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PR,EFACE

River and soil erosion control and water manage-
ment in New Zealand are unusually complex. To
present an account of them has required the co-
operation and help of many people and organisa-
tions. The essential background has been obtained
thn
thr
th
thu
capacity a member of the National Water and Soil
Authority. Throughout this period the Council and
Authority undertook many field trips with Catch-
ment Authorities to inspect and discuss works.
ln the process of compiling the text, Catchment
Authority members and staffs have read sections
concerning their regions and work, have made cor-
rections and alterations and have supplied illustra-
tions. Many people must be thanked for these tasks
as must the central body, the Catchment Authorities

Association, for wholeheartedly supporting the
project.
lllustrations have been obtained from various quar-
ters. Special thanks are due to the Ceological Survey
for the photographs of D L Homer, to the New
Zealand Forest Service for those of J H Johns and
others, to New Zealand Aerial Mapping, the Alex-
ander Turnbull Library, the Ministry of Works and
Development, the National Publicity Studios, the
New Zealand Railways, the Royal New Zealand Air
Force and others.
The Ministry of Works and Development must be
thanked for drafting work and D Lawrence, formerly
a cartographer with the Department of Lands and
Survey, for the series of catchment district sketch
maps. The Water and Soil Division of the Ministry
of Works and Development and that department
generally must be thanked for their support and help
in a number of ways.





INTRODUCTION

Water wears away rock and helps to form soil, but
it also carries that soil away. Water collected in rivers
transports rock and soil to the sea, from which, in
time, they are raised again and folded into moun-
tains and then eroded by more water. This is a
never-ending cycle.
Men cannot live without water. Early men set up
their communities around water supplies and
organised themselves to master it for their use. They
fought over it and established rights to certain
usages. Whole nations became dependent on sup-
plies of water.
The mastering of water has been no simple task. ln
the form of rain, ice and snow it constantly changes.
At one time it is helpful, at another destructive.
When it gathers in rivers it can be a most powerful
erosion agenq but with the eroded material it forms
flood plains which men everywhere seek because
of their fertile, moist soils. The control of water on
these has exercised some of man"s greatest
ingenuity.
ln New Zealand we usually take our water supplies
or granted. We have forgotten the difficulties our
pioneers faced with floods, river crossings and jour-
neys through swamps. We have little appreciation
of the increase in production from land protected
by a flood control scheme; the revolution in land
use in the Waikato, the Manawatu plains, lnchclu-
tha, the Heretaunga plains and many other flood
plains. Nor do we comprehend the key part that
water is bound to play in the country's future.
Nearly all of us work soil at one time or another if
only in the garden. Many of us are involved with
soil through our work. We may come to understand

1. The restless land. Many forces are at work shaping
this landscape. Mountain building has pushed up the
Remarkable Mountains beside Lake Wakatipu. Claciers
in the past have gouged out the valleys. The elements
of a severe climate and water have eroded the moun-
tains. Water has laid the flats in the valleys. Men must
work with these forces if they are to occupy this coun-
try successfully. (J H Johns)

not only how to use the soil but something of its
origin and formation. Soil conservation measures-
efforts directed towards erosion control and per-
petual use-are usually not so well understood.
Rapid settlemen
the urgency to
inevitably to mis
manently. Yet
recent we have been able to use the growing
knowledge of water and soil management. More-
over, the wealth of water and soil we inherited has
given us an excellent base to manipulate.

ln 1967 a Water and Soil Conservation Act (see page
24lor details) was passed in New Zealand. This'Aðt,
together with a forerunner, the Soil Conservation
and Rivers Control Act 1941, provided for the con-
trol of flooding, erosion, drainage and the manage-
ment of natural water.

The Acts provided for the setting up of an organ-
isation that has come to be known as NWASCO
(National Water and Soil Conservation Organisa-
tion). An Authority at the top guides two Councils,
one dealing with floods and erosion and the other
with management of natural water. The Councils
operate through Catchment Authorities across the
country. These design, execute or supervise river
control schemes and drainage, soil erosion and con-
servation schemes, and they survey/ measure and









Resources require detailed and careful study, which
is difficult to carry out. Substantial research pro-
grammes on these subjects are now underway.
The seas around the coast of New Zealand are
rough, with strong currents. Four-fifths of the
11200 kilometre coastline is exposed to the open
sea. Of this nearly 20 percent is accreting but 25
percent is eroding, as witnessed by the cliffs and
movement of sand.

Sand and silt brought down by the rivers to such
rough seas does not build out in deltas as it does in
calm seas or lakes. Some is dropped to form bars at
river mouths. Some is washed along the coast to
form beaches and sand bars out in the sea. Behind
these, quiet estuaries may be formed. The mouths
of rivers can migrate along these sand bars depend-
ing upon currents, storms, tides and floods. ln this
way river mouths can move rapidly and for distances
of several kilometres. Trying to stabilise the mouths
of New Zealand rivers is a difficult and costly oper-
ation because works are constantly threatened by
floods and high seas.

The same forces eat ¡nto soft and unconsolidated
coastal rock or sediment formations. Vertical tec-
tonic movements are also rapid enough to have
local effects. Severe coastal erosion can occur at
unpredictable intervals.
Remarkable changes are occurring at many places
around the coast. Farewell Spit accumulates sedi-
ments from the West Coast rivers and is extending
further into Golden Bay at the rate of almost 70
metres a year. North of Milford Sound sediment has
helped fill in former fiords and has smoothed out
the coast from Martin's Bay to Farewell Spit. On the
opposite side of the South lsland, along the South
Canterbury coast, Upper Pleistocene conglomerates
are being eroded at the rate of one or two metres
per year with serious results.
ln many places and in many ways man's activities
have interfered with sediment supplies, resulting in
artificially created rapid erosion or accretion.
Coastal habitations have often been threatened or
destroyed. The Soil Conservation and Rivers Con-
trol Council has been burdened with problems of
coastal erosion. Creat pressure is put on it from time
to time by those whose properties are threatened,
even though it might be well known that halting the
erosion process is impossible. Some attempts to do
so have been bottomless pits for sinking money
into.

Through the Ages
A few examples from overseas will illustrate how
people through the ages and in comparable situa-
tions have managed their water and soil resources
for their wellbeing, or mismanaged them, often to
their great disadvantage.

While men remained nomadic hunters soil was not
greatly important to them, but water was; they
could not live without it. They had to have clean
water for drinking and bathing. Other animals also
needed water, so the best place to hunt was along
rivers and around lakes and water holes. Here men
could also begin to fish. The making of boats ena-
bled men to extend their range of hunting and fish-
ing. Waterways facilitated communication and
trade.
Ability to hunt and fish and gather food developed
long before agricultural skills, which progressed
painstakingly in more recent times. The most
responsive soils were the rich silts deposited by riv-
ers along their lower reaches. The water adjacent to
these areas could be carried to the cultivations, but
this required hard labour for little result. An easier
way was to lead water along ditches to the crops.
Systems of ditches and dams were formed and were
constantly improved to become ¡ntricate systems of
irrigation. The first great civilisations were based on
the cropping of irrigated land, and, ever since, the
rich silt flood plains have been sought after the
world over.
Cultivation produced more food than hunting. lt
therefore paved the way for a more rapid growth
of population and for the concentration of it in
closer and larger settlements. This in turn gave
people opportunities to diversify their skills and to
trade in the results of craftmanship.
Water assumed increasing importance as these
developments took place. lt was essential for crop-
ping, it was the medium of transport, and, as urban
communities developed, it had to be collected and
distributed for daily domestic use. As highly devel-
oped civilisations appeared along rivers the Nile, the
Tigris and Euphrates, the lndus and Ganges, the
Yangtze, the Yellow and other rivers, the manage-
ment of water in these rivers provided the spring-
board from which mankind took gigantic leaps
forward in achievements.

The Nile
We read about the great dynasties of Egypt; the
building of intricate and vast monuments in the
pyramids and sphinx, the working of metals and the
invention of all manner of things. This civilisation
was bound to the river Nile. We are usually taught
little about that, beyond the fact that the river
floods annually, and that these floods provided the
water for the cultivated land in its lower reaches and
fertilised it each year with a deposit of silt. How did
this inter-dependence evolve?
Early rulers were the managers of water as well as
of people. They were all-powerful in controlling
distribution of water for irrigation. How did they
administer this great reserve? During this century
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astonishing changes have been taking place in the
management of the Nile. These demonstrate the
wide range of matters that must be taken into
account in manipulating a river upon which coun-
tries are so dependent.

A major attempt to improve and expand Egyptian
agriculture was made by building the first Aswan
dãm at the beginning of the century. This stored
water and regulated floods. Results were so suc-
cessful that subsequently the level of the dam was
raised to 36 metres. ln the 1930s the Sudan also built
a major irrigation scheme using the Nile water' By
the i950s nine dams and barrages controlled the
Nile within the two countries.

ln 1969 the Aswan High Dam was completed, a huge
structure 110 metres high. lt impounded such a

large volume and weight of water that unexpected
problems of seepage and evaporation were encoun-
tered. lt also prevented the flow of river silt that had
fertilised Egyptian agricultural land for so long'

These developments have involved technical, social,
economic, political and environmental problems as

wellas difficult negotiations between countries. The
result would seem to be that Egyptian agriculture,
whatever its improvements, has come to rest on a

precarious base. The management of the Nile water
is now making even more demands on the rulers of
Egypt than it did in ancient times.

East Asia
Other great rivers have equally complex histories of
inter-dependence with human populations. The
Yangtze flows for 6000 kilometres across China
emptying into the sea at Shanghai. Between one
quarter and one third of the huge Chinese popu_

lation, or one twelfth of the people in the world,
live in its basin and depend on the river for survival'

One unusual water resource occurs in Cambodia
(Kampuchea). The monsoon rains bring summer
flooding of the Mekong river. It overflows into a

major tributary, the Tonle Sap, which then reverses
its flow into central Cambodia where it expands the
lake system 7 o¡ 8 times for several months. The
heat causes plankton to multiply rapidly in the shal-
low lakes, and, "fish have only to open their mouths
to feed themselves". Over 170 species are caught
and give the highest fishing yield in the world.

The Thames
London grew up along the river Thames because it
provided water the population needed, a conveni-
ent drain for disposing of refuse and a sheltered
stretch of tidal water for the development of a port
and trade. All uses were developed together. There
are many lurid descriptions of the once deplorable
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state of the river and its surroundings. Royalty often
complained because the "dung, lay-stalls and other
filth" along the banks created difficulties in getting
along it. Dwellers on its banks resorted to devices
such as hanging cloth saturated in ammonia over
their windows to counteract the stench. ln spite of
these conditions water continued to be drawn from
the Thames for drinking until quite recently. lf there
was any treatment at all it was an ineffective filter-
ing. One of the results was cholera epidemics that
continued in London until after the middle of the
1800s. During that century the relationship between
the disease and the impure water supply was first
postulated. The Thames had then reached an
advanced stage of pollution. Fish and birds died
along with the population.

Royal Commissions in Britain investigated river pol-
lution and water supplies more thoroughly than
ever before. Urban authorities began to look to the
pure water available from the hills and mountains.
Before they could harness these areas they had to
know a great deal more about their hydrology, rain-
fall, river flows, and storage possibilities. "Within no
more than a quarter of a century a thoroughly disor-
ganised and irresponsible state of affairs had been
replaced by standards that are high", noted a sub-
sequent report.

Nowadays if you walk into the offices of the Creater
London Council on the banks of the Thames you
can see a fish tank contain¡ng many species of fish
all caught in a river which not so long ago was
"dead", devoid of fish. lt was international news
when two rare species of smelt were caught in 1979.

The history of the Thames is a lesson for all because
it has been estimated by the United Nations that at
least half the population of the developing world
does not have safe water to drink and three-quar-
ters have no sanitation facilities. At least 10 million
children die of waterborne diseases every year and
the World Health Organisation blames inadequate
water and sanitation for 80 percent of disease.

The Creater London Council has completed
possible

e capital
Council

the dan-
ger and one special threat which occurs from time
to time. The continuing reasons are that London is

slowly sinking and that the tides in general are rising
and the special threat is from surge tides". When a

city is 2000 years old these geological processes
become significant.

Men, Mountains and Erosion
Men moved into the mountains first for hunting,
later for cultivating the easier land and herding
domesticated animals in the forests and on the tops.



They extracted wood from the forest for fuel and
for building material. Cradually, greater and greater
quantities of wood were sought for industry.
This was happening before the effect of vegetation
on water and soil was understood, and long before
anything was known about management of forests
for perpetual (sustained) yields of wood. Between
accidental burning, over-cutting and overgrazing,
huge tracts of forest were destroyed and erosion on
a severe scale was induced. Soil was stripped away
and the rivers into which it was washed were soon
affected.
ln Mesopotamia populations that grew up along the
Tigris and Euphrates drained swamps and estab-
lished an intricate network of canals. But defores-
tation in the headwaters to supply the great cities
with fuel and timber caused the rivers to become
more unreliable and floods more damaging. Silt
filled the irrigation channels and canals and in some-
thing like 5000 years the delta of the rivers extended
300 kilometres into the Arabian Gulf.
ln mountainous Creece heavy demands were made
on wood for small industries, such as boat building.
The deforestation that these uses and overgrazing
caused brought in its train widespread erosion. Riv-
ers built up their flood plains and deltas built out
the coastline. The sites of some of the battles of clas-
sical times fought on the coast are now several kil-
ometres inland.
ln central Europe, where the last glaciation has left
narrow valleys and steep mountains, settlement is

constantly threatened by torrents and avalanches.
To prevent this situation from deteriorating, control
of tree-felling in the forests on the valley sides was
introduced as early as the thirteenth and fourteenth
centuries. Sometimes felling was totally forbidden in
forests perched above villages. Animals, principally
goats, were nevertheless allowed to graze in these
forests, and in time the constant browsing
destroyed some, thus threatening settlements. Long
and bitter experience taught the lesson of the vale
of protection forest.
Today in these central European countries, forests
are retained and management regulated although
they are, for the most part, privately owned. ln
Switzerland the forest area has remained unaltered
since the last century and over 80 percent of it is

designated "ban-wald". ln many of the mountains

of Europe, especially at high altitudes, such is the
protection value of forest that it is being
re-established at great cost.

The USA
The Dust Bowl of the Creat Plains States of North
America was once held up as an example of what
could happen when soils were maltreated. Rapid
occupation of the land by people who did not rec-
ognise the hazards led to the trouble. Control meas-
ures have curbed this erosion, but while it occurred
it depleted millions of hectares of light soils in low
rainfall areas. ln some severely depleted tracts of
Iand depopulation occurred.
Experience which coincided with the Dust Bowl
period, but in another area, made the USA a model
for other countries. The western slopes of the
Appalachians were denuded by mining, milling and
cash cropping. By the 1930s dangerous and costly
flooding down the tributaries of the Mississippi, and
especially the Tennessee and its tributaries,
required urgent action. ln an unusual enterprise
combining federal and state agencies, the Tennes-
see Valley Authority was established. Twelve major
dams and 15 smaller ones, hydro electric stations,
fertiliser works and soil conservation programmes
were among the TVA's undertakings. New indus-
tries were attracted to the region by the cheap elec-
tricity and improved communications, recreational
use of the new reservoirs increased tourism and a
depressed area moved ahead. Although TVA did
not bring all the social benefits that had been hoped
for, it remains a classic example of the benefits of
integrated soil and water planning over whole
catchments.

lsrael
ln the State of lsrael land use is controlled by the
allocation of water, the supply of which is about 'l
percent of the fresh water resource available to
each person in New Zealand. Apart from costly
desalination of sea water additional water can only
be obtained by improving management practices,
by reclaiming sewage water, recharging under-
ground sources and collecting every possible litre
of run-off.

15









efforts. At the same time drainage of the swamps
behind the river banks commenced; a difficult oper-
ation, because getting rid of the water often meant
putting it on to a neighbour's property. Sometimes
swamps were lower than the river bed so that costly
pumping was required.
It soon became clear that success could only be
achieved by stopbanking both banks and long
stretches of rivers, and by draining larger areas of
swamp-lessons the Egyptians and other civilisations
had learned thousands of years earlier. Settlers,
however, could not develop these methods until
they had more money, equipment and labour, bet-
ter communications, and were more highly
organised.

Accordingly, under the system of provincial govern-
ment/ River and Drainage Boards and River Trusts
were formed from the 1860s. ln '1884, the Central
Government passed a River Boards Act laying down
the basis for the constitution of these bodies. The
Land Drainage Act 1893 ensured that the functions
of river control and drainage were interchangeable
because they were usually related, often having to
deal with the same water.

Numerous amendments and new Acts followed, in
particular Acts to allow the Government itself to
develop large and difficult areas of flood plains and
swamps. Money, adequate engineering designs, and
big machines had to be provided for such under-
takings. Under one of these Acts, flood protection
and drainage of 50 000 hectares of the Hauraki
Plains was commenced-a mosaic of low-lying dry
land, swamps and peat bogs, most of it flooded fre-

-..^-'l-. 
L-. ^l-- r^, !l I 

^' 
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the coast by high tides.
ln spite of the efforts of River and Drainage Boards
flooding continued, because the bodies set up still
could not deal with large enough sections of rivers.
One Board might plan to control a section of bank
on one side only and another Board the other side.
Sometimes there were two and three River Boards
to one river and a number of Drainage Boards
involved in the swamps flooded by the river.
Because of growing investment in farms, drainage,
roads, bridges and urban property, the Covernment
was called more and more frequently to help
finance restoration following flood damage. The
increasing toll caused mounting pressures for still
more comprehensive control. Enquiries set up to
investigate flood disasters became common.
The need to arrest and cure soil erosion was becom-
ing equally urgent if more and more hard-won land
was not to be destroyed and rivers were not to be
overloaded with silt and shingle. The one affected
the other. lf the two forms of control could be com-
bined something effective might be achieved. What
was wanted were groups of people, representing
large districts, having the power to examine whole
rivers and their catchments, and authority to collect
money to finance extensive control measures.
From time to time recommendations of this nature
were made in reports of Commissions and enquiries
on river control. ln New Zealand worldwide experi-
ence was simply being repeated showing that to
change any part of a river or catchment affected
other parts.
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TABLE 1

National Water & Soil Conservation Organisation (NWASCO)

Catchment Boards and Commissions (which are also Regional Water Boards)

I
I

The 1967 legislative provisions are also included in the
Waikato Valley Authority

Auckland Regional Authority
Wellington Regional Council

legislation
1967 Water and Soil Conservation Act

1956 Waikato Valley Authority
(Powers of Catchment Board)

1941 Soil Conservation and Rivers
Control Act

1926 Hauraki Plains Act
1915 Swamp Drainage Act

1910 Waihou and Ohinemuri Rivers

Waters Pollution Act 1953
(Pollution Advisory Council)

Throughout this period to 1953 a number of Acts
dealt in part with water use and pollution.

1908

1893
1884
1876
1868

Improvement Act
Land Drainage Act (36 Boards operating)
Rivers Boards Act (38 Boards operating)
Land Drainage Act
River Boards Act
Provincial Government ends
River Boards and Trusts in Provincial
Government

ing river control commenced from the first days of settlement and incorporated soil erosion control in the Soil

rs tontrol Act 1941. Legislation in respect of water use and pollution giew up from other directions but was

that for river control anä soil conservation in the Water and Soil Conseivation-,\ct1967 to form a basis for the

coherent management and conservation of our most important natural resources.
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THE SOtt CONSERVATION AND RIVERS CONTROI ACT, 1941

Comprehensive Legislation at Last
ln a pioneering and imaginative piece of legislation
the Covernment passed the Soil Conservation and
Rivers Control Act 1941 " . . . to make provision for
the conservation of soil resources and for the pre-
vention of damage by erosion, and to make better
provision with respect to the protection of property
from damage by floods."
Catchment Boards were set up under this Act, each
to exercise control over one or more major catch-
ments. They were a combination of representatives
elected by residents because of their local water and
soil interests, and public servants who had regional
experience in engineering, land management, agri-
culture, forestry or scientific matters-all things
connected with the use of catchments. This com-
bination had not been tried before, and it proved
very effective. Administration by the Boards was
financed by a general rate levied over each Board's
district.
The Boards set to work to recruit river engineers
and to train soil conservators. At that time there was
very little experience in the country on soil erosion
control. Soon comprehensive schemes for the con-
trol of flooding of the most troublesome rivers were
being designed. The work would be paid for by rat-
ing everybody affected and by a subsidy from the
Soil Conservation and Rivers Control Council, the
central body established under the Act.

Thirteen Catchment Boards were formed between
1943 and 1955. Three Catchment Commissions were
added, the difference being that the representatives
on these were appointed by the territorial local

authorities in the region rather than directly
elected. ln 1956, an authority for the Waikato, the
Waikato Valley Authority, was set up under a sep-
arate Act.
Two further additions should be noted. The cities
of Auckland and Wellington were involved in pro-
viding water for their growing populations. As the
cities expanded problems of drainage and land sta-
bility also became increasingly difficult. When,
therefore, their water supply Acts were revised pro-
vision was made in them to operate the provisions
of the 1941 Soil Conservation and Rivers Control
Act. Thus the Auckland Regional Authority and the
Wellington Regional Water Board (now the Water
and Soil Management Committee of the Wellington
Regional Council) became in effect catchment
authorities.
The areas of all these Catchment Authorities com-
bined to cover 90 percent of the country. This rapid
development was a reflection of the extent and
severity of the river problems and soil erosion, and
of the strength and acceptability of the legislation
designed to provide a basis for control. This was not
another transition stage but a consolidation of
approaches which had evolved through more than
a century of endeavour.

Soil Conseruat¡on Tools
Land Use Capability, Land Use Resource Surveys,
Farm Plans, Run Plans-A multiplicity of titles; but
they all add up to information directed towards the
use of land in perpetuity, and, where applicable,
sustained production. They have particular meaning

TABLE 2

land Use Classification

Class I

Class ll

Suitable for cultivation for cropping; Class lll
increasing limitations and erosion risk

Class lV

Very good land with few limitations to
cropping.
Good land with minor limitations.
Good land with moderate limitations.

Reasonably good land but with severe
limitations.

Unsuitable for cultivation for cropping;
increasing erosion hazard.

Class V

Class Vl

Class Vll

Class VIll

Land with slight erosion hazard; unsuitable for
cultivation.
Land with moderate erosion hazard.

Land with severe limitations and erosion
hazard.

Land with very severe limitations; unsuitable
for productive uses.
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where land is being degraded through erosion or
where erosion is likely to be induced because of
management malpractices.
ln implementing the 1941 Act the Soil Conservation
and Rivers Control Council introduced a system of
erosion control based on Land Use Capability sur-
veys and farm and run plans. The system has been
described by McCaskill in Hold This Land. Briefly it
consists of producing a map showing the land use
capabiIities-or barriers to land use-of various
parts of a farm or run. Erosion control measures, for
cure or prevention, are then integrated into a plan
of management and finance for the whole property.
Agreement to this plan is a firm contract between
the farmer and the Council because grants are given
to help finance the soil conservation measures.

Benefits to the landowner come through the curing
of erosion accompanied usually by increased pro-
duction over the whole farm.

Farm or run plans are powerful tools in erosion con-
trol and land management generally. They might
well be used more widely for a number of purposes.

The essential basis of the system is the production
of a map showing classes of land that are eroding or
would be subject to erosion if used in certain ways.
Eight classes (within which finer distinctions are
made for individual areas on a farm) are used. They
are shown in Table 2.

Many factors determine the use to which land can
be put. The problem becomes how many of these
carì be combined on one map if the map is to

Ë+if:--.Þ

remain intelligible. Land use capability mapping
nowadays is based on a combination of geology,
soils, relief, erosion, vegetation and land use. Other
matters enter into land use capabilities, but those
Iisted are usually the most important.
Since farm plans proved successful, the extension of
this sytem to catchments or even whole Catchment
Authority districts has been a logical step. Erosion
in particular and land use in general affects streams
and rivers and these in turn affect water quantities
and quality and communications. Hence the need
in some places for a whole catchment approach.
Recently a new tool has been developed for
resource analysis, with the compilation of the New
Zealand National Land Resource lnventory. This
presents/ at a mile to the inch scale for the whole
country/ the rock types, soil, slope, erosion, vege-
tation and land use capability. This information is
published as worksheets and is stored by computer
to provide rapid access for either tabulated or
graphically presented data. Appended to the data
base is further information on stock and fertilisers
and on forestry potential.

11. A landscape showing land capability classes
described in the text. ln this picture there are no C/ass
I and Il areas (that is land with few limitations to crop-
ping). Such mapping can help to provide a basis for
improved and stable land use. (MWD)
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WATER MANAGEMENT AND MISMANACE¡VTENT

The story was by no means ended. The number of
domestic stock New Zealand farmlands carry is a

wonder to all visitors. Pastures nurtured by good
rain are a major influence, but plentiful drinking
water from natural supplies has been another. Farm
stock drank-and still drink-directly from streams
and rivers throughout the country and this became
at one stage the largest established use of natural
water.

The wash from milking sheds and effluent from a

vigorous dairy industry usually went straight back
into ditches, streams and rivers. At the same time,
fishermen were busy stocking lakes and rivers with
trout and salmon. Angling and boating were Srow-
ing sports demanding clean water.

Urban water supplies were often drawn from rivers,
especially those with forested catchments, because
the filtering effects and regulating powers on water
of the native forests were quickly discovered. Some
urban communities were fortunate enough to have
discovered bountiful underground water supplies.

lndustries, including the dairy factories and numer-
ous freezing works, established themselves along-
side rivers from which they could draw their water
and return their effluents. Mining used large quan-
tities of water and then poured it back, laden with
silt, into rivers. Gold dredging churned up river
beds thus changing the natural flow.

Hydro-electric schemes grew from small begin-
nings-the first station was constructed at Bullen-
dale on the Shotover in 1866-to the artificial
control of large lakes and rivers, often pre-empting
use of the best water resources.

ln response to all these demands on water, there
evolved a bewildering amount of legislation cover-

discharge of trade wastes into the Tarawera River.

of the land yielding those supplies.

The Wildlife Act provided for wildlife sanctuaries
which included water as well as land. The Lands,
Forests, Public Works and Mining Acts all included
major provisions dealing with water. There were
dozens of other Acts and regulations involved.

It is relevant to read the list of departments included
on a committee set up by the Covernment as late

as 1963 to 'see through a glass darkly'. They were
Works, Agriculture, Electricity, Forest Service,
Health, lnternal Affairs, Lands and Survey, Marine,
Mines and Treasury; a reflection of the all-prevading
importance and use of water.

"A halt must be called to the increase of water pol-
lution", became a public battle cry. An alarming
state had not yet been reached except in limited
localities; certainly nothing to be compared with
that found in some other countries. New Zealand
did not have, or want/ a Rhine or a Lake Erie. Never-
theless, dangerous trends were there.

The first concerted move to put these matters right
came in 1953 when the Waters Pollution Act set up
a Pollution Advisory Council and made provision for
restricting pollution, though not for reversing it.
The wording of the Act said it was to prevent the
pollution of natural water "as far as possible". Alarm
about fisheries, mainly freshwater fisheries, was one
of the principal reasons for this changed thinking.
The move towards improvement, therefore/ was
organised through the Marine Department because
it was responsible at that time for fisheries. The Pol-
lution Advisory Council operated under that
department.

Ten years later the Water Pollution Regulations
followed. They made provision for the classification
of waters according to their uses. A standard against
which the use of water could be measured thus
became possible. Was the water safe to drink? Was
it safe to swim in? What would a polluting discharge
do to a certain class of water? These questions could
be answered if the water being used had a classifi-
cation. The provisions for classification were
repeated in subsequent legislation.

These were tentative steps which could be under-
stood only in the light of the widely accepted think-
ing, developed out of necessity by pioneers, that
natural water was the most readily available and best
means of diluting and dissipating pollution, and was
there to be used for that purpose. lt had been main-
tained in earlier years that New Zealand had ample,
fast-flowing natural water, so that the danger of
undue pollution was remote.

The measures taken to improve the situation up to
the 1960s were palliatives and dealt with one aspect
of water use only-pollution. The next steps were
to be as bold as the previous ones were half-
hearted. They were to provide New Zealand with
the most constructive water legislation of any coun-
try in the world by bringing together all manage-
ment of natural water/ including flood control and
drainage, water supplies and pollution, as well as the
conservation of soil.
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The Water and Soil Conservation Act 1967
The basis was laid in the Water and Soil Conserva-
tion Act 1967. ft was linked with the 1941 Soil Con-
servation and Rivers Control Act. After preliminary
measures, the new structure took f ull shape in 1971.

There were now two councils, the Soil Conservation
and Rivers Control Council dealing with erosion
prevention and flood control and drainage, and the
Water Resources Council handling the mana-
gement of natural water. Another body, the
National Water and Soil Conservation Authority,
was placed over the two councils to co-ordinate
their policies and provide a link through its Chair-
man, the Minister of Works, with the Covernment.
The whole structure, called the National Water and
Soil Conservation Organisation (NWASCO) was ser-
viced by a Water and Soil Division of the Ministry
of Works and Development. That department had
had much to do with flood control since early times,
with bridge building and road making which were
often affected by floods, and with aspects of water
use. lt already provided technical services to the Soil
Conservation and Rivers Control Council.

The long title to the 1967 Act was an expansion of
that introducing the 1941 Act. lts significance is far-
reaching, so it is quoted here. The last lines are
those inserted in an amendment in 1981 to give
added emphasis to the recreational uses of water.
Hitherto the use particularly of rivers and streams
had been mainly for stock water supplies, urban
water, hydro-electric developments and irrigation.
These uses had grown rapidly and brought about
changes to rivers, some of them major. But now
there was a growing body of recreational users
including boaters who wanted long stretches of riv-
ers reserved. They sought complete reservation. But
the management of a river has to have regard for its
whole length and its continuous flow for all pur-
poses. The solution was found by making the
amendment to the 1967 Act.

"An Act to promote a national policy in respect
of natural water/ and to make better provision for
the conservation, allocation, use and quality of
natural water and for promoting soil conservation
and preventing damage by flood and erosion, and
for providing and controlling multiple uses of
natural water and the drainage of land, and for
ensuring that adequate account is taken of the
needs of primary and secondary industry , com-
munity water supplies, all forms of water-based
recreation, fisheries, and wildlife habitats, and of the
preservation and protection of the wild, scenic and
other natural characteristics of rivers, streams and
Iakes."

The new task to be undertaken was consideration
of water in the natural state for comprehensive
management. Somebody had to be allocated the
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work in the field. Who better than the Catchment
Authorities, already part-way there? They con-
trolled rivers, carried out drainage and sought to
control water that caused soil erosion. They were
theref ore given the new task, but were called
Regional Water Boards when they were dealing with
water management-a somewhat clumsy
chameleon.
Water management was too important a subject to
allow local influences to affect control/ so Regional
Water Board boundaries were adjusted to cover the
whole of the North and South lsland and coastal
waters. (The 1941 Act continued to apply only to
about 90 percent of the two islands in respect to
soil conservation and river control).
The complete structure is undoubtedly complex
and not fully comprehended except by people
working within it. This is to the detriment of public
understanding. lt must be remembered, however,
that it has come together from markedly different
directions. The practical result is the co-ordinated
management of two naturally inseparable resources/
soil and water, to the great benefit of the country.
Simplification leading to better understanding is
bound to come in time.
The 1967 Act introduced another policy of funda-
mental importance. All natural water was vested in
the Crown and was to be controlled through a sys-
tem of rights, both for taking water and for dis-
charges into natural water. The general
management and administration of the water right
system was given to the Regional Water Boards.
Although this system was to prove full of legal pit-
falls in operation because there could be many
claims on the one body of water and many uses of
it already in existence, New Zealand was fortunate
in being able to avoid any system involving riparian
rights.
At last pollution trends could be reversed because
an effective basis for water management was con-
tained in the Act. To this end, provision for the clas-
sification of natural water was continued in the new
legislation, which defined the classes and set out the
criteria by which they were to be determined.
ln the minds of many people once a class was set it
became an immutable standard. A widespread move
was made therefore to classify all natural water but
in attempting to do so complexities soon appeared.
Not the least of these were long-term changes
brought about by land use within catchments and
the effect of damming river flows causing nutrients
to accumulate in the retained water. Other ques-
tions were raised by the diverse methods with
which domestic and industrial wastes are assimilated
and dispersed in natural water.
A committee given the task of making recommen-
dations for possible changes in the legislation had
this to say; "Classification is a subordinate and
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From the outset Regional Water Boards were faced
with difficult problems of management and costly
programmes of investigation if that management
was to be soundly based.
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the lower Manawatu. But it was not to be. Settlers
were looking for richer land than surrounded Fox-
ton; land that lay in plenty along the river, in the
swamps and under forest and lakes. Palmerston
North seemed a more promising centre. Although
40 kilometres from the coast it was on the river and
accessible by waterway, if not at first by road.
As early as the 1870s a road through the Manawatu
gorge connected Palmerston North with Hawke's
Bay. ln the 1880s a railway link with Wellington was
completed by the Manawatu Railway Company
which was given a large grant of land, part of it on
the Manawatu River flood plain. The line traversed
this in spite of all the flood hazards. Nothing then
stood in the way of Palmerston North's develop-
ment, provided the rich surrounding land could be
made productive. Drainage of swamps and freedom
from flooding were essential steps to progress.

Swamp Drainage and Stopbanking
To achieve drainage and flood protection was a her-
culean task for a small population. Stopbanking had
to be piecemeal and was, therefore, readily out-
flanked by floods. Only the edges of the extensive
swamplands could be drained. The swamps were
mainly large basins and drainage required the joint
agreement and efforts of all landholders in each
one. Such grouping was finally organised through
Drainage Boards. The Manawatu Drainage Board
was formed in 1894 with jurisdiction over some
14 000 hectares. Others followed in the early 1900s.
River Boards also were established, one to protect
Palmerston North and one the lower Manawatu,
both widely separated and working independently.
Both set to work enthusiastically to examine and
record the piecemeal protection that had already
been built, and to plan better, bolder and more
continuous works.
Drains were gradually successful in getting rid of
water but the basins continued to be filled by
floods. lt was a rigorous period of settlemeni,
people, animals and roads being constantly under
threat.
Because stopbanking of long stretches of river
proved difficult to co-ordinate, some individual
landowners raised their own protection and some-
times built groynes out into the river. Such works
deflected the river in unexpected directions, often
towards neighbouring landholdings. Feuding then
followed the same pattern that it had takèn for
thousands of years in other countries.
More comprehensive planning was necessary if the
potential of the flood plain was to be realised. But
the River Boards found themselves hampered by
Iack of money because much of the land was, as yet,

far from productive. lt was a 'chicken and egg' situ-
ation: if the land was protected it became more pro-
ductive and could then yield more rates; without
protection there was little to rate.

The first attempt at continuous stopbanking was
carried out by the Makerua Drainage Board fõr the
Makerua Basin of some 8500 hectãres. lt was suc-
cessful as far as that area was concerned, but water
that would have entered the Makerua *ãs diverted
to other basins. There were surreptitious attempts
during floods to cut the new banks. On one occa-
sion the culprits were disturbed so suddenly at night
that they left their tools behind them in their hur-
ried flight. There was continuous rivalry between
individuals and between groups of. settiers in the
basi ns.

Commissions were appointed from time to time to
seek ways of overcoming the problems. ln 1926 the
Manawatu-Oroua River Commission interviewed
people from 15 local bodies, including 5 Drainage
Boards, 2 River Boards and the Foxton Harbour
Board. Such were the numerous interests in river
control.

At one stage a scheme was proposed for cutting out
the bends and loops and taking the lower Manawatu
River in a great sweep to the sea. Fortunately such
a radical design was not adopted, for it could have
led to disastrous scour of the soft banks, caused by
an increase in river flow speeds. The engineer to the
Manawatu River Board did make the sensible sug-
gestion, " . . . that the whole of the land in the
watershed of the Manawatu River and its tributaries
should be included in the River Board's area."

17. Sketch map contained in the report of the Man-
awatu-Oroua River Commission 1926. The river
realignment was proposed by F C Hay, consulting
engineer to the Manawatu-Oroua River Board, and
consisted of a huge sweep, nearly 30 kilometres
long, across the floodplain.
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headwaters. They anxiously watched the denuding
of the hills and mountains. Floods seemed to come

more,

Protection of Roads-The Whirokino Cut
The river, once a highway, became an obstacle to
communications. One of the main roads crossed the
river near Foxton. Floods threatened bridging and
frequently interrupted the use of the road a1 iitrav-
ersed the flood plain. A long trestle bridge was built
across the river well above flood levels. in addition,
a long loop of the river on which Foxton was sited
was bypassed in 1940 by a diversion known as the
Whirokino Cut.
Flood levels in that part of the river were lowered
by a metre because of the shortened course, but it
was a single purpose work designed to protect the

roacj ancj haci no reiationship with any comprehen-
sive lower river scheme. Moreover, it was the
crowning indignity to Foxton, which, by that time,
was no longer used as a port and had already lost
its railway to Palmerston North. lt was now on a
backwater of the river. Very strong objections were
lodged but the work went ahead.
Rivers flow relentlessly, and to adjust itself to this
severe piece of surgery the Manawatu is developing
undesirable changes 40 years later. These will be dif-
ficult and costly to control.

The Catchment Board and the Lower River
Scheme
The River Boards had failed, partly through faults of
their own and lack of co-ordination but also
because of insufficient powers and means of financ-
ing large-scale works.

19. The area liable to flooding at the time the Lower
Manawatu River Contro/ Scheme was designed in the
'1960s. (After P G Evans, NZ Engineering, lSlll¡: 11t-
2,'t964)
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rose.

Pressure from Makerua farmers brought the Hon'
Bob Semple, the forthright Minister of Works, to
the scene, When he surveyed the damage from the
Makerua banks and Iistened to pleas for a bolder
scheme, he burst out: "You'll have your scheme all
right, but you'll have to take the whole bloody
calchment". By that time the Soil Conservation and
Rivers Control Act had been passed, No doubt the
Hon. Bob's remark laid the foundation for the set-
ting up of the Manawatu Catchment Board in 1943,
the first in New Zealand.

Its immediate task was the design and construction
of a comprehensive lower river flood protection
scheme. Other works were not forgotten, but
would have to follow.
River engineers were scarce so the Board was for-
tunate in recruiting, early on, P G Evans, an engineer
with overseas river control experience. New
Zealand rivers are noted f or the Sreat range
between average and peak flows, (the Manawatu's
total range is considerable, varying from a low flow
of about 8.5 cumecs to peaks of 4600 cumecs in
floods of 1902 and 1953). But Evans had worked on
a river in Sri Lanka in which the range of flows was

3 to 4 times that of the Manawatu. Moreover, he
had seen examples of the way invaders had been
able to conquer a country by destroying river
works. Because of his experiences he also under-
stood the river feuds.

Urged on by the new Board, engineers produced a

deiign to protect all the areas liable to be flooded,
some 30 000 hectares. Then the land to be pro-
tected had to be classified for rating to finance the

21. The Manawatu River at Fitzherbert Bridge, Palm-

erston North, at the height of the flood 28 January
1953 during which thã peak flow. reached 4600

curnecs. (Mânawatu Catchment Board)

proposed work. There is nothing like rating propo-
sals'to bring feuds to the boil, and this is just what
happened.

Board chairman.
Evans profrtably used the long delay to improv.e the
scheme. Model studies were made of difficult

produced.

1:25 000, and long meanders of the channel allow
1000 cumecs to pass without overflowing the banks.

20. Manawatu River floods above 1450 cumecs 1929-
80. AIso shown is the average flow for the whole
period. (MWD)
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Eventually a South East Ruahine Management
Scheme was designed and put into operation in
1980. lt covers 78 600 hectares including mountain
headwater catchments in the Ruahine State Forest
Park. Fourteen stream systems are involved. Meas-
ures proposed include work inside the forest and
the exclusion of domestic stock from it, fan stabi-
Iisation, willow clearing and stream channel stabili-
sation, gravel excavation f rom streams and the
formation of gravel reserves, planting riparian strips,
and drainage. The programme of works is to extend
over a 2O-year period.

Coastal Sand Erosion
Along the west coast in the Manawatu Catchment
Board's district there are more than 50 000 hectares
of sand dunes-nearly twice the area of country that
has been protected by the lower river flood control
scheme. The task of halting and fixing the blowing
sand in these tracts is a formidable one. Rebuilding
the fore dune in the worst sectors, and dealing with
the belt of drifting sand immediately behind it,
finally fell to the NZ Forest Service. The work had
to be done on a large scale and was costly, but the
Service could combine it with production forestry
once the sand was fixed. The Board could then pro-
ceed to assist farmers to fix the sand on their
farmlands.

What had been a desolation of drifting sand where
some of the first settlers had attempted to farm has

become a productive sector of the coast.

The Regional Water Board and Water
Management
When the additional duties of Regional Water Board
came to the Catchment Board in 1968 intensive
farming already extended over more than four-fifths
of the Manawatu catchment. There were also a

dozen sizeable townships, many smaller ones, and a
city. With settlement, water use had developed at
an astonishing rate, which had been little noticed
because there seemed to be plentif ul supplies.
People had had to deal with excess water, with rain-
storms and floods. The 1967 Act was to make them
think in terms of low stream and river flows because
these had to be shared among users. There was a

requirement to manage water resources. The exist-
ing laissez-faire attitude towards use made this dif-
ficult to accept at first.
When the Regional Water Board came to survey the
situation it found few records of water use-a situ-
ation similar to that in most of the country-and
discovered that very little was known about mini-
mum flows. Hydrological measurements had been

collected mainly for flood control calculations. A
formidable task of searching, recording and meas-
uring lay ahead.

Palmerston North emptied its stormwater and sew-
age directly into the river up to the 1970s. Such a

method of disposal avoided the costs of treatment,
but at times of low flow the river was unable to
dilute the discharges sufficiently. The polluted water
became dangerous to the increasing number of
people using the river for recreation.

Meat works and dairy factories had been sited on
the rivers in order to draw their water from them
and to discharge their effluents into them.

lrrigation of crops and pastures was a rapidly grow-
ing practice especially on the now-protected flood
plain. Where better to get the water than from the
stream that flowed through the farm or the river
that flowed past it-in effect, an assumption of
riparian right? But a large use for crops at a dry time
of the year soon competed with stock and users fur-
ther along the stream.

Readily detectable underground water was also
being tapped for irrigation and farm supplies. There
were several thousand wells throughout the district.
These needed to be recorded and extraction of
water from them measured. The location and extent
of the underground resources themselves and the
effect of the extractions taking place had to be
studied.

lf the various uses were to be effectively controlled
and managed, and the water shared, the Board had
to record them all, including effluent disposal. lt also
had to survey the resources and draw up water allo-
cation plans. Several years were needed to com-
plete these tasks even in a preliminary way.

However tedious, time consuming and costly, all
this was necessary before another warfare com-
menced, this time not over flood protection or
drainage but over the sharing of minimum flows.

Conclusion
This brief account traces/ broadly, progress through
140 years: the draining of swampy basins, the flood
control of the lower Manawatu River, control and
training in the tributaries and other rivers, soil and
sand eiosion control and water management. The
aim throughout the period has been fuller and sus-
tained use of soil and water. Results are to be seen
in the intensive cropping on the Manawatu flood
plain, the safely farmed hill land and the introduc-
iion of water management and pollution control' lt
is the Catchment/Reg¡onal Water Board's task not
only to maintain and progress with this work but
also to weld it together.
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swamplands. The conditions were, however, excep-
tionally difficult. A Waikato River Board was formed
but could make little headway because of the extent
of the problem. A large number of Drainage Boards
were also formed to attempt the drainage of indi-
vidual swamps/ but constant inundation from the
river made this work difficult. Many of the swamps
also contained peat which consolidated and sank
unless drainage was carefully managed.
Conflicts which arose between the River and Drain-
age Boards occasionally had to be resolved through
judicial channels. Main drains from swamps naturally
had to empty into the river. On the other hand the
River Board was responsible for protect¡ng banks
and trying to prevent flooding. At one time it built
groynes in part of the river which interfered with
the outlet of drains. Even though both operations
had the same objective this conflict had to be ser-
tled by a Commission set up especially for the pur-
pose, the Waikato River Commission of '1917.

Plans to link harbours and waterways in the vicinity
of Auckland were formulated at an early stage oÍ
settlement. ln 1921an Auckland Canals and lñland

schemes.

The 1921 Commission also inquired "into the navi-

" . . . the present Waikato River Board should be
abolished, and a new River Conservation Board
constituted, consisting of members having power
to deal with all questions relating to' river
improvement, land drainage, or other matters,
within the whole watershed of the Waikato and
its tributaries. If it is deemed desirable to permit
Drainage Boards to deal with special districts,
then the powers of such boards should be limited
to carrying out such work as has met with the
approval and sanction of the proposed River
Conservation Board."

Forty more years passed before the body envisaged,
the Waikato Valley Authority, was set up.

Electricity Generation
While the River Board and Drainage Boards were
grappling with the problenrs of the lower river,
engineers had realised the value of the upper and
middle Waikato for the production of hydro elec-
tricity. A regular volume of water in a fast-flowing
river; natural control by a large lake; a fall of over
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300 metres between the lake and the river's lower
reaches; a valley that could be drowned without
affecting too much productive land; what seemed
to be secure places for dams: what could be a more
ideal set of circumstances?
Still wider horizons could be dreamed of. lt would
be possible to collect together the water from the
highest country as it flowed down the sides of the
Taupo basin, so making use of the fall to the lake.
Looking still further afield, it would be possible to
behead rivers flowing across the volcanic plateau to
other parts of the North Island. That water could be
sent on down the Waikato. Every additional drop of
water meant more electricity as it flowed down
through future power stations. There was ample to
excite the imagination of engineers.
All this and more happened. The first dam was built
by private enterprise-the Waihi Coldmining Com-
pany-in the period 1910-13. The Covernment
then stepped in to develop the great potential for
the nation, and by 1929 had commissioned the Ara-
puni Power Station. This was followed by control
gates at Lake Taupo in 1941. From then on great
activity took place. Seven more dams were built in
the middle reaches of the river. ln the 1960s a start
was made to behead three rivers-the Wanganui,
Whangaehu and Rangitikei-and divert some of
their water to the lake and down the Waikato
through its eight power stations.
ln addition to the generation of hydro-electricity,
coal formed from ancient buried peat swamps in the
lower Waikato and geothermal steam near Taupo
have now been used to produce electricity in plants
on the banks of the river. Both need large volumes
of cooling water from the river. A second coal
station is now being built, a third thought about and
a second geothermal station planned.
So absorbed were the planners with these develop-
ments that they forgot the flooding problems of the
lower river. Use of the river became markedly
unbalanced. While millions of dollars were being
poured into the upper reaches, creating an artificial
waterway/ the problems of the lower river contin-
ued. The most severe recorded flood had occurred
in 1907.ln 1953 the next worst, up to that time,
struck. Low-lying areas amounting to thousands of
hectares were inundated and many farms were
completely covered with water. Lakes filled and
expanded alarmingly, low stopbanks were over-
topped, the Auckland-Hamilton highway was
flooded and the railway was closed for two weeks.
ln 1956 another large and longer-lasting flood did
considerable damage. Another occurred in 1958.
Thcsc floods provided ample proof that what little
flood control capacity had been built into the huge
works in the upper river was ineffective for the
lower reaches. Pressure for action became extreme
from farmers, townships and travellers.













midable list involving volumes of water that could
only be received safely by a large, swift river.

A right to take and to put back 30 percent of the
low flow or 10 percent of the mean flow of the Wai-
kato has now been granted for the operation of the
Huntly power station. This is an example of the mag-
nitude such uses can reach. A right for such a high
proport¡on of the flow must safeguard many things.
As the water is used for cooling its temperature is
raised, but this, and the overall increase when the
water is returned to the river, must be limited, to
prevent side effects. Altogether, 26 conditions are
attached to the Huntly right.

Another example of the potential magnitude of
problems was provided by a reversion to the'good
old days' which occurred in 1979. Milk delivered

from farms to the dairy factories at Te Rapa and Te
Awamutu could not be processed because of an
industrial dispute. Two million litres were released
into the Waikato and the Waipa over 5 days. Dis-
colouration and scum occurred fo¡ 20 kilometres
downstream. The biological effects were consider-
able, and a major fish kill occurred, together with
environmental contamination and economic effects
on eel processing. Too many incidents of this kind
could have permanent, adverse results in the river.
The management of water has involved the WVA in
a multitude of issues of which the above are exam-
ples. lts response will affect much of the develop-
ment throughout the region. Use of the Waikato
river resource will be the key to many things both
within its own catchment and throughout the whole
of the Auckland and South Auckland region.
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Looking across to the west from Mount Te Aroha
one sees the lower hills through which there are
gaps leading to the lower catchment of the Waikato.
It needs little imagination to reconstruct an old
course of the Waikato river when it flowed through
one of these gaps and on to the Firth of Thames.

When it changed its course to the west coast, it left
to the Piako and Waihou (which between them are
about the same size as the Waikato) a floodplain of
80 000 hectares, greater than that of the present
lower Waikato.
The plain occupies a down-faulted valley between
the mountains and the hills. lt has become filled
with volcanic ash material brought down by the old
Waikato and by the Waihou and the Piako Rivers.
The northern end of the plain is in the nature of a
delta. Some of it was under the sea in the not very
distant past and old marine beds are interspersed
with the volcanic material.

From Mount Te Aroha the intricate pattern of
drains between the Waihou in the east and the
Piako in the west can also be seen. There are almost
1000 kilometres of main drains as well as innumer-
able farm drains. Without these there would be little
farming in this area of former swamps, peat bogs and
shallow water.
This superb view, embracing the infilled valley, the
hills and the mountain chains, forms the district of
the Hauraki Catchment Board.

Seeing the intensively farmed land now, it is difficult
to imagine the huge extent of swamp that once
stretched right across the valley. For a long time, it
defied attempts at settlement. Kahikatea forest,
admired by Captain Cook when he rowed up the
Waihou in 1769, grew along the river levees and
limited areas of high ground. Otherwise the lower
valley was filled with swamp vegetation.

Draining the Swamps
The flax in the swamps and the kahikatea forest
attracted the Pakeha and industry to the region. ln
1869 sawmilling commenced on the banks of the
Waihou and sawn timber was sent to Auckland and
to Melbourne. The river was used for floating logs
and became the vital communication for the indus-
try. From the 1850s gold discoveries in the Coro-
mandel-Thames area, at Waihi and around Te Aroha
added to the river's importance for communications
and for water for mining operations.

Large numbers of potential settlers came to the dis-
trict but the swamps could not be drained. Nor
could roads be successfully formed across the valley,
so travel to the district remained by sea. Not until
the early '1900s was a series of levels taken to deter-
mine the contours of the swamp. lt was a day's jour-
ney for surveyors to walk the 10 kilometres between
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33. Lower Thames Valley contour plan. The whole of
the area shown is below the highest recorded spring
tide (1938) that rose 2,9 metres above mean sea level.
Flooding as a result of spring tides is now prevented.
by stopbanks along the shoré of the Hauraki Gulf and
the flood control stopbanks along the Piako and
Waihou Rivers. (Hauraki Catchment Board)

the mouths of the two rivers. "sometimes the sur-
veyors worked in water up to the¡r waists, at other
times they struggled through soft peat or through
raupo above their heads." They slept on boats
because there was no dry land. But the survey was
essential before drainage could be planned.

The rivers had to be controlled. Although not large
they constantly flooded low-lying surrounding land'
Both rivers are tidal for almost 50 kilometres and for
all that distance the channel slopes are about 10

centimetres in one kilometre. Land along these
reaches is below high tide levels, as is land behind
the shore of the Firth of Thames. Very high tides-
or even average high tides combined with floods in
the river-kept the lower part of the plains con-
stantly wet.
Some progress in making the plains farmable was
achieved by draining around the edges, but this was
often rendered ineffective by flooding from the two

Nors (i¡ Normol hLOh ipr'ñO rrdo
13 7ll l2 13ñl lo Alt
obov. M S L

(ii) SÞ/iñc rrd. r933 *o.
uo lo 9 5lr (2 9ñ)

LEGEND

o ro stttr ¡em) 

-6 ro 9ll (2 ?4m) f----'l
ovú sit W;











Bv 1980 work was beine undertaken on 59 of these-) "-"'o *"--

streams. Thirty-four more have a potential need for
control work in the future.
Three of the streams descend the steep sides of
Mount Te Aroha itself and flow through the town-
ship of Te Aroha at its base. There have been dif-
ficult problems getting the water across the main
street. Pipes under it became blocked by detritus
carried down by floods and flood waters then
careered through parts of the township. The water
in two of these streams is polluted by tailings from
mines that operated on the mountain side. The
town's water supply was once drawn partly from
one of these streams but had to be moved to an
unpolluted stream. The tailings are poised in such a

position that a heavy rainstorm could wash them
down through parts of the township. Such is the
legacy of mining.
Changes from forest to farming on the Mamaku Pla-
teau also gave concern to the Catchment Board, not
because this led to erosion-the land on the plateau
itself is relatively flat-but because rainfall there
provides a base flow to the river. The geology of
the area is such that rainfall is absorbed and released
as springs. Until it is known whether a change from
trees to grass will alter the manner of absorption it
is not safe to make the change.

Land use throughout the catchment is now watched
carefully for its effect on the river system and on
soil erosion. A close examination has been made of
the effect of forest clearance high up the mountain
sides. Some erosion has resulted from this and there
is potential for more. Part of the overall Waihou
scheme therefore includes proposals to purchase
and reforest the land affected. The Forest Service
has undertaken this work.

The Regional Water Board
ln 1977 the Chief Executive Officer reported to his
Board:

" . . . Another summer season is with us, and the
Thames Valley Rivers are again badly polluted by
organic waste . . . the collective organic waste
load from the Thames Valley Dairy Factories
might approximate that of a city with a popula-
tion perhaps of 200 000 persons. Less than half of
this loading is receiving treatment or alternative
disposal."
And dairy factories were only one source of
pollution.

The situation was full of difficulties. The two rivers
were reduced to low flows-one of them very low
in dry periods-and their sluggish nature made
them easy to pollute. Moreover, in their lower
reaches they were connected to every farm by a

system of drains which became increasingly pol-
luted as stock numbers grew. While stock made the

greatest demand on water, the dairy industry was
ñot far behind. ln the mild climate, drains became
choked with water-weed. Chemicals used to clear
this added to the pollution. The recreational value
of the rivers declined markedly.

It was reported that:
" . . . surface waters are the only major water
resource, and in real volume are limited to the
Waihou River System. Therefore it is important
to re-appraise the situation and formulate both
policies and investigation to enable the provisions
of the Water and Soil Conservation Act to be
properly administered and allow for good water
management".

Farm drains and wells provided the stock water but
these sources could dry up. Dairy f actories
depended on the rivers. There was some under-
ground water but the shallowest was heavily pol-
luted by iron and other chemicals. The possibilities
of uncontaminated supplies from deep wells
required expensive investigations. Schemes were
needed to combine existing withdrawals with reti-
culated water supplies to farms.

The growing of horticultural crops and their irri-
gation was just beginning at that time. The total area
that could be considered for irrigation in 'the near
future' was estimated to be about 166 000 hec-
tares-possibly a highly optimistic figure. The water
requirements for even a more modest area would
be a great deal more than the total low flows of both
rivers. Large-scale irrigation was thus a pipe dream
unless intensive harvesting and management of
water could be made a practical proposition. Even
in the absence of irrigation the immediate future
requirements for other uses could amount to some-
thing approaching two-thirds of the low flows. The
system could not tolerate this level of use if it was
at the same time to cater for recreational demands
and absorb even a low level of pollution.

An impetus for a rapid increase in production from
the land protected from flooding will follow the
river schemes. Water will set its limitations. Where
can additionalsupplies come from? Deep bores may
reveal more underground water; water harvesting
could add to supplies; and more efficient uses will
save some water. tt is possible however, that Hauraki
may, before long, look to the Waikato for supplies,
as Auckland is doing.

The Coromandel Peninsula
The Hauraki swamps remained isolated and unde-
veloped for a long time, but it took even longer for
people to realise the asset that they had in the
Coromandel. Poor roads and a lack of farming land
held development back, even though, in early
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times, the district had yielded gold and large vol-
'umes of kauri timber which had been floated from
its many harbours to Auckland. (The peninsula is
named after the ship Coromandel which collected
kauri spars there in 1820).

There was little to persuade the area to join the dis-
trict of the Hauraki Catchment Board when it was
formed but it had to be included "lor Regional
Water Board purposes" following the 1967 Act.
Meantime in the 1960s and '70s a boom in develop-
ment took place. Road access encouraged a very

rapid expansion of settlement around the beautiful
coast. Farming expanded on to whatever land it
could and afforestation, which had been going on
for some time, also expanded.

lncreasing water supplies were needed. These are
not easy to obtain because the short, steep streams
flow from the rugged Coromandel Range directly
to the sea with little in the way of easily-tapped
lower reaches. The Coromandel Peninsula, no less
than the Hauraki Plains, will continue to present
challenges to the Catchment Board.
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A Bay and Six Rivers
From Mount Te Aroha on the Kaimai Range from
which the grand view of Hauraki is obtained, one
catches glimpses also of the great sweeping bay
stretching from the Coromandel to Cape Runaway,
prophetically named by Captain Cook the Bay of
Plenty. lnto it flow six large rivers, the Kaituna, Tar-

awera, Rangitaiki, Whakatane, Waioeka and Motu.
All have strikingly different catchments, as seen from
Table 3, a diversity reflected in the development of
the region. (The table omits the Motu 

'and 
the

Waioeka, which are in the East Cape Catchment
District).

TABLE 3

Bay of Plenty Main River Catchments and High and Low Flows

River Catchment
Area

km2

100 yr
Flood
Flows

cumecs

Low
Flows

cumecs

Nature of Catchment

Whakatane
Rangitaiki
Tarawera

Kaituna

1748

3017

997

1243

2550

990

110

1250

12

140

34

62

Urewera steep mountains, mainly forest clad
Deep volcanic detritus (pumice)
Lake-controlled
Half lake controlled; half steep country forest clad

The first two rivers, the Tarawera and Kaituna, flow
from lakes formed on the edge of the pumice pla-
teau; the Tarawera from Lake Tarawera and the kai-
tuna from Lakes Rotorua and Rotoiti. The lake
influences dominate the flows of both rivers.
The Rangitaiki River rises on the watershed of the
Lake Taupo basin, flows across the Kaingaroa plains
and continues between them and the úrewera. ln
its middle reaches it has formed the Galatea plains
from which it emerges onto the Rangitaiki plains, an
extensive flood plain shared with the Tarawera. ln
total, these plains are not far short of 40 000 hec-
tares. For the greater part of its length the Rangitaiki
passes through thick deposits of ash which act as a
sponge and help to regulate its flow in the same way
that they do the flow of the Waikato.
The Whakatane and its main tributary, the Waimana,
emerge from the forest-clad Urewera onto a flood
plain formed partly from the volcanic ash washed
from the mantle that covers the mountains. Until it
had a flood control scheme the river frequently
flooded the town of Whakatane on the coast aná
the Rangitaiki Plains to the west.
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ln a number of ways the Bay of plenty is linked with
the volcanic plateáu. There'is a geneial slope of the
country to the bay. Much of the area is covered
with pumice and volcanic material from the erup-
tions that formed the plateau or from volcanoes
around its periphery. Some of the lakes in the
region, notably Rotorua, have been formed in the
same way as Taupo. Geothermal activity and the
remains of volcanic activity occur in several areas.
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struggling with floods? What of the nutrients? Sew-
age effluent must be kept out of the lake at all costs.
Where was it to go? The many streams entering the
lake must be made to run clear again. A compre-
hensive scheme had to include the lakes, the river,
and local as well as national issues. After much
investigation, expert reports, wide-ranging negoti-
at¡ons, and ministerial visits flavoured with some
acrimony, agreement was reached.
The proposed levels of expenditure and subsidies
were such that approval was required from the Cab-
inet. This was given in 1980. A list of the items is set
out in Table 4 to demonstrate the breadth of a
scheme of this nature, involving a catchment, its
lakes and its rivers.

Execution of the work had to be subject to the
granting of the necessary water rights, and the
period of construction allowed for was 10 years.
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45. The lJpper Kaituna Scf¡eme. Erosion and stream
control work necessary to help reverse lake pollution
processes. (after Bay of Plenty Catchment
Commission)

very lake edges, to enjoy the facility of a boat moo-
red off one's own property allowing fishing when-
ever the inclination arose. This was fine, if the lake
remained at a steady level. But during flood or con-
tinuously wet seasons as sometimes happened, lakes
rose, land became inundated and houses were
flooded.
It was possible to affect the level of Lake Rotorua
by exercising some control over the Ohau Channel.
A much more difficult problem, however, was to
agree on levels which suited all parties: lakeside
dwellers, boaters, fishermen, sightseers and others.
This was finally achieved and partial control has
been exercised since 1974.

Logic dictated that the whole Kaituna catchment
should become involved in a comprehensive water
and soil scheme. Why should lake dwellers receive
benefits while farmers along the lower river were
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horticulture.
Geothermal steam resources are also being tapped
for generating electricity, for manufacturing pro-
."rtõs, and foi industrial and domestic heating. The
Commission is not involved in the taking of this
steam, but is responsible for the discharge of water
once the steam has been used.

Most of the lakes are at altitudes between 300 and
at come from
chemes. ln no
of the great

or the Clutha.
But they are eminently suitable for smaller schemes.
The Cómmission is êlosely involved in assessing

resources for this potential.

For the Benefit of All
ln spite of a divided beginning the Bay of Plenty
Catchment Commission has achieved a marked
degree of success. Will this lead to a district finally
welded together for soil conservation and water
management purposes? The benefits derived from
the river schemes, the reclamation of the Rangitaiki,
Kaituna and other swamplands, and the extensive
use of river and lake water, steam and hot water,
benefit the whole district.
Will the waters of Lake Rotorua be improved?
Measurement of the quantity and quality of all the
water entering and leaving is now being under-
taken. Processes going on in the lake are also being
studied. Many scientific disciplines are involved in
this, and a Scientific Co-ordinating Committee of
the Commission collates the results.

The remarkable current development of the Bay of
Plenty is attributed to an intensive dairy industry, to
the utilisation of the large exotic forest of Kaingaroa
and elsewhere, and to the growth of horticulture.
None of these industries can flourish without ample
supplies of water.
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The centre of the East Coast region is the Poverty
Bay flats and Cisborne, the city that nestles on their
northern side. On the fertile soils are many vine-
yards and orchards, some growing semi tropical
fruits. ln summer, the land not under fruit carries
maize and crops for canning.

Across the flats flows the Waipaoa River. This is now
contained between stopbanks, some of them up to
5 metres high and constructed for more than 26 kil-
ometres along a total river length of 120 kilometres.
It is an innocent looking river at its normal flow of
20 cumecs. lt can shrink to as low as 2 cumecs
during dry spells.

But in flood, it is far from innocent. Although the
catchment is little over 2000 km2 in area, it has
yielded a peak flood flow of 4000 cumecs. That is

why the stopbanks are there. lt is estimated that
even a flood of up to 5000 cumecs could be con-
tained by them. This flood level is est¡mated to be
only likely to happen once in every 200 years.

Deposition on the Poverty Bay flats during the last
3500 years has been studied in detail. lt was possible
to do this with some accuracy by using marker beds
of airborne volcanic ash laid down by eruptions of
known age.

Throughout this span, five distinct periods were
recognised. During two of them infilling was rapid
which, it is surmised, was caused by catastrophic
storm damage and earthquakes. One period of two
hundred years, from about 1450 to 1650 AD, pro-
duced negligible deposition, but from 1932 the rate
of infilling was 5 to 10 times greater than at any
other period.
When the Poverty Bay Catchment Board designed
the present scheme in the 1950s, it was following in
the footsteps of Drainage Boards and a River Board
which had been in existence since the last century.
Flooding was frequent and at times devastating, but,
in spite of this, settlement attempts were persistent.
The township of Cisborne grew, not on the banks
of the Waipaoa, but on two other much smaller riv-
ers that flow into the most sheltered part of Poverty
Bay. The Waipaoa flooded into these rivers on occa-
sions, and into parts of the young town.
A most unusual feature of the River Board was that
the boundary of its district proceeded along the
middle of the river for part of its length-no doubt
the result of a quarrel as to who should pay rates!
The only effective work the Board could do was to
locate flood overflows along the banks and put up
short lengths of stopbanks in attempts to contain
them. lt was able to do little effective work in the
face of peak floods that drowned land from one side
of the flats to the other.
ln the 1930s and early 1940s there were approxi-
mately 30 floods. A 1938 storm that caused one of

68

them extended into Hawke's Bay and brought about
the Kopuawhara disaster.
Mr J R Hair like other farmers in the area was com-
pelled to rebuild his house on higher ground
following the flooding. While the family was now
safe, the farm and stock were still exposed to
flooding.
Not far away, after the 1914-18 War, the Lands
Department had developed a returned soldiers' set-
tlement which was on low-lying land. These would-
be farmers suffered so much loss from floods that
they were unable to pay land rents.
An official of the Department persuaded Hair to
travel to Wellington to "see what this new legisla-
tion [the 1941 Act] on river control was all about."
The upshot/ upon his return, was the formation of
the Poverty Bay Catchment Board, to which he was
elected chairman. He was a man of vision and soon
became the deputy chairman of the Soil Conser-
vation and Rivers Control Council.
It was not difficult to get a comprehensive flood
control scheme for the Waipaoa accepted by rate-
payers. This was done in 1952 and the main part of
the work was completed by 1961. A major diversion
cut failed to develop satisfactorily but, to complete
the scheme, the work was done artificially by fur-
ther excavation between '1970 and t923. The flats
extend over some 10 000 hectares and scheme
works protect 9700 hectares of this. lntensive
development of the protected land soon began.
Mixed cropping, market gardens, orchards and
vineyards now occupy nearly 60 percent of the flats.
The Board is increasingly involved with detailed
problems arising from the results of this work.
The river scheme cured part of the problem only-
flooding. A more serious part lay in the catchment
of the river.
The same type of mudstone formations that
occurred f urther north gave rise to the same
erosion, with even more serious effects.
'Rivers of mud' could well describe some of the tri-
butaries, for these had been filled to depths of 10
metres with debris. What had previously been con-
fined streams of clean water were now muddy
flows, many metres wide. Water often disappeared
under the debris and only flowed over the surface,
carrying more silt and gravel, during heavy rains.

The filling process moved down-river, and in places
in the middle reaches the bed became half a kilo-
metre wide. Low terraces/ important for farm access
and intensive stocking, were buried. The village of
Whatatutu was originally sited on the banks of the
middle Waipaoa. Each fresh (small flood)left mud in
the houses and shops and eventually the whole set-
tlement moved to its present site on a high terrace.
Cigantic slips and slumps kept feeding this aggra-
dation and, at the same time, severely complicated



farm management and threatened access to land in
the headwaters of the catchment.

The Catchmen A D Todd, who had

designed the control scheme,
reported that rantee its effective-
ness for more less measures were
taken to control erosion in the catchment' To some
extent he may have had his tongue in his cheek
when he said this, but the statement was a warning
to the Board and to the Soil Conservation and Rivers
Control Council. The latter appointed a committee,
of which N H Taylor was a member, to study the
problem.
AmonBSt its recommendations for erosion control
was one to plant the worst country in trees: an area

of 7000 hectares (later expanded) or 3'5 percent of
the catchment. The Council and the Government

East Coast as a whole.

Bearing in mind Todd's warning, the .river control
schemé is being subjected to a detailed technical
review after 20 years of operation. Recent flooding

53. Early planting in the Mangatu forest. A blanket of
exotic tiees now-covers the most severely eroded area

in the Waipaoa catchment. Ihe erosion control obiec-

has also been a warning. Enormous quantities of
debris lie in the middle. reaches of the river where
protection is for an B-10 year flood return period
only. Between 30 and 40 million cubic metres of silt
and shingle are estimated to be deposited in the
middle and upper river. Any major movement of
this could endanger the lower river scheme and
hence the Poverty Bay flats.

When J R Hair in the 1940s moved his home out of
floods' reach on the Poverty Bay flats he little real-
ised what changes he was setting in train. He was
the main inspiration behind them.

". . . and because the despoilers were endeav-
ouring to remedy the damage they had wrought
in Tane's kingdom he had called a truce and
henceforth there was hope that people could live
secure in the knowledge of his benignity." (The

Story of Mangatu).

The Opotiki Area
It t this area oPted for
jo which it did in 1962.
it ng of OPotiki as well
as Otara Rivers' Drain-
age improvement schemes following this work have

burgeoned with the rapid development of
horticu lture.

tive has been achieved. ln addition the forest is capable
of growing good commercial wood. (lH Johns,
NZFS)

















design was to cope with a maxirnum flow cf nearly
6000 cumecs. The combined flow would be strong
enough to keep the river mouth stable and prevent
it from wandering northwards along the coast.

The river schemes were soon underway. It would
take more than 20 years before the final touches
could be put to them and the low lying areas ade-
quately drained. Attention was also given to the
catchments. Although the high-intensity rains
would run off any vegetation, the Esk flood had
shown how soil could be lost and silt and shingle
carried down by the rivers. The Waipawa was an
example of how aggradation could be caused by a
severely eroding catchment.

The Regional Water Board
By the time the Catchment Board assumed the tasks
of a Regional Water Board, work on river control,
swamp drainage and soil conservation extended
throughout its region and successful results were to
be seen in many places.

The management of the
ferent matter. There ap
since the major rivers
average flow of 300 cum
tribution and variation in flows was not so
favourable.
The best water resource rivers, the Mohaka and the
Wairoa, were in the north and not where water was
needed most. It is true that a tributary of the Wairoa
had been harnessed for hydro-electricity and the
Mohaka was being investigated for this purpose. But
more and more water was wanted in the south. Now
that flooding no longer inundated the Heretaunga
Plains, cropping was becoming intensive and
required irrigation. When the demand was greatest,
during dry summers, the flow in the Tukituki dis-
concertingly disappeared under the deep beds of
silt and shingle that it had laid down.
A large part of the water 'lost' in this way forms one
of the best underground supplies in the country.
The availability of this, some of it as artesian water,
was one of the main factors influencing the early
growth of Napier and Hastings, and the settlement
of the plains. As early as 1BB7 Napier was supplied
with water from six artesian wells.

It is now known that the Ngaruroro is the main sup-
plier of r t
Some 5 to
Welling th
buried his
covered by permeable shingle beds-what is known
as an unconfined aquifer. Land use on top of this
resource is a highly controversial local issue,
because it would be easy for noxious substances to
be leached through to the water that is so valuable
for local supplies. Hastings is truly on the horns of
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HASTINGS

63. L)nderground water sources of the Heretaunga
PIains.

a dilemma because the city draws its water (and of
such high quality that treatment is unnecessary)
from the underground source, but, at the same
time, wants the poor shingle land to expand on to.
The city rubbish dump was also on that land.

There is, at present, not a great margin between loss
of water from the underground source through use
and natural leakage, and recharge of the aquifers.
However, demand is increasing rapidly, especially
for irrigation. lnvestigations are turning to the pos-
sible use of water from the Ngaruroro for the arti-
ficial recharge of the underground beds.

Under the Ruataniwha Plains there is another, more
complex but much less productive, system of aqui-
fers. The potential yield of water from these is far
outstripped by demands, mainly for irrigation.
These easily tapped, high quality resources must be
studied and managed for the many demands made
on them both now and in the future. The Regional
Water Board has to deal with these major issues as
well as many minor matters that arise throughout its
district.
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tlooding
This substantial and intricate system of rivers and
lakes extends over a catchment of nearly 3500 km,.
Floods pass along the tributaries and upper river
rapidly but gather around the lower reaches and the
lakes. The highest floods occur when the shingle bar
becomes blocked and holds water back in Lake
Onoke and even as far as Lake Wairarapa. The latter,
being normally little more than 3 metres deep and
surrounded by flat land, changes its area substan-
tially in these circumstances. Settlers trying to make
use of the surrounding silt lands and swamps found
difficulty dealing with these fluctuations.
Flooding takes place, too, on the limited silt flats
formed by the small rivers flowing to the east coast.
Flooding and siltation were constant threats to the
isolated settlements that grew up in those valleys in
the days before road access, when communications
were by small vessels along the coast.

All told, five River Boards were formed to deal with
river control in the Ruamahanga River and its tri-
butaries. The first, the South Wairarapa Board, ini-
tially had as its main function opening the outlet
from Lake Onoke to the sea. This reduced the levels
of both lakes.

ln 1BB0 a flood occurred that was later estimated to
have been of the order of 3000 cumecs in the lower
reaches of the river; not large by New Zealand
standards, but affecting an area of probably more
than 20 000 hectares. As late as 1947 another large
flood affected 24 000 hectares of land-an area not
far short of the total Heretaunga Plains-so the
efforts of River Boards had not been very effective
in dealing with these major calamities. Between
1880 and 1947 there were many other floods.
Although smaller, they did increasing damage as the
country became more closely settled and townships
grew. South of Martinborough up to
12 000 hectares could be affected by a major flood.
This occurred on average every 2 to 3 years. Some
areas could be flooded up to eight times a year.

Most of the work of River Boards consisted of con-
struct¡ng groynes and stopbanks in efforts to con-
fine river beds and reduce flooding. Possible major
schemes of control were examined and there was
much talk of draining Lake Wairarapa; a superficially
attractive idea since at normal levels the lake bed
covers 7000 hectares.

The Ruamahanga River Control Scheme
When the Wairarapa Catchment Board was formed
in 1944, it acknowledged at its first meeting the
urgency of a comprehensive river control scheme,
and, therefore, the need to take over the work of
the River Boards. The scheme would take some
years to design and promote.
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A lower Ruamahanga control scheme could not be
confined to floocl plain, river protection and asso-
ciated drainage work. There were the two lakes to
be integrated into any plan. Farmers wanted numer-
ous lagoons and swamps along the lower river and
around the lakes drained, while people interested
in wildlife and duck shooters wanted them
preserved.

Eastern tributaries of the Ruamahanga, sweeping
down from the Aorangi Mountains, brought
immense loads of shingle-the result of erosion
occurring in a forest that had been devastated by
wild and domestic animals. The shingle was rapidly
forming fans down the sides of which the rivers
changed their courses, depositing more shingle on
farm land. The shingle even reached the channel of
the Ruamahanga itself where it could not be cleared
by water action because of the low gradient. Flood
capacity was reduced and bank erosion occurred.
The scheme finally adopted by the Board in 1960
was designed to provide protection against a 50-
year flood. lt provided for channel clearing and
stopbanking of 48 kilometres of the river bed; taking
the main flow of the Ruamahanga directly into Lake
Onoke; building a floodway for high flows to spill
into Lake Wairarapa (there are now 3 points at which
floods in the main river can spill into the new chan-
nel); construct¡ng floodgates between the lakes so
that Lake Wairarapa could be used as a ponding area
for flood overflows; draining some swamp lands but
reserving others for wildlife; constructing outlet
works from Lake Onoke to the sea in an endeavour
to facilitate opening the lake; and soil conservation,
catchment control and river works in the eastern
tributaries and those running from the Rimutakas.
Also included for consideration at some time after
the main scheme had been completed was a pro-
posal to reclaim part of the bed of Lake Wairarapa.
The matter is raised from time to time but engi-
neering difficulties and claims for wildlife habitat
have to be resolved.

66. The Lower Ruamahanga Flood Control Scheme.
This ambitious and complex scheme was adopted in
1960 to realise the agricuftural potential of the Lower
Wairarapa. Clearing and in river,
diversion of it into l-ake lake as

a ponding are4 improve e outret
to the sea and drainage of
the scheme. ln addition the
connected with it. Reclam
Lake Wairarapa was also
included in the original
revived from time to time. (after Wairarapa Catchment
Board)



CARTERTON

GREYTOWN

FEATHERSTON

ï}t

suggested
reclomotion
oreo ./

MARTINBOROUGH

kilometres
5 to t5

,rc
Oporuo floodwoy

Loke ouilet
works ond
defined chonnel

oke Onoke

l .:¡r:::!

lj::;t;i,r¡

borroge

L Onoke

Chonnel enlorgement
Lower Ruomohongo R

Sco e

Sig 6

PALLISER BAY

81



The scheme was complex to design, construct and
finance and was the largesl. tiver cutrtrol and drain-
age work in the country when initiated. Construc-
tion time was to be 20 Years.

ln 1981 when work was 90 percent complete 2

floods occurred, one in May of 1690 cumecs (a 60-

Flooding affected all the Wairarapa Valley. ln Mas-
terton ñself, during the second flood, almost 100

mm of rain fell in 24 hours. Flooding of property
occurred there. ln Featherston the storm left the
town without a water supply. Many roads became
impassable and Martinborough was isolated.

critical examination of both the design and capacity
of river schemes. The most difficult aspect of all is

that ratepayers who have been burdened for a long
period oi years, and have not yet received the ben-
efits of full protection, tend to suffer the greatest
damage.

ln parts of the Wairarapa more than half the average
anÀual rainfall fell over the 2-month period in which
the 1981 floods took place. There has been a sus-

have been obtained in Southern Alps studies. Falls

above 10 000 mm have been measured in the catch-
ments of the Waingawa (11 200 mm at Arete Bivvy)
the Waiohine and the Tauherenikau.

Soil Erosion

the Rimutakas and Tararuas, the mountains where
the greatest amount of water is cullected' lt was

time to call a halt, and at the Board's first meeting
a finger was pointed at the Forest Service for allow-
ing riilling ai Te Maru in the Tararuas' This brought
tJthe acrual site both the Commissioner of Forests

and the Permanent Head of the department.
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After a few more meetings the following resolution
was proposcd: "That rcþresentations be made to
the Soil Conservation and Rivers Control Council
that all remaining State torests in virgin bush in the
Catchment Board's area be reserved as Soil Con-
servation Reserves . . ." Although this resolution was

lost it achieved its purpose because, before long, all

native timber milling in the Wairarapa State forests
ceased.

This achievement was a case of 'better late than
never', because by that time, except for the State

forest on the moúntains, most of the native forest,

mber of a WairaraPa sawmilling
the first members of the Catch-
duced for other members an
trict. ln it he wrote, "lt is almost

incredible that such a vast area as the forty mile bush
loart was in the catchment of the Ruamahanga)
ihould have vanished from sight in a single life-time,
save for very dismal remnants . . ."

It was in the eastern hills that most trouble was start-
ry rocks and the
soil was Produc-
ng of small sliPs
untrY whenever

there was prolonged, heavy rain' Very extensive
erosion damage occurred during the stormy winters
o1 1947 and lgS¡. One storm in 1947 affected 23

000 hectares and exposed nearly 500 hectares of it
in slips.

The results of this erosion could be measured in lack
of increased farm production. No areas were worse
hit than the catchments of the small rivers flowing
to the east coast. The areas were isolated enough,
but damage to communications, erosion and flood-
ing *er"" making farm life uneconomic and
intolerable.

Farmers themselves, together ties

concerned, approacheð the for
assistance in 

'1956. 
BY that t d a

Chief Soil Conservatór who the
need to plan control throughout whole catch-
ments-faims, rivers and all. He planned a catch-
ment control scheme for the Whareama-Tinui
Rivers. This was amongst the first of such schemes
in the country and wãs accepted by local people,
the Soil Conservation and Rivers Control Council
and the Government. lt has proved highly successful
in protecting settlements and communications, pre-
venting soil erosion and raising production'

Shortly after the Whareama scheme was started a

r".ond catchment scheme was promoted' ln 1959







Tha Pocin-rl lÂ/.tot Rarrrl

Since the 1840s the 'fine district' described by
Wakefield has been developed for farming and
townships have sprung up along the broad Waira-
rapa Valley floor. A small amount of industry has
become established, the largest units being a Íreez-
ing works and two dairy factories. Yet progress has
not been as rapid as might have been expected,
considering the proximity to Wellington.
ln spite of the many rivers and streams carrying an
abundance of water most of the year, dry summers
bring shortages of water at critical times. There are
also shortages of readily available water for expan-
sion of industry or cropping. Much progress will
depend now on improved availability of water for
all purposes; for rural and urban supplies, for irri-
Bat¡on and for recreation.
These needs will have to be met by more efficient
use of water and the harnessing of further supplies.

Fortunately not only the Regional \^./ate¡' Board is

aware of this situation: the Regional Development
Council in its studies of the area is fully conscious
that water is the key commodity for progress.

Ample supplies are there, but they must now be
harvested. The Regional Water Board has drawn up
allocation plans for all the main rivers and come to
the conclusion that no more water can be drawn
from them at low flow without seriously affecting
recreation and wildlife. On the other hand it woulð
be possible to dam rivers, especially those coming
from the Tararua mountains, and use the water for
multiple purposes. Underground resources are also
being examined and the Board has a scientific com-
mittee to advise it on these matters. Much water
escapes underground in the shingle rivers. Some of
this is already being tapped. The underground aqui-
fers are intricate/ however, and need much more
study before they are sufficiently understood.

85









subsequent investigaticns have placed a figure of
between 4300 and 6600 cumecs on the peak flow.
Calculations based on the data available place a
return period of 500 years on these estimates.
Return periods are, however, notoriously
unreliable.
No River Board was ever formed to deal with the
flood problems, but the Rangitikei County did what
work it was able to. This consisted of river channel
training in the lower reaches, a small amount of
stopbanking and making pilot cuts across loops. The
river was swift-flowing and the greatest damage it
did was bank erosion. Farmers could illafford to lose
even a few hectares of the limited area of silt land.
The Catchment Board soon set in train investigation
of a scheme of more complete control in the lower
65 kilometres, from Rewa to the mouth. This proved
to be too costly for the amount of land to be pro-
tected, so a more limited scheme, known as River
Scheme No.1, was promoted. A more comprehen-
sive scheme, No.2, got under way in 1963 and is now
in its final stages of completion. The degree of pro-
tection is for a 100-year return period or a peak flow
of 2000 cumecs.
What happens if an 1897 flood is repeated now that
there is so much more valuable investment in the
lower reaches of the river? The damage would be
catastrophic. This is always the question that Catch-
ment Boards have to pose to their ratepayers.

The Porewa Stream
The high terraces of the Rangitikei were formed by
the main river in ancient times, but they now tend
to become flood plains for small tributaries which
drop over the terrace edges. Descending from the
surrounding hills these smaller rivers spread out
over the flat land when they flood.
One such stream is the Porewa, normally an innocu-
ous little stream that can dry up. It flows for less than
40 kilometres in a catchment of 150 km,. lt has valley
flats of about 1000 hectares, but along these pro-
ceed the main road, the railway and the main tele-
phone and electric power lines. A dairy factory has
been built on the flood plain and the township of
Hunterville is in the stream valley.
This little stream can produce a flood of 300 cumecs
which, at one time, was most effective in disrupting
main communications, apart from any other damage
caused. The Catchment Board, therefore, designed
and built a control scheme including the whole
catchment. The main part of it, stream control, con-
sisted of a series of 24 earth detention dams to
retain the bulk of the flood flows. This was the first
comprehensive detention dam scheme in the coun-
try. lt is being followed by others in the Rangitikei
on streams similar to the Porewa.

Erosion Control
The first chairman of the Catchment Board, K A
Williams, was an eloquent lawyer from Marton
where the Board's headquarters were established.
He quickly summed up the strength of the 1941 Act
and was able to see future benefits that it could
bring. Encouragement came from one of the
Covernment members, Dr L I Grange, the first
director of the Soil Bureau, DSIR, who had previ-
ously been head of the Ceological Survey. This
background enabled him to assess the river and the
soil problems. Moreover, the volcanic plateau had
been one of his special areas of study. Although he
was a realist, cynicism was part of his make-up.
When asked at a public meeting when the next
major central North Island pumice eruption was
likely to take place, he replied that all you could tell,
"was that the longer you are from the last one the
closer you are to the next!"
Dr Crange was much more helpful with soil erosion
questions in the Rangitikei catchment. The second

awatu Catchment Board and who, in his determi-
nation to make pasture secure on steep hill country,
could see a great deal more scope in the Rangitikei
than in the Manawatu catchment.
Soil conservation work therefore got off to an early
start. Although erosion was not severe/ it was wide-
spread. Methods of control used at first consisted
of over-sowing surface slipping following storms,
and widespread planting of poplars and willows to
stabilise hillsides prone to slipping.
ln 1961 a particularly severe storm devastated an
area of 5000 to 6000 hectares and left a trail of dam-
age over a much wider area. Prompt over-sowing of
slips by the Board encouraged farmers to listen to
advice about farm plans. From then on the Board's
soil conservation work became consolidated. lt was
ably encouraged by one of its chairmen, E H Simp-
son, himself a farmer, who also became president of
the Catchment Authorities' Association (1971-75).
He helped to develop the work in a methodical
manner. Today one third of all the farmed hill coun-
try in the catchment district has had a soil conser-
vation farm plan prepared for it. ln addition, many
thousands of trees are planted annually for stability
purposes throughout the steep hills.
On the military reserve in the headwaters of the
catchment, some particularly obvious erosion scars
had appeared where the pumice surface had been
broken. The Board paid special attention to these.
This erosion proved to be not as threatening or
severe as the Board had feared, but another prob-
lem of a very different character was appearing in
the area.
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reserve of contorta pine. Meanwhile the Forest Ser-
vice undertook to deal with the source of the trou-
ble in the Karioi forest and replace the tree with
species less aggressive.

The Coastal Sands
From the Manawatu Catchment Board's district to
Wanganui the belt of drifting sand dunes continues
along the coast. ln places dunes moved over farm-
land at a rate of 25 metres a year for lengthy periods.
The inexorable march of sand buried everything.

The Forest Service has stabilised a large section of
this belt, but, in addition, the Catchment Board has
introduced successf ul stabilisation measures into
farming operations. These have been complex
because of competing claims from the many
interests that arise along coastal areas.

The Marahau-Wainui Sand Stab¡lisation Scheme was
planned over an area of nearly 5000 hectares and
included 11 farms and various leases. A 10-year pro-
gramme will be required to complete the work. ln
addition to Catchment Board stabilisation, the
Department of Lands and Survey has carried out a
coastal review survey to plan the basis of a regional
park. Recreation, plant and sea bird areas and ãgeo-
logical reserve to preserve ventifact beds have all
been demarcated. A Marahau-Wainui Landscape
Report has been prepared so that stabilisation meas-
ures can blend in with domain board proposals. The
Waitotara County Council must take account of all
this planning in drawing up its district scheme.
Overplanned? Not so long as past mistakes are rec-
tified, drifting sand stabilised and farming improved.

Wanganui
For the administration of natural water management
the Wanganui area was amalgamated with the
Rangitikei Catchment and Regional Water Board.
Soon after, the Wanganui Valley joined the Catch-
ment Board for soil conservation and river control.
Taumarunui near the top of the river remained
independent, as did Wanganui, a city that seemed
to think that few benefits were likely to come from
supporting a valley struggling with farming, much of
which was barely above subsistence level. As late as
the 1960s some 30 percent of the farm houses in
the valley had been abandoned. Between the effects
of erosion and reversion to scrub much steep land
was impossible to keep clear for farming.

The Wanganui catchment is the second iargest in
the North lsland. Covering 7382 km2 ¡r is twice the
size of the Rangitikei catchment. There must be
considerable potential for improvement in such a
large area and the people of Wanganui stand to
benefit from the further development of their hin-
terland. The Catchment Board is likely to provide
the key.
Various measures to improve the valley are under-
way. An example of progress has been the designing
of a scheme for the catchment of the Matarawa, ã
small tributary joining the main river almost at the
eastern limits of Wanganui City. The Matarawa
drains an area of about 100 km, of which less than
one tenth is flat land in the valley bottom where its
use is essential for farming. Down the centre of the
valley runs a main access road and the Marton-New
Plymouth railway.
Floods frequently affect the flat land and commu-
nications as well as part of East Wanganui. There are
also many scars of past erosion, and on these, even
after a lapse of years, production is less than half
what it is from unaffected land. There are good rea-
sons, therefore, for a catchment controf scheme.
One to include
flood improve-
ment r drainage
and s ures.
Similar schemes are possible, but much of the
Wanganui Valley is undeveloped and is likely to
remain so because of its extreme steepness and sus-
ceptibility to erosion.
The river itself is regarded as a fine scenic attraction
from Wanganui to Taumarunui, and from Wanganui
to the sea as a convenient sewer. lts great value as
a versatile water resource is, however, now being
increasingly realised. The hydro-electric potential of
the river has been studied for a long time. lf it were
to be harnessed, however, the district, and possibly
the nation, would have come to terms with the con-
flict between such development and present scenic
and recreational values.

The river has a long history of these uses which led
to the Wanganui River Trust being set up in 1892
to deal with navigation and to protect scenic values.
ln 1903 the Trust adopted an official list of 239 rap-
ids from Taumarunui to the tidal limits. These have
become the Mecca of canoeists. At present the
Catchment Board maintains navigation works while
scenic and recreational values are primarily the
responsibility of the Wanganui River Reserves
Board. Changes in administration are underway
because of widespread interest in the river.
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Next came the planning of petrochemical industries
using gas. These required water and a means of dis-
posing of liquid effluents. Their water rights would
be much more complex than any that had been
granted in the past in Taranaki. An unusual range of
chemicals had to be considered, some of them
highly toxic to organisms that live in water, both
fresh and saline. The industries were large and
would grow. Moreover, they were based on strikes
to date, and the odds of finding further gas or oil
in the locality were favourable.
lf the Commission was going to manage its water
resources to cope with these developments and not
jeopardise current users or recreation and conser-
vation, it had to know a great deal more about them,
both the quantity and quality.

Water Resources Surveys
From the Egmont National Park boundary more than
'100 streams flow across the ring plain at intervals
averaging less than 5 kilometres. Forty of them have
a 10 year low flow in excess of 100 litres per second.
This group has been selected for detailed flow
studies because of its significance for water supplies.
Catchments on the flanks of Mount Egmont lend
themselves conveniently to detailed study of the
relationship between water and land use. One such
investigation was carried out for the Timaru Stream.
This stream is on the north-west side of the moun-
tain and rises on the Pouakai Range. Of the 52 km2
hectare catchment, 22 km2 is in the National Park.
The remaining area contains 42 fa¡ms engaged in
dairying or a combination of dairying, drysioèk and
horticulture (over 70 percent is dairying). There is
one cheese factory in the catchment. The beach at
the Timaru mouth is a popular recreation area, and
the stream itself is used for swimming, whitebaiting
and trout fishing. lt also has scenic appeal.
Streams are the most important source of water
used in the Timaru catchment. ln 1980, the factory
and 31 of the farms extracted an average of 373 050
litres per day. ln addition, there were 13 wells and
5 bores in the catchment from which was taken
somewhat less water than was extracted directly
from the streams.
The discharge of cowshed wastes was mainly by
spray irrigation onto pastures. Twenty farms used
this method. Four used oxidation ponds-the Com-
mission assists farmers to locate and design these.
On 2 farms, wastes were drained into swamps.

Similar information to the above is being obtained
for the whole ring plain. This, together with hydro-
logical studies being undertaken on selected streams,
will give the Commission valuable inforrnation. All
the Egmont streams are used for stock water; some
are good fishing streams; some feed underground
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supplies that are already being tapped by farmers;
there are hydro-electric schemes on some; two rural
water supply schemes are operated from others;
many factory and urban supplies are drawn from
them.
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Chernistry, biology and oceanography
The Waitara River, which gathers its water partly
from the mountain and parily from the hinterland,
has been the subject of intensive investigations
because of the urgent
ment proposals for it.
been sited at Tikorangi
kilometres inland from
The plant has, as one option for effluent disposal,
use of the township sewage line, emptying some
1200 metres out to sea in an embayment. The pos-

sible addition of toxic chemicals to the sewage was

someth¡ng that had to be investigated. The Com-
mission tñerefore initiated in the lower river and
the embayment studies of the water movements
caused by'tides, currents, winds, depths of sea and
flows of the river. The effects of traces of chemicals
on marine and river life were included' The com-

Thermal Power Station applied for water rights in
1972. Sea water only was required for cooling pur-
poses. The station uses natural 8as and the water
bo"r not come into contact with any other fluids'
The temperature is, however, raised 9oC in passing

done.

described ab
was made by
Zealand and
indicated; all
for a number of purposes.

The use of one stream was ruled out because it
already supplied farming plus a lactose- factory, and
furthei eitractions would deplete flow. Further
depletion of an already small flow also ruled out the
seËond stream. ln the catchments of both these
streams the need for water to supply possible future
irrigation schemes was also introduced as an

objection.

Pro from the
Wa ted to I
yea s taken as

ôth e biota of
over, the rep hearing the objec.-
tions noted, outside the Park

boundary is still contains small

areas of 6ush mP which result in
a more stable stream flow Pattern".

there was all too short a time.

shortages and the lack of quality, a Sreat expansion
of rurãl water supplies is being sought. Water for
them must be drawn from the Egmont streams.

To a large extent, further development of Taranaki
dependl upon plentiful supplies of pure water; for
thé farmer' and-horticulturalist to increase produc-
tion from the fertile soils as well as for industrial
developments based on the new hydrocarbon
discoveries.

Soil Conservation
Water and pollution problems have engaged most
of the attention of the Commission up to now.
There has, however, been time for it to realise that
it does have soil conservation problems in what it
terms its 'back country'-mainly that land lying
between Mount Egmont's influence and the plateau
of the central North lsland. lt is not very high, but
very broken, with steep-sided valleys. The streams
and rivers have very limited valley floors, and these
can be readily flooded or eroded away'

Erosion is inevitable on farm land in this steep coun-
try. While it is not severe/ control is necessary.

Through the use of good farm plans there is little
doubt that production from the whole region could
be lifted appreciably.
lnvestigations to this end are underway, and a catch-
ment èontrol scheme for the Waitotara is being
planned. The next major catchment north of the
Wanganui, it covers an area of 113 km2. More than
half the catchment is forest, largely State forest,
which it is intended to retain, primarily for protec-
tion purposes. Catchment control measures include
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Water Authority was set up. Conservation and pol-
lution control wcre its watchwords and remained so

until it was absorbed by the Wellington Regional
Water Board in 1972.

As Wellington grew the population escaped, when-
ever it could, io the somewhat more pleasant cli-
mate of the west coast f rom Pukerua Bay

northwards. Weekend and commuter townships
grew up, depending mainly on
iheir water supplies and on de
truck during dry spells. Not unti
from the Waikanae River and a t

ional Water Board able to
Kapiti Borough as well as

lsewhere administration of
in this area was transferred

to the Manawatu Catchment Board in 1982).

Today bulk water for the Wellington region is drawn
from catchments extending over '16 000 hectares
plus underground water. This is the result of long-
term, continuous and efficient planning, even
though there have been a number of changes in the
administering bodies.

Wellington Regional Water Board
'l'he parallel acti I tÌìarl-

"g"tent 
paved of the

Wellingtoh Regi ch had

under Its Rct to of the
Water and Soil Conservation Act and the Soil Con-
servation and Rivers Control Act for the whole of
the Wellington region, stretching north to
Waikanae.

As far as water management and supply, catchment
and river control were concerned, the pieces of the
jig-saw together in a logical and

êffectiv steP came with the for-
mation Regional Council which
took ov he Previous Water Board,
and thus has, among its responsibilities, the man-
agement and conservation of water and soil-the
two basic natural resources in regional planning. One
of its committees, the Water and Soil Management
Committee, manages water from catchment to con-
sumer and so is vitally concerned with the state of
the region's catchments and rivers.

With the brave forecast made in 1874 about the
in their ears the Wellington
he process of installing the
pply scheme in the country.
inal answer to Wellington's

needs, but the "cornerstone of water supply needs
for decades to come."

ln the middle reaches of the Hutt River at Te Marua,
just north of Upper Hutt city, reservoirs are being
built to hold 10'times the quantity of water held by
the Karori reservoirs. Public reserves and amenities
are to be formed around them'

Native and Exotic Forest
At all times the condition of the catchments from
which water is drawn has been of primary concern.
The various bodies in charge of water supply have,
therefore, pursued a policy of eventual ownership
of the areas themselves.

One of the transitory administrative bodies was the
Wellington City and Suburban Water Supply Board
established in 1928. Some State forests in the catch-
ment of the Hutt River were transferred to it' At
that time logging was proceeding in the forests.

The newly established Board undertook the man-
agement of logging, ensuring that the extraction of
native timber trees was carried out so as to cause
the least damage to the remaining forest. Full recov-
ery of vegetation was necessary if water yield was to
be the aim following timber yield. Revenue from
logging was to finance the establishment of exotic
foiest trees in the cutover forest and on open land
possessed or acquired by the Board.
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Moclern practices of subdivision and the b'..iilding of
large blocks of housing often reshape the landscape
by clearing vegetation, changing valley slopes and
filling waterways. Neat suburbs with well-paved
streets and rapidly established gardens are the
result. All works well except when, during develop-
ment, heavy rain occurs on the bared land; or, after
development, waterways cannot take the changed
flow that occurs with urbanisation. Then the water-
ways become choked with silt and debris that can
affect property well beyond the confines of the
development. Much worse things can happen when
unstable rocks are exposed and strata lubricated by
rainfall. Landslides on a large scale can then occur.
The setting up of the Auckland Regional Water
Board in 1973 was only just in time to act upon the
problems of bare earth land development resulting
in gross silt pollution of drainage systems, streams,
beaches and harbour waters.

The ARA drew up guidelines for erosion control in
urban earth works based on similar but more
detailed ones produced by NWASCO.

These contain plans for silt retention dams and silt
traps, contour drains and the adequate control of
siltation from subdivisional development. When
planned at an early stage some of these structures
can be designed to serve later amenity purposes
such as decorative ponds, reserves, or flood peak
detention basins. As urban development extends
more and more from flat land to hills this marriage
of town and country planning and water and soil
management requirements becomes essential.

A modest soil conservation service is now available
to farmers also, for improvement of productivity by
the stabilisation of slips, and the prevention of soil
erosion by storms, rainfall, or excessive wetting and
drying of soils.

The Upper Waitemata
The 'sparkling waters' of Waitemata are the venue
of one of the largest yacht regattas in the world.
During this event thousands of boats preen them-
selves on the harbour. Cone are the days of sailing
in a'sewage pond'. Pollution could, however, reap-
pear only too easily in the upper harbour which is

shallow. Low tides leave wide areas of shoreline
exposed. Land in the surrounding catchment is

undergoing rapid changes. Urbanisation is spreading
on to it, horticulture is taking over from farming,
farming itself is becoming more intensive, and for-
ests are being harvested.

Auckland will continue to spread around the upper
harbour. Extensive areas of 'scraped earth' are
bound to appear, accompanied by the washing of
silt into the shallow waters. Such damage is costly
to repair, as has already been proved during similar

developmcnts on the No¡'th Shore. The ARA there-
fore promoted a study of the Upper Waitemata
Harbour. lt is hoped that this will lead to the pro-
vision of design data for planners and engineers that
will eliminate or minimise costly mistakes and set
standards of environmental quality. The ARA has
drawn on a particularly wide range of knowledge
and interest to advise it on these matters.

Lake Pupuke
There are a number of small lakes within the met-
ropolitan area, the most intensively used being
Pupuke on the North Shore. Here 110 hectares of
water occupy an explosion crater. The surrounding
lava contains it and water escapes through cracks.
No major streams flow into it, but rainfall and urban
stormwater do.

The first settlers-and, no doubt, Maoris before
them-used the lake for water supplies with little
understanding of water quality. Rural activities
followed by urban development increased pollution
while the Health Department standards for water
use rose. ln 1941 it was decided that no further
water supplies could be drawn. A vigorous growth
of seasonal water plants has now developed, inter-
fering with the growing use of the lake for recrea-
tion and causing nuisances such as smells.

Water rights are now required, as the 1967 Act pre-
scribes, for discharges to the lake. There are storm-
water discharges and emergency sewage overflows.
The ARA has set up a Lake Pupuke Mangement
Committee to try and integrate the many conflicting
uses. Such is the value of even a small body of water
within an urban area.

Mahurangi Harbour
This scenic gem lies 40 kilometres north of the Wai-
temata. lt is small and not well known, but it is the
centre of the oyster farming industry. Every New
Zealander would agree that this must be protected!
The complications of doing so are great.

Some 21 oyster farm leases were in operation in
1980, and other parts of the harbour are suitable for
expanding this promising industry. Against any large
increase, however, strong opposition comes from
other harbour users. The sight of oyster farms is dis-
pleasing to recreationists and they also restrict
access to the foreshore. Apart from oyster farmers,
commercial fishermen and pleasure boats use the
harbour. The mooring of these vessels and use of
the harbour for recreational pursuits could be seri-
ously compromised by excessive development of an
oyster farming industry. There are holiday resident-
ial settlements on its shores and Warkworth lies at
its head on the Mahurangi River. Disposal of sewage
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effluent from these settlements is another compli-
cating factor.
The harbour waters are currently of relatively high
quality except after extended heavy rainfall in the
contributing catchments. Land and water use are as

complex here as they are in the Waitemata, or on
any other part of the coast. The ARA is involved
through water rights in decisions concerning the
use of the harbour and of the surrounding land.

Omaha
What better place for a seaside resort than a sand-
spit? Living with immediate access to the beach,
coupled with an attractive outlook, is a compelling
temptation to many lovers of the seaside.

The Omaha Spit has been formed across the
entrance to the Whangateau Harbour just 60 kilo-
metres north of the Waitemata. ln the space of 7
years, from 1971, a substantial part of it was subdi-
vided and three-quarters of the sections sold.

But the spit was still sand, formed by sea currents
and under constant change by those currents. Vari-
ous happenings, including 3 hurricane-force storms
coinciding with consecutive spring high tides in
1978 caused rapid erosion of most of the sea-front
sections. Since then costly protection measures
have been executed; but who can predict the vagar-
ies of sea currents and the effects of storms?

Legal actions resulting in out of court settlements
have involved undisclosed, but large, sums of
money. The anguish and cost of such mistakes seem
to be too easily forgotten.
Not to build houses on shifting sands is something
that New Zealanders have yet to learn, even though
NWASCO has devised techniques that help to spec-
ify where and at what magnitude and frequency
coastal erosion is expected to take place.

Associated with the Omaha Spit development the
Rodney County Council applied for water rights to
take groundwater from under nearby Point Wells
for the supply of potable water, after treatment, to
the spit subdivision. There are no significant or eco-
nomically viable surface water supplies in the area
as an alternative. The Point Wells area, however,
contains a large area of fertile soils which are being
progressively developed for horticulture and which
require water.
The ARA's assessment, yet to be confirmed by fur-
ther study, has been that there is insufficient water
to supply the potential demand for irrigation once
the high class soils are fully developed. With this in

mind the ARA declined granting a right to take
water from the underground source for subdivi-
sional development, on the basis that the dwellings
have an alternative in roof water storage. Horticul-
turists have no such choice. By this decision an
important principle of priority for access to an insuf-
ficient water resource was established. This has been
an important precedent. lt establishes for the time
being a general policy to protect, where applicable,
the water resources of the region for horticultural
and agricultural development.

Parakai and Waiwera
The thermalwater resources, enjoyed by local land-
owners and the public alike, at Parakai near Helens-
ville and Waiwera on the Hibiscus Coast, are being
over-exploited, resulting in a depleted water level,
a lowering of the temperature and salt water intru-
sion. Studies of these areas have resulted in the for-
mulation of management guidelines and a basis for
water allocation.

Pukekohe and Bombay
The Pukekohe Plateau in Franklin County comprises
high class volcanic soils on which there has been
intensive horticultural production for many years.
This use is spreading onto adjacent high class soils.
The only source of water is underground. There is

evidence that the demand, mainly for irrigation, is

nearing the yield of the resource. A joint study
being èonducted by the ARA and the WVA should
result in groundwater and surface water allocation
and management plans covering a wide area around,
and including, the plateau.

To the east of the Franklin study area are the high
class volcanic soils on the Bombay slopes above
Drury. Here also horticulture is increasing. The
demand for water now exceeds its availability during
drought periods. This area does not appear to have
a reliable source of groundwater and the surface
water comes from a very small catchment area. A
preliminary water allocation plan for this has been
produced. Surface water storage and a communal
irrigation scheme are seen as the long term solu-
tions to further development.
The future holds some perplexing problems for the
ARA as the Regional Water Board, particularly in the
conflict between the needs of urban and rural areas.
lf the district is to continue to grow as an econom-
ically and environmentally strong region, the avail-
ability of water will be an important factor.
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SOUTH ISLAND CATCHMENT AUTHORITIES

The Southern Alps determine much that happens
with water, rivers and soils throughout the South
lsland. Next to this major influence is the effect of
past glaciation. lce and snow fields that blanketed
the Alps and spread out from them affected the
greater part of the South lsland in one way or
another. Great glaciers gouged out deep valleys as
they descended to the lowland. They loosened,
ground and moved huge quantities of rock in the
mountains. When they retreated, some eroded
material was left high up on the valley sides; greater
quant¡ties were deposited as moraines, often block-
ing valleys and forming basins for lakes filled with
the melted ice. Material washed in sheets by water
flowing from the melting snow and ice also formed
plains and gentle fans or filled basins between
mountains.

During dry periods the wind whipped up the fine
material, as it does on the Canterbury river beds even
now, and left it gathered in deposits of loess. Deep
beds of loess are present in many places: the hills
behind Blenheim, downlands in North Canterbury,
Banks Peninsula, extensive downlands in South Can-

Except for the high mountains where there was
rapid natural erosion and harsh climates, vegetation
soon covered the landscape as the ice retreated, but
settlement later uncovered a great deal of it. One
of the difficulties in the South lsland still is to seg-
regate natural erosion-much of it a follow-on from
glaciation-and man-induced erosion.
A combination of high precipitation and substantial
remnant glaciers ensures that large rivers flow down
both sides of the Southern Alps. To the west coast,
numerous short rivers carry huge quantities of water
and detritus to the sea. Flood flows are some of the
highest, and certainly the most frequent, in the
country. To the east coast fewer rivers descend
from the divide, sometimes feeding the lakes
already mentioned before crossing plains built up in
gentle fans. Between the large rivers many smaller
ones rise in the foothills.

No CATCHÍVENI

529 Tokoko
57O Molueka
575 Wotmeo

gauqed ol lyotroo
589 Pelorus
60l ll/otrou
6O? Awolere
621 Cloreîêe
643 Conwoy
646 Waiou'
651 Hurunut
659 ll/oporo
662 Ashley
664 Wotmakol¡n
680 Se/ø/n
685 Roka¡o
688 Ashburlon
693 Ronqilolo
695 Orori
696 Opihi
7O9 Waúoo
7ll Wotlokt
726 Shaq
731 Watkouotlt
743 Toteri
752 C/ulha
775 lrfolouro
786 Orelt
789 Aporimo
797 Wotou
809 Wotrourahrt
8l 3 l1/o¡lulu
847 Cleddou
ASI Ho///ford
863 Arawolo
868 Hoosl
906 Hok¡li*o
9 I I Toromokou
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932 8uiler
951 Karameo
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Hydro Potential
In 1887 Dawson's Hotel in Reefton installed electric
light generated from hydro power. lt was the first
public building in Australasia to do so. This early
start did not develop as promised and at the present
time the West Coast produces only one seventh of
its electricity in spite of the huge quantity of water
and the many rivers it has. This is largely because

the detritus brought down by most of the rivers
makes them difficult to harness. The hydro schemes
that have been built are small and make use of the
storage of water in natural lakes-which are none
of them large-and the low fall between the lakes
and the sea. There remain possibilities of generating
large quantities of power from the Buller and Upper
Grey Rivers.
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mountains, rise the Taramakau and Hokitika rivers
in the central section of the Westland Catchment
Board's district. Not all the rain and snow is caught
in their catchments; much is driven by the winds
across the divide to feed the Waimakariri. During
storms in the mountains this river and others in the
east flood, although they flow mainly through coun-
try in the rain shadow of the mountains.

The Waimakariri as it approaches the sea flows
through a flood plain nearly 36 000 hectares in
extent. The Rakaia River south of it has a small flood
plain but the remaining large rivers crossing the
plains, the Waiau, Hurunui and Rangitata, have
none.

Christchurch is by far the largest urban settlement
in New Zealand'situated mainly on a flood plain'
There is, therefore, a double incentive for flood
control: the need to protect the area so that settle-
ment can grow safely, and the need to protect the
best soils. Control measures began early, because
the capital investment that grew rapidly, but was
threatened by floods, provided money for the work'

Control of the Waimakariri River
Mr Bray had every reason to be worried, but he was
soon employed to advise the Canterbury Provincial
Government on possible control measures. Drown-
ings occurred in floodings during the 1850s and
'60s. Communications across the river were difficult
and had to be changed as the braided river channels
continually altered. ln the 1868 flood a very large
overflow went down through other streams as well
as the Avon into what are now the north-west sub-
urbs of the city. lt also seriously affected settlement
that was beginning on the north bank of the Wai-
makariri around Kaiapoi. Some land there had to be
abandoned.

A South Waimakariri River Board of Conservators
from 1881 to 1923 dealt with maintenance but
undertook little new work. lt did not have the
stimulus provoked by major floods, for during that
42-year period only 2 occurred and no overflows
reached Christchurch.

The Board received a Crown grant of endowment
lands along the river. This has proved beneficial in
several ways by providing the area on which to plant
a wide belt of trees between the river and Christ-
church, to erect stopbanks and groynes and to carry
out other river work.

Prevention of overflows throrrgh Christchurch was
amongst the first works undertaken by the Board.
Its control was confined to the south bank. The
northern boundary of the Board's district was a line
along the centre of the south branch of the river.
The north bank was left to fend for itself, a task
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116. Christchurch City built largely on the floodplain
of the Waimakariri River. the path of the ,Avon River
through the city can be detected by the line of trees
bordering it. (Natíonal Publicity Studios)

made increasingly difficult as the river flow was
pushed by early stopbanking and groyne work from
the south to the north bank.

Complacency might have set in south of the river,
but ihis was far from the case to the north. As a

result of a Commission hearing, a Waimakariri River
lmprovement Act was passed in 1922 and the Wai-
makariri River Trust set up. lts district included lands
on both banks from the sea nearly to the gorge, a

distance of about 70 kilometres.

By that t¡me there was evidence of aggradation in
the lower river bed caused by bank erosion across
the plains and by deposition of detritus carried
down from the mountains where accelerated
erosion was now added to the very active geological
erosion. The Trust undertook the construction of

the first time an overall basis for control had been
proposed (F C Hay's No 2 Scheme). The scheme was
at f¡rst rejected by ratepayers in 1926 but a major
flood 7 months later and another a few months after
that quickly changed people's minds.

The design was such that a maximum discharge flow
of 4300 cumecs could be contained within stop-
banks and other works. Subsequent floods proved
it to be under-designed in places. Nevertheless, the
plan laid the basis for all future control measures
and was, therefore, of lasting importance.
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The North Canterbury Catchment Board, consti-
tuted in 1944 and the first in the country to meet,
absorbed the Trust but carried on with its plan until
1960 when it produced the Waimakariri River
lmprovement Scheme. ln the meantime there had
been two floods, in 1950 and 1957, that had over-
flowed by breaking the banks. The 1960 scheme
aimed at raising the level of protection to contain
floods of 4770 cumecs.

By the late 1960s flooding in the lower reaches of
the river had been controlled, and a basis for
improving the high country had been laid. The link
between the catchment condition and river behav-
iour was now sought. This was a much more com-
plex problem.
A survey of the catchment revealed formidable gaps
in knowledge of the natural processes going on in
the area. There was insufficient evidence to deter-
mine the trend in plant cover and erosion, espe-
cially following heavy reductions in wild animals and
sheep and the control of fire. There was insufficient
information on the effect of both Maori and Euro-
pean occupation of the land. The contribution of
flood waters f rom the various tributaries was
unknown. And much more. The final report con-
cluded: ". . . the survey has revealed vast fields of
ignorance and that future control of the catchment
must be accompanied by scientific investigation into
these fields." This is continuing.
The Catchment Board inherited the Waimakariri as

its main immediate problem, but it also acquired
many others. lts district initially stretched from the
Rakaia catchment in the south to the Kowai in the
north. The northern boundary was later extended
to include the catchment of the Waipara, Hurunui
and Waiau, giving a total area of 19 051 km'. The
western boundary now extends along 230 km of the
Alps.

The Selwyn River and Lake Ellesmere
Ellesmere is a shallow lagoon shut off from the sea
by a bar of sand and shingle carried northwards
along the coast. The Selwyn River, which gathers in
the foothills between the Waimakariri and Rakaia
Rivers, flows into it. When the lake water rises to
about 3 metres above mean sea level the water
breaks out to the sea naturally, but at that level it
occupies 30 000 hectares. When lowered to 0.3
metre above mean sea level it occupies about half
that area. Keeping the level down, therefore, is an
important economic operation.
Our Mr Bray of Avonhead wrote a comprehensive
report in 1875 about the complexities of Lake Elles-
mere and drainage of the surrounding land. In the
1870s the Selwyn County undertook lake opening
and drainage and in 1905 a special Ellesmere Drain-
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became one of the early tasks of the Catchment
Board. This regular operation keeps dry about
10 000 hectares of land around the lake and
improves the drainage of an even larger area of fer-
tile flat land.

The High Country
The Canterbury Association began the serious set-
tlement of the region in 1850, but the'pastoral inva-
sion of the South Island'was already well underway
in Marlborough and Otago and to a minor extent
in Canterbury. Graziers, many of them Australian,
with money and merino sheep, obtained cheap pas-
toral licences and rapidly stocked the tussock-
covered mountain and foothill country east of the
divide. lt was a prosperous period, particularly for
Canterbury, where crops could be grown on the
best plains' soils and a wool clip shorn from the
merinos in the several million hectares of tussock-
covered mountain run country.
1886 saw 5 million sheep in Canterbury, but from
then on deterioration in the mountains set in. This
was widespread, applying to virtually all the tussock
country in the hills and mountains of the South
lsland. There were two basic causes: the uncon-
trolled use of fire, and over-grazing by a combina-
tion of domestic and introduced wild animals. The
widespread natural erosion was soon aggravated by
these factors.
Samuel Butler gave an account of the first burning
of the natural vegetation:

"We burnt the flats as we rode down, and made
a smoke which was noticed between 50 and 60
miles off. I have seen no grander sight than the
fire upon a country which has never before been
burnt, and on which there is a large quantity of
lrishmen. The sun soon loses all brightness, and
looks as though seen through smoked glass. The
volumes of smoke are something that must be
seen to be appreciated. The flames roar and the
grass crackles and every now and then a glorious
lurid flare marks the ignition of an lrishman." (The
lrishman being the thorny shrub, matagouri or
Discaria toumatou).

Butler also gave advice on the need to take care
with burning. Otherwise there was a danger of
destroying a neighbour's tussock and, with it, his
sheep. But he maintained that burning was essen-
tial-"Burnt feed means contented and well-
conditioned sheep."
So far so good; but over-burning eventually killed
tussocks and the other vegetation and fires also
escaped into what little forest had survived earlier
Polynesian or naturally-caused firês.
To the other scourge, wild animals, the mountains
were as attractive as they were to sheep. Rabbits
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This river, draining 4û km oÍ the Main Divide, and
made famous by Samuel Butler, has a catchment
about the same size as the Ashburton and flood
peaks of about the same level. The nature of its flow
is affected by the storage of moisture as snow during
winter and its melt in spring, and by glaciers which
occupy 2.6 percent of the catchment and give it a
good summer flow. Across the plains the river is

entrenched in its gentle fan. During floods the main
damage it causes is bank erosion along the bed and
on Rangitata Island which occupies an area between
two branches in the lower reaches. ln the past it was
very troublesome in this way and in cutting main
communications.

The potential of the Rangitata as a water resource
was early recognised by engineers. When irrigation
of the plains was seriously considered, the Public
Works Department constructed a diversion race 67
km long from the gorge of the Rangitata to the Rak-
aia River. ln excess of 28 cumecs was diverted along
this race and on the way approximately another 7

cumecs was extracted from the Ashburton. (By

Extensions planned to two of them, also using water
from the race, will double this irrigated area. The
Covernment's extraction of water from the race can
be restricted according to the flow in the Rangitata
River.

ln the winter months, when there is no demand for
irrigation, the water drops into the entrenched Rak-
aia through a hydro power station, appropriately
named Highbank.

The Board and the High Country
The success of the South Canterbury Catchment
Board with its river schemes has been due in no
small measure to its control work in the upper
catchments.

From the outset the Board was acutely aware that it
must study the catchments as well as the lower riv-
ers that caused the immediate trouble. There would
be increasing complications as long as detritus was
fed into the lower reaches of the small rivers. Could
it be stopped? lt had always come down naturally,
but was it increasing because of man-made erosion?

The sta ome critical'
At the har reduced
what al s and in the
Hunter and exPand-
ing population of red-necked wallaby added to the
competition for grazing.

The Board's task was clear; to carry out the intention
of the 1941 Act and examine complete catch-
ments-rivers, vegetation and soils. lt was well con-
stituted to do this.

The first chairman was Dr P R Woodhouse, a medi-
cal practitioner-cum-runholder who had an excel-
lent background from which to size up the
problems and guide the Board. Amongst the strong
group of Covernment representatives was J D Rae-
side, a soil scientist who had assisted with a South
lsland high country erosion survey.

The first meeting of the Board requested each
county to supply a report on conditions of the high
country, the low country and river control. At the
next meeting Raeside read a report on the effect of
burning on soils. The first Conservator to the Board,
who was appointed in 1946, was given the title of
Pastoral Liaison Officer. His first task was to get to
know the runholders and their high country
problems.
ln less than a year from the Board's first meeting
Woodhouse had written a brief, setting out the
scope of the activities that the newly constituted
Board should cover. This comprehensive document
discussed soil conservation on all land (including
high farming land), river control and land drainage.
No board could have wished for a better plan of
attack. To Woodhouse a long term approach was
paramount and to achieve this, sound records,
investigation and research, as well as good practice,
were essential.

Progress with rehabilitation was assisted by the
selection of "demonstration" properties on which
erosion control measures could be put in train and
the results observed closely. Shenley, a small run of
3300 hectares in the Opihi Catchment, was selected
as one of these.

There a number of practices, some of which the
owner was already trying, were included in an over-
all plan. Over the years these added up, not only to
erosion control, but also to markedly increased pro-
duction as the vegetative cover improved.

Oversowing and topdressing were the basic meas-
ures that brought this about, but a number of other
measures also helped. Fencing to segregate differ-
ent types of country, rank growth utilisation by cat-
tle, control of burning, and provision of access
tracks, all helped to heal and improve the country.
Progress over the whole area has been continuous
until, today, over 100 plans cover nearly 87 percent
of the South Canterbury high country.
Burning is now carried out under strict control
through permits. Up to the early 1960s about 100
permits a year were issued with an average of nearly
20 000 hectares burned. Permits have now dropped
to something over 20 each year and the average area
burned is of the order of 2500 hectares. Moreover,
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all the fires are below the 900 metre contour and
most are for the control of weeds or to prepare the
way for oversowing and topdressing.
ln spite of this success the severest erosion scars,
some man made, have not been healed and are con-
tinually reactivated by heavy rainstorms. These are
among the principal sources of detritus to the
streams. They can usually be cured only by engi-
neering work plus tree planting, special and costly
work that is separate from the type of work done
under a run or farm plan.

Now that erosion control in catchments is well
underway, attention is being directed to the rela-
tionship between vegetative cover and water yields.
This is a vital matter because of water shortages that
occur in the lower rivers during prolonged dry
spells.

Wind and Shelter
To prevent the loss of loessial soils during cultiva-
tion, and to give shelter to stock, farmers have
established shelter belts almost from the time of the
first settlement. Persistent attempts have produced
a wide range of results, including some successes/
but many failures. Establishment is difficult in the
dry soils; some of the species chosen have been
attacked by diseases; management throughout the
life of a shelter belt has seldom been applied. The
commonest tree planted, radiata pine, grows to
such a size that belts are often blown over by the
strong winds.
So pressing was the problem that local bodies were
encouraged to engage in this activity. Under the
1941 legislation Catchment Boards saw the need to
establish better shelter as part of their task of soil
conservation. In wind-prone areas and on certain
soil types, Boards have designed schemes to cover
whole districts.
The South Canterbury Board has made a special
effort in this field and is paying detailed attention
to the design, establishment and continueus man-
agement of shelter belts. lt is estimated that a total
area of 400 000 hectares requires this form of soil.
conservation. As has been reported by the Board:
"There is need to elevate shelter to a level of tech-
nology similar to other forms of agriculture such as
irrigation".

The Regional Water Board
Woodhouse became President of the Catchment
Authorities' Association and during his term of
office he foreshadowed water legislation that was to
come later. He could visualise the critical need for
water management in South Canterbury if flooding
could be controlled. In the broader field of water
use he expressed his opinions to the Association as

follows:
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"The Boards should be required to protect the
sources of supply of water for use, perhaps, in the
distant future.

The point of utilisation of water may be far
removed from the source whence it originates.
The powers of a regional authority should be
available to conserve the water until it reaches its
point of utilisation.... Water conservation
should be considered in the same way as soil
conservation."

The statement has been well borne out. Demands
for water in South Canterbury are increasing rapidly.
Freedom from flooding has encouraged more
intensive cropping of the flood plains and this in
turn increases the call on water. lrrigated areas are
being extended and further expansion is possible.
The use of the low flows in all the rivers is a critical
issue because extractions at that time affect fisheries
and other recreation.
Where can extra water be obtained?
The most obvious place to look is through Burke's
Pass to Lake Tekapo and the Tekapo River, in the
headwaters of the Waitaki system. Here is part of
the incomparable water resource originating in the
highest parts of the Southern Alps. The rivers are
partly glacier-fed, snow is stored during the winter
to be released in the spring and summer, and large
lakes store the water.

This resource is being diverted in a most complex
manner for hydro-electricity generation and irri-
gation of the Mackenzie Basin. Why not send a small
fraction through Burke's Pass and down the Opihi,
the most used river in South Canterbury? The Ran-
gitata diversion race illustrates what could be done.
Why not a Tekapo diversion? This possibility is

being seriously considered, but before decisions are
made a critical assessment of the resources in the
district itself is being undertaken.

Water from the Opihi is used for irrigation, rural,
urban and industrial water supplies, and for recrea-
tion. Ten water races in all have been drawn from
it, and 7000 hectares developed for irrigation. But
five times this area within the Opihi catchment
alone could be irrigated.

The detailed study is showing where and how water
could be used more efficiently or more extracted.
One of the most economic ways of increasing the
yield immediately would be to store excess flows in
the Opihi by constructing a dam or dams at suitable
points.

Whatever is done, increased agricrrltrtral production
in South Canterbury will depend largely on
increased availability of water and continued
improvements in the high country. ln both of these
the Catchment/Regional Water Board has key roles
to play.























Roxburgh ciam was buiit, ancì a series of others are
planned. Operation of the Roxburgh station
change_d the flow of the river below it, iñtroducing
daily fluctuations of considerable magnitude. Ri
present Roxburgh is used as a peak station. Con-
sequently the daily peak flows "are of a size
approaching the previous dominant discharge and
their rapid repetition never permits bañks to
recover naturally", a thoroughly unsatisfactory
situation.
The behaviour of the river mouths was altered by
the power station operation in such a manner that
flood waters could be held back, adding to the
existing flood problems in the lower reaches of the
river. ln 1978, just 100 years after the devastating
floods of 1878, this danger made itself clear. Thé
Clutha broke its banks near the mouth and flooded
two-thirds of the delta.
The small flood plain of lnchclutha and adjacent
country/ amounting to less than 0.5 percent of the
total catchment, has proved to be one of the most
difficult areas in the country to protect from flood-

way into the town through layers of permeable
sands under the stopbanks. The place is protected
against a flood of the size of IBZB which, if it did
happen to break the banks, would inundate some
areas by up to 4 metres. What happens if a bigger
flood occurs? lt is essential that the series of d-ams
to be built on the river system be designed for flood
protection as well as electricity generation.
Some of the main tributaries of the Clutha are large
rivers in their own right. The gold-bearing Shotovèr

143. Shotover River Catchment, Otago. Snowgrass tus-
soc( severely burned, was later oversown to-produce
a cover productive for sheep. With the snowgrass was
/ost its water gathering capabil¡ties. (J H Johns, NZFS)

joins another ma Kawarau, just
below the outlet fr The Shotover
drains soft schist lly prone to
erosion. Added t the extensive
churning up of the river bed by mining operations.
The total result is a heavy bed load of schist sedi-
ment which is moved down-river to Lake Roxburgh.

he Pomahaka, flows through
particularly prone to flooding.
g it suffer frequently, and in a
press reported:

"Kelso was evacuated for the third time since the
last '100-year-flood' in 1978"

Kelso is a prime example of the persistence of
people living on flood plains. Even the dousing they
have had over the years has not prevented iesto-
ration of buildings after each flood. Moreover,
there is little prospect of a flood control scheme
because the cost of one would be substantially
greater than the value of the assets at risk.

Hydraulic Modelling
ln order to help solve some of the difficult river
problems the Otago Catchment Board has devel-
oped hydraulic modelling facilities. (tt is the only
catchment authority to do so). The lower Clutha
control scheme, behaviour of the Clutha mouth,
problems of the Taieri and a number of other con-
trol matters have all been studied by these means.
Other organisations have taken advantage of the
facilities, including the Dunedin City Council and
the Board's neighbour, the Southland Catchment
Board. The use of models has given greatly added
conf idence to designers of schemes and has
resulted in substantial savings in capital works.

142. Central Otago mountains well covered with
modified tussock grassland. (J H Johns, NZFS)

Sig l0'
147



Vegetation, Rabbits and Soil Conservation
Over the years the Central Otago block mountains
and inter-montane valleys have become noted for
the paucity of vegetation that has replaced waving
tussock grasslands. Much of the plant life that man-
aged to persist consisted of flat-growing plants-
native Raoulia in particular, that came to enjoy the
name of 'scab-weed' because it covered the ground
like a sore. Rabbits were undoubtedly the basic
cause of this deterioration. Low rainfall did not help,
but rabbits found a particularly congenial home in
Central Otago.
The headwaters of the Clutha and about one third
of its-catchment is in a high part of the greywacke
Southern Alps. Like the rest of the eastern Southern
Alps the area was subjected to fire and over-grazing
by a mixture of domestic and introduced animals.
ihe huge amount of natural and induced erosion
detritus brought down is trapped by the 3 natural
lakes.

Between these lakes and Roxburgh lies more than
another third of the catchment, mainly the block
mountains and valleys. This area was subjected to
the same treatment/ but also became the special
home of the rabbit. Below Roxburgh, and in the
catchment of the Taieri, there are low mountains
and downland, mostly covered by loessial deposits'
Some erosion took place there where tussock or
forest had been destroyed.
The Board soon after its formation recruited staff to
survey its whole district and to introduce measures
to restore vegetat¡ve cover. Similar approaches to

those used all along the eastern Alps were used, but
the Board had two special problems, the schist
block mountains and the loess-covered downlands.

Tussock on the flat tops of the block mountains and
in the valleys had been transformed by misuse' On
the mountain sides, the vegetation was more per-
sistent. lt was here that efforts were first made to
improve the cover in order to bring the animals off
the tops and to allow the runholders and farmers to
improve the valley land.

No real headway could be made with this work until
rabbits were controlled. This happened about the
time soil conservation work was planned to go into
operation. Subdivisional fencing used in soil con-
servation run plans permitted the controlled move-
ment of stock out of harm's way and in this manner
assisted materially the "killer" policy of the Rabbit
Destruction Council. Within a few years rabbits
were controlled and rapid progress was then made
with farm and run plans.

ln the downland country north of the Taieri-the
catchment of small rivers coming from the Kakanui
Mountains-rich farmland has been formed, but the
area is subject to prolonged droughts. During these
the dry loóssial soils are readily blown by wind and
the firit rains may then erode the soils loosened in
this manner.
A conservation programme has been planned for
this area. Since water must be the key, irrigation
forms the main part of the plan. The Waitaki River
to the north is the proposed source. Other meas-

ures include establishment of shelter belts and com-
munity afforestation on the worst eroded land
(Classes Vl and Vll). The proposed period of oper-
ation is 15 to 20 years.

Run and farm plans now cover 27 percent of the
Board's district, a fine achievement in such a large
and diverse area.

The Regional Water Board
When Regional Water Board duties were added to
the Catchment Board's in 1968 there were already
well-established uses of water, not only over

took river control.
in New Zealand it was
ce that it affected the
t only for sluicing, but
rdens, under the earlY

mining Acts, had the power to grant water rights'
ln the dry areas these soon acquired value' Often
the water had to be taken long distances in races

144. Central Otago during the rabbit scourge. The
effect of this animal plus fires and grazing by domestic
stock led to the degeneration of the tussock and scrub
cover to'scabweed' (Raoulia spp.) and other weeds
seen here. The elimination of rabbits, control of fire
and stocking, and the introduction of run plans have
allowed improved vegetation to come back. (MWD)
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and licences were granted for these as well. Central
Otago is noted for the number of races tapping the
scarce supplies of water and traversing the dry
country. When the gold ran out, some races were
acquired for irrigation, with the result that there are
now many small, private schemes scattered around
Central Otago.
When the Regional Water Board took over ¡t
received 2706 notifications of existing uses granted
under the mining legislation. Each of these had to
be inspected to see if, in fact, it existed, and, if it
did, to determine to what extent it was being used.
Another test of the new water legislation came
when plans for further harnessing of the Clutha for
electricity production were announced. lt takes
many years of investigation to produce final plans,
and the Clutha had already been investigated for a
long time before the 1967 legislation was even con-
sidered. The Government had the legal right to pro-
ceed but decided to apply for water rights. The
procedures to be followed would then ensure that
both national and regional aspirations would be
aired.

The Board produced a Clutha Catchment Water
Allocation Plan setting out what was known of the
resources and their main features. The step was a
notable one, but as may be imagined, because of the
advanced stage that planning had already reached,
it created great complications. Nevertheless, differ-
ences of opinion that had been surfacing for some

145. The narrow terraces along the Cromwell Corge
of the Clutha River proved suitable for growing pip
and stone fruit, especially apricots, mainly because of
a favourable micro-climate. Ihe development of the
river for hydro-electricity will drown these areas but
irrigation will be supplied to land at higher e/evations
where orchards can be established on a much larger
scale. (D L Homer, NZCS)

time were now heard through legal and public
procedures.
The first water rights applied for were for a pro-
posed , dam at Clyde. Objections, consolidated
through environmental procedures/ were mainly:
that the proposals were single purpose and not
multi-ob¡ective (this had applied earlier to the Rox-
burgh dam, to the great detriment of many people
affected on the lower river); that the margins of the
artificial lake would be difficult to manage; that fer-
tile land would be lost; that scenic and historic
attractions would be losÇ and that stirring up the
sediment lodged in the river in goldmining days
would affect the lower river.
For a variety of reasons the situation became com-
plex. Hydro-electric potential requires long-term
investigation and planning. The interpretation of
new legislation by law also takes a long time. More-
over one interpretation can be upset by another.
Preliminary work on proposed sites can lead to
complications.
To resolve the extreme complexities that arose
around the Clyde dam proposals the Covernment
decided to take special action. Whatever the pros
and cons of this, the situation that had arisen served
as a warning to all that it would no longer be pos-
sible to pre-empt a large body of water for a single
use. The time for multi-purpose planning of the use
of water, even if such planning included a dominant
use, had arrived.

Tussock Grasslands and Water
An important part of the water story concerns tus-
sock grassland. The essential functions of mountain
tussock grassland are the catching and regulating of
water/ the protection of soil and the retention of
detritus in its place. lf the tussock land is to be used
for production, however, which is the more valua-
ble, animal production or water?

In the mountains, fog is an important moisture car-
rier. The large snow tussocks with their multiplicity
of fine leaves catch moisture from fog, and in this
way rainfall is supplemented. Professor A F Mark, a
member of the Otago Catchment Board, has been
examining this phenomenon for a number of years.

His work has shown that increased water supplies
under large snow tussock are the result of substan-
tial gains of moisture by the interception of fog.
Before large snow tussock is replaced by other-
usually lower sward-plants, consideration should
be given to the question posed above.

There is little doubt that water is the most valuable
product in many high mountain areas. ls this so in
lower mountains where low alpine snow tussock is
disappearing to make way for pastures? ln a catch-
ment like the Taieri this needs testing on a large
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scale. Once gone, the snow tussock association can-
not be replaced.

Abbotsford
ln July 1979 a 7 hectare block of hillside at Abbots-
ford in Dunedin slid downslope at the rate of 3

metres per minute. "A graben [an area of subsid-
ence resulting from tensionl opened on the uphill
side of the block as it slid away. Twenty-one houses
dropped into it and lay wrecked in the torn earth"'
Altogether 69 houses were destroyed or damaged
beyond repair in the landslide; a high toll for a

calamity that should have been avoided.

Such slipping of large blocks of land is not uncom-
mon where soft sedimentary rocks contain layers
that can be wetted. The North lsland East Coast has

many of them, some extending over hundreds of
hectares. But none have housing suburbs on them
like Abbotsford, so they receive little attention.
Abbotsford demonstrated the forces at work in
urbanisation. The most economic expansion of con-
centrated settlement is onto adjacent land from an
area where services such as roads and water supply
are already established. The economic arguments
usually override technical ob jections. This hap-
pened in the development of Abbotsford. The inse-
curity of the area was known, but ignored. The
process is somewhat s¡milar to that of people per
sisting in inhabiting flood plains; the danger is

known, but, "lt can't happen to us".

It takes calamities such as Abbotsford or floods to
bring together urban authorities and the Catchment
Boards which have the technical background to
advise on the safety of areas for development.

150







councils, committees and subs!dary organisations that
the plain man knows them scarcely by name and
feels only a ripple of interest when a new and
important body is elected".
The new Board found the Drainage and Rivers
Boards, in the main, willing for their work to be
taken over. Some did remain in existence but oper-
ated through the Catchment Board. That body ini-
tially put its greatest effort into land drainage,
enlarging, deepening and straightening deficient
watercourses. This activity received the maximum
support from landholders because of the great
increases it made to primary production. Some 1500
kilometres of watercourses have now been dealt
with in this manner.
Drainage works are organised into drainage districts
for planning and financing and for the sake of the
maintenance that is so essential. ln 1981 there were
93 drainage districts, a number which emphasises
their importance.
The first meeting of the Catchment Board was
attended by a member of the Soil Conservation and
Rivers Control Council who advised: "The chief
work will be the control of rivers, particularly in the
lower reaches". But this nettle was not grasped for
many years, so deeply engaged was the whole dis-
trict in drainage and land improvement.
Floods, therefore, continued to take their toll and
during severe ones in 1957 the local press forlornly
wrote:

"With the rampaging Oreti, Mataura and Aparima
Rivers spewing their muddy, foaming torrents
across the plains of Central Southland, the prov-
ince was yesterday in the midst of what could
well have been one of the most disastrous floods
in its history".

Strong words in view of the fact that some of the
earlier floods had been even larger. But still higher
floods were yet to come.
A spate of floods hit Southland during the period
1975-80. A flood in 1978 was termed the One-
Hundred-Year-Flood because the previous largest
had been in 1878. But in 1980 another 'one-
hundred-year-flood' occurred. Over these years,
townships and farms have been evacuated, stock
lost and much capital investment damaged. Costs of
restoration have been high.
Major flood damage in the rest of the country is

now uncommon because floods are contained by
river works. So, questions are frequently asked;
"What has happened in Southland?" "Why is river
control not working?"
lmprovement of the land and production has
brought with it increasing demands for river pro-
tection schemes. For while improvement of the land
was making great strides, the major riverbeds were
deteriorating and becoming blocked with weeds

and r¡illows. The Bcard had been pointing this out
for some time but it took the damage caused by the
floods of the late 1970s to bring home to people
the seriousness of the situation.
During this period almost every riverside farm on
an 80 kilometre reach of the Oreti suffered from
floods to an extent greater than at any time since
1935. Blockage of the major rivers was almost com-
plete in some reaches, and floods overflowed pre-
viously safe banks and spilled onto the highly
delevoped plains.

The position became so serious that urgent Govern-
ment approval was obtained for major clearing
schemes on the Mataura, Oreti and Aparima. Eighty
kilometres of the Oreti and 60 of the Aparima were
cleared in 1B months. This work set the stage for
the follow-up stopbanking schemes which were
designed for the three rivers.

The Makarewa-Hedgehope Drainage Scheme
and the Oreti

Wakatipu and Manapouri and flows to the New

o{ lqin channels, the shortening of these by some
10 kilometres and the excavatiõn of more than 4
million m3 of soil.

weste These events strength_ened which, by that time,were ners to the CatchmentBoard scheme. prior to .1925

a S0-year flood on the Oreti had been calculated at
500 cumecs. Over the next six years eight floods
were experienced ranging from 525 to g15 cumecs.
The Catchment Board has now prepared a scheme
which will "include all facets of wat'er and soil con-
servation from the Eyre Mountains to the sea and
will embrace all the existing or partly prepared
scheme work in the catchmeñt,,.
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A remarkable diversity of work is required, as is

exemplifiecl by only one part of it: a proposal to
build a flood detention dam on the Winton Stream,
a small tributary of the Oreti. Forty millimetres of
rain is enough to flood over 2000 hectares of the
best farmland. The stream channel is clogged and
bridges act as constrictions, (there are 24 bridges in
all crossing the stream: 16 road, 7 farm and 1 rail).

The upper Makarewa is being examined in the same
detail, because, to improve the flood return period
of 5 years, similar types of 'works will have to be
done.

The Aparima River
West of the Oreti a smaller river, the Aparima (with
less than half the average flow of the Oreti), drains
a catchment of 1260 km'z. lt rises in the Takitimu
Mountains and low hills near them. lts flood peaks
are not large; the highest reached being 1000
cumecs. Nevertheless, in the lower reaches floods
spread over the western part of the Southland
Plains.

The late 1970s floods on this river drove farmers to
petition the Catchment Board for a comprehensive
flood control scheme. The Catchment Board has

undertaken works along the river which will even-
tually join up in a complete scheme. This is the same
plan of attack as that adopted for the Oreti.

The Mataura R¡Yer
The Mataura is the most important river in South-
land. lt drains 5360 km'zbetween the catchments of
the Oreti and the Clutha and has an average flow
about the same as that of the Manawatu. lt flows
across the plains, and has flood plains of its own
extending over 30 000 hectares-about the size of
those in the lower Manawatu.
The highest point in the catchment does not reach
2000 metres. The greater part of it is developed,
including much recent cultivation of wet tussock
grassland in the upper reaches. Erosion has devel-
oped in the mountainous part of the catchment.
Several townships including Gore, Mataura and
Wyndham have grown up along the river, all of
them partly on flood plains. A substantial part of the
capital invested in the Mataura Catchment is within
flood reach, behind stopbanks erected in the past,
but never adequately protected against major
floods. Many emergencies have occurred and much
damage been done to farmland, townships and
industries. During the Octobe¡ 1978 flood virtually
the whole of Mataura township was under water.
Ninety percent of properties were affected one way
or another and 60 percent of homes damaged. ln
excess of $9 million of immediate damage (1978),
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plus long-term damage, was the burden placed on
the small community. This township and that of
Wyndham had to be evacuated for several days.

Apart from the threat of general flooding, Mataura
township has special problems. ft draws urban and
industrial water supplies from the river, which flows
here through a rock channel with a freezing works
on one side and a paper mill on the other. From
time to time both industrial works have suffered
flood damage, sometimes extensive. Moreover,
during large floods they add to the flood hazard
because they constrict the flow. To overcome this
problem will be a difficult and costly part of any
river control scheme. The Southland Catchment
Board has commissioned the Otago Board to con-
struct a model of that section of the river. lt will be
used to test the effectiveness of a number of chan-
nel improvements between the two industrial
plants.

Model studies are required to produce adequate flood
control measures. (MWD)







plans were aÍoot to use this resource for electricity
generation. What more simple than to dam the
Waiau, using the bed as an overflow channel, and
send the main flow of water through the mountaim
to a neighbouring fiord, Doubtful Sound, generating
power from the fall of '180 metres on the way? The
Manapouri-Te Anau Development Act 1963 author-
ised the use of the lakes and the diversion of the
Waiau for just such a scheme.

A few years later, under the 1967 water and soil
legislation, the Southland Regional Water Board
found itself the body charged with the local man-
agement of natural water in Fiordland. lt had to be
concerned with the water resources of its whole
district and their best use and the effects of that use.
The production of electricity was only one of many
uses, and the Board was charged with studying the
interaction of all of them. To complicate matters still
further, the lakes are within the Fiordland National
Park and subject to the National Parks Act which has
definite prescriptions concerning conservation.
But this was rather shutting the stable door after the
horse had bolted. Electricity generation inevitably
imposed severe restrictions on some other uses and
the 1963 Act overrode the National Parks Act. Only
the persistence of the Save Manapouri Campaign
prevented the raising of Lake Manapouri by a fur-
ther 27.4 metres to produce a greater head of water
for power production.
Even so, in this development Southland lost its best
water resource. People's eyes were fixed on the two
Iakes; they overlooked the strong, swift river that
emptied them. Now it is a puny thing, deprived of
all the lake water except in times of overflow. What
could have been future uses of the river are now
lost.

The lakes and the river are but part of an extremely
diverse catchment. About half is in Fiordland
National Park, but the other half is easy to rolling
country with at least 65 000 hectares of fluffy soils
formed following glaciation. These have been
developed by the Department of Lands and Survey.
The Catchment Board has made provision for shel-
ter belts to prevent wind erosion of the light soils
and to protect watercourses which can deteriorate
rapidly because of changed run-off conditions.
Streams will be fenced to preserve natural vegeta-
tion along the banks.

Lignite
Southland and Otago lignite deposits are known to
be extensive. Those in Southland could be of the
order of 4.4 billion tonnes in six major fields, all of
them under good farmland and some of them as
deep as 300 metres, so that substantial mines will be
necessary if they are worked.
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151. Lignite coal deposits lying under the Southland
plains.

lf mining does take place, what of the land? Can the
overburden be replaced so as to restore productiv-
ity? Can the expensively developed drainage, which
must be destroyed during mining, be restored after-
wards? A considerable depth of material could be
removed. Some current shallow excavations are
already filled with lakes. Are parts of the Southland
Plains going to become a series of artificial lakes?
Groundwater movement would be altered by min-
ing. How would this affect flows and water supplies
drawn from rivers that are already overtaxed during
low flows?

The Catchment Board has a key role to play in pre-
senting the issues of land use and water use in rela-
tion to drainage and river protection and control. lt
has already had to face additional costly problems
where past dredging and sluicing for gold have
complicated flood protection measures in river
beds. The extraction of lignite could bring infinitely
more severe problems.

Planning
Major efforts are made by the Board, in both the
water resource and soil conservation fields, to assist
planners in district and regional planning. This is
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especially important in avoiding the siting of build-
ings in floodways. The Board is asked to comment
on every building permit applied for where a poten-
t¡al for flooding exists. Aerial photographs taken
during floods have assisted many landowners, lend-
ing institutions, local authorities and insurance com-
panies to make decisions which take into account
dangers in the future.

Water resource studies have been made to assist
investigations into possible new industries such as

pulp and chipboard mills, peat, lignite and gold
mining, and silicon and gravel recovery.
The Board has established itself as the major
regional source of information in planning for the
wise use of water and soil.
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The Wairau Flood Protection Scheme
The Catchment Board lost no time in designing a

flood protection scheme for the Wairau and Blen-
heim. There was a long history of the effect of dis-
asters and of the results of partial control to guide
the planners. By 1959, a scheme had been approved.
Work was commenced at once and some structures
were in operation by 1960. The day following the
completion of major works in 1975 the largest flood
since 1868 (4700 cumecs) tested the system, which
came through with flying colours.
The total scheme included many works, amongst
the most important of which were: channel clear-
ing, stopbanking and other work along the main
river channel; sending the river along a straight
course to a northern sea outlet instead of letting it
turn south to the Wairau bar; major drainage works
which include some 25 pumping stations with 40
pumps; and the building of a detention dam on the
Taylor River.

Blenheim and an area of about 16 000 hectares are
now free from major flooding. Extensions to the
scheme are continually being undertaken-espe-
cially training of the river to a defined channel.
When this is successful, much of the wide shingle
bed can be reclaimed for farming which must never
be regarded as permanent because of need to retain
an ample flood channel.

Soil Conservation in the Wairau Catchment
The Wairau catchment constituted 80 percent of
the Board's original district. lt is similar to the catch-
ments of many other rivers that rise on the east of
the Southern Alps. A land use capability survey of
the Wairau Valley undertaken almost as soon as the
Catchment Board was formed revealed problems
common to the greater part of the South lsland high
country. Only one-fifth of the catchment is flat or
gently rolling; the remainder is steep to very steep.
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156. An outline of the main features of the complex
scheme of flood controlworks safeguarding Blenheim
and preventing flooding of the lower Wairau plain. ln
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addition, pumping stations achieve the drainage ot
both areas. (Marlborough Catchment Board)





















with the development of motorways, state high-
ways, aerodromes/ universities, schools, television
and other public amenities. Relief from flooding
should be achieved as soon as possible, and the
Council and Catchment Boards should spend
their funds and energy installing planned protec-
tion schemes, rather than patching works in an
emergency during or after floods."

This was a generous view. How far could it be
extended to people seeking land and living in iso-
lated valleys? The catchment of the next river west-
ward, the Aorere, receives something like the high
rainfalls of the West Coast. A normal flow of 15
cumecs could reach 3500 cumecs in flood. Apart
from frequent flooding of the limited flats, bank
erosion was severe.

ln spite of these difficulties dairy farming became
established. Rock protection of the river banks was
undertaken even though the cost to farmers was
high. Short-term economics were ignored. Rock
protection was generally successful, though under
the most severe conditions the Aorere River could
move the largest pieces of rock placed on the banks.
This spells cont¡nuing and expensive maintenance.

Water Resources
"Our Province has water enough for its purposes".
(Land of Streams, by Kenneth Gregory). This might
be so if it were in the place where it is wanted-
the Waimea Plains and surrounding rolling country
and centres of population. Greatly increased sup-
plies of water for intensive irrigation and urban and
industrial needs will largely decide the future pros-
perity of the Nelson area.

Where can this water come from? The Wairoa River
and its tributaries, and underground water charged
by them, have provided the main supplies up to
now, but in dry seasons the demand over-taxes
them. Some of the underground water is also show-
ing signs of deterioration. There are excellent
resources further out from Nelson and Waimea: to
the south, the Buller River and Lakes Rotoiti and
Rotoroa feeding iU to the north, the Motueka and
Takaka Rivers. But these resources are all too
remote at the present time.

The fan-shaped upper catchment of the Wairoa is a

good collector of water. Although only 460 km2 in
extentf it provides peak flows of up to 1000 cumecs.
The river leaves the hills abruptly, and about this
point it could be dammed and sufficient water
impounded to supply future demands for a long
time. Such a scheme has the added attraction that
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it could be multi-purpose, supplying irrigation,
urban and rural needs, and electricity.
The district can be thankful that, through the influ-
ence of the land use policies of the Catchment
Board, the upper catchment of the Wairoa has
remained in native forest or has been afforested; a

good safeguard for the water resource.
The land use choice between radiata pine and grass
which has long been a bone of contention through-
out the district has now been followed by another:
radiata pine or water. tn the climate of Nélson, sub-
ject to droughts lasting a month or more, planta-
tions use more moisture than pastures. tarmers
maintain that creeks they have been dependent
upon have been dried up by the new forests-they
sometimes conveniently forget the creeks that dis-
appear under the erosion debris filling the beds.
"There should be no planting in the catchment of
the Wairoa", they say.

A satisfactory land use pattern is now being
achieved and an important part of it is exotic forests
in place of reverted, eroded and uneconomic farm-
land. There could be no reversal of such a develop-
ment that has evolved to meet the needs of all.
Water supplies in areas of greatest need are so sub-
stantially insufficient that the choice of pines or pas-
ture affects the situation very little. The solution lies
in water harvesting and this is what the Catchment
Board is helping to plan.

Pollution
Scallops or pollution? Are the estuaries, the Waimea
inlet and the Nelson Haven, to be allowed to con-
tinue to deteriorate? These attractive parts of the
Nelson coast are polluted from urban and industrial
uses around them. The city sewer used to discharge
into the midst of scallop beds. Taking contaminated
fish was prevented by demarcation of the area
where contamination might occur. Although fishing
was supposedly excluded from this area, sly remarks
were made as to the location of the largest scallops.
The precaution also ignored the fact that the scal-
lops as well as the fishermen move.
Sooner or later this sort of situation would have to
be controlled through the issue of conditional water
rights for the disposal of sewage, or the refusal of
them altogether if the pollution became too severe.
This was the task of the Regional Water Board. The
Board did not simply adopt this restrictive attitude.
It has actively encouraged local authorit¡es to con
sider planning a comprehensive sewage scheme.
The rapidly growing recreational pursuits on the
inlet can then proceed unhampered by pollution
problems.



Flood Control

tested too severely.

The attraction and the need for water is so much
part of us that we settled along the river and on the
flood plains. Here lay the goõd soils and access to
water 

. was -.easy. Swampy land, great hardships
caused. by flooding-of homesteadslnd townships,
drownings and difficult communications did rioi
deter us.

The formula for flood control and drainage on an
effective scale was finally produced in the Soil Con-servation 1941. The speed
with whic came into 6eingfollowing urgent need anð
deslre for prõvided.
Scarcely more than 40 years later flood control
schemes operate on most of our major rivers. A few
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Catchment Districts and Flood Control

are incomplete, amongst them those on rivers in
Southland where drainage took priority over flood
control in spite of repeated inundation of town-
ships. And, on the West Coast, the construction of

of good farmland and to extend drainage under the
policies already established.
Once floods are no longer a threat they are soon
forgotten. Forgotten too, is the memory that great
benefits have flowed from flood control schemes.
Throughout the country a total area of flood plain
soils, well in excess of 600 000 hectares, has been
freed from flooding and then sive
cropping has been made possi ter-
bury and orcharding, cropping the
Wairau Plains and the Hereta the
Poverty Bay flats there has been a remarkable tran-
sition from poor grass with a little maize to exten-
sive maize, vineyards and horticulture. Horticulture

notable result of Catchment Authority works.

Northland
Auckland
Hauraki
Waikato
Bay of Plenty
East Cape
Hawke's Bay
Taranaki
Rangitikei,/Wanganui
Manawatu
Wairarapa
Wellington
Nelson
Marlborough
Westland
North Canterbury
South Canterbury
Waitaki
Otago
Southland

Controlled
Flood Plains

Area (ha) Population (ha)
1 260 000 108 000 40 985

530 000 804 500
443 595 60 000 62841

1 865 587 251 300 31 666
920 000 150 000 15 390

1 040 064 52 600 16 769
1 s34 937 135 000 40 233
1 881 133 104 660 100
1 483 500 112 460 4 031
1 943 319 165 000 48 074

647 000 45 000 21 900
137 600 323 162 1 464
651 400 64 601 9 883

1 338 623 38 000 24 290
2 638 941 35 678 B 281
1 905 130 336 846 84 149
1 120 000 84772 70 423
1 195 700 17 000 26774
3 489 216 180 000 28 338
2 617 251 110 000 134 074

173



Occasionally/ we are given a harsh reminder of the
frequent happenings in the past. A stopbank fails
and farmland is flooded. Or, more seriously, the
Taieri Plains are flooded. Sometimes the collapse of
a bridge or the washing out of a road once again
cuts communications.
We are unable to prevent damage from high inten-
sity rain storms. Their occurrence is too random and
the standard of protection needed would be too
costly to provide. So we have to bear with the dis-
asters which occasionally hit populated areas. The
1981 Kerikeri flood and the 1976 Wellington flood
were examples of events that have to be suffered
from time to time. Damage can be reduced, how-
ever, by reservation of waterways and preventing
encroachment on to them.
Are major failures of flood protection schemes a

possibility in the future? Works have been designed
for return periods of a stated number of years-
sometimes as low as five, sometimes as high as 200,
depending on the ¡nvestment to be protected and
the rating agreed upon. Flow data, upon which
designs are based, have generally been collected for
relatively short periods.
It seems inevitable that an unusual rain will, sooner
or later, cause a major failure. "lt couldn't happen
to me" is a dangerous philosophy at the best of
times and a disastrous one to adopt in matters of
flood hazard.
Rains always come and rivers always flow and flood.
Maintenance must be continuous and of the highest
standard and schemes themselves must be con-
stantly reviewed and upgraded as knowledge of
rivers grows.

Erosion Control
Settlers took a gamble when they removed from hill
and mountain nature's vegetative sponge. The hill-
sides looked so stable under the forests. Who could
tell they were potential helter skelters? The first
limited clearing for gardens, small crops and a few
stock were successful. Good soils were uncovered
and the forest humus fertilised the crops grown.

country.
If erosion control and prevention measures-
including wild animal control-had not been put in
train, the primary production of this country would
be very much less than it is today. South lsland
mountains would be shedding detritus in unman-
ageable quantities and soils lost for good; loess hill
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soils would have eroded into grotesque valleys and
shapes; the sheet, slip and slump erosion in the
North lsland would have made large areas unpro-
ductive. As it is, only a major change in land use

coupled with intensive erosion control measures on
pastoral land can halt deterioration of parts of the
East Cape region.
We have seen how the strongest pressure to take
action came from the South lsland and Hawke's Bay

and that the result was provision for erosion control
measures in the 1941 Act. Successful development
of erosion control techniques followed' Now, all but
the most severe erosion can be cured, but it is still
not possible to prevent unexpected erosion occur-
ring during heavy rain storms.

on vulnerable land. Or changes in climate-exces-
sively dry or wet periods-can be too testing for the
farming techniques used and lead to erosion.

Water Management
We are profligate in our use of water. Why worry?
We have plenly. On both an area and a population
basis we have fhe best supplies in the world. But in
a world where water supplies are under increasing
threat, having the best of a bad lot is no consolation.
ln some areas of New Zealand water is becoming
scarce.

of our resources.

Many of the most favoured water resources have
become over-taxed or over-polluted in use. The
"open sewer", Lake Rotorua, has a catchment con-
trol scheme but, when it came to taking treated
sewage effluent from Rotorua around the lake to
the kaituna River outlet, other issues appeared.
Even though the effluent would be safely diluted
and would have a long way to travel in a turbulent
river, people in the lower-river naturally objected.



are many such boijntiful resou¡'ces remaining but
there are a number of very good secondary
resources. Could any Government now develop the
Wanganui or the Buller, say, for hydro-electricity
alone? Plans to do so for the Wanganui would cer-
tainly bring a protesting flotilla of rafts and canoes
down the coast to Parliament.

Disputed water rights have become legal battle-
grounds. Fish and waterfowl-or rather their catch-
ers and observers-now have rights along with
other claimants. Recreationists have rights. The Act
states that all recreational uses of natural water must
be taken into account. Indeed, recreationists can
now lay claim to stretches of rivers or even corh-
plete rivers for their prized scenic and recreational
values. All rivers or stretches of rivers possessing
hydro-electric power potential are included in "a
national inventory to establish the scenic, recrea-
tional and other features of rivers".

With the passing of the 1967 Act the administrative
situation quickly became complex. Under ¡t
Catchment/Regional Water Boards were required
to deal with total water resources but could find
little information of help. Records of current uses
were incomplete, if they existed at all. ln the past
Catchment Boards had studied high flows in order
to design flood control schemes. Now, as Regional
Water Boards, they had to study low flows so that
they could apportion water when and where it was
most needed. Permits issued in the past for with-
drawals often added up to amounts in excess of
mean low flows.

Demands for water rights made surveys of water
resources urgent/ but flowing water of changing
volumes takes a long time to measure accurately.
Regional Water Boards now have enough data to
begin to look forward and plan to accommodate
both current and possible future uses of some of
their main resources, but a great deal more is
required, so rapidly is the demand for water
growing.

Regional Government and Planning
Can we make further progress in preventing dam-
age by floods like that at Taieri, landslide calamities
such as Abbotsford, disastrous coastal erosion as at
Omaha, and pollution of water common throughout
the country? We can, by bringing the water and soil
organisation and local government closer together:
in other words, co-ordinate the data and knowledge
of one organisation with the planning procedures
of the other.

At first, provincial governments grappled with river
control and drainage because the progress of local

communities depended on their efforts. Although
the problems were large and the resources slender,
enough was achieved to ind¡cate that success could
come in the long run.

The barrage of demands and deputations to which
Central Government was later subjected was proof
enough that the work was essential. Central
Government also had its own motives. Trunk roads
and railways had to be protected; and one quick
way of increasing production to boost overseas
earnings was by preventing flooding and by draining
swamplands.

The Government used the Public Works Depart-
ment for advice and execution. The department was
at that time building up a body of knowledge of
rivers in connection with the construction of roads,
railways and bridges. ln addition, the design of
hydro-electric schemes had to be preceded by long
periods of river studies. The department also under-
took the construction of some river and drainage
work on behalf of the Government itself.

When the time was ripe, the 1941 and 1967 Acts
were passed. These provided, once again, for large
regional units, Catchment Authorities and Regional
Water Boards, substantially elected by local rate-
payers, to undertake works at a local level. This was
a wise development. Local communities live along
rivers and occupy reclaimed swamps and have to
contend with the problems these present. They must
have regard to the whole river catchments and what
is going on in them. They draw domestic, stock and
industrial water supplies f rom the catchments,
whether from a river, forested reservoir or under-
ground supplies. They have to cure the erosion. The
catchment is their homeland.

Planning authorities-planning committees of the
united or regional councils set up under the Town
and Country Planning Act 1977-are required to
include representatives of Catchment Authorities
and to have regard to the principles and objectives
of the water and soil legislation. Thus, the means
have been provided to develop co-ordination
between the bodies that have to deal, in one way
or another, with the two most basic resources
involved in planning.

The two organisations have a number of comple-
mentary objectives. The co-ordination that is
required will succeed through their ability to grasp
one another's objectives. Whatever happens, Catch-
ment Authorities should on no account have their
position weakened. They have achieved a marked
measure of success and built up strong staffs, espe-
cially in their technical departments, and have accu-
mulated a substantial background of knowledge in
the process.

175



Thoughts on the Future
The development of New Zealand along western
lines has to a large extent been successful. Now con-
cern and contention over land use is growing
because we have almost run out of unoccupied land
to expand onto. No longer can we carve farms out
of forested hills. So we look more critically at the
land we have already occupied. lntensity of pro-
duction increases and changes in use are made.
Catchment Authorities have a direct say on land use
where erosion is threatened or rivers upset.

Land and soils yield crops which are the traditional
measure of their usefulness and quality. But water
is the most important yield of land; whether it is

held as groundwater, percolates through to under-
ground water, runs off into rivers and streams or is
just evaporated.
We have exerted immeasurably more effort and
spent a great deal more money in studying soils than
we have in studying water. Now there are ever-
increasing and urgent demands for information and
knowledge about water. lts apparent that our over-
abundance has led us into a sense of false values and
now we know least about what is most precious.
Water generates great wealth. A reasonable part of
that should surely be used for its management and
study.
We do not get our soil free; in fact we pay high
prices for it. Why should we expect to get our natu-
ral water almost free? When we do, why should we
continue to pollute it? We have good legislation to
prevent this happening, but it seems very difficult
to change our pioneering outlook on water as the
easy means to cleanse everything.

The convergence of river control/ soil erosion con-

much of the seeming complexity.

Provincial governments performed necessary func-
tions by taking some of the first steps in river con-
trol and drainage by coordinating individual efforts.
Central Covernment was then needed to assist with
and finally lay the basis for more comprehensive
measures. Many major works, both river and soil
conservation, have been completed and have ena-
bled a tremendous input to the country's agricul-
tural and other development.

Everybody now assumes the existence of river
defence works and people are irked by the con-
trolling actions of Catchment Authorities in the
areas defended. Nevertheless, there is increasing
responsibility in such areas as cultivation and deve-
lopment intensifies. The old threats are still there
even if latent for the time being. Catchment

Authorities are thrown more and more into direct
contact-sometimes conflict-w¡th the very people
they are protecting. Even more annoying to both
manager and user aie the conflicts over water rights.

There is thus a changing role for Catchment
Authorities in developing a closer association with
local communities-a reiurn to local and regional
government. They should emerge much more from
únder the umbreÍla of the Cential Government and
increase their strength locally.
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A.
Aggradation The building up of a land surface by
deposition; in the case of a river, building up the
bed or flood plain with silt or shingle.
Alpine Fault. The geological fault along the western
flank of the Southern Alps. Along it the Southern
Alps have been raised and there has been a lateral
displacement of 450 kilometres in parts.
Aquifer. A layer of rock
water, either holding
through it. lt is confine
vious layer above, and
absent.

Artesian Water. Water accumulated underground in
such a formation-e.g. a confined aquifer-that
when released, usually by drilling a bore, it r¡ses to
the surface.

B.

Bar. An accumulation of material brought down by
a river and deposited in the sea across the mouth.
It thus forms a barrier-or bar-to shipping enter-
ing the river.
Basalt Cone. A cone-shaped hill formed by the fall-
ing of basic volcanic lava after it has been erupted
and aerated in the process.
Basaft Lava FIow. A basic volcanic rock which when
erupted in a molten state flows over the surface of
the ground.
Beech Forest. Native (indigenous) forest dominated
by southern beech (Nothofagus) trees. It can be con-
trasted with mixed podocarp-broadleaf forest.
Beech forest now occupies more than half New
Zealand's remaining forest cover.
Block Mountains. A mountain mass formed by the
uplift of land between geological faults or the sink-
ing of land outside them.

c.
Caldera. A large basin-shaped depression caused by
the sinking of land when a volcanic eruption blowi
masses of material out of the ground.
Catchment. (See also watershed). The use of these
two terms have become confused in technical writ-
ing. ln New Zealand, catchment means the natural
drainage area of a river system and this is also its
legal meaning. Elsewhere the term watershed is fre-
quently used in this sense but it is also used to mean
the line separat¡ng waters flowing into different
river systems. ln this book catchments are the com-
plete drainage areas of a river system and
watersheds are the dividing lines between them.

Sig 12

Catchment Control Scheme. A co-ordinated plan of
river and erosion control works and improved land
use in a catchment in which erosion and flooding
have created both individual and community
problems.

Cirque. A steep-sided rounded hollow or head of a
glaciated valley, formed through erosion by snow
and ice.

Consequent. A stream or river that flows down the
natural slope of the land; a consequence of the
slope.

Cooling Water or Condensing Water. Water used for
cooling in industrial processes in such a manner that
¡t does not take up matter into solution or
suspension.

Conservation. Literally the preservation from
destructive uses. More loosely, permanent use
without causing destruction.
Cumecs. (cubic metres per second, m3/s) The amount
of water passing a given point each second. See page
10 for fuller explanation.

D.
Danthonia Grasses. Grasses belonging to the genus
Danthonia. The original New Zealand ones are now
known by other names. The small native grasses,
once known as Danthonias, growing on the dry hills
of Nelson and Marlborough and elsewhere are
Notodanthonia spp.
Demonstration Farm. A farm selected for demon-
strat¡nB erosion control techniques which are usu-
ally applied by agreement between the farmer and
Catchment Authority officials.
Down-faulted. A fault along which the movement on
one side is vertical, or downwards, relative to the
other.
Downland. Low altitude, hilly and undulating
grassland.

Drainage District. An area constituted under the
Land Drainage Act 1908, for which a Drainage Board
is set up to administer drainage plans.

E.

Eutrophication. Nutrient enrichment of bodies of
water/ often accompanied by deoxygenation.

F.

Fan (Alluvial). Sediment laid down in the shape of
a fan by a stream or river when the grade of the
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flow is reduced. Alluvial fans can take many shapes

from the mountains and emerging on to flat lowland
country. Streams frequently change their courses
down the sides of fans they have built up.

Farm Plan. A plan of farm management embracing
erosion control measures. The whole farm is

included because of the need to cover the cost of
erosion control and the prosP Pro:
duction once it is cured. The and

binding document between the
Catchment Authority and inv

Fault. A fracture in the earth's crust along which
movement has taken place, Very common in New
Zealand where there are a number of major faults
and innumerable small ones in the mountains' Some
large rivers, such as the Waitaki, flow along major
fault lines.

network of them has been built up in conjunction
with Run Plans.

the full flood flow.

Flood plain. A plain formed from the sediments of
a river when they are carried over its banks during
floods and dropped as the water ponds. The sedi-
ments can be silt or shingle depending upon what
the river carries down during floods.

G.
GeothermaL The internal heat of the earth.

Glaciation. Country affected by the accumulations of
ice and snow during the "lce Age" period which
generally extended from 2.5 million years to 10 000
years ago. During this period there were at least six
separate glacial periods. Amongst the most notable
legacies in New Zealand are tlre effects on some
mountain and valley shapes and the amount of det-
ritus left behind by glaciers as they melted.

Gneiss. Rock that has been altered by heat and pres-
sure deep in the earth's crust.
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Creywacke. The predominant rock of the New
Zcaiand mountain chains. The word is derived from
the Cerman "grau-wacke", o1 "grey rock". lt is a
sandstone, containing many grades, laid down origi-
nally under the sea.

Croyne. A low, broad wall of rock built in a river to
direct its current in a desired direction

H.
Hanging Valley. A tributarY valle
ley from a higher elevation. lt i

of glaciated country because a

the main valley out more deePl
ciers in its tributaries.

ñ.

lce Polished. Hard rock worn smooth by a blanket
of ice. Scratches on the rock give testimony to the
movement of the ice. A common phenomenon in
the hard rocks of Fiordland.

t.
Levee. The natural bank of a river formed during
flooding. The heaviest material in suspension .is
droppeã closest to the river bank and gradually
builds it up.

loess. Wind transported dust or silt, forming depos-
its sometimes of considerable thicknesses. ln New
Zealand deposits have been formed by strong winds
blowing down mountain valleys and picking up
material finely ground by glaciers.

M.
Matchbox Farming. When h¡ll country was first
cleared of native lorest in New Zealand much of it
reverted to second growth of native shrubs and
introduced weeds. Tñis was repeatedly burned in
endeavours to encourage grass or other Srowth pal-
atable to stock. However frequent burning encour-
aged prolific weeds such as gorse and caused
deterioration of soils.

N.
Natural Water. The Water and Soil Conservation Act
1967 says natural water is " . . . all forms of water,
including fresh water, ground water, artesian water,



sea water, geothermal steam, water vapourf ice, and
snow that are within the outer limits of the terri-
torial sea of New Zealand; but does not include
water in any form while in any reservoir under the
control of a public author¡ty and used mainly for the
water supply purposes of that public authority, or
in any pipe, tank, or cistern."
New Zealand Company. Formed in England in 1839
to undertake the colonisation of New Zealand.

P.

Pakihi. Maori word for open space in forest. Usually
a wet, badly-drained area covered with low-grow-
ing, acid-loving vegetation.
Petrochemicals. A range of numerous materials
derived from petroleum or natural gas.

Podocarp. Literally meaning, "seed with a foot"-
referring to the stalked seed. A family of coniferous
trees and shrubs containing about 60 species and
growing mainly in tropical and sub-tropical forest.
ln New Zealand r¡mu, totara, kahikatea and some
other trees are podocarps.
Potable. Drinkable.
Pumice. A frothy, acidic volcanic rock formed by the
sudden release of steam and gases as it solidifies
after eruption.

R.
Rating District. A legally defined area over which
rates are levied to help finance a river drainage or
catchment control scheme.
Return Period. The lapse in time expressed in a regu-
lar period of years that is expected between floods
of a given size. The figure is assessed from existing
records of floods and a knowledge of the river's
catchment. ln nature floods occur randomly, but
the longer the period of records and the more
detailed the knowledge of the catchment, the more
accurate the assessment of return periods.
Riparian. Situated on the banks of a river.
Riparian Right. A doctrine that governs the use of
surface water and gives all owners of land contig-
uous to streams, lakes and ponds equal rights to
water. A form of real property that is inherited with
the land.

River Control Scheme. A plan of river training, with
or without stopbanking, to prevent floods up to a
certain level from inundating land and to prevent
river bank erosion.

s.
Scree. A mass of detritus coming to rest as a steep
stony slope on a mountain side. Screes are particu-

Sig 12'

larly common in New Zealand mountains following
the last phase of glaciation and as a result of recent
accelerated erosion.
Sedimentary Rocks. Rocks formed from sediments
originally laid down under water. Because of the
manner in which they have been laid down they
contain distinct layers or strata.

Shingle. A collection of loose pebbles or small,
rounded (water-worn) stones.
S/uice Cate. A gate constructed so that it can be
opened or shut to let out or retain water. Most
commonly built in drainage systems to regulate the
Ievel and flow of water.
Steroid. Com pl icated hydrocarbon chem i cals occu r-
ring in plants and animals.
Stopbank. Artificial embankments built along
streams or rivers or on flood plains to confine flood
flows to a definite width for the protection of land
outside the stopbank. Apart from protection, stop-
banks have other effects such as raising the level of
flood flows and increasing their speed. Construction
to obtain the desired effect or combination of
effects has to be carefully calculated and planned.
Stormwater. Water gathered in an urban area during
rainstorms and carried away through the urban
piped disposal system. The speed with which it
gathers increases as the area of rooftops, sealed
roads, footpaths, etc, grows.

T.
Iectonic Movements. Movements in the structure of
the earth's crust.
Tidal. A body of water affected by the movements
of the tide. The lower reaches of rivers in which
there are flat gradients can be affected by the rise
and fall of tides. When this happens high tide coin-
ciding with a flood adds to the height of the flood.
Tussock Grassland. The common name applied to
natural grassland of New Zealand that is dominated
by bunched grasses growing individually, with other
native plants in between. lt can be contrasted with
sward-forming introduced grasses used in agricul-
tural areas.

v.
Volcanic Plateau. A plateau of rhyolitic rock known
as ignimbrite, some 21 500 square kilometres in
extent, lying between Ruapehu and the Bay of
Plenty in the North lsland. It was formed by erup-
tions in the early Pleistocene period. This plateau
has since been warped, broken by great faults, and
blanketed by ash showers. Large, high standing rem-
nants of it survive as the Kaiangaroa, Patetere,
Mamaku, and Kaharoa Plateaus. Volcanic cones and
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domes have been built up above the ignimbrite, and
depressiorrs, fortned by warping and explosions,
have been occupied by lakes. At the southern end
of the ignimbrite plateau are Mts Tongariro, Nga-
uruhoe and Ruapehu.

w.
Water Allocation Plan. Regional Water Boards inves-
tigate and record resources of natural water in their
districts. Based upon this information they some-
times draw up tentative water allocation plans based
on current and possible future uses. These serve as

a guide to further investigations. The use of water,
however, is only permitted through water rights
except for the general legal right to water domestic
stock and to fight fires with water.
Water Harvesting. lrrigation water stored in a dry
catchment-by damming-during heavy rain or by
diverting streams into it. The water is normally used
for small scale horticulture or cropping associated

with other farm activities. The term does not apply
to large in-channcl dams and reservoirs.

Watershed. See Catchment.
Water Right. The 1967 Water and Soil Conservation
Act lays down that, with certain limited exceptions,
"the sole right to dam any river or stream, or to
divert or take natural water, or discharge natural
water or waste into any natural water, or to use
natural water, is hereby vested in the Crown . ' . "
Water rights must be obtained to do these things.
Regional Water Boards handle the water right
applications.
Water Table. The level below which the soil or the
pores of a rock are saturated with water.

at low tide does not exceed six metres".
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