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Executive Summary

Mixing and dilution in the Ruamahanga River wasd&td to support decisions on the discharge of
treated wastewater from Masterton. The studies dgeb of field dye tracer measurements of mixing
and mathematical modelling of dilution from a ramgelischarge diffuser options.

Measurements of transverse mixing using a dye rtraice river flow gaugings over 3 reaches in the
Ruamahanga River at sites adjacent to and belowtiiserton wastewater treatment ponds were
carried out to evaluate the mixing characterisicthe river.

The field program was carried out between 2-4 Au@@94 with dye releases to the Ruamahanga
River flow at gauged flows between 19/snto13.6 n¥s. For these flow conditions the average
transverse dispersion coefficieri,)( at the site B location (adjacent and to the sadithond 3) was
significantly higher than that downstream of theestoption at site A, (upstream adjacent to pond 1)
and also higher than at the existing outfall site the Makoura stream (Site C).

Based on the estimated transverse dispersion ceeifipredictions, mixing distances for a flow of
6.5 ni/s (half the median flow) were made. At this flowetpredicted mixing distances were similar
for sites B and C but significantly longer at gite

Because the transverse dispersion coefficigg)tat site B is higher (and therefore the mixingahse
shorter) and channel characteristics are moreesthbh other sites, site B is the preferred opftiom
a mixing perspective.

A CORMIX model was calibrated against the transwenixing data from the Ruamahanga River and
used to make estimates exit velocity and plumetwidt two river discharge scenarios (median &
half-median flow) and a range of outfall configiwas. For a four pipe protruding outfall
configuration, the distance at which the dischasgéully mixed across the river is increased with
decreasing pipe size. The predicted downstreantiatl for a four pipe 0.5 m diameter outfall
configuration showed minimal dilution differencestlveen a discharge to half-median or median flow
for distances greater than 200 m downstream. THiaseindicate that full mixing would occur 600 —
800 m downstream of the discharge point.

If a recessed rockwall option is to be pursuedy tie design of the rockwall should be such that th

pore spacing does not become too small. The mbeled that reducing the pore spacing below 0.3
m will result in low jet momentum resulting in thkime remaining close to the bank over the first 80

100 m and an increase the distance at which threepis fully mixed across the river.

The predicted downstream concentrations for keyeiguality parameters for effluent discharge and
groundwater leakage are were calculated and iretidhiat the proposed discharge initiation at median
flow (12.3 ni/s) in summer and half-median flow in winter wittrresult in water quality guideline
exceedance after reasonable mixing with the RuangzhRiver.

Mixing and dilution studies in the Ruamahanga Rhe&low the Masterton Wastewater Treatment Plant iv
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1. Introduction

Mixing and dilution in the Ruamahanga River wagisd to support decisions on the
discharge of treated wastewater from Masterton. Sthdies comprised of field dye
tracer measurements of mixingnd mathematical modelling of dilution from a rang
of discharge diffuser options.

This report presents the results of a field expenirto measure the rate at which
effluent from the Masterton Wastewater TreatmemanP(WWTP) mixes across the
Ruamahanga River. The brief specified that theystuds to be conducted during
winter flows and include two possible new outfaltétions and also measure the
mixing in the Ruamahanga River of the existing llésge into the Makoura stream.
Also estimates were required of river transverseingi to enable predictions of
mixing at 6.5 M¥s (half median flow). It was planned to carry the field work in the
period 26 - 28th July 2004 but a significant flamgent during this period delayed the
work until the period 2 - 4 August 2004.

The study was commissioned by Beca Carter Holli@gg-erner Ltd (Beca),
Wellington in order to collect information (refeigeres 1 and 3):

a. to assess the mixing distance to full vertical anadrizontal mixing
downstream of a site to the east of the oxidatimmdg (site A);

b. to assess the mixing distance to full vertical amorizontal mixing
downstream of a site to the southwest of pondt8 B,

c. to assess how quickly effluent mixes across therriwith the present
discharge into the tributary — the Makoura Stresite C);

d. to enable predictive modelling to be done to edntlae river mixing patterns
at a flow of 6.5 s (half the median flow) at the 2 proposed sifesuid B)
and the existing discharge point (site C);

e. to give estimates of mixing of the river at thereational area near Wardells
Bridge under existing and proposed discharge option

! This report incorporates the full contents of BEVA (2005) mixing report.

Mixing and dilution studies in the Ruamahanga Rivelow the Masterton Wastewater Treatment Plant 1
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During the study an additional site (labelled UA Wpper A) was identified as a
possible option. After an initial dye study andesixamination, it was judged
unsuitable due to the river channel being unstdblke to shifting stone and cobble
beds. Currently also, the river flow was predomttyaon the left side of the river, so
detailed analysis of the data collected was notamed at this site.

The flow in the Ruamahanga River (at Wardells Beidgcorder site) during the study
was on a recession — ranging from 24 to 186 riFigure 2) which was within the
range agreed between NIWA and Beca. The study wssiated to flows under
25 ni/s because higher flows would compromise our ghitit predict mixing at low
flows. A flow gauging was undertaken for each dslease.

Currently, treated Masterton wastewater from thp@i8d system is discharged into the
Makoura Stream, approximately 850 m upstream of tlhafluence with the
Ruamahanga River. The Makoura Stream is not coresiden appropriate receiving
environment for the discharge because its low flomly provides dilution of
approximately 1:1.

A discharge directly to the Ruamahanga River isigpaionsidered along with land
disposal options. If the river discharge option wakected, this would likely be via a
rock embankment and diffuser structures construamtetthe bank of the river.

Dilution calculations were undertaken using the GOR model which was
calibrated on the transverse mixing data from e study in the Ruamahanga River.
CORMIX was then used to make estimates of exitargiand plume width for two
discharge scenarios (to median & half-median floand a range of outfall
configurations.

Mixing and dilution studies in the Ruamahanga Rivelow the Masterton Wastewater Treatment Plant 3
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2. Methods

The field program was carried out over the perigd 2ugust 2004 during a period of
calm weather and recession river flow. (Figure 2).
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Figure2: Ruamahanga River flow record at Wardells Bridgetiier study period. Data supplied
from the website of the Greater Wellington Regiddauncil.

River flow was measured at selected sites in thdysteaches using standard river
gauging methods. The flow in the two tributarigse(¥Whangaehu and the Makoura
streams) in the study reach was also measurediafdl are summarised in Appendix
1.

2.1 Dyeinjection and measurement

A solution comprising 10% of concentrated dye soiu{25% active Rhodamine WT,
supplied by APC Ltd) mixed with clean water wagatgd continuously into the river
within 1 metre of the bank at each site. A metepogip (Model QB Fluid Metering
Inc Syosset NY) was used with an injection floweraf 200 mL/min for about 45
minutes, to achieve steady-state dye concentrationsthe river during the
measurements at each downstream cross sectiorfullfrenixed dye concentrations
were planned not to exceed 50 ppb. A dischargeerngas issued by Wellington
Regional Council.

Dye measurements were made at ten or more intemeadss each river cross section
using a submersible Seapoint fluorometer (Seapdantsors Inc Exeter USA) and
calibrated to Rhodamine WT dye to an accuracy wigint (1 ppb). The fluorometer
was connected to a Licor LI-1000 data logger (LICOR Nebraska USA). Dye
massflow rate at each sampling site was calculasetthe product of the average dye

Mixing and dilution studies in the Ruamahanga Rivelow the Masterton Wastewater Treatment Plant 4
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concentration times gauged flow for comparison wfté injection rate to check for
dye loss and sampling error.

2.2 Study stes

The site locations for the study are shown in Feguk and 3.

For site A (Option for alternative discharge looatiA) the injection point (AQ) was
east and adjacent to the Masterton WWTP pond 1.riDgiveam measuring sites were
Al located at 550 m, A2 at 1010 m, and A3 at 1458efow the injection point.

For site B (Option for alternative discharge looatB) the injection point was at the
end of pond 3 at the last set of rock structuresgthis bank. Downstream measuring
sites were B1 at 450 m, B2 at 750 m and B3 at 9@@low the injection point.

For site C (the existing discharge via the Makatraam) the injection point for the
dye was in the Makoura stream (C0) 10 m upstreathettonfluence of the stream
and the Ruamahanga River. Downstream measurirggéee C1 at 200 m (Wardells
Bridge), C2 at 500 m and C3 at 1350 m below thectipn point (C3 was below the
confluence of the Waingawa River).

Sites were located using an ETREX Garmin GPS teagion of approximately 2 m.

Mixing and dilution studies in the Ruamahanga Rivelow the Masterton Wastewater Treatment Plant 5
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3. Reaults

31

The following section gives a summary of the fieddasurements, the derivation of
estimates of transverse mixing parameters andgiiea of transverse mixing both at
the gauged flow and at a flow of 6.5/m(half the median flow).

Summary of field measurements

Measured dye concentration distributions, derivedssfiow curve and ratio of
observed to fully-mixed concentration for each loé ye tests (and transects, see
Figure 3) are given in Figures 4a to 4j. Measurgd doncentrations (mg/fnare
presented with cross section distances given fleright bank. For each measured
dye concentration (mgfinand discharge (ifs) the mass of dye (mg/s) at each station
across the transect can be derived. From thesetltiatmtal mass flow (g/s) for the
transect and the cumulative sum of the mass flowsadhe section (zero at right bank
and total mass flow at left bank) can be derivedrnMlised plots of the cumulative
sum of the massflow are presented in the followfiggres (i.e., a value of 1 is
assigned to the left bank value). From the totagsridow the dye concentration at
each station across the transect assuming the dggully-mixed (i.e., there was no
variation in dye concentration across the transeat) be derived. The following
figures present the measured/fully-mixed ratiodach of the transects. For example,
a value of 3 indicates that the observed dye cdratton was actually 3 times the
value that would occur if all the dye was evenlyeai across the transect. A value of
close to one across the transect indicates thadytbes actually very close to being
fully-mixed.

The additional site at UA was recognised as nalitalsle site for a discharge point, so
further analysis of the data collected was not araed, but is presented in Appendix
2.

Mixing and dilution studies in the Ruamahanga Rivelow the Masterton Wastewater Treatment Plant 6
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and CO.

Injection at site A

At site A1 (550 m from the release point AO) a peakcentration of 33 mgfhwas
observed 5 m from the right bank (Fig. 4a). 50%h&f dye massflow is contained
within 13 m of the right bank. The peak observdty/fmixed ratio was 3 indicating
that dye was not fully-mixed across the width & ttver at this site.

At site A2 (1010 m from the release point A0) akpeancentration of 15 mgfhwas
observed 6 m from the right bank and 50% of therdgssflow occurred within 12 m

Mixing and dilution studies in the Ruamahanga Rivelow the Masterton Wastewater Treatment Plant 7
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of the right bank. The maximum observed/fully-mixedio of 1.4 indicates the dye
was not yet fully-mixed across the width of theeriyFig. 4b).

At site A3 (1450 m from the release point AQ) akeancentration of 10 mgfhwas
observed 5 m from the right bank. 50% of the dyesflaw occurred within 7 m of
the right bank. By this point the dye was essdptiallly-mixed across the width of
the river.

3.1.2 Injection at siteB

At site B1 (450 m from the release point BO) a peakcentration of 23 mgfhwas
observed 4 m from the right bank (Fig. 4d). 50%hef dye massflow was contained
within 5 m of the right bank. The peak observedifatixed ratio of 2 indicated that
dye was not fully-mixed across the width of theeriat this site.

At site B2 (750 m from the release point BO) a peakcentration of 16 mgfhwas
observed at the right bank. 50% of the dye massfioaurs within 6 m of the right
bank (Fig. 4e). The maximum observed/fully-mixetoaf just over 3 indicated the
dye was not fully-mixed across the width of theeriand the mass flow was ‘bulking’
on the right bank. The observed massflow at B2 sigsificantly lower than at B1,
B3 or B4 (see Table 1). The likely reason is that/fwas concentrated along the right
bank where only 3 dye and flow measurements werdemAlso there was some
measurable ‘loss’ of flow (Table 1), possibly caligy entrainment into the coarse
alluvial river bed. The resultant data were inguéint to fully define the dye plume.
While it is clear dye was not well-mixed at site,Bfata from this site are not
sufficiently reliable for more detailed analysistodnsverse mixingso this site was
excluded from the predictive modelling.

At site B3 (900 m from the release point BO) a peakcentration of 9 mg/fhwas
observed 11 m from the right bank. 50% of the dwgssfiow occurred within 12 m of
the right bank. By this point the dye was essdptiallly-mixed across the width of
the river with a maximum observed/fully-mixed friact just over 1 (Fig. 4f).

At site B4 (Wardells bridge, 1100 m from the reke@®int BO) a peak concentration
of 7 mg/ni was observed at the left bank. 50% of the dye fieas®ccurred within
21 m of the right bank. There was a noticeableuarite from the Makoura Stream
which diluted the dye concentrations on the rigirilbbut did not significantly change
the observed/fully-mixed ratio (Fig. 4g).

3.1.3 Injection at site C (Dyerelease from Makoura Stream)

At site C1 (at Wardells bridge, 200 m from the aske point CO) a peak concentration
of 31 mg/ni was observed at the right bank (Fig. 4h). 50%hefdye massflow was

Mixing and dilution studies in the Ruamahanga Rivelow the Masterton Wastewater Treatment Plant 8
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contained within 18 m of the right bank. The pebkeyved/fully-mixed ratio was 4.5
which indicated that the dye was not fully-mixedass the width of the river.

At site C2 (500 m from the release point C0) a peakcentration of 23 mgfhwas
observed 2 m from the right bank. 50% of the dyesflaw occurred within 7 m of
the right bank. The maximum observed/fully-mixetaaf 3.2 indicates the dye was
not fully-mixed across the width of the river.

At site C3 (1350 m from the release point CO antbwethe confluence of the
Ruamahanga River and the Waingawa River) a peakecoration of 8 mg/fhwas
observed at the right bank. 50% of the dye massflceurred within 12 m of the right
bank (Fig. 4j). By this point the dye was esselytiillly-mixed across the width of
the river.

Mixing and dilution studies in the Ruamahanga Rivelow the Masterton Wastewater Treatment Plant 9
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Figure4a: Injection site AQ. Site A1l (550 m from the relege@nt). (Upper panel) Observed
dye concentration, (Middle panel) normalised curivgamassflow and (Lower
panel) observed/fully-mixed ratio of dye concentmat Note: a value of 1 = river
fully mixed.
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panel) observed/fully-mixed ratio of dye conceritnat
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dye concentration, (Middle panel) normalised curivgamassflow and (Lower
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Figure4i: Injection site CO. Site C2 (500 m from the relepsit). (Upper panel) Observed
dye concentration, (Middle panel) normalised curivgamassflow and (Lower
panel) observed/fully-mixed ratio of dye concertnat

Mixing and dilution studies in the Ruamahanga Rhvelow the Masterton Wastewater Treatment Plant 18



Figure4j:

Dye concentrationffully mixed concentration

Dye concentration C 2

55" = f S

" ; ;

i
0 5 10 15 20 25
Distance (m)

30

Normalised cumulative sum of mass flow C 3
1 : e .

0.3- e ; .
07

0.6

I i I
0 5 10 15 20 25
Distance (m)

30

Observed/fully-mixed ratio C 3

TR e

I i I
0 5 10 15 20 25
Distance (m)

30

NI WA—

Taihoro Nukurangi

Injection site CO. Site C3 (1350 m from the relepsimt). (Upper panel) Observed
dye concentration, (Middle panel) normalised cunivgamassflow and (Lower
panel) observed/fully-mixed ratio of dye concertnat

A further site (labelled UA or Upper A) was alsoaexned but was judged
unsuitable due to the river channel being unstabl® predominantly on the left
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side of the river. The general nature of the rieerain in this area looked unstable
with large mobile gravel beds causing the riveditode into two major channels
downstream. The fully mixed zone was achieved @022 down stream. It was
not considered to be a likely option, and so wasinduded in the predictive
modelling analysis. However data from this dye testummarised in Appendix 2
and not commented on further.

3.2 Channel Characteristics

The following table summarises channel charactesistiow and massflows of dye
for each of the dye tests and transects. Notethieatotal mass flow of dye (M) is
not measured conservatively in all of the transe®ite B2 is most notable, as there
is also measurable ‘loss’ of flow, possibly caubgdentrainment into the coarse
alluvial river bed, and not able to be measuredtragitional flow measuring

methods.
Table 1: Summary of channel characteristics, flow and magsflof dye.
Dye test Q A W D U M 1]}
transect Gauged Cross Cross Width Width Total Shape
number flow sectional sectional averaged averaged mass  factor
(m®/s) area(m?  width(m)  depth (m) velocity flow )
(m/s) (mg/s)
Al 13.58 2.76 38.0 0.49 0.73 149 1.39
A2 15.23 3.45 25.6 1.01 0.59 169 1.04
A3 14.22 2.03 26.0 0.56 0.97 134 1.14
B1 15.97 4.12 30.6 0.80 0.65 186 1.05
B2 15.32 2.92 42.8 0.48 0.74 78 1.18
B3 16.29 3.99 26.5 0.97 0.63 133 1.20
B4 18.93 291 39.8 0.89 0.54 119 1.15
C1 18.93 291 39.8 0.91 0.52 133 1.33
Cc2 18.61 4.16 39.2 0.64 0.74 131 1.27
C3 15.23 3.45 25.6 1.01 0.59 95 1.04

3.3 Transversedispersion coefficients

The rate at which effluent mixes across the rivaaswmodelled using the
streamtube model (Yotsukura & Cobb 1972). This rhoelguires estimates of the
‘factor of diffusion’ (denotedK,). The measured dye profiles together with the
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measured profiles of cumulative flow were analyseddetermine values df,
between the outfall and each of the sampling paisisg the method of moments
as adapted to the streamtube model by Rutherfo893)1 The transverse
dispersion coefficienE, is more commonly reported than, land the two are
related by the equation:

K, = $H?UE, )1

whereK, = factor of diffusion (units: Mis’); H = width-averaged depth (my =
width-averaged velocity (m/s)E, = width-averaged transverse dispersion
coefficient (nf/s) and the dimensionless ‘shape factor’ accoumts/driations in
depth and velocity across the channel is:

w;lj(%)zﬁdz )

whereu = local velocity;h = local depthb = channel width and = transverse
distance.

Transverse dispersion coefficients are often regom non-dimensional form as
EJ/HU" whereH = reach-averaged depth abd = reach-averaged shear velocity
defined as;

*

U =,/gHs 3
where g is 9.81 ffsand s is the bed-slope.

Table 2 summarises estimates Kof made from the concentration distributions
shown in Figure 5a-f. Estimates in column 2 are enagtween the outfall and the
measuring site assuming that effluent originatesnfa point source at the bank,
those in column 3 are made between site 1 and @asuming site and so on. Table
3 summarises estimateskfmade from the data in Table 1. Table 4 gives the no
dimensional form of the transverse dispersion caefit.
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Table2: Estimates oK, (units: n/s) E, (units: nf/s) andE,HU* for each of the dye tests.

Kqm®/s®? E,m?%s E,HU*
AO-Al  0.018 0.074  1.324
A1-A2  0.035 0.056  0.338
A2-A3  0.070 0.202  2.960
BO-B1  0.030 0.183  3.280
B2-B3  0.100 0.130  0.785
B3-B4  0.100 0513  7.529
C0-C1  0.015 0.090  1.618
C1-C2  0.018 0.019 0.114
C2-C3 _ 0.075 0.390  5.715

The range of published values for curved chanmse{¢ KE/HU* < 3; Rutherford
1993) and for straight channels is (0.EAU* < 0.26; Rutherford 1993).

The transverse mixing for section B is higher tt@ published values &,/HU*
(both straight and curved) suggesting that chamwephology plays a crucial role
in determining transverse mixing for this sectidnhe river.

For curved sections between A0-Al and A2-A3 thelisted values oE/HU’ fall
within the curved channel range. The valu&€gHU" for the section between Al-
A2 is low for a curved section of river and is @ogo the upper end of the
published values for a straight channel. This ssigghat the deep channel on the
right bank, the relative straightness of this sect{Figure 3) plus the possible
effects of the groynes present in this sectionltesu lower transverse mixing here
compared to sections AO0-A1 and A2-A3 occurring lestw cross section Al and
A2.

For sections between CO-C1 and C2-C3 the valuE,#fU" is well above the
published range for both straight and curved chisnn€he Makoura Stream and
the Waingawa River clearly amplify transverse mixin these reaches. Between
sections C1-C2 the value &/HU’ is at the lower end of the published straight
channel value.

Overall, transverse mixing is much more rapid f@aah B (immediately
downstream of the site B discharge location) thoarsites A or C.
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34 Estimates of transver se mixing at gauged flow

Based on estimates Kf, given in Table 2 this section uses the modifieeashtube
model approach (Yotsukura & Cobb 1972) to givenestes of transverse mixing
at the gauged flows (Table 1). The following thfegires give contours of the
predicted/fully-mixed concentrations of 5.00, 4.3000, 2.00, 1.50, 1.10, 0.91,
0.66, 0.50, 0.33, 0.25 and 0.20 at sites A, B anbl@e that a breech in slope of
some of the dye contours (particularly in Figuredbiol 5¢) are where a change in
average mixing condition occurs.
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Figure 5a: Predicted dye concentrations using predicted vétuds, (Table 2) for the gauged
flow of 14.3 ni/s for site A. Values are expressed as the ratijpredicted /fully-
mixed concentrations.
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Figure 5b: Predicted dye concentrations using predicted véhds, (Table 2) for the flow of
16.6 ni/s site B. Values expressed as the ratio of prediatfully-mixed
concentrations.

A comparison of Figure 5b (for site B) with Figures and 5c (for sites A and C)
shows that mixing is appreciably more rapid at Bitthan at sites A and C and the
distances to full mixing are summarised in Table 5.
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Predicted dye concentrations using predicted vehrds, (Table 2) for the flow of
17.6 mi/s for site C. Values expressed as the ratio oflipied /fully-mixed
concentrations.

Predictions of transverse mixing at a flow of 6.5 m%s (half the median
flow)

Assuming that the non-dimensional form of the tvanse dispersion coefficient
(E/HU") remains constant, estimateskgfat a flow of 6.5 nis can be made.

E H U
_ —zgauged nel/v ( 4)

mew
H U gauged

gauged

From the rating curve for Wardells Bridg@\ppendix 3) a flow of 6.5 fts would
result in a water level drop of between 0.17 ard On from the levels during the
dye tests. Applying formulas 3 and 4 gives newnestits ofE,. By applying
equation 1 new estimates I§f can be obtained (Table 3). Note thafiU") data
are identical to those in Table 2- consistent wifnation 4.

2 Data supplied by Greater Wellington Regional Cdlunc
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Table3: Estimates oK, (units: n/s’) E, (units: ni/s) andg,HU* for river flow of 6.5 ni/s.

Kqm®/s®? E,m?%s EyHU*

Al 0.003 0.039 1.324
A2 0.009 0.042 0.338
A3 0.013 0.117 2.960
Bl 0.005 0.083 3.280
B3 0.022 0.093 0.785
B4 0.018 0.265 7.529
C1 0.002 0.039 1.618
C2 0.002 0.013 0.114
C3 0.018 0.039 5.715

Based on the estimates ¥f given in Table 3 for flows of 6.5 s the following
figures give contours of the predicted/fully-mixedncentrations of 5.00, 4.00,
3.00, 2.00, 1.50, 1.10, 0.91, 0.66, 0.50, 0.3% @&l 0.20.
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Figure 5d: Predicted dye concentrations at a flow of 6 ¥srfor site AKq values from Table

3. Values expressed as the ratio of predicted//#uiked concentrations.
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Figure5e: Predicted dye concentrations at a flow of 6%srfor site B.Kq values from Table

3. Values expressed as the ratio of predicted/#uiked concentrations.
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Figure 5f: Predicted dye concentrations at a flow of 6 &sior site C.Kq values from Table

3. Values expressed as the ratio of predicted/fuiked concentrations.
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The following table compares and summarises thramtie at which the discharge
becomes fully-mixed at the gauged flow and at w1 6.5 ni/s (half the median-
flow).

Table5: Summary of estimated fully-mixed distances for fheamahanga River at gauged
flows and at a flow of 6.5 ifs.
At gauged flows (13.6 —9.0m ?/s) At6.5m°/s
Site Figure Distance Site Figure Distance
range range
(m) (m)
5a 1500-1600 A 5d 1450-1550
B 5b 1100-1200 B 5e 900-1000
C 5¢ 1600-1700 C 5f 1150-1250
3.6 CORMIX predictions of transverse mixing at gauged flow

In addition to the streamtube modelling a CORMIXdmbof the Ruamahanga
River was setup with a continuous effluent dischdngo the Ruamahanga River at
site B. Data from the dye test between section BOB3 (Table 1) show that the
mixing parameters are relatively uniform over tiretf950 m downstream of the
proposed discharge point. It is only in the nexd 3 to Wardells Bridge where
there is a marked increase in mixing. Thereforastant parameters were applied
within the CORMIX model to simulate the mixing wiiththe Ruamahanga

downstream of site B.

River flow was set to the gauged flow measurednduttie dye test for site B (16.6
m’/s) with an effluent flow rate of 0.12%s (equivalent to the 200 mL/min dye
injection rate). Calibration of CORMIX was achievdsy adjusting the bed

roughness and meandering factor.

Three levels of meander are available within CORMIKese are:
1) straight channel with uniform cross sections;
2) moderately meandering;

3) strongly winding with highly irregular crosscsiens.

Based on the cross section data collected and tizenBhanga River geometry

(Fig. 1) the meander factor was set to type 2 (raidly meandering).
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Using the method adopted by the USGS to estimatadigghness (Arcement and
Schneider, 1994) a Manning's n roughness of 0.04$ derived. This assumed a
gravel bed roughness of 0.028, irregularity rougisnef 0.006 (moderate), cross
section variation roughness of 0.005 (alternatinccasionally), obstruction
roughness of 0.004 (negligible) and a vegetatiaginoess of 0.002 (small). This
value of roughness and meandering gave a fully dnbistance of 1177 m - in
close agreement with the transverse mixing dist@nedicted using the streamtube
model under gauged flows (Table 5). Under half mediver flows (6.5 ris) the
transverse mixing distance was predicted to be @8@hich is in the range of

values predicted by the streamtube modelling (T&ple

3.7 CORMIX predictionswith proposed outfall design at Site B

Having established that CORMIX can be used to medt@mates of transverse
mixing within the Ruamahanga River, CORMIX was usednake estimates of
transverse mixing, dilution, exit velocity and plenwidth for two discharge
scenarios and a range of outfall configurations.

Two scenarios were modelled for an outfall consigtof four protruding 0.5
diameter pipes. These were:

1) River flows at half median flow discharge (6.15/shgiving the water
depth at discharge site of 1.76 m a discharge fhe of 0.205 ris (i.e.,
30x dilution fully mixed).

2) River flows at half median flow discharge (12.3/shgiving the water
depth at discharge site of 1.98 m a discharge fhe of 0.410 ris (i.e.,
30x dilution fully mixed).

In addition to the above outfall configuration gption to recess the pipes and
discharge via a rockwall was modelled. To moded thption CORMIX was
configured using a number of recessed smaller mmtess the face of the
rockwall. The second outfall configuration consistef twelve 0.3 m ports -
equating to four 2 m pipes with the rock wall cgofied to give 0.3 m pore
spacing. The third outfall configuration consistefl 24 0.1 m ports -
effectively giving 6 ports per pipe with the rockivaore spacing at 0.1m. It
was assumed that the total effluent discharge wlitsesenly between each of
the ports.
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Results for the outfall consisting of four protngi0.5 diameter pipes are given in

Table 6.
Table6: Predictions from CORMIX for the four pipe 0.5 m aheter outfall configuration at
half-median and median river flows.
Four pipe 0.5 m diameter Four pipe 0.5 m diameter
outfall at half median outfall at median flows
flows (6.15 m /s) (12.3 m%/s)
Dilution at 200 m (% mixed) 16.4 (55%) 17.6 (59%)
Transverse mixing distance (m) 731 639
Exit velocity (m/s) 0.26 0.52

Figure 6a shows the predicted dilution versus distgpredictions for the four pipe
outfall configuration at the two different riveofi rates. For these two simulations
the plume remains close to the right bank ovefitse80-100 m (Fig. 6b) at which
stage it becomes fully vertically mixed. Betweet® B2d 150 m downstream of the
discharge the plume begins to move away from & thank and begins to attach
to the left bank.

25
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Figure 6a: Plume dilution versus distance downstream fromcilébrated CORMIX

model for four 0.5 diameter pipes discharging ithte Ruamahanga River
at site B at half median (6.15’) and median flow (12.3s).
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Figure 6b: Predicted plume width versus distance downstreram fthe calibrated

CORMIX model for four 0.5 diameter pipes dischaggimto the
Ruamahanga River at site B at half median (6.38)nand median flow
(12.3 n/s).

Predictions from the CORMIX modelling show that iesing the pipe diameter
increases the dilution achieved within the firs0 26 of the discharge point (Fig.
6¢). Recessing the pipes into the rockwall decreétse dilution achieved within
the first 200 m of the discharge (Fig. 6¢). For Bdeport rockwall configuration
the port momentum becomes significantly reduceel, (high jet velocities but
with significantly less discharge through each yaesulting in the plume
remaining attached to the bank for more than 1(eim 6d).

Figure 6g gives the predicted transverse mixintpdee for each of the CORMIX
simulations. The plot shows that decreasing thee mlameter decreases the
transverse mixing distance. Recessing the pipe&irwithe rockwall further
increases the transverse mixing distance.

The predicted downstream dilutions for the fourepip.5 m diameter outfall
configuration at half-median and median river floar® summarised in Table 7,
with detailed data for all scenarios provided inpApdix 4. This diffuser option
shows minimal dilution differences between a disgbao half-median or median
flow for distances greater than 200 m downstreanmdiinal dilution’ value is
the rounded average dilution value for this diffusenfiguration. These data
indicate that full mixing would occur 600 — 800 rawhstream of the discharge
point.
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Figure6c:  Predicted plume dilution versus distance dowastrédrom the calibrated
CORMIX model for five different pipe configurations four protruding
pipes at 0.40, 0.30 and 0.25 m diameter and twessstl options giving 12
or 24 openings in the rockwall. All runs at half dien river flow (6.15
m?/s) and total effluent discharge of 0.20%sn
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Figure6d: Plume width versus distance downstream from #érated CORMIX
model for five different pipe configurations — fopipes at 0.4, 0.3 and
0.25 m diameter and two recesses options givingri24 openings in the
rockwall. All runs at half median flow (6.15s).
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800

780 A

760 —

740 -

720 -

700 -

680 —

660 —

640

620

600

4 ports, 0.25m 4 ports, 0.3 m 4 ports,0.5m 4 ports,0.4m 4 ports,0.5m 12 ports, 0.3 m 24 ports, 0.1 m
diameter, half  diameter, half diameter, diameter, half  diameter, half  diameter, half  diameter, half
median flows median flows median flows median flows median flows median flows median flows

Predicted distance at which full transverse mixingurs for each of the options
simulated using the calibrated CORMIX model of tReamahanga River and
oxidation ponds outfall discharging at site B fagdian flow (12.3 riis).

Predicted dilutions from CORMIX for the four pipe50m diameter outfall
configuration at half-median and median river flows

Distance Downstream Half Median Median River Nominal
from Discharge Point (m) River Flow Flow Dilution
(Yomixed) (Yomixed)
200 16.4 (55%) 17.6 (59%) 17
300 19.8 (66%) 21.1 (70%) 20
400 22.5 (75%) 25.0 (83%) 24
600 27.3 (91%) 29.1 (97%) 28
800 30.0 (100%) 30.0 (100%) 30

Predicted concentrations of contaminants within the mixing zone

An analysis was carried out to determine the camatons of various water
quality parameters in the mixing zone and at jbsiva and just below the summer
trigger flow for discharge initiation at medianeivflow. The approach was to take
the median upstream water quality for a parametetr appropriately diluted
effluent from both the primary discharge and thealsnpond leakage which
percolates through the gravel bed of the ponds.aBsessment approach generally
used a highly conservative seasonal effluent 95¢@ameter value and a median
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effluent value for the leakage, with the leakageeeted to be of average
composition because of the time taken for transgpodugh the gravels. The fully
mixed summer effluent is diluted 30x and the leéeh@43x with a discharge
trigger at median flow (12.3 #s). The winter effluent concentrations are inctlide
for key parameters. The leakage only assessmebtsed on a conservative
dilution at half-median flow (6.15 ¥s; 221x) for comparison with trigger values.
The predicted receiving water concentrations ampased with receiving water
guidelines (Appendix 5) for a range of dilutionsigthhave been predicted for the
river downstream of the discharge.

A specific modelling approach was used for the sssent oft.coli and clarity
effects with results presented later in this Sectibhe Monte-Carlo modelling
approach was used to statistically combine theregst river and pond effluent
distributions for these parameters and then toigireddownstream concentration
after mixing. This statistical approach was reqiiite provide a predictive model
appropriate for existing and upgraded pond contaminconcentrations. This
model was calibrated on summer river data for a datge around median flow, in
order to provide predictions relevant to the thoddhflow range where the
discharge is initiated (NIWA 2005a,b).

The predicted values for key parameters for effigenl leakage are summarized in
Table 8 for the 95%ile effluent concentrations éemkage to a median river flow
based on mixing dilutions given in Table 7. Thesedizted values are based on
the highest anticipated leaching rate (24Gfndilution 443x; C. Callander, Beca,
pers. com) for conditions of maximum pond retentiéth downstream values are
well within guidelines for both partially mixed sg from 200 m to the fully mixed
site at 800 m downstream. The ammoniacal-N conatoirs maximally reach
about 35% of the toxicity guideline value. The \edufor DRP have not been
included in this summary table as the intermittegttuire of the discharge, together
with the discharge at high flows (i.e., high scoamy turbid waters, will not result
in significant stimulation to cause in nuisanceablgeriphyton growths in the
downstream Ruamahanga River. The effects.abli and clarity are addressed in
the following section.

Ammoniacal-nitrogen is the major potential toxicafitconcern in the oxidation
pond treated discharge. The predictions for themi@l pond discharge effects are
conservatively based on the measured summer andn@bd%ile values, which are
maximally 41% of the guideline value at 200 m dotngem (55% mixed),
declining to 24% of the guideline at 800 m (fullyxed) (Table 8). The risk to
receiving water organisms is further reduced byth@ intermittent nature of the
discharge; (ii) use of the 95%ile effluent ammoalautrogen concentration (note
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the summer median value is 10x lower as used faliandeakage, Table 8); and
(iif) application of the chronic ANZECC (2000) geiéhe value to this assessment.
Studies with New Zealand native fish and macroitel@ate species have indicated
that compliance with the chronic ANZECC guidelineould provide good
protection for most species (Hickey et al 1999 kidic2000).

Table8: Predicted mixing zone concentrations for key patarsewith direct effluent discharge
Concentrations (g/m°) Distance downstream of outfall (m)
Parameter Median 95%ile Median | Receiving 200 300 300 400 800 & | 800
Upstream | Effluent | Leakage Water %GL Wardells | %GL
Guideline Bridge
fBOD 0.3 6.1 3.7 2.00 0.66 0.60 30% 0.56 0.51 26%
NH4-N(S) 0.01 11.3 1.1 1.61 0.65 0.55 34% 0.47 0.39 24%
NH4-N(W) 0.01 11.1 6.7 1.61 0.66 0.56 35% 0.47 0.40 25%
NO2-N 0.002 2.01 0.14 9.00 0.12 0.10 1% 0.08 0.07 1%
NOsz-N 0.5 4.29 0.84 7.20 0.75 0.71 10% 0.67 0.64 9%

Notes: Upstream Background with pond discharge @Qxion fully mixed) + Leakage
(2400 ni/d; 443x dilution) to Median River Flow, with (s) summer; (w) = winter; (ii)
Pond and leakage BOD uses a 22% factor to conwasuned total carbonaceous BQOD
soluble fBOD (Davies-Colley et al. 1995) (BOD 95%28& g/n¥; median = 17 g/f); (iii)
Leakage medians for other contaminants are mediammer value, except where winter is
specified; (iv) Receiving water guideline (GL) vatuare given in Appendix 5

Table 9 below presents the results for the scerfaridoelow median flow in
summer when there is no effluent discharge, buetigeleakage from the base of
the ponds. The values were conservatively calalildiased on the dilution
available at half-median flow in the river and thmaximum anticipated leakage
rate. These predicted values are based on thestighgcipated leakage rate (2400
m°/d, 221x dilution) for conditions of maximum poretention. This indicates that
only the DRP value at 200 m downstream may apprtechkite-specific guideline,
and that all other parameters are markedly beladefjne values both within and
downstream of the reasonable mixing zone (RMZ).3B9m downstream (after
reasonable mixing) the predicted DRP value is belosvtarget value. The DRP
increase within the RMZ may slightly increase peyion growth, but nuisance
growth thresholds will not be exceeded.
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Table9: Predicted mixing zone concentrations for key patans without direct effluent discharge
Concentrations (g/m°) Distance downstream of outfall (m)
Parameter Median 95%sile Median | Receiving 200 300 300 400 800 & | 800
Upstream| Effluent | Leakage | Water %GL Wardells| %GL
Guideline Bridge
fBOD 0.30 0 3.7 2.00 0.33 0.32 16% 0.32 0.32 16%
NH4-N(S) 0.01 0 1.1 1.61 0.02 0.02 1% 0.02 0.01 1%
NH4-N(W) 0.01 0 6.7 1.61 0.061 0.053 3% 0.047 0.040 3%
NO>-N 0.002 0 0.14 9.00 0.003 0.003 <0.1%| 0.003 0.003 |<0.1%
NOsz-N 0.5 0 0.84 7.20 0.51 0.51 7% 0.50 0.50 7%
E.coli(S) 103 0 200 130 105 104 80% 104 104 80%
E.coli(W) 49 0 260 130 51 51 39% 50 50 39%
DRP 0.010 0 2.7 0.030 0.031 0.027 92% 0.025 0.022 74%
Notes: (i) Upstream Background with Leakage (240@In221x dilution) to Half- Median
River Flow (ii) See footnotes of Table 8; (iii) Mied E.coli values for summer (S) &
winter (W) used based on data since pond upgradl@@jnsted to a summer median of 200
cfu/200mL; (iv) "Winter" pondE.coli values are proportionately increased compared with
the nominal summer median ratio (1.3x).
3.8.1 Comparison of upstream and downstream E.coli and clarity concentrations

UpstreamE.coli and clarity values vary markedly with flow. In aiilch, the
concentrations oE.coli and clarity in the effluent will typically be vatile. In
view of this inherent variability, the approach dige determinee.coli and clarity
impacts of the effluent discharge, was to undertak®Monte-Carlo simulation
(NIWA 2005a,b). Takingdz.coli as the example, the approach used was to select a
threshold flow range of 12.3%s to 14 n¥s (i.e., a 15% flow increase just above
the median trigger for discharge commencement mnser) and combine the
upstreamE.coli concentrations (based on monitored data) with ghedicted
distribution of E.coli in the effluent from the upgraded oxidation pondbe
upstream distributions d@.coli for the threshold flow range in the receiving wate
(Ruamahanga River), together with the monitorintadar other flow ranges are
summarised in Table 10, with modelling output pcédg concentrations
downstream of the treatment plant are shown in &ddl for partially mixed
(300m) and fully mixed (Table 12) sites. The sammeraach was taken with clarity
with data summarised in Tables 10, 11 and 12.

Table 10 shows a trend to higher coli values as flow increases and a marked
reduction in river clarity. At flows below mediathe river upstream of the
discharge is relatively clear and has I&wcoli levels. In these situations the
existing discharge causes a reasonably signifidetgrioration in water quality,
particularly in the partially mixed region of WaltideBridge. At higher flows, the
discharge does not have a significant effect oremwguality, which is already
relatively poor. Accordingly, the removal of thealit discharge from the river at
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flows below median has a considerable benefitimseof effect on water quality.
Discharge above median flow has considerably lapsct than discharge at lower
flows.

The downstream concentrations were predicted ad@sonable mixing occurs at
300 m (20x dilution - Table 11) and for full mixireg 600 — 800 m (30x dilution,
Table 12). The predictions showed slight increasgethreshold flows foiE.coli
(average <6.5% for 300m, Table 11; & <4.3% for 800rable 12). The “No
change” indicated for these predictions referddw fperiods where the discharge
is not occurring, with “Negligible change” indicagj that the magnitude of change
would be very small at high flows. The upper 95%#dues are markedly elevated
in the threshold flow region as a result of thehhitatural variability, with the
predicted increase indicating a negligible change aesult of effluent addition.
Compliance with the proposed target guideline valut30 cfu/100 mL (Appendix
5) is based on the 95%ile concentration for coodgiexisting during recreational
use (MFE 2003). The existing upstream 95%ile cotmagan for E.coli for below
median flow is 127 cfu/100 mL indicating compliangith the proposed target for
this flow range. Elimination of the discharge f@ldw median flow will mean that
river water quality downstream of the effluent tigge location is virtually the
same (given the minimal impact of leakage on réogiwater quality) as the
upstream water quality.

There was an averaged reduction in clarity of 17%0&m and of 13% at 800m
(range 0 — 50% reduction, and 0 — 42% reductioperes/ely) at threshold flows.
The upper 95%ile of clarity reduction for the pallfi mixed effluent in the
threshold range is at the target range guidelineev@ppendix 5). Flows in this
threshold range only occur for 4% of the time imsuwer and thus any aesthetic
impacts will be minimal. It is considered that arily change of at least 50%
would be required to result in a conspicuous chamgieis shallow river, where the
bed generally dominates the received clarity ankbuzo Clarity impacts will
decline at higher river flows as a result of highackground levels and greater
available receiving water dilution.

In conclusion, this analysis of summer data hasvehthat the predicted impact
after reasonable mixing (at 300 m) and at Wardgtldge for E.coli and clarity
will be ‘no change’ or ‘negligible change’ as a uksof discharges from the
proposed upgraded ponds. The proposed eliminafidischarge at below median
flows would remove all effects for this period ofgh recreational use. The
gquantitative analysis has concentrated on the hblédlow region where effects
would be most apparent after the initiation of thiecharge. The analysis has
shown that thé&. coli increase is negligible in this region and thatghght clarity
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reduction is within guideline targets. The plumdl We generally inconspicuous
(i.e., <50% change in clarity) once reasonable mgias occurred.

SummelkE.coli and Clarity in upstream Ruamahanga River in ratetboflow

E.coli (cfu/100 mL) Clarity (visibility of Black Disc in metres)
Flow category 2 Median (5 — 95%ile) Median (5 — 95%ile)
< Half-median 29 (7 -87) 34(1.1-5.8)
Half-median to Median 40 (4 - 219) 2.0(0.22-4.3)
Threshold flow range 83 (13 - 1058) 1.0 (0.17 - 4.6)
High flow 207 (16 — 2909) 0.34 (0.09 —1.92)

2 <Half-median = < 6.25 Ifs; Half-median to Median = 6.25 — 12.3/sy Threshold flow
range = 12.3 — 14.0 ¥#s; High flow = >14 n¥s. Data number for each of these categories
is 21 — 36, except for the threshold flow range clshare modelled values based on
measured in the threshold flow range. Note: ‘Tho&bHlow range’ is the flow region
where the discharge is initiated. This occurs axiprate 4% of the time and 13% of the
time when potentially discharging.

SummerE.coli and Clarity after partial mixing at 300 m downstre20x dilution) in relation
to flow

E.coli (cfu/100 mL) Clarity (visibility of Black Discinm  etres)
Flow category 2 Median (5 — 95%ile) Median (5 — 95%ile)
< Half-median No change No change
Half-median to Median No change No change
Threshold flow range b 89 (15 -1012) 0.85(0.17 - 2.3)
High flow Negligible change Negligible change

2 See Table 10" Monte-Carlo model predicted values for upstreastrithutions with effluent median
E.coli of 330 /100 mL (NIWA 2005a,b). ‘No change’ refewsdistribution values upstream as given in
Table 10. ‘Negligible change’ indicating that thagnitude of change would be very small.

Summerk.coli and Clarity at Wardells Bridge (fully mixed) in agion to flow

E.coli (cfu/100 mL) Clarity (visibility of Black Disc in m etres)
Flow category 2 Median (5 — 95%ile) Median (5 — 95%ile)
< Half-median No change No change
Half-median to Median No change No change
Threshold flow range b 87 (14 - 1014) 0.89 (0.17 — 2.67)
High flow Negligible change Negligible change

2 See Table 13® Monte-Carlo model predicted values for upstreastritiutions with effluent median
E.coli of 330 /100 mL (NIWA 2005a,b)
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3.9 Summary

The measurements of transverse (and horizontalngjixiising a dye tracer and
river flow gauging measurements in the Ruamahanigarfas quantified the
mixing characteristics of different reaches of tiver.

The existing site of the Masterton WWTP discharge the Makoura stream (site
C) and then into the Ruamahanga River clearly dogésnix to more than 50% of
the river flow at Wardells bridge site. It takesledst 1600 m for full mixing to
occur and this mixing is complicated by the confice with the Waingawa River.

Site A has an unfavourable mixing zone, being cocap@d by the installation of
(about) nine rock groynes around the base of theside of the river bend above
site Al. These also cause backwaters behind tHe watls and force the river
away from the left bank. This does not appear ttaene river mixing in this area
and the distance to full mixing was in the rangés®0 to 1600 m.

A site further upstream (site UA) was judged toumsuitable for a wastewater
discharge due to the river channel being unstaitk pgedominantly on the left
side of the river with several divided channelssilagl extended mixing distances.
This was not considered a likely option.

Transverse mixing is much more rapid for the reiasmediately downstream of
site B than site A, or the existing outlet in thealdura Stream (site C), at
measured flows, and therefore site B would be théepred discharge location.

The predictive modelling at 6.5°a (half the median flow) shows that site B has
channel characteristics that enable river mixing shorter distance than site A and
C.

Site C has a mobile gravel bed whereas site B Hasttar defined river channel
and better river mixing (as defined by the transgemixing estimations). Thus
there is more certainty in the predicted mixingahse at the lower (half median)
river flow of 6.5 ni/s, and highlights site B as being the preferretibagfor most
rapid mixing.

Predicted downstream dilutions were based on eaéldr CORMIX modelling.
Results for the four pipe protruding outfall configtion show that the distance
when the discharge is fully mixing across the riigincreasedvith decreasing
pipe size. The degree of cross flow mixing (i.enyag from the bank) also
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increased with decreasing pipe diameter. Ultimatiedysizing of the pipes for this
option would be determined by possible local sceffiects and the engineering
aspects such as the need to either gravity fepdrap the discharge.

The predicted downstream dilutions for the fourepip.5 m diameter outfall
configuration showed minimal dilution differencestlveen a discharge to half-
median or median flow for distances greater thad 20downstream. These data
indicate that full mixing would occur 600 — 800 ravehstream of the discharge
point.

If a recessed rockwall option is to be pursuedn ttiee design of the rockwall
should be such that the pore spacing does not e¢tomsmall. The CORMIX
simulations carried out suggest that reducing thie gpacing below 0.3 m will
result in low jet momentum, resulting in the plumagnaining close to the bank
over the first 80-100 m and increasing the distamioen the plume is fully mixed
across the river.

Predicted mixing zone concentrations for key wajeality contaminants were
calculated for leakage to half-median flow anddimcharge and leakage to median
flow in the Ruamahanga River, based on CORMIX ngxidilutions. These
predicted values are based on the highest anttpaakage rate. The leakage only
scenario to half-median flow indicates that onlye tibRP value at 200m
downstream may approach the site-specific guideli@30 mg/m), and that all
other parameters are well below guideline valuesr ghartial mixing at 300m
downstream.

The predicted downstream concentrations for keyarpaters for effluent and
leakage are were calculated using the 95%ile effleencentrations added to the
upstream median concentrations. These represeghly bonservative assumption
for adding to background concentrations. All dowest values are well within
guidelines for both partially mixed sites from 20@mthe fully mixed site at 800m
downstream. Predictions of discharge effectsEortoli and clarity were made
using Monte-Carlo modelling of pond and receivingtev data. This approach
incorporated the variability of both the upstreaver water and the pond discharge
and predicted downstream distribution for the ‘t@d flow range’, which is the
key period when the discharge is initiated. Thigrapch is required because of the
general increases Ecoli and decrease in clarity which naturally occur @srier
flow increases during flood events. The downstreancentrations were predicted
after partial mixing occurs at 300 m (20x diluticand for full mixing at 600 —
800m (30x dilution). The predictions showed sligitreases foE.coli (average
<6.5% for partial mixed) and for clarity (averadd % for partial mixed, range 0 —
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50% reduction) in this threshold flow range. Riirapacts would decline further at
higher river flows as a result of higher backgrouledels and greater available
receiving water dilution. These analyses indicdtat tthe proposed discharge
initiation at median flow in summer will not resuh water quality guideline
exceedance after mixing with the Ruamahanga River.
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Site GPS Readings Flow Comments Date & Time
No. Name WELB WERB m °/s NZST
UA1 Ruamahanga at Upstream S40° 59.232’ 13.61 3/8/2004 17:05
Whangaehu Confluence E175°41.133
UA2 Downstream Whangaehu Confluence S40° 59.520° 16.64 3/8/2004 14:30
E175° 41.409
A2 Opposite jet boat launching site S40° 59.828" 15.24 3/8/2004 16:00
E175°41.151°
Al Bottom end of Cliff Pool, opposite S40° 59.786’ 13.62 Dye measurements taken during | 4/8/2004 14:30
pond 1 E175°41.438 gauging
A3 Opposite Pond 3 S40° 59.895’ S40° 59.894’ 14.22 Flow at an angle to river bank 4/8/2004 16:35
E175° 40.860° E175° 40.857
B1 Downstream oxidation ponds S41°00.063’ 15.98 Dye measurements taken during | 3/8/2004 10:20
E175° 40.723 gauging
B2 Half way from ponds to Makoura S41° 00.152’ S41°00.143’ 15.32 Flow at an angle to river banks 3/8/2004 11:10
stream Confluence E175° 40.660’ E175%40.632’
B3 5 metres up stream of Makoura S41°00.340’ 16.30 3/8/2004 12:25
Stream Confluence E175° 40.440’
C1 Wardells standard gauging site S41°00.391" 18.93 2/9/2004 1450
E175° 40.321’
Cc2 Half way to Waingawa Confluence S40° 00.462’ 18.61 2/8/2004 1615
from bridge E175° 40.056’
C3 Downstream Waingawa Confluence S41°00.743’ 25.61 2/8/2004 1745
E175° 39.859’
T1 Makoura Stream at Ruamahanga S41°00.340’ 0.60 Tributary 3/8/2004 1220
Confluence E175° 40.440
T2 Whangaehu at Ruamahanga S40° 59.366’ 1.77 Tributary. River turbid 3/8/2004 1335
Confluence E175°41.287
T3 Waingawa at Ruamahanga 7.00 Tributary. Calculation only not | 2/8/2004 1700
Confluence pegged or gauged, and no GPS
reading
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Appendix 2: Datafor Site UA

Observed dye concentrations, normalised mass flavabserved/fully-mixed ratio for
the Upper A (UA) sites plus rating curve for Ruaaadpa river at Wardells Bridge.
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Figure A2.1: Injection site UA. Site UAL (80 m from the relegsmnt). (Upper panel) Observed dye
concentration, (Middle panel) normalised cumukatmassflow and (Lower panel)
observed/fully-mixed ratio of dye concentration.
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Dye concentration UA2
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Figure A2.2: Injection site UA. Site UA2 (850 m from the relegsgint). (Upper panel) Observed
dye concentration, (Middle panel) normalised clatiué massflow and (Lower panel)
observed/fully-mixed ratio of dye concentration.
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Dye concenlration UA3
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Figure A2.3: Injection site UA. Site UA3 (2200 m from the relegoint). (Upper panel) Observed
dye concentration, (Middle panel) normalised clatiué massflow and (Lower panel)
observed/fully-mixed ratio of dye concentration.
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Appendix 3: Rating curve for Ruamahanga River at Wardells Bridge.
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Rating curve for the Wardells Bridge site showiraging data (diamond plus log
regression) and stage for a flow of 6.%s(triangle) and the stage for each of the dye
tests (square). Data supplied by Greater Wellinggegional Council.
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Appendix 4: CORMIX predicted diffuser dilutions,

Table A4.1: Dilution versus distance for the outfall configtions and river flows modelled using
the calibrated CORMIX model of the Ruamahanga Ravet discharge at site B.
Distance Protruding - | Protruding - | Protruding - | Protruding - | Protruding - | Rockwall - Rockwall -
downstream 4 port 0.25 4 port 0.30 4 port 4 port 0.40 | 4port0.5m 12 port 24 port 0.10
(m) m (half m (half 0.50m m (half (half 0.3m (half m (half
median) median) (median) median) median) median) median)
0 1.00 1.00 1.00 1.00 1.00 1.00 1.00
10 1.90 1.65 1.12 1.30 1.09 1.09 1.06
20 4.76 3.54 1.77 2.34 1.67 4.72 1.68
30 9.16 7.39 2.26 3.09 2.15 5.85 2.26
40 11.51 10.10 2.66 3.70 2.55 6.79 2.74
50 13.43 12.24 3.00 6.15 2.89 7.61 3.16
60 15.09 14.00 3.30 9.32 3.19 8.36 3.55
70 16.09 15.05 3.57 11.59 3.47 9.04 3.90
80 16.45 15.42 3.82 13.22 3.73 9.67 4.24
90 16.80 15.79 4.06 14.11 4.58 10.27 4.56
100 17.12 16.15 4.28 14.50 7.80 10.83 4.85
110 17.45 16.50 4.49 14.90 10.42 11.37 5.14
120 17.78 16.85 6.95 15.36 12.49 11.88 5.42
130 18.10 17.18 10.03 15.83 13.54 12.37 8.99
140 18.42 17.52 12.40 16.18 14.21 12.84 10.89
150 18.72 17.84 14.39 16.52 14.60 13.29 11.96
160 19.03 18.15 15.72 16.87 14.98 13.73 12.52
170 19.34 18.47 16.57 17.19 15.33 14.16 13.06
180 19.61 18.77 16.95 17.53 15.71 14.58 13.48
190 19.91 19.17 17.29 17.85 16.05 14.97 13.89
200 20.21 19.54 17.64 18.16 16.40 15.37 14.28
210 20.55 19.81 17.99 18.47 16.81 15.75 14.66
220 20.90 20.11 18.40 18.78 17.22 16.12 15.04
230 21.17 20.39 18.82 19.09 17.54 16.49 15.49
240 21.43 20.67 19.14 19.38 17.85 16.84 15.93
250 21.71 20.95 19.46 19.74 18.16 17.19 16.28
260 21.97 21.21 19.76 20.10 18.47 17.53 16.61
270 22.23 21.48 20.08 20.38 18.77 17.87 16.95
280 22.48 21.76 20.45 20.65 19.05 18.19 17.27
290 22.75 22.00 20.83 20.93 19.41 18.52 17.59
300 23.00 22.28 21.12 21.20 19.77 18.84 17.98
310 23.24 22.52 21.40 21.46 20.05 19.15 18.36
320 23.49 22.77 21.69 21.73 20.33 19.46 18.66
330 23.71 23.02 21.97 21.98 20.59 19.76 18.95
340 23.96 23.27 22.31 22.25 20.86 20.06 19.24
350 24.21 23.52 22.65 22.50 21.14 20.35 19.53
360 24.43 23.83 22.92 22.75 21.38 20.64 19.81
370 24.73 24.14 23.18 23.06 21.72 20.93 20.16
380 25.02 24.36 23.44 23.37 22.03 21.21 20.50
390 25.25 24.60 23.71 23.62 22.28 21.48 20.77
400 25.48 24.83 24.02 23.84 22.52 21.76 21.03
410 25.70 25.05 24.33 24.09 22.77 22.04 21.30
420 25.92 25.29 24.58 24.32 23.02 22.30 21.55
430 26.14 25.51 24.83 24.56 23.26 22.57 21.81
440 26.36 25.74 25.08 24.78 23.49 22.83 22.13
450 26.58 25.96 25.33 25.02 23.79 23.09 22.44
460 26.79 26.18 25.63 25.24 24.07 23.35 22.68
470 27.00 26.40 25.92 25.46 2431 23.60 22.93
480 27.22 26.62 26.16 25.69 24.53 23.85 23.17
490 27.42 26.83 26.39 25.91 24.76 24.09 2341
500 27.63 27.05 26.62 26.17 24.98 24.34 23.64
510 27.84 27.25 26.85 26.45 25.20 24.58 23.93
520 28.04 27.52 27.13 26.67 25.48 24.82 24.22
530 28.30 27.77 27.41 26.88 25.75 25.06 24.45
540 28.56 27.98 27.63 27.09 25.96 25.29 24.67
550 28.76 28.19 27.86 27.30 26.18 25.53 24.90
560 28.96 28.39 28.07 27.50 26.38 25.76 25.12
570 29.16 28.59 28.35 27.71 26.60 25.99 25.39
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Distance Protruding - | Protruding - | Protruding - | Protruding - | Protruding - | Rockwall - Rockwall -
downstream 4 port 0.25 4 port 0.30 4 port 4 port0.40 | 4port0.5m 12 port 24 port 0.10
(m) m (half m (half 0.50m m (half (half 0.3m (half m (half
median) median) (median) median) median) median) median)
580 29.36 28.79 28.61 27.92 26.80 26.22 25.67
590 29.53 28.98 28.82 28.12 27.01 26.44 25.88
600 29.73 29.18 29.03 28.31 27.27 26.67 26.10
610 30.00 29.38 29.24 28.51 27.52 26.89 26.31
620 30.00 29.58 29.45 28.76 27.72 27.11 26.52
630 30.00 29.78 29.71 29.01 27.92 27.33 26.72
640 30.00 30.00 30.00 29.21 28.12 27.54 26.98
650 30.00 30.00 30.00 29.40 28.31 27.76 27.24
660 30.00 30.00 30.00 29.60 28.51 27.97 27.44
670 30.00 30.00 30.00 29.78 28.71 28.19 27.64
680 30.00 30.00 30.00 30.00 28.95 28.40 27.84
690 30.00 30.00 30.00 30.00 29.18 28.60 28.04
700 30.00 30.00 30.00 30.00 29.38 28.81 28.24
710 30.00 30.00 30.00 30.00 29.57 29.01 28.48
720 30.00 30.00 30.00 30.00 29.75 29.22 28.72
730 30.00 30.00 30.00 30.00 30.00 29.42 28.92
740 30.00 30.00 30.00 30.00 30.00 29.62 29.11
750 30.00 30.00 30.00 30.00 30.00 29.82 29.30
760 30.00 30.00 30.00 30.00 30.00 30.00 29.49
770 30.00 30.00 30.00 30.00 30.00 30.00 29.67
780 30.00 30.00 30.00 30.00 30.00 30.00 30.00
780 + 30.00 30.00 30.00 30.00 30.00 30.00 30.00
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Appendix 5: Receiving Water Quality Targetsfor Ruamahanga River

Parameter Receiving Source Document Water Management
Water Purpose’®
Guideline
Filtered BOD 2.0 MfE Water Quality Guidelines N° 1 (1992), Biological To assess compliance with
(g/m3) growths. minimum RMA Standard -
§107(1)(c) and 3rd Schedule
guideline
Visual Clarity - 1.6 MfE Water Quality Guidelines N° 2 (1994), Guideline Contact Recreation & to
Black disc (m) 4: For water managed for contact recreation the assess compliance with RMA
horizontal sighting of a 200 mm black disc should 3rd Schedule guideline
exceed 1.6 m.
Visual Clarity <33-50% MfE Water Quality Guidelines N° 2 (1994), Guidelines | Aesthetic & to assess
change (%) change for for the Management of Waste Colour and Clarity; For compliance with minimum
contact water managed for aesthetic purposes the visual RMA Standard - s107(1)(d)
recreation clarity should not change by more than 33 - 50%
Colour -Hue 10 points MfE Water Quality Guidelines N° 2 (1994), Guideline To assess compliance with
(Munsell points) change 2: The hue of the water body should not be changed minimum RMA Standard -
by more than 10 points on the Munsell scale. s107(1)(d)
Ammonia- 161a ANZECC Guidelines (2000), Table 8.3.7: Effects on Aquatic Ecosystems & to
Nitrogen (g/m3) aquatic life for “slightly-moderately disturbed” assess compliance with
ecosystems, for a 95% level of protection. minimum RMA Standard -
s107(1)(g)
Nitrate-Nitrogen | 7.2° ANZECC Guidelines (2000) recalculated value from Aquatic Ecosystems & to
(g/im?d) Table 3.4.1: Effects on aquatic life for “slightly- asses compliance with
moderately disturbed” ecosystems. minimum RMA Standard -
s107(1)(9)
Nitrite-Nitrogen 9 ANZECC Guidelines (2000), Section 4.3.3.3 for To assess compliance with
(g/m3) livestock drinking water quality. minimum RMA Standard -
s107(1)(f)
E.coli 130 MfE Microbiological Water Quality Guidelines (2003): Contact Recreation & to
(cfu/100mL) Guideline value for <0.1% risk of Campylobacter assess compliance with RMA
(95%ile value) infection (from Table H2). 3rd Schedule
E.coli 100 ANZECC Guidelines (2000), Section 9.3.3.2 for To assess compliance with
(cfu/100mL) livestock drinking water quality. Minimum RMA Standard -
(median value) $107(1)(f)
Dissolved 0.030 NZ Periphyton Guideline (Biggs, 2000). NIWA (2004) Contact Recreation & to
Reactive derive these site-specific guidelines. assess compliance with RMA
Phosphorus 3rd Schedule
(g/m?) ¢

a At pH of 7.5 (Receiving water monitoring 1994 — 2004 shows that the mean pH upstream of the ponds is 7.5).

b Refer htto://www.mfe.qgovt.nz/publications/water/anzecc-water-quality-quide-02/anzecc-nitrate-correction-sep02.htm

¢ A site-specific guideline was developed for the Ruamahanga River for continuous nutrient exposure (NIWA 2004) (i.e., not
applicable to intermittent discharge situation where a narrative “no undesirable biological growths” guideline would be applicable.
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