





Christchurch is fortunate in having an artesian
water source. Contamination from surface sources in
the immediate vicinity of the city is prevented wherever
artesian pressures exist. Concern has been expressed
by Wilson (1972, 1973) that increased pumping demand
on the artesian system could result in salt water intrusion,
pollution travelling from the infiltration areas west of
the city, drawdown of artesian pressure which might permit
contamination from city sources or subsidence of land as
groundwater is mined. In a valuable report to the North
Canterbury Catchment Board, (Wilson 1973), he recommends
certain studies that should be pursued and measures that
should be taken to protect this resource.

3.4 Studies Required (See also Section 6)

3.4.1. Effect of elevation, exposure and
aspect on the measurement of
precipitation in the Canterbury
high country

3.4.2. Detailed study of the snow and ice
resources and of snow and ice melt
processes in the Canterbury Plains

3.4.3. Augmentation of precipitation in the
mountainous regions of Canterbury by
direct condensation from clouds

3.4.4. Water balance in the upper catchments
of the Canterbury Plains

3.4.5. Continuing study of discharge in all
rivers of the Canterbury Plains

3.4.6. Subsurface flow through the gorges
and through gravels adjacent to and
under river channels

3.4.7. Sediment movement and related changes
in river bed configurations

3.4.8. Continued exploration of the substructure
of the Plains in an attempt to locate and
determine the extent of major aquifers

3.4.9. Continued study of infiltration to groundwater
from gravelly river beds
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Continued assembly of weil data,
expansion of the well network where
desirable and systematic inter-
pretation of the data

Groundwater source, age, movement
and sensitivity at various points on the
Plains

The possibilities of contamination of
the groundwater from all sources and
the establishment of procedures to
prevent it

The interface between fresh and salt
water along the Canterbury coast and
the subsurface discharge of fresh water
to the sea

Estimation of the maximum pumping
rates permissible from wells in various
locations on the Plains under present
conditions

Evaluation of the effectiveness of the
groundwater aquifers as storage
reservoirs replenished by artifical
recharge

Exploration and evaluation of ground-
water resources in areas above the
gorges

4. RELATIONSHIP BETWEEN SUPPLY AND DEMAND

4.1 Demand Other Than for Irrigation

Any plan for irrigation water supply in Canterbury must
include an assessment of the future demand for water arising
from many uses, including stock water, domestic, industrial,
effluent dilution, wildlife, recreational, and hydropower.
Studies on each of these will be necessary before any useful
plan can be attempted, but Heiler, Taylor and Johnston (1970)
and Stephen (1972) provide tentative information that is
summarized in Table 5. The estimates in the table for
industrial and domestic use of the groundwater are for
projected use in the year 2000 based upon population increase.
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Hydro-power water use is not included, as this kind of
development would be in the headwaters and the water
would be reusable.

For purposes of wildlife and recreation, Stephen
(1972) reports that authorities consider a minimum
flow of from 20 to 35 per cent of the mean annual flow
as satisfactory. In Table 5 a figure of 25 per cent
has been reserved for this purposedor each river,
and in the case of the groundwater, a bulk figure
of 25 per cent of the total mean flow of the groundwater-
fed streams has been included. For the Waimakariri a
larger percentage of the mean flow has been suggested
for this purpose by the North Canterbury Acclimatization
Society, Dalmer (1971).

Although for each river and the groundwater the
demand figures have been added to give total demand
quantities, this is not necessarily correct as not all
demands will be operative simultaneously.

Until more detailed projections are made possible
by the results of future studies, the demand for water
for all purposes other than additional irrigation, will
be assumed to be 192 mg/s. When converted to volume
over the six month irrigation season, the total is
approximately 300 x 10° ha-m. This calculation assumes
maximum demand over the complete period and is there-
fore on the high side. It is of the same order of
magnitude as the volume of irrigation water demand as
presented in Table 1.

4.2 Resource Adequacy Without Artificial Storage

The totals for demand from Table 5 are reproduced
in the last column of Table 2. Comparison of these
admittedly approximate figures with those given for low
flow conditions is useful in assessing the adequacy of the
river resources to meet this projected demand and fo still
have water available for further irrigation. The annual
mean low flow of Table 2 is the average of the minimum
monthly flow records. A comparison of these figures
with the demand figures of the last column of this table
for each river, indicates that only the Waimakariri and
the Rakaia appear to have the potential of providing
additional water for irrigation without artificial storage.
The lowest recorded flow figures for each river disclose
the Rakaia as the only river that could have met the
projected demand in its basin during its lowest flow day.
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TABLE 5
WATER REQUIREMENTS OTHER THAN FOR

ADDITIONAL IRRIGATION (m3 /s)

Wildlife Existing
and 1 Existing  Stock
River Recreation Industrial Municipal Irrigation Water Total
Ashley 1.4 1.8 3.2
Waimakariri 29.9 0.1 0.8 5.2 3.3 39.3
Selwyn 0.8 0.5 1.4 0.3 3.0
Rakaia 55.0 1.6 2.6 59.2
A shburton 5.0 0.2 5.0 1.4 11.6
Rangitata 26.9 24,7 51.6
Orari 2.5 0.5 1.0 4.0
Opihi 4.2 3.1 0.3 7.6
Groundwater 3.4 2. 92 4. 82 1.4 12.5

Assumed as 25% of mean annual flow

Projected to the year 2000
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More useful data for these two rivers may be gleaned
from the flow duration data of Tables 3 and 4.

Table 3, for the Rakaia River was presented by
Stephen (1972). The column of most interest in this
table is that giving 2000 cusec (56.5 ms/s) as the
residua] flow, for this approximates the figure of
59.2 m" /s projected in Table 5 as the demand flow.
Table 3 indicates that 28. 2 mg/s, would be available
for irrigation use over the complete 182 days of the
irrigation season. It also shows that 56.5 m"/s
would be available on only 166 days of the 182 day
season.

In intensive agricultural production lack of
water for even a few days can be of substantial
economic importance, and drought conditions are
most likely to coincide with periods of low river
flow. Therefore the dependable discharge available
from the rivers of the Plains for additional irrigation
use, without artificial storage reservoirs, must be
estimated at only 28 m3/s, all of which must be taken
from the Rakaia River. A comparison of this figure of
28 m°/s with the irrigation water demand from section
2.4 indicates that it is far below the estimated race
capacity requirement of from 222 to 317 m3/s. The
conclusion is, therefore, that without artificial
storage the rivers of the Plains cannot provide a
dependable flow of water sufficient to meet the require-
ments of an intensive agriculture. The possibility
exists, however, of supplementing river flows with
groundwater during dry periods. A rough summation
procedure using the data of Tables 3 and 4 provides
a seasonal estimated volume of more than 200 x 10° ha-m
of water available for additional irrigation use from the
two rivers. Since the low estimate of required volume
from Table 1 for the one-in-44 years moisture
deficiency determination is of about the same magnitude,
and since the groundwater recharge,less groundwater
demand from sections 3. 3.4 and 3. 3. 5,is of similar
size, 180 x 103 ha-m, conjunctive surface and groundwater
use might prove to be feasible without excessive demand on
groundwater resources. However, an economic and
effective reticulation system might prove difficult to
design as the most productive wells are located towards
the eastern side of the Plains, Wilson (1972).



4.3 Resource Adequacy

If artificial and conirolied storage becomes available,
use of the mean river rflow figures is possible since low
flows can then be augmented from storage. Adding
the mesn flf‘w figures for the Getober to March season
from Table 2 for the three main rivers, and subtracting
the estimated _demand flows for all rivers the surplus
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pricr to Octcober 1966 were high enough to permit the
assumption of a full reservoir at the beginning of the
Seasorn. .

A constard river flow of 184 msf;?; was asgume
to be that required throughout the October to March
period to meet all demands. This flow is sufficient
to provide 200 x 10" ha-m of irrigation water over
the six month period, a figure close to the mid-point
of the estimated irrigation demand volume from Table 1,
section 2.4. The reqguired storage volume determined
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Fig. I: Mass curve—Rakaia River 1966-67
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A more realistic estimate was made by recognizing
that the irrigation water would not be drawn off at a
uniform rate during all months of the season. An
assumption was made that monthly demand would be
proportional to monthly evaporation. The monthly mean
evaporation figures as given by Ftizgerald (1970) for
Winchmore were used to adjust the monthly flow demand
figures, and the minimum storage requirement was
found to be 29 x 10° ha-m.

Until more detailed information about irrigation
demand and ite time distribution_ is known, a tentative
estimate can be made of 30 x 10° ha-m as the storage
volume located on the Rakaia River that would be
sufficient to permit that river alone to meet the future
irrigation requirements for water of the Canterbury
Plains.

Similar determinatias £ould be made for the other
rivers of the Flains.

4.4 Artificial Storage Possibilities

A preliminary, very approximate, study of the
possibility of establishing storage above the gorge on
the Rakaia River was completed using contour maps
of one inch to the mile. A dam about 0.2 km in length
at the gorge and 60 m high could impound water to the
1200 foot contour and might provide 22 x 10” ha-m of
storage water. This is three times that estimated as
required in section 4.3. The water would be confined
to the natural river channels and apparently need not
affect the Colerid%e Power Plant tailwater level. A
storage of 37 x 10° ha-m could be achieved with a dam
of about the same length but only 37 m high.

There are obvious disadvantages to placing a dam
in this position. Fish spawning grounds are located there,
and there might be problems of sediment movement and
entrapment, as well as infiltration through the bed
gravels.

Similar sites, but apparently not as favourable,
exist on the Waimakariri and the Rangitata at their
gorges.

The possibility of artifical recharge and subsurface
storage of excess water is suggested by reports of
falling water tables over the years, Oborn (1955).
Wilson (1972) reports that irrigation wells would not
be practicable in the areas of glacial outwash gravels
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because of reduced permesability, and that in alluvial
post-glacial deposits well-yield increases towards the
sea. A rise in groundwater levels in some regions
would increase drainage problems already being
experienced. The feasibility of using the groundwater
aquifers for storage must await the completion of
many of the studies recommended in this report.

A summary of water demand and supply is
presented in Table 6.

4.5 Studies Required (See also Section 6)

4.5.1. Refinement and extension of
the available data on water
requirements for purposes
other than irrigation

4.5.2. Analysis of the social and
political implications
of the various uses of
water resources on the
Plains

4.5.3. Selection of suitable
reticulation systems to
supply irrigation water for
the varicus land use schemes
in previcus studies

4.5.4. Determination of storage
requirements, surface or
subsurface, for the various
reticulation systems and
schemes of the previous
study

4.5.5. Location and analysis of
storage sites on the various
rivers of the Plains



TABLE 5
SUMMARY OF ESTIMATED ANNUAL WATER DEMAND AND SUPPLY, IN

BECTARE-METERS

DEMAND SUPPLY AVAILABLE TO MEET
Additional
Other Than Additionsl Irrigation Irrigation ADDITIONAL IRRIGATION DEMAND
From From Rivers Rivers
Rivers Groundwater Without With
Storage Storage Groundwater
300 x 103 20 x 103 100 x 103 200 x 103 500 % 193 180 x 103
to
370 x 1(33

23



300 m’/s

200 m’/s

oo od

100 m’/s

@@ o

MEAN-—OCT-MARCH

ANNUAL MEAN

. DEMAND OTHER THAN
| ADDITIONAL IRRIGATION

LOW FLOW

Fig. 2: Flow variation in Canterbury rivers based on the periods shown in

Table 3.
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HECTARE-METRES

- 400 x 16¢°

- 300 x 10’

== 200 x 1¢’

- 100 x 10°

% EFFICIENCY
30

40

50
60

0.07 m’/s/100 ha  0.10 m®/s/100 ha

353 mm

192 mm

MOISTURE DEFICIENCY METHOD RACE CAPACITY METHOD

Fig. 3: Annual water requirements to irrigate 317 000 ha. The three columns
to the left show water requirements based on Table 1 at various
water-use efficiencies. The two columns to the right show water
requirements based on the race capacity method—see Table 1.
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HECTARE-METRES

— 500 x 10° RIVERS
WITH
STORAGE
— 400 x 1¢° o, EFFICIENCY
30
— 300 x 10°
RIVERS 40
WITHOUT
STORAGE GROUND 50
— 200 x 10/ WATER
60
- 100 x 10°
- 0
353 mm 242 mm 192 mm 0.07 0.10
m’/s/100 ha mw’/s/100 ha
SUPPLY AVAILABLE REQUIREMENTS

Fig. 4: Comparison of supply with the requirement to irrigate 317 000 ha.
Based on Table 2. The three columns to the left show assumed
water availability with and without storage and from groundwater.
This is to be compared with the five right hand columns for water
requirements which are as shown in Figure 3 and Table 1.
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5. TOWARDS AN ULTIMATE PLAN

5.1 Combined Use of Water Resources

In a previous section of this report it has been
shown that one river, the Rakaia, if provided with
artificial storage, could supply sufficient water annually
to irrigate all suitable land in the Canterbury Plains.
Obviously, dispersal of the required storage to other
rivers of the Plains might provide alternative
schemes. On the other hand, it has been suggested
that groundwater might supply sufficient water to
satisfy irrigation demand because the annual recharge
volume was shown to be about equivalent to this demand.
A combination of natural river flow without artificial
storage and groundwater has also been discussed as
a possible solution to the problem. Many questions
remain unanswered however, besides those already
posed as studies in this report. Others relate to
the multiple use of water resources, social and
economic problems, and cost and benefit comparisons.
These are fundamental to the formulation of an
ultimate developmental plan for the Canterbury Plains.

5.2 Studies Required (See also Section 6)

5.2.1. Formulation of a systems analysis
approach to the problem of providing
for intensive, irrigated agriculture
on the Canterbury Plains, and
through this analysis, the deter-
mination of a plan that would
promise an optimum benefit-
cost ratio for the future, con-
sidering both direct and indirect
costs and benefits

5.3 Conclusions and Recommendations

The conclusion of this report is that while there is
every indication that sufficient water resources exist
to make irrigation of all suitable land on the Canterbury
Plains possible, many additional studies must be
completed before a plan can be developed for this
purpose that will provide the maximum benefits to
New Zealand commensurate with costs.
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It is recommended that a meeting be called of all
groups, organisations and agencies in Canterbury who
have an interest in intensive agriculture, irrigation
or water resources with the following purposes:

1. To decide on the need for cooperative studies
of the sort suggested in this report;

2. To amend these studies and add additional ones;
3. To decide on priorities within these studies;
4. To agree on primary responsibilities for

specific studies among cooperating groups;

5. To provide for methods of reporting on and
sharing the results of studies completed or
in process.

6. DETAILED DISCUSSION OF STUDIES REQUIRED

As stated in the introduction an important objective
of this report was the identification of particular studies
that must be completed before a feasible and effective
plan for the development of irrigated, intensive
agriculture on the Plains could be attempted. It
was proposed that a meeting of interested persons
discuss, amend and add to these studies and arrange
for their completion.

As a contribution to such discussion, each of the
studies suggested in previous sections of this report
is considered in more detail below.

2.5.1. Assessment of Soil Capability and Moisture
Deficiencies throughout the Canterbury Plains

Object:

The object of this study would be to obtain
sufficient information about each area of the Plains
to permit prediction of the range of suitable crops
and the seasonal irrigation water requirements of
the soil for each crop under design drought conditions.

Subsidiary Studies:

In order to achieve the above object a number of
subsidiary studies must be completed. These are
listed and discussed below.
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2.5.1.1. A detailed compilation of the available
information about soils, their structure
and their capability to grow various
crops, for all areas of the Canterbury
Plains considered for ultimate irrigation.

Sufficient information may be available in the
literature or in the files of various agencies to make
this study relatively easy to accomplish. If not,
steps must be taken to compile the necessary data.
Soil moisture characteristics in the potential root
zone are probably in need of further assessment
as are drainage needs and related soil permeability
characteristics.

The responsibility for this study could rest with
the Ministry of Agriculture and Fisheries, or with
the New Zealand Agricultural Engineering Institute
(N.Z.A.E.L). Because it is basic to all other
studies it should be given the highest priority.

2.5.1.2. A fundamental study of evaporation and
evapotranspiration under Canterbury
Plains conditions.

As indicated in appendix 1, existing methods
of predicting or measuring evapotranspiration are
of unknown reliability under the dry, warm northerly,
or cool moist southerly winds so common on the
Plains. The work of Rickard and Fitzgerald (1960) has
equations with actual measurements at Ashburton, and
this type of comparison should be continued and
extended to other areas of the Plains and to other
methods of prediction based on the latest meteoro-
logical instrumentation.

What is needed is the development of a method
of predicting evaporation that takes into account the
maritime and advective influences of the Plains.
Once it becomes known which method is most suited,
and in what manner the required information can be
obtained, such a method can be applied to various
sites on the Plains to provide additional information
on potential evapotranspiration. This in combination
with work on effective rainfall, should lead to a prediction
of the total net water demand for irrigation.
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Considerable work has already been undertaken
by the Meterological Service, the Winchmore Irrigation
Research Station, and the D. S, 1. R. at Palmerston
North. The Agricultural Engineering and Soil
Science Departments at Lincoln College and the
N. Z. A. E. 1. have a strong interest in this problem
which has already been the subject of several graduate
theses.

2.5.1.3. A study of the relationship between growth
and yield patterns of various crops and
the level and duration of moisture
deficiency under Plains conditions for
various soils.

Appendix 1 discusses conditions under which
certain crops might not react unfavourably to moisture
deficiency. These can be times during a growing season
when moisture deficiency becomes unimportant, arising
from certain phases of plant growth or out of farming
patterns. A knowledge of such matters is important in
planning for intensive irrigated agriculture. Where this
information is unavailable, student research projects at
the masters level in Plant Science or Horticulture
might be appropriate. The Ministry of Agriculture and
Fisheries or the D. S.1.R. might be alternative sources
of research.

2.5.1.4. Study of the history of droughts on the

[o}

t=1
Plains and the selection of reasonable
drought patterns to be used in design

studies

If estimates are to be made of irrigation water
requirements on the Plains, seasonal drought patterns,
including the duration and level of moisture deficiencies
due to evapotranspiration, must be available. From
existing meteorological and field data it should be
possible to make a frequency and probability study of
droughts and to select a pattern severe enough to
represent a reasonable design drought. Although it
would be desirable to select a series of drought
patterns on the basis of probabilily of occurrence,
the complexity of the problem would make the normal
statistical methods unreliable. It is considered that
the selection of a drought pattern that is historical
and which is recognized as one having a reasonably
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low chance of recurrence, would serve the purposes
of design successfully, without necessitating a
repetitive series of predictive calculations.

In carrying out this study account must be
taken of the range of capacities and existing
conditions of the soil moisture reservoirs during
the droughts, as well as the rainfall and evapotranspiration
histories.

This project could be a cooperative effort between
various agencies, for example the Meteorological
Services and the N, Z. A. E. L.

2.5.1.5. Calculation of the total seasonal
irrigation water requirements on
the soil for the design drought
conditions, for each suitable crop
and for each area of the Plains

This project can be undertaken when the results
of the other subsidiary studies are known. With its
completion the objectives of study 2.5. 1. will be
achieved.

One organisation, say the Winchmore Irrigation
Research Station or the N. Z. A. E. I. should take the
responsibility for the completion of this study.

2.5.2. Preparation and evaluation of schemes for
ultimate land use on the Canterbury Plains
based upon soil types and projected demand
for agricultural products

Object:

This study would involve the selection of a number
of detailed alternative schemes of agricultural land use
on the Plains that would be feasible as far as soil type
is concerned for each area and that would meet the
estimated demand for food and other agricultural
products over the next 20 - 30 years. It will require
expert analysis of the population, trade, and economic
trends in New Zealand and in other nations which will
be its customers.

From the previous study, 2.5.1., a range of
suitable crops for each area of the Plains will be available.
But until cropping patterns and land use plans are decided
upon no further irrigation water demand analysis can
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proceed. The necessary analyses to develop these
patterns and plans must be done by demographers,
economists and agricultural planners. A number
of possible plans are necessary because systems
analysis to produce the optimum system cannot
proceed until adequate data concerning irrigation
schemes and cost information are available and
fed into the analysis. These data must be worked
out separately for each plan from information to
be made available from other studies suggested
later in this report.

This study could be the responsibility of
the Agricultural Economics Division of the
Ministry of Agriculture and Fisheries, or by
graduate students of Economics or of
Agricultural Economics and Marketing Departments
of the University or Lincoln College. It is a
high priority study that could start immediately,
but could not be completed until study 2.5. 1. 1.
is finished.

2.5.3. Improvement, estimation and
verification of application
efficiencies for all potentially
practicable irrigation methods
under Canterbury Plains conditions,
and a study of the suitability of each
method for the various areas of the
Plains

Object:

The successful completion of this study would
entail determining the following:

(a) a list of irrigation water application methods
that could be used under Canterbury Plains
conditions;

(b) improvements in the methods to increase
application efficiencies under the particular
conditions of the Plains;

(c) estimated application efficiencies, and criteria
for their determination, for each method;
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(d) verification by measurement wherever
possible of the application efficiencies;

(e) listings of the most suitable methods of
irrigation water application and the
appropriate application efficiencies
for each area of the Plains, using the
data of study 2.5. 1.

It is recognized that information pertinent to
this study must come from other studies suggested
in this report, notably those concerned with
reticulation methods and water source. DMore than
one method should be suggested for each area
as further economic and social attitude studies
will be essential before the best method can be
selected.

The three objectives (a), (b) and (c) could
form the basis of postgraduate dissertations for
different application methods. Indeed, a doctoral
study towards a degree in Agricultural Engineering
at Lincoln that should fulfil these objects for
border-dyke irrigation methods is now under way.
The N. Z.A.E.I. has indicated its intention to complete
pertinent projects for sprinkler and trickle methods.
Other organisations, notably the Winchmore Irrigation
Research Station, are involved in similar studies.

It is suggested that the N. Z. A. E. 1. be made
responsible for the organisation of a concerted
effort towards the early achievements of the
objectives of this study.

2.5.4. Study of irrigation water reticulation
and distribution methods, their
improvement, their efficiency and
their suitability for use on the
various areas of the Plains

Object:

This study will investigate various methods
of distributing irrigation water from its source to the
farm boundary for each of the various areas of
the Canterbury Plains. It will assess the suitability
and the distribution efficiency of each method.
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Many possibilities exist for the reticulation of
irrigation water on the Plains. At present, unlined
open channels are used for all major projects.
Studies should be made of the comparative cost of
these as against lined canals or pressure piping
systems under natural head and under pumped
head. The possibilities of using integrated net-
works across the Plains, incorporating various
types of water carrying methods, should also be
investigated. 1In this connection it should be noted
that the preservation and utilization of a natural head
would not only assist in bringing water to various
lower elevations but could also be directly utilized
in sprinkler irrigation or in irrigation machines
without a need for additional pumps.

It should be possible to set up parameters
that would facilitate the selection and design of
suitable reticulation systems for the particular
slope, soil and demand conditions of any area
of the Plains. This study can only prepare this
sort of information, including cost, for the final
study when sufficient data are available to make
a cost-benefit analysis of all suitable irrigation
schemes possible.

This study would provide enough challenge
for several graduate theses in Agricultural
Engineering but could also be made a major
project of the N. Z. A.E.I. The Ministry of Works
would have a major interest in this study as well.

2.5.5. The establishing of design criteria
for shelter belts and fencing
compatible with mechanized irrigated
farming

Object:

This study should provide sufficient data to
enable a designer to select the most effective and
efficient shelter belt and fencing arrangements
for any system of irrigation and cropping pattern
that may occur in the foreseeable future.

Shelter belts can provide a measure of
protection for crops from the strong winds of the
Plains, and might alleviate problems affecting
distribution of water from spray systems.
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If large irrigation machines of the revolving or
moveable type are used, shelter belts can limit
the logical cdesign of the system. Fencing can
alsc limit the usefulness of certain irrigation
systems and the develcpment cf light moveable
fencing equipmert, possibly electrified,

should be enccuragea.

The aim should be to provide on the one hand
fields as large as possible for mechanised irrigation
farming, but not so large as to sacrifice any economic
benefits accruing from systematically designed
shelter belts. Any fencing designs should consider
the need for minimum subdivision for grazing in
cases where these considerations apply.

The design and testing of shelter belts and
fencing systems are the subjects of certain studies
under way at present at the N. Z. A. E.I. One such
study considers the reduction of wind erosion by
properly designed shelter belts.

2.5.86. Analysis of social and economic
conditions relevant to the
development of mechanized
irrigated farming on the Plains

Object:

This study would assess the effects of the social
attitudes and economic conditions of the farmer on the
acceptance of intensive irrigated agriculture on the
Plains, and would attempt to predict how these would
influence the demand for irrigation water in the future.

Even in present irrigation schemes the available
water has not been used to the full because of
prevailing farming patterns, and in some cases,
because of the attitude of the farmer. Hamilton (1972)
reports the results of a survey that indicated a
resistance of large-farm owners to irrigation. The
advent of autornated irrigation systems designed to
reduce the labour element and the dissemination
of pertinent information may play a role in altering
this attitude.

This study might form the basis for graduate
study in Agricultural Economics at Lincoln College,
and a start has been made in that direction. It also
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could be pursued by an agency of the Ministry of
Agriculture and Fisheries. This type of work typically
requires an interdisciplinary team approach.

2.5.7. Estimation of water requirements
at the farm boundary and at the
water source for the various schemes
outlined in study 2.5. 2., based upon
the results of the other studies in
section 2. 5.

Object:

This study would provide, for the series of
alternative cropping and land use schemes developed
earlier, estimates cof annual water requirements
based upon carefully chosen application and re-
ticulation systems estimated to be the most suitable
and efficient for each area of the Plains. It would
thus be a major input to the preparation of an
eventual plan for the development of intensified,
irrigated agricuiture on the Canterbury Plains.

For each alternative land use, and cropping
plan devised in study 2. 5. 2., application of the
results of study 2.5.1. and study 2.5.3. could
provide an estimate of the rootzone water require-
ment for the design drought season. Study 2. 5. 4.
would suggest several suitable reticulation schemes
while studies 2.5.3. and 2.5. 6. would provide
efficiency estimates. Finally, for each combination
of land use schemes, application methods and
reticulation system, the water required at the source
could be egtimated. This study must await com-
pletion of the other studies of this section, and
could be carried out by any of the organisations
concerned.

2.5.8. Investigation of drainage problems
associated with intensive
agriculture on the Canterbury
Plains

Object:

This study should suggest and assess methods
of overcoming drainage difficulties on certain classes
of land on the Plains.
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The soil classifications of Raeside (1971) include
one with the following description: ''Class 4. Soils
of the plains and low-lying situations with seagonally
high water tables, not at present needing irrigation,
that when fully drained would suffer from seasonal
drought and would need to be irrigated'. The area
of Plains so classified totals 40 000 ha.

Studies of water table ievels and seasonal
fluctuations, current drainage measures if any,
and the design and effect of additional drainage
facilities should be made on lands of this classification.
It should be determined how much of this land should
be added to the 317 000 ha being considered for future
irrigation development.

The N. Z.A.E.I. is already involved in drainage
studies of this sort.

3.4.1. Effect of elevation, exposure and aspect
on the measurement of precipitation in
the Canterbury High Country

Object:

The aim of this study should be to obtain
sufficient data to allow reliable estimates to be
made of the water resources resulting from
precipitation in the mountainous regions of
Canterbury. The eventual resource estimation
should be derived from historic measurements
data already established and incorporate improved
methods of measurement whenever possible.

All water cycle studies begin with precipitation
as the basic water resource. If precipitation patterns
and quantitites are unreliable or inadequately known
estimates of runoff and infiitration, for example,
can be futile.

Precipitation records are useful only to the
extent that they are reliable and correctly represent
the actual precipitation on the area under study. It
is well known that rain gauge readings are affected
by conditions of exposure and aspect such as wind
speed, wind direction and turbulence, location with
respect to mcuntains, proximity to trees and slope
orientation. Wind effects in particular become
more serious at high altitudes and the meteorological
records list only three stations above 800 m.
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Practically no record is available of snow fall, hail,
or frost all of which make contributions to the total
precipitation.

Studies of the effect of elevation on precipitation
measurement are going on overseas as the list of
supplementary references at the end of this section
shows. Application of some of these results to
Canterbury conditions may be possible, and local
investigation should be initiated to verify overseas
results and to study effects peculiar to our mountainous
regions. Perhaps one of the existing experimental
basins could be instrumented for this study, for
example, the Torlesse basin being used by J. A. Hayward,
of the Trussock Grasslands and Mountain L.ands Institute.

Since the collection of meteorological data must
be done over a long period of time, maximum use must
be made of existing records, even if they are at low
elevations. This study should attempt a correlation
between readings taken on the existing network and
new information obtained at higher elevations and
at various exposures and aspects.

The Meteorological Service is the logical agency
to attempt this study, and possibly they are already
active in this field. The Ministry of Works and the
D.S.I.R. are collecting data. It would be feasible
to encourage graduate student participation in this
study. Because the collection of reliable data will
take considerable time, this study should commence
as soon as possible.

Selected Additional References

Green, M.J. (1969). Effects of exposure on the catch
of rain gauges. Wat. Res. Assoc. TP 67, 28 pp.

Storey, H.C. and W.G. Wilm (1944). A comparison of
vertical and tilted rain gauges in estimated
precipitation in mountainous watersheds.
T.A.G.U., 25(3) 1944.

Storr, D. (1966). A raingauge comparison in a
mountainous area. Can. Dept. of Transport.
Met. Branch. C.IL.R. 4452, TEC617, 1966.
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3. 4. 2. Detailed study of the snow and ice
resource and of snow and ice melt
processes in the area

Object:

An understanding of the extent and volume of the
snow and ice resources and of the processes of melt,
ablation and accretion is essential to the estimation
of water resources available in the Canterbury Plains.
This study should entail not only a survey of existing
snow and ice resources but also a fundamental invest-
igation of the processes causing accretion or depletion
of the resource.

The work of Anderton (1972) is a good start in
this direction but should be expanded and made more
detailed in the Canterbury area. Aerial photography,
including satellite information, snow surveys and the
use of experimental basins are suggested as reasonable
components of this study.

Again much work has been done overseas and a
supplementary list of references is appended.

The Ministry of Works, D.S.I.R. and the N. Z.
Forest Service are active in aspects of this work and
one or more fundamental components might form
the basis of a graduate thesis at the doctoral level.

Selected Additional References

Gillies, A.J. (1964). Review of snow survey methods
and snow surveys in the Fraser Catchment,
Central Otago. J. Hydrol. (N. Z.), 3(1);55.

Golding, D.IL. (1968). Snow measurement on
Marmot Creek experimental watershed.
Forest Research Lab. Calgary Alberta.
Information Dept. A-X-18, November, 1968.

Sartz, R.S. (1957). Snow and frost measurement
in a watershed management research program.
Northeast For. Expt. Stn. Paper 96, 9pp 1957.
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3.4. 3. Augmentation of precipitation in the
mountainous regions of Canterbury
by direct condensation from clouds

Object:

This study should provide an understanding
of the importance of cloud condensation in the
estimation of total precipitation in mountainous
regions.

Very little has been done in New Zealand,
at least to the knowledge of the writer, to study
the cloud cover and its contribution to total
precipitation through direct condensation on
vegetative surfaces in mountainous areas.
According to overseas experience such
condensation can effectively enhance precipitation
as measured by standard gauges by as much as
100 per cent. Direct measurement at high
elevations should be augmented by a basic study
of the conditions fostering such condensation.
The results should be correlated with measurements
from existing or additional meteorological obser-
vations. The Ministry of Works has begun a similar
project at Makara which could be extended to meet
the objectives of this study.

3.4.4. Water balance in the upper catchments
of Canterbury rivers

Object:

This study should attempt to detail the hydrologic
cycle in a quantitiative way for each of the river
catchments above their gorges.

As mentioned in a previous section of this
report, integration of the isohyetal areas for several
river catchments above their gorges gave precipitation
volumes about equivalent to the integrated river flow
records at the gorges. If this is correct, no net infil-
tration, evaporation, or transpiration takes place -
an obvious impossibility. Previous studies suggested
in this section have as their objective the extension of
meteorological information in the high country. With
the data from these studies available, attempts should
be made to relate them to the measurements of the
other coraponents of the cycle. In this manner
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infiltration, groundwater storage or subsurface
flow might be identified.

This study must await at least partial
completion of several of the other studies mentioned,
but a start could be made on evaporation and
transpiration estimates. Possibly an experimental
basin approach would be feasible here, in
cooperation with those working on related problems.

The N. Z.A.E.I. or the Ministry of Works could
attempt this study, in cooperation with the
Meteorological Services.

3.4.5. Continuing study of discharge in
all rivers of the Canterbury Plains

Object:
This study would have the following objectives:

(a) Refinement of stage-discharge curves at
existing gauging stations, with particular
attention to the stabilization of cross
section, measurements at high discharge
and possible sub-riverbed flow (see
study 3.4.6.).

(b) Installation of new gauging stations upstream
of the gorges on the major rivers to assist

in water balance studies, particularly when
storage pnggihi‘lifips exist.

Syl Sn VUSS101i0EiT AL

(c) Analysis of information in an attempt to
produce reliable statistical data and
duration curves on all rivers.

Much good work has been done over the years
to produce flow data, and that provided for the Rakaia
by Stephen (1972) is an example of what is required in
all the rivers. However even for the Rakaia, records
are said to be unreliable at flows higher than 850 m3/s
and the necessity of making frequent gaugings is
stressed. Perhaps some means of stabilizing the
cross section could be devised for the major stations.
If water balance studies are to be carried out
in the upper catchments of some of the rivers (study
3.4.4.) it will be necessary to measure flow at
various points in the catchments. This is particularly
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important if sites are to be studied as potential storage
reservoirs above the gorges. Selection of stations
would have to be made in cooperation with whatever
group is carrying out the other studies.

The logical agency to pursue this study is the
Ministry of Works.

3.4.6. Study of subsurface flow through the
gorges and through gravels adjacent to
and under river channels

Object:

This study should provide the means of
determining the total flow, surface and subsurface,
in the rivers of the Plains, and would be associated
with study 3. 4. 5.

Before estimates can be made of groundwater
recharge based upon surface river flow measurements,
it must be determined whether a significant subsurface
flow under and adjacent to the river exists in the direct
downstream direction. This is particularly important
at the gauging stations located at the gorges. If it is
found that subsurface flow is confined at the gorge and
is predictable when the surface water elevation is
known, then gaugings can be adjusted to give total
flow rather than surface flow. Similar determinations
closer to the river mouths are necessary, but will be
more difficult to assess because of the larger sub-
surface cross section.

Methods of making this study will tax the ingenuity
of the researcher. Probably tracers will have to be used
in conjunction with probes capable of detecting movement
of the tracer at various locations in the gravel. This
study could be attempted by a graduate student in
cooperation with the Ministry of Works and the Geological
Survey.

3.4.7. Study of sediment movement and related
changes in river bed configurations

Object:

This is a fundamental study affecting most aspects
of surface water flow over and through the gravels of
the Plains. Two important objectives are the following:
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(a) to devise methods of predicting and
measuring sediment movement past
gauging stations and of determining
the effect of this movement on
discharge measurement.

(b) To obtain sufficient understanding of
sediment movement and deposition
to ascertain the effects of altering
the regime of a river through the
construction of storage reservoirs
or various structures.

Much model work has been carried out on
this subject, including projects in the Department
of Civil Engineering at the University of Canterbury.
One difficulty normally met in model work is that
of obtaining large enough discharges and big
enough channels to permit the study of the move-
ment of large size gravels. A location in
Canterbury exists at which these difficulties
could be overcome should a laboratory capable
of attempting large scale model studies be
desired. The Rangitata diversion race near
Mayfield carries a flow of more than 22 m3/s
continuously and over a distance of 360 m the level
drops 55 m in three equal falls. A good site
exists for a diversion of this water, or part of
it, through a laboratory built on flat land beside
the channel and back to the race downstream.

However, model studies alone cannot be
sufficient for the achievement of the broad
objectives of this study. Very large sediment
movement takes place under heavy precipitation
on the steep slopes of the catchments, and if this
movement takes place simultaneously with river
flooding, then peak sediment loads occur with
their attendant problems. Field investigations are
therefore a necessary part of this study.

Graduate dissertations in Civil and Agricultural
Engineering can be directed towards the objectives
of this study and the Ministry of Works, the
Geological Survey and the N. Z, A. E.I. may be
interested in pursuing this very large project.
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3.4.8. Continued exploration of the
substructure of the Plains in
an attempt to locate and determine
the extent of major aquafiers

Object:

Much is known about the origin and general
structure of the Canterbury Plains but a detailed
knowledge of the substructure including the
location and extent of major aquifers must be
determined before the potential of the groundwater
as a water resource can be evaluated.

The Geological Survey has undertaken this
work in the past and logically should continue
with the aid of graduate students and other organisations
such as the Ministry of Works.

3.4.9. Continued study of infiltration to
groundwater from gravelly river
beds

Object:

This study should provide an understanding of
the mechanisms by which surface water infiltrates to
the groundwater particularly under high flow conditions.
It should also locate the major areas of recharge for
each river and provide a reasonable estimate of the
relationship between surface flow and recharge rate.

Wilson (1972) has provided maps of equipotentials
which indicate the areas where infiltration to ground-
water is likely. Stephen (1972) and Dalmer (1971)
discuss measurements in which general areas of
recharge are again located. More detailed studies
of these areas should be attempted, perhaps using
tracer techniques, to verify and attempt to quantify
the recharge.

Infiltration measurements can be made on the
site by standard techniques possibly including those
using radioactive materials, but the effect on infiltration
of bed movement during floods is not known. An
experiment to study this phenomenon could be done
in a large flume such as that suggested at Mayfield in
a previous study (3.4.7.). Also experiments should
be done at field sites on infiltration under different
'surface seals'. The nature of these seals should be
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analyzed microscopically, analytically and
experimentally.

Much of this work should be the
responsibility of the Geological Survey,
but the N, Z. A. E. 1. is interested in
infiltration measurement. Part of this
project would be suitable for graduate studies
in Agricultural Engineering.

3.4.10. Continued assembly of well data,
expansion of the well network
where desirable, and systematic
interpretation of the data

Object:

(a) The establishment of procedures to
control the supply of information from
well drilling on the Plains;

{b) the establishment of systematic monitoring
and recording systems for all major or
strategically located wells on the Plains;

(c) the drilling and monitoring of wells in
locations at present undrilled but which
would provide needed additional information.

An extensive well network exists at present
and the Geclogical Survey keeps as many records as
their resources permit. However a more systematic
and extensive programme must be established if the
maximum use is to be made of the network.
Continuous monitoring of water levels, temperatures,
and chemical composition will provide data that can
be used to determine the suitability of the groundwater
for water supply and irrigation purposes and will
detect deterioration of the resource over a period of
time.

The Geological Survey is the logical body to
direct this study, but the monitoring and recording
of data could be the responsibility of the various
Catchment Boards or the Ministry of Works.
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3.4.11. Study of groundwater source, age,
movement and sensitivity at
various points on the Plains

Object:

Before the adequacy of the groundwater as
a water resource can be assesgsed an understanding
of its source, movement and properties must be
achieved.

The age and source of groundwater can be
studied through analysis of the oxygen-18 and
tritium content. This is being done by the
D.S.1I.R. in cooperation with the Geological
Survey. This isotype work could possibly be
extended to the study of groundwater movement.
Monitoring of well pressure fluctuations might
detect a sensitivity to river or tide level changes
or to the time of year. Through analysis of pumping
tests, groundwater movement and the permeabilities
of gravels could be studied,and well interference
phenomena observed. All this information would
be of importance to the Catchment Boards and the
Ministry of Works in planning future use of well
water in Canterbury.

The Department of Civil Engineering at
the Universgity of Canterbury has an interest in
the analysis of pumping tests. 1t is suggested that
the overall responsibility for the direction of this
study be in the hands of the Geological Survey.

3.4.12. Study of the possibilities of
contamination of the groundwater
from all sources and the establish-
ment of procedures to prevent it

Object:

Any sources of actual or potential contamination
should be located and steps taken to eliminate them.
This is particularly important when the use of ground-
water is contemplated for human consumption.

Tracer techniques and the monitoring of
temperatures and chemical composition can be used
to detect the possible movement of contaminants
into the vicinity of water supply wells. This study
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should be the responsibility of the Catchment Boards
but carried out with the cooperation of all the other
groups working with groundwater studies.

3.4.13. Study of the interface between fresh
and salt water along the Canterbury
Coast and the subsurface discharge
of fresh water to the sea

Object:
The objectives of this study should be:

(a) to locate the interface between fresh water
and salt water along the coast;

(b) to determine the sensitivity of this interface
to coastal and inland pumping through wells;

(c) to locate areas under the sea where ground-
water is discharged;

{d} to estimate the rate at which groundwater
is discharged to the sea and its relationship
to well pressures.

The above information is essential if the
adequacy of the groundwater as a water supply resource
is to be assessed. The coastal aquifer may ultimately
be an important source of water, a source obtained
by partially intercepting effluent to the sea.

The location of the interface might be achieved
by the use of probes in coastal wells or by analysis of
salt content of wells. Pumping tests used in con-
junction with probes could establish the sensitivity
of the interface and the possibility of salt water con-
tamination of major wells. A study of coastal lagoons,
their altitude, separation characteristics from the ses,
water contents and water quality could assist in this
study. The locaticn of fresh water discharge to the
sea might be studied through infrared photographic
techniques, making use of the temperature
differences between sea water and groundwater,
by observing the aquatic growth and marine life
along the sea bottom or by salt sampling techniques.
The Hutt Valley Authority has done similar work in
the Hutt estuary.
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Again this study should be a cooperative
effort between all interested groups, perhaps
directed by the Geological Survey.

3.4.14. Estimation of the maximum pumping
rates permissible from wells in
various locations on the Plains
under present conditions

Object:

This study would provide the information
necessary to determine how much water could be
taken from the groundwater without deleterious
effects. As such it could be the culminating study
of all those previously suggested concerning
groundwater.

Deleterious effects that could result from
excessive pumping include the following:

{a) contamination of the water (studies 3.4. 12,
3.4.13); (b) lowering of the well pressures to
uneconomic values (studies 3.4. 10, 3.4. 11);
{c) subsidence of overlying strata.

It is conceivable that mining of groundwater
during periods of drought might be permissible
but the possibility of subsequent iand subsidence
should be known before hand. Oversgeas experience
should provide information for this study, and
techniques of on-site measurement and soil
compaction tests should be available. The Department
of Civil Engineering at the University of Canterbury
should be of'assistance here as well as the Geological
Survey.

3.4.15. Evaluation of the effectiveness of the
groundwater aquifers as storage
reservoirs replenished by artificial
recharge

Object:

This study would use the results of previous
studies on the groundwater resource to estimate the
storage possibilities that could result from artificial
recharge. In addition,this study should evaluate
various artificial recharge methods, their effective-
ness over a period of years, and any possible
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deleterious effects of raising the water table.
The following components of this study
could serve as separate projects:

(a) the determination of the loss to the sea
at various water table pressures and
elevations (study 3. 4. 13) and an estimate
of the effective storage volume at these
pressures and elevations;

(b) the drainage problems that would result
in various areas of the Plains if the
water table were raised;

(c) the location of areas where artificial
recharge might take place and the
estimation of infiltration rates and
changes of permeability that might
occur over a period of years;

(d)  the possibility of recharging through
wells, and methods of conveying
water to the wells.

This study could be undertaken by a graduate
student in Civil or Agricultural Engineering. It could
be the responsibility of the Ministry of Works, the
Catchment Boards or the N. Z, A.E. L.

3.4.16. Exploration and evaluation of
groundwater resources in areas
above the gorges

Object:

This study is essential to the understanding of
the hydrologic cycle in the upper catchments of the
Canterbury Rivers. The possibility of using
groundwater resources from these areas for
future irrigation schemes should be explored.

It should be determined whether groundwater
moves to the Plains without passing through the
gorges.

This study should be carried on in parallel with
study 3.4.4. which is concerned with the water balance
in the upper catchments. Well drilling will be necessary
as will geophysical explorations. If early exploration
locates sizable resources, a detailed and extensive
survey may become desirable.
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The (Geological Survey would be the logical
agency to commence this study.

4,5.1. Refinement and extension of the available
data on water requirements for purposes
other than irrigation

Object:

A major weakness of this report is the lack of
detailed projects of water requirements for purposes
other than irrigation. Until reliable projections are
available final decisions on the adeguacy of the water
resources of the Plains to meet future demands cannot
be made.

Studies that must be completed are discussed
below:

(a) The minimum river flow at various times of
the year necessary to maintain aquatic life
at a satisfaciory and regenerative level
must be determined. Varicus estimates
have been made by acclimatisation societies,
Stephen (1972), and experiments are in
progress, but each river must be studied
separately, a process that will require con-
siderable time and effiort, It is suggested
that the Zoology Department of the University
should direct these studies but that the funding
should come from Government agencies.

{b) The growth of industry in various regiong of
Canterbury must be assessed and predictions
made of water requirements for industrial
use and for effluent dilution. The University
and various governmental agencies could
participate in these predictions.

(c) Domestic water requirements must grow
with population. Projection of population
growth is available, Heiler, Taylor and
Johnston (1970) but need to be checked and
extended.



(d) Stock water requirements for the future
will depend upon agricultural trends
in the various areas of Canterbury.
These could be assessed by the Ministry
of Agriculture and Fisheries, and by
Lincoln College.

(e) The hydroelectric power potential of the
major rivers has been assessed in the
past. With the use of storage in the
upper catchments, hydro-electric
development might become feasible
in the future. The effect such develop-
ment might have on other water users,
such as irrigation schemes, should be
assessed.

(f) Upon completion of the studies above it
should be possible to correct Table 5
of the report and extend it to cover
various periods of future years.

It is suggested that the N. Z. A. E. I. be asked
to coordinate and instigate these studies.

4.5, 2. Analysis of the social and political
implications of the various uses of
water resources on the Plains

Object:

This study should assess the social and political
factors that might affect the planning of intensive
agricultural schemes on the Plains.

In a democracy people should not be coerced
into accepting the master plans of governmental
agencies or of the so-called experts. A very real
input to such planning must therefore be an assess-
ment of the effect public opinion, as expressed by
groups or by individuals, will have on the success of
the plan. That such factors affect planning in
Canterbury is seen in the slow growth of water use
in the Ashburton - Lyndhurst Irrigation Scheme.

At least three very sensitive issues must be
studied. One concerns the resistance of the tradit-
ional farmer to a change in farming methods - from
grazing to intensive cropping for example. This has

51



been the subject of study 2.5.6. Another is the growth
of environmental and recreational concern. Any plan
for alteration in river regime, for example, that will
affect fish spawhning or wildiife areas, will attract
determined resistance from conservation groups and
acclimatization societies.

The third deals with the quality of life in New
Zealand society. A school of thought exists that places
the blame for many of the ills of present day society on
the move away from the land to the cities. There is
much evidence to link the increase in crime and in
certain diseases of the mind and body to urban ex-
pansion. In some parts of the world youth in its
wisdom has reacted against the pressures of city
life and has begun a move back to more natural
surroundings. Social planning must consider the
implications for the future of such a philosophy.

Although the tendency in making studies such
as the present report represents, is to concentrate
on the engineering and agricultural aspects of the
problem, the work would be incomplete and could
even be detrimental to national interest if sccial
effects and consequences were ignored. Properly
planned intensive agriculture on the river basins of
the Plains could be an incentive to population dispersal,
to the revitalization of the small town and, perhaps to
a resulting improvement in the health of Canterbury
society.

These rather delicate studies should be the
responsibility of pertinent University Departments
in cooperation with various governmental agencies.

4.5.3. Selection of suitable reticulation systems
to supply the irrigation water requirements
as determined for the various land use
schemes in previous studies

Object:

Previous studies will have established a series
of land use schemes suitable to the various areas of
the Plains (2.5.2.) and water requirements during
the design drought (2.5.7.). Irrigation methods
suitable for the various areas of the Plains have been
determined (2.5.3. and 2.5.4.). This study should
take this information along with that concerned with
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water supply (3.4.5, 3.4.14, 3.4.15, 4.5.1) and
propose reticulation systems suitable for each
scheme. Economic data should be established
for each proposal as an eventual input to the
final analysis necessary before an ultimate
plan can be formulated.

This study must await the completion of
many of the previous studies. It could be the
responsibility of the N. Z, A, E. L.

4.5.4. Determination of storage requirements,
surface or subsurface, needed for the
various reticulation systems and
schemes of the previous study

Object:

Each land use scheme and reticulation system
combination may require storage of some sort -
surface behind large dams or in farm ponds, or
sub-surface in the groundwater aquifers. This
study could in part be done by graphical means
using mass curves and duration curves, or by
computer analyses. The N. Z. A.E.I. could
direct this study, and student participation at
the masters level might be appropriate.

4.5.5. Liocation and analyses of storage
sites on the various rivers of
the Plains

Object:

With a knowledge of the surface storage
required for each scheme of the previous study,
a search should be made for suitable sites for
storage reservoirs on each river catchment.
Possible locations should be studied by recon-
naisance, then in detail, to determine the
necessary structures, the effect of the reservoir
on the environment, the probable watertightness
of the basin, the sediment problems involved and
the estimated cost figures for the project.
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The preliminary work for this study would be
done on large scale topographical maps supplemented
by field surveys. If a site appeared to be a feasible
one, more detailed surveys should be undertaken.
Field measurements of permeability of the gravels
and determinations of the geological structure
must be made. Assessment of the suitability of
the foundations and the abutments must be
completed. Use should be made of the results
of the sediment movement research of study
3.4.7., and possibly, physical or analytical model
tests should be set up to assess the particular
sediment problems of the site. Finally, a pre-
liminary design of the necessary structures should
be completed and a cost estimation made.

This work would be suitable for graduate
students in Civil or Agricultural Engineering and
could be directed by the N. Z. A. E. . with assistance
from other agencies such as the Ministry of Works
and the Geological Survey.

5.2.1, Formulation of a systems analysis
approach to the problem of providing
for intensive, irrigated agriculture
on the Canterbury Plains, and, through
this analysis, the determination of a
plan that would promise an optimum

considering both direct and indirect
costs and benefits

Successful completion of this study would
provide a plad for agriculture on the Plains. The
inputé would arise from the studies suggested
previously in this report plus other data concerning
markets, prices and costs. Benefits should take
into account supplementary advantages accruing
from the provision of storage dams, regulating of
river flow and the like. Costs must include those
directly related to the projects, such as any
alteration of recreation facilities.

It is unlikely that final decisions could be
made entirely on the basis of the results of this
analysis since uncertainties must exist and
personal tastes and judgements will be involved.
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However from several alternatives provided
from this study a reasonable plan could be
selected by concensus and compromise.

It is suggested that the N. Z. A. E. I.
take the responsibility of organizing this study.
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7. APPENDICES

7.1 NOTE ON WATER REQUIREMENTS OF CROPS
ON THE CANTERBURY PLAINS

Under several conditions overseas it has been
possible to correlate crop-water use to solar radiation,
pan evaporation, or prevailing temperatures. However,
when strong advective energy sources prevail, there
is substantial uncertainty as to the usefulness of such
relationships.

Advective energy is not taken into account when
water requirements are based on measured solar
radiation, except, perhaps in part, through a still
imperfectly understood effect of sky radiation
(scattered indirect solar radiation under cloudy
conditions in contrast to directed solar radiation
from a cloudless sky). As far as is known today,
solar radiation measuring cells will not show up the
effective increase in energy availability arising from
a warm northerly wind or the effective decrease in
energy availability caused by cool southerly winds
under New Zealand conditions.

Pan evaporation, like crop evapotranspiration,
is affected by the three sources of energy supply;
direct solar radiation, sky radiation and advective
energy brought in by wind-driven air masses.
However, water in an evaporation pan, with a
smooth exposed surface and a small surface-
volume ratio protected by a rim above it, is
not as effective an interceptor of advected energy
as a crop plant. The latter has a large surface-
volume ratio and is aerodynamically rough in com-
parison to water in an evaporation pan. In addition,
the same exposure characteristics cause a crop plant
to be more subject to the effect of wind on the vapour-
pressure gradient than is water in an evaporation pan.
Therefore, pan evaporation is less affected by advected
energy and wind than is crop evapotranspiration.

Interestingly, prevailing temperatures tend
to reflect direct solar radiation, sky radiation and
advected energy, but cannot show any effect of wind
on pan evaporation or crop evapotranspiration. The
simple empirical Thornthwaite and Blaney-Criddle
methods, which are based on prevailing temperatures
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have given reasonably good knowledge of the
magnitude of crop evapotranspiration under
inland {continental) conditions. However, in a
number of coastal areas, subjecttomodulating
oceanic influences, prevailing temperatures have
been found to be no longer a reasonable indication
of crop evapotranspiration, for reasons which are
not yet understood.

On the Canterbury Plains, oceanic influence
and strong advective energy create a complicated
situation. The proximity to the ocean seems to
have caused moderation in the range of summer
and winter temperatures. On the other hand,
the situation of the Plains in the low forties
latitude made them subject to unobstructed polar
air mass movement from the south at any time,
but mainly during other than the summer months,
January to March. During these months higher
pressure belts from the subtropical latitude move
southward. Either the southerlies or the northerlies
mean the imporfation of vast guantities of energy which
do not seem reflected in solar-radiation measurements.
Moreover, the Plains are subject to 'dried-out' air
masses descending in a north-westerly direction from
the Southern alps. These too, mean importation of
advective energy and, probably more significantly,
strong dry winds that cause steep vapour-pressure
gradients above evaporating and transpiring surfaces.
There is a need for a basic study of evaporation and
evapoiranspiration as affected by solar radiation,
advected energy (additive or subtractive from a
point of energy supply for evaporation) and wind.

This should be done by a comparative study of the
results from the three general tools now available:

{a) evaporation based on solar radiation, (b) pan
evaporation and {¢) evaporation derived from
prevailing temperatures. It would appear that pan
evaporation with the application of a coefficient to
relate it to crop evapotranspiration (which will depend
on (a) the deviation of the prevailing temperature from
the 'normal' or 'theoretical' temperature, and, (b) on
wind) offers the best prospects for arriving at potential
evapotranspiration for a given crop. Even then,
because of differences in aerodynamic roughness,
different crops are likely to require different
coefficients for specific conditions.



Even when, after further study, a better

insight will have been obtained into the level of
potential evapotranspiration on the Canterbury

Plains, extrapolation from potential evapotranspiration
to actual water requirements for irrigation

involves several considerations:

(1)
(2)

(3)

(4)

not all the land will be irrigated;

some land may be fallow part of the time
and a percentage of fallow land is likely
to increase following an expected partial
future conversion from pastoral farming
to cropping (depending on economics and
on the social and labour structure, it may
not be attractive or necessary to grow a
crop during the summer months when
enough income has been derived from a
good spring crop, such as peas or small
fruit).

For the total water requirements to be met,
qguite frequent irrigations of several of the
sandier (and stonier) Canterbury soils will
be needed, say at 3 to 5 day intervals.
Unless future economics and technology
will permit automated solid (permanent)
sprinkler and trickler sets or automated
moving irrigation pipe lines (irrigation
machines), the total water requirements
are unlikely to be reached. As a con-
sequence of irrigation being applied to crops
at intervals too widely spaced there would
be a yield depression but this would be
economically acceptable.

Theoretically, potential evapotranspiration
should be reached for close-cover crops

from which vegetative growth only is
expected, such as pastures and lucerne.
However, even for these crops peak water
requirements during relatively short

periods (say 2 weeks), demanding frequent
irrigations may not be met for reasons of
labour availability or economics. This
commonly means that some yield is sacrificed



()

(6)

7 duréng the
rangpiration.
SEskabest aed of the likely
periods vvhu/ a certain mmstare deficiency
can be accepted and this should be done in
terms of probability of recurrence,
economics and farm management.

TET -~

Jater reguirements of crops other than
pasture, or lucerne, of which the seeds

or fruits are sought, are likely to be

lower, sometimes substantially lower

than the potential evapotranspiration

level. For instance, grain crops (wheat,
barley, oats), grown mainly in spring and
maturing in early summer may need irrigation
for maximum economic production once or twice
(or at the utmost a few times) only in so many
years. IEven when it can be shown that the
probability of yield increase warrants irrigation
on x occasions, the costs of investment in an
rrigation system and the costs of its

operation and continued maintenance during
pericds of non-use may form one economic
bottleneck, and the unforeseen labour required
for irrigation may form another.

When a grain crop is followed by a root crop
for winter feed, economic justification

for irrigation will be a function of probability
of recurrence of moisture deficiency. During
a 'normal' year, reasonably good root crops
are obtained due to the ability of root crops to
scan the subscil quite deeply for soil moisture
stored from the winter and spring. While
supplemental irrigation may be needed x times
in y vears, little is known yet on the response
of root crops to controlled soil moisture levels.
It is likely that there is no economic justification
for supplying a rocot crop for feed with enough
water to satisfy the potential evapotranspiration
demand.

Beet roots for sugar production do not fall in the
same category as root crops for winter feed.
For maximum sugar production it is likely

that the crop can benefit from small moisture
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(8)

(10)

deficiencies. On the basis of this assumption,
water requirements of beet roots are likely

to be only slightly below the level of potential
evapotranspiration.

Vegetables, many of which should exhibit good
vegetative growth, should in general, be
irrigated having satisfaction of potential
evapotranspiration as a goal. Moreover,

like pastures and lucerne, they shouid

benefit from very frequent irrigations.

Orchards (tree fruits and small fruits)

may not need a continuous minimum soil
moisture deficiency for maximum fruit
production. Ample soil moisture during

the spring is needed, but during fruit ripening
in summer and after fruit harvesting, moderate
soil moisture deficiencies may not affect the
current or next year's yield. Little
quarntitative information on desirable water
management for orchards is yet available,
but it is likely that the season-long total
water requirements are below those of
potential evapotranspiration. A main
concern is to provide low soil rnoisture
deficiency during flowering, but at this

time attention is so much focussed on frost
protection that detailed studies on response

to soil moisture behaviour have been pushed
to the background. A probability analysis of
the possible immpact of goil moisture deficiency
during flowering of various orchard crops
should, however, be undertaken.

Cropping patterns can have an effect on the
selection of irrigation water requirements for
design purposes. The matching of a soil with
a crop can have an effect on the economics of
irrigation water requirements. For instance,
orchards grown on sandy soils (selected for
good drainage characteristics) may require
substantial suppleraental irrigation, whereas
heavier deep soil, in which the trees or shrubs
can scan the subsoil for stored soil moisture,
may require little irrigaticn. Further examples
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concerned with other crops can be selected
for illustration of the thesis.

It is clear that, while there is a need for additional
fundamental study of evapotranspiration, these results
could not be blindly applied to the design of water
resources projects for irrigation. The results from
any fundamental study should be tied in with assembled
practical information obtained from experiment and
the experience of farmers, and with an eye to present
and possible future economic conditions. It is likely
that the assessment of irrigation water requirements
for design purposes will point to the need for further
critical studies of soil-plant-moisture-economics
interrelationships.

7.2 CONVERSION TABLE - metric/imperial

1 ha = 2.47 acres

1 ha-m = 8.10 ac-ft

1 m3/s = 35.3 cusecs

1 m3/s/ 100 ha = 14.3 cusecs/ 100 acres
1 cusec/ 100 ac = 0. 07 m3/s/ 100 ha
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