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WAIAPU RIVER MEAN BED LEVEL TRENDS; 1958 TO 2017

1.0 Introduction:
This is one of a series of reports on river be@liérends in the Waiapu catchment, Ruatoria,
commissioned by the Environmental section andfvengr) Roading section of the Gisborne
District Council.

The following trends in mean bed levels have besivdd from cross section surveys by the former
East Cape Catchment Board and the Gisborne Di§taahcil, commencing in 1958. Trends have
been assessed starting at the most upstream eigmsa short distance downstream of the SH35
bridge at Ruatoria.Mean bed levelshas a specific meaning in relation to braide@rs/on the east
coast, and a full definition is provided in the Addium.

Cross section surveys are only a “snapshot” ofitrex bed levels at a specific location on a
particular day. Because of the movement of bed toaterial in “waves” during floods and freshes,
there are frequent naturally occurring fluctuationsmean bed levels. While long term trends in
mean bed levels are reasonably reliable indicatbbed level change, shorter term trends (i.e. from
surveys over ten years or less) are not relialdeitamould be unwise to rely on these surveys alone

2.0The Waiapu River and catchment:

The Waiapu River catchment, Figure 2, covers sof®® square kilometres, second only in area to
the Waipaoa River catchment within the Gisbornerigis The Waiapu River, Figure 3, extends
some 25 kilometres from the sea to where it bramafte its two main tributaries, the Mata and the
Tapuaeroa rivers, 1.5 kilometres upstream of the5Sbtidge at Ruatoria.

The Waiapu River is a very powerful river with datesely steep profile even in its lower reaches
close to the sea. The author understands thatr@otmaori “Waiapu” means to “gobble up”, and it
is known that this river has drowned a number afpgbewho have tried to cross it by wading in pre-
European days. It has also “gobbled up” land bgieroof the banks, a recent example being the
loss of part of SH35 at Turitaka, near Tikitikies€igure 1.

Fig.1: Erosion of SH35, Turitaka. Photo: D Peacoc

Kt ptember 2013.



3.0 Executive Summary:

The aggradation of the upper Waiapu River and taitdes is a recent phenomenon geologically
speaking, and has only occurred since deforestafiamich of the catchment in the laté"l#nd
early 20" centuriesSurprisingly to the casual obserytite long-term trend (in a geological
timeframe) has been degradation, which is in respdm tectonic uplift. The Waiapu River has
responded to this ongoing uplift of the land by doutting, viz; degrading.

A plot of the present profile of the Waiapu Rivexdbshows how very steep the gradient is in the
lower reaches. The bed gradient only five kilomefrem the river mouth is about 2.6 m/km, By
comparison, the Waipaoa River bed does not reaslgtade until some 65 to 70 kilometres from
the mouthThis is because the uplift rate is higher in theamof the region that it is in the south of
the region. The lower reaches of the Waipaoa RiReverty Bay flats) are in fact subsiding.

The mean bed level data derived from the WaiapeiRivoss section surveys has relatively long
temporal and spatial gaps as well as the effedargé scale shingle extraction works, which has
made it difficult to obtain a comprehensive pictaféhe overall mean bed level trends.

Mean bed level plots for the two most upstreamseestions (EC538 and EC539) show “gradual”
average aggradation rates over the 57 year petfafsB(to 2015) of 17 to 18 mm/year. The great
majority of the shingle excavated from the rivemighe vicinity of EC539, which has had a
localised influence on mean bed levels at thess,ditut the natural fluctuations in mean bed levels
has masked these effects.

The mean bed level data from EC536 effectivelydgnates” the upstream effects of the shingle
extraction and the input of bed load from the Magao River, and shows relatively steady mean
bed levels over the past 40 years;

Mean bed level plots for the two most downstreanssisections (EC533 and EC534) also show a
distinct similarity with both degrading at a gratltate over the full 57 year period, but remaining
steady or aggrading slightly over the past thiggang. This gradual degradation is more in keeping
with the (geological) long term degradation of thier bed.

The volume of shingle excavated from the river dherpast 15 years (2001 to 2015) averages
38,300 nilyear. This is a large annual excavation rate, Goatge to the rate of excavation for the
lower Mata River.

Although the survey data is rather incomplete, tiver is of such importance to local iwi and also
for research purposes that continued monitoringh(g@me improvements) has been recommended.






4.0 Waiapu River bed profiles:
Figure 4 shows the Waiapu River bed profiles fo88.and 2015. This curve is slightly convex near

the downstream end, and then concave upwards apstEEC535 (10,330m). Note that EC535 is
not shown in Figure 3 having been destroyed, thieskarvey being in 1986.

Fig. 4.
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This anomaly in the bed gradient may be due tdatile of survey control between bench marks
when they were originally established. Howevernew¢he bed gradient between EC533 and 534
(2.61m/km as surveyed in 2015) is only approxinyatekrect, it is unusually steep so close to the
mouth. Bed gradients in the Waipaoa River, themothajor river in the Gisborne district, are an
order of magnitude less than this so close to ¢le @&nd the Waipaoa River bed does not reach this
grade until some 65 to 70 kilometres from the mouth

In geological time scales the long term trend lf@er Waiapu River has been described by Dr M
Marden as follows:

“The long-term trend (since before and including feriod called the Last Glacial Maximum i.e.
~15000 years ago) has been degradation in resptntectonic uplift. The uplift rate near the crest
of the Raukumara Range of about 4mm/year (Yoshik&88, Litchfield and Berryman 2007) is
higher. The lower reaches (Poverty Bay flats) ef\Waipaoa are in fact subsiding so there has been
greater capacity for storing sediment, whereastlfigr Waiapu much of the sediment is exiting the
catchment”.

The short term (approx. 10 year), and long termt@up25,000 years), coastal uplift rates for the
Waiapu River in the vicinity of Ruatoria are botlé Inm/year; (Beavan and Lichfield 2012). The
river has responded to this ongoing uplift of taied by downcutting i.e. degrading. The aggradation
of the upper Waiapu River and tributaries is améephenomenon geologically speaking, and has
only occurred since deforestation of much of theluaent in the late 19and early 20 centuries.

5.0 Mean bed level plots:

Fig. 5

Figure 5 above shows mean bed levels for all thescsections plotted together. The plot for EC539
is at the correct elevation, but the other sixplwve been adjusted upwards so that the curves can
be conveniently compared.

Mean bed level plots for the two most upstreamseestions (EC538 and EC539) show a distinct
similarity, with “gradual” average aggradation satever the 57 year period (1958 to 2015) of 17.7
and 17.5 mm/year respectively. These two crossoseplots are most likely to have been
influenced by large scale shingle extraction olieryiears, see Chapt. 6; however the overall bed
elevation today remains higher than when theses@estions were originally surveyed.
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The mean bed level plot for the cross section &F&Ghows a moderate rate of aggradation until
1989, followed by a decreasing rate of aggradatince then, however the plot is considered to be
unreliable after 1989 because of the influencéefMlangaoporo River fan.

The cross section at EC536 has had a moderatia msean bed level (81 mm/year) between 1961
and 1976, followed by 41 years remaining almosidteEC535 follows the same trend until 1986,
but unfortunately the bench mark at this site asesbeen destroyed.

Mean bed level plots for the two most downstreaosgisections (EC533 and EC534) also show a
distinct similarity with both degrading at a gratltagte over the full 59 year period, but remaining
steady or aggrading slightly over the past thiggang. This gradual degradation is more in keeping
with the (geological) long term degradation of ther bed.

6.0 Impact of Shingle Extraction Works:

In the reach 300 metres upstream and 500 metressti@am of the SH35 bridge at Ruatoria, there
has historically been large scale shingle excamatiorks for supply of metal for roading and other
uses. Shingle excavation quantities in this area baen recorded by the Gisborne District Council.
The volume of shingle excavated from the river dherpast 15 years (2001 to 2015) has varied
between 10,100 and 71,900/year, with an average of 38,308gear. This is a large annual
excavation rate, comparable to the rate of excawdtir the lower Mata River, (18, 50Cyear at
Makarika bridge, and 35,700%iear from the Kimberley operation, although pdrthis comes

from terraces rather than the active river bed).

The figures since 2001 have been compared to tlae imed level changes, but unfortunately there is
a gap in the cross section surveys between 1982@0iat EC538, and between 1998 and 2005 at
EC539. This leaves only the ten year period frof52@ 2015 with figures for both mean bed level
surveys and excavated shingle volumes available.

Figure 6 is a plot comparing the volume of bed loaderial deposited or eroded in the reach

between EC538 and EC539 since 2005, with the cumelaolume of shingle excavated over the
same period.

Fig. 6

The figure shows that despite a total excavatedmaelof 126,000 fof shingle between surveys in
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2005 and 2007, this reach of the river still defgasa net 264,000 hof bed load material
predominantly from the Tapuaeroa River.

While some of the shingle excavation works (patéidy by Fulton Hogan Ltd.), were upstream of
EC539, it could be expected that this would immarcthe net volumes deposited in the reach itself.

Over the five year period between the 2007 and 20t2eys the net volume eroded trends at a
slightly faster rate than the rate of shingle esttoa, but from 2012 to 2015 this reach gained bed
load material despite the volume of shingle excavatver this period.

It is likely that the shingle extraction works dr@&ing an impact on the mean bed levels but not
enough to outweigh the natural fluctuations of miead levels over this reach.

7.0 Mean bed level changes at individual cross semxts:
For ease of comparison the following mean bed Iplas have been charted to the same vertical
and horizontal scale.

EC539; 23,250m:

This cross section is only a short distance dowastrof the SH35 bridge at Ruatoria and is
unfortunately in the area of large scale shingleagxion operations, so that mean bed levels at thi
site could be expected to be influenced by this.

The average aggradation rate from 1958 to 201i&trthted by the linear trend line (Fig. 7) is 17.5
mm/year, however there is a major drop in meanléesl of 1.26m from 1982 to 1986, followed by

a recovery. This may have been due to shingle @idrain the vicinity of the cross section shortly
before the 1986 survey, or possibly due to the miegeffect of a flood. It may be tempting to
attribute the “recovery” between 1986 and 1989 sa@den input of bed load material from the
Cyclone Bola flood, but this is unlikely as the mdewnstream cross section in the Tapuaeroa River
only registered a significant rise in mean bed lléwen 1998. Also, there was a drop in mean bed
level of 0.64m over the period 1986 to 1989 at ER;S®me 3km downstream of EC539.

Fig. 7



EC538; 20,300m:

This cross section is near the Ruatoria radio nTdmt.mean bed level at this site rises at an aeerag
rate of 17.7mm/year (virtually the same average aatat EC539), but in contrast to EC539 there is
a sudden rise from 1979 to 1986 followed by a soditep to 1989; see Fig 8. There are no major
tributaries between EC 538 and EC539, howeveruh®a understands that the Mangakinonui
stream on the right bank “blew out” in the 198@isd would have deposited its bed load in the
vicinity of EC539. However this material is vernd grained and would have been easily washed
away by the Waiapu River.

Fig. 8
EC537; 17,680m:

This cross section is a short distance downstrdairedVlangaoporo River fan. It was noticed that
the edge of the fan was intruding into the linéhaf cross section from about 1989, so the site was
eventually abandoned, the last survey being in 2B8#&veen 1958 and 1989 mean bed levels rose
at an average of 32 mm/year, with the input fromghrched fan of the Mangaoporo no doubt
influencing this rise. Post 1998 the mean bed &eaet considered to be unreliable and misleading,
so this plot is not shown here.

EC536; 13,680m:

This site known as “Peperes”, has had a rise imrbed level averaging 81 mm/year between 1961
and 1976, (Fig. 9), followed by 41 years remairahrgost steady. The average aggradation rate
from1961 to 2017 is 21.8 mm/year. Given the effeftarge scale shingle extraction and the input
of the Mangaoporo River bed load, this is the firsiss section to “integrate” the effects of these
two (opposing) major bed load influences.

There may have also been a more immediate (bwdrldsed load input from the Paoruku stream,
only one kilometre upstream of this cross section.



Fig. 9

EC535; 10,330m:

The plot at this cross section (not shown), shawawerage aggradation rate over the 28 year period
(1958 to 1986) of 45.4 mm/year, with an almostdinepward trend between 1975 and 1986 of 66.5
mm/year. However the bench mark at this site wégsrtumately destroyed so that there have been
no surveys since 1986. The plot for EC535 is al&lan Appendix 1.

EC534; 7210m:

This site is near Tikitiki, some three kilometreswhstream of EC535. There are no significant
tributaries and therefore no further bed load isfngtween EC536 and EC534, and whereas at
EC536 the mean bed level trend is upward at ECB&4linear) trend line (Fig. 10), shows gradual
river bed degradation averaging 12 mm/year atsiteés however the plot fluctuates considerably
about the trend line. From 1989 there appears tgrdual aggradation taking place.

Fig. 10
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EC533; 4870m:

EC533 is a short distance upstream of the PoroRorer confluence. The Poroporo is unlikely to
contribute much if any bed load to the lower Waiapar, as its bed load is very fine grained and
likely to become wash load or suspended sedimetitdtime it reaches the Waiapu.

The mean bed level plot for EC533, (Fig. 11), shdesgradation at a gradual rate of 7mm/year over
the full 59 year period, similar to that for EC534.

Fig. 11

7.0 Conclusions:

The mean bed level data derived from the WaiapeRivoss section surveys has relatively
long temporal and spatial gaps as well as the sfifdarge scale shingle extraction works,
which has made it difficult to obtain a comprehgagicture of the overall mean bed level
trends;

Although the survey data is rather incomplete, tivisr is of such importance to local iwi
and also for research purposes, that monitoringldrantinue;

The great majority of the shingle excavated fromrker is in the vicinity of EC539, which
has had an influence on mean bed levels at tiesaad at EC538, but the natural fluctuations
in mean bed levels has masked these effects;

While the two most upstream cross sections shomdugl rise in mean bed levels despite
large scale shingle extraction, it is not likelattpeak bed level rise” from Cyclone “Bola”
derived bed load material has reached these te® wiit;

The Mangaoporo River would appear to be the majotributor of bed load material to the
lower Waiapu River, however mean bed levels derfvaah surveys at this site (EC537) are
considered to be misleading due to the encroachaféhe Mangaoporo fan into the cross
section;

The mean bed level data from EC536 effectivelydgnates” the upstream effects of the
shingle extraction and the input of bed load frtv@ Mangaoporo River, and shows
relatively steady mean bed levels over the pagedds;
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The net effect of shingle extraction in the Wai&puer main stem does not appear to be
detrimental but more likely beneficial in moderatithe attendant problems that excessive
aggradation can cause.

10.0 Recommendations:
It is recommended that:

1. Cross section surveys are carried out in the fuatithe same sites at two to three yearly
intervals; and to reinstate a bench mark at EC%3tearby if practical to do so.

2. Conditions should be added to shingle permits suenthat no shingle extraction is allowed
within at least 50 metres either side of the ceexgion at EC539; and this condition is
enforced rigorously;

3. Shingle extraction quantities should be clearlyasafed for sites upstream and downstream
of cross section EC539;

4. Consideration be given to drone/DEM technologydsess the relative bed load inputs from
the Mata and Tapuaeroa rivers at the confluende té Waiapu river to the SH35 bridge;

5. A complete analysis of changes in river bed movdraeer time using aerial photography be
undertaken to see how the river’s position has gedmnd how much land has been lost.

NB: Recommendation 1 should be subject to furtheevewhen survey methods using the latest
available technology; ie drone surveys and DEMayédnbeen appraised for use on all of the
Waiapu catchment rivers
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ADDENDUM

The following definitions and explanations haverbpeovided to clarify the terms used in this

report. ltems 1 & 2 have been kindly provided byJon Tunicliffe.

1. Mean river bed level:

“In the context of actively braiding or anabranahniwvers found in the East Capagean river bed
levelrefers to the average topographic elevation acragsple channels (including bed and banks)
and the actively reworked (non-vegetated) allustafaces, such as bars and braidplains. Changes to
the mean bed elevation across this active transpaotidor reflects adjustments to reach-wide
sediment storage over time.

2. Reach:
A reachis length of river, typically constituting severakander wavelengths, with relatively
homogenous governing conditions, e.g. dischargem#l geometry and floodplain extent.”

3. Alluvial surface and active bed width:

Alluvial surface

\ }4 Active bed
N\
\ A\ N N

The above diagram (not to scale), showsathevial surfacefor a braided river bed and thetive

bed widthas measured by the cross section surveys. The godmured terrace on the left of the
diagram represents a terrace covered with vegatatinich is no longer considered to be part of the
active river bed. To be considered to be outsideatitive bed, a terrace (or island) has to be eover
with established vegetation at least two yearsand, which may be covered in water during floods
but not be subject to scour or deposition of bedl lmaterial.

Mean bed levelsire computed for each cross section from the rokat the levels taken within the
active bed width.

4. Aggradation rates chart:

The following chartipplies only to rivers/streams in the Waiapu cathinor the upper Waipaoa
catchment.

Aggradation Rate | Descriptive term
mm/yr
Oto 9 Negligible
10 to 29 Gradual
30 to 99 Moderate
100 to 199 Rapid
200 to 499 Very rapid
>500 Extreme
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APPENDIX 1

This appendix, which is available on request frbm énvironmental section of the GDC, comprises
all mean bed level and profile plots prepared lfids teport in electronic form.



