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Executive Summary

Introduction

This report assesses the effects of water abstraction for the proposed Central Plains Water Enhancement
Scheme (CPW) on aquatic ecosystems of the Waimakariri River. The report covers effects of the water
take on: frequency and duration of floods and low flows; water quality; instream habitat of minor braids
and spring-fed channels; and biological communities.

River Flows, Floods and Low Flows

The maximum rate of the CPW water take will be 40 m?s, but because of minimum flow restrictions the
maximum rate will only be taken around 10% of the time. Flows most affected by the takes (>10%
change in flow) are from 65 to 115 m?s (all year) and 65 to 150 m®/s (summer). There will be no change
to the existing seven day mean annual low flow, as it will be protected by minimum flow restrictions.
Water abstraction will not appreciably affect flood frequency or the duration of floods and larger “freshes”
(flows >135 m3/s). However, water abstraction will reduce the duration of small freshes, and will therefore
increase the potential periphyton accrual period between small freshes (biol.

Water Quality

The CPW water take is not expected to adversely affect water quality in the Waimakariri River. There
may be a minor increase in water temperature during low flows, but this is unlikely to adversely affect the
biota. The take is unlikely to appreciably increase or decrease river clarity. Results of mass-balance
modelling indicate that the take will not significantly increase the concentration of contaminants
(e.g., nutrients and organic BOD) in the river derived from diffuse or point-sources. The take will not
significantly increase the concentration of microbial pathogens in the river, and the health of recreational
users should not be compromised.

Instream Habitat

A review of instream habitat studies undertaken in the Waimakariri River and other Canterbury braided
rivers indicates that reduced median flow caused by the CPW take will have only minor effects on
instream habitat availability. The reason for this is that the loss of habitat in smaller/shallower channels
will be offset by the habitat gained in larger/deeper channels. Habitat modelling also indicates that the
water take will not affect the upstream passage of migrating chinook salmon or smaller fish through
shallow braided sections. In addition, the CPW water take is expected to have an only minor effect on the
number of flowing braids in the river, and the river will maintain its heavily braided character.

Biological Communities

The CPW water take will not significantly affect the frequency of flood disturbance events. Thus, the
water take is not expected to result in vegetation encroachment onto the braided river fairway, as the river
will still be regularly disturbed by large floods. The take will increase the length of time between smaller
freshes, which will allow more periphyton to develop over summer in shallow open braids. However,
because floods will still occur frequently, periphyton biomass is unlikely to reach nuisance levels. Greater
periphyton biomass and increased stability would be accompanied by a slight shift in invertebrate
community composition, with an increase in the abundance of chironomids and a reduction in the relative
abundance of Deleatidium mayflies. However, the change in invertebrate community composition is
considered minor and it would be offset by increased invertebrate abundance and biomass overall, due to
the greater stability afforded by the increased accrual period. Thus, while effects of the CPW take on
periphyton biomass and invertebrate abundance may be detectable, they are not expected to affect the
food resources of fish or wading birds.
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1. Introduction

1.1 Background to the Central Plains Water Enhancement Scheme

The proposed Central Plains Water Enhancement Scheme (CPW) involves abstracting up to a maximum
of 40 m%s of water from each of the Rakaia and Waimakariri Rivers, and distribution to an irrigation
supply area via an open level headrace 235 m above sea level (asl) and a water race network. The CPW
also incorporates a water storage component in the Waianiwaniwa River valley. The purpose of the
Waianiwaniwa dam is to store water from the Rakaia and Waimakariri Rivers, to be used for irrigation
when minimum flow restrictions limit the taking of water from either or both of the rivers.

The CPW irrigation supply area is bound by the Waimakariri River to the north-east, the Rakaia River to
the south-west, and the Malvern Hills to the north-west and State Highway 1 (SH1) to the south-east
(Fig. 1.1). There are two proposed water intake points on the Waimakariri River: one approximately
2.5 km upstream from the Kowai River confluence and another at the Waimakariri Gorge. The upstream
Kowai intake will be for filling the reservoir, whereas the Gorge intake will feed directly into the headrace
system. The Rakaia River intake will be located 8 km downstream of the Gorge bridge.

Effects of the taking of water on the Rakaia and Waimakariri Rivers were initially assessed by Glova et al.
(2001), when the water take consents were lodged in 2001 (Tipler et al. 2001). More recently, Kingett
Mitchell produced a series of technical reports to support the Assessment of Environmental Effects (AEE)
for the remainder of consents (principally associated with construction, damming, and water use) lodged
by URS Ltd on behalf of Central Plains Water Ltd (CPWL) (Kingett Mitchell 2006a to 2006€). In addition,
Aqualinc (2006) have modelled the effect of the scheme on groundwater levels and groundwater quality.

The AEE undertaken in 2001 by Glova et al. concluded that the CPW water take from the Waimakariri
River was unlikely to adversely affect periphyton, invertebrates, fish and wading birds. However, it was
suggested that reduced duration of minor freshes in the river may impact on upstream salmon passage
and reduce the river’s amenity for salmon angling (i.e., its “fishability”). Glova et al (2001) also indicated
that dewatering of highly productive minor braids or seeps could increase periphyton biomass and reduce
invertebrate abundance. Finally, Glova et al (2001) also raised concern about the effect of the
Waimakariri River take on water quality in the lower river, where significant wastewater discharges are
associated with a decline in existing river water quality.

1.2 Scope of Report

The particular questions this report aims to address relate to what effect reduced median flow and
reduced frequency and duration of minor floods might have on water quality and aquatic ecosystems in
different habitats of the Waimakariri River. This involves analysis of existing water quality and river flow
data, and assessment of the relationship between river flow, water quality, instream habitat and aquatic
biology. This report does not specifically assess the effect of the water take on fishing amenity, or
“fishability” of the river. This work is currently being undertaken by Fish and Game, and the information
was not available at the time of writing.

This report focuses on the Waimakariri River and does not discuss effects of the proposed water take on
the Rakaia River. While both the Rakaia and Waimakariri Rivers have minimum flows, flows in the
Rakaia River are further protected by a water allocation limit and flow sharing rules. The Waimakariri
River has an allocation limit for A Permit minimum flows, but not for the B Permits, and there are no flow
sharing rules in the Waimakariri River Regional Plan. Furthermore, the Rakaia River is considerably
larger than the Waimakariri River (mean flow 221 vs 122 m?/s, respectively), and therefore the effects of
water abstraction are potentially more buffered by the river’s size.

KINGETT MITCHELL LIMITED 1
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This report starts with an overview of the Waimakariri River, including dominant landuses within the
catchment. Existing and predicted river flows after the CPW take are then discussed, particularly
focussing on effects of the take on flood frequency and duration. The next section describes existing river
water quality and potential effects of water abstraction on water quality. The remaining sections describe
the various habitats and ecosystems (e.g., minor braids vs springs) the river supports and how changes
in flow are expected to affect them. All sections draw heavily on existing data; however the habitat
sections also draw on recently collected field data.

2. Overview of the Waimakariri River Environment

The Waimakariri River is one of the Iargest braided rivers in New Zealand, with a total catchment of
3,654 km® and a mean flow of 122 m/s (at the Old Highway Bridge') (ECan data). Of the total
catchment, 33% percent is arable land, 17% is mainly tussock and bush covered hill and high country,
4% is riverbed and 46% is steep mountain land.

Upstream of the Waimakariri Gorge, the catchment is largely unmodified, and is dominated by tussock
and beech forest. However, extensive grazing and cropping is prevalent on the Canterbury Plains
downstream of the gorge. River protection works (stopbanks and rock groynes) are common throughout
the lower river, and from around Coutts Island downstream the river is constrained by stopbanks. There
is a large area of gravel extraction, including works within the flowing channel, immediately upstream of
the State Highway 1 (SH1) bridge. From around the SH1 bridge downstream, the river is influenced by
discharges of municipal wastewater, stormwater and industrial wastewater. The downstream
intensification in landuse is reflected in a decline in water quality downstream of the gorge.

3. River Flows

3.1 Introduction

The Waimakariri River has a median flow of 90 m3s and 7 day mean annual low flow (7dMALF) of
40.2 m¥s. It also has a high flood frequency and floods can occur at any time of the year. In addition to
large annual floods (Table 3.1), numerous smaller floods occur throughout the year, and these smaller
floods and “freshes” may slough-off algae and disturb invertebrates and fish. Clausen & Biggs (1997)
found that of many various hydrological statistics assessed, the frequency of 3 x median flow events per
year (FRE3) was the best predictor of various measures of periphyton and invertebrate biomass and
diversity in a study of 83 New Zealand rivers. Rivers with high FRE3 values (>10/year), tend to have
frequent bed-disturbing floods that prevent aquatic plant and animal communities from fully developing
(Biggs et al. 1990). The Waimakariri River has a FRE3 value of about 15, which suggests that aquatic
plant and invertebrate diversity and biomass are strongly affected by flood frequency. Further discussion
of flow-biota relationships in the Waimakariri River is given below.

Lowest river flows typically occur in late summer (February and March), which is the time when
restrictions on water abstraction usually come in to effect. Minimum flows for water abstraction are
41 m?3/s for A Permit holders and 63 m?®/s for B Permits.

' Al references to Waimakariri River flow in this report refer to flow measured at ECan’s Old Highway Bridge site,
approximately 6 km from the river mouth. Flows at this site are referred to as “unmodified flows”, as ECan has added
4 m?/s of flow onto the recorded flow, to account for existing water abstractions.

KINGETT MITCHELL LIMITED 3
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Table 3.1: Flow statistics for the Waimakariri River at Old Highway Bridge site.

Flow statistic Flow (m?3/s)

Median 90

Mean annual flood 1,495

7d MALF 40.2

Minimum flow (A Permits) 41

Minimum flow (B Permits) 63

FRE3 15 per year
Note: FRES is the mean annual frequency of flow events >3 times median flow.

All data are from ECan except median and FRE3, which were calculated by KML using data from URS.

3.2 Effects of the CPW Take on River Flows

The mean daily rate of the proposed CPW water take and its effects on Waimakariri River flows at the Old
Highway Bridge site have been simulated by URS for the 1967-2001 period, using irrigation demand
modelling by Aqualinc (data valid as at May 2006). Assumptions of the modelled flows are shown in
Appendix 1. Modelled daily rates of abstraction for the 1967-2001 period indicate that the maximum rate
of take of 40 m3/s will occur infrequently; around 10% of the time. During the summer period (November
to March), when irrigation demand is highest, the median rate of take is 7 m3s. The reason for the low
median rate of take compared to the maximum sought is that minimum flow restrictions limit the rate of
take when river flows are at or below 103 m?/s (i.e., B permit minimum flow of 63 m?s plus the 40 m?s

water take).

Fig. 3.1:

Rate of take (m?/s)

% of observations less than

Cumulative frequency plot of the rate of the CPW take from the Waimakariri River during
summer (November to March) and throughout the year (including summer). Data from URS.
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Comparison of flow duration curves for Waimakariri River flows before and after the modelled CPW
abstraction (Fig. 3.2) reveals the following:

. Median flow will be reduced from 90 to 77 m3/s (a 14% reduction).

. Existing flows >65 m?/s and <115 m?3s will be most significantly affected (i.e., >10% reduction).

. Much of the water will be abstracted according to the B Permit minimum flow of 63 m?/s, resulting
in a “flat-lining” of the flow at around or slightly below 63 m3/s.

. Flclzws <63 m?¥s will increase in frequency from the current 25% to 41% of the time after the CPW
akes.

o CPW will not affect the duration of time the river is at the existing 7dMALF (40.2 m®/s) or the A
Permit minimum flow of 41 m3/s.

200 +
180 -
160

—— Before CPW
After CPW

140 -
120 |
100 |

(m¥/s)

Flow
(0]
o
Il

B Permit Min Flow

0 10 20 30 40 50 60 70 80 90 100

% time less than flow

Fig. 3.2: Flow duration curves for the Waimakariri River at the Old Highway Bridge site (1967-2001 data).

Although water abstraction will occur throughout the year (to fill the Waianiwaniwa Reservoir), the
greatest effects on river flow will occur in summer, when flows are naturally low and irrigation demand is
high (Fig. 3.3). Summer flows in this report are defined as those falling in the period of November to
March inclusive. This period includes the major fishing season for chinook salmon, which is very popular
in the Waimakariri River. In addition, habitat suitability curves indicate that salmon angling has greater
depth and velocity requirements than is necessary for feeding or passage of most (if not all) native or
introduced fish species (Jowett 2002).

Analysis of summer (November to March) flow data before and after the CPW water take indicates the

following:

o Summer median flow will be reduced from 86 to 59 m?/s (a 31% reduction).

. Existing flows most significantly affected (i.e., >10% reduction) will be those >65 m®s and
<150 m?/s (i.e., higher summer flows will be affected more than throughout the year).

During summer the estimated median rate of abstraction is 7 m3/s, but median river flow is reduced by
27 m3¥/s (from 86 to 59 m3/s). This apparent discrepancy between the median rate of take and river flow is

KINGETT MITCHELL LIMITED 5
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because the maximum rate of abstraction increases with increasing river flow. This increasing maximum
rate of take with increasing flow also causes the flat-lining of the flow duration curve around the B permit
minimum flow of 63 m?%s (Fig. 3.2).

180 -
O Before CPW
160 - {
@ After CPW
140 - {{ {{
120 + {
ﬁ 100 - T i it i
s w0 B ne e [ [
3 80 - E
“ 60
40 -
20 -
0
J F M A M J J A S 0] N D
Month
Fig. 3.3: Monthly mean (1 SE) flow for the Waimakariri River. Means back-transformed from logio-

transformed data.

The effect of the proposed Waimakariri River takes on the hydrograph for typical2 flow years (1975-1977)
is shown in Fig. 3.4. The hydrograph highlights the high flood frequency of the river, but also shows that
the river can have sustained periods of low flow over summer. The effect of the take is most obvious
during the summer months (Figs. 3.4 and 3.5). Fig. 3.6 shows the effect of the take on flow for the
summer of 1970/1971, which was a record low flow year with a mean flow of 52 m®s. Both Figs. 3.5 and
3.6 indicate that while the CPW takes will not affect the frequency of larger floods (>3 times median flow,
270 m3/s), the duration of smaller freshes (those <150 m?s) will be affected. For very dry summers, the
effect of CPW on river flow is less obvious, as low river flows will result in water restrictions that limit
water abstractions (Fig. 3.6).

Flood frequency and duration of low flows are important factors influencing both physical river processes
and biological communities. The length of time between flood events is referred to as an accrual period,
as it is the length of time that biological communities (e.g., algae and invertebrates) can recover and
increase in biomass. Long accrual periods may result in algal proliferations (see below for further
discussion of biological effects). The plots presented above indicate that the CPW will mostly affect
smaller floods and freshes. The effect of the CPW take on the frequency and duration of floods and
accrual periods was calculated using the following measures of flood disturbance:

. 3 times median flow; 270 m3/s.
) 1.5 times median flow; 135 m3/s.
. 2 x 7TdMALF; 80.4 m3/s.

2 Mean flow (back-transformed from log+o-transformed data) for summer 1975-1976 was 88 m?'s and for 1976-1977
was 116 m¥s. Mean summer flow for all years of record (1967-2001) was 95 m?¥s (logio-transformed data). Thus the
summers of 1975-1977 had close to average, or “typical” flow conditions.

KINGETT MITCHELL LIMITED 6
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Note: Data are from URS (May 2006).

“After” CPW flows are based on CPW irrigation demand modelled by
Aqualinc.

Fig. 3.4: Waimakariri River flow during two “typical flow” years (1/6/1975-31/5/1977).
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Fig. 3.5: Waimakariri River flow in a typical flow year (1975-1976) showing the summer low flow period.
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Fig. 3.6: Waimakariri River flow in a record low flow summer (1970-1971).

Fig. 3.7 shows that the CPW take is not expected to affect the frequency of any of the measures of flood
disturbance over the course of a summer. Data for the entire year is not presented but it follows the
same pattern as summer-only data. More strongly influenced by the CPW take is the duration of smaller
flood events over summer. Fig. 3.8 shows that of the flow statistics examined, the duration of 2 x
7dMALF freshes would be the greatest affected by the CPW take, with the mean duration of flows >80.4
m?3/s during summer reduced from 82 to 59 days, a 28% reduction. Reduced duration of >80.4 m?/s flows
results in a corresponding increase in mean accrual period, from 11 to 16 days (Fig. 3.9). Thus, the CPW
water takes are not expected to affect flood disturbance frequency, but they will increase the amount of
time between small freshes. The biological significance of changes in accrual period is discussed in
Section 5.4.7 below.

3.3 Summary

The Waimakariri River has a high flood frequency and experiences low flows in late summer (February
and March). Simulated CPW water abstraction data for the 1967-2001 period (supplied by URS)
indicates the following:

. Median flow will be reduced from 90 to 77 m?s (all data), and from 86 to 59 m3s (summer,
November to March, data).

o The flow band most affected by the takes (>10% change in flow) is from 65 to 115 m3/s (all year),
and from 65 to 150 m?/s (summer).

3 There will be no change to the existing MALF, as it will be protected by minimum flow restrictions.

. Water abstraction will not appreciably affect flood frequency or the duration of floods and larger

“freshes” (flows >135 m?3/s).

. Water abstraction will reduce the duration of smaller freshes of around 80 m3/s, and will therefore
increase the potential periphyton “accrual” period between small freshes.
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Fig. 4.4: Faecal coliform numbers in the Waimakariri River, from upstream to downstream (data source
ECan).

Note: For box plots, the horizontal line indicates the median; the box contains the inter-quartile range; whiskers
include the non-outlier range; and circles and asterisks show outliers and extreme values.
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4.1.2  Temporal trends in water quality in the Waimakariri River

Many water quality parameters follow seasonal patterns in water quality that are due to climatic and
hydrological factors. The lower reaches of the Waimakariri River are tidal, however monitoring
requirements generally specify that samples are collected at low tide, and therefore temporal trends are
restricted to seasonal and inter-annual variations. Water temperature and DO will also vary throughout
the day; however measurements at an individual site are generally taken at a similar time of day on each
sampling date. While this does insure the integrity of the data set for examining long term trends, in the
absence of continuous temperature data, comparison of temperature between sites (e.g., to see if there is
a significant downstream increase in temperature during low flows) is not currently possible.

Waimakariri River water temperatures at Site CH4 are lowest between June and July and highest
between December and February (Fig. 4.5). Highest temperatures occur in January, when the mean
water temperature is 19.8 °C. Water temperatures at CH4 are nearly always measured in the mid-
afternoon (between 1 and 4 pm), when temperatures might be expected to be highest. January water
temperatures are often around 20 to 22 °C in the lower river, and the highest water temperature recorded
at CH4 is 23.1 °C (recorded in January 1992). The WRRP temperature guideline is 25 °C for the
mainstem of the Waimakariri River, although recent research suggests this guideline may not adequately
protect sensitive invertebrate and fish species. For example, Quinn et al (1994) found that significant
mortality of Deleatidium mayflies (which are abundant in the Waimakariri River) occurred at temperatures
around 22.6 °C. Thus, daily maximum water temperatures in January are potentially high enough to
adversely affect invertebrates and fish during times of low flow and warm weather in the lower
Waimakariri River (see Section 4.3 below for further discussion).
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Fig. 4.5: Mean (x1 SE) monthly water temperatures in the Waimakariri River at Site CH4 (data source
NIWA).

Trend analysis was undertaken using WQStatPlus v1.5 software to assess long-term (inter-annual)
temporal effects on nutrient concentrations and clarity (measured as turbidity) in the Waimakariri River
upstream, at the gorge (Site CH3) and downstream, above the Old Highway Bridge (Site CH4). The data
was de-seasonalised prior to trend analysis using the Mann-Kendall Test. Sen’s slope estimator was
calculated (WQStatPlus) to determine the rate of change in water quality for any significant trends.
Analyses were undertaken for the whole data record (1989 — 2005) and for the past 10 years (1995 —
2005). The full table of results is provided in Appendix 2. Insufficient data was available for trend
analysis of faecal indicator bacteria.
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Nitrate nitrogen concentrations downstream (Site CH4) showed a significant increase (p=0.05) over the
1989-2005 period however no trend was detected for the 1995-2005 period. Similarly, total nitrogen
concentrations increased significantly (p<0.01) over the 1989-2005 period but there was no trend for the
1995-2005 period. No trends in nitrate nitrogen or total nitrogen were detected upstream at Site CH3.
This suggests that supply of N-nutrients to the lower reaches of the river increased prior to the mid-1990s,
but stabilised thereafter. The increase in N could either have been due to natural causes (e.g., natural
variations in river flow and groundwater N-transport), or due to changes in landuse intensification.

Conversely, DRP and TP concentrations downstream (Site CH4) showed a significant (p<0.01) downward
trend for the 1995-2005 period but no trend across the 1989-2005 period. No significant (p<0.05) trends
in turbidity were detected. Fluctuations in turbidity are likely to be closely associated with flood events in
the river. It should be noted that there are no point source discharges in the reach between the two
NRWAQN sites and that any trends are most likely to be due to diffuse sources.

In summary, the water quality of the Waimakariri River is of very high quality in the vicinity of the CPW
take (around the gorge), with high dissolved oxygen, low nutrient concentrations and low faecal indicator
bacteria numbers when compared to other river types in the region and compared to water quality
guidelines. Turbidity and clarity reflect the active erosion in the catchment, with occasional high values
measured. Water quality degrades with distance downstream in the Waimakariri River, typically
increasing in nutrients (N and P) and faecal indicator bacteria. Clarity declines downstream, and the
difference between upstream and downstream sites increases with increasing clarity upstream.

4.1.3  Water quality in the tributaries of the lower Waimakariri River

There are three major tributaries in the lower reaches of the Waimakariri River: Otukaikino Creek, Styx
River and the Kaiapoi River. Two minor tributaries also feed into the Waimakariri River in its lower
reaches: Jockey Baker Creek and Saltwater/Kairaki Creek. ECan has long term monitoring sites in the
Otukaikino Creek at Dickeys Rd and in the Styx River at Teapes Rd. Although there is some historical
data for the Kaiapoi River (1975-1980) there is no regular monitoring site in its lower reaches. The
tributaries and ECan monitoring sites are shown in Fig. 4.1.

Water quality records for the Otukaikino Creek (at Dickeys Rd) and Styx River (at Teapes Rd) are
summarised in Table 4.3 and compared with relevant standards for lowland waterbodies. The lower
reaches of Otukaikino Creek and the Styx River are classed as WAIM Trib, respectively, under the WRRP
(ECan 2004a). In the absence of numerical standards in the WRRP, either the PNRRP, ANZECC (2000),
or MfE (2003) standards are given.

Otukaikino Creek is a spring-fed lowland stream with moderately high water quality. Low turbidity and
suspended solids concentrations (TSS) result in generally high visual clarity and reflect the stable, spring-
fed source of flow. Median nutrient concentrations (NOx-N, NH,-N, DRP and TP) are elevated, but fairly
typical for a lowland stream, as are numbers of faecal indicator bacteria. Thus, water quality in the
Otukaikino Creek is generally within water quality guidelines for a lowland waterway, however, nutrient
concentrations and numbers of faecal indicator bacteria are higher than those recorded in the
Waimakariri River above the Otukaikino Creek confluence, due to the influence of urban and point-source
discharges into Otukaikino Creek.

Water quality in the lower Styx River is generally of a high quality for a lowland waterway, with high
concentrations of dissolved oxygen, low turbidity and low suspended solids (TSS) concentrations, and
generally lower concentrations of nutrients than in Otukaikino Creek. Dissolved oxygen saturation,
temperature, pH and DRP/TP are generally within guidelines for lowland rivers, although nitrogenous
nutrients exceed guidelines. The Styx River drains into Brooklands Lagoon, near the mouth of the
Waimakariri River, and it is therefore difficult to assess the effects of the Styx River on water quality in the
mainstem of the river.

Compared with water quality in the lower Waimakariri River, water quality in Otukaikino Creek and the
Styx River overall has higher clarity, higher nutrient concentrations and higher numbers of faecal indicator
bacteria.
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Table 4.3:  Water quality in Otukaikino Creek and Styx River (data source ECan).
WQ Guidelines

Otukaikino Creek at
Dickeys Road®

Styx River at
Teapes Road"

9.4 8.9 -
DO (g/m?) (3.8-12) (7-12)
. 90 82 >80% °
DO (% saturation) (37 - 120) (63 - 115)
o [
Water Temperature (°C) @ 01217) 8 91317) <2%°C
Conductivity (mS/m) (6.59 '_415) (101_326) )
H 7.3 75 6.0 — 9.0°
P (6.3-8.1) (7-7.9)
- 0.8 1.7 -
Turbidity (NTU) (0.4-4.3) (0.6-6.8)
s 3.0 3.2 -
TSS (g/m?) (1.0 - 763) (0.9-5.1)
0.39 0.51 0.44°
_ 3
NOx-N (g/m?) (0.20 - 1.4) (0.34-2.4)
NHa-N (g/m?) 0.2 0.054 0.021°
(0.0025 - 0.51) (0.005 - 0.2)
N (g/m?) 0.70 0.63 0.61°
9 (0.33-7.4) (0.41-3.4)
ORP 0.098 0.023 0.10°
(0.007 - 0.96) (0.009 - 0.069)
TP 0.12 0.041 0.33°
(0.026 - 0.2) (0.021-0.11)
. . 250 250 <260 (Alert)
E. coli (MPN/100mL) (110 — 2,400) (100 — 2,400) <550 (Action)’
Faecal coliforms (cfu/100mL) (30 _3? f 200) (3204_910 400) )

Note: 2 n>50 ; ® n=41; Water quality standards are: ¢ WRRP, ® PNRRP, ® ANZECC (2000) for slightly disturbed
lowland waterbodies, or ' from MfE (2003) for contact recreation.

4.1.4  Discharges into the lower Waimakariri River and its tributaries

The lower Waimakariri River receives inputs from a number of consented discharges including treated
meatworks and fellmongery wastewater, truck wash water and stormwater, either directly or via its
tributaries.  Historically, treated sewage from the Kaiapoi Wastewater Treatment Plant (WWTP)
discharged into Jockey Baker Creek and Rangiora Wastewater Treatment Plant discharged into South
Brook, both tributaries of the lower Waimakariri River. As of April 2006 these discharges have ceased
due to the completion of an ocean outfall. The Belfast WWTP discharges treated effluent into the
Otukaikino, which then enters the Waimakariri River around the SH1 bridge. However, the Belfast
WWTP is currently being upgraded and within the next two years its effluent will be diverted into the
Christchurch WWTP and its ocean outfall. A summary of consented wastewater discharges into the
lower Waimakariri River and its tributaries is shown in Table 4.4 in order from upstream to downstream.
The entry point of the discharges into the Waimakariri River is shown in Fig. 4.1.
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Table 4.4: Summary of consented wastewater discharges into the lower Waimakariri River and its
tributaries.
Consent Maximum Discharge
Type of Discharge Receiving Waterbody Discharge Contaminant |
Holder 0. -
Volume Limit Limits (kg/day
Christchurch Treated human effluent (Belfast) Otukaikino Creek 2,000 m¥day BOD 30"
City Council TSS 100
NH4-N 60
DRP 16
PPCS Limited Treated meatworks, fellmongery and Waimakariri River 20,000 m¥*day GFC/BOD 4,0(
woolscour wastewater TSS 3,500
NH4-N 1,000
Fat, grease an
Waimakariri Treated Human Effluent (Rangiora) South Brook 8,992 m¥day TSS 360 '
District Council
Waimakariri Treated Human Effluent (Kaiapoi) Jockey Baker Creek 6,000 m*/day BOD 300 *
District Council GFC/BOD 300
TSS 300
NH4;-N 9
Arsenic 0.3
Cadmium 0.01
Chromium 0.3
Copper 0.03
Lead 0.03
Nickel 0.09
Zinc 0.3
Note: 'Load estimates calculated from treated effluent consent limit medians and maximum daily
discharge volume; 2 Load estimates calculated from treated effluent 90" percentile limits and
maximum daily discharge volume.
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Landuse in the lower reaches of the river changes from the predominantly rural landscape of the mid to
upper reaches to a combination of urban, industrial and rural landuses which affect the contaminant loads
entering the river either through consented discharges or diffuse sources including runoff. Although a
number of point source industrial and municipal discharges have recently been removed from the river,
stormwater discharges are likely to continue. Contaminant loads associated with stormwater discharges
into the river may increase given that urban development is likely to continue. However, water quality
effects resulting from stormwater discharges are primarily high flow issues, and are therefore not
discussed in further detail in this report.

To date deterioration in water quality in the lower reaches of the Waimakariri River has been at least
partly attributable to the cumulative effects of the major municipal wastewater discharges into the lower
river. The maximum discharge limit of these three municipal WWTPs combined is approximately
19,000 m¥*day (Table 4.4). With the cessation of discharges from the Rangiora, Kaiapoi, and Belfast
WWTPs, there will be some reduction in the loads of BOD, suspended solids and nutrients entering the
river. Overall, the cessation of the municipal WWTP discharges should result in some improvement in
water quality in the lower river, however water quality in the lower river will still be influenced by the PPCS
discharge.

With the exception of stormwater, the PPCS Limited discharge is the only consented point source
discharge that discharges directly into the lower Waimakariri River. Following the removal of the Kaiapoi,
Rangiora, and Belfast WWTP discharges, the PPCS discharge will be the sole remaining major
wastewater discharge into the Waimakariri River. The PPCS discharge outfall is located on the piers of
the Old Highway Bridge, where diffusers are moved so that the effluent is only discharged into an actively
flowing braid of the river. Generally, the river flows in a single channel in this reach. The consented rate
of discharge is limited by the flow of the river, whereby the rate of discharge must be less than 1% of river
flow at the Old Highway Bridge. The effects of the CPW take on the PPCS Limited discharge rate and
water quality in the lower Waimakariri River are discussed in Section 4.3.3.

4.2 Relationship between River Flow and Water Quality

The relationship between river flow in the Waimakariri River and various water quality parameters
(temperature, DRP, TP, turbidity or clarity, NOx-N or NO;-N, and faecal coliforms) was examined using
Spearman rank correlation (Statistica 6.0 software). Correlations were undertaken using the entire flow
record and a subset of flows <115 m®s. Flows <115 m?s are predicted to be most affected by the CPW
take (see Section 3 above). Both ECan and NRWQN monitoring sites were included in the correlations
(refer to Figs. 1.1 and 4.1 for site locations). The full set of correlation results is shown in Appendix 3.

Turbidity and black disk water clarity were significantly (p<0.001) correlated with river flow at all sites and
for both flow groups (entire record and flows <115 m3s). This result was expected since turbidity
increases at higher flows due to sediment runoff and entrainment of fine sediments during flood flows.
The strong negative log correlation (RS=-0.86) between clarity and river flow at NRWQN Site CH4 is
shown in Fig. 4.6. The regression equation for the relationship between river flow (m?3s) and clarity (m) at
site CH4 is:

Equation 1: log (CH4 clarity) = 2.958 — 1.733 x log (CH4 flow) r2=0.86

Water clarity >1.6 m is given as a guideline to protect the visual clarity of waters used for swimming
(ANZECC 2000). Using Equation 1 above, clarity of 1.6 m occurs at about 39 m3s, which is
approximately the 7dMALF flow (41 m3/s), while at a median river flow of 90 m?/s, clarity is predicted to be
approximately 0.4 m. Thus, on average, clarity in the river is quite low. The relationship between flow
and clarity is also expected to differ between the rising and falling limbs of the flood hydrograph, however
water quality data is collected too infrequently to fully examine the nature of this relationship in the
Waimakariri River.
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Fig. 4.6: Relationship between river flow and clarity at Site CH4 (all flows).

Significant correlations (p<0.001) were found between flow and all the parameters tested (DRP, TP,
turbidity, NO3s-N and TN) and at river flows less than 115 m?s for the NRWQN sites (CH3 and CH4).
However, the strength of the relationship was often not particularly strong (i.e., a low “r’ value), and
significant correlations were often attributable to the high sample size (n = 200 for most parameters).
After clarity, TP (and to a lesser extent DRP) showed the strongest relationship with flow, at all flows and
for flows <115 m?s (Fig. 4.7). Total phosphorus is often elevated in rivers during high flows, due to the
presence of high loads of particulate phosphorus in organic sediment and flood waters.
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Fig. 4.7: Relationship between phosphorus concentration and river flow at Site CH4. Note that very high

and low TP values have been omitted, for clarity).

Flow and NOx-N concentration were negatively correlated for Kairaki and Ferry Road (rs = —0.55 and —
0.43, respectively), the two most downstream sampling sites (Fig. 4.8). For these two sites, highest NOx-
N concentrations occurred at flows <160 m3/s, and were relatively low at higher flows. This resulted in a
significant (p<0.001) correlation between flow and NOx-N for all flows for these two sites, but not for flows
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<115 m3/s (p>0.05, r;<0.10). There was no obvious relationship between flow and NOx-N concentration
for any of the other monitoring sites. The negative relationship between flow and NOx-N concentration
for the Kairaki and Ferry Road sites probably reflects the influence of point source discharges, with higher
river flows providing greater dilution of wastewaters.

There was no obvious relationship between flow and faecal indicator counts at any of the sites
(i.e., rs= 0.2 for all sites).
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Fig. 4.8: Relationship between river flow and NOx-N concentration at several sites along the lower river.

4.3 Predicted Changes in Water Quality Following the CPW Take

431 Introduction

Water quality issues are of particular concern when reduced flow may result in increased water
temperature, increased daily variations in dissolved oxygen, or increased concentrations of microbial
pathogens, nutrients or toxic contaminants from diffuse sources or point-source discharges. Water
temperature is primarily of concern in rivers with a wide floodplain and/or with little stream shading.
Water temperatures can naturally get quite high during summer in wide, shallow streams on the
Canterbury Plains, and water abstraction has the potential to further increase temperatures to lethal
levels for fish and invertebrates. In lowland streams that have high aquatic plant biomass, dissolved
oxygen concentrations often drop to low levels over night (due to plant respiration), and lack of flow can
exacerbate this, resulting in fish kills. Similarly, reduced assimilative capacity during low river flow can
result in contaminants from point-source discharges becoming toxic to aquatic life.

The following sections assess the potential effect of the CPW water takes on water temperature,
suspended sediments/clarity, nutrients, microbes, and BOD in the Waimakariri River. Effects of the take
on dissolved oxygen have not been assessed, as it is considered unlikely to be affected by the take.
Dissolved oxygen is unlikely to be a low flow issue in the Waimakariri River, as percent saturation is
nearly always high (>90%) at all Waimakariri River sites, and there is typically low benthic oxygen
demand due to the naturally high flood frequency and low periphyton biomass.
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4.3.2  Effects on temperature

Existing spot temperature measurements indicate that water temperature in the lower river can get quite
high in the middle of summer. Furthermore, although weak, there is a relationship between river flow and
water temperature in the river, with lowest flows associated with highest water temperatures (Fig. 4.9).
Although there is no continuous or daily data, temperatures at the NZRWQN lower site (CH4) are always
taken during the expected warmest part of the day (around 1 to 4 pm). Thus, existing temperature
monitoring data probably reflects daily maximum temperatures. This would tend to suggest that water
temperatures during low flows are unlikely to be an issue, as although maximum summer temperatures
approach the potential range of adverse effects (i.e., 22-23 °C), they do not get appreciably higher
(maximum temperature recorded is around 23 °C), even during very low flows (minimum river flow for
temperature records was 28 m3/s).

A further factor to consider is the effect of daily or diurnal temperature variations on the biota. Cox &
Rutherford (2000) found that the mid point between daily mean and maximum river temperature is
probably the most valid value to compare against results from laboratory temperature lethal tests. There
is no daily temperature data available from the Waimakariri River, but there is expected to be
considerable daily variation. For example, in the Rangitata River daily maximum water temperatures are
similar to those in the Waimakariri River (around 23 °C), with daily mean temperatures typically two or
three degrees cooler (Ryder 2003). Therefore, the risk of adverse effects of the Waimakariri River take
on water temperatures is considered to be low.

25
] °
] o.. o o . .
] L4 ) °
20 ] ) ... ..‘ ... .. . [ ]
o . ° ‘s v »
o 1 e ®© o O e® ® o ° °®
N [ J
o 15 - « ® 3 ® o
5 .
G) 4
o -
= 10 4
G) 4
|_ 4
5]
0 1 T T 1
0 50 100 150
Flow (m?s)
Fig. 4.9: Summer (November — March) water temperatures at low flows in the Waimakariri River at Site

CH4 (upstream of Old Highway Bridge).

4.3.3  Effects on suspended sediments and clarity

Glova (1987) suggested that best salmon angling conditions in the Rakaia River occur at river flows when
the black disk clarity is between about 0.5 and 1.0 m. There is also the rule of thumb (elucidated at the
Rangitata Water Conservation Order hearings) that optimal angling conditions occur when an angler can
see the toe of their gumboot in knee-deep water. It is difficult to quantify exactly what the equivalent
black disk clarity is, but it is probably close to 0.4 or 0.5 m. Based on Equation 1 above, black disk clarity
of 0.5 to 1.0 m at Site CH4 occurs at river flows between 75 and 50 m?/s, and clarity of 0.4 m occurs at
around 85 m?s. This could lead to the conclusion that reduced river flow will then lead to reduced river
clarity and hence poorer salmon angling conditions. However, while river clarity is related to flow, it does
not necessarily follow that water abstraction will appreciably reduce downstream clarity; flood flows
should still increase suspended sediment concentrations and reduce clarity fairly independently of how
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much water is removed for irrigation. To test this assertion, the relationship between clarity
measurements from Sites CH3 and CH4 was compared at different river flows. While clarity declines with
distance downstream, there was no effect of river flow on the shape (or curve gradient) or this relationship
(Fig. 4.10). This indicates that the clarity relationship between sites CH3 and CH4 is indeed independent
of flow and that the CPW water take is unlikely to significantly affect water clarity between these two sites.

The major spring-fed tributary inflows in the lower river (downstream of Site CH4) have higher clarity than
the mainstem. Because the relative flow contribution of these tributaries is greater during periods of lower
Waimakariri River flows, there is a possibility that the tributary inflows could result in clarity increasing in
the mainstem of the Waimakariri River. However, most of the tributaries discharge into the tidally-
influenced section of the river, where water clarity will be affected more by incoming tides. Furthermore,
the overall contribution of these tributaries to total river flow is small compared to flow in the Waimakariri
River. It is therefore concluded that the effect of spring-fed tributaries on the clarity of the lower river is
probably not significant and that the CPW take is unlikely to affect this.
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Fig. 4.10: Predicted water clarity at downstream site CH4 based on upstream clarity at site CH3 at
different flows (predictions based on log-log regression).

4.3.4 Modelling effects of the CPW take on diffuse and point-source pollution

Three slightly different modelling approaches were used for assessing effects of the CPW take on diffuse
pollution, point-source pollution, and microbial pathogens, and these different approaches are outlined in
this section.

For assessing effects on diffuse pollution, a model was constructed to predict possible effects of the CPW
take on water quality in the middle reaches of the Waimakariri River (between the gorge and Otukaikino
Creek confluence). The rationale for the model is that water quality declines between the gorge (CH3)
and the downstream site (CH4), as a result of diffuse pollution. There are no major tributaries or point-
source discharges between Sites CH3 and CH4. Water quality in the CPW take is assumed to be similar
to water quality at the gorge, due to the proximity of the intake and the gorge sampling site, and therefore
of a higher quality than water at site CH4. Therefore there is less dilution remaining in the river and
potentially reduced water quality at the downstream site CH4.

In order to test effects of the take on diffuse pollution, a model was constructed using a loads-based,
mass balance approach. URS modelled flows were used to calculate the daily volume of water
abstracted for the period 1989-2001. NRWQN data from the gorge site (CH3) was used to calculate the
contaminant load in the water abstracted in the CPW take. The load abstracted in the CPW take was
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deducted from the load calculated for the downstream site (CH4), in order to predict a downstream
concentration. These results are discussed below. Only dissolved nutrients (NO3-N and DRP) were
modelled for the effects of diffuse pollution; BOD was not modelled, as there are no significant sources of
BOD between sites CH3 and CH4. Results of the modelling are provided in Section 4.3.5 below. Effects
of the CPW take on microbial pathogens involved a modified approach, as described further below.

A similar loads-based approach was also used to assess the effects of the CPW take water quality in the
lower Waimakariri River due to the PPCS discharge. The maximum consented discharge volume and
contaminant loads were used to predict contaminant concentrations in the river using URS modelled
flows for before and after the CPW take. The findings are discussed in Section 4.3.6 below.

A loads-based approach to modelling was not possible for assessing effects of the CPW take on faecal
pathogens, due to the paucity of faecal indicator monitoring data available from the gorge. Therefore, a
modified modelling approach was used to assess effects of the take on pathogens for all four of the ECan
monitoring sites downstream of the gorge. This modified approach used faecal coliforms as the faecal
indicator rather than E. coli, as the faecal coliform monitoring record is much longer. Although E. coli are
currently the preferred faecal indicator for assessing health risk in recreational waters (MfE 2003), they
are a subset of faecal coliforms, and therefore use of faecal coliforms is regarded as a conservative
approach to assessing public health risk. The simple modelling approach used the proportional
difference between flows recorded at the time of sampling and those predicted following the CPW take to
predict the increase in faecal indicator bacteria at a given site. For example, if a faecal coliform count
was 423 cfu/100 ml and the flow was 89 m?/s on a given day, and if the flow was predicted to drop to 61
m?3/s on that day, then the predicted post-CPW coliform count would 89/61 x 423, which is 617 cfu/100 ml.
This approach is regarded as being conservative as it takes no account of the effects of dilution from
upstream. Results of modelling faecal indicator numbers are given in Section 4.3.7 below.

4.3.5 Effects of the CPW take on diffuse pollution

The predicted changes in water quality in the Waimakariri River between sites CH3 and CH4 are shown
in Figs. 4.11 and 4.12 as cumulative frequency plots, where water quality before and after the CPW take
can be compared. Based on the river flow modelling data provided by URS, the CPW take is predicted to
have negligible effect on nitrate nitrogen (NO3;-N) and dissolved reactive phosphorus (DRP)
concentrations upstream of the Otukaikino Creek confluence. This suggests that the CPW water take will
not exacerbate the effects of diffuse sources of pollution on nutrients. Periphyton biomass is affected by
both nutrient supply and flood disturbance frequency. These data indicate that the take should not affect
periphyton nutrient supply upstream of the Otukaikino Creek confluence. Effects of the take on water
quality downstream of Otukaikino Creek are discusses in Section 4.3.6, and effects of the take on flood
disturbance and periphyton is discussed in Section 5.4 below.
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Fig. 4.11: Cumulative frequency of NO3-N concentrations in the Waimakariri River at NRWQN Site CH4.
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Fig. 4.12: Cumulative frequency of DRP concentrations in the Waimakariri River at NRWQN Site CH4.

4.3.6 Effects on Point-Source Discharge Contaminants

The PPCS discharge of treated woolscour, fellmongery and tannery effluent into the Waimakariri River at
the Old Highway Bridge may affect water quality in the lower reaches of the river if flows are reduced due
to the CPW take. Given that the discharge rate is governed by river flows at the Old Highway Bridge flow
recorder, the maximum consented discharge rate was assessed against the modelled river flows to
determine whether the discharge rate was likely to be compromised by reduced river flows. It was found
that under the current pre-CPW flow regime the discharge rate was not compromised and that this
situation did not change when flows were modelled to incorporate the CPW take.
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Fig. 4.13: Predicted effects of the CPW water take on BOD, ammonia, suspended solids (TSS), and fat,

grease and oil in the Waimakariri River downstream of the PPCS discharge.

The maximum consented discharge volume and maximum daily loads of water quality contaminants were
used in the model described in Section 4.3.4 to give the most conservative estimate of potential changes
in water quality. Examination of PPCS discharge data indicates that they are consistently well within their
discharge compliance limits, therefore use of the consent maxima is considered a valid approach. The
potential changes in GFC/BOD and TSS are shown in Fig. 4.13. GFC/BOD concentrations in the range
0.4 — 1.0 g/m? are predicted to increase by between 0.05 and 0.1 g/m®. TSS concentrations in the same
range are predicted to increase by a similar amount. Similarly, median concentrations of total ammonia

and fat, grease, and oil would increase by a small amount (<0.1 g/m3).
compliance with in-river consent limits is not predicted to change.

For all parameters examined,

Based on the modelling of maximum consented discharge volumes, the CPW take has the potential to
result in a minor increase in in-river concentrations of contaminants downstream of the PPCS discharge.
However, this is not considered likely to result in adverse environmental effects as the increase is small

and in-

river compliance limits will not be exceeded.
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4.3.7 Effects of the CPW take on microbial pathogens

Based on modelled river flow data from URS, the CPW take is predicted to result in a minor increase in
the numbers of faecal indicator bacteria in the lower river (Figs. 1.14 and 4.15). However, the increase in
median faecal coliform counts is very low compared to the amount of existing variation in microbe
numbers, and is therefore unlikely to appreciably alter the existing health risk posed by contact recreation
in the lower river. For the Otukaikino, Stewarts Gully, and Ferry Road monitoring sites, the predicted
increase in median faecal coliform counts are in the range of 6-9%, which is considered minor. Median
coliform numbers for the Kairaki site are currently very high (3,300 cfu/100 ml), and the modelling
approach used here predicted the CPW take would result in a 26% increase in coliform numbers
(i.e., approximately 4,200 cfu/100 ml). However, all of the faecal coliform records for the Kairaki site are
over 20 years old and probably reflect historic problems with wastewater discharges from the Kaiapoi
WWTP, which is immediately upstream. Sampling of E. coli at Kairaki in the last five years indicates
considerably lower faecal contamination, with a median E. coli count of 115 cfu/100 ml (total of 37
samples). This suggests that the effect of the CPW take on microbial contamination at the Kairaki site will
be minor and comparable to the other lower river sites that have lower faecal coliform counts.
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1,000 + I [ l J
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(n=652) (n=167) (n=200) (n=115)

Fig. 4.14: Predicted effects of the CPW water take on median (25 and 75 percentile) faecal indicator
bacteria numbers at four sites in the lower Waimakariri River.
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Fig. 4.15: Predicted effects of the CPW water take on the cumulative distribution of faecal indicator

bacteria numbers at four sites in the lower Waimakariri River.

4.3.8 Summary

Existing water quality in the Waimakariri River is very high in the vicinity of the CPW take at the gorge,
with high dissolved oxygen and low nutrient concentrations, and low numbers of faecal indicator bacteria.
Water quality (particularly nutrients and faecal indicator bacteria) declines downstream, due to the
influence of diffuse pollution (upstream of SH1) and major point-source wastewater discharges from
Otukaikino Creek downstream. Water temperatures can get high in summer, with a maximum of around
23 °C recorded in the lower river.

The CPW water take is not expected to adversely affect water quality in the Waimakariri River. In
particular:

. Water temperature may increase slightly during low flows, but any increase is likely to be minor and
unlikely to adversely affect the biota.

. River clarity currently declines downstream of the gorge, and the water take is unlikely to
appreciably increase or decrease clarity.

. The water take will not significantly increase the concentration of contaminants (e.g., nutrients and
organic BOD) in the river that are derived from diffuse or point-sources.

. The take will not significantly increase the concentration of microbial pathogens in the lower river
and the health of recreational users of the river should not be compromised.
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5. Waimakariri River Habitats

5.1 Review of Existing Information

In braided rivers like the Waimakariri River, reworking of the braided channel network during floods
results in a mosaic of surface water habitats, ranging from frequently disturbed major braids that carry the
majority of surface flow and have little riparian vegetation cover, through to groundwater fed seeps at the
edge of the active channel that are infrequently disturbed and may have a well-developed canopy of
riparian vegetation. Low flood disturbance frequency and predominantly nutrient-rich groundwater inflows
mean that seeps are often hotspots of biodiversity and productivity for periphyton and invertebrate
communities (e.g., Kilroy et al. 2004).

Various authors have used different terminology to categorise braided river channel networks, so it is
worthwhile briefly explaining and defining the terms that are used in the remainder of this report.

Maijor braids are those which carry the majority of flow, and there are usually only one or two major braids
at any section of the river (Fig. 5.1). Major braids are characteristically deep and swift, and have mobile
bed sediments in larger rivers such as the Waimakariri River. Minor braids contain a lesser proportion of
flow, so are shallower, have lower velocities and more stable bed sediments. Because they can be
relatively shallow, water depths in minor braids are proportionally more affected by reduced flow than
major braids.

Flood erosional and depositional processes in braided rivers create spring-fed channels and “seepages”
that look morphologically similar to minor braids (i.e., they are wide and shallow), but lack upstream
surface water connection to flowing braids. These channels are frequently reworked by floods, and
upstream surface flow connection may occur during higher flows, such that they effectively become minor
braids. The region of the river that is frequently reworked by flood flows (i.e., at a frequency of at least
every couple of years) is too flood-prone for significant vegetation to establish and is often known as the
river “fairway”. The edge of the fairway marks the area where flood disturbance is relatively low
(i.e., flood return frequency in the order of decades, rather than years), and any spring-fed channels
found beyond the fairway are very stable and often have relatively good cover with riparian vegetation. In
recognition of the different disturbance and habitat provided by these different spring-fed channel types,
Stanford et al (2005) referred to spring-fed channels in the river fairway as “parafluvial” spring-fed
channels or streams, while stable spring-fed tributaries beyond the fairway were “orthofluvial” (see
Fig. 5.1). The terms “parafluvial” and “orthofluvial” are used in this report to distinguish between the two
spring-fed channel types, as they generally provide different habitat and can have different ecological
values.

Wetlands mark the transition between permanently dry land and the regularly disturbed river, and are
typically most heavily vegetated beyond the regularly disturbed fairway. Islands can also occur amongst
the braided channel network, although vegetated islands in the lower Waimakariri River (downstream of
the gorge) are largely absent, due to regular flood disturbance. Tidal fluctuations in water level and
salinity influence and structure estuarine communities, and the Waimakariri River is tidally influenced
upstream to about SH1.

Physical and hydrological differences between braided river habitats influence the habitat they provide for
aquatic communities. Thus, major braids are used by strong-swimming fish species such as salmon, but
depths and velocities are generally too great in most of the habitat within major braids for many native fish
and invertebrate species (e.g., Biggs et al 2003). Minor braids potentially provide better habitat for a
greater diversity of fish due to lower velocities, and the water margins and riffles of shallow braids are
used by wading birds for feeding. Parafluvial spring-fed braids can potentially harbour greater
invertebrate productivity (due to lower disturbance), and they are the primary habitat used by shallow-
water wading birds such as the threatened wrybill and black-fronted tern (O’Donnell 2004). Orthofluvial
spring-fed tributaries provide potentially the greatest diversity of invertebrates and fish, due to the stable
and productive habitat present (e.g., Kilroy et al 2004).
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Fig. 5.1: Channel types present in the lower Waimakariri River near Coutts Island, and sampling location
Seep 2. Photograph taken in October 2004, when river flow was 112 m3/s.

In a study of braided river habitats (braids, spring-fed streams and groundwater) at three locations in the
Waimakariri River (upper, middle and lower catchment), springs and spring-fed streams contained the
most diverse invertebrate fauna, and 45 of the taxa found were restricted to these habitats (Kilroy et al.
2004). In the same study, diatoms were the most diverse type of alga, accounting for 65 of the 99 algae
species found. About 20% of the diatom species made up a river-wide diatom flora that occurred at all
three sites and in all habitats. Over 25% of all the algal taxa found were exclusive to spring streams.
Thus, spring-fed stream tributaries of the Waimakariri River are hotspots of biodiversity.

Invertebrate production estimates from the Rakaia and Waimakariri Rivers indicate that seepage habitats
are about four times as productive (per m?) as major or minor braids (Hughey et al. 1989; Digby 1999).
Total invertebrate production in seep-fed streams was very similar in the Waimakariri River
(8.3 g DW/m?/yr) and in the Rakaia River (3.2-10.3 g DW/m?/yr). The focus of the Waimakariri River
study was invertebrate productivity for wading birds, and the habitats sampled were therefore parafluvial
spring-fed channels. The Rakaia River study also focussed on parafluvial habitats, although Digby’s
“perennial seepage stream” category is analogous to the orthofluvial classification of Stanford et al
(2005). Digby (1999) found that invertebrate productivity was approximately four times greater in the
perennial seepage stream category than in his “baseflow seepage stream” category (which appears to be
analogous to a parafluvial spring-fed channel). These two studies show that high flood disturbance limits
invertebrate productivity in Canterbury braided rivers, and that reduced flood disturbance is associated
with greater invertebrate productivity. In addition, these studies suggest that invertebrate productivity is
greater in spring-fed channels than in minor braids, and that the orthofluvial spring-fed streams have the
highest productivity.

Using aerial photographs taken in the Crossbank area (near Coutts Island), Duncan (2001) found
seepage areas comprised 3% of total wetted area of Waimakariri River at a flow of 63 m3/s. Of this seep
habitat, about 1% of the area was dominated by fine sediments, and the remaining 2% was comprised of
gravel or cobble substrates that were relatively free of silt and sand, where the majority of invertebrate
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productivity would occur. This suggests that although the parafluvial spring-fed channels harbour high
invertebrate productivity, they are relatively uncommon in the lower Waimakariri River.

The relative proportions of the different braided river habitat types has been estimated for the lower
Waimakariri River at Crossbank using aerial photography and field validation. Crossbank is a relatively
heavily braided section of the river. Based on Duncan’s (2001) work, parafluvial spring-fed channels
comprise about 3% of the total wetted area of the channel network. Site visits by Kingett Mitchell indicate
that orthofluvial spring-fed streams contribute to <1% to the total channel network of the river. Using 2-d
habitat modelling data from NIWA, Hughey (2006) estimated that that the number of flowing braids in the
Waimakariri River at Crossbank increased from 6 at about 25 m?¥/s to 8 at 86 m3/s. At any one time, there
will be one or two major braids, with the rest of the flowing channels being minor braids. Therefore, for
the lower Waimakariri River, orthofluvial and parafluvial spring-fed channels comprise around 3-4% of the
total channel network, and over 95% of the total flowing channels is comprised of major and minor braids.

5.2 Riparian and Wetland Vegetation — Recent Survey Results

521 Introduction

Along both banks of the Waimakariri River fairway is a riparian margin comprising shrub and scrub
communities, which are periodically inundated during flood events. Small streams flow through this band
of vegetation from surrounding farmland or occasionally emerge from small springs within the riparian
vegetation and discharge into the Waimakariri River (i.e., “orthofluvial spring-fed streams”). Although
these riparian margins appear relatively free draining, small areas of standing water and of saturated soils
do occur.

Riparian vegetation and any wetland areas from the Gorge Bridge downstream to the State Highway 1
bridge were qualitatively surveyed during early May 2006. The riparian vegetation and wetland survey
methodology consisted of walk-through surveys of representative riparian vegetation communities on
both sides of the Waimakariri River at regular intervals. Wetland areas were investigated more fully
although such sites were relatively few and small. General plant species lists were compiled and
photographs of representative sites were taken.

5.2.2  Waimakariri River riparian vegetation

The following five broad vegetation communities were identified along the Waimakariri River riparian
margins:

. Tall forest-woodland.
. Scrub.

o Shrublands.

. Wetlands.

. Grasslands.

Exotic plant species dominate an almost continuous mosaic of shrub, scrub, weedy woodland and forest
communities throughout the surveyed area. Indigenous plants are rare and indigenous plant
communities are absent. Table 5.1 presents a list of plant species observed during the survey.

The Waimakariri River riparian environment is accessed by a network of tracks and is heavily modified by
a variety of landuses including farming, plantation forestry, recreation reserves (e.g., for motocross, horse
riding, boating access) and gravel quarrying. The vegetation communities are exposed to disturbance
from both river flood events and human activities.
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Species

Common name

Achillea millefolium*
Agrostis capillaris*
Blechnum minus
Buddleja davidii*
Calystegia silvatica*
Cardamine hirsuta*
Carex maorica

Carex secta

Carex virgata

Conyza albida*
Coprosma robusta
Cordyline australis
Coriaria arborea
Cortaderia richardii
Cortaderia species*
Crataegus monogyna*
Cytisus scoparius*
Dactylus glomerata*
Eucalyptus species*
Hedera helix*

Holcus lanatus*
Juncus articulatus*
Juncus gregiflorus
Lemna minor

Lupinus arboreus*
Phormium tenax
Phyllostachys sp., Bambusa sp.*
Pinus pinaster*

Pinus radiata*
Pittosporum tenuifolium
Polystichum vestitum
Populus nigra var. italica*
Populus species*
Pteridium esculentum
Ranunculus repens*

yarrow
browntop
swamp kiokio
buddleia

great bindweed
hairy bittercress

pukio

broad-leaved fleabane
karamu

cabbage tree, ti kouka
tree tutu

toetoe

pampas

hawthorn

broom

cocksfoot

eucalyptus

ivy

Yorkshire fog

jointed rush

karearea, duckweed
tree lupin

flax, harakeke
bamboo

maritime pine
radiata pine

kohuhu

puniu, prickly shield fern
lombardy popular
poplar species
bracken, rarauhe
creeping buttercup

Rubus fruticosus agg.* blackberry
Salix cinerea* grey willow
Salix fragilis* crack willow
Sambucas nigra* elderberry
Ulex europaeus* gorse
Verbascum thapsus* woolly mullein
Vinca major* periwinkle

Note: * Indicates exotic species.

Tall forest communities

Tall forest communities comprise 20-30% of the river stretch surveyed. Crack willow (Salix fragilis) and,
to a lesser extent poplar (Populus spp.), 6-14 m tall almost entirely dominate the taller forest and
woodland communities (Fig. 5.2). They tend not to be mixed but form local, monocultural canopies over a
variety of exotic understorey species. Scattered wilding pines (e.g., Pinus radiata, P. pinaster), eucalypts
(Eucalyptus spp.) and grey willow (Salix cinerea) also occur in the taller canopy but rarely contribute

extensive cover themselves.
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Fig. 5.2: Representative crack willow tall forest.

The subcanopy and understorey is very variable and frequently comprises assemblages of broom
(Cytisus scoparius), gorse (Ulex europaeus), buddleia (Buddleja davidii), blackberry (Rubus fruticosus
agg.) and a diverse suite of exotic herbs and grasses (e.g., Yorkshire fog (Holcus lanatus), white clover
(Trifolium repens), browntop (Agrostis capillaris), woolly mullein (Verbascum thapsus) and broad-leaved
fleabane (Conyza albida)), particularly so around the forest margins and in any clearings.

Indigenous plant species are rare and do not, at any stage, form a predominantly indigenous vegetation
community. Tree tutu (Coriaria arborea) is common on the less disturbed, exposed shingle bed and often
forms long narrow bands along the river bank. Tree tutu is the most common indigenous species
present. Cabbage trees (Cordyline australis), divaricating coprosmas (Coprosma spp.) and several ferns
are the only indigenous species that occur infrequently throughout the riparian vegetation. More localised
clumps of flax (Phormium tenax), and scattered toetoe (Cortaderia richardii). karamu (Coprosma robusta)
and kohuhu (Pittosporum tenuifolium) also occur.

Pine plantation forestry is common within the riparian margin on the northern river bank as part of the
Eyrewell production forest and along the southern bank as part of McLeans Island. Smaller, private
blocks are also present in some locations.

Scrub communities

Scrub (along with shrubland) communities comprise at least 70-80% of the riparian vegetation along the
Waimakariri River reach surveyed and is very variable in composition and character. In general crack
willow, 2-8 m tall, dominates the canopy cover and is also common as an understorey species. Willow
saplings with stems <10 cm in diameter (at breast height (DBH)) often form dense stands (Fig. 5.3). An
increasingly vigorous weedy growth of gorse, broom, buddleia, blackberry and exotic grasses forms an
often impenetrable understorey up to 3 m tall, as willow density decreases and more light reaches the
lower plant tiers.
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Fig. 5.3: Dense crack willow pole stand.

Again the indigenous component is minimal and includes scattered cabbage trees, divaricating
coprosmas, toetoe, karamu, flax and ferns.

Shrubland communities

Taller willow scrub merges with shrublands closer to the river on the exposed gravel river bed and
together they comprise 70-80% of the riparian vegetation. Tree lupin, gorse, broom, tree tutu and
buddleia in association with grasses and herbs form a patchy vegetation cover over former river terraces
and channels, and shingle banks in response to local disturbance regimes caused by braided river
dynamics (Figs. 5.4a-b).

Figs. 5.4a-b: Weedy riverine shrublands on riparian margins.
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Wetlands

Although the Waimakariri River will inundate the riparian vegetation at some stage, most of the vegetation
will only be affected during relatively extreme flood events and then only for a brief period of time. The
stony substrate along the river margins is free draining and very dry for long periods each year although
the water table is likely to be close to the surface and is an available water source for deeper rooting
species. Riverine wetlands with a regular water supply occur in a limited number of locations along
streams and springs that drain into the Waimakariri River, and even these are likely to be rather
ephemeral.

Small wetlands (<1000 m2) were observed at Coutts Island, in and around streams and springs opposite
the ends of Dog Trial and Roller Roads on the northern bank, and beneath willow scrub north of
Westwood settiement on the southern bank near Sheffield. Small ponded areas were also occasionally
sighted but had no appreciable surrounding wetlands (Figs. 5.5a-b).

Figs. 5.5a-b: Representative small ponded areas within riparian vegetation.

Crack willow generally dominates each wetland and they are well shaded. Gorse and blackberry also
featured especially around the drier margins.

Indigenous species, including pukio (Carex secta), Carex virgata, swamp kiokio (Blechnum minus) and
several ferns, occasionally occur along the wetter water course margins and ponded areas but do not
form contiguous indigenous wetland and are always a minor vegetation component.

Although wetlands with significant indigenous vegetation are absent, existing wetland areas have positive
ecological values as habitat for freshwater fish and invertebrate species (see further below for a
description of these values).

Grasslands

Grazed pasture, crop fields and mown grass reserves comprise up to 5% of the Waimakariri River
riparian vegetation. These exotic plant communities are highly modified, have few natural values and are
of no ecological significance.

5.2.3 Summary

Riparian and wetland vegetation communities in the lower Waimakariri River (downstream of the gorge)
are highly modified and dominated by exotic species, especially willows. Wetlands are very uncommon,
with the largest area of open water, a willow-dominated complex in the vicinity of Coutts Island.
Stopbanking in the lower river (especially around Coutts Island) and a dominance of exotic species
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greatly limits the ecological values of the vegetation communities present. However, the wetland habitats
do provide important habitat for fish (see further below).

5.3 River Habitats and Aquatic Biota - Recent Survey Results

531 Introduction

Sampling of minor braids and spring-fed streams was undertaken following a prolonged period of low
flows in order to provide an understanding of what ecological values were present and to assess how
they may be influenced by low river flows. Sampling was undertaken during 23-28 March 2006, when
river flows were around 34-37 m3/s, and had been low for about two months (Fig. 5.6). River flows had
been below 3 x median flow for about 70 days (mean 3 x median accrual length for summer is 38 days)
and below 1.5 x median flow for about 44 days (summer mean is 17 days). Minor braids were sampled at
three locations: Coutts Island (lower river); just upstream of Intake Road; and at Floridale (via an angler
access road). Sites were visited again in May 2006, when some additional habitat measurements were
taken. Some biological sampling had also been undertaken at the minor braid sites in September 2005
(Kingett Mitchell 2006b), and these data were used for comparison with the March 2006 data.
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Fig. 5.6: Waimakariri River flow in relation to the 2006 field sampling period (shown as heavy horizontal
line).

A pilot survey along both banks of the Waimakariri River downstream of the gorge revealed that
orthofluvial spring-fed streams and riparian wetlands are very uncommon and primarily restricted to
Coutts Island. Two orthofluvial spring-fed streams were sampled in the Coutts Island area: Seep 1 was
sampled upstream and downstream of a ford, which marked a transition from sluggish run and pool
habitat to shallow and swift run habitat; Seep 2 contained predominantly pool and sluggish run habitat.
Otukaikino Creek was also sampled (at Dickeys Road), as it is a significant spring-fed tributary of the
lower Waimakariri River that once had upstream surface connection, but due to flood protection works is
now entirely spring-fed.

Sampling at each site included collection of benthic invertebrates, water quality, visual periphyton and
macrophyte community composition and cover estimates, instream habitat measurements, flow gauging,
and electric fishing. See the relevant sections below for description of field methods.

Photographs of the minor braid and spring-fed stream sites are shown in Figs. 5.7 to 5.12.
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Fig. 5.7: Stable spring channel, Seep 2, March 2006.

Fig. 5.8: Stable spring-fed stream, Seep 1, upstream (left), and downstream (right), March 2006.

Fig. 5.9: Stable spring-fed Otukaikino Creek at Dickeys Road, March 2006.
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Fig. 5.10: Waimakariri minor braid (site WB3b), flowing in March 2006 (left), and dry in May 2006 (right).

-

Fig. 5.11: Waimakariri minor braid (site WB2), March 2006 (left), and May 2006 (right).

Fig. 5.12: Waimakariri minor braid (site WB1), in March 2006 (left), and May 2006 (right).
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5.3.2 Instream and riparian habitat

The minor braids were all relatively open (£ 5% shade), wide and shallow, with predominantly gravely
sediments. The spring-fed streams had more variable shading (10-90%), were generally narrower and
deeper, and often had finer bed sediments (Table 5.2). Site WB3, a minor braid site, had flow in March
but no flow in May, due to changes in the braiding pattern of the river between the two sampling
occasions. Although the downstream section of Seep 1 had some shallow and stony habitat, this section
was only about 60 m long, and based on field observations probably represented <1% of the orthofluvial
spring-fed stream habitat present along the river. Both Seep 1 and 2 appear to be artificially deepened,
as they have unnaturally steep sides in some sections (Fig. 5.7). Riparian vegetation for minor braid sites
WB1 and WB2 was limited to sparse patches of lupins or broom, whilst WB3 was also bordered on one
side by willows, which provided some shade. Otukaikino Creek is predominantly bordered by pasture on
one bank and by willows on the other, although because it is quite wide, the willows provide little shade.
Riparian vegetation adjacent to Seeps 1 and 2 was comprised of a mix of willows and tree tutu (Coriaria
arborea), with sparse broom and ferns also present.

Table 5.2: Instream habitat characteristics at the six sites surveyed in March 2006.
Site Flow (m?¥s)  Width range (m) Depth range (m) Dominant substrate Periphyton
Seep 2 0.081 1-6.5 0.20-1.0 Silt Nil- soft unstable
substrates
Seep 1 0.126 27-34 0.02-1.0 Silt Nil- soft unstable
Upstream substrates
Seep 1 0.126 1.5-25 0.02 - 0.58 Medium-large gravels 80% thin light brown,
Downstream 20% thin brown/black films
Otukaikino 3.105 15-24.0 0.30-1.2 Mixed sized gravels 50% thin green,
20% thin light brown,
30% thin black films,
30% medium green mat
WB3b 0.265 3-123 0.02-0.30 Mixed sized gravels 55% thin green film,
40% green medium mat,
5% long green filaments
WB2 4.073 12-22.0 0.01-0.58 Mixed sized gravels 20% thin green film,
20% green medium mat,
<5% long green filaments,
60% no periphyton
WB1 0.059 3.3-9.0 0.01-0.21 Mixed sized gravels 20% thin green film,

40% short green filaments,
10% long green filaments,

30% no periphyton

Overall, the minor braids provide stony, shallow and swift flowing habitat that would suit small native fish
and juvenile salmonids. The orthofluvial spring-fed streams are generally dominated by soft sediments,
and deep, slow flowing water that would be more suitable to large eels. The wide and shallow
morphology of the braids means that they would be relatively sensitive to flow changes, whereas the
spring-fed streams are deeper and more incised, so would be less sensitive.
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5.3.3  Periphyton

Streambed periphyton composition and cover was estimated visually for the entire reach, using the
periphyton groupings of Biggs & Kilroy (2000). Periphyton was not observed at Seep 2 and the upstream
reach of Seep 1; both were dominated by fine, unstable bed sediments (Table 5.2). For the remaining
sites, thin films were the most abundant periphyton group (20 — 100% bed coverage), and were present
at all sites where stony substrates were present (Table 5.2). The relatively high proportion of medium
mats and green filaments in the minor braid sites is likely to be reflective of the period of long stable low
flow prior to the March survey. It is worth noting that although flows had been low and stable for a long
time prior to sampling, periphyton cover was within MfE guidelines (Biggs 2000) for protection of
ecosystem and amenity values (i.e., thick mats covered <60% of the river bed and long filaments covered
<30%) at all sites sampled. Thus, although periphyton biomass was high following a long low flow period,
unsightly “nuisance growths” were not present.

The suggestion that nuisance growths are uncommon following even prolonged low flow periods is
supported by NRWQN periphyton cover data collected from Waimakariri River site CH4 (Old Highway
Bridge). In a total of 206 monthly observations of periphyton cover from 1989 to 2006, the guideline of
<30% streambed coverage of long filamentous algae has been exceeded only once, on 27 April 1989
when mean streambed coverage was 31.5%. Similarly, the guideline of <60% bed coverage with thick
mats has only been exceeded twice: once on 21 February 1990 (when mean bed cover was 92%) and
again on 19 March 1991 (70% cover). Indeed, the NRWQN data indicates that streambed coverage of
long filamentous algae in the Waimakariri River is typically zero. This suggests that flood frequency is too
high and nutrient concentrations too low for extensive growths of long filamentous algae to occur in the
mainstem of the Waimakariri River.

Although bed coverage with thick mats very seldom exceeds the guideline limit of 60% in the Waimakariri
River, examination of the NRWQN data does indicate that higher bed coverage with thick mats is
associated with longer accrual periods. Most of the occasions when streambed coverage of thick mats
exceeded 30% (there are seven occasions) occurred following FRE1.5 accrual periods of at least 25 days
and FRE3 accrual periods of at least around 34 days. There was no relationship apparent between
2xMALF accrual period length and bed coverage with thick mats. The relationship between accrual
length and periphyton cover is discussed further in Section 5.4 below.

534 Macroinvertebrates

Introduction

Invertebrates were collected using the semi-quantitative method of Stark et al. (2001). For stony-
bottomed habitats, run, riffle and pool habitats were sampled in proportion to their occurrence within the
reach, with a total of approximately 1 m? streambed sampled per site. Greater sampling effort was used
for soft-bottomed, macrophyte-dominated waterways, with approximately 10 m? of streambed sampled.
All invertebrate samples were preserved in 70% ethanol for later identification and enumeration to a level
suitable for calculating the indices described below, using the keys of Winterbourn et al. (2000).

For comparison to the data collected by KML, data was obtained from the New Zealand River Water
Quality Network (NZRWQN), and Environment Canterbury’s (ECan) State of the Environment monitoring
database. NIWA have two monitoring sites on the Waimakariri River: the upstream Gorge Bridge
(Site CH3) and the downstream Old Highway Bridge (CH4). Invertebrate data from 1989-2003 (i.e., all
available data) was obtained for sites CH3 and CH4 from NIWA. ECan has collected stream
invertebrates, and made notes on instream habitat and periphyton cover, annually, at a large number of
sites throughout the region since summer 1999/2000. ECan data was summarised according to their
“source of flow” categories which are similar to the River Environment Classification (REC) (Snelder &
Biggs 2002), but have been refined based on local knowledge and professional judgement.

Full details of ECan biomonitoring protocols are described in Meredith etal. (2003). Briefly, ECan
biomonitoring is typically undertaken during summer baseflow conditions. Benthic invertebrates are
collected from “run” habitat (between pool and riffle habitat) using a semi-quantitative kicknet method, and
are sorted in the laboratory using the fixed count (100 individuals) plus scan for rare taxa method.
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Invertebrate data for KML survey sites, ECan, and NIWA monitoring sites were summarised using the
following commonly-used indices of invertebrate community health and biodiversity:

Taxa Richness — The number of invertebrate taxa present in each sample. This is a general indicator of
biodiversity, but may still be high in nutrient-enriched streams.

Quantitative Macroinvertebrate Community Index (QMCI) — An index of organic pollution in stony
streams (Stark 1985). Taxa are assigned an MCI score from 1 to 10 depending on their tolerance to
organic pollution (1 being most tolerant); taxa scores are weighted by their relative abundance and are
summed for a sample. The QMClI is calculated as follows:

QMCI =Z%

Where: a; = the sum of individual taxon scores in a sample.
n; = the number of individuals in the i taxon.
N = total number of individuals

Higher QMCI scores indicate higher quality water in stony streams. Scores are lower in soft-bottomed
streams, as the low-scoring pollution-sensitive taxa also typically favour coarse bed sediments.
Therefore, low QMCI scores may indicate either poor water quality and/or habitat. Scores can be
interpreted in the context of national guidelines for water quality (Table 5.3).

Table 5.3: Interpretation of MCIl and QMCI values from stony riffles (from Boothroyd and Stark, 2000).

Water Quality QMCI
Clean water >6
Doubtful quality or possible mild pollution 5-6
Probable moderate pollution 4-5
Probable severe enrichment <4

% EPT Abundance — The relative abundance of pollution and habitat-sensitive Ephemeroptera
Plecoptera and Trichoptera (EPT) taxa in a sample. Higher %EPT abundance is indicative of good water
and habitat quality.

Results

The common mayfly Deleatidium (Ephemeroptera) typically made up the greatest proportion (ca 30-90%)
of the invertebrate community in the minor braids sampled, but made up <30% of the invertebrate
community in the spring-fed streams (Fig 5.13). Caddisflies (Trichoptera), snails (Mollusca), and true flies
(Diptera) tended to dominate the invertebrate community in the more stable, slower, and siltier spring-fed
streams (Fig. 5.13). Differences in community composition between the sites sampled reflect the habitat
preferences for the dominant taxa, with mayflies preferring stony bottomed streams, while more soft-
bottomed spring-fed streams typically have few mayflies and more dipterans and snails. The invertebrate
fauna collected from all of the sites are relatively common and widespread throughout New Zealand, and
no rare species were found.

The dominance of pollution-sensitive mayflies at the minor braid sites is reflected in their high QMCI
scores compared to the spring-fed streams. QMCI scores ranged from 3.7 - 5.6 in the spring-fed
streams, and 5 - 7.5 in the minor braids (Table 5.4). Lower QMCI scores in stony-bottomed streams is
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typically indicative of degraded water quality, however soft-bottomed streams (such as the spring-fed
streams sampled) usually have lower QMCI scores, due to the lack of stony substrates. Indeed, QMCI
scores and other invertebrate indices for the spring-fed streams were similar to average values for
lowland streams in Canterbury (Table 5.4), most of which are spring-fed and soft-bottomed.

At two of the three minor braid sites sampled there was a greater abundance of dipterans, hydropyschid
(net-spinning) caddisflies, and elmid beetles, and correspondingly lower QMCI scores in March 2006
compared to September 2005 (Table 5.4). Invertebrate data from the NRWQN, which is usually collected
in late summer/early autumn, has similarly high dipteran abundance and slightly low QMCI scores to that
collected in the minor braids in March 2006. This suggests that the late summer invertebrate community
of the braided channels often has a greater proportion of algal-grazing dipterans, reflecting the higher
biomass of periphyton available during summer months.

The influence of low flows on minor braid invertebrate communities in the Waimakariri River can be
examined by comparing the results of this study with those obtained by Hughey et al (1989) and those of
the NRWQN invertebrate database. Median flow for the six months prior to the March 2006 sampling
was exceptionally low, with a median flow of about 47 m?/s (typical summer median is about 85 m?/s) and
a long accrual period (the FRE1.5 accrual period prior to the March 2006 sampling was about 41 days).
The NRWAQN invertebrate sampling is typically undertaken following a sustained period of low flow, and
the average FRE1.5 accrual period prior to the NRWQN sampling is 37 days, very similar to that prior to
the March 2006 survey. However the average FRE1.5 accrual period for the entire summer flow record
(1968-2001) is only 17 days. This suggests that both this survey and the NRWQN invertebrate surveys
were undertaken following uncharacteristically long periods of stable low flow. In contrast, the survey
undertaken by Hughey et al (1989) was done over a two year period with average to slightly high flow and
flood frequency (median flow was 100 m3/s). Hughey et al (1989) found that the mayfly Deleatidium
dominated invertebrate abundance (around 70-80% of total abundance) and biomass in braided and
spring-fed channels, and although chironomids were the next most abundant taxon, they were much less
abundant than in the March 2006 Kingett Mitchellsurvey. Deleatidium abundance was also high in the
minor braid channels in the September 2005 survey, but Deleatidium comprised only about 30-45% of
total abundance in the March 2006 samples at two of the braid sites, and in the NRWQN sites. Thus,
very long periods of stable low flow in the Waimakariri River result in a decrease in the relative
abundance of Deleatidium mayflies and an increase in chironomids, presumably due to increased
periphyton biomass (see Section 5.3.3 above).

Hughey et al (1989) found slightly higher invertebrate diversity in parafluvial spring-fed channels than in
minor braids (9 vs 7 taxa). In the March 2006 stream surveys invertebrate community composition
differed between minor braids and orthofluvial spring-fed streams, but there was no obvious difference in
taxa richness (Table 5.4). The Hughey et al (1989) study only sampled riffle habitat, where invertebrate
diversity was likely to be greatest, however the March 2006 survey of orthofluvial spring-fed streams did
not preferentially sample riffle habitat, as it was very uncommon and absent at three of the four sites
surveyed. The fact that the orthofluvial spring-fed streams of the lower Waimakariri River do not support
higher biodiversity than minor braids is in contrast to findings in relatively pristine braided rivers overseas
(e.g., Stanford et al 2005), and probably reflects the highly modified riparian environment present in the
lower Waimakariri River (i.e., stopbanking, artificial channel deepening, and predominantly exotic
vegetation).
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Fig. 5.13: Macroinvertebrate abundance at KML sites surveyed in March 2006, and mean data from NIWA
monitoring sites CH3 (gorge), and CH4 (Old Highway Bridge).
Table 5.4: Invertebrate indices for Waimakariri River sampling sites.
Sites Taxa Richness Y%EPT %Ephemeroptera QMCI
Spring-fed
Seep 2 16 30.2 2.9 4.24
Seep 1Upstream 17 36.9 4.6 4.45
Seep 1Downstream 14 90.4 27.5 5.62
Otukaikino 17 17.6 3.3 3.65
Minor Braids
WwB3* 20 91.3 85.2 7.66
WB3 17 61.5 30.3 5.76
wB2* 15 94.2 88.6 7.72
WB2 7 93.2 84.3 7.54
WB1* 13 96.6 95.6 7.81
WBA1 13 56.6 44.5 5.01
NRWQN**
CH3 10.6 £ 0.79 55.3+8.7 443+7.8 5.4 +0.51
CH4 9.6 £+ 0.69 52.1+£9.0 43.19+9.1 51+0.54
Ecan data***
Mountain streams 13.4+0.6 77.0+21 60.7 £ 3.3 6.8+0.13
Lowland streams 13.9+0.3 33.8 £ 3.1 10.1+14 44+0.14

Notes: * KML sampling September 2005.
**NIWA RWOQN data (CH3 = Waimakariri gorge, CH4 = Waimakariri at Old Highway
Bridge (Means + 1SE, n=14).
*** Ecan data (Means + 1SE, n=30 for mountain streams, n=50 for lowland streams).
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5.3.5 Fish

A total of seven fish species were recorded during the March survey, with highest fish diversity in Seep 1,
where a total of six species were caught (Table 5.5). Common bullies (Gobiomorphus cotidianus), and
shortfin and longfin eels (Anguilla australis and A. dieffenbachii) were the most widespread and abundant
species in March. Brown trout and juvenile Chinook salmon (Salmo trutta and Oncorhynchus
tshawytscha, respectively) were also relatively widespread being present at four sites surveyed. NZFFD
records indicate that a variety of fish species are present in Otukaikino Creek in the vicinity of Dickies
Road, with eels, bullies, and salmonids being the most common (Table 5.5). Notably, Otukaikino Creek is
used for recreational trout fishing, and brown trout spawning occurs upstream in the vicinity of the
Groynes.

The NZFFD records presented in Table 5.6 show that a total of 18 species have been recorded from
surveys undertaken within the active braids of the Waimakariri River. In general, the Waimakariri River
supports a highly valued salmon, trout and whitebait fishery. However, it is the side braids and spring-fed
channels that tend to provide habitat conditions (depth, substrate and velocity) that favour a wider range
of species than exists in the more highly disturbed minor and major braids (Glova & Duncan 1985). The
NZFFD records presented in Table 5.6 show that a total of 24 species have been recorded from surveys
undertaken within the seeps, springs and wetlands of the Waimakariri River. The fish community of
seeps, springs and wetlands is characterised by high native fish community diversity and includes three
species with a threat status: Canterbury mudfish (nationally endangered), lamprey (sparse) and longfin
eel (gradual decline).

Table 5.5:  Results from Kingett Mitchell March 2006 survey.

Juvenile

Longfin  Shortfin Indet. Eel Torrent Upland Common  Brown Chinook
Site eels eels (Elvers) -fish bully bully trout salmon.
Seep 2 1 4 1
Seep 1 4 1 45 27 1 1
Otukaikino Ck P P P P P
WB3 1 15 2
wB2 1 1 1 2 1
WB1 2 1 13

Note: P = presentin NZFFD records

Many of the fish species of the Waimakariri River are restricted to particular locations or habitat types
within the river. Alpine galaxias and Canterbury galaxias are non-migratory native fish that occur in
shallow, gravel-bed tributaries of the Waimakariri River and are unlikely to be found in the Waimakariri
River downstream of the gorge. Koaro are also mostly found in more upland tributaries, and although
they can be diadromous (i.e., migrating to sea in part of their life cycle), most koaro in the upper
Waimakariri River are probably land-locked lake populations. In contrast, flounder, smelt, and mullet are
more generally associated with the marine environment, and so are only found downstream of around
Coutts Island, with the greatest number of records from Brooklands Lagoon near the river mouth. Inanga
(the juveniles of which comprise the greatest component of the whitebait catch) have mostly been found
in Brooklands Lagoon, as well as in the spring-fed tributaries the Kaiapoi and Styx Rivers. All records of
introduced perch, goldfish, rudd and tench are from ponds, and there are no records for these species in
tributaries that are connected to the mainstem. However, both NZFFD records and the March 2006
survey indicates that the most common and widespread fish species downstream of the gorge are brown
trout, salmon, bullies (common, upland, and bluegill), torrentfish, and eels (longfin and shortfin).

KINGETT MITCHELL LIMITED

44
URSNZ-CHC-005



CPW Waimakariri River Report — December 2006

Table 5.6: Fish species recorded from the Waimakariri River.
Seeps /

Threat Life Active springs /
Scientific name Common name class® history2 braids wetlands
Native Species
Aldrichetta forsteri Yelloweyed mullet v
Anguilla australis Shortfin eel D v v
Anguilla dieffenbachii Longfin eel GD D 4 v
Cheimarrichthys fosteri Torrentfish D v v
Galaxias brevipinnis Koaro D v v
Galaxias maculatus Inanga D v v
Galaxias paucispondylus Alpine galaxias v v
Galaxias vulgaris Canterbury galaxias v v
Geotria australis Lamprey S D v v
Gobiomorphus breviceps Upland bully v  KML v
Gobiomorphus cotidianus Common bully D v KML v
Gobiomorphus gobioides Giant bully D v
Gobiomorphus hubbsi Bluegill bully D v  KML v
Gobiomorphus sp. Unid bully + +
Neochanna burrowsius Canterbury mudfish NE, RR* v
Retropinna retropinna Common smelt D v v
Rhombosolea retiaria Black flounder D v v
Stokellia anisodon Stokells smelt D v
Introduced Species
Crassius auratus Goldfish v
Oncorhynchus mykiss Rainbow trout v KML v
Oncorhynchus tshawytscha Chinook salmon v v
Perca fluviatilis Perch v
Salmo trutta Brown trout v v
Salmo sp. Unid salmonid v v
Scardinius erythrophthalmus Rudd v
Tinca tinca Tench v
Number of species 18 24

Note:

v = NZFFD records; KML = Kingett Mitchell 2005 survey.

+ = unidentified species are not included in the species count.

! Threat Class: NE = nationally endangered; GD = gradual decline; S = sparse (Hitchmough 2002). RR* - taken from

ECan (2001).

%Life history in this case refers to whether the fish species is diadromous (D).

53.6 Summary

Recent field surveys in the lower Waimakariri River indicate that minor braids and spring-fed tributary
streams have distinct habitat and biological attributes. Based on our field data and data previously
collected, the following generalisations can be made:
. Minor braids

> Swift, stony and shallow.

> Generally low periphyton biomass, but low flows and minimal shading means higher
periphyton cover occurs in summer.

> The invertebrate community is dominated by pollution-sensitive mayflies and less sensitive
chironomid midges, with the latter becoming more abundant following long periods of stable
low flow, when periphyton biomass is greater.

> Bullies are particularly common in shallower water at low flows. This habitat is often suitable
for juvenile trout and salmon, while larger salmonids will be restricted to deeper braids.
o Spring-fed tributaries
> Sluggish, soft-bottomed, and deeper than minor braids.
> Low periphyton biomass, due to soft bed sediments and shading.

> Invertebrate community dominated by relatively pollution-tolerant caddisflies, snails and
chironomids.
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> Relatively deep and sluggish flows provide good habitat for large eels, but a diverse range of
native fish and juvenile salmonids are also present.

Data from March 2006 and the NRWQN database indicate that low flow periods do not typically result in
nuisance growths of periphyton in minor braids of the Waimakariri River. While periphyton biomass does
increase following prolonged periods of low flow, flood frequency is generally sufficiently high to prevent
biomass from reaching nuisance levels. Changes in periphyton biomass influence the invertebrate
community, where long periods of low flow appear to result in an increase in the abundance of algal-
grazing chironomid midges and relatively fewer Deleatidium mayflies. However, a reduction in the
relative abundance of mayflies following low flows is likely to be offset by greater invertebrate productivity
overall, due to greater stability. Riffles in stable, parafluvial spring-fed channels support around four times
the invertebrate productivity of less stable minor braids (Hughey et al 1989). Therefore, provided
adequate habitat remains the stability of low flows should result in greater invertebrate productivity in
minor braids. This in turn suggests that the availability of invertebrate food sources for fish in minor
braids of the Waimakariri River should be relatively unaffected during low flow periods.

There is no long term or seasonal data available for orthofluvial spring-fed streams in the Waimakariri
River. However, periphyton biomass is likely to be low year-round compared to the open braided
channels, due to the greater shading present and lack of suitable stony substrates to colonise.
Furthermore, unlike the flowing braids, orthofluvial streams lack regular flood disturbance, and while their
hydrology is related to flows in the mainstem of the river, changes in flow are expected to be more
gradual and unlikely to result in major changes in production of periphyton or invertebrates. The relatively
incised nature of the orthofluvial streams means that they are also less sensitive to flow variations than
minor braids (see Section 5.4.2 for further discussion). Thus, orthofluvial spring-fed stream communities
are regarded as being relatively insensitive to flow variations in the mainstem of the Waimakariri River.

54 Effects of the CPW Take on River Habitats and Biota

54.1 Introduction

Taking water from a river has the potential to have the following general effects on habitat and biota:

. Reduce the amount of available instream habitat.
. Reduce the quality of available instream habitat.
. Inhibit or prevent migration by fish.

Assessing the effects of a significant water take from a large braided river such as the Waimakariri River
requires an understanding of the relationship between river flow and the amount and quality of instream
habitat across all significant habitat types. Assessing effects also requires an understanding of the use
that species (including different life history stages) make of the different habitat types throughout the year
(for example spawning gravels used by salmonids in autumn and winter). Fortunately a significant
amount of research has been undertaken to establish the relationship between river flow and habitat in
braided rivers in Canterbury. In particular, flow-habitat modelling exercises have been undertaken in all
the major braided rivers, namely the Waimakariri, Rakaia, Rangitata, and Waitaki Rivers. The following
section discusses the findings of these braided river studies in relation to the potential effects of the CPW
scheme.

5.4.2 Instream habitat within the mainstem of the Waimakariri River

Detailed 2-d habitat modelling of the Waimakariri River was undertaken by NIWA in a 3 km long, heavily
braided reach of the river near Coutts Island known as Crossbank. Duncan (2001) found that a reduction
in flow from 85 to 59 m%/s resulted in only a minor (10%) reduction in WUA for juvenile salmon and brown
trout, and an approximately 25% increase in WUA for wrybill plovers. Continuous passage through the
reach for adult salmon appeared possible, if somewhat marginal, at 41 m?/s, but continuous passage was
possible at flows greater than 63 m®/s. The minimum depth for salmon passage was given as 0.35 m.
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Duncan et al (2003) found contrasting results for the effects of reduced flow on threatened black-fronted
tern. Using habitat suitability curves developed from observations in the Waimakariri River, they found
negligible (<5%) decline in WUA when flow reduced from 85 to 59 m?/s, and that at flows <63 m?®'s WUA
increased sharply until at least 41 m?¥s (the lowest flow modelled). Habitat suitability curves for black-
fronted terns developed in the Rangitata River gave contrasting results, with WUA increasing steadily with
flow over the ranges of flows modelled (41-85 m?'s), and WUA declined by about 20% as flows reduced
from 85 to 59 m?s. Differences between the Rangitata and Waimakariri-based habitat suitability curves
may have in part been due to timing; observations on the Rangitata River black-fronted terns were made
in early spring before breeding had started, whereas the Waimakariri River observations were made in
summer when the birds were breeding. However, feeding habitat is unlikely to be limiting to black-fronted
terns over the range of flows examined, as the area of feeding habitat available is large relative to the
size of the feeding range defended by each tern (Duncan et al 2003).

Different fish and wading bird species have different depth, velocity and substrate requirements, and
therefore the choice of habitat suitability curves has a significant influence on the interpretation of
instream habitat modelling results. In general, introduced salmonids have greater depth requirements
than native fish because they are larger (adult eels are the exception). Therefore, use of salmonid habitat
suitability curves in assessing flow requirements will generally provide adequate depth for native fish.
Large eels (>300 mm long) require relatively deep water with slow velocities. Exhaustive studies in a
variety of habitats in the Waitaki River indicate that large eels are uncommon in braided channels where
velocities are generally too high and depths too shallow, and that they are most common amongst
wetlands and lagoons, where velocities and depths are more suitable (Jellyman et al 2002). Thus, the
major and minor braids of the Waimakariri River probably provide little habitat for large eels, but
orthofluvial spring-fed channels are likely to provide good adult eel habitat.

Native fish have a wide range of velocity preferences, with swift-water species such as torrentfish
preferring high velocities of around 0.8 m/s, and common bullies preferring velocities <0.4 m/s (Jowett
2002). Therefore, use of juvenile salmonid suitability curves in the NIWA Waimakariri River study would
have provided for the depth requirements of most native fish, but would not necessarily have provided for
the more swift-water native fish such as torrentfish. However, habitat modelling exercises in the
Rangitata and Waitaki Rivers found that most native fish had similar “optimal” flow conditions (defined
here as the flow below which instream habitat declines rapidly with further flow reduction) to juvenile
salmonids (Duncan & Hicks 2001; Jowett 2002). Thus, it seems reasonable to infer from the Waimakariri
River habitat modelling study that use of juvenile salmonid habitat suitability curves will provide adequate
protection of most native fish habitat too.

The Waimakariri River modelling data presented by Duncan (2001) and Duncan et al (2003) suggests
that the CPW take will have minor or negligible effects on habitat available to juvenile salmonids and that
lower flows probably improve feeding habitat for wading birds such as wrybill and black-fronted terns.
Furthermore, their modelling indicates that upstream salmon passage will be relatively unaffected by the
take. Studies in the braided Rakaia River (Glova & Duncan 1985) and Rangitata River (Duncan & Hicks
2001) also found that instream habitat was relatively insensitive to moderate flow changes. The reason
for the relatively small change in WUA with flow is that the loss of habitat in minor channels is offset by
the habitat gained in larger channels (Glova & Duncan 1985).

Results of a recent 2-d modelling study in the Waitaki River (Jowett 2002), showed that a seven-fold
increase in flow from 50 to 350 m3/s resulted in a 2.5-fold increase in the wetted width, but mean depth
increased by only round 0.15 m (a 25% increase). In a similar study in the Rangitata River, Duncan &
Hicks (2001) found that a nearly six-fold increase in flow from 15 to 80 m3/s increased mean water depth
in the order of 0.25 m, a doubling of mean depth. In the Rakaia River, a near doubling of river flow from
about 70 to 132 m¥s resulted in an approximately 25% increase in wetted area, and no appreciable
change in mean depth (Glova & Duncan 1985). These studies in the Waitaki, Rangitata and Rakaia
Rivers indicate that due to the relatively wide and shallow nature of minor and major braided channels,
flow changes result in a large change in wetted width, but little change in depth. This small reduction in
mean depth with reduced river flow is the reason why instream habitat is relatively insensitive to moderate
flow changes in the baseflow of braided rivers such as the Waimakariri River.
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The interplay between river flow and channel widths and depths is reflected in the number of flowing
braids present at a given flow. The number of flowing channels and wetted area within a braided river
increases as river flow increases, and the relationship between flow and channel number depends on the
river. Based on interpolation of data from Crossbank presented by Hughey (2006), the number of flowing
channels in the Waimakariri River increases from 6 at about 25 m3/s, to 7 at 47 m?s, and 8 at 86 m?s
(Fig. 5.14). Thus, the effect of the CPW water take on median summer flow from 86 to 59 m3/s may result
in a reduction in the number of flowing channels from around 8.0 to 7.3 braids (i.e., around a 10%
change). The fact that this effect is relatively small confirms the contention that the effect of the take on
mean water depth (and hence mean number of flowing channels) is correspondingly minor.

Number of flowing braids

O T T T T 1
0 20 40 60 80 100
Flow (m?/s)

Fig. 5.14: Relationship between river flow and number of flowing braids in the Waimakariri River at
Crossbank (modified from Hughey 2006).

The above review of studies undertaken in the Waimakariri River and other Canterbury braided rivers
indicates that the reduction in median flow caused by the CPW take will have only minor or negligible
effects on instream habitat availability in the major and minor braids of the Waimakariri River. The reason
for this is that in braided rivers, the loss of habitat in smaller channels is offset by the habitat gained in
major channels. Clearly, if flow reductions are severe enough to reduce the river to a single channel,
then effects on instream habitat would probably be significant. However, the CPW water take is expected
to have only a minor effect on the number of flowing braids in the river, and the river will still maintain its
heavily braided character.

54.3 Effects on salmonid migration

Adult chinook salmon enter the Waimakariri River and migrate upstream from the sea during summer and
early autumn. Because they are such large fish, salmon passage through shallow riffle crests can be
difficult in shallow braids and during low flows. Opinions vary as to what the minimum depth requirement
is for salmon to pass riffle crests, however depths of around 0.25 to 0.35 m appear to provide adequate
protection for salmon passage (Mosely 1982; Duncan 2001; Duncan & Hicks 2001). Trout are smaller
fish and therefore have shallower minimum depth requirements than salmon. As mentioned above,
instream habitat modelling undertaken at Crossbank indicates that continuous passage through the reach
for adult salmon appeared possible, if somewhat marginal, at 41 m?3s, but continuous passage was
possible at flows greater than 63 m3/s. The minimum depth for salmon passage was given as 0.35 m. As
discussed in Section 3 above, the CPW take will mostly affect flows >63 m?3s, due to minimum flow
restrictions at lower flows. Thus the CPW take is unlikely to affect upstream salmon passage.
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5.4.4  Effects on habitat in Brooklands Lagoon

The proposed scheme has the potential to alter river water levels in the lower Waimakariri River. This
reduction in water levels has the potential to affect inanga (adult whitebait) that spawn amongst riverside
vegetation close to the upper water level limit of the spring tide. However, the change in water level
caused by normal and spring tides is large, and normal or low flows in the river are not expected to have
any mearurable impact on spring tide levels in the lagoon (pers. Comm. M. Gardner, URS, 24 November
2006). Therefore, it is concluded that the CPW water take will not affect inanga spawning in Brooklands
Lagoon.

5.4.5  Effects on habitat availability in minor braids and spring-fed streams
Introduction

The quantity of seepage areas and ponds in the Waimakariri River was visually assessed by Duncan
(2001) using aerial photography and were found to occupy approximately 3% of the total wetted area at a
river flow of 63 m3s (Duncan 2001). Of this 3%, approximately 2% provided gravel or cobble substrates
that were clear of sand or silt and therefore suitable invertebrate habitat. Based on the instream focus of
the 2-d modelling report, it is assumed that the seep areas delineated were parafluvial seepages.

Brown (2001) reported that between 5 — 8 m®/s of surface water is lost to groundwater from the
Waimakariri River downstream of Halkett, and shallow groundwater that feeds orthofluvial spring-fed
streams is most likely sourced from the river. Interactions between the Waimakariri River and shallow
groundwater have been studied extensively using two arrays of shallow wells adjacent to the river’s south
bank in the vicinity of Halkett and further downstream at Crossbank (White et al 2001). Following high
river flow events (in the order of 400 m3/s), groundwater levels in wells located closest to the river
increased by around 0.02 to 0.03 m. Recent research undertaken by Meridian in the lower Waitaki River
(downstream of Waitaki Dam) indicates that a reduction in median flow from 369 to 140 m?®s (a nearly
230 m?/s reduction) will result in an average reduction in shallow groundwater levels of approximately 0.5
m (unpublished data). Thus, reduced river flow has the potential to reduce flows and water levels in
riparian wetlands and orthofluvial spring-fed streams adjacent to the Waimakariri River.

The following section describes the results of a survey of the instream habitat in a selection of spring-fed
streams and minor braids in the potentially affected reach of the Waimakariri River. The section
assesses the potential effects of the proposed scheme on instream habitat, periphyton, benthic
invertebrates and fish within minor braids and spring fed streams within the potentially affected reach of
the Waimakariri River.

Methods

Instream habitat measurements generally followed the WAIORA method field protocols (Jowett et al
2004), and followed those used for recent North Canterbury stream assessments (Wilding et al 2005 and
Kingett Mitchell 2006f). Briefly, this involved taking width, depth, and substrate composition
measurements at randomly selected cross-sections within each of the riffle, run and pool habitats
present. At least three cross-sections were chosen to represent each habitat type, and to include the
range of depths and widths present. For streams dominated by one habitat type (usually run habitat), a
minimum of five cross-sections were measured at evenly spaced intervals, 10 to 20 m apart. Thus, the
number of cross-sections at each site ranged from five to nine, depending on habitat complexity.

At each cross-section, offset, depth and dominant substrate was recorded at points along the cross-
section where there was a change in depth or dominant substrate composition. A temporary staff gauge
was also installed for assessing the change in stage with flow. Stream flow was gauged at one cross-
section, or at a suitable site outside of the reach, using a recently calibrated Ott current meter and
standard protocols (i.e., 20 depth and velocity measurements per cross-section; velocity measured at
0.6 x depth). The relative contribution of riffle, run, and pool habitat in the reach (i.e., habitat mapping)
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was also measured during the first site visit. River flow and stage were measured again at each site
during a follow-up site visit.

River gauging and instream habitat data (offset, width, and substrate composition) from each cross-
section were entered into the RHYHABSIM software package and then modelled over a range of flows.
The approach used followed that recently used for North Canterbury streams (Wilding et al. 2005) and
South Canterbury Streams (Kingett Mitchell 2006f), as follows:

. Stream flows were calculated from offset, depth and velocity measurements for the gauged cross-
sections.
. A flow rating curve was developed for each cross-section using the best least-squares regression

equation for the relationship between flow at the gauged cross-section and stage height for each
cross-section.

. Water depths and velocities were then modelled for each measurement point and habitat suitability
was assessed for each reach using fish habitat suitability curves.

o Weighted usable area (WUA) for each species at each simulated flow was the sum of the point
habitat suitability scores for each cross-section, weighted by the proportion of the habitat type (run,
riffle, or pool) present in the reach.

o WUA (m?m) was plotted against river flow for each species present to assess the flow at which
maximum habitat occurred.

Habitat preference curves used in RHYHABSIM were from: Raleigh et al. (1986) for brown trout juveniles
(<15 cm); Hayes & Jowett (1994) for adult brown trout; Jowett & Richardson (1995) for small shortfin and
longfin eels (<30 cm), torrentfish, and common and upland bullies; and Jellyman et al. (2003; as cited in
RHYHABSIM) for large longfin eels (>30 cm). The source of the juvenile Chinook salmon habitat
preferences is the Washington Fish and Wildlife Service, as modified in RHYHABSIM.

Results

Fig. 5.15 shows the amount of instream habitat (WUA) available to the fish species that were recorded at
the sites surveyed in Seep 1, Seep 2 and Otukaikino Creek. Due to the generally slower velocities, and
deeper nature spring-fed streams (seeps) typically provide the greatest large eel (> 300 mm) and brown
trout habitat (e.g. Seep 1 upstream), although the swifter shallower sections (e.g. Seep 1 downstream)
provide good habitat for elvers (< 300 mm) and common bully. Larger spring-fed streams such as the
Otutaikino Stream provide a greater amount of habitat for larger species such as eels (< 300 mm) trout
and salmon compared to smaller seeps such as Seep 1 and Seep 2.

Fig. 5.16 shows the amount of instream habitat (WUA) available to the fish species that were recorded at
the sites surveyed in the minor braid sites. Minor braids are typically wider, shallower and swifter, and
have coarser bed sediments than spring-fed streams and they provide a greater amount of instream
habitat for most fish species than spring-fed streams at an equivalent flow. Minor braids typically provide
the maximum amount of habitat for adult trout, torrentfish, elvers, and juvenile trout and salmon
(Fig. 5.16). Habitat suitable for adult salmonids is only provided in the larger, deeper braids, and in the
larger spring-fed streams such as Otukaikino Creek.

River flows during the March 2006 survey were close to the 7dMALF for the Waimakariri River. The
amount of instream habitat available to invertebrates and fish is thought to be related to 7dMALF
therefore the amount of habitat measured in each of the habitat types during the March 2006 survey is
expected to be close to the amount of instream habitat that is generally available under low flow
conditions.
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Fig. 5.15: Plots of weighted usable area (WUA) per unit discharge in the spring-fed streams.
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Fig. 5.16: Plots of weighted usable area (WUA) per unit discharge in the minor braids.
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The amount of food producing habitat and habitat for fish species with the greatest water depth and
velocity requirements (e.g. trout) are expected to be most affected by any reduction in river flow. The
degree of sensitivity to a reduction in river flow is greatest in shallow swift flowing minor braids that have
broad shallow gradient channel profiles, compared to deeper slowing flowing spring-fed streams with
more ‘u shaped’ channel forms. This can be seen in Fig 5.15 in which most of the fish species modelled
have WUA vs river flow curves with a low gradient while a number of fish species in Fig. 5.16 such as
Chinook salmon at Site WB 1 have a steeper gradient across the range of modelled river flows and are
therefore their habitat is potentially more affected by a reduction in flows. However this reduction in the
amount of instream habitat for some fish species in minor braid habitat is only significant if instream
habitat is limiting the population in some way. Any potential effect of the proposed CPW water take on
the quantity and quality of instream habitat for benthic invertebrates (food producing habitat) and fish is
likely to be offset by an increase in the quantity and quality of the habitat available in major braids (see
Section 5.4.2 above).

The quality of instream habitat within spring-fed streams, minor braids and to a lesser extent (due to the
greater frequency of flow disturbance events) major braids can be strongly influenced by water quality. In
particular, elevated nutrient concentrations can result in nuisance periphyton growths that reduce benthic
invertebrate community health and negatively affect recreational values (e.g., through reduced angler
enjoyment caused by algae fouling lures). Section 4 assessed the potential effects of the proposed
scheme on nutrient levels within the Waimakariri River as minor. Therefore any reduction in instream
habitat quality in spring fed streams and minor braids resulting from nuisance algal growths driven by
increased nutrient levels is expected to be minor. Section 5.4.7 discusses potential effects of the CPW
take on habitat quality caused by reduced flood frequency and duration.

Overall, instream habitat in the spring-fed streams is relatively insensitive to variations in flow, as they are
moderately deep, and dominated by pool habitat. Available habitat is confined within a relatively defined
channel, and therefore would not change appreciably with increases or decreases in flow. The overall
conclusion would be that changes in flow in the Waimakariri River would result in only a minor effect on
the biota of spring-fed streams.

5.4.6 Effects on riparian and wetland vegetation

The proposed scheme has the potential to affect riparian and wetland vegetation through an altered flow
regime and through altered groundwater levels affecting wetland hydrology. Riparian vegetation in large
braided rivers is controlled by large bed moving flood events. Because the proposed scheme will not
affect the frequency or size of large bed moving flood events any effects on riparian vegetation are
expected to be minor.

Studies in the Waitaki, Waimakariri and Wairau Rivers which have assessed the effects of reduced river
flows on wetland water levels have generally shown that the effects of reducing river flows on wetland
water levels is small. Based on studies within the Waitaki and Waimakariri River catchments the water
take for the proposed scheme may result in a small decrease in water levels in wetlands. Wetland
vegetation within the potentially affected portion of the catchment is dominated by species that are
relatively tolerant of fluctuations in water level and the effects of the scheme on wetland vegetation is
expected to be minor.

5.4.7 Effects of altered flood frequency or duration

As discussed in Section 3, the take for the proposed scheme will not affect flood frequency. Therefore
the important functions that floods and freshes play in the structure and function of periphyton, benthic
invertebrate communities and fish populations will not be affected by the proposed scheme. The
following section describes the relationship between biological communities and flood flows and
frequency and accrual periods (antecedent flood period) within the Waimakariri River.

Correlation was used to try and determine what measures of flood frequency and accrual period best
explain variation in invertebrate community indices and periphyton cover, using data from the NZRWQN
Site CH4 (around SH1). Measures of flood disturbance were: 3 times median flow (FRE3; 270 m3/s); 1.5
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times median flow (FRE1.5; 135 m3s), and 2 x 7dMALF (2xMALF; 80.4 m?s). The results of these
analyses revealed no pattern in periphyton cover with any measures of river disturbance. However, this
is not unexpected given that extensive periphyton biomass and cover seldom has an opportunity to
develop in the river due to the disturbed nature of the flow regime. Therefore any changes in periphyton
cover with flow are probably too subtle to be detected using the NZRWQN database. The minimum
change in flow to remove significant amounts of high biomass filamentous green algal communities is in
the order of three times the preceding stable flows, with the greatest removal occurring when river flow
increases of greater than six times the preceding flow occur (Biggs & Close 1989; Biggs & Thomsen
1995; Clausen & Biggs 1997).

There was a weak but statistically significant positive correlation between QMCI score and FRE1.5 flood
frequency, and a negative correlation between QMCI score and FRE1.5 accrual length (Table 5.7).
Figs. 5.17 and 5.18 show that all sampling occasions with QMCI scores above 6 (indicating invertebrate
communities dominated by “clean water” taxa) had >10 FRE1.5 freshes in the preceding six month
period, and that there were <30 days since the last FRE1.5 fresh. However, the plots also show the large
amount of variability in QMCI scores for a given accrual period or FRE1.5 fresh frequency. These data
suggest that while the frequency of small floods is important in structuring invertebrate communities in the
Waimakariri River, the relationship is not particularly strong.

Table 5.7:  Correlations between invertebrate indices and accrual periods based on different flood
disturbance measures at the Waimakariri River Old Highway Bridge monitoring site (CH4).

Flow Variable Density Taxa Richness %EPT QMCI
3 x median flow 0.37 0.21 -0.06 -0.25
1.5 x median flow 0.37 0.45 -0.52 -0.69*
2 x MALF 0.57 0.48 -0.34 -0.53
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Note: Horizontal lines indicate pollution categories.
Number of freshes (1.5 x median flow) are from the six month period prior to invertebrate sampling.
Linear regression line and 95% confidence intervals are shown.

Fig. 5.17: Relationship between QMCI scores and fresh frequency in the Waimakariri River (Old Highway
Bridge site).
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Fig. 5.18: Relationship between QMCI scores and number of days since the last fresh in the Waimakariri
River (Old Highway Bridge site).

The data presented above suggests that while there is some relationship between QMCI scores and
accrual period length associated with FRE1.5 freshes, the accrual periods associated with larger (FRE3)
and smaller (2xMALF) sized floods are less significant in terms of their influence on the benthic
invertebrate community. Based on these data, it is possible that proposed scheme will cause some
subtle changes in the invertebrate community.

Using Fig. 5.17 and 5.18 provides a conservative means of assessing the possible effects of the
proposed scheme on the benthic invertebrate community (i.e., if the magnitude of the fresh and the
degree of variability in the data is ignored). Fig. 5.17 and 5.18 indicate that the average increase in the
2 x 7TdMALF accrual period of 10 days (i.e. the predicted increase in accrual period length under the
proposed scheme) would correspond to a reduction in QMCI score in the order of 0.5. Thus, an increase
in the 2 x 7dMALF accrual period in the order of 10 days may result in a minor reduction in QMCI score.

The reduction in QMCI scores would be caused by a minor shift in invertebrate community composition,
with fewer mayflies and more chironomids, although it is expected that the invertebrate community will
still be dominated by “clean water” taxa, with QMCI scores >5 or 6. The slight shift in invertebrate
community composition is unlikely to significantly affect feeding of native fish, which are generalist
invertebrate feeders (Sagar & Glova 1994). Because the predicted shift in the invertebrate community is
slight any effects on salmonid feeding are also expected to be minor. Furthermore, the minor shift in
invertebrate community composition will be offset by a minor increase in benthic invertebrate productivity,
due to greater flow stability (see Section 5.1).
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6. Summary and Conclusions

6.1 Introduction

Water abstraction has the potential to affect ecosystems of the Waimakariri River by reducing habitat
availability, reducing the intensity, frequency and duration of floods and freshes and by reducing water
quality. In this report, the implications of the CPW water take on each of the above potential effects has
been assessed using a combination of field and modelling data and comparison with other braided river
studies in New Zealand. A summary of the findings of this report is given in the following sections, along
with an overall conclusion on effects of the CPW water take on ecosystems of the Waimakariri River.

6.2 Summary of Effects

6.2.1 Effects of the take on habitat availability

The Waimakariri River environment includes a diverse range of aquatic habitats, from regularly disturbed
major and minor braided channels through to very infrequently disturbed spring-fed tributaries. In the
Waimakariri River, major and minor braided channels comprise at least 95% of the total potential aquatic
habitat, with spring-fed channels contributing to the remaining flowing habitat. Minor braids probably
provide the greatest area of habitat for fish, due to their prevalence in the river, and because they have
lower velocities and depths that are more suitable to a wider range of fish. Because they are generally
wide and shallow, minor braids are particularly susceptible to variations in flow and water level.

Based on modelled irrigation demand series and river flows, the CPW water take is predicted to reduce
median summer (November to March) river flow from the existing 86 m?/s to 59 m?s after the CPW water
take. However, instream habitat modelling results indicate that the CPW water take will have only minor
(i.e., 10% or less) effects on the quantity of instream habitat available to juvenile salmonids and most
native fish species (the most common inhabitants of minor braids). Although water levels could be
affected in orthofluvial spring-fed tributaries, they are considered relatively insensitive to water level
changes because they are relatively deep and the vegetation community present is dominated by exotic
species tolerant of water level fluctuations (e.g., willows).

Studies in the braided Waitaki, Rangitata and Rakaia Rivers indicate that due to the wide and shallow
nature of minor and major braided channels, flow changes result in a large change in wetted width, but
little change in depth. This small reduction in mean depth with reduced river flow is the reason why
instream habitat is relatively insensitive to moderate flow changes in the baseflow of braided rivers such
as the Waimakariri River. Thus, the reason for the small change in weighted usable area with flow is that
the loss of habitat in minor channels is offset by the habitat gained in larger channels.

Habitat modelling in the Waimakariri River also indicates that the CPW take would not adversely affect
upstream passage of migrating chinook salmon. The minimum depth for passage of 0.35 m is possible at
flows at or above 63 m?/s, and flows below this will not be appreciably affected by the CPW take.

6.2.2 Effects of the take on floods and freshes

The Waimakariri River is a highly flood-disturbed river, and flood frequency plays an important role in
shaping biological communities. Large annual floods play an important role in sediment transport and by
removing vegetation from the edge of the fairway. Regular smaller floods prevent excessive periphyton
growth, and help maintain an invertebrate community dominated by mayflies that are good fish food. In
the Waimakariri River, periphyton biomass is typically very low and nuisance growths of periphyton are
very uncommon, even following very prolonged low flow periods. However, greater periphyton biomass
does occur following long inter-flood accrual periods, which is associated with an increase in the relative
abundance of chironomid midges compared to Deleatidium mayflies.
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The effect of the CPW take is greatest at flows between around 65 to 150 m3¥s. Thus, the scheme will
not affect large floods, and therefore effects on vegetation encroachment are not anticipated. Similarly,
the CPW take will not significantly affect the frequency of smaller floods or small freshes in the
Waimakariri River. However, water abstraction will reduce the length of time the river is in “fresh”, mainly
affecting the smaller freshes, in the order of about 2 x 7dMALF (i.e., 80.4 m?/s). Based on periphyton and
invertebrate monitoring data, reduced duration of freshes (and resultant increase in accrual period) may
result in greater periphyton biomass, although periphyton biomass and cover is not expected to exceed
guidelines for protection of aesthetic and ecological values. The increase in periphyton biomass would be
accompanied by a slight shift in invertebrate community composition, with chiromomids becoming more
abundant. However, the change in invertebrate community composition is considered minor and would
be offset by increased invertebrate abundance and biomass overall, due to the greater stability afforded
by longer inter-flood accrual periods. Thus, increased accrual period is not predicted to result in an
adverse effect on invertebrate communities in the Waimakariri River, or the fish that feed on them.

6.2.3 Effects on water quality

Existing water quality in the Waimakariri River is very high in the vicinity of the proposed CPW take at the
gorge, with high dissolved oxygen and low nutrient concentrations, and low numbers of faecal indicator
bacteria. Water quality (particularly nutrients and faecal indicator bacteria) declines downstream, due to
the influence of diffuse pollution (upstream of SH1) and major point-source wastewater discharges from
Otukaikino Creek downstream. Water temperatures can get high in summer, with a maximum of around
23 °C recorded in the lower river. Water clarity decreases downstream of the gorge.

The potential effects of water abstraction on water quality include increased temperatures, increased
clarity, and increased concentrations of contaminants in diffuse and point source pollution, particularly
nutrients and faecal pathogens. Existing monitoring data shows that although water temperatures can
get high in summer, particularly during periods of very low flow, temperatures have never exceeded levels
that are likely to adversely affect sensitive aquatic species (e.g., Deleatidium mayflies). It is therefore
concluded that the CPW water take is unlikely to adversely affect downstream water temperatures.
Water clarity is reduced during freshes and floods, and slightly elevated clarity at the receding limb of a
flood is often regarded as optimal conditions for salmon angling. While the CPW take will reduce the
duration of small floods, water clarity is not expected to appreciably change. This is supported by clarity
monitoring data which shows no effect of low flows on the relationship between clarity at the gorge and a
site downstream nearer to the state highway.

Effects of the CPW take on diffuse pollution, particularly nutrients, was assessed using a mass balance
approach. This modelling exercise found that the CPW take will have no appreciable effect on the
contaminants associated with diffuse pollution. A similar approach was taken to assess the effects of the
take on in-river concentrations of contaminants discharged from the PPCS outfall in the lower river. The
PPCS discharge has consent limits on a variety of contaminants (e.g., BOD, ammonia, suspended
solids), and their rate of discharge is restricted during times of low river flow. The modelling exercise
found no more than minor effects of the water take on water quality downstream of the PPCS discharge,
and no change in the frequency or rate of discharge permitted. Effects of the CPW take on faecal
indicator bacteria numbers was assessed as being minor. The CPW take is therefore not expected to
affect the health risk recreational water users are exposed to in the lower river.

6.3 Conclusions

The summary provided above indicates that the effects of the CPW water take on habitat availability,
flood frequency and duration, and water quality are considered minor or less than minor. The principle
effect of the take appears to be an increase in accrual period between small freshes, which is expected to
increase periphyton biomass in shallow sections of open braided channels. However, because floods will
still occur frequently, periphyton biomass is considered unlikely to reach nuisance growth levels.
Similarly, although a shift in invertebrate community composition may become apparent, this should be
offset by greater invertebrate abundance overall, due to increased stability. Overall, while effects of the
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CPW take on periphyton biomass and invertebrate abundance may be detectable, they are considered
minor and are not expected to affect the food resources of fish or wading birds.
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Appendix 1

Assumptions of the Waimakariri
River flow model.




Date:
To:
From:

Subject:

Memorandum

2 May 2006

Kingett Mitchell Ltd

Klaus Ohlbock

CPW Water Balance Model - Input Parameters and Assumptions

e Water takes have following priority: 1 Rakaia River, 2 Waimakariri River, 3
Waianiwaniwa Reservoir

e RakaiaTakeisno morethan 20 m¥s
e Waimakariri Takes are combined no more than 40 m3/s
e Capacity of upper and lower Waimakariri intakes is 40 m*/s each.

e No accessto class“A” Waimakariri water during irrigation season, “A” water
winter takeis 9 m*/s (1 May to 31 August.)

e Waianiwaniwa Reservoir volume is 280 Mm3 (active storage)
e Tota schemeirrigated areais 60,000 ha with max. on-farm capacity of 0.6 I/s/ha.

e Demand Time Series supplied by Aqualinc (see Aqualinc Memorandum from 4
October 2005 for input parameters and assumptions)

e System losses (seepage and bywash) in distribution network are 20% of irrigation
demand

e Seepagelossin headrace canal is constantly 1 m¥/s

e Simulation run from 1 June 1967 to 31 May 2001

URS New Zealand Limited

Level 5, Landsborough House

287 Durham Street, Christchurch

PO Box 4479, Christchurch New Zealand
Tel: 64 3374 8500

Fax: 64 3 377 0655

J:\PROJECTS-SOLOMONWU\URSNZ-CHC\005 - FURTHER WORK\REPORT\FINAL DRAFT 290906\APPENDICES\APPENDIX 1A. UPDATED WATER MODEL
INPUT AND ASSUMPTIONS.DOC



PO Box 20-462, Bishopdale

Fax: +64 3964 6520

A ‘ | R TF 'I\" Christchurch, New Zealand
!
AL i W Td direct: +64 3964 6514

Email: j.weir @aqualinc.co.nz

Memorandum

To: Hle of. Aqudinc
From: _Jddlianweir Date: _4October2005
Subject: _CPW - Demand Time Series Input Parametersand Assumptions_

Input data supplied by URS for each hydrological zone, asfollows:

Rainfall station
Soil WHC

Land use
System capacity
Area

O O0OO0O0Oo

See attached table for specific parameters.
Total scheme irrigated area of 60,000 ha allowed for.
Winchmore PET data has been assigned to each hydrological zone

All land uses assigned max. on-farm capacity of 0.6 ¢//s/ha. For cropping, thisis different

from the limit specified by URS as the CPW prospectus specifies a delivery of 0.6 ¢/s'ha
regardless of the land use.

Simulation run from 1 July 1967 to 30 June 2003 (i.e. irrigation seasons 1967/68 through
to 2002/03).

100% of irrigated area has been modelled as irrigated (i.e. 100% of 60,000 ha)..

The diversion of water to the scheme is not limited by the source of supply (i.e. it has
been modelled as though the scheme can supply al the required water to each farm as

required up to the 0.6 //s/halimit).

Fixed depth applications have been assigned to pasture land uses, and variable depth
assigned to cropping.

Irrigation trigger-on set at 50% of soil WHC for all land uses. For variable depth
irrigation, trigger off set at 100% soil WHC.

On-farm system losses between the farm supply point and the paddock surface has been
set at 5%. Irrigation uniformity coefficient has been set at 80%. Average application
depths represent good practice and generate about a 17% loss to sub-surface drainage.
Total on-farm irrigation losses are therefore about 22%.



Return periods and application depths have been taken from Table 5-4 of CSWS, with
minor adjustments made to deeper soilsto give about 17% losses to drainage.

Crop land use has following rotation (equal portions of each crop type assigned within
each hydrological zone):

Wheat
Barley
Peas
Clover
Rye grass

O O0OO0OO0OOo

Time series of demand (in Excel) supplied to URS.



(ha)

ARL hydro. zone 1 2 3 4 5 6 (N/A) 7 8 9 10 11 (N/A) (N/A) 12
URS Sub-region 12 4 14 1 5 13 2 8 6 15 10 7 9 3 11
Title area
(ha) 14,752 3,064 19,389 5,349 2,916 8,873 63 14,610 7,648 3,950 9,023 12,538 821 981 1,372
. . . . . . . Home Home Home Home Home Te Te Te Te Te
Rainfall location Darfield | Darfield | Darfield | Darfield | Darfield bush bush bush bush bush Pirita Pirita Pirita Pirita Pirita
Soil WHC (mm) 60 90 90 120 120 60 90 90 120 120 60 90 90 120 120
Land-use Pasture Crop Pasture | Pasture Crop Pasture Crop Pasture Crop Pasture | Pasture | Pasture Crop Crop Pasture
System capacity | ¢ 0.4 0.6 0.6 0.4 0.6 0.4 0.6 0.4 0.6 0.6 0.6 0.4 04" 0.6
(¢/s/ha)
Modified area 9,000 | 2,000 | 12,500 | 3,500 | 2,000 | 4,000 0 6,000 | 3,500 | 1,500 | 6,500 | 8,500 0 0 1,000

* Note: All crop system capacities have been modelled at 0.6 |/s/ha as this is what the CPW prospectus specifies.




Appendix 2

Water quality trend analyses.




Site Parameter Entire Record (1989-2005) Recent Record (1995-2005)
n (uﬁli?spger Kl\giggll sig. at sig. at n (SLIJ?Iﬂi Kl\gr?crj]gll sig. at sig. at
year) Stat p<0.01 p<0.05 per year) Stat p<0.01 p<0.05
CH3 NO;z-N 200 0 -0.215 No No 128 -0.528 -0.898 No No
TN 184 0.258 0.674 No No 124 0 0.102 No No
DRP 200 0 0.13 No No 128 -0.124 -3.742 Down Down
TP 194 0.102 0.699 No No 123 -0.137 -0.446 No No
Clarity 200 -0.01 -1.709 No No 128 0.008 0.917 No No
Turbidity 200 0.174 1.556 No No 128 -0.143 -0.505 No No
CH4 NOs-N 200 1.091 2.156 No Up 128 -0.612 -0.717 No No
TN 184 2.057 2.842 Up Up 124 -0.65 -0.495 No No
DRP 200 -0.007 -1.04 No No 128 -0.095 -2.69 Down Down
TP 196 0 0.032 No No 124 -1.096 -1.841 No No
Clarity 199 -0.005 -1.123 No No 128 0.012 1.768 No No
Turbidity 200 0.156 1.081 No No 128 -0.574 -1.549 No No




Appendix 3

River flow and water quality
correlations.




Entire Flow Record

Flow <115 m3/s

SITE Valid n Spearman R p-level Validn  Spearman R p-level
NRWQN Site CH3
Flow & DRP 200 0.52 <0.001 142 0.40 <0.001
Flow & TP 196 0.83 <0.001 138 0.68 <0.001
Flow & Turbidity 200 0.85 <0.001 142 0.70 <0.001
Flow & NO3-N 200 0.08 0.245 142 0.20 0.016
Flow & TN 188 0.37 <0.001 135 0.28 0.001
Flow & Water Temperature 200 -0.13 0.061 142 -0.16 0.056
NRWQN Site CH4
Flow & DRP 200 0.50 <0.001 135 0.28 0.001
Flow & TP 196 0.86 <0.001 131 0.66 <0.001
Flow & Turbidity 200 0.86 <0.001 135 0.68 <0.001
Flow & NO3-N 200 0.27 <0.001 135 0.30 <0.001
Flow & TN 184 0.55 <0.001 126 0.32 <0.001
Flow & Water Temperature 200 -0.09 0.20 135 -0.18 0.042
Above South Branch
Flow & DRP 43 0.54 <0.001 28 0.51 0.01
Flow & TP 52 0.64 <0.001 32 0.35 0.05
Flow & Turbidity 155 0.91 <0.001 80 0.73 <0.001
Flow & Nox-N 37 -0.36 0.028 20 0.24 0.30
Flow & TN 26 0.50 0.009 14 0.23 0.42
Flow & Faecal coliforms 822 0.21 <0.001 528 0.00 0.99
Flow & Water Temperature 723 -0.18 <0.001 464 -0.10 0.028
Stewarts Gully
Flow & DRP 48 -0.29 0.04 33 -0.022 0.90
Flow & TP 50 0.39 0.01 33 0.10 0.58
Flow & Turbidity 37 0.84 <0.001 22 0.35 0.11
Flow & Nox-N 41 -0.57 <0.001 24 0.000 1.00
Flow & TN 37 -0.18 0.28 22 -0.43 0.043
Flow & Faecal coliforms 177 0.05 0.51 118 -0.008 0.93
Flow & Water Temperature 379 -0.089 0.083 247 -0.10 0.11
Ferry Rd
Flow & DRP 53 -0.35 0.01 33 0.027 0.88
Flow & TP 53 0.51 <0.001 33 0.26 0.14
Flow & Turbidity 165 0.88 <0.001 89 0.59 <0.001
Flow & Nox-N 53 -0.43 0.001 33 0.081 0.65
Flow & TN 48 -0.37 0.01 30 -0.11 0.55
Flow & Faecal coliforms 206 0.12 0.09 127 0.034 0.70
Flow & Water Temperature 179 -0.14 0.063 100 -0.06 0.53
Kairaki
Flow & DRP 42 -0.29 0.067 27 0.06 0.77
Flow & TP 42 0.30 0.052 27 0.12 0.54
Flow & Turbidity 38 0.82 <0.001 23 0.57 0.004
Flow & Nox-N 37 -0.55 <0.001 22 0.37 0.086
Flow & TN 37 -0.51 0.001 22 0.16 0.49
Flow & Faecal coliforms 165 -0.03 0.70 122 0.02 0.83
Flow & Water Temperature 202 -0.16 0.023 143 -0.11 0.18




