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Introduction 

The aim of the Introduction to Irrigation Management course is to give you the
skills to manage your irrigation system more effectively and to improve your
water use efficiency.

This workshop introduces you to some techniques for assessing the quantity
and quality of your water resources.

Water quality does vary and it is important to clearly understand the effects of
this on plant growth and the efficiency of your irrigation system. The final part
of this workshop covers water quality.
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Learning outcomes

When you have completed this workshop you will be able to:

• Assess the quantities of water available from various sources, including
streams, dams and bores.

• Estimate the amounts of water required for various irrigation
enterprises.

• Ensure the requirements of the Water Management Act are met.
• Check the suitability of water for irrigation and assess the risks of

salinity.

To achieve these outcomes, the workshop activities include:

• Theory session.
• Measuring water conductivity as a measure of salinity.

Assessment for this workshop
To ensure you achieve the learning outcomes there are a number of
assessment activities for you to complete, and these are presented in the
workbook. Completion of these tasks will be checked during this workshop
and at the beginning of the next workshop.

Program
1. Learning about water resources
2. Learning about the amounts of water you will need.
3. Understanding the main features of the Water Management act.
4. Water quality and how to collect and interpret water samples.
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Water resources

Water resources options are primarily:

• Direct pumping from streams. 
• Pumping from streams into storage.
• Catchment dams.
• Groundwater resources.
• Government and community irrigation schemes.

Direct pumping
Direct pumping from streams has two requirements:

• You need a licence.
• You need to be sure the flow is the stream is sufficient to meet the

required pumping rate.

Getting a license
Application must be made to the Department of Primary Industries, Water &
Environment for a licence for taking water for irrigation (either direct to
paddocks or into storage).  Licences are only granted when the DPIWE have
a sound understanding of the flow in the stream, and they are currently
working with rural communities to establish “environmental flows” for all
Tasmanian River Systems.  

The “environmental flow” is defined as the flow necessary at various times
during the year to sustain the stream environment, for example the aquatic
life.  Water in excess of the environmental flow can be allocated for other
uses, such as irrigation and industrial use. 

Licences can be sought for both “summer” and “winter” takes.  Summer takes
are defined as water extraction between 1 November and 30 April, and winter
for the remainder of the year.  Licences state the total annual quantity that can
be taken over the season, and the maximum amount per day.  This maximum
is usually 1% of the total, and is based on the assumption that the usual
irrigation season is 100 days.  Licences are issued for 10 years, with provision
for review of conditions after 5 years.

When assessing an application for a licence the DPIWE review the existing
licences and environmental flow requirements.  At present they have not
completed assessment of environmental flow requirements for most
Tasmanian catchments, so generally no new licences are being granted.
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In some instances, temporary water allocations are granted for periods of up
to three  months, where the regional Water management Officer is satisfied
the stream has adequate capacity, the taking does not cause environmental
harm and is consistent with any relevant water management plan.

The Regional Water Management Officers represent your first point of contact
if you are applying for a licence to take water for irrigation, or build an
irrigation dam.  The Officers are:

South Andrew Dix, Huon-Gordon Rivers  and Derwent-South
 East, phone 6233-6157

North Julian Johnstone, Pipers-Ringarooma, 6336-5377
Ken Bailey, South Esk catchment, 6336-2513
Robin Wilson, Meander catchment, 6421-7621

Northwest Terry Leary, Mersey-Forth, 6421-7628
Martin Huzzey, Inglis-Cam, 6434-5427
David Kruska, Arthur-Pieman, 6452-1233
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Measuring stream flows
It is important to know the size of the flows in small streams.  Flows can be
measured in small streams with  a “V Notch” weir, which is simply a small weir
placed across the stream, with a 90 degree notch.  The water must fall freely
over the weir; if water backs up over the weir accurate measurements will not
be possible.  The head is the height of the water above the vee, measured
about 1 metre upstream.

Table 1. Flow v height for a V Notch weir Figure 1.

Head Head L/sec Ml/day
 ins. mm

1 25 0.15 0.01
1.5 38 0.4 0.03
2 51 0.82 0.07

2.5 63 1.44 0.12
3 76 2.27 0.20

3.5 89 3.33 0.29
4 102 4.62 0.40

4.5 114 6.14 0.53
5 127 8.03 0.69

5.5 140 10.15 0.88
6 152 12.58 1.09

6.5 165 15.38 1.33
7 178 18.41 1.59

7.5 191 21.82 1.89
8 203 25.76 2.23

8.5 216 29.93 2.59
9 229 34.47 2.98

9.5 241 39.4 3.40
10 254 44.7 3.86

10.5 267 50.53 4.37
11 279 56.82 4.91

11.5 292 63.11 5.45
12 305 69.47 6
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Pumping from streams into storage

A licence is required to take or pump water into storage, and a dam permit is
required to construct an irrigation dam.

A permit is not required for a dam that is not on a watercourse and holds less
than one megalitre of water.  

Pumping into storage is usually not too expensive, although this obviously
depends on the lift from water level to the storage.  

Energy requirements are based on the following calculations;

Shaft power required = Total head (metres) * Flow (Litres/sec)
102 * pump efficiency

Example:  Total head 10 metres.
Flow 30 lps
Pump efficiency 70%

Shaft power =    10 * 30
   102 * 0.70

= 4.20 kW

Electric motors are about 90% efficient, so electricity usage will be about 4.67
units/hour.

A diesel motor in average condition will use about 0.33 litres of fuel per kW
per hour, so diesel usage in this example will be about 1.39 litres/hour. 

Indicative figures (excluding fixed charges) are;

Night Rate electricity (currently 6.025 c/kwh, 1/7/01-31/12/01)
~$2.61/ML (per megalitre)

Day rate electricity (currently 13.711 c/kwh)
~ $5.94/ML

Diesel (currently $1.05/l less rebate $0.31/l)
~ $9.50/ML for diesel, plus oils & filters.
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Catchment dams

Catchment dams fill from runoff, and are usually built in drainage lines.
Water can be diverted or pumped into off-stream dams (ring tank, turkeys
nest and hillside dams).

A permit is required for dams with capacity greater than 1 ML.

Aside from the engineering aspects of dam construction, an important
requirement is a catchment that will reliably provide sufficient runoff.  The
percentage of rainfall that runs off varies throughout the State, depending on
the annual rainfall (more runoff in higher rainfall areas) and soil types (lower
runoff in areas with light soils).  In areas where the annual rainfall is 500 to
900 mm per year, runoff is expected to be 7.5 to 15% of annual rainfall.

The best way to determine the capacity of a dam is by detailed topographic
survey, and this is recommended when planning large dams.  Estimates can
be made using the following formula that provides an approximate estimate
for many typical sites on watercourses;

Capacity (ML) = Surface area (hectares) * Maximum depth (metres) * 10
         3

More sophisticated formulae for estimation can be found in KD Nelson, 1985,
“Design and Construction of Small Earth Dams”.

Large irrigation dams
Large irrigation dams around 100 ML, and dams on main streams and in
sensitive areas require detailed investigations of the following items for
consideration by the Assessment Committee for Dam Construction (ACDC):
Environmental issues; including the impact of the dam on stream flows,
aquatic and riparian flora and fauna.

• Providing a fish passage, particularly for storages on named
perennial streams.

• Fauna and flora on land that would be flooded by the dam.
• Cultural and aboriginal heritage relics at the dam site.
• Engineering issues, including construction materials and potential

impacts of the dam construction on water quality.

The Tasmanian Government has instigated the Irrigation Partnership Program
that provides a financial contribution towards the costs of environmental
feasibility studies.  Application must be made through the Regional Water
Management Officers, and the Program finishes in 2002.
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Groundwater pumping

In some areas of Tasmania there are supplies of groundwater of suitable flow
and quality for irrigation use.  Some investigation prior to drilling is strongly
recommended.

In the first instance, ask neighbours about depth, flows and quality of
groundwater.  Their experience will provide some indication of the chance of
striking water for irrigation use.

Mineral Resources Tasmania (MRT) has a groundwater section that can
provide advice on the groundwater prospects.  The current contacts are:

Adrian Waite and Miladin Latinovic
Phone 6233-8333, Fax 6233-8333  

You will need to clearly indicate the location of your property, and area where
you are seeking water; if possible fax a map showing the locations.  

The MRT staff have records of many bores, and can check the details of
bores in your area.  They can also assess the geology of the area, as this has
a very significant bearing on the likelihood of finding water.   Generally,
prospects are best close to fault lines, where rock layers are more fractured.

Yields of bores should be tested by continual pumping for at least 24 hours, to
determine whether water levels fall and flows decline.  Drilling contractors
have equipment to test bores; without testing you can not be confident that
the flow you need will be sustainable.

 
A licence is not required to take water from a well unless specified in a Water
Management Plan (developed under the Water management Act 1999).
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Government and community irrigation
schemes

There are three Government Schemes in Tasmania, South East, Cressy-
Longford and Winnaleah.  In the Irrigation Districts  associated with these
Schemes landowners general have an Irrigation Right for a specific quantity of
water, with a fee that is payable whether the water is used on not.  In addition,
there is generally a fee based on the amount of water used.

Water Rights are transferable through each Scheme administration, with
certain conditions.  Scheme employees are able to provide additional
information.

Scheme contacts are;

• Cressy-Longford Irrigation; Manager, John Gaby,
         phone 0438-363-377

• Winnaleah, Manager Danny Lefevre, phone 0409-546-227
• South East; Manager Robert Byrne , phone 0417-524-866
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How much water do you need?

The amount of water that you need will obviously vary from season to season,
and you will more in the hotter and dryer area of the state that the cooler
wetter districts.  Time of planting is also an important factor.  Nevertheless,
the following table provides some guidance for planning purposes.

Table indicates water requirements in milli-metres, and in mega-litres (ML).
Remember, that 1 mega-litre (1 million litres) equals 100 mm applied over 1
hectare.

Table 2.  Approximate water requirements for common crops
Crop Irrigation depth applied

mm
Irrigation quantity

ML/ha
Potatoes 300-400 3.5–4.5
Poppies 150-250 1.5–2.5
Peas 100-200 1.0-2.0
Green Beans 200 2
Pyrethrum 100-150 1-1.5
Buckwheat 150 1.5
Carrots 350 3.5
Onions 350-400 3.5 –4.0
Broccoli 200-250 2-2.5
Squash 150-200 1.5-2.0
Lucerne 350-450 3.5-4.5
Pasture 350-550 3.5-5.5

It is also necessary to allow for evaporation of water from dams, and for
distribution losses.  For example, 10-30% of the water pumped through a
travelling irrigator will be lost by evaporation before it hits the ground.

Evaporation losses from storage dams are generally allowed at 15% for most
of Tasmania, and up to 20% in the dryer areas of the Midlands and Southeast
(advice from Max Giblin, DPIWE).
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Irrigation water quality

As an irrigator you need to be familiar with water quality issues and be able to
take water quality samples, interpret the results and put any changes
recommended into practice.

The quality of the water used for irrigation is extremely important. Depending
on your locality and source of water you may have a problem with irrigation
water quality. Water quality can vary over time and by degree. If any of the
issues covered below are common in your locality you must monitor the
quality of your irrigation water. Simple tests can be performed that will indicate
the quality and effect of water on a particular crop and your irrigation
equipment. 

Growers have been known to irrigate more frequently on seeing a problem in
their crop, when in fact it was the poor quality of the water that was the cause
of the problem.

How often should water be tested?
How often you test your water depends on the source, flow rates and previous
water quality problems. Iron levels, for instance, do not change often, so only
infrequent testing is required, but salinity and pH levels can fluctuate rapidly
with changes in flow rates. Similarly levels of nutrients and pesticides are not
constant. Of course certain crops are more tolerant than others of water
quality and tolerance can change at different stages of growth.

Common water quality problems are:
• salinity and electrical conductivity
• pH levels (acidity or alkalinity)
• sodicity
• chloride
• soluble iron 
• turbidity
• nutrients
• pesticides 

Salinity
The biggest problem with water quality is salinity. Testing the salinity of the
water indicates if the water is suitable for irrigation or if dilution (shandying)
with fresh water is necessary (or feasible) before use. Groundwater and reuse
surface water should be tested regularly before being used on crops.

Water salinity can be measured using a pocket-sized salinity meter or by
sending samples to a laboratory for analysis. The salinity is measured by
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reading the electrical conductivity of the water. The higher the salt level, the
higher the conductivity. 

Water salinity measurements are expressed in ‘decisiemens per metre’
(dS/m)  or sometimes as ‘microsiemens per centimetre’ (µS/cm).  

Conversion.  1 dS/m = 1,000 µS/cm
To convert dS/m to µS/cm, multiply by 1,000

The old units for measuring salinity were milligrams of salt in one litre of water,
often expressed as parts per million (ppm). This was a measure of the total
soluble salts. 

Conductivity is a more accurate indication of salinity than total soluble salts.
As a rough approximation, you can convert your salinity readings to parts per
million (ppm) as follows:

decisiemens per metre multiplied by 640 = ppm) 
or microsiemens per centimetre multiplied by 0.64 = ppm

How salinity affects plants
Salts in irrigation water affect crop performance in several ways.

• Dissolved salts in the rootzone can affect the availability of
water. Salts outcompete plant roots for moisture, reducing
growth and yield. 

• Salts reduce shoot growth and yield.
• There are toxic effects of certain elements such as chloride,

sodium, or boron. 

Other factors, such as the soil’s ability to drain, the method of irrigation, the
level of rainfall, and the plant’s natural tolerance to salinity, affect the ability of
plants to cope with salinity. Some crops can accept much higher salinity levels
than others. 

General recommendations regarding the salinity of water used for irrigation:
• if salinity is less than 0.8 dS/m, the water is suitable for most

crops and pastures on moderately to well-drained soils.
• if salinity is more than 2.3 dS/m, the water is not suitable for

continuous use for most crops and pastures.



1 Water Resources V3.doc  01/11/02 Page 14

pH
pH is a measure of the acidity, neutrality or alkalinity of the water. It is
measured on a scale of 0 to 14 with 7 being neutral. Readings below 7 are
acidic and those above are alkaline. Water with a pH reading between 6.0 and
8.5 is generally suitable for irrigation.

Highly alkaline water with high carbonate and bicarbonate levels can affect
plant uptake of calcium, magnesium and some trace elements. It also tends to
precipitate calcium carbonate. Carbonate and bicarbonate levels of up to 150
mg/L should be acceptable, while 350 mg/L would be a level for concern. This
loss of calcium causes an imbalance of ions in favour of sodium, causing
problems associated with sodicity. 

Water lower than pH 6.0 or higher than pH 8.5, when used in spray mixes,
can reduce the effectiveness of some pesticides. Check with your pesticide
supplier. 

Sodicity
Another water quality problem facing irrigators is the concentration of sodium
ions (Na+) in the water. An imbalance of sodium ions relative to calcium and
magnesium ions is referred to as the Sodium Adsorption Ratio (SAR). 

High SAR levels will slowly affect the soil structure and  cause poor water
penetration through the soil, poor drainage and low aeration levels. Soils
affected often have a hard, blocky structure and surface crusting.

A high proportion of Australian irrigated soils are sodic and have a degraded
structure, which limits the movement of water and air and the growth of roots.
Continued irrigation with saline sodic water will lead to further sodification of
soil layers and concentration of salt in the rootzone. Usually gypsum is applied
to combat high sodium levels.

Using sodic water
The following are general guidelines for the use of sodic water for irrigation: 
Low sodicity water (SAR <3) can be used for irrigation on all soil types with
little risk of developing or aggravating a soil sodicity problem. 

Medium sodicity water (SAR 3–12) may cause problems in both sodic and
non-sodic clay soils. Water in this category can be used on coarse textured
soils (sands and loams) or organic soils. Applications of gypsum will promote
the leaching of sodium in clay soils. 

High sodicity water (SAR >12) is generally unsatisfactory for irrigation except
at medium salinity levels. However, the salinity level needed to counteract the
high SAR will affect the yields of most crop and pasture species. The addition
of gypsum will reduce the impact of the large concentration of sodium. 



1 Water Resources V3.doc  01/11/02 Page 15

Chloride
High chloride levels in water may cause poor growth and death to sensitive
plants, particularly if sprayed onto the leaves. If chloride is applied by drip
irrigation and not on the plant, levels below 140 mg/L (ppm) are generally
acceptable. Readings between 140 to 350 mg/L should be treated with
caution, and any above 350 mg/L should not be used. 

Iron
Soluble and bacterial iron can cause blockages to irrigation components. If
water with high soluble iron levels is applied by spray, it can discolour leaves
and reduce the efficiency of transpiration and photosynthesis. Iron levels as
low as 0.1 mg/L (0.1 ppm) can cause problems with blockages in micro-
irrigation systems. In such cases the water supply may benefit from aeration
or filtration. 

Iron is generally only a problem with bore water.  Ad levels of oxygen in these
waters are low, the iron stays in solution.  When exposed to air the iron
oxidizes and becomes insoluble, and can settle out with the appearance of
“rust”.  It is these particles that cause the discoloration of leaves and
blockages in micro irrigation systems.  

Aerating the water  and allowing the rust to settle generally reduces the
problem, but filtration may be necessary.

Turbidity - cloudiness
Turbidity is a measure of water clarity and an indicator of the amount of solids
in the water. Turbidity is usually high in larger rivers, and low in headwaters
where the streams pass through bush and forest.

The major cause of turbidity is soil erosion, where clay particles stay
suspended in water.  This is mainly a concern for micro-irrigation systems and
can result a build-up of slime in pipes and drippers.  This reduces the
effectiveness of chlorine that is added to drip systems to reduce algal growth,
and results in rapid blockages of filters and drippers. (Algal growth is also
encouraged by nitrogen and phosphorus and nitrogen added to water used for
drip irrigation).

Turbidity is measured in the field by submerging small white discs in the water
until they are no longer visible. The depth at which this occurs is then
recorded. The scientifically accepted measurement units are NTU
(nephelometric turbidity units). There are also light sensing instruments
available for more precise measurement of turbidity.

Nutrients
An excessive level of nutrients such as nitrates and phosphates to drainage
water encourages algal blooms and the growth of aquatic weeds.
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Blue-green algae occurs on bodies such as lakes, channels, and farm dams,
and relies on sufficient nutrients (particularly phosphorus), still, warm
conditions, sunlight and relatively low turbidity for outbreaks to occur. 

Excessive nutrients in water results in prolific growth of aquatic weeds and
algae restricting water flows and reducing water quality due to the production
of algae and bacterial toxins. Blue-green algae can be toxic to animals and
humans through body contact and ingestion. 

Pesticides
Pesticide contamination of water supplies is a problem that irrigation
communities must be alert to. Some chemicals can cause environmental
damage at very low concentrations. Pesticides can contaminate irrigation
water by direct application, spillage, drift, careless disposal and run-off. 
All landholders need to follow best management practice in pesticide use and
disposal to minimise the chance of this type of contamination. 
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Activity . Measuring water quality

To measure water quality you will need:
• thoroughly clean plastic or glass containers with tight clean lids

and seals
• access to, and the skills to use an EC meter
• access to an analytical laboratory for water analysis 

Collecting a water sample
Collect a representative sample of water from your irrigation system, bore, or
dam. Make sure the system is flushed through before collecting the sample.

Label the sample clearly and then send the sample to an appropriate
laboratory for analysis. You will need to specify what tests you require. Your
irrigation adviser will guide you on this.

Interpreting the results
These notes give some general guidelines to assist in interpreting your
readings and the results from laboratory tests. For further queries, seek expert
advice. 

Once you have analysed your water quality, make sure you follow through by
taking any necessary action to improve your productivity and irrigation
efficiency.

Conductivity meters can loose their calibration with time, and it is
recommended that you check the reading with a standard solution at least
yearly.

TABLE 1. Summary of guidelines for water quality for irrigation
OK Be Careful Problem

Salinity < 0.8 dS/m 0.8 – 2.3 dS/m > 2.3 dS/m
< 500 ppm 500 – 1500 ppm > 1500 ppm

pH (normal range 6.0 to 8.5)

Chloride
• Drip irrigation < 140 ppm 140 – 350 ppm > 350 ppm
• Spray irrigation < 70 ppm 70 – 150 ppm > 150 ppm

(foliar absorption)

Iron – 0.1 – 1.0 ppm > 1.0 ppm
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Plant sensitivity to water salinity
Plant species vary in their sensitivity to salts in irrigation water.  The following
tables are taken from  DPIWE publication which is a useful reference for
further information (SaltPak Tasmania, Stuart McMahon and Ian Bell).
Salt Tolerance
Rating

Crop Water salinity, dS/m

Up to 10%
yield reduction

25% yield
reduction

Field Crops
VERY HIGH Barley 5.3 8.7
HIGH Wheat 4.0 6.4

Oats 3.3 4.2
LOW Maize/Corn 1.1 2.5
Vegetable crops
HIGH Asparagus 2.7
MEDIUM Squash 1.7 3.2

Broccoli 1.9 3.7
Cauliflower 1.7
Pea 1.7 2.4

LOW Celery 1.2 3.9
Cabbage 1.2 2.9
Potato 1.1 2.5
Sweet corn 1.1 2.5
Broad bean 1.1 2.8
Lettuce 0.9 2.1
Onion 0.8 1.8

VERY LOW Carrot 0.7 1.9
Bean 0.7 1.5
Turnip 0.6

Fruit Crops
MEDIUM Olive 1.8 3.7
LOW Lemon 1.1 2.2

Apple 1.1 1.6
Pear 1.0 1.6
Walnut 1.1 2.2
Peach 1.1 1.9
Apricot 1.1 1.8
Grape 1.0 2.7
Blackberry 1 1.8
Boysenberry 1 1.8
Raspberry 0.7 1.5
Strawberry 0.7 1.2

Pasture plants
HIGH Tall

Wheatgrass
5.0 9.0

Perennial
Ryegrass

3.7 5.9

MEDIUM Lucerne 1.3 3.6
LOW Strawberry

clover
1.1 2.6

White Clover 1.0 2.4
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Conductivity meters cost about $120 and are available from;

Civilab Southern Pty. Ltd (Ron Harris), phone 5223-1631  (Hanna DIST 4 WP,
range up to 19.9 dS/m).

Selby – Biolab, Hobart (1800-067-639)
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