
Hydrology of tlre Wainui Catclzmerrt 

Data Sources 

The stream flow and rainfall data used in this report are derived from databases 
maintained by the Regional Council and NIWA. 

The only flow recorder to have operated in the Wainui Stream was installed in 
December 1998 as part of this project (Table 7). Flow recorders on the Wharemauku 
Stream and Waikanae River are used for comparison and for generation of a synthetic 
flow record for the Wainui Stream. 

Table 7. Flow Recorder Stations 

Site Station Map Drainage Period Status 
No. Reference Area 

ikm21 

31204 Wainui Stream @Above R26:761221 1.9 23/12/98 - Open 
KCDC Intake present 

31401 Wharernauku Stream R26:789302 7.8 25/02/82 - Open 
@Coastlands present 

31 504 Waikanae River R26:846331 125 02/03/75 - Open 
@Water Treatment Plant present 

All flow gaugings completed in the Wainui catchment and held in the Regional 
Council databases have been undertaken at the sites listed in Table 8. 

Table 8. Flow Gauging Sites 

Site No Stream Location Map Reference 

31204 Wainui Above KCDC Intake 

31207 Wainui Below KCDC Intake 

31203 Wainui SH 1 

31202 Wainui QEll Park 

31201 Wainui Beach 

31206 Te Puka Proposed Intake 

31207 Te Puka SH 1 

All flow data for the continuous flow recorder, Wainui at Above KCDC Intake 
(31204), and gaugings have been collected, processed and archived under an 
ISO:9002 registered quality system. 

The Wainui at Above KCDC Intake (31204) high flow ratings require confirmation. 
As this project is primarily conceined with low flows this is not considered a problem. 
The low end of the rating curve is well defined and fully representative of gaugings 
undertaken. Therefore, the medium to low flow data can be used with confidence. 

Wellirrgtori Regiortal Corrncil Resource Irrvesligatiotrs Depart~nent Tecltnical Report 7 



Hydrology of the Waimrri Catchmerrt 

4.1 Synthetic Flow Data Generation 

There is currently one flow recorder operating in the Wainui catchment. The Wainui 
at Above KCDC Intake (31204) is situated on the Wainui Stream as detailed in Figure 
1 and Table 7. 

Data is only available from 23 December 1998 for the recorder site and it is therefore 
unsuitable to use for flow analyses. 

In an effort to gain a longer period of flow data for the Wainui Stream so that flow 
analyses can be completed, correlations were derived with two nearby flow recorders 
with long periods of data record. 

Continuous flow recorders have operated on the Waikanae River at the Water 
Treatment Plant (31504) and Wharemauku Stream at Coastlands (31401) for 24 and 8 
years respectively (Table 7). 

Concurrent gaugings between these two sites and Wainui at Above KCDC Intake 
(31204) have been correlated and regression equations developed. A total of 14 
concurrent gaugings between Wainui at Above KCDC Intake (31204) and Waikanae 
at Water Treatment Plant (31504) were correlated with a resulting R' of 0.94. 
Thirteen pairs of concurrent gaugings correlated between Wainui at Above KCDC 
Intake (31204) and Wharemauku at Coastlands (31401) gave an R' of 0.93. 

Flow data for both sites (31504 and 31401) were put through the respective regression 
equations and two sets of synthetic flow data for Wainui at Above KCDC Intake were 
derived. 

The Wainui at Above KCDC Intake (3 1204) flow record derived from Waikanae at 
Water Treatment Plant (31504) is the most appropriate for use in this study. The 
greater length of data available (25 years as opposed to 8 years) is advantageous and it 
more adequately accounts for actual low flows that have been physically gauged in 
the Wainui Stream. 

The regression equations used to transform the Waikanae at Water Treatment Plant 
(31504) flow record to Wainui at Above KCDC Intake (31204) is: 

Waiizui @Above KCDC firtake = O.O162x(Waikn1zae BWTP) - 1.06 

As the majority of the concurrent gaugings used for development of the correlated 
Wainui at Above KCDC Intake (31204) flow record were completed at low flows, the 
flow record is considered to be a good representation of low to mean flows but may 
not define high flows very well. 
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i The objectives of this section are: 
1 

(1) To examine long term trends and seasonal patterns of flow in the Wainui 
Stream and its tributaries. 

(2) To measure extreme low and high flows and predict the frequency of 
occurrences for given magnitudes of low and high flows. 

(3) To estimate the flow contribution of tributaries to the Wainui Stream. 

I 
j (4) To describe flow distribution characteristics and estimate water yields. 

All flow analyses, unless otherwise stated, are for the correlated Wainui at Above 
KCDC Intake (3 1204) record. 

1 
I 
j 5.1 Types of Analyses 

I 5.1 .I Flow Statistics 
i 

Where available the following flow statistics are presented for correlated Wainui at 
Above KCDC Intake (31204) flow data and gauging data: 

Minimuin, mean and maximum monthly flows. Also given is the 
minimum, mean and maximum of the yearly means. 

Mean annual low flow. That is the mean of the lowest instantaneous flow 
for each calendar year of record. Also given is the mean annual flood flow. 

Minimum, mean, median and maximum recorded flows. 

Lowest gauged and recorded flows. The lowest gauged flow is a flow that 
has been physically measured, while lowest recorded is derived from a 
station's continuous flow record. 

5.1.2 Flow Duration Curves and Tables 

A flow duration curve is a cumulative frequency graph that shows the percent of time 
i 
! that specified discharges are equalled or exceeded. As the hydrological record upon 

5 which the curve is based reasonably represents the short to medium term flow record 
of the Wainui Stream it may be used to predict the distribution of future flows for 

I water management purposes. 
J 

At the high flow end, each curve is influenced by the amount of effective precipitation 
1 
0 the catchment receives. Through the mid portion, the curves are determined by 
1 catchment characteristics such as geology, vegetation, and soil type, and their ability 
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to initially store and then release water to maintain base flow during periods of no 
rainfall. During an extreme drought, the curves are more influenced by geology. 

The numerical flow duration table showing actual values, equalled or exceeded, is 
also given. 

5.1.3 Recession Curve Analyses 

Another tool that can employed for low flow analysis is the recession curve. The 
diminishing discharge in the recession limb of a hydrograph reflects the depletion of 
stored water both surface and subsurface within a catchment. In effect, a recession 
curve is another way of illustrating, for a period of little or no rainfall, the rate at 
which a catchment releases water from storage to maintain stream flows. The rate of 
release is dependent on the catchment characteristics such as geology, vegetation and 
soil type. Recession curves can be used for low flow forecasting during prolonged 
dry periods. 

A variety of methods have been used to describe the recession process, but all 
conform to the law of bacterial decay or the exponential law. The most common 
recession equation used has the form: 

Where: Qt = discharge after time t, where t is in days 
Qo = initial discharge 
K: = recession constant 

From this equation the half life period (the time required for the base flow of a river to 
halve) can be calculated. The recession curves chosen do not necessarily represent 
the driest periods in each record. Instead, the most consistent recessions are analysed 
which are not interrupted by rainfall are analysed. 

5.1.4 Concurrent Gaugings and Water Use 

Concurrent flow gaugings are effectively simultaneous measurements of flow at 
various points on a river and its tributaries. They are carried out on the same day, 
while a river is in a recession phase and no rainfall has been experienced for some 
days. They aid in identifying: 

What percentage of total flow each tributary and catchment contributes. 

Correlations between tributaries and main channel. 

Whether water permit abstractions are operating within their legal limits. 

When analysing concurrent gaugings and water permit abstractions, it is assumed that 
abstractions are operating at the time of the gaugings, and the rates of abstraction are 
accurate, when calculated from the total allocation in cubic metres per day. In 
addition permitted activities of up to 20,000 litres per day (0.23 Us) are not accounted 
for, but cumulatively may be significant. 
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5.1.5 Low Flow Frequency Analyses 

Frequency analysis of low flow magnitude and frequency of occurrence is an 
important tool in effectively managing any water resource. For such analysis, 
estimates are produced of low flow magnitudes corresponding to specified return 
periods and durations of 1, 7, 14 and 28 days. An analysis of the frequency of low 
flow periods in the Wainui Stream is particularly important from a water supply 
viewpoint. A low flow frequency analysis will indicate the statistical likelihood that 
water supply demands will not be met. Analysis of low flow frequency is also 
important from a water quality and recreational viewpoint (e.g. dilution rates for 
effluent and maintaining fish populations). 

5.1.6 Flood Frequency Analyses 

Return period estimates for flood flows are used in floodplain management and the 
design of structures such as bridges and stopbanks. 

The at site frequency analyses are presented in this report involve applying statistical 
methods to hydrological records measured at a flow station. 

5.2. Flow Statistics 

Flow statistics for Wainui at Above KCDC Intake (31204) are presented in Table 9. 

Table 9. Flow Statistics &Is) 

Station Min Mean Median Max Mean Mean 
Annual Annual 

Low Flow Flood 

Wainui Stream (correlated) 8 75 50 4931 14.5 2375 
(31 204) 

Table 10 presents the monthly flows for Wainui at Above KCDC Intake (31204) from 
1975 to 1999. Yearly means are displayed at the right of the table and the minimum, 
mean and maximum of the monthly and yearly flows are at the bottom. Months with 
missing record are marked with a dash and yearly means including these months are 
marked with a '*'. 
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Table 10. Wainui at Above KCDC Intake (31204) Mean Monthly and Yearly 
Flows (Us) 

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Mean 
1975 - - 104 109 173 164 133 104 69 42 48 105" 

Min. 19 14 11 15 28 33 33 33 20 33 29 24 42 
Mean 55 43 47 56 73 91 99 91 84 95 75 81 75 

Max. 148 98 199 141 175 177 164 142 181 189 200 238 105 
*Indicates years with missing data 

February is the driest month in the Wainui Stream in terms of mean monthly flow. 

The driest month on record was March 1978. The period from December 1977 to 
March 1978 was very dry with mean monthly flows well below normal. 

Table 11 presents all sites measured in the Wainui Catchment and the lowest gauged 
and recorded flows at each. 
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Table 11. Wainui Catchment Lowest Gauged and Recorded Flows 

Location Site No Flow Date 

Wainui at Above KCDC Intake (correlated) 31204 8.0 22/03/1983 

Wainui at Above KCDC Intake (actual recorded)* 31204 12.0 25/02/1999 

Wainui at Above KCDC Intake (gauged) 31204 11.0 18/02/1971 

Wainui at Below KCDC Intake 31207 0.5 14/04/1999 

Wainui at SH 1 31 203 0 1993194199 

Wainui at QE II Park 

Wainui at Beach 

Te Puka at Proposed lntake Site 

Te Puka at SH 1 31205 1.6 121021 999 
* The Wainui at Above KCDC Intake (actual recorded) flow data only covers the period &om 

Notable are the zero flows recorded on the Wainui Stream at SH1. It is known to d ~ y  
up often at this site as what water is lea after the KCDC Intake disappears below the 
ground between where the stream leaves the foothills and about 200 metres upstream 
of SH1. 

The lowest flow recorded downstream of the intake by the Regional Council is 0.5 
Lls. However, often all available flow in the stream is taken via the intake and zero 
flow is left below it as a result. Statements to this effect are also found in the 
Consents Management file for the KCDC water take. 

Flow Duration 

The Wainui at Above KCDC Intake (31204) flow duration curve and table are 
presented below (Figure 3 and Table 12). The flow duration curve is truncated at 
slightly less than twice the mean flow. 

The current consent conditions allow for an average daily rate of 18.8 Lls to be 
abstracted. Table 12 shows that flow in the Wainui Stream above the KCDC Intake 
will be at or below 19 Lls for 9 percent of the time, or 33 days per year. 
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- site 31204 Wainui Stream at Above KCDC Intake: 750303 143000 to 990407 120000 

Figure 3. Wainui at Above KCDC Intake (31204) Flow Duration Curve (Lls) 

Table 12. Wainui at Above KCDC Intake (31204) Flow Duration Table (Lls) 
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Recession Curve Analysis 

Recession c w e s  from the correlated Wainui at Above KCDC Intake (31204) flow 
data are detailed in Table 13. The actual recorded flow data was initially analysed but 
because of the very short period of data the results obtained were inconclusive. 

Table 13. Wainui at Above KCDC Intake (31204) Recession Values 

Recession Start Recession Duration Recession Half Life 
Date (Days) Constant (k) (Days) 

3011 2/83 17 0.97 23 

The correlated Wainui at Above KCDC Intake (31204) data yields recession constants 
ranging from 0.97 to 0.99 with corresponding half lives ranging from 23 to 67 days. 

5.5 Concurrent Gaugings 

Figure 4 is a schematic diagram of gauging runs completed down the Wainui Stream 
and its hibutaries as part of the Kapiti Coast Low Flow Project. Gauging runs were 
carried out on 16 April 1998,28 January 1999, 12 February 1999, and 14 April 1999. 

The KCDC water supply intake has an obvious effect on flow in the Wainui Stream. 
A large part of the flow during dry periods is removed via the intake and very little is 
left to flow downstream. Reference to the Consents Management file on the KCDC 
water take shows that at times the entire flow is taken and no flow is left downstream 
of the intake. 

After the intake flow is reasonably constant down to where the stream leaves the 
steep, narrow valley of the foothills and flows out onto the plains. During dry spells 
there is very little input from tributaries between the intake and SH 1. As the stream 
leaves the hills the flow disappears into the ground. Very often during summer all the 
flow in the Wainui Stream recedes below the surface and from about 200 metres 
above SH 1 there is no flow in the stream. 

The loss can be seen in all gauging runs, apart from that on 16 April 1998 where no 
gauging was completed below the intake due to KCDC discharging water back to the 
stream. Zero flows have also been recorded at SH 1 in February 1993 and March 
1994. The situation of no flow in the Wainui Stream at SH 1 occurs a great deal of 
the time over summer and autumn. 

The Te Pnka Stream contains very little flow during the summer and autumn months 
and downstream of SH 1, before it joins the Wainui Stream, it is a mere trickle 
through farm pasture. 
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In times when there is no flow in the Wainui Stream, the bed downstream of SH 1 
does contain water but it is largely stagnant and remains from the last time the stream 
flowed. Towards its confluence with the Te Puka Stream small amounts of flow are 
added from 'boggy' areas where it appears groundwater is seeping to the surface. 

Immediately downstream of the confluence of the Wainui and Te Puka Streams there 
are three hoses in place in a pool that all lead to pumps at a horticultural farm. It is 
recommended that the amount and use of these water abstractions be investigated. 

Between the confluence with the Te Puka Stream and the mouth at Whareroa Beach 
the Wainui Stream gains flow, the majority of which comes from groundwater fed 
sources. 

The gauging run of 28 January 1999 shows an instantaneous abstraction of 25 Lls at 
the KCDC Intake. To comply with the current consent conditions up to 1,625,000 
litres per day can be abstracted, or an average rate of 18.8 Lls. 
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16 April 1998 
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I 

1 Figure 4. Wainui Catchment Concurrent Gauging Runs 

i 
i 

Welli~igton Regional Corrncil Resorrrce Itrvestigations Department Teclrnical Report 17 

Above KCDC 
-- Intake 

14 L/s 

Below KCDC 
-- Intake 

0.5 L/s 

SH 1 -- 

4 L/s 

Beach -- 
11 L/s 

1 
i 

KCDC Water ---+ 

I Supply Intake 

I 

i 

Above KCDC 
-- Intake 

18 L/s KCDC Water ---+ 

Below KCDC Supply Intake 

-- Intake 
6 L/s 

SH 1 
1 
I 
J 

1 
I 

I 
I 

1.6 Lls 

Beach -- 
1 6 L/s 



Hydrology of the Wainui Catchment 

5.6 Low Flow Frequency Analyses 

The Wainui at Above KCDC Intake (31204) low flow frequency estimates and plots 
are presented below in Table 14 and Figure 5. 

Table 14. Wainui a t  Above KCDC Intake (31204) Low Flow Frequency 
Estimates (Lls) 

Flow for Selected Duration (Us) 
Return Period Average Annual 1 Day 7 Day 14 Day 28 Day 

(Years) Probability (%) 

2 50 13.8 15.1 16.2 19.5 

5 20 10.8 11.9 12.9 14.8 

10 10 9.6 10.6 11.6 12.9 

20 5 8.7 9.7 10.7 11.6 

50 2 7.9 8.8 9.7 10.4 

100 1 7.3 8.2 9.2 9.6 

0 
0.01 0.02 0.05 0.1 0.2 0.5 1 

Annual prob. smaller 

Figure 5. Wainui at Above KCDC Intake (31204) Low Flow Frequency Plot 
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