot Used Start 0.500 ppm End Not Used 0.500 ppm
Zinc Mot Used Start 0.100 ppm End Not Used 0.100 ppm
Copper HNot Used Start 0.500 ppm End Mot Used 0.500 pprm
Mol yhdenum Mot Used Start 0.010 ppm End Not Used 0.010 ppm
Chloride Mot Used Start 20,000 ppm End Not Used 20.000 ppm
Element A& HNot Used Start 0.000 ppm End Mot Used 0.000 pprm
Element B Mot Used Start 0.000 ppm End Not Used 0.000 pprm
Element C Mot Used Start 0.000 ppm End Not Used 0.000 ppm
Conductivity & pH Targecs EC Ztart 1.50 w3 EC End 1.25 w3 Target EC 1.38 m3
pH Modifier (Feedback) 1.60 % Target pH 6.50 pH
Address Controller Z; NUTGRF; pH Correction PID Eguations; Feed 1 pH Corr Ratio of Water co Acid 2500 :1
Scaling
Reading 576 W m* Uszing Scaling Pointer
Address Controller 2; Broadcast Information; Integrated COutdoor Light Ene
Start 400 Wim: End 00 Wim:
Notes:
* If an External WValue iz used it will override any Scaled values
for that Element and the Settings becowe Low and High Safety Limits.
* The Optional Scaling wvalues apply to all Elements (unless they are using an External Value) .
= If you do not wish to use & range, set the End/High Limit values to MNOT UIED.

This method allows the each of the desired ppm values to be varied over a specified range in
proportion to changes in a shared common Scaling Reading.

A typical application would be to reduce the target concentrations of certain elements as the Outdoor
Light Energy reading increases. When a scaling reading is used, the labels in the settings windows
change to indicate that they are now Start and End values.

You must enter Start and End values for all elements you wish to vary and the expected EC Start and
EC End values. If you do not wish to scale certain elements, simply set their End values to [Not Used].

In the above example, the targets for Nitrogen, Phosphorus, Potassium, Calcium, and Magnesium are
being reduced as light levels increase between 400 W/m?2 and 8000 W/m?2. All other values remain
fixed. The results column displays the calculated targets in ppm and the expected target EC.
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External Setting

Target ppm

External Value Start/Low Limit/Target End/High Limit Target ppm
External Setup
Nitrogen Not Used Start 200.000 ppm End 150.000 ppr 175.000 ppm
Phosphorus Not Used Start 40.000 ppm End 30.000 pprm 35.600 pprm
Potassium ot Used start 200,000 ppm Fret 150.000 ppm 17 8230
Calcium ( 170.000 ppm Loy Limit 100.000 ppm 140.000 ppm 140.000 ppm
Magnesium Not 35.000 ppm 30.000 pprm S2. 800 pprm
Sulphur Not Used start 45,000 ppm End Not Used 45.000 ppm
Iron Not Used Start Z2.000 ppm End Not T=sed 2.000 ppm
Manganese Not Used Start 1.000 ppm End Not UTUsed 1.000 ppm
Boron Not Used start 0,500 ppm End Not Used 0.500 ppm
Zinc Not Used Start 0.100 ppm End Not T=sed 0.100 ppm
Copper Not Used Start 0.500 ppm End Not UTUsed 0.500 ppm
Mo lvhdenum Not Used start 0.010 ppm End Not Used 0.010 ppm
Chloride Not Used Start 20.000 ppm End Not T=sed 20.000 ppm
Element A Not Used Start 0.000 ppm End Not UTUsed 0.000 ppm
Element B Not Used start 0.000 ppm End Not Used 0.000 ppm
Element C Not Used Start 0.000 ppm End Not T=sed 0.000 ppm
Conductivity & pH Targets EC Start 1.50 mS EC End 1.25 m3 Target EC 1.39 wS
pH Nodifier (Feedback) 1.60 3% Target pH 6.50 pH
Addres= Controller Z; NUTGREP; pH Correction PID Ecuations; Feed 1 pH Corr Ratio of Water to Leid 2500 :1
Scaling
Reading 576 W/m® Using Scaling Pointer
Address Controller Z; Broadoast Information; Integrated Cutdoor Light Ene
Start 400 Wim® End 800 W/m®
Notes:

= If an External Walue is used it will override any Scaled values

for that Element and the Settings become Low and High Safety Limits.
* The Optional Scaling wvalues apply to all Elenments (unless they are using an External Value)].
= If you do not wish to use a range, set the End/High Limit walues to NOT USED.

This method allows the creation of selected individual target ppm values using external programs such
as Math Modules, Equations programs, or Sequencers.

Instead of declaring a fixed concentration amount, these programs can be used to vary the
concentration based on some external logic. For example, you might want to vary calcium levels based
on outdoor light accumulation.

For any element where an external value is used, the two local value settings become Low Limit and
High Limit setpoints to prevent the external reading from producing unsafe values. In the above
example, the calcium target is being varied by an external source.

When this happens, the Scaling Values are ignored for that element and the labels next to each
settings column display [Low Limit] and [High Limit] respectively. Notice that the External value is
requesting 170 ppm, but the High Limit safety setting is holding the Target ppm reading to 140 ppm.

The External Setup menu entry opens the following screen:

External Value Pointer Details

Nitrogen Uzing Local Setcing
Phosphorus Using Local Setting
Potassium Using Local Setting

Caloiwn  (Controller 2 — C2; P39 Math Matrix Calociwas Target:; 32-bit Result Using Fointer
Magnesium Using Local Setting
Sulphur Using Local Setting
Iron Uzing Local Setcing
Manganese Using Local Setting
Boron Using Local Setting
Zinc Using Local Setting
Copper Using Local Setting
Mo lvbdenum Using Local Setting
Chloride Uszing Local Setcing
Element L Uzing Local Setcing
Element B Using Local Setting
Element C Using Local Setting

Recipe Common Cross Module Reguest Time 30 seconds.
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This window displays the External value status of each element. In the above example, only calcium is
using an external value pointer.

The Recipe Common Cross Module Request Time is the amount of time to delay between
requesting readings from other controllers across the System Network. This single setting is shared by
all external pointers used within the recipe. It only operates if an External Value is located on another
controller.

Mixed Modes

Target ppm
External Value Start/Low Limit/Target End/High Limit Target ppm
Externzal Setup
Nitrogen Not Used Target 200.000 ppm Mot Used 220,000 ppm 200.000 ppm
Phosphorus Not Used Target 40.000 ppm Not TUsed 45.000 ppm 40.000 ppm
Potassium Not Used Target 200.000 ppm Not Used 220,000 ppm 200.000 pprm
Calcium Not Used Target 100.000 ppm Not TUsed 110.000 ppm 100.000 ppr
Magnesium Not Used Target 35.000 ppm Not TUsed Not Used 35.000 ppm
Sulphur Not Used Target 45.000 ppm HNot Tsed Not Used 45.000 ppm
Iron Not Used Target 2.000 ppm Not Used Not Used 2.000 ppm
Manganese Not Used Target 1.000 ppm HNot Tsed Not Used 1.000 ppm
Eoron Not Used Target 0.500 ppm Not Used Not Used 0.500 ppm
Zinc Not Used Target 0.100 ppm Mot Tsed Not Used 0.100 ppm
Copper Not Used Target 0.500 ppm Not Tsed Not Used 0.500 ppm
Mo lybdenum Not Used Target 0.010 ppm Mot Tsed Not Used 0.010 ppm
Chloride Not Used Target 10.000 ppm Not TUsed 60.000 ppm 10.000 ppm
Element A Not Used Target 0.000 ppm Not TUsed Not Used 0.000 ppm
Element B Not Used Target 0.000 ppm Not Tsed Not Used 0.000 ppm
Element C Not Used Target 0.000 ppm Not TUsed Not Used 0.000 ppm
Conductivity & pH Targets EC 3Start 1.580 ws EC End Z.20 m3 Target EC 1.50 m3
pH Modifier (Feedback) HNOT UIED Target pH 6.50 pH
Address Ratio of Water to Acid 2500 @1
Scaling
Reading MNOT USED No Scaling Pointer
hddress
3tart MNOT USED End NOT TSED
Hotes:
* If an External Value is used it will override any 3caled values
for that Element and the Settings become Low and High Safety Limits.
* The Optional 3caling walues apply to all Elements {(unless they are using an External Value].
= If you do not wish to use a range, set the End/High Limit walues to NOT UIED.

You can use all three element target methods together in the same recipe. In the above example, the
nitrogen, phosphorus, and potassium targets are being scaled by the current Outdoor Light reading, the
calcium target is externally applied with limits, and the rest are behaving as single setpoints because
their End/High Limits are set to [Not Used].
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Conductivity Control

CONDUCTIVITY Besumwe Control when Conductivity Reading Okay STOP Delay Time 00:01:00
STOP if 0.50 wS Below Expected Conductiwvity 0O0:00:00

STOP if 0.50 wS Above Expected Conductiwvity 00:00:00 Conductivity Reading 1.40 msS

STOP If Deviates 0.50 m3 from Guard 1.40 ws 00:00:00 Expected Conductivity 1.39 ms

Alarm if at Correction Maximum for more than 00:30:00 0O0:18:37
Conductiviy Control is Independent of pH Control
Conductiviy Control is Independent of Temperature pH Control is Independent of Conductiviy Control

This section is used to define threshold limits for this feed recipe that stop the injector when the
measured EC reading deviates above or below the set limits or if the EC reading deviates from the
optional guard sensor by more than the set limit.

Notes: Remember that stopping the injector does not stop watering unless you have
specifically programmed the irrigation system to skip watering if the feed or the default feed
cannot be delivered (see page 35, Default Feed Settings).

A conductivity or temperature shutdown is applied to each feed individually. Each feed recipe
is evaluated separately for shutdown conditions. For example, Feed 1 may go into an EC
shutdown but the injector can still deliver Feeds 2 and 3 since they have their own shutdown
setpoints. Of course, if the shutdown condition arises from a common problem such as a
sensor failure, all feeds may eventually be affected.

Once a shutdown condition occurs, select whether you want to the injector to [Resume Control when
Conductivity Reading Okay] or [Remain STOPPED until Manually Cleared].

Alarm If at Correction Maximum

When using the optional Feedback Correction in the Injection Control section, you can have the
program generate an alarm if the correction factor is at its maximum limit for a defined length of time.
This could indicate a problem with the current settings or the concentrations in the stock tanks.

The Stopped Alarm Priority on the Alarms Screen of the Feed Recipes program lets you select the
type of alarm priority to generate when one or more of the above STOP conditions are triggered (see
page 70).

Stop Thresholds

Set the high, low, and optional guard probe deviation limits for Conductivity. If the measured reading
exceeds these amounts, then the injector stops.

The three setting selection rules are used to define the relationship between conductivity, pH, and
temperature shutdown conditions.

They define whether EC control should operate independently or whether a pH or temperature
shutdown condition as defined in the Nutrient Control program (see page 41, pH and Temperature
Shutdowns) should also result in stopping of conductivity control.
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Injection Control

Injection Control

Use these settings to designate which Stock Solutions to use:
Injection Control Automatic Calculations

Tank Current Awmount Feedback Correction 0.30 3%
1 Lutomatic 0.000000 L q 0.000000 L
2 Lutomatic 0.000000 L 0.000000 L
3 Lutomatic 0.007105 L 0.00712Z6 L
4 Lutomatic 0.003530 L 0.003541 L
5 butomatic 0.000131 L 0.000131 L
] butomatic 0.000647 L 0.000649 L
7 butomatic 0.003280 L 0.0032590 L
3 butomatic 0.001429 L 0.001433 L
=] butomatic 0.000769 L 0.000771 L
hin} butomatic 0.000244 L 0.000245 L
11 butomatic 0.000357 L 0.000358 L
1z butomatic 0.000704 L 0.000706 L
13 butomatic 0.000179 L 0.000180 L
14 butomatic 0.001548 L 0.001553 L

* Correct ALl
o Correct None
Caleulate Using Default Bules (rules are defined in Nutrient Injection System

The Injection Control section is used to determine a volume to be injected from the respective stock
tanks that achieves the desired ppm in the dilute solution.

These volumes can be calculated dynamically by the program using either:
o [Automatic Calculations] mode.

e [Manual Calculations] mode.

Manual VS Automatic Injection Control

Manual Control mode is intended for applications where the tank contents are always mixed the same
and injected at a fixed rate.

For example, if you are using an A/B type fertilizer program where both the A and B stock tanks are
always injected at the same rates (i.e. 200:1) then you can select the Manual Calculations mode for this
Feed to keep things simple. With manual calculations, you define the absolute injection volume of stock
concentrate per liter of supply water, or the ratio of water to concentrate.

In Automatic Calculations mode, the program performs all the volumetric and ratiometric calculations
based on your targets and settings. It decides how much to inject from each tank to achieve your
recipe.
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Automatic Calculations

Injection Control

Tank

Use these settings to designate which Stock Solutions to use:
Injection Control Automatic Calculations
Current Awmount Feedback Correction 0.70 %
Do Mot Tse 0.000000 L o 0.000000 L
Do Mot Tse 0.000000 L o 0.000000 L
Automatic 0.007105 L =} 0.007105 L
Automatic 0.003530 L =} 0.003530 L
butomatic 0.000131 L o 0.000131 L
butomatic 0.000647 L o 0.000647 L
butomatic 0.003280 L o 0.003280 L
butomatic 0.001429 L o 0.00142Z9 L
butomatic 0.000769 L o 0.000769 L
butomatic 0.000244 L o 0.000244 L
butomatic 0.000357 L o 0.000357 L
butomatic 0.000704 L o 0.000704 L
butomatic 0.000179 L o 0.000179 L
butomatic 0.001548 L o 0.001548 L
o Correct All
* Correct None
Caleulate Using Default Bules (rules are defined in Nutrient Injection System

For Automatic Calculations each tank can be set to either:

[Automaitic] - This tank is available for use and no special preference is given to the
elements in this tank during the calculations.

[Do Not Use] - This tank is ignored during the calculations

[Get At Least xx.xx % Element] - Adds a minimum percentage of the required ppm for a
selected element. Note: If no other tank can provide the remaining ppm (other than a
[Use Last For: Element tank]), the remaining ppm can be drawn from this tank.

[Get Exactly xx.xx% Element] - Adds only the set percentage of the required ppm for a
selected element from this tank.

[Use First For: Element] - Draws from this tank before the checking any tanks that are set
to[Automatic], [Get At Least)] and [Use Last] tanks containing the same Element. Used
after any tanks designated as [Get At Least] and [Get Exactly]

[Use Last For: Element] - Not used until all other sources have been tried.

[Ratiometric] - Enables you to override the automatic calculations for a stock tank by
entering a specific injection ratio to be used for this tank.

The above settings provide extended operator control over which stock tanks are to be used,
the order that certain tanks are used, any elements of preference, and in some cases, the
maximum or minimum amounts of the total element targets to be drawn from tanks.

This enables you to provide a range of declared ingredients in the stock tanks, some of which
are general purpose, and others that are only to be used in certain recipes and to sort out the
rules for making each specific recipe later in the feed recipes themselves.

Note: In most cases it is best to simply start with an Automatic setting for all the tanks you
wish to draw from to create this recipe. Set the rest to Do Not Use. If your recipe can be
achieved this way, there may be no need to use any of the other override settings to achieve
your recipe specifications.
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Automatic Calculation Rules

Note: This information is provided for background information only - you don’t need to
understand this to use the program successfully!

Due to the multi-element nature of many fertilizer compounds, for economic or horticultural reasons, it's
often necessary to develop recipes by calculating the target elements in a specific order so that any
preferred source ingredients are considered first.

For Automatic Calculations you can set and select one of the Rules Lists to control the order in
which the elements are calculated. The Rules Lists are found in the Nutrient Injection program. See
Recipe Calculation Rules page 51.

How the Recipe Program Calculates the ppm Values

To give you an idea of how automatic recipe calculation works here are the basic steps involved. You
must first have completed setting up each of the stock tanks along with their element composition and
concentrate strength in the Nutrient Injection program.

1. Go through the 14 stock tanks sequentially and calculate the volume for the set initial
percentage values (Get Exactly/At Least xx.xx %) and set element.

2. Verify that the initial percentage values haven't caused any of the elements to tally up to more
than the target ppm. If they have zero all the output volume values and alarm.

3. Using the element order set in the Rules List, go through and calculate, element by element,
the following:

Step 3a: Scan through the 14 stock tanks, in order, looking for the current element and any
[Use First For] declarations. If found, calculate the volume to produce the desired ppm for the
element and add it. Tally up the ppm and determine if any of the co-constituent elements
exceed their respective target ppm values, if they haven't, start on the next element, if they
have, scale back the amount of volume added to accommodate all the elements in the stock
tank.

Step 3b: Scan through the 14 stock tanks, in order, looking for the current element and
[Automatic] declarations. If found, calculate the volume to produce the desired ppm for the
element and add it. Tally up the ppm and determine if any of the co-constituent elements
exceed their respective target ppm values, if they haven't, start on the next element, if they
have, scale back the amount of volume added to accommodate all the elements in the stock
tank.

Step 3c: Scan through the 14 stock tanks, in order, looking for the current element and [Get At
Least] declarations. If found, calculate the volume to produce the desired ppm for the element
and add it. Tally up the ppm and determine if any of the co-constituent elements exceed their
respective target ppm values, if they haven't, start on the next element, if they have, scale back
the amount of volume added to accommodate all the elements in the stock tank.

Step 3d: Scan through the 14 stock tanks, in order, looking for the current element and [Use
Last For] declarations. If found, calculate the volume to produce the desired ppm for the
element and add it. Tally up the ppm and determine if any of the co-constituent elements
exceed their respective target ppm values, if they haven't, start on the next element, if they
have, scale back the amount of volume added to accommodate all the elements in the stock
tank.
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4. Scan for elements not in the rules list, go through and calculate element by element using
Steps 3a to 3d.

Notes: 1) Disabled Tanks are ignored in all calculations
2) Elements that have tolerances declared as [Less Than xxx] do not
actively add volume.

Example — Calculating for Phosphorous:
Suppose there are 3 tanks that contain phosphorus. Tank 4, tank 12, and tank 14.
They are set as follows:

e Tank 4 [Get Exactly 25% Phosphorous]

e Tank 12 [Use Last For Phosphorus]

e Tank 14 [[Get at Least 50% Phosphorous]

Step 1
Suppose Stock Tank 4 is set to [Get Exactly 25% Phosphorous].

The program looks up the current ppm target for phosphorous and subtracts the entered water
composition value (in the Nutrient Injection program) and calculates 25% of this difference:

{40 ppm — 0 ppm = 40 ppm}
{25% of 40 ppm = 10 ppm from stock tank 4}

Phosphorous is 23% (dry weight) of Monopotassium Phosphate which is mixed in tank 4 at 0.1 Kg per
Liter.

Use the following formula to determine the volume to inject into a final volume of one Liter to produce
the desired ppm concentration:

ppmx 1L

total dry weight

% elementdry X = ---m---mmmmemeeeemeee-

final volume
10ppmx 1L
L= =0.000435 L
0.1Kg
23% X -------m---
1L
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Step 2
Stock Tank 14 contains Phosphoric Acid and is set to [Get at Least 50% Phosphorous].

The program looks up the current ppm target for phosphorous and subtracts the entered water
composition value (in the Nutrient Injection program) and takes 50% of this difference.

{40 ppm — 0 ppm = 40 ppm}
{50% of 40 ppm = 20 ppm from stock tank 14}

Phosphorous is 22.6% (by weight) of the Phosphoric Acid which is mixed as 0.1Kg per Liter.

20ppm x 1L
L= = 0.000885 L

PN —

Step 3
The calculation program then scans through all the tanks looking for any containing Phosphorous.

None of the tanks containing phosphorus are set to [Use First For] or [Automatic] but tank 14 is set to
[Use At Least] so it is reprocessed and allowed to make up the remaining 10 ppm required with a final
volume of 0.001327 L.

Note that Tank 12 is set to [Use Last for Phosphorous] but the demand is satisfied by Tank 14 before
Tank 12 is scanned.

If Tank 14 were to go off-line or be disabled Tank 12 would be used to make up the required amount of
Phosphorous. In other words, with the ‘Use Last’ setting, Tank 12 is only used if phosphorous cannot
be obtained from any other tank.
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Manual Calculations

Injection Control
Use thes tings to designate which Stock Solutd o use:
Injscftion Control Manual Calculations
Tank Injection Amount Adjust Amoun Current Amount Feedback Correction
1 PRatid ic Volume 1000 :1 0.001000 L o 0.001000 L
2 Injection Vol - o 0.001000 L o 0.001000 L
3 Do Mot Use o 0.000000 L o 0.000000 L
4 Do Mot Use =] 0.000000 L =] 0.000000 L
5 Do Not Use o 0.000000 L o 0.000000 L
3 Do Not Use o 0.000000 L o 0.000000 L
7 Do Not Use o 0.000000 L o 0.000000 L
B8 Do Naot Use =] 0.000000 L =] 0.000000 L
9 Do Not Use o 0.000000 L o 0.000000 L
in Do Not Use o 0.000000 L o 0.000000 L
11 Do Not Use o 0.000000 L o 0.000000 L
12 Do Mot Use o 0.000000 L o 0.000000 L
13 Do Mot Use =] 0.000000 L =] 0.000000 L
14 Do Not Use o 0.000000 L o 0.000000 L
o Adjust All o Correct All
Conductivity For Zet Amounts 1.50 m3 = hdjust None = Correct None
5.10 %

For Manual Calculations set each tank to either:
e [Do Not Use]
¢ [Ratiometric Volume] — Sets an injection ratio of inlet water to concentrate (i.e. 1000:1)
e [Injection Volume] — Sets the volume of concentrate to be added per liter of inlet water

Enter the Conductivity for Set Amounts. In Manual Injection mode, the Nutrient Injection program
uses this value instead of the Expected EC value for shutdown alarms, optional Feedback correction,
and Inlet EC compensation.

This value is the conductivity result when the manual injection settings are used. If you do not know the
conductivity to enter you should perform an independent dilution of the concentrates at the Injection
Amount rates and measure the resulting EC with an accurately calibrated hand held EC meter.

Note: Alternatively, you could let the system determine this value for you by operating the
feed with clear water on the inlet (no recirculation) and no Feedback Correction amounts
enabled.

If the resulting EC, seems to be within an expected range you can enter it as the Conductivity
for Set Amounts value. However, Argus recommends using the independent dilution method
to ensure that all settings are correct for the injector.

The Current Amount column displays the volume of concentrate that is injected (before any feedback
correction).
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When enabled, the Adjusts Amounts settings makes the injector compensate for any measured inlet
conductivity while this feed is being administered.

This is reflected in the Current Amount reading:

Injection Control
Use these settings to designate which Stock Solutions to use:
Injection Control Manual Calculations
Tank Injection Amount Adjust Amounts for Inlet & Target Current Iwount Feedback Correction
1 Do Mot Use o 0.000000 L o 0.000000 L
2 FRatiometric WVolume 100 :1 D 200 :1 0.005000 L o 0.000000 L
3 Do Mot Use o 0.000000 L =] 0.000000 L
4 Do Mot Use o 0.000000 L o 0.000000 L
5 Do Mot Tse o O.000000 L o 0.000000 L
] Do Mot Use o Enabled L o 0.000000 L
7 Do Not Use B f C . o. o 0.000000 L
8 Do Not Use efore Compensation o. s 0.000000 L
9 Do Not Use o o. o 0.000000 L
10 Do Mot Use =] L
1 Do Nok Use S After Compensation &
iz Do Mot Use =] P L
13 Do Mot Tse =] 0.000000 L o 0.000000 L
14 Do Not Use o 0.000000 L o 0.000000 L
o Adjust All o Correct All
Conductivity For 3et Amounts Z.00 m3 0 Adjust None t None
Inlet 1.00 mS Bl EC Readln S FAILED
Target 2.00 w3 <4— a

In the above example, Tank 2 is set for a manual Injection Amount of 100:1 and the Adjust Amounts
setting has been enabled. Since the current Inlet EC is 1.0 and the Target is 2.0. the Nutrient Injection
program only needs to inject half as much concentrate to achieve the target EC for this recipe.
Therefore, the actual injection ratio has been changed to 200:1 which injects half as much concentrate.

The example below shows the identical results using an Injection Volume type setting:

Injection Control
Uzse these settings to designate which Stock Solutions to use:
Injection Control Manual Calculations
Tank Injection iAmount Adjust Amounts for Inlet & Target <Current Amount Feedback Correction
1 Do Mot Use o 0.000000 L o 0.000000 L
2 Injection Volume 0.010000 L 0 0.005000 L 0.005000 L o 0.000000 L
3 Do Mot TUse o 0.000000 L o 0.000000 L
4 Do Mot Tse =] 0.000000 L o 0.000000 L
5 Do Not Use o 0.000000 L o 0.000000 L
& Do Mot Use o 0.000000 L o 0.000000 L
7 Do Not Use o 0.000000 L o 0.000000 L
=] Do Mot Use o 0.000000 L o 0.000000 L
=] Do Mot Use o 0.000000 L o 0.000000 L
10 Do Mot TUse o 0.000000 L o 0.000000 L
11 Do Mot Tse o O.000000 L o 0.000000 L
1z Do Not Use o 0.000000 L o 0.000000 L
13 Do Mot Use o 0.000000 L o 0.000000 L
14 Do Not Use o 0.000000 L o 0.000000 L
o Adjust All o Correct A11
Conductivity For Set Amounts Z2.00 ms o Adjust None = Correct None
Inlet 1.00 m3 Feedback Correction FALILED
Target 2.00 ms
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The Feedback Correction enable/disable settings are used to have the program calculate a correction
value for each tank based on the measured EC of the outlet water (see EC Feedback Correction,
page 69). The feedback correction readings show the effects of any feedback corrections:

CCMNDUCTIVITY
STCP if 0.50 mwS Below Expected Conductivity
STCOFP if 0.50 mwS Above Expected Conductivity
STOP If Deviates 0.50 m3 from Guard 1.80 m3

Alarm if at Correction Maximum for more than 00:00:00
STOFP Conductiviy Control if pH Control 3TOFFPED
STOP Conductiviy Control if STOPPED for Temperature

Besume Control when Conductivity Beading Chkay

STCP Delay Time

Qo:00:00 utdown Cverride
00:00:00 Conductivity Reading
00:00:00 Expected Conductivity
oo:o0:00

pH Control is Independent of Conductiviy Control

ao:00:00
[u]

1.80 mS
Z.00 m3

=

Injection Control

Use these settings to designate which Stock Solutions to

Injection Control Manual Calculations

use:

Tank Injection Amount

1 Do Mot Use =}
2 Injection Wolume 0.010000 L o
3 Do Mot Use o
4 Do Mot Use o
5 Do Mot Use =]
3 Do Mot Use =]
7 Do Mot Use =]
8 Do Mot Use =]
9 Do Mot Use =]
10 Do Mot Use =}
11 Do Not Use o
1z Do Not Use o
13 Do Mot Use o
14 Do Mot Use o
o

Conductivity For Set Amounts 2.00 m3 .
Inlet
Target

Adjust Amounts for Inlet & Target

Current Amount

0.000000
-010000
.0o0ooo
.000oog
.0o00ooo
.000o0o
.000o0o
.000o0o
.000o0o0
.000o0o0
.000o0o0
.0o0ooo
.000oog
.000oog

0.010000 L

o D e e e e T e e e Rl Y o
el e e el e e el e = = )

oOoDoooooooo

Adjust All
Adjust None
0.00 m3
2.00 m3

Correct
Feedhack Correction

Feedhack Correction
.000o00
.002000 L
.0o0ooo

-Dooooo
yujula]ululu)
yujula]ululu)
- 000000
- 000000
- 000000
- 000000
- 000000
-000000
-000000

None
-10.00 %

=t M M el el el e el M

EC Feedback Correction

Select the Feedback Correction menu entry in the Injection Control window to open the EC Feedback

Correction screen:

Feed 1 Feedback PID Calculations

Nutrient Program Current Feed Feed 1

Flow Detected

Feset Eguation Final Output Result .50 %
Error Calculation
Conductivity Reading 1.40 wms e
Conductivity Target 1.39 m3 Error Reading 0.01 m3
Proportional Calculation
Proportional Gain Multiplier b4 Error Reading = Current Proportional
1.00000 0.01 m3 0.01 m3
Derivative Calculations Disabled
Net Filtered Error 0.01 m3
Derivative Interwval 00:00:01 { 00:00:01 ) Last Error 0.01 w3
Derivative Gain Multiplier 1.00000

Current Deriwvative

0.00 m3

Error Limits

These Limits are applied to the

i{Proportional + Derivatiwve)

and the Integral calculations.

Lower Limic -1.00 m3
Upper Limit 1.00 ms Current Proportional + Derivative after Limits 0.01 ms
Integral Calculations
Integral Anti-Windup Enshled Integral Limiting Ztatus
Integral Gain Multiplier 2.00000
Sawple Interval 00:00:20 ( 00:00:13 ) Current Integral after Limits .04 ms
Cutput Scaling Net PID Error Limit Status
Het PID Error after Limits 0.05 m3
Az the Net PID Error chahges between =2.00 ms and 2.00 m3
Proportion the output between -20.00 % and 20.00 %
Final Output Result
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Warning: be extremely careful using or adjusting these settings! If in doubt please consult
Argus first. Small changes in settings can result in large changes to the injected volumes,
possibly forcing the injector into a shutdown condition.

Feedback correction is optional in most circumstances. Proper setup, calibration, and
tuning of the system should provide good injection results without the need for feedback
control. However, it can be useful for correcting small errors in stock concentration or
measured flow rates. If a large amount of feedback correction is regularly needed, this is an
indication that the system is improperly configured. Please call Argus for assistance.

The feedback correction routine uses the standard Argus PID (Proportional, Integral and Derivative)
calculations. These are described in detail in the PID Equations Manual.

EC Feedback correction can be used with either manual or automatic control. An EC sensor measures
the outlet conductivity of the mixed solution and the feedback correction function compares this to the
target EC. If there is any measured deviation, the feedback control function adjusts the relative injection
rate to bring the measured EC back in line with the current target.

EC Feedback correction can be used on some or all of the concentrate tanks. For example, you might
want to only use it for the major elements, since the EC contribution of the trace elements can’t be
measured anyway.

-
Recipe Alarms
Clear Latched Alarms In This Program Clear Latched Alarms
Conductivity FPID Correction
Built Recipe Deviated At Maximan Limit
Tolerance Alarms||Low High From Guard Warning
Feed Recipe Tomatoes Had Fault Warning!!

1
Feed Recipe Z Z0-10-20
Feed Recipe 3 Nurssry
Feed Recipe 4 Feed Recipe #004
Feed Recipe 5 Feed Hecipe #00O5
Feed Recipe & Feed Recipe #O0O8
Feed Recipe 7 Feed Recipe #0O07
Feed Recipe & Feed Hecipe #00OS

Tolerance Llarm Priority Lewel #1 -—J

Recipe Stopped Alarm Pricrivy Lewel #1

Correction Maximwun Warning Alarm Priority Lewvel #1

Local Alarm Prioricies Lewvel 1

Each Feed Recipes program contains Tolerance settings and readings (see page 52) to indicate
when the respective recipe is or has been unable to provide the desired ppm values within the set
tolerances. This associated Tolerance Alarm Priority must be set to inform you of problems. Select
an alarm priority in keeping with the urgency of a tolerance alarm.

The Conductivity alarms indicate EC shutdown conditions (see page 61). Set an appropriate Recipe
Stopped Alarm Priority these events.

The PID Correction at Maximum Limit readings indicate that feedback correction has reached its
maximum allowable value. It indicates that the measured EC has deviated from the expected EC
enough to trigger this alarm. For a properly tuned and configured system, PID corrections should be
very small. Therefore, hitting the maximum limits could be an indication of settings problems, empty
concentrate tanks, or concentrate mixing and measurement errors. Set an appropriate Correction
Maximum Warning Alarm Priority to alert you to these events.
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