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ABSTRACT
The Waikato catchment is one of New Zealand's most populous areas
and contributes a large proportion of the total agricultural and indust-
rial production. lt is therefore important to understand the processes
operating in, and the present and future condition of, the water re-
sources in the catchment. To f ulf il this aim an intensive study was set up
in 1972 which involved staff from concerned bodies throughout the
regron.
This report describes the results of surveys conducted from 1972-1978
to describe the physical, chemical and biological conditions of the
waters of the Waikato River, in particular downstream of the hydro-
electric lakes, and delineates trends in a number of parameters. As a
result of these surveys a model for dissolved oxygen has been de-
veloped. Data obtained should assist both the contributing bodies and
outside organisations in planning and servicing water supplies and
waste d ischarges in the Waikato catchment. The report outlines gaps in
the present knowledge of the Waikato system and possible directions
for f uture study.
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1. Introduction
B¡cKcRour.¡D To rHE W¡rrnro RrvsR Sruov

Thirty or so years ago there was concern throughout New
Tnaland over the deterioration in the country's water re-
sources. Nowhere was the concern more deeply felt than in
the Waikato because of intensified use of the water resources
of the catchment. Industrial and farming activities were
rapidly expanding and the potential for hydro-electric power
generation on the river was being exploited. The Waikato
River was also of particular interest as a source of water for a

growing population both within the catchment and outside in
Auckland to the north. Stream pollution in the Waikato River
basin was considered to present a problem requiring urgent
attention and in 1956 the Pollution Advisory Council,
through the Ministry of Works, published a report saying,
among other things:

'Not all streams in the Waikato Basin have reached a

critical state. Only a relatively few sections of the streams
can be considered in a critical condition but the damage to
many other sections is increasing slowly. However both
actual and potential damage exists and action is required if
the surface waters of the basin are to be conserved and
maintained in such condition that they will serve the
interests of all and permit the development of the basin to
the fullest possible extent.'

(Pollution Advisory Council 1956 pl)
The report consisted of a reasonably detailed survey of the

water quality of the river and so provided a baseline against
which future surveys could be compared in order to deter-
mine water quality trends.

In 1963 the formulation of the Waters Pollution Regula-
tions empowered the Council to "classify waters in accor-
dance with their use" and to require that "all discharges of
pollutants to classified waters.were to comply with permits
obtained from the Council". Schedules to the regulations
specify quality requirements for each class of water within
the classification. The next development in the legislative
process was the passing of the Water and Soil Conservation
Act 1967 which had as its objective the promotion of a

national policy with respect to natural water. This created the
National Water and Soil Conservation Authority and set up a
new organisation to co-ordinate and administer all matters in
relation to natural water. The Water and Soil Conservation
Amendment Act (No. 2), which came into force in 1971,
repealed the Waters Pollution Act 1953 and its amendments
and the Water Pollution Regulations 1963, and allocated the
responsibility of issuing rights to discharge waste to Regional
WaterBoards. As aresultof thenewAct, theWaikato Valley
Authority was required to issue water rights within the
Waikato Catchment and, in doing so, encountered a technical
problem of assessing the river's capacity to accept the de-
mands being madg upon it while remaining within specified
water quality classification limits.

It was against this background that concern about the river
re-emerged. Questions were asked about the existing state of
the river compared with that of 1956 as described in the
Pollution Advisory Council's report of that date. The Na-
tional Water and Soil Conservation Authority was awa¡e of
this concem and sympathetic to it. Consequently the Ministry
of Works and Development Water and Soil Division recom-
mended, early in 1972, that a study of the water resources of
the Waikato River (quality and quantity) be unde.rtaken. It
considered the project ofnational importance and an essential

part of the division's hydrological research programme. To
complete the initiating process the Waikato Valley Authority
formally requested that the Water and Soil Division under-
take this study, and at the same time offered its full co-
operation.

The initial proposals, as set out by the \#ater and Soil
Division Ministry of Works and Development'\¡/ere:

". . . the carrying out of a comprehensive water quality
survey of the Waikato River. The work should. aim at a
model that predicts change in:
(a) dissolved oxygen
(b) coliform bacteria
(c) nutrient material (nitrogen and phosphorus)
(d) biological populations
All these should be for differing conditions of waste
loads, river flows, temperature etc. Basic data should
include observations for parameters listed above under
different conditions including river and waste loads.
Tributaries may well be important, e.g. Waipa etc. The
survey should extend from below Karapiro to at least
Tuakau. What we are aiming at is a model in which we
can make predictions for various waste flows, river
flows, flow patterns and temperatures."

In response the Commissioner of Works asked his staff to
cârry out a feasibility study of the proposed project of which
the aims should be:
(a) A survey of the prevailing water quality conditions in the

Waikato River from Karapiro to the mouth.
(b) A continuing survey to determine trends.
(c) The development of a mathematical model that, for the

water quality parameters listed in the initial request,
should be able to describe the behaviour of the river. At
the same time this model should be able to predict
whether further effluents could be discharged in the river
and at what concentrations.

The objectives of the study were subsequently formulated.
Primarily the study aimed to 'provide information about the
river in a form in which it could be used as a basis for
management' (rWVA/MWD 1975), to be achieved by inves-
tigating the river system as a whole. The following aims were
set out:
"(a) All available information concerning the water quality

of the Waikato River will be collateid (to be published
as a report), and the future work ofagencies involved
will be co-ordinated so that adequate coverage on a
more rational and intensive basis can be assured with-
out duplication ofeffort. This co-ordination can best be
achieved by the establishment of a technical working
group.

(b) An intensified sampling programme will be underta-
ken to determine biological, chemical and physical
trends.

(c) An investigation will be instigated at Lake Karapiro to
determine the effects that impounding water behind
dar4s has on its quality 'vhen discharged.

(d) The effects of diffuse agricultural runoff on the water
quality of the Waikato River will be estimated by a
quantitative study of nutrient balances to be carried out
on the Mangakara Representative Basin.

(d) A mathematical model is to be developed which will
simulate the effects of different patterns of waste dis-
charges ànd river flows on waier quality. This model
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will entail studies of, for instance diumal and seasonall
variation of water quality, the effects of temperature,l
photosynthetic activity, bacterial oxidation reaeration¡
and diffusion. One of the aims of the model is to be able
to predict the effects of alternative policies of water'
usage and to provide a check on the conectness of
hypotheses.

(f; Process studies to determine how bacterial populations
may be more accurately defined, so that they may be

incorporated in the mathematical model. This may
' well involve attempting to relate bacterial populations
to chemical'and other water quality parameters.

(g) A survey of the biological populatibns in the river will
be instigated to determine the present distributions of
flora and fauna. From this, representative species will
be sampled at intervals to determine future trends, and
attempts made to assess the relationships between
biological populations and other water quality
parameters, e. g. the response of algae to high concent-
rations of nutrient materials."

An administrative framework of the study was set out and
procedure and allocation of responsibilities agreed upon.
Subsequent to this agreement between the Waikato Valley
Authority and the Water and Soil Division, several meetings
were ¿uranged between other bodies with interests in the

river. Together this group became a full technical committee
to receive from time to time progress in the study. The
members were:

Auckland Regional Authority (ARA)
Ministry of Agriculture and Fisheries
Department of Health
Department of Scientific & Industrial Research (DSIR)
Hamilton City Council
Meat Industry Research Institute
Ministry of Works & Development (MWD)
N.Z. Co-operative Dairy Company
N.Z. Electricity Division of Ministry of Energy (NZE)
University of rilaikato

University of Auckland
Waikato Valley Authority (WVA)

Discussion and evaluation of progress in the study took
place at about monthly intervals between the investigating
team of the MWD and the water resource officer and public
health engineer of the V/VA

Because of diversity of catchment land uses representativo
water quality sampling of the river presented difficulties.
Therefore the study began in 1973 with an examination of the
data already obtained. It was also necessary to assess how
well bridge-site samples and surface water samples rep-
resented water quality of the river as a whole. Together with
this intensive investigation into sampling techniques a review
of analytical procedures took place. This was to minimise
variabilities resulting from sampling and subsampling proce-
dures and to develop both routine and accurate sample
analysis procedures. (It became clear that both sampling andr

analytical techniques used in this study could be adapted to
work satisfactorily for other studies). The need was recog-
nirsed for sampling surveys to be undertaken at regular
weekly, fortnightly or even monthly intervals during the
course of the study.

In addition to the programme on the main river, surface
water samples were collected from ltfteen tributa¡ies at loca-
tions near to their confluences with the Waikato River. The
data obtained helped to identify those tributaries which were
more severely polluted and thus assess the relative impor-
tance of each tributary to the river. I

Development of a mathematical model for dissolved oxy-
gen (which was an initial aim of the study,) prompted field
exercises to investigate temporal variations in water quality
and dispersion characteristics in the river. Data obtained
from these studies, as well as contributing to the dissolved
oxygen model and tþe water quality trends investigation,
suggested further a¡eas of resea¡ch.

Because variations in dissolved oxygen concentrations
could not be explained by macrophyte activity alone it was

necessary to investigate primary production further to iden-

tify other sources of oxygen. It was perhaps at this point that

the contribution of algae to dissolved oxygen concentrations
in the river was recognised. It was clear at this stage of the

study that more work was required to supplement existing
knowledge of the contribution made by algae to the water
quality in the Waikato River.

In 1973 and in 1975 staff from MWD, NZE and the

University of Waikato co-operated in surveys of flora and

fauna in the Waikato River. An abundance and large variety
of plants and animals was observed, and their distribution
described in relation to physical and chemical conditions at

specific sites. These surveys secured the place ofbiologists in
contributing to an understanding of the river system. The
University of Waikato, whose representatives played an im-
portant role in these surveys, has also undertaken studies on

the ecology and physiology of, and nutrient absorption by,
single species and benthic and littoral animal populations.

Auckland Regional Authority has been actively engaged in
a programme of regular water quality monitoring in the lower
river at Rangiriri, Mercer, Tuakau, the. Elbow and the

tributaries Mangatawhiri River and Whangamarino River.
This work has been related to potential problems associated

with the possible use of rùy'aikato River water to augment the

potable water supply of Auckland City. The work however,
Las been of particular value to this study in the determination
oflong term trends because ofthe longer period of records'
Also their work on algae with respect to population esti-
mates, species identification, survival rates and envi¡onmen-
tal factors has been particularly useful.

The study depended to a large extent on collation of data

from the co-operating authorities and a considerable amount
of time has had to be given to data processing for entry into
the computer. In fact for a year or so scientists in the group

have been preoccupied with this problem.
Following a considerable amount of work on the above

aspects of the study the following objectives were enumer-
ated to incorporate the research which had been carried out
beyond the originally stated proposals.
1.0 Collation of Data and Work Co-ordination'

I .l Data collation
1.2 Work co-ordination.

2.0 Intensified Sampling Programme to determine Biologi-
cal, Chemical and Physical Trends.
2.1 Parameters

2.1.I Physical
2.1.2 Chemical
2.1.3 Bactenologicâl
2.1.4 Biological

2.2 Analytical and sampling variations
2.3 Sampling Sites

2.3.1 Sites
2.3.2 Yetical and horizontal stratification
2.3.3 Short-term temporal va¡iations

2.4 Results of routine sampling programme
3.0 Evaluation of the effects of Impoundment in Lake

Karapiro
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4.0 Evaluation of Diffuse Agricultural Runoff 6.2 Representative species (of prime importance)
5.0 Mathematical Model 6.3 Relationships between biological populations and

5 .I Catalogue of effluent discharges (of prime impor- other water quality parameters.
tancÐ 7.0 The study of Processes

5.2 Diurnal variations 7.1 Definition of becterial populations and factors af-
5.3 Seasonal variations fecting their growth and decay (of prime impor-
5.4 Effect of temperature tance)
5.5 Photosynthesis '7.2 A survey of fish populations
5..ó Benthic oxygen demand 7,3 Benthic and littoral animal population survey
5.7 Bacterial oxidation 7.4 Growth rates and oxygen production etc- of weed
5.8 Surface ¡eaeration beds
5.9 River flow 7,5 Algal productivity.
5.10 Dispersion In aceordance with these objectives vatious c.ontributions

6.0 A survey of Biological Populations from the group as a whole are presented in the following
6.1 The Distribution of flora and fauna report-
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2. The Waikato Catchment
2.I CATCHMENT DESCRIPTION

2.1 . 1 INrnoDUCTroN

The Waikato catchment is extremely varied and has a great
economic significance to ttie whole country. Rich farmlands,
electric power stations, extensive native and exotic commer-
cial forests, major tourist attractions (such as Tongariro Na-
tional Park, Lake Taupo, Waitomo) and flourishing service
and manufacturing centres are all found within its 14 258
km2 area.

The Waikato River is 425 km long. Its source is the central
North Island volcanoes ofRuapehu, Ngauruhoe and Tongar-
iro, together with three other prominent New T.ealand rivers:
the Rangitikei, the Whangaehu, and the Wanganui. It flows
in a northerly direction into Lake Taupo, through the
plateau-lands about Tokoroa in an incised channel across
which are eight hydro-electricity dams, and onto the flat,
often swampy lowlands from Cambridge to Mercer. After
narrowing from a comparatively wide pot-bellied delta the
river discharges into the Tasman Sea by way of a migratory
mouth bounded to the south by the Port Waikato hills and to
the north by the Maioro Forest sand hills. A fuller account of
the hydrology of the Waikato River is made in section 2.2.

The catchment is elongated with a wide upper catchment
dominated by Lake Taupo. The width of the catchment
reduces at Cambridge to l2 km and in a general sense main-
tains this width to the mouth. This characteristic narrowness
of the middle Vy'aikato is masked by its main tributary the
Waipa, which rises in the Rangitoto ranges east of Te Kuiti
and joins the Waikato at Ngaruawahia.

The catchment is too larye and varied to be conveniently
regarded as a single unit. For the purposes ofthis study it has
been subdivided into six broad sections;the upper Waikato or
Lake Taupo catchment; the middle Waikato between Taupo
and Lake Karapiro; the lower Waikato below Lake Karapiro
which is subdivided into three reaches; Karapiro-
Ngaruawahia, Ngaruawahia-Mercer and Mercer-Tasman
Sea; and the Waipa catchment (Figure 2.1 .l) . As noted in the
opening sections, the primary concern of this report is with
the lower Waikato though frequent reference is also made to
the middle section and to the Waipa River.

Cenbus data show a large and rapidly growing farming
economy and human population within the Waikato catch-
ment.

TABLE 2.1,1
2s6 811 (1978) 115 000 (1951)

r 219 000 (1975) 645 000 (1952)
423 000 (197s) 323 OOO (t952)
59 000 (1975) 14 000 (1952)

4 085 000 (1975) 2 2t2 A0O (1952)

2.1 .2 Gp.ot ocv
Within the Waikato River Catchment there is an extremely

wide variety of geological situations and materials. It is upon
this differing undermass that variations in topography, soils
and ultimately land use and production are dependent. The
distribution of rock types is shown in Figure 2.1.3.

As in many other areas of New 7æaland the basement rocks
of the Waikato region are comprised of Mesozoic
"greywacke-type" rocks (Kear 1960). These are highly in-
durated and often structurally contorted sandstones and
mudstones with minor pockets of conglomerate. These
basement rocks have undergone various phases of tectonic
upheaval which has resulted in their present day distribution
in the now disected fault blocks around the perimeter of the
catchment (e.g. Rangitoto, Hauhungaroa and Hunua ranges)
see Figure 2.1.3.

The Tertiary geological era saw various phases of sub-
mergence of the ancient New Zealand landmass resulting in
deposition of several quite distinct groups of sedimentary
rocks. During the early Tertiary Period (60-70 rnillion years
ago) the ancient landmass subsided and coal rneasures with
associated tieshwater and shallow marine sedirnents (e.g.
lirnestones) were deposited in shallow depressions. These
sedirnents are collectively terrned the Te Kuiti Group.
Further marine transgressions in the mid-Tertiary period led
to the accumulation of extensive marine sediments over both
the Te Kuiti Group and basement rocks. These rnid-Tertiary
sedirnents are termed the Waitemata Group.

Since deposition rnany of these Tertiary sediments have
been removed by erosion so that today the Te Kuiti Group
rocks are found rnainly in restricted areas along the flanks of
the western ranges. Coal measures and associated Te KLriti
Group sediments are extensive in the rolling downlands of
the Lower V/aikato Basin from Huntly north while lime-
stones and calcareous sandstones are found extensively to the
southwest of Otorohanga, where they commonly outcrop as

steep bluffs. The Waitemata Group sediments are confined to
minor areas north of Mercer and equivalent material in the Te
Kuiti area.

One of the most significant geological processes in the
development of the Waikato region was a series of several
different phases of volcanism. The earliest volcanic activity
was associated with post-Tertiary tectonism and although not
particularly widespread was nevertheless responsible for de-
velopment of several volcanic cones whose eroded remnants
today form well known land marks around the Hamilton
Basin, e.g. Maungatautari and Pirongia. At about the same
time volcanic activity started in the central North lsland with
eruptions from the Tongariro-Ruapehu complex. These an-
desitic volcanoes have continued activity right through until
the present time. Activity continued in this central region
with the outpouring of vast quantities of thick viscid lava
which flowed out ovcrthe surrounding countryside to cover a

huge area estimated at some l6 000 km2 of which approxi-
mately half is within the Waikato Catchment.

Remnants of these lava flows form the ignimbrite sheets
which today cover most of the mid-Waikato region to as far
north as Karapiro and also spread around the northern and
westem margins of Lake Taupo forming the extensive flat to
gently rolling central Volcanic Plateau. The volcanism of the
central North Island led to a series of ground movements
resulting in the formation of an ancestral Lake Taupo in

Human Population
Total Cattle
Cows in milk
Pigs
Sheep
Grass and

luceme (ha) 696 000 (1974) 445 000 (1951)
, r27 000 (195r)Exotic timber (ha) 151 000 (1974)

N.Z. Dept. Statistics and W V A figures.

Within the catchment the variety of uses to which the land
(section 2.3) and waters (2.4) have been put depends largely
on the physical aspects of the catchment such as geology,
soils and climate (2.1.2, 2.1.3 and 2.1.4). Figure 2.1.2
outlines the major physiographic units referred to in the
following chapter.
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which extensive deposits of lacustrine sands, silts and shales
were deposited as lake levels fluctuated. These sediments,
termed the Huka Formation, are found today in patches over
a wide area from Turangi north to Rotorua and westward to
Atiamuri (McCraw 1971).

Following the phase of ignimbrite volcanism was a series
of violent eruptions throughout the central North Isla¡d
which showered the surrounding countryside with up to 10m

of volcanic ash. Associated with these explosions was a

quieter upwelling of lava to form the characteristic rhyolite
domes of the area north of Taupo. Continuing sporadic ash
eruptions creating a complex interlaying of deposits over the

countryside, has resulted in profound effects on soil de-
velopment in many areas. The present day distribution of ash

and other airfall deposits (see Figure 2.1 .4) is also a function
of later erosion cycles and in particular those erosive events
associated with the Pleistocene ice ages. During this period
vast amounts of ash were either removed from the system
completely or else redeposited in the lower parts of the
Waikato drainage system. This redepositing of material in
the lower Waikato has produced many of the present day
landscape features.

The Waikato River previously flowed out to the Firth of
Thames but following capture just above Karapiro the course
changed and it flowed out into the Hamilton Basin (McGraw
1967). The result was an extensive period of deposition
resulting in the building up of a high gently sloping fan
running out into the Hamiltcn Basin from below Karapiro.
The fan forms today"s Hinuera surface - the basis of the
fertile plain around Hamilton. At times the changing channel
position over the accreting fan surface blocked small areas

off resulting in the formation of lakes and peat swamps.
Present day examples include Lakes Rotokauri and Ngaroto.
Floods of pumice material carried by the river following
eruptions around Taupo were deposited in the Lower
Waikato region to form terrâces alongside the river and to
block off tributaries forming lakes and swamps (e.g. Lakes
Waikare and Rotongaro).

Thus the Waikato Catchment is made up of a complex
interplay of different rock types of which relatively uncon-
solidated surface material, largely derived from volcanic
sources, is perhaps the most important.

2.1 .3 Sot r-s

The soils of the Waikato Catchment reflect in their
variability the wide ranging influences of underlying parent
materials, climate and varying vegetation patterns. The in-
fluence of volcanism in the central North Island with result-
ing distribution of airfall material has in particular had a

profound effect on the nature of soils throughout the region.
The soil types present in the region fall into a number of

soil groups described below. The generalised distribution of
soils is shown in Figure 2.1 .5. A more detailed description of
soils is given in N.Z. Soil Bureau (1968) and N.Z. Soil
Bureau (1954).
Recent Soils
(a) Recent soils from alluvium cover the flood plains in

valleys where sediments are added to the soil from time
to time. The soils have relatively undifferentiated pro-
files and a¡e often of relatively high fertility. The typi-
cally low lying situation of these soils results in many
having high water tables and poor drainage. Where
drainage is adequate however the high fenility makesi
these soils the most productive in the catchment.

(b) Recent soils from volcanic ash are found in various
localities around the central volcanic plateau where con-
tinuing accumulation of volcanic materiaÌ has occured.
These areas are generally restricted and although locally
significant are not regionally important.

Gley Soils
The gley soils owe their distinctive characteristics to the

presence of ground water at or near the surface for prolonged
periods, resulting in a particular type of profile development.
The soils are of limited extent within the catchment and occur
on low flats and terraces. Areas of gley soils are often found
around the margins of the Waikato peat swamps (Figure
2.1.5.). All gley soils need draining before they can be

satisfactorily fa¡med but where drained they can support
good pasture which is generally maintained over the drier
summer months due to the soils natural moisture retention.
Organic Soils

The organic soils consist of peaty accumulations formed in
hollows and on low flats where the water table is permanently
high and anaerobic conditions have led to the accumulation
of organic matter. Such areas of peat accumulation are com-
mon on the flood plain about Hamilton (Figure 2.1 ,5) cover-
ing a considerable area. Development into farming is possi-
ble with the utilisation of extensive drainage to control water
table levels, suitable fertiliser applications and careful stock
management. Large areas of peatlands have already been
developed. The peat areas play a significant role in the water
quality of the lower Waikato as the soils are moderately to
strongly acidic and contain high levels of suspended matter as

evidenced by the turbid brown waters draining from the
peats.
Brown Granular Loams and CLays

These soils are derived mainly from the older more deeply
weathered ash of andesitic composition ("Hamilton Ash")
and from andesitic flows tuffs and breccias. They have de-

veloped under a forest and scrub cover under rainfall exceed-
ing 1l40mm per annum. The distribution of this group is
relatively widespread in the lower Waikato where the high to
medium natural fertility of the soils and their excellent struc-
tural properties have enabled them to be utilised with increas-
ing intensity . Included in this group are the highly productive
market gardening soils around Pukekohe and many of the
high producing dairy lands of the lower Waikato.
Yellow Brown Loams

These are typically derived from fine-textured ash of an-
desitic and rhyolitic compostion which is generally younger
tha¡ the ash parent materials of the brown granular loams and
clays. The yellow brown loams occur on much of the rolling
country of the Waikato Downlands and also on alluvial
terraces comprised of redeposited ash material (N.2. Soil
Bureau 1968). As a group these soils are generally light
textured with good aeration and good drainage. These prop-
erties combined with the equitable climate of the lower
Vy'aikato area and application of suitable fertilisers makes the
yellow-brown loams a highly producing and intensively
utilised group in the Waikato area.
Yellow Brown Pumice Soils

Covering a vast area within the Lake Taupo Basin and
spreading north across the ignimbrite country of the mid-
Waikato Region, (Figure 2.1.5) the yellow-brown pumice
soils a¡e formed over a va¡iety of relatively recent volcanic
materials including rhyolitic pumice, andesitic ash and
Taupo airfall pumice deposits. Dominant features of the
yellow-brown pumice soils are thei¡ coarse textures (sand,
silty sand, sandy silt), poor structure, friability, porosity, low
density and high evapotranspiration rate. Vegetation has a



marked influence on formation of the soils; topsoils formed
under native forest litter are dark brown, under scrub they are
black. Similarly topsoil may have a fluf$ texture under
bracken fern or be more compact under manuka. Develop-
ment of the soils is possible and if undertaken correctly they
can support both productive pasture and forests. The soils a¡e
dificient in sulphur, magnesium, boron and molybdenum and
as well as these elements substantial quantities of phosphate
fertilisers are required during development.
Yellow-brown Earths

The yellow-brown earths are an extensive and widely
varying group of soils. They cover most of the ranges arid hill
country in the \üaipa and Waikato below Karapiro. On this
land thin deposits of volcanic ash have been mostly eroded
away and the soils are formed mainly from weathered
sedimentary rocks. "These soils are less brown, less friable,
more sticky and have weaker development of aggregates than
the associated yellow-brown loams or brown granular loams.
They differ widely in colour, texture, fertility and other
characteristics as is borne out by the widely differing levels of
usage and productivity to which they are put." (N.2. Soil
Bureau 1968).
Skeletal or Steepland Soils

The skeletal soils are the soils ofthe steep slopes and occur
in the Waikato Catchment in the upper steeper slopes of the
peripheral ranges and highlands. The soils occur over a wide
variety of parent materials but with greywackes being the
most common. Because of the steepness of the slopes the
skeletal soils a¡e relatively unstable and periodically rejuve-
natedby erosion (N.2. Soil Bureau 1968). Soils are generally
shallow and the difficulties presented by soil profile and
topography is commonly reflected in the extensive nature, or
complete lack of, land usage.

2.1 .4 Crtv'¡.te

The topography of the Waikato Valley and its position in
relation to large scale weather systems give it warm humid
summers, mild winters and a moderate rainfall with a winter
maxlmum.

Climate is the long term effect of the passage of weather
systems. The elements, which when taken as a whole and
considered from a long term point of view make up the
,climate, can be considered separately.
Temperature

The mean annual temperature of the catchment is about

15

12.5T. ranging from 9.6 - 14.4C from the central plateau
(V/aimihia) to the lower plains (Te Kauwhata). The mean
monthly temperatures vary by about l0t with lowest temp-
eratures in July and warmest in February (N. Z.
Met.Ser. 1966). Daily temperatures fluctuate by aboút 12rC
in summer and 10"C in winter (de Lisle 1967) though this
may be greater in inland locations.

Frosts occur throughout the catchment and frequency of
screen frost ranges from over 90 per year in the uplands
(Wairapukao 440m) to fewer than five days per year at Te
Kauwhata (30m) (N.Z.Met.Ser. 1966).

Most of the catchment receives about half of the possible
sunshine in summer though there is a considerable cloudiness
in winter.
Wind

Winds from a westerly quarter prevail in all seasons with a
general tendency to increase in strength from the north to the
south of the region. These winds are most frequent during the
spring. Surface winds from between southwest and north-
west also have their greatest seasonal frequency in spring.
Wind speeds tend to be greatest during this season and data
from a continously recording instrument at Rukuhia show
this area to be one of the less gusty places in the country.
Rainfall

The average annual rainfall 1200-1600mm over most of
the Waikato catchment with peaks to 3000mm about the
mountains (Figure 2.1.6). Rainfall is evenly distributed
throughout the year with a slight increase in monthly totals in
the winter months. However intense, short duration thun-
derstorms are more frequent during the summer (Table2.l.2)
often associated with tropical cyclones. It is obvious from
these figures that the frequency distribution of maximum
3-day falls shows a marked change after July.

The water need for pasture over most of the Waikato
ranges from about 25mm per month in winter and l02mm per
month in summer. Even though annual rainfall is much
greater than annual water needs (1700mm compared to
700mm respectively), there are often months w\ere rainfall
is insuff,rcient to meet plant requirements and soil moisture
reserves are drawn on. In places away from the coast soil
moisture deficits occur in at least 50 percent of years and may
last in extreme cases for up to four months (de Lisle 1967).

Studies on long records of rainfall total show that annual
va¡iations at any place a¡e erratic and lack any definite trend.
In areas where a reliable rainfall is needed for cropping, low
variability, both seasonally and annually, is desi¡able.

TABLE 2.I.2: FREQUENCY OF MONTHLY MAXIMUM 3-DAY RAINFALLS AT RUAKURA

Jan. Feb Mar. Apl. May June Jul. Aug. Sept. Oct. Nov Dec.

151415t21187t2131012t7
19 l9 21 16 l8 23 25 24 24 2s 25 24
786fi1010101071064
2423533 14t
11221
1111 I

20-25
25-50
50-75
75-100

100- 125
125- 150
150-175
t75-200
Totals
Highest
Year
Average
Monthly
Rainfall

2
47 46 46

185.9 128.8 142.'l
1907 1950 1941

8s.9 75.2 76.2

44 46 47
89.7 118.9 133.9
1910 1920 1953

46 44
69.t 69.3
t927 1928

103.9 89.4

46 47 46
94.2 98.0 80.8
1944 1942 1954

105.7 95.5 79.8

45
l3l.t
1923

98.0 112.3 t25.O t2l.'l

Source: MWD 1972.



FIGURE 2.I.4: ASH AND AIRFALL DEPOSITS IN THE WAIKATO RIVER CATCHMENT.
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2.2 HYDROLOGY

2.2. I GeNrR,A.r- CercHN4eNr

The variable character of the Waikato River has been
partially taken into account by dividing it into six sections
(2. l) on the basis of function and river form (Figure 2.1 .l).
However none of the reaches is isolated and each subcatch-
ment reacts with the others and influences the overall catch-
ment.

Hydrological data have been collected by the MWD and
V/VA at va¡ious sites over a number of years. The locations
of water level recorders are shown in Figure 2.2.1 .

Some generalisations can still be made which relate to the
catchment as a whole. Section 2.1 .4 has described the rain-
fall patterns of the catchment in some detail such that the
mean annual rainfall can be estimated for the catchment or
any subcatchment.

It is a moot point as to whether the existence of large bodies
of water within the catchment lends itself to a greateror lesser
water loss in terms of evaporation and/or evapotranspkation.
Calculated (MWD 1972) total annual loss from Lake Taupo
averages over 700mm. Other workers in the field, particu-
larly those experirnenting with lysimeters, have suggested
for the lower Waikato an annual loss through evapotranspira-
tion of 650mm, a figure which is approximately half the
annual rainfall. It is also said that these losses are to a large
degree independent of rainfall variation (H. Noble, Ruakura
Research Station. pers.comm).

At any one time vast quantities of water are stored within
the system in Lake Taupo and the Waikato hydro-electric
lakes as well as numerous small lakes throughout the catch-
ment. Storage factors in the large lakes are summarised in
section 2.2.3. The extensive peat swamps in the lower
Waikato catchment (Figure 2.1.2) also serve as storage areas
and are particularly well utilised in flood control schemes
(see section 2.2.6).

Groundwater represents an important component of the
water balance of the Waikato catchment and provides a

potentially useful source of agricultural and domestic water
supply (section 2.6) . The pumice and fractured ignimbrite of
the central volcanic plateau are good aquifers (Lloyd 1972)
with hot and cold springs throughout the a¡ea. Of great
significance to water quality in the Waikato River are those
springs in the Taupo/Wairakei/Orakei-Korako areas (see sec-
tion2.4 and Chapter 3). The older sedimentary rocks are poor
aquifers but the more recent, sandier sediments of the
Waikato lowlands, especially the Hinuera formation and
Taupo pumice beds, are excellent (Schoheld 1972) and
ground water may be found quite close to the surface (Kear
1960). Limestone areas about Waitomo-Te Kuiti often have
underground streams though these areas are more important
in affecting the total ha¡dness of water (see Chapter 3) than
augmenting water supply (Schofield 1972). Aquifers in
basalts on the Pukekohe Plateau presently form an important
water supply for irrigation in the area (AR{WVA 1977).

Flows in the lower Waikato are largely influenced by
power generation. Power generation on the Waikato River is
govemed not only by the requirements of the Waikato Basin
or even the North Island but, because of the Cook Strait
Cable, by those in the South Island too. Thus to some extent
flows in the lower Waikato can relate to climatic conditions
in the South Island.

Because of storage complexities it is difficult to explain
flows in terms of a simple rainfall-runoff relationship. There-
fore while modelling of the catchment is not impossible it

would have to take account of such complexities. The system
of middle Waikato (Taupo-Karapiro reach) hydro lakes has

powerful effect in reducing the effects of minor storms on the

lower Waikato A well rJesigned flow-storage system is in
operation to accommodate such storms. The storage system
is also very much geared to protect the dam structures against
major floods.

A set of flow duration curyes (Figure 2.2.2) is provided for
the following sites:

Taupo
Karapiro
Ngaruawahia
Whatawhata (Waipa River)
Huntly
Rangiriri
Mercer
The flow duration curve is a cumulative frequency curve

that shows the percent of time specified discharges were

equalled or exceeded during a given period. It combines in
one curye the flow characteristics of a stream or river
throughout the range of discharges without regard to the

sequence ofoccurrence. Ifthe period upon which the curve is

based represents the long term flow ofa stream the curve may

be used to predict the distribution of future flows for water-
power, water supply and pollution studies.

The duration curve depends on a rating curve for the
stream and the stream's stage records. Either of these com-
ponents can affect the quality of the curve. Of these it is more
usual to suspect the rating curve since this depends on uni-
form flow conditons. That is to say, that a given water level
relates to a unique discharge.

This is often not the case, so that one stage can represent a

series of discharges. The curve for discharge against level
rises from low to high flow in one track and returns from high
to low by doubling back on itself in a different track. This
phenomenon is called a loop-rating and occurs where the
discharge into the reach changes rapidly during a measure-
ment or where there are va¡iable channel storage conditions
or whether backwater conditions are being imposed on the

measurement reach. Such loop-ratings occur with varying
degrees of severity throughout the lower Waikato and Waipa
system. In the mildest sense it can be tolerated because it
presents a variance no greater than the accuracy ofthe gaug-
ing. In the reach between Taupo and Hamilton the loop-
ratings are so vicious that no values can be interpolated' This
means that each sampling event requires a separate flow
measurement. These points are brought out to indicate limita-
tions of the flow data supplied. The fact that flow frequency
curves take no account ofthe sequence ofoccurrence limits,
to some degree, their applicability. It is not possible to
determine from these curves periods ofconsecutive average
daily flows. Table 2.2.1 has been constructed to meet this
deficit. Refening to the Table, say forTaupo Outlet, it can be

seen for 1958 that a minimum fTow of 44.2m3s-1 occurred for
a period of seven days, for 14 days the minimum discharge
was 59.9m3s-1 and for 30 days, 79.9m3s-1 . The table should
prove useful for pollution studies.

Two major floods in the Lower lrly'aikato occurred in 1907

and 1958 and for these peak discharges at Ngaruawahia were
1867 and 7427m3s-r. The frequency assigned to the 1958
flood was I in 70 years; for the 1907 flood a frequency
determination is more difficult because of the lack of con-
tinuous records and subsequent construction of hydro dams'
A table of floods is given as Table 2.2.2.The Waipa River is

more responsive to storm conditions than the Waikato which
is fairly obvious from the reasons set out above' In the 1958
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flood of 1427m3s-1 the individual contribution of the Waipa
(peak flow at Pirongia) was l164m3s-1 compared to the peak
flow in the Vy'aikato of approximately 900m3s -1 and this
pattern has been repeated in other storms.

Flooding is of less concem in the upper catchment and
flood waters are largely accommodated in the hydro-electric
lakes or deeply-incised channel, but extensive flooding in the
lower swampy are¿¡s has prompted establishment of exten-
sive flood protection works (WVA 1959).

The minimum daily flow recorded at Ngaruawahia Cable-,
way between lhe years 1957 and 1977 was l65mss-1 . This
represents, in terms of specific discharge, a figure of
l65m3s-1/ll 396 km2 : 0.014m3s-1 km-z. On the basis of
low flow records the writer would have assessed a figure
more like 0.004m3s-r km-2, so that the larger figure may
indeed be flow from storage and may be a dividend of power
generation manipulation.

Because it has a particular relevance in water quality
studies some mention should be made here of time of water
travel throughout the catchment. The New Tr-aland Electric-
ity Department have a rule of thumb table of travel times,
which is used in a broad sense for operation procedure. The
Waikato Valley Authority itself has established a set of
times-of-travel more or less between each pair of river cross-
sections from Hamilton to the mouth. These are summa¡ised
in Table/Figure2.2.3. They relate, as indicated, to two sets
of flow conditons at Mercer of 350 and 680m3s-1. From the
time scale indicated by these data it can be seen that the
application of a time factor for varying discharges, is neces-
sary in samplirìg the effect of a discharge slug from (for
erample) the AFFCO meatworks at Horotiu, although it is
obvious in this respect that the effect of slug dispersion
cannot be described in such simple terms.

Time of travel through the hydro-lakes is difhcult to
evaluate because of storage. The NZE use the values given in
Table 2.2.3(b) to estimate the time of travel of a wave of
water between any two stations. Whereas these values are,
relevant in discussing flow patterns in the river, they cannot
give any estimation of time of travel for any unit of water or
any contaminant, for example.

TABLE 2.2.1: TABLES SHOV/ING LOWEST AVERAGE
DISCHARGES, IN CUMECS, FOR GROUPS OF

CONSECUTIVE DAYS.
Taupo Outlet

Yea¡ 7 -day l{-day 30-day Annual
Mean

Discharge

Year 7 -day t4-day 30-day

Karapiro

Annual
Mean

Discharge

1966
t967
1968
t969
1970
t9'7 r
l9't2
r9'73
t974
1975
r976
1977

167
159
156
r34
t20
145
t44
t28
t43
t46
148

176
165
168
l4Ò
t20
t46
157
135
t45
t47
158

183
t7'7
172
146
125
t54
t62
r52
147
147
179

261
237
232
205
2to
239
220
20t
218
250
267

NOT AVAILABLE

Waipa - Whatawhata

Year 7 -day l4-day 30-day Annual
Mean

Discharge

1970
r97t
r972
1973
1974
t9'75
1976
1977

12.2
to,'l
7.4

l1.0
t3.7
18.7
29.t
16.ó

12.5
l1.l

8.3
t3.2
14.2
t9.4
3t.4
t7.9

13.0
13.2

8.9
t't .t
15.9
20.6
34.7
19.5

89.2
't4.3
88.8
55.6
70.1
89.8
94.9
7't.3

Ngaruawahia

Year 7 -day l4-day 30-day Annual
Mean

Discharge

I 958
1959
1960
t96t
t962
1963
1964
1965
t966
1967
I 9ó8
1969
r970
t97 |
1972
r9'73
r974
1975
t976
t9'1'l

218
178
t7'1
158
t66
155
189
200
220
189
178
164
t4t
t57
164
138
147
l6l
172
156

221
20t
192
r67
180
186
209
2t8
225
204
189
t72
t42
160
t74
145
t49
161
188
1ó3

236
223
216
t79
188
t94
226
246
232
206
19'7
184
t4'7
t7t
t76
164
153
164
216
165

344
319
310
261
420
293
375
339
37t
326
55t
281
3t9
344
3t2
260
292
351
3@
304l 958

r959
l 9ó0
1961
1962
t963
1964
l9ó5
1966
t967
1968
1969
1970
1971
1972
t973
1974
1975
1976
t977

44,2
80.0
60.0
58.6
51.9
5l .5
5l .5
50.8
62.0
64.2
47.2
42,O
3 E.3
46.3
43.5
48. 1

52.3
s6.9
77.t
56.6

59.9
94.7
73.9
71 .0
61.5
63.5
65.3
59.7
73.3
72.6
54.9
46.8
4p.s
64.2
6l.'l
58 .3
65.1
62.3
82.0
't4.4

79.9
95.9
76.6
78.6
79.1
79.5
92.0
ó8. r
82.3
83. l
69.2
56.3
56. I
74.5
64.8
77,5
74.8
68.9
96.4
88.4

136.7
l3l .6
I13.3
99.5

154.9
I18.4
139.4
129.9
139.0
117.7
I14.'l
t12.3
I17.8
138.7
t25.4
t23.9
t32.7
t61.7
t67 .3
TM.I

Rangiriri

Year 7-day l4-day 30-day Annual
Mean

Discharge

t966
t967
1968
1969
t970
t97l
1972
1973
1974
1975
1976
t9'77

268
235
194
188
148
t73
161
156
169
168
219
183

273
244
215
196
t49
l't5
162
l6l
170
l9l
239
195

280
255
222
199
153
189
t7t
t66
175
193
278
195

450
399
415
324
355
392
361
283
345
4tt
M5
37t
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TABLE 2.2.2 HISTORICAL FLOOD RECORD

Jan. 1907 July 1953 July 1956 Feb. 1958 July 196l July 1964 Feb. 1967 Oct. 1970 luty t976

(Waikato River)
Karapiro
Hamilton
Ngaruawahia
Huntly Rail Br.
Rangiriri
Mercer
Tuakau
Elbow
(Waipa River)
Te Kuiti
Honikiwi
Pirongia
Whatawhata

20.48 t350 17.48
t4.71 1870 t2.89
12.46 1870 tO.'73
9.23 1700 8.32
6.76 t700 5.9"1
5.27 4.69
3.14 2.95

27.02 1190 23.15

980
440 18.55 905 t7 .25
'780 14.29 1427 t2.90
855 11.55 1540 10.77

8.44 8.14
950 5.74 t260 5.42

4.39 4.17
2.74 2.44

- .54.7t 170 53.00
170 35.09 625 33.16

28.42 1220 24.83
21.96

7t5 15.54
955 12.25

I I l0 10.12
8.01

1390 5.50
1360 4.23

2.71

465
840
975
93s
890

r!¿ss
32.41

540
680
960

tl20

920

88
325
73s

t5.66
t2.46
10.43

8. l0
5.40

52.23
32.41
23.04

890 460
16.70 660 580 17.06
t2.49 880 12.86 975 t2.68
10.53 1025 t0.62 tO20 10.44
8.32 1055 8.35 1030 8.32
5.30 850 5.48 970 5.13
3 .99 4. 1 8 3.98

5l .96 52 5t .23
32.29 t85 32.4t 32.952t:7 

"o 
rr: rl ?lf"

515
935
940

1025
t025

280
725
585

Location shown on Figure 2.2.1
Figures shown are: Level i t o Moturiki (in metres)

discharge (m.s-t)

TABLE 2.2.3 (a) WAIKATO RIVER - TIME OF TRAVEL FROM HAMILTON

(From WVA records)

Location
(refer to Fig 3.1.1)

Time in Hours*
Low Winter Flow
350m3s-r (Mercer)

Time Time

Bank full
680m3s-1 (Mercer)

[ntermediate Cumulative Intermediate
Time

Cumulative
Time

Hamilton Tr. Bridge

Hamilton C.C. Poll. Control Planl

Te Rapa Dairy Factory

Horotiu Bridge

AFFCO Meatworks

Ngaruawahia Br.

Tainui Bridge

XS 116 (Ohinewai)t

Rangiriri Bridge

Whangape Outlet

Opuatia Stre.m

Ofion

Punga Stream

Meremere

Mercer Wharf

xs 44 (Nsl 509083)

Tuakau Bridge

xs 27 (N51 411091)

Elbow

XS 7A (Tauranganui Pa)

Maioro Bay

Waikato Heads

49.3
7 .7 4.q

57.O
t2.7 7.t

69.7

2.9

0.5

1.0

2.9

3.0

3.3

0

2.0

2.4

0

2,9

3.4

1'7 .7

r 8.8

20.5

2.0

0.4

o7

0.5

2.2

5.8

3.7

4.3

2.7

1.4

2.1

2.0

1.9

1.8

3.2

4,4

4.9

7.t

12.9

16.6

20.9

23.9

25.O

27.1

29.1

31.0

32.8

36.0

38.9

4t.9

45.2

3.1

3.5

5.2

9.6

12.3

15.6

0.4

1.7

4.4

4l

2.7

J.J

2.1

l l

1.7

1.7

1.6

1.6

2.4

2.3

2.3

2.4

2.8

22.2

23.8

25.4

27.8

30. I

32.4

34.8

37 .6

42.5

40.6

*The following values are__c-alculated (WVA & MWD) from Channel geometry and roughness assessment
tCross-sections refer to WVA surveys.
Whatiwhatihoe on Waipa River to Ngaruawahia Whatawhata on Waipa River to Ngaruawahia

Low Winter flow 43 hours Low winter flow 25 hours
Bankfull 23 hours Bankfull I 0 hours
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Figure 2.2.4 shows average monthly rainfall and flows at
key stations for the years I 975 -76 (the period of concentrated
sampling) compared with long term maximum and minimum
averages.

2.2.2. T nupo CATCHMENT

The Taupo catchment covers an area of 3289 kmz which is

almost a quarter of the total Waikato catchment. It is domi-
nated by Lake Taupo which itself forms a fifth of the area of
its own catchment. The dominant inflow into the Lake is

from the Tongariro River - another name given to the
Waikato south of the lake - though other rivers drain into the
lake from the Hauhungaroa and Kaimanawa Ranges. The
catchment varies in elevation from over 2000m in the central
volcanoes to the general level of the lake at 357m.

As part of the Tongariro Scheme part of the Vy'aikato
(Tongariro) River is diverted at Waikato Falls via tunnel and

Poutu Canal to Lake Rotoaira and thence via Tokaanu tunnel
and power station to Lake Taupo. A further 285.5 kmz of
foreign catchment from the upper Wanganui River is also
diverted into Lake Rotoaira and in due course the scheme will
incorporate an additional 348.4 km2 of the Rangitikei catch-
ment (Figure 2.1 .l). Average yearly rate of flow adopted by
the scheme for an economic appraisal as approximately
20m3s-1 from the western diversions and l4.5m3s-1 from the
Moawhango system. Design of works in the system limits
discharges to twice these values. However because of the
way in which this average of these flows can be distributed
throughout the year the Waikato Valley Authority has to
adopt for design purposes a figure of foreign water of up to

90m3s-1 for short periods, say up to two months.
Flows from Lake Taupo are controlled through a gated

outlet and can vary from a situation of no flow (which could
happen during a major flood) to a maximum flow of
330m3s-1 . Because of this moderated outlet lake levels are to
a large extent artificially controlled and are influenced do-
minantly by generation requirements. There is a statutory
maximum level of 357.39m in the lake and maximum control
levels are in the order of 357m with a tendency to maintain
higher levels between April and December and lower levels
in the summer. From casual inspection the variation in the

lake from 1970 to 1975 is between 355.8 and 357.6m with an

average yearly variation of approximately 0.9m. The flow
duration curve for Lake Taupo outlet is given in Figure 2 '2 '2
and for the sake of reference, flow data are given in Appendix
2.1.

TABLE 2.2.3 (b)
WAIKATO RIVER _ TIME OF TRAVEL

TAUPO-KARAPIRO

Location Travel time (hours) I

Taupo - Ohakuri
Ohaku¡i - Atiamuri
Atiamuri - Whakamaru
Whakamaru - Maraetai
Maraetai - Waipapa
Waipapa - Arapuni
Arapuni - Karapiro

I Approximate mean travel times of a wave of water between lakes

- Estimated for use in power generatlon.
(I. Jowett pers.comm.)

2.2.3 T¡upo- KARAPIRo

The reach between Taupo and Lake Karapiro is again very
obviously related to the requirements of power generation

through the eight man-made lakes that have been formed
there. The reach, which is 188 km in length, drains a catch-
ment of 4419 km2 . It varies in elevation from I l60m in the
hills nearMangakino to 55nr, thc lcvclof Lake Karapiro. The
head available between Lake Taupo and Karapiro, as has

been noted, is 302m. The- long term (1941-1976) avetage
daily flow from Taupo is l29m3s-1 (Figure 2.2.2) and from
Karapiro, 230m3s -r (1966-197 6).

Creation of the lakes has imposed impediments at the
mouths of subcatchment streams in the reach interfering
seriously with their natural regime. This is markedly the case

in Lake Ohakuri which drains major tributaries - the
Waiotapu and the Whirinaki. This, added to the natural
quality haza¡ds in the region, is recognised as having a

significant effect on the water qualiry of the lower Waikato'
It is curious that in 1956 the following remarks were

wntten:
'The large ponding areas held back behind these dams
provide a natural self-cleaning action for any wastes which
enter the river from above.'

(Poliution Advisory Council 1956, p.6)
It is doubtful whether present students ofthe system as it

affects water quality would agree with these remarks. Rather
it might be said that the lakes offer an environment which
encourages the growth of biota and this makes assimilative
demands on the total waterway which must be regarded as

peculiar to the lake system and the lake system alone.
However the point is being made there that the lake system

is a complex one the understanding of which is rapidly being
recognised as an essential complement to the water quality
study in the catchment as a whole. Data on flows from lake to
lake are recorded and on file over a limited period. There

would be no great value in offering this mass of data here.
Instead to provide a general picture the design variations in
lake levels are given together with mean discharges in
Table 2.2.4. Flow duration data are given for Karapiro
(Figure 2.2.2) which is regarded as the point of input for the
lower Waikato. Further comment on the hydro-electric sta-

tions is given in section 2.4.
It is reasonable to assume that development of large areas

ofland since 1947 (section 2.3) has increased the amount of
runoff from the catchments and contributed to serious prob-
lems of gully and sheet erosion. This is supported by the fact
that in this section the original estimate ( I 940) for the design
peak discharge of 850m3s-r has now been considered in-
adequate and a figure of l4l5m3s-1 adopted as being more
realistic.

2.2.4 Knp.¡PrRo - Nc¡.nu¿.wenLq.

The reach has a catchment area of 629 kmz and a length of
54 km of waterway. This is a deeply entrenched section with
five tributary influences on flow other than the discharge
from Karapiro gates: Mystery Creek, Mangaonua, Manga-
kotukutu, Mangawhero and Waitawhiriwhiri Streams. Of
these all but the Mangaonua drain substantial areas of peat

swamp (mostly drained) to the south of Hamilton City' Ex-
cept in floods discharges are totally responsive to generation
pattems (see above). Figure 2.2.5 \s attached to indicate the
general form of these patterns which are:
(a) a daily pattern where high flows (nowadays reasonably

uniform) occur between 0700 and 2300 hours and low
flows throughout the remaining night:

(b) a weekly pattern which indicates the reduclion in flow
during the weekend's diminished power requirements:
and

l3



25

RUAKURA CLIMATE SIATIOI..{

.O-.O- LONG IERM MEAN MONIHTY RAINFATL (I930 - I9Zó )

ffi 
noNtaw RATNFALL (1975-1976)

30

? 2c,(
E

> t0(

a

WAIPA (ol Whotowhoto)

KARAPIRO DAM

RANGIRIRI BRIDGE

LONG TERM MEAN
MONTHLY DISCHARGE

! STD DEVIATION

F MEAN MONTHLY DISCHARGE

I 11975-1976\,

It97o - 76\

11?65 -76)

(1957 - 76)

l1e6s - 76)

o
E

U
É
r
U

ô

tr

00

'..]

il
800-

,on-]

:::l
.oo-]

,*-]

;J
ó
UU

olóúz zl-
-l-

È
U

É

: lll
À
U

zl - (-,)

ô
o
z

U
o

o
l

19 7 5 197 6

FIGURE 2.2.4: LONG TERM AND ANNUAL (1975-1976) RAINFALL AND RIVER FLOWS AT SELECTED
STATIONS.
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(c) a flood pattern which indicates the smothering of the

generation inf'l uence.
How' tar these tlow characteristics influence water qualitY'

is beyoncl the scope of this chapter. Certainly thef introduce

complex t'low characteristics in this reach wherc activc qual-

ity sanrpling is taking place w'hich make the estinrates of tlow
a very difficult/expensive business.

Flows, as has been stated. are recorded at Karapiro,

Harnilton and Ngaruawahia although at this latter site the

Uow inclu<ies the Waipa catchnlent contribution, (Figure

2 2 2) Recorder data ttrr Ngaruawahia are given in Appen-

clix 2.1 anci the flow duration cun'e rn Figure 2 2 2.

Relerantto the study is the conditicln olthe bed and in this

reach this is generally stable u'ith a relativell snrallctlntribu-
tion to the $ater quality in a direct sense

2.2 5 W.upr C¡rcHPteN I

This catchrrent has a total arca ol'3059 knl2 and the rirer
distance frorr Te Kuiti to Ngaruawahia is 129 knl. It is

predorninantl¡' a farnting catchment alld one of the tèw large

catchnrents not influenced by power generation.

The application of 'engineeling' enquiry in the catchment

ha-s been largely confined to the urban areas in the upper

caichment Iike Te Kuiti and Otorohanga. One result of this is

that there is only' a minimum amount of hydrologic informa-

tion that can be provided as a background to the present

study Recorcls on a daily basis have been kept at Pirongia

since 1958. At Whatawhata the MWD have had a continuous

recorder installed since 1970 and the record offlow tìom this

site is summarised in Figure 2.2.2 and in Appendix 2 l

In low flow conditions the catchment generates l0m3s-1

comparecl with a figure of about 150-200m3s-r for similar
conditions say' at Ngaruawahia. However flow variaticns as a

result of storm conditions are greater (refer to section 2.2.1) '

2 2 6 NcnnuAwAHtA - MeRceR
Betu een Ngaruawahia and Mercer the catchment is 5359

km2 and the length of river, 55.0 km. This is the area of main

emphasis in the investigation since it represents the section

where all effects of water uses are integrated' The course of
the river is through large areas of peat swamp and shallow

lakes with a complex interplay of flow to and from ponding.
The reach, while still very much subject to the effects of

power generation, is also very much affected by flood protec-

iion control schentes and for this reason it is fairly well served

tions. For this reason it is dilficult to prolide from existing

records ntuch olthe <Jata required in water quality investiga-

tions. Again while low flows are reasonably well
clocurnentéd in the main channel through continuous record-

ing at strategic sites this is not so in the tributaries A t'eason-

ab'íe assessntent can be made of the flood flows in the major

influenced by the levels of the main river and because of this

backwater effect flow relations are not uniform - or in other

words there can be variations in flows for the same water

level. This leads to the positio necessary

to gauge the tributaries at each where and

wh"en iampling is clone ancl solve the

problem of determining mass re a more

detailed examination still.

racy of the rating curves at the two sites. The rating was

designed primariìy for flood control and was sufficiently

accurate for this Pulpose.
One of the main tributaries of this reach is the Mangawara

for which a 100-year peak discharge is in the order of
325m3s-1 and from which the contribution at peak discharge

in the Waikato is considered to be 170mrs-1 because of lag'

The Whangamarino, another major tributary, like the Man-

TABLE 2 2 4: WAIKAI'O POWER DEVELOPMENT FLOOD MANAGEMENT STATION PARAMETERS

Taupo Ohakuri Atiarnuri Vy'hakalnaru Maraetai Vy'aipapa Arapunt Karapiro
Lakc

Lake area (knlr)
Volunre (nr3 x l0r;)r
FloocJ storage vol.

(mrs-l hrs)
Darn crest level

(m a.s l.)
Design flood level

(m a.s.l.)
Max control leveì (m)
Min. operating level (m)
Full load turbine

dìscharge (mtst)

Spillway capacity at
design flood level
(mtst )

Mean discharge (m3s-r)

611.0

36 552 0

35'l.O

330
max. flow

129 3

12 1

141.5

4890 I

292.8

290.4
289 3

287 6

387 7

622.6
159.4

2t
19 8l

l 83.9

258.0

255 7

255.4
253.5

38'7.'7

6'79.2
159.4

1.0
73 58

2099 9

231 2

230.0
229.O
226.9

311.3

707 .5
177.5

49
t23 t\

630 8

193.4

t92.2
188.0
189.7

679.2

749.9
193 2

9.1
t14.33

1.5
r6.84

1.8
59.43

332 5

1 33.0

131 3

1 30.5
t27 .5

367.9

1567 8 l'765.9

102.2 55.5

99.1 54.9
98.'7 54 |
96.'7 51.9

36'7.9 367.9

849.0
208.9

735.0
208.0

849.0
212.2

I estimatc only
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FIGURE 2.2.5: FLOW PATTERNS IN THE WAIKATO RMR AT KARAPIRO, FERCUSSON BRIDGE, NARROWS
BRIDGE AND HAMILTON TRAFFIC BRIDGE SHOWING ATTENUATION OF FLOOD PEAKS. TI{E VARIATION IN
PEAK VALUES BETWEEN NARROWS AND HAMILTON IS DUE TO LOOP RATING AT TIIE FORMER SITE.
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gawara drains a predominantly peat catchment but discharges
through controlled gates which allow flood waters access to
the river after the passage of its main peak. It is difficult to put
a figure for a continuing discharge from the gates but unlike
the Taupo gate, for example, where there is a free flow, the
gates at the Whangamarino are very much influenced by the
interplay of river and swamp levels.

The Mangatawhiri discharges slightly downstream of the

reach and its 1OO-year flood contribution to the river is about
2l0m3s-1 . The Mangatangi is another major tributary but it
discharges into the Whangamarino swamp so that its peak
flows are masked by the effect of the swamp. Both the

Mangatawhiri and the Mangatangi have their sources in the
Hunua Hills and both have their upper waters dammed for the
provision of potable water for Auckland.

A further dominant characteristic of this part of the river
and one relevant to the present study is the changeable nature
of the bed. This can generally be described as a series of
shallow, about one metre high, dunes with bases of some
l00m continually moving towards the mouth at a rate varying
between th¡ee to seven metres a day. This is a general
description but variations in this pattern occur according to
change in channel geometry and size of discharges. At some
places and during some discharges the bed is flat or, as has

been observed at Huntly, can consist of a series of ridges
three metres high moving about one metre a day (Ridall
1967). The bed material has a mean diameter of between
0.7mm and 1.0mm and contains approximately 147o of
pumice. As opposed to the view that the river presents a mass

of stirred up sand in the lower area most divers' reports claim
that movement is confined to a depth of say lOcms above the
bed of the river. Certainly this view is confirmed by the fact
that suspended load which is relatively small, is fairly un-
iform throughout the probed depths. It has been said that
suspended loads in the rùy'aikato River are extremely low 'oy

New Zealand standa¡ds (WVA). At the mean discharge of
4l6m3s-r the suspended load is 690 tonnes/day or 19.29 m-3.
Suspended load discharges of over one million tonnes/day
are frequently observed in some other New Tnalmd rivers,
notably the Waipoua in Poverty Bay (ibid). In very broad
terms the total sediment load in the lower Waikato per year
can be evaluated as:

Commercial Sand Removal
Bed load
Suspended load

The flow duration curve for
2.2.2.

500 000 tonnes
250 000 tonnes
646 000 tonnes

(WVA figures.)
Rangiriri is given in Figure

2.2.'7 Mp.pcER To rHE SEA

At Mercer the river departing from the dominantly north-
erly course turns westward to discha¡ge into the sea at Port
Waikato. This is the reach of the river where tidal va¡iations
have been observed at Tuakau Bridge of l5cm and at Mercer
of lOcm during high tides and low flows. The reach is a very
distinctive one with a delta exhibiting a luxurious pattem of
islands ánd exuberant growth emerging to the clear seascape

of Maioro Bay which at its widest is almost two kilometres
across. From here as has already been described it discharges
into the sea via a mouth that oscillates between the Port
Waikato Hills and the unstable sand cliffs of Maioro Forest.

As well as the normal hydraulic characteristics one would
expect in a tidal reach, the mouth itself imposes some further
constraints. The effect of one such constraint is the masking
of the spring low tides in the delta so that there is very little

difference between the lowest levels for springs as for neaps.
Investigations into salt intrusion indicate that this doesn't

occur beyond the limit of Maioro Bay.
Finally this section is ct-rmpleted by referettce tu the fulluw-

ing statistics included in Appendix 2:
42.I Mean monthly discharge:

Taupo
Karapiro
Ngaruawahia
Whatawhata
Rangiriri
Mercer

Ã2.2 Flow hydrographs for stations:

1905-r975
1965-r9'76
195'7 -t977
1970-1917
1965-1977
1963-1917

Karapiro
Fergusson Bridge
Narrows
Hamilton Traffic Bridge
Ngaruawahia
Waipa
Huntly Rail Bridge
Rangiriri
Mercer
for 1916 to illustrate the interdependence of flows in
the Waikato from Karapiro to Mercer.

2.3 I,AND USE

2.3.1 LnNo UsE, PnrreRNS wrrHIN THE WAIKATo
C¡,rcnurNr

While the fundamental physical parameters of geology'

soils and climate determine the "baseline" water quality
within a catchment it is the land use patterns within the

catchment which will discriminate the effects on water qual-

ity due to the influence of man. The following brief descrip-
tion of land use patterns within the \Waikato Catchment is

based on the subcatchments described earlier as each region
is a separate 'geo-physical' entity with widely different land
uses. Distribution of the dominant land uses in each region is

given in Figure 2.3.1 while general effects of land use on

water quality are discussed at the end of this section.

Lake Taupo Catchment
This region is probably the least intensiveiy utilised area

within the Vy'aikato Catchment.
The boundaries of this region are generally mountainous

but the country immecliately surrounding the lake and run-

ning north is of easier contour, being part of the Central
Volcanic Plateau.

The original beech-podocarp forest cover was modified in
pre-European times, by volcanic activity and Maori burnings
with the resulting establishment of large areas of scrub and

tussock. Early European influence was restricted largely to
timber extraction as cobalt deficiences in the soil caused

stock sickness and effectively prevented pastoral useage.

This deficiency has been overcome by cobalt additives in
topdressing mixtures and since the late 1940:s conversion of
large areas into grasslanrJ has proceeded' There afe now some

47Okm2 of improved pasture-chiefly in the areas tothe west

and north of the lake - although this still only constitutes
some l8% of the basin. The main activity carried out on this

developed land is sheep-beef farming.
Indigenous forest and scrub associations are by far the

most dominant land cover occupying some 54Vo of the total
catchment area. Most of the scrub is found to the east and

south of the lake while the indigenous forest is confined
largely to the bordering ranges (e.g. Kaimanawas and

Hauhungaroas) (WVA 1973).



FIGURE 2.3 I: LAND USE IN THE WAIKATO CATCHMENT
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Exotic forestry is becoming an increasingly important land

use in the basin with about l4Vo of the area already planted.

The dominant species used is Pinus radiata with the bulk of
the plantings being in the north east of the catchment. A
further l87o of the area is firmly committed to forestry
development - mainly in the east and south Taupo areas.

An increasing land use within the catchment is recreation.

This is.concentrated around the immediate lake margins and

the surface of the lake itself as well as in Tongariro National
Park (recreation as a water use has been outlined in greater

detail in section 2.4).
Taupo-Karapiro

Most of the mid-rù/aikato region lies in the ignimbrite
country extending northward from the Central Volcanic
Plateau. Like the area around Lake Taupo, the active de-

velopment of this region was retarded due to cobalt deficien-
cies in the ash-derived soils. Today however most of the

region is developed to some extent and a wide variety of land

uses are involved.
Perhaps the most striking land use is that of exotic affores-

tation which now covers approximately 1550 kmz or 357o of
the region with active planting still continuing. In contrast the

original indigenous cover of podocarp-hardwood forest has

been largely removed and is now confined to the hill country
lying west of State Highway 32 and other minor a¡eas such as

the Paeroa Range. In total, indigenous forest and scrub would
account for only about 7.8Vo of the present cover of the

region. The exotic forestry plantings are based almost en-

tirely onPinus radiata with minor areas of other species (e.g.

eucalyptus, Douþlas Fir).
Of all land use options afforestation probably causes least

hazard to water and soil values and in many ways will
effectively enhance them. Nevertheless erosion during land
clearance for establishment and again during harvesting may

be a hazard leading to increased sediment loads if adequate
precautions are not taken.

The afforestation of this mid-Waikato Region effectively
divides it into a northern area of relatively intensive land
usage and a southern area of rather more extensive agricul-
tural activity. From Tokoroa north the density of settlement
and the intensity ofland use tends to increase. In this northern

area dairying is an important land use occupying upwards of
50Vo of the land while mixed livestock and intensive sheep

grazing are the other main activities. In contrast the area to

the south of the mid-Waikato Region tends to have large
holdings (reflecting in part the presence ofLands and Survey

Department development blocks) and sheep/beef farming is
the main landuse. Another relatively large area of country
northwest of the Paeroa Range is also devoted largely to

sheep/beef grazing and minor areas of dairying while in the

Reporoa Basin intensive dairying is the main land use with
lucerne production becoming increasingly important'
Waipa Catchment

Some 607o of the V/aipa catchment consists of rolling
downlands and gently sloping floodplains. This a¡ea consti-
tutes the bulk of the catchment north of Otorohanga and is
one of intense agricultural land use based on pastoral farm-
ing. Daþing is the chief activity utilising about 607o of this
northern country while mixed livestock and intensive sheep

grazing are also important. Maize growing is becoming
widespread on the gently contoured land to the north of the

catchment.
The hill country along the west of the catchment and

around the Te Kuiti area is utilised primarily for sheep and

mixed livestock grazing while much of the steeper country at

the head of the Waipa is in indigenous forest or scrub associa-

tions. This forested headwater region is important from the

viewpoint of both water quality and yield; any reduction in
afforestation will undoubtedly increase runoff and cause

some erosion leading to both increased streamflows and

potential flood risk and sediment loads.
Urban areas are not extensive in the Waipa catchment with

Te Kuiti, Otorohanga and Te Awamutu being the only major
towns. Together these centres contain a population of some

14 000.
Karapiro-N garuawahia

This area is almost entirely in intensive use with the excep-

tion of minor areas of gullies and wetlands. The high produc-

tive capacity of the area is dependent on a combination of
excellent soil types (section 2.1.3) and a climate which
allows good pasture growth throughout most of the year
(section 2.1.4).

Traditionally dairying has been the most important land
use in the area and this remains true today with dairy farming
utilising more than 807o of the area. However, as the popula-

tion in the area continues to rise, pressures are placed on the

land for alternative uses related to the differing social and

economic demands generated by large numbers of people.

Thus there has been an increasing tendency for closer sub-

division of units - partly to satisfy the demand for " 10 acre

block" type rural-residential areas and also to meet the need

for more intensive land uses such as pig farming, horticul-
ture, orcharding and specialist stock breeding. Cropping,
mainly for maize, has also become an increasingly important
alternative to the traditional dairying as returns have been

attractive and labour inputs tend to be lower'
Urbanisation, and associated industrial activities, are also

placing increasing pressures on the countryside: it is esti-

mated that by 1990 the population of Hamilton will be ap-

proaching 150 000 and the total urban land requirements for
the city w The Pressures
placed up land use activ-
ity in thi r required for
domestic, s but the river
also serves the role of waste removal.
Ngaruawahia to Mercer

Land use patterns in this region are clsoely related to
topographic va¡iations with th¡ee distinct areas of land use-

types recognisable. The low lying and gently contoured land-

scãpe of the central part ofthe region facilitates intensive land

use similar to the Hamilton Basin. As in this latter area

dairying is the prime agricultural activity but again there is a

growing tendency for closer subdivision and more intensive
use with the development of numerous small holdings

growing of
n important
where soils
ell suited to

production of good quality fruit.
East of this central area lies a series of broken hills, the

bulk of which is made up by the Hapuakohe Range' Here the

steeper topography is
farming based on shee

areas along these hills
but the tendency is for
farming. To the north of this eastern sector is Maramarua
State Forest, a relatively small area of exotic plantations.

rùy'est of the Waikato River the terrain becomes Progres-
sively steeper. The lower more gently contoured areas tend to

be intensively farmed with beef, dairy, intensive sheep and

mixed livestock farming regimes all occurring' As the land
rises up onto the flanks of the Western Highlands dairying



ceases, beef becomes less important and sheep grazing e'.'en-

tually becomes dominant. As in the eastern hills small poc-
kets of indigenous forest and scrub remain in this steeper
country (Figure 2.3 .l).

Open cast and shaft coal mining are imporlant in the

Huntly-Pukemiro-Renown district though this occupies only
a small area of the total catchment.

This section of the Waikato catchment has several
tributaries which, because of the nature of their catchments
and the land uses undertaken, have a marked effect on the

standard of water quality in the Waikato River itself. The
common fèature of the sc tributaries is the presence of exten-
sive areas of peat and swampland in their loweÏ reaches

which collectively contribute considerable amounts of both
suspended and dissolved matter into the Waikato River itself.
The areal extent of the peat is given in Table 2.3.1 below:

TABLE 2 3 I: AREAS OF PEAT IN V/AIKATO CAI.CHMENT
FROM NGARUAWAHIA-MERCER.

ll

Fertiliser Wastes.
Within the Waikato catchment area an estimated (During,

l91l) 29 320 tbnnes of phosphorus and I5 240 tonnes of
potassium are applied annually to maintain pasture growth
The leguminous pasture species, which tlourish as a result, in
turn produce an estimated 100 000 to 200 000 tonnes of
nrtrogen.

During (191 l) was unable to estimate what proportion of
these elements reaches the watercourses but pointed out that
only 0.5o/c to L}Va of the phosphorus applied as f'ertiliser or
about two percent of the nitrogen produced is enough to
pollute streams. Water quality sampling provides clear evi-
dence that contamination of streams by phosphorus, nitro-
gen and potassium, either in solution or absorbed onto sus-
pended sediment, is taking place and is responsible at least in
part for some of the continuing waterquality problems of the
Waikato River (refer section 3.4). In particular the nutrient
enrichment caused by addition of these elements has led to
accelerated weed growths and partial eutrophication of suita-
ble environments along the River-e.g. the hydro lakes of the
mid-Waikato region (Chapter 4).
Animal Wastes

Within the Waikato River catchment there is a large and

rapidly growing animal population.
The quantities of waste produced daily by each of these is

shown in Table 2.3.2 below.

TABLE 2 3 2: ANIMAL WASTE PRODUCTTON - V/AIKATO
.ATCHMENT 

Man Cow Pig sheep

Total Quantit¡' of Waste
(Faeces and urine)
( I itrcs/clay/capita)

t35 56 8 4.50 48

(Source: Anderson 1977)

It follows that a massive 90 million litres of animal wastes

are generated within the catchment daily. Of these a rela-

tively substantial proportion will be treated as with human
wastes or wastes from cowsheds (see Section 2.4). Neverthe-
less a vast amount will be spread over the pastoral grazing
country where the contained elements and potential pollut-
ants are free to become absorbed into the soil and vegetation
or altematively be taken up by groundwater or removed in
surface runoff. The latter eventually contributes to the total
flow of the Waikato River and the dissolved and suspended
materials will all affect the total water quality. Quantitative
information as to the effect on water quality of diffuse source

animal wastes is lacking but During (191 l) indicated that

significant Ievels of wastes in terms of water quality could
enter streams by way of surface runoff.
Sediment

Development of land from its natural state frequently re-
quires a clearing of protective vegetation and replacement
with pasture species. Conversion from forest is usally ac-

companied by a decrease in both evapotranspiration and

infiltration rates. The result is usually an increase in runoff
which acting on a now relatively unprotected landscapc is

capable of producing accelerated erosion to sometimes se-

vere levels, This is particularly true in those areas where soil
properties are such that the surface is particularly prone to
erosive action. For example the yellow-brown pumice soils
of the volcanic plateau are typically a cohesionless, low
density material extremely prone to attack by overland tlow
(outlined in Selby l97l). Numerous severe gullies within
these soils - often precipitated through land development
contribute large anrounts of sediment to the Waikato River

Approx. TotaÌ
area of Peat.

(km') (% toral
catchment)

Ãpprox. 7o

under development
(19'78\

Mangawara 40
Komakorau 216
Whangamarino/ 105

Mangatangi
Mangatawhiri l5

Total 3t6

Mercer to the Sea.
In a similar pattern to the rest of the Lower Waikato region

land use in this area tends to reflect topographic variations.
On the rolling country to the north of the river dairying
occupies by far the largest area, but equally important in
terms of productivity are areas of highly intensive horticul-
tural land use around Pukekohe, Bombay and Vy'aiuku. The
increasing demand for horticultural produce is now prompt-
ing market gardeners to expand onto other areas of suitable
soil types and land around Pukekawa is increasingly being
changed from dairying to horticulture. The hill country of the
Hunua Ranges is important for water harvesting for the
Auckland Metropolitan area.

South of the river dairying and to a lesser degree intensive
sheep and mixed livestock farming are the most important
activities, while a block of steeper country towards the mouth
of the river is utilised largely by sheep grazing (Figure 2 .3 .l).

2.3.2 Welzn Qu,+lrrv PRost-et\4s AS RELATED To
L¡,No Use

As the preceding section has shown, various forms of
agriculture is the dominant land use throughout the Waikato
catchment. Agricultural activity is the origin of several diffe-
rent fo¡ms of water pollutants of which many are from diffuse
sources, entering the river mainly in runoff and seepage and

often containing high concentrations of dissolved and sus-
pended matter. Although little is known in quantitative terms
it is generally accepted that concentrations of these materials
are higher from areas of intensive land use than undeveloped
or extensively farmed areas. The following discussion is

intended to describe some of these diffuse source pollutants,
while the more obvious sources of contamination associated
with agriculture (e.g. cowshed and dairy factories) are dis-
cussed in section 2.4.

100
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USERS AND DISCHARGERS OF WATER IN THE VVAIKATO
CATCHMENT
I New Zealand Steel Mining Ltd
2, Tuakau Borough Supplr: Tuakau/Pukekohe Boroughs sew-

age discharge
3 N Z Co-op Daiiy Co Ltd - Tuakau
4. Auckland Regional Authorìty proposed Auckland supply

offtake
5. AuckÌand Regional Authoritv Auckland supply on Manga-

tawh iri River
6 Auckland Regional Authoritl Auckland supply on l\langa-

tangi Stream
7. Sandnrining - Wìnstones Ltd anrl Roose lndustries Ltd
tì. New Zealand Electricitl' - I\lerellrere Poqer Station
9. Te Kauwhata urban/rural suppl)' (proposed)

I0 Te Kaurvhata sewage discharge
I I . Waikato Wool Scourers Ltd
12 New Zealand Electricity Huntly' Therntal Power Station
l3 Huntly Borough suppl¡'and se$age discharge
l4 Waikato Carbonisation Ltd
15. New Zealand Co-op Dairy Co Ltd. Taupiri
l6 Hopuhopu nrilitar¡'camp - supply and sewage discharge
l'7 New Zealand Co-op Dairy Co Ltd Konrakorau
l8 New Zealand Co-op. Dairy Co Ltd Cordonton
19. Ngaruau'ahia Borough - supply an<J sewage discharge
20. AFFCO. Horotiu
2l . Ner¡ Zealan,J Co-op Dairy Co Ltd Te Rapa
22. Hamilton Cit), - Polìution Control PÌant discharge
23 Hamilton City - Suppl¡
24. Harnilton Airport industrial complex
25 New Zealand Co-op. Dairy Co. Ltd, Matangi
26. Bruntwood Co-op Dair¡' Co Ltd
27. Cambridge Co-op Dairy Co. Ltd
28 Cambridge Borough - sewage discharge
29. Aotearoa Meats Ltd.
30. Canrbridge Borough - supply
3l Te Awamutu Borough - supply
32 -1e Awamutu Borough - sewage discharge
33 Te Awamutu Co-op. Dairy Co. Ltd.
34 New Zealand Co-op. Dairy Co. Ltd Te Awamutu
35. Tokanui Hospital - supply and sewage discharge
36. Waikeria Prìson Centre - supply and sewage discharge
31 Otorohanga Borough - supply and sewage discharge
3U Te Kuiti Borough - supply and sewage discharge
39 Tokoroa Borough - supply and sewage discharge
40. New Zealand Forest Products - Kinleitit
41. Mangakino Township - supply and sewage discharge
42. New Zealand Co-op. Dairy Co Ltd Reporoa
43. New Zealand Electricity Broadlands (proposed)
44. Fletcher Holdings, Rotokawa
45 New Zealand Electricity, Wairakei
46. Taupo Borough suppìy and sewage discharge
47 Turangi Township - supply and sewage discharge

system. Similarly development on the thin skeletal soils of
the hill country is often accompanied by a cycle of erosion
removing large quantities of material. Unwise activities such

as road construction, culvert instalment and fencing in sensi-

tive locations are also known to contribute sediments while in
some cases particular land uses are often associated with
erosive activity, e.g. clearfelling as a forestry technique is

often associated with increases in sediment loads.
The particularly fine grained (i.e. clay size) sediments are

usually carried in suspension while the coarser material is
transported both as bed load and in suspension depending on
stream flow. In addition to affecting water quality through
increases in suspended solids the material added to the sys-
tem by erosion may act as a river bottom reservoir for nut-
rients and other elements absorbed into sediment particles.

2.4 WATER USE AND CLASSIFICATION

2.4.1 IrurnoDUCTroN

The uses made of natural water are wide and varied and are

usually directly related to the quality of that water, while the

quantity of wastes generated from the use of that water is

related to the amount of water used. This section discusses

the major water uses and users of water in the Waikato River
catchment ând how the systerlrolelassifieatiuu is dcsigncd to

protect beneficial uses of water and preserve minimum stan-

dards of water quality. The employment of natural water for
waste transport and assimilation is considered a use of water
in this report.

As development in the catchment proceeds, multipurpose
uses of water become more important, as does the need for
conservation, al location and the preservation of the quality of
waters. The promotion and control of multiple uses of natural

waters are listed as objectives in tþe preamble to the Water
and Soil Conservation Act 1967. In recent years rapid de-

velopment and population growth in the catchment has oc-

curred with a corresponding reduction in the amount of water
available per person . Despite this, restrictions on water use or
water shortages are rare. The greatly increased demand on

water resources has resulted in correspondingly increased

volumes of waste to be disposed of. Implementation of con-

trol measures of the Water and Soil Conservation Act has

resulted in an increasing awareness of the need for efhcient
waste treatment and reduction of uncontrolled discharges of
both rural and urban communities. Recycling, recovery of
useful components from wastes and the return of rural wastes

to the land are practices which are increasing and which
reduce the input of wastes to natural water.

2.4.2 Pol'esLE SUPPLY

Of the several towns that draw water direct from the

Vy'aikato River for potable supply, all treat the water before

reticulation. The main communal supplies of the catchment.
are listed in Table 2.4.1 and locations shown in Figure 2.4.1 .

The degree of treatment required to produce potable water
generally increases with distance from river source. Taupo
Borough supply requires only chlorination while supplies

downstream of Karapiro in addition to chlorination require
coagulation, sedimentation and filtration to remove algae and

suspended solids.
Hamilton City is the largest user of Waikato River water

for potable supply and presently takes an average of 31 000

cubic metres of water per day from the river with a Peak
consumption of 61 000 cubic metres per day.

Part of Auckland Regional Authority's existing water sup'
ply is derived from the Waikato catchment. Dams on the

Mangatangi and Mangatawhi¡i Rivers store in total about 55

million cubic metres of water and will be supplemented by a
further dam on the Mangatawhi¡i River. Average yield from
the Mangatawhiri Dam from the year ended March 1976 was

66 000 cubic metres per day while that from the Mangatangi
was 100 000 cubic metres per day. The Auckland Regional
Authority is investigating the Waikato River as one if its

possible future water supply sources . If this scheme proceeds

the ARA may abstract 100 000 cubic metres per day some

time after 1986 from the Vy'aikato River between Mercer and

Tuakau.

2.4.3 Runer Supprrr,s

Rural or combined rural-urban water supply schemes op-

erate in many æeas of the catchment, for example the Re-

poroa and Whirinaki areas. A combined rural-urban supply is
planned for the Te Kauwhata district. Under this scheme up

to l2 000 cubic metres of water will be taken pe, day from the

Waikato River. The location of the proposed offtake is shown
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TABLE 2.4.1: POTABLE WATER SUPPLIES

Centre

Turangi
Kinloch
Omori-Kuratau
Taupo
Wairakei Village
Aratiatia Village
Ohakuri Village
Atiamuri Village
Whakamaru Village
Mangakino
Maraetai Village
Waipapa Village
Arapuni Village
Karapiro
Tokoroa.
Cambridge
Hamilton
Ngaruawahia
Te Rapa Camp
Hopuhopu Camp
Taupiri
Huntly
Te Kauwhata
Maramarua
Meremere Village
Mercer
Tuakau
Pukekohe
Te Kuiti
Otorohanga
Waikeria Centre
Tokanui Hospital
Te Awamutu

Population \{ater Source and treatment
as at 2313176

5 496 Tokaanu River - chlorination
Lake

12 898

1 614

l8 635
't 841

87 968
4 385

Lake - chlorination
Lake - chlorination
River - filtration, chlorination
River - filtration, chlorination
River - filtration, chlorination
Spring - chlorination
Bore - chlorination
Spring - chlorination
Spring - chlorination
River - filtration, chlorination
Bores, chlorination
Cambridge Supply
Springs, bore - chlorination
Lake and spring - (coagulation, sedimentation, filtration, chlorination)
River - as Cambridge
River - as Cambridge
Hamilton City supply
River - coagulation, sedimentation, filtration, chlorination
NZCDC supply - coagulation, sedimentation, filtration, chlorination
River - coagulation, sedimentation, filtration, chlorination
Bores

5 559
'763

Koteruato Stream
River - coagulation, sedimentation, filtration, chlorination
River - coagulation, sedimentation, filtration, chlorination

1'124 Springs - chlorination
I 770 Springs - chlorination
4 840 Mangaokewa and Waitete Streams - coagulation, sedimentation, filtration chlorination
I 965 Waipa River - filtration, chlorination

Bores - filtration, chlorination
Bores - filtration, chlorination

1 619 St¡eams

in Figure 2.4 .l . The largest livestock requirement is that of
dairying. Approximately 100-140 litres of water per milking
cow (which includes animal drinking requirements, cowshed
requirements, milk cooling and cowshed and yard wsshing)
are required per day on dairy farms. Although a significant
proportion of dairy farms draw water for livestock use from
the river or tributaries most draw \¡/ater from bores.

2.4.4 Innlc,qrroN

Water right records indicate that 203 water rights for the
taking of water for irrigation purposes have been granted
within the catchment. Irrigation of crops and pastures is
increasing and some water shortages occur in times of sum-
mer low flows. Critical areas are on the Pukekohe Plateau
where water resources appear to have reached full utilisation,
and the developing Onewhero-Pukekawa market garden
area. Interim guidelines set out in a report of the water
resources in Franklin County (ARA/V/VA 1977) suggest the
restriction of the peak monthly inigation water allowance on
Pukekohe Plateau to less than 1000 cubic metreslhectare.

Generally the waters of the Waikato River are suitable for
irrigation without treatnìent. The presence of'toxic elenìents
such as boron may render the water unsuitable for the irriga-
tion of certain sensitive crops in some areas (see section
3.2.3).

2.4.5 INousrRrAL

The major industrial users are the dairy industry Q2 fac-
tories in the catchment) abattoirs, coal mine operations in the
vicinity of Rotowaro, Huntly and Maramarua and the New
Tnaland Forest Products pulp and paper mill at Kinleith.

Major industrial users of water are listed in Table 2.4.2 and
locations shown in Figure 2.4.1.

Water quality and quantity requirements in the dairy indus-
try vary widely depending on the product being made. Casein
production, including washing of casein, boiler feed water
and milk cooling, requires about 40-45 cubic metres of water
per tonne of casein and produces an almost equivalent vol-
ume of waste water. Cheese production requires 18-23 cubic
metres of water per tonne of product and about 50Vo of the
water becomes milk contaminated in the process and requires
treatment before discharge. Butter production requires l6-18
cubic mefres per tonne of product and approxim ately 5OVo of
the water used requi-res treatment. Milk powder production
uses about 230 cubic metres per tonne of product with only
about 5 cubic metres per day requiring treatment. Quality
requirements are generally for non-potable standard water
for cooling and condensing purposes, however potable
standard water is required for other purposes particularly
equipment washing. (F. R. Leighton N.Z. Co-op. Dairy Co.
pers.comm).

At New T,ealand Forest Products (N.Z.F.P.) pulp and
paper mill at Kinleith up to 80 000 cubic metres of water per
day are taken from Lake Maraetai, up to 30 000 cubic metres
per day are taken frorn a bore and a further 70 000 cubic
metres from the Pokaiwhenua stream. (K. Kemeys NZFP
pers.comm.).

The amount of water taken from the river for use at the
Auckland Farmers Freezing Company works at Horotiu var-
ies seasonally with 10 000 cubic metres per day being an

average 1977-'18 "killing season" requirement for proces-
sing use. A further 740 cubic metres per day a¡e taken for use

in boilers and cooling purposes. (J. _Bergers AFFCO pers.-
comm.).
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TABLE

Locality

2'1.2 MAJOR INDUSTRIAL WATER USERS

Industry Source

TABLE 2.4.3:
CATCHMENT:
Station

ELECTRICITY GENERATION IN WAIKATO

Type Installed Capacity (MW)

Rotokawa
Reporoa
Kinleith

Tokoroa
Carrbri<Jge
Te Rapa
Horotiu
Te Awarlutu

Frankton
Hautapu
Bruntwood
Matangi
Gordonton
Komakorau

Taupiri
Rotowaro
Huntly-

Rotowaro

Te Kauwhata
Ohinewai
Tuakau

Waiuku

2.4.6 Et p,ct Rrc PowER GEr.¡eRR.rloN

New Zealand Electricity operates nine hydro-electric
power stations (10 when Rangipo is commissioned -
scheduled date 1982) on the Waikato River system and in

addition uses the river water for steam condensation at the
\ùy'airakei Geothermal Station and the Meremere Thermal
Station. These stations are listed in Table 2'4.3 and locations
shown in Figtre 2.4.2.

Approximately one-third (1647 MV/) of the national in-

stalle<l generat¡ng capacity is located within the Waikato
River catchment and in the year ended 3 I st March 1916,38Vo
(7569 kwh) of the total national energy generation was gen-

erated at these nine hy'dro and two thermal stations. (N.2.
Departrnent of Statistics 1977).

Waikato River water lvill be used for steam condensation

at the proposed Broadlands Geothernlal Station and the

Huntly Thermal Station now under construction. Further
hyclro-electric power stations are located on the Hinemaiaia
and Kuratau Rivers and are operated by local power supply
authorities.

Control of river tlow to optimise power generation is

effected at the NZE North Island System Control Centre at

Whakamaru.
The use of Waikato River water for steam condensation is

particularly important both in terms of quantities of water
usetl arrtl thc clfscts on the rivcr of thc discha¡gcd cooling
water- An a\erage of l4 6 cubic metres of water is taken per

second from the river at Wairakei tbr cooling purposes at the

Wairakei Geothermal Power Station during summer months

and an average 10.3 cubic meires per second are taken during
the winter nlonths.

The proposecl Broadlands Geothermal Power Station will
employ a closed cooling system using induced draught cool-
ing towers and thus very littìe water will be taken from the

river for coolin-q purposes. The Huntly Thermal Powe r Sta-

tion is scheclulecl forcomrnissioning between 1979 and 1981.

Rangipo
Tokaanu
Wairakei
Arat iatìa
Broad lands
Ohakuri
Atimauri
Whakamaru
Maraetai
Waipapa
Arapuni
Karapiro
Huntly
Meremere
Kuratau
Hinemaiaia

The four 250 MW turbines will require a total of 38m3s-1 of
cooling water on full load and will return water to the river
8"C abóve ambient intake water temperature. Water will also

be taken from the river for the generation of steam in the

boilers. To reduce boiler corrosion and tube failure this water

is required to be demineralised and deaerated. At the Mere-

-... Th..-ul Power Station cooling water is abstracted from

and returned to the river at a maximum rate of l2'2m3s-1 '

2.4.7 R¡cnsÀrlou

Considerable use is made of the river for a wide range of

Figure 2.4.2 (Duncan et al l91l).
-The 

waters of Lake Taupo and tributaries are recognised

internationally as providing excellent fishing and otherrecre-

ational facilities. Rainbow and brown trout have been re-

leased in this area.
The Waikato River and tributaries and associated wetlands

provide an environment for the breeding, feeding and growth

of fìsh and wildlife. Acclimatisation Societies liberate trout

fry and fingerlings within the catchment each year'

The New Zealand Electricity has purchased privately

owned land aroun<l the eight hydro lakes and have provided

2.4.8 SHTPPING

Use of the river for shipping is small and is mainly con-

fine<l to the passage of sand and shingle barges in the reach

downstream of Hamilton.

2.4.9 ExrnncrtvE INDUSTRIES

This includes coal mining, sand, gravel and pumice extrac-

tion, iron sand rnining and sulphur mining.

Sulphur Mine
Dairy Factory
Pulp and Paper Miìl

Dairy Factory
Abattoir
Dairy Factory
Abattoir
Dairy Factories

Dairy Factory
Dairy Factory
Dairy Factory
Dairy Factory
Dairy Factory
Dairy Factory

Dairy Factory
Carbonettes Factory
Coal Mìning

Winery
W<;olscourers
Dairy Factor)

[ronsand Minc

Waikato River
Bores
Waikato Rìrer,
Pokaìwhenua Stream
and Bores
Borough Supply
Borough Supply
Wakato River
Waikato River
Bores and Mangapiko
Stream
Hamilton City Supply
Bore
Bore
Bore
Komakorau Stream
Komakorau Stream
and bores
Waikato River
Awaroa Stream
Awa¡oa Stream.
Lake Waahi,
Mangakotukutu
Stream
Bores
Waikato River
'Whakapipi Streant
and bore
Waikato River

r00
200
192
on

150
|2
84

100
360
5l

158
90

1000
2to

6
2.5 (6.2 on completion of H'C.

station and extensions
to H.A. stâtion).

hydro
hydro
geothermal
hydro
geotherrnal
hydro
hydro
hydro
hydro
hydro
hydro
hydro
thermal
thermal
hydro
hydro
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More than two thirds of the coal won in the catchment is
mined by opencast methods which involve the removal and
stockpiling of over-burden and the pumping out of mines
which contain rainwater and sometimes ground water. The
collected water often contains high concentrations of sus-
pended solids which are usually reduced by settling.

Kopuku opencast is the largest mine in New Zealand (20
percent of the national output) and supplies Meremere Ther-
mal Power Station together with many rural and urban indus-
tries. Thé several mines at Rotowaro and Huntly also supply
the same markets (Ministry of Works Town and Country
Planning Branch 1973).

Much of the Waikato lowlands are filled with sand derived
from the volcanic plateau and laid down by the several
ancestral courses of the Waikato River (section 2.1 .2). The
Waikato River carries a large load of sand to form shoals near
sea level at Mercer and Tuakau. During 1970 three com-
panies dredged 524 000 tonnes of sand from the river for the
building industry. Water is taken from the river for the
washing and grading of the sand and is usually treated by
settling prior to discharge to the river (Ministry of rilorks
Town and Country Planning Branch 1973).

Ironsand deposits at the northern head of the Waikato
River mouth are mined and concentrated by New Zealand
Steel Limited using water drawn from the Waikato River. A
total of about I 50 million tonnes of magnetic concentrate has
been calculated for this deposit. Up to 18 000 cubic metres of
water are drawn'from the Waikato River per day at Maioro
Bay for the concentration process and the water is discharged
via a settling pond back to the river.

Sulphur reseryes totalling at least 6 000 000 tonnes have
been proven in the Lake Rotokawa area. Sulphur is extracted
by using high pressure hot water as a heating medium. The
hot water is obtained by injecting cold water into a mixture of'
steam and hot water obtained from geothermal bores. Vy'ater
is taken from the Waikato River for this purpose and up to
10 600 cubic metres of waste geothermal water is discharged
to Pa¡ariki Stream per day (Murray-North and Ridley 1976).

2.4.10 Vy'esrn, TneNsponr nNo AssrurLATroN

Point source discharges in the lr¡/aikato River catchment
fall into four main categories being:
A. Rural, including cowshed, piggery, saleyard and

truckwash effluents.
B. Industrial discharges, principally daii; factories, abat-

toirs and a pulp and paper mill, but also including many
small industries such as timber treatment plants, a 'vyinery
and a woolscourers.

C. Sewage and stormwater.
D. Thermal discharges and others arising from power gener-

ation, both geothermal and fossil fuel.
The locations of the major discharges are shown in Figure

2.4.1.
Effluent data presented a¡e based on the most current

available, supplied by the various discharges. In some cases

the data.may reflect a higher degree of treatment than that
obtained over the earlier years of the study. A full under-
standing of the impact of many point source discharges is
limited because many of the discha¡ges have not been charac-
terised in terms of quality, quantity and pattem of discharge.
Rural Waste Discharge

The Waikato River catchment contains 4ó20 dairy farms
carrying 450 000 dairy cows. The majority of these daþ
farms are located in the lower Waikato and Waipa catch-
ments with 2000 and 1560 farms respectively. Approximate

numbers of daþ farms
catchments are:

Waipa
Mangaonua
Pokaiwhenua
Waiotapu
Mangawara
'Whangamarino

in the most intensively farmed

1560
258
251

95
603
312

(WVA figures).

Of the various cowshed waste disposal methods, the fol-
lowing are the most commonly employed in the Waikato
catchment:

Disposal to sacrifice area
Spray irrigation
Two pond oxidation system
Open drains and "long drain system"

28Vo
26Vo

lSVo
23Vo

(WVA Figures)
The two pond oxidation system and the long drain system

are becoming increasingly popular and provide a good stan-
dard of treatment (up to 807o solids removal and 70-907o
BOD removal - (Nelson 1976) with low construction cost
and maintenance.

While comparatively small in numbers of inputs the
strength of wastes from piggeries and stock-truck washing
facilities may, without efficient treatment, result in localised
water quality problems.
Industrial Waste Discharge
Dairy Factories

Of the 12 dairy factories in the Waikato catchment, I I are

situated in the Waipa and lower Waikato catchments. The
total number cffactories in production has decreased consid-
erably over the past 25 years and of the remaining often larger
factories, several now employ spray irrigation onto land and
utilise by-products such as whey.

Dairy waste waters are mainly dilutions of whole milk or
one of the by-productions;cream, skim milk, buttermilk and
whey. In addition they may contain residues of the manufac-
tured products; butter; cheese, casein, dried milk, etc; deter-
gent acids and alkalis used in the cleaning of equipment and
of factory surfaces; boiler water treatment compounds and
other similar substances foreign to milk.

The strength and volume of dairy wastes varies considera-
bly depending on the product being manufactured, the fype of
equipment in use, the extent to which uncontaminated waters
such as cooling and condensing waters are included with the
contaminated wastes, housekeeping and other factors. Typi-
cal BODs values for milk and its by-products skim milk and
whey are 110 000, 72 OO0 and 33 0009 ma respectively. In
undiluted form milk and its by-products have a marked
deoxygenating effect on natural water.

The type of product being manufactured also determines
the daily flow pattern and often the type of waste treatment
employed. At Te Rapa main peaks in discharge and BODs
correspond to cleaning operations usually occurring at early
to mid morning. Peaks in pH correspond to caustic cleaning
flushes, or occasionally acid cleaning flushes. At Taupiri
Dairy Factory discharge is fairly constant throughout the
12-14 hour discharge period, apart from the early morning
wash up period, with peak discharge in early to mid evening.
Discharge from Komakorau Dairy Factory is constant over
about 14 hours while that from Reporoa occurs over about I 8
hours per day. Seasonal variation in discharge corresponds
to milk production beginning in early August, peaking in
October and remaining constant until the end of December
and declining until about the middle of May. Most factories
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TABLE 2.4.4: WASTE DISCHARGE AND TREATMENT FROM DAIRY FACTORIES

Factory Products
Manutàctured

Waste Treatment and
Disposal

Volume and strength
of Waste

NZCDC
Reporoa

NZCDC
Gordonton

NZCDC
Komakorau

NZCDC
Taupiri
NZCDC
Matangi
NZCDC
Te Rapa
NZCDC
Tuakau
NZCDC
Frankton

NZCDC
Te Awamutu

Te Awamutu
Co-op. Dairy

Cambridge
Co-op. Dairy
Co (Hautapu)

Bruntwood
Co-op.
Dairy Co.

Co

Casein,
lactalbumin

Casein

Cheese

Butter

Milk powder, casein,
evaporated milk
Milk powder

Butter

Butter

Butter, milk, powder,
anhydrous milk fat

Casein, butter

Milk powder,
casein, butter

Cheese

(a) whey and wash water by
spray lrngatlon

(b) washwater by discharge to
rùy'aiotapu Stream

(a) whey by spray irrigation
(b) cooling water discharged to

Komakorau Stream
balance lanks, secondary treatment in
biological filter, discharge to
Komakorau Stream
sedimentation, fat removal,
discharge to Waikato River
(a) spray irrigation
(b) cooling water to Mangaharakeke Stream
sedimentation, fat traps,
discharge to Waikato River
spray irrigation (connection
tó Borough sewer by 3ll5l'78)
Sedimentation, fat removal discharge to
Waitawhiriwhiri Stream (connection to
Hamilton City sewer by 3ll5l78)
sedimentation, fat removal flow balancing,
biological treatment (Flocor tower) (Extended
aeration pond under construction)
Discharge to Mangapiko Stream
(a) spray irrigation
(b) sedimentation, fat removal flow balancing,

biological treatment (Flocor tower)
facility shared with NZCDC

sedimentation, fat removal
(a) spray irrigation
(b) cooling water to Mangaone Stream

(a) spray irrigation
(b) cooling water to Mangaharakeke Stream

(a) 1330m3/day

(b) 400m3/day over l8 hours
660 kg BODs/day

Up to 227mrlday

200m3/day over l4 hrs
500 kg B-ODs/day

80m3/day over 12-14 hr
120 kg BODs/day
(a) Up to 450m3/day

700m3/day over 20 h¡s
800 kg BODr/day
180m3/day
220 kg BODslday

Up to 800m3/day
Up to 300 kg BODs/day

(a) Up to 600m3/day

(a) Up to
Up to ODs/day

(b) Up to
BODs y

Location of factories is given in Fig. 2.4.1 .

(Ref. D. James NZCDC Pers.comm.,
L.G. Ch¡istiansen Cambridge Co-op. Dairy Co. Pers.comm)

close during the months of May, June and July (D. James
NZCDC per comm).

Table 2.4.4 shows treatment and disposal methods
employed with average discharge and BODs loadings.
Abattoirs

Treatment of the bulk of the works waste from the AFFCO
works at Horotiu is presently effected by screening, sedimen-
tation in "savealls" and air flotation clarifier treatment fbl-
lowed by flow balancing in two balancing ponds. Twin
anaerobic pits for the treatment of coarse solids from several
sources including sheep and cattle yard washdown, domestic
sewage, saveall bottom solids, truck wash and piggery
wastes have recently been brought into operation and the
effluent from these pits is combined with the flow from the
balancing ponds prior to discharge to the river.

Constructi,on of an anaerobic digèster pond with associated
aerator tanks and sludge blanket tanks and a 5.6 ha
anaerobic-aerobic facultative pond fcrr further tleatmerlt is in
progress. Retention time in the facultative pond will be

approximately 23 days. Prior to the introduction of the twin
flow balancing tanks in March 197'7 the typical daily pattern
of discharge to the river was characterised by four main peaks

occurring over l0 hours corresponding to the four work
periods during the day. The flow balancing tanks have a
retention time of 24 hours and even out the discharge peaks
giving a fairly constant discharge to the river over about l8
hours.

Peak seasonal discharges occur during the months
November to April. Typical daily and seasonal patterns of
discharge are shown in Figure 2.4.3 (a) and (b). Up to I I 000
cubic metres of waste are discharged to the Waikato River per
day with the 1916 average being 6100 cubic meteres per day
(Monday to Friday). Average waste loadings to the river
(1976) are as follows:

5 day biochemical oxygen demand (BODs) 4800 kg/day
(J. Bergers AFFCO Pers.comm).
Mean annual BODs obtained from Ministry of Works and

Development sampling is l9 000 kg/day.
Waste disposal at Aotearoa Meats, Cambridge is by prim-

ary treatment in savealls (sedimentation tanks) followed by
irrigation onto soakage areas. Up to 2300 cubic metres of
waste are systematically irrigated onto 25 ha of prepared
irrigation area per day.
Pulp and Paper

Effluent from the New Zealand Forest Products mill at
Kinleith is discharged to the Kopakorahi Arm of Lake
Maraetai via Kopakorahi Strearn after primary and secondary
treatment. Primary treatment is carried out in mechanical
clarifiers and settling basins. The solids removed are con-
veyed to sludge basins for dewatering and ultimate landfill
dumping. Secondary treatment of the clarified effluent in-
volves biological oxidation in aeration lagoons. Floating
mechanical aerators have been installed on the aeration
lagoons to supplement atmospheric rearation.
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The company discharges an average of 134 000 cubic
metres of waste per day with an average 5 day BOD loading
of 31 000 kg per day and a suspended solids loading of
45 000 kg per day. Daily variation in the volume of waste
evolved depends on the amount of bleach pulp being pro-
duced. (K. Kemeys NZFP pers.comm.).

In addition to disiharges from the dairy factories, abattoirs

an{ the Kinleith pulp and paper mill several smaller indus-

tries discharge waste to the rùy'aikato River and its tributaries,
some of which have pronounced localised impacts on water
quality.

Several timber preservation plants are located in the

catchment. Although recycling of contaminated stormwater
is practised at several plants, stormwater discharge is often
contaminated by toxic chemicals arising from the drip pads

and leached from the freshly treated timber and soil in the

timber storage yards. Concentrations of arsenic, chromium,
copper and pentachlorophenol up to 17.0g m-3, 5'69 m-3,

3.5g m-3 and 6.7g m-3 respectively have been recorded in
treatment plant stormwater (WVA)

Vy'aikato Carbonisation Ltd at Rotowaro manufacture char
and carbonettes by the destructive distillation of coal and as

by-products of this process the company also produces tar,
creosote and gas. An average of 90 cubic metres of waste

water with a phenol content of about 6000 g m-3 before
treatment has to be disposed of each day. The waste water is

treated in activated sludge ponds into which phosphate nut-
rilnent is added. The pond effluent is aerated by cage aerators

and is then pumped to an irrigation area and eventually drains

to Awaroa Stream. Phenol concentration in the discharge to

the stream is about 200-3009 m-3.

Waste from Waikato Wool Scourers Ltd at Ohinewai is

treated in an anaerobic-aerobic pond system prior to dis-
charge to the Waikato River. Up to 180 cubic metres of wool
scour waste is discharged per day with BOD and suspended

solids concentrations up to 8009 m-3 and 4009 m-3 respec-
tively.

Location Treatment and Disposal

4l

Winery waste from Cooks NZ Wine Co. Ltd, Te
Kauwhata is treated by screening and aeration in lagoons
with discharge to an unnamed tributary of Whangamarino
Stream. At the peak of the harvest season (March- April) up to
20 cubic metres of waste water at an average strength of 320
kg BOD per day are produced. Average strength of the

discharge to the receiving water is 15 kg BOD per day. A new
treatment facility is presently under construction involving
screening, aeration lagoons and overland grass filtration.

Sewage and Stormwater
Over the past few years most boroughs in the catchment

have commissioned new treatment plants including the
boroughs of Taupo, Cambridge, Ngaruawahia, Otorohanga,
Te Awamutu, Huntly and Hamilton City.

The Hamilton City Pollution Control Plant is designed to
serve a population of I 10 000 and up to this stage will include
primary treatment with chlorination. It is proposed if neces-

sary to incorporate secondary treatment after the population
served reaches I l0 000. Effluent from the plant is discharged
downstream of the City's northern boundary.

Up until July 1975 when the present Pollution Control
Plant was commissioned the City's sewage was treated in

seventeen septic tanks, l2 of whichdischarged directly to the

river and the remainder to a trade waste sewer which dis-

charged to the river just upstream of the Waitawhiriwhiri
Stream - Waikato River confluence. 'Ihese septic tanks orig-
inally provided adequate treatment but latterly became over-
loaded. Connection of the entire City to the Pollution Control
Plant was completed early in 1977 .

Average BOD and suspended solids loading of effluents
since connection of all sewerage reticulation to the Pollution
Control Plant are 273O and 1860 kg per day respectively
(H.C.C. 1976-8).

Present methods of treatment of sewage of the larger
municipalities are shown in the following table:

Average Dry Weather
Flow m3/day

TABLE: 2.4.5: METHODS OF SEWAGE TREATMENT AND DISPOSAL FOR TOV/NS IN THE WAIKATO CATCHMENT.

Turangi
Taupo

Tokoroa

Mangakino

Cambridge

Hamilton

Ngaruawahia

Huntly

Te Kauwhata

Pukekohe and
Tuakau
Te Kuiti

Otorohanga

Te Awamutu

Oxidation ponds - discharge to swamp
Primary and secondary treatment
discharge to Waikato River
Sedimentation and trickling filters
discharge to Whakauru Stream
Septic tanks and Imhoff tank
discharge to Lake Maraetai
Oxidation ponds
discharge to Waikato River
Sedimentation and chlorination
discharge to Waikato River
Oxidation ponds
discharge to Waikato River
Oxidation ponds
discharge to Waikato River
Oxidation ponds under construction
discharge to Lake Waikare
Combined oxidation ponds
discharge to unnamed tributary of Waikato River
Oxidation ponds
discharge to Mangaokewa Stream
Oxidation pond - discharge to
Vy'aipa River
Oxidation pond and grass plot
discharge to Mangapiko Stream

1000
3000

4100

500

1 500

24 000

950

1200

250

2000

1 200

500

I 800



FIGURE 2.-1..1: AREAS OF GEOTHERMAL ACTIVITY WITHIN THE WAIKATO CATCHMENT.



Spa Thermal area (Taupo)
Wairakei Stream
Lake Rotokawa-Parariki

Stream
Waiotapu Stream

The energy release at
Orakei-Korako is

Constituent

43.O 0.16
54.0 1.52
26.5 0.24

15 .7 3 .01
(wvA 1977)

198 000 kJsl to l2'C
(DSrR)

At the Wai¡akei Geothermal Power Station waste water
separated from the stream at each well head is discharged to
the Wairakei Stream. Table 2.4.6 shows yearly chemical
discharges from Wairakei waste water to the Wairakei
Stream.

TABLE 2.4.6: YEARLY CHEMICAL DISCHARGES FROM
WAIRAKEI GOETFIERMAL POWER STATION

Discharges Arising from Power Generation.
Geothermal water reaches the Waikato River from natural

and man-made sources at Taupo, Lake Rotokawa, Wairakei,
Broadlands, Waiotapu, Orakei-Korako and several other
minor sources in the middle Waikato region. Areas of hyd-
rothermal activity are shown in Figure 2.4.4. Observed
temperatures and flows to the river from the main geothermal
sources in 1977 were'.

Source Temperature "C Flow m3s-r
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cooling water system with discharge to the river via the
cooling water outfall. The alkalinity of the discharge is ex-
pecred ro be high (55M1( oH to pH8.3) and maximum
suspended solids and boron concentrations will be
10009 m-3 and 70g m-3 respectively. (Ref. NZE lùy'ater

Right application). Meremere furnace ash is pumpted as an
ash-water slurry to settling lagoons which overflow to a

tributary of Whangamarino River.
Boiler cleaning effluents from commissioning cleaning of

the pre-boiler systems and boilers, and.of boiler cleaning
agents and boiler effluents during station operation and
maintenance at Huntly Thermal Power Station will be dis-
charged to the Waikato River via the cooling water outfall.
Pre-commissioning cleaning of the pre-boiler systems is de-
signed to remove loose debris, temporary protective oils and
excess iron oxide which would otherwise contaminate the
boilers. Pre-commissioning cleaning of the boilers is much
more rigorous and necessitates the removal of the mill scale
layer of iron oxide and rust in addition to the oils greases and
preservative materials from the boiler surfaces. Discharge of
agents used in these cleaning operations will occur once only
for each boiler and will contain trisodium phosphate, deter-
gent (tergitol), hydrazine, sodium carbonate, ferrous hyd-
roxide, sodium chloride, ammonium bifluoride, Rodine in-
hibitor, hydrochloric acid, ferrous chloride, citric acid, ferric
citrate and ammonia.

During station operation iron oxide and copper deposits
form in the boilers and will be removed during regular opera-
tional chemical cleaning. These discharges will include
the following materials: copper, potassium, bromate,
ammonium carbonate, ammonium hydroxide, ferrous
hydroxide, copper hydroxide, sodium chloride, ammonium
bifluoride, Rgdine and thiourea.

Discharges of boiler effluents associated with the control
of boiler water quality (boiler blowdown) will occur twice
daily and will contain up to 3009 m-3 total solids, 609 m-s
phosphate and negligible amounts of ammonia, silica, cop-
per and iron. The periodic draining of the boilers for repair
and survey will likewise involve the discharge of these mate-
rials while hydraulic pressure testing after repairs will in-
volve the discharge of hydrazine and ammonia.

A holding tank will be provided to allow rapid draining of
the boilels and controlled release to the river particularly of
iron and copper containing effluents (Ref. NZE water right
application).

2.4.1 I Cr-nssrprcerloN

The present classification of the Waikato River and
tributa¡ies was publicly notified in December 1965 with
reclassification of two reaches of the Waipa River catchment
in September 1967. Under the Water and Soil Conservation
Act 1967 waters may be classified in one of four classes A, B ,
C and D in respect of any water other than coastal, SA, SB,
SC, SD or SE in respect of any coastal water. The symbol X
'may be added to any classification indicating that the waters
are sensitive to enrichment. The water quality standards
applicable to each of these classes are contained in Schedules
to the Act, and are designed to protect public health (coliform
limits), aesthetic quality of the water (taste, colour, clarity,
odour) and aquatic life (temperature, pH, dissolved oxygen,
toxic substances).

These standa¡ds provide a framework for waste control
and water quality management. The various uses of water
have certain water quality requirements and these are not
always compatible with uncontrolled waste discharge. Con.

Discharge
tonnes/year

B
Li
Na
K
Rb
Cs
Mg
Ca
F
CI
Br
I
NH¿
SO¿2
As
Hg
Si

10't2
510

46 500
7730

116
104

0.19
678
309

83 200
22t

l 8.9
5.7
978
158

0.006
25 1'70

Based on a total mass discharge rate of 6.4 x 106 kg/h (4 x
l01okg/yr) (Axtmann 1974)

Wairakei cooling water is discharged di¡ect to the Waikato
River. Average cooling water temperature is 3l"C with a
winter flow of l0.3mss-1 and a summer flow of l4.6m3s-r.

In addition to the thermal inputs listed above up to 12 cubic
metres of cooling water per second are discharged from
Meremere Power Station to the river and up to 38 cubic
metres of cooling water per second at 8'C above ambient
intake water temperature will be discharged to the river from
Huntly Thermal Power Station on full load.

At the proposed Broadlands Geothermal Power Station
reject water separated from the steam will be injected into the
ground at about 300m in special bores. Exhaust steam from
the turbines will be condensed to water and also be injected
into the ground.

It is proposed to pump fumace and precipitator fly ash at
Huntly as a slurry to settling ponds constructed in a section of
former river bed at Taipouri Island. The effluent from the
settling ponds (up to 8200m3/day) will be pumped back to the
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trol of waste discharge via the water right process is the
means by which the standards applicable to the various clas-
ses of water can be maintained.

As stated in the Act the effect of a "classification" is a
declaration of the minimum standards of quality at which the

natural water so classified shall be maintained in order to
promote in the public interest the conservation and best use of
that water. It does not reflect the actual standards ofquality of
that water which may be higher or lower than the minimum
standards so declared.

The following uses for each class are implicit.
Class A (inland) supply waters in a controlled catchment
Class B (inland) supply waters in an uncontrolled catch-

ment.
Class C (inland) primary contact recreation
Class D (inland) general recreation, agriculture and indust-

rial water supply
Class SA (Coastal) Waters from which shellfish arp taken

for human consumption
Class SB (coastal) primary contact recreation
Class SC (coastal) harbours, enclosed bays, estuaries
Class SD (coastal) open coast, general recreation
Class SE (coastal) ocean areas remote from public use.

The classification of waters within the Waikato River
catchment is shown in Figure 2.4.5.

Class

45

Class A waters are the Auckland water supplies on the
Mangatangi Stream and Mangatawhiri Stream and the Te
Awamutu Borough Council supplies on the Mangawawe and

Mangauika Streams.

Class B waters are in the vicinity of the proposed ARA
offtake at Mercer, the NZE villages at Meremere, Arapuni,
Waipapa, Maraetai, Atiamuri, Ohakuri, Aratiatia and
Wairakei, the Taupiri Dairy factory the AFFCO works at
Horotiu and the offtakes for Huntly Borough, Hopuhopu
Military Camp, Rotowaro Township, Maramarua Village,
Mangakino, Tokoroa Borough, NZFP Mill at Kinleith,
Hamilton City, Otorohanga Borough, Otorohanga Dairy fac-
tory (now closed), Vy'aikeria Prison and Te Kuiti Borough.

Class C waters are located at Port Waikato, Elbow Land-
ing, Tuakau Bridge, Lake Waika¡e, Waikato River at Hamil-
ton, at bathing areas on Lakes Karapiro, Arapuni, Vy'aipapa,
Whakamaru, Atiamuri and Ohakuri, Lake Taupo and Lake
Ngaroto.

Class SC waters are located at Waikato Heads.

A reach of the Kopokorahi Stream into which the N.Z.
Forest Products effluent is discharged and its tributaries are
unclassified.

All other waters in the Waikato River and tributaries are

classified D.

CLASSIFICATION OF WATERS IN THE WAIKATO RIVER CATCHMENT
River Locatton

t.
2.
3.
4.
5.
6.
'7.

8.
9

10
11.
12.
t3.
t4
l5
16.
t7
18.
19
20
21 .

22
23.
24.
25.
26
2'7.
28.
29
30
31.
32.
33
-t+
35.
36
31
38.
39
40
41 .

42
43
44.
45

c
SC
c
C
B
B
A
A
B
C
B
B
B
B
B
B
C
B
C
C
A
A
B
C
B
B
B
B
B
B
C
B

Unclassiiied
c
B
C
C
B
B
C
B
B
B
B
C

Waikato River
Waikato River
Waikato River
'Waikato River
Waikato River
Waikato River
Mangatawhiri River
Mangatangi Stream
Koteruato Stream
Lake Waikare
Waikato River
Waitawhara Stream
Waikato River
'Waikato River
Waikato River
Waikato River
Waikalo River
Waikato River
Waikato River
Mangaotama Stream
Mangawawa Stream
Mangauika Stream
Waikato River
Waikato River
Mangatutu Stream
'Waipa River
Waipa River
Matarawa Stream
Pokaiwhenua Stream
Waikato River
Waikato River
Waikato River
Kopokorahi Stream
Waikato River-
Waikato River
Waikato River
Waìkato River
Waikato River
Hauwai Stream
Waikato River
Mangaokewa Stream
Waìtete Stream
Waìkato River
Waikato River
Waikato River

Port Waikato
Estuar¡, - Waikato Heads to Hoods Landing
Elbow Landing
Tuakau Bridge
Proposed Auckland, supply oiftake
Meremere NZE Village
Auckland supply catchment
Auckland supply catchment
Maramarua Village supply

Huntly Borough Supply
Rotowaro Township supply
Taupiri Dairy Factory supply
Hopuhopu Military Camp supply
Ngaruawahia Borough supply
AFFCO Horotiu supply
Wellìngton Street Beach to Fairfield Bridge
Hamilton City supply
Lake Karapiro at Domain
Lake Ngaroto
Te Awamutu Borough Council supply
Te Awamutu Borough Counciì supply
Arapuni Village supply
Lake Arapuni at Waotu Bend
Waikeria Prison Centre supply
vicinity Otorohanga Dairy Factory (ctosed)
Otorohanga Borough Supply
Tokoroa Borough supply
NZFP Kinleith Mill supply
Lake Waipapa - Waipapa Village supply
Lake Waipapa adjacent to Class B Waters
Lake Maraetai - Maraetai village supply
NZFP Kinleith mill discharge
Lake Maractai at l\'langakino
Lake Maraetai - Mangakino supply
Lake Whakamaru adjacent to dam
Lake Atiamuri adjacent to dam.
Lake Atiamuri -- Atiamuri village supply
Ohakuri Village supply
Lake Ohakuri adjacent to dam
Te Kuitì Borough Suppìy
Te Kuiti Borough Council supply
Aratiatia Village supply
Wairakei Village supply
Lake Taupo
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3. Physical and Chemical Conditions
This chapter describes data collected by Ministry of Works

and Development staff between Taupo Gates and Tuakaui
from 1969 to March l9ll . Prior to December 1976 all the
data obtained were between Karapiro Dam and Tuakau. Two,
exploratory surveys were however carried out between
Taupo Gates and Karapiro Dam in December 1976 and
March 1977. Reference is also made to data collected byr
other organisations, e.g. Auckland Regional Authority andi
Department of Scientific and Industrial Research.

The data are discussed under the following sections:
Physical and inorganic determinations
Dissolved oxygen and oxygen demand
Nitrogen and phosphorus specier
River appearance

The descriptions within each section include spatial and
temporal variations, frequency distributions, relationships
between the constituents, and discussion about the major
sources. Suggestions about future monitoring programmes
a¡e made in Chapter 6.

3.I THE PROGRAMME

3.1.1. SeupLrNc Pnocneprun,

Sampling frequency
Prior to 1974, the sampling programme involved the col-

lection of spot surface water samples at irregular time inter-
vals between Karapiro Dam and Tuakau.

From the beginning of 1974 samples were collected at
weekly or fortnightly intervals until April 1974, at fortnightly
intervals until July 1975 and at monthly intervals until
November 1976. SampÌing was carried out between 0700
and 1500 hours.

In addition to the monitoring programme, four surveys
were carried out in which samples were collected at a

minimum of four-hourly intervals over one or more diurnal
periods.
Sampling Sites

From 1969 fo 1972 samples were often collected from the
river banks at positions which were accessible and where
there was obvious longitudinal water movement. During
19'72 and l9l3 , road bridges were increasingly used as samp-
ling sites.

The sampling sites on the Waikato River at the middle of
19'73 were (Figure 3.1.1):
Fergusson Bridge (Cambridge)
Cobham Bridge (Hamilton)
Fairfield Bridge (Hamilton)
Horotiu Bridge
Ngaruawahia Bridge
Tainui Bridge (Huntly)
Rangiriri Bridge
Mercer Rridge
Tuakau Bridge

The Warpa River had also been sampled since 1969 from
the road bridge on the Ngaruawahia-Waingaro Road at
Ngaruawahia.

The results from two intensive longitudinal surveys during
July and August 1973, when surface samples were collected
at 0.5-3.0 km intervals between Karapiro Dam and Tuakau,
showed that the use of the road bridges as sampling sites gave
a description of the longitudinal water quality adequate for
the requirements of the monitoring programme (WVA-

MWD 1973). These results also showed that there were large
indicator bacteria peaks at the Narrows Bridge which had not
previously been obsérved. As-a result the Narrows Bridge
was added as a sampling site at the end of 1973.

The following sites were added to the monitoring prog-
ramme in September 1975:
(i) Karapiro Dam tailrace, as a baseline site.
(ii) Hamilton City Council Sewer Bridge at St. Andrews
(Hamilton), to assess the total effects of the diffuse dis-
charges from Hamilton City. The intensive surveys during
July and August 1913 had shown that peak concentrations of
indicator bacteria originating from Hamilton City occurred
between Fairfield and Horotiu Bridges,
(iii) The New Zealand Dairy Company Te Rapa dairy fac-
tory water ir,take (left river bank), to determine the effects of
treated sewage discharged from the new HCC Water Pollu-
tion Control Plant.

Sampling at Fairfield Bridge was discontinued at this time
as it was not considered a suitable site for assessing the
effects of discharges from Hamilton.

Appendix 3. I diagrammatically depicts cross-section and
aerial views of the Waikato River (Karapiro Dam-Tuakau)
sampling sites except for Karapiro Dam, HCC Sewer Bridge
and the NZDC Te Rapa dairy factory water intake.

Regular tnonthly sampling of 15 tributaries (in addition to
the Waipa River) and wastes from the four largest industrial
waste discharges to the Waikato River downstream from
Karapiro Dam started in July 1975. This programme was
incorporated in the sample collection programme from
Waikato River sites, These monthly surveys of both river and
inflow sites were each carried out over two days. During the
first day samples were collected between Karapiro Dam and
Ngaruawahia, and during the second day between
Ngaruawahia and Tuakau. Samples were thus collected from
Ngaruawahia Bridge (NG) twice during each of these sur-
veys, and these are differentiated as NGI and NG2.

Figure 3.1 .2 shows the positions of the l9 inflows sampled
in relation to the positions of the river sampling sites.

The fifteen tributaries sampled were those draining sub-
catchments with areas greater than 50 kmz. These çover 92Vo

of the Waikato River catchment area between Karapiro Dam
and Tuakau. The largest are the Waipa, with an area of
approximately 3000 kmz, the Mangawara/Komakorau (1200
km2), and Whangamarino (600 km2). The areas of the others
range from 50 to 300 km2. Most of these sub-catchments are
agricultural. The Whangamarino River and the Opuatia,
Whangape and Mangakotukotu Streams drain extensive
swamps, and the Waahi Stream is the outlet from Lake
Waahi.

The other four inflows were piped waste discharge from
the HCC Water Pollution Control Plant, the Auckland Far-
mers Freezing Co-operative Meatworks at Horotiu and the
NZ Dairy Company factorics at Tc Rapa and Taupiri. Al-
though these discharges were small (usually no larger than
0.25 m3s-1) concentrations of constituents in these wastes
were often several orders of magnitude higher than in the
Waikato River.

From the time that road bridges were adopted as sampling
sites until December 1975, surface water samples were col-
lected from the centres of the bridges. After this date compo-
site samples, consisting of equal volumes of surface samples
from th¡ee equidistant positions across the river" were col-
lected from Cobham, Ngaruawahia, Tainui, Rangiriri"
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FIGURE 3.1.1:LOWER V/AIKATO RIVER SAMPLING SITES

Mercer, Tuakau and Waipa (at Ngaruawahia) BLiclges The
collection of composite samples was ¡nitiated as a result of
work during 1973 and 1974 ro investigate the lateral and
venical homogeneity at the sampling sites (WVA-MWD,
1913;1975). These results suggesred that the river was gen-
erally well mixed with respect to depth, but that significant
lateral ìnhomogeneity occurred at most river sites
downstream of the Narrows Bridge.

With rhe exception of the Waipa River, surface samples
were collected fiom the centres of the tributaries and ef Íluent
discharges at positions as near to their confluences with the
Waikato as possible.
M eas ure me nt of D is c har ge s

Discharges at the time of sampling were determined from

tlow rating curves using water levels read from either staff
gauges or lrom level recorders, or fiom tìow gaugings. or
were supplied by co-operating organisations. The positions,
distances ancì the method oi obtaining discharges ar each
sampling site are tabulated rn Appendix 3.2. See section
2.2.1 f<'¡r comment on errors because of loop ratings. Thrs
appendix also defines the abbreviations (e g NG fbr
Ngaruawahia) used to identify sites on longitudinal profilc
diagrarns containecl in this chapter

Automatic ìevel recorclers are sited on the Waikato Rirer
below Karapiro Daln at Traffic Bridge, Ngaruau,ahia cable-
way, Huntly Railway Bridge, Rangiriri, Mercer, ancl on rhe
Waipa River at Whatawhata. With the exception of the
Whatawhata recorder, which is operated by the Ministry of
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Works and Development, these recorders are operated by the
Waikato Valley Authority. Although the Traffic Bridge re-
corder has been operational on ly since November 1 975 , flow
level data from the other recorders are available fbr at least
the past ten years. Accurate flow rating curves are now
available at these sites. Traffic Bridge discharges have been
used for the river sampling sites between Cobham and
Horotiu Bridges as there are no large inflows in this reach.
The drscharge at Ngaruawahia Bridge, upstream of the
Waipa River confluence, was obtained by subtracting the
Waipa River discharge at Whatawhata (taking account of the
lime of travel fiom Whatawhata to the Waikato River) from
the Waikato River discharge at the Ngaruawahia cableway
below the confluence. River discharges at Mercer were used
at Tuakau because the latter site is affected by tidal influence
(refer section 2.3).

Normal stage/discharge relationships occur at Waikato
River sites downstream of Hamilton. Sites between Karapiro
Dam and Hamilton and to a lessel extent at Whatawhata
exhibit distinct loop ratings. Therelbre discharges at these
lattel sites were calculated using the mean rating curve and
can have errors at ceÍain stages of the generation pattenl
frorn Karapiro olup to + 5Oolc. As most of the sarnples were
taken at approxirnately the same tirre on each sampling
sLrrvey, the error has been confined ío -+ 207c.

Staff gauges have been installed on all the tributaries
sampled and rating curves established fbr most of these sites.
It was found necessary fbr gaugings to be carried out at
approxirnately the tirne that sanrples were collected at the
Rotongaro Canal, Vy'hangape Stream, Opuatia Stream and
Mangatawhiri River: these tributaries have allnost zero gra-
dients at their confluences with the Waikato River, and staff
gauges and rating curves which exist for them are at positions
which are too far fiom the Waikato River to be useful for
water quality monitoring. Discharges of the Waahi Stleam
and Whangamarino River have each been calculated fì'om
two staff gauge readings and are based on the gradients of
these tributaries.

Effluent discharges from the two NZ Dairy Company
factories at Te Rapa and Taupiri were calculated tì'olr veloc-
ity head rod measurements anJ the dimensions of the dis-
charge channel (Drost 1963). Discharges from the HCC
Water Pollution Control Plant were obtained from the au-
tomatic flow recorder monitoring the influent discharge tak-
ing aòcount of the retention time (five hours) in the plant . The
daily flow records from the AFFCO Meatworks at Horotiu
show large troughs during the morning and afternoon tea and
lunch breaks. Therefore, because this discharge was sampled
during the morning, mean morning discharges (0700-1200
hours) calculated from the continuous flow recorder monitor-
ing the effluent discharge, were used.

3.1.2 Mernoos

The methods for sampling, sample preservation, and
analyses (chemical and physical) are given in Appendices 3 .3
and 3.4.

3.1.3. Dnrn PRESeN'rRrloN

The emphasis of the MWD water quality research prog-
râmme on the Waikato River prior to 1976 was predomin-
antly spatial; that is, to determine longitudinal changes in
water quality and pinpoint inflows to the river which caused
these changes. This emphasis has determined the methods of

19

statistical handling of data and the mode of presentation in
this chapter.

However, it is not possible to discuss spatial variations in
water quality in isolation from tenrporal variations. If diurnal
cycles are present the time of day at which samples are

collected is important and if seasonal cycles are pl'esent the
river may have a different quality "profile" from one month
to another. It is also desilable to consider the frequency
distributions of the data (which ale affècted by seasonal or
diurnal cycles) particularly the dispersion or spread of the
observations and the confiderrce limits that can be applied to
averages. Frequenct" distribLrtions are of interest in thern-
selves in thai they enable an estimate of how often high or lor.r,

e\/ents may occur. The water quality characteristics consi-
dered in this chapter are therefore discussed in tern,s of
longitudinal and ten'rporal variations and lrequency distribu-
trons.

Two main aspects of water quality are considered: con-
centrations and rnassllows The main interest in concentra-
tions is because high or low concentrations of a particular
constituent may irnpail the suitability of river water for a

particular use. The interest in massflows (defined as river
discharge times concentration) is perlraps less obvious. River
massflows nre¿rsul'e the time ¡ate of yield of a constituent
from the catchnrent. Tributary or eftluent rriassflows nreasure
the contribution of the inflow to the massflow' of-the river'.
The observed mean massflows (wlrich are estinlators of
time-average massflows) lor the Waikato River require cor-
rections to account fbl the fàct that the afithmetic rleans of
instantaneous dischalges at the times of sampling were gen-
erally not equal to the time-average ciischarge (retèr Appen-
dix 3.5).

For each Waikato R iver s ite w ith the exception of K arapiro
Dam, a mean massflow was also calculated by adding the
mean observed massflow at the adjacent upstrearn site to the
sum of the mean massflows of all the inf-lows between the two
river sites. Longitudinal profiles of observed and calculatecl
massflows are given later in this report. The mean observed
and calculated massflows can be compared statisticall)'.

It should be noted that cornpalison of the effects of diftèr-
en1 inflows on thc ril'er concentration of a particular con-
stituent cannot always be made solely on the basis of a

comparison of their massflows. ln fact such comparisons are

only valid for effluent intlows (with high concentration and
low discharge relative to the river) to a river reach in which
the river discharge does not change appreciably Consider the
situation shown in Figure 3.1.3, in which an inflow of con-
centration Ci and discharge Qi joins a river of concentration
Cu and discharge Qu. As a result of the inflow, after full
mixing, the downstream rivel concentration rises or falls to a
value C¿ and the river discharge rises to Q¿ ( - Qu + Qi). The
effect of the inflow is measured by the difference between the
downstream and upstream concentration as a result of the
inflow. This is denoted by AC (: Ca Cr).

For an inflow with a given massflow Mi (- QiCi), the
inflow effect may be calculated from the following equation.
derived in Appendix 3.6:

AC - 
Ml a:c' (r)
(Qu + Qi)

The maximum effect of an inflow with this massflow is
approached when the inflow discharge is small compared
with the river discharge, and is given by the inflow massflow
divided by the upstream river discharge, i.e.

ACmax -- Y , when Qi << Qu. (2)
¡Ju
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For this inflow massflow ÅC will approxinrate ÅCmax
only fbr an inflow at very high concentration and low dis-
charge relative to the river, such as rright occur for an
effluent. Thus the effect of such effluent inflows can be
compared by using only the inflow massflows, but only for
river reaches with sinilar river discharge (Qu in Eq (2)).

auCu + + Qd,cd

Upskeom

FIGURE 3.1.3: CONCENTRATION CHANGE CAUSED
BY AN INFLOW TO A RIVER.

On the other hand a tributaiy inf'low, with the same
massflow but with an appreciable discharge and concentra-
tion not very different fiom that in the river, will have a much
lesser effect on the river and will even decrease river concent-
ration if Ci < Cr. It follows that comparison of the effects of a
tributary inflow with an effluent inflow, or of one tributary
inflow with another, cannot be made given the inflow
massflows onl¡,. In this case inf-ormation is required on the
inflow discharge (Qi) and upstream concentration (Cu) be-
fore Eq ( I ) can be used to evaluate effects Equations describ-
ing the ef'fect of an inflow are described in Appendix 3.6.

A number of statistical measures ("estimators") of water
quality characteristics are used in this chapter and are briefly
defined in Appendix 3.7 (Freund 1974; Lettenmaier 1976).
However further mention of one statistical problem which
occurs is necçssary. The question arises, particularly in the
context of longitudinal variation in water quality, whether a
change in massflow or concentration between adjacent sites
is statistically significant. In this report this question has not
been examined by a rigorous statistical test such as the t-test
for the diftèrence of means (Freund 1974) since this would
have been too time consuming with the large numbers of sites
and many different water quality characteristics, even with
the computing facilities available Instead it has been as-
sumed that the difference in means of a water quality charac-
teristic at adjacent sites is significant where the standard error
bars do not overlap, a test which approximates to the t-test.
However the overlapping of error bars does not necessarily
show that the water quality characteristics are not signific-
antly different between adjacent sites since water quality
characteristics at adjacent sites are usually correlated. Any
test for statistical significance would have to take into ac-
count the fact that correlation of variables xr, xz reduces the
standard deviation of the diftèrence between xr ancl xz, Srz,
according to (3) (where r is the correlation coefficient).

51, : VS", + SÐr SrS;- (3)
This correlation of the variables increases the likelihood

that the difference of the means (xr - 1z) is significantly
greater than zero

3.2. GENERAI, PHI'SICÄL AND CHENIICAL
CONDITIONS

3.2.1 INrnoDUCTroN

This section deaÌs with those nreasuLes of physical and
chemical conditions of the Waikato Ril'er other than dissol-

ved oxygen and oxygen demand, nitrogen and phosphorus
and river appearance which are treated separately because of
their special interest and importance (sections 3.3, 3.4, and
3.5). The physical and chernical conditions discussed in this
section include diverse types of chemical constituents and
physical characteristics which can conveniently be
categorised as follows:

P hy s i cal C haracterisl ics
Water temperature
Conductivity (a measure of ionic strength)
pH

Major I ttorgan ic C on st i I ttent s
Total alkaÌinity (bicarbonate, carbonate)
Chloride
Sulphate
Total hardness (calcium, nagnesium)
Sodium
Potassium
S ilica

Minor Constituents
Non-metals
Minor or trace metals
Organics

It should be noted that the words ' 'major' ' and ' 'minor' ' as

used above refer to concentration rather than irnportance in
this section, thus the major constituents listed occur at con-
centrations an order of magnitude or more higher than minor
constituents and aÌone can account, to a sufficient degree of
accuracy, for the total dissolved solids content.

Most of the in lormation presented in this section deals with
the Waikato River below Karapiro Dam since it is here that
most of, the sampling of water for chemical analysis has been

carried out and consequently more is known about this reach
of the river. However, in order to put the lower river data in
overall perspective and as a med ium for presentation of what
little is known about the quality of the river from Taupo to
Karapiro, profiles of phl,sical characteristics and concentra-
tions of chemical species are plotted in Figure 3.2.1 for the
co-operative sampling surveys of 9 and l0 December 1976

and l5 and l7 March l9l1 . These profiles give a picture of
the major spatial trends in water quality in the middle river to
complement the more detailed information on the lower
river. Concentrations of some constituents measured in
sediment samples collected on the December 1976 survey are

presented in Table 3.2.1 . The concentrations of individual
chemical species presented in Figure 3.2.1 andTable3.2.I
are discussed separately below.

It should be noted that the water samples from Lake
Maraetai and from immediatell, below this lake were taken
from different locations on the two surveys. Inspection of the
December 1976 results showed that the lake sample had been
taken tiorn the zone of influence of the Kraft effluent tiom
Krnleith Mill flowing down the Kopakorahi Stream. On this
survey the san.rple from below the lake was taken from the
tail-race of the Maraetai I Power Station (which draws water
into the penstocks at about 45m rather than at or close to the
surface). On the March I 977 survey however the lake santple
was taken fron.r about 0.5 km further upstream outside the
backwatereffect of the Kopakorahi Arm, andthe next sample
was obtained from the bridge below both Maraetai I and
Maraetai II Power Stations. (Maraetai II takes off surface
water fionr a canal leading tiom Lake Maraetai.)
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TABLE 3.2 I CONCENTRATIONS (rrlg kg-') OF SOME ELEMENTS IN SEDIMENT SAMPLES OBTAINED FROM LAKES
ARATIATIA. OHAKURI AND MARAETAI ON THE WAIKATO RIVER AND FROM THE WAIOTAPU RIVER ON THE 9/IO

DECEMBER I976 SURVEY (ANALYSED BY CAWTHRON INSTITUTE).
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3.2-.2 P uvstcAL C HARACTERrsrrcs

Water temperalure
Water temperature affects the rates of chemical and

biochemical reactions and the concentration of dissolved
gases in water. Water temperatures were measured routinely
on all MWD sampling surveys on the Waikato River

Water temperatures observed along the whole length of the

Waikato River frorn Taupo to the sea on the March 19'Ìl
survey and in the reach fronr Taupo to Karapilo on the
December 1976 survey are plotted in Figure 3.2.1. The eflect
of Wairakei Geothermal Field in increasing the temperature
of water flowing out of Lake Taupo by about 2.0 oC can be

clearly seen in both profiles. The peaks of water temperature
in Lakes Ohakuri and Maraetai in March 1977 may have been
due to partial stratification with solar heating of the epilirnn-
ion in these lakes. A gradual rise in watertemperature in the
river below Harnilton was due to progressive absorption of
solar radiation. The complex thermal regime of the Waikato
River between Lakes Taupo and Ohakuri is discussed in
detail by Coulter (1911).

Water temperature in the Waikato River exhibits snraÌl
diurnal variations. Figure 3.2.2 compares water and air
temperatures observed at the Fergusson, Ngaruawahia and
Mercer sites on 23-24 January \914 and Figure 3.2.3 pre-
sents the diurnaì water temperature fluctuation obserl ed at all
the lower river sites between Karapiro and Tuakau over the
28 hour period of this survey. Water temperatures measured
on other diumal surveys by WVA-MWD (unpublished,
1975) and ARA (D Ogilvie, ARA, pers. comn1.) showed
similar pattems with maximurn telnperatures generally oc-
curring in the afternoon and minimum temperature occurring
at night. Figure 3.2.2 suggests that airtemperature \ ariations
are generally an order of magnitude greater in amplitude than
river water temperature variations. The amplitude of water
temperature variation increased with clistance downstrearn,
at least as far as Rangiriri (Figure 3.2.3). Lake Karapiro and
the other hydro-lakes apparently act thermostatically' to darn-
pen diurnal water temperature variations. The increase in
diumal variability with distance downstream was relatecl to
progressive heat exchange with the air and absorption ofsolar
radiation. Both of these eflects increase as the l'iver u'idens
and becomes shallower, and river water '"elocities decrease

ìn the downstream direction. Diumal variatiolt tended to
decrease slightly from Rangiriri to the sea, probably because
the river enters an area of more maritime climate with less
rnarked daily air temperature variation in the lower reaches
(D. Ogilvie, ARA, pers. comm.).

Water temperature in the Waikato River and in the major
tlibutaries varied seasonally, in an approxirnately sinusoidal
pattern (Figure 3.2.4). A harmonic model seems to fit
smoothed water temperatures for nrany large rivers (Hines et
al 1916). Mclnthly a\erages ol daily mean air temperatLlres
measured at the Ruakura Climate Station, have also been
plotted on Figure 3.2.4 for comparison. The water and air
temperature cLrrves appear to be in phase, although water
temperatures exceeded the air ternperatures by about I .5 'C.
This discrepapey is at least partly attributable to the loutine
surveys being carried out during daylight hours when water
temperatures."vere higherthan the diurnal average. A cooling
trend in summer in the years 1914-16 is evident in Figure
3.2.4, probably related to colder sumlrer air temperatures
and higher river discharges The water tenlpe|ature curve is
not exactly out of phase with the mean rnonthly discharge
histogram (for Rangiriri) in Figure 3.2.4, as might intuitively
be expected. In autumn when water temperatures u'ere fal-
ling rapidly, discharges nearll' as low as those in sumrrìel'
months frequentll' persisted until about May while in spring
with rising water tenlperatures, discharges wele tiequently
almost as high as in winter The overall effect is that dis-
charge "led" u'ater temperature by only tbul ttt five rnonths
rather than by six r¡onths. This lag of watel behind air
temperatures is leìated to large heat storage in hydro-lakes
(water has a very high specific heat) and also to the annual
pa,ttenr of insolation (rnore cloudiness in spring than in au-
turnn).

The '"iatel tenrpel'alure clata tbr the Waikato River belou'
Karapiro in 1969-16 was averaged for each month to com-
pute a crude seasonal inder curvc (Figure 3 2.5a). Monthly'
mean discharges at Rangiriri were also averaged by rnonth
ancl plotted in Figure 3 2.5b tbr comparison w'ith the ternper-
ature curve. The vcrtical bals in FigLrre 3.2.5a and b are t l
standard cleviation on the nrcans ancl the enlelopes in Figule
3 2.5a.join points two stanclard deviations either side of the
rlean. Assunrin¡t an a¡rprorinratel), Gaussian clistribution oi
terìrperatures in an¡'orrc nro¡lth. these enlelopes becolrie thc
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high and low levels within which water temperature falls
about 9OVo of the time. Daytime water temperature may
exceed 24 "C about five per cent of the time in January and
February and may fall below 9.0 "C about five per cent of the
time in July. It is interesting to note in Figure 3.2.5 that
spring water temperature was more variable (more dispersed)
than autumn water temperature.

The fiequency distribution of all daytime Waikato River
water ternperatures observed at all sites from Karapiro to
Tuâkau on MWD sampling surveys in 1914-16 is shown in

MERCER
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Figure 3.2.6. The histogram is bimodal with a most frequent
winter temperature at about l2 "C and a most frequent sum-
mer temperature at about 21 'C. The cumulative frequency
curve shows that 90Vo of the observations were between
l0-23 "C. The range of water temperatures in the Waikato
appears to be rather smaller than that in several large overseas
rivers. For example, the Fraser River in British Columbia,
Canada, ranges from about 0 'C in winter to more than 20 'C
in summer (Northcote et al 1975). These different ranges of
water temperature reflect very different climatic conditions.

Mean daytime rivcr watcr tcmperature in 1974-76 ayer-
aged about 16.8 'C and apparently did not vary significantly
with distance down the Waikato River. However, as different
sites were sampled at different times of the day, and therefore
at different points on the diurnal temperature cycle, it is
difficult to compare mean temperatures. Presently the two
largest thermal inflows to the river' below Karapiro are
AFFCO Freezing Works at Horotiu and the Meremere Ther-
mal Power Station, neither of which showed a measurable
effect on mean river watertemperature in MWD records. The
Vy'aipa River, largest of the Waikato's tributaries, also had no

5'7

apparent time-averaged effect on river water temperature.
It should he clearly stated that the above discussion of

water temperatures in the Waikato River applies only to open
channel (well-mixed) water. In locally stagnant volumes of
water, temperatures much higher (and possibly lower) than in
the open channel may occur. For example Cotifey et al
( I 975b) measured an extreme value of 34 'C in the upper f ive
centimetres of waterover anEgeria weedbed in the river near
Huntly in January 1975.
Conductivitln

Conductivity is an approximate measure of the total ionic
content or degree of mineralisation of water. Conductivity
was measured on all MWD sampling surveys on the Waikato
River after October 1912.

The conductivity profiles observed in the December 1976
and March 1977 surveys of the Waikato River are plotted in
Figure 3.2.l . A major increase in conductivity of the water
leaving Lake Taupo occurred as it flowed past Wairakei
Power Station which discharges geothermal waste water. A
high peak of conductivity in Lake Ohakuri occurred in the
March survey, probably due to geothermal influences. The
sudden drop in conductivity between Lake Maraetai and the
Maraetai I Dam tail-race in the December survey may have
been related to stratification of Lake Maraetai with lower
conductivity in the bottom water than in surface water (Lake
Maraetai Power Station is the only hydro-station on the
Waikato which drains water into the penstocks at depth
(45m) rather than near-surface u,ater).

Conductivity and "massflow" of conductivity (conductiv-
ity tirnes discharge) at three sites on the lower Waikato River
tn 1912-76 are plotted against time in Figure 3.2.1 Mean
monthly discharges at Rangiriri are also plotted for compari-
son. There was some tendency for conductivity to be lower in
winter and higher in summer but there is no well-defined
pattern. There was a decreasing trend of conductivity from

8t01214tót820222426
TEMP ("C )

FIGURE 3.2.6: FREQUENCY DISTRIBUTIONS OF
DAYTIME WATER TEMPERATURES (ALL RIVER

SITES BELOW KARAPIRO DAM), 1914-16.

ö
c
lq
o

o
.l
o

E

\oô\

c
o
Jo

\I

(n=s90)



58

F E RGUSSON

+ Conductivity

-o-Mossf low
30

25

20

t5

lo

30

25

20

r5

ì0

6

4

2

0

NGARUAWA

ï

€30
V)

52s
ì20
Ì3 ìs
:
,3 lo

(t
o
x

I

e.t

E

tJ)

E

]
o

o
ã

-
:t
(J
f-o
c
o

(J

,,1
'q

i
..]

I
rj!

ú

drl

6

4

2

0

RANGIRIRI
I,lIIiI

I
Ir

I

6

4

2

o

I
,

DISCHARGE AI RANGIRIRI
750

s00

250

0

1972 197 3 197 4 197 5 1976

FIGURE 3.2.7: CONDUCTIVITIES AND CONDUCTIVITY MASSFLOWS AT THE FERGUSSON, NGARUAWAHIA
AND RANGIRIRI SAMPLING SITES ,19'72.'76, COMPARED V/ITH MEAN MONTHLY DISCHARGES AT RANGIRIRI.

T

cî
E



l-
I
I

T

ll

I
I

_T-I
I

I
I



60

B

r0

FE RGU5SON 8R DGE

,=o5c a 2r-a 69

o 5csÁRGE -l r-r'

NGARUAWAHIA BRIOGI

r=o óì(o ¡l o 75)

3m

-)
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WAIKATO RIVER 1974.76. CORRELATION COEFFI-
CIENTS (r) AND 957o CONFIDENCE LIMITS ON r ARE

GIVEN FOR LINEAR REGRESSION.

1972-76 while in the same time period conductivity
massflow seemed to oe increasing slightly suggesting an
ir:creasing rate of yield of conducting material. These effects
are related to the increasing trend in river discharge with
consequent dilution of ionic material in this same time
period.

Figure 3.2.8 displays scatter plots of conductivity against
discharge for the Fergusson, Ngaruawahia and Mercer sites
tn 1974-76. In each case a weak but significant (P<0.05)
negative linear correla-tion was revealed. In uncontrolled

NG
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23 JANUARY ì924 24 jAI'IUARY ]924

FIGURE 3.2.10: DIURNAL VARIATIONS IN pH OB-
SERVED OVER A 28 HR PERIOD 23I24JANUARY 1974

river systems the concentration (C) of ionic material in the
river is usually related to discharge (O by a hyperbolic
expression of the form C : a+b/Q (where a and b are

constants), but hyperbolic regressions did not significantly
improve the correlations. About 25-38Vo of total variation of
conductivity is accounted for by the regressions in Figure
3.2.8, the poorest correlation being at Fergusson Bridge and

the best correlation at Mercer. That part of the variation
accounted for by the rggressions may reflect the opposite
trends of discharge and conductivity in the period of record
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shown in Figure 3 .2.'7 and also the slight seasonal fluctuation
inversely related to discharge. Short-term variation in dis-
charge due to diurnal power generation patterns or to floods
had little effect on conductivity because of the dampening
effect of the hydro-lakes on fluctuations in dissolved con-
stituents. For exarnple, a pulse of dilute water which reaches
a hydro-lake in the middle river after a tributary flood will
produce a negligible effect on ionic concentration after mix-
ing with the relatively much larger volume of water in the
hydro-lake.

The longitudinal profiles of mean conductivity and mean
conductivity massflow (conductivity times discharge) in the
Waikato River between October 1975 and September 1976
(the year of regular sampling - section 3.1) are plotted in
Figure 3 2.9. Mean conductivity massflow was constant in
the Fergusson-Ngaruawahia reach where there are no large
inflows but a large increase occu,red between Ngaruawahia
and Huntly. The mean massflow at Huntly was higher than
that calculated by adding mean massflows of the Waipa River
and Mangawara,/Komakorau Rivers to that of the Waikato
River at Ngaruawahia. This difference may be attributable to
the lack of balance of discharge in this reach (section 2.2)
caused by a rating error or an inflow of groundwater. Mean
conductivit_y varied only slightly down the river, from
14.5 mS m-1 above Ngaruawahia to 14.0 mS m-l below
Huntly. A mean conductivity of 14.5 mS m-1 corresponds to
a total dissolved solids (TDS) concentration of about
I l0 g m-3 (based on ARA data in KRTA/Binnie and Partners
( 1975)) which is about average on a world basis (Livingstone
1963) A small drop in mean conductivity occurred between
Ngaruawahia and Huntly due to dilution by the less
mineralised waters of the Waipa River (mean conductivity
about 10.0 mS m-r in October 1975-September 1976). The
variability of conductivity in the river, as showrr by the
standard deviation bars in Figure 3.2.9 increased below the
Waipa River confluence because of the variability of conduc-
tivity in this tributary.
pH

The pH of water is a measure of the negative log to base l0
of the hydrated hydrogen (hydronium) ion activity. The pH is
a gross indicator of the general health of a natural water body
and most natural waters, in the absence of gross pollution by
acids or aÌkalies, are in the range 6.0-9.0 on the pH scale.
Ministry of Works and Development measured pH as part of
the routine sampling surveys on the Waikato River.

Figure 3.2.1 gives pH values in the Waikato River mea-
sured between Taupo and Karapiro on the December 1976
survey and between Taupo and Tuakau in March l91l . A
trend of falling pH bet*.een Taupo and Lake Ohakuri was
caused by some acid geothermal discharges in this reach of
the river. Peaks of relativell' high pH occurred in Lakes
Ohakuri, Whakamaru and Maraetai and (in December 1976)
in Lake Karapiro, and were possibly due to algal photo-
synthetic usage of dissolved COz. The sudden drop in pH
between Lake Maraetai and the Maraetai I Dam tail-race in
December 1976 is another effect of the probable stratification
of this lake during this survey.

Diurnal variations of pH were observed in the Waikato
River. Figure 3.2.10 shows the pH observed at sites below
Karapiro Dam over a 28 hour period on 23 and 24 Jarutary
1974. Yarta¡ion was not very regular but high values gener-
ally occurred in late afternoon or early evening. The
amplitude of diurnal pH variation increased downstream.
Similar patterns of pH variation have been observed on other
diurnal surveys of the river by both MWD and ARA.

These diurnal pH variations in the Waikato River are

probably mainly caused by algal metaboìism particularly in
summer when algal biomass and temperatures are high. Dur-
ing the day photosynthetic usage ofcarbon dioxide by aquatic
plants shifts the carbonate-bicarbonate equilibria

HzO t COz = H++ HCOs = 2H+ -F CO¡
to the left. This results in lowered hydrogen ion concentra-
tions and thus an elevated pH by early evening. At night
release of carbon dioxide by respiration of aquatic life shifts
the equilibria to the right such that pH reaches a minimum in
early morning. Diurnal fluctuations in effluent discharges
may also produce diurnal pH variation. The pattern of pH
variation at Ngaruawahia in Figure 3 .2 . l0 was different from
that at the other sampling sites and probably reflected the

variability of discharge of waste from the AFFCO Meat-
works and of Hamilton sewage. During the day the discharge
of organic wastes, which release COz on breakdown, de-
pressed pH at Ngaruawahia. At night with much lower quan-
tities of waste flowing past Ngaruawahia in the river water,
the pH recovered slightly before a further drop in the early
morning as a result of COz being released at night by respira-
tlon.

Figure 3.2.11 shows the mean daytime pH observed at

sites along the Waikato River below Karapiro Dam between
October 1975 and September 1976 . Longitudinal trends may
have been masked by diurnal fluctuation to some extent since
different sites were sampled at different times of the day.
Generally the Waikato River water was slightly alkaline,
mean pH being about 1 .5-l .6 and the mean pH varied only
slightly down-river. The decrease in mean pH from Horotiu
to Rangiriri may have been caused by progressive breakdown
of organic wastes with consequent release of COz and shift of
the carbonate-bicarbonate equilibria in this reach. This de-

crease also may have been caused by the generally slightly
acidic (especially swamp drainage with its content of humic
acids) or neutral tributary inflows. The major industrial
effluents were alkaline (mean pH for AFFCO Meatworks
was 9.0 and for Te Rapa Dairy Factory 10.6). Huntly Power
Station will probably discharge alkaline coal ash liquor
through its cooling water outfall (section 2.4).

Figure 3.2.12 shows the frequency distributions of all
MV/D pH observations at Fergusson, Ngaruawahia and
Mercer sites in 1974-76. The distributions are approximately
normal as indicated by the near-straight cumulative fre-
quency curves. At Fergusson and Mercer pH was between
7.3 and7.9 and 7.0 and 8.0 respectively about 907o of the
tlme.

3.2.3 Mn:oR IuoRcRNrc CoNsrrruENTS

Total aLkalini4, - bicarbonate
Total alkalinity is a measure of the ability of water to

neutralise a strong acid. This ability is due to the presence of
anions such as hydroxide and bicarbonate which can react
with hydrogen ions supplied by an acid. In most natural
waters at near-neutral pH's, alkalinity is due mainly to the
presence of bicarbonate ion. Total alkalinity, expressed as

equivalent calcium carbonate, was measured routinely on
MWD sampling surveys in the lower V/aikato River up until
mid-1975.

Total alkalinity profiles observed on the December 1976
and March 1977 MWD surveys of the Waikato River are
plotted in Figure 3.2.1. A slight increase in total alkalinity
between Lake Taupo and Lake Ohakuri may have been
caused by geothermal inflows. The sudden drop in total
alkalinity between Lake Maraetai and the Maraetai I Dam
tail-race is probably again related to stratification ofthis lake
at the time of sampling.



Total alkalinity and massflow of total alkalinity measured
at three sites on the lower Waikato River in 1969-75 are
plotted in Figure 2.3.13. The variability of total alkalinity
was partly seasonal with low concentrations tending to occur
in winter and spring and high concentrations in summer and
autumn in a pattern roughly out of phase with discharge.
Total alkalinity was not significantly correlated with dis-
charge (95Vo level) at Fergusson Bridge but at Ngaruawahia
and Rangiriri there were weak but significant negative linear
correlations (r : -0.46 and r : -0.64 respectively).

Mean total alkalinity and total alkalinity massflow at sites
on the Waikato River below Karapiro Dam in 1974 are
plotted in Figure 3 .2.14. Although, with the exception of the
Vy'aipa River, tributaries were not sampled in 1974, total'
alkalinity measurements on inflows made after 19'74 were
used to estimate massflows. Tributary massflows were only
appreciable in the Ngaruawahia-Huntly reach. The mean
massflow at Huntly was higher than the massflow calculated
by adding the mean massflows of the Waipa and
Mangawara/Komakorau Rivers to that of the river ¿t
Ngaruawahia. This difference may reflect the lack of balance
of discharge in this reach (section 2.2). Mean total alkalinity
was about 38-39 g m-3 as calcium carbonate in the
Karapiro-Ngaruawahia reach but it dropped between
Ngaruawahia and Huntly with dilution by the water of lower
total alkalinity discharged by the Waipa River (mean total
alkalinity 28 g m-r CaCOe). Mean total alkalinity was fairly
constant at about 36 g r¡-s CaCOs below Hunlly.

At the pH's and temperatures prevailing in the Vy'aikato
River (section 3.1.2) the carbonate alkalinity proportion of
total alkalinity is negligibly small (less than the precision
level forthis analysis ofabout -r three per cent) thus alkalin-
ity in the Waikato water can be attributed to the,bicarbonate
ion. Measured total alkalinities corresponded to about
47 g m-t and 44 g m-3 as bicarbonate (HCOa ) above
Ngaruawahia and below Huntly respectively. These are
somewhat lower than the "world average" of about
58 g r¡-s for freshwater (Livingstone 1963), reflecting in
part and indirectly the relatively high monovalenldivalent
cation ratios characteristic of New Zealand and Australian
freshwaters.
Chloride

The chloride ion is commonly one of the major anions
occurring in natural water. One of the main interests in
chloride is because it undergoes little if any, interaction
(either biological or chemical) in aquatic systems and is thus
an ideal natural tracer. Chloride concentrations in the
Waikato River were measured routinely on MWD sampling
surveys up until mid-1975 and in December 1916 and March
1917 .

The chloride concentration profiles for the latter two sur-
veys of the Waikato River are plotted in Figure 3.2.L. A
major increase in chloride concentration occurred as the
Waikato River flowed past the discharge from Wairakei
Power Station. The high peak of chloride at the southern end
of Lake Ohakuri on the March survey was caused by local
geothermal'influences. Chloride concentration on both sur-
veys gradually decreased downstream because of progressive
dilution by tributaries with water of lower chloride content
than the river.

Chloride concentration and chloride massflow measured at
three sites on the lowerVy'aikato River in 1969-75 are plotted
against time in Figure 3.2.15 . Chloride concentrations in the
Waikato River exhibited some seasonal but not regular varia-
bility. Generally, lower concentrations occurred in winter
and spring than in summer and autumn. Massflows of
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chloride tended to be inversely related to concentration
suggesting a partial dilution effect. At Fergusson Bridge
chloride was uncorrelated with discharge but at Ngaruawahia
there was a weak negative linear correlation (r : -0.55) and
at Rangiriri a moderate correlation occurred (r - -0.70).
That part of the chloride variation accounted for by the
regressions reflects the seasonal variation with an inverse
relation to discharge. Shorter-term variation (related mainly
to power generation patterns) had little effect on concentra-
tion because of the storage effect of the hydro-lakes.

Mean chloride concentrations and massflows at sampling
sites on the Waikato River below Karapiro Dam in 1914 are
shown in Figure 3 .2.16 . Although chloride concentrations in
tributaries other than the Waipa were not sampled in 1974,
chloride measurements made after l9l4 were used to esti-
mate massflows. Tributary massflows were only appreciable
in the Ngaruawahia-Huntly reach (Waipa River). About
0.8 kg s-l of the massflow increase between Ngaruawahia
and Huntly (Tainui Bridge) is unexplained reflecting the lack
of balance of discharge in this reach. There was little change
in mean chloride concentration between Fergusson Bridge
and Horotiu (about 23 g m-3). A slight increase in mean
chloride concentration at Ngaruawahia was due to inflow of
waste from AFFCO Freezing Works which had a mean
chloride concentration of around 300 g m-3 (from AFFCO
treatment plant operation logs - R. B. Gardner, WVA,
pers. comm.). Mean chloride concentration dropped to about
20.8 g m-3 a[ Huntly because of discharge of water with a

lower chloride concentration (about 12.1 g m-3) from the
Waipa River. Below Huntly mean chloride concentration
was fairly constant at around 2l g m-3.

The mean chloride concentration in the Waikato River is
much higher than that in average world freshwater of about
8.0 g m-e (Livingstone 1963). Most of the chloride in the
Waikato River is derived from high-chloride (up to
2000 g m-3) geothermal waters in the Wairakei, Broadlands,
Orakei-Korako, Waiotapu and lesser geothermal fields in the
Waikato Catchment (Lloyd 1959; Mahon and Klyen 1968;
Sarbutt 1964; Thompson et al 1965).

Average chloride concentration in the streams entering
Lake Taupo which are unaffected by geothermal influence is
about 3.0-4.0 g --' (C. J. Schouten, MVy'D, Hamilton,
pers. comm.) which reflects concentrations in rainfall since
chloride leached from catchment rocks is very low. Similar
concentrations probably characterise water draining non-
geothermal areas in the remainder of the Vy'aikato Catchment
above Karapiro Dam. Mean concentration at Karapiro Dam
was about 23 gm-s (mean massflow 5.0 kg s-t, Figure
3.2.15) so about 100 x (23-3.5)123-857o of the chloride at
this point was of geothermal origin. This corresponds to a

massflow of about 4.3 kg s-l from all geothermal sources in
the catchment.
Sulphate

Sulphate is one of the major anions in most natural waters.
Although sulphate is an available form of an essential nu-
trient for plant growth, sulphur is rarely, if ever, limiting in
natural waters. Sulphate is routinely measured in samples
taken by ARA at Rangiriri (since February 1975), Mercer
(since June I 974) and Tuakau (since June I 97 I ) Bridges, and
was measured on two MWD surveys of the river 2J March
and 4 April 1914, as well as the December 19'76 and March
1977 surveys.

Sulphate concentration profiles for the December 1976
and March 1977 surveys of the Waikato River are plotted in
Figure 3.2.1. Sulphate increased in concentration to about
6.5 g m-:t between Lakes Taupo and Ohakuri after passage
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of water through the zone of geothermal discharges. The
peak of high concentration at the top end of Lake Ohakuri in

March 1977 may have been a geothermal effect. Peaks of
higlr corrccrrl-ratiorl also occurred at Lake Maractai on both

surveys Below Maraetai Power Station sulphate concentra-

tion fell gradually' to about 5.2 g m-3 at Tuakau.
Sulphate concentrations below Karapiro averaged about

5 5 g m-rr on MWD surveys. A median sulphate concentra-

tion at Tuakau Bridge of 6 8 g m-3 for 66 analyses in the

period 24 March 197 I to I April 1975 was reported by

KRTAJBinnie and Pafners (1975). World "average fresh-
water" sulphate concentration is about I I .2 g m-3

(Livingstone 1963), higher than the concentration in the

Waikato River.
Some of the tributaries of the Waikato River were sampled

for sulphate \n 197 4by MWD. The WaipaRiver had a similar
sulphate concentration to that of the Waikato River. Most
other tributaries had higher sulphate concentrations. gener-

ally in the range l0-20 g m-3. Median sulphate concentra-
tions are reported from ARA analyses for the Whangamarino
(\2.0 g.-s¡ and Mangatawhiri (5.0 g m-3) Rivers
(KRTA/Binnie and Partners 1975).
Total hardness - calcium and magnesium

Total hardness in most natural waters is due largely to the

presence of calcium and magnesium although some other
metals, notably iron and aluminium, also contribute. Total
hardness was reported as calcium carbonate in samples col-
lected from the Waikato River and its tributaries below
Karapiro by MWD until mid-1975. Calcium and magnesium
hardness of water samples taken from Rangiriri, Mercer and

Tuakau Bridges are routinely determined by the ARA.
The concentration profiles for total hardness and for cal-

cium and magnesium hardness observed on the December
1916 and March 1977 surveys of the Waikato River are

plotted in Figure 3.2. I . Total hardness changed little down
the lerrgth of the Waikato River although the slight increase

between Taupo and the Aratiatia Power Station was probably
caused by the Wairakei geothermal discharge. A peak of both
calcium and magnesium hardness occuffed on the March
survey at the top end of Lake Ohakuri, again probably a

geothermal effect. The sudden change in total hardness be-

tween Lake Maraetai and the Maraetai I tail-race reflected the

stratification of this lake with a difference in concentration
between surface and bottom water at the time of sampling.
Calcium hardness increased gradually below Lake Atiamuri
while magnesium hardness dropped slightly below Lake
Ohakuri , thus the Ca/Mg ratio increased in the downstream
direction probably because most tributary waters had a higher
Ca/Mg ratio than the river.

Figure 3.2.l7 shows concentration and massflow of total
hardness at the Fergusson, Ngaruawahia and Rangiriri sites

plotted against time. Total hardness did not exhibit any

seasonal pattern although its massflow was usually highest at

times of high discharge. Total hardness did not correlate with
discharge at any sites in the Waikato River. An increasing
trend of total hardness and yield oftotal hardness (area under
the massflow curve) is evident in Figure 3 .2 .l'l from 1969 to
1975; the reason for this trend is not known.

The longitudinal profiles of mean total hardness and mean
massflow of total hardness measured at Waikato River sites

below Karapiro in 1974 are shown in Figure 3.2.18. Al-
though tributary and effluent inflows, with the exception of
the Waipa River, were not analysed for total hardness in
1914, fotal hardness measurements made aflet l9J4 were
used to estimate massflows. Massflow of tot..l hardness only
increased appreciably in the Ngaruawahia-Huntly reach

where it nearly doubled. Most of the increase in massflow
can be explained b1'the inflows of the Waipa and

Mangawara/Komakorau Rivers but the remaining massflow
must be attributed to the lack of balance of discharge in this

reach. Mean total harclness increased slightly from 24 g m-3

CaCOs at Fergusson Bridge to more than 25 g m-3 CaCOa at

Ngaruawahia. The increase fo 2l g m-3 CaCOs at Huntly
was caused by inflows of harder water from the Waipa and

Mangawara/Komakorau Rivers (mean total hardness about

32 and 58 g m-3 respectively). Mean total hardness again

increased slightll' to 28 g m-3 at Mercer. Since total alkalin-
ity (refer above) exceeds total hardness in the Waikato River,
the harclness present can be referred to as "temporary" or
"carbonate" hardness (APHA, AWWA, WPCF 1975). This

might be expected from the low SO+= concentration.
Auckland Regional Authority analysed calcium, mag-

nesium and total hardness in samples collected at Tuakau

Bridge between 24March, and I April 1975 (KRTA/Binnie
and Partners 1975). Median calcium hardness was
16.3 g m-3 as CaCOs (corresponding to 6.5 g m-3 of 

-cal-
ciumf and median magnesium hardness was 9.8 g m-3 as

CaCOs (2.4 g m-3 of magnesium) giving a calcium to mag-

nesium rutio of 2.'7 .Mean concentrations for world freshwat-
ers are about i5 g m-3 and 4.1 g m-3 forcalcium and mag-

nesium respectively (Livingtone 1963), corresponding to a

total hardness of 55 g m-3 CaCOs with a calcium to mag-

nesium ratio of 3.7. Thus the calcium to magnesium ratio is

lower in the Waikato River and total hardness much lower
than average on a world basis. However, Vy'aikato River
water is harder than many of New Zealand's natural
freshwaters which are very soft by world standards (Bayly
ancl Williams 1973). Analyses by Mahon (1965) of geother-

mal waters in the Waikato River Catchment showed that

calcium levels were generally less than 40 g m-3 and mag-

nesium levels were generally less than 5.0 g m-3. Thus most

of the calcium and magnesium in the Waikato River derives

from weathering or maritime sources (seaspray in rain).
Sodium and potassium

Sodium and potassium are major constituents of almost all
natural waters and potassium is an essential major nutrient for
plant growth, although seldom limiting in water. Neither
potassium nor sodium was measured on MWD surveys of the

lower Waikato River but both were measured in samples

obtained on the December )'976 and March 1977 surveys.

Both elements are routinely measured by the ARA in samples

from the Waikato River and some analyses have also been

made by Chemistry Division, DSIR.
The profiles of sodium and potassium concentrations for

the Decembe r 197 6 and March I 977 surveys of the Waikato
River are shown in Figure 3.2.1. Concentrations of both
metals increased greatly between Lakes Taupo and Ohakuri
with the discharge of highly concentrated geothermal waters.

Large peaks of sodium and potassium occurred on the March
su.n"y at the upstream end of Lake Ohakuri reflecting a

geothermal influence. Sodium concentration tended to de-

crease gradually downstream while potassium concentration
stayed nearly constant, Similar trends were observed on

surveys carried out by DSIR (WVAJMWD 1975). The drop
in the sodium to potassium ratio in the downstream direction
results from the inflow of tributary waters with a lower Na/K
ratio than occurs in the Waikato River.

Median sodium and potassium concentrations repofed for
ARA analyses on samples from Tuakau Bridge 79'7 l-75 wete
20.3 and 3.65 g m-3 respectively (KRTA/Binnie and

Partners 1975). Both cations exhibited an opposite seasonal

trend to that of discharge irì the river. During months of low
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discharge in summer and autumn median sodium concentra-
tion was abottt 20-24 g m-3 falling to 15-17 g m-3 in wet
months in winter-spring. Potassium ranged from 3.8-
4.2 gm-3 in summer-autumn to about 3,0-3.5 g m-3 in
winter-spring. Sodium concentrations in the Waikato River
are very high and potassium concentrations high on a world
basis. Livingstone (1963) estimates world freshwater aver-
age concentrations for these cations as about 6.3 g m-3 Na
and2.3 g m-3 K. The high levels of both elements are at-
tributable to the geothermal sources which greatly increased
concentrations above background precipitatiorVrock weath-
ering levels.
Silica

Dissolved silica is commonly vastly outweighed by colloi-
dal or suspended silica in natural waters. However it is still
usually a major inorganic component of the total dissolved
content. Silica is an essential nutrient for diatoms which
secrete siliceous frustules. Silica was not measured on sam-
ples collected by MWD in the Waikato River until the De-
cember 1976 survey, but is routinely measured in samples
collected from the river by the ARA. Some analyses have
also been made by Chemistry Division, DSIR.

The profiles of silica concentration observed on the De-
cember 1976 and March 1977 surveys of the Waikato River
are shown in Figure 3.2.1. Silica increased from about
20 g m-3 SiOz in I-ake Taupo water to above 30 g m-3 at
Lake Ohakuri after the water had passed through the zones of
geothermal discharge. Silica concentration appeared to in-
crease slightly downstream to Lake Maraetai and then de-
crease steadily further downstream, presumably with pro-
gressive dilution by water of lower concentration discharged
from tributaries, rainfall or diatom utilisation. Silica concen-
tration profiles observed by Chemistry Division, DSIR, in
November 1970 and August/September 197 I exhibited a

simila¡ pattern (V/VAJMWD 1975).
Median silica concentration at Tuakau as measured by the

ARA is reported by KRTA/Binnie and Partners (1975) as

30.7 g m-3 SiOz with measurements ranging from 19.3 -
42.0 g m-3 in 66 samples collected between 197 | and 197 5 .

The "world average" silica concentration estimated by
Livingstone (1963) is about l3.l g m-3 thus concentrations
in the Waikato River are very high on a world basis.

3.2.4 MINoR AND TRnce CoNsrrru¡Nrs

Non metals
Fluoride

Fluoride is routinely measured by the ARA on their sam-
ples from the Waikato River. The Hamilton City Council
(HCC) has had fluoride measured in samples from the vicin-
ity of its water treatment plant intake by analytical service
laboratories.

The fluoride concentration profile observed on the March
1977 survey of the Waikato River (Figure 3.2.1) suggests
that geothermal inflows are the main source of fluoride in the
Waikato River. Concentrations in the Wairakei, Parariki and
Waiotapu Streams on this survey were 5.3, 1.4 and
0.66 g m-3 respectively. Fluoride concentration in the river
increased to Lake Ohakuri then decreased gradually down
most of the remaining length of the river with dilution by
tributaries having lower fluoride concentrations. Fluoride
concentrations measured by Chemistry Division, DSIR, in
November 1970 and AuguslSeptember 1971 (WVA/MWD
1975) showed patterns similar to those observed on the
March 1977 survey.

Median fluoride concentration at Tuakau Bridge is re-

ported for 61 ARA analyses between 24 April, 1971 and I
April, 1975 as 0.22 g m-3 with a highest concentration of
0.40 g m-3 at Mercer on 4 December, 1974 (KRTA"/Binnie
and Pafiners 1975). Fluoride analyses in HCC records (S. B.
Wilkinson, HCC, pers. comm.) were generally consistent
with these concentrations.
Boron

Boron is not measured routinely in the Waikato River,
however some analyses are made on Waikato River samples
taken by the ARA and some surveys have been made by
Chemistry Division, DSIR. Early ARA analyses were made
using the carminic acid method but since September 1977
analyses have used the curcumin method giving more reliable
results (D. Ogilvie, ARA, pers. comm.).

Boron concentration profiles for the December 1976 and
March 1977 surveys of the Waikato River are shown in
Figure 3.2.1 . Ãnalyses of boron in tributaries draining
geothermal areas suggest that most of the boron in the
Waikato River is of geothermal origin. For example, boron
concentration was 11.0 g --t in both the Parariki and
Wairakei Streams on the March 1977 survey . The incremen-
tal contribution of Wairakei Power Station is estimated at
0.3 g m-3 (Axtmann 1974).

Boron concentrations in the sediments of Lakes Aratiatia,
Ohakuri and Maraetai collected on the December 1976 sur-
vey are presented in Table 3.2.1. The sediment boron con-
centrations are not particularly high compared with water
concentratlons.

Mean boron concentration from the ARA data at Tuakau is
about 0.31 g m-3 for the year from September 1977 to Au-
gust 1978. The highest boron concentration measured was
0.39 g m-3 on 22February,1978.

Boron in the Lake Taupo to Lake Ohakuri reach of the
Waikato River has been discussed in relation to the proposed
Broadlands Geothermal Power Station by Coulter (1971) and
some earlier analyses are summarised.

The problems arising from high boron concentrations in
river water have been reviewed by V/aggot (1969). Boron
levels as low as 0.5 g m-3 in water used for sustained irriga-
tion have been known to affect adversely sensitive crops
(such as apples, pears and plums) under certain soil and
climatic conditions. Boron may also influence the composi-
tion of phytoplankton; high levels (approaching 1.0 g m-3)
favour a change in community structure fo greater popula-
tions of blue-green species. In the light of these adverse
effects of high boron concentrations the levels occurring in
the Waikato River are of concerp.
Arsenic

Arsenic in the Waikato River has been the subject of
several special studies. A special survey was made by'
Chemistry Division, DSIR, in April 1970. Reay (1972,
1973) and Aggett and Aspell (1978) havé made in-depth
investigations, and further studies by the latter two authors
are ongoing. Some river samples taken by the Health De-
partment were analysed to determine whether arsenic (and
other toxic element) concentrations were below the WHO
(1963) potable limits (0.05 g m-3 for arsenic) (Table 3.2.2).

Total arsenic concentrations were measured in water sam-
ples collected on the December 1976 and March 1977 sur-
veys of the Waikato River by MV/D. Total arsenic was
generally less than the limit of de.tection (0.05 g m-3) on both
surveys, except for samples from the "geothermal"
tributaries above Ohakuri Dam.

Two samples above Hamilton taken on the March 1977
survey gave high values: 0.07 g m-3 and 0.08 g m-3 at Nar-
rows and Cobham Bridges respectively but the reason for
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TABLE 3.2.2. CONCENTRATIONS OF HEAVY METALS IN DEPARTMENT OF HEALTH SAMPLES OBTAINED FROM WAIKATO
RIVER

Sampling Point Date
Sampled

Lead Arsenic L'hromium 'Jadmium Barium lron Manganese Copper Zinc

Whakamaru Dam
Above dam of Maraetai I downstrean
from Kinleith
Waikato River 2 km below Lake
Maraetâi
Waikato River above Lake Maraetai
Karapiro Dam - Cambridge Borough
lntake on lake
Waikato River - Intake grill
Hamilton City Council Waterworks
Waikato River (Bridge ex Narrows)
Waikato River at City Water Intake
Hamilton City Intake
function of Mystery Creek and
Waikato River
Hamilton City Council Treatment
Station, River Intake 9.00 a.m.
Hamilton City Council Treatment
Station, River Intake 12.00 a.m.
Hamilton City Council Treatment
Station, River Intake 4.00 p.m.
Waikato River, 70 m above outfall
from Mystery Creek (West Bank)
Waikato River - Narrows Bridge
lWest Bank)
Waikato River - 70 m below Myster
Creek Outfall (West Bank)

2t. 3.'72
21 372

2.11.72
2.1t 72

21. 3.72

2t.3.'72
30.t0.'72
30 t0.12
2.tt.72

t . 6.'73

7 . 9.73

7. 9.'Ì3

7.973

l8.10.73

1 8. 10.73

18.10.73

<0.03
0.05

<0.01
<0.01
<0 02

<0.02
<0.01
<0.01
<0.01

0.003

<0.001

<0.01

<0.01

<0.05

<0.05

<0.05

ND
N.D,

N.D

N.D

0.030

0.007

0.026

<0.005
<0 004

<0.05
<0.05
<0.05

<0.05
<0.05
<0.05
<0.05

0.011

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0 05
<0.05

<0.001
<0.001
<0.05

<0.05
<0.001
<0.001
<0 001

<0.005

<0.005

<0.005

0.023
0.04

0.07

0.05

0.23
o2

0.18

o.t7

0.5

0.5

0.4

o.o2
o.o2

0.04

0.03

o.o2

o.o2

o.o2

0.05
<0.05

0.05
<0.05

01

0.1
<0.05
<0.05
<0.05

<0.02

<0.02

<0.02

0.05
005

0.03
0.06
0.1

0.08
<0.05

0.01
0.02

0.03

0.o2

o02

NOTES: All concentrations in g nf3
{ : less than (detection limit)
N.D. - not detected.

(a)
(b)
(c)

these relatively high concentrations is not known. Arsenic
concentrations measured in some sediment samples taken on

the Decembel 1976 survey are presented in Table 3 '2.1 . All
the sediment arsenic concentrations 'were high, those in
Lakes Maraeiai and Ohakuri particularly so. The arsenic

levels for the Lake Ohakuri sediment samples are similar to
those measured by Aggett and Aspell (1978)'

The results of the Chemistry Division, DSIR, survey in
April 1970 are presented in w vAJMWD ( 1975). This survey
showed that geothermal discharges were the main source of
arsenic in the river. Most of the total arsenic present was

dissolved but up to 30Vo was associated with fine suspended

sediment. Preay (1972, 1973) suggested that the Wairakei
Power Station was responsible for about 75Vo of the total
arsenic in the river (the figure might actually be greater -
Axtmann 1974). Axtmann (1974) reports the incremental
concentration increase in the river due to the Wairakei dis-

charge as 0.039 g m-3 at mean river discharge. Typical total
arsenic levels found by Reay (1972) were about 0.008 g m-3

in Lake Taupo, 0.030 g m-3 at Aratiatia, 0.040 g m-3 in
Lake Ohakuri and 0.028 g m-3 in Lake Arapuni. These re-

sults and results from other sources are compared by Coulter
(.1977). Reay (1972) also showed that arsenic was concen-

trated by the water wee dLagarosiphon major with a concent-
ration factor of about 5000; although only about three to four
per cent of the total arsenic in the river was (temporarily)
removed in this waY.

In the most recent work on arsenic in the Waikato River by

Aggett anci Aspell (1978) arsenic (III) was analysed as well as

total arsenic. Arsenic (III) is considerably more toxic than

arsenic (V) (Reay 1973, p 367). Aggett and Aspell (1978)
took monthly water samples from ten sites on the Waikato
River between Taupo and Tuakau in 1976. Between Lakes

Aratiatia and Ohakuri arsenic concentration was found to

fluctuate markedly (from 0.037-0.101 g m-3) cleperrding on

power generation patterns. Below Lake Ohakuri where the

meanconcentration was 0.036 g m-3, arsenic concentrations
were more steady and tended to fall gradually in the
downstream direction with tributary dilution to reach a mean

of 0.015 g m-3 at Tuakau. For most of the year almost all the

arsenic was present as arsenic (V) but from August to
November significant amounts of arsenic (III) were mea-

sured at sites near the geothermal sources (nearly 1O0Vo ai

Broadlands) and the proportion ofthis arsenic (III) decreased

slowly downstream. Aggett and Aspell (1978) showed that
although the conversion of arsenic (III) to the arsenic (V)
state is thermodynamically favoured at the pH and Eh (oxida-

tion potential relative to the hydrogen electrode, about 0.75
V) of the Waikato River water, arsenic (III) was stable in the

absence of either some unidentified catalyst for oxidation by
dissolved oxygen or some other oxidising agent occuring in
the river water. The conversion of arsenic (III) to arsenic (V)
in river water was found to take a number of days. In spring

months the oxidizing agent or catalyst in the river water may
be absent or in critically short supply.

Aggett and Aspell (1978) also studied arsenic levels in
lakeweeds and found concentrations similarto those reported

by Reay (1912). Arsenic levels in five deepwater sediment

samples from Lake Ohakuri ranged from 281 mg kg-1 to

335 mg kg-l total arsenic, about50-7OVo of wbich was arse-

nic (IIf . These concentrations were much higher than those

measured in the shallow water sediments of the river (around

5.0 mg kg-').
It is of concern that the WHO (1963) potable maximum

concentration of 0.05 g m-3 total arsenic is sometimes ex-
ceeded, at least in the middle Waikato River. Aggett and

Aspell (1978) suggest that at times of.low discharge (say

66 m3s-1 at Taupo Gates) arsenic concentration at Lake
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Ohakuri would reach 0.08 g m-3 if the low-flow conditions
persisted fbr about a week (tbe residence time of Lake
Ohakuri). They also suggest the concentration of arsenic
might not fall significantly as far downstreanr as Ilamilton
under these conditions. The high arsenic levels in the sedi-
ments of Lakes Ohakuri and Maraetai are also of concern.
Arsenic is known to be mobilised by bacterial rnethylation in
secliments in a similar rÌanner to mercury (Reay 1973; Coul-
ter 1911). This would be a serious occurrence in the Waikato
River since methyl-arsenic is more toxic than either the tri or
pentavelent inorganic fornrs Both Lakes Maraetai and
Ohakuri sornetirnes stratify in summer and deoxygenation of
hypolimnic waters with probable enhanced bacterial methy-
lation during stratification could result in pulses of highly
toxic methyl-arsenic travelling down the Waikato River after
autumn overturn of the lakes

Metals
Lithiunt

High lithium concentrations are considered characteristic
of geotherrnal waters. Lithium is known to be toxic to trout,
particularly in soft waters; the lethal toxicity for rainbow
trout being about I .2 g 

^-t 
(Coulter 1977). Since November

1975 lithium has been routinely measured in samples col-
lected by the ARA from the Waikato River. Lithium concent-
rations between Lakes Taupo and Ohakuri are reported by
Coulter (1911).

On the December 1976 and March 1977 surveys of the
Waikato River (Figure 3.2.1 ) lithium concentration in-
creased from less than 0.1 g rn-' at Taupo to more than
0.2 g m-3 at Aratiatia due to discharge of high lithium water
tiom the Wairakei Geothermal Field. Below Lake Ohakuri
the concentration of lithium decreased gradually to less than
0.2 g r¡-:r in the lower river due to dilution by tributary
water. The high peak of lithium at the upstream end of Lake
Ohakuri on the March 1977 survey was evidently associated
with the geothermal influence as suggested by the high con-
centrations of sodium and chloride in the same sample.

The mean lithium concentration was 0.103 g m-3 (stan-
dard deviation of 0.037 g m-3) for 52 analyses made by the
ARA on samples taken at Tuakau Bridge between 3

November, 1975 and l8 October, 197'l (D. Ogilvie, ARA,
pers. comm.).

Coulter (1911) suggests that lithium concentrations in the
Waikato River are not dangerous to trout even considering
the softness of the water.
Iron

Both dissolved and total iron in samples from Rangiriri,
Mercer and Tuakau Bridges are routinely measured by the
ARA. Some iron analyses have also been made by the
Chemistry Division, DSIR, and by analytical service
laboratories under contract to the Hamilton City Council and
Health Department.

The dissolved iron profiles obtained on the December
1916 and March 1977 surveys of the Waikato River (Figure
3.2.1) show that the concentration generally increased
downstream. The largest increases occurred between Lakes
Taupo and Ohakuri due to high iron concentrations in some
geothermal tributaries such as the Parariki Stream. From
Ohakuri Dam to Cobham Bridge dissolved iron was almost
constant 

'in concentration. Below Cobham Bridge it in-
creased;probably due to discharge of high-iron water in some

tributaries draining swampy areas, notably the Mangawara/
Komakorau Rivers. Iron concentration profiles obtained by
Chemistry Division, DSIR, on their November 1970 and

August/September 1971 surveys exhibited a similar pattern

with a general increase in iron down-river (WV{MWD
1975).

Median dissolved iron was O.20 g m-3 in 39 samples taken
at Tuakau Bridge by ARA between 4 April, 1973 and 1 April,
1975. Median total iron was 0.61 g m-3 in 72 samples at the
same site between 24 March, 197 I and I April, 1975. The
highest concentration was 5.66 g m-3 in a sample from the
east bank, Mercer Bridge, at 1430 hrs on 4 December, 1974
during a flash flood in the Waipa River (KRTdBinnie and
Partners, 1975). On average about a third of the total iron
present in the water at Tuakau was in the dissolved form.

Some total iron concentrations in Waikato River samples
analysed for the Health Department are reported in WVA/
MWD ( 1975, Appendix 4) and these and the levels in Table
3.2.2 are consistent with those in Hamilton City Council
records (S. B. Wilkinson, HCC, pers. comnr ).
Manganese

Manganese is routinely measured by the ARA at Rangiriri,
Mercer and Tuakau Bridges both as total manganese and as

manganese dioxide. Manganese also has been measured both
by Chemistry Division, DSIR, and under contract for the
Hamilton City Council.

Manganese concentration profiles for the December 1976
and March 1977 surveys of the Waikato River (Figure 3.2. l)
show a generally increasing trend down the river, silnilar to
that of total iron. Manganese concentrations from DSIR
reported in WVA/MWD (1975) are consistent with the con-
centrations measured in these two surveys (Table 3.2.2).
Manganese was also measured in lake sediment samples
collected orr the December l9l6 survey and results are pre-
sented in Table 3 .2 . I .

Median total manganese at Tuakau Bridge for 70 setmples

collected between 24 March, l97l and 1 April, 1975 is
reported as 0.048 g m-3 by KRTA/Binnie and Partners
(1975). Median manganese dioxide was 0.039 g m-3 for 61

samples between 9 February, 1912 and I April, 1975. About
80Vo of the total Manganese was as the dioxide at Tuakau
Bridge.

Manganese in samples taken at the HCC WaterTreatment
Plant intake from the Waikato River were generally less than
0.02 g m-3 (S. B. Wilkinson, HCC, pers. comm.).
Trace MetaLs (other than Mercury)

Analyses of Waikato River water for trace metals have
been made for the Health Department to confirm that levels
were below WHO (1963, 1970) potable limits (Table 3.2.2).
Aluminium, zinc and copper are routinely measured in
Vy'aikato River samples by the ARA (Table 3 .2.3a) and some
other trace metals have been analysed for the ARA by the
cawth¡on Institure (Table 3 .2.3b).

Concentrations of zinc, copper, lead and cadmium in
Vy'aikato River samples collected by MWD on the December
19'76 and March 1977 surveys were measured by Cawthron
Institute. Profiles of zinc and copper concentrations for these

two surveys are presented in Figure 3 .2.1 . The zinc concen-
trations for the December 1976 survey were all below the

detection limit of 0.002 g m-3, but during the March survey

some zinc concentrations up to 0.005 g m-3 were measured

between Karapiro and Hamilton (Figure 3.2.1). Most sam-

ples collected on the December 1976 survey had copper
concentrations less than the limit of detection of
0.005 g m-3. The March 1977 survey samples were analysed

with a lower detection limit of 0.001 g m-3 and show that

copper concentration appeared to decrease downstream.
However, the apparently unsystematic fluctuations in the

concentration profile suggest a lack of analytical precision at

these low levels of copper. Lead and cadmium concentra-



tions were less than the limits of detection (0.005 g m-3 and
0.002 g m-3 respectively) in all samples collected on the
December 1916 and March 1977 surveys.

Sediment samples collected on the December 1916 survey
contained high zinc, copper and lead concentrations com-
pared with water concentrations (Table 3.2.1). Maximum
sediment concentrations were observed in the deepest water
of Lake Ohakuri . Cadmium levels were all below the detec-
tion limit.

Some analyses have also been made for trace metals in
surveys of the Waikato River by Chemistry Division, DSIR
(V/VA/MViD 197-5). On the November 1970 survey barium
was found to increase steadily downstream from 0.004 g m-:r
at Lake Taupo to 0.025 g m-3 at Tuakau, but the measured
concentrations were all very low and well below the recom-
mended potable maximum concentrations of 1.0 g tn-t
(WHO 1963). Chromium was also measured on the
November 1970 Chemistry Division survey. The average
chromium concentration was about 0.0025 g m-3 (WHO
(1963) potable limit is 0.05 g m-3) and there was no definite
trend along the river,
Mercury

Mercury in the Waikato River has been measured in water
and sediments on special surveys by Chemistry Division,
DSIR. Measurements have also been made for the Health
Department (by Chemistry Division) and for ARA (by
Cawthron Institute), to confirm that mercury concentrations
were below the WHO (1963) recornrnended maximum of
1.0 g m-3 (KRTA/Binnie and PartneLs 1975; S. B. Wilkin-
son, HCC, pers. comm.). Mercury content in trout from the
lakes of the Waikato River also has been measured
(Weissberg and Zobel 1973; Brooks et al . 1976). A good
general review on the cycling of mercury in the environment
is given in Gavis and Fergusson (1912).

TABLE 3.2.3 TRACE METAL CONCENTRATIONS (g m-')
REPORTED BY KRTA/BINNIE AND PARTNERS (I975) FOR
ARA SAMPLES FROM TUAKAU AND MERCER BRIDGES,

WAIKATO RIVER

a Metals analysed routinely by ARA (24 March, 1971 to I April,
t9'75)

Number of
analy,ses

Marimum Median Minimum

ulTìrn r u nt
'tc

IDDCT

48
29
61

0.1 l4
003
005

0.026
0.0 r

000

0.000
0.00
0.00

Metal

b Cawthron Institute analyses of trace metals on ARA samples
takert at Tuakau and Mercer Bridges on 28 Aplil, 1975.

Metal Wercer Bridge Tuakau
Brídge

HO potable limits
WNU

( te63 ) (1970)

Lead

Cadmium

Chromiur

Nickel

Seleni um

0.01 and two
results < 0.1
0.003,0.002
and < 0.001
three results

< 0.01
J.003 and twc
results: 0.001
three results

< 0.05

0.01 and two
results < 0 0l
0 001 and two
:esults < 0 001

three results
< 0.01

0 003 and two
results: 0.001
three results

<005

0.05

001

0.05

00i

010

0.01

0.05

0.01

t3

Mercury in all samples of the December 1976 survey of the

Waikato River (made by Cawthron Institute) was less than
the detection limit (equal to the WHO (1963) potable limit of
1.0 rng m-3). On the March 1977 survey all analyses of
mercury in Waikato River water were again less than
1 .0 mg m-3, except for 1.0 m! m-e at Whakamaru Dam and
2.0 mg m-3 at Karapiro Dam.

Mercury in lake sediment sarnples collected on the De-
cember 1976 survey of the Waikato River was clete rmined by
Cawthron Institute (Table 3.2.1). Sediment concentt'ations
were very high - much highel than those measured in sedi-
ments of the Wairakei Power Station to Lake Aratiatia reach
by Chemistry Division, DSIR, or those recorded bv
Weissberg and Zobel (1913). The highest mercury concent-
ration was recorded in a deep water sediment sample near the

Lake Ohakuri rveed boom.
The results of the M.arch 1973 survey by Chemistry Divi-

sion, DSIR, were reported in WVA/MWD (1975). Mercury
concentration was lower than the detection limit of about
0.02 mg m-3 in Lake Taupo, Lake Arapuni and in samples
from near Hamilton City. However, one kilometre below
Wairakei Power Station a concentration of 0.03 mg m-3 was
observed and at Tutukau Bridge and at Maraetai No. I tail-
race (water from the bottom of Lake Maraetai) concentra-
tions of 0.04 mg m-3 were recorded. A concentration of
0.13 mg m-3 (mostly in suspension) was measured in the

Waiotapu River at its confluence with the Waikato River
Mercury concentrations in sediments between Wairakei
Power Station and Lake Aratiatia ranged from 0.36-
0.7 4 mg kg-' . Results for NZE sedimenl samples as reported
by Coulter (1911) are consistent with these concentrations.
Below the geothermal area sediment mercury concentration
fell, except for a peak in Lake Maraetai due to lnerctlry
discharged in the Kinleith Pulp and Paper Mill effluent
(Weissberg and Zobel | 973). Most of the mercury in both the
sediments and the water of the Waikato is geothermal in
origin although the relative contribution from Wairakei,
Broadlands and other geothermal sources is not clear
(Axtmann 1974).

The measurements of mercury in trout fronr the middle
Waikato River' (Weissberg and Zobel 1913) showed that,
while trout in Lake Taupo contained only about
0.12 mg kg-1 in axial muscle tissue (wet weight), a sample
of 33 trout from the Waikato River above Lake Whakamaru
contained an average of 0.53 mg kg-t. There was an approx-
imate l:l ratio of mercury in trout to mercury in lake sedi-
ments. Most of the mercury in fish was in the methyl mercury
form suggesting that the mercury in the fish had been derived
from sediment accumulations mobilized by bacterial methy-
lation. Mercury concentration tended to increase with in-
creasing fish weight. Similar results for mercury in fish were
obtained by Brooks et al (1976).
Organics
Hy droxy lated Aro matics

Simple hydroxylated aromatics (phenols) may reduce
water potability by affecting taste. The WHO (1963) potable
limit ol0.00l g nr-3 on phent-rl concerrtration is largely based

on the production of taste and odour in water by chlorinated
phenols (McKee and Wolf 1963). Phenols have not been
detected in the few analyses made on Waikato River water
samples (KRTAJBinnie and Partners 1975).

More complex hydroxylated aromatics (polyphenolics
such as tannin and lignin and their degradation products)
enter the Waikato River through natural processes of decom-
position of vegetation, and in krâft effluent discharged from
the Forest Products pulp and paper mill at Kinleith into the

Alurrr
Znc
Coppe

NOTE_ < : less than (detection limit)
detection limit for Selenium higher than WHO potable
Iimit of 0.01g rn-:r
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rABLE 3 2 4 COMPARISON OF THE WAIKATO RIVER WITH
CONSTITUENTS AND

SOME OTHER LARGE NEW ZEALAND RIVERS MAJOR
CONDUCTIVITY
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NOTE:

Kopakorahi Stream (a tributary of Lake Maraetai). Hydroxy-
lated aromatics are routinely measured (as tannins) in sam-
ples collected by the ARA from their sites on the lower river.
Chenristry Division, DSIR, measured hydroxylated aroma-
tics in the Waikato River on their August/September 197 I

survey.
Concentrations of hydroxylated aromatics observed on the

December 1976 and March 1977 surveys are plotted in
Figure 3.2.7. Concentrations were very low from Lake
Taupo to Lake Maraetai (generally less than 0.05 g m-3) but
at Lake Maraetai a sharp increase occuûed on both surveys
due to input of lignin degradation products from the Kinleith
mill. On the December 1916 survey a peak in the lake
occurred followed by a drop in concentration at the Maraetai
No. I tail-race. The lake sample was probably taken from
within the zone of influence of the Kopakorahi Stream (con-
taining Kinleith effluent) which flows into Lake Maraetai just
below the sample site. The tail-race sample was relatively
low because of the stratification of Lake Maraetai at the time
of sampling (most of the Kinleith effluent was in the surface
waters). On the March 1977 survey the sample from the lake
was taken 0.5 km further upstream and contained a low
concentration. However the sample taken from below the
lake (in this case at the bridge downstream of both Maraetai I
and II Power Stations) had a very high concentration. Below
Lake Maraetai concentration of hydroxylated aromatics fell
gradually with progressive dilution by tributaries.

A similar pattem of concentrations of hydroxylated aroma-
tics was observed by Chemistry Division, DSIR, on their
Augusy'September l97l survey (WV{MWD 1975).

A median concentration of hydroxylated aromatics was
reported as 0.39 g m-3 (as tannin) for 49 samples collected
by the ARA at Tuakau Bridge between I I May, 1971 and I
April, 1975 KRTA,/Binnie and Partners. Maximum concent-
ration was 0.88 g m-3.
O rganochlorine B iocide s

Samples collected at Mercer and Tuakau Bridges on 28
April, 1975 and at Tuakau Bridge on I February, 1973 by the
ARA and analysed by Cawthron Institute gave results re-
ported by KRTdBinnie and Partners (19'75) as follows:

(a)
(b)
(c)

All values as g m-3 except Conductivity which is in mS m-r. Concentration of HCOÍ and Ca++and Mg++all as CaCOa.
Sources of data - aìl personal communications to the author from Regional Water Boards and Christchurch District, MWD.
Values must be considered indicative only It is considered that the time average concentration would probably be within the
range.

Samples collected on
28.4.75 I .2.73

Lindane <0.001 gm-3 <0.001 gm-3
D.D.T. <0.005gm-3 <0.003 gm-3
245-T <0.01 gm-3 <0.0005gm-3
Diazinon <0.002gm-3 <0.005 gm-3
NOTE

No organochlorine residues at concentrations above a de-

tection limit of 0.05 g m-3 were found in water sarnples
taken at 6 monthly intervals by Chemistry Division, DSIR, at

Meremere between 1965 and 1973. Sediment samples
analysed contained less than the detection limit of
0.02 mg kg-l of organochlorine residues.

3.2.5 DrscussroN

Table 3.2.4. compares the water quality of the lower
Waikato River with what little information is available on
some other large New Tnaland rivers (Regional Water Board
water resources officers and Ministry of Works and De-
velopment, Christchurch, p€rs. comm.). World average
freshwater concentrations of major ionic species as repofted
by Livingstone ( 1963) are also included in Table 3 .2.4. Lam
(1977) has also compared Waikato River water quality with
world average freshwaler concentrations.

Conductivity of the lower Waikato River water is higher
than that of many New Zealand rivers which have very dilute
water by world standards, Bicarbonate alkalinity is slightly
higher in the Waikato than in most New Zeal.and rivers but is
still much lower than the world average. Chloride concentra-
tion is very high both on a world basis and compared with that
of other New Zealand rivers, reflecting the geothermal influ-
ence in the Vy'aikato. Sulphate concentration is about average
for New Tnaland waters which by world standards, have
rather low concentrations of sulphate.

Calcium and magnesium hardness in the lower'Waikato
River are rather higher than in many New Zealand rivers, but
are still much lower than the world average. Sodium and
potassium, particularly the former, have very high concentra-
tions in the Vy'aikato River due to geothermal discharges of
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these metals. Silicate concentration is also very high, again
due to geothermal sources.

The main influences on the general water quality of the
Waikato River are the geothermal discharges, the hydro-
dams (and their discharge regime determined by power gen-
eration patterns) and the V/aipa River. The geothermal
sources, both natural and man-controlled (at Wairakei Power
Station), have an appreciable heating effect on the river as

well as discharging chemicals.
Of the hydro-lakes, the two largest, Ohakuri and Maraetai-,

have a major influence on water quality in the middle
Waikato River. Both lakes are sometimes thermally stratified
in surnmer with consequent differences in concentration of
chemical constituents in surface and bottom waters. Draw-
off of bottom water at Maraetai I Power Station and surface
water at Maraetai II produces complex variations in water
qualitv below Lake Maraetai whenever the lake is stratified.

In the lower Waikato River the Waipa River is the main
influence on water quality. The Waipa dilutes Waikato River
water in most constituents except hardness which increases
slightly below the confluence.

Some constituents of the water lake sediments and biota of
the Waikato River are of concern. High boron concentrations
from geothermal discharges occur in the river water. At times
boron concentrations may approach 0.5 g m-3 a concentra-
tion which, if water is used for sustained irrigation, may
damage sensitive crops (Waggott 1969). High boron con-
centrations may also enhance the growth of blue-green algae
in the eutrophic hydro-lakes (Coulter 1977). Blue-green
blooms in Lake Ohakuri have already been reported Magadza
(1913), and any increase in the frequency of occurrence of
such nuisance blooms would be most undesirable.

Total arsenic derived from geothermal discharges may be
in excess of the WHO (1963) potable limit of 0.05 g m-3
below Lake Ohakuri at times of low discharge. During spring
much of the total arsenic is present as the very toxic arsenic
(III) form. It is conceivable that at times the high arsenic
concentrations in the sediments of the hydro-lakes, pafticu-
larly in Lakes Ohakuri and Maraetai, may be mobilised by
bacterial methylation as the extremely toxic methyl arsenic
form (Reay 1973). Bacterial methylation could be particu-
larly rapid during deoxygenation of hypolimnic water in
Lakes Ohakuri and Maraetai, resulting in pulses of methyl
arsenic being released down river after autumn overturn of
the lakes.

Although mercury concentrations in river water are low
compared with the V/HO (1963) potable limit of
I .0 mg m-3, high concentrations of this toxic metal occur in
the hydro-lake sediments, particularly those of Lakes
Ohakuri and Maraetai. Similarly high mercury concentra-
tions also occur in trout, mostly as the very toxic methyl
mercury form, and this suggests that active mobilization of
sediment mercury by bacterial methylation is presently oc-
curring in the hydro-lakes of the Waikato River.

3.3. DISSOLVED OXYGEN AND OXYGEN DEMAND

3.3.1 INrnoDUCTtoN

The oxygen dissolved in water is one of the most important
chemical constituents in natural waters. It is essential to most
aquatic life and is an indicator ofthe net condition ofnatural
waters. The concentration of this free oxygen in water is
called the dissolved oxygen (DO).

The solubility of oxygen in water at equilibrium is called

the saturation dissolved oxygen concentrationr(DOs). This
equilibrium concentration is directly proportional to the par-
tial pressure of oxygen in the atmosphere at the water sur-
face* and is also affected by variations in either the total
solute strength of the water or the water termperature. Varia-
tions in the latter are the most significant in causing changes
in the saturation concentration for conditions prevailing for
river waters (Fair et aI 1968). For example, DOs for fresh
water at atmospheric pressure and 10 "C is 1l.3 g m-3 while
at 20 T it is 9.2 g m-3.

In the absence of biological activity or significant pollut-
ants the DO of river water tends to the saturation value, DOs.

However the DO of river water is seldom maintained at

saturation since oxygen is constantly being added to and
removed from the water because of the biological activity of
aquatic plants and animals and the presence of pollutants.

Addition of DO to river water may occur in daylight due to
the photosynthetic action ofdense aquatic plant populations,
For deoxygenated water (i.e. where DO is less than DOs)
oxygen is transferred from the atmosphere through the water
surface into the water. This process is commonly called
"reaeration".

Conversely, if the water is supersaturated (i.e. where DO
is greater than DOs) oxygen is transferred from the water
back to the atmosphere through the water surface.

Removal of DO from river water may occur at all hours of
the day and night due to the respiration ofdense aquatic plant
and animal populations (this is in contrast to the process of
photosynthesis which occurs only in daylight). Dissolved
oxygen is also removed by the stabilization (by oxidation) of
pollutants present in the water. It is important that DO deple-
tion be kept within certain bounds since:

- a minimum concentration of free oxygen is necessary to
maintain aquatic life. It is not possible to derive fixed
minimum DO criteria accurately (McKee and Wolf 1963)
but water quality standards for receiving waters commonly
prescribe minima of 5.0 or 6.0 g m-3, as in the New
Tnaland Water and Soil Conservation Act (196'7).

- organic matter in seriously oxygen depleted water is
stabilized by anaerobic processes that operate in the ab'
sence of free oxygen and use oxygen that is chemically
bound. These processes give rise to offensive end products
such as hydrogen sulphide or methane which in turn may
mobilise nutrients or toxicants such as arsenic and mer-
cury. In contrast, organic matter in water containing free
oxygen is broken down by aerobic processes and stabilized
to relatively innocuous end products.
Organic pollutants in river water may cause oxygen deple-

tion since bacteria engaged in stabilizing organic matter
remove oxygen from the water during the process of oxida-
tion. Chemical oxidation of inorganic pollutants also takes
free oxygen from the water. Such requirements for oxygen
are termed the oxygen demand.

Two measures of the concentration of oxygen demand ar.s

in common use; biochemical oxygen demand (BOD) and
chemical oxygen demand (COD). Biochemical oxygen de-

mand is a measure of the amount of oxygen required by
bacteria to stabilize organic carbonaceous ând nitrogeneous
matter under aerobic conditions. It is conventionally mea-

* Fresh water at 15 'C and atmospheric pressure contains
3.6Vo of the weight of oxygen per unit volume that is
contained in air, anci the coefltcient of diffusion for oxygen
in air is some eight thousand times greater than for oxygen
in water (data contained in Batchelor 1967 and Fair et al
l 968).



sured over a five day period (BODs) a¡.20 "C in the dark. The
BODs of rivers not subject to significant discharges of waste
is normally in the range of L-2 g m-3. This "background"
BODs is due to the presence of organic matter in the water
derived from the land in the river catchment.

Chemical oxygen demand is a measure of the organic and
inorganic matter that wilt be oxidised by a strong chemical
oxidant (permanganate or dichromate solution). Chemical
oxygen demand does not measure free ammonia or some
organic compounds (such as acetic acid) that are broken
down in the river waters, but does include some (such as
cellulose) that are not. The COD of unpolluted waters is
normally in the range of 2-4 g m-3.

lvlethods used to measure DO and oxygen demand are
described in Appendices 3.3 and 3.4.|n particular it should
be noted that DO and BODs were variously measured by use
of the Winkler method and by meter, and COD by the
dichromate reflux method. Further elaboration on these
water quality variables and their measurement may be found
in standard texts (APHA, AWWA, WPCF 1975, Sawyer and
McCarty 1967).

The following results refer to surveys carried out by MWD
since I 969 and thus extend results previously reported (Pollu-
tion Advisory Council 1956; Bryers 1971and 1974;WYN
MWD 1975; McBride 1978).

'Iemporal results are presented first (sections 3.3.2-3)
since examination of longitudinal profiles in this river must
take account of the time at which samples were taken.

3.3.2 DrunNAL VARTATToNS

Three intensive surveys, all in periods of low river dis-
charge and warm watertemperature, have been carried out by
MWD staff.* River DO was measured on all three surveys,
but river BODs was measured on the first and third surveys
only. Summary details are given in Table 3.3.1. Results for
the first and third surveys are conveniently summarised in
quasi three-dimensional form in Figures 3.3.L and 3.3.2.

TABLE 3,3.1. SUMMARY OF DATA

24-2sl
Betwe
Cobha
and
Tainui

tt

This style of presentation of results cannot be made for the
segond survey because ofthe long sampling interval adopted
( I 2 hours). The time-of-travel of the river water between the
sites displayed is given inFigure 2.2.3.

Significant regular diurnal DO variations occurred on both
the first and third surveys with maximum concentrations in
late afternoon and minimum concentrattons at night or early
morning. The magnitude of this variation increased
downstream. In the Rangiriri-Tuakau reach the river was
supersaturated in late afternoon (this also occurred- on the
second survey at most sites).

The BODs results clearly show the effects of waste inflows
in the Cobham-Ngaruawahia reach. The nighttime peak start-
ing at Fairfield on the firsr survey (Figure 3 .3 , l ) was proba-
bly the result of septic tank flushing at Hamilton commencing
at2100 on 23 January 1974. The large daytime peak srarring
at Ngaruawahia on this survey probably resulted from waste
inflows from the AFFCO Meatworks. A similar daytime
peak occurred at Ngaruawahia on the third survey but did not
result in such a significant rise in BODs at Tainui as occurred
on the first survey. This appears to be due to higher inflows of
diluting water in the Ngaruawabia-Tainui reach during the
third survey.

Detailed DO and BOD¡ concentrations, including the
Waipa tributary inflow, for sampling runs selected to encom-

x In addition, a 3O-hour survey was carried out by MWD
staff during 16-17 April 1975: samples were collected
from ten sites in the Fergusson-Tuakau reach at th¡ee
different times in this period. Data obtained for this survey
were used for the detailed calibration of the DO-BODs
mathematical model of the river (Rutherford 1977). River
discharge was higher and temperature lower than recorded
for the above three surveys. The distribution of DO was
similar to that measured on the second intensive survey
(19-21 Februaly 1974). A three-day survey was mounted
during20-23li4ay 1975 but only sparse data were collected
due to a number of operational problems.

FOR THE THREE INTENSIVE SURVEYS

Survey Sampling
frequency

þanse of
ldischarge

Minimum
recorded
DO

(g m-')

Vlaximum
'ecorded
DO

ig m-')

Minimum
recorded
BOD;

(g m-')

Maximum
recorded
BODs

(g m-')

R Mf
water
temper-
ature
range

( 'c)

Dffirence
ln mean
daily water
lemperature
between
upstream and
downstream
SIIES( 'c)

Approximate
dffirence
between day
and night
waTer temPer-
ature at any
SÛC

( .c)

23-2411174
Between
Fergusson
and
Tuakau

Every 4
hours for 2[
hours from
0800 on
23lr

147 -189

6.7 at NG
at 0405
on 24ll

).5 at TU
at 182(
on 2311

1.3 at CO
at 0905
on 2311

5.6 at NG
at 1205
on 231 1 20-23 l8 l5

t9-2U21'74
Between
Fergusson
and
Iuakau

Every 12
hours for 4[
hou¡s from
0400 on
t9l2

i43-180

64 At RA
at 0500
on 2012
at TÀ
af 0425
on 2ll2

and

10.3 at TU
at l80t
on 2012 22.5-25.5 t2 l5

z4-2sl3l7s
Between
Cobham
and
Iainui

Every 3

hours for 24
hoúrs from
0800 on
2413

t46-226

73 At TA
at 1 100
on 2413
at TA
at 0655
on 2513

and

8.9 at SBR
at 1550
on 2413

0.5 at CO
ar 1505
on 2413

38 atNG
at 180(
on 24ll

20.5-21.s 05 l0

NOTE: See Appendix 3.2 for definition of site descriptors (NG, RA etc).
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pass the minimum and maximum DO recorded during the

first two surveys are given in Figure 3.3.3 and 3.3.4 respec-

tively. From these it appears that:
(a) At Fergusson there was a diurnal DO variation of approx-
imately 0.5 g m-3 which cannot be accounted for by the

insignificant diurnal BODs variation recorded at that site.
This DO variation was probably due to the metabolism of
aquatic plants and animals present in the water released from
Lake Karapiro.
(b) At each site downstream from Fergusson there were

diurnal DO variations with maximum DO occurring in the

late afternoon and minimum DO occurring at dawn. On the

first survey these variations were in the range of 0.5-
1.5 g m-3 except at Tuakau where a variation of 2.5 g m-3

was measured due to a surprisingly low DO of 6.9 g m-3 at

0530 hours on24 January. On the second survey the varia-
tions increased from 0.7 g m-3 at Fergusson to a maximum
of 2.9 g m-3 at Tuakau (greater variations may have occurred
during the 12 hour sampling interval). These data strongly
imply that there was net oxygen production in daytime due to
photosynthesis of aquatic plants in the reach and net con-
sumption of oxygen at night by respiration of plants and

animals. ln the absence of these effects, nighttime DO con-
centrations would be expected to be higher than daytime
concentrations since water temperatures are lower at night
and oxygen solubility increases with decreasing water temp-
erature.
(c) The combined effects of waste inflows in the Cobham -
Ngaruawahia reach resulted in a significant DO "sag"
downstream of Ngaruawahia with a subsequent recovery
toward Tuakau. This sag rvas caused by an oxygen clemand

being exerted in the stabilization of the wastes. In the after-
ncon the magnitude of the sag was approximately 1.0 g --t
on each survey with a minimum DO being recorded at

Ngaruawahia. The dawn sag on the first survey was
1.0 g m-3 while on the second it was 1.5 g m-3. The
minimum of the dawn sag was located downstream from the

afternoon minimum; this is especially noticeable for the

second survey (Figure 3.3.4). The moving of the minimum
of the sag according to the time of day is due both to the

time-variation of waste inflows to the river (especially at

AFFCO Meatworks) and to differences in the amounts of
production ofoxygen by photosynthesis and consumption of
oxygen by respiration at different locations on the river. DO
recovery past the minir¡rum of the sag was due largely to
physical reaeration.
(d) There was a substantial daytime increase in river BOD¡
in the Cobham.Ngaruawahia reach.

The shape and pattern of DO and BODs diurnal variations
frrr the third survey (Figure 3.3.5) was very similar to that on
the first survey.

3.3.3. SsnsoNAL AND Lot¡c-TeRt¡ TneNos

Dissolved Orygen
Seasonal profiles of daytime DO in the Karapiro-Tuakau

reach are shown in Figure 3.3.6. The profiles were deter-
mined from regular monthly sampling from September 1975

to August 1976. Distofion of these profiles by the time-
varying effect oî photosynthesis is minimal since all samples
were cóllected before 1300 hours and thg time of sampling at

any site did not charrge markedly over the vear. Flcwever,
since these data were collected toward i300 hours, they
probably overestimate the 'true mean DO, especially for
spring, summer and autumn.

The DO in winter and spring was higher than in summer

and autumn. The difference between summer and winter DO

over the whole reac h was about I . 5 g m-3 . This difference is

less, by about 0.7 g fr-3, than that attributable to seasonal

water temperature differences (the mean summer water

temperature exceeds the winter mean by about 1C'C (Section

Z .Z.Ð wnic¡ corresponds to a DO difference of 2 '2 g m-3)

Howe ver the percentage saturation DO profile (Figure 3 . 3 . 6)

shows that, except at Ngaruawahia, the daytime DO is closer
to saturation in summer than in winter. This is presumably

due to greater photosynthetic oxygen production by aquatic
plants in summer: the exception at Ngaruawahia is related to

ihe operation of AFFCO Meatworks (see below) ' The effect
of this production of oxygen is to lessen the daytime DO

difference between seasons from that which can be explained
on the basis of water temperature difference between sea-

sons. Since MV/D and ARA data show that diurnal DO
variations are greater in summer than in winter and that DO is

less in nighttime than in daytime, the seasonal nighttime DO
difference would be greater than2.2 g m-3.

A steady decline in DO occurred from Cobham to Mercer
in all seasons, with some recovery toward Tuakau. The

seasonally averaged DO sag extended over a greater distance

than the sags measured for the intensive surveys, probably
due to the low discharge and high water temperature condi-
tions that prevailed at the times of the intensive surveys. It is
notable that, except during spring, the magnitude of this sag

was close to 1 .0 g m-3 - similar to the daytime sag measured

on the intensive surveys. For spring the sag was closer to

1.5 g m-3.
These data show that seasonal differences in water temper-

ature, photosynthetic oxygen production by aquatic plants,
waste inflows, and river discharge are all imþortant influ-
eDces on seasonal DO trends in the Waikato River and are

consistent with the findings of Bryers (1974)-
Long-term DO and percent saturation monthly data for the

Fergusson, l\garuawahia and Rangiriri sites for samples col-
lected before 1400 hours during 1969-76 are displayed in
Figures 3.3.7 and 3.3.8. For months in which a number of
samples were taken an average has been computed: for
months in which no samples were taken a linear interpolation
has been made.

The annual minimum DO at Ngaruawahia (Figure 3'3.7)
rose during 1974-'76. This was associated with cooler water
temperatures since the DO as percent saturation (Figure
3.3-S) did not change appreciably in this period. There has

been an upward trend of minimum DO at Rangiriri in the

1969-76 period. The DO as percent saturation (Figure 3.3.8)
showed less fluctuation at Ngaruawahia and Rangiriri in
1974-76 than previously. This is attributable to the higher
river discharges that occurred in this period, providing more

dilution water for wastes entering the river upstream of
Ngaruawahia, and it may also be due to waste treatment
improvements in the region.
Orygen Demand

Both seasonal and long-termtrends of BOD¡ atthe Fergus-

son, Ngaruawahia a¡rd Rattgiriri sites arc displaycd in Figure
3.3.9. Monthly data are displayed for these sites in 197l-'76
in the sarr'e manner as on the previous figure. Except for
1975-76 the BODs concentration tended to be higher in
summer when river discharges were low and waste inflows
were large - especially AFFCO Meatworks (the magnitude
of meatworks' waste inflows varies seasonally, reaching a

maximum in tl".e December-February period). At
Ngaruawahia, juSt downstream of the majorwaste discharges

to the river, the tsOD¡ was appreciably higher than at Fergus-

son in all seasons. As with DO there was less seasonal
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DO

ot

BOD5

23 JANUARY 1974 24 JANUARY 1974

FIGURE 3.3.1: DISSOLVED OXYGEN AND BOD¡ MEASUREMENTS FOR THE I"IRST INTENSIVE SURVEY (23-24
JANUARY 1974).
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fluctuation in BODs at all three sites in 1974-16 than previ-
ously because river discharges were higher in that period,
thus providing for higher dilution of pollutants entering the
river. The decrease in BOD; at Ngaruawahia and Rangiriri in
1915176 was due to the higher river discharges that prevailed
in this period and possibly to waste treatment improvements
in the region.

The COD data collected fronl August 1975 showed
maximum values of about 10.0 g m-3 at each of these three
sites in spring. Minimum seasonal COD was about
6.0 g nr-:r.

3.3.4 Lo¡rclruDlN¡,1 Pnorrlrs

Taupo-Karapiro Reach
Two surveys of DO and oxygen demand (among other

parameters) have been carried out for 15 sites in the Taupo-
Karapiro reach. The range of results obtained is shown in
Table 3.3.2.

TABLE 3 3 2. SUMMARY OF DATA FOR THE TWO
TAUPO-KARAPIRO S UR VEYS

Water
Temperaîure

ratl8e( "c)

DO range
(g m't')

BODs
(g m-')

COD range
(g m-")

-10lt2l'7 6
sl3l11

l6-l8
t8-2 I

o.4-2.0
0 5-l .7

2.0-8.0
1.5-l1..5

DO

lrllllrrlrrltt
0800 1200 lóo0 2000 | 0400 0800

24 MARCH 1975 25 MARCH 1975

?

á-
I
É
oì8
o
o

7

On both surveys the \4'ater temperature and COD increased
in an approximately uniform manner downstream. Dissolved
oxygen on the December survey was always close to satura-
tion and the highest BODs (2.0 g m-3) was recorded at the
outflow from Lake Maraetai. The lowest DO on the March
survey (7 .2 g m-3) was recorded at the Lake Ohakuri outflow
and may have been related to overturn of the lake after
summer stratification: all other DO's were above 8.0 g m-3.
For the March survey the highest BOD5 was recorded at the
Lake Aratiatia outflow, and the highest COD was at Lake
Maraetai.
Karapiro-Tuakau Reach

The regular monthly sampling of DO, BOD¡ and COD
from October 1975 to September 1976 has enabled the calcu-
lation of annual profiles of daytime DO and oxygen demand
for that period. These profiles were obtained by calculating
mean values at each site and are plotted in Figures 3.3.10 and
3 .3 . I I . Standard deviation and standard error bars have been
drawn at selected sites.
Dissolved Orygen

Figure 3.3.10 shows profiles of daytime DO (concentra-
tion and percent saturation) and DO massflow.

The DO concentration and percent saturation plots have
similar shapes. There was a region of approximate saturation
from Karapiro to Cobham, falling to a minimum at Mercer
and recovering toward Tuakau. This recovery occurred dur-
ing most of the year but was especially pronounced in sum-
mer, as previously noted. The long-term DO concentration
data (Figure 3.3.7) indicates that the DO concentrations

BOD5

oebo' rzöo' råo' zobo' f ' o¿bo' osbo'
24 MARCH 1975 25 MARCH l9Z5

FIGURE 3.3.2: DISSOLVED OXYGEN AND BODs MEASUREMENTS FOR THE THIRD INTENSIVE SURVEY (24-25
MARCH 1975).
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FIGURE 3.3.3: MINIMUM AND MAXIMUM DISSOLVED OXYGEN SAMPLING RUNS FOR THE FIRST INTENSIVE
SURVEY (23-24 JANUARY 1974) AND ASSOCTATED BOD5 CONCENTRATTONS.
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measured in the 1975-76 period were higher than in other
years. Thus over the period 1969-76 the annual longitudinal
DO profiles were similar in shape but exhibited a slightly
larger sag (see Bryers 1974). For the period October 1975 to
September 1976 comparison of the standard errors at river
sites shows that the DO profile exhibited a significant sag of
approximately 1.0 g m-3 from Cobham to Mercer and that
this sag commenced in the Cobham-Ngaruawahia reach
where the major waste inflows to the river are located. Part of
this sag, (0.1 - 0.2 I m-3), was due to the mixing of the less
oxygenated Waipa River water with the rüaikato River.
Variability of DO, as measured by the standard deviation,
increased downstream.

The annual DO massflow showed a signif,rcant rise in the
Ngaruawahia-Tainui reach due to the Waipa tributary inflow.
Since DO concentration decreased from Cobham to Mercer
the "calculated" massflows should be greater than the
"measured" values in this reach, as is evident at
Ngaruawahia and Mercer. However the measured massflow
at Tainui appreciably exceeds the calculated value. This may
be associated with discrepancies in discharge in this reach
noted elsewhere in this report (sections 2.2 and 3.2). The
variability of DO massflow increased downstream due to
fluctuations in both river DO and tributary inflows.
Orygen Demand

Figure 3 .3 . I I shows profiles of daytime BODs and COD
concentrations and massflows.

The BOD¡ concentration was nearly constant, at about
l0 g m-3, in all but the Cobham-Ngaruawahia reach where a

significant rise due to major waste inflows occurred. The
maximum variability of BODs occurred in this reach due to
fluctuating waste inflows. The COD concentration decreased
slightly to the Te Rapa Intake site and thereafter there was a

steady and significant rise from Ngaruawahia to Mercer. The
progressive increase in variability of COD downstream is
related to the inflow of COD from tributaries as discussed
below.

outumn

KA FE NA CO SBR TRI HO NG TA RA ME TU

FIGURE 3.3.6: SEASONAL LONGITUDINAL DISSOLVED OXYGEN PROFILES, 1975-1976.

The massflow plots identify the major inflows of oxygen
demand to the river. In particular it is apparent that the
significant rise in BODs massflow occurred in the region
where waste inflows are located, and that the significant rise
in COD massflow occurred as a result of tributary inflows.
Table 3.3.3 lists the concentrations and massflows of oxygen
demand in these inflows to the river. Data for the Karapiro
and Tuakau sites are included for comparison. It is clear that
tributary inflows added an appreciable load of oxygen de-
mand to the river. However this load was contained in a large
quantity of water so that the concentration of BODs, or COD
in the inflow was similar to that in the river. Hence the river
BODs or COD did not rise or fall appreciably as a result of
tributary inflows. BODs and COD concentrations in the
waste inflows were high and although vo[ume inputs were
small they nevertheless resulted in increased concentrations
in the river.

A good example of this is the largest inflow of waste to the
river, from the AFFCO Meatworks at Horotiu. Discharge of
the average inflow of 230 g s-1 of BOD¡ for the October
1975 to September 1976 period into the anhual mean river
flow at Horotiu would raise the river BODs by 1.0 g m-3.
However within this annual period, on l8 May 1976, the
instantaneous massflow from the Meatworks was 450 g s-l
BODs and the river discharge àt Horotiu was 200 m3s-r. This
corresponds to a rise in river BODs of 2.5 gm-3. A more
detailed discussion of the effects of inflows on river concent-
rations is given in Appendix 3.6.

Inspection of Table 3.3.3 shows that the ratio of
COD:BODs for tributary inflows ranged from 10.6 to 12.5,
whilst for waste inflows the ratio ranged from 1.5 to 2.0.
These ratios reflect the fact that the waste inflows were
considerably less stable than were tributary waters. It may
also be noted that addition of the BODs massflows from
tributary and waste inflows to the massflow at Karapiro gives
a result only 20Vo in excess of the massflows at Tuakau. For
COD the excess is l2%o. This suggests that oxygen demand-
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NGARUAWAHIA

.7: DAYTIME DISSOLVED OXYGEN CONCENTRATION AT FERGUSSON, NGARUAV/AHIA AND
RANGIRIRI SITES.
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FIGURE 3.3.9: DAYTIME BODs CONCENTRATION AT FERGUSSON, NGARUAV/AHIA AND RANGIRIRI SITES.
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TABLE 3.3.3. AVERAGE BOÐ¡ AND COD CONCENTRATIONS AND MASSFLOWS MEASURED ON MWD SURVEyS AT
KARAPIRO, IN MAJOR TRIBUTARIES AND WASTE INFLOWS, AND ATTUAKAUFOR THEOCTOBER 1975 - SEPTEMBER 1976

YEAR.

River Tributary Inflow Waste InJlow River

Karapiro Waipa
Komakorau

and
Mangawara

Whangape Whangamarinc
Hamílton City

Pollution
Control Plant

Te Rapa
Dairy
Factory

AFFCO
Meatworks Tuakau

(g m''
Massfl
BODs
(g s-')

t0

260

1.2

130

4.2

27

l8

2l

23

100

140

20

2100

l3

1100

230

1.5

670

m-t)
rssflc
)D
s-t)

7.4

r960

l5

1400

50

440

l9

230

28

920

2t0

3l

42@

2l

1700

350

9.8

4800

BODs
(g m''
Massflow

(g s-')

COD
(g m-')
Massflow
coD
(g s-')

ing substances in the river may not be stabilized very rapidly,
and that substantial oxygen demand remains in the river
water as it reaches the sea.

3.3.5 DlscussloN

Daytime DO and BODs measurements in 1974-76 for
th¡ee sites (Fergusson, Ngaruawahia and Mercer), chosen to
encompass the broad range ofDO and oxygen demand occur-
ring in the river, are plotted as frequency distributions in
Figures 3.3.12-3.3.14. Data are presented as percentage
histograms and as cumulative frequency (distribution) plots
on a probability scale. Because samples were not all regularly
spaced in time and were not collected at the same time at each
site, some seasonal and diurnal bias is present.

The DO distributions are bimodal with the two modes
corresponding to the most frequent high and low concentra-
tions. The difference in DO between the two modes at Fer-
gusson and Ngaruawahia was 1.5 g m-3, previously noted as
the seasonal DO difference (section 3.3.3). The DO was
always above 6.0 g m-3 on these surveys. Although the DO
data do not obviously conform to any particular probability
distribution, it is clear that the probability of the daytime DO
being less than 6.0 g m-3 is rather less than one per cent. The
lowest daytime DO recorded on MWD surveys was
6.4 g m-s at Ngaruawahia at 1150 hours on 8 January 1974.
This is identical to the lowest value recorded during the
intensive surveys (see Table 3.3.1). However, as noted pre-
viously, nighttime DO values may be expected to be lower
'than in the daytime: a DO of 5.3 g m-3 was recorded in the
early morning of I 8 February 1975 by the Auckland Regional
Authority at Tuakau (KRTA,/Binnie and Pafners 1975).

The BOD¡ distributions were positively skewed. The
mode increased from 1.0 g m-3 at Fergusson to 2.0 g ma at
Ngaruawahia and then decreased to 1.5 g m-3 at Mercer.
These data are similar in range to the limited results reported
by the Pollution Advisory Council 1956 (DO was not re-
portcd in that work). Comparison of these modal values with
the data on Figure 3.3.9 suggests that there has been some
improvement in river BODs in recent years.

The near-normal distribution of BODs data at
Ngaruawahia implies that the probability of exceeding
5.5 g m-3 was about one per cent. However two factors will
combine to alter this distribution, and possibly also the dis-
tribution at Mercer.
(a) During the period of these surveys the AFFCO Meat-
works waste liquid was passed through "savealls" and then

discharged to the riverovera ten hour period during the day.
Since then balancing tanks, incorporating an acid-air flota-
tion system, have been operating such that the BODs of the
effluent has been decreased and discharged into the river over
most hours of the day. It is most unlikely therefore, unless
substantial extensions to the works capacity are introduced,
that the instantaneous BODs loading to the river now or in the
future will be as high as loadings measured by MWD in
197 4-76.
(b) Until mid-I975 domestic wastes from Hamilton City
were discharged to the river from seventeen septic tanks in
the Cobham-Sewer Bridge region. A Pollution Control Plant
was commissioned in 1975 and began to take the wastes that
were previously routed to the septic tanks. During the last
year of MWD surveys (October 1975-September 1976) the
plant was serving a population of 75 000 people. At present
(July 1978) the plant is serving the full Hamilron population
cf 90 000 people. The annual BODs loading on the plant for
1977-78 was 6 300 kg per day (73 g s-r) and the effluent
loading to the river was 3 400 kg per day (39 g s.) (J.
Knight, Hamilton City Council pers. comm.) The BOD;
loading to the river from Hamilton during these surveys
would have been closer to 6 300 kg per day than the present
level (by an unknown amount).

The other major waste discharge in the Cobham-
Ngaruawahia reach, the Te Rapa Dairy Factory, has not
substantially changed its loading on the river.

The DO dataare indicative of waters of reasonable quality
(McKee and Wolf 1963). Based on the classification of the
British Royal Commission on Sewage Disposal wherein a
BODs of less than 2.0 g md indicates "clean" conditions
(Hynes 1960), the same is true, in general, of the BODs data.

3.3.6 S UMMARy

Taupo-Karapiro Reach
From the few data collected ìn this reach, the river ap-

peared to be well oxygenated and concentrations of oxygen
demand were not high.
Karapiro-Tuakau Reach

A large amount of data was collected in this reach from
which it is clear that significant DO and oxygen demand
variations occurred daily and seasonally at all sampling sites.
To this must be added a weekly variation since the major
inflow of waste to the river from AFFCO Meatworks gener-
ally varied considerably over a seven-day period. Thus in
analysing profiles and distributions of DO and oxygen de-
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mand for the river, cognisance must be taken of the time at
which the samples were taken. The variations in DO cannot
be accounted for solely by variations in biochemical oxygen
demand over the same cycles.

Survey results indicate that river DO was influenced by
temporal variations of river temperature, river discharge , DO
and oxygen demand of water released from Lake Karapiro,
inflow of oxygen demand from waste outfalls, oxygen con-
sumption by respiration of aquatic plants and animals, and
oxygen production by photosynthetic activity of aquatic
plants. River DO is also affected by the inflow of DO from
tributaries (principally the Vy'aipa River).

Oxygen demand in the river was influenced by temporal
variations of river temperature, river discharge, oxygen de-
mand of water released from Lake Karapiro, and inflow of
oxygen demand from waste outfalls. River oxygen demand
was not substantially affected by inflow of oxygen demand
from tributaries.

Significant diurnal DO variations were observed with
maximum DO's recorded during the afternoon and minimum
values occurring near dawn. This diurnal va¡iation was
greatest for summer conditions of high water temperature/
low river discharge. In a period of24 hours, differences ofup
to2.9 g m-3 between daytime and nighttime DO at a sampl-
ing site were recorded. The daytime DO data show that a sag
of about 1.0 g m{ occurred tbroughout the 1975176 year.
Data for other years show a similar pattern. The sag began
near the Cobham site and reached a minimum DO usually at
Mercer; however for summer conditions this minimum was
located as far upstream as Ngaruawahia. The relative con-
stancy of the daytime DC sag throughout a year, allied to
inferences made from the results of the intensive surveys and
seasonal trends, suggests that aquatic plants make a signific-
ant contribution to the daytime oxygen resources of the river.
The limited nighttime data collected suggest that the
minimum of the nighttime sag is located further downstream
than the sag occurring during the previous day, and may be
larger in magnitude.

Winter DO in the river was found to exceed summer DO by
about 1.5 g --t over the whole Karapiro-Tuakau reach.

Site

9t

Oxygen demand in the river was at a maximum in the spring-
summer period.

No pronounced long-term trends have been identified; but
recent improvements in waste treatment, coupled with higher
river discharges and lowe¡ water temperatures in the I97 4-7 6
period, resulted in generally higher river DO and lower river
oxygen demand than had been measured previously.

The frequency distribution of the data suggests that the
river is in reasonable condition with respect to dissolved
oxygen and oxygen demand. The recent improvements in
waste treatment by the major dischargers of waste to the river
should improve this situation still further.

3.4 NITROGEN AND PHOSPHORUS SPECIES

3.4.1 INrnoDUCTroN

Although many nutrients are necessary for the growth and
survival of aquatic plants, overseas laboratory bioassay
studies have shown that nitrogen and phosphorus are the most
likely to be growth limiting. The forms of these which are
generally preferred by plants and animals as nutrients are
ammonia, nitrite, nitrate, orthophosphate, some organic nit-
rogen compounds such as urea (Goering, 1972; Stumm and
Stumm-Zollinger, 1972) and to a lesser extent molecular
nitrogen (Aguirre and Gloyna, 1967).

There are many factors which can add or remove nitrogen
and phosphorus from rivers. These factors may vary spatially
and temporally and include the following:
(a) Those which c\ange the total quantities of nitrogen and
phosphorus as well as the relative proportions ofnitrogen and
phosphorus species, for instance:
(i) inflows from point and diffuse sources, e.g. tributaries
draining agricultural, forest and urban areas, waste outfalls,
land runoff, groundwater;
(ii) atmospheric contributions, e.g. dust, rainfall.

These factors normally increase the total amounts of nitro-
gen and phosphorus. Under certain conditions the reverse can
occur, for instance the precipitation of phosphorus with
aluminium, calcium and iron compounds (Leckie and

I

(

Tua

T
R

TABLE 3.4.1 WAIKATO RIVER. SUMMARY OF PREVIOUS RECORDS FOR NITROGEN AND PHOSPHORUS.

Total
Nitrogen

Ammonia
Nitrogen

Nitrate
Nitrogen

Nítríte
Nitrogen

Organic
Nitrogen

Total
Phosphorus

Reactive
Phosphate-P

\garuawahia Br
Iainui Br. I

Rangiriri Br. I

Mercer Br. I

Iuakau Br. I

0.060
0.030- 1 .80

0.089-0.235

0.040- l.05

0.010-0.930

0-0.010
0.001-0.070

0-0. 1 33
0-0.01 I

<0.005

0.005
0.005
0 005

0.014-0. r 90
0-0.205

0.002-0.050
0.001-0.127
0.050
0.001-0.400
0.001-0.056

0.070

0.050

0.088-1.00
0.050
0.030
0.020
0 125
0.020
0 003-0.828
o-0.'t77

<0.001
<0.001

0.001
0-0.002

0.010

0.010

0.001-0.005
0-0.007

0.045
0.050-0.100

0.031-0.197

0.003-0.026
0.005-0.063

0.011-0.752
0.033-0.034

0.033

o.063-0.427
0.o3l-0.267

0-0.027
0.003-0.270

0.050-0.300
0.011-0.017

0.023

0 070-0.380

0.006-0.058
0.00 1 -0.078

Units: g m-3
Lake Taupo denotes north end of lake or Waikato River near Taupo.
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Stumm, 1970) and denitrification in water and sediments.
(b) Those which do not change the quantities of total nitro-
gen and total phosphorus, but do change the relative propor-
tions of the various nitrogen and phosphorus species, for
lnstance:
(i) decay of organic matter;
(ii) biological transformations, e.g. nitrification and reduc-
tion of nitrate;
(iii) release and adsorption of phosphate by sediments.

These arein sllø processes. In contrast some ofthe factors
in the previous category are direct inflows.

It was considered important to obtain records of nitrogen
and phosphorus from the Waikato River (and to a lesser
extent from the major inflows) so that longitudinal changes,
the effects of the inflows in causing these changes, and
temporal variations could be assessed. Although the data
pool only covers a few years it was also hoped that the
analysis of the data would give some insight into temporal
trends. Lam (1977) has suggested that blue-green algal
blooms could be likely even if nutrient concentrations, espe-
cially of phosphorus, increase.

The data presented are mainly those collected by Water
and Soil Division, Ministry of Vy'orks and Development
although some collected by other organisations are also dis-
cussed. Apart from two surveys between Taupo and Karapiro
Dam in December 1976 and March 1977 , the MWD data on
the Vy'aikato River has been collected between Karapiro Dam
and Tuakau.

Determinations for ammonia nitrogen, nitrate nitrogen,
organic nitrogen, reactive phosphate (total reactive phos-
phate prior to September 1975 and dissolved reactive phos-
phate after this date) and total phosphorus have been made
routinely as part of the MWD project on the Waikato River.
The name "reactive phosphate" is used in the text when total
reactive phosphate and dissolved reactive phosphate results
have been pooled. Only sporadic nitrite nitrogen measure-
ments have been made. All concentration data are presented
as nitrogen or phosphorus. Appendix 3.4 describes the
analytical methods.

3.4.2. GsNener- DsscRrprroN (LAKE Taupo - Tunxa u)

Longitudinal D e scription
Prior to the end of 1977, analyses for nitrogen and phos-

phorus on the Waikato River included:
(i) Those carried out between Taupo and Karapiro by Jolly
(1959,1968), Reid (1966), Hill (1969), Mahon (in Lloyd,
I 97 2), M agadza (197 3), Coffey (l 97 4), C hem is try D i v is ion,
DSIR (in WVA-MWD,l975) Ecology Division Freshwater
Section, DSIR (Coulter, 1977) and Water and Soil Division,
MWD.
(ii) Those between Karapiro and Tuakau by Vy'ater and Soil
Division, MWD, Chemistry Division, DSIR (in WVA-
MWD, 1975) and Auckland Regional Authority (partially
summaried in KRTA/Binnie and Partners, 1975).

Table 3.4.1 presents a summary of some data collated
from these sources. Coulter (1971) and Lam (1911) tabulate
these data in detail. When comparing these results, it is
important to realise that different workers collected samples
at different times and localities, and used different sampling
and analythical methods. For instance, there is doubt about
the phosphorus results because early work did not allow for
the effect of analytical interferences.

The ranges of results for each constituent at the various
sites are generally large, probably because of the manipula-
tion of discharges for power generation and because of sea-
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sonal effects such as those produced by biological activity.
Hill (1969) andMagadza(1973) both found seasonal cycles
of nitrogen and phosphorus concentrations in Lake Ohakuri.
The ranges appear to be smaller near Lake Taupo which is not
unexpected as Lake Taupo water is oligotrophic (Coulter,
1977). Despite these variations, the concentrations of the
constituents, with the possible exception of total nitrogen,
increase from Taupo to Tuakau, with large increases in Lake
Ohakuri.

The most recent longitudinal data along the Waikato River
from Taupo to Tuakau are those obtained from a survey in
March 1977 by MWD . Figure 3 .4. 1 presents concentrations
of nitrogen and phosphorus species measured during this
survey and also those recorded during a MWD survey be-
tween Taupo and Karapiro in December 1976. The Mihi
Bridge values are for samples collected from the left side of
the river because the Waiotapu Stream flows into the
Waikato River on the right side approximately l00m up-
stream of Mihi bridge and does not fully mix with the river
until a considerable distance downstream from the bridge.

Concentrations of each constituent at each sampling site
fell within the ranges given in Table 3.4. I . A general trend of
increasing concentrations of nitrogen and phosphorus species
was evident from Taupo to Tuakau, although concentrations
frequently decreased between Rangiriri and Tuakau. The
smallest increase was 1.5 times for ammonia and the largest
25 times for nitrate.

Ammonia, nitrate, total phosphorus and dissolved reactive
phosphate increased significantly between Lake Taupo and
Mihi Bridge. Coulter (1977) states that much of the concent-
ration increases in this reach of the river are caused by
geothermal inflows.

The increases in concentrations between Mihi Bridge and
Lake Ohakuri may have been caused by inflows from the
Waiotapu and Whi¡inaki Streams and the decreases in Lake
Ohakuri by biological uptake. Increases observed in Lake
Maraetai, particularly for organic nitrogen during the March
1977 survey, were probably caused by effluent discharge
from the Kinleith Pulp and Paper Mill which contained a high
concentration of this constituent (refer Table 3.4.2).
Downstream from Lake Karapiro, peaks of ammonia and
dissolved reactive phosphate occurred at Ngaruawahia
Bridge below the AFFCO Meatworks at Horotiu. Organic
nitrogen and both phosphorus species showed peaks below
the Hamilton City Council V/ater Pollution Control Plant. An
organic nitrogen peak at Fergusson Bridge was not explained
and none ofthe other constituents exhibited peaks at this site.
Organic nitrogen and total phosphorus also increased below
the confluence of the Waipa River, and nitrate nitrogen
showed a general increase between Karapiro Dam and
Mercer.

Inflows
Table3.4.2 shows discharge, concentration and massflow

data from some of the inflows sampled during the March
1977 survey as well as data from Coulter (197'7). Data from
Wairakei Stream, Parariki Stream and hot springs in the
Orakei-Korako area showed high chloride concetrations and
are presented to exemplify geothermal waters. Inflows from
all the geothermal sources are exceedingly difficult to mea-
sure as they are mostly diffuse. This table demonstrates that
nitrogen and phosphorus concentrations in geothermal wat-
ers are variable. For example, the Parariki Stream has the
highest ammonia concentration, probably as a result of reten-
tion of ammonia at the low pH values measured in this stream
(pH - 2,cf 8 in the other two geothermal streams). McColl



TABLE 3.4.2. WAIKATO RIVER. DISCHARGE, CHLORIDE, NITROGEN AND PHOSPHORUS DATA FROM SOME INFLOWS

Site
llairakei
Stre¿m

Parariki
Stream

Orakei-
Korako

Waiotapu
Stream,

14hirinaki
Stream

Kinleith
Pulp

and Paper
Mill

Hamilton
City

Pollution
Control
Plant

AFFCO
Waipa
River

Chloride
Total nitrogen

Ammonia
nitrogen

Nitrate nitrogen

Organic nitrogen

Iotal phosphorus

Dissolved reac.
ohosnhate - P

Source
(m"s-t)
(conc)
(conc)
(mÐ

(conc)
(mÐ
(conc)
(rnÐ
(conc)
(mÐ
(conc)
(mÐ
(conc)
(mO

MWD Coulter
t.l2
1250
o.294 0.683
0.33

0.136 0.024
0. r5
0.097 0.378
0.11
0.061 0.281
0.07
o.'t'to 0.075
0.86
0.031 0.0.+4
0.04

MllD Couher
0.09
396 36-27s
10.7 ca8.50
o.97

10.63 6.f8-9.72
o.g7
0 0.005-0.026
0
0.110 0.074-0.128
o.0l
o.295 0.130-0.320
0.03
0.130 0.096-0.170
0.01

Coulter

0.268

o.172

0.004

o.o92

0.1 10

0.040

MWD Couher
3.26
73 1 1-36
1.95 0.610-2.r3
6.3

0.088 0.140-0.341
0.29
o.l'74 0.364-t.25
0.5'7
1.68 0.109-l.48
5.49
0.596 0.061-0 356
1.94
0.084 0.028-0.109
0.27

MWD
22.48
25
0 253
5.7

0 007
o2
0.012
0.27
0.234
5.3
0.050
1.1
0.012
0.2'7

MWD
3.90
68
3 3l
t29

0.138
0.54
0.034
0. l3
3. l0
12.t
o.283
l l0
0.017
0.07

MWD
0.32
8ó

l2

27.4
8.8
0.007
<1
9.'75
3.1
7.O3
2.3
5.00
1.6

MWD
016
855
221
35

68
l1
o.0'79
001
153
25
14.2
2.3
4.3
o7

MWD
21.60
25
0.543
11.7

0.045
1.0
0.217
4.69
0 260
562
0.117
2.53
0.078
I -'7
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Discharge
Chloride
Total nitn

Ammonia
nitrogen

Nitrate nil

Organic n

Total phor

Dissolved
phosphate

Units: Concentration (conc) g ma
Massflow (mÐ g s-t

(1975) cites a similar occurrence in the Tikitere Springs,
Rotorua.

The other inflows listed in 'table 3.4.2 are tributaries
draining agricultural areas (although the rrly'aiotapu Stream
also has geothermal inflows in its upper reaches) and wastes.
The latter individually contributed the largest quantities of
most nutrient species shown, while the Waipa River was the
largest inflow of nitrate.

In order to obtain an idea of the relative importances of
geothermal and agricultural inflows to nitrogen and phos-
phorus concentrations in the Waikato River between Taupo
Gates and the upstream end of Lake Ohakuri (at Tutukau
Bridge), the Ma¡ch 19'17 data was used to calculate the
expected concentration changes (using equations given in
Appendix 3.6) in three short sections in this reach. Mean
daily discharges were used for the river sites (142 m3s-1 at
Taupo Gates) and instantaneous discharges measured at the
times of sampling were used for the inflows. Table 3.4.3
tabulates the observed and calculated concentration changes
for the nitrogen and phosphorus species measured.

Both the total nitrogen and total phosphorus figures in the
table suggest that the Wairakei Stream accounted for only
part of the nutrient inflow to the river between Lakes Taupo
and Aratiatia. The five tributaries between Lake Aratiatia and
Mihi Bridge accounted for the inflow of total phosphorus in
the second reach. However some removal of ammonia nitro-
gen is implied by the observed increment in ammonia being
some 557o less than that calculated. A loss of organic nitro-
gen may have occurred, but the error in the method of
analyses for this parameter can be substantial. The calculated
increment of total nitrogen in the third reach, due tq the

rilaiotapu Stream tributary inflow between the Mihi and
Tutukau Bridges, was not observed implying that substantial
removal of nitrogen (but not phosphorus) was occuring. In
particular there was a loss of ammonia in this reach.

The largest increase of ammonia was calculated and ob-
served for the reach between Aratiatia Dam and Mihi Bridge,
and appeared to be mainly due to the inflow from the Parariki
Stream which contained a very high concentration of am-
monia derived from its geothermal source (refer Table
3.4.2).

Dissolved reactive phosphate showed the largest concent-
ration increase between Aratiatia Dam and Mihi Bridge, as

calculated. Apart from the geothermal Parariki Stream, this
reach receives inflows from several tributaries draining
agricultural areas.

3.4.3 LoNcrruDrNAL DBscnrprloN (Kanaerno DAM-
Tunxeu)

Profiles of mean nitrogen and phosphorus concentrations
from January l974to November 1976 (when routine sampl-
ing ceased) are presented in Figure 3.4.2.

The mean total nitrogen concentration doubled between
Fergusson and Tuakau Bridges with most of the increase
occuning between the Narrows and Ngaruawahia Bridges.
This 30 km stretch of river receives most of the urban and
industrial waste inflows below Karapiro Dam. Ammonia
concentrations were only slightly greater at Tuakau than at
Fergusson Bridge, but there was a peak at Ngaruawahia,
below the AFFCO Meatworks at Horotiu, which was almost
twice the concentrations measured at the adjacent Horotiu

TABLE 3.4.3. IWAIKATO RIVER. OBSERVED AND CALCT]LATED CONCENTRATION CHANGES FOR NITROGEN AND PHOS-
PHORUS IN THREE REACFIES BETWEEN TAUPO GATES AND THE TOP OF LAKE OHAKURI.

Taupo Gates-Aratiatia Daml Aratiatia Dam*Iihi Bridge2 M ihi B ridg e -Tutukau Bridg e3

observed AC calculnted AC observed LC <:alculated AC observed L,C calculated LC

Iotal nitrogen (g m-t)
Ammonia nitrogen (g m*)
Nitrate nitrogen (g m4)
Organic nitrogen (g m-t)
Iotal phosphorus (g m-3)
Dissolved reactive
phosphate-P (g m*)

+0.021
0

+0.006
+0.015
+0.012

+0.002

+0.002
+0.001
+0.001
<0.001
+0.006

<0.001

+0.027
+0.018
+0.018
-0.009
+0.008

+0.009

+0.038
+0.008
+0.014
+0.01ó
+0.009

+0.005

-0.001
-0.029
+0.001
+0.02'7
+0.010

-0.002

+0.042
+0.002
+0.004
+0.036
+0.013

+0.002

Total nit¡
Ammonia
Nitrate ni
Organic n
Total pho
Dissolved
phosphate

I Reach contains one inflow:
2 Reach contains five inflows:
3 Reach contains one inflow:

Wairakei Stream
Parariki Stream, Pueto Stream, Kereua Stream, Kaiwhitiwhiti Stream, Torepatutahi Stream

Waiotapu Stream.
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and Tainui sites. Nitrate increased three-fold below Fergus-
son Bridge, two thirds of which occurred between
Ngaruawahia and Tainui Bridges.

Thc nitrogcn conccntration doubled between Fergusson
and Tuakau Bridges and, as with ammonia, showed a large
peak at Ngaruawahia. A nitrite profile is not included in
Figure 3.4.2becalse nitrite determinations were not under-
taken routinely. Past results (refer Table 3.4.1) have shown
this constituent to be present at very low concentrations
which have never exceeded 0.009 g m-3 in the lower reaches
of the Waikato River.

Total phosphorus and reactive phosphate concentrations
showed similar trends. They increased slightly between Fer-
gusson and Tuakau Bridges with the largest increases occur-

between
ause of a
nitrogen
ean total

nitrogen concentration up stre am of Ng aruaw ah ia artd 53Vo at
Tuakãu. Ammonia constituted only a small proportion of
total nitrogen (3-8Vo).

Mean reactive phosphate values decreased slightly from
45Vo of the mean total phosphorus concentrations at Fergus-
son Bridge to 38%o at Tuakau.

3.4.4 Tøv'poRAL VenrarloNs (K¡n¡,ptno DAM-
Tu¡,r¡u)
Short Term Temporal Variation

Samples were collected at five minute intervals for one to
one and a half hours from Cobham and Horotiu Bridges
during l.sl.ay 1974. The results are presented in WVA-MWD
(le7s).

Variations in the measured concentrations were sma,fl at
both sites and were similar to errors attributed to sampling
and analytical methods (5Vo and 8Vo for nitrate and total
reactive phosphate respectively).
Diurnal Vqriations

results from
arapiro and

creased with
increasing distance below Karapi¡o Dam (0.010-0'43 g m-3
and 0.014-0.104 g m-3 at Fergusson and Rangiriri Bridges
respectively during the February 1974 survey). In constrast
with dissolved oxygen, which showed regular diurnal varia-
tions with all sites in phase (refer section 3.3.2), they were
not regular and they did not occur at the same time at each
site. Nitrate concentrations were, however, higher in the

during late afternoon between
during both surveys, suggesting
in this reach of the river. It is
discharges affected these varia-

tions because the discharges remained almost constant at
each site for the duration of each survey (refer Table 3 .3 . 1 in
section

Tota concentrations (only measured
during rvey) exhibited temporal varia-
'tions th smaller than those measured for
nitrate during the same survey. They did not show any
obvious diurnal pattern.
Seasonal Variations

Figures 3.4.3 to 3. 4. 5 show profiles of monthly concentra-
tion and massflow values for nitrogen and phosphorus
species at Fergusson, Ngaruawahia and Rangiriri Bridges.
Monthly mean values have'been used where more than one
sample was collected durine a month.

The nitrate profiles show the clearest seasonal patterns.

With the exception of some small summer peaks, which
occurred at the same time as small discharge peaks, summer

values were low antl the highcst values occurred during
winter months. The massflow profiles show that by far the

majority of the annual mass output of nitrate from the river
occurred during late autumn and winter.

The concentration and massflow profiles of nitrate during
1975 and 1976 at Fergusson and Ngaruawahia Bridges were

similar in shape and amplitude to those observed at Karapiro
Dam. This implies that nitrate concentrations in the Waikato
River between Karapiro Dam and Ngaruawahia are primarily
affected by inflows and processes in the Waikato River above

Karapiro Dam. These include leaching of nitrate derived
from fixation of atmospheric nitrogen (During, l97l),
biological uptake as observed in Lake Ohakuri by Hill (1969)

and Magadza (19'73) and dilution of inflowing water contain-
ing higher concentrations of nitrate with less enriched
Waikato River water.

The concentration and massflow profiles for nitrate at

RangiririrBridge were in phase and similar in shape to those at

Fergusson and Ngaruawahia Bridge. However, the concen-

trations and massflows and magnitudes of variation at Ran-

giriri Bridge were greater than at Ngaruawahia Bridge, re-

flecting the effect of nitrate rich tributary inflows such as the

Waipa River between Ngaruawahia and Rangiriri.
Nitrate concentration and massflow peaks measured dur-

ing 1974-1916 were larger than those measured during the

two preceeding years. It is interesting that cropping ac-

tivities, especially of maize, have increased in the Waikato
since 1974. Land for growing maize is cultivated during July
and August and as a result organic nitrogen in the soil system

may into other forms such as

nitra th late autumn and winter
rain trate derived from the soil
organic nitrogen can be leached by these rains. Nitrogen
fertilizer is generally added to maize crops after two seasons

of growth to replenish the depleted soil nitrogen (R' Bonner,
Kiwi Fertilizer Co., Morrinsville, pers. comm.)'

Variations of reactive phosphate massflows and concen-

trations, for which there are slightly longer records than for
nitrate, were smaller and had a large random component.
Peak values generally occurred during late autumn and

winter. A distinctive peak also occurred during March 1973

at each of the sites. Phosphorus can be gained by the Waikato
River in quite appreciable quantities by sutface runoff and

soil erosion (During, 1971).
Only a three he other nitrogen

and phosphoru interPretation is

more difficult. that variations of
ammonia and organic nitrogen were largest at Ngaruawahia
Bridge, reflecting variations in waste discharge from the

AFFCO Meatworks at Horotiu. Total phosphorus variations
were similar at all sampling sites with concentrations and

massflows increasing downstream. Concentrations of or-
ganic nifrogen and total phosphorus at each of the sites

showed random seasonal variations. Ammonia concentra-

tions at Fergusson and Rangiriri Bridges did not show this
pattem because killing activity at the AFFCO Meatworks is
lowest during winter.

Frequency distributions of the nitrate and reactive phos-

phate concentration data are presented in Figures 3.4.6 and
3.4.7.

Nitrate concentrations were positively skewed at all sites,

reflecting the predominance of the lower summer values ' The
concentration range was similar for the Fergusson and
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Ngaruawahia sites, but had doubled at Rangiriri indicating
the variable effects of inflows and probably also increased
biotic uptake and organic decomposition in the shallower and
slower moving water downstream of Ngaruawahia. At Ran-
giriri only about I 57o of the n itrate concentrations were lower
than 0.100 g m-3 and five per cent of the measurements
exceeded 0.700 g m-3.

The distribution of reactive phosphate concentrations were
generally more symmetrical than those for nitrate, and the
symmetry increased from Fergusson to Rangiriri Bridges.
The ranges, however, decreased with increasing downstream
distance. Approximately l)Vo of the concentrations were
lower than 0.010 g m-3 and only five per cent exceeded
0.035 g m-3 at Ngaruawahia and Rangiriri.

3.4.5 Meron INrr-ows (Kanarrno Dau-Tuaxeu)

The data presented are for the year October 1975 to Sep-
tember 1976, rhe period during which the tributary inflows
from the subcatchments with areas greater than 50 km2, the
effluent discharges, and the Waikato River sites were sam-
pled at regular monthly intervals (Gfer sections 3.1.1 and
3.1.2).

The effects of the major inflows on concentrations in the
Waikato River were determined by using equation (l) in
section 3.1.3 to calculate the changes in Waikato River
concentrations expected from major inflows for each survey
during this period. Instantaneous discharges were used.
Nitrogen

Table 3.4.4 tabulates mean discharge, concentration and
massflow data for the major inflows of total nitrogen, nitrate
and organic nitrogen during the period October 1975 to
September 1976.

By far the largest single source of nitrogen was the Waipa
River, the biggest tributary flowing into the Waikato River
downstream from Karapiro Dam. In particular, the Waipa
River was a largo source of nitrate, contributing 4lVo of the
total mean nitrogen and60Vo of the total mean nitrate inflow
measured between Cambridge and Tuakau. The mean nitrate
concentration in the Waipa River was more than three times
greaterthan that in the Waikato River at Ngaruawahia Bridge
(0.568 and 0.180 g mr respectively).

The Mangawara Stream and Whangamarino River were
the second largest tribùtary inflows of nitrate and organic
nitrogen respectively. The mean nitrate concentration in the
Mangawara Stream was more than twice that in the Waipa
River and the mean organic nitrogen concentration in the

Whangamarino River was more than twice that in the
Vy'aikato River at Rangiriri. In contrast to the Waipa River in
which most of the nitrogen was present as nitrate, the major-
ity of nitrogen in the Whangamarino River was prescul as

organlc nrtrogen.
The only sizeable industrial discharge of nitrogen was

from the AFFCO Meatworks at Horotiu which contributed
the third largest massflow of organic nitrogen to the Waikato
River downstream of Karapiro Dam. The mean concentra-
tion of organic nitrogen in this waste was almost 100 g mi ,

(70Vo of the total nitrogen present), which is consistent with
published data for meatwork wastes (Hanson and Fiynn,
l96s).

Figures 3.4.8 to 3 .4.10 show mean longitudinal concentra-
tion ald massflow profiles between Karapiro and Tuakau for
total nitrogen, nitrate and organic nitrogen.

Good agreement was generally found between the mean
observed and calculated massflows at each site, suggesting
that, on average, the nitrogen species generally behaved
"conservatively" in the Waikato River, i.e. in general no
in-river processes which increase or decrease quantities of a

constituent were operating or ifso the processes were equally
balanced overthe year. Howevermassflows of nitrate have in
fact been observed to decrease between Huntly and Tuakau
during some summer months, e.g. during December 1975
the nitrate massflow decreased from 20.0 g s-1 at Tainui
Bridge to 1.0 g s-1 at Tuakau. These decreases are attributa-
ble to algal uptake.

The largest increases in the concentration and massflow of
total nitrogen occurred between Horotiu and Tainui Bridges,
the reach in which the Waipa River, Mangawara/Komakorau
Streams and wastes from the AFFCO Meatworks at Horotiu
and the NZDC dairy factory at Taupiri, discharge into the
Waikato River.

Mean nitrate massflows and concentrations showecl the
largest increases between Ngaruawahia and Tainui Bridges.
A three-fold increase in the massflow was reflected in an

almost two-fold concentration increase between these two
sites. The Waipa River inflow caused most of these in-
creases.

The largest increase of organic nitrogen concentration
occurred between Horotiu and Ngaruawahia Bridges and was
caused by waste discharge from the AFFCO Meatworks at
Horotiu. The Waipa River, although the largest inflow of
organic nitrogen, only caused a small organic nitrogen con-
centration increase between Ngaruawahia and Tainui
Bridges (refer Appendix 3.6). A small but significant in-

Disc
Tota

TABLE 3.4.4. WAIKATO RIVER. MEAN DISCHARGE, CONCENTRATION AND MASSFLOW DATA FOR THE LARGEST

Organ

Dissol

UNITS: concentration (conc) g m-3
massflow (mÐ g s-t

INFLOWS (OCTOBER 1g75-SEPTEMBER 1976).

Total Inflows Waipa River
Mangawara

Stream
14hangamarino

River
Pollution
control
Planl

AFFCO

)ischarge (m3s-r¡
'otal Nitrogen: conc

mf
litrate nitrogen: conc

mf
)rganic nitrogen: conc

mf
'otal phosphorus: conc

mf
)issolved reactive phosphate-P:

conc
mf

t82.04

253

108

119

21

5

104.01
0.939
I 04.5
0.568
65.3
0.349
36.4
0 113
9.9

0.026
2.3

6.54
3.00
226
1.39
12.0
0.897
6.1
0 165
1.0

0.066
0.5

28.5
1.055
348
0.2'72
6.1
0.724
26.'7
0.098
3.1

0.010
0.3

0.17

5.33
08

t.79
0.4

0.20
130
28.1
0.070

0
98.5
19.3
13. I
2'7

4.80
0.8
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crease in organic nitrogen concentration also occurred be-
tween Rangiriri and Mercer and was attributed mainly to the
inflow from the Whangamarino River.

It is also impoftant to consider contributions of nitrogen
from the larger inflows as a function of time because their
effects on the river may be greatest during summer months
when plant response is greatest. Figures 3.4.11 to 3.4.13
show concentration and massflow plotted against time from
October I975 to September 1916 for nitrate between
Ngaruawahia and Tainui Bridges, and organic nitrogen be-
tween Horotiu and Ngaruawahia Bridges and between Ran-
giriri and Mercer.

Massflows of nitrate in the Vy'aikato and Waipa Rivers
varied seasonally (refer section 3.4.4.). During summer
months (November-March) the nitrate massflow in the
Waipa River was only 20Vo less than that in the Waikato
River at Ngaruawahia Bridge whereas during winter it was as

much as 75Eo greater. These seasonal variations were re-
flected in the concentration profiles. It is evident that the
Waipa River was the major cause of the'i¡creases in nitrate in
the Waikato River between Ngaruawahia and Tainui
Bridges, and that its effect was greatest during winter. The
influence of the Mangawara Stream was also greatest during
winter.

The massflow of organic nitrogen in the AFFCO Meat-
works discharge was reasonably constant during the year,
although low values were measured during October 197 5 and
August 1976 when killing activity was low (L. Adams,
AFFCO, pers. comm.). The concentration profile at Horotiu
Bridge showed peaks during November 1975 and February
1976, months when the numbers of phytoplankton in the
Waikato River were greatest. The observed Ngaruawahia
Bridge profile was similar except that the waste inflow from
the AFFCO Meatworks caused the organic nitrogen concen-
tration at this site to çmain high through most of summer and
autumn.

A similar seasonal pattern of organic nitrogen was ob-
served at Rangiriri and Mercer as at upstream sites. The
'Whangamarino River is generally the largest inflow to this
reach of the Waikato River, and discharged particularly large
massflows of organic nitrogen during December 1975 and
January 1976. However the organic nitrogen concentrations
observed at Mercer during these two months \vere not as high
as expected. It is possible that particulate organic nitrogen
matter from the Whangamarino River settled out in the
Waikato River during summer months when flow velocities
and discharges in the Vy'aikato River were at their lowest, or
that organic nitrogen was metabolised by plants and
plankton.
Phosphorus

The largest inflow oftotal phosphorus and dissolved reac-
tive phosphate to the Waikato River downstream of Karapiro
Dam was the Vy'aipa River (Table 3.4.4). Mean concentra-
tions of these species in the Waipa River were slightly less
than twice those in the Waikato River at Ngaruawahia.

The only other major tributary inflow of phosphorus was
the Whangamarino River which contributed the second
largest inflow of total phosphorus. The mean concentration
of total phosphorus in this tributary was almost twice that in
the Waikato River at Rangiriri (0.090 and 0.058 g m-3 re-
spectively).

In common with the other tributaries sampled, the Wha-
ngamarino River contained a low mean concentration of
dissolved reactive phosphate (0.011 g m-3). This suggests
that dissolved reactive phosphate may have been absorbed
onto particulate matter, which in the rüy'hangamarino River

originates from swamps. A similar observation has been
made for the Komakorau Stream which contains a high
concentration of total iron (10.6 g m-3 compared with less
than 1.0 g m{ measured in the Waikato River in 1974). This
adsorption phenomenon is well documented (Leckie and
Stumm, 1970).

The AFFCO Meatworks was the largest industrial source
of total phosphorus and dissolved reactive phosphate. The
HCC Water Pollution Control Plant, although a minor source
of total phosphorus, was the fourth largest source of dis-
solved reactive phosphate.

Figures 3.4.14 and 3.4.15 show the mean longitudinal
concentration and massflow profiles for total phosphorus and
dissolved reactive phosphate. Mean massflows of these con-
stituents increased by almost three-fold between Karapiro
Dam and Tuakau and good agreement was generally found
between mean observed and calculated massflows at each
site. The largest massflow increases occurred between
Ngaruawahia and Tainui Bridges. These were not reflected
by correspondingly large concentration increases between
these sites because mean concentrations oftotal phosphorus
and dissolved reactive phosphate in the Vy'aipa River were
less than double those measured in the Vy'aikato River at
Ngaruawahia Bridge.

The significant increase in the concentration of total phos-
phorus between the Narrows and Cobham Bridges cannot be
explained by the measured inflows in this reach (the Ma-
ngaonua and Mangakotukotu Streams). Although these re-
sults imply the presence of unmeasured inflows, they are not
evident from discharge records. The waste inflow from the
AFFCO Meatworks at Horotiu caused a significant increase
of total phosphorus concentration between Horotiu and
Ngaruawahia Bridges.

The observed total phosphorus concentration profiles at
Horotiu and Ngaruawahia Bridges were similar with a large
summer peak and a smaller winter peak at each site (Figure
3.4.16). The massflow of total phosphorus in the AFFCO
Meatworks discharge was reasonably constant throughout
the year. Its effect in increasing total phosphorus concentra-
tions at Ngaruawahia Bridge was also reasonably constant for
most of the year and less than the effect it had in increasing
organic nitrogen concentrations in this reach of the Waikato
River.

3.4.6 D¡scussroN

The V/aikato River becomes increasingly enriched with
nitrogen and phosphorus from the Taupo Gates to Tuakau.
The results from the March 1977 survey showed that total
nitrogen and total phosphorus concentrations respectively
increased from 0.090 and 0.008 g m-3 at Taupo Gates to
0.420 and 0.047 g m-3 at Mercer.

A considerable part of this enrichment occurred between
the Taupo Gates and Lake Ohakuri. Lakes Taupo and
Aratiatia are oligotrophic whereas Lake Ohakuri and the
other hydro-lakes are eutrophic.

Lake Ohakuri exhibits a higher residence time than the
other hydro-lakes (one to two weeks, Magadza, 1913) and
high areal loadings. Coulter (197'7) calculated loadings of
56.5 g m-2 yr-1 for total nitrogen and 11.3 g --t yr-1 for
total phosphorus, conditions which are commonly consistent
with eutrophic conditions (Dillon, 1975). The MWD results
from March 1977 suggest that the nitrogen and phosphorus
species flowing into Lake Ohakuri at that time were mainly
agricultural in origin. The largest inflow ofthese constituents
was from the..Waiotapu Stream which, with the exception of
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ammonia derived predominantly from geothermal inflows in
its upper reaches, receives the other niirogen and phosphorus
species from agricultural sources. In addition, Lake Ohakuri
received considerable quantities of nitrogen and phosphorus
from the Whirinaki Stream which drains a large agricultural
region (Table 3.4.2). In the absence of these inflows it is

conceivable that these nutrients could be limiting to growth
of aquatic plants in Lake Ohakuri.

The town of Taupo discharges treated sewage into the
Waikato River. White (in Coulter, 1977) estimated that about
l3 kg day{ ofphosphorus and 78 kg day-1 ofnitrogen would
be added by the Taupo Sewage (13 500 people), the approx-
imate present population of Taupo. Full development of the

Taupo sewage plant to a design capacity of 54 000 will result
in a discharge of about 52 kg day -r of phosphorus and 3 I 2 kg
day-1 of nitrogen (i.e. 0.6 g s-1 and 3.6 g s-1 respectively).
These latter figures represent 30-50Vo of the total nitrogen
and total phosphorus massflows from the Waiotapu Stream
during March 1977, making Taupo a large future nutrient
loading on the Vy'aikato River. These population figures are

for winter months, and do not take account of the large
population increase (four to eight times) which occurs every
summer.

The doubling ofthe organic nitrogen concentration in Lake
Maraetai during the March 1977 survey was probably caused
by the waste discharge from the Kinleith Pulp and Paper Mill
which contained more than 3.0 g m-3 of this constituent. '

Downstream from Karapiro Dam the largest inflow of
nitrogen and phosphorus was the Waipa River. In particular
this tributary caused nitrate concentrations in the Waikato
River to double between Ngaruawahia and Huntly. The
AFFCO Meatworks at Horotiu and the Whangamarino River
were also large sources of organic nilrogen and total phos-
phorus; the discharge from the former caused the largest
increases in ôrganic nitrogen concentration measured
downstream from Karapiro Dam. The HCC Water Pollution
Control Plant, although the fourth largest inflow of dissolved
reactive phosphate, only caused the mean river concentration
of this constituent to increase by 0.002 g m-3. Now that
almost all of the city's discharges have been connected to this
plant (compared with 45Vo at the end of 1976) it is possible
that the effect of this plant on the concentration of dissolved
reactive phosphate in the Waikato River will have doubled.

NGARUAWAHIA In=97 I
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FIGURE 3.4.6: FREQUENCY DISTRIBUTIONS OF NITRATE-NITROGEN AT FERGUSSON, NGARUAWAHIA AND
RANGIRIRI, 1972-16.

There were generally no major differences between ob-
served and calculated massflows at any of the river sites,
suggesting that all the important inflows had been sampled.
White (1972) states that rain, dust and salt particles can

contribule phosphorus and this could be expected in the
'Waikato where superphosphate fertilizer is applied by aerial
topdressing. Baber and Wilson (19'72) have also shown that
groundwater in the Waikato can contain high nitrate concen-
trations and this may well be a source of nitrate to some
reaches of the river.

Diurnal variations of nitrogen and phosphorus species

measured during summer have been irregular and considera-
bly smaller than the regular seasonal variations observed.
The largest and most regular seasonal variations measured
have been for nitrate. At Rangiriri nitrate concentrations have

exceeded 0.600 g m-3 during the winter since 1973 and

daytime summer concentrations of nitrate have often been

less than 0.100 g m-3. The ARA have also measured sum-
mer nitrate concentrations approaching 0.000 g m-3 at
Tuakau (D. Ogilvie, ARA, pers. comm.). The higher winter
concentrations observed since 1973 may have resulted from
increased cropping activities in the Waikato. Reactive phos-
phate winter concentrations have generally not exceeded
0.040 g m-3 and summer concentrations less than
0.010 g m-3 have only been measured on a few occasions.

Sawyer (1952) has suggested that concentrations of inor-
ganic nitrogen and reactive phosphate in excess of
0.300 g m-3 and 0.010 g m-3 respectively may promote
vigorous algal growth. These conditions occur in the
Waikato River during late autumn and winter when algal
biomass is low and physical conditions e.g. temperature,
discharge, are not suitable for algal growth (refer section
4.4). The ohservation that summer nitrate concentrations are

often below 0.300 g m-3 and dissolved reactive phosphate

concentrations are seldom less than 0.010 g m-3 suggests

that inorganic nitrogen may be limiting to algal growth in the

lower reaches of the Waikato River.
Fixation of atmospheric nitrogen by clover and luceme is

the major source of nitrogen for Waikato pastures. Weeda
(1970) has estimated that white clover fixes 3-6 x 105 tonnes
yr-1 of nitrogen in the Waikato. A large proportion of this is
converted to soluble nitrate by the dynamic soil-pasture-
animal system and lost during the wetter times of the year by

RANGtRtRt ( n= 80 )
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surface runoff and infiltration'through the pumice soils and
yellow-brown loams of the Waikato catchment. When the
mean annual nitrate massflow for the last year of data at
Tuakau of 180 g s-l (i.e. approximately 6 x 103 tonnes yr-l)
is compared with the estimate by Weeda (1970) for the
quantity of nitrogen fixed from the atmosphere annually,
then one to two percent of of the atmospherically-fixed nitro-
gen appeared at Tuakau as nitrate. These percentages agree
with those calculated by During (197 l), but they do not take
nitrogen assimilated by algae into account.

When mean total nitrogen for the year at Tuakau
(370 g s-1) is considered, then this represents two to four per
cent of the nitrogen fixed from the atmosphere annually. The
remainder of the fixed nitrogen may be lost to the atmsophere
as gaseous nitrogen, remain in the soil-plant-animal system
as inactive organic forms of nitrogen, or be lost to ground-
water. Baber and Wilson (1972) found that 327o of the 126
groundwater wells sampled in the Vy'aikato had nitrate con-
centrations greater than l0 g m-3 as N.

Approximately 20 000 tonnes of phosphorus are applied
annually as fertilizer in the Waikato (During, 1971). This
phosphorus is solubilized by soil moisture and may then be
rapidly immobilized by sorption onto soil particles. It can be

taken up by plants or lost by leaching. Phosphorus may also
be derived from animal dung. The phosphorus in animal

dung is largely soluble and During (1971) has estimated that
animal dung may contain 0.3-0.7Vo of the total amount of
phosphorus applied as fertilizer. The mean massflow of total
phosphorus at Tuakau during the last year of sampling
(30 g s-1) represented slightly less than 5Vo of the phos-
phorus applied as fertilizer. This figure is slightly higher than
that derived from During (I971) (three per cent).

The Waikato River is one of the most utilised rivers in the
country and is considered by New Zealand standards to be
"polluted" and aesthetically displeasing. Table 3.4.5 pre-
sents nutrient data fiom the Waikato, Tarawera, Rakaia and
Buller Rivers (Water and Soil Division data), the Hutt River
(Chemistry Division, DSIR, pers. comm.), the Wanganui
and Manawatu Rivers (Water Resources Officers, Regional
Water Boards, pers. comm.), the River Ebbw Fawr in Wales
(Williams er a l, 1916) and the Trent River in England (rffater
Resources Board 1973).

Feth (1966) suggested that in flowing waters less than
0.25 g m-3 of total nitrogen is considered "low" and Vol-
lenweider (1968) suggested that flowing waters with only a

slight organic load contain less than 0.25 g m-3 total nitrogen
and less than 0.05-0.10 g mi total phosphorus. On the basis
of these figures, the New Zealand rivers for which data is

presented in Table 3.4.5 are not high in phosphorus but, with
the exceptions of the Rakaia and Buller Rivers, are enriched

Rr

TABLE 3 4.5. WAIKATO RIVER, COMPARISON WITH OTHER RIVERS FOR NITROGEN AND PHOSPHORUS

Waik
Tarav
Wanp

Mana

Hutt

Rakai
Bulle
Ebbw

Trent

ver Site Total
nttroSen

Ammonia
nttroSen

Nitrate
nttrogen

Nitrite
nitrogen

Organic
nitrogen

Total
phosphorus

Dissolved
phosphate

/aikato
arawera
/angan ui

Ianawatu

utt

akaia
uller
bbw Fawr

rent

Tuakau
Awakaponga
Town Br.
Wanganui
Shannon/
Moutoa area
aquifer
recharge area
Gorge
Te Kuha
Tredegar
Park
Nottingham

0 4t3-0.783

0.363-r.642
0 416-0 711

0.002-0.205
0 004-0 r 15

0 l6-0.99

0.01-0. 13

o oo4-0.322
<0.005

0-0.920
0.200-3 900

0-l.100
0.016-0 160

0.2-0.24

0.148-0.475
0.027-0.153

<0.010-0.1 l0

o.220-0.950
3.100-11.30t

<0.010
0

<0.010

0.238-0.699
0.295-0.663

0.028-0.3 86

0.044-0.095
0.075-0.113

0.009-0.051

0-0.054
0.020-0.087

<0.05

0.03-0.06

0.004-0.028
<0.010-0.112
<0.010

0.080-0.340

Units of N and P: g m-3
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with nitrogen. These latter two rivers do not drain intensive
agricultural regions. When compared with the New ZæaIand
rivers, the Waikato River contains the highest concentrations
of nitrogen and, with the exception of the Tarawera River,
the highest concentrations of phosphorus. However, in com-
parison with the two British Rivers, particularly the Trent,
and rivers in the U,S.A. (for which Sanders (1912) gives a

total nitrogen concantrùtion range of l-54 g m-3), the
Waikato River is low in both nitrogen and phosphorus. Since
the World Health Organisation (1963; 1970) suggest an
upper limit of 10 g m-3 nitrate-nitrogen concentration in
potable water supplies the nitrate concentrations at Tuakau
are sufficiently low not to pose a drinking water health
hazard.

3.5 RIVBR APPEARANCE

3.5.1 INTnoDUCTIoN

There are two main aspects of water appearance: colour
and clarity. Both affect aesthetic and recreational usage of
water and the land adjacent to water bodies. They also affect
the habitat of aquatic organisms by affecting light penetra-
tion. The suspended solids and dissolved materials causing
colour in, or reduction in clarity of, water may adversely
affect fish or wildlife habitat, inhibit growth or egg and larvae
development and may reduce potability of water for domestic
and industrial use (McKee and Wolf 1963 , Hart 1974). Less
fundamental aspects of water appearance include surface
foams and scums and the visible ingress of waste from
industrial outfalls.

Clarity is generally associated with the depth of penetra-
tion of water by light. It is affected by the presence of both
dissolved and particulate material in the water column ac-

cording to the well-known attenuation law (Beer's Law) for
transmission of light (Hutchinson 1957):

Ir:Ioe-n^12

where L is the intensity of light at depth z; Io is the intensity
at zero depth; 4r is the extinction cofficie¿t which is a

constant for a given light wavelength and composition of
water. This coefficient may be consideredthetotal extinction
coefficient composed of additive terms related to different
suspended or dissolved materials:

Tr-Twltlpi_tlc
where 4w is the extinction coefficient associated with absorp-
tion of light by water; 4p is that associated with absorption
and scattering of light by suspended particles; r7c is that
associated with absorption by dissolved "colour" (Hutchin-
son 1957). The extinction coefficient associated with a par-
ticular dissolved or suspended component in water, such as a

particular chemical compound or species of algae, is propor-
tional to the concentration of that component.

Turbidity is the light-attenr-rating property of water or re-
duction in clarity caused by suspended particles alone. Usu-
ally the suspended component of natural water is composed
of inorganic solids such as clay minerals or silt-sized mat-
erial, organic solids and algae cells. A fairly detailed discus-
sion of turbidity is given by Black and Hannah (1965). For a

given concentration of suspended sediment, the higher the
proportion of fine particles, the higher the turbidity.

On sampling surveys on the Waikato River after October
1915 a field assessment of water clarity called "apparent
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turbidity" was made on the basis of the maximum depth at

which submerged objects could be seen by the unaided eye
("depth of visibility") according to the scale in Table 3.5.1.

TABLE 3.5.I. FIELD ASSESSMENT OF WATER CLARITY OR

Scale Range of Depth of Visibility

0
I
2
3
4
5

bottom visible
150-300 cm
60-150 cm
30-60 cm

less than 30 cm
very low visibility

This assessment, while subjective and dependent on such
effects as changes in intensity of solar radiation, has the
advantage of approximating how a member of the general
public would describe the river clarity.

The standard method of measuring "true" turbidity (due
to suspended material only) is by the Jackson turbidimeter
which measures the depth of the water sample at which a

standard candle light source disappears due to scattering of
light (APHA, AWWA, V/PCF 1975). However, on MWD
samples from the Vy'aikato River, turbidity was measured by
a nephelometer (Hach 21004 Turbidimeter) in which inten-
sity of light scattered at 90" to the incident beam by suspended
particles in the water is measured in Formazin Turbidity
Units (FTU) (see Appendi{ 3.4). Since this measurement is
based on a completely different optical property from the
Jackson Turbidimeter the correlation of the two measure-
ments is only approximate wherever the composition of
light-scattering material in water is variable.

The colour or hue of a water body as seen by the human eye

depends on the spectral distribution of radiation in the visible
range reflected from the water. Pure water appears blue due
to molecular scattering of light and not reflection of sky
colour. More commonly natural water appears yellow or
brown, because of the presence of dissolved or suspended

materials. Algae may produce green or yellow colouration of
lake waters, while flowing water frequently appears brown
after heavy rain because of sediment-laden runoff from the
land.

Visual assessments of "apparent colour" of Waikato
River water were made according to |he 12 point scale in
Table 3.5.2

TABLE 3 5.2 "APPARENT COLOUR" SCALE

0 - colourless
I - white
2-red
3 - reddish-brown
4 - brown
5 - yellow-brown
6 - yellow

7 - brownish-green
8 - green
9 - greenish-blue

10 - blue
I 1 - black
l2 - black-green

This scale of apparent colour takes no aeeount of the
variable intensity and spectrum of incident light and does not
differentiate colour caused by dissolved constituents from
that caused by particulates. However, it provides a useful
assessment of river appearance which, like apparent turbid-
ity, would approximate how a member of the public would
describe the river.

The standard method of measuring intensity of dissolved
colour of water is by visual comparison of water samples with
standard solutions of the chloro-platinate ion (PtClo+) which
can be mixed with variable proportions of cobaltous (Co+')

..APPARENT TURBIDITY''
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ion to match the hue, and is expressed in Hazen Units
(APHA, AWWA, WPCF 1975, GoerlitzandBrown 1972,
Department of the Envi¡onment 1972). The ARA routinely
measure colour intensity of Waikato River water samples in
Hazen Units.

The dissolved colour of natural waters commonly is
caused by the presence ofhydroxylated aromatic compounds
derived from processes of decomposition of organic matter
(Christman and Ghassemi 1966, Black and Christman 1963).
These organic compounds strongly absorb ultraviolet radia-
tion (U.V.) as well as causing colour by absorbing in the
visible section of the spectrum. Timperley (1975a& b) found
that single absorbance measurements at 270 nm (U. V.) on
Waikato River water samples correlated closely with integ-
rated absorbance over the visible section, and concluded that
absorbance at2'70 nm was a suitable measure of concentra-
tion of dissolved colour in the river water. On MWD sampl-
ing surveys of the Waikato River after October 1975 absor-
bance was measured at270 nm on both filtered and unfiltered
samples in a one centimetre cell. The ARA measures absor-
bance of Waikato River samples at 254 nm.

3.5.2 GE,NenAL DESCRrprroN: TAUpo-TuAKAU

Most of the available information on appearance of the
Waikato River discussed in this section is for the river below
Karapiro Dam since it is in this reach that most of the
sampling has been carried out. However, data on river ap-
pearance above Karapiro Dam was obtained on the two
surveys carried out on 9-10 December 1976 and 15 and 17
March 1977. Profiles of river appearance parameters for
observations made and samples obtained on these two sur-
veys are presented in Figure 3.5.1 .

The river water was very clear (visible bottom) between
Taupo and Aratiatia on both surveys and was described as
"blue" coloured. In Lake Ohakuri clarity was reduced to a
depth of visibility of 60-150 cm and was described as
"green" on the December survey and "blue-green" in
March 1978. At Atiamuri Dam and at sites further
downstream the apparent turbidity was almost consistently in
the 60-150 cm range of depth of visibility. The warer was
"green" or "brownish-green" below Lake Ohakuri to Lake
Maraetai on both surveys. On the December survey the water
colour below Lake Maraetai was "brownish-green", but on
the March survey it was dark "black" or "black-green" as
far as Ngaruawahia below which the colour was described as
' 'brown ish-green . ' '

Instrumental turbidity was low over most of the river
length from Taupo to Hamilton on both surveys, but on the
March survey a sudden increase to five FTU occurred below
Hamilton.

Absorbances in a one centimetre cell at270 nm increased
gradually down the length of the Waikato River, as far as
Lake Maraetai. A very marked increase in absorbance occur-
red in Lake Maraetai on the December survey due to the
presence of effluent from the Kinleith Pulp and Paper Mill
(Timperley 1975b). The sample taken from belov., rhe
Maraetai I Power Station, which draws off water at 45m
depth, had a relatively low absorbance because the lake at
this time probably contained Kinleith effluent only in shallow
depths of water. On the March survey the lake sample was
obtained from outside the zone of infl uence of the
Kopakorahi Stream, which receives Kinleith effluent, and
had a low absorbance, while the sample taken from a bridge
below both Maraetai I and II Power Stations had a high
absorbance. The absorbance of filtered samples doubled at
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Lake Maraetai on both surveys. Below Lake Maraetai
absorbance continued to increase gradually.

The longitudinal profile of colour intensity measured in
Hazen Units by the ARA on samples collected on the De-
cember 1976 survey was similar to that of absorbance. The
colour of the river water below Karapiro Dam (although not
measured on the December survey) was found to increase
further to about 50 Hazen Units at Tuakau on surveys carried
out by Chemistry Division, DSIR, in November 1970 and
August/September l97l (MWD/WVA 1975 Report 12.)

3.5.3 Clnnlry

Apparent Turbidity
The relationship between apparent turbidity observed at

the times of sampling and instrumentally measured turbidity
at the Fergusson, Ngaruawahia and Mercer sampling sites
between November 1975 and November 1976 is shown in
Figure 3.5.2. That the reiationship was poor at all sites can be
attributed to the low sensitivity of apparent turbidity and to
the different optical basis of the measurements. Figure 3.5.2
also shows that at Fergusson Bridge and Ngaruawahia it was
generally possible to resolve submerged objects by eye at a
depth of 60-150 cm and only on one survey (in August) was
clarity so reduced that the observer could only "see" to a

depth of 30-60 cm . At Mercer the ' 'depth of visibility' ' was
less than 60 cm on four occasions and less than 30 cm on two
occasions, the latter on the June and August 1976 surveys at
times of high discharge when the river water was described as
"brown" and high instrumental turbidities were measured.
Instrumental fu*iatty

Figure 3.5.3 shows turbidity (FTU) and turbidity
"massflow" (turbidity times discharge, which measures the
time rate of yield of light scattering material) plotted against
time for the Fergusson, Ngaruawahia and Rangiriri sites.
Mean monthly discharges at Rangiriri are plotted for com-
panson.

Except for high peaks in winter and early spring months,
turbidity in the river was generally quite low at all sites. The
turbidity massflows showed a similar pattern. The bulk of the
suspended material generated in the catchment was dis-
charged in winter and spring when more overland flow occur-
red because of soil saturation. lt is probably not possible to
draw any conclusions about long term trends in turbidity
from Figure 3,5.3 although annual yield of suspended mat-
erial (approximately proportional to the area under the
massflow curves) seemed to have increased slightly from
1913 to 1 976. This increase is probably related to the increas-
ing trend of river discharge in the same time period.

The general coincidence of high turbidities with times of
high discharge suggests some degree of correlation of turbid-
ity and discharge. Figure 3.5.4 shows plots of turbidity
against discharge at three sites on the river for 1974-76.
Turbidity was only significantly correlated with discharge
(95Vo level) at Ngaruawahia. Most of the discharge variabil-
ity at Fergusson Bridgc reflects electric power generation
patterns which v,,ould not be expected to influence concentra-
tion of suspended material. At Ngaruawahia there is some
suggestion that highest turbidities occurred at highest dis-
charges while at Mercer the plot suggests that the correlation
would be significant if it were not for the two anomalously
high turbidities in the data pool (dated on Figure 3.5.4).
Omitting these two anomalous points gave a much improved
correlation with r : 0.71 (P <0.01). The high turbidity
occurring on 29 May 1974 may have been caused by an
isolated but intense thunderstorm in the Waipa Catchment
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which produced high turbidities in that tributary on the same
survey. The other high turbidity may have been associated
with a cloud-burst near Hamilton on l8 February 1975 (D.
Ogilvie, ARA, pers. comm.).

The distributions of turbidity observed at three sites on the
rilaikato River in l9'74-76 are shown in Figure 3.5.5 both as

histograms and as cumulative percentage frequency curves
plotted on a probability scale. At all three sites the distribu-
tions of turbidity were positively skewed and the degree of
skewness increased downstream. In general, low turbidities,
about two FTU at Fergusson increasing to about five FTU at
Mercer, were most frequent. At Fergusson Bridge the turbid-
ity only exceeded 3.5 FIU about five per cent of the time,
while at Ngaruawahia the turbidity exceeded seven FTU
about five per cent of the time. At Mercer the water was often
considerably more turbid, exceeding 20 FTU about five per
cent of the time.

The mean turbidity and mean turbidity massflows for the
year of regular monthly MWD sampling surveys carried out
from October 1975 to September 1976, are plotted against
distance along the Waikato River below Karapiro Dam in
Figure 3.5.6.

Turbidity massflow increased slightly from Karapiro Dam
to Ngaruawahia but between Ngaruawahia and Huntly the
Waipa and Mangawara,/Kömakorau Streams discharged
large quantities of turbid material. Between Rangiriri and
Mercer, the Opuatia Süeam and Whangamarino River had
appreciable mean turbidity massflows as did the Manga-
tawhiri River between Mercer and Tuakau. Agreement of
observed and calculated massflows was very good, suggest-
ing that all major sources of turbiditl, were identified. Evi-
dently the lack of balance of discharge in the Ngaruawahia-
Huntly Reach, if a real inflow, was not associated with much
turbidity.

Mean turbidity changed little between Karapiro Dam and
Ngaruawahia except for slight increases attributable mainly
to the Mangaonua Stream, the Pollution Control Plant and the
AFFCO Meatworks. Although the massflow contributions of
these inflows were relatively small (Table 3.5.3) their high

1t'/

turbidity resulted in appreciable turbidity increases in the
Waikato River (Appendix 3.6). The Waipa River produced
the largest turbidity change in the Waikato River and this
tributary, together with the Mangawara and Komakorau
Streams, caused an increase of mean turbidity from 3.3 at
Ngaruawahia to 5.5 FTU at Tainui Bridge, Huntly (Figure
3.5.6, Table 3.5.3).

Between Huntly and Rangiriri mean turbidity changed
little, but a further increase occurred between Rangiriri and
Mercer due mainly to the Whangamarino River. Mean tur-
bidity was about seven FTU at Mercer and Tuakau. The
dispersion of turbidity observations increased greatly in the
downstream direction because of the increasing aggregate
contribution of variable tributary inflows.

KRTA/Binnie and Partners (1975) report a median turbid-
ity of 6.5 FIU in 21 samples collected by the ARA at Tuakau
between 15 July 1974 and l8 March 1975. However (for
comparison with the MWD data reported above) 27 samples
collected by ARA at Tuakau Bridge in the year October
1975-September 1976 had a much higher median turbidity of
eight FTU. The latter set of data was moderately correlated
(r :0.68, P < 0.01) with suspended solids in the same
samples (Figure 3.5.7). This relatively low level of correla-
tion is not unexpected in a river the size of the Waikato in
which the source and composition of turbidity-producing
suspended load is very variable.

3.5.4 Coroun

Apparent Colour
The apparent colour assessments and the frequency of

observations in particular classes for three sites on the
Waikato River are shown in Figure 3.5.8.

At Fergusson Bridge the apparent colour was described
most frequently as "black-green" and less frequently as

"brownish-green". The greenish hue was probably pro-
duced by algae but to some extent may also have been a

spurious effect caused by reflection from the water surface of
green light from the vegetation along the river bank. The

TABLE 3.5.3. CALCULATED TURBIDITY CHANGE IN THE WAIKATO RIVER CAUSED BY INFLOWS OF TURBIDITY,
OCTOBER I975-SEPTEMBER I976

mean discharge

(m35-t¡

mean turb.

(FTU)

mean
massflow

(FTU mssr)
ac*
(Fru)

Waikato
Karapiro

AI
Dam 297 22 667

Mangaonua Stream
Pollution Controi Plant
AFFCO Meatworks
Waipa River
Mangawara,/Komakorau
St¡eams
Whangape Stream
Opuatia Stream
Whangamarino River
Mangatawhiri Stream

3.0
o.t7
020

104.0

6.s12.0
t3.2
1 1.5
28.5

+. o

11.5
46.8
r48
8.2

2s .8lss .1
4.7
6.4

24
20.5

39
7.0

32
1267

t39199
73

150
680

98

0.10
0.06
0.14
1.66

0.39t
a.t4
0.09
r.03
0.09

aikato at Tuakau 508 72 4429

* - Calculated mean concentration change in the River

f - Due to both Rivers

Note lt is not possible to calculate mean change in turbjdity due to an inflow to the river by simply dividing mean massflow by mean discharge
since discharge is correlated with turbidity massflow (i.e. the data pools are not independent). In general:

Ã¡ + Ã.E except where A and B are independent variables.

St¡ear
Whan
Opuat
Whan
Mang

Waik;



118

9

E

4*
f
ts

oã

o

=

8È
.:

óL
l

F

fts10
L

5
:
Ëo
Þts

FERGUSSON

-çe6o6OOo¡¡Po6ø-

NGARUAWAH IA

750

19 73 t974 197 5 197 6

FIGURE 3.5.3: TURBIDITY AND TURBIDITY
MASSFLOWS AT FERGUSSON, NGARUAWAHIA
AND RANGIRIRI SITES COMPARED WITH MEAN

MONTHLY DISCHARGES AT RANGIRIRI.

"blackness" was probably produced by enhanced light ab-
sorbance by the river water at times when the river contained
appreciable concentrations of dissolved colour. During
winter months the low light intensity at the water surface,
paficularly iñ the deeply entrenched river channel at this site,
also contributed to a dark appearance.

At Ngaruawahia the river was described more frequently
as "brownish-green" than "black-green" and was once
described as "brown"; reflecting an increasing trend to
brown colouration downstream with increasing concentra-
tions of dissolved colour and brown suspended material. The
river tended to appear darker in winter months, particularly in
the morning (on the second day ofeach survey) but at other
times of the year the river was described most frequently as
"brownish-green" or (less frequently) as "green". In the
months May to August 1916 the more "brownish" appear-
ance o$the river in the afternoon than in the moming was
related to the discharge of brown-coloured effluents during
the day at points upstream.

At Mercer the river was again most frequently described as
"brownish-green" but in winter months and in November
was "brown" or "yellow-brown". Evidently the river ap-
pears even more "brownish" at Mercer than at Ngaruawahia

FERGU5SON BRIDGE
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FIGURE 3 .5 .4: RELATIONSHIP BETWEEN TURBIDITY
AND DISCHARGE AT SITES ON THE WAIKATO

RrvER, 19'74-76.
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because of progressive inflow of dissolved colour and
brown-coloured material (producing turbidity) from
tributaries such as the Waipa, Mangawara/Komakorau and

Whangamarino Rivers. On winter surveys high absorbances
and turbidities were recorded at this site.
Hazen Colour

Before October 1971 the ARA measured colour intensity
in unfiltered water samples from the Waikato River but now
measurements are carried out on both filtered and unfiltered
samples. KRTA/Binnie and Partners (1975) report a median
colour intensity of 56 Hazen Units (range : 25-90 Hazert
Units) for 72 unfiltered samples collected from Tuakau
Bridge between 24 March 1971 and I April 1975.

No suitable data are available from any one sampling site

on the Waikato River to examine correlation of ultraviolet
absorbance at270 nm with colour intensity in Hazen Units.
However, the ARA measure U. V. absorbance at 254 nm on
both filtered and unfiltered samples from Tuakau Bridge and

absorbance was found to be moderately-well correlated with
colour in Hazen Units for filtered samples (r - 0.82 P <
0.01) collected between October 1977 and October 1978

after three outliers had been removed from the 22 data points.
The relationship between the measurement of colour and
absorbance on filtered samples suggests that the use ofabsor-
bance as a measure of colour-producing organics in the
Waikato River maybe justified if the number of outliers can

be reduced.
The inconsistency in the profiles ofabsorbance and colour

intensity in Figure 3.5.1 can be explained on two accounts:
(a) the intensitivity of the colour intensity estimate on such

slightly coloured samples;
(b) the different optical basis of the measurement especially
lor particulate material.

However, "true" colour intensity (dissolved colour) is

usually associated with U.V. absorbing organics in water.
U Ltra-V io le t Absorbanc e

There is insufficient length of record in the MWD data to
draw firm conclusions about the time-variability of absor-
bance in the Waikato River. However the ARA have
routinely measured absorbance at254nm on both filtered and

unfiltered samples collected from the Waikato River at

Tuakau Bridge since I April 1975.

NGARUAWAHTA \n= 67)

ì2 t5 ì8
FTU

TURBIDIIY (FTU )

FIGURE 3.5.5: FREQUENCY DISTRIBUTIONS OF TURBIDITY AT FERGUSSON, NGARUAWAHIA AND MERCER
srTES, 1974-16.

FTU

Figure 3.5.9 shows the ARA data (D. Ogilvie, ARA, pers.

comm) for absorbance at 254 nm (filtered samples) from
Tuakau plotted as monthly means against time, together with
the MWD data for absorbance at 27O nm (filtered samples)

also for samples collected at Tuakau. Also plotted is dis-
charge data for the Rangiriri level recorder site. The pattern
of the two different absorbance measures is quite similar even

though the measurements were made on different samples

collected at different times. Absorbance exhibited a seasonal
pattern with generally high concentrations in winter and early
spring, corresponding to times of high river discharge.

Summer and autumn absorbances were low except for peaks

in January which corresponded to secondary peaks of dis-
charge caused by thunderstorms (refer section 2.2).

Figure 3.5. l0 shows plots of absorbance against discharge
at the time of sampling at the Fergusson, Ngaruawahia and

Mercer sites for data collected between September 1975 and
November 1916. At" Fergusson Bridge the correlation (r :
0.32) was not significant (at the 95Vo level) while at
Ngaruawahia absorbance was moderately correlated with
discharge (r : 0 .67 , P <0 .0 I ) and at Mercer the correlation
was still higher (r : 0.81, P<0.01). The correlation of
discharge with colour and the increase in level of correlation
downstream probably reflects the fact that much of the colour
in the Waikato River is dervied from swamp drainage. Dur-
ing times of high discharge in winter and early spring reg-
ional groundwater levels are high and this leads to the flush-
ing out of highly-coloured water from low-lying swamps and
peat-bog areas in the Waikato Basin. In summer and autumn
months however, swamp drainage, while highly coloured,
has only a very low discharge and thus has little effect on the

river. The increase in the level of correlation downstream
reflects the increasing proportion of swamp drainage.

There is insufficient MWD absorbance data available from
any one site on the river to examine frequency distributions
so the ARA data from Tuakau for the period from April 1975
to March 1977 inclusive (D. Ogilvie, ARA, pers. comm.)
was used for this purpose. The distribution was nearly normal
as shown in Figure 3.5.1I by the straight cumulative percent-
age plot (probability scale). This is perhaps surprising in
view.of the strong seasonality of absorbance measurements
in the Waikato River (Figure 3.5.9) which might have been

MERCER {n=-sl)
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FIGURE 3.5.6: MEAN TURBIDITY AND MEAN TURBIDITY MASSFLOW PROFILES IN THE WAIKATO RIVER

BELOW KARAPIRO DAM, OCTOBER I975-SEPTEMBER 1976.

expected to generate a flatter ("platy-kurtic") or bimodal
distribution similar to that for water temperature (section
3 .2). The cumulative curve shows that a high absorbance of
about 0.18 af.254 ¡m was exceeded rn the Waikato River at
Tuakau about five per cent of the time.

The longitudinal profile of mean abso¡bance and mean
absorbance "massflow" (absorbance times discharge -
which measures the time-rate of yield of absorbing material)
for October 1975-September 1976 are plotted against dis-
tance along the Vy'aikato River below Karapiro Dam in Figure
3.5.12.

Absorbance massflow increased only slightly from Kara-
piro Dam to Ngaruawahia in response to relatively small

inflows from the Mangawhero Stream, Mystery Creek and
the Mangaonua and Mangakotukotu Streams. Between
Ngaruawahia and Huntly, the Waipa and Mangawara/
Komakorau Streams were major inflows of absorbing mat-
erial. Below Huntly the major effect was the Whangamarino
River but the Waahi, Vy'hangape and Opuatia Streams and the
Mangatawhiri River were all appreciable inflows of absor-
bance. The agreement of observed and calculated massflows
was generally close suggesting that all major inflows of
absorbance were identified.

Mean absorbance increased between Fergusson and
Cobham Bridges. This increase can be attributed to the small
but concentrated inflows of the Mangawhero, Mangaonua



and Mangakotukotu Streams and Mystery Creek (Table
3.5.4). These fourtributaries are all visibly coloured (usually
a red-brown colour). Mean absorbance was nearly constant
from Cobham Bridge to Ngaruawahia but was greatly in-
creased in the Ngaruawahia-Huntly Reach. In spite of the fact
that the massflow of the Mangawara,/Komakorau Streams
was much lower than that of the Waipa River the Waipa and
Mangawara/Komakorau Streams produced nearly equal con-
centration increases in this reach (Table 3.5.4). Both the
Mangawara and the Komakorau Rivers are conspicuously
coloured, usually brown or red-brown. Mean absorbance
increased again in the Rangiriri-Mercer Reach, mainly be-
cause of discharge of coloured material from the Wha-
ngamarino River, another conspicuously coloured tributary.
The Mangatawhiri River also produced a small rise in absor-
bance in the Mercer-Tuakau Reach.

tulrau {lnl d"rol

t2t

ments are based on different optical properties and that diffe-
rent wavelengths were used (a narrow band in the ultraviolet
opposed to the broad visible band).

3.5.5. Fonus

Scientific studies of foams occurring in the hydro-lake
reach of the Waikato River have been reported by Timperley
(1975b) and only a brief summary will be presented here for
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FIGURE 3. s. 7: REL;ä#;rv/EEN ruRBrDlry
AND SUSPENDED SOLIDS CONCENTRATION IN THE
V/AIKATO RIVER AT TUAKAU (ARA DATA), OC-

TOBER I975-SEPTEMBER I976.

, All of the tributaries identified as causing significant in-
creases in mean absorbance of the Waikato River, with the
exception of the Waipa River, are visibly coloured and all
drain swamp areas which are an important natural source of
colour-producing organ ics.

The reddish hue observed in some of these tributaries
probably was caused by the high concentrations of iron
(section 3.2.4), derived from swamp drainage, probably as

Fe(II) but which is later oxidised to the red-coloured Fe(III)
state.

Absorbance has been measured af 210 nm on unfiltered
and filtered samples collected by the MWD since September
1975. The difference between these for a sample quantifies
the attenuation effect of scattering/absorption b1, particulate
material in the sample and is thus a measure of turbidity.
Figure 3.5.13 shows the relationship of turbidity measured
by nephelometry to absorbance (unfiltered rninus filtered,
Auf-f) at Fergusson, Ngaruawahia and Mercer Bridges for
data collected by the MWD between September 1975 and
November 1976. Conelation of the two "turbidity" mea-
surements is good and suggests that Auf'-f may be a suitable
measure of turbidity. The unexplained variation in the re-
gressions can be attributed to the fact that the two measure-
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FIGURE 3.5.8: APPARENT COLOUR ASSESSMENTS
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completeness. Two conditions are necessary for the forma-
tion of surface foams on water: the presence of a surface-
active ("surfactant") agent and the entrainment of gas bub-
bles. Foaming on the Waikato River is often produced when
air-bubble entrainment occurs at the hydro-electric dam tail-
races. It may also be produced by the breaking of wind waves

generated on the surfaces of the hydro lakes. Foam has

frequently been observed on Lakes Arapuni and Karapiro,
often in long wind-parallel streaks, during wind-wave distur-
bance.

1975 1977

FIGURE 3.5.9: ABSORBANCE AT 270nm (MWD DATA)
AND AT 254 nm (ARA DATA) AT TUAKAU BRIDGE
COMPARED WITH MEAN MONTHLY DISCHARGES

AT RANGIRIRI

Timperley ( 1975b) carried out laboratory and field studies

on the occurrence of foams at the tail-races of the hydro-
electric dams. Foaming was not observed at Lake Aratiatia
but occasionally unstable foams with large air bubbles occur-
red at Lakes Ohakuri, Atiamuri and Whakamaru. Below
Lake Maraetai foams were more frequent and usually dense

and stable. The stability of the foam is of particular signifi-
cance since it determines the distance the foam will travel
downstream once generated.

Polysaccharides are known to have surfactant properties

and it was suspected that these compounds, large quantities

of which are discharged by Kinleith Pulp and Paper Mill into
Lake Maraetai, were causing foaming in the river (Timperley
1975b). However Timperley's studies suggest that surfac-
tants othcr than polysaccharides may be causing the foaming
since foaming tendency was not closely related to polysac-

charide concentration. The actual compounds causing the

foaming below Lake Maraetai were not identified but were
also apparently being discharged with the Kinleith Mill
effluent.

3.5.6. D rscussroN

The appearance of the Waikato River changes dramati-
cally along its length from Taupo to the sea. The water
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FIGURE 3.5.10: RELATIONSHIP BETV/EEN ABSOR-
BANCE AT 270 NM AND DISCHARGE AT FERGUSSON,
NGARUAWAHIA AND MERCER, SEPTEMBER I975_

NOVEMBER I976.
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leaving Lake Taupo is clear and blue-coloured. The turbidity
increases slightly down to Lake Ohakuri where the river
undergoes a distrnct change in colour to a greenish hue
produced by algae growing in this (eutrophic) lake (refer
section 3.4). From Lake Ohakuri to Lake Maraetai there is
little change in turbidity, the greenish colour of Lake Ohakuri
water being maintained. Below Lake Maraetai, into which
the dark brown kraft effluent from the Kinleith Mill is dis-
charged via the Kopakarahi Stream, the water acquires a dark
colour and foams originating from the eft'luent frequently
occur on the water surface, sometimes as far downstream as
Karapiro. The "black-green" or "brownish-green" colour
persists at least as far as Karapiro Dam and frequently for the
rest of the length of the river to the sea. However, below
Karapiro Dam the river receives funher inflows of turbidity
and dissolved colour which renders the water increasingly
brownish in colour and reduces the clarity in the downstream
direction. The Mangawhero and Mangakotukotu Streams
and Mystery Creek have a smalleffect on colour in the river
between Karapiro Dam and Ngaruawahia. The V/aipa River,
together with the Mangawarzr/Komakorau Rivers, markedly
increase the colour and turbidity of the river between
Ngaruawahia and Huntly. Below Ngaruawahia the river fre-
quently appears "brownish" due to both dissolved colour
and suspended material. Further small increases in colour
and turbidity occur below the confluences of the Wha-
ngamarino River and some small tributaries downstream of
Huntly.

For much of its length the Waikato River is highly col-
oured compared with other New Zealand rivers, and rivers
overseas. McKee and Wolf (1963) repoft maxirnum desira-
ble colour levels in Hazen Units for various water uses and
consider that less than five units indicates good quality for
domestic and many industrial uses while 50 units is "exces-
sive". Hart (1974) reports the United States National Com-
mittee on Water Quality as suggesting that a colour of 50

004 00ó 008 0t0 o12 014 oìô ot8
10.ì
o.22

Absorbonce ot 254nm

FIGURE 3.5.1l: FREQUENCY DISTRIBUTION OF AB-
SORBANCE AT 254 nm (ARA DATA) AT TUAKAU

BRIDGE, APRIL I975-MARCH I9]1

Hazen Units may limit photosynthesis and have a deleterious
effect on aquatic life. In view of these recornmended levels,
the Waikato River in its lower reaches where colour fre-
quently exceeds 50 Hazen Units (section 3.5.4), is undesira-
bly highly coloured.
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TABLE 3.5.4 CALCULATED U.V ABSORBANCE CHANCE IN THE WAIKATO RIVER PRODUCED BY INFLOWS OF U V
ABSORBING MATERIAL. OCTOBER I975 SEPTEMBER 1976

Mean Disclrurge

(tn's ')

Mean Absorl¡

lAbs)

M eun
Mussflov,

( Abs rnrrs-r ) ^c*lAbs)

Waikato River at
Karapiro Dam 291 0.049 t4 tt

Mangawhero Stream
À'I¡,stery Creek
Mangaonua Stream
Mangakotukotu
Stream
'Waipa River
M angaw ara/Korl akorau
Streams
Waahi Streanr
Whangape Stlearn
Opuatia Stream
Whangamarino River
Mangataw hiri Stlcarr

0.9
t0
3.0

0.6
10,1.0

6s120
32

132
ll5
2tì 5

0 563
0.63 8
0 198

0 960
0 121

0.566/0 643
0 140
t) 191
0 )-21
0.403
0 3,18

0,67
073
0. ó3

0 5l
14.3

4 0lt .2
011
21
26
1,1 0
t9

0 00r8
0 0019
0 001.1

0 0015
0.0170

0.009sI
0 0021
0 0049
0 002r
0 0242
0.002 t

Waikato River at
Tuakau 508 0 il-s 66 -s

* - Caìculatecl ¡lean concentration chanse in the r-ivcr-

f - Due to both rivers.

Note l¡.is_not possible.to calculare mean change in absorbance due to an inflow to the rive¡ by simply dividing mean massflow by mean
discharge since discharge is correlated with absorbance massflow (i.e. the data pools are not independent). In general:

Ã5- ¡Ã.8 except where A and B are independent variables.
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On a mean annual basis Kinleith Pulp and Paper Mill
contributes less than one quarter of the absorbance massflow
at Tuakau Bridge. The bulk of the ultraviolet absorbing
material passing Tuakau is derived from swamp drainage.
Above the large tributary inflows of absorbing material
(above Ngaruawahia) the Kinleith effluent is the main source
of absorbing material discharged into the river over a year.
Most of the swamp drainage colour is discharged to the river
in winter, but in summer and autumn months the absorbance
data suggests that the Kinleith effluent is the main source of
colour in the Waikato River below Lake Maraetai, including
the reach from Ngaruawahia to the sea.

Turbidity levels in the Waikato River are seasonally vari-
able but even during the winter maximum the turbidity levels
are not high compared with published water quality criteria.
At Mercer the turbidity in 1914-76 exceeded 20 FTU only
about five per cent of the time. More frequently, low values
of two-three FTU characteristic of spring, summer and au-
tumn months were measured (section 3.5.3). The generally
low turbidities in the river can be attributed to the effect of the
hydro-dams, which act as sedimentation traps, although to a
small extent this effect is offset by the growth of algae in
these impoundments.

McKee and Wolf (1963), EPA (1973) and Hart (1974)
summarise the effects of turbidity on various water uses and
recommend turbidity levels suitable for these different uses.
Low turbidity levels (usually less than five FTU) are desira-
ble for domestic and many industrial water uses but since
Waikato River water is easily treated for suspended solids
removal (S. B. Wilkinson, H.C.C., pers. comm.) the turbid-
ity levels occurring in the river are not of concern to its
potability. The levels of turbidity and suspended solids which
are reported by McKee and Wolf (1963) as likely to cause
damage to the most sensitive aquatic life (usually fish) are
generally an order of magnitude or more greater than the
maximum levels reached in the Waikato River (at Tuakau).
Environmental Protection Agency (1973) recommend that in
bathing and swimming areas the water clarity should be such
that a secchi disk is visible at a maximum of L2m depth. Lam
(197'7) reports a secchi disk depth of I .5m at Tuakau hence it
is likely that the water clarity of the whole of the Waikato
River is generally suitable for swimming.

Since both colour and turbidity, particularly the latter, are
seasonally variable the appearance of the Waikato River
changes with season. In winter, at times of high discharge,
high colour levels from swamp drainage coincide with very
high (relatively speaking) turbidities and the warer is dis-
tinctly brown-coloured and clarity is at a minimum. At this
time of the year, when light intensities incident at the river
water surface are already low, light penetration may be so
reduced as to severely limit primary production (refer sec-
tions 4.2 and 4.4). The river during winter and early spring is
perhaps less attractive in appearance than in summer and
autumn. During the latter seasons the water is relatively low
in dissolved colour and is of high clarity, not withstanding a
green colour attributable to algae and a black "colour"
producetl by the Kinleith ìylill effluent.

3.6 LONG TBRM TRENDS IN THE WAIKATO RIVER
WATBR QUALITY AT TTjAKAU

3.6.1. INrnoDUCTroN: Mp.rHoos

Irends may be identified as regular or overall movements
in the maximum, minimum, or mean annual concentrations.
The maximum and minimum concentrations may recur sea-
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sonally. Close scrutiny of data to identify trends is required to
understand processes, to provide a baseline against which
future data may be compared, and to predict future water
quality conditions by extrapolation.
Analytical

Vy'hen evaluating trends it is very important to give due

consideration to matters such as accuracy, precision, changes

in analysis and technique, otherwise changes due to laborat-
ory technique may be misinterpreted as trends in the river.
This statement is a lot more serious than many workers
realise and conclusions concerning trends will only be realis-
tic if the laboratory concerned operates a programme of
continual self-appraisal.

The Auckland Regional Authority Vy'ater Laboratory,
which has monitored water quality at Tuakau since 197 I , has

steadily evolved an increasingly effective analytical control
procedure and has adopted improved analytical techniques
wherever possible. An obvious corollary is that later analyses
tend to be more reliable than earlier analyses. When changing
analytical techniques it is advisable to compare the proposed
method with the existing method for some time because no
two methods are exactly the same. For example, one of our
ammonia methods also measured amino acids and urea.

The Vy'ater Laboratory has a full record of all methods of
analysis used with dates. The list is rather long to include in
this report, but where comments are required they have been
included.
Sampling Programme

The Auckland Regional Authority began sampling at

Tuakau in March 1971 and this report includes results up to
December 1978. The frequency of sampling has varied but it
has always been regular. Occasionally additional samples
have been collected to show the effects of unusual events,
usually flooding, but the results do not appear to have biased
any conclusions. To avoid weighting the annual means in
favour of periods when sampling was more frequent, the

mean concentration for each month has been determined.
The greatest number of samples per month was five and on
the rare occasions where no results were available for any

month the long term mean for that month was used.
Almost all of the 164 samples that were collected at known

sample time were collected about 0830-1030 NZ Standard
Time. The actual time of sampling up to August 1972 was not
recorded but it is most probable that all 21 were collected
between 0830-1030. Only l4 samples were collected before
0830 and 16 after 1030, most by only 15-30 minutes. Some

results of two samples collected after 1030 were discarded
because photosynthesis was well advanced raising the pH
and dissolved oxygen and lowering the nitrate concentration;
obviously temperatures were also higher than normal.

Vy'ater temperature showed a distinct downward trend over
the first seven years' sampling programme. This was a little
surprising because interpreted literally the river would be
frozen within 100 years. This conclusion suggested an inves-
tigation was required and it was noticed that there had been a
tendency for samples to be collected a little earlier each year,
partly due to the introduction of daylight saving and partly the
personal habits of the sampling personnel concerned. Be-
cause samples were collected earlier they were a little cooler.
This conclusion led to the question of which other parameters
are time dependent. Luckily such data is available from our
24hour surveys. Generally time is only important to those
analyses affected by photosynthetic processes, that is
November-April. Collecting samples earlier would, there-
fore, have the effect of raising nitrate and lowering pH and

dissolved oxygen concentrations. In the case of nitrate there

is usually so little present during the growing season anyway

that the overall conclusions will be unaffected. Although
dissolved oxygen concentrations may show an artificial
downward trend the actual trend is upward so conclusions
will not be affected. Because the effect of sample time may

be hiding a small upward trend, pH has been accepted as one

of the parameters showing a trend.
Analyses

For the purposes of this report the algae have been sum-

marised into the three main species and the total count.
Results have been expressed both as cells per ml and colonies
per ml.

The bacteriological results are represented by total col-
iforms, faecal coliforms and total organisms grown at 37 "C
for two days. Faecal streptococci work is too recent for trend
analysis.

Data are presented showing the river flow at Mercer at

0600 on the day of sampling, and the mean monthly rainfall
recorded at Hamilton Airport.

Data are presented for 33 chemical and physical paramet-

ers. Results are also available for chemical oxygen demand,
boron and lithium but the time scale is too short for trend
analysis. Hazen colour was not included because of the

relatively high experimental error in its determination (refer

section 3.5).
The above data are presented in 47 graphs which appear in

Appendix 3.8. The graphs show the annual means of the

monthly mean values for the year ending 31 December ex-

cept for algal data where a year ending 3 1 August was chosen

thus allowing a full growing season to appear in each annual

summary. Bacteriological and algal data are represented by

annual geometric means of the monthly geometric means'
All other data are simply arithmetic means.

Several of the 48 graphs exhibit similarly shaped curves;

also some of the curves demonstrate an inverse relationship,
for example river flow and sodium (Appendix 3 . 8, graphs 2

and 38). It has not been the purpose of this report to discuss

correlations but interested readers may wish to examine the
graphs in more detail. The graphs have been arranged so the

correlations are more obvious. Other data available but not
presented include graphs showing seasonal concentration
changes. Mass flow data are also available but were beyond
tlie scope of this report.

3.6.2 TneNos

The 47 parameters were examined for apparent trends. A
trend was considered as apparent if there was a gradual,
though not necessarily regular, increase or decrease in con-

centration over the full or most of the eight years. Due
allowance was given to such factors as changing sample time
and changes or problems in analytical procedures.

It was concluded that l0 parameters seemed to indicate a

downard trend and l0 an upward trend, and that the other 2'7

parameters showed no clear trend. The trends are plotted on

Figures 3.6.1 and 3.6.2.
The linear regression for each parameter and the correla-

tion coefficient was then measured. The year was entered
into the calculation asll ,12 etc. All trends showed a correla-
tion coefficient between 0.49 and 1.00 or -0.49 and -1.00
except pH which was considered to be affected by sample

tlme.
Only three of the27 parameters not considered to exhibit a

trend had a correlation coefficient greater than 0.50. They
were all below -f 0.55 and otherconsiderations suggested the

trend was not particularly significant.



Downward Trends
The afgae Melosira distans andAsterionellaformosa ap-

pear to be falling in concentration. They both demonstrated a

small recovery in the year ended 3l August 1976 while the
total algal cells concentration dropped. This behaviour pos-
sibly could be related to the higher river flow, and the pH and
D.O. is higher (see Upward Trends). The total algal popula-
tion overall was reasonably consistent with Melosira
granulata var. angustissirzc predominating throLrghout, in
fact increasing its predominance while the other major
species,M. distans andA. formosc fell. Biologists might call
this trend a response to an increase in the eutrophication of
the river system.

Total and faecal coliform concentrations are both falling
gradually although the total bacteria count is steady (refer
section 4.5). Because the coliform reduction rate is reasona-
bly consistant it is not attributed to the opening of the Hamil-
ton Sewage Treatment Plant but to a gradual improvement in
pollution control in the whole catchment. The total bacteria
results are probably steady as they represent general nonpoint
source pollution such as runoff from soil.

Iron, tannin (hydroxylated aromatics), and permanganate
value (a measure of the more refractory organics) all tend to
predominate in swamps and floodwaters. The concentration
of these parameters is possibly reducing as land drainage
schemes convert swamp lands to pasture. However had the
downward trend been observed at Hamilton as well, it may be
possible to postulate that the reducing concentrations result
from increased pollution abatement at the Kinleith plant of
N.Z. Forest Products Ltd. It should also be noted that all
three analyses suffer from a relatively high experimental
error.

The concentration of phosphorus (soluble/reactive) is
probably not falling as a result of improved sewage treatment
or spray irrigation and lagooning of farm wastes because that
would also suggest the total phosphorus concentration should
have fallen (the correlation coefficient of the observed
downward trend in total phosphorus concentration was statis-
tically insignificant at -0.30).

The upward trend in pH and dissolved oxygen concentra-
tion suggest that the increasing photosynthetic activity may
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be lesponsible through uptake of soluble reactive phosphorus
by plankton and macrophytes. Note that the methods of
analysis used throughout this survey were positively biased
due to arsenate interference.

Ammonia concentrations fell after l9l4.There is so much
ammonia in sewage (10-25 g m-3N) that it does not seem
probable that Hamilton City's chlorination of sewage
effluent could be responsible. The higher fhan average 1974
value probably corresponds with the high sulphate for that
year resulting from heavy rains flushing the swamps after a

very long dry period through 1973.
The fact that the ammonia and sample time curves are so

similar is rather puzzling because ammonia has never de-
monstrated any obvious diumal pattem in the ARA quarterly
24 hour sampling runs.
Upward Trends

In summer most of the suspended material in the river
comprises algal cells. Because the total algal population
density has not noticeably increased one must look for other
reasons for the increase in suspended solids concentration.
Possible reasons may include changes in the river bed result-
ing in increased sand movement, and such activities as the
construction of the Huntly Thermal Power Station and in-
creased coal mining activities.

Most of the increase in the aluminium concentration fol-
lowed introduction of the catechol violet rnethod of analysis
which probably measures some of the more complex species
of aluminium. Although Hamilton City began discharging
aluminium wastes from their water treatment plant about
1913, it is unlikely that the concentration in the river would
rise by more fhan 0.01 g m-3 Al from this source.

Manganese, turbidity and sulphate concentrations are all
high in swamp runoff, particularly in autumn and winter. In
the case ofsulphate it is possible that increased drainage rates
have resulted in swamp water being less anaerobic causing
less sulphate to be lost to the atmosphere by reduction to
hydrogen sulphide. The manganese and turbidity increases
are also likely to result from land drainage activities.

The dissolved oxygen, dissolved oxygen saturation, and
pH curves exhibit a similar shape with maxima in 1973 and
1978 and the minimum in 1916. This pattem is the inverse of

TABLE 3.6.1 APPARENT TRENDS IN WATER QUALITY PARAMETERS AT TUAKAU

(a) DOWNWARD TRENDS - Regression and correìation coefïcients fbr measured parameters

Ammonia
Tannin
S R. Phosphorus
Total lron
PV boil
Faecal coliforms
Total colrfonns
M. disrans cells
A. forntosu cells
Sample tirne

(b) UPWARD TRENDS
Nìtrite
Nitrate
Dissolved oxygen satn
D.O.
pH
S u I phate
Tur bidity
Alurrinium
Manganese
Suspended solicls
All in same tLnits as in Fieures 3 6 l, 3 6 2 and Appendix 3 8

Predicted concentration
by 1990

conc - 0 56 -0 007 (year) 0.000
conc - 1.34 0.013 (year) 0 22
conc - 0.093 -0.001 (year) 0.007
conc - 2.51 0.025 (year) O 24
conc : 34 48 -0.366 (year) 1.56
conc - I 1.07 -0.106 (year) I 56
conc - 7.43 -0 44 (year) 3 06
conc - 19 32 0 22 (year) 0.00
conc - 10.58 0.13 (year) 0.00
Not done

conc : - 1.45 +0 139 (year)
conc : I 87 +0.028 (year)
conc - 29 2 +O 82 (year)
conc - 2.49+0.085 (year)
conc - 5.28 +0 03 (year)
conc - 15.3 +0.30 (year)
conc - 10.ó8 +0.26 (,vear)
conc - - 0.52 +0 008 (year)
conc - 0 20+0 003 (year)
corìc : 90. 1 + 1.37 (y'e ar)

5.09
0.664

103.1
10 14
'7.95

11.6
12.7
0. l7
0.12
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r
0.75

-0 69
0.81

-0.58
0.78

-0 90
049
0.84

-0.54

0.52
0.84
0.54
060
042
016
0.49
088
0.82
0.88
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the river flow curve which however did not demonstrate an

overall trend. The regularity of pH's over 8.5 noted in the

summer of 1977-78 and water super-saturated with dissolved
oxygen suggest that photosynthetic activity has increasetl,
probably due to the higher recent summer nitrate concentra-
tions. The slightly higher pH and dissolved oxygen winter
concentrations may reflect the less anaerobic nature of
swamp water recently.

Nitrate concentration is very seasonal in the Waikato
River. There is a trend for the winter concentrations to
increase quite dramatically each year; in fact, the nitrate
concentration has doubled in the period under consideration.
The summer concentrations appear to be climbing as well,
although this may be due in part to the progressively earlier
sampling time. In the ea¡lier years nitrate concentrations
often fell to zero in summer, obviously becoming the limiting
nutrient, but in later years this has not always been so. During
the 1978 winter nitrate concentrations were the highest on
record. The reason for the increase is probably related to
changing agricultural practices such as increased stocking
rates, the introduction of lucerne in the upper Waikato and
the switch to maize and the increased use of synthetic fertilis-
ers.

Nitrite concentrations have exhibited a pattem similar to
nitrate but on a much smaller scale.

3.6.3 A Loox rNro rHe FuruRE

Eight years is hardly a long term and it is not possible to
predict how many of the trends noted will continue indefi-
nitely. Major changes in man's activities in the catchment
could have a pronounced effect on the Lower Waikato River
at Tuakau but increasing control by the Waikato Valley
Authority should ensure good water quality for future genera-
trons.

It is encouraging to note the number of parameters show-
ing a downwa¡d trend, especially soluble reactive phos-
phorus, ammonia, permanganate value (boil), iron and col-
iforms. The trends observed for suspended solids, pH and

nitrate are the most likely to cause concern. In the summer,
nitrate may well be the limiting nutrient but most workers
now accept that retention time is the factor limiting biological
gruwtlt (refer secLiorr 4.4). However if the irtcreased nitrate is
originating from the lucerne fields of the Taupo region it is
possible it may stimulate growth in the hydro-electric lakes.
If the winter concentration trend continues as predicted the
concentration will ultimately exceed the World Health Or-
ganisation drinking water standard of l0 g m-3 NOa-N al-
though there are many decades before this situation will
arise. The increasing pH could be a nuisance if it encourages
blue-green algaì growth. It may also make it more difficult to
accommodate ash lagoon discharges from the Huntly Ther-
mal Power Station.

If the suspended solids trend continues in the lower river
the water will become increasingly less attractive to the
public thus giving the impression that "water pollution" is

increasing despite the pollution abatement measures up-
stream. The resident fish population may find it difficult to
tolerate higher suspended solids.

Overall the river at Tuakau is in very good condition. The
BOD concentration is low and showing no sign of increasing,
and the dissolved oxygen concentration is high. The coliform
bacteria are falling gradually although this trend may be
difficult to maintain in such a large and intensively farmed
catchment.

The improvement in pollution control in the towns and

cities, dairy factories, meatworks and papermills is continu-
ing and combined with the controls proposed for recently
planned large dischargers such as thermal and geothermal
power stations the river water quality is not expected to

worsen in the foreseeable future. The water clarity at Tuakau
is not particularly good mainly due to swamp runoff in winter
and algal growth in summer. Neitherof these factors is Ìikely
to improve in the near future. The tendency for farmers to
reclaim swamplands for pasture may gradually improve the
appearance of the river in winter and, in the long term, a

better understanding of the effect hydrothermal discharges
have on Lake Ohakuri may reduce some of the biologically
oriented problems.



FIGURE 3.6.I: LONG TERM DOWNV/ARD TRENDS IN V/ATER QUALITY PARAMETERS AT TUAKAU
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4. Biology
4.1 GENERAL INTRODUCTION AND SUMMARY

There are four major biological regions in the Waikato
River. The first includes Lake Taupo through to the upstream
end of Lake Ohakuri. This region is characterised by an

oligotrophic assemblage of submerged plants and animals.
The remaining three sections downstream of Lake Ohakuri
are characterised by eutrophic species. It is convenient to
recognise an impounded section of river from Lake Ohakuri
through to Lake Karapiro, and two river sections from the

Karapiro tailrace to the Vy'aikato Heads. The first river sec-

tion is from the Karapiro tailrace to Rangiriri where there is

no evidence ofphytoplankton production, the second is from
Rangiriri to the Waikato Heads where phytoplankton produc-

tion is evident and emergent macrophytes are a conspicuous
component of the vegetation.

The transition at Ohakuri is reflected in a distinct change in
the dominant submerged macrophytes. Macrophyte com-
munities change from Lagarosiphon-Elodea dominated as-

sociations to ones dominated by Egeria-Ceratophyllum
downstream of Lake Ohakuri. Phytoplankton above Lake
Ohakuri is a diverse, low density, assemblage of diatoms and

blue green algae; below Lake Ohakuri, diatoms comprise
abouf 9lVo of a dense phytoplankton community.

Similarly, Lakes Taupo and Aratiatia have a sparse as-

semblage of zooplankton with a shift in species composition.
and an increase in density, from the mid-stream of Lake
Ohakuri through to Lake Karapiro. Zooplankton are sparse in

the river downstream of Lake Karapiro.
Aquatic plants in the eutrophic river regions generally

exhibit a summer biomass maxima, whereas in Lake Taupo,
nutrient limitation during the summer may ¿ìccount for re-
ported winter maxima of phytoplankton standing crop (Coul-
ter, 1977).

Bacterial numbers in the impounded region of the river are

consistent with known inputs of faecal matter and organic
additions, and exhibit a clear peak and decay pattem.
Downstream of Lake Karapiro there is a discemible peak of
bacterial concentration in the Hamilton-Ngaruawahia region
with a general decline in numbers through to the Waikato
Heads, possibly due to the nature of the river bed.

Contrastìng biological regions also exist for fish. Trout,
smelt and bullies are most conspicuous in the uppermost,
oligotrophic region. Catfish, mullet, rnosquito fish, eels and

carp are most common downstream of Lake Karapiro.
Goldfish are common in the hydro-electric lakes although all
species other than catfish and mullet are known to occur in
the impounded river section. The hydro-electric dam at

Karapiro presents a barrier to the upstream migration of all
fish other than eels, which can cross the dam as elvers.

Major gaps in our present understanding of the biology of
thc Waikato River include the taxonomy of viruses, fungi,
and periph¡,ton, and the factors intluencing algal production
in Lake Ohakuri and the liver downstreal.tt of the Karapiro
tailrace.

4,2 RESIDEN'I'PLANTS

4.2.1 INrnoDUCTtoN

Interest in resident submerged vegetation in the Waikato
River shifted fronr casual taxonomic collections ol

endemic/native species during the l9th and early 20th cen-
turies, to an urgent demand for applied management data on

the control of introduced weeds from 1960 onwards.
During the 1 970s, those respons ible for manag ing the river

again provided the impetus to assess the usefulness of resi-
dent submerged plants (particularly periphyton) as indicators
of water quality.

The purpose of this discussion is to comment on existing
data and to present a generalised scheme of vegetation struc-
ture throughout the river.

There is a paucity of taxonomic and ecological data on
periphyton, and quantitative ecological data on emergent and

free floating species are scarce. Submerged macrophytes
have been considered in some detail.

Submerged and emergent macrophytes are restricted to
"solt sites" where the net effect of shoreline physiography,
exposure to wave action, water flow, and the availability of
finely divided sediment permits the accumulation of sand

through mud particle sizes. Periphyton colonise a variety of
stable substrates including bare rocks and larger plants. Free

floating species are generally restricted to waters which are

protected tiom a significant wind fetch, or are contained in

locally protected areas by larger rooted plants.

4.2.2 R¡conneo Ve,cerATroNAL CH¡'Nc¡s

The Waikato River is fed from Lake Taupo which supports
a typically oligotrophic submerged flora. Native com-
munities persist in local areas of the l¿ke but are being
displaced by introduced species; particularly Lagarosiphon
major, Elodea c'anadensis, RanuncuLus fluitans, and
Potomogeiùn crispus.

Native communities in Lake Taupo comprise a characean

meadow extending into 20m water depth, with native vascu-
lar hydrophytes including Myriophyllum propinquum,
M),riophyllum elationoides, PotamoSeton cheesmanii and
Potamogeton ochreatus occurring between water depths of
0.5 and 6.0m. A low mound community comprisingChara
spp. Nitella spp. Isoetes kirkii, Elatine Sratioloides, Glosso-
strigma submersum, Lilaeopsis lacustris, Limosella lineata,
and Scirpus.ip is common in shallow water (0-2.5m).

Lagarosiphon major is the potential ecodominant in Lake
Taupo within its apparent depth range of 0.5-6.5m and dis-
places all other species from this zone Elodea canadensis
has a depth range of 0.4 to 12.0m and when growing in
association wifh Lagarosiphon, occurs between water
depths of 0.4-0.5m and 6.5-12.0m. PoÍamogeron crispus
occurs sporadically between water depths of 2.0 to 6.0m.
Ranunculus is mainly confined to shallow water (0.2-2.0m).

The Tongariro Diversion Scheme is programmed to dis-
charge through Lake Rotoaira into Waihi Bay, Lake Taupo.
The Western Diversion of this scheme is complete (1914) and
the Wairehu Canal and I ake Otamanga-karr, on this diver-
sion, originally supported a flora ol Potamogetort species

during 1975 (P. cheesnanii and P. crispus). Elodea and
Ranunculus fluitcttts hal'e since invaded these watercourses
(J. S Clayton, N.Z.E.. pers. comm).

Subnrerged vegetation in Lake Rotoaila has remained rela-
tively stable since t966. u,ith Elodea canadensis and
Ranunculus J'ltritatts as the clominant species. The lower
depth lirnit <¡l-Elotleu in Lake Rotoaira ( a ntesotroph ic lake) is

7 0rl Associaterl species include Rattuttcultts rivularis,
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Myriophyllum elatinoides, NitelLa hookeri, Potamogeton
crispus, Potamogeton cheesmanii, and members of the low
mound community (see earlier).

A provisional species list for resident submerged plants in
the V/aikato River, together with authorities, is presented in
Tables 4.2.1 a andb.

KARAPIRO

ARAPU NI

WAIPAPA

MARAET

WHAKAMARU

AT I AMUR I

OHAK URI

Apparently, the submerged vegetation of the Waikato
hydro lakes filled before 1960 (Karapiro, Arapuni, Maraetai,
Whakamaru and Atiamuri) was dominated by the exotic,
Elodea canadensis (first New Zealand record 1870). It is

likely that there were also significant populations of another
exotic, Ranunculus fluitans (first New Zealand record
1906), mixed withthe nativeElodea association, since itwas
well esrablished by 1966.

Ceratophyllum demersum was first recorded for the
Waikato at Lake Ohakuri during 1963 which was within two
years of its first New Zealand record as an aquarium escapee

at Napier. There is little problem envisaging its downstream
spread to its present position at Waikato Heads by water
current dispersal of vegetative fragments. Maraetai I had the
potential to act as an obstacle to such downstream dispersals
before the commissioning of Maraetai 2. Its turbine intakes
are in very deep water (45m) compared to the essentially
surface intakes of other stations (Rodger 1969). However,
flood conditions in February 1967 necessitated water spillage
over the dam and it is almost certain lhat Ceratophyllum
entered the river below this point at that time.

Lagarosiphon major was a sufficiently troublesome plant
in Lake Rotoroa (Hamilton Lake) to warrant spraying-control
during 1957. Chapman (1970) suggests that the Waikato
Riverbelow Hamilton was infected with Lagarosiphon from
this source whilst the hydro lakes were colonized by material
carried on launches from the Rotorua arca. Lagarosiphon
was well established at the Taupo boat harbour during 1966,
and this is the most likely source of infection for the upper
Waikato lakes. However. its distribution during 1966, par-
ticularly its absence from Lake Aratiatia, suggests rather that
the effective source for lakes upstream of the Ma¡aetai dam
was Lake Ohakuri.

Egeria densa was first recorded in New T.eaIand during
194ó. The source for the infestation identified in Lake Kara-
piro in 1965 was probably Lake Kimihia (Chapman 1970).
By 1966 it had appeared at the boat-launching ramp in Lake
Maraetai, having 'jumped' the intermediate lakes Arapuni
and Waipapa. Coffey (1974) recorded Egeria at the boat-
launching ramp in Vy'hakamaru Lake during 1972. By 1977 it
was also found in Lake Atiamuri. Thus it appears that boat
traffic is an important factor in the upstream spread of plants;
water currents ensure that the species is available to infect
intermediate downstream areas.

Little attention has been paid to the other exotics which
could spread through the Waikato system, although some,
such as Potamogeton crispus may become important from
the viewpoint of vegetation structure.

It is difficult to document the arrival of adventive, emer-
gent plants in the river. First New Zealand records are availa-
ble for a few: Mentha sp. ( 1846: Bay of Islands), Nasturtium
microphyllum (abundant during I 840s), Juncus articulatus
(1876), Glyceria ntaxinta (1904), Ranunculus flamtrutta
( 1907: Piako), Ludwigia spp (1929), Polygonum hydropiper
(1940), Apium nodiflorum (1949), Myriophyllum aquaticum
(1929).

Native emergents, particularly Baumea articulata, Carex
secto, Eleocharis acuta, Typhc orientalis, Scirpus lacustris
and Juncus articulatus are common throughout and form
waterfowl habitats of value in the Tongariro Diversion
Scheme, the Waikato hydro-electric lakes (particularly Lake
Whakamaru) and the Waikato River below Ngaruawahia.
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FIGURE 4.2.1: SPECIES DOMIN;' IN RELATION
TO PROVENANCE ON THE WAIKATO RIVER AND
ASSOCIATED HYDRO-ELECTRIC LAKES 1966-1914:
POSITION OF MAPPING REGIONS (REFER TO TABLE

4.2.2).



Isoetes kirkii
Drepanocladus
Drepanocladus
Nitella hookeri
Nitella spp.
Chara spp.
Compsopogen
Egeria densa I
Elodea canade
Lagarosiphon t

Myriophyllum 
'Myriophyllum ,

Myriophyllum 
'

Myriophyllum ,
Ranunculus flu
Ranunculus riv
EIatÌne gratíoh
Glossostigma s

Lilaeopsis lacu
Scirous sp

Nasturtium
Nasturtium

Juncus
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TABLE 4.2.1 (b): PROVISIONAL CHECKLIST OF PERIPHY-
TON GENERA TN TFIE WAIKATO RIVER DOWNSTREAM OF

TABLE 4.2.1 (a): PROVISIONAL CffiCKLIST OF RESIDENT
AQUATIC MACROPHYTES IN THE WAIKATO RIVER.
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(soetes kirkii
Drepanocladus aduncus (hedw.) Wamst
Drepanocladus fontinaliopsis (C.M.) Dix.
Nitella hookeri A Braun.
Nitella spp.
Chara spp.
Compsopogen hookeri Monf .

Egeria densa Planch
Elodea canadensis Mich.
Lagarosiphon malor (Ridl.) Moss
Myriophyllum robustum Hook f.
Myriophyllum aquaticum ( Vellozo) Verd.
Myriophyllum elatinoides Gaud.
Myriophyllum propinquum A. Cunn.
Ranunculus fluitans auct. N.Z.
Ranunculus rivularis Banks & Sol ex DC
ElatÌne gratíoloides A. Cuno
Glossostigma s ubmersum Pefrie
Lilaeopsis lacustris HilI
Scirpus sp
Potamogeton crispus L.
Potamogeton ochreatus Raoul.
Potamogeton cheesmanii A. Benn.
C eratophyllum demersum L.
Nasturtium officinale R. Br
Nasturtium microphyllum (Boenn.) Rchb
Ludwigia palustris (L.) Ell
Ludwigia peploides (Kunth) Raven

ssp montevidensls (Sprent.) Raven
Apium nodiflorum (L ) Lag.
Glyceria maxima (Hartm.) Holmb.
Polygonum hydropiper L.
Paspalum distichum L.
Ranunclus flammata L
Mentha pulegium L.
Mentha rotundifolia (L.) Huds.
Baumea articulata (R.Br ) Blake
Iris pseudacorus L
Juncus articulatus L.
Scirpus lacustris L
Typha orientalis Presl.
Carex secla
Cyperus sp.
Eleocharis acuta R. Br.
Callitriche stagnal is Scop
Callitriche petrlel R. Mason
Nymphaea alba L
Spirodela punctata (G.F W. Meyer) Thompson
Lemna minor L.
Azolla rubra R. Br
Salix discolor Muhl.
Salix fragilis L.
Alnus glutinosa (1.) Gaertn
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Illustrations of selected
(t973)

species are reproduced in Mason and West

4,2.3 T.rz Vy'nlr¿,ro Hvono-El¡crRrc LAKES

The instability of the vegetation in the Waikato River is

evident when the water plant surveys of Wilsón and Gibbs
(1966 and 1968), Robertson-Glascow (1912 and 191'7) and
Coffey (unpub. N.Z.E.) are compared (see Figure 4.2.1 and
Table 4.2.2).
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Wilson and Gibbs recorded Elodea, Myriophyllum,
N it e I la, P ot am o g e t o n and Ra nun c ulus in Lake Aratiatia dur-
ing February 1966, but by May 1968 Lagarosiphon was
sufficiently dense in the lake to be broken free in quantities
sufficient to collapse the intake screens at the Aratiatia Sta-
tion. Whether Lagarosiphon was present in the lake in 1966
and was not recorded does not alter the pattern of sociological
dominance change in the newly formed lake from an
Elodea-natíve association to a Lagarosiphon-dominated
community within the space of two years.

The only change in floristic composition noted in Lake
Ohakuri by Robertson-Glasgow was the appearance of
Ranunculus rívularis. In 1966 Ceratophyllurn was firmly
established as the dominant species in the mainstream of
Lake Ohakuri from the Mihi Bridge to the dam site, although
it was mixed with a signifi cantElodea population. By 1972,
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Ceratophyllu¡n had excludedElodea from the mainstream of
the lake, progressed approximately four kilometres upstream
from the Mihi Bridge, and invaded a large portion of the
Whirinaki arm, at the expense of the dominants, Elodea and
Lagarosiphon. Ceratophyllum had spread further upstream
by 1977 and extensive beds of the emergent Ludwigia pep-
loides were present in the Broadlands area.

A similar rapid change was evident for Ceratophyllum in
Lakes Atiamuri and Whakamaru. During 1966 the
mainstream of Atiamuri and the southern (upstream) end of
Whakamaru were dôminated. by Ceratopttyttum whilst the
northern arm of Atiamuri and the downstream end of
Whakamaru were dominated by Elodea. By 1912,
Ceratophyllun was the dominant throughout both lakes.

A qualitative change had occurred during 1974 with the
introduction of Egeria to the downstream end of Whakamaru
and during 1977 to Atiamuri. Ludwigia peploides was a

conspicuous member of the emergent vegetation in Lake
Whakamaru during 1977.

Lake Maraetai was dominated by Elodea during 1966,
although bothEgeria andCeratophyllum were present. De-
spite the more extensive distribution of Ceratophyllum r.o

Egeria at that time, it was Egeria which had, by 1912,
become the dominant of the lake with Ceratophyllum rcle-
gated to the sub-dominant role. The success of these two
species occurred at the expense of Elodea, Lagarosiphon,
Myriophyllum propinquum and Nitella hookeri.

Elodea was again the I 966 dominant in Lake Waipapa, the
only other significant populations present consisting of
Potamogeton species and Ranunculus fluitans. Although
bothEgeria and Ceratophyllum had joined the flora b y 1972 ,

it was the latter species which dominated. The same changes
occurred in Lake Arapuni.

Egeria dominated the downstream end of Arapuni by
tg7'.t.

Egeria was firmly established in the northern end of Lake
Karapiro during 1966, and although Lagarosiphon domi-
nated in local areas, Elodea was considered to be the overall
dominant. By 1972 Egeria had come to occupy this position,
with Ceratophyllum as a locally dominant species in the
southern or upstream reaches. Ceratophyllum was generally
abundant although sub-dominant to Egeria during the 1977
survey.

4.2.4 K¡neprRo TATLRACE To rHE WnrrRro Heeos
(1973-197s)

Epilithic periphyton (hard substrate: rock faces and stable
gravel)

Mosses (Drepanocladus species) and general periphyton
(including species of Chamaesiphon, Rivularia, Synedra,
Cladophora and Cocconels) were present at all sampling
stations where a stable rocky substrate was in evidence.
These epilithic species were most common in the zone bet-
ween Karapiro and Hamilton, where considerable areas of
bedrock were exposed in the river channel. The lower depth
limit of this community, in this zone, appeared to be between
5.0 and 6.5m.
Epiphytic períphyton (plant substrate)

Epiphytic periphyton was common throughout with the
most conspicuous being the red algaCompsopogon. It occurs
as dense turfs of branched threads which resemble nylon
fishing cord. This plant was common from Hamilton
downstream, but was particularly abundant around Huntly.
Other genera recognised on the leaves of Egeria included
Cocconeís, Chamaesiphon, Gomphonema, Rivularia,
Cladophora, O edogonium and U lothrix.
Epipelic periphyton (soft substrate)

Epipelic algae were common on organic silts-muds im-
mediately adjacent to marginal weed beds downstream of
Ngaruawahia. Component genera included Nitzchia,
Navicula, Oscillatoria, Scenedesmus, Pediastrum,
Chlorella and Medosira.
Rooted Macrophytes - Submerged Species

Egeria densa was the physiognomic dominant on all suit-
able soft sires. Ceratophyllum was most frequent at
downstream stations, whtlst Potamogeton andNitella were
generally more common at upstream stations.

Floristically, the lower depth limit of the submerged mac-
rophyte communities (adjacent to high flow areas) varied in
such a manner that species tolerant of high water flows
(Potamogeton crispus andNitella) were present between the
Karapiro tailrace and Horotiu; species with a moderate resis-
tance to water currenl.s (Egeria) were present between
Ngaruawahia and Rangiriri; and poorly anchored species
(Ceratophyllum) were present between Meremere and the
Vy'aikato Heads.

TABLE 4.2.2: MAJOR PLANT SPECIES AND COMMUNITY DOMINANTS IN THE WAIKATO HYDRO-ELECTRIC LAKES FROM
1966-197'7 (SEE FTGURE 4.2.1 FOR POSTTTON OF MAPPING REGIONS)

1966
I 968
t9'72
t974
t977

I
Afg
AB
AB
Abf

2
Gad
BA
BGa
Bga
Bagfd

3

Aig
Fad
Gf
abfg
Gd

4
Fad
Fad
Gf
gfab
cgd

5
AFdg
Afdg
Gc
Cgaf
C

6
C
c
C
C
C

1
Ca
Cad
C
C
C

8

Cad
C
c
C
C

9
CA
C
C
C
Ca

l0
Cabd
Cadb
C
C
C

il
C
Ca
C
cga
Ca

t966
t968
t9'12
1974
1977

l2
Cadg
c
C
Ca
Ca

13
Abdc
Cab
C
Ce
CE

l4
C
c
C
Ce
CE

l5
Adcg
ECA
EC
Ec
EC

ló
Adf
Cad
Cgae
Ecg
EC

l7
AFd
,A fc
EAC
Eca
ECd

l8
Adf
.Adfc
CA
Ce
Ec

l9
Adf
Adfc
CA
Cea
Eca

20
Abdf
Abdf
CEab
Eca
ECa

2l
Abe
Abc
ECab
Ec
EC

22
Eab
Eab
E
E
EC

KEY: Capital lette¡ denotes dominant, lower case presence
A ELodea canadensis
B Lagarosiphon major
C Ceratophyllumdemersum
D Potamogeton sp. (1980-P. crispus)

E
F
G

Egeria densa
Ranunculus fluitans
Myriophl'll um propinquunlN i¡ella hookeri

Wilson & Gibbs (1966 & 1968)
Robertson Gìasgow (1972 &- 1977)
Coffel' (unpub N.Z.E reports)



This zonation pattern was associated with the physical
parameter of river width (and presumably water flow rate
adjacent to the banks), rather than water quality. It appears
that the absolute depth limit of these communities was simi-
larly associated with current velocity, as Egeria in water of
similar transparency (Karapiro Lake) has an apparent com-
pensation point of 6.5m, rather than 3.0m, as evident in the
River downstream of the hydro-electric lakes.

Filamentous algae were frequently associated with sub-
merged macrophyte communites and at Ngaruawahia apprec-
iable quantities of Enteromorpha were present on the water
surface above the submerged macrophyte stands. Lemna
minor andlor Azolla rubra were similarly present on the
protected surface water above these communities, at many
localities.
Emergent Species

This community was only important downstream of
Taupiri, and was dominated by Myriophyllumaquaticum and
Ludwigia peploides var. montevedensis. Less common
species included Ludwigia palustris; Nasturtium fficinale
and Nasturtium microphyllum; Glyceria maxima (particu-
larly around Huntly); Apium nodiflorum; (particularly
around Tuakau); Cyperus sp. and Polygonum hydropiper
(tolerant to immersion).

Emergent species were geneially most frequent inshore of
submerged macrophyte communities where there is a break
in the marginal willow cover.

4.2.5 DrscussloN

The Waikato River has several special features with regard
to submerged vegetation structure. Most important is the
continuing introduction of exotic plants to the catchment, and
secondly , that environmental conditions in the river are, and
have been, unstable.

Major environmental changes have been incuded by man's
exploitation of the river as a source of drinking water, as a
sink for waste disposal, for hydro-electric power generation,
for cooling thermal power stations, and for recreational pur-
surts.

The physical effects of impoundment would have been to
decrease water flow rate in these lakes relative to that in the
old river channel, to increase the retention time of water in
any given section of the old river course which is now
occupied by a hydro-electric lake particularly where these
lakes inundated low rolling pastural land, and to create a

more extensive area of littoral profile. Thus these lakes act as
sediment traps. The biological significance of these physical
effects was to increase the area available for the growth of
resident submerged plants. It also follows that phytoplankton
populations could develop in these lakes, hence the quality
and quantity of drift communities discharged into the river
below Karapiro would have changed.

At present the river changes character with regard to water
quality (as it affects resident plants) in the upper reaches of
Lake Ohakuri. Oligotrophic water leaving Lake Taupo re-
cei.,,es a loading of geothermal water in thc rcgion from
Wairakei to Orakei Korako, (see sections 3.2 and 3.4), and
this, together with agricultural runoff (particularly from the
Whirinaki and Waiotapu Rivers) is impounded for the first
time in Lake Ohakuri. Lake Aratiatia, although an im-
poundment, has a very short retention time.

It is in Lake Ohakuri that the river water changes from an
oligotrophic to an eutrophic status. It remains 'eutrophic

through the forested catchments of Atiamuri, Whakamaru,
Maraetai and Waipapa, then receives additional nutrient
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loading from the agricultural catchments of Arapuni and
Karapiro. It is eutrophic water, without much of its as-
sociated turbidity, which is discharged into the river
downstream of Karapiro.

The floristics of the submerged vegetation in the river has
changed since 1966, from an essentially Elodea-native as-
sociation, to one that is dominated by Lagarosiphon in its
upper reaches (Lakes Taupo and Aratiatia);by Ceratophyl-
lum and Egeria in the central Waikato hydro-electric lakes,
and by Egeria from Lake Karapiro downstream. Available
evidence suggests thalEgeria is the potential eco-dominant
from Lake Ohakuri downstream, and it is actively displacing
Ceratophyllum from upstream localities at present.

There is another major invasion of introduced plants oc-
curring in the lower reaches of the river. This involves
emergent species such as Glyceria maxima, Myriophyllum
aquaticum, Ludwigia peploides andApium nodiflorum. In-
formation on production rates and the competitive ability of
these species is required.

Submerged and emergent macrophytes are of importance
in the river downstream of Karapiro, as by -
(a) colonising and/or creating low flow environs adjacent to

the river banks;
(b) colonising and/or creating deposition areas for fine parli-

cles and organic debris adjacent to river banks; and
(c) providing attachment surfaces for periphyton and as-

sociated fauna, and trapping sites for drift material in-
cluding plankton and filamentous algae. These weed
beds provide biologically productive habitats which are
quite different from conditions existing in the open river.

Throughout the river and its associated hydro-electric
lakes, submerged plant communities are considered to be
life-form saturated, that is, they occupy all of the available
habitat. This is not true for emergent species and the extent
and density of emergenlmarginal communities is expected to
increase in future.

Resident submerged plants have two distinct advantages as
indicators of water quality. Firstly, they are growth limited
by available light, and are therefore sensitive to water trans-
parency and colour. Secondly, in-water plant production is
the most direct and meaningful measure of eutrophication.

Aquatic plants vary in their light, nutrient, substrate and
climatic requirements, hence the floristics of the submerged
vegetation will reflect the competitive growth requirements
of species available to colonise that habitat. The theoretical
advantage of periphyton is that they have a short tumover
time, and unlike phytoplankton, they are resident at a particu-
lar locality. The major disadvantage of periphyton for this
purpose at present, is the lack of taxonomic expertise in this
field.

4.3 ANIMAL LIFE IN THE WAIKATO RIVER

In spite of the fact that the Waikato is one of the largest
river systems in New 7.ealand, the fauna has apparently been
almost totally ignored until vcry recently. l'Jo background
information seems to exist on the fish or invertebrate fauna
prior to the construcrion of hydro-electric dams, and there is
no way of assessing what the effect of these and of the many
changes in water quality that have occurred in the last few
decades has been on the original fauna. Knowledge of the
biological communities that exist in the river today remains
fragmentary, and completely inadequate for either the design
of rational management policies or the assessment of water
quality conditions.
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This report summarises the available information on the

animals of the Vy'aikato River, although little data exists on

the fauna of the river above Karapiro, and it was not possible

to obtain any on the estuanne region.

4.3.1 FeuNA oF THE Lowen Rtven (Ka'nerlno ro
Ponr Vy'nrxnro)

Invertebrate animals
It is convenient to discuss the fauna ofthe bottom deposits

and of the weed beds separately although a number of species

occur in both habitats.

lleedbed fauna:
Information on this comes largely from the biological

survey carried out between Karapiro and Tuakau in De-
cember 1973 , when handnet samples were collected. Further
information is given by Boubee (19'77) on the Hamilton city
region, and by Coffey et aI (1975a).

Knowledge of the weedbed fauna remains fragmentary,
and difficult to place into perspective owing to the lack of
knowledge of
(a) the type of fauna to be expected in comparable rivers

prior to man's influence on conditions, and the absence

of information on the Waikato River itself, before mod-
ification.

(b) the almost total lack of information for any of the species

on the temperature, oxygen and other environmental
requirements, as well as detailed information on breed-

ing seasons, food preferences etc.

It is no exaggeration to say that almost every sweep of a net

through the river throws up both new problems of interpreta-
tion of distribution data, and also new contradictions to the

available body of established information on the biology and

occurrence of New Tnaland animals.
A considerable variety of animals occurs in the weedbeds,

using them for shelter and/or as food sources by grazing on

the attached or aufwuchs community of bacteria, algae, pro-

tistans, rotifers etc that flourishes on their stems.

Table 4.3.I lists the organisms that have been found in the

surveys. Quantitative sampling in the often dense weedbeds

is almost impossible so that there is no information on the

relative abundance of the various species. No obvious evi-

dence of significant differences between sites in the composi-
tion of the weed community at different points of the river
was noted in the 1973 survey, but it is quite possible that
more thorough collecting, and more detailed identification of
the spebies such as those of chironomid midge larvae might
show variations between sites and between the fauna of
different plant species. In addition no consideration has ever

been given to the animals (e.g' rotifers) of the aufwuchs

which may well turn out to be useful indicators of water
quality. Green J. D. (Waikato University) has now begun to

assess the rotifer fauna of the river.
The organisms most consistently present in the survey

wcre the detritus feeding amphipods (Paracalliope fluviatilis
and an undescribed Paraleptamphopus sp); the freshwater

shrimp (Paratya curvirostris, although this was not found

above the Narrows); the grazing snails (Potamopyrgus an-

tipodarum and Physastra variabilis, wrongly identified as

fhysa in the 1973 report); camivorous damselfly nymphs

(Xanthocnemus zealandica),' and detritus feeding ar.d graz-

ing chironomid midge larvae.
The net-spinning caddis (11y dropsyche) and another caddis

(Pycnocentrodes) were found on a cliff face above the Nar-

rows, and the purse caddis (Oxyethira) was found at some

stations. Other organisms included flatworms (planarians)'

the waterflea (Simocephalu.s), limpets (Ferrissia zealan-

dica), the aquatic caterpillar (Nymphyla nitens); the water-

buatrrrarr (Anisups sp.) and thc flat sntllCyraulus corunna'

fish - thus snails, shrimps and crayfish were found in eel

stomachs examined by Coates (in Coffey et al 1975a)'

Benthos (Bottom Faurn)
Much of the river bottom away from the edges consists of

duning pum s contain very few animals'
The oigãnic with the weed beds contain

a much rich e areas are very difficult to

sample quantitatively and studies are further complicated by

the veryinadequate taxonomic and ecological knowledge of
benthic animals in New Znaland.

Boubee (1917) made a detailed study in 1974-75 of the

fauna, carbon content and oxygen uptake ofthe sediments at

six stations along the River within the Hamilton City bound-

aries. A total oi 44 taxa were recognised amongst which

oligochaete worrns, nematodes (round worms), nemertines

(proboscis n-

tipodarum) ed

differences he

centre of th to

differences in substrate type, and also that there were differ-
ences between stations which were apparently related to the

volume of domestic and industrial wastes being introduced

into the river. His study is the only accurate and detailed

information on river benthos that exists and will be of great

use in assessing changes that may occur as a result of im-
proved sewage treatment in Hamilton.

Table 4.3.2 lists the taxa that he found.
The depth and turbidity of the river as well as substrate

type probâbly prevent the development of benthic algae, and

fôr ttris reasonanimals such as mayfly, stonefly and caddis

larvae which are characteristic inhabitants of rocky streams

and shallower rivers are rarely found in the rùy'aikato River'

the weedbeds but these have not been examined'

Fish.
The rùy'aikato River is important as a living area and as a

highway for fish migrating to and from the sea or the as-

roãiut"á lakes of the lower region. A considerable number of
native and introduced fish species occur in the system some

of which are of commercial importance (eels, whitebait,
multet), whilst others are, or could become, of importance

for recreation (trout, mullet, catfish, rudd, goldfish 
'

whitebait). Several species are significant food sources to the

Maoris of the region (eels, mullet).
Table 4.3.3 lists the fish caught in two recent studies



'IABLE 4.3 l: FAUNA OF V/EEDBE,DS IN 'fHE V/AIKATO
R1VER DOV/NSTREAM FROM KARAPIRO (DATA FROM
DECEMBER 1973 COLLECTIONS, IN COFFEY ET AL, 19752t)

Crustacea
Arnphipoda

P araca I I i ope fl ut' i al itus
Paroleptamphopus .tp

Decapoda
Parll\'a curviroslris
Purane ph rop.s pI o n i.l rt, rt.s

Cladocera
Sintocephal us
Cht'dorus sphaericus
G ru pt olehe r i,s I e,1t u (l i trur ie
Biapertura uflinis
Letdigia let,digii
Saycia cooki

Copepoda
Boec'kellu
Calatnoe<'iu ILtcusi
Ac'anr hocycI op s robust u,s

Clc/opirl species
Mollusca

Feri.ssict doltrniona
Polanoptr g u s ant i pod uru ttÌ
Pht'saslra variuhiIis
Gyruulus corinno

Platy he I nr i nthes
Plunurian sp

I n secta
Ntrnphula niterts
Pt< noc'enlroles sp
H .r'tlropst'c'he sp
Oxyethirid sp
Stonefly' nymphs
Maylì1 nyrnphs
Anisops sp
Darnselfìy nymphs
Chironornidae. incIuding Porütunltur,tus ogomela

Oligochaeta and Nenratocla
Variety of unidentìfìe d spccics

Coe lenterata
Unidentified hyclroid sp

Arac hn icla
Unidentilicd mile species
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TABLE, 4 3 2: BENTHIC FAUNA OFr THE WAIKATO RIVER
(DATA FROM BOUBEE 191'7)

Porilèra (sponges)
E pht'tl a t i ct kaka h ue n s i s

Coelenterata ( hydroids)
Chlorohtdra sp
C nrtlv lophora I ac usrr is

Platl'helnrinthes (l'latwonrs )

Planarians (Lrn identifieci)
Nenrefiea (proboscis wornts)

P ro,sl otnu grae (e tl.\e
'l a second species

Nernatoda (round wo¡ns)
No species identilications nrade.
Hìruclinea ( leeches)

Glos,siphonia sp

Oligochaeta
Unknown number of species, including:

B ronchi uro sou'e rltt'i
De ro sp
Limnodilus sp
T e ltnat oct ri I u s nr tt I t¡ p rosl rutu.,
Chaetttgaster sp
C haet ogu st e r I i tttno ei
Pristina aequiseta
Species of Haplotaxiclea Mollusca (snails, linrpets)
P ol u tn opt r E¡us tutl i podorurn
P/r,r'.srr sp
Pllsa.slra sp
Litnntteo sp
Latiu sp
Guntllachia sp
H t'd r i d e I I a nte n:.ie s i

Tardigrada (\\ xter bears)
Species not iclentifiecl

Crustacea
C I aclocera

B o¡^n i na tne ri d iono I i s
Sitnotephalus sp
Biapertura u./.t'inis
I lvoc'rt' pt u s,sord i d us

Copepocla
Nitocra sp
Eluphoidellu bidetrs
Cyclopoids
Calanoids

Ostracoda
Cantlona inerpa<'la
Unitlenrilied littoral species

Amphipocla
Pttra( ul I iop( fl tt riut i I i s

Pu rul e pt utt phtt pus sp
'l Third species

Decapotla
Puranephrops planifron,s
Paralta curvirostris

Sy ncarida
'I Notttbttthtttt'llu t ltiltotti

I nsecta

Trichopte ra
P u r,'.rye t h i ra lta ttt I e r.çt,n i
Or.t'ethiru albiceps
P t'c ttx e ntrode.¡ a u rc c¡I tt
OIingu,lÞreduri
Hrdntbiosi.s s¡'t

f{ulro¡tst'chc sp

Chironomicl¿re l0 species firrrncl. incltrdin-u:
Svruricolo¡tur sp
S\ tt (r ¡ ( ol op u.\ p I u r i.se r i al i';
C hi r ¿tu¡tn u s :.t'o I t nt! i c t t s

P o I t' ¡te I i I u r t t tt¡ti rntr s

P ol.t parl i I urtt ¡tu v itlu r
Tatt.t tu r¡ tt ¡ liute ht r :
Pu rulu t^ t0t \rts u qdiltc td
,\1urtriditntestt syt

Acarina (nrìtcs)
ì'l spccit-: inclLrrlirrg

7 l't t tnlttrttt s¡r

(Wells 1976, Coates (in Coftey er al l9l5a)).
This section deals only with the fish of the lowerWaikato

no information appears to exist on populations in the hydro
dams, nor in the estuaries.

Unless noted otherwise. the basic infbrmation on fish
biology in this section comes fronl the recent book b1'

McDowall (1978).

A. Migratory Fish
Eels:

The existence oleels in the river depends on the ability of
adults to undertake spawning migrations out to sea. and on
the abitity of the returning juveniles, first as glass eels then as

eìvers, to migrateback upstream Todd (c¡uoted in McDowal I

1978) has tbund that longfìns spend long periocls in tiesh-
water betbre retllrning to sea: Males spencl I l-34 (average
22) years, and females 24-1J (averqge 33) yearsi whilst
shortfinned rnales spend 5-22 (average l3) years and fèmales
9--34 (average l9) The aclult rnrgrations occur in late
summer-auturnn, in January-April (Coates I974) GIass eels
were not found above Tuakau bl,coates (in coitèr'rt a/
1975) but they occurred below' this between August ancl

October, whilst by Decernber some were already elvels ancl

had reached Karapiro Darn up which they rnigrate in spec-
tacular fashion. Eels are prirnarily leeders on in\ ertebrates
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but very large ones may prey on fish and young birds occa-
sionally.

Jellyman (1977) studied elver migrations in the Waikato
River at intervals bctwccn 1910-1974. Hc found that the
elvers proceeded upstream in a series of migrations, which
couldbe spread overseveral years. Thus elvers ofthe 0, I and
2 year age groups were caught at Karapiro. Like Cairns
(1941), Jellyman found the timing of elver arrival at Karapiro
Dam to be remarkably consistent each year, taking place in
mid-January. He also noted that the relative abundance of the
two species (Table 4.3.3) differed along the river since
shortfins migrated into the lakes. In his pooled samples he
found9SVo of the glass eels from the 'Elbow' to be shortfins,
whereas they made up only 62Vo of the elvers from Karapiro.
Shortfins are more tolerant of reduce<i oxygen levels than are
longfins, and hence are better suited for life in the swamps
and lakes of the lower river system.

TABLE 4.3.3: FISH SPECIES CAUGHT IN LAKE WAAHI AND
TFIE WAIKATO RIVER AT HUNTLY (WELLS 1976).

Scientific Name
A. Native Species

Anguilla australis
Anguilla dieffenbachii
Galaxias argenteus
Galaxias maculatus
Galaxias brevipennis
Gobiomorphus cotídianus
Retropinna retropinna

fC heimarricht hys foste ri
Mugil cephalus

B. Introduced Species
Carassius auratus
Gambusia affinis
Salmo trutta
Ictalurus nebulosus

*Not reporded by Wells

Common Name

Shortfin eel
Longfin eel
Giant kokopu
Inanga
Mountain trout
Common bully
Smelt
Torrent fish
Grey mullet

Goldfish
Mosquito fish
Brown trout
Catfish

Smelt:
The biology of smelt is of obvious interest in view of their

importance in the whitebait catch (see below), but the only
work has been that of Northcote (unpublished) on the Lake
Waahi population. Smelt are usually regarded as lowland and
estuarine species which spawn in or near estuaries. The fry
apparently develop at sea but in some larger rivers, e.g. the
Waikato, the one year old fry migrate back into the lower
reaches in spring, although they probably do not mature
there. These are known to fishermen as second class
whitebait or porohe. I¡ other cases the smelt do not return
until they are two years old by which time almost all of them
are sexually mature. These fish may be present in freshwater
from mid-spring until autumn and presumably there are some
spawning throughout this period. McDowall believes that
they die after spawning. In some lake-dwelling populations,
however, there is no migration and the fish spawn and grow
to maturity in their land-locked habitat.

The upstream distribution of smelt in the river is not
known, although Coates (in Coffey et al 1975a) did not find
them at Karapiro. Northcote believed that in Lake Waahi, the
population consisteci of a mixture of land-locked and migra-
tory fish since his catches could be divided into two groups on
the basis of the number of gillrakers present. He found fish of
29-l lOmm fork length in beach seining, which were feeding
on chironomid larvae and pupae, zooplankton, water boat-
men and occasional other insects. V/ells ( 1976) caught smelt
of up to l25mm in length at all times of the year in Lake
Waahi and in the river at Huntly, and of particular interest

was his finding of smelt fry in Lake Waahi between May
1974 and February 1975.

Mullet:
V/ells (1976) studied the biology of mullet in Lake Waahi

and in the river just downstream of the power station at
Huntly. He found fish of 2-6 years of age. They matured in
their third year and those with ripening gonads migrated from
the area in late summer and early winter. He believed that, as

they do in Australia (see McDowall 1978), they spawned at
sea from evidence obtained by analysis of strontium in
scales. Stomach analyses showed that they were non-
selective feeders on algal and macrophyte detritus. Catches
of 20 000-30 000kg per year are harvested from the river (P.
J. Howard, pers.comm.).

Galaxias Species and Whitebait:
Whitebait are the migratory fry of certain Galaxias species

and of Retropinna, the smelt. They hatch from eggs laid in
the estuaries in autumn, and after overwintering at sea they
migrate back upstream to freshwater habitats in the following
spring during the August-December period.

At least three species of Galaxias occur in the river,
although nothing is known of their biology there, which is

unfortunate in view of the commercial and recreational im-
portance of whitebait.

Galaxias maculatus, (:G. attenuafus of earlierworkers),
the inanga, was found by both Vy'ells and Coates. It is the
most important whitebait species in New T.ealand as a whole,
and occurs in a wide range of habitats. The adult migrations
to the estuarine spawning zones are controlled by the lunar
cycle and occur at full moon and new moon to coincide with
spring tides. Most fish spawn in autumn but some spawning
may occur during the rest of the year. GaLaxias brevipennis,
the koaro, is most common as an adult in fast-flowing rocky
streams in steep hill country and is rarely found outside
forested country. Some lake-dwelling populations are land-
locked but river populations undergo the typical whitebait
migrations. Catch data from the river are too sparse to deter-
mine whether those caught were migrants from hill
tributaries or residents. None were caught by Coates (in
Coffey et al 1915a) but Wells took a tèw frorn Waahi Stream
and from the river. Galaxias argenteLts, the giant kokopu, is
New Zealand's largest Galaxias species, occurring in a var-
ied range of coastal habitats in sites where there is plenty of
shelter. Unlike the koaro and inanga, it probably spawns in
its adult habitat, in autumn and early winter, and the fry are

swept down to sea, retuming late in the following spring
around mid-November. It was taken by' both Wells and

Coates and has been seen to congregate in large numbers near
Mercer in spring (T. Shaw, pers.comm.)

McDowall (1965) examined some 1964 whitebait catches
from the river, finding that they were donr inated by srnelt fry .

At that time the Waikato was the only' place in New Zealancl
where porohe were of commercial importance. Galarias
brevípennis fry were present in the catches but were unimpor-
tant in comparison to those of Galaxias ntaculatus. He
suggested that porohe declined in importance with increasing
dista¡rce upstream. No information on seasonal changes in
catch composition was given.

B. Introduced Species
A rather large number of introduced fish species occur in

the Waikato River (Table 4. 3 . 3 ) , although their impact on the
native fish populations remains unknown.

Catfish (lctalurus nebulosus) were studied by Patchell



(1977), and their parasite fauna by Lim (1974). Patchell
collected samples from the river at Huntly and from Lakes
Vy'aahi and Waikare, and found that the fish from the river
were generally smaller than those from the lakes. This may
have been due to the presence of a particularly abundant
year-class in the river, or altematively there may have been a
tendency for younger fish to move out of the lakes into the
river for a period before retuming. These possibilities should
be further evaluated. Catfish of up to eight years of age were
found, although the great majority caught were one to five
years old. Reproduction began in the second year of life, and
the fish probably repeatedly shed eggs throughout the spawn-
ing from September-December. Although catfish are known
to be nest-builders no nests were found, probably because of
the density of weedbeds. Unfortunately almost no very
young catfish could be caught and again the dense weeds
probably enabled them to evade the various nets used in
sampling. The older catfish were found to be bottom-
dwelling invertebrate predators, feeding primarily on
chironomid midge larvae and on oligochaete worms. Plant
material also occurred in rnany stomachs but was thought to
be accidentally ingested whilst sucking up animal food, al-
though it could provide at least some of the fishes' nutritional
requlrements.

Patchell pointed out that there is reason to believe from the
evidence of local fishermen that the catfish populations are
expanding in the river system, also that eel populations are

declining (possibly due to over-fishing and/or habitat
changes). In view of the commercial importance of eels, a

detailed examination of the inter-relationships between eels
and catfish would be highly desirable to establish the nature,
if any, of competitive interactions between them.

The omnivorous carp, or more correctly, the goldfish
(Carassius auratus) is widespread in the river system whilst

Botaurus poici
Ixobrychus not
Podiceps rufo¡
Rallus philipre
Porzana tabue
P. pusilla subt
Bowdleria pun
Aras chlorotis
Larus scopulin
Larus dominic
Phalacrocorax
Phalacorax su
Ardea novaeht
Hydroprogne r

Himantopus Ie
Hirundo neoxe
Anas gibberifr
Cygnus atratut
Anas supercili'
Anas platyrhyt
Anas rhynchot
Porphyrio mel
Halcyon sanct,
Circus approx,
Acridotheres tt

Turdus meruLa
Sturnus vulgar
Pa.çser dome.st
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the camivorous rudd (Scardinius erythrophthalmus) is also
present, at least in the lower part. Since the latter has only
recently (and illegally) been introduced into the system its
abundance and its detailed distribution urgently need to be
monitored.

Mosquito fish(Gambusia affinß) also occur, and are being
studied in Lake Waahi (Wakelin, in prep). They are prolific
breeders with a prolonged breeding season, and feed in the
littoral zone on a mixture of zooplankton, benthic animals
and terrestrial insects from the water surface.

Both brown trout(Salmo trutta) and rainbow trout(Salmo
gairdneri) occur throughout the entire river system although
the lower reach is mainly inhabited by brown trout. It is
encouraging to find that they still occur in the river as these
fish are very sensitive to poor environmental conditions.

C. Native Fish
Bullies:

It is not clear how many species of Gobiomorpåus occur in
the river. Coates reported that bullies (Gobiomorphus spp.)
'\ /ere common in the marginal weedbeds and shallow water of
the river during the warmer months. The biology of
Gobiomorphus cotidianus (:G. basalis of many earlier
workers) in Lake Waahi was studied by Stephens (1978) who
found that there were seasonal differences in the occurrence
of the fish in the littoral zone. In summer all age groups were
in the littoral water with the juveniles occupying the shallows
by day and the adults at night. In winter they were dispersed
throughout the lake but some entered shallow water at night.
Five age-classes occurred, and there were peaks of spawning
activity in August, Novembe¡ and February. Those hatching
in August bred for the first time in February and March. The
pelagic larvae fed on zooplankton but older fish fed mainly
on chironomid larvae and pupae, but snails, oligochaete

TABLE 4.3.4. BIRD SPECIES RECORDED IN THE HUNTLY REGION OF THE WAIKATO RIVER (CHEYNE, IN COFFEY ¿T /¿
1975a)

Species Common Name Lake
Waahi

Waikato River
at Huntly

ìotaurus poiciloptilus
xobryc hus novae zeland iae
)odiceps rufopectus
lallus philiprensis
'orzana tabuensis

'. pusilla subsp, ffinus
lowdleria puncîata
lru,s chlorotis
,arus scopulinus
,arus dominicanus
)halacrocorax varius
' halaco rax sulcirostris
lrdea novaehollandiae
Iydroprogne caspia
Iimantop us Ieucoc ep halis
Iirundo neoxena
lnas gibberifrons
:ygnus atratus
lnas superciliosa
lnas platyrhynchus
lnas rhynchotis
)orphyrio melanotus
Ialcyon sancta
)ircus approximans
lcridotheres tristis
'urdus meruLa
iturnus vulgaris
)a.çser dome.sticus

Bittern

Dabchick
Banded Rail
Spotless Crake
Marsh Crake
Fernbird
Brown Teal
Red Billed Gull
Black Backed Gull
Little Pied Shag
Little Black Shag
White Faced Heron
Caspian Tem
Pied Stilt
Welcome Swallow
Grey Teal
Black Swan
Grey Duck
Mallard
Shoveller Duck
Pukeko
Kingfisher
Harrier
Mjna
Blackbird
Starling
Sparrow

X
,|

X

x
x
X

x
x
x

x
X

x
x
X

X

X

X

X

x
x

*Little Bittern (N.I. record at Meremere; Falla, Sibson & Turbott, 1970)
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wornls and zooplankton were also taken in winter.
McDowall ( 1978) notes that in sorne populations bullies ntay
be piscivorous.

Torrent Fish:
Torrent fish, Cheintarrichthys fosteri, have been taken

several tinres fìonr the river at Hamilton when netting tbr
shrinrp (Nash pers conrnr.) These probably also have rnigra-
tory fiy which have spent sonle time in the sea although it is
not known whether the adults nrigrate downstream to spawn.

Conclusit¡ns:
There is clearly much still to be learnt about the biology of

the fish species of the Waikato: their clistribution within the
system, the irlportance of access to lakes and/or to the sea,
their environnrental requirements (type of habitat, tempera-
ture tolerances and prefèrences, oxygen levels, pH levels,
l-ood sources etc.) Because so rnany of the fish are migratory
the need for maintenance of appropriate water quality stan-
dards throughout the entire river system will be obvious.
Coates (in Coffey et al l9l5a) has discussed the problems to
be avoided dLrring operation of the Huntly Power Station.
Untbrtunately very little infbnnation on the tenìperature to-
lerances of the river fislr species is available.

B irds
It is beyond the scope of this report to discuss the many

species of birds associated with the River. It rnay be noted
however that the Waikato region because of its wetlands and
nunlerous small lakes, is of major imponance as a breeding
area tbr many species of ducks and fbr the Australian black
swan (C,r'gnus atatus) (Falla 1975). Because rhe water level
in lakes such as Whangape, Waahi and Vy'aikare, where these
swans breed, is greatly aftècted by that of the Waikato River
into which they drain, it is important that management plans
for the river do not permit the backing up of water in these
lakes causing tìooding of the nests which are built close to the
water's edge. Bree<Jing comn-rences in July on Whangape and
lasts for fbur to five months, and the resulting cygnets are
Cependent on the availability of aquatic plants close to the
water surfãce fbr food (F H. Lickers, unpub). Water levels
are inrportant also fbr such ducks as the protected grey teal,
and the shoveller duck. Table 4.3.4 lists the birds of Lake
Waahi and of the river at Huntly (Coffey et al 1975b).

4.3.2 F,luNe oF THE Ul,p¡n RrvEn (T,+,rreo ro K \RA-
PI RO)

The river undergoes a striking transition within this
stretch, changing rather dranratically' fion a fast-fìowing
nutrient poor river in the uppernrost section to an increasingly
eutrophic slow-fìowing series of intpoundrlents frorl
Aratiatia dow'nwards. Unfbrtunately, nothing is known about
corresponding tàunistic changes, except fbr those in the
zooplankton (section 4.4), and in the trout lishery' (Wildlit-e
Division. Departnrent of Intemal Aftairs. unpub. Coulter
1977) The sparse infornration available on the lakes has been
sumrrrarisecl by Coulter t1911), who was particularly' con-
cerned with Lake Ohakuri. His lepon is also uselul fbr its
coÛlrnents on the possible detrirrental eftècts of increased
thermal and chenrical inputs (particLrlarly tionr geotherntal
sources) on the ril'er, althou-qh these lvill not be dealt with
he re

Benthos and Weetlbetl Fautttt
This has been little investigated. The lVlinistr¡; of Agricul-

ture and Fisheries fbund, in August 1975, that f'ew animals
lived in mid-streanr cleposits, where, as in rnuch of the lower
part of the river, the substrate consisted of mobile sand and
purnice. The nlost productive areas were said to be restricted
to the banks down to a depth of two metres or so The
weedbed fauna has not been closely examined, but large
rrurnbers of the snail, Potanropvrgui', were fbund in the
weedbeds near Broadlands.

Fish
An irnportant trout fishery exists in the uppernlost stretch

of the rive¡, between Lake Taupo and the Huka Falls, and

considerable fishing occurs also in Lake Aratiatia, although
the intensity (and catch rate) decline downstream of this.
Information fionr the Wildlifè Division, quoted by Coulter
(1911) suggests that the trout populations in the Aratiatia-
Ohakuri stretch vary greatly front year to year in size and in
their condition, and that they exist in a precarious balance.
They are therefore very susceptible to habitat deterioration.
Carp are abunclant and are inrportant in the diet of the trout, as

also are bullies and smelt (the latter occurring as landlocked
populations). The presence of eels in these upper lakes is

dependent on the ability of elvers to migrate up the chain of
dams, and their numbers in Ohakuri are said to be declining.

Wildforvl
Coulter (1911) summarised the biology of the waterfowl of

the Broadlands area as fbllows (his comments are probably
applicable to much of the rest of the rìver):

"Waterbirds are numerous in the area
Grey teal, Mallard, Shoveller and Grey ducks, are
primarily aquatic weed feeders but require aquatic fauna
during the first three weeks ol litè. Scaup are primarily
insectivorous at all ages but t'eed on molluscs as well as

on aquatic Hemiptera, Ephemeroptera, Odonata and

Trichoptera. Paradise ducks feed on emergent vegetation
but need aquatic insects during the first weeks of life.
The Black Swan is entirely dependent on aquatic weeds

except during the first week. Kingfisher, Bittern, Heron
and Shags tèed on carp, bullies, smelt, tiogs and tad-
poles. The production ofthese food fishes is dependent
on the production and type of macrophytes, benthic
fauna and zooplankton. The Pied Stilt and the Crakes and

Rails feed primariìy on aquatic insects. The Pukeko
prefèrs aquatic vegetation but is insectivorous fbr the

first weeks of lifè. Dabchicks, Tems and Gulls f'eed on

aquatic insects and snlall fishes
The fbocl chain ending in waterbirds is therefore com-
plex. Changes in the water quality of the river and in the

regime of tlow and level fluctuations will be reflected as

changes in the aquatic plant and animal conrrltunities,
especialll, in the shallow productile wetlan<js marginal
to the river. The numerous bircl population indicates that
abundant resources ol inv'ertebrate and plant food as well
as extensive areas of suitable habitat are presently avail-
able. ' '

4.3.3 Coi.lcLUStoN

It will be apparent fiom this revieu that renrarkably little is

knowrr about the anirlals olthe Waikato River. The extrenle
scarcity of biologists who have u'orked on it, and the absence

of zoologists on the staff of the WVA and NZE have contri-
buted to this situation. At present. we know sonrething of the
general distribution olthe anirnals and we knou' in a general
rvay the sorts of aninrals one rnight expect to find in particular



habitats; anci sorne of the problerns tbr fish which rlright arise

frorn the operation of the Huntly Power Station have been

identifiecl. Apart fiorn this no significant dataof relevance f'or

the managerrent of the corttlnercial and recreational fisheries
appear to exist. What is now needed is a rlrajor effort to fill in
the gaps Intensive studies of the fish above and within the

estuarine zone are obviously required to determine the factors

affècting the success of nrigratory runs and of spawning.
More detailec'l int'ornration on the micro-distribution of the

invertebrates is also required, coupled with adequate species

identification (this need not be hindered by the absence of
formal taxonornic descriptions of nany of the aninlals - the

first essential is to recognise that diftèrent species occur).
These studies Irust be accompanied by work on the ecologi-
cal role of the species e.g what is the importance of lnussels

as water-clearing agents, of crayfish, amphipods and shrinrps

as detritus processors, of snails and chirononlids as periphy-
ton grazers.

The abundant willows and the dense weedbeds of the

banks of the river nrake sampling difficult but the biological
surveys have shown the great impoftance of these zones.

Nearly all of the nrajor biological interactions occur within
them. Studies on them will be challenging but vital fbr the

developrnent of suitable water quality rnonitoring program-

nres and river tnanagentent policies

4..I PLANK'LON

4.1 | Pt yroI,LANrlrtN: IN llìoDLjcrloN

Until Hill began his thesis in 1966 no intensive ecological
work appears to have been carried out on the Waikato River
system. Prior to this, the river had prirnarily attracted the

attention o-f taxonomists interested in lecorrJing the species
present.

Chapnran et al (1951) included many Waikato River 'type
localities' in their checklist. Jolly ( 1959) described some

algae fionr Taupo Gates. Thomasson (1960) listed plankton
from Lake 'laupo in h is monograph on Staurastra, and Cassie
(1969) corrpured Lake Ohakuri plankton with that fbund in

Lake Rotorua Despite the above-mentioned studies, until
Hill's work. no tbrnral record was nrade of the two algae

which now donrinate the river fbr most of its length, nanlely
Melosira grttnulata var artgitsllssima and Melosira dis¡ans.

Research progranrtles have tended to cause an arlificial
division to be drawn at Lake Karapiro. Workers have e ither,
asinthe casesof Hill(l969and 197 1)ancl Magazda(1973),
stuclied the changes occurring in the phytoplankton as the

ril'er passed through the hy'c1ro-electric lakes, or alternatively
studied onll the ltruer river.

The Water and Soil Division of the Ministry of Works ancl

Deve lopurent has to date, prinrarily beetr interested in the

u'ater quality belou' Karapiro as has the Auckland Regional
Authority which is considering the rivel as a future source of
drink ing watcr

Regular sanrpling has been carried c.ut in the Mercer-
Tuakau region by ARA since l97l and MWD has been

involvecl in various algal stuclies since 1974. Also Halllilton
City Council has been exanriuing algae at its water treatlnent
plant intake since 1967

ln Dece nlber 1976 and l\larch 1977 sLtrve)'s were can'ied
out by lvlWD covering the whole reach between TaLrpo and

Tuakau. The anal¡,sis of the sarlples b¡ ARA allous conl-

¡rarison \À ith contenrporarv data obtainctl by ARA at Tuakau
ancl N{ercer.

t1l

Lan't (1917) completed a study of the blue-green algae

through the entire Waikato systett't conlbined with bioassay

and growth dynarnics studies.
No taxonomic work has been included in this review as the

primary interest lies in the ecology of the river.

4.4.2 Mrruons

The nrajor contributors to the fund of phytoplankton data

available lor the Waikato River area:-

Ministry of Works ancl Development, Water and Soil

Division, Harnilton
Harnilton City Council, WaterTreatment Plant Laboratory
Auckland Regional Authority, Water Laboratory
New Zealand Electricity
University of \ùy'aikato, Biological Sciences Department
Of these, ARA, NZE and the University of Waikato use

variations of the iocline sedimentation and inverted micro-
scope method, as described by Lund et al (1958), Hamilton
City Council uses a vacuum assisted sand filtration process

fbllowecl by a haemocytometer count adapted from APHA,
AWV/A, FSIWA (1975) and M\üD uses a membrane filtra-
tion concentration step followed by clarification of the filter
with immersion oil and counting using a standard compound
microscope. The latter method was adapted from de Noyelles
(1968) and Steel (1969). This will soon be replaced by an

iodine sedimentation and inverted microscope technique.

Statistical data relative to method accuracy are available
for the ARA lnethod at the Water Laboratory, but no data are

provided by the other workers.
An interlaboratory comparison between MWD, ARA'

University of Waikato and Hamilton City Council was pre-

sented in WVA/MWD (1975). The conclusions were that
numbers oÍ Melosira di.stans obtained by the various

nrethods were comparable. For Melosira Sranulata var an-

gtrstissima the results for tnembrane filtration were lower
than those obtained with the inverled microscope. The inter-
laboratory variation for the green algae was considerably
greater than for diatorns.

A cornparative study carried out by ARA and Hamilton
City Council overa period of more than two years shows that

the situation ntay be far less sirnple than that reported by

WVA/MWD (1915). lndications from this work are that

considerable clifferences in the relationships between results

rray be experienced on a seasonal basis and therefore it may

be erroneous to assume that all results may be assessed using

u single inter-laboratory conìPlrison
A comparison of the NZE and MWD methods was carried

out by MWD. 'fhirteen sal.nples in all were cornpared and

excluding that fronr Tuakau, the results produced by the

nrembrane filtration nrethod showed a wider range than those

obtained using the inverted microscope method.
The conclusions drawn are:-

(a) It is not valid to cornpare the quantitative results of
indiviclual laboratories when there is little or no internal
assessment of accuracy and plecision

(b) The precision of some llrethods cttrrently being used may

be tco poor to detect the diffèrences between samples

that they are intended to.
(c) Standard lrethocls of obtaining cluantitative data should

be established if the contributing laboratories wish to be

able to interchange clata. This would apply to counting
tcchniques, algal idcntification and other means of asses-

sing population clcnsities such as chlorophyll analysis.
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FIGURE 4.4.1: MELOSIRA GRANULATA VAR,4NGUS-
TISSIMA AND MELOSIRA DISTANS (THOUSANDS OF
CELLS PER ML) AT VARIOUS SITES ON THE

WAIKATO RIVER (15-L'7 DECEMBER 1976).

+.4.3 GpocRApHrcAL AND SEASONAL DIs'rRrBUTroN
oF PHYTOPLANKToN

Lake Taupo
In Lake Taupo there exists an extremely sparse algal flora

which is also floristically poor and composed of species
which are generally considered characteristic of oligotrophic
waters. The major alga is a diatom described by Florin (1970)
as Melosira bailcaliensis, the identification which is retained
in this paper.

This organism has previously been called Melosira

granulata by most workers and Melosira sp. by Magazda
(1973). V/hile it is the overall dominant and apparently has
been so for at least 23 years, it may become a subdominant
species for a slrort period, (Hill 1971). It has been suggested
(Jolly 1959; Flint 1975) that Melosira baikaliensis domi-
nates when the lake is isothermal and decreases, possibly by
sinking, as the lake stratifies.

Coulter (1977) reports a winter phytoplankton maxima to
be the norm in Lake Taupo and other lakes of the Volcanic
Plateau, possibly due to a dependence on nutrient availability
resulting from lake overturn. McColl (1972) feels that
growth is not seriously limited by winter temperatures and
algae can utilize nutrients becoming readily available at this
time.

As the thermocline develops, lesser spec ies replace Melos-
ira baikaliensls. Of the subdominant plankton, Jolly (1959)
noted Dinobryon, Botryococcus, Staurostrum spp and
Anabaena. She found Asterionella formosa as dominant in
one sample.

The phytoplankton found at Taupo Gates by Hill (1970)
during the 1966-70 period and by MWD-ARA in December
1976 (refer Table 4.4.1) and March 1977 was virtually un-
changed'from that recorded by Jolly (1959) and Thomasson
( 1960), although MWD-ARA noted considerable numbers of
small unidentified coccoids.

Hill (1969) found Anabaena flos-aquae to be a common
component in the winter phytoplankton andAnabaena cir-
cinalis was recorded by Thomasson (1960). Lam (1977)
noted Anabaena spiroides in the Taupo inflows and notes
that some confusion exists in distinguishing between the
ttuee Anabaena species.

Lam (1977) examined inflows to Lake Taupo on two
occasions and reported that in April l9l4 and February 1975
all inflows had very low phytoplankton concentrations with
the exception of Lake Rotongaio outlet which carried a
blue-green algal bloom. Diatoms and blue-green algae con-
stituted the major groups in most of the phytoplankton com-
munities with green algae as a minor group. In the thermal
streams the major blue-green algae were benthic forms.
Lake Taupo to Lake Karapiro

Throughout the Taupo-Karapiro section of the Waikato
River there is a progression from an oligotrophic type algal
community, consisting of a low concentration of many
species, to one more typical of a nutrient rich environment
dominated by one or two species.

The algal species found in Lake Taupo continue to occur
throughout the length of the river and apparently, in some
cases, increase in number despite the very different environ-
ment which they encounter. This applies in particular to
Melosira baikaliensis, which Hill (1969) found to increase to
a maximum in Lake Karapiro.

In Lake Aratiatia and the southern part of Lake Ohakuri
Hill (1971) found the plankton to be quire indistinguishable
from that found at Taupo gates, a situation which was con-
firmed by MWD-ARA (December 1976, refer Table 4.4.1
and March 1977) This is despite the passage over Huka
Falls, which mightbe expected to damage plankton cells, and
increases in nutrient concentration primarily due to thermal
discharges. Magazda (1973) did note some detrimental ef-
fects due to large quantities of mineral salts and certain toxic
materials present in the hot geothermal water draining into
Aratiatia. He also reported the presence of Melosira
g r anulata v ar ang us t is s ima an d M e lo s ir a d i s tans as far south
as Lake Aratiatia. The only other similar report is the Melos-
ira distans noted by MWD-ARA (December 1976) n Lake
Taupo.
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Coulter (1977) pointed out that between Taupo and
Ohakuri there is insufficient time for phytoplankton numbers
to increase significantly in the river which therefore appears
unproductive.

Hill ( I 969, 197 l), l.4agazda (1973), Cassie (197 5), Lam
(1911) and MWD-ARA surveys December 1976, March
1911 (refer Table 4.4.1) all noted a definite change in water
quality in Lake Ohakuri. The waters entering the lake are
sonrewhat modified by the addition of nutrient rich waters
draining farmlands.

Hill (1969) suggested the Whirinaki Stream to be the
primary source of eutrophication and plankton inoculum,
however, the MWD-ARA Taupo-Tuakau surveys (De-
cember 1976, February 1977) and a survey of the Waiotapu
Stream (February 1977) indicated this stream to be ofconsid-
erable importance as a source of nutrients although very few
living algae were noted in the samples.

A reduction in flow occurs where the nofthern part of the
lake widens (Hill 1969) and this allows the algae to make use

of the available nutrients and growth to occur. At this point, a
plankton dominated by Melosira distans, Melosira granulata
var angustissima, AsterionelLa formosa, Cyclotella spp and
Anabaena spiroides var crassa develops. This population,
like that of Taupo, is therefore dominated by a few diatoms
with a very small representation of other algal groups (Hill
1969). It is this phytoplankton which Hill (1975) referred to
as the 'Waikato phytoplankton community'. It remains rela-
tively constant in species composition lrom Lake Ohakuri tt-r

the sea.
The Waikato hydro-electric lakes present a situation com-

prising both lacustrine and fluviatile conditions. Some com-
munities which might develop under strict lacustrine condi-
tions are probably prevented from doing so by water move-
ment and the absence of stratificatlon in the smaller lakes. In
Lake Ohakuri maximal development of flora is prevented by
the constant through movement of water containing very few
plankton. For this reason blooms are usually confined in
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FIGURE 4.4.2: COMPARISON OF SEASONAL
CHANGES IN TOTAL ALGAE FROM LAKE KARAPIRO

AND TUAKAU BRIDGE (FROM MWD DATA).
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landlocked arms and tributaries feeding into the lakes and it is
the algae with the highest reproductive capacities that are the
most successful.

It is clear, however, that in many lakes and especially Lake
Ohakuri, very high levels of primary productivity are at-
tained at certain times of the year. The large spring popula-
tions of diatoms, parttcularly Melosira distans and Melosira
granulata var angustissima, which develop in Lake Ohakuri
arise despite a constant flushing.

Although various authors have found progressive in-
creases in algal concentration between Lake Ohakuri and
Lake Karapiro, others have noted declines in the population
at various stages. It seems that the pattern of development of
algal populations in the hydro-lakes is a complicated one
which has been confused by lake lowering and lake use
cycles as well as grazing activity and variation in environ-
mental conditions from one year to the next.

Ministry of Works and Development and Auckland Reg-
ional Authority surveys (15-17 December 1977,refer Figure
4 .4 .l), found Melosira distans to be the dominant organism
in all the hydro-electric lakes except Lakes Arapuni and
Karapiro. The decline of this species appeared to correspond
to an increase in numbers of Melosira granulata vat angus-
tissima which dominated from Lake Arapuni to Tuakau.

As there w¿¡s no increase i¡ Melosira distans numbers
recorded for the lower river in the months following this
sample run, the decline in population with progression
through the hydro electric lakes was presumably related to
some factor such as grazing or die off due to unfavourable
conditions which did not affect Melosira granulata var an-
gusttsstma.

Coulter (1917) commented on the differences in timing of
seasonal production between Lake Ohakuri and other eut-
rophic Central Plateau lakes, which have winter maxima. In
the river this is probably due to a lack of dependence on
seasonal availability of nutrients from lake overtum and
coincidence of maximum retention times with maximum
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temperature and to a lesser extent light availability which
would accelerate rates of production. It would appear that at
times of maximum productivity inorganic nitrogen is lirniting
and self shading must also have an effect.

It is interesting to note that phytoplankton shading possibly
controls seasonal growth of some macrophytes.

The species present in the system appear exceedingly
versatile with respect to environmental tolerance, there being
little difference in the species list between the oligotrophic
and eutrophic portion of the river. The result of chemical
enrichment has been to effect a large increase in the numbers
of some species, notably Melosira distans, Melosira
granulata vat angustissima and Asterionella formosa which
have been reported as far south as Aratiatia.

Of recent interest are the likely effects of the proposed
Broadlands Geothermal Power Station between Aratiatia and

Ohakuri (Coulter 1917, NZE 1917).
The major cause for concem is the inorganic nitrogen

which may be introduced into the river. Coulter (1917)
suggests that if ammonia from the steam phase enters the
cooling water and is discharged into the river, large propor-
tionate increases in nitrogen loading possibly reaching 507o

at Broadlands and 40Vc at Ohakuri may occur in summer
conditions. This would cause significant worsening in Lake
Ohakuri and lakes downstream.

Less concern is shown over the effects of temperature and
nutrients other than nitrogen; however, NZE (1977) does

suggest that increased boron may influence the composition
of the phytoplankton by encouraging the growth of blue-
green algae. This would affect many downstream users par-
ticularly those taking water for potable supplies. Re id ( 196ó)
reports blue-green algal blooms to have already occurred in
Lake Maraetai and Lam (1911) discusses the possible de-
velopment of toxin producing strains.
Lake Karapiro 1o Tuakau Bridge

Throughout this section there is a gradual change from a

narrow river with a consolidated river bed of rock, gravel and
shingle to a greatly widened river with a virtually complete
bottom cover of duning sand.

Thus lacustrine organisms leaving Lake Karapiro are

plunged instantly into riverine conditions and then gradually
progress through to the less adverse conditions of a lowland
rlver.

Considerable raw data, covering this section of the river,
are available. The majority of research covering the Karapiro
to Tuakau section as a whole, including tributaries, has been

carried out by MWD. Considerable information has been

obtained on the Rangiriri to Tuakau section by ARA both as a

result of regular sampling programmes and from its pilot
plant at Mercer.

Some data have been presented by Coffey et al (1975) and
data for its water treatment plant intake are available from
HCC.

A few tributaries have been examined in detail. Chapman
(1975) and Ogilvie and Ronberg (1911) have examined Lake
Waahi and the latter have also studied Lake Whangape. ARA
have also paid considerable attention to the Rangiriri Swamp
effluent and Mangatawhiri River. Taylor (1975) has

examined the possible effects of impoundmentof riverwater.
Assessment of available data indicates that, in general, the

seasonal changes in overall numbers ofphytoplankton in the

lower portion of the river tend to fluctuate with changes in
Karapiro.

Ministry of Works and Development data (refer Figure
4.4.2) indicate that the phytoplankton shows little variation
in numbers or constitution, in samples collected at Karapiro
Dam and Tuakau. Runs of samples taken from Lake Karapiro
to Ngaruawahia Bridge over one or two consecutive days

during 1974-16 show that there is apparently no significant
change in the constitution of the phytoplankton in this section

of the river, or at least that any changes occurring are of a

lesser magnitude than the method used is capable of detect-

lng.
This lack of change is hardly surprising. Most tributaries in

the lower Waikato are of nrinor importance as fàr as volume
is concerned, the exception being the Waipa, the influx of
which after Ngaruawahia Bridge might be expected to have

considerable influence on the Phytoplankton. However, the

Waipa River does not mix for a considerable distance

downstream and due to its paucity of phytoplankton its im-
mediate effect is that of dilution. A secondary effect is a

considerable contribution to the mass flow of nulrients, par-

ticularly nitrogen, which leads to a potential increase in mass

flow of phytoplankton.
The intrlduction of new or uncommon species through the

lesser tributaries bears consideration. At times the Vy'hangape
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and Vy'aahi Streams introduce water in which Microcystis
aeruginosa colonies can be seen to be present in great num-
bers by the naked eye. Microcystis flos-aquae, Anabaena
spiroides, Fragilaria crotonensis and Synedra acøs blooms
are also common in these lakes.

Flagellated organisms such as euglenoids, Synura uvella,
Volvocales etc. are the most common organisms in the
Mangatawhiri River while the Whangamarino River, which
generally contains a low number of a large variety of or-
ganisms, has been reported as varrying an exceptionally
heavy bloom of Euglena rubra (AP.A 1978a).

The volume of these inputs is, however, insignificant
when compared with the volume of the Waikato River. Lam
(1977) shows that river time between these inputs, or for that
matter Lake Karapiro and Tuakau is insufficient to allow
development of blue-green algal blooms in the river at cur-
rently recorded temperature and nutrient levels. It is reason-
able to assume that time may also be the limiting factor for
other types of algae.

For many years the physiological state of algae in the lower
river was questioned. Some workers even went so far as to
suggest that upon leaving Karapiro the algae began to decline
and die and that in the lower reaches no phytoplankton could
be regarded as living.

This attitude has changed with the realisation of the part
phytoplankton must play in the pH and oxygen fluctuations
recorded.

The suspicion that algal photosynthetic activity might be
reflected in an increase in algal concentration does not appear
to be substantiated by MWD data obtained between Karapiro
and Rangiriri. The only favourable evidence is the apparent
maintenance of consistent concentrations after the introduc-
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tion of the V/aipa River. The algal mass flow data available
from MrilD do not clarify this situation.

It may be that in this region conditions are suitable for the

maintenance of phytoplankton existence but not for repro-
duction to occur.

There is some evidence that phytoplankton growth and
reproduction occurs in the Tuakau region in summer.
Twenty-four hour surveys carried out by ARA frequently
show an increase in numbers between Rangiriri and Tuakau
throughout the whole period. The results obtainedon2l .2.78
have been included as an example, refer Figure 4.4.3.

While in most cases, changes at individual sites during the
sample period do not exceed those expected as a result of
random distribution, occasional summer samples from
Tuakau show twice daily increases in cell numbers, refer
Figure 4.4.4.

It has been suggested that this may be the result of a

ponding effect induced by the tide. Comparison of river
levels and Melosira granulata var angustissirn¿ numbers
(refer Figure 4.4.4) are inconclusive although some agree-
ment is evident. Diurnal changes in algal number may possi-
bly be related to circadian rhythm or some other factor. The
primary alga involved has been Melosira granulata vaÍ an-
gustissima, Melosira distans apparently being less active.

Regular monitoring by ARA at Mercer and Tuakau has

built up apicture of the changes in phytoplankton populations
in this section of the river over several years. Some of these
data are presented in Figure 4.4.5.

M e I o s ir a g r an ul at a v ar an g u s t i s s ima and M e I o s ir a d i s ta n s

continue to dominate the phytoplankton vying for supremacy
throughout most ofthe year. The pattern ofseasonal popula-
tion changes varies considerably from year to year. For the
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most part Melosira granulata var angustissi¡za numbers
begin to increase in late spring to early summer. After the
first peak numbers drop off and later a second increase is
experienced in mid-summer. This seasonal pattern is not,
however, entirely predictable and is subject to considerable
variation.

Auckland Regional Authority results from Tuakau Bridge
for the summers of 1974-75 aû 1975-76 appear to de-
monstrate extremes of seasonal pattern in this organism.
After four sunrmers in whichM. granulata var angustissima
was recorded as reaching ever higher peaks in December and
January, peaking at 152 000 cells per ml in December 1974,
the recorded maximum in the summer of 1975-76 was only
22 OOO cells per ml.

Increased numbers were recorded in 1976-77 with a

maximum of 30 000 and in 1977-'78 53 500 cells per ml
were recorded. This was, however, still only a third of the
numbers recorded tn 1974-75.

The suppositio.r was that an unusually rainy summer was
to blame for decreased numbers in the 1975-7 6 summer, and
indeed the theory appears to be reinforced by flow data from
Mercer.

The summer pattern of development of Melosira distans
has also been somewhat erratic. In December 1973 96 000
cells per ml were recorded at Tuakau after which numbers
declined to approximately 2000 cells per ml for the remainder
of the summer. The following summer an early December
and a February peak were recorded but the maximum was
13 000 cells per ml. In the summers of the 1975-76 and
1976-7'7 similar numbers were found, however the next year
Melosira distans was present in negligible numbers for most
of the summer with a single peak of 5000 in March. In
1977-78 this organism did not reach numbers of any con-
sequence.

Asterionella formosa was recorded as having minor early
summer peaks from 1974-'76. Over the three summers con-
secutively greater peaks were recorded culminating in a peak
of 13 000 cells per ml in December 1976. At this point
Asterionella formosa was dominating the phytoplankton.
The following yea¡ no significant numbers were recorded.
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CHANGE OF
COMMUNITY
STR UCTU RE

Melosira baikaliensis is also of some importance particu-
larly in spring when it may equal the numbers of the other two
Melosira species. In terms of cell volume this species has

been known to become the dominant at this time of year. As
with the other major Melosira species irregular peaks are

generally recorded over the summer.
Many other diatoms are present in small numbers. The

most notable of these are Synedra, Cyclotella, Cocconeis,
and Fragilaria. The more common diatoms are illustrated in
Figure 4.4.6.

Considerable numbers of Cryptophyceae have been re-
corded in the lower Waikato River. None of the workers have
attempted to differentiate fully between the species.

There are sporadic occurrences of green algae such as

Micractinium pussilum, Actinostrum hantzschii and
Eudorina elegans, Ankistrodesmus falcatus, Coelastrum
spp, Closterium spp, Dictyosphaerium pulchellum, Pedia-
strum spp, Scenedesmus spp and many other green algae are
occasionally observed in small numbers. A list of the more
common species is included (refer Table 4.4.2).

Unfortunately, it is somewhat difficult to interpret the year
to year fluctuations in algal numbers. Vy'ith seven hydro-
electric lakes upstream, and a flow pattern which is control-
led therefore by the Electricity Department, flow data ob-
tained at Mercer does not necessarily indicate what is happen-
ing upstream from Karapiro.

It has already been stated that algal numbers in the lower
river vary little from those recorded in Karapiro but the
numbers found in Karapiro are also very much dependent on
occurrences in the hydro lakes upstream and therefore little
understanding of the source or causes of the algal populations
can be gained by solely examining the end point.
Tuakau Bridge to Port llaikato

Very little research work has been repofed from this
section of the river. Available flow data indicate that the
average rate of river flow between Tuakau and The Elbow
(1.86 km/hr) is approximately the same as that between
Mercer and Tuakau (1.87 krr/hr).

Examination of a site 14.5 km from Waikato Heads
showed a radical change to have occurred between here and
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FIGURE 4.4.9: SIMPLE THEORY OF NUTRIENT ENRICHMENT EXPERIMENTS.
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TABLE 4.4.1: PHYTOPLANKTON (NUMBERS PER ML) RECORDED BY MWD-ARA ON 9 DECEMBER 1976. IN TFIE CASE OF
COLONIAL ORGANISMS CELL NUMBERS ARE GIVEN IN BRACKETS.

BACILLARIOPHYCEAE
Melosira baikaliensis
CycLotella c,f . Stelligera
Melosira distans
M. granulata v. angustissima
Asterionella formosa
Others
CYANOPHYCEAE
CHRYSOPHYCEAE
CHLOROPHYCEAE
DINOPHYCEAE
CRYFrTOPHYCEAE

TOTAL CELLS PER ML

TOTAL COLONIES PER ML

The Elbow. Average river speed in this section of the river
has been estimated at O.l2 km per hour, thus it would take
approximately 3l hours for the river to travel the 14.5 km
from Tuakau to this last sample point.

It must be recognised that these data would be considera-
bly influenced by tidal effects and turbulence. However, it
would appear that algae may have more than another day in
which to multiply. At times when nitrogen species are low or
negligible this may have little effect but when nutrients are
readily available and diatoms are in a growth phase consider-
able activity might be expected in this section of the river. It
seems unlikely, however, that sufficient time is available for
development of blooms of organisms other than those found
in significant numbers at Tuakau.

Auckland Regional Authority commenced regular sampl-
ing at The Elbow, in December 1977. Results to date have
indicated a small but unspectacula¡ increase in algal numbers
to have occurred between Mercer and Tuakau and between
Tuakau and The Elbow on a few occasions. Unfortunately, as

yet, insufficient data are available to draw any conclusions.
There is also the difficulty of the lack of an entirely suitable
sample point. Samples, which are dipped from the boat
ramp, may not be representative of the mainstream.

No data appearto be available concerning the effects ofthe
mixing of marine and freshwaters on the river plankton.

The lack of information from this section of the river is
unfortunate as the estuarine environment is notoriously
fragile and it is this area which will be most readily unba-
lanced by changes occurring upstream. The excessive algal
growths caused as a result of the hydro-electric impound-
ments must already have had a drastic effect on the structure
of communities. Organisms using these phytoplankton as

food may have been encouraged to the detriment of many
other members of the community.

4.4.4 lNrenACTroN wrrH THE Pnysrc¡r ¡.No Crrelt-
IC,{L ENVIROI.JMENT

Several relationships between chemical and physical as-
pects ofthe lowerriver and phytoplankton populations can be
clearly demonstrated.

Figure 4.4.7 shows some ARA dafa as'interpreted by
KRTdBinnie (1975). The most obvious features are the
coincidence of the peaks of algal numbers with the minima of
flow and nitrate (NOs-N), and the temperature maxima. This
corresponds with the. findings of Coulter (1977) who indi-
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cated that in the upper river (with particula¡ reference to Lake
Ohakuri) year round nutrient availability was relatively con-
stant and therefore the factors determining seasonal growth
patterns were most likely to be temperature and light availa-
bility. The decline of flow at a time when these two factors
are most conducive to growth may be a contributing factor, to
the increase in cell counts, but not a decisive one.

Declines in nitrate concentration appear to correspond to
increases in algal numbers indicating algal uptake to be the
effective agent. It is interesting to note that the silica concent-
ration being high remains largely unaffected by fluctuations
in phytoplankton populations and that there is little relation-
ship apparent between both total and soluble reactive phos-

TABLE 4.4.2: THE MORE COMMON SPECIES OF PHYTO-
PLANKTERS FOUND IN TTIE LOWER WAIKATO RIVER

(ARA DATA)

CYANOPHYCEAE
Anabaena oscillariodes Bory ex Born. et Flah
Anabaena spiroides Klebahn
Dactylococcopsis sp.
Microcystis aeruginosa Kutzing, emend Elenkin 1924

CHLOROPHYCEAE
Actinastrum hantuchii Lagerheim
Anki.strode smus falcatus (Chodat) Ralphs
C hlorella vulgaris Beijerinck
D ictyosphaer ium pulche llum W ood
Eudorinn elegans Ehrenberg
Micractinium pusillum Fresenius
Scenedesmus acuminatus (Lag.) Chodat
S c e ne de s mus falc atus Chodat

BACILLARIOPHYCEAE
Asterionella formosa Hassall
Cyclotella kützingiana Thwaites
Cy clote lla me ne g hiniana Kützing
Fragilaria spp
Melosira baikaliensis (K. Meier) Wislouch
Melosira distans (Erhn) Kützing
Melosira granulata \rar angustissima Müller
Synedra sp

CRYPTOPHYCEAE
Cryptomonas erosa Ehrenberg

EUGLENOPHYCEAE
Trachelomonas spp

Note: A more extensive list may be compiled by consulting Lam
(1977); Chapman et al (1957); Hill (1969); Sarma and Chapman
(19?5) and ARA data.

Ohak
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phorus and peaks in algal numbers (ARA records).
As Lam (1977) indicates phosphorus and nitrogen to be

limiting to algal growth in the river, the observed increases in
phosphorus and nitrogen concentrations in the river as a

result of inputs such as Vy'aipa River, Whangamarino River,
AFFCO Meatworks and the Mangawara Stream in all proba-
bility contribute to the increases in phytoplankton concentra-
tions observed in the lower river between Rangiriri and
Tuakau.

With such large concentrations of phytoplankton in the
river it would be expected that their activity would influence
some chemical factors particularly oxygen and pH.

Some results from the ARA 24-hour survey carried out on
22February 1978 (ARA 1978b) are illustrated as an example
(refer Figure 4.4.8). The considerable fluctation recorded in
both pH and dissolved oxygen levels can be largely attributed
to phytoplankton activity. Rutherford (1977) discusses the
relative contributions of the phytoplankton and macrophyte
communrtres.

4.4.5. DyNnMrcs oF PHyropraNKToN GRowrH

Ecological . studies in the Waikato River showed that
blue-green and green algae were relatively low in numbers
and the river is dominated by diatoms with Melosira species
predominating below Lake Ohakuri. Understanding the pat-
tern of growth of organisms in the aquatic environment can

best be achieved by integrating field surveys and physiologi-
cal studies to identify the environmental factors influencing
growth.

Nutrient enrichment experiments (Figure 4.4.9) have been

performed on natural phytoplankton and laboratory unialgal
cultures (Anabaena os cillar ioide s, M icrocys tis aer u g ino sa

andChlorella, native species isolated from Waikato waters).
Experiments were performed both in the laoratory and in the

field. Batch cultures were used in the laboratory (Figure
4.4.10), while ir¿ situ field experiments included the use of
plastic bags (Figure 4.4.11) to provide a batch culture sys-
tem, and dialysis bags (Figure 4 .4 .12) as a semi-open system
allowing diffusion of nutrients into the algal culture from the

external environment and metabolic products away from the

culture.

Results of enrichment experiments are summarised in
Table 4.4.3. Phosphate alone or both phosphate and nitrate
together enhanced total phytoplankton growth with sub-

sequent change of community structure having green or
blue-green dominance instead of diatoms. These results were
shown both in laboratory batch cultures and in siru plastic bag

experiments. Enrichment of individual algal species also
confirmed the enrichment effect of phosphate for nitrogen-
fixing blue-green, Anabaena oscillarioides, nitrate for
Microcystis aeruginosa, a non nitrogen-fixing blue-green,
and both nitrate and phosphate for the green alga Chlorella.
On the contrary, no enhancement of growth of diatoms was

observed with nutrient enrichment. The higher nutrient re-
quirement of green and blue-green algae was fufher con-
firmed by the increased growth of these algae in dialysis
culture with continuous replenishment of nutrients. On the

other hand, the diatoms' growth was unaffected (Table
4.4.4).
- Different algal groups were found to have different re-
quirements for light and temperature as indicated by the

doubling times calculated for dialysis cultures grown at diffe-
rent depths and temperatures in the river. The growth of
green and blue-green algae was decreased at 1m depth while
that of diatoms was less affected (Table 4.4.5), indicating the
requirement fbr higher light intensity of the former algal
groups. Also the green and blue-green algae were found to
have higher temperature requirements with higher growth
rate of green algae occurrin g at23"C and that of the diatoms at

19"C (Table 4.4.6). Previous work showed that the blue-
green alga, Anabaena oscillarioides had a temperature op-
timum for growth of 28"C (Vincent 1975).

The above results indicate that green and blue-green algae

have higher nutrient, light and temperature requirements than

the diatoms. The low population of these algae is probably
due to these limiting factors. On the other hand, the growth
requirements of the diatoms are satisfied by the natural river
conditions. In fact, when the growth rates of diatoms from
laboratory and in situ experiments are compared, a higher
growth rate is noted in natural conditions than under labora-
tory conditions with varied light and temperature.

The above experimental evidence can be used to explain
the community structure of the natural phytoplankton popula-
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tion in the Waikato River, where the diatoms are found
overwhelmingly dominant. The nutrient status and physical
conditions of the river are more favourable for the growth
requirements of the diatoms. The silica content of the
Waikato River at Tuakau with an annual average of
>30g m-3 is amply sufficient to support growthof Melosira
species which has been reported to require 4-309 m-3 Si
(Kilham 1971). V/ith the silica requirement met, growth of
diatoms is not limited because of their low requirement of
other nutrients. On the other hand, nutrients, especially nit-
rate and phosphate, are limiting to good growth of green and
blue-green algae.

In addition to the advantages conferred by the nutrient
regime, the condition of temperature and light seem to favour
diatom growth as well. The annual range of temperature is
l0-23C in the lower Waikato River and diatom growth
increases sharply in November at 20C, while green and
blue-green algal growth commences in later months when
temperature rose to 23'C (Lam 1977), which agrees with
experimental results presented in Table 4.4.6. In the river,
diatoms with a lower optimum temperature can maintain
maximum growth over a longer period while the green and
blue-green algae are confined to the hottest months, probably
without achieving maximum growth.

The light factor in the Waikato River environment has not
been elucidated. The effect of photoperiod and the fact that
the turbulent motion of the river constantly subjects the
phytoplankton to light/dark cycles further complicate the
problem of elucidating the light requirements of different
algal groups. Therefore it is not certain if the lower light
requirement of the diatoms is more favourable for their
growth in the river. It is possible that a lower light require-
ment allows the group to exist at a greater depth and also a

longer growth period during the year.
Another favourable factor for diatom growth in the river is

turbulence since Melosira species are known to benefit from
periods of high turbulence (Lund 1966). On the other hand,
turbulence might have deleterious effect on other algae.

In examining growth dynamics of phytoplankton in the
river system, river flow is an important factor which deter-
mines the amount of time available for algae to reproduce in
the river before they are carried away to the sea. Further work
(Lam 1977) on phosphorus requirements of Anabaena oscil-
larioides showed that at river ambient level of phosphate, the
doubling time of the alga was two days, a rate too slow to
produce a high population before it is carried away to the sea

since the time to travel from Karapiro to Tuakau is around 48
hours. However when river water was supplemented with
100¡rg F P, the doubling time was reduced to 12 hours
indicating that higher algal growth is possible in the river
with increase of nutrients.

Other factors which are likely to influence algal commun-
ity structure include pH, balance of inorganic ions, effects of
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inhibitors and the phenomenon of algal interactions and in-
teractions with other organisms, which are worthwhile topics
for future investigation.

4.4.6 FuruRE WoRK oN PHYToPLANKToN

The large numbers of groups and individuals wishing to
use the Waikato River generally fall into one of the following
three categories (section 2.4):
a) those wishing to discharge wastes;
b) those wishing to abstract water;
c) recreational users.

In order to achieve a balance in which these three groups
are satisfied as best possible it is essential that the algal
populations and their interactions with nutrients and waste
products are fully understood.

Of primary interest are the effects of increased nutrient
load on the river algae. Increased algal concentrations would
detract from river appearance and could create undesirable
odours. Toxicity and other such problems could arise through
the development of some currently insignificant species.

Probably the biggest step towards understanding the rela-
tionships between algae and nutrients in the lower river is the
suggestion that development time rather than nutrient availa-
bility may be the restricting factor in the development of algal
populations (above). Unfortunately continuing increased
discharges based on this principle could t serious problems
for users such as ARA who propose impounding water for a

considerable time prior to use. On this premise, given suffi-
cient time, greater densities of phytoplankton and undesira-
ble species are likely to develop. Some of these species may
produce toxins which are harmful to humans.

Despite the attention paid to the lower Waikato River, its
water quality is largely determined prior to the river reaching
Karapiro Dam. Control of discharges in the region of the
hydro-electric lakes may be more relevant to the quality of
the lower river, than restrictive measures in the lower river
itself.

The massive development of phytoplankton in Lake
Ohakuri is probably the most significant alteration in water
quality, as related to phytoplankton, that occurs in the whole
length of the river. Understanding of what happens in Lake
Ohakuri and perhaps even control of it could lead to im-
proved water quality downstream.

Studies related to the proposed Broadlands power station
have lead to the realisation that if chemical and thermal
changes occur as a result of discharges into the upper
Waikato River drastic changes in the proportions and types of
phytoplankton present may occur. Of particular concern is

the prospect that these changes could lead to dominance of
blue-green algae and their associated problems.

As the phytoplankton populations found in the lower river
are largely determined by occurrences in the hydro-electric
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lakes, particularly Lake Ohakuri, this section of the river is
obviously of great importance. A study of Lake Ohakuri with
the intention of improving the quality of the water leaving it
would seem to be of primary importance.

It has become almost automatic that the impact of large
schemes, such as the proposed Broadlands power station, be
studied in detail. However, the combined effect of several
smaller discharges could be as important. It is essential that
continued monitoring of chemical concentrations be carried
out combined¿with an accumulation of data pertaining to the
tolerances of algal species.

As must be expected in the case of a system which covers
such a wide geographical area, many different research
groups and individuals are involved in study of the Waikato
River. For most of the participants it is desi¡able that thei¡
data be comparable with that of others to provide additional
information and avoid unnecessary repetition. It is therefore
important that moves be made towards standardisation of
methods or at least a determination of accuracy prior to
embarking an extensive studies or monitoring programmes.

4.4.'7 Zoopt-ANKToN

Lake Taupo and Lake Aratiatia have a sparse zooplankton
fauna typical of oligotrophic waters. However, as is found in
the case of phytoplankton, the transition from the oligot-
rophic waters of Lake Aratiatia to the eutrophic Lake Ohakuri
is accompanied by a large rise in the population densities of
the principle zooplankton species.

Magazda (1973) found that, with Cladocera andBoeckella
propinqua, this rise in population density was also accom-
panied by a general rise in clutch sizes of eggs, probably as a
response to the eutrophic condition of the lake.

A few species not recorded from Lake Aratiatia were
found by Magazda in Lake Ohakuri, namely:- Calamoecia
lucasi, Boeckella' minuta and probably Boeckella delicata
(refer Table 4.4.8). Hill (1970-71) found several species in

D IALYS IS BAG

ALGAL CULTURE

RIVER

FIGURE 4.4.12: IN SITU DIALYSIS BAG CULTURES.

Lake Ohakuri which were not recorded in the hydro-lakes in
the later work by MagazÅa (refer Table 4.4.7).

Magazda (1973), sampling monthly between September
1970 and N.lay 1972 in six of the hydro-lakes found that the
zooplankton did not show a continuous increase in density
northward through the hydro-electric lakes. Ceriodaphnia
dubia, Boeckella propinqua, Boeckella minuta and
Asplanchna priodonta tended to reach their maximum con-
centration in Lake Ohakuri whlle Calamoecia was most
abundant in Lake Waipapa (refer Figure 4.4.13). Bosmina
meridionqlis did show an increase northwards, although
overall a slight decline in population density was noted be-
tween Lake \Vaipapa and Lake Karapiro.

Although Lake Karapiro had the highest phytoplankton
standing crop throughout Magazda's study, it nevertheless
had the lowest zooplankton concentrations north of Lake
Ohakuri. The cause of this decline was left unexplained by
Magazda.

Hill (1969) suggested that below Lake Atiamuri
C e r iodaphnia dub ia was not breeding, thus accounting for its
decline in concentration.

The river below Lake Karapiro appears to have been
studied very little with respect to zooplankton. The general
consensus is that zooplankton are sparse in the river itself.

According to Hynes (1970) river zooplankton may include
protozoans, mainly Arcella andDffiugia but is nearly always
dominated by truly planktonic rotifers. Crustaceans are
rarely common and usually belong to the genera Cyclops and
Bosmina. Most river zooplankton must originate in still or
gently flowing areas and be constantly supplied to the river.

Hynes suggested that crustaceans can avoid lake outflows
thus depriving the water of part of its plankton. Many ac-
tively swimming crustaceans are eliminated more rapidly
than rotifers being more likely to get caught up in vegetation
etc. Hynes also suggested that non-selective ingestion of
sand and silt could cause many crustaceans to sink.

Predation must have a considerable influence on all zoo-
plankton populations.

o- os'D cÕ



r55

10000

1000

^o
^\(Ô

^Þ-Y

sÞ
I

"""'-t 
BosMtNA

I

I

I

I

I

I

I

ASPLANCHNA

\

I

\l

ö..

I

I

I

I

I

I

LIJ)
o_

U)

E
UJ
È

ct
tl-l
m

3 1oo
z

10 13

CATCH N/ ENT km2 x lO3

FIGURE 4.4.13: MEAN COUNTS OF CLADOCERA (BOSMINA AND CENODAPHNIA), CALANOIDS (BAECKELLA

PROPINGUA,) AND CALAMOECIA LUCASI AND,4SP¿,,4NCHNA PRIODANTA IN THE V/AIKATO HYDRO ELECTRIC
LAKES EMPHASISING THE DIFFERENT AREAS OF MAXIMAL ABUNDANCE FOR THE VARIOUS SPECIES.

\ a paoptNeue

I

I

tl 
"r*ooorr*o

450

C UMU LAT I VE



A
EI

156

TABLE 4.4.3: SUMMARY OF RESULTS FROM NUTRIENT
ENRICHMENT EXPERIMENTS

rlgae
mployed

Type of
Experiment

Algae
Enhanced

Nutrients
Responsible

Laboratory
batch culture

Total
phytoplankton
Greens
Blue-greens

N-fixing
non-N-
fixing

P, NP, COM

NP, COM

P, NP, COM
NP, COM

In situ
plastic bag
culture

Total
phytoplankton
Greens
Blue-greens
(Mícrocytis)

NP,

NP,
NT,

coM

coM

illarioides
Laboratory
batch culture

P

In situ
plastic bag
culture

P

icroc,¡stis Laboratory
batch culture

N, NT

Laboratory
batch culture

NP, COM

the exception of Bosmina meridionalis, decline in concentra-
tion. Bosmina meridionnlis tends to increase through the
hydro-lakes.

Zooplankton are generally considered to occur in lesser
concentrations below Karapiro tailrace, despite a constant
input from Lake Karapiro and later from the swamps and
lower Waikato lakes. Unfortunately the method used by
ARA is only intended to give a rough estimate of Crustacean
density and does not allow comparison with the results ob-
tained by N4agazda (19'73) and Hill (1969).

Bosmina meridionalis is the most common Crustacean in
the lower river, however, it is likely that the rotifer popula-
tion is larger than that of the Crustacea. No quantitative data
is available from the lower river to establish the importance
of rotifers, protozoans or in fact any group other than the
Crustacea. It is therefore rather difficult to evaluate the influ-
ence of the zooplankton upon the environment.

It is unlikely, considering the dominance of Melosira
granulata var angustissima and Asterionella formosa, both
of which are too large to be a food source, that the zoo-
plankton will greatly influence the phytoplankton popula-
tions in the lowerriver. The smaller less frequently occurring
algae and bacteria may be the only organisms influenced and
even then any effect may be slight.

Magazda (1973) recorded Melosira distans as the domin-
ant alga in the hydro-lakes during his study and he found
traces of this organism in the gut contents of Ceriodaphnia
dubia. He suggested that the increase in colony size during
the summer months may have affected the suitability of this
species as a food source. Thus it is possible, that during the
periods when this species has been dominant, considerable
interaction has occurred between it and the zooplankton
population.

TABLE 4.4.4: DOUBLING TIMES OF ALGAE GROWING IN
DIALYSIS AND PLASTIC-BAG CULTURES UNDER IN SITU

Culture
Algae

Natural
phytoplankton

Anabaena
oscillariot

Microcystit
aeruSmosa

Chlorella

P, phosphate; N, nitrate; NP, nitrate+phosphate; COM, complete
addition of nutrients from standard medium; T, t¡ace elements.

Some attention has been paid to the river zooplankton by
ARA at Mercer. Regular water samples were taken from the
pilot plant intake over the period of one year (1977-78).
These were settled and examined for Crustacea. To some
extent they demonstrated the trends suggested by Hynes
(re70).

On the whole copepods were the most commonly recorded
crustaceans with nauplii being more common than adults.
Surprisingly the calanoids, Calamoecia lucasi and Boeckella
propinqua, were the species found rather than the cyclopoids
suggesred by Hynes (1970).

Of the three cladocerans foundBosminameridionalis was
cons iderably more frequent in occ urrenc e than C er i o d ap hni a
dubia and Chydorus sphaericus was seldom seen. For the
most paft the concentrations of each species were low (i.e.
0-10 per litre), however, Bosmina meridionalis numbers
have been recorded as high as 36 per litre and copepods at 37
per litre.

Peaks in concentration did not relate particularly to sea-

sonal trends and may have been largely regulated by the
various effects of wash out.

Although rotifers were not counted they were, on occa-
sion, considered to have occured in higher concentrations
than cladocerans.

The species of Cladocera identified, along with some
rotifers commonly noted in the zooplankton, are illustrated in
Figure 4.4.14 and a species list included (Table 4.4.9).

Chapman and Lewis (1976) comment that the zooplankton
community of the lower Waikato River contains copepods
and cladocerans from the swamps and lakes upstream. The
survival capabilities of Bosmina in particular are mentioned.

Summary and Conclusions
An increase in the density of total zooplankton occurs in

Lake Ohakuri. No further consistent increase occurs between
Lake Ohakuri and Lake Karapiro and in fact all species, with

TABLE 4.4.5: EFFECT OF DEPIH ON ALGAL GROWTH,IN
STU RIVER CONDITION A"T 23"C

TABLE 4.4.6: EFFECT OF TEMPERATURE ON ALGAL
GROWTH RATE

Temperature "C Doubling time (days)

l6'c 19'C 23C

otal phytoplankton
,ratoms

reens
lue-greens

3.9
3.6
t.2

1.0
1.0
1.5
0.4

0.7
l.l
0.4
0.6

Algae

Total phytoplankton
Diatoms
Greens
Blue-greens
Anabaena oscillar io ide s

T
Dratoms
Greens
Blue-sre

0.9
0.9
2.0
t.2
-1-t

RIVER CONDITIONS AT 23"C

Doubling time (days)
Dialysis ¡ Plastic bag

Doubling time (days
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TABLE 4.4.7: ZOOPLANKTON RECORDED IN THE WAIKATO HYDRO-ELECTRIC LAKES AS REPORTED BY HILL (1970-71)
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CILIOPHORA
Peritricha

Vorticella spp.
HYDROZOA
Hydroidea

C hlor ohydra viridi s s ima P alI.
Hydra sp.

Trachylinae
Limnocnidia sp.?

ROTIFERA
Ploima

Filinia major Colditz
Keratella cochlearis Gosse
K er at e I la quadr at a Mu,ller
Keratella sp.
Asplachna spp.
Synchaeta spp.
Hexarthra sp.
Polyarthra sp.
Conochilus sp.
Brachionus sp.

CRUSTACEA
Copepoda

Boeckeila propinqua Sarc
Boeckella sp.
Macrocyclops albídus Jwne
Calamoecia lucasi Brady

Cladocera
Bosmina meridionalis Sarc
C e riodaphnia dubia Hernck
Chydoris sphaericus O. F. Muller
Alona affinis Leydig
Graptoleberis testundinaria Fischer

x

x

x
X

x

x

x
x
x

X

x

x

x
x
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x

x
x
x
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x
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x
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x
x
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x
X
x
x

x
x
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x
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x
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x
x
x

x
x
x
x
x
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x
x

x
X

x
x
x

x

x

x
X
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x
X

x
x
x

x

X

x

x
x
x
x
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ROTIF

Cladocera

CRUSTACE.
Copepoda

Boeckeila

TABLE 4.4.8: PREVIOUSLY UNRECORDED ZOOP- TABLE 4.4.9: T.OOPLANKTON RECORDED IN THE LOWER
LANKTON SPECTES REPORTED By MAGAZDA (1973)

FROM THE WAIKATO HYDRO-ELECTRIC LAKES.

ROTIFERA
Ploima

Asplanchna priodonta

CRUSTACEA
Copepoda

Boeckella minuta Sars
B oeckella delicata Percival
Mesocyclops leukarti Claus

RIVER BY ARA

CILIOPHORA
Peritricha

Vorticella spp
ROTIFERA
Ploima

Filinia major
Keratella cochlearis
Keratella valga
Asplachrn spp
Hescarthra sp
Polyarthra sp
Conochilis sp
Synchaeta pectinata

CRUSTACEA
Copepoda

Calamoecia lucasi
BoeckelLa propinqua

Cladocera
Bosmitn meridionalis
Ccriodaphnia dubia
Chydorus sphnericus

TARDIGRADA
Macrobiotus sp



4.5 BACTERIA

4.5.1 INrnoDUCTroN

The bacteriological quality of water may be assessed using
a number of tests.

The numbers of bacteria which have entered the water
from human, animal, and other wastes, as well as some
indigenous bacteria, can be estimated by using the 37'C
standard plate count (SP37). A standard plate count incu-
bated at 20"C (SP20) gives an estimate both of the numbers of
indigenous bacteria, and of the soil and sewage bacteria. A
larger proportion of water bacteria are able to grow at ZO'C
than at 37"C, hence the 20'C count is almost invariably higher
than the 37oC count. However high figures in the latter are of
greater sanitary significance than in the former owing to the
probable faecal source ofthe bacteria (Holden 1970). On the
other hand, where the SP20 greatly exceeds the SP37, this
may indicate growth of indigenous saprophytic (decompos-
ing) bacteria in the water in response to high organic matter
loadings.

Members of the coliform group of bacteria may originate
in soil, water, and vegetation, and in faecal material. If a
water sample contains a coliform (COL) concentration of
more than about 1000 per. l00ml the source of the sample is
considered to have a disease-producing potential in the ab-
sence of contrary information. The presence of coliform
bacteria may also indicate organic enrichment or contamina-
tion by either food or fruit processing wastes.

Faecal coliform (FC) bacteria are members of the coliform
group, of which Escherichia coli is the most typical faecal
species (Anon. 1976). The methods used to isolate faecal
coliforms from water samples have been devised to increase
the probability that a high proportion of the organisms
cultured will be E. coli, the species which is most likely to
have originated in the gut or faeces of warm-blooded ani-
mals. High E. coli counts are indicative of heavy and recent
contamination, while low counts imply slight or relatively
remote contamination (Anon. 1969). If a water sample con-
tains more than about 200 FC/l00ml this indicates possible
significant faecal contamination, and it is likely that potential
pathogens such as Salmonella would be detectable (Gel-
dreich 1970; Smith and Twedt l97l). Present FC analytical
methods cannot provide an estimate of the numbers of E. coli
in a water sample but only of coliforms that are able to grow
at 44.5"C, and these are not always faecal in origin. A
number of investigators have presented evidence demonstrat-
ing that high densities of faecal coliforms are present in
'waters that have not received faecal wastes from warm-
blooded animals (Dufour and Cabelli 1976). Therefore the
presence of faecal coliforms in a sample with an unknown
origin should be interpreted with care, the source of the
sample being regarded as potentially dangerous until a sanit-
ary survey proves otherwise. The findings of Dufour and
Cabelli (1916) indicated that in areas subject to a discharge of
effluents rich in polysaccharides (e.g. pulp and paper mill
wastes) the finding of high densities oi iaecal colifoms
cannot be used as an index of the probable presence of enteric
pathogens.

Faecal streptococci (FS) are also present in the gut and
faeces of man and other animals. Their presence in a water
sarnple verifies faecal contarnination and may provide addi-
tional information concerning its age and probable origin. If a
water sample is found to contain more than about 100 FS/
lfi)ml, this indicates significant faecal'contamination (Gel-
dreich and Kenner 1969).
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The contamination criteria given above for fäecal coli-
forms and faecal streptococci are in fact alternatives; ifone or
the other is exceeded in a sample, the water shouid be treated
with suspicion and subjected to further tests.

Faecal coliform bacteria are more numerous than faecal
streptococci in the faeces of man. In fresh human faeces
FC:FS iatios exceed 4.0. Sirnilar ratios are conrmon to
domestic wastewaters. Conversely faecal streptococci out-
number coliforms in the faeces of farm animals, cats, dogs
and rodents, with FC:FS ratios less than 0.7. Simila¡ ratios
are common to stormwater systems (which do not normally
contain human wastes) and farmland drainage. Interpretation
of bacteriological data using FC:FS ratios must be made with
discretion, since organisms of these groups die off in water at
different rates. The interpretations of FC:FS ratios are most
meaningful when developed from bacterial concentrations in
samples taken at or near waste outfalls into streams and rivers
(Geldreich 1972).

Further evaluation of indicator bacteria counts can be
made using the percentage of faecal coliforms to coliform
group counts , viz. FCVo : FC/COL x 100. This indicates the
degree and age of direct faecal contamination. Since non-
faecal coliforns may multiply in water while faecal coli-
forms normally die off, low percentages indicate that most of
the coliforms present are not faecal types but may have
originated from soil, decaying plant material, or waste treat-
ment systems. Where direct faecal contamination is impli-
cated, a low FCVo indicates that this would have occurred
some time previously, probably more than 24 hours. In a

river such contamination may have occurred some distance
upstream.

4.5.2 MEruoos

The details of the MWD sampling programme are given in
Chapter 3. The aims of the bacterial sampling were to detect
changes in the bacteriological quality of the Waikato River in
space and time, and to explain these changes.

Procedures for sampling and preservation, analytical
techniques and data analysis are detailed in Appendices
4.5.l, to 4.5.4. Details of data provided by other organisa-
tions for comparison are given in Appendix 4.5.5.

The bacteriological quaiity of the river is discussed in
terms of determinations of bacteria by standard plate counts
at37"C and 20.C (SP37, SP20), coliform and faecal coliform
counts and faecal streptococci counts.

4.5.3 G¡NSRAL DEscRrprroN oF THE Bncr'¡ruol<tcy
OF THE RIV¡R

There is a paucity of bacteriological data for the Taupo to
Karapiro section of the river, but the available information
gives an indication of major fluctuations in this reach (Figure
4.5. 1). The faecal coliform results indicate contamination by
organic and faecal material in the Taupo-Ohakuri area, fol-
lowed by gradual purification to Lake Maraetai. The rising
couüts at Maraetai Dam are assurned i"o be caused by the
inflow of the Kinleith Pulp and PaperMill wastes. While this
inflow would be expected to cause increased concentrations
of bacteria, including coliforms, it would be expected that
most of the coliforms in the treated mill wastes would be
saprophytic types, not those typical of faecal contamination.
It may be assumed that a proportion of the colonies counted
as faecal coliforms were in fact 'false positives' in the mem-
brane filter tests. This problem has been observed elsewhere
with pulp and paper mill wastes (Dufour and Cabelli 1976).
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The bacteriological quality of the river water then recovered

with passage through the Waipapa, Arapuni and Karapiro

Cambridge, Hamilton City, and Ngaruawahia'
Comparison of the MWD data collected in December 1976

and March 1977 with those of the Department of Health
collected in October 1973 and February 1974 (Figure 4.5.1),
indicate that there was little difference between SP37 con-

centrations and between faecal coliform concentrations ob-
served on these surveys.

4.5.4. LoNctruoINer- V¿,nrerroN, K¡'R,tpIno-
Tu¡.KAu, 1975-76

Analysis of the 1975-76 MWD data for the river and

inflows from Karapiro to Tuakau was undertaken to deter-

resultant profiles of concentration and massflow are plotted

in Figures 4.5.2 and4.5.3. Each data point represents.a mean

concéntration calculated from the logarithms of the monthly
values or massflow calculated from the logarithms of the

products of bacterial concentratiott and river dischar3e (Ap-

pendix 4.5.3). The data have been plotted on a logarithmic
scale for ease of presentation.

Standard Plate Counts

further large increases occurred between the Horotiu and

Ngaruawahia Bridges. No large increases occurred down-

stream of Ngaruawahia.
Between the Horotiu and Ngaruawahia Bridges, the

geometric mean measured massflow increased from 2'3 x
I0tt to 5 x 1012 cells/sec. This increase could be largely

accounted for by the discharge of effluent from the AFFCO

k:-
t
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Meatworks, with a geometric mean measured massflow of
5.2 x 10rr cells/sec. However, the observed mean massflow
increase between Cobham and Sewer Bridges (4.3 x 1010 to

3.1 x 1011 cells/sec.) could not be accounted for by the mean

observed massflow for the \ù/aitawhi¡iwhi¡i Stream (1.5 x
1010 cells/sec.). This implied that a large proportion of the

city's wastes were entering the riverby unmonitored outlets.
While the inflow of bacteria in the Waitawhiriwhiri Stream

was being reduced over the study period, as part of the

western side of Hamilton was connected to the new Pollution
Control Plant, many of the small inflows would have con-

tinued until most of the city was connected by November
t977.

Concentrations and massflows of bacteria determined by

standa¡d plate counts did not decrease significantly in the

river downstream of Ngaruawahia, and no significant in-
flows were located from the ma.ssflow data. Some bacterial
growth and metabolism was indicated by the dissolved oxy-
gen sag downstream of Ngaruawahia.

Indicator Bacteria
The geometric mean coliform concentrations on average

did not exceed 1000 cells/l0Oml upstream of the Sewer

Bridge. The increases at the Sewer and Ngaruawahia Bridges
were of similar magnitude to those of the standard plate

counts, and could be attributed to the inflows from Hamilton
City and the AFFCO Meatworks. Reductions of mean coli-
form concentrations between Mercer and Tuakau were ob-
served. Reduction constants for coliform bacteria, calculated
from the decrease in geometric mean concentrations and

average time of travel data, indicate more rapid reduction in
the Sewer Bridge to Horotiu reach compared to that in the

Ngaruawahia to Mercer reach (Table 4.5.1).
Faecal coliform bacteria concentrations increased about

four-fold between Karapiro Dam and the Narrows. V/hile
some of this increase could be attributed to an unmonitored'

inflow upstream of Fergusson Bridge, most appeared to be

due to a iurther unmonitored inflow between Fergusson and

Narrows Bridges. Concentrations increased 2O-fold from

Cobham to Sewer Bridges, were reduced toward Horotiu,
then increased further at Ngaruawahia. Faecal coliform re-

duction from Sewer Bridge to Horotiu was very rapid (Table

4.5.1) compared with the rate from Ngaruawahia to Mercer'
Further re¡luctions in coliform and faecal coliform concentra-

tions were observed in the Mercer-Tuakau reach.

TABLE 4.5.I: INDICATOR BACTERIA REDUCTION CONSTANTS CALCULATED FROM REDUCTIONS OF GEOMETRIC MEAN

CONCENTRATION AND ESTMATED AVERAGE TIMES OF TRAVEL

'T0R

Coliforms

Faecal
Coliforms
Faecal
Streptococci

UPSTREAM REACH REDUCTION
coNST. k*
(hr-')

DOWNSTREAM REACH REDUCTION
CONST.
(hI')

Sewer Bridge
- Horotiu
Sewer Bridge

- Horotiu
Sewer Bridge
- Te Rapa
D.F. intake

0.23

0.43

0.30

Ngaruawahia
- Mercer
Ngaruawahia
- Mercer
Ngaruawahia
- Mercer

0.02

0.04

o.t2

INDICA

Col

Col

* According to Chick's Law (Velz l97O' p. 242):
Co

(ln 
-), 

where Co : upstream geometric mean concentration,
Ct Õ, : dõwnstredár geometric mean concentration,

t : average time of travel (estimated by J. C.
Ruthe-rford, pers. comm.).
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Tributary inflows with faecal coliform concentrations hav-
ing a geometric mean faecal coliform concentration exceed-
ing 200 for the year October 1975 to September 1976 are
listed in Table 4.5.2. Many of these flow in open channels
through or near built-up areas where the public have access to
them.

The geometric mean faecal streptococci concentration in-
creased about seven-fold between Karapiro Dam and Fergus-
son Bridge (Figure 4.5.3), confirming the presence of an

unmonitored inflow in that part of the river. The low ratio of
faecal coliforms to faecal streptococci indicated by the larger
increase in faecal streptococci suggests that the inflow was of
animal origin. Faecal streptococci concentrations increased
between Fergusson and Cobham Bridges, and the massflows
suggest that most of this increase was due to the Karapiro and
Mangaone Stream inflows. A large increase in concentra-
tion at Sewer Bridge caused by Hamilton sewage was fol-
lowed by a reduction to the Te Rapa dairy factory intake. The
increase at Horotiu reflects the large inflow of faecal strep-
tococci in the Te Rapa dairy factory wastewaters, and the
large inciease at Ngaruawahia can be attributed to the
AFFCO discharge. Both these inflows would be expected to
increase river massflows (and thus concentrations) to values
greater than those actually observed at Horotiu and
Ngaruawahia. This confirms the rapid die-off of faecal strep-
tococci organisms in the river which is further confirmed by
large decreases in massflow and concentration in the reach
between Ngaruawahia and Tuakau into which there were no
significant inflows.

Indicator Bacteria Ratios
Faecal coliforms formed the highest percentages of the

coliforms downstream of urban and industrial inflows, viz.,
at the Narrows, Sewer and Ngaruawahia Bridges (Figure
4.5.4 (a)). Many of the inflows had mean percentages of
faecal coliforms exceeding l5%o, nofably those from predo-
minantly agricultural areas, and the urban and meatworks
wastes (Table 4.5.3). The low mean percentages from ag-
ricultural catchments were associated with mean faecal col-
iform concentrations about an order of magnitude lower than
those from predominantly urban or mixed catchments.

Low FC:FS ratios in the river from Karapiro to Cobham
Bridge reflect the probability of contamination predomin-
antly by animal wastes. The increase from 1.3 at Cobham
Bridge to 7 .6 at the Sewer Bridge (Figure 4.5.4(b)) was due
to the Hamilton City urban inflow. The decrease from there
to the Te Rapa intake may reflect the different die-off rates of
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faecal coliform and faecal streptococci; different faecal strep-
tococci species die off at different rates (Geldreich and Ken-
ner 1969). From Ngaruawahia downstream the ratios in-
creased, presumably due to the different reduction rates for
faecal coliform and faecal streptococci in the river (Table
4.s.1).

Tributary inflows from predominantly agricultural catch-
ments had lower FC:FS ratios than those from mixed or urban
areas (Table 4.5.3), indicating that the indicator bacteria
were largely derived from animal waste, which has a pre-
dominance of faecal streptococci (Geldreich 1972).

4.5.5 Tnrr¡poRnL VaRr,q,rroNs

Daily
Data on the daily variability of bacterial concentrations in

the river are very limited. Faecal coliform concentrations
were determined on one MWD diurnal survey, and in that
case the results indicated that the fluctuations were related to
particular episodes such as the cleaning of septic tanks. Other
episodic factors include heavy rainfall, which may cause

sudden inflows of contaminated runoff, and intermittent
waste discharges.

. Each main inflow had characteristic daily variations in
discharge and bacterial concentration. The most important of
these inflows were those from AFFCO Meatworks, which
caused significant increases of all bacterial groups oeter-
mined on river samples, and from the NZCDC Te Rapa dairy
factory, which caused significant increases of faecal strep-
tococcr.

Since it would be impossible to undertake bacteriological
sampling to characterise all episodic fluctuations in a survey
of this type, and because of the logistics of intensive monitor-
ing of inflows for bacteria content, daily variations have not
been determined in detail. The regime of collecting samples
from a parlicular site at about the same time of day on the
same day of the week was adopted in 1973 to standardize the
influence of regular vatiations.

The time-variability of waste inflows is discussed in Sec-
tion 2.4.

Seasonal
Graphs showing the monthly bacteria concentrations and

massflows of coliforms, faecal coliform, SP37 and faecal
streptococci at Cobham, Ngaruawahia and Rangiriri Bridges
plotted against time, display no consistent seasonal trends
(Figures 4 .5 .5 , 4 .5 .6, 4 .5 .7) . The SP20 values are not pre-

TABLE 4.5.2:\ù/AIKATO RIVER TRIBUTARY INFLOWS WITH GEOMETRIC MEAN FAECAL COLIFORM CONCENTRATIONS
EXCEEDING 200 CELLS/I00ML (LOGro 200 APPROX. :2.3).BACTERIA CONCENTRATIONS AND INDICATORTBACTERIA

* Geometric mean faecal coliform concentrations of less than 200 cells/100m1 were measu¡ed in the streams draining the Waahi and
Whangape Lakes and the Opuatia Stream

w
w

RATIOS, I STANDARD ERROR OF 19.75-76 MEAN*

Site Coliforms Faecal
Coliforms

Faecal
Streptococci

FCICOLVo FC/FS

Karapiro Stream
Mangawhero Stream
Mystery Creek
Mangaone Strcam
Mangaokotukutu Stream
Waitawhiriwhiri Stream
Waipa River
Komakorau Stream
Mangawara Stream
Rotongaro Canal
Whangamarino River
Mangatawhiri Stream

3.17 + 0.12
3.38 + 0.09
3.35 + 0.15
3.78 | O.2O
4.49 -+ 0.21
5.19 + O.25
3.19 -+ 0.10
4.46 + 0.31
3.39 r 0.1 1

3.07 + O.2O
2.72 + 0.23
2.'16 + O.l4

2.63 + 0.09
2.96 + 0.08
2.97 ! 0.16
2.79 + A.06
3.53 + 0. 18
4.49 + 0.22
2.49 + O.lO
J.38 + 0.20
2.96 + 0.13
1.92 + 0.18
2.00 + 0.13
2.26 -+ 0.10

2.88 + 0.15
2.99 + 0.15
3.30 + 0. 17
3.58 + 0.18
3 44 + 0.19
4.51 + 0.24
2.66 + 0.25
4.68 + 0.34
3.25 + 0.15
2.05 -+ O.2O
2.14 + 0.15.
2.41 + O.lO

36+5
43+6
47+5
l.o'r 6
15 +3
28+5
26-r5
16+5
42+ 5

19 ¡6
26+4
4l+8

0.9 + 0.3
1.9 + 1.0
0.6 + 0.1
0.3 + 0.1
2.0 + 0.5
1.3 -r 0.4
1.7 + 0.5
0.4 + 0.3
1.1 + 0.4
2.5 -r 1.3
1.3 -r 0.5
0.9 + 0.3
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sented since there is less than two years' record available.
Peak concentrations occurred most often in the summer and
autumn when river discharge was at a minimum.

Long Term
In order to trace long-term trends, data from the Hamilton

City Council's 'Water Treatment Station, the AFFCO Meat-
works, and the Auckland Regional Authority Water Laborat-
ory and MWD data were collated and yearly geometric
means plotted (Figure 4.5.8).

The HCC record extends back to 1949 , and was collected
from sites at the old pumping station (almost opposite Wel-
lington Street), St. Andrews (about Comries Road) and
Horotiu Bridge until 1966, then at the new treatment station
(Peacock's Road) (Appendix 4.5.5). This is the longest re-
cord to date, and it is to be hoped that such a record will be
maintained in future to enable long term trends to be dis-
cerned.

The test used most consistently in all these data has been
the coliform counts. From 1949 there was a trend of rising
coliform concentration until the early 1970's, when the con-
centration reached a plateau. Since 1972 there has been a

trend of decreasing concentrations (Figure 4.5.8). These
trends were not related to any trend in mean annual discharge
and were consistent along the river except that the plateau
upstream of Har¡ilton occurred earlier (1970-72) than that
downstream (1973-75).

The rising concentrations in the 1950's and 1960's paral-
lelled increases of population and industry in the catchment
(Table 2.2.1). The recent decreases coincided with the in-
creasing proportion of wastewaten undergoing treatment
(section 2.4.3).

4.5.6 DrscussroN

The bacteriological quality of the Waikato River changes
significantly as it flows from Lake Taupo to Tuakau. The
major areas of changing sanitary quality are listed in Table
4.5.4 together with the likely causes and major effects. The
most common causes of deteriorating bacteriological water
quality in the river were urban and industrial activities, as
opposed to land-based agricultural activities.

TABLE 4.5.4: AREAS OF SIGNIFICANT CHANGES OF BAC-
TERIOLOGICAL WATER QUALITY IN THE WAIKATO

RIVER FROM LAKE TAUPO OUTLET TO TUAKAU

AREA

Aratiatia

Lake Ohakuri

Atiamuri-Maraetai

Maraetai Dam

Waipapa-Karapiro

Karapiro-Fergusson
Bridge

Cambridge-Narrows

Hamilton City

St. Andrews-Te
Rapa

Te Rapa

Horotiu-
Ngaruawahia

Ngaruawahia-
Tuakau

MAJOR EFFECTS

Increased faecal
coliform
concentratlon
Increased bacteria
concentrations,
and bacterial
activity
Decreased bacteria
concentratlons
Increased bacteria
concentrations,
and bacterial
actlvlty
Decreased bacteria
concentratrons
Increased indicator
bacteria
concentratrons
especially faecal
streptococci
Increased faecal
coliform
coDcentratrons
Increased bacterial
concentrations
Indicator bacteria
die-off
Increased faecal
streptococci
concentrations
Increased bacteria
concentrations, and
bacterial activity
Stable saprophytic
bacteria
concentratrons,
active in organic
matter breakdown
causing DO sag,
and indicator
bacteria die-off

LIKELY CAUSES

Urban sewage

Waiotapu Stream
and agricultural
activities* ?

Self-purification
by lake passage
Pulp and paper
mill wastes, and
urban sewage?

Self-ourification
in lakes
Agricultural*?

Urba¡ wastes?,
and agricultural

Urban, and
industrial wastes
River
self-purification
Dairy Factory

Meatworks

River
self-purification

* Agricultural activities include agricultural product processing
activities in these areas.

TABLE 4.5.3: INDICATOR BACTERIA CONCENTRATIONS AND RATIOS IN STREAMS FLOWING FROM DIFFERENT CATCH-
MENT TYPES AND FROM INDUSTRIAL EFFLUENTS, 19'13-'16 (MEAN + SE)

Source Coliforms Faecal
Coliforms

Faecal
Streptococci

FCICOL Vo FC:FS n Sites
Grouped

(Geometric mean logro count/100 ml.)

Predominantly
Agricultural

Predominañtly
Urban
Mixed
Te Rapa
Dairy Factory
AFFCO
Meatworks

3.16 + 0.0ó

4.98 + 0.16
3.28 t- O.Oj

3.96 -+ O.39

7.75 + 0.18

2.37 -+ 0.05

4.21 -r 0.16
2.49 + 0.06

2.75 -r O.6O

7.09 t, 0.14

2.'17 -r O.O8

4.14 + 0.16
2.63 + 0.88

7.69 + 0.26

7.24 -+ 0.12

3.28 + 1.7

18.96 + 2.51
21.7 + 2.1

10.6 + 5.4

36.5 -r 8.1

1.0 + 0.1

2.89 -r 0.96
2.0 + 0.4

0.06 + 0.05

1.2 + O.3

200

40
65

l0

15

KP, V/G, MC, I(O
MW, WAH, RC, O
WM, MT.

MK, WW.
LG, Waipa R

oP,

TeR
Dair5
AFF(
Meat

KEY:
n : Number of values for groúp
KP : : Mystery Creek; KO : Komakorau Stream; MW : Mangawara Stream; WAH : Lake
Waah Opuatia Streàm; WM : Whangamarino River; MT : Mangatawhiri River; MK :
Mang . ri Stream; LG : Leslies Gully @4angaonua Stream).

Sites were grouped arbitrarily by their location and information on land use in the catchment.
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Some of the major inflows which degrade bacteriological
water quality, such as the AFFCO Horotiu Meatworks
effluent, will be subject to more efficient treatment processes

in the near future. Thus the trend of improving quality in the
lower river should continue as further waste treatment
facilities are installed and older plants expanded. However,
there is the possibility that as population and industry con-
tinue to increase, older plants may continue in use under
increasing loads, resulting in subsequent deterioration. Con-
tinued monitoring of bacterial concentrations in the river is

therefore essential to determine where the current trend
leads.

The bacteriological standards in the schedules for Classes
B and C in the rùy'ater and Soil Conservation Act 1967 were
applied to the geometric mean faecal coliform and coliform
concentrations for MWD data collected from 7973-76 at
selected river sites (Table 4.5.5). Although the sampling
regime did not conform to the schedules in the Act, the river
water over that period failed to meet these standards in a large
proportion of the samples from sites downstream of Hamil-
ton. The trend of decreasing coliform concentrations ob-
served in more recent years indicates an improvement in this
situation.

TABLE 4.5.5: PERCENTAGE OF COLIFORM COUNTS EX-
CEEDING SCHEDULE STANDARDS FORCLASSES B AND C
WATER AT SELECTED SITES ON THE LOWER V/AIKATO

RIVER, 1969-76

ite % Samples
in which
coliform

conc./100m1
exceeded
l0 000

7o Samples
in which

faecal coliform
conc./lOornl

exceeded
2 000

7o Samples
in which

faecal coliform
conc./l00ml

exceeded
200

hia

0
6

99
94

0
0

93
82

5
52

100
98

(For frequency distribution curves see Appendix 4.5.3).

Ngaruawa
Mercer

Attention must be drawn to the fact that the HCC Pollution
Control Plant chlorinates the final effluent to reduce bacteria
concentrations, pafticularly coliforms. Until September
1976, most of the city's wastes were discharged to the river
by means other than the Pollution Control Plant. The plant
was commissioned in August 1976, but most of the city was
not connected until November 1977 . The MWD data for the
effluent towards the end of 19'76 showed that bacteria reduc-
tion was being achieved, and as a result, river bacteria con-
centrations downstream were decreasing. However, there is
evidence that chlorination of wastewaters may be ineffective
against viruses (Genetelli et al 1975) and may produce sub-
stances which are toxic to animals (Ingols 1975). Thus the
"improvement" of the river in that area must be regarded
with caution until other more effective means of treatment are
undertaken. The potential health hazard in the river water
may in fact increase as Hamilton's population rises, although
this may not be indicated by indicator bacteria tests. On the
other hand, since the city's wastes are now collected and
discharged downstream of Hamilton , the quality of the river
upstream of the outfall should have improved. This im-
provement was observed by the HCC and MWD (Figure
4.5.8), in Hamilton. Since these indicator bacteria concentra-
tions have been decreased by removal of inl'lows, their reduc-
tion can be taken as a valid index of improving water quality
in that area.

r69

The influence of the physical and hydraulic nature of the
river on its self-purification is worth noting. The series of
lakes through which the water flows from Lake Taupo to
Karapiro facilitate reduction of bacteria concentrations after
each influx of bacterial contaminants. Rapid reduction of
bacteria concentrations was also observed downstream of
Hamilton. This may have been due to the depth and turbu-
lence of the channel, the nature of the river bed, and the low
concentrations of organic material present. In contrast,
downstream of Ngaruawahia, where active bacterial
metabolism was indicated by the development of an oxygen
sag, the removal of bacteria was not as rapid over the
Ngaruawahia to Mercer reach as it was between Hamilton
and Horotiu. This may have been affected by the physiologi-
cal state of the bacteria in the AFFCO effluent, the organic
matter concentrations in the water there, and the change in
the type and configuration of the river channel (Section 2 .2).
From Mercer to Tuakau more rapid bacterial purification was
evident. This could have been due to several factors includ-
ing the 'age' of the bacteria by then, the decreasing water
velocity as the channel widened and shallowed, temperature
increases in wa¡m weather, the large width in relation to
depth allowing increased effect of sunlight, competition or
cither interactions with phytoplankton or other biota, and tidal
effects. l-ower water velocities would have tended to in-
crease sedimentation rates and subsequent flocculation of
particles may have enhanced biological interaction. The gen-
erally increased dissolved oxygen concentration in that reach
may have stimulated purification processes.

4.5.7 CoNcrusroNs AND RECoMMENDATToNS

The bacteriological data were a sensitive aid to locating
pollution sources and determining the types of contamina-
tion. The most useful tests were:
(i) Standard plate counts after incubation at 20cC to estimate

the concentration of bacteria in the river, both decom-
poser and indicator species;by comparing these with the
oxygen concentration and biochemical oxygen demand
(BOD) data it was possible to locate the main area of
microbial breakdown of organic matter in the river.

(ii) Coliform, faecal coliform and faecal streptococcal
counts to estimate the numbers of indicator bacteria and
to determine pollution sources and types.

Monitoring of the river, particularly at Taupo Gates,
Ohakuri, Ma¡aetai and Karapiro Dam tail-races, and the
Cobham, Ngaruawahia and Mercer Bridges should continue
to enable temporal and spatial trends to be followed.

More detailed breakdown of the bacteria counted should
be attempted at least into the biochemical groups which may
attack various substrates present in river water, since particu-
lar groups may be more important than others in exerting a

BOD. Such studies may be useful in elucidating the bio-
kinetics of oxygen consumirrg processes. Faecal streptococci
species should'be identified to allow clearer definition of
sources and to detect the occurrence of "false positives".
Other groups of micro-organisms currently neglected are the
viruses, actinomycetes and fungi. These require investiga-
tion because of their potential effects on water supply and
public health, but it must be bome in mind that laboratories
fbr investigating viruses are expensive to set up and the
methods are not yet well defined.

The bacteriological quality of the Waikato River from
Taupo to Tuakau was lowered mainly by urban and industrial
activities, including agricultural product processing. The
water of lowest sanitary quality was found in the Hamilton-
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Ngaruawahia area.
The quality of the river water downstream of Karapiro

Dam began to improve from about 1972 as a result of im-
proved waste collection and treatment facilities. While this
improvement is expected to continue as further facilities
come into operation the apparent improvement in quality
downstream of the HCC Pollution Control Plant should be
regarded with caution because of the potential survival of
pathogenic vi¡uses in the treatment process currently under-
taken.

The data obtained did not suggest that the processes of
dilution and purification resulted in reduction of indicator
bacteria to 'safe' levels in the river downstream of Hamilton,
although there was evidence of improvement in recent years.

The continued provision of suitable and more extensive
waste treatment facilities will probably be the most signific-
ant factor in maintaining or improving the bacteriological
quality of the river water. These facilities must keep pace
with increasing urbanisation and industrialisation in the
catchment.
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5. Mathematical Modelling of
Water Quality

5.I INTRODUCTION

A mathematical model of water quality summarises quan-

secondly it can be used as a management tool to assess

changes of quality which will result from changes of effluent
loading, trophic status or hydraulic conditions.

There are several parameters which are important in water
quality management. As is discussed in some detail in section

i.3, one of the most useful is the concentration of dissolved
oxygen. One of the objectives of the MVy'D water resources
project was to develop a model for dissolved oxygen in the

Waikato River. The development of such a model was ex-

pected to produce techniques which could usefully be applied
to other waterways in New Tnaland at a later date' and also to
provide a tool which could be used by the V/VA to help in

management of the river.

5.2 STRUCTURE OF THE BOD/DO MODEL

The mathematical model is based on conservation of mass

equations for dissolved oxygen (DO) and biochemical oxy-
gen demand (BOD). These equations contain terms govern-
ing the transport of material down the river and terms which
describe the important biological processes' Depth and lat-
eral variations of DO and BOD concentíation are small in the

Waikato River, except very close to outfalls, and con-
sequently one-dimensional equations, which describe the

changes with distance along the channel and time of the mean

concentration are adequate. Because of diurnal variations of
biological activity and variations of river discharge and

effluent discharge and composition, transient solutions to
these equations are required.

5.2. I Tn¡NspoRr T¡,Rtr¡s

The transport terms in the equations governing BOD and

DO concentrations are the mean velocity and the rate of
longitudinal dispersion. These are evaluated as follows:
Mean Velocity

As described in Chapter 2, the outflow of water from Lake

Karapiro varies in response to changes in power demand.

These fluctuations, however, have only a small effect on the

time of travel of pollutants and for water quality modelling it
was convenient to assume that ri','er discharge r"'as steadY'

The gradually varying flow equat d to

predict the water level profile, and mes

òf travel, for any desired combina and

tributary discharges (see for example Henderson 1966). The

discharge was non-uniform because of differences of channel

characteristics and tributary inflows. Except in large floods,
flow in the Lower Waikato River is subcritical and water

level profiles could be predicted fairly easily using a numeri-
cal scheme, working upstream from a prescribed water level

near the river mouth. The two hundred and forty cross-

sections which had been surveyed between Karapiro and the

sea by WVA and MWD provided the necessary input data.

Friction coefficients were selected to give the best match

between observed and predicted water levels at a number of
different discharges. Full details of the methods used and the

results are given in Rutherford (1975a).
Times of travel are outlined in section 2 '2 (Figute 2.2.3).

The friction coefficients used in these simuations are given in
Appendix 5.1.

Rate of Longitudinal Dispersion
Longitudinal dispersion influences the concentration of

BOD, especially in the vicinity of inflows which fluctuate
rapidly, but has only a minor effect on DO levels in the

Waikato River as a whole because concentration gradients of
DO are comparatively small. For these studies it was as-

sumed that the rate of longitudinal dispersion could be esti-
mated with sufficient accuracy using a one-dimensional Fic-
kian model. Dispersion coefficients were estimated from
detailed velocity measurements, using the method developed
by Fischer (1966) and were also measured directly in one

stretch of the river (see Rutherford 1975b). These data are

summarised in Table 5.2.1 .

5.2.2 BwocICAL PnocEssBs

The biological terms in the model are the rate of exertion of
BOD (and subsequent uptake of oxygen), and the rates of
production and consumption of oxygen by aquatic plants.
BOD Exertion

The rate of uptake of oxygen was assumed to be propor-
tional to the concentration of ultimate BOD, which in turn
had been found by experiment (J. S. Nielsen, MWD, pers.

comm.) to be approximately 1.5 times the concentration of
five day BOD. (For a more detailed explanation of oxygen
demand and the BOD test see section 3.3.)

This model undoubtedly gives an oversimplification of the

rate of exertion of BOD, but the BODs concentration in the

river has seldom exceeded 4.0 g m-3 and hence the inac-

curacies introduced into the predicted DO levels by the ap-

proximation are likely to be very small' Oxygen uptake by
bed sediments was not included explicitly in the original
model. Recently Boubée (1977) found that the muds near

septic tank outfalls in Hamilton City exert an appreciable

oxygen demand and he suggests that in the Lower Waikato
River as a whole, the sediments may be important in the

oxygen balance. However, additional investigations would
be required before oxygen uptake by sediments could be

modelled adequately.

Aquatic Plants
Three communities of aquatic plants in the Waikato River

were modelled separately: macrophytes, phytoplankton and

periphyton.
Macrophytes have an obvious visual and physical impact

on the waterway and the submerged species are capable of
having a significant effect on DO levels (Sculthorpe 1967).

For large-scale field work thc most convenient biomass
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parameter is the surface area of the channel containing dense
weed beds. The growth rate of macrophytes is usually small
elotgh to assume steady biomass prohles when predicting
diurnal variations in l)O levels. It is also a conveìient firsi

retained on leaves and stems (Sculthorpe 1967). As is de-
scribed in greater detail below it was found that in the
Waikato River macrophytes did not affect DO levels suffi-
ciently to warrant more detailed modelling.

Phytoplankton are abundant in the Lower Waikato River
especially during spring, summer'and autumn. They origi-
nate in the hydro-electric lakes of the middle Waikato and are
swept into the lower part of the river. Inspection of algae
count data suggests that phytoplankton grow and divide in the

slow moving water between Huntly and Tuakau especially
during low summer flows. No attempt was made in this study
to model the populations of phytoplankton in the river. In-
stead, biomass profiles lvcrc cstimotcd from algal count data
collected by the ARA and MV/D. Vertical mixing in the
Waikato River is rapid and phytoplankton concentrations are
approximately uniform with depth. Light penetration of the
water is limited and consequently significant photosynthesis
only occurs in the upper metre or so of the channel cross-
section. Respiration is likely to proceed at all depths.

The periphyton comprise epiphytic and benthic algae
which, like phytoplankton, have a high rate of population
turnover, but like macrophytes are attached and a¡e not swept
downstream by the current. Little is known about the effects
of periphyton on DO levels in natural waterways, and one of'
the aims of the present study was to obtain an estimate of their
significance.

TABLE 5.2.1: LONGITUDINAL DISPERSION COEFFTCTENTS PREDICTED FROM FTSCHER (1966) USrNc SELECTED WVA
GAUGING DATA 1960.1974.

Site Discharge

a
ma s-l

Area

A
m2

Water
Slope

So

xl0-a

Mean
Velocity

U

m s-1

Hydraulic
Radius

R

m

Shear
Velocity

u*
m s-t

Non Dimensional
Lateral Disper.

ez
¿ïur

Predicted Longitudinal
Dispersion Coefficient

D

m2 s-1

Hamilton
Traffic
Bridge

Ngarui
SH1
Bridge

Huntly
Tainui
Bridge

Mercerr
Bridge

Rangiriri2
Bridge

148.3
195.2
206.0
255.0
274.0
329.8
371.9
392.O

120.6
187.1
359.8
489.5
701. I

1528.7

178.4
195.3
26/..7
298.2
334.5
384.4
484.0
640.4
794.4
886.4

154.7
29t.8
349.7
423.8
476.4
534.0
576.8
64Ð.2
642.8

157.2
302.4
442.2
772.3

1050.4

137.7
162.2
199.0
207.1
227.4
265.3
295.5
328.1

247.2
320.0
458. I
547.9
709.8

t084.7

3t8.2
34.0
382.0
435.6
480.5
520.0
644.0
820.7
946.0

1078.5

424.0
479.0
54',t.4
565.0
595.0
669.8
647.O
675.5
688.0

232
3E6
538
843

1005

1.00
1.20
1.60
1.70
1.80
2.OO
2.10
2.20

1.00
l.l0
1.20
t.22
1.30
l .89

0.70
0.70
0.80
0.85
0.90
0.95
l.00
l.30
t.45
1.50

0.60
0.70
0.75
0.80
1.00
1.00
1.05
t.l0
1.10

l.16
1.20
1.40
1.65
1.80

I

t.07
1.20
1.03
1.23
1.20
1.24
t.25
l.19

0.48
0.58
0.78
0.89
0.98
1.40

0.56
0.57
0.69
0.69
0.70
o.'t4
o.'t5
0.78
0.84
0.82

0.36
0.61
0.64
0.75
0.80
0.80
0.89
0.94
0.93

0.68
0.78
0.82
0.92
1.05

1.84
2.08
2.43
2.59
2.68
3.00
3.30
3.66

1.93
2.19
2.97
3.45
4.17
6.25

1.34
1.51
1.69
L87
2.05
2.21
2.67
3.39
3.86
4.6',1

3.66
4.02
4.48
4.61
4.82
5.29
5.15
5.40
5.42

1.13
t.77
2.42
3.33
3.87

.@'26

.04¡96

.0618

.06s7

.0688

.0768

.0826

.0890

.0436

.0486

.0591

.0643

.0730

.t076

.0304

.0302

.0364

.0394

.0425

.0ø54

.0512

.0657

.o't41

.0829

.0464

.0526

.0574

.0602

.0683

.0720

.0728

.0763

.0765

.0359

.0456

.0576

.0734

.0827

0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50

0.50
0.50
0.50
0.50
0.50
0.50

0.50
0.50
0.50
0.s0
0.50
0.50
0.50
0.50
0.50
0.50

0.2s0
0.250
0.250
0.250
0.250
0.250
0.250
0.250
0.250

1.00
1.00
1.00
1.00
1.00

t93.9
56.5
55.0
48.6
23.9
35.5
77 .3
36.6

196.6
rt9.3
112.8
136.4
t72.1
258.2

5646.7
423.7
232.6
666.4

1 150. l
265.8
285.6
517.s
213.6
t02.4

79.2
98.7

227.3
82.4
56.0
95.6
62.',|

240.6
173.2

2518.6
1569.0
515.6
609.0
615.9

llocated in a region of straight and uniform channel. Lateral dispersion coefficient assumed small, 0.25zl,ocated in a region where the channel is divided. Lateral disperìion coefficient assumed large, 1.00
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5.2.3 SurølrARY oF EqueuoNs

The model equations for conservation of mass are sum-
marised below

(l) (2)

#*u#:å#.f ADf)
(3)

-gAtc-c.l -
(3)

(4) (s)

krC+S" (1)

(5)(s)(4)(2)(l)

sp:cp[*.',

(4)

#*uä:,^åt"o#) +[ß-n*) -kr c +Sn +

(6)
kz (R*R) (2)

where term (l) represents advection, (2) dispersion, (3) in-
flows, (4) BOD exertion and oxygen uptake, (5) source/sink
terms and (6) reaeration.

in which t : time (hrs); x : distance along the river channel
(m) C, R, and Rs:concentrations of ultimate BOD, DO, and
satu¡ation concentration of DO in main river, (g m-3);C* and
R* : concentrations of BOD and DO in lateral inflow,
(g m-3); g : lateral inflow per unit channel length from
tributaries and effluents, (msþ¡-r¡¡¡-t); ¡, : channel cross-
sectional area (m2); U : mean velocity (m hr-l); D : lon-
gitudinal dispenion coefficient (m'h¡-t); kr and kz : BOD
decay rate and reaeration rate (hr-1); Sc and Sr. : additional
source/sink terms for BOD and DO.

The oxygen source/sink term is

Sr.: Sv + Sp + Ss (3)
where Srrl, Sp and Ss are the rates of oxygen production and
consumption by macrophytes, phytoplankton and periphyton
respectively, evaluated as follows:
Møcrophytes

sr: ftpf(Ð-rrlg(T)
in which Slr : rate of change of DO caused by macrophytes
(g m{hrt); Aw : surface areaof weedbeds perunitchannel

ZONE

ANNEL

length (m); A : channel cross-sectional area (m2) (see Figure
5.2.1) tp and r. : daily average rates of photosynthesis and
respiration, (g(Oz) m(weed)-2 hr-l). The value of f(t) gov-
ems the diumal variation of photosynthesis and was approx-
imated by

f(t):SäS!)fortr(t<tzr

f(t):O fort(trortltz

in which t : time (hrs), tr and tz : sunrise and sunset.
Equation (5) is part of a parabola and has unit area. This form
was selected arbitrarily from considerations of the diurnal
variation of sunlight intensity:

B(T) : kr-20 (6)

in which T : temperature ("C), and k was assumed to have a
value of I .05 , close to the value measured for the dependence
of BOD decay rate on temperature (Velz 1970).

Phytoplankton

f(t)-r'. ]e{rl Q)

in which Cp : concentration of phytoplankton; Sr : rate of
change of DO caused by phytoplankton, (g m-3hr-1); r'p and
rtl : average rate of photosynthesis and respiration
(g(Or) g(biomass)-l hr-t); A and Ae : cross-sectional areas
of channel and euphotic zone, respectively (see Figure
5.2.1). For the Waikato River where the ehannel is nearly
rectangular A"/A was approximated by y"ly, in which y" :
euphotic depth (m) and y : total depth (m).

Periphyton

S, : f ra'r f(Q - r,"l g (T) (8)

in which Ss : rate of change of DO caused by periphyton
(g m-3hr-1), As : surface a¡ea of the riverbed per unit chan-



r76

nel length containing dense periphyton growths (m); 1'p and
1'r :ÍìyêÍâge rates of photosynthesis and respiration
(g(Or) m(periphyton)-2hr-1 ).

The reaeration rate is estimated from bulk channel
parameters using the empirical formula (Isaacs and Gaudy
1968).

-312 T -20
kz : 0.086 Uy 1.024 (9)

where kz : reaeration rate at Tt in hr :r; U : mean velocity
(m s-t); y : mean depth (m).

5.2.4 MnrsoD oF SorurroN

A well-known implicit finite difference scheme (Mitchell
1966) was used to solve equations (l) and (2). A mesh size of
one kilometre and a time step of one hour were found to give
sufficient accuracy and adequate resolution ofthe spatial and
temporal changes in DO levels (Rutherford 1975a).

5.3. BOD/DO MODEL CALIBRATION

The model equations contain a number of coefficients such
as BOD decay rate and the oxygen production and consump-
tion rates by macrophytes, phytoplankton and periphyton.
Estimates of these coefficients were obtained from the litera-
ture and from field and laboratory experiments. It was not
possible, however, to place great confidence in these esti-
mates because the envi¡onmental conditions under which
they were obtained were almost invariably different from
conditions prevailing in the Waikato River. Consequently
these estimates were refined by making slight adjustments to
each of them in order to give the best fit between a number of
observed and predicted DO profiles. Finally, a check was
made by comparing simulations with field data not used in
the calibration process.

5.3. l. PnelrMrNARY CerrsRAttoN

Simulations of BOD and DO concentrations were made
during summer low-flow periods using factory production
and population data prevailing during the mid 1970's. The

main conclusions drawn from these simulations are sum-
marised below; the full details are given elsewhere (Ruther-
ford 1975a).

The best fit between observed and predicted DO levels was

obtained with a BOD decay rate between 0.05 and 0.10 hrr.
This is higher than the range of 0.020 to 0.030 hr-1 which was
measured in the laboratory, but it is thought that the sedi-
ments of the Waikato River could contribute to a high BOD
decay rate in the same way that they do in the nearby Taraw-
era River (Rutherford and O'Sullivan 1974).In view of the
low BOD concentrations, however, more sophisticated mod-
elling of the BOD decay process in the Waikato River is not
justified.

Using the results of a survey of weedbed areas made by the
WVA, (Table 5.3.1) and literature values of oxygen produc-
tion a¡rdæonsumption rates (Table 5.3.2), simulations were
made of the effects of macrophytes on DO levels. The results
indicate that during summer low flows macrophytes cause a

diurnal variation of less than 0.5 g m-3. It can be inferred
from this that the 2-3 g m-t va¡iation of DO which is ob-
served is caused by other aquatic communities.

Simulations made, including the effects of phytoplankton
and macrophytes, indicated that the observed DO fluctua-
tions could be satisfactorily explained by the metabolic activ-
ity of these two communities.

5.3.2 Moosl TESTTNG

An intensive survey was carried out over a 48 hour period,
April 16-17, 1975 when river and tributary discharges were
low and steady, during which discharge and composition of

TABLE 5 .3 . I : AREAS OF PREDOMINENT SPECIES OF SUBMERGED MACROPHYTES IN WAIKATO RIVER, 1969. MEASURED
BY THE WVA.

Distance from
river mouth,
in kilometres

(t)

Egeria
densa

(2)

A¡ea of Predominant Species,
A¡ea of

submerged
macrophytes
as percentage
of total weed

bed area
(7)

Total, all

Elodea
canadensis

(3)

Lagarosiphon
malor

(4)

Myriophyllum
robustum

(s)

specres
including
emergent

(6)

0-6.0
6.0- 14.5

14.5-29.t
29.1-34.4
34.4-40.5
40.5-45.5
45.5-57.6
5'7 .6-65.0
65.O-72.2
'72.2-80.8

80.8-96.0
96.0-116.2

116.2-149.0

0.'7
12.'l
7.7
2.5
6,0
3.8
1.6
6.8
3.9
3.2
0.4
0.08
0.06

0^04

'g

028
0.69
0.38

0.34
0.32
0.40
0.84
0.13
L92
r.62
0.r2

0.04
o.o2

0.02
0.01
0.r7

35.6
150.8
26.0

8.8
8.5
8.9
3.4

10.3
7.0
4.9
4.5
?.9
1.1

2
35
30
29
t5
48
58
'70

69
67
6l
8?
52

Site
Tuakau
Mercer
Rangiri.i
Huntly
Ngaruawahia
Horotiu
Hamilton
Na¡rows
Cambridge

Distance from river mouth in kilometres
29.9
40.2
64.4
80.5
96.0

t02.7
r 15.0
126.3
t4t.6

Notes:
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FIGURE 5.3.1: OBSERVED PHYTOPLANKTON BIOMASS. APRIL 1975

three major effluent sources (AFFCO Meatworks at Horotiu,
Te Rapa and Taupiri Dairy Factories) were monitored at five
and 45 minute intervals respectively, discharge and composi-
tion of the ten major tributaries were monitored daily (Table
5.3.3), light and dark bottle incubations were carried out at
two sites to measure the depth of the euphotic zone and the
rates of oxygen production and consumption by phyto-
plankton (Table 5.3.4), and phytoplankton biomass and
maximum and minimum DO levels were measured in the
river (Figures 5.3.1 and 5.3.2.),

TABLE 5.3.2: PUBLISFIED RATES OF OXYGEN PRODUC-
TION AND CONSUMPTION BY MACROPHYTES AND
PHYTOPLANKTON.

Refere nce Peak
production

rate

Average
photosynthesis/

resprratlon

Peak
respratron

rate

acrophytes
ulthorpe (1967)
ulthorpe (1967)

g m-z ¡'-r
15
20

1.65
2.O

g m-z ¡t'-t
0.75
1.0

hytoplankton
ake Karapirol
lapy Reservoir2
anadian Lakess

mg g' nr
80-3003
20- I 004

2.0-3.2

mg g' nr
25- 1 503

6.2ã-504

hedominantly Melosira (Magadza 1973)
Mixed species (Javornicky and Komerkova 1913)
Peak rates
Daily average rates
Hanis (1973)

Predictions were made of the expected DO levels between
Karapiro and the sea using information gathered during the
intensive survey with BOD decay rates, macrophyte areas
and metabolic rates from previous simulations. These predic-
tions are compared with the observed DO extremes in Figure
5 .3 .2 . The results indicate that the observed DO fluctuations
can be satisfactorily explained by the activity of phyto-
plankton and macrophytes. The inference is that periphyton
are relatively unimportant and do not need to be included in
the model at present. The fit between the observed and
predicted DO levels was sufficiently close to consider using
the model to predict the effects of changing patterns of
effluent discharge. The model coefficients derived and tested
in this manner are summarised in Table 5.3.5.

5.3.3. SeNsrrrvrry ro PoLLUTToN lNpurs

A series of simulations was made to illustrate the effects of
various processes on DO concentrations in the Waikato
River.

Figure 5 3.3 eompares observeel maximum and minimum
DO concentrations for the period l9-21 February ,1974 with
the envelope of predicted DO concentrations made neglect-
ing the effects of all aquatic plants. It can be seen that the
breakdown of organic waste matter causes an oxygen sag of
approximately 1.0 g m-3 and that diurnal variations of
effluent flow arld composition cause only very small varia-
tions of DO. The inference which can be drawn from this
simulation is that aquatic plants are the principal cause of the
observed diurnal variation of DO in the Waikato River.

Macr
Scult
Scult

Phytr
Lake
Slap¡
Cana

Notes: l.
2.
3.
4.
5.

/ ---

,, \\

,'i \ì



178

cl
o1

z
o
r l0-
d
tszr
Uz
o
U

zqo^
>> t-x
o
ô
Uì
o
2ô

ål¿ -
rt 1a_

= 
l0-Ió 8-

J

óó-
J< a-
ôua-
l

u,

MAXIMUM OBSERVED

MINIMUM OBSERVED

Doô
DOo

Figure 5.3.4 compares the predicted maximum and
minimum DO concentrations for Apúl 1974 with predictions
made neglecting the BOD loads from Hamilton City and the
New Zealand Co-operative Dairy Company factories at

Taupiri and Te Rapa. It can be seen that the combined effect
of these three inflows is to aggravate oxygen depletion by
about0.25 g m-3 nearRangiriri (65 km fromthe sea). Figure
5.3.5 shows that the AFFCO abattoir at Horotiu is respons-,

ible for an oxygen sag of approximately 0.50 g m-3 near
Rangiriri during April low flow periods. Figure 5.3.5 also

shows that if all of the tributaries had zero BOD concentra-
tion and were saturated with DO then DO levels near Ran-
giriri would be approximately 0 50 g m-3 higher than at

present.

The main conclusions which can be drawn from these

simulations are as follows. The discharge of effluent into the

Waikato River and its tributaries results in an oxygen sag

between Ngaruawahia and Rangiriri of about 1.0 g m-3. The
largest source of effluent is the AFFCO abattoir at Horotiu,
although significant inflows also originate from Hamilton
City and the Te Rapa and Taupiri Dairy Factories. During
low flow periods in spring, summer and autumn, effluent and

MAXIMUM
PREDICTED

MINIMUM
PREDICTE D

o

o¿'

l4O km

organic matter of natural origin often results in the inflows
frõm the larger tributaries (notably the Waipa, Mangawara/
Komakorau, Whangape, Opuatia, Whangamarino and Man-
gatawhiri) having higher BOD and/or lower DO concentra-

tions than the Waikato River so that they aggravate oxygen
depletion. When tributary flows are high, however, BOD
and DO deficit concentrations in the tributaries may be lower
than in the river, and the larger inflows may noticeably
improve water quality in the Waikato River. Superimposed
on the DO sag is a diurnal variation caused by the metabolism
of aquatic plants which during summer has an average
amplitude of 2-3 g m-3 in the reach between Huntly and

Tuakau. The simulations made to date have made use of
average data for the discharge and composition of the inflows
and it is likely that events such as abnormally high production
in the dairy factories or abattoir, breakdown of effluent
tr€atment plant or flushing of organic matter, or severely

oxygen depleted water from a swamp, will result in more
severe oxygen depletion in the Waikato River. The effects of
such events have been seen occasionally in the Lower
Waikato (e.g. DO :5.5 g m-3 measured by the ARA at

Tuakau in February 1977) but the cause and frequency of
such events are not well enough understood to model them.
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FIGURE 5 3.2: OBSERVED AND PREDICTED DISSOLVED OXYGEN, APRIL 1975.
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Cambridge Boroughl
Hamilton Cityl
Te Rapa Dairy Factory2
Horotiu Abattoir2
Taupiri Dairy Factory2
Huntly Boroughl

'Waikato

Waikato
Karapirr
Mangau
Mystery
Mangao
Mangak
Kirikirir
Waipa
Mangau
Waahi c

Whanga
Opuatla
Punga F
'Whanga

Mansat¿

TABI-E 5.3.3: MAJOR EFFLUENT LOADS AND TRIBUTARY
FLOW AND COMPOSITION MEASURED DURING AN IN-
TENSIVE SURVEY, APRIL 1975, AND USED DURING
CALIBRATIONS OF T}IE MODEL.

Point Sources BOD¡ load3
kg ¿-t

TABLE 5.3.5 SUMMARY OF MODEL COEFFICIENTS.

fficienl Symbol Equation Value

)D decay rate
rcrophyte respiration
rate
rcrophyte pcak
photosynthesis rate
ytoplankton
resplratlon rate
ytoplankton peak
photosynthesis rate
nperature
coefficient
photic depth

kr

fr

rp

l'r

r'p

k
yc

(1)

(4)

(4)

('7)

(7)

(6)
(1)

0.075 hI-1

0.25 g m-2þ¡-t

1.0 g m-2hr{

5 mg g-t¡t-t

30 mg g-1hr{

l.050
1.0 m

Coe

BOD decay
macrophyte

rate
macrophyte

photosyn
phytoplankt

resplratlo
phytoplankt

photosyn
temperature

coefficier
euphotic de

5.4 PREDICTION OF CHANGES IN THE CONCENTR.A-
TION OF DISSOLVED OXYGEN

5.4.1 Tns Epnecrs oF INCREASTNG PopULATIoN AND
IN nusrnlnl DE veropNasNr

Concentrations of DO in the river likely during a February
low discharge period in 1985 were predicted using the fol-
lowing assumptions: (a) The reticulated population of Hamil-
ton will be 100,000 (MWD Town & Country Planning
1972), only primary treatment of sewage will be practised,
and the average BOD load will be 0.078 kg BOD/capita-day
(F. Lowe, Steven & Fitzmaurice Ltd., pers. comm.); (b) The
concentrations from the other urban areas are neglected; (c)
Production at the Te Rapa and Taupiri dairy factories is
estimated at 4500 and 600 tonnes per month respectively and
it is assumed that the present level of primary treatment of
effluent is practised prior to release into the Waikato River;
(d) Production at the AFFCO abattoir at Horotiu is estimated
at 20 000 lamb equivalents per day which with the present
level of primary treatment gives a total discharge of 13.65 x
103 m3 day-1 with an average composition of 1000 g m-3
BODs; (e) River discharge, tributary discharge and composi-
tion, water temperature, BOD decay rate and plant activity
are the same as those previously used in calibrating and
verifying the model. The result of these simulations a¡e
shown in Figure 5.4.6.lt can be seen that the oxygen sag is
aggravated by approximately 0.5 g m-3 in the critical reach
of the river near Rangiriri. While the minimum predicted
concentration, 5.6 g m-3 does not breach the classification
limit in this reach, which is 5.0 g m-3 these sirpulations
indicate that the capacity of the river to absorb organic waste
matter is very close to being exceeded under these summer
low flow conditions.

5.4.2 Tttø Eppecrs oF CHLoRTNATTNG Sr,wncr rnou
HnurlroN Crrv

The Hamilton City Council has recently commissioned a

new efÍÌuent treatment plant (mid 1975) and a major sewer-
age system to collect domestic and industrial waste from the
city area. At present primary treatment and chlorination is
effected prior to the discharge of the effluent into the Waikato
River, although provision has been made for including sec-
ondary treatment at some later date.

Chlorination is aimed at killing pathogenic organisms in
the sewage. By removing harmless heterotrophic bacteria as

well, this treatment may reduce the rate at which organic
matter is broken down and assimilated in the river.

140
5200
1000

r1 042
350
600

ver Flow
m3s-t

BOD
g m-s

DO
g m-3

¡aikato (Karapiro)
¡aikato (Rangiriri)
arapiro Stream
langawhero
lystery Creek
langaonua
langakotukotu
irikiriroa
/aipa

langawara
/aahi outlet
/hangape outlet
puatla
Lrnga Punga
/hangamarino
langatawhiri

185.0
235.0

050
0.50
0.50
I .50
0.50
010

30.00
3.00
2.O0
2.OO
100
r.00
5.00
3.00

0.5
1.5
1.50
200
1.50
5.00
2.00
2.00
1.50
3.00
100
1.50
3.00
3 .50
3.50
2.OO

9.4
8. I -9.8

825
8.50
9.00
500
6.00
6.00
1 .95
5.50
6.s0
6.00
3.50
6.00
6.00
6.00

I Estimated from population figures and including effects of
tfeatment

2

3

Based on measurements of flow and composition
Assumed ratio BODultimare/BOD¡ - 1.50

TABLE 5.3.4: RATES OF OXYGEN PRODUCTION AND
CONSUMPTION BY PHYTOPLANKTON MEASURED IN TFIE
V/AIKATO RIVER, APRIL 1975.

Narrows Bridge
Deoth I Ph

Site:
Datee Depth

m

Phytoplankton
biomass
gm"

Average
production
mg g-1 lx'-1

Gross
respiration
mg g-1 hr{

6 4.15 0.5
6.4.75 1.5
6.4.75 3.0
1.4.'75 0 5
7 .4 75 1.5
7 .4'75 3.0

6.0
6.0
60
6.0
6.0
6.0

18.2
30.2

15
15 .3
22.2
14.0

3.0
30
4.8
5.6
2.7
5.5

rte: Rangirirr Br
rate Depth

m]

dge
Phytoplankton
biomass
g m-3

Average
production
mg gi hr{

Gross
resplratron
mg g-1 hr-r

6 4 75 '0.5

6.4.15 l5
6.4 75 3.0
1.4.15 0 5
'7.4.75 1.5
7 .4.75 3 0

t16
t16
116
56
56
56

285
15 3

J.3
76.9
48.0

4.1

8,0
6.6
5.9
54
5.4

Srte:
Date



182

l(À FE NA co

Simulations were made of the concentrations of dissolved
oxygen which would result if effluent from Hamilton were to
undergo no breakdown until it mixed with the effluent dis-
charged from the Horotiu abattoir which presumably urculd
supply a bacterial seed. This was achieved by simply locating
the discharge point of Hamilton sewage in the model im-
mediately upstream of the Horotiu Freezing Works. Apart
from a slight increase in the rate of uptake of oxygen in the
vicinity of Ngaruawahia, and a slight decrease in the rate of
uptake of oxygen immediately below Hamilton City, these
simulations showed that the concentrations of dissolved oxy-
gen in the river as a whole would be very little different from
those which would result if the breakdown were immediate.

Chlorination of sewage may pose a th¡eat to plant and
animal communities inhabiting the waterway and hence
threaten other parameters of water quality. Controls are built
into the Hamilton Treatment Plant to ensure that no residual
free chlorine is discharged but small amounts of chlorinated
organic compounds may be released during routine opera-
tion. These may have an effect on fish and sensitive benthic
organisms but would be unlikely to affect DO levels signific-
antly. There is, however, a very small but finite chance that
an accident in the plant could release a slug of toxic material
which could cause extensive damage to phytoplankton,
periphyton and macrophyte populations in the river. In its
present fcrm the model is not capable of predicting the effects
of such an accident in any detail, but a.very speculative
assessment was made of the possible effect on DO levels
based on the assumptions that viable phytoplankton biomass
is reduced in the vicinity of Hamilton City by 4.0 g m-3 and
BOD concentration is increased 2.0 g m-3. (The latter figuré
is based on the assumptions that dead biolnass êomprises f,rve
per cent dry weighi, phytoplankton damage cãntributes
0.2 g m-3 dry weight, damage to protozoan, periphyton and

MAX PREDICTED
coNc.

--"

140 km

macrophyte communities contributes a further 0.3 g m-3 dry
weight and 4.0 g oxygen is required to oxidise 1.0 g dry
weight dead biomass.) The results of this prediction are

shown in Figure 5 .4.2 and it can be seen that during low flow
periods such massive damage to aquatic communities would
have a very serious effect on DO levels in the river.

It is clearly essential that the effects which the chlorination
of sewage have on the organisms inhabiting the river should
be monitored carefully and to ensure that the risks of severe
damage to plant communities are kept very low.

5.4.3 THe Epppcrs oF THE Drscn¡nce op Coot-INc
W¡ren FRoM THE HuNTLy CoAL-FIRED PowER
SrerroN

A 1000 megawatt thermal power station is being built on
the banks of the Waikato River at Huntly. Cooling water will
be abstracted from and returned to the river and concern has
been expressed that water quality may be affected. An at-
tempt is made here to assess the effects whichoperation of the
power station may have on the concentration of dissolved
oxygen.

Simulations have been made (Rutherford 1975a) which
indicate that if the operation of the power station has no effect
other than to increase the temperature of the river water
(thereby increasing the rate of BOD decay, reaeration, oxy-
gen production and consumption, and reducing the DO sat-

uration concentration) DO concentrations in the river will not
be changed noticeably from levels encountered at present.
This implies that DO concentrations will only be adversely
affected if the river biota is severely damaged and high BOD
concentrations result.

Preliminary laboratory experiments conducted by NZE
indicate that when river water from the Waikato is heated a
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FIGURE 5.4.1: PREDICTED DISSOLVED OXYGEN 1975 AND 1985.
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CURRENT OBSERVED MINIMUM

CURRENT OBSERVED MAXIMUM

t0

9-

5

large proportion ofthe phytoplankton present are killed (P.

Coleman, NZE, pers. comm.). This differs from the findings
of Koops (1976), who concluded from visual examination of
organisms taken from above and below the outfalls of power
stations in the Netherlands that very little damage to phyto-
plankton populations resulted from passagc through the heat

exchangers, but gains some support from experiments per-
formed by the Auckland Regional Water Board on Lake
Pupuke (8. Wither, pers. comm.).

Rutherford (1971) contains predictions of DO concentra-
tions made assuming that the power station operates at full
capacity during summer low flow (180 m3s-1) with average

summer water temperature (23.5 "C) and average summer
phytoplankton biomass (10 g m-3 at Huntly). The following

PREDICTED

MAXIMUM

PREDICTED

-- MINIMUM

ì¿O km

additional assumptions were made: mean daily DO at Karap-
iro is 93Vo saturation and varies diurnally by 1.0-g m-a*;
207o of the river discharge is diverted through the heat ex-
changers; 2.0 g m-3 phytoplankton biomass is killed by pas-

sage through the heat exchangers and a further 2.0 g m-3 in
the river is killed by heat shock when the cooling water is
discharged; the oxygen demand of dead phytoplankton is
507o of the wet biomass and hence the increase in BOD'
concentration at Huntly is 2.0 g m-3. Figure 5.4.3 gives the
results of these simulations and shows that DO could be
reduced l.5 g m-3 below existing summer low flow DO near
Rangiriri to approach the 5.0 g m-3 classification limit at

night.
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FIGURE 5.4.3: PREDICTED DISSOLVED OXYGEN INCLUDING POSSIBLE EFFECTS OF COOLING V/ATER.
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The Vy'ater Right granted for the power station imposes
restrictions on the amount of waste heat that can be dis-
charged to the river by requiring that waste heat output be
smaller than

H :22Q(1-0.0386e) (10)
where H : waste heat output in megawattsl Q : upstream
river discharge in m3 s-l' O : upstream river water tempera-
ture (t). This restriction prevents operation of the power
station at full capacity during summer low flows, and con-
sequently the situation described in Rutherford (1 977) cannot
now eventuate. A reappraisal of the possible impact of the
power station on river biota and DO concentrations is pre-
sented here to check whether the water right provides
adequate protection to water quality.

An estimate has been made of the phyto.plankton biomass
concentration which would be required at Huntly to cause a

minimum DO concentrationf of 5.0 g m-3 in the viciniry of
Rangiriri for a number of different river flows and ambient
temperatures. These estimates are summarised in Figure
5.4.4. They were made using a much simplified version of

the BOD/DO model described earlier (see Appendíx 5.2).
The only major difference between these simulations and
those shown in Figure 5.4.3 is that the effects of thermal
shock on the river biota have been discounted (i.e. the in-
crease in BOD concentration at Huntly is the proportion of
the river flow passing through the heat exchangers multiplied
by the oxygen demand of dead biomass). This assumption is
only tentative and requires confirmation by experiment.

Also shown in Figure 5.4.4 are measurements made by the
ARA during six phytoplankton blooms encountered between
19'72 and 1977 . These measurements were made at Rangiriri
but surveys have shown that algae counts, temperature and
river discharge are normally very similar at Huntly. It can be
seen from Figure 5.4.4 that had the Huntly Power Station
been operating up to the limits allowed by its water right
during these algae blooms, then oxygen depletion below the
5.0 g m-3 classification limit could have occurred at night in
the vicinity of Rangiriri.

These simulations indicate that the water right provides
adequate protection against the discharge of cooling water
causing severe oxygen depletion when the phytoplanktonfWhich would be expected to occur just before dawn
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FIGURE 5.4.4: BIOMASS WHICH IS LIKELY TO RESULT IN A BREACH OF THE CLASSIFICATION.
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biomass is below 25 g m-3. Examination of algal counts
made approximately monthly since 1971 by ARA at Ran-
giriri and Tuakau indicates that biomass exceeded 25 g m-3

on approximately 3.5Vo of the occasions sampled. Thus the
right provides adequate protection most of the time. This
protection is, however, indirect since the right does not take
into account the concentration of phytoplankton biomass in
the river rvater, and may prove inadequate during algae

blooms. Simulations indicate that on six occasions during the
last six years algae blooms have occurred which could have
resulted in oxygen depletion below the classification limits in
the vicinity of Rangiriri .

The question about whether or not the discharge of cooling
water from Huntly Power Station will cause severe oxygen
depletion now turns on whether or not the passage of water
through the heat exchangers results in the death ofthe biota it
contains, whether in addition the cooling water plume kills
organisms ir-r the river, and what is the magnitude of the

oxygen demand exerted by the dead biomass. These ques-

tions can only be resolved by experimental studies either at

the existing Meremere Power Station or in the laboratory.
There is an urgent need to perform these experiments. If they
confirm the results of the preliminary studies referred to
above and substantiate the assumptions made during these

simulations then a case can be made to impose additional
restrictions on the discharge of cooling water from the Huntly
Power Station which take into account the phytoplankton
concentration in the river water. This might best be done by
requiring that when phytoplankton biomass concentration
exceeds 25 g m-3, equation (10) be modified to

H : 22Q(r-0.0386e) (2-o.o4B) (11)

where B - phytoplankton biomass concentration in g m-3 or,
since chlorophyll concentration can be measured automati-
cally, by requiring that when chlorophyll exceeds 10 g m-3

H : 22Q(1-0.0386O) (2-0.10C) (12)
where C : chlorophyll concentration in mg m-3.

5.5 OTHER FOSSIBLE MATHEMATICAL MODBLS

5.5.I INrnoDucrloN

To date the mathematical modelling undertaken as part of
the Waikato River Study has concentrated on the develop-
ment, calibration and testing of a mathematical model for
dissolved oxygen. There are, however, several other aspects

of water quality of importance in the river which might
benefit from the development of a mathematical model. To
reiterate, the aims of a mathematical model are to summarise
the quantitative data available, to allow an assessment to be

made of the relative importance of various operative
mechanisms, to highlight areas where additional research is

required, and ultimately to extrapolate from observed water
quality to predict future trends. A brief discussion is included
here of other possible mathematical models

5.5.2 Moo¡L r-oR Fnrcnl BRcrrnt¡.

As is described in detail in Chapter 4, bacteria of types
known to be predominantly faecal in origin are found in high
concentrations in parts of the Lower Waikato River. This
indicates that organisms pathogenic to man and animals may

also be present in parts of the river and these organisms may
pose a threat to public health. It has been suggested that a

mathematical model should be developed which can predict
the rate ofdie-offof faecal bacteria so that an assessment can

be made of the danger to public health at any point in the river

under any prescribed effluent loading. The theoretical
framework for a model of bacterial growth die-off, and

predation, already exists and has been used to predict popula-

tions of hererotrophrc bacteria in the Tarawera River (Ruther-
ford and O'sullivan 1914). A considerable amount of field
and laboratory work would be necessary, however, to deter-

mine the rate parameters of faecal bacterial die-off and preda-

tion, and to identify and measure the contributions from all of
the major sources of bacterial pollution. Microbiological
work is exacting and tedious and the necessary experimental
work could not be conducted without considerable labour and

expense. More important, however, is the fact that faecal

bacteria are only indicators of the presence of other
pathogenic organisms and the relationship between the con-

centrations of indicator bacteria and the various pathogens is

not clearly understood. Thus there seems little point at this

stage in developing a model for faecal bacteria since this

would involve a lot of expensive experimental work and in

the end would furnish information which might not be able to

be interpreted successfullY.

5.5.3 MorBL FoR NurnIBNr CoNcr'NrnnrloN AND

Arcn¡. Gnowrs

Reference has been made throughout this publication to

the fact that the waters of the Waikato River become progres-

Science Centre to draw up a nutrient budget or to simulate
variations of nutrient concentration anywhere in the river'
Various held studies are being undertaken in the Taupo and

Rotorua regions and elsewhere to relate the nutrient content

of surface waters to the geology and land use of the catch-

ments in which they originate. It would be a useful exercise to

use information from these studies to supplement what little
data is available from tributaries and effluents to the Waikato

River and to attempt to explain the changes in nutrient con-

centration which are observed in the river.
Such an exercise may help to quantify the relative impor-

tance of various sources and sinks of a nutrient and may

If the nutrient inputs to the river sysfem can be quantified
then an attempt can be made to model the aquatic plant

Lower Waikato River is the possibility of severe damage to
by effluent discharge. A
provide a means of fore-
g this risk. Such a model
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would require physiological data on the response of growth
rate of the various species or groups of plants being modelled
to changes of water temperature, light intensity and nutrient
concentation, together with data on predation rates and loss

rates by sinking and storm damage. A number of models of
plant populations in rivers, estuaries and lakes have been

developcd overseas. It is the author's opinion that these

models provide a very powerful tool for aiding understanding

of the complex systems which they simulate. However, our
understanding of the subtleties of these systems is by no

means complete and consequently use of such models to
predict long term response to external changes, such as

reduced nutrient load, must be made with great care. Pro-

vided close co-operation and continual dialogue is main-
tained between the parties involved with biological studies,

mathematical modelling and management, then models of
this kind can furnish information of great valtle in making
management decisions. At present there is a more pressing

need to come to grips with the nutrient dynamics and the

response of macrophyte and phytoplankton populations to
changes in nutrient inflow rates in Lake Rotorua than to study

the \ùy'aikato River system. In the future, however, this posi-
tion may change and a modelling exercise on the Waikato
River nutrients and aquatic plant populations may be under-

taken.

5.5.4 Mo¡eL FoR CoI-ouR AND TURBIDITY

In Chapter 3 the discolouration and high turbidity of the

Waikato River are described, and methods of measurement

and the origin and fate of these parameters in the river are

discussed. The question arises whether it is feasible and

useful to contemplate modelling changes of colour and tur-
bidity in the river. To date no altempt has been made to do

this in New 7.ealand, nor overseas. This is probably because a

precise quantitative understanding of all the factors which
influence the appearance of water has not been attained. A
limited amount of work has now been done on the Waikato
River and some of its tributaries and there seems no reason

why an attempt should not be made to establish the
framework upon which a mathematical model for appearance

can be built. It seems likely that such a framework would
draw upon some aspects of the theory and practice of sedi-

ment transport chemistry, geochemistry, and aquatic biol-
ogy. There would very likely be close links between any

attempt to model phytoplankton and other aquatic plant popu-

lations in the Waikato River and attempts to model river
appearance. A model of river appearance would provide a

usetul tool for investigating the interaction between the vari-
ous processes which affect colour and turbidit¡' ' If de"eloped
to a satisfactory stage the¡ the model may also provide sonte

guidance as to the relative impo:tance of various sources of
discolouration and so aid in the maintenance and improve-

ment of river appearance.
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6. Synthesis and Conclusions
6.I INTRODUCTION

The data obtained during this study have been discussed in
Chapters 2 to 5. These data provide the basis for the synthesis
of our present knowledge of the chemical and biological
interactions in the Waikato River which is presented here,
together with conclusions on the extent to which the study
aims set out in Chapter I have been met and on the further
work which is required.

6.2 SYNTHESIS

6.2.1 GpNpn¡r

In this discussion the river is considered in th¡ee regions
(following section 2.1.1).

Taupo Basin, in which Lake Taupo, which dominates the
catchment, acts as a gigantic sink for particulate matter and
nutrients, so that the river leaves it in a crystal clear and
oligotrophic state.

Taupo-Karapiro, where the chemistry and biology of the
river change dramatically so that the river leaves Karapiro
eutrophic and discoloured, although otherwise of good qual-
rty.

Karapiro-Waikato Heads, where, despite added inflows
of urban, industrial and agricultural discharges, the river
water remains of fairly high quality despite its brown and
turbid condition.

The primary concern of the report is with the Karapiro-
Waikato Heads reach of the river, as noted in Chapter I . The
Taupo basin and Taupo-Karapiro reaches are nevertheless
treated in some detail in this section because of the profound
effect they have upon the lower river.

Tiris synthesis also draws upon data other than that de-
scribed in the main repof, in the interests of arriving at a
better understanding of the river system.

The broad picture of the river which emerges is that,
overall, the main factor influencing the river biology is the
flow regime. The strength of the currents determines whether
macrophytes and their associated communities are able to
grow at all, and influences the species composition of the
communities in those areas where they are present.

The hydraulic characteristics determine whether the pre-
sence of an impoundment improves water quality, as at Lake
Taupo, or degrades it as at Lake Ohakuri.

The chemistry of the water is unusual, with a high propor-
tion of alkali metals, chloride and silica in the relatively low
overall solute concentrations.

The influence of these characteristics on the chemistry and
biology of the river is discussed in the remainder of this
sectron.

6.2.2 Tttr. Teupo BnsrN

The chemical, and probably the biological, characteristics
of the waters feeding Lake Taupo are strongly influenced by
the geology and vegetation cover of the catchment. High
nitrogen concentrations in the streams to the west of the
catchment are due to the effects ofthe vegetation cover, and
the high phosphorus concentrations in the streams to the
north and east are the result of geological influences
(Schouten, in preparation), although the concentrations of
nitrogen in groundwaters tend to be higher in the few residen-

tial areas, indicating an influence of this class of land use
(White and Downes 19'7'7, John et aI 1917).

The aerial contribution of solids from rain and paficulate
matter may be expected to be relatively low in sodium,
chloride and other ions due to the remoteness of the lake from
the sea, but there is little published data on its composition
(White and Downes 1917). Of the 175 000 tonnes of sus-
pended solids which enter the lake each year, 60Vo comes
from the Tongariro River. This amount would be even great-
er did not Lake Rotoaira in the Tongariro River system act as

a silt trap for that part of the system which drains into it.
Lake Taupo has a hydraulic residence time of l3 years, and

over 80Vo of the incoming particulate matter and 7 57o of the
incoming phosphorus is removedd by biological and
sedimentation processes. The percentage nitrogen removal is

not accurately known but is believed to be also high.
The concentrations of most of the other ions in the dis-

charge from the lake range from30-70%o higher than the flow
weighted average concentrations of the contributory streams.
This appears to be due to a combination of groundwater
inputs and evaporative loss of water.

The streams from the catchments at the south end of the
lake contribute relatively large quantities of calcium and
magnesium, otherwise the concentrations of these elements
in the middle and lower Waikato would even be lower than
they are (Schouten, in preparation).

The major phytoplankton species in Lake Taupo is Melo-
sira baikaliensis (section 4.4.3) which shows a winter
maximum, possibly due to a dependence on the nutrients
which become available after the autumn lake overturn
(Coulter 1977).

Theratio of dissolved N:Pwhichenters the lake is 6.0;that
in the waters leaving the lake is 4.9 (Schouten, in prepara-
tion), which is in agreement with the suggestion that the lake
is nitrogen limited for phytoplankton growth (White and
Downes 1977).

In contrast the ratio of total N:P in the waters leaving the
lake is higher (6 . 7) than in that enterin g it (4 .7) , either due to
differential rates of phytoplankton uptake and of sedimentary
deposition of the two elements, or because of nitrogen fixa-
tion (Schouten, in preparation).

The lake and its tributaries support a good trout fishery and
large numbers of freshwater crayfish (Paranephrops plani-
frons (White)), in contrast to the downstream waters (Taylor,
pers. obs.).

Because of the lake's function as a stilling basin the
r#aikato River as it leaves Lake Taupo is clear, colourless
and oligotrophic.

6.2.3 T nupo-K¡n¡prno

In the relatively narrow catchment of this middle part of
the Waikato River eight hydro-electricity lakes are strung
like beads along the reach from Taupo to Karapiro. These
impose a barrier to the upward migration of hsh, interact with
the geothermal, agricultural and industrial inputs to alter the
whole character of the river, and provide some 407o of the
nation's electricity supply. Whereas in the Taupo basin the
character of the water is largely determined by the geology
and the type of vegetative cover, from Taupo downwa¡ds
human activities begin to exert a major influence.

The chemistry of the Waikato River changes abruptly
between Taupo and Aratiatia Dam due to the continuous



during periocls of low flow.
Many of the concentration levels established at Wairakei

persist iargely unchanged throughout the remainder of this

reach of the river.
The main change in the biology of the river lags a little

behind that in the chemistry, as it does not become evident

until Lake Ohakuri. Here the character of the river alters from
oligotrophic to eutrophic, largely as a result of the relatively
long hyãraulic residence time (11-16 days) which provides

the opportun ity for extensive phytoplankton multiplication
(section 4.4).

The changes in algal activity are preceded in the river by a

marked incréase in the heterotrophic potential (a measure of
bacterial activity) (Spe . This, like the

chemistry, changes g and Aratiatia
Dam. 'lhe increase in in this reach,

and a similar increase in faecal coliform counts, probably

relates to the discharge of sewage immediately below Taupo

outlet gates, augmented by the highly organic content of the

discharge from the Waiotapu Stream.
As mentioned above, the major change in the water

chemistry in the Taupo-Ohakuri reach is due to the discharge

from Wiirakei. Although there are several further inputs of
geothermal waters in this reach they make rglatively little
õontribution to the concentrations of the major ions in the

water except for increasing the alkalinity (Figure 3'2'l)'
They do however, increase the total nitrogen and phosphorus

conðentrations considerably, so that between Taupo and

Ohakuri Dam the total phosphorus concenüation attains one

half of the ultimate value which is reached at Tuakau after the

river has assimilated the urban and industrial discharges from
the Hamilton region.

The marked effect which the comparatively small tributary
streams in this reach have upon the Waikato River stems from

their relatively high nutrient concentrations. Thus the

Wairakei Stream has a total phosphorus concentration of over

0.75 g nrS, and the Waiotapu River an organic nitrogen

concentration of over 1.5 g m-3 and a total phosphorus con-

centration of over 0.5 g m3.
The contribution from the turbid, nutrient-rich Waiotapu

River probably significantly affects the biological activity in

Lake óhakuri and marks the beginning of the decline in water

clarity
The introduce significant amounts

of toxi lloids into the river' More than

757o o river derives from geothermal

waters as does the bulk of the fluoride and borate (section 3 '2
and Axtmann 1974).

The very high COz concentration in the Wairakei effluent

contributei to the lowering of the pH in Aratiatia by 0'2 and is

thought to stimulate macrophyte growth (Axtmann 1974)'

A decline in the trout fishery between Huka Falls and

Aratiatia Dam has been ascribed by Axtmann (1974) to the

combination of raised
rogen sulphide, both
borefield. He thought
as far downstream as

Beggiatoa (two bacteria which use sulphides as metabolic

enãigy sources) are present there (Hill 1969)' Their presence

coulã-however result from anoxic conditions in the bottom
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waters of the lake.
Thro

where t
erosion
selves. Upstream of Lake Ohakuri the macrophyte commun-
ity is dominated by a Lagarosiphon-Elodea association'

Downstream of Lake Ohakuri this gives l/ay to an Egeria'

adjusting to the combination of changed flow and trophic

"onditlon. 
over the last fifty years as well as successive

waves of colonization by exotic species'
The hydraulic residence time in Lake Aratiatia is far tgo

short for significan
The first opportuni
greatly augmented
geothermal inputs
where, in the deeper, northem section, the water course

broadens and flow velocities decrease markedly, so that the

river may even back up towards Mihi Bridge under some

combinations of discharge from the dams.
In Lake Ohakuri the highest phytoplankton increase ap-

pears to occ because it is

more eutrop main bodY of
the lake. Ai lication in the

lake reaches a maximum in the summer since nutrient is

the nutrients to such an extent as to prevent vigorous phyto-
plankton reproduction from being maintained into the sum-

Ih€f .

Lake Ohakuri has a high specific surface lqading (Vollen-
weider 1968) of phosphorus and nitrogen ànd provides a

residence time which is long enough to allow substantial

multiplication of phytoplankto
for many of the resulting organ
water. This prevents the im
which can result from impoundment, from occurring. There
is little decrease in the concentrations of total nitrogen and

phosphorus in the waters leaving the lake from those entering
it because, although the inorganic nitrogen concentrations
decrease, the organic nitrogen levels, presumably from ni-
trogen incorporated in the phytoplankton, show acompensa-

ting rise (Figure 3.4.1).
ÑevertheÈss the stilling effect of the lake does allow a

certain amount of sedimentation. Some removal of arsenic

and manganese from the lake waters occurs as is evidenced

by the hilh concentrations of these in the sediments (section

3.2.1).
It has been suggested that thermal stratification ofthe lake

in summer reducei the effective residence time available for

(Taylor, pers. comm.)
Ás the'phytoplankton multiply and change from sparse to

abundant in Lut" Ohakuri, the species composition alters and

becomes more characteristic of eutrophic conditions' Al-
though Melosira baikalienisis, the major phytoplankton
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species present in Lake Taupo waters, increases in numbers,
its growth rate is outstripped by Melosira distans, Melosira
granulata var. angustissima, Asterionella formosa, Cyc_
lotella spp. and Anabaena spiroides, so tlat these laffer
become dominant to form the characteristic ,.Waikato
phytoplankton community". This remains relatively con_
stant in species composition thereafter from Lake Ohakuri to
the sea (section 4.4.3).

A number of factors appear to be involved in the domi_
nance of diatoms in the river phytoplankton. Melosira
species can only multiply in moderately well mixed condi_
tions. In still waters these diatoms tend to sink out of the
photic zone (Lund 1966), but flow conditions in the Waikato

are present have higher nutrient, light and temperature re_
quirements than the diatoms.

Diatom growth increases sharply in November when the

probably fails to achieve its maximum potential (section
4.4.s).

This is probably why significant growth of blue-green
algae is largely confined to Lakes Ohakuri and Maraetãi, in
parts of which the temperatures ma¡kedly exceed the temper_
atures in the rest of the river, due to geothermal and indusirial
influences respectively.

Ano of eutrophic lakes which
is displ tendency for high hetero-
trophic waters to lead to anoxic
conditions after thermal stratification develops. Under these
conditions toxic materials such as arsenic and mercury which
are accumulating in the sediments tend to be taken into
solution and released into the waters of the lake. The amounts
of minerals released in this way may be quite dramatic. In
view of the downstream use of the Waikato River as a water
supply it will be necessary to establish the factors controlling
the release of these elements in Lake Ohakuri so thatremedial
measures may be taken if necessary.

later and appears to be slowly migrating upstream, has
largely supplanted C. demersum as the dominant rooted
macrophyte.

Little is known about the fauna of the Middle Waikato and
less about its ecology. Benthic organisns tend to be confined
to the quieter portions of the river as the midstream substrate
of sand and pumice tends to be too mobile to support these
(section 4.3.2). An increase in the density of total zoo-
plankton occurs in Lake Ohakuri.

bacterial counts were relatively high and heterophic potential
low, the bacteria were present but moribund and that the
conditions for resuscitation were more favourable under
standa¡d plate count conditions than under those for hetero
trophic potential measurement. A decline in heterotrophic
activity in areas of high photosynthetic activity (and vice
versa) has been observed before (e.g. Brockett 1973) but is
not well understood.

From Ohakuri Dam the river flows through the hydro
impoundments at Atiamuri and Whakamaru. The only con-
siderable tributary in this stretch is the Whangapoa Stream
which does not significantly affect the river. The two im-
poundments have relatively small residence times and overall
the character of the river is substantially unchanged in this
reach (Figure s 3 .2 .l and 3 .4. I ) .

The next significant change occurs at Lake Maraetai,
which receives discharges from a pulp and paper mill which
can have an organic nitrogen concentration of more than
3.0g m-3, a COD of above 2009 m-3, a total P content of
above 0.259 m-3, a tannin concentration of about 35g m-3,
and whicKèan raise the water temperature locally to 24C in
summer.

An interesting feature is the very high contribution of
"faecal coliforms" from this discharge, which clearly arises
from degradation processes at warrn temperatures involving
organic wastes from timber processing rather than from sew-
age. This highlights the caution which must be used in
interpreting the results of "faecal coliform" tests.

As mentioned earlier, the relatively highertemperatures in
parts of Lake Maraetai provides conditions favourable for
blue-green algal growth, which does occur to some extent in
this lake (Coulter 1977). However, the growth of phyto-
plankton in Lake Maraetai is much lower than that in Lake
Ohakuri, even though the residence time is very nearly as
high. This is probably because the photic zone in Lake
Maraetai is much smaller than that in Lake Ohakuri because
Lake Maraetai has a smaller area than Lake Ohakuri although
its average depth is greater.

The very high concentration oftannins present, which give
the lake waters a ma¡ked black appearance, will also cut
down the available light, so that rhe photic zone is probably
fairly shallow in this lake.

The discolouration of the water by tannins at Lake
Maraetai remains, little diminished, throughout the whole of
the rest of the river (section 3.5.6 and Figure 3.2.1 ., see also
Timperley 1975b).

It is not surprising, in view ofthe fact that the lake receives
a large volume of organic wastes derived from a biological
treatment plant, that the heterotrophic potential which falls
steadily on the way downstream from the major influx of
organic matter and bacteria from the Vy'aiotapu Stream, leaps
again at Lake Maraetai (Spencer and Ramsay 1978).

Downstream from Lake Maraetai the lower reaches of the
middle Vy'aikato contain the small V/aipapa impoundment,
the large Arapuni impoundment which has a slightly greater
volume than Ohakuri, and finally Lake Karapiro which is
about half the volume of Lake Arapuni.

Little information is available on Lake Arapuni. The
chemistry of the river does not seem to change much between
Waipapa and Karapiro Dams except for a slight rise in the
organic nitrogen. Little phytoplankton growth appears to
occur there, which is hard to explain since the hydraulic
residence time in the impoundment is similar to that in Lake
Ohakuri (8-12 days) and should provide adequate time for
phytoplankton growth, while the area of the photic zone is
also comparable to that in Lake Ohakuri. (One possibility is



that the decrease in light penetration resulting tiom the tan-
nins introduced at Lake Maraetai exerts a major retardation
on phytoplankton growth.)

On Lake Karapiro, like Lake Arapuni, little information is
available. Indications have been found of photosynthetic
activity in the lake (section 3.2.1) and the heterotrophic
potential and bacteriological standard plate counts, which
have been falling steadily since Maraetai, reach a minimum
in this lake.

Karapiro outfall has formed a breakpoint for most of the
research which has been carried out on the river. This has
greatly restricted the possibility of tracing developments in
the characteristics ofthe river throughout its rvhole length. It
is to be hoped that this deficiency will be remedied in future
research programmes.

6.2.4 KnnnPrRo - W¡rxnro Henos

From Karapiro to the sea the catchment of the river is in
intensive use. The bulk of the urban and industrial inputs to
the river occur in this reach.

At the Karapiro outlet, the flôw characteristics are the
resultant of the operating procedures at all of the hydro-
electric dams below Lake Taupo. The discharges are periodic
and artificial (Figure 2.2.9) and very largely eliminate the
effect of rainstorms in the upper catchment.

Similarly the concentration profile of a hypothetical slug
of material introduced at Taupo Gates would be distorted
beyond recognition by the differing delays to which its vari-
ous sections would be subjected during its pEssage through
the eight impoundments and control structures between Lake
Taupo and the lower Waikato River.

In addition to this distortion of natural patterns, biological
growth peaks in the middle river may occur in different lakes
at different times. This feature is probably responsible for the
curious double summer phytoplankton peak which is often
observed in the lower river (Figure 4.4.7).

Below Karapiro the river begins to shake off the con-
straints which artificial regulation has imposed on its flow
pattern and to show a more river-like response to storms
(Figure 2.2.9). However the periodicity of the discharge
from Lake Karapiro remains imposed upon the flows at least
as far as Ngaruawahia. Since at the other end of the lower
Waikato the effect of the tides is evident to above Mercer it is
only in the relatively short stretch between Ngaruawahia and
Mercer that the discharge in the Karapiro-Waikato Heads
reach is entirely free from an externally imposed periodicity.

The biological character of the lower Waikato River is

largely determined by the events in the middle Waikato
described in sections 6.2.2. and 6.2.3, especially by the
massive increases in the number of phytoplankton in Lake
Ohakuri which affects the whole of the rest of the river.
Although the lower river receives larger increments of the
potentially limiting nutrients nitrogen and phosphorus than
does the middle river, this does not lead to major increases in
phytoplankton numbers in the lower river (section 4.4.3)
because the residence time is only about two days.

Chemical increments to the lower Waikato begin at Cam-
bridge.

Downstream of Hamilton the total and organic nitrogen
concentrÂtions rise steadily as far as Rangiriri, the largest
single contribution olorganic nitrogen coming frorn the meat
works at Horotiu.

The largest increases in inorganic nitrogen and phosphorus
concentrations are due to the inflow fiom the Waipa River
(section 3.4.6 and Figure 3.4.2). As a result of this input the
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nitrate and total nitrogen levels approximately double be-

tween Ngaruawahia and Tuakau. The total phosphorus con-
centration increases by 5OVo below Hamilton.

Of the other chemical inputs into the river the most notice-
able variations occur in the iron and manganese contributions
from the Whangamarino River, which also contributes a

further supply of tannins to the river from the peat swamps
which it drains.

As previously discussed, the distribution of macrophytes
in the river is strongly influenced by flows. Between Kara-
piro and Horotiu species tolerant of high water flows (e.g.
Potamogeton crispus and Nitella spp.) are present. From
Ngaruawahia to Rangiriri species with a moderate resistance
to currents (e.g. Egeria densa) are present, while poorly
anchored species (e,9. Ceratophyllum demersum) are present
between Meremere and Waikato Heads. The depth limit is

also associated with current velocity (section 4.2.4). Emer-
gent species only become important downstream of Taupiri
(section 4.2.4).

The bacteriology of the river reflects the character of the
inputs. A slight increase in the number of faecal coliforms
occurs before Hamilton, while downstream of Hamilton
large increases in bacterial numbers occur from Hamilton to
Ngaruawahia (section 4.5.4). The faecal coliforms and
faecal streptococci arise largely from the city (although this
appears to be changing due to changes in the sewerage
scheme) and a meatworks at Horotiu. No further increases
occur downstream of Rangiriri.

The heterotrophic potential, which increases downstream
from Hamilton, also reaches a maximum at Rangiriri and
thereafter declines.

Little change occurs in algal counts between Karapiro and
Rangiriri and only a slight change is sometimes observed
between Rangiriri and Tuakau despite the ample concentra-
tion of nitrogen and phosphorus provided by the influents in
this reach. This is almost certainly due to the low residence
time (about two days) limiting reproduction (section 4.4.3)
because marked photosynthetic activity certainly occurs (sec-

tions3.2.2,3.3.6 and 4.4.4) as is evidenced by the marked
diurnal variations in dissolved oxygen and pH. An analysis of
the factors affecting oxygenation ofthe river (sections 5.2.2
and 5.3.1) indicated that the major portion of the photo-
synthetic oxygen production could be ascribed to the phyto-
plankton.

The nitrate concentration in the river decreases in the
summer in a way which corresponds to increases in the algal
numbers at Tuakau (Figure 4.4.'7), although from evidence
obtained in other studies in the region (Hoare 1978), denit
rification mechanisms may also be involved.

A large part ofthe diurnal va¡iation in oxygen content can
be attributed to the heterotrophic activities of the bacteria
feeding on the organic wastes from Hamilton City and
Horotiu meatworks. The dissolved oxygen sag begins at
Hamilton and shows a daytime maximum effect at Mercer or,
in summer, as far upstream as Ngaruawahia. The nighttime
sag in dissolved oxygen is further downstream than that
during ihe ciay and may be larger in magniiutie. The be-
haviour of this oxygen sag has been described as a mathemat-
ical model (Chapter 5, see also section 3.3.2).

The BOD causirg the oxygen sag shows temporal varia-
tions caused by daily, weekly and seasonpl variations in the
effluent loads. As the BODs is generally less than 2.0 g m-3,
the river can be classed as clean (Royal Commission on
Sewage 1912), except in the Ngaruawahia region where half
of the BODs recorded is above 2.5 g m-3 , with a maximum
of 5.1 g ma. Nevertheless the average daytime dissolved
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oxygen levels are usually above 6.0 g m-3.
The lower river always has a brownish appearance due to

turbid and discoloured water from discharges and tributaries
with peat catchments and perhaps to the volatility of its own
bottom.

The depth and turbidity of the river as well as the substrate
type probably prevent the development ofbenthic algae and,
for this reason, animals such as mayfly, stonefly and caddis
lawae, which are characteristic inhabitants of rocky streams
and shallow rivers are rarely found in the Waikato River
(section 4.3.2). Much of the river bottom away from the
edges consists ofduning pumice sand and such areas contain
very few animals. The organic sediments, which are present
in the weed beds because of their filtering action, contain a

much richer fauna and presumably provide most of the food
for the fish which are present. These include eels and
whitebait in suitable locations. Brown trouf (Salmo trutta)
and rainbow trout (Salmo gairdneri) occur throughout the
whole river system although the lower reach is mainly in-
habited by brown trout which are more tolerant of turbid
eutrophic conditions. Little is known about the effect which
more recently introduced fish such as catfish (Ictalurus
nebulosus) and rudd (Scardinius erythrophthalmus) arehav-
ing on the existing fish populations.

In conclusion the overall condition of the Waikato River is
good by world standards. Nevertheless mathematical model-
ling indicates that it has only a very limited potential for
assimilating more wastes without causing nighttime oxygen
concentrations to drop below 5.0 g m-3 in the critical reach
from Ngaruawahia to Tuakau. Any damage to the phyto-
plankton populations in the lower river could exacerbate this
situation. Any amelioration which could be made in the
discolouration and turbidity of the lower river would proba-
bly improve its biological condition as well as its aesthetic
appearance.

6.3 CONCLUSIONS

A summary of the general findings of individual authors,
contained within the preceding sections of this report, is
presented. Discussions of the extent to which the initial aims
of the study, set out in Chapter 1, have been met are included.
Subsequent conclusions on further work which is required
a¡e also presented.

6.3.1 SuuuARy oF FrNorNcs

The general findings contained within this report are most
conveniently summarised in their sequence of occurrence in
the text. Because each section contains considerable details
of specific interest, and because much of this material has
already been incorporated in the synthesis (section 6.2), this
suÍìmary of findings is deliberately brief.
The llaikato Catchment

The Waikato River and its catchment has been described in
some detail in section 2. Thc ovcrvicw prcscntcd is onc of a
long, large river atypical of other New Zealand rivers. Iì
illustrates a river system under stress, likely to come under
further stress, and in need of careful management. Reliable
data describing the resource at present and in the future are
essential to this management.
Physical anà Chemical Conditions

An important outcome of MWD sampling programmes'
has been the establishment and validification of sampling
sites (particularly bridges),' sampling frequencies, sampling
methodology, analytical techniques and data presentation

techniques. In particular a distinction between spatial and

temporal variation of data on the river was established.
The physical condition of the river is described in terms of

temperature, conductivity and pH. Water temperature of the
Waikato River, measured in open channel, mixed flow,
shows a distinct 2.0 "C increase below the Wairakei geoth-
ermal field, a complex thermal regime with several small
peaks in hydro lakes between Ohakuri and Karapiro lakes,
and a gradual rise downstream of Hamilton due to progres-
sive absorption of solar radiation. River temperatures tend to
show only small diurnal va¡iations, a slight increase over air
temperatures, and a seasonal pattern of temperature slightly
behind that of ai¡ temperature due to discharge patterns from
the hydro lakes. Conductivity shows very little va¡iation in
the river on a diurnal or seasonal basis. There is, however, a

distinct increase downstream of Wairakei and the geothermal
area, followed by gradual overall decrease downstream.
Measurements of pH in the Waikato River indicate a gener-
ally slightly alkaline river (pH approximately 7.5) with a

slight acidic tendency between Wai¡akei and Ohakuri and
more abnfpt changes at Lake Maraetai. Diurnal variations in
pH were observed, particularly below Karapiro Dam. These
variations are irregular but high values generally occur in late
afternoon or early evening and variations are greater further
downstream. This is apparently due to algal photosynthesis,
the use of COz in water, and the reduction in H*and HCOa-
ion concentrations. Overall it is apparent that the physical
condition of the river is stable with few major problems.
Notable points include cation and anion enrichment in the
geothermal reach at Wairakei, lake stratification particularly
at Ohakuri and Maraetai, and high summer temperatures in
the lower Waikato north of Huntly.

The concentrations of a number of chemical constituents in
the Waikato River are also reported. These include total
alkalinity (bicarbonate), chloride, sulphate, total hardness
(calcium and magnesium), sodium and potassium, and silica
as major inorganic constituents. Concentrations are generally
higher than for other New Tnalan'd rivers due to the geother-
mal inputs, but by world standards of similar rivers they are
low and do not pose serious limitations on river uses. Some
minor and trace constituents, such as fluoride, boron, arse-
nic, lithium, iron, manganese, mercury and organics, are
also included. The few data available indicate that these pose
no problems to water quality in the Waikato with the possible
exception of arsenic. The concentrations of arsenic a¡e rela-
tively high at Wairakei and Ohakuri, and could possibly
remain relatively high down into the lower Waikato.

The dissolved oxygen in water is one of the most important
chemical constituents in natural waters. It is essential to most
aquatic life and is an indicator of the net condition of natural
waters. Much of the data for dissolved oxygen concentrations
has been obtained for the lower rüaikato from Karapiro to
Tuakau. Most values obtained fall within the range of 6.0 to
10.0 g m-3 with values close to 8.0 g m-3 being very com-
mon. A distinct diurnal variation is apparent, with peak
valucs occurring in iatc aftcrnoon, coinciding with moximum
photosynthetic activity, and minimum values occurring at
dawn. This variation ranges from approximately 0.5 g m-3
below Karapiro to up ro 2.5 g m-3 at Tuakau. Values below
7.0 g m-3 can occur at Tuakau. The combined effects of
waste inflows in the Cobham-Ngaruawahia reach result in a
significant dissolved oxygen sag downstream of
Ngaruawahia with a subsequent recovery towards Tuakau.
This sag is caused by an oxygen demand being exerted in the
stabilisation of the wastes. The sag minimum is commonly
1.0 to 1.5 g m-t so that dissolved oxygen may fall to as low



as 6.5 g m-3 from Ngaruawahia to Rangiriri in the early
moming. It has also been shown from data obtained over a

full year that dissolved oxygen concentrations tend to be 1.0
to 1.5 g m-3 higher in winter and spring than summer and

autumn, probably due to lower temperatures and reduced
waste inflows (lowered oxygen demand) from freezing
works and dairy factories. No pronounced long-term trencls

have been identified, but recent improvements in waste
treatment, coupled with higher river discharges and lower
water temperatures in the 1974-19'7 6 period, resulted in gen-
erally higher river dissolved oxygen concentrations and

lower river oxygen demand than had been measured previ-
ously. The frequency distribution ofthe data suggests that the
river is in a reasonable condition with respect to dissolved
oxygen and oxygen demand. Recent and pending improve-
ments in waste treatment by the major dischargers of wastes

to the river should improve this situation still further.
Although many nutrients are necessary for the growth and

survival of aquatic plants it is well established overseas that
nitrogen and phosphorus can be growth limiting. This study
has made a distinction between factors which can add or
remove nitrogen and phosphorus and those which are ln slf¡z

processes changing the relative proportions of various nitro-
gen and phosphorus species. It is the former (direct additions
and losses) which has received most attention in this report.

The Vy'aikato River becomes increasingly enriched with
nitrogen and phosphorus from the Taupo Gates to the mouth.
Total nitrogen and total phosphorus concentrations have been

observed, respectively, to rise from 0.090 and 0.003 g m-3

at Taupo Gates to as high as 0.420 and 0.047 g m-3 at

Mercer. A considerable part of this enrichment occurs bet-
ween the Taupo Gates and Lake Ohakuri. The largest inflow
of these constituents in this reach is from the r#aiotapu

stream (essentially agricultural) and the Whirinaki Stream
(also agricultural). In the absence of these inflows it is con-
ceivable that these nutrients could be limiting to growth of
aquatic plants in Lake Ohakuri. Concentrations of inorganic
nitrogen and reactive phosphorus in excess of 0.300 and
0.010 g m-3 do occur in the lower'Waikato in later autumn
and early winter. Although these values are high enough to
promote algal blooms (with subsequent possible die-off,
decay and oxygen depletion) they occur when algal biomass
and physical conditions such as temperature do not suit algal
growth. Although nutrient concentrations in the Vy'aikato

River are high in comparison to other New Zealand rivers
they are low compared to many overseas rivers. Nonetheless,
it is apparent that concentrations are close to the th¡eshhold
for algal blooms in the lower Waikato and some hydro lakes
in the summer and only relatively small additions could
significantly increase productivity.

The appearance of the Waikato River changes dramati-
cally alonþ its length from Taupo to the sea. The water
leaving Lake Taupo is clear and blue-coloured while in the

lower Waikato the water is often turbid and black-or
brownish-green. Four major factors contribute to this
change. They are algal growth (greenish) occurring in Lake
Ohakuri and subsequently downstream, the effluent from
Kinleith (black) at Lake Maraetai, suspended sediments
(brownish) largely from agricultural runoff, especially in the
lower Waikato at times of trign rainfall, and tributarids drain-
ing peat lands and swamps (reddish-brown) in the Karapiro-
Tuakau region. Suspended sediment and turbidity values are

actually relatively low and the discharge of Kinleith effluent
is the main source of colour below Lake Maraetai. This
combination of factors results in much of the Waikato River
being undesi¡ably highly coleured and of poor appearance.
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The data obtained and discussed above relate to only
several discontinuous sampling programmes over the period
1969 to 1976. This discontinuity and the short time periods

mean that long term trends in water quality in the river cannot

be determined from this data. Only at Tuakau, where ARA
have been sampling on a regular basis since 1971, is it
possible to indicate some observed trends, although eight
years is hardly long-term. At Tuakau there appear to have

been downward trends overall in the concentrations of am-

monia, tannin, soluble reactive phosphorus, total iron, per-

manganate value (boil) (a measure of oxidisable material),
faecal and total coliforms, and the algaeMelosira distans and

Asterionella formosa. Causes for these trends are unclear

although general improvement in pollution control through-
out the catchment may account for declines in total and faecal

coliform bacteria. Also, declines in iron, fannin, and per-

manganate value boil could be in response to increased

swamp conversion to pasture or reduced pollution from the

NZFP plant at Kinleith. Upward trends appear to have occur-
red at Tuakau for concentrations of nitrate, dissolved oxy-
gen, pH, sulphate, turbidity, aluminium, manganese and

suspended solids. Sulphates, turbidity and manganese con-

æntrations tend to be high in swamp runoff and may reflect
drainage of swamp lands. Increases in dissolved oxygen and'

pH may reflect increased photosynthetic activity in response

to increased nitrate concentrations. In fact, nitrate is the

constituent showing an upward trend most clearly, and al-

though concentrations are very seasonal with peaks in early
winter, summer values have also been high enough recently
to be non-growth limiting. Increasing nitrate values probably
reflect changing agricultural practices such as increased
stocking rates, lucerne growing, and more use of nitrogenous
fertilisers.
Biology

There are four major biological regions in the Waikato
River. The first includes Lake Taupo through to the upstream

end of Lake Ohakuri. This region is characterised by an

oligotrophic assemblage of submerged plants. The remaining
three sections downstream of Ohakuri to the mouth are

characterised by eutrophic species. It is convenient to recog-

nise an impounded section of river from Lake Ohakuri
through to Lake Karapiro, and two fufher river sections
downstream of Karapiro: from Karapiro to Rangiriri where
there is no evidence of phytoplankton production; and from
Rangiriri to the Waikato Heads where phytoplankton produc-
tion is evident and emergent macrophytes are a conspicuous
component of the vegetation.

From the standpoint of resident plants the Waikato River
has several speciaifeatures. Most important is theìontinuing
introduction of exotic plants to the catchment with sub-
sequent changes in resident populations. Also important is
the fact that environmental conditions in the river have been

and remain unstable due to man's exploitation of the river for
numerous purposes. As a result there has been a continuing
change in population distribution and dominance
downstream of Lake Taupo which reflects, at least in part,
changes in water quality. Resideni sutmerged planis have

two distinct advantages as indicators of water quality.
Firstly, they are growth-limited by available light, and are

therefore sensitive to water transparency. Secondly, in-water
plant production is the most direct and meaningful measure
of eutrophicatlon.

A review of knowledge of the animal populations of the
Vy'aikato River has shown that particularly little is known.
Apart from a general appreciation of the dnimals occupying
given habitqls and fhe. distribution of animals throughout.the
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river system no significant data ofrelevance for the manage-
ment of the commercial and recreational fisheries appear to
exist.

In Lake Taupo there exists an extremely sparse algal flora
which is composed of species which are generally considered
characteristic of oligotrophic waters. Throughout the
Taupo-Karapiro section of the Waikato River there is a prog-
ression from an oligotrophic-type algal community, consist-
ing of a low concentration of many species to one more
typical of a nutrient-rich envi¡onment dominated by one or
two species. This dramatic change occurs at Lake Ohakuri.
Probably the biggest step towards understanding the relation-
ships between algae and nutrients in the lower Waikato is the
suggestion that development time, rather than nutrient av-
ailability, may be the restricting factor in the development of
algal populations. If this is the reason that major algal blooms
have not been more common in the Lower Waikato it could
imply that impoundment of water, abstracted here, could
lead to blooms in the reservoir. It is also possible that in-
creased population concentrations in the discharges from
Lakes Arapuni and Karapiro could disproportionately elevate
algal numbers in the lower Waikato. Productivity in these
lakes, from a causal and preventative standpoint, may there-
fore also warrant further study.
Bacteriology

The bacteriological quality of the Waikato River changes
significantly as it flows from Lake Taupo to Tuakau. Essen-
tially this change takes the fonn of increasing downstream
concentrations of coliform bacteria, faecal coliform bacteria,
faecal streptococci, and possibly vi¡uses. The most marked
causes of deteriorating bacteriological water quality in the
river are urban and industrial activities as distinct from ag-
ricultural activities. In particular major increases occur
below the Taupo sewage outfall, the Waiotapu stream con-
fluence, the Kinleith pulp and paper mill effluent discharge,
Hamilton City and sewage outfall, Te Rapa dairy factory
discharge, and Horotiu (AFFCO) meatworks discharge. Data
obtained for standard plate count bacteria, total coliform
bacteria, and faecal coliform bacteria have indicated rela-
tively clean water upstream of Hamilton. Major increases in
total and faecal coliform bacteria have been observed be-
tween Cobham Bridge and Sewer Bridge (Hamilton City
urban area) and further increases have been repofed at
Ngaruawahia downstream of Hamilton City sewage outfall
and meatworks effluents. It has been shown (section 4.5) that
total coliform and faecal coliform concentrations exceeded
10 000 and 2000 counts per 100 ml, respectively, almost all
of the time at Ngaruawahia and Mercer but almost never at
Fergusson and Cobham bridges. This was despite the fact
that much of Hamilton City was linked to the Pollution
Control Plant by 1976. It is possible that complete linkage,
now achieved could have reduced the impact of Hamilton
City on bacteria counts.

Long term data have shown that from 1949 there was a

trend of rising coliform concentrations in the Waikato River
at Hamilton until the early 1970's when concentrations
reached a plateau. Since 1972 there has been a trend of
decreasing concentrations. The rising concentrations in the
1950's and 1960's paralleled increases of population and
industry in the catchment. The recent decreasing trends have
coincided with the increasing proportion of waste waters
undergoing treatment. Despite decreasing trends, however,
Waikato River water below Hamilton does not achieve class-
ification standards (classes B and C) for bacteria counts and
cannot be described as satisfactory. It is also noted that the
apparent improvement in quality downstream of the Hamil-

ton City Pollution Control Plant, due to chlorination of
wastes to kill bacteria, should be regarded with caution
because of the potential survival ofpathogenic viruses in the
treatment processes currently undertaken.
Mathematical Modelling of Water Quality.

A mathematical model of water quality summarises quan-
titatively the main physical, chemical, and biological proces-
ses operating within a waterway which act upon or result
from pollutants. Two uses of such a model are to test the
understanding of the modelled system and to make predic-
tions for management purposes. Because dissolved oxygen is
one of the most imporlant characteristics in water quality
management a model for dissolved oxygen in the lower
Waikato River has been developed. Basically this model
predicts dissolved oxygen concentrations in the river at a

given location and time following incorporation of data such
as transport terms (mean velocity and rate of longitudinal
dispersion) and biological processes (BOD exertion, role of
aquatic plants). Following model calibration and testing a

series of simulations was made to illustrate the effects of
various processes on dissolved oxygen concentrations in the

lower Waikato River. The main conclusions which can be

drawn from these simulations are as follows. The discharge
of effluent into the lower Waikato and its tributaries results in
an oxygen sag between Ngaruawahia and Rangiriri of about
l.0 g m-3. The largest source of this effluent is the AFFCO
abattoir at Horotiu, although significant inflows also origi-
nate from Hamilton City and the Te Rapa and Taupiri Dairy
Factories. During low flow periods in spring, summer and

autumn, effluent and organic matter of natural origin often
results in the inflows from the larger tributaries (notably the
Waipa, Mangawara/Komakorau, Whangape, Opuatia,
Whangamarino and Mangatawhiri) having higher BOD
and/or lower dissolved oxygen concentrations than the
rùy'aikato River so that they aggravate oxygen depletion.
When tributary flows are high, however, BOD concentra-
tions in the tributaries may be lower than in the river. Also,
dissolved oxygen concentrations may be higher than in the

river so that the larger inflows may noticeably improve water
quality in the Waikato River. Superimposed on the dissolved
oxygen sag is a diurnal variation caused by the metabolism of
aquatic plants which, during summer, has an avefage
amplitude of 2-3 g m-3 in the reach between Huntly and
Tuakau. The simulations made to date have made use of
average data for the discharge and composition of the in-
flows. Modelling of speculated events such as abnormally
high production in the dairy factories or abattoir, breakdown
of effluent treatment plant, or flushing of organic matter, or
severely oxygen-depleted water from a swamp shows that
more severe oxygen depletion in the lower Waikato River
coulcl occur.

The model has been used to predict possible changes in use

of the Waikato River system. The effects of increasing popu-
lation and industrial development could aggravate the oxy-
gen sag near Rangiriri in low flow conditions in 1985 by
0.5 g m-3 lowering concentrations to 5.6 g m-3, These
simulations indicate that the capacity of the river to absorb
organic waste matter without becoming depleted in dissolved
oxygen is very close to being exceeded under these summer
low flow conditions. The effect of chlorinati¡g sewage from
Hamilton City, aimed at killing pathogenic organisms, could
also be to remove harmless heterotrophic bacteria as well.
This would reduce the rate of oxygen matter breakdown until
mixing with Horotiu effluent, and could result in a slight
increase in dissolved oxygen sag at Ngaruawahia. The effect
of cooling water discharge from the Huntly thermal power



station on dissolved oxygen will be negligible if only temper-
ature changes occur in the river. Adverse effects will occur,
however, if the river biota is damaged severely and high
BOD concentrations result. The above simulations are
examples of how the model for dissolved oxygen can be used

and illustrate the successful development of this model.
Other potential models include those for faecal bacteria,
nutrient concentration and algal growth, and colour and tur-
bidity. V/hile the theoretical framework for such models
exists considerable field work and calibration would still be
required. Further to this, it may be difficult to i nterpret res ults
for bacteria modelling meaningfully while the relationship
between faecal coliform counts and actual pathogenic or-
ganisms is still poorly understood.

6.3.2 CorrapLETIoN oF INITIAL Sruov AItnls

The initial aims of the study are discussed in Chapter One.
Primarily the study aimed to provide information about the
river in a form in which it could be used as a basis for
management. Implicit in this is that sufficient knowledge
should be achieved to ensure a fair and responsible utilisation
of the resource, particularly for the abstraction of water for
various uses and the discharge of wastes. This information
was to be achieved by investigating the river system as a

whole and a number of specific aims were subsequently set
out.

The first aim was to collate all available information con-
cerning water quality of the river and to publish this as a
report. Further to this the aim was to co-ordinate all future
work so that maximum coverage with minimum duplication
could be achieved. All MWD data (water quality and quan-
tity) has now been collated and placed on computer, as has
most of the data being obtained by ARA. The limited amount
of biological data available has also been collated in this
repof but not placed on com¡iuter. On the Taupo to Karapiro
section of the river all MWD data has been collated and
placed on computer but other data has not been collated to
date. Examples include DSIR Freshwater Ecology Division
data on Lake Taupo and DSIR Wairakei data on geothermal
waters. The first aim has therefore been only partially com-
pleted in this report although it is fair to say that direct
comparison between data obtained by different workers at
different times is difficult. In fact the obtaining of data
specifically for this report has also led to the standardisation
of sampling and analytical methodology which will assist
comparison of results obtained from future work. The co-
ordination of work by different agencies, through the techni-
cal working group, for the purposes of this reporl has been
successfully achieved.

Another aim was to undertake an intensified sampling
programme to determine biological, chemical, and physical
trends. Most of the sampling work done for this report con-
centrated on the lower Waikato from Karapiro fo Waikato
Heads. Two survey runs, however, were undertaken on the
reach from Taupo to Karapiro because this region so pro-
foundly affects the quality in the lower Waikato ¿ind for the
sake of completion.

Thus intense sampling programmes have been undertaken
but they have been short-term, intermittent in timing" and
have concentrated essentially on physical and chemical
characteristics. Intensive biological sampling of the river has
not occurred. Only the sampling conducted by ARA at
Tuakau and that by Hamilton City Council at Hamilton
(bactenal) could possibly be considered long-term and suit-
able to determine trends, and even these have limitation to
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interpretation. Probably ten to twenty years of data would be

required to eliminate natural cycles and unusual events. The
data available, however, provide a good basis for further
work.

A further aim of the study was to undertake an investiga-
tion at Lake Karapiro to determine the effects that impound-
ing water behind dams has on its quality when discharged.
This work has not been done and indeed the study has

suggested that such work could be of very limited value.
Lakes Ohakuri and Maraetai in particular have been shown to
be highly productive and influential on river water quality
and appearance. Lake Karapiro may well not be representa-
tive of the hydro-electric lakes on the Waikato River and
indeed appears to have very little effect on water quality.

It was also intended to quantify the effects of diffuse
agricultural runoff on water quality of the Waikato River by
nutrient balance establishment on the Mangakaura Represen-
tative Basin. This study has not been undertaken due to the
overall scope of the study and possible difficulties in ex-
trapolating the data obtained to a catchment-wide basis. It has

alsobeen indicated from the study and in this repof that point
sources of nutrient and pollutant discharges may be more
important in the Vy'aikato River than the overall sum of
diffuse inputs.

A comprehensive mathematical model to simulate the ef-
fects of patterns of waste discharges and river flows on water
quality was to be developed. It has become apparent that the
scope of this aim, that is, the complexity of the model
envisaged, was over-ambitious relative to existing know-
ledge of the Waikato River. Nonetheless, a practical and
proven model for changes in dissolved oxygen in the lower
Waikato has been developed from data obtained. The model
has a value in predicting the effect of different waste input
and flow regimes on dissolved oxygen concentrations at the
sag region near Rangiriri where minimum values can occur.
In this sense the model is a valuable management aid in
predicting the effect of alternative water usage policies.

Process studies to determine how bacterial populations
may be more accurately defined, incorporated in the model,
and related to other water quality parameters were also to be
undertaken. These have occurred through the University of
Waikato and are continuing. Overall the definition of bac-
terial populations in the Waikato River has been considerably
improved. Samþling and analytical methodology have also
be improved. Bacterial populations have not been modelled
mathematically in the Waikato River although an understand-
ing of population distributions and densities has been
achieved. It may be of doubtful justification to obtain enough
data to develop a model for faecal coliform bacteria, for
example, without a better knowledge of the relationship
between the observed bacteria and pathogenic organisms.

The final aim of the study was to instigate a survey of the
biological populations of the river to determine present dis-
tributions of flora and fauna. From this representative species
were to be sampled at intervals to determine future trends and
attempts made to assess the relationships between biological
populations and other water quality pararneters, for example,
the response of algae to high concentrations of nutrient mat-
erials. This area of study has been particularly neglected in
the past and the report brings together only the small amount
of data available. This is an extensive topic which will
involve long-term surveying over a large area. A number of
such surveys are'currdntly on-going through such organisa-
tions as the University of Waikato. Data available are not
adequate to define rnany of the biological populations in the
required detail.
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Overall the aims of the study have only been partly met.
This is undoubtedly due to the fact that the aims were formu-
lated before much of the data and knowledge no'rv obtained
q,as available resulting in some unrealistic aims being set.
Other aims, it now appears, may not be worth pursuing and
the work which has been done in this study has provided a
fi¡m basis for a review of the aims and guidelines for future
work.

6.3.3 FunrHER WoRK Requrnro

It is apparent from the text, and from the foregoing sec-
tions 6.3.1 and 6.3.2 that despite greatly increased know-
ledge of the Waikato River system many questions have
fallen outside the scope of the study and new issues are
raised. In reviewing the initial aims it is probable that further
work should aim at answering management-related questions
as far as possible.

On balance it appears that far more is known about the
physical and chemical characteristics of the river than about
its biology. This may be due to the magnitude of the biologi-
cal resource to be studied or the fact that relatively few
biologists, compared to chemists, have worked on the river.
In any event this deficiency is serious because while physical
and chemical characteristics indicate water quality it is the
biology which is directly dependent on water quality and
consequently vulnerable. Further to this, the biology of the
river system provides a di¡ect response indication ofchanges
in water quality which may lie outside the realm of other
sampling. Resident submerged plants, while presently only
generally characterised and not monitored, are recognised as

having distinct advantages as indicators of water quality.
Increased algal concentrations would detract from river ap-
pearance and could create undesirable odours. It is essential
that continued monitoring of chemical concentrations be
carried out combined with an accumulation of data pertaining
to the tolerance of algal species. There is clearly still much to
be leamed about the fish species of the Waikato River.
Because so many of the fish are migratory the need for
maintenance of appropriate water quality standards through-
out the entire river system is apparent. The maintenance of
these standards will require regular monitoring. Continued
monitoring of bacterial concentrations in the river is therefore
essential to determine where the long-term trends in bacteria
counts lead, particularly with respect to increased chlorina-
tion of sewage. Dissolved oxygen concentrations, while cur-
rently not seriously lowered are probably quite sensitive to
added waste inputs or changes in the biology of the river. It
also appears that nutrient concentrations, parlicularly nitro-
gen and phosphorus, are relatively high and if not growth-

limiting then so marginal that small increases under favour-
able conditions could support algal blooms.

Continued monitoring of these constituents is essential to
observe trends and anticipate the risk of such blooms. It is the
lack of long term, regular interval data that has, more than
any other factor, limited the possible interpretation of the

data discussed in this study.
The importance of the geothermal inputs and effects of

Lakes Ohakuri and Maraetai on river productivity and ap-
pearance are stressed repeatedly in the report. Improved
understanding of the processes occuning in these lakes is

essential to a better understanding ofthe quality ofthe river in
the lower Waikato.

In interpreting data obtained on the main river the in-
adequacy of data on all waste inflows into the river has
become apparent. Increased monitoring of such inflows is
essential in conjunction with trend monitoring of the main
river ifmass flow balances are to be achieved and causes and

effects established. The data which has been obtained on
waste inflows and incorporated into the report illustrates that
a relatively few inflows have a major impact on the river. If
these inputs receive the continued monitoring they deserve,
and if they can subsequently be mitigated to some extent, it is
probable that water quality in the Vy'aikato River, particularly
the lower Waikato, would improve considerably.

It has been inherent in the discussions within the enti¡e text
of this report that a good understanding of hydrology exists.
This is essential in determining mass flows and in explaining
concentration changes. Continued hydrological data collec-
tion is required in conjunction with any other quality work
undertaken on the Waikato River.

A number of river constituents have received little atten-
tion in this study. They are of considerable public interest,
however, and should be maintained regularly at selected sites

where concern exists. Further to this, more detailed process
studies should be undertaken to better understand how these
constituents enter the water, move in the system, and influ-
ence the river. These include, among others, such con-
stituents as timber processing wastes (including tannins, lig-
nins, phenols), fluoride, hardness, ch¡omium, copper, arse-

nic, heavy metals, herbicides and pesticides. Despite dif-
ficulties with sampling and analytical methodology some
knowledge of these constituents should be obtained.

To conclude, this study and its report have greatly in-
creased, as well as co-ordinated, the available information
and understanding of the Waikato River. While not all the
initial aims of the study have been realised a clearer apprecia-
tion now exists of the feasibility of those aims and their
usefulness. This appreciation now forms a valuable basis for
further work and provides essential guidelines on sampling
and analytical methodology as well as background data.
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APPENDIX I
GLOSSARY

the light which at a specific wavelength
is not transmitted through a sample.

represents the total content ofdissolved
bicarbonate, carbonate, and hydroxide
ions in the water - generally expressed
in terms of equivalent amount of cal-
cium carbonate.

without oxygen.

apparent turbidity depth to which objects may be seen

with the naked eye (as used in this re-
port).

absorbance

aikalinity

anaerobic

aquifer

bankfull stage

benthic zone

flow-duration
curve

FTU
Hazen units

heterotroph

hydraulic radius

hydrograph

inoculum

littoral zone

loop rating -
hy steresis

lysimeter

macrophyte

massflow

massflow rates

nauplius
(nauplii - plural)

oligotrophic

periphyton

pH

photic zone

plankton

ratrng curve

Representative
Basin

secchi disc

Formazin turbidity units.

measurg of colour.

an organism requiring pre-existing car-
bohydrates and other organic molecules
(an outside energy source).

ratio of cross-sectional area of the
channel to its wetted perimeter - deter-
mines type of flow.

curve of discharges versus time at any
one cross-section on a channel.

a small amount of biological material
introduced into a new area from which
extensive growth can occur under
favourable conditions.

zone of shallow water near shore.

where the discharge: gauge height rela-
tionship differs betweerr the rising and
falling stages of a flood.

an enclosed block of soil (sometimes
with a vegetation cover) which is
weighed periodically to determine
changes in soil moisture.

large plant.

concentration times flow rate.

the ratio of the massflow of an upstream
site plus the massflows of tributaries to
the massflow at a downstream site.

a stage in the life cycle of crustaceans.

water low in nutrients.

aquatic organisms attached or clinging
to plants or other surfaces projecting
above the bottom.

the negative logro of the hydrogen ion
concentration. The pH ofa neutral solu-
tion is 7, of an acidic solution is less
than 7 andthat ofan alkaline solution is
greater than 7.

the lighted region of a body of water
extending vertically from the surface to
the level at which light penetration is

insufficient to permit photosynthesis.

collectively all the organisms sus-
pended in the water of an aquatic
habitat, which are not independent of
currents and other water movements.

:- ô--L ):--:l- ) t-L^rvtosI arc IlllgtoscuprL: , ùuuurvluçu luru
phytoplankton and zooplankton.

plot of gauge height against discharge.

a monitored catchment set up a's part of
the Internatiortal Hydrological Decade
programme to represent a hydrologi-
cally uniform region.

device used for measuring transparency
of water bodies.

biochemical oxygen a measure of the amount of oxygen con-
demand (BOD) sumed in the biological processes that

break down organic matter in water
(expressed in this report as g m-3).

chemical oxygen a measure of the amount of oxygen re-
demand (COD) quired to chemically oxidise organic

matter in the water.

coliform bacteria gram negative, non sporing rod shaped
bacteria capable of fermenting lactose
with the production of acid and gas in
48 hours at 37"C.

conductivity a measure of the conductance ofelectri-
cal current through a sample expressed
as the inverse of resistance (expressed
in this reporl as m S m-t). A high con-
ductivity reflects a low resistance and
indicates a high salinity or ionic con-
centration.

dissolved oxygen (DO) concentration of free oxygen in
water.

discharge (flow) volume of water passing a given point
per unit time expressed in this repon as

cubic metres per second (mtst).

E¡ oxidation potential relative to the hyd-
rogen electrode.

epilithic living on the surface of rock.

epipelic living on the surface of mud.

epiphytic living on the surface of a plant.

euphotic zone see photic zone.

eutrophication the enrichment of bodies of water by
mineral nutrients and organic matter.

evapotranspiration water transferred to the air as water
vapour by evaporation and/or transpira-
tion by plants.

stratum or zone below the surface ofthe
earth capable of producing water as

from a well.

water level in a river above which the
banks are overflowed.

the bottom of a body of water.

curve that shows the frequency with
which discharges (flows) of various
magnitudes are equalled or exceeded.
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shear volocity

surtactant

suspended
sediment

faxon, taxa

a characteristic velocity of the shear
stress arising from fluid flow against a

boundary.

a substance with chemical propefies
facilitating the surface interaction of
materials which normally repel one
another: for example detergent,
facilitating the mixing of grease and
water.

sediment which is transpofed in sus-
pension without contact with the bed of
the stream.

generalised term for classificatory units
which may be species or may include
higher categories in which individual
species are not separated.

thermocline

total hardness

turbidity

water balance

the layer in a body of water where the
temperature difference is greatest per
unit depth.

the total concentration of Ca and Mg
ions expressed as calcium carbonate.

an optical property of water masses ex-
pressing the attenuation of light due to
scattering and absorption by the water
itself, by dissolved substances and by
organic and inorganic suspended mat-
ter.

balance of all water present in a given
catchment (or catchments) such that
precipitation equals discharge plus
evapotranspiration and changes in stor-
age (e.g. of lakes, aquifers etc).
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112
t82
t23
94

143
143
180
170
136

148
133
r03
138
t52

189
213
175
186
151

109
t43
109
119
123

158
149
102
t2t
130

106
86

198
207
110

189
161
192
130
222

140
123
t8l
r28
87

159
171
166
t76
t22

153
143
t22
l3l
150

180
231
156
194
t45

lt6
140
116
ll0
125

172
1M
99

124
ll6
118
rt9
135
133
tt7

179
156
168
t25
193

131
131
t7l
156
82

164
1',72

148
173
lt2
r46
146
127
116
t54

158
222
142
169
161

123
130
t04
103
122

167
132
99

t22
ll7

116
Lt7
112
98

ll6

***

4:
It

I

t4
It
22
25

6

23
19

05
l3
08

t1
t2
o'1

t'1
09
48
3'7
t1
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A2.1 .1 - continued

1945
1946
t947
1948
1949

1950
195 l
1952
l 953
1954

1955
1956
1957
195 8
1 959

1960
l96l
1962
1963
1964

I 965
t966
1967
1968
1969

t9'to
1971
t972
r973
1974

1975
1976

MIN
MEAN
MAX

1.59

163
r32
t26
lll
115
99

r57
t7'7
145

103
131
156
t47
148

109
136
9l

138
94

145
147
124
119
12l

'77

168
132
lll
t26

t47
r -55

77
t32
198

138
15'7
165
146
tt2

104
rt4
t'to
t'7 t
143

to7
159
t27
142
153

115
90

108
ll6
119

t54
138
159
95

t4t

75
101
82
97

t43

76
183

73
t26
196

t36
t34
r49
t5't
116

t26
tt7
r45
r33
lt7

135
138
120
151
155

r35
86
86

101
l l8

161
120
103

87
109

70
95

t52
t23

88

92
178

69
120
186

153
t26
93
92

139

94
t22
109
r2t
113

110
119
1-11

188
136

104
80

105
lt2
118

130
100
104

87
85

60
81
76
91
83

129

60
ll0
188

137
t22
52
69

137

86
131
95
84

I l8

131
123
t54
156
t44

84
t02
130
tt4
ll8

t42
191
88
75

t26

92
84

t37
r25
88

154
t***

52
t14
191

t64
I2t
40

133
126

89
138
95
99

108

142
79

159
151
r52

99
89

155
119
t29

l4l
165
139
119
153

146
133
178
r4l
162

183
****

40
122
183

144
88
87

128
149

97
98

153
208
111

t49
t62
t52
146
130

tt7
89

181
t32
93

150
163
tt7
t46
t54

173
178
135
192
142

237

87
134
237

139
76

136
160
179

101
lt7
183
168
101

133
178
136
t23
115

136
t26
168
t4t
165

t34
t82
103
142
u9

r09
190
169
t52
r43

177
****

76
140
202

128
94

167
151
139

88
t2l
168
156

89

138
168
r33
132
t28

119
li0
185
140
190

126
t64
127
126

75

lll
131
120
100
158

2to
ti**

75
139
220

r54
r23
200

94
152

82
100
t26
184
94

r30
t'72
108
126
96

t26
94

2t4
127
2to

101
t20
r23
120
115

208
163
92
98

156

182
***t

82
r42
237

t75
t73
148
103
135

79
96
94

161
89

141
r63
117
99

ll3

122
108
226

99
186

79
8'7

115
l3l
66

187
t79
l2l
l3l
172

r90
**t*

66
140
231

r57
t4l
138
119
II7

86
t28
153
137
76

125
143
123

81
ill
91
84

209
8l

134

99
89

tl7
128

84

l0l
156
109
t2t
136

156
tii*

76
l3l
222

t49
t26
126
123
134

96
115
138
150
108

t29
145
135
r37
r32

113
99

155
ll8
139

130
139
n8
115
rt2

ll8
139
t25
124
133

162
***t

96
129
t'to

A2.1.2 KARAPTRO, DISCHARGE IN CUBIC METRES/SEC (196s-1976)

MEAN

MIN
MEAN
MAX

***
261
23'l
232
205

2to
239
221
20r
218

250
267

201
231
26'7

EAR JAN FEB MAR APR MAY JUN JLY AUG SEP ocT NOV DEC

96s
966
967
968
969

970
97r
9'72
973
9'74

975
9',76

ÁIN
lIEA
4AX

****
250
238
222
210

144
243
211
182
178

238
239

144
214
250

**t*
232
296
190
246

138
191
165
161
206

t49
2'70

138
204
296

231
217
170
191

r22
172
244
184
148

t74
24'7

122
191
24'7

i***
t94
2N
192
t69

122
151
t62
t62
148

193
224

122
t'74
224

****
305
188
194
225

r62
17t
230
190
155

235
231

155
208
305

****
283
244
269
252

246
23'7
261
225
260

294
257

225
251
294

***t
329
227
288
258

262
267
2'14
258
268

325
303

227
2'78
329

270
326
247
2'19
223

245
283
278
240
263

295
325

223
273
326

230
319
257
256
191

234
284
235
220
264

319
332

191
262
332

197
24'7
229
236
196

356
311
192
185
253

281
327

185
251
356

t82
209
250
237
152

301
289
203
2lo
245

270
268

152
235
301

186
207
254
250
150

185
258
190
r92
227

224
l8l

r50
209
2s8

***
26
23
23
20

2t
23
22
20
21

25
26

20
23



200

iAN

*tt
344
3t9

310
261
420
293
375

339
371
326
337
280

3t9
344
312
260
292

351
364
***

260
327
420

AN

89
74
84
56
70

90
95
'77

56
79
95

g
***
450
399
**i
324

355
392
36t
t**
345

4tl
445
t**

324
387
450

A2.1.3 NGARUAWAHTA CABLEWAY, DTSCHARGE rN CUBrC METRES/SEC (t9s7_1977)

42.r.4 WAIPA AT WHATAWHATA, DTSCHARGE rN CUBrC METRES/SEC (1970-1977)

MEAN
MAX

YEAR JAN FEB MAR APR MAY II-IN JLY AUG SEP OCT NOV DEC MEA

1957
1958
1959

1960
t 96l
1962
1963
1964

r965
1966
1967
1 968
1969

1970
t9'7t
1972
1973
t974

1975
1976
1977

MIN
MEAN
MAX

***t
270
316

229
20t
189
295
229

284
317
297
268
256

t7t
288
241
206
191

306
309
199

t7t
253
317

1**t
475
298

273
193
203
245
230

431
293
438
225
325

157
222
l8l
1'14
213

170
330
165

t57
262
475

*i**
380
288

265
198
311
217
347

332
323
29t
t93
230

147
t93
392
197
153

r99
255
187

147
255
392

** **
301
353

22r
r90
257
227
230

296
255
236
247
217

153
l7l
l9l
r75
161

222
239
190

153
227
353

tt t*
32t
38r

224
215
37t
248
272

319
42r
237
294
319

233
214
343
240
184

350
305
312

184
290
421

403
323
4t4

374
282
5'71
325
329

418
398
297
5r4
33'l

399
348
339
312
358

544
371
418

282
385
57t

419
389
333

393
487
504
460
575

4t7
586
30'l
471
373

40t
384
50'7
313
486

516
557
513

307
447
586

331
395
3M

412
32s
451
356
540

477
494
399
4t'7
359

467
390
430
350
436

429
565
449

325
420
565

288
326
2'72

502
3t6
495
435
512

312
464
382
403
296

425
563
347
395
382

485
477
4to

272
4M
563

3ó0
282
339

331
265
551
267
545

248
326
2'75
361
264

582
600
289
246
3'74

393
430
342

246
365
ó00

315
272
266

2't'l
241
573
242
366

300
296
375
318
188

448
389
243
282
292

327
312

tttl

188
3r6
573

306
403
224

216
210
548
195
316

241
272
381
334
202

232
350
230
227
269

254
218

tt tt

195
28t
548

34
31

31
26
42
29
37

33
37

3t
34
3l

35
36

***

YEAR JAN FEB MAR APR MAY JtJN JLY AUG SEP OCT NOV DEC ME

1970
t97t
t972
t973
r914

t975
1976
1977

MIN

t9
38
2t
3l
23

ó6
79
35

t9
39
79

15
25
l0
t9
27

23
72
20

t0
26
72

15
t9

111
26
l6

29
37
22

l5
34

111

20
l5
29
20
20

30
35
22

l5
24
35

6l
32

rt2
50
3l

96
'17

80

31
6',1

112

141
83
83
79
88

20t
108
156

79
tt7
201

119
84

221
56

185

153
219
188

56
153
221

r56
78

t46
90

145

lt2
194
125

78
131
194

170
200
t04
149
97

158
123
95

95
13't
2(n

2M
t99
82
53

103

l0l
100
86

53
109
204

tl2
63
4t
59
55

6l
54
48

4l
62

112

33
54
37
36
46

43
39
44

JJ

42
54

42.1.5 RANGIRTRT, DTSCHARGE rN CUBrC METRES/SEC (1965-1977)

YEAR JAN FEB MAR APR MAY JT]N JLY AUG SEP ocr NOV DEC ME

1965
1966
t967
1968
1969

1970
l97t
t972
1973
t974

1975
1976tw
MIN
MEAN
MAX

** **
376
362
319
300

182
309
268
235
2t3

355
382
238

t82
295
382

t* *t
347
544

tr**
366

164
233
174
2N
252

2M
409
t96

tØ
28t
54

****
394
364

t*t*
258

r55
22t
452
202
178

230
309
2t6

155
27t
452

tt *r
305
293
302
24t

170
192
232
116
184

241
282
220

170
236
305

382
505
292
360
362

256
239
387
237
204

390
37t
376

2M
335
505

503
483
3s9
652
379

458
392
409

678
441
493

359
472
678

****
418

498
7lo
375
589
434

4s3
436
598
330
567

608
674
625

330
531
7t0

592
598
486
495
426

530
441
508
383
528

483
699
555

383
517
699

390
563
4'12
497
368

454
663
422
463
466

583
606
502

368
496
663

301
405
342
434
316

654
697
345
275
446

464
515
418

275
432
697

353
369
453
374
2r2

508
461
266
323
352

388
3'73
278

212
362
508

286
337
461
397
221

2s9
410
253
263
318

298
279

221
315
461

**tt

ti
45
39

***
32

35
39
36

***
34

4t
44

t**

32
38
45t
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A2.1.6 MERCER, DISCHARGE IN CUBIC METRES/SEC (1963-1977)

I
3

(from TIDEDA)

3',13

t*t
399
*tt
f*t

**t
t**
t**

37t
402
443

YEAR JAN FEB MAR APR MAY JUN JLY AUG SEP OCT NOV DEC ME

1963
1964

1965
1966
1967
1968
1969

t9'70
t97l
1972
1973
t974

1975
19'16
197'.l

MIN
MEAN
MAX

*** r
257

****
342
3t9
28t
276

195
t*tt

280
248

*t**

****
383
229

195
28t
383

****
253

****
319
531
231
346

r75
** **
2tl

*t*t
t*t*

215
399
188

1'15
287
531

****
381

373
407
345

*t**
**tt

t7l
230
490

****
185

248
****

210

17r
304
490

t***
265

326
276
2',t2

** **
*i**

188
219
236

t***
t93

245
t*i*

216

188
243
326

**ti
323

360
475
266

****
356

270
255
413
3M
20'l

402
**t*

358

207
332
4'75

***i
392

480
459
326
645
3'18

4'11
417
420
423
436

804
473
526

326
475
804

531
662

487
686
349
605

tt**

461
480
640
395
626

t*r*
755
672

349
565
755

476
703

60'l
557
48
469
429

597
464
617
460
597

524
794
604

429
556
794

502
587

428
383
455
483

****

460
707
501
513
494

657
682
524

428
539
'707

351
653

2W
332
3M
437

****

674
'n3
388

** **
505

515
****

424

290
470
7t3

288
458

33t
304
427
360
209

537
48r
290

It**
364

387
i*t*
** **

209
372
537

2M
362

263
425
425
378

t***

265
4t7
288

it**
331

294
256

t**t

24
319
425

**4
***

37
***
***

3',1

***
39

**t
***

***
*i*
t**

37
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APPENDIX 2.2(a)
ANNUAL HYDROGRAPHS FOR SELECTED STATIONS ON THE WAIKATO RIVER, AND TFIE WAIPA RIVER AT

KARAPIRO
{a)

400

200

(c)

/A

'tl \.'\ \\u \ /\
\ J\
t_\a , ,

-rl

WHATAWHATA, 1976.

**'T{lh'iTTlxilff 

ffitililil1{l|ilililllilTfiil]'ffi lriiilililililÌil' iill

FERGUSSON BRIDGE

NARROWS

HAMILTON TRAFFIC BRIDGE (c)

NGARUAWAH IA

t\'n','.n^-'\'^-\J\-
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aPPENDTX 2.2(b)
ANNUAL HYDROGRAPHS FOR SELECTED STATIONS ON THE WAIKATO RIVER, AND THE WAIPA RIVER AT

WHATAWHA"TA. 1976.

MERCER
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APPENDIX 3.I
WAIKATO RIVER SAMPLING SITES, PLAN AND CROSS.SECTIONAL VIEWS.

Þ
f
z
r
À
ô

20 40
CHAINS

SITE PLAN SCALE

WIDTH IN MEIRES

CROSS-SECTION SCALE

Y/72,

FERGUSSON BRIDGE

Dischorge records for Koropiro Dom
from l'8'ó5
Moximum 537 m3 s-l

Minimym 85
ÂAeon 23O

Meon Velociiy I 3 rn s-l

NARROWS BRIDGE

Dischorge records for Koropiro Dom

from l' I ó5

Moximum 537 m3 s-Ì
Minimum 85
Mæn 23O

Meon Velocrty l4ms-!

COBHAM BR¡DGE

Dischorge records for íroffic Bridge
Írom 20 12'75

Mcrximum 470 m:s-l
Minimum 134
Meon 23O

Meor, Velocily l0ms-l

FAIRF!ELD BRIDGE

No Records

HOROTIU BRIDGE

No Records

CAMBRIDGE

HAMILTON

o

5

to
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APPENDIX 3.1 - continued
WAIKATO RI\'ER SAMPLING SITES, PLAN AND CROSS-SECTIONAL VIEWS.

I /,/r/ l,
u)'/

NGAR,UAWAHIA BRIDGE

Dischorge records from Ngoruowohio
Coblewoy less Woipo Rive; flow
Írom 4.9'69

Moxrmum ó35 -3 s-l
Minimum l30
Meon 235

Meon Velocily O Trn s-r

TAINUI BR,IDGE

Dischorge records

from 9.9 ó8

Maximum 992 .t r-'
Minimum 175
Mern 3ó9

Mecn Velocity 0.7m s-r

RANGIRIRI BRIDGE

Dischorge records
from 1.r''ó5

Moximum lO42 mj s-l

Minimum l4ó
Meon 38O

Meon Velocitv O'7m s-l

MERCER, BRIDGE

Dischorge records
from 14 'ó ó3

Moximum 1202 m3 s-r

Minimum I ó9
Meon 395

Meon Velocitv 0'Zm s-l

TUAKAU BRIDGE

Ì.{o Records
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Efrltten :.

Wai¡akei
Kinleith

wAIKAro RIVER. sAMPLINc sIrES, 
"fl.iÄi8ÈðÍ,(ot"ìi"r"oDs 

oF oBrArNrNG DTscHARGES
(TAUPO GATES-TUAKAU).

Site Map
Reference
(NZMS l)

Distance from
Taupo Gates

(km)

Method of obtaining discharge

N94:543384
N94:613462
N85:754618

N94:64ó581
N85:624612

N85:609669

N85:579709

N85:560716

N85:490733
N84:293703
N84:272752

N84:2Ð787
N84:175857
N75:137126
N66:037305

N94:574'147
N94:68&77
N94:724463
N94:737467
N94:765498
N85:770616
N85:759622
N85:609733
N85:545801
N84:224712
N84:151821
N66:2lll44

N94:579449
N84:271774

River Sites
Taupo Gates
Aratiatia Dam tailrace
Mihi Bridge

Tutukau Bridge
Lake Ohakuri (top end)

Lake Ohakuri
(between Orakei Korako and
Whirinaki Arm)
Lake Ohakuri
(between Whirinaki Arm
and Dam)
Ohakuri Dam
@ridge below tailrace)
Atiamuri Dam
(bridge below dam)
Whakamaru Dam tailrace
Lake Maraetai (southern end)
Maraetai Dam
(bridge below 2 dams)
V/aipapa Dam tailrace
Arapuni Dam tail¡ace
Karapiro Dam tail¡ace

Tributary Sites
\¡/ai¡akei Stream
Pararfü Stream
Pueto Stream
Kereua Stream
Kaiwhitiwhiti Stream
Torepatutahi Stream
Waiotapu Stream
Whirinaki Arm
Whangapoa Stream
Mangakino Stream
\ly'aipapa River
Pokaiwhenua Stream

Efrltten Sites
Wai¡akei Power Station
Kinleith Pulp and Paper Mill

(TAU)
(ARAT)
(MrH)

CTUT)
(LOHA)

(LOHA)

(LOHA)

(oHA)

(ATI)
(wHA)
(LMAR)

(MAR)
(wArP)
(ARAP)
(KA)

(wArsM)
(PAR)
(PUE)
(KER)
(KAI)
(TOR)
(wAro)
(wHr)
(wHAN)
(MAN)
(wArPR)
(POK)

(wArPs)
(Kn{)

0
12.3
46.6

59.0
63.2

ó8.9

73.7

75.8

84. I
105.0
111.5

117.5
126.1
153. l
179.4

8.1
20.2
24.4
28.9
32.7
45.0
46.4
72.8
82.2

109.8
125.3
t63.6

8.6
I13.5

rating curve
supplied by NÆ
discharge as at Ohaki and discharges
of Torepatutahi and Waiotapu Streams.
none
discharge as at Mihi Bridge and
6 m 3s-1 (catchment area contribution)

none

none

supplied by NÆ

supplied by NZE
supplied by NÆ
none

supplied by NZE
supplied by NÆ
supplied by NÆ
supplied by NÆ

gauged
gauged
gauged
gauged
gauged
gauged
gauged
gauged
rating curve
rating cwve
ratlng curve
ratlng curve

supplied by NÆ
factory discharge recorder
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APPENDIX 3.2 (b).
WAIKATO RIVER. SAMPLING STTES, DISTANCES AND METHODS OF OBTAINING DISCHARGES

(KARAPIRO DAM-TUAKAU)

Method of obtaining discharge

River Sites
Karapiro Dam tailrace
Fergusson Bridge
Narrows Bridge
Cobham Bridge
Fairfield Bridge
Sewer Bridge
Te Rapa intake
Horotiu Bridge
Ngaruawahia Bridge

Tainui Bridge
Rangiriri Bridge
Mercer Bridge
Tuakau Bridge

Tributary Sites
Karapiro Stream
Mangawhero Stream
(Walkers Gully)
Mystery Creek
Manganua Stream
(Leslies Gully)
Mangakotukotu Stream
Waitawhiriwhiri Stream
Waipa River
Komakorau Stream
Mangawara Stream
Mangawara Stream confluence

Waahi Stream
Rotongaro Canal
Whangape Stream
Opuatia Stream
Whangamarino River

Mangatawhiri River

Effiuent Sites
HCC Water Pollution
Control Plant
NZDC Dairy Factory Te Rapa
ARITCO Meatworks Horotiu
NZDC Dairy Factory Taupiri

(KA)
(FE)
(NA)
(co)
(FA)
(SBR)
(TRI)
(HO)
(NG)

(TA)
(RA)
(lvß)
(TU)

(KP)

(wG)
(MC)

(LG)
(MK)
(ww)
(v/AI)
(KO)
(M$/)
(MWC)

(wAH)
(RC)
(wPC)
(oPc)
(wM)

(MT)

(PCP)
(TR)
(AF)
(TP)

N66:037305
N65:981339
N65:854404
N65:801447
N65:778488
N56:756527
N56:733551
N56:717578
N56:661620

N56:666738
N52:642899
N52:561083
N5l:462064

N65:978348

N65:908343
N65:852380

N65:837447
N65:808440
N65:778487
N56:656618
N56:734669
N56:733726
N56:698684

N56:665758
N52:615881
N52:592906
N52:572927
N52:575067

N48:557107

N56:744536
N56:730553
N56:706581
N56:697677

0
6.7

22.6
30.6
35.5
40.2
43.O
46.2
52.9

6'7.r
82.9

106.6
tl'?.4

6.8

13.8
20,5

27.4
30.0
35.4
53.3
61.1
6l.l
61.1

68.9
87.6
87.6
90. l

104.8

108.8

4t.4
43.l
41.s
60.4

supplied by NÆD
ratlng curve
ratlng curve
rating curve from Traffic Bridge
discharge as at Traffic Bridge
discharge as at Traffic Bridge
discharge as at Traffic Bridge
discharge as at Traffic Bridge
discharge from rating curve at
Ngaruawahia Cableway minus WaiPa
River discharge
rating cuwe
ratmg curve
rating curve
discharge as at Mercer Bridge

ratlng curve

rating curve
ratlng curve

ratlng curve
rating curve
rating curve/gaugings
rating curve at Whatawhata
rating curve
rating curve
Komakorau and Mangawara Stream
discharges
calculation based on slope
gauged
gauged
gauged
calculation based on slope and
flood gate aperture
gauged

plant discharge recorder
velocity head rod
plant discharge recorder
velocity head rod

Note: For tributary and effluent sites, the distance from Karapiro Dam denotes the position of the confluences of these discharges with the

Waikato Rrver.
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MwD sAMpt-" .oüË8iltoo'S i;.?o r*"r"* vArroN
(crIEMrcAL AND PHYSTCAL)

Surface water samplcs w
plastic bucket with internal
The samples for chemical, p
and 5-day biochemical oxygen demand (BODI) determina-
tions were siphoned through a rubber hose (0.6 or 1.0 cm
internal diameter) into the appropriate sample containers.
The contents o ¡g this procedure.
All containers either phosphate-
free.detergent 2M hydrochloric
acid (polyethy

to 1975 detergent-washed 500 cm3 glass bottles were used
instead ofpolyethylene containers and chloroform was used
as the preservative. Since the beginning of 191-5 preservation
has bçen with mercuric chloride (added to a final concentra-
tion of 40-60 g m-3) or with sulphuric acid (ro pH < 3),
depending on the determinations required (Kingsford er a/.
1977).

MwD ANAI-yrrcîlïÀir1äJro,"or,.AI- AND
PHYSICAL)

Five-day BOD samples were incubated while determina-
tions using unpreserved samples, e.g. conductivity, pH and
turbidity were carried out on the day of collection. Other
analyses were usually completed within two days of collec-
tion. Pressure filtration of samples Q.a5y, cellulose acetate
filters pre-washed with distilled water) was carried out in the
laboratory for determinations of dissolved constituents.rcol-
orimetric determinations were made with a Bausch and Lomb
Spectronic 20 spectrophotometer ( I 0 mm pathlength) prior to
1975 and thereafter with a double-beam Varian-Techtron
635D Spectrophotometer (10 mm pathlength).

All<alinity, total: Hydrochloric acid titration with
methyl orange indicator (APHA,
AWWA, WPCF t97l).

Nitrogen, organic:

Phosphate, dissolved Since September 1975 - modified
reactive: Murphy andRileymethodwithreduc-

tant and 8 cma aliquots of filtered
sample (Murphy and Riley 1962;Yan
Schouwenburg and Walinga 1967).

Phosphorus, total: Up to November 1975 - persulphate
digestion at 120 cC for 30 minutes
(APHA, AWWA, WPCF 19',71).
From Novemb er 197 5 to April 1976 -
same method modified to use 8 cm3
aliquots of sample ("mini method").
Since April 1976 - "mini" method
modified to avoid neutralization step.

Nitrogen, nitrite:

Nitrogen, nítrate:

Nitrogen, total:

Orygen, dissolved:

Orygen Demand,
Biochemiccl:

Orygen Demønd,
Chemical:

pH:

Phosphate, total
reactive:

Sulphate:

Suspended Solids:

Temperature:

Turbidity:

Diazotization (Strickland and Parsons
1972).

Modified cadmium column reduction
(10 cm3 sample aliquots) followed by
diazotization (APHA, AWWA,
WPCF 1971).

Kjeldahl digestion (unfiltered sam-
ples) followed by distillation and
nesslerization (APHA, AWWA,
v/PcF 1971).

Calculated as nitrate-N + organic-N
* ammonia-N.

Azide modification of Winkler titra-
tion (APHA, AV/WA, WPCF 1971)
or dissolved oxygen meter. Saturation
values determined according to Gol-
terman (1970).

Incubation in dark at 2O "C for five
days (APHA, AWWA, WPCF
197 t).
Up to August 1975 - dichromate re-
flux method (APHA, AWVy'A,
WPCF l97l). Since August 1975 -
modified dichromate digestion
method wíth 2 cm3 sample aliquots
digested in specially constructed test-
tubes.

Radiometer pH MeterType PHM 26.

Up to September 1975 - Murphy and
Riley method with extraction into
iso-butyl methyl ketone, unfiltered
samples (DSIR 1970).

Turbidimetric (APHA, AWWA,
WPCF 1971).

Filtration with Gooch crucibles using
Whatman GF/A and drying at 103 f
(APHA, AV/WA, WPCF 1971).

In situ - mercury glass thermometer or
dissolved oxygen meter thermistor.

Hach Turbidimeter Model 2100 with
Hach Formazin standards.

Chlori"de: Silver nitrate titration (APHA,
AWWA, WPCF 1971).

UVAbsorbance: Spectrophotometric measurement at
270 nm, filtered and unfiltered sam-
ples.

Conductivity.' Radiometer Conductivity Meter Type
CDM2D. Results are corrected to
25 oC according to Golterman(1970).

Hardness, total: EDTA titration without use of in-
hibitors (APHA, AWWA, WPCF
t97t).

Nitrogen, an;monia: Up to November 1975 - modified
phenol hypochlorite merhod using 50
cm3 aliquot of distillate from
organic-nitrogen determination (Sol-
orzano 1969).
Since November 1975 - modified
phenol hypochlorite method usin!
2-step addition of reagénts and 8 cm3
aliquots of sample (Weatherburn
1967).



APPENDIX 3.5
THE p-CORRECTTON rN THE CALCULATTON OF

MASSFLOWS

The mean massflow for a number of observations in a
particular time period is given by:

M:

Where Ci is concentration at time i
Qi is discharge at time i
n is number of samples

This expression gives an estimate of the time-average
massflow (M) for the period of sampling. If, however, the
mean observed discharge (Q) (calculated from instantaneous
flow measurements taken at times of sampling) is different
from the time-average discharge for the sampling period ( Q)
(calculated from level recorder data), M may be a biased
estimator of M. The standard deviation of the instantaneous
massflow (S-) may be similarly biased.

Figure 43.5.1 shows the instantaneous discharges esti-
mated at times of sampling at three sites on the Waikato River
plotted against time. Also shown for comparison are mean
monthly discharges calculated from the automatic level re-
corders at these sites. It can be seen that the instantaneous
discharges (measured at times of sampling) were frequently
quite different from the mean discharges for the time period
which the sample represents.

These differences arise because sampling surveys have
generally missed transient flood peaks and because mean
monthly discharges smooth out the fluctuations due to power
generation at Karapiro. Estimates of instantaneous dis-
charges are most likely to be in error at Fergusson and
Na¡rows Bridges since.loop ratings exist at these sites (refer
section 2.3). Furthermore, samples from the Fergusson and
Narrows Bridges were collected from near the top of the daily
hydrograph rïulting in higher than average observed dis-
charges (i.e. Q>Q).

To minimise the bias in time-average massflow estimates,
the arithmetic means and standard deviations of massflows
have been multiplied by the ratio

,--Q-P-ri

where Q is the time-average discharge obtained from automa-
tic level recorders for the period of interest, e.g. annual mean
discharge; Q is the arithmetic mean discharge calculated
from the instantaneous flow measurements at the times of
sampling for the same time period.
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It is evident then that the time-average massflow is the
time-average discharge multiplied by the flow-weighted
concentration (viz bracketed immediately above). Similarly,
S. becomes 5'' : B Sm.

For Waikato River sites the B-value was calculated as the
time-average discharge for the sampling period obtained
from the nearest level recorder divided by the arithmetic
mean of the instantaneous discharges estimated at the times
of sampling. Table 43.5.1 gives B-values for the time
periods for which massflows have been presented.

TABLE A3 5.1. WAIKATO RIVER: B-VALUES AT RIVER
SITES FOR VARIOUS'IIME PERIODS

Sampling
Sl¡es Oct 75-

Sep 76

n

S Qici
i:l n

Karapiro
Fergusson
Narrows
Cobham
Fairfield

Sewer Bridge
Te Rapa Intake
Horotiu
Ngaruawahia

Waipa River

Tainuì
Rangiriri
Mercer
Tuakau

0.95
1.05
1.12
t.t2

0.90
0.86
0.90
0.98

0.95
(NG1:0.94
NG2 -0 96)

0.92
095
0.95
0.92
0.92

At Fergusson and Narrows Bridges B-values were calcu-
lated using discharge level recorder data from Karapiro Dam
since these are not available from these sites for much of the
study period and because there are no large inflows in this
reach

The time-average discharges from the Traffic Bridge re-
corder were used to calculate a B-value for the periods of
interest prior to the installation ofthe recorder (P) by defining

^ ô (Tratf¡c Bridpe. t976r
Q tTral'l'ic Brid8e. P) * x Q {Karapiro Dam, P¡- a {Karapiro Dam, 1976¡

The Traffic Bridge discharges were used to calculate a

B-value applying to all sites from Cobham Bridge to Horotiu
inclusive since there are no major inflows or level recorders
in this reach.

The B-values calculated for Mercer were used for the
Tuakau site.

sQire I n

M then becomes

M':É

M'- a

vel Recorder 1974-1976

Karapiro Dam
Karapiro Dam 0.9'7
Karapiro Dam 1.05
Karapiro Dam 1.I2
Traffic Bridge
(Nov 1976 on)
Traffic Bridge

raffic Bridge
raffic Bridge 1 12

Ngaruawahia 1.00
Cableway
(minus Waipa River)
Ngaruawahia
ableway 1.05
ainui I 04

Rangiriri 1.06
Mercer 1.0'7
Mercer I 07
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FIGURE A3.5.I INSTANTANEOUS AND MEAN MONTHLY DISCHARGES AT THREE SAMPLING SITES ON TI{E
WAIKATO RIVER 19'14.197 6
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.A.PPENDIX 3.6
THE EFFECT OF AN INFLOW ON RIVER CONCENTRATION

This appendix derives the equations for the calculation of
the effect of an inflow, with a given massflow, on river
concentration. These equations have been discussed in sec-
tion 3.1.3 (i.e. equations (l) and (2) for AC and ÂC.*).

Referring to the situation shown in Figure 3. I . 3, conserva-
tion of water volume and mass of the constituent require that

2tt

APPENDIX 3.7
STATISTICS USED IN THE PRESENTATION OF WATER

QUALITY DATA

Mode: (Only defined for grouped data.) The most frequent
group of observations.

Median: The 'middle' observation. Fifty percent of the sam-
ple is larger than the median and fifty percent smaller.

Arithmetic Mean: For n observations of variable x.

X_

Standard Deviation:

Q¿ -- Q" * Qi,
and

Q¿C¿:QuCo*QiCi
from equation (4.1)

Qu:Qo-Qi
and by substituting this equation into equation (4.2), divid-
ing by Qo and rearranging terms

-nls
fr 4rxr

which is Eq.(l) of Section 3.1 .3.

For any values of Mi, Qr and Qu, this equation attains a

maximum value when Cu : O, so that

(A.s)

(A.6)

The term in the brackets approaches a maximum value
when Qi,<<Q" (Qi cannot be equal to zero since, in that

ac'*: [+" * aJ.".
and for a given massflow M¡

ac.u*: Mr 
[O-L_0,]-"_

case, there would be no inflow).
Therefore the maximum effect is given by

ACmu --+ *, Qi << Q"
Qu

equation (4.1)

AC:

and
AÔ

AC.u"

(A.3)

By defining the inflow massflow by Mi : QiCi and using

AC:co-c,:St.'-c").
nsâ. (xi - x¡

n-1

Standard Enor (of the mean):

^S.Se: Vn

Linear Regression Equation: For n observations of an inde-
pendent variable x and a dependant variable y (denoted by
(xr, yr) . . . . . .(xn, yn)) the linear regression equation is

Y:ax+b
where a, b are constants.
The values of a and b are obtained by minimising the

unexplained variation (or residual):
o

S (vi-Çi)'
_t
i=l

'lhe Total Variation is given by:
nnn

S (vi-v)' : S oiiù'+ S (ii-vl'
.-1 '?-
¿:l i .l i=I

where y is mean of n observation of y.

The Coefficient of Correlarion is given by:'

The simple linear regression can be extended (multiple
regression) wherein the dependent variable y is expressed as

a function of several independent variables.

(A.l)

(A.2)

(4.4)

(4.7)

(4.8)

(A.e)

(4.10)

which is Eq. (Z) of section 3.1.3.
Finally it is of interest to note that using the above equa-

tions, the dimensionless concentration change for a given
inflow massflow is given by

AC1
ñ'"*: l+d-----:- tl-ôl

where

" 
: E*, ô : å *" dimensionless parameters.

It can also be shown, for a given inflow concentration Ci,
that

ACmax: ia, when ei : Qu

-#, tr-ôl
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(Annual mean of monthly means, Years ending December 3l except where otherwise specified).
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.AM'LTNGAND'RESIP.HTIK.ò''BACrERroLocrcAL
SAMPLES

A sterile borosilicate glass bottle was clamped externally
to the plastic bucket used for collecting chemical samples
from the river and inflowing streams. For collection of sam-
ples from inflowing wastewaters, the bottle was held in a

clamp and plunged into the water with the mouth directed
towa¡ds the current. The samples were stored in the dark in
insulated containers chilled with ice-packs and transported
back to the laboratory for analysis within six hours. Sample
volumes ranged from 200 ml to 400 ml, depending on the
amount required for analysis (from Kingsford et al 1977)

APPENDIX 4.2
ANALYTICAL PROCEDURES FOR BACTERIOLOGICAL

SAMPLES

The methods recommended in "Standard Methods"
(APHA, AWWA, WPCF 1971 and 1975;) were adapted as
detailed below. Gelman GN-6 pre-sterilised filters were used
for all membrane filter tests. For these tests three different
sample aliquots or dilutions were filtered in order to obtain a

count within the correct range on one filter.
Coliþrms

Enumerated by membrane filtration of the sample fol-
lowed by incubation on M-Endo Agar LES (Difco) for 22-24
h¡ at 37.0 + 0.5 'C.
Faecal Coliforms

Enumerated by membrane filtration of the sample fol-
lowed by resuscitation on Nutrient Agar for lr/z-2lm at37 "C
(Bissonetteet al. 1975) and then incubation on M-Endo Agar
LES for 20-22\Y at 44.5 'r 0.2T..
Faecal Steptococci

Enumerated by membrane filtration of the sample fol-
lowed by incubation of KF Streptococcal Agar (BBL or
Difco) at 37 .O -r 0.5 'C for 48 -r 2 hr.
Standard Plate Count:

The pour plate method was employed, using Tryptone
Yeast Extract Agar (Standard Methods of Plate Count Agar,
BBL or Difco). Duplicate plates over three decimal dilutions
were prepared, one of each pair being incubated at 37" -t
0.5 'C fo¡24 -+ 2hr(SP37),theotherat20 +0.5 "Cfor48 -r
4 hI (sP20).
Coliform Reference Method:

Presumptive coliform counts were made by the most prob-
able number technique using Minerals Modified Glutamate
Medium (OXOID). A positive result was indicated by pro-
duction of acid and gas within 48 hrs at 37 "C. Confirmed
coliform counts were made by subinoculating positive pre-
sumptive coliform tubes into Lauryl Sulphate Broth. Produc-
tion of gas within 48 hr at 37'C was a positive result.
Presumptive faecal coliform counts were made by sub-
inoculating positive presumptive coliform tubes into Lauryl
Sulphate Broth. Production of gas within 24 hr at 44.5 "C
was a positive result (Anon. 1976).

APPENDIX 4.3
DATA ANALYSIS _ STATISTICAL METHODS

The methods used were in general the same as those
detailed in Appendix 3.7.

The bacterial data more closely fitted a log-normal than a

normal distribution (Figure 
^4.3.1) 

thus geometric means
rather than arithmetic means were used.

In cases where it was necessary to sum data to obtain
estimates of parameters such as massflow totals, the separate
addition steps were ca¡ried out before the data was trans-
formed logarithmically for statistical analysis. All ratios
were computed using non-transformed data.

APPENDIX 4.4
EVALUATION OF ANALYTICAL METHODS

The three membrane filter methods used for enumeration
of coliforms, faecal coliforms and faecal streptococci com-
pared with their "equivalent" most probable number
methods.
Coliþrms and Faecal Coliforms

Between October 1975 and March1977 comparisons were
made regulárly between the membrane filter and the refer-
ence most probable number methods for enumeration of
coliforms and faecal coliforms. The methods are outlined in
section A4.5 .2 . All samples collected on each sampling run
were analysed routinely by the membrane filter methods and
five samples were also analysed by the reference most prob-
able number method each time. These five samples were
from four effluents (Hamilton City Council Pollution Control
Plant, Te Rapa Dairy Factory, AFFCO Meatworks and
Taupiri Daþ Factory) and from Ngaruawahia Bridge.

Regression analyses of membrane filter coliform counts on
most probable number coliform counts, and membrane filter
faecal coliform counts on most probable number faecal col-
iform counts were performed on results from the 14 sampling
runs (or 73 samples) over 17 months. The regressions were
analysed on a logro transformation of data using the zero
constant formula, since it can be assumed that as logro
coliform concentrations approach zero, the results of both
membrane and most probable number tests will merge to-
wards zero.

In both tests there is nearly perfect correlation between the
membrane filter and most probable number counts (Table
A4.4.1). Both correlation coefficients were 0.98, showing
that0.982 or96Vo of the variability in logro membrane filteris
accounted for by the variability of logro most probable
number.

It can be concluded that the membrane filter methods used
in the present study by the MWD for the enumeration of
coliform and faecal coliform compare favourably with the
reference most probable number methods and that the routine
use of membrane filter methods is justified for the samples
under consideration (Geldreich et al. 1961).
Faecal Streptococci

Very little work has been done to evaluate the membrane
filter method for enumeration of faecal streptococci against
the most probable number method. Both methods are de-

scribed in Standard Methods (APHA, AWWA, WPCF
1975). In April and }rlay 1976 samples were collected from
effluent and river sites for a comparison between the two
methods. On average the member filter counts were twice as

high as the confirmed most probable number counts but only
aboú60Vo of the membrane filter colonies showed growth in
Ethyl Violet Azide Broth (EVAB) after incubation at 37 cC

for 48 hr. Therefore the membrane filter method is more
effective in recovering faecal streptococci but the concentra-
tion of EVAB positive types was overestimated by a factor of
about 1.7 according to the confirmatory test used. Practically
l00Vo of the red and pink colonies that grow on filters placed
on KF Agar are faecal streptococci, and more involved tests
for confirming colonies are recommended by APHA,
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TABLE A4.4,1 . RESULTS OF REGRESSION ANALYSES ON COLIFORM TESTS

Test Equation of regression line 1 957o confidence
limits fo¡ r

f2

lower upper

Coliform
Faecal
Coliform

COLMF:L : 101 COLMPN:L

FCMF:L - 0.95 FCMPN:L

0.98

0.98

0.97

0.96

0.99

0.99

96Vo

96E

220

r : correlation coefficient
MF:L : Logro Membrane Filter concentratior/l00 ml
MPN:L : Logro Most Probable No. concentration/lO0 ml

AV/WA, WPCF (1975). Therefore, it is considered that the
faecal streptococci results presented can be accepted as an
estimate of the faecal streptococci concentrations. However,
the results obtained for the Te Rapa Dairy Factory wastewat-
ers are open to question since the faecal streptococci in
wastewater may include members of the non-faecal lactic
streptococci. This matter requires further investigation.

APPENDIX 4.5
BACTERIOLOGICAL RESI.'LTS FROM OTFIER

ORGANISATIONS

DEPARTMENT OF }IEALTH
Between October 19'73 and February l974the Department

of Health carried out four surveys on the Waikato River from
Arapuni to Tuakau. To observe trends along the river the
geometric means for SP37 and faecal coliform counts at each
site were computed and plotted (Figure 4.5.1). The SP37
count was a plate count incubated at 37 'C for 24 hr and the
faecal coliform count was obtained by the most probable
number technique.
The river sites sampled were as follows:

Arapuni (by Arapuni water supply intake).
Karapiro (by Cambridge water supply intake).
Downstream of Cambridge sewage treatment outfall.
Narrows Bridge.
Hamilton City Council water supply intake.
Wellington Street beach, Hamilton.
Horotiu Bridge.
Ngaruawahia Bridge.
Hopu Hopu Village (Ngaruawahia Military Camp).
Taupiri.
Huntly Bridge.
Mercer Bridge.
Tuakau Bridge.

HAMILTON CITY COUNCIL
Since 1949 HCC have been routinely analysing water

samples collected from the Waikato River. Long-term trends
in coliform counts were discerned by plotting the yearly
geometric means (Figure 4.5.8). The coliform counts were
obtained by the presumptive most probable number
technique.
Sampling sites and the periods of sampling are as follows:

Hamilton Water Supply pumping station intake

- old, almost opposite Wellington Street beach
Hamilton Feb 1949-Sept 1971

- new, Peacocks Road, upstream from
Cobham Bridge, Hamilton Apr l97l-Oct 191'7

St. Andrews

- left bank of river at golf course Feb 1949-Aug 1958

- right bank of river near intersection of Comries
and River Roads, Hamilton Sept 1958-Oct 1966

Horotiu Bridge Feb 1949-Oct 1966
The new pumping station opened during 1971 about one

kilometre upstream from the old one. For a few months
samples were collected at both intakes but from October 197 I
they were only collected at the new intake. Because results
for both intakes, when sampled on the same day were very
simila¡, results from both intakes were treated as having
come from one site.
AFFCO HOROTIU MEATWORKS

Bacteriological results in the Waikato River were obtained
from the AFFCO Horotiu Works' Laboratory for the period
November 1968 to October 1977. Samples were taken from
three positions on the Ngaruawahia Bridge, and the results
averaged.

The yearly geometric means of coliform counts obtained
by the confirmed most probable number technique were
compared with those of the MWD at both Horotiu and
Ngaruawahia (Figure 4.5. 8).
AUCKLAND REGIONAL AUTHORITY

Since 1971 ARA have been sampling the Waikato River at
Tuakau. The yearly geometric means of the coliform results
obtained by the presumptive most probable number
technique were compared with those of the MV/D at Tuakau.

APPENDIX 5.I
MANNING FRICTION COEFFICIENTS FOR TFIE WAIKATO RIVER (WVA data)

Approxìmate
locations

Distance from
sea, km

n value
main channel

n value
berm*

Sea - TU
TU_RA
RA_NG
NG_FE
FE_KA

0 - 3049
30.49- 76.32
76.32- 94.45
94.45- 140.00

1 40.00- I 49. I 5

0.025
0.030
0.035
0.035
0.050

0.050 or 0.100
0.050 or 0.100
0.050 or 0.100

0.050

* High values used at sections where the berm is covered with willow trees, and low values where the berm is grassed.



APPENDIX 5.2
A SIMPLIFIED VERSION OF TFIE BOD/DO MODEL

A simplified version of the BOD/DO model was de-

veloped to facilitate investigations into the potential impact
of cooling water from the Huntly Power Station. This
simplifiedmodel was preferred to the full modcl because it
considerably reduced the computational effort and allowed
the numerous simulations required to derive Figure 5 .4.4. to
be made quickly
simplified model
quite closely seve

The simplified
tions: the BOD decay rate and reaeration rate are constant;

effluent entering the river has the same effect as a single point
source of magnitude 250 g s-1 BOD' located at Horotiu
Bridge (102.5 km from the sea); inflow from all of the

tributaries has the same effect as a single inflow located at

Horotiu Bridge; and the effect of aquatic plants is to superim-
pose a sinusoidally varying perturbation on the mean daily
DO profile.

The mean daily DO profile is calculated from the so called
"DO sag equation", attributed to Streeter and Phelps (1925)
which gives the solution below for a constant BOD source in

a uniform channel as

D(r) : ** 1e-k't -s-k'ty + Doe-k''
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mean depth is 3.0m, rr :0.030 g(oxygen) (g(biomass) hr){
and e ti' is close to zero, so that equation (15) becomes

This implies that the maximum amplitude of DO fluctua-

tions is limited by the availability of light to 4.8 g ma.
The simulations used to derive Figure 5.4.4 were con-

ducted as follows: river temperature, DO saturation concent-

ration, and discharge at Huntly (QH) were selected; the time

of travel from Horotiu to Huntly was estimated from Figure

2.2; the initial BOD concentration was 250/Qr¡; the DO

deficit and BOD concentration at Huntly were evaluated

(where 0 : 8 "C).* Equating and rearranging these two
expressions and invoking the water right restriction on the

uolu-e of cooling waterdischarged which is 38 m3 s-l (1340

ft3 s-1) gives

ô- _ f 0.663Qn (l-0.03860) if Q. < 38

| 38m3 s-1 it Q. > 38

(17)

where D(t) : oxygen deficit (DO saturation - DO); D. :
oxygen d
assumed
injection
flow rate
rate; t : time of travel from the point of injection of BOD'
The BOD concentration is

S(t):5."'k't
where S(t) : BOD concentration at time t after injection' For

these simulations kr :0.075 hr-1 , and kz :0.025 hr-l .

A theoretical investigation undertaken during the present

study has shown that the diurnal variation of DO caused by

aquatic plants has an amplitude of approximately

r --khA - rr( r 2kh-) P

where A : amplitude of DO variation (g m-t); k : light
attenuation coefficient (m-t); h : river depth (m); ¡t : peak

oxygen production rate (g(oxygen) (g(biomass) day)r ); P :
phytoplankton biomass concentration (g m-t). For the

Waikato River

k : 0.75 + 0.025 P ( 1ó)

( 18)

where Q. : cooling water flow (m' s-t). The increase tn
BOD concentration at Huntly which might arise from opera-

tion of the power station is TzPQJQ. The minimum daily
mean DO below Huntly was then calculated from the well
known equation derived from equation ( I 3) (see for example
Yelz 1970).

D":*rr"-krtc (19)

where

tc - T'-ÌD '" [*{ '-H+ù}] (20)

For equations (19) and (20) tc : flow time from Huntly to
the bottom of the DO sag; D. : maximum mean daily DO
deficit below Huntlyi Ss : initial BOD concentration at

Huntly; Du : initial DO deficit at Huntly.
The viable phytoplankton biomass below Huntly is ap-

proximately P(1-QJQ) which was substituted into equation
(17) to give the amplitude of diurnal variations in DO' The
maximum DO deficit was then Dc * A. In deriving Figure
5 .4.4 the value of P required to give a minimum DO of 5.0
g m-3 below Huntly was estimated by trial and error.

*Both QH and Q. are in ft3 s-l for these formulae.
I ft3 s-1 : 0.0283 m3 s-1

I Btu : 1054 J

(13)

(14)

(ls)
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