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ABSTRACT

Sand extraction from the bed of the lower Waikato River has occurred over the past three
decades, primarily to meet the demands of the Auckland construction industry. The extraction
has affected bed levels over large areas of the river.

From analysis of the Waikato Catchment Board's periodic river channel cross sectional
surveys degradation of river bed levels is seen to be occurring in the Puni to Huntly reach as a
result sand extraction and river training, and in the Karapiro to Hamilton reach as a result of
construction of the Karapiro dam. Noticeable degradation has occurred since 1964, and the rate
has increased between the most recent bed level surveys, 1981 to 1987. The river level has
lowered to an extent where further lowering will hinder the operation of water intake structures
at the Huntly Power Station, and promote drainage of the Whangamarino wetlands.

From the interpretation of echo sounding traces, aerial photographs and field observations it
is seen that sand bar, dune and ripple bedforms exist in the lower Waikato River. Two distinct
dune populations exist, a short steep group with a ripple index (Ah) of about 24 and a long flat
group with a ripple index of about 40. Sand bar bedforms, which have previously been loosely
referred to as 'dunes’, dominate the Huntly to Mercer reach and are related to a sinuous thalweg
pattern. The bars also exist in two forms, with straight or strongly curved crests. A relationship
between flow discharge and the rate of bar migration exists. However, at high flows (~> 600
m3/s) the bars become rounded and the crests undefineable. The river bed is devoid of
detectable bedform (h < 0.1 m) immediately downstream of sand extraction sites.

Using the relationship between bedload transport and discharge determined from bar
migration in the present study, and a similar relationship developed previously (Finley, 1974),
an estimate of medium term (for the period 1975 - 1989) bedload transport is 180 000 m3/yr.
Several bedload transport functions were applied to the lower Waikato River. Colby's
Relations (1964) was found to be the most applicable mathematical approach as it provided
estimates of bedload transport comparable to those estimated from bar migration. The Karapiro

dam has blocked the major supply of bedload, so the bedload transport rate can be expected to
drop in future.

The bottom sediments of the lower Waikato River are predominantly coarse poorly sorted
pumiceous sands. There is no significant difference in textural statistics between the Mercer and
Puni areas. The Puni area has a shallow pre-fluvial basal unit, thereby limiting the useful
resource to 7- 9 m3/ m2 of river bed. No pre-fluvial unit was found in the Mercer area. A
sedimentation rate of 2.8 mm/yr since the Taupo eruption was inferred from stratigraphic data.

From the results and interpretations in this study, continued sand extraction at the present rate
at Mercer will promote further bed level lowering, and operations would be better concentrated
in the tidally influenced areas around Puni. It is recommended that future cross sectional
surveys should be conducted more regularly (2-3 yrs) and each survey should be completed
over a shorter period (4-6 weeks), and regular future assessment of bedload transport should

be made. A need exists for further research into the effects of sand extraction and management
of the lower Waikato River.
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CHAPTER 1
INTRODUCTION

1.0 NATURE OF THE PROBLEM

The bed of the lower Waikato River represents a large valuable resource to the Auckland
construction industry. The management of this resource requires a careful balance between
environmental needs and industrial demands. The purpose of this study is to provide an
enhanced understanding of the bedload sediment transport, bed morphology and subsurface
characteristics of the river. The active bed material and subsurface deposits of the lower
Waikato River are composed of poorly sorted clean sands of volcanic origin. They exhibit a
wide size and density range making it useful for a diverse number of tasks in the construction
industry, from concrete blocks to gib board.

The value of this resource has been recognised for many decades, but large scale sand
extraction has taken place only since the late 1950's. Sand extraction has occurred at several
locations along the lower Waikato River, with the rate of extraction increasing from the early
1960's to a peak in the mid 1970's and then dropping and leveling somewhat in recent yearsin
response to market forces. A summary of the extraction volumes shows that nearly 13 x 106
m3 has been extracted from the lower Waikato River in the last 35 years (Appendix 1) . The
removal of such large volumes of sand from the river is likely to have a significant impact on

the fluvial regime and cause problems in related areas.

A notable lowering of the mean bed level has occurred in the vicinity of active extraction
sites, and for some distance upstream. A comparable lowering of the water surface profile has
occurred in areas outside the tidal region (Mercer, Meremere area). In the past this lowering has
to some degree been beneficial, producing a lower water table and hence improving drainage in
nearby farmland. The lower profile has also facilitated flood protection, but with further
lowering some problems may begin to occur. Increased bank erosion in the Mercer area, lower
water levels in the Whangamarino swamp (a large undeveloped wetland and conservation
area), and lowering of the bed at water intakes for the Huntly power station are the major
potential problems at present. With the recognition of these problems, the rates and location of
sand extraction on the river are being questioned. There is at present a lack of detailed
information on sediment transport in the lower Waikato River (Dahm, 1987), and a study of
the fluvial regime and geomorphic change in the Lower Waikato is long overdue.
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Figure 1.1 : Location map of main study area, showing important geographical features.



1.1 STUDY AREA

The lower Waikato River is generally defined as the portion downstream of the Karapiro
dam. Although this reach will be considered in the broader context of the study, the majority of
field work and analysis has been performed in the reach from Rangiriri downstream to just
below the Elbow (Figure 1.1). This reach covers all the current extraction locations on the river
and a sufficient stretch upstream in which the sediment transport regime can be studied.
Smaller reaches are selected within this area for a bed morphology study (Orton) and
subsurface investigation (Puni and Mercer) (see Figure 1.1).

1.2 OBJECTIVES OF STUDY

Recognition of the problems outlined above indicates that improving the general
understanding of the fluvial geomorphology of the lower Waikato River is a major objective. In
this study the following objectives are addressed :

(1) An estimation of the long term bedload transport rate is one of the most pertinent

objectives as this defines the ability of the river to sustain continued sand extraction;

(2) A detailed investigation of changes in bed profile through time to assess the impact of

extraction and other human interference;

(3) A study of bed morphology and its change with time to give a better understanding of

the fluvial system;

(4) A summary of the considerable amount of data relevant to sand extraction on the river

held by the Waikato Catchment Board (W.C.B), previously the Waikato Valley
Authority; and

(5) Draw deductions about the likely future change to theriver.

From these, specific questions such as the rates of replenishment, how long extraction can
be sustained, effects of extraction and the future of the resource can be answered.

1.3 APPROACH TO THE STUDY

This study involves the integration of information from two main sources, firstly present
field investigations and secondly information held by the W.C.B. The various aspects and
interrelationships of the two areas are shown in Figure 1.2. It shows the aspects of field work
undertaken, methods of analysis used and the resulting data bases on which interpretation was
made to synthesise results for the objectives outlined in Section 1.2. In general, it is héped to
relate current field work with similar information from the W.C.B to produce a long term
appraisal of the river system.
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An analysis and discussion of W.C.B data and river management are contained in Chapter
2. This includes a detailed analysis of the W.C.B's periodic survey data. River bed
morphology and textural characteristics are discussed in Chapter 3, including a comprehensive
investigation of changing bed morphology in a study area over a one year period. Bedload
transport estimates are covered in Chapter 4, where three main methods of estimating sediment
transport are used. These are; bedload trapping, rates of bedform movement and bedload
formulae. Previous sediment transport studies on the river are also summarised in Chapter 4.
Specific reaches were selected for detailed studies, including subsurface stratigraphy, where
cores were taken in the Puni and Mercer licence extraction areas. The subsurface investigations
performed in the two licenced extraction areas are presented in Chapter 5. This includes
analysis of cores (grain size & pumice %), correlation with sub-bottom profile data and 14C
dates.

1.4 SCOPE OF THE STUDY

This study aims to improve the understanding of the lower Waikato River and aid in
management decisions for the utilisation of a finite resource. As studies, such as the periodic
surveys performed by the W.C.B continue, more data will become available to allow a better
assessment of the river's changing form. As Dahm (1987) states; "Available survey data above
the Horotiu Bridge is inadequate to draw any firm conclusions about the rate of downstream
translation of any trend for degradation”. Since the release of this report another W.C.B survey
has been completed, providing further information for assessing the rate of downstream
degradation. However a need exists for continued studies of the lower Waikato River if its
resource potential is to be utilised correctly in the future.

1.5 RECENT HISTORY OF THE LOWER WAIKATO RIVER

The Waikato River's usefulness as a navigable waterway was first recognised by the early
European settlers in the late 19w Century. River bed surveys of the lower Waikato were
conducted as early as August 1862 when Captain Greaves charted channel limits, shoals and
depths from Mairoa bay to:the Tuakau gorge. The history of channel surveys on the river is
covered comprehensively by both W.V.A (1981, Unpub) and Sledger (1987). Regular
comprehensive bed surveys have been made by the Waikato Catchment Board (formerly
Waikato Valley Authority) every 5-6 years since 1958. Hydroelectric dams now dominate the
Waikato River from Aratiatia just downstream of Taupo to Karapiro near Cambridge. During
the building of the Arapuni dam in 1928 emergency use of a partly natural spillway channel



deposited about 5.4 x 106 m3of debris into the channel (Finley, 1974). This caused a large
amount of aggradation of the downstream profile and some reaches are only just returning to
their pre-1928 levels.

Commercial sand extraction has occurred on the river since the late 1950's until the
present. During the late 1960's, bedform surveys were carried out at four reaches of the river:
Huntly, Churchill East, Meremere and the Whitebait factory at the delta entrance (Ridall, 1967).
In the early 1970's a Model study of the lower Waikato river was undertaken by the Hydraulics
Research Station (HRS) at Wallingford, England on behalf of the Waikato Valley Authority.
The study was designed to investigate ways of improving sections of the lower Waikato River
to minimize the effects of flooding on surrounding farmland and communications in the region
(HRS, 1971a). River training works were subsequently undertaken on the recommendation of
this report. They began in 1973 just upstream of Meremere and were completed in 1985. The
main aim of these works was to improve the channel efficiency by the placement of groynes
which would narrow and deepen the channel. Straightening of the channel and removal of
islands was also done to hasten the flow during times of flood.

1.6 PRESENT RIVER STATUS

Presently the Waikato exists largely as a regulated river due to the control imposed on it by
the Lake Taupo control gates and hydroelectric dams. However, downstream of the Waipa
confluence high flows are still experienced because of the uncontrolled nature of the Waipa
catchment.

The major sediment supply for the lower Waikato River has been cut off with the
construction of the hydroelectric dams and this is expected to cause downstream degradation of
the river bed (Williams and Wolman, 1984; Dahm, 1987). This effect is seen to be occurring
in the analysis of survey data (Chapter 2) and is likely to translate downstream in future. The
Waipa River is the main tributary to the lower Waikato River and provides the only other
potential source of bedload sediment. Some assessment of its contribution is made in Chapter 3.
Other smaller tributaries contribute to suspended sediment in flood but provide little, if any,
bedload sediment (Finley, 1974).

Commercial sand extraction is currently taking place at Meremere, Tuakau and Puni. Some
minimal maintenance dredging also occurs periodically in the water intake forebay of the
Huntly power station. The present annual extraction rate is 400 000 - 500 000 m3/yr, with
approximately half of this volume taken from the Meremere reach and the remainder at the
Tuakau and Puni operations. As previously mentioned the W.C.B carries out bed surveys of
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the lower Waikato River every 5-6 years to monitor the effects of sand extraction and other
river works. Marked degradation of the bed profile can be seen from these surveys at and
upstream of the extraction sites in recent years. This aspect is examined in Chapter 2.
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CHAPTER 2

RIVER MANAGEMENT AND SURVEYS

2.0 INTRODUCTION - LOWER WAIKATO RIVER SETTING

The Waikato River has a catchment area of 14 260 km?2 and flows 425km northward through
the central North Island to the Tasman sea. The lower Waikato River (Lake Karapiro to
Tasman sea) can be regarded as a sub-catchment of this area (MWD, 1979), and is the area of
consideration for this study (Figure 2.1). The river is largely regulated downstream of the
Karapiro Dam to its main tributary, the Waipa River. The unregulated Waipa River has a
catchment area of 3060 km?2 and contributes significant volumes of water to the Waikato in
times of flood.

The Karapiro - Ngaruawahia reach is a deeply entrenched section with five small tributaries
which drain the surrounding low lying, predominantly pastoral farmland. The surface geology
in this part of the catchment consists predominantly of the Tauranga Group sediments, namely
the Taupo Pumice Alluvium, Hinuera Formation and Karapiro Formation. All of these are
predominantly pumiceous sands / gravel, with the latter two possessing some clay and peat
lenses (Marshall and Petch, 1985). Discharge patterns in this Waikato reach are responsive to
generation patterns at the Karapiro Station, with high flow during the day and low flows
during the night MWD, 1979).

The Waipa River drains similar lithologies but also has significant input from the western
ranges of the Hamilton basin, whose geology is a combination of Greywacke basement,
Tertiary sedimentary rocks (Waitemata & Te Kuiti Formations) and Alexandra Volcanics. The
Waipa contributes large quantities of suspended sediment to the Waikato River at its confluence
at Ngaruawabhia.

From Ngaruawahia to the mouth, the river cuts through the Hakarimata - Taupiri Range
between Taupiri and Huntly (Figure 2.1), and then flows northward through alternating low
basins of peat swamps and shallow lakes and rolling hills. The gradient is low with the river
falling just over 30 m in the last 88 km.A complex interplay existed with flow to and from the
river and adjacent ponding basins (Ridall, 1967), but this has been modified with the
construction of the Lower Waikato - Waipa Flood Control Scheme. The geology in this area is
predominantly peat and alluvial deposits in the low lying areas, and Te Kuiti Group Tertiary
sediment in the western ranges with an area of basaltic volcanics around Tuakau.
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2.1 RIVER MANAGEMENT AND SAND EXTRACTION

River management of the lower Waikato River has been the responsibility of the Waikato
Catchment Board (W.C.B, previously Waikato Valley Authority) since its formation in 1956.
Prior to this, the Public Works Department was responsible for data collection and management
of the river. Areas of Catchment Board responsibility that are of interest to this study include;
collection and analysis of river flow and cross section survey data, flood protection work, and
monitoring and licencing of sand extraction operations on the river.

The data from regular river cross section surveys are analysed and interpreted in Section 2.2.
Specific studies by the W.C.B on sediment transport are outlined in Chapter 4. Large scale
flood protection works involving stopbanking and river training have been undertaken by the
Catchment Board in the past three decades. Commercial sand extraction has occurred on the
river since the early 1950's, and has assisted in achieving the flood protection objectives of the
Catchment Board (Mullholand, 1983). It has also provided significant income for the

Catchment Board in the form of royalties which has helped service the loans for flood control
works.

2.1.1 Flood Protection and River Training
Lower Waikato - Waipa Flood Control Scheme

In the wake of the devastating floods of 1953, 1956 and 1958 a clear need existed for some
form of flood control scheme to reduce the agricultural losses caused by such widespread
flooding. The newly formed Waikato Valley Authority (W.V.A) initiated the "Lower Waikato -
Waipa Flood Control Scheme". A full review of this scheme and the flood hydrology
characteristics of the lower Waikato and Waipa catchments is given by Mulholland (1983).
Certain aspects of the flood control scheme are of relevance to this study as they have changed
the fluvial regime in parts of the river.

This HRS study investigated the effects of channel modifications on river levels, hence
determining the effectiveness of the proposed scheme. This study concluded that the W.V.A
design stopbank proposal provided adequate protection under, the then, existing conditions for
a 63800 cusecs (cubic feet per second, 1800 cumecs) flood at Rangiriri.

Construction of the Tongariro Power Development altered the hydrology of the Waikato
catchment with the implementation of the Western diversion. The diversion directs water from
the Wanganui River catchment into the Waikato River and was expected to increase outflows
from Lake Taupo by 26%. From flow distribution curves at Karapiro, the mean discharge
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increased by 19% or 42 cumecs (Mulholland, 1983). Considerable investigations were
undertaken to determine the work required to offset the effects of the Western diversion on the
Lower Waikato - Waipa Flood Control Scheme (HRS, 1971b). The HRS report proposed a
number of dredging schemes to induce lowering of the bed profile. A 'major' scheme involved
7.7 x 106 m3 of excavation to produce an average 30 cm lowering throughout the reach, while
a 'minor' scheme proposed a 12 cm average lowering with 4.4 x 106 m3 of extraction.
However neither of these schemes was instituted by the W.V.A as it was felt that the lowering
required could be achieved by limited river training and allowing commercial sand extractors to
operate in selected areas.

River Training

An experimental river training program was undertaken by the Catchment Board over a 4km
reach immediately upstream of Meremere in 1974. This involved narrowing the channel from
approximately 400m to 220m (Figure 2.2), producing an initial reduction in average cross
section area of 50% (Mulholland, 1983). Details of construction and maintenance are outlined
in W.V.A (1982, Unpub). The extent these work can be seen in Figure 3.17 and at the top of
the aerial mosaics, Figures 3.20 - 3.22. These figures show the extent of infilling behind the
training works over the 1978 - 1983 period.

The object of the training was to produce a narrower, deeper and hence more hydraulically
efficient channel with a lower bed profile. By 1981 pre-training cross sectional areas had been
re-established as a result of natural scour (aided also by degradation caused by downstream
sand extraction). This resulted in an average 0.56m lowering of the mean bed level over the 4
km reach upstream of Meremere from 1970 to 1981 {Mulholland, 1983). Further training
works have been constructed between cross section (C.S).93 - cross section (C.S).96 and
C.S.101 - C.S.106A in 1985 (R Sledger, WCB, pers. comm.) (the cross section locations are
shown in Figure 2.4) and minor work on the left bank at C.S.61 (Figure 2.2).

2.1.2 Sand Extraction Policy and Extraction Rates

The W.C.B obtained the responsibility for controlling sand extraction on the Waikato River
from the Marine Department in 1958. Initially Marine Department licences were reproduced,
with a new licence form more applicable to river operations drawn up in 1959. There was
however no formal policy until 1976. The policy adopted in September 1976 by the WVA
gave companies until April 1979 to prepare for five year licences drawn up under the policy
effective from that date. The thrust of the policy was to move operators to areas more
favourable for extraction with respect to river behaviour (W.C.B, 1989 unpub). It had been
hoped to move Mercer based extraction operations.gradually upstream towards Rangiriri, but
due to a downturn in the building industry in the mid to late 70's the incentive to move quickly
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upstream was reduced. As a result of this, the policy has not been adhered to as tightly as was
hoped. Present policy is changing in light of the latest survey data on the river (Section 2.2),
and the Catchment Board presently aims for a reduction in volumes extracted, as opposed to
moving extraction sites upstream (R Sledger, WCB, pers. comm.). Future extraction is likely
to be limited at Mercer to a figure just below that of bedload transport, believed to be about
170 000 m3 (Finley, 1974), reducing yearly over the next five year licence period with the
possibility of a swifter reduction if the situation deteriorates (W.C.B, 1989 Unpub). Puni
operations are likely to continue as they are, with limited restriction at Tuakau.

Figure 2.3 shows the trend in sand extraction rates since 1953. Over the last decade, an
average of 450 000 m3/yr has been extracted from the river, with approximately 60% coming
from the Mercer operations. Rates of extraction have been strongly controlled by market
forces, and one-off projects such as the Huntly Power Project and stopbanking for the flood
control scheme, which have used significant volumes of sand. Total extraction volumes
recorded and operators involved are presented in Appendix 1. This indicates that a total of 13 x
106 m3 has been extracted since the early 1950's

2.1.3 River Channel Surveys

Surveys of river channel cross sections have been conducted by a number of authorities since
the early 1900's. The surveys provide information about changes in width, cross sectional area
and mean bed levels over the river with time. They can be used to assess the natural behaviour
and stability of different reaches of the lower Waikato River, and also to assess the impacts of
any human manipulation of the fluvial system. The pre-1960 surveys can be summarised as
follows (Sledger,1987):

1913 - 1915 : The Department of Lands and Survey undertook the first extensive survey
form the river mouth to Rangiriri. Well executed and recorded and can be related to
triangulated controlled surveys;

1928 - 1930 : The Public Works Department re-established most of the Lands and Survey
cross sections from Kaiwaka island (upstream of the Elbow) to Rangiriri, inserting a
few cross sections at Orton and extending the work upstream to Ngaruawahia. This
extended work however was not related to control traverses;

1938 - 1939 : The Public Works Department re-surveyed the cross sections established in
1913 and 1928 commencing at the Tuakau bridge;

1954 : Ministry of Works re-established sections between Kaiwaka island and Huntly with
fixed concrete bench marks that were tied into control traverses;

1958 : The newly formed Waikato Valley Authority re-sounded a number of selected cross
sections between Kaiwaka island and Horotiu to assess the effect of the 1958 flood.
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In 1960 most of the 1913 cross sections in the «clta area (below Whitebait factory) were re-
instated and a large number of new sections were established in both the delta area and as far
upstream as Rangiriri, in preparation for the construction of a hydraulic model of the rivi - it
the Wallingford Hydraulic Research Station in England (Sledger,1987). Since this time, (he
established cross sections have been surveyed at fairly regular intervals. The major sounding
years that cover most of the lower Waikato river are 1964, 1970, 1975, 1981 & 1987. Figure
2.4 shows the position and distribution of the cross sections (C.S.) involved in these surveys.

2.2 DATA BASE FROM RIVER SURVEYS

A large data base of survey information has been built up throughout the years.
Investigations of bed level and bed volume changes are made using this data base as it provides
the only consistant long term data available . The cross sections along the river are not all
surveyed over a short period of time. For example some of the cross sections in the 1964
survey where actually surveyed as early as 1962. Therefore only broad, long term trends in
bed levels can be obtained from the data. However for ease of presentation and consistancy the
surveys are grouped into the intervals shown. The analysis of bed survey data presented in this
study concentrates on the 1964 to 1987 surveys.This approach is adopted for the following of
reasons:

(1) these surveys were all electronically echo-sounded;
(2) 1964 was the first complete survey including all original cross sections and a large number
of new ones;

(3) rates of sand extraction were significant from the early 1960's onwards.

Earlier survey data is however used to highlight specific points. A summary of available
survey data from 1913 onwards is given in Appendix 2, showing width, cross sectional area
and mean bed level of each section, at each survey.

2.2.1 Waikato Catchment Board Survey Concept & Results

The survey concept used by the W.C.B is outlined in Figure 2.5, and the survey parameters
are defined as follows:

Normal Water Level (NWL) is a datum level at any given cross section. Values at cross
sections are chosen so that they increase upstream. They are not necessarily related to any
particular discharge or frequently occurring water level;

Cross Sectional Area below normal water level. This is a useful parameter as it takes into
consideration changes in width at NWL, and is therefore a more accurate indication of
bed behaviour; and
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Mean Bed Level (MBL) is the mean reduced level (height above or below MSL) of the
whole bed profile that is recorded in any particular survey of a cross section.

Trends in bed level and bed volume change above the mean sea level (MSL) datum for all of
the survey data are discussed in detail by W.V.A (1981,unpub), Mulholland (1983) and
Sledger (1987). The trends identified are as follows:

Whitebait Factory to Tuakau Bridge (C.S.16 - C.S.33): Bed levels appear to be stable or
rising slightly since 1913, especially from 1928 -1938, but from 1962 onwards a
strong degrading trend occurs, especially in sand extraction reaches at Puni and
Tuakau;

Tuakau Bridge to Mercer (C.S.33 - C.S.51 ): A notable decrease in cross sectional area
from 1928 is seen, followed by a stable period. From 1964 onwards cross sectional
areas begin to show a significant increase;

Mercer Reach (C.S.51 - C.S.60) : With sand extraction occurring here since the 1940's
there has been a gradual increase in cross sectional area since 1954, sharp increases
from 1964. Since 1975 the rate of degradation has decreased as operators have been
moved further upstream. Cross sectional areas in this reach are upward of 50% larger
than in 1964. From the 1981 survey MBL's have lowered over the whole reach by
an average of 1.25m since 1913, 1.50m since 1964, and 0.55m since 1972;

Meremere Reach (C.S.60 - C.S.67): Shows an aggrading trend from 1928 to 1964, with
degradation occurring since. This reach has also been altered by river training which
reduced the width in places from 400 to 200 m;

Meremere to Rangiriri (C.S.67 - C.S.112): A general pattern of slow aggradation up until
1964 is again followed by a trend of gradual degradation throughout the reach;

Rangirin to Huntly (C.S.112 - C.S.123): The reach has generally been stable, but lowering
of the bed levels occurred between 1970 and 1975 as a result of large scale sand
removal for the Huntly Power Project;

Huntly to Hamilton (C.S.123 - C.S.151): Some aggrading in the Huntly - Waipa River
reach has occurred, otherwise discharge rating curves indicate a stable situation. A
lowering of the bed level at the Hamilton Traffic bridge between 1964 - 1974; and

Hamilton to Karapiro (C.S.151 - C.S.174): In 1974 a number of cross sections were
established by the Ministry of Works, extending up to the Karapiro Dam. With the
limited information available a stable situation is thought to have existed for some
years.

Approximately 5.4 x 106 m3 of pumice sand was discharged into the river in January 1928
from the erosion of the spillway diversion channel at Arapuni during the construction of the
Arapuni Dam. Marked aggradation over a large stretch of the river occurred, with some areas
only now returning to their pre-1928 levels. Using the concepts above and the available data,
both MBL (Section 2.2.2) and cross sectional area (Section 2.2.3) changes are analysed over
the period 1964 - 1987.
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2.2.2 Mean Bed Level Change

Mean bed levels of surveyed cross sections are plotted against distance from a datum to
produce a river bed profile. In this case Mean Bed Level (MBL) data for the period 1964 to
1987 is plotted against distance upstream of the mouth using a SAS graphics plotting
procedure, PROC GPLOT.

Smoothing of River bed profiles

In this plottling procedure a cubic spline routine (I=SMxx) that minimizes a linear
combination of the sum of squares of the residuals of fit, and the integral of the square of the
second derivative, has been used to fit a smooth line to the profile (SAS, 1985), with a value
(xx) from 01 to 99 being assigned. The higher the xx value, the smoother the curve. The effect
of this value can be seen in Figure 2.6, showing straight joining of MBL data for the 1987
survey, and smoothing at xx = 70, 80 and 90. A smoothing value of 80 is used for the rest of
the analysis as it does not over straighten the line as with 90, and is not excessively influenced
by outliers as with 70 (top end of Figure 2.6). Interpretations at the extremities of such
smoothed curves must allow for some deviation caused by the restricted number of data points
available for use in the smoothing routine. '

Figure 2.7 is a plot of the 1964 and 1987 survey data. This shows the bed levels
(unsmoothed & smoothed) at the beginning and end of the period under consideration. From
this it can be seen that the smoothing technique used provides a good indication of the broader
scale bed level changes. Extreme variations d¢ occur in the raw bed level data, but these can
generally be attributed to some constriction in the river's flow path (i.e Figure 2.7, at 126km is
the Narrows, 103km Horotiu Bridge, 75km C.S.118, Frost Rd Ohinewai).

River Bed Profiles, 1964 - 1987

A smoothed plot for the 1964 - 1987 data is given in Figure 2.8. From this plot several
important changes and trends in river bed profile can be noted. Firstly, as already pointed out
in section 2.2.1, there has been a steady decline in bed levels around the areas of extraction
since 1964, with a net drop of 0.8 - 1m on the smoothed profile along the Puni to Mercer
reach. The rate of decline appears to be lowest between the 1975 and 1981 surveys evidently
in response to a general reduction in extraction rates during this period (Figure 2.3). Bed level
change appears to be greatest between Mercer and Tuakau. This may be due to the combined
effects of upstream scour from the Tuakau sand operation and downstream degradation from
the Mercer operation as a result of sediment starvation. A similar trend is not seen between
Tuakau and Puni. This is possibly due to the increased tidal effect and/or lower bed level
gradients.



Mean Bed Level (m above datum)

15
131 o _§ , ®
= et [ =
: 5 -
117 g J A + A
- o o
g‘lo ///’ g ap -
Z L @
9 1 > \’ AL n 8 K
- o2l g
> 5 Lo d S
= ool g%
7 = .Eﬂ J’ /7}/
« LY
(s /
O ] Voo
S N JOIN
3 1 g g g ;,v’ i XX=70
[8 3 1 g e - XX=80
Ql B T/ XX=90
1- " 1
X L7 . .
‘ e 4 v ’ ®*Sand mining operations
11 V=
15 30 45 60 75 90 105 120 135 150

Distance Upstream of Mouth (km)

Figure 2.6 : Plot showing the effect of XX value on spline routine (I=SMXX) using the GPLOT SAS routine.

0¢



< weq oaideasy m m St
R m m o
e \ “9fpraquie) o o .m
N = ap O O a
= So=So = |
/ f/-.............. S 8 S 8 O
Xy = zZsz= &
\ / .....l//l U n U 0))]
Y —a \\\\ — — — — mo
// Sl Sl s
\ / 2= O O O 6 n i
UOTWBY 2--2=25 m
AN |
" . o
R v o
N " m — &d I
N St LR _ P
:/ X3 ! g ! MA
BIYBAMBNIBIN > --.ﬁ//rnf.
3
Alunyg~ Ad,,,
A\
~~aN
/.m oo -
=2
uafuey > A
2\ -
.ll\’W
I9DIBR ™ =
P L s
) Illlll'l'v
nlW(v./‘hl
neyengy— ,,\..M \ <}
l‘b“ Q
ung 5 W.,-
I T . T T T v ¥ - T = ’ ’ : IIII.U -
-

X4

— —{

(wnjep saoqe W) [94A97T pag U

30 435 60 73 90 105 120 135 150

15

Distance Upstream of Mouth (km)

Figure 2.7 :— Waikato River Mean Bed Levels for 1964 & 1987, plotted using Join & Smooth options with GPLOT



Mean Bed Level (m above datum)

p—
O
1

LC 5 ?
g F :
11- r C -
5 l =
. s G
. 5 2 I
- = N 3
o 3 3
7 E T
&P
2 |
&
5 - y
— —— 1964 Survey
4 32 s 2z  —T—— 1970 Survey
| & e 1975 Survey
: 8§ & .z e 1981 Survey
1 /X\J’ 1987 Survey
— ®*Sand mining operations
_1 "T/"/ SCI T T T T T T T T
15 30 45 60 75 90 105 120 135 150

Distance Upstream of Mouth (km)

Figure 2.8 : Lower Waikato River Mean Bed Level Profiles for the surveys of 1964—-1987

2e



23

The Mercer - Rangiriri reach has shown a gradual trend of degradation. The upstream
translation of the degrading bed levels above Mercer appears, from the first four surveys, to be
hinged at some point between Rangiriri and Huntly. However, in the most recent survey this
translation appears to have moved significantly upstream above Huntly with marked
degradation occurring in the Mercer to Huntly reach. If this trend is valid and continues, it
could result in water level lowering adjacent to the Huntly Power Station, affecting the
operation of the water intake pumps (see Figure 2.7 for comparison of raw data over 1964-87
period). The Huntly to Ngaruawahia reach appears to be relatively stable with slight
aggradation from 1964 to 1981, followed by degradation to just below the 1964 level in the
1987 survey.

The incised Ngaruawahia to Karapiro reach displays another interesting trend. As expected,
the downstream effects of the Karapiro dam are beginning to degrade the downstream bed
profile. The degradation is caused primarily by the clear water discharge from the base of a
dam, which entrains bed material to re-establish its bedload transport regime. Williams &
Wolman (1984), Petts (1984) and Richards (1987) discuss the numerous downstream effects
of dams . The bed profile immediately downstream of the dam will degrade until such time as
the bed becomes armoured or bedrock is struck. From isolated surface samples taken between
Cambridge and Hamilton, both bedrock base control and armouring appear to occur, with hard
clay samples being dredged in the immediate Cambridge area and coarse gravel in the
downstream reach. The extent of this effect based on the limited data available to 1981 was
discussed by Dahm (1987), but the most recent survey (1987) provides further useful
information on the amplitude of this process. From the survey data progressive degradation
appears to have occurred in the Hamilton to Karapiro reach since 1964, with the 1987 survey
showing a leveling out of the profile from Karapiro to about 10km downstream of Cambridge
at about 0.7 - 0.8m below the 1964 level. This degradation is likely to continue its downstream
progression in future years with a new equilibrium profile being established as armouring
occurs, or some solid base level control is reached. Such a downstream progression can take
many decades and affect a river for 10's, even 100's of kilometres downstream as is the case
with the Colorado River, USA (Williams and Wolman, 1984).
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2.2.3 Bed Volume Change

An analysis of changes in cross sectional area between adjacent cross sections can provide
bed volume change data. Previously the W.C.B used an approach of dividing the river into
short reaches and calculating the mean cross sectional area over that reach for each survey. This
approach takes into account large day to day fluctuations in mean bed level (MBL) that can
occur because of the large bedforms and very mobile nature of the low density sand and gravel
that makes up the bed material (W.V.A, 1981 unpub).

Calculation of Bed Volume Change
For the analysis used here, bed volume change is used instead of simple cross sectional area.

The bed volume change between two cross sections (eg. C.S.1 and C.S.2) over the period
between two surveys is calculated by ;

a a b b
A+ A A+ A
sz( 1 2_ 1 2

5 5 ] x Ad (m’)

Where:

AV = volume change between two cross section between two surveys, aand b (m3)

A] = cross sectional area at cross section 1 during survey a (m?)
A, = cross sectional area at cross section 2 during survey a (m?)
A‘f = cross sectional area at cross section 1 during survey b (m?)
A; = cross sectional area at cross section 2 during survey b (m®)

Ad = distance between cross sections 1 and 2 (m)

Division of the resulting value by the distance between the two cross sections (km) and the
number of years between surveys produces a rate of change in m3/km/yr, where a negative
result represents bed volume loss and a positive value indicates bed volume gain. When this is
applied to the survey data for 1964 - 1987, four rates of bed volume change can be obtained
between each set of cross sections. The raw bed volume change data shows rapid variations in
bed volume change and some form of smoothing is needed to isolate notable trends and
variations. In production of the plots (Figure 2.9 and 2.10) running mean data are used, where
five immediate cross section values are meaned (2 upstream, 2 downstream and the value a the
cross section distance plotted are used). This method overcomes variability from MBL
fluctuations discussed in W.V.A(1981, unpub).
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Trends in Bed Volume Change

Figure 2.9 shows plots of bed volume changes between each survey. From these plots a
number of developing trends can be seen. The degradation rate in areas of active sand
extraction appears to parallel the extraction rate trend (Figure 2.3). Bed volume loss from 1970 -
1975 at Mercer and Tuakau decreases somewhat to the 1981 - 1987 period in response to a
lowering of extraction rates from around 1977 to 1983 (some response delay will occur
between extraction rate and bed volume loss). Marked on figure 2.9 are areas of the river
affected by the river training works (Section 2.1.1) carried out by the W.C.B (<>, 1974 -
1976, 1985). This training produces large scale bed volume gain, which is very noticeable in
1970-1975 but minimal in 1980-1987. Such training works cause the river to scour out a
deeper channel, producing degradation of the bed profile and apparent bed volume loss (see C
on Figure 2.9). The other interesting trend is in the area upstream of Huntly, where the river
bed appears to be stable up until 1981, after which bed volume loss has occurred over a large
area of the reach. This is reflected by a lowering of MBL over the same area (Figure 2.8).
There is considerable variation in the plots, and it is difficult to determine the cause of all the
changes. Appendix 3 contains the raw bed volume change and mean data, which shows the
extent of individual cross section variation.

Figure 2.10 is a plot of mean volume change against distance upstream of the mouth for the
entire survey period 1964-1987. From this diagram it is evident that degradation is occurring
along most of the lower Waikato River. Generally the trends seen in the MBL plot (Figure 2.8)
are also shown in Figure 2.10, but areas of marked change can clearly be identified. These
areas include Puni, Tuakau and Mercer where large scale bed volume loss over a short reach
has occurred as a result of continued sand extraction. Bed volume loss in the Rangirin to
Huntly reach has also occurred and is the result of local sand extraction for the Huntly Power
Project and stopbank ballasting. Extensive bed volume loss has also occurred in the Hamilton
area and upstream, presumably as a result of downstream degradation from the Karapiro dam.

2.2.4 Extent and Implications of River Profile Changes

Analysis of the bed survey data clearly shows that degradation of bed levels and bed
volume loss have occurred over most of the lower Waikato River, and have accelerated recently
within areas and immediately upstream of active sand extraction. What then, are the
implications for future sand extraction and river levels, and how significant are the lower bed
levels shown in Figure 2.8. The river training works that were undertaken by the W.C.B were
aimed at lowering the river bed level and improving its hydraulic efficiency, which in turn
would enhance the flood protection of the low lying areas. This aim has now been met and
commercial sand extraction has played a major role in achieving this objective by aiding in a
lowering of the river bed profile.
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As aresult of the erosion of the spillway channel at the Arapuni dam during its construction
large scale aggradation occurred along reaches of the lower Waikato River. Approximately 5.3
x 106 m3 of loose sediment was lost into the river (Mulholland, 1983). Although the bed
levels appear to have dropped markedly over the 1964 - 87, period it should be noted that the
levels in the Rangiriri to Huntly reach are only now returning to the pre - 1928 levels (Figure
2.11). The net change between 1964 and 1987 bed levels may appear significant, but in effect
the bed levels are just returning to a level of pre-human interference.

Future Changes in Bed Profile

If one considers that the future bed profile will reach some form of dynamic equilibrium,
and accepts that the present (1987) profile is out of equilibrium because of river training and
sand extraction activities, then three possible scenarios for future bed level change exist. These
are schematically displayed in Figure 2.12, and described below with A and C being opposite
extremes;

Situation A shows an equilibrium profile that would be established if extraction continued
at much the same rate and in the same areas. Such a profile would take some time to come to
equilibrium and sediment transport rates would diminish with time as the effects of the dam
continue to move downstream, and a limited sediment supply in the bed is used up. This option
however could potentially produce and exacerbate a number of problems:

(i) further drainage of the neighbouring wetlands;

(1) difficulties in the operation of water intake structures at both Meremere and Huntly power
stations; and

(iii) it is feared by the W.C.B that a marked lowering of water levels could produce instability
and reduce the design safety factor for seepage under the stopbank system as a result of an

underlying porous layer, presently protected by silt (W.C.B, 1989 Unpub). There is,
however, no direct evidence for this.

Situation B shows an equilibrium profile that would be established if extraction rates in
the Mercer area were restricted to approximately the bedload transport rate. This would
essentially remove the hump in the 1987 profile between Meremere and Ngaruawahia as it is

transported downstream to Meremere as bedload. However, the rate of bedload transport may
well deminish with time.

Situation C shows an equilibrium profile that would be established if sand extraction was
stopped at Mercer and stopped or restricted at Tuakau. As for B, the hump in the profile would
be removed, but in this case it would gradually become deposited into a depression in the
profile between the Meremere to Tuakau area. The resulting equilibrium profile would however



=
M

g
g
=]

Volume Extracted

Extraction is allowed to continue at Mercer,
but only at a rate that can be sustained by

bedload transpont.

Sand extraction is stopped and bedload transport
can re-establish an equilibrium profile by transporting
material from Rangiriri - Huntly area and depositing it
in the depression in the Mercer - Tuakau reach.

Sand extraction continues at present rates
in same areas.

Figure 2.12 : Future changes in Mean Bed Level profile, . _ o
. . . N.B Diagram is a schematic representation and is not to scale.
depending on extraction rates and location
of sand extraction operations.

0¢



31
be higher than that achieved in Situation B because of the base control effect of the material
deposited into the depression. The resulting rise in levels around the Mercer reach may require

some future dredging to maintain flood protection.

Now that the bed level has been lowered significantly and the W.C.B objective
essentially achieved, the future of commercial sand extraction on the river is under review. The
exact nature of any future extraction will depend on the governing authorities and their long
term objectives and management plans. The three scenarios outlined above are simplistic, as the
complexity of fluvial dynamics makes prediction of any future change in the river difficult.
Monitoring and controlling an approach like Situation B has practical difficulties, specifically
determining when the hump has been removed. Whereas Situation C is the safer management
option
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CHAPTER 3
RIVER MORPHOLOGY

3.0 INTRODUCTION

Morphologically, the alluvial transport of sand creates forms ranging from the size of small
ripples only a few centremetres high to meander belts many kilometres wide and 40 to 50 m or
more thick (Pettijohn et al., 1972). This statement typifies the recent history of the lower
Waikato River, having produced the extensive Hinuera Formation that blankets the Waikato
Basin. The presentriver is incised into the basin and displays a variety of bedforms.

The aim of this chapter is to characterise several aspects of the lower Waikato River's
morphology. General bedform terminology is reviewed, the types of bedforms observed in the
lower Waikato River are characterised, and longitudinal changes in bedforms and sediment
texture are assessed. The large sand bars that dominate the reach between Huntly and Mercer
are intensively studied over a year to determine their physical characteristics, mechanisms of
formation and migration, relationship to discharge, and implication for sediment transport.

3.1 BEDFORM TERMINOLOGY AND FLOW REGIME

Sediment movement is accompanied by the organisation of grains into morphological
elements know as bedforms (Leeder, 1982). The geometry of these bedforms depends on
various flow parameters. In turn, the various flow parameters are influenced by the bedforms.
In the study of bedforms there is a need for unambiguous terms and clear definitions. This,
however, has not been achieved so it is necessary to define the terminology used in this study.
Definitions and terminology for bedform characterisation have been presented by a number of
authors, for example, Simons et al.(1965), Allen (1968a, 1976a), Pettijohn et al.(1972) and
Miall (1979). Reference to these and others will be made when defining general bed
morphology and more specifically the bedforms in the lower Waikato River.

Bedform phase diagrams are commonly used to display the relationships between stream
power (shear stress x mean velocity), grain size and the resulting bedform. Figure 3.1A shows
a simple example of a phase diagram based on laboratory experiments. Bedform phase
diagrams can also be presented as depth-velocity-grain size diagrams, giving three dimensional
fields (Figure 3.1B). Starting from a plane bed of sand, as stream power is increased sediment
movement begins and ripples form (Figure 3.2A), only in medium to fine sands (Allen,
1970). With increasing stream power dunes begin to form with ripples superimposed (Figure
3.2B) and then fully developed dune bedforms occur (Figure 3.2C). These bedforms are
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representative of what is termed the lower flow regime, when Froude number < 1 (Table 3.1).
Further increase in stream power produces a transitional zone where dunes are washed out
(Figure 3.2D). Where F >1, termed upper flow regime (Table 3.1) a plane bed, antidunes and
chutes and pools are produced consecutively (Figure 3.2E-H) as stream power is increases.

Flow regime Bed form Remarks

Lower Ripples F<1. Grains move in discrete steps and form
Ripples on dunes roughness predominates. Water and bed
Dunes surface are out of phase. Bedforms move

downcurrent.

Transition Washed out dunes  F=1. Both grain and form roughness occur

Upper Plane bed F>1. Grains move continuously and grain
Antidunes roughness predominates. Water and bed surfaces

Chutes and pools are in phase. Antidunes move upcurrent, remain
stationary, or go downcurrent.

Table 3.1: Flow regime and bedforms (after Pettijohn et al, 1972).

Allen (1968) noted from experimental and naturally occurring bedforms that bedform height,
h, and wavelength, A, were bimodally distributed, and proposed that there are two distinct, but
slightly overlapping, populations of transverse bedforms; ripples and dunes (dunes are also
termed megaripples). Ripples are defined as having, height (h) < 0.04 m and wave length () <
0.6 m, while dunes have h > 0.04 m and A > 0.6 m (Allen, 1976a). The definition of dunes
can therefore cover a vast size range of bedforms ranging from the lower limit up to features
that are 10 or more metres in height and hundreds of metres in length (Leeder, 1982). The term
sand wave is used by some authors to describe such large scale structures in the marine and

fluvial environments, or large fluvial 'dunes' that have smaller dunes superimposed on the
stoss sides (Leeder, 1982).

One bedform not normally linked to flow regime, and probably reflecting more than any other
bedform the three diamensionality of natural streams, is the bar (Graf, 1971). Bars are large
depositional features and have a length of the same order as channel width or longer. They are
generally linked with meanders and four morphological types are distinguished: point,
alternating, transverse and tributary bars (Vanoni, 1975). Ripples and dunes may occur on the
upstream slopes of these features.

In many natural channels roughness, and hence resistance to flow are related to the dunes and
ripples which form the bed rather than to the size of the discrete particles that make up the bed
(Leopold & Wolman, 1957). Bedforms can exert significant upstream drag forces on the flow,
the geometry and thus hydraulic roughness of the bed configuration depend upon, among other
factors, the depth and velocity of flow (Vanoni, 1975).
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3.2 BEDFORMS IN THE LOWER WAIKATO RIVER

The lower Waikato River flow exists in the lower regime and shows a full variety of
bedforms, from the large sand bars down to ripples. Bedforms along the reach from Hamilton
to Puni (termed the study area in this section) are investigated from echo sounding traces using
a RAYTHEON DE-719B FATHOMETER precision survey depth recorder. The hierachic
nature of bedforms proposed by Allen (1968) is clearly seen in the river morphology, with
dunes and ripples occurring on the back of sand bars, and ripples on the backs of dunes. The
types of bedforms seen in the study area will now be discussed.

3.2.1 Sand Bars

Classification

The large bedforms that dominate the morphology in the Huntly to Mercer reach have in the

past been loosely referred to as dunes (Finley, 1974). Dunes in the Mississippi River have

been reported as up to 3.2 km in length and as much as 10 m in height (Leopold et al., 1964).

However there are two main reasons why these large bedforms in the lower Waikato River do

not fit into the dune classification. They are:

(1) dunes commonly show a correlation of wavelength, A and height, h with flow deptH, y.
From experimental and field measurments for the range 0.1 m <y < 100 m,

A=1.16y1.55 and h=0086y1.19 (Allen, 1968a).

However, the large bedforms on the lower Waikato River show no such correlation, with a
plot of wavelength as a function of depth showing a wide scatter of points (Figure 3.3A).
Wave height appears to show a correlation (Figure 3.3B), but all the data points with the
exception of the three lower right points were obtained from echo sounding traces collected
during summer low flows. The three outlying points suggest that more data from
throughout the year would show no correlation; and

(2) dune height should vary between one-eigth and one-sixth of the flow depth (Allen, 1976a).
This is not seen from the data (Figure 3.3).

The dominant bedforms in the study area however, show characteristics that are associated
with sand bars which are related to meandering river flow within the channel:

(1) sand bars show straight crests and leeside avalanche induced migration and lack the leeside
scour hollows that are associated with dunes (Leeder, 1982). From visual observation and
sediment sampling the bars are found to lack a lee side scour hollow;

(2) bars do not show any strong correlation of wavelength or height with water depth (Leeder,
1982), Figures 3.3A and B;

(3) bars display a great variation in wavelength (Costello, 1974); and

(4) bar length is comparable to channel width and height is comparable to mean flow depth
(Vanoni, 1975).
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Bars represent areas of net sediment accumulation. There is a great deal of confusion in the
literature about what exactly constitutes a bar, with over 30 terms being used to name bars with
specific shapes, orientation and position within a channel (Smith, 1978). Miall (1982) provides
a convenient definition of a bar as being a bedform of a size comparable in magnitude to that of
the channel in which it occurs. Further, Miall (1982) classifies bars into three broad groups;
planar or massive bedded bars, simple foreset bars and compound bars. Such a classification
may be acceptable for geologists working with limited vertical exposure, but for the fluvial
geomorphologist who wishes to recognise the complex variations in sediment response and
flow patterns it is limiting. The problems obscuring effective nomenclature of bars are defined
by Smith (1978) as:

(1) the word 'bar' itself is vague and has been used to designate a great variety of unrelated
bedforms in rivers;

(2) hydraulic origins of bars have been little investigated and remain poorly understood. No
classification scheme can yet have a genetic basis comparable to the common small-scale
bedforms (ripples, dunes etc); and

(3) bars range from relatively simple depositional features to complex forms resulting from
multiple depositional and erosional events.

Smith (1978) suggests eliminating the word bar from freely migrating periodic forms so
commonly seen in shallow sand bed rivers, such as those in the lower Waikato River, and
substituting the common terms for large periodic forms such as dune, meggaripple or
sandwave. The author however, feels that such an approach will only hinder the development
of effective nomenclature for these forms, as they are distinctly different from 'dunes’, while
megaripples and sandwaves are terms developed and predominantly used to describe bedforms
in marine and estuarine environments. The bedforms under consideration here are large,
periodic, freely migrating forms that are genetically related to thalweg meandering in the river
channel, and are therefore characteristically different to those in the prementioned
environments.

Harms et al. (1975) state that most problems connected with bedforms in rivers centre around
the relationship between large scale features. Dunes and bars are observed in both small and
large rivers, but observational knowledge is still insufficient to draw definite conclusions about
relations between these forms. It is hoped that observations and results from this study
contribute to the understanding of such forms in the fluvial environment.

Presence in the lower Waikato River

The bar bedforms are dominant in the study area. Ranging in wavelength from 150 - 500 m,
the height of these bedforms is typically controlled by water depth during low flows (Figure
3.3B) with the crests rising to within 20 - 30 cm of the surface (Figure 3.4). The bars are often
exposed if a rapid fall in stage occurs. The majority of points on Figure 3.3 were taken from
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echo sounding traces obtained during summer low flows and hence a correlation between
height and water depth occurs, with the outlying points arising from traces taken at higher
flows.

3.2.2 Dunes

Dunes occur over large sections of the lower Waikato. Figure 3.5 is an example of the long
flat dunes that occur in areas of the river (= 50 m, h= 1.5 m). In this case it is on the outside
of a bend past the Tuakau bridge, where the tractive forces are sufficient to produce large dune
bedforms (Figure 3.1A). A short distance downstream of the Tuakau bridge dunes of a
different scale (A = 4.5 m, h= 0.22 m) occur, indicating a change in local stream power
between these two sites (Figure 3.5), or possibly a significant change in grain size. This
example shows that dunes can occur in a variety of sizes in the river. The difference in the
ripple index (wavelength/height) between the two groups indicates that they are distinctly
different groups (Figure 3.5).

Figure 3.4 is an example of superimposition of dune bedforms on the stoss face of a large bar
bedform. This phenomenon occurs throughout the study area, and Figure 3.6 shows a smaller
dune high up on the stoss face of a sand bar. From visual field observations large areas of the
stoss face of bar bedforms can be covered with small dunes (A= 0.5-2m, h=0.04 - 0.16
m). Visually, pumice appears to concentrate in the lee of dune bedform (Figures 3.6 - 3.8), but
on inspection a significant percentage of the sand on the lee face of the dunes appears to be
made up of rock fragments and quartz. The appearance of this concentration is probably due to
the presence of larger physical grain size of the pumice which appear to allow the smaller
material to slip below the surface.

3.2.3 Ripples

Ripples are the smallest bedforms that occur and are difficult to accurately isolate on the echo
sounding traces. From visual observations they are seen over large areas of the stoss face of
sand bars and are likely to cover large areas of the bed, especially during the summer.low flows
when stream power is at a minimum.

Figures 3.6, 3.7 and 3.8 are examples of ripple bedforms on the stoss face of a sand bar.
Ripples can occur superimposed on small dunes, which in turn are superimposed on the bars
(Figures 3.6 and 3.7), or they may occur directly on sand bars (Figure 3.8). The ripples tend to
be poorly defined, presumably because of the coarse nature of the bed sediment. The
dimensions of the ripples are, A= 0.3 - 0.5 m, h=0.01 - 0.02 m in the areas of dunes where
superimposition occurs, while in the flatter region where only ripples exist (Figure 3.8) the
dimensions are smaller,A= 0.1 - 0.3 m, h=0.005 - 0.01 m. Pumice also concentrates in the
lee of the ripples.
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Figure 3.6 : Dunes and ripples moving across the stoss face of a sand bar, note
how dunes can exist on the backs of bigger dunes (right), and
where the water is deeper, hence velocities lower, only ripples
exist (left). Flow is from right to left. Black knife handle is 10 cm

long.
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Figure 3.7 : Dune bedforms on the stoss face of a sand bar, with smaller ripples
superimposed on them. Note how the pumice collects
preferentially on the lee face of the bedforms. Flow is from right
to left. Black knife handle is 10 cm long.
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Figure 3.8 : Ripple bedforms on the stoss face of a sand bar. Flow is from right
to left. Black knife handle is 10 cm long.
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Figure 3.9 : Bedforms on the stoss face of a sand bar. Note the abrupt change
between ripple bedforms in the foreground and dunes in the back

ground. Flow is from right to left.
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Transition from one bedform to another can occur rapidly. Figure 3.9 shows the change over
a short distance from dunes with ripples superimposed (in background, as in Figure 3.7) to a
flat bed with only small ripples (foreground, as in Figure 3.8).

3.2.4 Ripple Index

The ripple index (R.I), defined as the ratio of wave length to wave height, can be used to
distinguish between different bedform groups (Costello, 1974). Figure 3.5 is an example of
two possible different dune groups based on ripple index. The lower Waikato River bars have
high R.I values (>150)(Figure 3.3), and are widely distributed when compared with dunes
(Figure 3.10A). Dunes are far more common bedforms, hence more data are available, and R.I
values for dunes concentrate around the 20 - 50 region (Figure 3.10A and B). From Figure
3.5 there is evidence of two dune populations. Figure 3.10C is an expanded histogram of R.I
values less than 50, which again displays a possible bimodal distribution, with modes at
approximately 24 and 40. This supports the suggestion for the existance of a population of
short steep dunes (R.I=24) and a separate population of longer flatter dunes (R.I=40). Allen
(1976b) investigated the effects of discharge patterns on dune population structure, and
presents evidence that bimodality can occur in A and h of dune bedforms, which he attributes to
the persistance of large dunes created at high stage into receeding stages. It is therefore feasible
that the bimodal dune populations in the Waikato River represent different flow stages or
regimes created by differing bed geometry along the river's length.

3.3 LONGITUDINAL CHANGES
IN THE RIVER'S CHARACTERISTICS

Physical and hydraulic characteristics of rivers show longitudinal changes. Generally width,
depth, stream power, discharge and velocity increase, while slope and bed material size
decrease in the downstream direction, according to Knighton (1987). This section investigates
variations in bedforms and texture along the lower Waikato River.

3.3.1 Bedforms

Changes in bedforms along the Waikato River from Hamilton to Puni are based on echo
sounding traces taken with a RAYTHEON FATHOMETER, while travelling approximately
down the centre of the channel. However, resolution of the traces only allows the accurate
detection and measurement of bedforms greater than 0.1 m in height hence ripples can not be
considered in this study. The following trends are observed from the traces (Figure 3.11):
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(1) Hamilton to Horotiu Bridge - isolated areas of small dunes are seen, and ripples are
expected to occur over most of the bed . Extreme variations in the bed level are due to
channel restriction;

(2) Horotiu Bridge to Ngaruawahia (Waipa River confluence) - the bed is flatter with large
areas of dunes (h =0.15 - 0.25 m);

(3) Ngaruawahia to Huntly - small dunes (h = 0.15 - 0.3 m ) dominate the flat areas, while
larger dunes occur at 90 km mark due to narrowing of the channel;

(4) Huntly to Rangiriri - large dunes (h = 0.4 - 1.1 m) are seen at the 75 - 77 km zone,
however the rest of the bed is devoid of significant bedforms;

(5) Rangiriri to Mercer - the large sand bar bedforms give the echo sounding trace a saw tooth
pattern. Small dunes are common over large areas of the bed, while larger dunes can be
seen superimposed on the stoss face of bars ;

(6) Mercer to Tuakau - the large bar bedforms do not exist beyond the extraction site.
Downstream of Mercer large drops in the bed profile can be attributed to geological
restrictions at Mercer gorge, along the outside bend of Te Toki Island and against a bluff
of volcanic rock. An area of large dunes occurs in the region of Te Toki Island. From
Smeeds Quarry to the Tuakau Bridge the bed is flat and is covered predominantly by small
dunes;

(7) Tuakau to Puni - large dunes near Tuakau Bridge (Figure 3.5) are followed by an area of
small dunes prior to the Tuakau sand extraction operations. No bedforms appear
immediately downstream of the extraction operations. From the 24 km mark downstream
to the Puni sand extraction site small dunes cover large areas of the bed.

Generally it is seen that small dunes occur in areas where the bed is relatively flat and wide.
A plot of the two different dune types on a bedform phase diagram shows that they occur at
opposite sides of the dune field (Figure 3.12). The dunes in the Tuakau region are larger but
flatter as they are nearing the transitional zone into the upper plane bed, while the common
small dunes that occur over large areas of the river and in this case around Smeeds Quarry
occur in the lower part of the dune field. The major fluctuations in bed level can be attributed to
channel restrictions (eg. Mercer Gorge, Horotiu Bridge) or sand extraction operations.
Immediately downstream of all the sand extraction operations the bed is devoid of detectable
bedforms for some distance downstream. This may be due to the impediment of sediment
transport in the deep holes formed by the extraction operations.

The ripple index (R.I) shows no correlation with distance upstream (Figure 3.13). The index
is however below 100 over most of the river, and increases form both ends of the river to a
central zone around 45 - 75 km upstream which contains the bar bedforms with high R.I values
(>150).
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3.3.2 Textural Variations

The size of bed material may increase or decrease in the downstream direction or remain
constant, depending on the geological nature of the drainage basin (Hack, 1957). Generally,
however, a reduction in size of the bed material in the downstream direction is common for
most alluvial streams. The two sets of processes that are largely responsible for this change in
sediment size are abrasion and sorting (Knighton, 1980).

A limited number of bed material samples were taken and analysed to obtain some broad
indications about the textural patterns in the lower Waikato River. The samples were analysed
for pumice percentage and hand sieved. The grain size statistical parameters were determined
using GSIZE (Appendix 6.7). Data from these samples are in Appendix 6 and are plotted in
Figure 3.14.

Mean grain size decreases rapidly from the Cambridge area (~ -4@, 140 km upstream)
towards Taupiri (~ 0@, 115 km upstream) (Figure 3.14A). From this point downstream to the
Mercer area where the remaining samples were taken it is difficult to see a trend and it is
reasonable to assume that a slight decrease in grainsize would occur (Knighton, 1987). The
trend observed in mean grain size is supported by the Passega C statistic (defined as the
coarsest 1% of the sample), Figure 3.14C. With a sufficiently large data base of textural
information it should be possible to accurately define two regimes of changing grainsize with
distance, one representing the change in grain size brought about by the downstream effect of
the Karapiro dam and the other representing the normal decrease in grainsize associated with
the river (Figure 3.14A). The intersection point of the two regimes may then represent the front
of downstream degradation resulting from the dam. Williams and Wolman (1984) show a
similar trend for the Colorado River downstream of the Hoover dam (Figure 16), in which
progressive coarsening of bed material occurs with time.

The degree of sorting increases slightly in the downstream direction (Figure 3.14B), in line
with that generally seen in rivers (Knighton, 1980). This is a result of the cumulative effects of

—

local sorting and changes in competence along the river.

Figure 3.14D indicates that pumice percentage increases significantly in the downstream
direction. This again can be attributed to the downstream degradation effect caused by the
Karapiro dam as pumice, due to its lower density, is preferentially removed from the bed as the
armouring process occurs. Coring information presented in Section 5.4 indicates that there has
been no significant trend in pumice percentage of bed material for the last 6 m of bed
aggradation so the trend seen in Figure 3.14D is a recent feature. However, even under normal
river conditions one would expect some enrichment of pumice downstream, as it is likely to be
transported preferentially from upstream.
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3.4 SAND BARS IN THE LOWER WAIKATO RIVER

Sand bars dominate the lower Waikato River from Huntly to Mercer and hence strongly
influence the morphology, sediment transport and navigability of the river. The sand bars have
previously been studied in the lower Waiakto River by Finley (1974), Dahm (1987) and Dahm
and Hume (1989). Similar bedforms have been studied by Leopold (1982) on the Colorado
River in Arizona, California.

In this section the results of a year long study at Orton are evaluated, with quantification of
the size, rate of movement and distribution of sand bars made. Aspects of their formation and
behaviour with varying stage are also investigated, and comparisons and contrasts are made
with other studies.

3.4.1 Bed Morphology Study Area and Method

A reach of the lower Waikato River was used to study bed morphology over a period of one
year. The aim of this study was two fold. Firstly the study was established to monitor the size
and rate of sand bar movement over time, in order to gain an estimate of current bedload
transport in the lower Waikato River using a similar approach to Finley (1974). Secondly, by
displaying the echo sounding data in three dimensions for each survey it was hoped to gain
some insight into the changes in bed morphology which occur with the changing flow
conditions throughout the year.

The study reach stretches downstream from C.S. 73, for 1000 m (Figure 3.15). The study .
area was initially surveyed along the left bank, and pegs were placed at known intervals to fix
the position and angles of cross sectional transects through the study area (A - P, Figure 3.15).
The eight longitudinal cross sections were fixed by placing a nylon rope across the river at
C.S.73 and fastening eight brightly coloured buoys to this at 30 m intervals (Figure 3.15).
These buoys were lined up with appropriate fixed objects in the distance during the survey to
ensure reproducability during separate echo sounding runs. The study area was visited at
monthly intervals from February 1988 to January 1989 (except for May 1988, due to
equipment failure) to echo sound both the cross sectional and longitudinal transects using a
RAYTHEON FATHOMETER on the University of Waikato research jet boat.

The monthly surveys are presented as three dimensional diagrams and contour plots. This
requires a number of steps in which the echo sounding traces are manipulated into a form
acceptable for computer plotting. The steps are as follows:

(1) Echo sounding traces are digitised using a program written for this purpose,
DIGIT.PAS (Appendix 6.1). This produces coordinates where depth is standardised to a
W.C.B survey datum using a temporary stage board at C.S.73's survey peg on the left
bank;
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Figure 3.16 : An aerial view of the lower Waikato River at Meremere, showing
the sand extraction operations and the size of the sand bar bedforms
that occur in this part of the river (photo by T.R.Healy):

Figure 3.17 : The crest of a sand bar. The flow over the crest leaves a distinctive
signature on the waters surface. Note how the crest is steeply angled
upstream.
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(2) Coordinates for the cross sectional and longitudinal traces are corrected to fit the grid of the
study area (Figure 3.15, 0,0 bottom left, 350,1000 top right) using the programs
SCOORDS.PAS (Appendix 6.3) and LCOORDS.PAS (Appendix 6.2) respectively. These
programs produce three dimensional coordinates from the two dimensional traces given the
X and Y coordinates at the ends of the cross section and longitudinal transects;

(3) Longitudinal data, and data for the left and right banks are used by the program
BEDFORM.PAS (Appendix 6.4) to produce two extra data points between each transect
and the bank at approximately 10 metre intervals downstream. These extra points are
calculated using simple linear interpolation and are required to produce an accurate plot as it
results in an approximate gridational spread of data points;

(4) Data points between the banks and transects are manually corrected using the cross
sectional transect data. This is neccesary as the linear interpolation produces an artificial
smooth slope between the much higher banks and the adjacent echo sounded transects; and

(5) The resulting data files for each monthly survey are then plotted as a three dimensional
diagram and contour plot using SAS GRAPH plotting programs, Appendix 6.5 and 6.6
respectively.

3.4.2 Sand Bar Morphology

Shape and Location

Characteristically bars are highly variable in wavelength, height, width and channel
morphology (Costello, 1974). In the lower Waikato River sand bars show a wide range of
wavelength, 150 - 500m and height, 0.8-1.8m (Figure 3.3B). Aerial photographs clearly
show this variation. At the base of Figure 3.20 the two smaller bars cover about half a channel
width at the crest and are resonably symmetrical, while further downstream the next two bars
are significantly wider, being about 2/3 channel width at the crest and are unsymmetrical with
the crest tapering strongly upstream away from the bank. At the extreme bars can almost
occupy the entire channel, reaching within a few tens of meters of each bank (Figure 3.16).

The spacing of bars tends to be fairly regular along straight reaches (Figure 3.20), indicating
that their formation and movement are related to some regular process, such as a meandering
thalweg. On the larger scale however the spacing is less regular when the effects of bends and
islands influence the flow (Figure 3.11, 44-56 km).

The crests of the bars are formed by an advancing slip face of sand. Flow over the crest
forms a narrow turbulent zone at the surface, which makes the isolation of bars and estimation
of their size easy in the field (Figure 3.17). Sand deposited on this steep face is loosely packed
and unstable, with the upstream slope of the bar unable to support any appreciable weight for
ten's of metres back from the crest. The crests form a variety of shapes from gently curved

symmetrical to steeply angled upstream unsymmetrical. The main crest can be comprised of
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overlapping 'sub-crests'. These 'sub-crests’ occur with height differences of 0.25 - 0.5 m, the
shallower crest appears to advances over the, slower moving, deeper crest.

A complex hierachy of bedforms can exist on the upstream face of the bar, with
superimposition of dune bedforms across large areas (Figures 3.6 and 3.7) on top of which
smaller ripples can be superimposed.

Aerial Photographs - An Alternate View of Sand Bars

Aerial photographs provide a perspective of bar bedforms that is difficult to appreciate at river
level. In this section aerial photographs are presented for the position of river from cross
section (C.S.) 73 downstream to the top end of the river training reach, including the bed
morphology study area (Figure 3.15), for three different periods :

April 1942 Figure 3.18
May 1979 Figure 3.19
February 1983 Figure 3.20

The three photographs were all taken during the summer to autumn period when river flows
are relatively low. Several other sets of photographs from different times of the year were
looked at, but in medium to high flows the sand bars can not be seen. Figure 3.19 was taken
during May 1979, at medium flow, and the clarity of bedforms is low, with only the larger
bedforms showing through.

The alternating bar sequence seen in these figures (especailly Figure 3.20) compares closely
to that studied by Leopold (1982) in the Colorado River, California (Figure 3.21).

In Figure 3.20 muddy flow on the right side of the channel in the vicinity of C.S.73 shows
how the flow is deflected around the sand bar, producing a lense of clear water to the right of
the bar. A meandering thalweg is seen along the channel (darker zone), and a large bar occurs
near the right bank just upstream of island A (Figure 3.18). This same thalweg pattern can be
seen in all the aerial photographs (Figures 3.19 and 3.20).

Bars are often seen to occur in the same parts of the river, and for this reason they are often
considered to be semi-permanent features. This is not unexpected for point bar features, which
are related to bends in the river, and can be seen to occur downstream of island B (Figures 3.18
and 3.20). However the meandering thalweg pattern seen in the straight reach downstream of
C.S. 73 does appear to alter, with the bar sequence immediately upstream of island A in Figure
3.20 being out of phase with the pattern seen in Figures 3.18 and 3.19. It can be envisaged that
as the bars migrate, the bar immediately upstream of island A in Figure 3.20 will pass along the
island, and the rest of the sand bar pattern will again be in phase with the other photographs.
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Figure 3.18 : Aerial photograph mosaic, April 1942, lower Waikato River,.
Orton area. This reach of river includes the bed morphology
study area and shows the size, spacing and location of the sand

bar bedforms.

Figure 3.19 : Aerial photograph mosaic, May 1979, lower Waikato River,

Orton area.

Figure 3.20 : Aerial photograph mosaic, February 1983, lower Waikato River,

Orton area.
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Figure 3.20
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Figure 3.21 : Aerial photograph of alternate bar pattern in the Colorado River,
California (after Leopold, 1982).
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Meanders in the thalweg measured from the aerial photographs produce a wavelength of 1100
to 1400 m, which is considerably shorter than that found by Dahm (1987) of 2800 to 3000 m
in the Huntly reach.

The effects of river training works that were undertaken by the Waikato Catchment Board
(Section 2.1.1) can be seen at the top of these aerial photographs with a marked reduction in
channel width and sediment infilling behind the training works. Figure 3.17 also shows the
river training works and their effect on channel width. This aerial photograph also displays the
extent of the sand bars.

Texture Variation

Variations in texture on, and in the vicinity of bar bedforms will occur with changing stage.
Results from sampling at a summer low stage are presented in Figure 3.22. From this only
subtle variations in mean grain size and sorting are seen along the upstream side of the bar.
Notable changes in the textural parameters occur downstream of the crest. Visual observations
of several bars at this flow showed that in all cases the bed immediately downstream of the
crest is covered with 2-3 cm of soft mud material. The mud lense extended for some distance
downstream with the sample at 350 m (75 m downstream of crest) being 19% mud.

These textural variations are evidently controlled by the flow velocities across the bar. A
series of velocity profiles across the bar (Figure 3.22) show that the velocity gradient near the
bed increases towards the crest , reaching a maximum at the crest. Downstream of the crest the
velocity gradient near the bed is markedly lower. The near surface velocities drop away
quickly, from about 0.7 m/s on the upstream face of the bar, to 0.4 m/s immediately
downstream of the crest. The velocity profile becomes more uniform downstream as the effect
of the high velocity over the crest reduces. This high velocity zone is probably responsible for
transport of finer sands and pumice past the crest. In Figure 3.22 poorer sorting downstream
of the crest is due to the mixing of underlying sand with the muds during sampling. The
presence of silt and mud at the front of the bar implies a closed system with respect to sand
transport by the bar, i.e sand transport stops at the crest face, this therefore means that rate of
bar movement along the bed can be used to estimate rates of bedload transport (Chapter 4).

The diversity in localised flow patterns across the sand bars is reflected in the complexity of
bedforms that appear superimposed on the upstream faces. Figure 3.9 is an example of how
over a short distance the flow can change sufficiently to give rise to two different types of
bedforms side by side.
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3.4.3 Formation and Migration of Sand Bars

From monthly surveys of the study area outlined in Figure 3.15, the progress, formation and
morphological changes in the bar bedforms with varying discharge can be studied. As outlined
in Section 3.4.1 each survey is plotted as a three dimensional and contour diagram. These are
presented in Figures 3.23A to K, and are the basis of the following discussion.

Relationship Between Sand Bar Dynamics and Sinuous

Flow Patterns within the channel

Two main bed morphology configurations were observed in the bed morphology study area
(Figure 3.24). The first configuration occurred during the period February - July 1988, when
only one definable bar bedform was present in the study area. This bar moved out of the study
area between April and June, however the position of its crest was tracked until July 1988. The
main flow line was from right to left moving downstream. No bar bedforms were present in
the study area during the period August - October 1988. The second configuration was
observed from November 1988 - January 1989, when two bars were seen in the area and the
main flow line was from left to right moving downstream.

The alternating bar bedforms are be related to the presence of meandering flow along the river
channel. The lines of maximum flow in Figure 3.24 are determined from cross section traces as
the deepest point of flow (Figure 3.25A). Where the meandering flow crosses over the channel
the cross section trace is broad and flat making it difficult to isolate a zone of maximum flow
(Figure 3.25B). As the flow crosses over the channel it appears that a large portion of the flow
spreads out across the channel and flows up across the back of the bar bedform immediately
downstream. This is depicted by the arrows in Figure 3.24. This flow produces the
mechanisim for the advancement of the bar, as it is sufficient to transport sediment across the
stoss face of the bar and deposit it at the slip face marked by the crest. The flow is seen in the
field to radiate across the bar bedforms and locally the flow across a crest can be angled slightly
away from the direction of the channel towards the bank. Leopold (1982, Figure 13.3) shows
streamlines of flow to meander around the bars, with stream lines also tending to spread out
and flow up and across the bars, similar to that proposed for the study area. The flow passes
over the crest and joins the main flow either in the region of the crossover or flows off to one
side of a bar and joins the channel of flow that tends to occur past one or two sides of the bar
(Figures 3.25A and C).

The morphological and flow pattern changes observed during the study are as follows:
(1) in February 1988 a straight crested bar was positioned in the bottom half of the study area.

It was asymmetrical in shape with the bulk of its volume occurring near the right bank.
During the next three months this bar moved towards the bottom end of the study area,
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Figure 3.24 : Crest positions of sand bars during surveys, and inferred major flow
patterns. Arrows indicate patterns of flow to and from areas of inferred
main flow. * indicates relative positions on both diagrams.
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BED MORPHOLOGY STUDY

3D DIAGRAM OF STUDY AREA ON 25/2/88
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Figure 3.23A : Three dimensional and contour plots of the bed morphology
study area, 25th February 1988.
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BED » ORPHOLOGY STUDY

3D DIAGRAM OF STUDY AREA ON 17/3/88
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Figure 3.23B : Three dimensional and contour plots of the bed morphology
study area, 17th March 1988.
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BED MORPHOLOGY STUDY

3D DIAGRAM OF STUDY AREA ON 14/4/88
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Figure 3.23C : Three dimensional and contour plots of the bed morphology
study area, 14th April 1988.
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3D DIAGRAM OF STUDY AREA ON 13/6/88
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Figure 3.23D : Three dimensional and contour plots of the bed morphology
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