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Appendix B: Habitat, Periphyton, Aquatic Macrophyte and Macroinvertebrate Data, December 2006
B1.1: Physical Habitat Scores for Sampling Sites in the Pokeno Stream

Stream Habitat Assessment (average condition 50 m upstream and downstream).

Stream / River Name: Pokeno

Date: 4 -7 December 2006 Evaluators Name: BTC

Notes:

Pl|P2| P3| P4|P5|P6|P7]|P8|P9|PIO|PII|PI2

Sampling Sites (see Figure 3)

| score
Q1. Land use pattern beyond the immediate riparian zone
Undisturbed native forest 40
Disturbed native forest 30
Undisturbed exotic forest 30
Disturbed exotic forest 20
Mixture of shrub and pasture 10
Intensive pastoral farming 5 S1S5[S5]1 5|1 5[5 5]1 5155 5
Horticultural / Urban 1
Q2. Width of riparian zone from stream edge to field/forest
Riparian zone > 30 m wide 30
Riparian zone varying from 5-30 m 20
Riparian zone 1 - 5 m 5 S| 5| 715 7 5
Riparian zone absent 1 1 1 1 1 1
Q3 Completeness of riparian zone
Riparian zone intact without breaks in vegetation 30
Breaks occurring at intervals of > 50 m 20
Breaks frequent with some gullies and scars 5 S1S5[S5| 515155 515 5
Deeply scarred with gullies all along its length 1 1
Q4 Stream-side cover
Dominant vegetation is shrub 20
Dominant vegetation is of tree form 10 7 7 7 7 717
Dominant vegetation is grass 5 5 515 5 5
Over 50% of the stream bank has no vegetation 1
Q5 Bank stability
Bank stable. No evidence of erosion or bank 20
failure. Side slopes generally < 30%
Moderately stable. Infrequent, small areas of
erosion mostly healed over. Side 10 10
slopes up to 40% on one bank.
Moderately unstable. Moderate frequency and size
of erosional areas. Side slopes up to 60% on 5 5 515 515 515 5
some banks. 3 3
Unstable. Many eroded areas. Side slopes > 60%
common. “Raw areas” frequent along straight 1
sections and banks.

Brian T. Coffey and Associates Limited, Whangamata



Appendix B: Habitat, Periphyton, Aquatic Macrophyte and Macroinvertebrate Data, December 2006
B1.1: Physical Habitat Scores for Sampling Sites in the Pokeno Stream

| score

Sampling Sites (see Figure 3)

P1|P2| P3| P4|P5|P6| P7]|P8|P9|PI0|PII|PI2

Q6. Channel structure.
Little or no enlargement of islands or point bars, 20
and/or no channelisation.
Some new increase in bar formation, mostly from 10
coarse gravel; and/or some channelisation present
Moderate deposition of new gravel, coarse sand
on old & new bars; pools part filled with silt; 5 5 5 5 5 5
and/or embankments both sides.
Heavy deposits of fine material, increased bar
development; most pools filled with sediment; . 1 1 1 1 1 1 1 1
and/or extensive channelisation
Q7 Poolriffle; Run/bend ratio (av. distance between riffles OR bends divided by the average stream width.
Ratio of 5-7. Variety of habitat. 20
Deep riffles & pools
7-15. Adequate depth in pools and riffles. 10
Bends provide habitat.
15-20. Occasional riffle or bend. Bottom contours 5 5 515 5 515 5
provide some habitat.
> 25. Essentially a straight stream. Generally all 1 1 1 1
flat water or shallow riffles. Poor habitat. 1 1
Q8. Bottom substrate/available cover.
Greater than 50% rubble, gravel, submerged logs, 20
undercut banks or other stable habitat
30-50% rubble, gravel or other stable habitat. 10
Adequate habitat.
10-30% rubble, gravel or other stable habitat. 5 5 5 5 5 5
Habitat availability less than desirable.
Less than 10% rubble, gravel or other stable 1 1 1 1 1 1 1 1
habitat. Lack of habitat is obvious.
Q9 Embeddedness.
Gravel, cobble, and boulder particles are between 20
0 and 25% surrounded by fine sediment.
Gravel, cobble, and boulder particles are between 10
25 and 50% surrounded by fine sediment.
Gravel, cobble, and boulder particles are between 5 5 5 5 5 5
50 and 75% surrounded by fine sediment.
Gravel, cobble, and boulder particles are between 1 1 1 1 1 1
75 and 100% surrounded by fine sediment. 1 1
Q10. Periphyton Cover.
Periphyton not visible on hand held stones 25
Visible on bed covering few surfaces, < 20% cover 15 | 15 15
Visible on bed covering many surfaces, 20-50% cover | 10 10 10 10
Visible on bed covering most surfaces, 50-80% cover 5 5 5
Visible as complete cover of bed, 80-100% cover 1
Q11 Macrophyte Abundance
Macrophytes absent 20
Submerged and/or Emergent macrophytes present 10
Submerged macrophytes abundant 5 5 5 31515 5
Emergent macrophytes abundant 1 1 1 1 1 1 1
[Site Score 57132 [28[53]60]31)64|26([38[55]32]53

Brian T. Coffey and Associates Limited, Whangamata



Appendix B: Habitat, Periphyton, Aquatic Macrophyte and Macroinvertebrate Data, December 2006
B1.2: Physical Habitat Scores for Sampling Sites in the Helenslee Stream

Stream Habitat Assessment (average condition 50 m upstream and downstream).

Stream / River Name: Helenslee

Date: 4 -7 December 2006

Notes:

Evaluators Name: BTC

Sampling Sites (see Figure 3)
Hl | H2 | H3 | H4 | H5 | H6 | H7 | H8

score
Q1. Land use pattern beyond the immediate riparian zone
Undisturbed native forest 40
Disturbed native forest 30
Undisturbed exotic forest 30
Disturbed exotic forest 20
Mixture of shrub and pasture 10
Intensive pastoral farming 5 5 5 5 5 3 3 5 5
Horticultural / Urban 1
Q2. Width of riparian zone from stream edge to field/forest
Riparian zone > 30 m wide 30
Riparian zone varying from 5-30 m 20
Riparian zone 1 - 5 m 5 8 5 5
Riparian zone absent 1 1 1 1 1 1
Q3 Completeness of riparian zone
Riparian zone intact without breaks in vegetation 30
Breaks occurring at intervals of > 50 m 20 7
Breaks frequent with some gullies and scars 5 5 5 5 5 5 5 5
Deeply scarred with gullies all along its length 1
Q4 Stream-side cover
Dominant vegetation is shrub 20
Dominant vegetation is of tree form 10 8 8 8
Dominant vegetation is grass 5 5 5 5 5 5
Over 50% of the stream bank has no vegetation 1
Q5 Bank stability
Bank stable. No evidence of erosion or bank 20
failure. Side slopes generally < 30%
Moderately stable. Infrequent, small areas of
erosion mostly healed over. Side 10
slopes up to 40% on one bank.
Moderately unstable. Moderate frequency and size
of erosional areas. Side slopes up to 60% on 5 5 5 5 5 5 5 5
some banks.
Unstable. Many eroded areas. Side slopes > 60%
common. “Raw areas” frequent along straight 1 1

sections and banks.




Appendix B: Habitat, Periphyton, Aquatic Macrophyte and Macroinvertebrate Data, December 2006
B1.2: Physical Habitat Scores for Sampling Sites in the Helenslee Stream

Sampling Sites (see Figure 3)
Hl | H2 | H3 | H4 | H5 | H6 | H7 | H8

score
Q6. Channel structure.
Little or no enlargement of islands or point bars, 20
and/or no channelisation.
Some new increase in bar formation, mostly from 10
coarse gravel; and/or some channelisation present
Moderate deposition of new gravel, coarse sand
on old & new bars; pools part filled with silt; 5 5 5
and/or embankments both sides.
Heavy deposits of fine material, increased bar
development; most pools filled with sediment; . 1 1 1 1 1 1 1
and/or extensive channelisation
Q7 Poolriffle; Run/bend ratio (av. distance between riffles OR bends divided by the average stream width.
Ratio of 5-7. Variety of habitat. 20
Deep riffles & pools
7-15. Adequate depth in pools and riffles. 10 10
Bends provide habitat.
15-20. Occasional riffle or bend. Bottom contours 5 5
provide some habitat. 3
> 25. Essentially a straight stream. Generally all 1 1 1 1 1 1
flat water or shallow riffles. Poor habitat.
Q8. Bottom substrate/available cover.
Greater than 50% rubble, gravel, submerged logs, 20
undercut banks or other stable habitat
30-50% rubble, gravel or other stable habitat. 10 10 10 10
Adequate habitat.
10-30% rubble, gravel or other stable habitat. 5
Habitat availability less than desirable.
Less than 10% rubble, gravel or other stable 1 1 1 1 1 1
habitat. Lack of habitat is obvious.
Q9 Embeddedness.
Gravel, cobble, and boulder particles are between 20
0 and 25% surrounded by fine sediment.
Gravel, cobble, and boulder particles are between 10 10 10
25 and 50% surrounded by fine sediment.
Gravel, cobble, and boulder particles are between 5 5
50 and 75% surrounded by fine sediment.
Gravel, cobble, and boulder particles are between 1 1 1 1 1 1
75 and 100% surrounded by fine sediment.
Q10. Periphyton Cover.
Periphyton not visible on hand held stones 25
Visible on bed covering few surfaces, < 20% cover 15
Visible on bed covering many surfaces, 20-50% cover 10 10
Visible on bed covering most surfaces, 50-80% cover 5 5 5
Visible as complete cover of bed, 80-100% cover 1
Q11 Macrophyte Abundance
Macrophytes absent 20
Submerged and/or Emergent macrophytes present 10 10 10
Submerged macrophytes abundant 5 5
Emergent macrophytes abundant 1 1 1 1 1 1
[Site Score 63 26 26 26 29 28 64 78




Appendix B: Habitat, Periphyton, Aquatic Macrophyte and Macroinvertebrate Data, December 2006
B2.1: Periphyton, Aquatic Macrophyte and Macroinvertebrate: Pokeno Stream

Cover Class Estimates for life forms of instream plants, Occurrence of Plant Taxa, Sampling Sites
Abundance Counts for Macroinvertebrates and a Summary of Community Structure Metrics at Stream

Client: Harrison Frierson Consultants Limited
Locality: Pokeno
Stream Name(s): Pokeno Stream
Map refs: see Figure 3
Collection Date: 4 - 7 December 2006
Collection, Lab sorting, ID by: BTC
Notes:

TAXA PL|pP2| P3| Pa|P5|Ps| P7| P8 | P9|PI0]P1]|PI2

IRON BACTERIA

(field records of instream cover class) | 1 | 4 | 2 | 1 | | 3 | | | | |

CYANOBACTERIA

(field records of instream cover class) 1 1 1 1 1 1 1 1 1 1 1 1
Gleocystis spp. p
Oscillatoria spp. p p p p p p p p p p p

ALGAE

(field records of instream cover class) 1 1 1 1 2 1 2 3 1
Cladophora glomerata
Compsmopogon hookeri
diatoms - assorted p p p p p p
Oedogonium sp.

p
p
p
Spirogyra sp. p p p p
p
p
p

=

=

Stigeoclonium sp.
Ulothrix sp.
Vaucheria sp. p
MOSSES AND LIVERWORTS
(field records of instream cover class) 1 1 1 1 1
Drepanocladus adnucus p p p p p p
Fissidens rigidulus p
SUBMERGED MACROPHYTES
(field records of instream cover class) 3 2 2 3 2 1 2 2 2
Egeria densa
Elodea canadensis p p
Lagarosiphon major p
Nitella hookeri p p p p
Potamogeton crispus p p p p p p
FREE FLOATING SPECIES
(field records of instream cover class) 1 1 1 1
Lemna minor p p p p
FLOATING LEAVED PLANTS
(field records of instream cover class) 1 1 1 1 1 1 1 1
Callitriche stagnalis
Glyceria fluitans
EMERGENT PLANTS
(field records of instream cover class)
Apium nodiflorum
assorted grasses
Carex spp.
Glyceria maxima
Leptinella sp. p
Juncus spp.
Ludwigia palustris p p p
Mentha sp.
Nasturtium sp. p
Polygonum sp. p p p p p p
Ranunculus spp.
Rorripa nasturtium aquaticum
Tradescantia fluminensis p p p
Veronica sp. p p p

PP
=iy

—
—

=

=

=l
el clciccibY

=l
=l
=l
=l
=l

=l
=l
=l
=l
=l
=l
=l

=l =
=l
=l
=l
=l
=l
=l

=l
=l
=l
=l
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=

=l
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=l
=l

=l
=l
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Appendix B: Habitat, Periphyton, Aquatic Macrophyte and Macroinvertebrate Data, December 2006
B2.1: Periphyton, Aquatic Macrophyte and Macroinvertebrate: Pokeno Stream

HB*|SB**( SBL SB SB SB SB SB SB SB SB HB HB HB
TAXA mci|mci| pL | P2 | P3| P4 | P5| P6| P7| P8 | P9 |Pi10]P11|PI2
ANNELIDA (laboratory counts)
Oligochaeta 1 3.8 3
Platyhelminths 3 0.9 1 1 2
Tubificids 1 3.8 80 [ 22 8 62 8
Hirudinea 3 1.2 2 1 2 1
BRYOZOA
(field records of instream cover class)
Plumatella repens. | | | | | | | | | p | | | | |
MOLLUSCA (laboratory counts)
Physa sp. 3 0.1 2 4
Potamopyrgus antipodarum 4 | 24| 36 44 | 32 | 46 43 | 51 | 47 | 35 [ 41 38
Sphaerium novaezelandiae 3 129
CRUSTACEA (laboratory counts)
Amphipoda 5 | 55| 31 23 | 23 12 | 23 18 | 15 17 | 23
Ostacoda 3 1.9 14 [ 16 22 11 15
Paranephrops planifrons 5 | 84 1 1
INSECT LARVAE (counts)
EPHEMEROPTERA (mayflies)
Acanthophlebia cruentata 7 | 9.6 1
Deleatidium 8 | 56 1 3 2 2 1 5
Mauiulus luma 5 | 4.1 3 3 2 4
Zephlebia sp. 7 | 88 2 1 2
TRICHOPTERA (caddisflies)
Aoteapsyche colonica 4 6 12 9 13
Costachorema sp. 7 7.2 3 2 1
Hudsonema amabilis 6 | 6.5 1 2 2 5
Hydrobiosis parumbripennis 5 | 6.7 3 6 4 1 3
Neurochorema confusum 6 6 1
Oxyethira albiceps 2 1.2 3
Triplectides obseleta 5 | 5.7 3 2
HEMIPTERA (water bugs)
Anisops sp. 5 | 22 3 2
Microvelia macgregori 5 | 46 20 15
Sigara sp. 5 | 24 4 2
COLEOPTERA (beetles)
Elmidae 6 | 72 2 3 7
Gyrinus convexiusculus 3
DIPTERA (two winged flies)
Aphrophila neozelandica 5 | 56 2
Austrosimulium tillyardianum 3 3.9 6 4 5 2
Chironomus sp. 1 34| 12 14 15 15 17 13 12 9 11 12
Chironomus zealandicus 1 34 3 2 2 3
Culex pervigilans 3 4 5 3
Limonia nigrescens 6 | 63 1
Muscidae 3 1.6 3
Notodixa sp. 5 | 93 1
Paralimnophila skusei 6 7.4 1
Tanypodinae 5 | 65 2 2 6 2 2 2
Zelandoptipula sp 6 | 36 3 2 2
ODONTATA (dragonflies and damselflies)
Antipodochlora braueri 6 | 63 3
Austrolestes colensonis 6 | 0.7 2
Xanthocnemis zealandica 5 1.2 3 2
LEPIDOPTERA (moths)
Hygraula nitens 4 1.3 1

* Stark et. al. (2001)
** Stark and Maxted (2007)

Brian T. Coffey and Associates Limited, Whangamata



Appendix B: Habitat, Periphyton, Aquatic Macrophyte and Macroinvertebrate Data, December 2006
B2.1: Periphyton, Aquatic Macrophyte and Macroinvertebrate: Pokeno Stream

SUMMARY STATS: MACROINVERTEBRATES

Pl | P2 | P3| P4 [ P5| P6| P7 | P8 | P9 [PIO]| P11 | P12
Taxa Richness 11 2 10 11 12 5 14 [ 13 10 11 15 10
# inverts 102 | 100 | 112 [ 108 | 102 | 104 | 103 | 105 [ 108 | 101 | 105 | 107
MCI 98.7184.0]61.6]|642)98.7| 68.5[ 118 | 96.5]| 65.6| 87.3| 85.3| 92.0
QMCI 398 [396(2.82]3.33]3.67)|3.40|3.99(3.69]3.08]3.79]3.98] 4.21
J%Emphemeroptera 2010000 ([28]20]00] 58| 48[00]20] 29| 84
% EPT* 49 [ 00[00] 28] 88] 0.0 [155[10.5] 0.0 |16.8] 159 25.2
% contrib. dom. taxon 35 [ 80 [ 39 | 30 | 45 | 60 | 42 [ 49 | 44 | 35| 33 | 36
EPT Index* 2 0 0 1 5 0 6 5 0 4 5 4

* excluding purse caddis

Brian T. Coffey and Associates Limited, Whangamata



Appendix B: Habitat, Periphyton, Aquatic Macrophyte and Macroinvertebrate Data, December 2006
B2.2: Periphyton, Aquatic Macrophyte and Macroinvertebrate: Helenslee Stream

Cover Class Estimates for life forms of instream plants, Occurrence of Plant Taxa, Sampling Sites
Abundance Counts for Macroinvertebrates and a Summary of Community Structure Metrics at Stream

Client: Harrison Frierson Consultants Limited
Locality: Pokeno
Stream Name(s): Helenslee Stream
Map refs: see Figure 3
Collection Date: 4 - 7 December 2006
Collection, Lab sorting, ID by: BTC
Notes:
TAXA | H1 | H2 | H3 | H4 | H5 | H6 | H7 | HB
IRON BACTERIA
(field records of instream cover class) | 0 | 2 | 4 | 2 | 2 | 2 | 0 | 0
CYANOBACTERIA
(field records of instream cover class) 2 1 1 1 1 1 2 1
Oscillatoria spp. p p p p p p p p
ALGAE
(field records of instream cover class) 1 1 1 1 1 1 2 1
Cladophora glomerata p
Compsmopogon hookeri p
diatoms - assorted p p p p p p p p
Oedogonium sp. p p
Spirogyra sp. p p p p p p p
Stigeoclonium sp. p
Tabellaria sp. p
MOSSES AND LIVERWORTS
(field records of instream cover class) 1 0 0 0 0 0 1 1
Drepanocladus adnucus p p p
Fissidens rigidulus p
SUBMERGED MACROPHYTES
(field records of instream cover class) 0 0 0 0 0 1 3 4
Elodea canadensis p
Lagarosiphon major p p
Nitella hookeri p p
Potamogeton crispus p
FREE FLOATING SPECIES
(field records of instream cover class) 0 0 0 0 0 1 0 0
Lemna minor p
FLOATING LEAVED PLANTS
(field records of instream cover class) 0 1 1 1 0 1 0 1
Callitriche stagnalis p p
Glyceria fluitans p p p p p
EMERGENT PLANTS
(field records of instream cover class) 2 5 5 5 1 5 1 1
Apium nodiflorum
assorted grasses p p p p p p p p
Carex spp. p p
Juncus spp. p p p p p
Ludwigia palustris p p p
Mentha sp. p
Nasturtium sp. p
Polygonum sp. p p p p p p
Ranunculus spp. p p p p p p
Rorripa nasturtium aquaticum p p
Tradescantia fluminensis p p
Veronica sp. p

Brian T. Coffey and Associates Limited, Whangamata



Appendix B: Habitat, Periphyton, Aquatic Macrophyte and Macroinvertebrate Data, December 2006
B2.2: Periphyton, Aquatic Macrophyte and Macroinvertebrate: Helenslee Stream

HB* | SB** | SB SB SB SB SB SB SB HB
TAXA mcl | Mcr | H1 | H2 | H3 | H4 | H5 | H6 | H7 | H8
ANNELIDA (laboratory counts)
Tubificids | 1 | 38 | | 6 | 7 | 22 ] 12 ] | |
MOLLUSCA (laboratory counts)
Physa sp. 3 0.1 5 3
Potamopyrgus antipodarum 4 2.1 57 4 25 3 14 43 47
Sphaerium novaezelandiae 3 2.9 5
CRUSTACEA (laboratory counts)
Amphipoda 5 5.5 27 32 28 23 22 17
Ostacoda 3 1.9 43 35 41 36 22
Paratya curvirostris 5 3.6 2 5
INSECT LARVAE (counts)
EPHEMEROPTERA (mayflies)
Mauiulus luma | 5 | 4.1 | | | | | | 4 | 6 |
TRICHOPTERA (caddisflies)
Hydrobiosis parumbripennis 5 6.7 5 3 8
Oxyethira albiceps 2 1.2 2
HEMIPTERA (water bugs)
Anisops sp. 5 2.2 7 6
Microvelia macgregori 5 4.6 3 4
Sigara sp. 5 24 2 1 2
COLEOPTERA (beetles)
Elmidae | 6 | 72 ] | | | | | 6 | 5 |
DIPTERA (two winged flies)
Chironomus sp. 1 34 7 8 6 12 16 15 12 11
Chironomus zealandicus 1 34 12 16 14 22 9 7
Culex pervigilans 3 7 3
Muscidae 3 1.3 2
ODONTATA (dragonflies and damselflies)
Xanthocnemis zealandica 5 1.2 2 3 3
ACARINA 5 5.2 6
LEPIDOPTERA (moths)
Hygraula nitens 4 1.3 1
* Stark et. al. (2001)
** Stark and Maxted (2007)
SUMMARY STATS: MACROINVERTEBRATES
Hl H2 H3 H4 H5 H6 H7 H8
Species Richness 4 6 8 7 8 11 10 12
# inverts 103 109 104 105 110 109 106 109
MCI 720 | 67.0 | 673 | 489 [ 593 | 69.8 | 77.0 | 75.0
QMCI 323 | 340 [ 253 | 275 | 337 | 340 | 3.68 | 3.79
J%Emphemeroptera 0.0 0.0 0.0 0.0 0.0 3.7 5.7 0.0
% EPT 0.0 0.0 4.8 0.0 0.0 6.4 13.2 0.0
% contrib. dom. taxon 55 39 34 39 33 21 41 43
EPT Index 0 0 1 0 0 2 2 0

* excluding purse caddis

Brian T. Coffey and Associates Limited, Whangamata



Appendix C: Habitat, Periphyton, Macrophyte and Macroinvertebrate Data, January 2008

C1: Stream Survey Sheet 1

Environment Waikato Field Assessment Cover Form (Collier and Kelly, 2005)
Wadeable Hard-Bottomed and Soft-Bottomed Streams

Job Code: Pokeno RR Jan 08

Date: 5 Jan 2008

Locality: Pokeno | Date: 5 January 2008

|Stream / River Name: Pokeno (Tanitewhiora) and Helenslee

Survey Objectives:
Re-survey of Macroinvertebrates for Pokeno Stormwater Catchment Management Plan

Client: Pokeno Landowners Consortium per Harrison Grierson Consultants

| Assessor: BTC

Site Code: P1 |Sample Code: P1 #1 to #4

|Ph0tograph codes: iPhoto folder Pok RR

GPS COORDINATES: Middle of 50 m reach
see Figure 3

E. 2688413

N. 6438068

O no packing / loose assortment easily moved

Embeddedness*: Percentage

CHANNEL AND RIPARIAN FEATURES INSTREAM HYDRAULIC CONDITIONS
Canopy Cover: Dom. Riparian Veg. Ave. Stream width (active channel) S5m
O Open O Crops etc Max. Stream width (active channel) 6 m
O Partly shaded O Pasture Ave. Stream width (water) 2m
O Significantly shaded O Exotic trees Max. Stream width (water) 4m
Fencing O Retired Ave. Stream depth 0.8 m
O None or ineffective O Native shrub Max Stream depth 1.5m
©O One side or partial O Native trees Ave. Surface velocity 0.2 m/s
O Complete both sides
WATER QUALITY Time (NZST):
Temperature: °C Conductivity: uS/cm Dissolved Oxygen: mg/L
Turbldity: O Clear O Slightly turbid O Highly turbid O Stained O Other
STREAM-BOTTOM SUBSTRATA
Compaction (inorganic substrata): % surficial inorganic substratum size
O assorted sizes tightly packed &/or overlapping composition (should sum to 100%)
O moderately packed with some overlap
—O mostly a loose assortment with little overlap Substratum type

Dimension mm
(middle axis [mm])

(% gravel-boulder particles covered by fine sediment)

bedrock

51-75% 5

boulder (>256)

ORGANIC MATERIAL (% cover¥*)

cobble (>64 - 256)

Large wood (>10 cm diameter)

gravel (>2 - 64)

<5%

sand (>0.06 - 2)

Coarse Detritus (small wood, sticks, leaves etc) 80

silt (004 - 0.06)

5-25% 15

clay (<0.004

Fine (<1 mm ) Organic Deposits (edges & backwaters)
>75%

HABITAT TYPES SAMPLED (for macroinvertebrates)
(% of effort; each column should sum to 100%)

see Stream Survey Sheet 3 for periphyton

Stones: 5 % see Stream Survey Sheet 4 for macrophytes
Wood: 5 % |Riffles: %

Macrophytes: 70 % Runs: 100 % see Stream Survey Sheet 5 for invertebrates
Edges: 20 %

COMMENTS

Brian T. Coffey and Associates Limited, Whangamata.




Appendix C: Habitat, Periphyton, Macrophyte and Macroinvertebrate Data, January 2008
C1: Stream Survey Sheet 1

Environment Waikato Field Assessment Cover Form (Collier and Kelly, 2005) Job Code: Pokeno RR Jan 08
Wadeable Hard-Bottomed and Soft-Bottomed Streams Date: 5 Jan 2008
Locality: Pokeno | Date: 5 January 2008 |Stream / River Name: Pokeno (Tanitewhiora) and Helenslee

Survey Objectives:
Re-survey of Macroinvertebrates for Pokeno Stormwater Catchment Management Plan

Client: Pokeno Landowners Consortium per Harrison Grierson Consultants | Assessor: BTC
Site Code: P2 |Sample Code: P2 #1 to #4 |Ph0t0graph codes: iPhoto folder Pok RR
GPS COORDINATES: Downstream of 50 m reach E. 2687910 N. 6437011
see Figure 3

CHANNEL AND RIPARIAN FEATURES INSTREAM HYDRAULIC CONDITIONS

Canopy Cover: Dom. Riparian Veg. Ave. Stream width (active channel) 4 m
O Open O Crops etc Max. Stream width (active channel) 5m
O Partly shaded O Pasture Ave. Stream width (water) 0.8 m
O Significantly shaded O Exotic trees Max. Stream width (water) 1.2m

Fencing O Retired Ave. Stream depth 0.1m

O None or ineffective O Native shrub Max Stream depth 0.3 m
O One side or partial O Native trees Ave. Surface velocity 0 m/s
O Complete both sides
WATER QUALITY Time (NZST):
Temperature: °C Conductivity: uS/cm Dissolved Oxygen: % mg/L

Turbldity: O Clear O Slightly turbid O Highly turbid O Stained O Other

STREAM-BOTTOM SUBSTRATA
Compaction (inorganic substrata): % surficial inorganic substratum size
O assorted sizes tightly packed &/or overlapping composition (should sum to 100%)
O moderately packed with some overlap
O mostly a loose assortment with little overlap Substratum type
O no packing / loose assortment easily moved Dimension mm
Embeddedness*: Percentage (middle axis [mm])
(% gravel-boulder particles covered by fine sediment) bedrock
>75% boulder (>256)
ORGANIC MATERIAL (% cover*) cobble (>64 - 256)
Large wood (>10 cm diameter) gravel (>2 - 64)
<5% sand (>0.06 - 2)
Coarse Detritus (small wood, sticks, leaves etc) 90 silt (004 - 0.06)
5-25% 10 clay (<0.004
Fine (<1 mm ) Organic Deposits (edges & backwaters)
>75%
HABITAT TYPES SAMPLED (for macroinvertebrates)
(% of effort; each column should sum to 100%) see Stream Survey Sheet 3 for periphyton
Stones: % see Stream Survey Sheet 4 for macrophytes
Wood: %  |Riffles: %
Macrophytes: 80 % Runs: 100 % see Stream Survey Sheet 5 for invertebrates
Edges: 20 %
COMMENTS

Anoxic iron stained seep and ponded water in ephemeral stream channel.

Brian T. Coffey and Associates Limited, Whangamata.



Appendix C: Habitat, Periphyton, Macrophyte and Macroinvertebrate Data, January 2008
C1: Stream Survey Sheet 1

Environment Waikato Field Assessment Cover Form (Collier and Kelly, 2005) Job Code: Pokeno RR Jan 08
Wadeable Hard-Bottomed and Soft-Bottomed Streams Date: 5 Jan 2008
Locality: Pokeno | Date: 5 January 2008 |Stream / River Name: Pokeno (Tanitewhiora) and Helenslee

Survey Objectives:
Re-survey of Macroinvertebrates for Pokeno Stormwater Catchment Management Plan

Client: Pokeno Landowners Consortium per Harrison Grierson Consultants | Assessor: BTC
Site Code: P3 |Sample Code: P3 #1 to #4 |Ph0t0graph codes: iPhoto folder Pok RR
GPS COORDINATES: Upstream of 50 m reach E. 2688419 N. 6437893
see Figure 3

CHANNEL AND RIPARIAN FEATURES INSTREAM HYDRAULIC CONDITIONS

Canopy Cover: Dom. Riparian Veg. Ave. Stream width (active channel) 25 m
O Open O Crops etc Max. Stream width (active channel) 2.5 m
O Partly shaded O Pasture Ave. Stream width (water) 0.2 m
O Significantly shaded O Exotic trees Max. Stream width (water) 25 m

Fencing O Retired Ave. Stream depth 1.5 m

O None or ineffective O Native shrub Max Stream depth 1.5 m
O One side or partial O Native trees Ave. Surface velocity 0 m/s
O Complete both sides
WATER QUALITY Time (NZST):
Temperature: °C Conductivity: uS/cm Dissolved Oxygen: % mg/L

Turbldity: O Clear O Slightly turbid O Highly turbid O Stained O Other

STREAM-BOTTOM SUBSTRATA
Compaction (inorganic substrata): % surficial inorganic substratum size
O assorted sizes tightly packed &/or overlapping composition (should sum to 100%)
O moderately packed with some overlap
-O mostly a loose assortment with little overlap Substratum type
O no packing / loose assortment easily moved Dimension mm
Embeddedness*: Percentage (middle axis [mm])
(% gravel-boulder particles covered by fine sediment) bedrock
>75% boulder (>256)
ORGANIC MATERIAL (% cover*) cobble (>64 - 256)
Large wood (>10 cm diameter) gravel (>2 - 64)
<5% sand (>0.06 - 2)
Coarse Detritus (small wood, sticks, leaves etc) 10 silt (004 - 0.06)
5-25% 90 clay (<0.004
Fine (<1 mm ) Organic Deposits (edges & backwaters)
>75%
HABITAT TYPES SAMPLED (for macroinvertebrates)
(% of effort; each column should sum to 100%) see Stream Survey Sheet 3 for periphyton
Stones: % see Stream Survey Sheet 4 for macrophytes
Wood: %  |Riffles: %
Macrophytes: 80 % Runs: 100 % see Stream Survey Sheet 5 for invertebrates
Edges: 20 %
COMMENTS

A deep drain that apears to contain standing water because the invert is in the water table.

Brian T. Coffey and Associates Limited, Whangamata.



Appendix C: Habitat, Periphyton, Macrophyte and Macroinvertebrate Data, January 2008
C1: Stream Survey Sheet 1

Environment Waikato Field Assessment Cover Form (Collier and Kelly, 2005) Job Code: Pokeno RR Jan 08
Wadeable Hard-Bottomed and Soft-Bottomed Streams Date: 5 Jan 2008
Locality: Pokeno | Date: 5 January 2008 |Stream / River Name: Pokeno (Tanitewhiora) and Helenslee

Survey Objectives:
Re-survey of Macroinvertebrates for Pokeno Stormwater Catchment Management Plan

Client: Pokeno Landowners Consortium per Harrison Grierson Consultants | Assessor: BTC
Site Code: P4 |Sample Code: P4 #1 to #4 |Ph0t0graph codes: iPhoto folder Pok RR
GPS COORDINATES: Downstream of 50 m reach E. 2688841 N. 6437780
see Figure 3

CHANNEL AND RIPARIAN FEATURES INSTREAM HYDRAULIC CONDITIONS

Canopy Cover: Dom. Riparian Veg. Ave. Stream width (active channel) 25 m
O Open O Crops etc Max. Stream width (active channel) 30 m
O Partly shaded O Pasture Ave. Stream width (water) 3m
O Significantly shaded O Exotic trees Max. Stream width (water) 10 m

Fencing O Retired Ave. Stream depth 1.5 m

O None or ineffective O Native shrub Max Stream depth 20m
O One side or partial O Native trees Ave. Surface velocity 0.05 m/s
O Complete both sides
WATER QUALITY Time (NZST):
Temperature: °C Conductivity: uS/cm Dissolved Oxygen: % mg/L

Turbldity: O Clear O Slightly turbid O Highly turbid O Stained O Other

STREAM-BOTTOM SUBSTRATA
Compaction (inorganic substrata): % surficial inorganic substratum size
O assorted sizes tightly packed &/or overlapping composition (should sum to 100%)
O moderately packed with some overlap
O mostly a loose assortment with little overlap Substratum type
O no packing / loose assortment easily moved Dimension mm
Embeddedness*: Percentage (middle axis [mm])
(% gravel-boulder particles covered by fine sediment) bedrock
>75% boulder (>256)
ORGANIC MATERIAL (% cover*) cobble (>64 - 256)
Large wood (>10 cm diameter) 5 gravel (>2 - 64)
<5% sand (>0.06 - 2)
Coarse Detritus (small wood, sticks, leaves etc) 90 silt (004 - 0.06)
26-50% 5 clay (<0.004
Fine (<1 mm ) Organic Deposits (edges & backwaters)
>75%
HABITAT TYPES SAMPLED (for macroinvertebrates)
(% of effort; each column should sum to 100%) see Stream Survey Sheet 3 for periphyton
Stones: % see Stream Survey Sheet 4 for macrophytes
Wood: %  |Riffles: %
Macrophytes: 80 % Runs: 100 % see Stream Survey Sheet 5 for invertebrates
Edges: 20 %
COMMENTS

Brian T. Coffey and Associates Limited, Whangamata.



Appendix C: Habitat, Periphyton, Macrophyte and Macroinvertebrate Data, January 2008
C1: Stream Survey Sheet 1

Environment Waikato Field Assessment Cover Form (Collier and Kelly, 2005)

Job Code: Pokeno RR Jan 08

Wadeable Hard-Bottomed and Soft-Bottomed Streams Date: 5 Jan 2008

Locality: Pokeno | Date: 5 January 2008

|Stream / River Name: Pokeno (Tanitewhiora) and Helenslee

Survey Objectives:
Re-survey of Macroinvertebrates for Pokeno Stormwater Catchment Management Plan

Client: Pokeno Landowners Consortium per Harrison Grierson Consultants | Assessor: BTC

Site Code: P5 |Sample Code: P5 #1 to #4 |Ph0t0graph codes: iPhoto folder Pok RR

GPS COORDINATES: Centre of 50 m reach E. 2689481 N. 6437301

see Figure 3

CHANNEL AND RIPARIAN FEATURES

INSTREAM HYDRAULIC CONDITIONS

Canopy Cover: Dom. Riparian Veg. Ave. Stream width (active channel) S5m
O Open O Crops etc Max. Stream width (active channel) 5m
O Partly shaded O Pasture Ave. Stream width (water) 3m
O Significantly shaded O Exotic trees Max. Stream width (water) 4m
Fencing O Retired Ave. Stream depth 0.6 m
O None or ineffective O Native shrub Max Stream depth 1.0m
O One side or partial O Native trees Ave. Surface velocity 0.1 m/s
O Complete both sides
WATER QUALITY Time (NZST):
Temperature: °C Conductivity: uS/cm Dissolved Oxygen: % mg/L
Turbldity: -O Clear O Slightly turbid O Highly turbid O Stained O Other
STREAM-BOTTOM SUBSTRATA
Compaction (inorganic substrata): % surficial inorganic substratum size
O assorted sizes tightly packed &/or overlapping composition (should sum to 100%)
O moderately packed with some overlap
-O mostly a loose assortment with little overlap Substratum type
O no packing / loose assortment easily moved Dimension mm
Embeddedness*: Percentage (middle axis [mm])
(% gravel-boulder particles covered by fine sediment) bedrock
>75% 5 boulder (>256)
ORGANIC MATERIAL (% cover*) cobble (>64 - 256)
Large wood (>10 cm diameter) gravel (>2 - 64)
<5% 10 sand (>0.06 - 2)
Coarse Detritus (small wood, sticks, leaves etc) 75 silt (004 - 0.06)
26-50% 10 clay (<0.004
Fine (<1 mm ) Organic Deposits (edges & backwaters)
>75%

HABITAT TYPES SAMPLED (for macroinvertebrates)
(% of effort; each column should sum to 100%)

see Stream Survey Sheet 3 for periphyton

Stones: 5 % see Stream Survey Sheet 4 for macrophytes
Wood: 5 % |Riffles: %

Macrophytes: 70 % Runs: 100 % see Stream Survey Sheet 5 for invertebrates
Edges: 20 %

COMMENTS

Brian T. Coffey and Associates Limited, Whangamata.




Appendix C: Habitat, Periphyton, Macrophyte and Macroinvertebrate Data, January 2008
C1: Stream Survey Sheet 1

Environment Waikato Field Assessment Cover Form (Collier and Kelly, 2005) Job Code: Pokeno RR Jan 08
Wadeable Hard-Bottomed and Soft-Bottomed Streams Date: 5 Jan 2008
Locality: Pokeno | Date: 5 January 2008 |Stream / River Name: Pokeno (Tanitewhiora) and Helenslee

Survey Objectives:
Re-survey of Macroinvertebrates for Pokeno Stormwater Catchment Management Plan

Client: Pokeno Landowners Consortium per Harrison Grierson Consultants | Assessor: BTC
Site Code: P6 |Sample Code: P6 #1 to #4 |Ph0t0graph codes: iPhoto folder Pok RR
GPS COORDINATES: Downstream of 50 m reach E. 2689079 N. 6437071
see Figure 3

CHANNEL AND RIPARIAN FEATURES INSTREAM HYDRAULIC CONDITIONS

Canopy Cover: Dom. Riparian Veg. Ave. Stream width (active channel) 25 m
O Open O Crops etc Max. Stream width (active channel) 25 m
O Partly shaded O Pasture Ave. Stream width (water) 0.1 m
O Significantly shaded O Exotic trees Max. Stream width (water) 0.4 m

Fencing O Retired Ave. Stream depth 0.1 m

O None or ineffective O Native shrub Max Stream depth 0.3 m
O One side or partial O Native trees Ave. Surface velocity 0 m/s
O Complete both sides
WATER QUALITY Time (NZST):
Temperature: °C Conductivity: uS/cm Dissolved Oxygen: % mg/L

Turbldity: O Clear O Slightly turbid O Highly turbid O Stained O Other

STREAM-BOTTOM SUBSTRATA
Compaction (inorganic substrata): % surficial inorganic substratum size
O assorted sizes tightly packed &/or overlapping composition (should sum to 100%)
O moderately packed with some overlap
-O mostly a loose assortment with little overlap Substratum type
O no packing / loose assortment easily moved Dimension mm
Embeddedness*: Percentage (middle axis [mm])
(% gravel-boulder particles covered by fine sediment) bedrock
>75% boulder (>256)
ORGANIC MATERIAL (% cover*) cobble (>64 - 256)
Large wood (>10 cm diameter) gravel (>2 - 64)
sand (>0.06 - 2)
Coarse Detritus (small wood, sticks, leaves etc) 80 silt (004 - 0.06)
5-25% 20 clay (<0.004
Fine (<1 mm ) Organic Deposits (edges & backwaters)
>75%
HABITAT TYPES SAMPLED (for macroinvertebrates)
(% of effort; each column should sum to 100%) see Stream Survey Sheet 3 for periphyton
Stones: % see Stream Survey Sheet 4 for macrophytes
Wood: %  |Riffles: %
Macrophytes: 80 % Runs: 100 % see Stream Survey Sheet 5 for invertebrates
Edges: 20 %
COMMENTS

Anoxic pools with iron deposits in swamp.
Estimated flow of 1 litre per secnd through culvert under farm track.

Brian T. Coffey and Associates Limited, Whangamata.



Appendix C: Habitat, Periphyton, Macrophyte and Macroinvertebrate Data, January 2008

C1: Stream Survey Sheet 1

Environment Waikato Field Assessment Cover Form (Collier and Kelly, 2005)
Wadeable Hard-Bottomed and Soft-Bottomed Streams

Job Code: Pokeno RR Jan 08

Date: 5 Jan 2008

Locality: Pokeno | Date: 5 January 2008

|Stream / River Name: Pokeno (Tanitewhiora) and Helenslee

Survey Objectives:

Re-survey of Macroinvertebrates for Pokeno Stormwater Catchment Management Plan

Client: Pokeno Landowners Consortium per Harrison Grierson Consultants

| Assessor: BTC

Site Code: P7

|Sample Code: P7 #1 to #4

|Ph0tograph codes: iPhoto folder Pok RR

GPS COORDINATES: Centre of 50 m reach

see Figure 3

E. 2689804 N. 6437197

CHANNEL AND RIPARIAN FEATURES

INSTREAM HYDRAULIC CONDITIONS

Canopy Cover: Dom. Riparian Veg. Ave. Stream width (active channel) 6 m
O Open O Crops etc Max. Stream width (active channel) 6 m
O Partly shaded O Pasture Ave. Stream width (water) 3m
O Significantly shaded O Exotic trees Max. Stream width (water) 5m
Fencing O Retired Ave. Stream depth 0.5m
O None or ineffective O Native shrub Max Stream depth 1.8 m
©O One side or partial O Native trees Ave. Surface velocity 0.15 m/s
O Complete both sides
WATER QUALITY Time (NZST):
Temperature: °C Conductivity: uS/cm Dissolved Oxygen: % mg/L
Turbldity: O Clear O Slightly turbid O Highly turbid O Stained O Other
STREAM-BOTTOM SUBSTRATA
Compaction (inorganic substrata): % surficial inorganic substratum size
O assorted sizes tightly packed &/or overlapping composition (should sum to 100%)
-O moderately packed with some overlap
O mostly a loose assortment with little overlap Substratum type
O no packing / loose assortment easily moved Dimension mm
Embeddedness*: Percentage (middle axis [mm])
(% gravel-boulder particles covered by fine sediment) bedrock
51-75% boulder (>256)
ORGANIC MATERIAL (% cover¥*) 5 cobble (>64 - 256)
Large wood (>10 cm diameter) 5 gravel (>2 - 64)
<5% 30 sand (>0.06 - 2)
b Detritus (small wood, sticks, leaves etc) 30 silt (004 - 0.06)
<5% 30 clay (<0.004
Fine (<1 mm ) Organic Deposits (edges & backwaters)
5-25%

HABITAT TYPES SAMPLED (for macroinvertebrates)
(% of effort; each column should sum to 100%)

see Stream Survey Sheet 3 for periphyton

Stones: 10 % see Stream Survey Sheet 4 for macrophytes
Wood: 5 % |Riffles: 10 %

Macrophytes: 70 % Runs: 90 % see Stream Survey Sheet 5 for invertebrates
Edges: 15 %

COMMENTS

Brian T. Coffey and Associates Limited, Whangamata.




Appendix C: Habitat, Periphyton, Macrophyte and Macroinvertebrate Data, January 2008
C1: Stream Survey Sheet 1

Environment Waikato Field Assessment Cover Form (Collier and Kelly, 2005) Job Code: Pokeno RR Jan 08

Wadeable Hard-Bottomed and Soft-Bottomed Streams Date: 5 Jan 2008

Locality: Pokeno | Date: 5 January 2008 |Stream / River Name: Pokeno (Tanitewhiora) and Helenslee

Survey Objectives:

Re-survey of Macroinvertebrates for Pokeno Stormwater Catchment Management Plan

Client: Pokeno Landowners Consortium per Harrison Grierson Consultants

| Assessor: BTC

Site Code: P8

|Sample Code: P8 #1 to #4

|Ph0tograph codes: iPhoto folder Pok RR

GPS COORDINATES: Centre of 50 m reach

see Figure 3

E. 2689951

N. 6437209

CHANNEL AND RIPARIAN FEATURES

INSTREAM HYDRAULIC CONDITIONS

O no packing / loose assortment easily moved
Embeddedness*:
(% gravel-boulder particles covered by fine sediment)
>75%
ORGANIC MATERIAL (% cover¥*)
Large wood (>10 cm diameter)
<5%
Coarse Detritus (small wood, sticks, leaves etc)
>75%
Fine (<1 mm ) Organic Deposits (edges & backwaters)
51-75%

Canopy Cover: Dom. Riparian Veg. Ave. Stream width (active channel) S5m
O Open O Crops etc Max. Stream width (active channel) 5m
O Partly shaded O Pasture Ave. Stream width (water) 2 m
O Significantly shaded O Exotic trees Max. Stream width (water) 3m
Fencing O Retired Ave. Stream depth 0.8 m
O None or ineffective O Native shrub Max Stream depth 1.5m
©O One side or partial O Native trees Ave. Surface velocity 0.15 m/s
O Complete both sides
WATER QUALITY Time (NZST):
Temperature: °C Conductivity: uS/cm Dissolved Oxygen: mg/L
Turbldity: O Clear O Slightly turbid O Highly turbid O Stained O Other
STREAM-BOTTOM SUBSTRATA
Compaction (inorganic substrata): % surficial inorganic substratum size
O assorted sizes tightly packed &/or overlapping composition (should sum to 100%)
O moderately packed with some overlap
-O mostly a loose assortment with little overlap Substratum type

Dimension mm

Percentage (middle axis [mm])

bedrock
boulder (>256)

10 cobble (>64 - 256)
gravel (>2 - 64)
sand (>0.06 - 2)

70 silt (004 - 0.06)

20 clay (<0.004

HABITAT TYPES SAMPLED (for macroinvertebrates)
(% of effort; each column should sum to 100%)

see Stream Survey Sheet 3 for periphyton

Stones: 10 % see Stream Survey Sheet 4 for macrophytes
Wood: % |Riffles: %

Macrophytes: 70 % Runs: 100 % see Stream Survey Sheet 5 for invertebrates
Edges: 20 %

COMMENTS

Brian T. Coffey and Associates Limited, Whangamata.




Appendix C: Habitat, Periphyton, Macrophyte and Macroinvertebrate Data, January 2008
C1: Stream Survey Sheet 1

Environment Waikato Field Assessment Cover Form (Collier and Kelly, 2005) Job Code: Pokeno RR Jan 08
Wadeable Hard-Bottomed and Soft-Bottomed Streams Date: 5 Jan 2008
Locality: Pokeno | Date: 5 January 2008 |Stream / River Name: Pokeno (Tanitewhiora) and Helenslee

Survey Objectives:
Re-survey of Macroinvertebrates for Pokeno Stormwater Catchment Management Plan

Client: Pokeno Landowners Consortium per Harrison Grierson Consultants | Assessor: BTC
Site Code: P9 |Sample Code: P9 #1 to #4 |Ph0t0graph codes: iPhoto folder Pok RR
GPS COORDINATES: Centre of 50 m reach E. 2690046 N. 6437327
see Figure 3

CHANNEL AND RIPARIAN FEATURES INSTREAM HYDRAULIC CONDITIONS

Canopy Cover: Dom. Riparian Veg. Ave. Stream width (active channel) 7m
O Open O Crops etc Max. Stream width (active channel) 8 m
O Partly shaded O Pasture Ave. Stream width (water) 2.5m
O Significantly shaded O Exotic trees Max. Stream width (water) 35 m

Fencing O Retired Ave. Stream depth 03 m

O None or ineffective O Native shrub Max Stream depth 1.4m
©O One side or partial O Native trees Ave. Surface velocity 0.25 m/s
O Complete both sides
WATER QUALITY Time (NZST):
Temperature: °C Conductivity: uS/cm Dissolved Oxygen: % mg/L

Turbldity: O Clear O Slightly turbid O Highly turbid O Stained O Other

STREAM-BOTTOM SUBSTRATA
Compaction (inorganic substrata): % surficial inorganic substratum size
O assorted sizes tightly packed &/or overlapping composition (should sum to 100%)
-O moderately packed with some overlap
O mostly a loose assortment with little overlap Substratum type
O no packing / loose assortment easily moved Dimension mm
Embeddedness*: Percentage (middle axis [mm])
(% gravel-boulder particles covered by fine sediment) bedrock
26-50% boulder (>256)
ORGANIC MATERIAL (% cover¥*) 20 cobble (>64 - 256)
Large wood (>10 cm diameter) gravel (>2 - 64)
<5% sand (>0.06 - 2)
Coarse Detritus (small wood, sticks, leaves etc) 40 silt (004 - 0.06)
5-25% 40 clay (<0.004
Fine (<1 mm ) Organic Deposits (edges & backwaters)
26-50%
HABITAT TYPES SAMPLED (for macroinvertebrates)
(% of effort; each column should sum to 100%) see Stream Survey Sheet 3 for periphyton
Stones: 30 % see Stream Survey Sheet 4 for macrophytes
Wood: % |Riffles: 20 %
Macrophytes: 50 % Runs: 80 % see Stream Survey Sheet 5 for invertebrates
Edges: 20 %
COMMENTS

Brian T. Coffey and Associates Limited, Whangamata.



Appendix C: Habitat, Periphyton, Macrophyte and Macroinvertebrate Data, January 2008

C1: Stream Survey Sheet 1

Environment Waikato Field Assessment Cover Form (Collier and Kelly, 2005)
Wadeable Hard-Bottomed and Soft-Bottomed Streams

Job Code: Pokeno RR Jan 08

Date: 5 Jan 2008

Locality: Pokeno | Date: 5 January 2008

|Stream / River Name: Pokeno (Tanitewhiora) and Helenslee

Survey Objectives:
Re-survey of Macroinvertebrates for Pokeno Stormwater Catchment Management Plan

Client: Pokeno Landowners Consortium per Harrison Grierson Consultants

| Assessor: BTC

Site Code: P10

|Sample Code: P10 #1 to #4

|Ph0tograph codes: iPhoto folder Pok RR

GPS COORDINATES:

Centre of 50 m reach
see Figure 3

E. 2690291 N. 6437392

CHANNEL AND RIPARIAN FEATURES

INSTREAM HYDRAULIC CONDITIONS

Canopy Cover: Dom. Riparian Veg. Ave. Stream width (active channel) 2 m
O Open O Crops etc Max. Stream width (active channel) 3m
O Partly shaded O Pasture Ave. Stream width (water) 1.0 m
O Significantly shaded O Exotic trees Max. Stream width (water) 2.0m
Fencing O Retired Ave. Stream depth 0.2 m
O None or ineffective O Native shrub Max Stream depth 0.5m
©O One side or partial O Native trees Ave. Surface velocity 1.0 m/s
O Complete both sides
WATER QUALITY Time (NZST):
Temperature: °C Conductivity: uS/cm Dissolved Oxygen: % mg/L
Turbldity: O Clear O Slightly turbid O Highly turbid O Stained O Other
STREAM-BOTTOM SUBSTRATA
Compaction (inorganic substrata): % surficial inorganic substratum size
—O assorted sizes tightly packed &/or overlapping composition (should sum to 100%)
O moderately packed with some overlap
O mostly a loose assortment with little overlap Substratum type
O no packing / loose assortment easily moved Dimension mm
Embeddedness*: Percentage (middle axis [mm])
(% gravel-boulder particles covered by fine sediment) 40 bedrock
5-25% 10 boulder (>256)
ORGANIC MATERIAL (% cover¥*) 20 cobble (>64 - 256)
Large wood (>10 cm diameter) 10 gravel (>2 - 64)
<5% sand (>0.06 - 2)
Coarse Detritus (small wood, sticks, leaves etc) silt (004 - 0.06)
5-25% 20 clay (<0.004
Fine (<1 mm ) Organic Deposits (edges & backwaters)
5-25%

HABITAT TYPES SAMPLED (for macroinvertebrates)
(% of effort; each column should sum to 100%)

see Stream Survey Sheet 3 for periphyton

Stones: 80 % see Stream Survey Sheet 4 for macrophytes
Wood: % |(Riffles: 80 %

Macrophytes: 10 % Runs: 20 % see Stream Survey Sheet 5 for invertebrates
Edges: 10 %

COMMENTS

Brian T. Coffey and Associates Limited, Whangamata.




Appendix C: Habitat, Periphyton, Macrophyte and Macroinvertebrate Data, January 2008

C1: Stream Survey Sheet 1

Environment Waikato Field Assessment Cover Form (Collier and Kelly, 2005)
Wadeable Hard-Bottomed and Soft-Bottomed Streams

Job Code: Pokeno RR Jan 08

Date: 5 Jan 2008

Locality: Pokeno

|Date: 5 January 2008

|Stream / River Name: Pokeno (Tanitewhiora) and Helenslee

Survey Objectives:

Re-survey of Macroinvertebrates for Pokeno Stormwater Catchment Management Plan

Client: Pokeno Landowners Consortium per Harrison Grierson Consultants

| Assessor: BTC

Site Code: P11

|Sample Code: P11 #1 to #4

|Ph0tograph codes: iPhoto folder Pok RR

GPS COORDINATES:

Downstream of 50 m reach

see Figure 3

E. 2690479

N. 6437451

CHANNEL AND RIPARIAN FEATURES

INSTREAM HYDRAULIC CONDITIONS

O no packing / loose assortment easily moved
Embeddedness*:
(% gravel-boulder particles covered by fine sediment)
5-25%
ORGANIC MATERIAL (% cover¥*)
Large wood (>10 cm diameter)
<5%
Coarse Detritus (small wood, sticks, leaves etc)
5-25%
Fine (<1 mm ) Organic Deposits (edges & backwaters)
5-25%

Canopy Cover: Dom. Riparian Veg. Ave. Stream width (active channel) 10 m
O Open O Crops etc Max. Stream width (active channel) 12m
O Partly shaded O Pasture Ave. Stream width (water) 4m
O Significantly shaded O Exotic trees Max. Stream width (water) 12 m
Fencing O Retired Ave. Stream depth 1.5 m
O None or ineffective O Native shrub Max Stream depth 35 m
O One side or partial O Native trees Ave. Surface velocity 0.3 m/s
O Complete both sides
WATER QUALITY Time (NZST):
Temperature: °C Conductivity: uS/cm Dissolved Oxygen: % mg/L
Turbldity: O Clear O Slightly turbid O Highly turbid O Stained O Other
STREAM-BOTTOM SUBSTRATA
Compaction (inorganic substrata): % surficial inorganic substratum size
O assorted sizes tightly packed &/or overlapping composition (should sum to 100%)
-O moderately packed with some overlap
O mostly a loose assortment with little overlap Substratum type

Dimension mm

Percentage (middle axis [mm])
60 bedrock
10 boulder (>256)
10 cobble (>64 - 256)
gravel (>2 - 64)
sand (>0.06 - 2)
15 silt (004 - 0.06)
5 clay (<0.004

HABITAT TYPES SAMPLED (for macroinvertebrates)
(% of effort; each column should sum to 100%)

see Stream Survey Sheet 3 for periphyton

Includes plunge pool at bottom of waterfall.

Stones: 80 % see Stream Survey Sheet 4 for macrophytes
Wood: % |(Riffles: 50 %

Macrophytes: 10 % |Runs: 50 % see Stream Survey Sheet 5 for invertebrates
Edges: 10 %

COMMENTS

Brian T. Coffey and Associates Limited, Whangamata.




Appendix C: Habitat, Periphyton, Macrophyte and Macroinvertebrate Data, January 2008
C1: Stream Survey Sheet 1

Environment Waikato Field Assessment Cover Form (Collier and Kelly, 2005)

Job Code: Pokeno RR Jan 08

Wadeable Hard-Bottomed and Soft-Bottomed Streams Date: 5 Jan 2008

Locality: Pokeno | Date: 5 January 2008

|Stream / River Name: Pokeno (Tanitewhiora) and Helenslee

Survey Objectives:
Re-survey of Macroinvertebrates for Pokeno Stormwater Catchment Management Plan

Client: Pokeno Landowners Consortium per Harrison Grierson Consultants | Assessor: BTC

Site Code: P12 |Sample Code: P12 #1 to #4 |Ph0t0graph codes: iPhoto folder Pok RR

GPS COORDINATES: Centre of 50 m reach E. 2690419 N. 6437429

see Figure 3

CHANNEL AND RIPARIAN FEATURES

INSTREAM HYDRAULIC CONDITIONS

Canopy Cover: Dom. Riparian Veg. Ave. Stream width (active channel) 25 m
O Open O Crops etc Max. Stream width (active channel) 2.5 m
O Partly shaded O Pasture Ave. Stream width (water) 1.5m
O Significantly shaded O Exotic trees Max. Stream width (water) 2.5m
Fencing O Retired Ave. Stream depth 03 m
O None or ineffective O Native shrub Max Stream depth 0.9 m
O One side or partial O Native trees Ave. Surface velocity 0.2 m/s
O Complete both sides
WATER QUALITY Time (NZST):
Temperature: °C Conductivity: uS/cm Dissolved Oxygen: % mg/L
Turbldity: O Clear O Slightly turbid O Highly turbid O Stained O Other
STREAM-BOTTOM SUBSTRATA
Compaction (inorganic substrata): % surficial inorganic substratum size
O assorted sizes tightly packed &/or overlapping composition (should sum to 100%)
O moderately packed with some overlap
O mostly a loose assortment with little overlap Substratum type
O no packing / loose assortment easily moved Dimension mm
Embeddedness*: Percentage (middle axis [mm])
(% gravel-boulder particles covered by fine sediment) bedrock
26-50% 80 boulder (>256)
ORGANIC MATERIAL (% cover¥*) 5 cobble (>64 - 256)
Large wood (>10 cm diameter) 5 gravel (>2 - 64)
<5% sand (>0.06 - 2)
Coarse Detritus (small wood, sticks, leaves etc) 5 silt (004 - 0.06)
5-25% 5 clay (<0.004
Fine (<1 mm ) Organic Deposits (edges & backwaters)
5-25%

HABITAT TYPES SAMPLED (for macroinvertebrates)
(% of effort; each column should sum to 100%)

see Stream Survey Sheet 3 for periphyton

Stones: 80 % see Stream Survey Sheet 4 for macrophytes
Wood: 5% |Riffles: 80 %

Macrophytes: 5 % Runs: 20 % see Stream Survey Sheet 5 for invertebrates
Edges: 10 %

COMMENTS

Brian T. Coffey and Associates Limited, Whangamata.




Appendix C: Habitat, Periphyton, Macrophyte and Macroinvertebrate Data, January 2008
C1: Stream Survey Sheet 1

Environment Waikato Field Assessment Cover Form (Collier and Kelly, 2005) Job Code: Pokeno RR Jan 08
Wadeable Hard-Bottomed and Soft-Bottomed Streams Date: 5 Jan 2008
| Date: 5 January 2008 |Stream / River Name: Pokeno (Tanitewhiora) and Helenslee

Locality: Pokeno

Survey Objectives:

Re-survey of Macroinvertebrates for Pokeno Stormwater Catchment Management Plan

Client: Pokeno Landowners Consortium per Harrison Grierson Consultants

Site Code: H1 |Sample Code: HO1 #1 to #4

GPS COORDINATES: Upstream of 50 m reach
see Figure 3

| Assessor: BTC
|Ph0tograph codes: iPhoto folder Pok RR
E. 2689239 N. 6438900

O no packing / loose assortment easily moved

CHANNEL AND RIPARIAN FEATURES INSTREAM HYDRAULIC CONDITIONS
Canopy Cover: Dom. Riparian Veg. Ave. Stream width (active channel) 1.0 m
O Open O Crops etc Max. Stream width (active channel) 1.5 m
O Partly shaded O Pasture Ave. Stream width (water) 03 m
O Significantly shaded O Exotic trees Max. Stream width (water) 05 m
Fencing O Retired Ave. Stream depth 0.1 m
O None or ineffective O Native shrub Max Stream depth 025 m
O One side or partial O Native trees Ave. Surface velocity 0.1 m/s
O Complete both sides
WATER QUALITY Time (NZST):
Temperature: °C Conductivity: uS/cm Dissolved Oxygen: % mg/L
Turbldity: O Clear O Slightly turbid O Highly turbid O Stained O Other
STREAM-BOTTOM SUBSTRATA
Compaction (inorganic substrata): % surficial inorganic substratum size
O assorted sizes tightly packed &/or overlapping composition (should sum to 100%)
O moderately packed with some overlap
O mostly a loose assortment with little overlap Substratum type

Dimension mm
(middle axis [mm])

bedrock

boulder (>256)

cobble (>64 - 256)

gravel (>2 - 64)

sand (>0.06 - 2)

silt (004 - 0.06)

clay (<0.004

Embeddedness*: Percentage
(% gravel-boulder particles covered by fine sediment)
51-75% 2
ORGANIC MATERIAL (% cover¥*) 5
Large wood (>10 cm diameter)
<5%
Coarse Detritus (small wood, sticks, leaves etc) 80
5-25% 13
Fine (<1 mm ) Organic Deposits (edges & backwaters)
5-25%

HABITAT TYPES SAMPLED (for macroinvertebrates)
(% of effort; each column should sum to 100%)

see Stream Survey Sheet 3 for periphyton

Stones: 5 % see Stream Survey Sheet 4 for macrophytes
Wood: 5 % |Riffles: 50 %

Macrophytes: 45 % Runs: 50 % see Stream Survey Sheet 5 for invertebrates
Edges: 45 %

COMMENTS

Brian T. Coffey and Associates Limited, Whangamata.




Appendix C: Habitat, Periphyton, Macrophyte and Macroinvertebrate Data, January 2008
C1: Stream Survey Sheet 1

Environment Waikato Field Assessment Cover Form (Collier and Kelly, 2005) Job Code: Pokeno RR Jan 08

Wadeable Hard-Bottomed and Soft-Bottomed Streams Date: 5 Jan 2008

Locality: Pokeno | Date: 5 January 2008 |Stream / River Name: Pokeno (Tanitewhiora) and Helenslee

Survey Objectives:

Re-survey of Macroinvertebrates for Pokeno Stormwater Catchment Management Plan

Client: Pokeno Landowners Consortium per Harrison Grierson Consultants

| Assessor: BTC

Site Code: H2

[Sample Code: HO2 #1 to #4

|Ph0tograph codes: iPhoto folder Pok RR

GPS COORDINATES:

Centre of 50 m reach
see Figure 3

E. 2689129

N. 6438399

CHANNEL AND RIPARIAN FEATURES INSTREAM HYDRAULIC CONDITIONS
Canopy Cover: Dom. Riparian Veg. Ave. Stream width (active channel) 80 m
O Open O Crops etc Max. Stream width (active channel) 80 m
O Partly shaded O Pasture Ave. Stream width (water) 3m
O Significantly shaded O Exotic trees Max. Stream width (water) 4 m
Fencing O Retired Ave. Stream depth 0.2 m
O None or ineffective O Native shrub Max Stream depth 0.3 m
O One side or partial O Native trees Ave. Surface velocity 0.05 m/s
O Complete both sides
WATER QUALITY Time (NZST):
Temperature: °C Conductivity: uS/cm Dissolved Oxygen: % mg/L
Turbldity: O Clear O Slightly turbid O Highly turbid O Stained O Other
STREAM-BOTTOM SUBSTRATA
Compaction (inorganic substrata): % surficial inorganic substratum size
O assorted sizes tightly packed &/or overlapping composition (should sum to 100%)
O moderately packed with some overlap
O mostly a loose assortment with little overlap Substratum type
—O-no packing / loose assortment easily moved Dimension mm
Embeddedness*: Percentage (middle axis [mm])
(% gravel-boulder particles covered by fine sediment) bedrock
<5% boulder (>256)
ORGANIC MATERIAL (% cover*) cobble (>64 - 256)
Large wood (>10 cm diameter) gravel (>2 - 64)
<5% sand (>0.06 - 2)
Coarse Detritus (small wood, sticks, leaves etc) 95 silt (004 - 0.06)
>75% 5 clay (<0.004
Fine (<1 mm ) Organic Deposits (edges & backwaters)
>75%

HABITAT TYPES SAMPLED (for macroinvertebrates)
(% of effort; each column should sum to 100%)

see Stream Survey Sheet 3 for periphyton

through emergent / marginal plants.

Stones: % see Stream Survey Sheet 4 for macrophytes
Wood: %  |Riffles: %

Macrophytes: 80 % Runs: 100 % see Stream Survey Sheet 5 for invertebrates
Edges: 20 %

COMMENTS

Basically a wetland seep in a gully with a 3 - 4 m wide channel of shallow open water meandering

Brian T. Coffey and Associates Limited, Whangamata.



Appendix C: Habitat, Periphyton, Macrophyte and Macroinvertebrate Data, January 2008
C1: Stream Survey Sheet 1

Environment Waikato Field Assessment Cover Form (Collier and Kelly, 2005) Job Code: Pokeno RR Jan 08
Wadeable Hard-Bottomed and Soft-Bottomed Streams Date: 5 Jan 2008
Locality: Pokeno | Date: 5 January 2008 |Stream / River Name: Pokeno (Tanitewhiora) and Helenslee

Survey Objectives:
Re-survey of Macroinvertebrates for Pokeno Stormwater Catchment Management Plan

Client: Pokeno Landowners Consortium per Harrison Grierson Consultants | Assessor: BTC
Site Code: H3 |Sample Code: HO3 #1 to #4 |Ph0t0graph codes: iPhoto folder Pok RR
GPS COORDINATES: Centre of 50 m reach E. 2689080 N. 6438249
see Figure 3

CHANNEL AND RIPARIAN FEATURES INSTREAM HYDRAULIC CONDITIONS

Canopy Cover: Dom. Riparian Veg. Ave. Stream width (active channel) 20 m
O Open O Crops etc Max. Stream width (active channel) 30 m
O Partly shaded O Pasture Ave. Stream width (water) 3 m
O Significantly shaded O Exotic trees Max. Stream width (water) 4 m

Fencing O Retired Ave. Stream depth 0.15 m

O None or ineffective O Native shrub Max Stream depth 0.3 m
O One side or partial O Native trees Ave. Surface velocity 0.05 m/s
O Complete both sides
WATER QUALITY Time (NZST):
Temperature: °C Conductivity: uS/cm Dissolved Oxygen: % mg/L

Turbldity: O Clear O Slightly turbid O Highly turbid O Stained O Other

STREAM-BOTTOM SUBSTRATA
Compaction (inorganic substrata): % surficial inorganic substratum size
O assorted sizes tightly packed &/or overlapping composition (should sum to 100%)
O moderately packed with some overlap
O mostly a loose assortment with little overlap Substratum type
-O no packing / loose assortment easily moved Dimension mm
Embeddedness*: Percentage (middle axis [mm])
(% gravel-boulder particles covered by fine sediment) bedrock
>75% boulder (>256)
ORGANIC MATERIAL (% cover*) cobble (>64 - 256)
Large wood (>10 cm diameter) gravel (>2 - 64)
<5% sand (>0.06 - 2)
Coarse Detritus (small wood, sticks, leaves etc) 90 silt (004 - 0.06)
>75% 10 clay (<0.004
Fine (<1 mm ) Organic Deposits (edges & backwaters)
>75%
HABITAT TYPES SAMPLED (for macroinvertebrates)
(% of effort; each column should sum to 100%) see Stream Survey Sheet 3 for periphyton
Stones: % see Stream Survey Sheet 4 for macrophytes
Wood: % Riffles: %
Macrophytes: 80 % Runs: 100 % see Stream Survey Sheet 5 for invertebrates
Edges: 20 %
COMMENTS

Basically a wetland seep in a gully with a 3 - 4 m wide channel of shallow open water meandering
through emergent / marginal plants / willow trees.

Brian T. Coffey and Associates Limited, Whangamata.



Appendix C: Habitat, Periphyton, Macrophyte and Macroinvertebrate Data, January 2008
C1: Stream Survey Sheet 1

Environment Waikato Field Assessment Cover Form (Collier and Kelly, 2005) Job Code: Pokeno RR Jan 08
Wadeable Hard-Bottomed and Soft-Bottomed Streams Date: 5 Jan 2008
Locality: Pokeno | Date: 5 January 2008 |Stream / River Name: Pokeno (Tanitewhiora) and Helenslee

Survey Objectives:
Re-survey of Macroinvertebrates for Pokeno Stormwater Catchment Management Plan

Client: Pokeno Landowners Consortium per Harrison Grierson Consultants | Assessor: BTC
Site Code: H4 |Sample Code: HO4 #1 to #4 |Ph0t0graph codes: iPhoto folder Pok RR
GPS COORDINATES: Upstream of 50 m reach E. 2688813 N. 6438329
see Figure 3

CHANNEL AND RIPARIAN FEATURES INSTREAM HYDRAULIC CONDITIONS

Canopy Cover: Dom. Riparian Veg. Ave. Stream width (active channel) 20 m
O Open O Crops etc Max. Stream width (active channel) 25 m
O Partly shaded O Pasture Ave. Stream width (water) 5m
O Significantly shaded O Exotic trees Max. Stream width (water) 15 m

Fencing O Retired Ave. Stream depth 0.05 m

O-None or ineffective O Native shrub Max Stream depth 0.1 m
O One side or partial O Native trees Ave. Surface velocity 0.05 m/s
O Complete both sides
WATER QUALITY Time (NZST):
Temperature: °C Conductivity: uS/cm Dissolved Oxygen: % mg/L

Turbldity: O Clear O Slightly turbid O Highly turbid O Stained O Other

STREAM-BOTTOM SUBSTRATA
Compaction (inorganic substrata): % surficial inorganic substratum size
O assorted sizes tightly packed &/or overlapping composition (should sum to 100%)
—O moderately packed with some overlap
O mostly a loose assortment with little overlap Substratum type
O no packing / loose assortment easily moved Dimension mm
Embeddedness*: Percentage (middle axis [mm])
(% gravel-boulder particles covered by fine sediment) bedrock
Vo O 5-25% O 26-50% O 51-75% O boulder (>256)
ORGANIC MATERIAL (% cover*) cobble (>64 - 256)
Large wood (>10 cm diameter) gravel (>2 - 64)
<5% sand (>0.06 - 2)
Coarse Detritus (small wood, sticks, leaves etc) 5 silt (004 - 0.06)
<5% 95 clay (<0.004
Fine (<1 mm ) Organic Deposits (edges & backwaters)
5-25%
HABITAT TYPES SAMPLED (for macroinvertebrates)
(% of effort; each column should sum to 100%) see Stream Survey Sheet 3 for periphyton
Stones: % see Stream Survey Sheet 4 for macrophytes
Wood: % Riffles: %
Macrophytes: 80 % Runs: 100 % see Stream Survey Sheet 5 for invertebrates
Edges: 20 %
COMMENTS

A spring fed seep passing through a wetland in the invert of a gully.

Brian T. Coffey and Associates Limited, Whangamata.



Appendix C: Habitat, Periphyton, Macrophyte and Macroinvertebrate Data, January 2008

C1: Stream Survey Sheet 1

Environment Waikato Field Assessment Cover Form (Collier and Kelly, 2005)
Wadeable Hard-Bottomed and Soft-Bottomed Streams

Job Code: Pokeno RR Jan 08

Date: 5 Jan 2008

Locality: Pokeno | Date: 5 January 2008

|Stream / River Name: Pokeno (Tanitewhiora) and Helenslee

Survey Objectives:

Re-survey of Macroinvertebrates for Pokeno Stormwater Catchment Management Plan

Client: Pokeno Landowners Consortium per Harrison Grierson Consultants

| Assessor: BTC

Site Code: H5

[Sample Code: HO5 #1 to #4

|Ph0tograph codes: iPhoto folder Pok RR

GPS COORDINATES: Centre of 50 m reach

see Figure 3

E. 2689335

N. 6438039

CHANNEL AND RIPARIAN FEATURES

INSTREAM HYDRAULIC CONDITIONS

O no packing / loose assortment easily moved
Embeddedness*:
(% gravel-boulder particles covered by fine sediment)
>75%
ORGANIC MATERIAL (% cover*)
Large wood (>10 cm diameter)
<5%
Coarse Detritus (small wood, sticks, leaves etc)
5-25%
Fine (<1 mm ) Organic Deposits (edges & backwaters)
5-25%

Canopy Cover: Dom. Riparian Veg. Ave. Stream width (active channel) 25 m
O Open O Crops etc Max. Stream width (active channel) 30 m
O Partly shaded O Pasture Ave. Stream width (water) 03 m
O Significantly shaded O Exotic trees Max. Stream width (water) 22 m
Fencing O Retired Ave. Stream depth 04 m
O None or ineffective O Native shrub Max Stream depth 1.0 m
O One side or partial O Native trees Ave. Surface velocity 0.2 m/s
O Complete both sides
WATER QUALITY Time (NZST):
Temperature: °C Conductivity: uS/cm Dissolved Oxygen: % mg/L
Turbldity: O Clear O Slightly turbid O Highly turbid O Stained O Other
STREAM-BOTTOM SUBSTRATA
Compaction (inorganic substrata): % surficial inorganic substratum size
O assorted sizes tightly packed &/or overlapping composition (should sum to 100%)
O moderately packed with some overlap
O mostly a loose assortment with little overlap Substratum type

Dimension mm

Percentage (middle axis [mm])
bedrock
3 boulder (>256)
2 cobble (>64 - 256)
3 gravel (>2 - 64)
40 sand (>0.06 - 2)
45 silt (004 - 0.06)
7 clay (<0.004

HABITAT TYPES SAMPLED (for macroinvertebrates)
(% of effort; each column should sum to 100%)

see Stream Survey Sheet 3 for periphyton

A farm drain that had been recently cleared as of December 2006 but had been recolonised
by emergent and submerged macrophytes at the time of this survey (5 January 2008).

Stones: 5 % see Stream Survey Sheet 4 for macrophytes
Wood: 5 % [Riffles: %

Macrophytes: 50 % Runs: 100 % see Stream Survey Sheet 5 for invertebrates
Edges: 45 %

COMMENTS

Brian T. Coffey and Associates Limited, Whangamata.




Appendix C: Habitat, Periphyton, Macrophyte and Macroinvertebrate Data, January 2008
C1: Stream Survey Sheet 1

Environment Waikato Field Assessment Cover Form (Collier and Kelly, 2005) Job Code: Pokeno RR Jan 08

Wadeable Hard-Bottomed and Soft-Bottomed Streams Date: 5 Jan 2008

Locality: Pokeno | Date: 5 January 2008 |Stream / River Name: Pokeno (Tanitewhiora) and Helenslee

Survey Objectives:
Re-survey of Macroinvertebrates for Pokeno Stormwater Catchment Management Plan

Client: Pokeno Landowners Consortium per Harrison Grierson Consultants | Assessor: BTC

Site Code: H6 |Sample Code: HO6 #1 to #4 |Ph0t0graph codes: iPhoto folder Pok RR

GPS COORDINATES: Downstream of 50 m reach E. 2690065 N. 6437736
see Figure 3

CHANNEL AND RIPARIAN FEATURES INSTREAM HYDRAULIC CONDITIONS

Canopy Cover: Dom. Riparian Veg. Ave. Stream width (active channel) 10 m
O Open O Crops etc Max. Stream width (active channel) 10 m
O Partly shaded O Pasture Ave. Stream width (water) 1.0 m
O Significantly shaded O Exotic trees Max. Stream width (water) 6.0 m

Fencing O Retired Ave. Stream depth 1.5 m

O None or ineffective O Native shrub Max Stream depth 2.5m
O One side or partial O Native trees Ave. Surface velocity 0.01 m/s
O Complete both sides
WATER QUALITY Time (NZST):
Temperature: °C Conductivity: uS/cm Dissolved Oxygen: % mg/L

Turbldity: O Clear O Slightly turbid O Highly turbid O Stained O Other

STREAM-BOTTOM SUBSTRATA

Compaction (inorganic substrata):
O assorted sizes tightly packed &/or overlapping
O moderately packed with some overlap

% surficial inorganic substratum size
composition (should sum to 100%)

O mostly a loose assortment with little overlap
-O no packing / loose assortment easily moved
Embeddedness*:
(% gravel-boulder particles covered by fine sediment)
>75%
ORGANIC MATERIAL (% cover¥*)
Large wood (>10 cm diameter)
<5%
Coarse Detritus (small wood, sticks, leaves etc)
>75%
Fine (<1 mm ) Organic Deposits (edges & backwaters)
>75%

Substratum type
Dimension mm
Percentage (middle axis [mm])

bedrock

boulder (>256)

cobble (>64 - 256)

gravel (>2 - 64)

sand (>0.06 - 2)

90 silt (004 - 0.06)

10 clay (<0.004

HABITAT TYPES SAMPLED (for macroinvertebrates)
(% of effort; each column should sum to 100%)

see Stream Survey Sheet 3 for periphyton

Stones: % see Stream Survey Sheet 4 for macrophytes
Wood: % |Riffles: %

Macrophytes: 80 % Runs: 100 % see Stream Survey Sheet 5 for invertebrates
Edges: 20 %

COMMENTS

A fenced drain upstream of SH1 culverts that was substantially overgrown with emergent plants.

Brian T. Coffey and Associates Limited, Whangamata.



Appendix C: Habitat, Periphyton, Macrophyte and Macroinvertebrate Data, January 2008
C1: Stream Survey Sheet 1

Environment Waikato Field Assessment Cover Form (Collier and Kelly, 2005) Job Code: Pokeno RR Jan 08

Wadeable Hard-Bottomed and Soft-Bottomed Streams Date: 5 Jan 2008

Locality: Pokeno | Date: 5 January 2008 |Stream / River Name: Pokeno (Tanitewhiora) and Helenslee

Survey Objectives:

Re-survey of Macroinvertebrates for Pokeno Stormwater Catchment Management Plan

Client: Pokeno Landowners Consortium per Harrison Grierson Consultants

| Assessor: BTC

Site Code: H7

|Sample Code: HO7 #1 to #4

|Ph0tograph codes: iPhoto folder Pok RR

GPS COORDINATES:
see Figure 3

Downstream of 50 m reach

E. 2690481

N. 6437509

CHANNEL AND RIPARIAN FEATURES

INSTREAM HYDRAULIC CONDITIONS

—O no packing / loose assortment easily moved
Embeddedness*:
(% gravel-boulder particles covered by fine sediment)
>75%
ORGANIC MATERIAL (% cover*)
Large wood (>10 cm diameter)
<5%
Coarse Detritus (small wood, sticks, leaves etc)
5-25%
Fine (<1 mm ) Organic Deposits (edges & backwaters)
>75%

Percentage

Canopy Cover: Dom. Riparian Veg. Ave. Stream width (active channel) 4 m
O Open O Crops etc Max. Stream width (active channel) 5m
O Partly shaded O Pasture Ave. Stream width (water) 0.5 m
O Significantly shaded O Exotic trees Max. Stream width (water) 3m
Fencing O Retired Ave. Stream depth 1.0m
O None or ineffective O Native shrub Max Stream depth 1.8 m
©O One side or partial O Native trees Ave. Surface velocity 0.15 m/s
O Complete both sides
WATER QUALITY Time (NZST):
Temperature: °C Conductivity: uS/cm Dissolved Oxygen: mg/L
Turbldity: O Clear O Slightly turbid O Highly turbid O Stained O Other
STREAM-BOTTOM SUBSTRATA
Compaction (inorganic substrata): % surficial inorganic substratum size
O assorted sizes tightly packed &/or overlapping composition (should sum to 100%)
O moderately packed with some overlap
O mostly a loose assortment with little overlap Substratum type

Dimension mm
(middle axis [mm])

bedrock

boulder (>256)

cobble (>64 - 256)

gravel (>2 - 64)

sand (>0.06 - 2)

90

silt (004 - 0.06)

10

clay (<0.004

HABITAT TYPES SAMPLED (for macroinvertebrates)
(% of effort; each column should sum to 100%)

see Stream Survey Sheet 3 for periphyton

Stones: % see Stream Survey Sheet 4 for macrophytes
Wood: %  |Riffles: %

Macrophytes: 80 % Runs: 100 % see Stream Survey Sheet 5 for invertebrates
Edges: 20 %

COMMENTS

Brian T. Coffey and Associates Limited, Whangamata.




Appendix C: Habitat, Periphyton, Macrophyte and Macroinvertebrate Data, January 2008
C1: Stream Survey Sheet 1

Environment Waikato Field Assessment Cover Form (Collier and Kelly, 2005) Job Code: Pokeno RR Jan 08
Wadeable Hard-Bottomed and Soft-Bottomed Streams Date: 5 Jan 2008
Locality: Pokeno | Date: 5 January 2008 |Stream / River Name: Pokeno (Tanitewhiora) and Helenslee

Survey Objectives:
Re-survey of Macroinvertebrates for Pokeno Stormwater Catchment Management Plan

Client: Pokeno Landowners Consortium per Harrison Grierson Consultants | Assessor: BTC
Site Code: H8 |Sample Code: HOS #1 to #4 |Ph0t0graph codes: iPhoto folder Pok RR
GPS COORDINATES: Downstream of 50 m reach E. 2690450 N. 6437481
see Figure 3

CHANNEL AND RIPARIAN FEATURES INSTREAM HYDRAULIC CONDITIONS

Canopy Cover: Dom. Riparian Veg. Ave. Stream width (active channel) 35m
O-Open O Crops etc Max. Stream width (active channel) 35 m
O Partly shaded O Pasture Ave. Stream width (water) 0.5m
O Significantly shaded O Exotic trees Max. Stream width (water) 1.5m

Fencing O Retired Ave. Stream depth 0.8 m

O None or ineffective O Native shrub Max Stream depth 1.5 m
O One side or partial O Native trees Ave. Surface velocity 0.1 m/s
O Complete both sides
WATER QUALITY Time (NZST):
Temperature: °C Conductivity: uS/cm Dissolved Oxygen: % mg/L

Turbldity: O Clear O Slightly turbid O Highly turbid O Stained O Other

STREAM-BOTTOM SUBSTRATA
Compaction (inorganic substrata): % surficial inorganic substratum size
O assorted sizes tightly packed &/or overlapping composition (should sum to 100%)
-O moderately packed with some overlap
O mostly a loose assortment with little overlap Substratum type
O no packing / loose assortment easily moved Dimension mm
Embeddedness*: Percentage (middle axis [mm])
(% gravel-boulder particles covered by fine sediment) 70 bedrock
<5% 10 boulder (>256)
ORGANIC MATERIAL (% cover*) cobble (>64 - 256)
Large wood (>10 cm diameter) 10 gravel (>2 - 64)
<5% 10 sand (>0.06 - 2)
Coarse Detritus (small wood, sticks, leaves etc) silt (004 - 0.06)
<5% clay (<0.004
Fine (<1 mm ) Organic Deposits (edges & backwaters)
<5%
HABITAT TYPES SAMPLED (for macroinvertebrates)
(% of effort; each column should sum to 100%) see Stream Survey Sheet 3 for periphyton
Stones: 90 % see Stream Survey Sheet 4 for macrophytes
Wood: % |Riffles: 100 %
Macrophytes: 10 % Runs: % see Stream Survey Sheet 5 for invertebrates
Edges: %
COMMENTS

Brian T. Coffey and Associates Limited, Whangamata.



Appendix C: Habitat, Periphyton, Macrophyte and Macroinvertebrate Data, January 2008
C2: Stream Survey Sheet 2A

Wadeable Hard-Bottomed Streams (Environment Waikato, 2005)
Qualitative Habitat Assessment Field Data Sheet

|J0b Code: Pokeno RR Jan 08

|Date: 5 January 2008

| Assessed by: BTC

Category

Optimal

Suboptimal

Marginal

Poor

1. Riparian Vegetative

Bankside vegetation

Bankside vegetation

Pathways present + / or

Breaks frequent

Zone Width buffer is > 10 m. buffer is < 10m stock access to stream SAMPLING SITE
Continuous and dense  [Mostly continuous Mostly healed over Human activity clear P10 | P11 [ P12| H8
Left bank 20 19 18 17 16 15 14 13 12 11 109876 54321 9 5 7 5
Right bank 20 19 18 17 16 15 14 13 12 11 109876 54321 7 4 [ 4 5
Mean LB & RB 8 |45]55] 5
2. Vegetative Protection |Bank surfaces and Bank surfaces covered |Bank surfaces covered |Bank surfaces covered
immediate riparian zones|mainly by native by a mixture of grasses / |by grasses and shrubs
covered by native vegetation shrubs, blackberry,
veeoetation willow and exotic trees
Trees, understorey Disruption evident Vegetation disruption Disruptlon of
shrubs, or non-woody obvious streambank vegetation
plants present very high
Vegetative disruption Banks may be covered |Bare soil / closely Grass heavily grazed
minimal by exotic forestry cropped veg common SAMPLING SITE
Significant stock damage
to the bank P10 | P11 [ P12| H8
Left bank 20 19 18 17 16 15 14 13 12 11 109876 54321 9 5 7 7
Right bank 20 19 18 17 16 15 14 13 12 11 109876 54321 9 5 4 7
Mean LB & RB 9 5 |55 7
3. Bank Stability Banks stable Moderately stable Moderately unstable Unstable
Erosion / bank failure  |Infrequent small areas of [30-60% of bank in reach [Many eroded areas
absent or minimal erosion mostly healed  |has areas of erosion
over SAMPLING SITE
<5% of bank affected 5-30% of bank eroded |High erosion potential |60 - 100% of bank has
during floods erosional scars P10| P11 [P12] H8
Left bank 20 19 18 17 16 15 14 13 12 11 109876 54321 9 8 4 [ 12
Right bank 20 19 18 17 16 15 14 13 12 11 109876 54321 9 5 3 110
Mean LB & RB 9 |65]35] 11

Brian T. Coffey and Associates Limited, Whangamata.




Appendix C: Habitat, Periphyton, Macrophyte and Macroinvertebrate Data, January 2008
C2: Stream Survey Sheet 2A

Continued: Qualitative Habitat Assessment for Wadeable Hard-Bottomed Streams

Optimal Suboptimal Marginal Poor
Riffles relatively Occurrence of riffles Occassional riffle or run |Generally flat water,
4. Frequency of Riffles |frequent infrequent shallow riffles
Distance between riffles |Distance between riffles |[Bottom contours provide|Poor habitat
divided by width of divided by width of some habitat
stream=5-7 stream=7 - 15 SAMPLING SITE
Variety of habitat is key Distance between riffles |Distance between riffles
divided by width of divided by width of
stream = 15 - 25 stream > 25 P10| P11| P12| H8
Site Score 20 19 18 17 16 15 14 13 12 11 109876 54321 15| 17| 15] 15
5. Channel Alteration Changes to channel / Some changes to Channel changes / Banks shored with
dredging absent or channel / dredging dredging extensive gabion or cement
minimal
Stream with normal Evidence of past channel| Embankments or shoring|(>80% of the stream
pattern / dredging structures present on reach channelised and
both banks disrupted SAMPLING SITE
Recent channel / 40 to 80% of reach Instream habitat altered
dredging not present channelised and or absent
disrupted P10 | P11 | P12| HS
Site Score 20 19 18 17 16 15 14 13 12 11 109876 54321 16 | 16 | 16 | 16
6. Sediment Deposition |Little / no islands or New increase in bar Some deposition of new |Heavy deposits of fine
point bars present formation. mostly from |gravel. sand or fine material
gravel. sand or fine sediment on old and new
sediment bars
(out of channel and in  |<20% of the bottom 20-50% of the bottom  [50-80% of the bottom  |Increased bar
channel) affected by sediment affected affected development
deposition
Slight deposition in Sediment deposits at >80% of the bottom
pools obstructions, changing frequently
constrictions and bends SAMPLING SITE
Pools almost absent due
to sediment deposition
P10 | P11 |P12| HS
Site Score 20 19 18 17 16 15 14 13 12 11 109876 54321 18 7 | 18] 18

Brian T. Coffey and Associates Limited, Whangamata.




Appendix C: Habitat, Periphyton, Macrophyte and Macroinvertebrate Data, January 2008
C2: Stream Survey Sheet 2A

Continued: Qualitative Habitat Assessment for Wadeable Hard-Bottomed Streams

Habitat Parameter

Category

Optimal Suboptimal Marginal Poor
7. Velocity / Depth 4 velocity / depth 3 of 4 velocity / depth |2 of 4 velocity / depth  |Dominated by 1 velocity
regimes regimes present present present / depth regime
SAMPLING SITE
Slow / deep. If fast / shallow is If fast / shallow or slow |Usually slow / deep.
Slow / shallow missing then score lower |shallow is missing then
Fast / shallow score lower
Fast / deen P10 | P11 [ P12]| H8
Site A Score 20 19 18 17 16 15 14 13 12 11 109876 54321 13 ] 18| 13 ] 13
8. Abundance and >50% substrate 30-50% substrate 10-30% substrate <10% substrate
Diversity of Habitat favourable for favourable for favourable for favourable for
invertebrate colonisation |invertebrate colonisatlon |invertebrate colonisatlon |invertebrate colonisatlon
and wide variety of
woody debris, riffles,
rant matg
Snags / submerged logs /|Snags / submerged logs /|Fish cover patchy Fish cover rare or absent
undercut banks / cobbles |undercut banks / cobbles
provide abundant fish
cover
Must not be new or Fish cover common 60-90% substrate easily |Substrate unstable or
transient moved by foot lacking SAMPLING SITE
Moderate variety of Woody debris rare or Stable habitats lacking
habitat. Can consist of |may be smothered by or limited to
some new material sediment macrophvtes P10| P11| P12| H8
Site Score 20 19 18 17 16 15 14 13 12 11 109876 54321 11| 9 11] 6
9. Periphyton Periphyton not visible on|Periphyton not visible on|Periphyton visible Periphyton obvious and
hand held stones stones prolific
Stable substrate Stable substrate <20% cover of available |>20% cover of available
substrate substrate SAMPLING SITE
Surfaces rough to touch |Periphyton obvious to
touch P10 | P11 | P12| HS
Site Score 20 19 18 17 16 15 14 13 12 11 109876 54321 1 5 5 1
SAMPLING SITE
P10| P11 [ P12]| H8
|T0tal Score |N.B.: Use only means of LB and RB values. 100 ] 88 192.5] 92

Brian T. Coffey and Associates Limited, Whangamata.




Appendix C: Habitat, Periphyton, Macrophyte and Macroinvertebrate Data, January 2008
C3: Stream Survey Sheet 2B

Wadeable Soft-Bottomed Streams (Environment Waikato, 2005)
Qualitative Habitat Assessment Field Data Sheet

|J0b Code: Pokeno RR Jan 08

|Date: 5 January 2008

| Assessed by: BTC

Habitat Parameter

Category

Optimal

Suboptimal

Marginal

Poor

1. Riparian Vegetative

Bankside vegetation

Bankside vegetation

Pathways present + / or

Breaks frequent

Zone Width buffer is > 10 m. buffer is < 10m stock access to stream SAMPLING SITE
Continuous and dense  [Mostly continuous Mostly healed over Human activity clear P1{P2|P3|P4|P5|P6[P7[P8|P9|HI1|H2|H3|H4[HS5[H6|H7
Left bank 20 19 18 17 16 15 14 13 12 11 109876 54321 91913[6|7]12[6[8]16]4[5]5]|5([3]6]6
Right bank 20 19 18 17 16 15 14 13 12 11 109876 54321 S13|13[6[5]2[12({8]6]12({5]5]5[3]8]10
Mean LB & RB 71613[6]6]2[9|8|11|8[5]5[5[3]7]8
2. Vegetative Protection |Bank surfaces and Bank surfaces covered |Bank surfaces covered |Bank surfaces covered
immediate riparian zones|mainly by native by a mixture of grasses / |by grasses and shrubs
covered by native vegetation shrubs, blackberry,
veeoetation willow and exotic trees
Trees, understorey Disruption evident Vegetation disruption Disruptlon of
shrubs, or non-woody obvious streambank vegetation
plants present very high
Vegetative disruption Banks may be covered |Bare soil / closely Grass heavily grazed
minimal by exotic forestry cropped veg common SAMPLING SITE
Significant stock damage
to the bank P1|P2|P3|P4[P5|P6|P7(P8|P9|HI1|H2|H3|H4|H5[H6|H7
Left bank 20 19 18 17 16 15 14 13 12 11 109876 54321 618147627 [5]7]14[4]4]14[3[4]5
Right bank 20 19 18 17 16 15 14 13 12 11 109876 54321 412141742 ])13[5]11]10{4[4]14[3[6]5
Mean LB & RB 51514[715]12]10[{5]9]7[4]4]14[3[5]5
3. Bank Stability Banks stable Moderately stable Moderately unstable Unstable
Erosion / bank failure  |Infrequent small areas of [30-60% of bank in reach [Many eroded areas
absent or minimal erosion mostly healed  |has areas of erosion
over SAMPLING SITE
<5% of bank affected 5-30% of bank eroded |High erosion potential |60 - 100% of bank has
during floods erosional scars P1|P2(P3|P4|P5|P6|P7|P8|P9|HI1|H2|H3|H4|HS5|H6[H7
Left bank 20 19 18 17 16 15 14 13 12 11 109876 54321 66| 41211136 (116 8[11|11|11[ 7| 7|12
Right bank 20 19 18 17 16 15 14 13 12 11 109876 54321 4 (414 )12({11[13]10 11| 8| 141111 |11]| 7| 7|12
Mean LB & RB SIS 4121113 81| 7 1L{1t{uj)7{77112

Brian T. Coffey and Associates Limited, Whangamata.




Appendix C: Habitat, Periphyton, Macrophyte and Macroinvertebrate Data, January 2008
C3: Stream Survey Sheet 2B

Continued: Qualitative Habitat Assessment for Wadeable Soft-Bottomed Streams

Habitat Parameter

Category

Optimal Suboptimal Marginal Poor SAMPLING SITE
4. Channel Sinuosity Bends increase stream  |Bends increase stream  [Bends increase stream  [Channel straight
length 3 — 4 times longer|length 2 — 3 times longer [length 1 — 2 times longer
that if it was in a straight |that if it was in a straight |that if it was in a straight
line line line P1|P2|P3|P4[P5|P6|P7(P8|P9|HI1|H2|H3|H4|H5[H6|H7
Site Score 20 19 18 17 16 15 14 13 12 11 109876 54321 S1513[6[5]12]6[5]5]5[717]17]2[3]3
5. Channel Alteration Changes to channel / Some changes to Channel changes / Banks shored with
dredging absent or channel / dredging dredging extensive gabion or cement
minimal
Stream with normal Evidence of past channel| Embankments or shoring|(>80% of the stream
pattern / dredging structures present on reach channelised and
both banks disrupted SAMPLING SITE
Recent channel / 40 - 80% of reach Instream habitat altered
dredging not present channelised & disrupted |or absent
P1|P2|P3|P4[P5|P6|P7(P8|P9|HI1|H2|H3|H4|H5[H6|H7
Site Score 20 19 18 17 16 15 14 13 12 11 109876 54321 16112 6 | 13]16]14|15) 8 |15[14)12]12[12| 5] 3 |10
6. Sediment Deposition |Little / no islands or New increase in bar Some deposition of new |Heavy deposits of fine
point bars present formation, mostly from |gravel. sand or fine material
gravel. sand or fine sediment on old and new
sediment bars
(out of channel and in  |<20% of the bottom 20-50% of the bottom  [50-80% of the bottom |Increased bar
channel) affected by sediment affected affected development
deposition
Slight deposition in Sediment deposits at >80% of the bottom
pools obstructions, changing frequently
constrictions and bends
SAMPLING SITE
Pools almost absent due
to sediment deposition
P1|P2|P3|P4[P5|P6|P7(P8|P9|HI1|H2|H3|H4|H5[H6|H7
Site Score 20 19 18 17 16 15 14 13 12 11 109876 54321 813 [5]6]18[2[7]16]9(1017|17]7[7]14]5

Brian T. Coffey and Associates Limited, Whangamata.




Appendix C: Habitat, Periphyton, Macrophyte and Macroinvertebrate Data, January 2008
C3: Stream Survey Sheet 2B

Continued: Qualitative Habitat Assessment for Wadeable Soft-Bottomed Streams

Habitat Parameter

Category

Optimal

Suboptimal

Marginal

Poor

7. Pool Variability

Pools evenly mixed

Majority of pools large /

Prevalence shallow

Majority of pools small /

deep pools shallow SAMPLING SITE
Large / Shallow Very few shallow pools
Large / deep
Small / shallow
Small / deen P1{P2|P3|P4|P5|P6[P7[P8|P9|HI1|H2|H3|H4[HS5[H6|H7
Site Score 20 19 18 17 16 15 14 13 12 11 109876 54321 Iy 21121 f{2f{12{917131414[4[7]11]3
8. Abundance and >50% substrate 30-50% substrate 10-30% substrate <10% substrate
Diversity of Habitat favourable for favourable for favourable for favourable for
invertebrates and wide |invertebrate colonisatlon [invertebrate colonisatlon |invertebrate colonisatlon
variety of woody debris,
riffles root mate
Snags / submerged logs /[Snags / submerged logs /|Fish cover patchy Fish cover rare or absent
undercut banks / cobbles [undercut banks / cobbles
provide abundant fish
cover
Must not be new or Fish cover common 60-90% substrate easily |Substrate unstable or
transient moved by foot lacking SAMPLING SITE
Moderate variety of Woody debris rare or Stable habitats lacking
habitat types. Can may be smothered by or limited to
consist of some new sediment macrophytes
material P1{P2|P3|P4|P5|P6[{P7[P8|P9|HI1|H2|H3|H4[HS5[H6|H7
Site Score 20 19 18 17 16 15 14 13 12 11 109876 54321 9214151912194 [9]19]5]15]15]13[4]4
9. Periphyton Periphyton not visible on|Periphyton not visible on|Periphyton visible Periphyton obvious and
hand held substrates substrates but obvious to prolific
(macrophytes, wood etc) |touch
or fine sediments
SAMPLING SITE
<20% cover of available [>20% cover of available
substrates substrates P1{P2|P3|P4|P5|P6[{P7[P8|P9|HI1|H2|H3|H4[HS5[H6|H7
Site Score 20 19 18 17 16 15 14 13 12 11 109876 54321 9[7[5]6]6]14]15]9[4]4]6]6]6]9]4[9
SAMPLING SITE
P1{P2|P3|P4|P5|P6[{P7[P8|P9|HI1|H2|H3|H4[HS5[H6|H7
|T0talScore |N.B.:Use only means of LB and RB values. 75|47145|73|77)143|81[65|76]|71[61|61]61][46[48]|59

Brian T. Coffey and Associates Limited, Whangamata.




Appendix C: Habitat, Periphyton, Macrophyte and Macroinvertebrate Data, January 2008

C4: Stream Survey Sheet 3 Periphyton Cover and Indices

|J0b Code: Pokeno RR Jan 08

[Date: 5 January 2008

|Assessed by: BTC

Site: P1
Thickness Colour Transect Cover Mean EIS x
category category EIS* 1 2 3 4 5 Cover | Mean Cover

Thin mat / film

(<0.5 mm thick) All colours 9 0 0 0 0 0 0 0
Medium mat Green 5 0 0 0 0 0 0 0
(0.5-3 mm thick) Light brown 7 0 0 0 0 0 0 0

Black/dark brown 9 0 0 0 0 0 0 0

Thick mat Green / light brown 4 0 0 0 0 0 0 0
(>3 mm thick) Black / dark brown 7 10 15 5 5 5 8 56
Short filaments Green 5 0 0 0 0 0 0 0
(=2 mm long) Brown / reddish 5 0 0 0 0 0 0 0
Long filaments Green 1 25 30 5 5 5 14 14
(>2 cm long) Brown / reddish 4 0 0 0 0 0 0 0
Totals 22 70
* Enrichment Indicator Score

Submerged bryophytes Not Applicable 1 1 1 1 0.80

Iron bacteria growths Not Applicable 0 1 1 0 0 0.40

Site PO1 Periphyton Enrichment Index 68.2

Site PO1 Periphyton Filamentous Index 14.0

Site PO1 Periphyton Mat Index 8.0

Site PO1 Periphyton Proliferation Index 22.0

Site PO1 Periphyton Slimyness Index 19.2
|J0b Code: Pokeno RR Jan 08 |Date: 5 January 2008 |Assessed by: BTC

Site: P2

Thickness Colour Transect Cover Mean EIS x
category category EIS* 1 2 3 4 5 Cover | Mean Cover

Thin mat / film

(<0.5 mm thick) All colours 9 0 0 0 0 0 0 0
Medium mat Green 5 0 0 0 0 0 0 0
(0.5-3 mm thick) Light brown 7 0 0 0 0 0 0 0

Black/dark brown 9 0 0 0 0 0 0 0

Thick mat Green / light brown 4 0 0 0 0 0 0 0
(>3 mm thick) Black / dark brown 7 1 1 1 1 1 1 7
Short filaments Green 5 0 0 0 0 0 0 0
(=2 mm long) Brown / reddish 5 0 0 0 0 0 0 0
Long filaments Green 1 0 0 0 0 0 0 0
(>2 cm long) Brown / reddish 4 0 0 0 0 0 0 0
Totals 1 7
* Enrichment Indicator Score

Submerged bryophytes Not Applicable

Iron bacteria growths Not Applicable 50 55 45 60 55 53.00

Site PO2 Periphyton Enrichment Index 30.0

Site PO2 Periphyton Filamentous Index 0.0

Site PO2 Periphyton Mat Index 1.0

Site PO2 Periphyton Proliferation Index 1.0

Site PO2 Periphyton Slimyness Index 1.0

Brian T. Coffey and Associates Limited, Whangamata.



Appendix C: Habitat, Periphyton, Macrophyte and Macroinvertebrate Data, January 2008

C4: Stream Survey Sheet 3 Periphyton Cover and Indices

|J0b Code: Pokeno RR Jan 08

[Date: 5 January 2008

|Assessed by: BTC

Site: P3

Thickness Colour Transect Cover Mean EIS x

category category EIS* 1 2 3 4 5 Cover | Mean Cover
Thin mat / film
(<0.5 mm thick) All colours 9 0 0 0 0 0 0 0
Medium mat Green 5 0 0 0 0 0 0 0
(0.5-3 mm thick) Light brown 7 0 0 0 0 0 0 0
Black/dark brown 9 0 0 5 0 0 1 9

Thick mat Green / light brown 4 0 0 0 0 0 0 0
(>3 mm thick) Black / dark brown 7 0 1 0 1 5 1.4 9.8
Short filaments Green 5 0 0 0 0 0 0 0
(=2 mm long) Brown / reddish 5 0 0 0 0 0 0 0
Long filaments Green 1 0 1 1 1 50 10.6 10.6
(>2 cm long) Brown / reddish 4 0 0 0 0 0 0 0
Totals 0 0 0 0 0 13 29.4
* Enrichment Indicator Score
Submerged bryophytes Not Applicable
Iron bacteria growths Not Applicable 5 5 10 5| 6.25
Site PO3 Periphyton Enrichment Index 77.4
Site PO3 Periphyton Filamentous Index 10.6
Site PO3 Periphyton Mat Index 1.4
Site PO3 Periphyton Proliferation Index 12.0
Site PO3 Periphyton Slimyness Index 10.5
|J0b Code: Pokeno RR Jan 08 |Date: 5 January 2008 |Assessed by: BTC
Site: P4

Thickness Colour Transect Cover Mean EIS x

category category EIS* 1 2 3 4 5 Cover | Mean Cover
Thin mat / film
(<0.5 mm thick) All colours 9 0 0 0 0 0 0 0
Medium mat Green 5 0 0 0 0 0 0 0
(0.5-3 mm thick) Light brown 7 0 0 0 0 0 0 0
Black/dark brown 9 0 0 0 0 0 0 0

Thick mat Green / light brown 4 0 0 0 0 0 0 0
(>3 mm thick) Black / dark brown 7 5 0 0 0 0 1 7
Short filaments Green 5 0 0 0 0 0 0 0
(=2 mm long) Brown / reddish 5 0 0 0 0 0 0 0
Long filaments Green 1 20 5 1 1 1 5.6 5.6
(>2 cm long) Brown / reddish 4 0 0 0 0 0 0 0
Totals 6.6 12.6
* Enrichment Indicator Score
Submerged bryophytes Not Applicable 0 0 5 0 0 1.00
Iron bacteria growths Not Applicable 5 0 5 5 15[  6.00
Site PO4 Periphyton Enrichment Index 80.9
Site PO4 Periphyton Filamentous Index 5.6
Site PO4 Periphyton Mat Index 1.0
Site PO4 Periphyton Proliferation Index 6.6
Site PO4 Periphyton Slimyness Index 5.5

Brian T. Coffey and Associates Limited, Whangamata.



Appendix C: Habitat, Periphyton, Macrophyte and Macroinvertebrate Data, January 2008
C4: Stream Survey Sheet 3 Periphyton Cover and Indices

|J0b Code: Pokeno RR Jan 08 |Date: 5 January 2008 |Assessed by: BTC |
Site: P5
Thickness Colour Transect Cover Mean EIS x
category category EIS* 1 2 3 4 5 Cover | Mean Cover

Thin mat / film

(<0.5 mm thick) All colours 9 0 0 0 0 0 0 0
Medium mat Green 5 0 0 0 0 0 0 0
(0.5-3 mm thick) Light brown 7 0 0 0 0 0 0 0

Black/dark brown 9 0 0 0 0 0 0 0

Thick mat Green / light brown 4 0 0 0 0 0 0 0
(>3 mm thick) Black / dark brown 7 5 0 5 5 5 4 28
Short filaments Green 5 0 0 0 0 0 0 0
(=2 mm long) Brown / reddish 5 0 0 0 0 0 0 0
Long filaments Green 1 20 25 20 20 25 22 22
(>2 cm long) Brown / reddish 4 0 0 0 0 0 0 0
Totals 26 50
* Enrichment Indicator Score

Submerged bryophytes Not Applicable

Iron bacteria growths Not Applicable 5 0 5 15 0f 5.00

Site PO5 Periphyton Enrichment Index 80.8

Site PO5 Periphyton Filamentous Index 22.0

Site PO5 Periphyton Mat Index 4.0

Site PO5 Periphyton Proliferation Index 26.0

Site PO5 Periphyton Slimyness Index 21.6

|J0b Code: Pokeno RR Jan 08 |Date: 5 January 2008 |Assessed by: BTC |
Site: P6

Thickness Colour Transect Cover Mean EIS x
category category EIS* 1 2 3 4 5 Cover | Mean Cover

Thin mat / film

(<0.5 mm thick) All colours 9 0 0 0 0 0 0 0
Medium mat Green 5 0 0 0 0 0 0 0
(0.5-3 mm thick) Light brown 7 0 0 0 0 0 0 0

Black/dark brown 9 0 0 0 0 0 0 0

Thick mat Green / light brown 4 0 0 0 0 0 0 0
(>3 mm thick) Black / dark brown 7 1 1 1 1 1 1 7
Short filaments Green 5 0 0 0 0 0 0 0
(=2 mm long) Brown / reddish 5 0 0 0 0 0 0 0
Long filaments Green 1 0 0 0 0 0 0 0
(>2 cm long) Brown / reddish 4 0 0 0 0 0 0 0
Totals 1 7

* Enrichment Indicator Score

Submerged bryophytes Not Applicable

Iron bacteria growths Not Applicable 100f 100{ 100{ 100] 100| 100.00

Site PO6 Periphyton Enrichment Index 30.0

Site PO6 Periphyton Filamentous Index 0.0

Site PO6 Periphyton Mat Index 1.0

Site PO6 Periphyton Proliferation Index 1.0

Site PO6 Periphyton Slimyness Index 1.0

Brian T. Coffey and Associates Limited, Whangamata.



Appendix C: Habitat, Periphyton, Macrophyte and Macroinvertebrate Data, January 2008

C4: Stream Survey Sheet 3 Periphyton Cover and Indices

|J0b Code: Pokeno RR Jan 08

[Date: 5 January 2008

|Assessed by: BTC

Site: P7
Thickness Colour Transect Cover Mean EIS x
category category EIS* 1 2 3 4 5 Cover | Mean Cover
Thin mat / film
(<0.5 mm thick) All colours 9 0 0 0 0 0 0 0
Medium mat Green 5 0 0 0 0 0 0 0
(0.5-3 mm thick) Light brown 7 0 0 0 0 0 0 0
Black/dark brown 9 0 0 0 0 0 0 0
Thick mat Green / light brown 4 5 5 5 10 5 6 24
(>3 mm thick) Black / dark brown 7 1 1 1 1 1 1 7
Short filaments Green 5 0 0 0 0 0 0 0
(=2 mm long) Brown / reddish 5 0 0 0 0 0 0 0
Long filaments Green 1 25 35 30 25 30 29 29
(>2 cm long) Brown / reddish 4 0 0 0 0 0 0 0
Totals 36 60
* Enrichment Indicator Score
Submerged bryophytes Not Applicable 1 0 1 5 1.40
Iron bacteria growths Not Applicable
Site PO7 Periphyton Enrichment Index 83.3
Site PO7 Periphyton Filamentous Index 29.0
Site PO7 Periphyton Mat Index 7.0
Site PO7 Periphyton Proliferation Index 36.0
Site PO7 Periphyton Slimyness Index 30.2
|J0b Code: Pokeno RR Jan 08 |Date: 5 January 2008 |Assessed by: BTC
Site: P8
Thickness Colour Transect Cover Mean EIS x
category category EIS* 1 2 3 4 5 Cover | Mean Cover
Thin mat / film
(<0.5 mm thick) All colours 9 0 0 0 0 0 0 0
Medium mat Green 5 0 0 0 0 0 0 0
(0.5-3 mm thick) Light brown 7 0 0 0 0 0 0 0
Black/dark brown 9 0 0 0 0 0 0 0
Thick mat Green / light brown 4 0 0 0 0 0 0 0
(>3 mm thick) Black / dark brown 7 5 0 0 5 2.5 17.5
Short filaments Green 5 0 0 0 0 0 0 0
(=2 mm long) Brown / reddish 5 0 0 0 0 0 0 0
Long filaments Green 1 25 25 5 5 25 17 17
(>2 cm long) Brown / reddish 4 0 0 0 0 0 0 0
Totals 19.5 34.5
* Enrichment Indicator Score
Submerged bryophytes Not Applicable 0 5 0 0 1.00
Iron bacteria growths Not Applicable 0 0 10 of 2.00
Site PO8 Periphyton Enrichment Index 82.3
Site PO8 Periphyton Filamentous Index 17.0
Site PO8 Periphyton Mat Index 2.5
Site PO8 Periphyton Proliferation Index 19.5
Site PO8 Periphyton Slimyness Index 16.1

Brian T. Coffey and Associates Limited, Whangamata.




Appendix C: Habitat, Periphyton, Macrophyte and Macroinvertebrate Data, January 2008
C4: Stream Survey Sheet 3 Periphyton Cover and Indices

|J0b Code: Pokeno RR Jan 08 |Date: 5 January 2008 |Assessed by: BTC |
Site: P9
Thickness Colour Transect Cover Mean EIS x
category category EIS* 1 2 3 4 5 Cover | Mean Cover

Thin mat / film

(<0.5 mm thick) All colours 9 0 0 0 0 0 0 0
Medium mat Green 5 0 0 0 0 0 0 0
(0.5-3 mm thick) Light brown 7 0 0 0 0 0 0 0

Black/dark brown 9 0 0 0 0 0 0 0

Thick mat Green / light brown 4 0 0 0 0 0 0 0
(>3 mm thick) Black / dark brown 7 5 5 0 0 0 2 14
Short filaments Green 5 0 0 0 0 0 0 0
(=2 mm long) Brown / reddish 5 0 0 0 0 0 0 0
Long filaments Green 1 90 80 5 5 5 37 37
(>2 cm long) Brown / reddish 4 0 0 0 0 0 0 0
Totals 39 51
* Enrichment Indicator Score

Submerged bryophytes Not Applicable 5 5 0 0 of 2.00

Iron bacteria growths Not Applicable 0 0 5 5 5]  3.00

Site PO9 Periphyton Enrichment Index 86.9

Site PO9 Periphyton Filamentous Index 37.0

Site PO9 Periphyton Mat Index 2.0

Site PO9 Periphyton Proliferation Index 39.0

Site PO9 Periphyton Slimyness Index 31.6
|J0b Code: Pokeno RR Jan 08 |Date: 5 January 2008 |Assessed by: BTC |
Site: P10

Thickness Colour Transect Cover Mean EIS x
category category EIS* 1 2 3 4 5 Cover | Mean Cover

Thin mat / film

(<0.5 mm thick) All colours 9 0 0 0 0 0 0 0
Medium mat Green 5 0 0 0 0 0 0 0
(0.5-3 mm thick) Light brown 7 0 0 0 0 0 0 0

Black/dark brown 9 0 0 0 0 0 0 0

Thick mat Green / light brown 4 0 0 0 0 0 0 0
(>3 mm thick) Black / dark brown 7 0 5 0 0 5 2 14
Short filaments Green 5 0 0 0 0 0 0 0
(=2 mm long) Brown / reddish 5 0 0 0 0 0 0 0
Long filaments Green 1 90 75 85 90 75 83 83
(>2 cm long) Brown / reddish 4 0 0 0 0 0 0 0
Totals 85 97
* Enrichment Indicator Score

Submerged bryophytes Not Applicable 5 0 0 0 5| 2.00

Iron bacteria growths Not Applicable

Site P10 Periphyton Enrichment Index 88.6

Site P10 Periphyton Filamentous Index 83.0

Site P10 Periphyton Mat Index 2.0

Site P10 Periphyton Proliferation Index 85.0

Site P10 Periphyton Slimyness Index 68.4

Brian T. Coffey and Associates Limited, Whangamata.



Appendix C: Habitat, Periphyton, Macrophyte and Macroinvertebrate Data, January 2008
C4: Stream Survey Sheet 3 Periphyton Cover and Indices

|J0b Code: Pokeno RR Jan 08 |Date: 5 January 2008 |Assessed by: BTC |

Site: P11

Thickness Colour Transect Cover Mean EIS x

category category EIS* 1 2 3 4 5 Cover | Mean Cover
Thin mat / film
(<0.5 mm thick) All colours 9 0 0 0 0 0 0 0
Medium mat Green 5 0 0 0 0 0 0 0
(0.5-3 mm thick) Light brown 7 0 0 0 0 0 0 0
Black/dark brown 9 0 0 0 0 0 0 0

Thick mat Green / light brown 4 0 0 0 0 0 0 0
(>3 mm thick) Black / dark brown 7 1 1 0 0 1 0.6 4.2
Short filaments Green 5 0 0 0 0 0 0 0
(=2 mm long) Brown / reddish 5 0 0 0 0 0 0 0
Long filaments Green 1 10 10 70 90 80 52 52
(>2 cm long) Brown / reddish 4 0 0 0 0 0 0 0
Totals 52.6 56.2
* Enrichment Indicator Score
Submerged bryophytes Not Applicable 5 10  6.67
Iron bacteria growths Not Applicable
Site P11 Periphyton Enrichment Index 89.3
Site P11 Periphyton Filamentous Index 52.0
Site P11 Periphyton Mat Index 0.6
Site P11 Periphyton Proliferation Index 52.6
Site P11 Periphyton Slimyness Index 42.2
|J0b Code: Pokeno RR Jan 08 |Date: 5 January 2008 |Assessed by: BTC
Site: P12

Thickness Colour Transect Cover Mean EIS x

category category EIS* 1 2 3 4 5 Cover | Mean Cover
Thin mat / film
(<0.5 mm thick) All colours 9 0 0 0 0 0 0 0
Medium mat Green 5 0 0 0 0 0 0 0
(0.5-3 mm thick) Light brown 7 0 0 0 0 0 0 0
Black/dark brown 9 0 0 0 0 0 0 0

Thick mat Green / light brown 4 0 0 0 0 0 0 0
(>3 mm thick) Black / dark brown 7 1 0 1 0 1 0.6 4.2
Short filaments Green 5 0 0 0 0 0 0 0
(=2 mm long) Brown / reddish 5 0 0 0 0 0 0 0
Long filaments Green 1 80 60 40 70 95 69 69
(>2 cm long) Brown / reddish 4 0 0 0 0 0 0 0
Totals 69.6 73.2
* Enrichment Indicator Score
Submerged bryophytes Not Applicable 5 5 0 0of 3.00
Iron bacteria growths Not Applicable
Site P12 Periphyton Enrichment Index 89.5
Site P12 Periphyton Filamentous Index 69.0
Site P12 Periphyton Mat Index 0.6
Site P12 Periphyton Proliferation Index 69.6
Site P12 Periphyton Slimyness Index 55.8

Brian T. Coffey and Associates Limited, Whangamata.




Appendix C: Habitat, Periphyton, Macrophyte and Macroinvertebrate Data, January 2008

C4: Stream Survey Sheet 3 Periphyton Cover and Indices

|J0b Code: Pokeno RR Jan 08

[Date: 5 January 2008

|Assessed by: BTC

Site: H1
Thickness Colour Transect Cover Mean EIS x
category category EIS* 1 2 3 4 5 Cover | Mean Cover
Thin mat / film
(<0.5 mm thick) All colours 9 0 0 0 0 0 0 0
Medium mat Green 5 0 0 0 0 0 0 0
(0.5-3 mm thick) Light brown 7 0 0 0 0 0 0 0
Black/dark brown 9 2 5 2 5 2 3.2 28.8
Thick mat Green / light brown 4 0 0 0 0 0 0 0
(>3 mm thick) Black / dark brown 7 0 0 0 0 0 0 0
Short filaments Green 5 0 0 0 0 0 0 0
(=2 mm long) Brown / reddish 5 0 0 0 0 0 0 0
Long filaments Green 1 15 30 20 10 15 18 18
(>2 cm long) Brown / reddish 4 0 0 0 0 0 0 0
Totals 21.2 46.8
* Enrichment Indicator Score
Submerged bryophytes Not Applicable 0 0 0 0 1.00
Iron bacteria growths Not Applicable
Site HO1 Periphyton Enrichment Index 77.9
Site HO1 Periphyton Filamentous Index 18.0
Site HO1 Periphyton Mat Index 0.0
Site HO1 Periphyton Proliferation Index 18.0
Site HO1 Periphyton Slimyness Index 16.3
|J0b Code: Pokeno RR Jan 08 |Date: 5 January 2008 |Assessed by: BTC
Site: H2
Thickness Colour Transect Cover Mean EIS x
category category EIS* 1 2 3 4 5 Cover | Mean Cover
Thin mat / film
(<0.5 mm thick) All colours 9 0 0 0 0 0 0 0
Medium mat Green 5 0 0 0 0 0 0 0
(0.5-3 mm thick) Light brown 7 0 0 0 0 0 0 0
Black/dark brown 9 0 0 0 0 0 0 0
Thick mat Green / light brown 4 1 1 1 1 1 1 4
(>3 mm thick) Black / dark brown 7 0 0 0 0 0 0 0
Short filaments Green 5 0 0 0 0 0 0 0
(=2 mm long) Brown / reddish 5 0 0 0 0 0 0 0
Long filaments Green 1 1 2 1 2 1 1.4 1.4
(>2 cm long) Brown / reddish 4 0 0 0 0 0 0 0
Totals 2.4 54
* Enrichment Indicator Score
Submerged bryophytes Not Applicable
Iron bacteria growths Not Applicable 10 5 15 5]  8.00
Site HO2 Periphyton Enrichment Index 77.5
Site HO2 Periphyton Filamentous Index 1.4
Site HO2 Periphyton Mat Index 1.0
Site HO2 Periphyton Proliferation Index 24
Site HO2 Periphyton Slimyness Index 2.1

Brian T. Coffey and Associates Limited, Whangamata.




Appendix C: Habitat, Periphyton, Macrophyte and Macroinvertebrate Data, January 2008

C4: Stream Survey Sheet 3 Periphyton Cover and Indices

|J0b Code: Pokeno RR Jan 08

[Date: 5 January 2008

|Assessed by: BTC

Site: H3

Thickness Colour Transect Cover Mean EIS x

category category EIS* 1 2 3 4 5 Cover | Mean Cover
Thin mat / film
(<0.5 mm thick) All colours 9 0 0 0 0 0 0 0
Medium mat Green 5 0 0 0 0 0 0 0
(0.5-3 mm thick) Light brown 7 0 0 0 0 0 0 0
Black/dark brown 9 0 0 0 0 0 0 0

Thick mat Green / light brown 4 0 0 0 0 0 0 0
(>3 mm thick) Black / dark brown 7 1 2 2 2 1 1.6 11.2
Short filaments Green 5 0 0 0 0 0 0 0
(=2 mm long) Brown / reddish 5 0 0 0 0 0 0 0
Long filaments Green 1 5 10 5 5 10 7 7
(>2 cm long) Brown / reddish 4 0 0 0 0 0 0 0
Totals 8.6 18.2
* Enrichment Indicator Score
Submerged bryophytes Not Applicable
Iron bacteria growths Not Applicable 80 75 85 70 90| 80.00
Site HO3 Periphyton Enrichment Index 78.8
Site HO3 Periphyton Filamentous Index 7.0
Site HO3 Periphyton Mat Index 1.6
Site HO3 Periphyton Proliferation Index 8.6
Site HO3 Periphyton Slimyness Index 7.2
|J0b Code: Pokeno RR Jan 08 |Date: 5 January 2008 |Assessed by: BTC
Site: H4

Thickness Colour Transect Cover Mean EIS x

category category EIS* 1 2 3 4 5 Cover | Mean Cover
Thin mat / film
(<0.5 mm thick) All colours 9 0 0 0 0 0 0 0
Medium mat Green 5 0 0 0 0 0 0 0
(0.5-3 mm thick) Light brown 7 0 0 0 0 0 0 0
Black/dark brown 9 0 0 0 0 0 0 0

Thick mat Green / light brown 4 5 5 5 5 10 6 24
(>3 mm thick) Black / dark brown 7 0 0 0 0 0 0 0
Short filaments Green 5 0 0 0 0 0 0 0
(=2 mm long) Brown / reddish 5 0 0 0 0 0 0 0
Long filaments Green 1 5 5 5 15 15 9 9
(>2 cm long) Brown / reddish 4 0 0 0 0 0 0 0
Totals 15 33
* Enrichment Indicator Score
Submerged bryophytes Not Applicable
Iron bacteria growths Not Applicable 20 15 25 10 5] 15.00
Site HO4 Periphyton Enrichment Index 78.0
Site HO4 Periphyton Filamentous Index 9.0
Site HO4 Periphyton Mat Index 6.0
Site HO4 Periphyton Proliferation Index 15.0
Site HO4 Periphyton Slimyness Index 13.2

Brian T. Coffey and Associates Limited, Whangamata.




Appendix C: Habitat, Periphyton, Macrophyte and Macroinvertebrate Data, January 2008
C4: Stream Survey Sheet 3 Periphyton Cover and Indices

|J0b Code: Pokeno RR Jan 08 |Date: 5 January 2008 |Assessed by: BTC |
Site: H5
Thickness Colour Transect Cover Mean EIS x
category category EIS* 1 2 3 4 5 Cover | Mean Cover
Thin mat / film
(<0.5 mm thick) All colours 9 0 0 0 0 0 0 0
Medium mat Green 5 0 0 0 0 0 0 0
(0.5-3 mm thick) Light brown 7 0 0 0 0 0 0 0
Black/dark brown 9 0 0 0 0 0 0 0
Thick mat Green / light brown 4 0 0 0 0 0 0 0
(>3 mm thick) Black / dark brown 7 5 1 1 1 1 1.8 12.6
Short filaments Green 5 0 0 0 0 0 0 0
(=2 mm long) Brown / reddish 5 0 0 0 0 0 0 0
Long filaments Green 1 35 5 5 5 5 11 11
(>2 cm long) Brown / reddish 4 0 0 0 0 0 0 0
Totals 12.8 23.6
* Enrichment Indicator Score
Submerged bryophytes Not Applicable
Iron bacteria growths Not Applicable 25 20 35 10 15[ 21.00
Site HOS Periphyton Enrichment Index 81.6
Site HOS Periphyton Filamentous Index 11.0
Site HOS Periphyton Mat Index 1.8
Site HOS Periphyton Proliferation Index 12.8
Site HOS Periphyton Slimyness Index 10.6
|J0b Code: Pokeno RR Jan 08 |Date: 5 January 2008 |Assessed by: BTC |
Site: H6
Thickness Colour Transect Cover Mean EIS x
category category EIS* 1 2 3 4 5 Cover | Mean Cover
Thin mat / film
(<0.5 mm thick) All colours 9 0 0 0 0 0 0 0
Medium mat Green 5 0 0 0 0 0 0 0
(0.5-3 mm thick) Light brown 7 0 0 0 0 0 0 0
Black/dark brown 9 0 0 0 0 0 0 0
Thick mat Green / light brown 4 1 1 0 0 0 0.4 1.6
(>3 mm thick) Black / dark brown 7 5 1 1 1 1 1.8 12.6
Short filaments Green 5 0 0 0 0 0 0 0
(=2 mm long) Brown / reddish 5 0 0 0 0 0 0 0
Long filaments Green 1 50 5 10 5 5 15 15
(>2 cm long) Brown / reddish 4 0 0 0 0 0 0 0
Totals 17.2 29.2
* Enrichment Indicator Score
Submerged bryophytes Not Applicable
Iron bacteria growths Not Applicable 15 25 10 5 10 13.00
Site HO6 Periphyton Enrichment Index 83.0
Site HO6 Periphyton Filamentous Index 15.0
Site HO6 Periphyton Mat Index 2.2
Site HO6 Periphyton Proliferation Index 17.2
Site HO6 Periphyton Slimyness Index 14.2

Brian T. Coffey and Associates Limited, Whangamata.



Appendix C: Habitat, Periphyton, Macrophyte and Macroinvertebrate Data, January 2008
C4: Stream Survey Sheet 3 Periphyton Cover and Indices

|J0b Code: Pokeno RR Jan 08 |Date: 5 January 2008 |Assessed by: BTC |

Site: H7

Thickness Colour Transect Cover Mean EIS x

category category EIS* 1 2 3 4 5 Cover | Mean Cover
Thin mat / film
(<0.5 mm thick) All colours 9 0 0 0 0 0 0 0
Medium mat Green 5 0 0 0 0 0 0 0
(0.5-3 mm thick) Light brown 7 0 0 0 0 0 0 0
Black/dark brown 9 0 0 0 0 0 0 0

Thick mat Green / light brown 4 0 0 0 0 0 0 0
(>3 mm thick) Black / dark brown 7 5 1 0 0 0 1.2 8.4
Short filaments Green 5 0 0 0 0 0 0 0
(=2 mm long) Brown / reddish 5 0 0 0 0 0 0 0
Long filaments Green 1 45 5 5 5 5 13 13
(>2 cm long) Brown / reddish 4 0 0 0 0 0 0 0
Totals 14.2 21.4
* Enrichment Indicator Score
Submerged bryophytes Not Applicable 0 0 3.00
Iron bacteria growths Not Applicable
Site HO7 Periphyton Enrichment Index 84.9
Site HO7 Periphyton Filamentous Index 13.0
Site HO7 Periphyton Mat Index 1.2
Site HO7 Periphyton Proliferation Index 14.2
Site HO7 Periphyton Slimyness Index 11.6
|J0b Code: Pokeno RR Jan 08 |Date: 5 January 2008 |Assessed by: BTC
Site: H8

Thickness Colour Transect Cover Mean EIS x

category category EIS* 1 2 3 4 5 Cover | Mean Cover
Thin mat / film
(<0.5 mm thick) All colours 9 0 0 0 0 0 0 0
Medium mat Green 5 0 0 0 0 0 0 0
(0.5-3 mm thick) Light brown 7 0 0 0 0 0 0 0
Black/dark brown 9 0 0 0 0 0 0 0

Thick mat Green / light brown 4 0 0 0 0 0 0 0
(>3 mm thick) Black / dark brown 7 1 0 1 0 0 0.4 2.8
Short filaments Green 5 0 0 0 0 0 0 0
(=2 mm long) Brown / reddish 5 0 0 0 0 0 0 0
Long filaments Green 1 10 10 10 10 50 18 18
(>2 cm long) Brown / reddish 4 0 0 0 0 0 0 0
Totals 18.4 20.8
* Enrichment Indicator Score
Submerged bryophytes Not Applicable 5 5 4.00
Iron bacteria growths Not Applicable
Site HO8 Periphyton Enrichment Index 88.7
Site HO8 Periphyton Filamentous Index 18.0
Site HO8 Periphyton Mat Index 0.4
Site HO8 Periphyton Proliferation Index 18.4
Site HO8 Periphyton Slimyness Index 14.8

Brian T. Coffey and Associates Limited, Whangamata.




Appendix C: Habitat, Periphyton, Macrophyte and Macroinvertebrate Data, January 2008
C5: Stream Survey Sheet 4 Macrophyte Cover and Indices

|J0b Code: Pokeno RR Jan 08 |Date: 5 January 2008 |Assessed by: BTC |

Site: P1
Vegetation Cover (% Wetted Area of Channel)
Wetted | Channel Submerged Plants Emergent Plants
Transect| Width | Width [Overall [ Total |Surface reaching Sub-Surface Total
(m) (m) Cover [ Cover | sub-total Taxa sub-total Taxa Cover Taxa
1
59 4.0 95 65 50 Pk 50%) 15 Pk (10%) 30 An (20%)
Nh (5%) Gm (10%)
2
5.8 2.5 90 30 10 Pk (10%) 20 Pk 15%) 60 An (50%)
Nh (5%) Gm (10%)
3
4.7 1.2 80 5 5 Pk (4%) 75 An (45%)
St (1%) Gm (30%)
4
4.5 1.1 80 5 5 Pk (3%) 75 Gm (60%)
Nh (2%) An (15%)
5
6.0 1.0 85 5 5 Pk (5%) 80 An (50%)
Gm (30%)
Totals 430.085 110.085 60 50 320
Site P1 Macrophyte Total Cover (%) 86
Site P1 Macrophyte Channel Clogginess (%) 81
Site P1 Macrophyte Native Cover (%) 24

|J0b Code: Pokeno RR Jan 08

[Date: 5 January 2008

|Assessed by: BTC

Site P2
Vegetation Cover (% Wetted Area of Channel)
Wetted | Channel Submerged Plants Emergent Plants
Transect| Width | Width [Overall [ Total |Surface reaching Sub-Surface Total
(m) (m) Cover [ Cover | sub-total Taxa sub-total Taxa Cover Taxa
1
35 1.2 70 70 Ph (40%)
Gr (30%)
2
3.1 0.8 70 70 Ph (65%)
Gr (5%)
3
5.0 1.7 75 5 5 St (5%) 70 Ph (40%)
Gr (30%)
4
4.0 1.1 75 75 Ph (40%)
Gr (35%)
5
4.5 0.8 80 80 Ph (65%)
Gr (15%)
Totals 370 5 5 0 365
Site P2 Macrophyte Total Cover (%) 74
Site P2 Macrophyte Channel Clogginess (%) 74
Site P2 Macrophyte Native Cover (%) 0

Brian T. Coffey and Associates Limited, Whangamata.




Appendix C: Habitat, Periphyton, Macrophyte and Macroinvertebrate Data, January 2008
C5: Stream Survey Sheet 4 Macrophyte Cover and Indices

|J0b Code: Pokeno RR Jan 08 |Date: 5 January 2008 |Assessed by: BTC |
Site: P3
Vegetation Cover (% Wetted Area of Channel)
Wetted | Channel Submerged Plants Emergent Plants
Transect| Width | Width [Overall [ Total |Surface reaching Sub-Surface Total
(m) (m) Cover [ Cover | sub-total Taxa sub-total Taxa Cover Taxa
1
2.5 0.0 100 100 Gm (80%)
An (20)
2
2.5 0.3 90 90 Gm (85%)
Ph (5%)
3
2.5 0.1 95 95 Gm (95%)
4
2.5 0.2 95 95 Gm (90%)
An (5%)
5
2.5 2.0 100 80 50 Pk (45%) 30 Pk (25%) 20 Gm (20%)
St (5%) Nh (5%)
Totals 480 80 50 30 400
Site P3 Macrophyte Total Cover (%) 96
Site P3 Macrophyte Channel Clogginess (%) 93
Site P3 Macrophyte Native Cover (%) 1
|J0b Code: Pokeno RR Jan 08 |Date: 5 January 2008 |Assessed by: BTC |
Site: P4
Vegetation Cover (% Wetted Area of Channel)
Wetted | Channel Submerged Plants Emergent Plants
Transect| Width | Width [Overall [ Total |Surface reaching Sub-Surface Total
(m) (m) Cover [ Cover | sub-total Taxa sub-total Taxa Cover Taxa
1
12.0 10 65 45 5 St (5) 40 Pk (35%) 20 Gm (20%)
Nh (5%)
2
30.0 4 95 10 10 Pk (10%) 85 Gm (75%)
An (10%)
3
30.0 1 95 95 Gm (95%)
4
30.0 2 100 5 5 Pk (5%) 95 Gm (90%)
An (5%)
5
30.0 2 100 5 5 Pk (5%) 95 Gm (95%)
Totals 455 65 5 60 390
Site P4 Macrophyte Total Cover (%) 91
Site P4 Macrophyte Channel Clogginess (%) 85
Site P4 Macrophyte Native Cover (%) 1

Brian T. Coffey and Associates Limited, Whangamata.



Appendix C: Habitat, Periphyton, Macrophyte and Macroinvertebrate Data, January 2008
C5: Stream Survey Sheet 4 Macrophyte Cover and Indices

|J0b Code: Pokeno RR Jan 08 |Date: 5 January 2008 |Assessed by: BTC |
Site: P5
Vegetation Cover (% Wetted Area of Channel)
Wetted | Channel Submerged Plants Emergent Plants
Transect| Width | Width [Overall [ Total |Surface reaching Sub-Surface Total
(m) (m) Cover [ Cover | sub-total Taxa sub-total Taxa Cover Taxa
1
5.0 4.0 30 10 10 Pk (10%) 20 An (20%)
2
5.0 32 35 35 Salix frag.
3
5.0 3.0 55 15 15 Pk (10%) 40 An (35%)
Nh (5%) Gr (5%)
4
5.0 2.7 55 10 10 Pk (10%) 45 An (45%)
5
5.0 32 60 20 20 Pk (15%) 40 An (30%)
Nh (5%) Gr (10%)
Totals 235 55 0 55 180
Site PS5 Macrophyte Total Cover (%) 47
Site P5 Macrophyte Channel Clogginess (%) 42
Site PS5 Macrophyte Native Cover (%) 2
|J0b Code: Pokeno RR Jan 08 |Date: 5 January 2008 |Assessed by: BTC |
Site: P6
Vegetation Cover (% Wetted Area of Channel)
Wetted | Channel Submerged Plants Emergent Plants
Transect| Width | Width [Overall [ Total |Surface reaching Sub-Surface Total
(m) (m) Cover [ Cover | sub-total Taxa sub-total Taxa Cover Taxa
1
25.0 0.1 95 95 Gr (95%)
2
25.0 0.4 95 95 Gr 95%)
3
25.0 0.2 95 95 Gr (95%)
4
25.0 0.3 95 95 Gr (90%)
Gm (10%)
5
25.0 0.2 95 95 Gr (95%)
Totals 475 0 0 0 475
Site P6 Macrophyte Total Cover (%) 95
Site P6 Macrophyte Channel Clogginess (%) 95
Site P6 Macrophyte Native Cover (%) 0

Brian T. Coffey and Associates Limited, Whangamata.



Appendix C: Habitat, Periphyton, Macrophyte and Macroinvertebrate Data, January 2008
C5: Stream Survey Sheet 4 Macrophyte Cover and Indices

|J0b Code: Pokeno RR Jan 08 |Date: 5 January 2008 |Assessed by: BTC |
Site: P7
Vegetation Cover (% Wetted Area of Channel)
Wetted | Channel Submerged Plants Emergent Plants
Transect| Width | Width [Overall [ Total |Surface reaching Sub-Surface Total
(m) (m) Cover [ Cover | sub-total Taxa sub-total Taxa Cover Taxa
1
6.0 5.0 40 25 5 Pk (5%) 20 Pk (15%) 20 Gm (20%)
Nh (5%)
2
6.0 33 60 15 5 Pk (5%) 45 Gm (35%)
Gr (5%)
3
6.0 2.1 95 30 30 Pk (25%) 65 Gm (65%)
Nh (5%)
4
6.0 2.5 65 5 5 Pk (5%) 60 Gm (50%)
Gr (10%)
5
6.0 32 65 20 20 Pk (15%) 45 Gm (45%)
Nh (5%)
Totals 325 95 5 80 235
Site P7 Macrophyte Total Cover (%) 65
Site P7 Macrophyte Channel Clogginess (%) 56
Site P7 Macrophyte Native Cover (%) 3
|J0b Code: Pokeno RR Jan 08 |Date: 5 January 2008 |Assessed by: BTC |
Site: P8
Vegetation Cover (% Wetted Area of Channel)
Wetted | Channel Submerged Plants Emergent Plants
Transect| Width | Width [Overall [ Total |Surface reaching Sub-Surface Total
(m) (m) Cover [ Cover | sub-total Taxa sub-total Taxa Cover Taxa
1
5.0 2.5 65 15 15 Pk (10%) 50 Gm (45%)
Nh (5%) An (5%)
2
5.0 23 70 15 15 Pk (15%) 55 Gm (50%)
Gr (5%)
3
5.0 1.2 85 10 10 Nh (10%) 75 Gm (75%)
4
5.0 1.5 75 5 5 Pk (5%) 70 An (50%)
Gm (15%)
Gr (5%)
5
5.0 2.9 50 10 5 St (5%) 5 Pk (5%) 40 Gm (40%)
Totals 345 55 5 50 290
Site P8 Macrophyte Total Cover (%) 69
Site P8 Macrophyte Channel Clogginess (%) 64
Site P8 Macrophyte Native Cover (%) 3

Brian T. Coffey and Associates Limited, Whangamata.



Appendix C: Habitat, Periphyton, Macrophyte and Macroinvertebrate Data, January 2008
C5: Stream Survey Sheet 4 Macrophyte Cover and Indices

|J0b Code: Pokeno RR Jan 08 |Date: 5 January 2008 |Assessed by: BTC |
Site: P9
Vegetation Cover (% Wetted Area of Channel)
Wetted | Channel Submerged Plants Emergent Plants
Transect| Width | Width [Overall [ Total |Surface reaching Sub-Surface Total
(m) (m) Cover [ Cover | sub-total Taxa sub-total Taxa Cover Taxa
1
8.0 7.5 5 5 Gr (5%)
2
8.0 7.0 10 10 Gr (10%)
3
6.0 2.5 65 5 Nh (5%0 60 Gm (60%)
4
6.0 2.5 70 10 Ec (5%) 60 Gm (55%)
Pk (5%) An (5%)
5
6.0 1.2 80 80 Gm (80%)
Totals 230 0 0 15 215
Site P9 Macrophyte Total Cover (%) 46
Site P9 Macrophyte Channel Clogginess (%) 45
Site P9 Macrophyte Native Cover (%) 1
|J0b Code: Pokeno RR Jan 08 |Date: 5 January 2008 |Assessed by: BTC |
Site: P10
Vegetation Cover (% Wetted Area of Channel)
Wetted | Channel Submerged Plants Emergent Plants
Transect| Width | Width [Overall [ Total |Surface reaching Sub-Surface Total
(m) (m) Cover [ Cover | sub-total Taxa sub-total Taxa Cover Taxa
1
2.1 2 10 5 5 Pk (5%) 5 Gm (5%)
2
2.5 2.3 15 5 5 Ec (5%) 10 Gm (7%)
Gr (3%)
3
1.0 1.0 5 5 5 Pk (5%) 0
4
1.5 1.4 10 5 5 Ec (5%) 5 Gm (5%)
5
2.9 2.3 25 5 5 Ec (3%) 20 Gm (20%)
Pk 2%)
Totals 65 25 0 25 40
Site P10 Macrophyte Total Cover (%) 13
Site P10 Macrophyte Channel Clogginess (%) 11
Site P10 Macrophyte Native Cover (%) 0

Brian T. Coffey and Associates Limited, Whangamata.



Appendix C: Habitat, Periphyton, Macrophyte and Macroinvertebrate Data, January 2008
C5: Stream Survey Sheet 4 Macrophyte Cover and Indices

|J0b Code: Pokeno RR Jan 08 |Date: 5 January 2008 |Assessed by: BTC |
Site: P11
Vegetation Cover (% Wetted Area of Channel)
Wetted | Channel Submerged Plants Emergent Plants
Transect| Width | Width [Overall [ Total |Surface reaching Sub-Surface Total
(m) (m) Cover [ Cover | sub-total Taxa sub-total Taxa Cover Taxa
1 Lm (15%)
12.0 11.5 25 20 20 Ec (4%) 5 Gr (3%)
Nh (1%) Gm (2%)
2 Lm (10%)
12.0 10.0 35 20 20 Ec (5%) 15 Gr (15%)
Pk (3%)
Nh 2%)
3
2.0 1.5 25 25 Gm (25%)
4
2.0 1.9 10 5 5 Pk (5%) 5 Gr (5%)
5
1.2 1.0 15 15 Gr (15%)
Totals 110 45 0 45 65
Site P11 Macrophyte Total Cover (%) 22
Site P11 Macrophyte Channel Clogginess (%) 18
Site P11 Macrophyte Native Cover (%) 1
|J0b Code: Pokeno RR Jan 08 |Date: 5 January 2008 |Assessed by: BTC |
Site: P12
Vegetation Cover (% Wetted Area of Channel)
Wetted | Channel Submerged Plants Emergent Plants
Transect| Width | Width [Overall [ Total |Surface reaching Sub-Surface Total
(m) (m) Cover [ Cover | sub-total Taxa sub-total Taxa Cover Taxa
1
2.5 2 20 20 An (20%)
2
2.5 1.5 40 40 An (40%)
3
2.5 1 60 60 An (60%)
4
2.5 2 25 5 Ec (5%) 20 An (20%)
5
2.5 2.5 0 0
Totals 145 0 0 5 140
Site P12 Macrophyte Total Cover (%) 29
Site P12 Macrophyte Channel Clogginess (%) 29
Site P12 Macrophyte Native Cover (%) 0

Brian T. Coffey and Associates Limited, Whangamata.



Appendix C: Habitat, Periphyton, Macrophyte and Macroinvertebrate Data, January 2008
C5: Stream Survey Sheet 4 Macrophyte Cover and Indices

|J0b Code: Pokeno RR Jan 08 |Date: 5 January 2008 |Assessed by: BTC |
Site: H1
Vegetation Cover (% Wetted Area of Channel)
Wetted | Channel Submerged Plants Emergent Plants
Transect| Width | Width [Overall [ Total |Surface reaching Sub-Surface Total
(m) (m) Cover [ Cover | sub-total Taxa sub-total Taxa Cover Taxa
1 Gr (35%)
1.5 1.0 35 35
2 Gr (20%)
1.5 1.2 20 20
3 Gr (25%)
1.5 1.0 30 30 Ph (5%)
4 Gr (45%)
1.5 0.5 70 5 5 St (5%) 65 Ph (10%)
Lp (10%)
5 Na (40%)
1.5 0.6 60 60 Ph (15%)
Gr (5%)
Totals 215 5 5 0 210
Site H1 Macrophyte Total Cover (%) 43
Site H1 Macrophyte Channel Clogginess (%) 43
Site H1 Macrophyte Native Cover (%) 0
|J0b Code: Pokeno RR Jan 08 |Date: 5 January 2008 |Assessed by: BTC |
Site: H2
Vegetation Cover (% Wetted Area of Channel)
Wetted | Channel Submerged Plants Emergent Plants
Transect| Width | Width [Overall [ Total |Surface reaching Sub-Surface Total
(m) (m) Cover [ Cover | sub-total Taxa sub-total Taxa Cover Taxa
1
80.0 1.9 95 95 Gr (90%)
Lp (5%)
2 Gr (85%)
80.0 2 95 95 Na (5 %)
Ph (5%)
3 Gr (90%)
80.0 2.4 95 95 Ph (5%)
4 Gr (90%)
80.0 33 95 95 Ph (5%)
5 Gr (85%)
80.0 4 95 95 Ph (5%)
Na (5%)
Totals 475 0 0 0 475
Site H2 Macrophyte Total Cover (%) 95
Site H2 Macrophyte Channel Clogginess (%) 95
Site H2 Macrophyte Native Cover (%) 0

Brian T. Coffey and Associates Limited, Whangamata.



Appendix C: Habitat, Periphyton, Macrophyte and Macroinvertebrate Data, January 2008
C5: Stream Survey Sheet 4 Macrophyte Cover and Indices

|J0b Code: Pokeno RR Jan 08 |Date: 5 January 2008 |Assessed by: BTC |
Site: H3
Vegetation Cover (% Wetted Area of Channel)
Wetted | Channel Submerged Plants Emergent Plants
Transect| Width | Width [Overall [ Total |Surface reaching Sub-Surface Total
(m) (m) Cover [ Cover | sub-total Taxa sub-total Taxa Cover Taxa
1 Gr (85%)
30.0 35 90 90 Ph (3)
Juncus (2%)
2 Gr (70%)
25.0 3.0 85 85 Ph (15%)
3 Gr (70%)
25.0 2.1 90 90 Ph (15%)
Na (5%)
4 Gr (80%)
20.0 2.2 95 5 St (5%) 90 Ph (10%)
5 Gr (80%)
20.0 39 80 80
Totals 440 5 0 0 435
Site H3 Macrophyte Total Cover (%) 88
Site H3 Macrophyte Channel Clogginess (%) 87
Site H3 Macrophyte Native Cover (%) 0
|J0b Code: Pokeno RR Jan 08 |Date: 5 January 2008 |Assessed by: BTC |
Site: H4
Vegetation Cover (% Wetted Area of Channel)
Wetted | Channel Submerged Plants Emergent Plants
Transect| Width | Width [Overall [ Total |Surface reaching Sub-Surface Total
(m) (m) Cover [ Cover | sub-total Taxa sub-total Taxa Cover Taxa
1
20.0 5 75 75 Gr (70%)
Ph (5%)
2 Gr (80%)
25.0 3 90 90 Juncus(10%)
3 Gr (45%)
25.0 10 60 60 Lp (10%)
Ph (5%)
4 Gr (10%)
20.0 18 10 10
5 Gr (25%)
15.0 10 35 35 Ph (10%)
Totals 270 0 0 0 270
Site H4 Macrophyte Total Cover (%) 54
Site H4 Macrophyte Channel Clogginess (%) 54
Site H4 Macrophyte Native Cover (%) 0

Brian T. Coffey and Associates Limited, Whangamata.



Appendix C: Habitat, Periphyton, Macrophyte and Macroinvertebrate Data, January 2008
C5: Stream Survey Sheet 4 Macrophyte Cover and Indices

|J0b Code: Pokeno RR Jan 08 |Date: 5 January 2008 |Assessed by: BTC |
Site: H5
Vegetation Cover (% Wetted Area of Channel)
Wetted | Channel Submerged Plants Emergent Plants
Transect| Width | Width [Overall [ Total |Surface reaching Sub-Surface Total
(m) (m) Cover [ Cover | sub-total Taxa sub-total Taxa Cover Taxa
1 Gr (5%)
2.5 2.2 20 10 5 St (5%) 5 Nh (5%) 10 Ph (5%)
2 Gr (90%)
3.0 0.2 90 90
3 Gr (80%)
2.5 0.5 80 80
4 Gr (80%)
2.5 0.1 100 5 5 Nh (5%) 95 Ph (15%)
5 Gr (75%)
2.2 0.3 85 85 An (10%)
Totals 375 15 5 10 360
Site H5 Macrophyte Total Cover (%) 75
Site H5 Macrophyte Channel Clogginess (%) 74
Site H5 Macrophyte Native Cover (%) 2
|J0b Code: Pokeno RR Jan 08 |Date: 5 January 2008 |Assessed by: BTC |
Site: HO6
Vegetation Cover (% Wetted Area of Channel)
Wetted | Channel Submerged Plants Emergent Plants
Transect| Width | Width [Overall [ Total |Surface reaching Sub-Surface Total
(m) (m) Cover [ Cover | sub-total Taxa sub-total Taxa Cover Taxa
1
10.0 5.5 55 10 5 St (5%) 5 Nh (5%) 45 An (40%)
Ph (5%)
2
10.0 0.5 95 95 An (60%)
Ph (35%)
3
10.0 1 95 90 An (80%)
Ph (10%)
4
10.0 0.6 95 95 An (70%)
Ph (25%)
5
10.0 0.5 95 95 An (55%)
Ph (40%)
Totals 435 10 5 5 420
Site H6 Macrophyte Total Cover (%) 87
Site H6 Macrophyte Channel Clogginess (%) 86
Site H6 Macrophyte Native Cover (%) 1

Brian T. Coffey and Associates Limited, Whangamata.



Appendix C: Habitat, Periphyton, Macrophyte and Macroinvertebrate Data, January 2008

C5: Stream Survey Sheet 4 Macrophyte Cover and Indices

|J0b Code: Pokeno RR Jan 08

[Date: 5 January 2008

|Assessed by: BTC

Site: H7
Vegetation Cover (% Wetted Area of Channel)
Wetted | Channel Submerged Plants Emergent Plants
Transect| Width | Width [Overall [ Total |Surface reaching Sub-Surface Total
(m) (m) Cover [ Cover | sub-total Taxa sub-total Taxa Cover Taxa
1
5.0 3.0 85 45 40 Lm (40%) 5 Nh (5%) 40 Gr (40%)
2
4.0 0.5 90 90 An (85%))
Gr (5%)
3
4.0 0.4 90 90 An (80%))
Gr (10%)
4
4.0 0.4 90 90 An (85%))
Gr (5%)
5
4.5 0.4 90 90 An (80%))
Gr (10%)
Totals 445 45 40 5 400
Site H7 Macrophyte Total Cover (%) 89
Site H7 Macrophyte Channel Clogginess (%) 89
Site H7 Macrophyte Native Cover (%) 1
|J0b Code: Pokeno RR Jan 08 |Date: 5 January 2008 |Assessed by: BTC
Site: H8
Vegetation Cover (% Wetted Area of Channel)
Wetted | Channel Submerged Plants Emergent Plants
Transect| Width | Width [Overall [ Total |Surface reaching Sub-Surface Total
(m) (m) Cover [ Cover | sub-total Taxa sub-total Taxa Cover Taxa
1 Gr (45%)
35 0.5 85 85 An (40%)
2 Gr (80%)
35 0.6 80 80
3 Gr (90%)
35 0.4 90 90
4 Gr (80%)
35 0.5 85 85 An (5%)
5 Lm (20%) Gr (35%)
35 1.5 90 50 30 Pk (5%) 60 An (25%)
Nh (5%)
Totals 430 50 0 30 400
Site H8 Macrophyte Total Cover (%) 86
Site H8 Macrophyte Channel Clogginess (%) 83
Site H8 Macrophyte Native Cover (%) 1

Brian T. Coffey and Associates Limited, Whangamata.




Appendix C: Habitat, Periphyton, Macrophyte and Macroinvertebrate Data, January 2008
C6.1: Macroinvertebrate Indices, Pokeno Stream

|J0b Code: Pokeno Follow-up |Date: 5 January 2008 |Lab. Sorting and I.D. by: BTC |
HB* | SB** SITE Pl1sb SITE P2sb SITE P3sb SITE P4sb
TAXA Mcl | McI [ #1 ] w2 | #3 | #4 | #1 | #2 [ #3 ] #4 ] #1 | #2 | #3 | #4 [Ave. SD.| #1 | 2| #3 | #4
ANNELIDA (laboratory counts)
Oligochaeta 1 3.8 5 7 6 7
Platyhelminths 3 0.9
Tubificids 1 3.8 190 [ 165 | 187 | 177 30 | 25 | 33| 26 21 | 18 ] 15 ] 20
Hirudinea
Glossiphonia sp. 3 1.2
BRYOZOA
(field records of instream cover class)
Plumatella repens. r - rr e’’’
MOLLUSCA (laboratory counts)
Physa sp. 3 0.1 1 3 3
Potamopyrgus antipodarum 4 2.1 24 | 17 ] 23 | 15 89 1 92 | 86 | 101 61 | 55| 58 | 72
Sphaerium novaezelandiae 3 2.9
CRUSTACEA (laboratory counts)
Amphipoda 5 5.5 | 84 | 76 [ 78 | 81 9 |11 [ 6 7 24 1 291 21| 19
Ostacoda 3 19 | 23| 34 ] 28 | 37 9 |32 19| 28 25 119124 [ 21 41 [ 39 | 52| 33
Paranephrops planifrons 5 84 1 1
Paratya curvirostris 5 3.6
INSECT LARVAE (counts)
EPHEMEROPTERA (mayflies)
Acanthophlebia cruentata 7 9.6
Deleatidium 8 5.6 2 3 3 1
Mauiulus luma 5 4.1 2 1 1 2 4 4 3 6
Tepakia 8 7.6 1 1 2
Zephlebia sp. 7 8.8
TRICHOPTERA (caddisflies)
Aoteapsyche colonica 4 6.0
Costachorema sp. 7 7.2 3 2 2 3
Hudsonema amabilis 6 6.5
Hydrobiosis parumbripennis 5 6.7
Neurochorema confusum 6 6.0
Oxyethira albiceps 2 1.2
Paroxythira 2 3.7
Polyplectropus sp 8 6.6
Triplectides obseleta 5 5.7

Brian T. Coffey and Associates Limited, Whangamata



Appendix C: Habitat, Periphyton, Macrophyte and Macroinvertebrate Data, January 2008
C6.1: Macroinvertebrate Indices, Pokeno Stream

HB* | SB** SITE Pl1sb SITE P2sb SITE P3sb SITE P4sb
TAXA MCI | McI [ #1 ] w2 | #3 | #4 ] #1 | #2 [ #3 | #4 ] #1 | #2 | #3 | #4 [Ave. SD.| #1 [ #2 | #3 | #4 |

HEMIPTERA (water bugs)

Anisops sp. 5 2.2 2

Microvelia macgregori 5 4.6 2 3 2

Sigara sp. 5 24 1 8 4 6 7 6 7 6 4
COLEOPTERA (beetles)

Elmidae 6 7.2

Gyrinus convexiusculus

DIPTERA (two winged flies)

Aphrophila neozelandica 5 5.6

Austrosiumulium austrolense 3 3.9 14112 ] 15[ 11 12 | 181 14 [ 7 3

Chironomus sp. 1 34 7 5 6 9 32 1291 25| 31 31 1 271 24| 34
Chironomus zealandicus 1 34 | 23| 28| 33| 22 3 4 2 3 4 3 5 4 6 7 9 7
Culex pervigilans 3 2

Limonia nigrescens 6 6.3

Muscidae 3 1.6

Orthocladinae 2 3.2

Paralimnophila skusei 6 7.4

Tanypodinae 5 6.5

Zelandoptipula sp 6 3.6 2
ODONTATA (dragonflies and damselflies)

Antipodochlora braueri 6 6.3 1 1 1 2 1
Austrolestes colensonis 6 0.7 2

Xanthocnemis zealandica 5 12 | 23 [ 27]19] 22 4 6 5 6 5 8 7 5
LEPIDOPTERA (moths)

Hygraula nitens l+ ey {0 e rrere ]

* Stark et. al. (2001)
** Stark and Maxted (2007)

SUMMARY STATS: MACROINVERTEBRATES SITE Pl1sb SITE P2sb SITE P3sb SITE P4sb

#1 | #2 | #3 | #4 [ave. S.D.| #1 | #2 | #3 | #4 |ave. S.D.| #1 | #2 | #3 | #4 |ave. S.D.| #1 | #2 | #3 | #4 | ave. S.D.
Taxa Richness 1211211212112 ] 0 4 4 3 4 137510511 )11 |11 [f11]11] 0 11 | 12 ] 11 | 11 |11.3] 0.5
# inverts 20712071209 [ 205] 207 | 1.63| 203 | 202 | 208 [ 210 | 206 | 3.86[ 216 | 212 | 209 | 215 | 213 | 3.16| 206 | 206 | 203 | 208 [ 206 | 2.06
MCI 78.7[88.3]76.5190.5[83.5]6.95] 46 [57.5]60.7]60.7[56.2|6.97|65.6]58.7|61.8]59.8{61.5[/3.04|65.8{65.2|71.3|68.9]|67.8[2.84
QMCI 38(37)38]38(38]01]37(35]36]35[36/01]28[28[27]27[27[01]30]30[28]29]29/[0.1
EPT Index* 4 3 3 4 1351058 0 0 0 0 0 0 0 0 0 0 0 0 1 1 2 1 [1.25[ 0.5
JEPT* 39(29]129]134(33]047]00({00]00]00f[{00|] 0 ]00[00[00]00[00| 0 |19]19[25]29]23/[0.46
J%Emphemeroptera 24119(19]120]21[024)00]00[00]00]00f 0 )1]00]00[00])]00]00[ 0 |19]19[25]29]23/[0.46
% contrib. dom. taxon 40.6]136.7(37.3139.5|38.5[1.82]193.6|81.7(89.9|84.3|87.4(5.39|41.2143.4[41.1| 47 143.2]{2.74|29.6]|26.7|28.6|34.6]29.9| 3.38

* excluding purse caddis

Brian T. Coffey and Associates Limited, Whangamata



Appendix C: Habitat, Periphyton, Macrophyte and Macroinvertebrate Data, January 2008
C6.1: Macroinvertebrate Indices, Pokeno Stream

|J0b Code: Pokeno Follow-up |Date: 5 January 2008 |Lab. Sorting and I.D. by: BTC |
HB* | SB** SITE P5sb SITE P6sb SITE P7sb SITE P8sb
TAXA Mcl | McI [ #1 ] w2 | #3 | #4 | # | #2 | #3 | #4 ] #1 | #2 | #3 | #4 [Ave. SD.| #1 | 2| #3 | #4
ANNELIDA (laboratory counts)
Oligochaeta 1 3.8 3 2 1 1
Platyhelminths 3 0.9 1
Tubificids 1 3.8 25 |1 51| 34| 45
Hirudinea
Glossiphonia sp. 3 1.2 1
BRYOZOA
(field records of instream cover class)
Plumatella repens. | | - r rr rrrr el fTeplpl [ [ [pfpf[ [ |
MOLLUSCA (laboratory counts)
Physa sp. 3 0.1 2
Potamopyrgus antipodarum 4 2.1 37 135139 [ 41 57 14955 42 98 | 105| 87 | 105
Sphaerium novaezelandiae 3 2.9 2 2
CRUSTACEA (laboratory counts)
Amphipoda 5 5.5 | 66| 61 [ 66| 71 76 | 82 | 71| 75 45 | 53 | 69 [ 42
Ostacoda 3 1.9 6 3 4 5
Paranephrops planifrons 5 84 1 1
Paratya curvirostris 5 3.6
INSECT LARVAE (counts)
EPHEMEROPTERA (mayflies)
Acanthophlebia cruentata 7 9.6 1
Deleatidium 8 5.6 2 3 2 2 1 1 3 2 2
Mauiulus luma 5 4.1 5 4 4 5 5 6 3 4 4 4 3 5
Tepakia 8 7.6
Zephlebia sp. 7 8.8 1
TRICHOPTERA (caddisflies)
Aoteapsyche colonica 4 6.0
Costachorema sp. 7 7.2 3 2 4 3 1 2 1 2 2 2 3 2
Hudsonema amabilis 6 6.5
Hydrobiosis parumbripennis 5 6.7 2 4 3 2 6 3 4 4
Neurochorema confusum 6 6.0
Oxyethira albiceps 2 1.2 10| 4 16 | 2
Paroxythira 2 3.7
Polyplectropus sp 8 6.6 1
Triplectides obseleta 5 5.7 9 11 7 7 121 6 | 21 8

Brian T. Coffey and Associates Limited, Whangamata



Appendix C: Habitat, Periphyton, Macrophyte and Macroinvertebrate Data, January 2008
C6.1: Macroinvertebrate Indices, Pokeno Stream

HB* | SB** SITE P5sb SITE P6sb SITE P7sb SITE P8sb
TAXA MCI | McI [ #1 ] w2 | #3 | #4 ] # | #2 | #3 | #4 ] #1 | #2 | #3 | #4 [Ave. SD.| #1 [ #2 | #3 | #4 |
HEMIPTERA (water bugs)
Anisops sp. 5 2.2
Microvelia macgregori 5 4.6 2 2
Sigara sp. 5 24 3 2 4 2
COLEOPTERA (beetles)
Elmidae 6 7.2
Gyrinus convexiusculus 1
DIPTERA (two winged flies)
Aphrophila neozelandica 5 5.6
Austrosiumulium austrolense 3 3.9 4 7 2 5 8 9 6 5
Chironomus sp. 1 34 3 7 5 6 23 | 19 ] 26 | 18 29 | 24| 23 | 34
Chironomus zealandicus 1 34 | 62| 55| 61 | 52 170 | 146 | 162 [ 149
Culex pervigilans 3 2 8 3 3 1
Limonia nigrescens 6 6.3
Muscidae 3 1.6
Orthocladinae 2 3.2 2
Paralimnophila skusei 6 7.4 1 1
Tanypodinae 5 6.5 3 4 4 3 2 2 3 2 4 4 2
Zelandoptipula sp 6 3.6
ODONTATA (dragonflies and damselflies)
Antipodochlora braueri 6 6.3 1
Austrolestes colensonis 6 0.7
Xanthocnemis zealandica 5 1.2 6 12 | 4 7 9 3 6 6 4 2 7 5
LEPIDOPTERA (moths)
Hygraula nitens l« e e+’ fer P
* Stark et. al. (2001)
** Stark and Maxted (2007)
SUMMARY STATS: MACROINVERTEBRATES SITE P5sb SITE P6sb SITE P7sb SITE P8sb
#1 | #2 | #3 | #4 [ave. SD.| #1 | #2 | #3 | #4 |ave. S.D.| #1 | #2 | #3 | #4 |ave. SD.| #1 | #2 | #3 | #4 | ave. S.D.
Taxa Richness 13 ] 12 ] 13 ] 12 |12.5/0.58| 5 4 5 6 5 (082 14| 14| 141414 0 | 11 | 11 | 10 | 10 [10.5{0.58
# inverts 2041202 ]204]201]203] 1.5]204]202|203|203[203[0.82]205| 189|211 ] 169|194 |18.8] 202 | 211 | 206 [ 206 | 206 | 3.69
MCI 84.8190.7|87.8[86.9[87.6]2.45] 60 |68.5] 70 [55.2|/63.4]7.03]87.1/93.7] 100 |88.1/92.4]|6.11]92.4[89.8|92.4|79.6(88.6| 6.09
QMCI 4038404039101 ]34]35]35|34[34[(00[39[42]40[42]41]0.1]34]35]37|32[34/[02
EPT Index* 4 3 3 3 1325105 0 0 0 0 0 0 6 6 6 5 [575[05] 4 4 4 4 4 0
JEPT* 93|84 [74([75(81]092{00]00]00]00]00]| O [11.7[11.1{14.7[10.1]{11.9]1.98] 6.4 ] 57| 58] 63 6.1 0.36
%Emphemeroptera 3412020 25|25(069[(00[00[00][00]00] 0 |39)48)28|30[36[09[25[33]24]34]29]0.52
% contrib. dom. taxon 32.4130.2]132.4]135.3132.6|2.11|83.3|72.3|79.8(73.4[77.2(5.26]37.1{43.4]33.6|44.4|39.6]|5.13|148.5/49.8[42.2| 51 [47.9[3.89

* excluding purse caddis

Brian T. Coffey and Associates Limited, Whangamata



Appendix C: Habitat, Periphyton, Macrophyte and Macroinvertebrate Data, January 2008
C6.1: Macroinvertebrate Indices, Pokeno Stream

|J0b Code: Pokeno Follow-up |Date: 5 January 2008 |Lab. Sorting and I.D. by: BTC |
HB* | SB** SITE P9sb SITE P10hb SITE P11hb SITE P12hb

TAXA Mcl | McI [ #1 ] w2 | #3 | #4 | #1 | #2 [ #3 ] #4 ] #1 | #2 | #3 | #4 [Ave. SD.| #1 | 2| #3 | #4
ANNELIDA (laboratory counts)

Oligochaeta 1 3.8

Platyhelminths 3 0.9 1

Tubificids 1 3.8 | 20 [ 25 18 [ 22

Hirudinea

Glossiphonia sp. 3 1.2 1 3
BRYOZOA
(field records of instream cover class)

Plumatella repens. | | L [ [ [ ] - rrrrrrrerrerrrr
MOLLUSCA (laboratory counts)

Physa sp. 3 0.1 8 6 10| 7

Potamopyrgus antipodarum 4 2.1 85180 | 79 | 88 82 |1 741 69| 79 73 | 68 | 77 | 81 54 | 61 ] 66 | 59

Sphaerium novaezelandiae 3 2.9
CRUSTACEA (laboratory counts)

Amphipoda 5 55 | 363129 36 30 | 35| 29 | 42 27 1351 32| 41 40 | 33 | 35 [ 44

Ostacoda 3 19 [ 25| 22 ] 30| 21 41 | 33 | 37 ] 29

Paranephrops planifrons 5 84 1

Paratya curvirostris 5 3.6 1 7 12| 6 9
INSECT LARVAE (counts)

EPHEMEROPTERA (mayflies)

Acanthophlebia cruentata 7 9.6

Deleatidium 8 5.6 1 1

Mauiulus luma 5 4.1 1 7 5 9 7 8 9 9

Tepakia 8 7.6 1 3 2

Zephlebia sp. 7 8.8

TRICHOPTERA (caddisflies)

Aoteapsyche colonica 4 6.0 17 124124 19 50 | 44| 38 | 47 53 | 55| 46 | 43

Costachorema sp. 7 7.2 2 1 3 1 1 5 2 1 2

Hudsonema amabilis 6 6.5 2 1 2 1 2 1 1

Hydrobiosis parumbripennis 5 6.7 1 1 1 3 2 3

Neurochorema confusum 6 6.0

Oxyethira albiceps 2 1.2 121 9 15] 6

Paroxythira 2 3.7

Polyplectropus sp 8 6.6

Triplectides obseleta 5 5.7 1 1 12| 7 1319

Brian T. Coffey and Associates Limited, Whangamata



Appendix C: Habitat, Periphyton, Macrophyte and Macroinvertebrate Data, January 2008
C6.1: Macroinvertebrate Indices, Pokeno Stream

HB* | SB** SITE P9sb SITE P10hb SITE P11hb SITE P12hb

TAXA MCI | McI [ #1 ] w2 | #3 | #4 ] #1 | #2 [ #3 | #4 ] #1 | #2 | #3 | #4 [Ave. SD.| #1 [ #2 | #3 | #4 |

HEMIPTERA (water bugs)

Anisops sp. 5 2.2

Microvelia macgregori 5 4.6

Sigara sp. 5 24 3 4 2 4

COLEOPTERA (beetles)

Elmidae 6 7.2 2 6 2 4 2 2 2

Gyrinus convexiusculus

DIPTERA (two winged flies)

Aphrophila neozelandica 5 5.6 1 2 1 1

Austrosiumulium austrolense 3 3.9 3 4 8 11 7

Chironomus sp. 1 34 | 26| 23] 28] 21 22 | 25| 32 | 27 22 | 16 | 19 | 17

Chironomus zealandicus 1 34 6 7 12| 5

Culex pervigilans 3 8 7 10| 6 11 9 1519

Limonia nigrescens 6 6.3

Muscidae 3 1.6 1 1 2 2

Orthocladinae 2 3.2 2 7 12| 8 7

Paralimnophila skusei 6 7.4 1

Tanypodinae 5 6.5 2 3 4 2 4

Zelandoptipula sp 6 3.6 1 1

ODONTATA (dragonflies and damselflies)

Antipodochlora braueri 6 6.3

Austrolestes colensonis 6 0.7

Xanthocnemis zealandica 5 1.2 2 2 3 4 4 2

LEPIDOPTERA (moths)

Hygraula nitens [ « [ [ [ [ | L T [ | L I [ [ | L T [ |
* Stark et. al. (2001)
** Stark and Maxted (2007)
SUMMARY STATS: MACROINVERTEBRATES SITE P9sb SITE P10hb SITE P11hb SITE P12hb

#1 | #2 | #3 | #4 [ave. S.D.| #1 | #2 | #3 | #4 |ave. S.D.| #1 | #2 | #3 | #4 |ave. S.D.| #1 | #2 | #3 | #4 | ave. S.D.

Taxa Richness 10 ] 11 ] 10 ] 11 |10.5]0.58| 10 [ 10 [ 11 [ 10 |103] 05 12 | 12| 12 ) 11 |11.8/ 05 13 [ 13 [ 13| 13 ] 13] 0
# inverts 211 [ 204 [ 211 211]209] 3.5]206]207]210]210) 208 |2.06| 202 | 202 [ 206 | 206 | 204 | 2.31] 210 | 204 | 206 | 202 | 206 | 3.42
MCI 63.8[53.3] 54 164.2(58.8]5.99] 80 [ 76 | 80 |81.8[79.5/2.46|83.6] 85 |83.6|87.3[84.9|/1.72]190.8] 90 | 90 |196.9|91.9(3.35
QMCI 301301293029 [01[36[37]35[37]36]01]40]40|39[41[40[0.1[41]41]41]42]41]0.0
EPT Index* 1 0 0 1 [05[06] 3 3 3 4 133]05] 6 4 6 4 150]12] 4 5 5 5 [48]05
JEPT* 05[00[00]05]02]027]97]12.6|/129|11.0(11.5(1.47(31.7]27.2]26.2]28.2]|28.3|2.39|37.1|34.3|34.5(31.7[34.4(2.23
J%Emphemeroptera 00[00][00[05]0.1]024]/00]00]00]05]0.1[{024[50[25][49[34]139]12]38]29]|53|45[41][1.01
% contrib. dom. taxon 40.3139.2(37.4141.7139.7( 1.8 1 39.8]35.7({32.9|37.6|36.5{2.94|36.1]|33.7{37.4|39.3]36.6]2.37|25.7]129.9| 32 [29.2|29.2]2.63

* excluding purse caddis

Brian T. Coffey and Associates Limited, Whangamata




Appendix C: Habitat, Periphyton, Macrophyte and Macroinvertebrate Data, January 2008
C6.2: Macroinvertebrate Indices, Helenslee Stream

|J0b Code: Pokeno Follow-up |Date: 5 January 2008 |Lab. Sorting and I.D. by: BTC |
HB* | SB** SITE Hlsb SITE H2sb SITE H3sb SITE H4sb
TAXA Mcl | McI | #1 ] w2 | #3 | #4 | #1 | #2 [ #3 ] #4 ] #l | w2 | #3 | # #1 | 2] #3 ] #4
ANNELIDA (laboratory counts)
Oligochaeta 1 3.8
Platyhelminths 3 0.9
Tubificids 1 3.8 11]16] 9 9 22 | 17 ] 13 ] 21 39 1 45 | 53 | 50
Hirudinea
Glossiphonia sp. 3 1.2
BRYOZOA
(field records of instream cover class)
Plumatella repens. r - rr e’’’
MOLLUSCA (laboratory counts)
Physa sp. 3 0.1
Potamopyrgus antipodarum 4 2.1 | 1241109132 111 5 7 3 9 39 | 42 | 44 | 50 8 4 7 5
Sphaerium novaezelandiae 3 2.9
CRUSTACEA (laboratory counts)
Amphipoda 5 5.5 | 43| 56| 46 | 53 421 65| 71 | 53 24 131 ] 23] 19 121 7 ]115] 3
Ostacoda 3 1.9 91 | 751 77| 82 66 | 81 | 75| 67 87 | 71 | 68 | 84
Paranephrops planifrons 5 84
Paratya curvirostris 5 3.6
INSECT LARVAE (counts)
EPHEMEROPTERA (mayflies)
Acanthophlebia cruentata 7 9.6
Deleatidium 8 5.6
Mauiulus luma 5 4.1
Tepakia 8 7.6
Zephlebia sp. 7 8.8
TRICHOPTERA (caddisflies)
Aoteapsyche colonica 4 6.0
Costachorema sp. 7 7.2
Hudsonema amabilis 6 6.5
Hydrobiosis parumbripennis 5 6.7 7 6 6 8 1
Neurochorema confusum 6 6.0
Oxyethira albiceps 2 1.2
Paroxythira 2 3.7
Polyplectropus sp 8 6.6
Triplectides obseleta 5 5.7

Brian T. Coffey and Associates Limited, Whangamata



Appendix C: Habitat, Periphyton, Macrophyte and Macroinvertebrate Data, January 2008
C6.2: Macroinvertebrate Indices, Helenslee Stream

HB* | SB** SITE Hl1sb SITE H2sb SITE H3sb SITE H4sb

TAXA MCI | McI | #1 ] w2 | #3 | #4 ] #1 | #2 [ #3 ]| #4] #1 | #2 [ #3 | #4] #1 | 22 ] #3 ] #4 ]

HEMIPTERA (water bugs)

Anisops sp. 5 2.2

Microvelia macgregori 5 4.6 2 2

Sigara sp. 5 24 1 16| 9 11 | 12 4 7 5 3

COLEOPTERA (beetles)

Elmidae 6 7.2

Gyrinus convexiusculus

DIPTERA (two winged flies)

Aphrophila neozelandica 5 5.6

Austrosiumulium austrolense 3 3.9 3 2

Chironomus sp. 1 34 11 | 16| 13 | 12 20 | 11 | 15| 22 16 | 23 | 19 [ 25

Chironomus zealandicus 1 34 |34 (27| 22] 31 38 1 28 | 29| 36 32 127129 35 38 [ 46 | 31| 41

Culex pervigilans 3 2 3

Limonia nigrescens 6 6.3

Muscidae 3 1.6

Orthocladinae 2 3.2

Paralimnophila skusei 6 7.4

Tanypodinae 5 6.5

Zelandoptipula sp 6 3.6

ODONTATA (dragonflies and damselflies)

Antipodochlora braueri 6 6.3

Austrolestes colensonis 6 0.7

Xanthocnemis zealandica 5 1.2

LEPIDOPTERA (moths)

Hygraula nitens 4 3] [ [ [ | L T [ | L T [ | L T [ |
* Stark et. al. (2001)
** Stark and Maxted (2007)
SUMMARY STATS: MACROINVERTEBRATES SITE Hlsb SITE H2sb SITE H3sb SITE H4sb

#1 | #2 | #3 | #4 [ave. SD.| #1 | #2 | #3 | #4 |ave. S.D.| #1 | #2 | #3 | #4 |ave. SD.| #1 | #2 | #3 | #4 | ave. S.D.

Taxa Richness 4 4 5 5 [45][058] 6 7 7 6 [ 65[0.58] 8 7 7 8 | 7.5(058[ 7 8 7 8 | 7.5]0.58
# inverts 2121208 |215]210| 211]2.99]| 207|204 | 205 | 211 [ 207 [ 3.1 [ 208 | 213 | 201 | 215|209 | 6.24| 204 | 204 | 198 | 213 [ 205 [ 6.18
MCI 72 | 72 | 72 |73.2]72.3| 0.6 | 67 [70.6{64.3| 67 |67.2]12.58]|74.3|73.7|73.7|73.7|73.8[0.27[64.3| 73 |64.3|67.8|67.3]|4.12
QMCI 311331303332 [01(32[35[{36[33][34]02]30]30)29]29[29[0.1[29[30]31]29]3.0]0.1
EPT Index* 0 0 0 0 100]00] O 0 0 0 100]00] 1 1 1 1 [10[00] O 1 0 0 103]05
Y%EPT* 00[00[00][00]00] O |]00O]00O]00|/]00[00f O [34]28]30]37]32]04)00]05]00]0.0]{0.1[0.25
%Emphemeroptera 00({00]/00]00]00] O |0O]00O]00[/00O0[00O0f[ O [00]00]00]00]00] O |)00]00[]00[00[00] O
% contrib. dom. taxon 58.5152.4161.4|52.9|56.3[4.39( 44 [36.8]37.6]38.9]139.313.23|31.7| 38 |37.3|31.2(34.6[/3.61[42.6(34.8]34.3139.4]|37.8]3.96

* excluding purse caddis

Brian T. Coffey and Associates Limited, Whangamata




Appendix C: Habitat, Periphyton, Macrophyte and Macroinvertebrate Data, January 2008
C6.2: Macroinvertebrate Indices, Helenslee Stream

|J0b Code: Pokeno Follow-up |Date: 5 January 2008 |Lab. Sorting and I.D. by: BTC |
HB* | SB** SITE H5sb SITE Hé6sb SITE H7sb SITE H8hb
TAXA Mcl | McI [ #1 ] w2 | #3 | #4 | #1 | #2 [ #3 ] #4 ] #1 | #2 | #3 | #4 [Ave. SD.| #1 | 2| #3 | #4
ANNELIDA (laboratory counts)
Oligochaeta 1 3.8 1 1
Platyhelminths 3 0.9
Tubificids 1 3.8 3 5 5 3
Hirudinea
Glossiphonia sp. 3 1.2
BRYOZOA
(field records of instream cover class)
Plumatella repens. - - rr e’
MOLLUSCA (laboratory counts)
Physa sp. 3 0.1
Potamopyrgus antipodarum 4 2.1 26 | 34 ] 21 | 30 26 | 24 | 28 | 33 110 | 91 [ 87 | 104 71 | 83 |1 91 [ 75
Sphaerium novaezelandiae 3 2.9 2 4 2 2 7 6 9 9
CRUSTACEA (laboratory counts)
Amphipoda 5 5.5 [ 113]1109] 123 117 50| 65| 43| 52 43 | 58 | 45 [ 39 23 134139 27
Ostacoda 3 19 [ 12 | 15] 9 | 13 31 | 37 | 26 | 28 51159 ] 61| 65
Paranephrops planifrons 5 84
Paratya curvirostris 5 3.6 2 121 10] 9 9
INSECT LARVAE (counts)
EPHEMEROPTERA (mayflies)
Acanthophlebia cruentata 7 9.6
Deleatidium 8 5.6
Mauiulus luma 5 4.1 2 5 4 6 12 | 15| 11 | 13
Tepakia 8 7.6
Zephlebia sp. 7 8.8
TRICHOPTERA (caddisflies)
Aoteapsyche colonica 4 6.0 6 4 5 3
Costachorema sp. 7 7.2
Hudsonema amabilis 6 6.5
Hydrobiosis parumbripennis 5 6.7 6 7 5 7 9 11 9 12
Neurochorema confusum 6 6.0
Oxyethira albiceps 2 1.2 12 | 15 ] 16 | 13 9 4 4 9
Paroxythira 2 3.7
Polyplectropus sp 8 6.6
Triplectides obseleta 5 5.7
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Appendix C: Habitat, Periphyton, Macrophyte and Macroinvertebrate Data, January 2008
C6.2: Macroinvertebrate Indices, Helenslee Stream

HB* | SB** SITE H5sb SITE Hé6sb SITE H7sb SITE H8hb
TAXA MCI | McI [ #1 ] w2 | #3 | #4 ] #1 | #2 [ #3 | #4 ] #1 | #2 | #3 | #4 [Ave. SD.| #1 [ #2 | #3 | #4 |

HEMIPTERA (water bugs)

Anisops sp. 5 2.2

Microvelia macgregori 5 4.6

Sigara sp. 5 24 2 1 3 4 4 1
COLEOPTERA (beetles)

Elmidae 6 7.2 141 16| 12 | 14 6 9 8 7

Gyrinus convexiusculus

DIPTERA (two winged flies)

Aphrophila neozelandica 5 5.6

Austrosiumulium austrolense 3 3.9 2 3 5

Chironomus sp. 1 34 36 | 24 | 25 | 33 23 | 23 | 35 | 27 11 7 10 | 8
Chironomus zealandicus 1 34 |33 [ 25|21 ] 19 12 | 15 ] 11 | 16 23 1 16 | 20 | 18
Culex pervigilans 3 3 9 7 9 11 7 7 9 5

Limonia nigrescens 6 6.3

Muscidae 3 1.6 2 1 2 3 3

Orthocladinae 2 3.2

Paralimnophila skusei 6 7.4

Tanypodinae 5 6.5

Zelandoptipula sp 6 3.6

ODONTATA (dragonflies and damselflies)

Antipodochlora braueri 6 6.3 1 1 2 2
Austrolestes colensonis 6 0.7

Xanthocnemis zealandica 5 1.2 2 4 2 5 8 3 13 3 5 2 2 5
LEPIDOPTERA (moths)

Hygraula nitens l« et e [2] [2] |

* Stark et. al. (2001)
** Stark and Maxted (2007)

SUMMARY STATS: MACROINVERTEBRATES SITE H5sb SITE Hé6sb SITE H7sb SITE H8hb

#1 | #2 | #3 | #4 [ave. S.D.| #1 | #2 | #3 | #4 |ave. S.D.| #1 | #2 | #3 | #4 |ave. S.D.| #1 | #2 | #3 | #4 | ave. S.D.
Taxa Richness 10] 10]10[10] 10] O 11 | 12 ] 11 [ 11 J11.3] 05| 8 9 9 9 |875[05) 11 |11 11 )11 ] 11| O
# inverts 206 | 2141201 [ 206 | 207 |5.38[ 201 | 211 | 185( 212 | 202 | 12.5[ 211 | 219|209 | 215 | 214 |4.43| 216 | 225|247 | 222 | 228 | 13.5
MCI 56.4[64.4|56.4162.9( 60 |4.23]76.8[72.7|76.8|62.4[72.2| 6.8 |87.4]86.3|/85.5|86.3|86.4| 0.8 |74.5|70.9(74.5170.9]72.7| 2.1
QMCI 4.1413.98(4.2914.0814.12(0.13|3.64]|3.87[3.49|3.67|3.67[0.16|3.32|3.67[3.47|3.41|3.46]0.15|3.43]|3.62|3.59|3.46] 3.52|0.09
EPT Index* 00]00[00[00]00]00[20]20]20[20]20]00[20]20]20f20] 2 ]00f[10]10]10[1.0] 1.0]0.0
JEPT* 00]00[00[00]00] O [40]57]49[6.1]52]095[100)11.9]9.6(11.6/10.8]1.16( 28| 1.8]120( 14| 2.0] 0.6
J%Emphemeroptera 00]00[00[00]00] O [1.0]24]22[28]21]078[57)68]|53[60]60]067[00]00]00[00]00] 0
% contrib. dom. taxon 54.9(50.9161.2]156.8(55.9]4.26124.9{30.8|23.2124.5{25.9|3.37|52.1{41.6|41.6]|48.4145.9|5.23132.9|36.9|36.8]| 33.8|35.1|2.08

* excluding purse caddis

Brian T. Coffey and Associates Limited, Whangamata



Water Resource Management

Brian T. Coffey and Associates Limited
2"

Environmental Consultants

Pokeno Catchment Management Plan
Ecological Considerations

Prepared for: Prepared on behalf of:

Pokeno Land Consortium Harrison Grierson Consultants Limited
Attention: Shantha Kumar / Allan Leahy

Attention: Colin Botica

Prepared by:Brian Coffey

Inquiries and reference: please quote:
Brian T. Coffey and Associates Limited
AEE: Ecology, Pokeno CMPv7, August 2008.

417 Given Avenue, P.O. Box 83, Whangamata, New Zealand
Telephones: 64 [07] 865 6671 / (0274) 937 865. Email: bricoff@xtra.co.nz



Prepared For:

Report Name:

Report Version / Report Status:

Report Number / Reference:
Date:

Prepared by:

Reviewed by:

Report Disclaimer:

Pokeno Land Consortium

Pokeno Catchment Management Plan Ecological Considerations
7 | Final Issue

AEE: Ecology, Pokeno CMPv7, August 2008.

30 August 2008

Brian T. Coffey and Associates Limited
Brian Coffey

417 Given Avenue, Whangamata

P.O. Box 83 Whangamata

1. In-house

2. Dr. Kevin Collier (Environment Waikato).
Dr. Colliers comments were accounted for in Versions 5 and 6
of this report.

3. Franklin District Council with input from MWH Consultants
(Franklin District Council, 2008).
This report (version 7) accounts for technical comments on data
collection data analysis and data reporting for the Pokeno
Concept Development Plan.

This report was commissioned by Pokeno Land Consortium on
behalf of Harrison Grierson Consultants Limited to assess the
environmental impact of the proposed Pokeno Concept
Development Plan.

The Franklin District Council review highlighted an expectation that
the ecological considerations for the Pokeno Catchment
Management Plan would cover the broader footprint of the Pokeno
Structure Plan rather than the reduced footprint of the Pokeno
Concept Development Plan.

In response to the Franklin District Council review, it has been
possible to consider and comment on the effects of the proposed
Pokeno Concept Development Plan in the broader context of the
Pokeno catchment.

However, we have not been instructed or commissioned by the
Pokeno Land Consortium to extend the footprint of our field survey
work into that part of the Mangatiwhiri and Lower Waikato River
Catchments that are included in the footprint of the Pokeno
Structure Plan.

Brian T. Coffey and Associates Limited, Whangamata



Table of Contents

1.0  Executive Summary 3
2.0 Introduction 5
3.0 Methods and Approach 8
3.1 Terrestrial Ecology 8

3.2 Aquatic Ecology 8
3.2.1 Macrophytes, Periphyton and Macroinvertebrates 9

3.2.2 Fish 11

3.2.3 Water Quality 11

4.0 Results and Discussion 12
4.1 Terrestrial Ecology 12
4.1.1 Vegetation 12

4.1.2 Animals 15

4.2  Aquatic Ecology 17
4.2.1 Macrophytes, Periphyton and Macroinvertebrates 17

4.2.1.1 Habitat Assessment 17

4.2.1.2 Periphyton and macrophytes 18

4.2.1.1.3 Macroinvertebrate Communities 21

4.2.2 Fish 29

4.2.3 Water Quality 31

4.2.4 Ephemeral (Non-perennial) Streams and Stormwater Management 34

4.2.5 Findings and Conclusions of Aquatic Ecology 36

5.0 Colour Plates 38
6.0 References 43

Appendix A: Provisional Species List for Terrestrial Vegetation

Appendix B: Habitat, Periphyton, Aquatic Macrophyte and Macroinvertebrate Data, December 2006

Bl  Physical Habitat Scores for Stream Sampling Sites
B1.1 Pokeno Stream
B1.2 Helenslee Stream

B2  Cover Class Estimates for life forms of instream plants, Occurrence of Plant Taxa,
Abundance Counts for Macroinvertebrates and a Summary of Community Structure
Metrics at Stream Sampling Sites
B2.1 Pokeno Stream
B2.2 Helenslee Stream

Appendix C: Habitat, Periphyton, Aquatic Macrophyte and Macroinvertebrate Data, January 2008

Cl1  Stream Survey Sheet 1: Field Assessment Cover Forms

C2  Stream Survey Sheet 2A: Qualitative Habitat Assessment Field Data
for Hard-bottomed Streams

C3  Stream Survey Sheet 2B: Qualitative Habitat Assessment Field Data
for Soft-bottomed Streams

C4  Stream Survey Sheet 3: Periphyton Cover and Indices

C5  Stream Survey Sheet 4: Macrophyte Cover and indices

C6  Macrophyte Indices
C6.1 Pokeno Stream
C6.2 Helenslee Stream

Cover Plate: Welcome Swallow nest in road culvert at Sampling Site P3 (see Figure 4), December 2006.

Brian T. Coffey and Associates Limited, Whangamata



1.0 Executive Summary

The Pokeno Development Concept Plan envisages creating an enlarged township in
Pokeno consisting of a variety of mixed land uses. This will include high to low density
residential areas, business areas and a new industrial zone.

Harrison Grierson Consultants Limited (2008) has prepared a Stormwater Catchment
Management Plan in support of a “Structure Plan” that is being developed for the
Pokeno area.

This report considers both terrestrial and aquatic ecological effects of the proposed
Pokeno Development Concept Plan.

A change in land use from existing rural farmland used for cropping and grazing to
residential and industrial development is expected to have the following broad
environmental implications.

. An increased area of impervious surfaces associated with buildings, roads and
industrial sites would be expected to alter the quantity, quality and flow rates
of stormwater discharged to the Mangatawhiri Swamp and the Waikato River
and Wetlands, both of which are recognised as Sites of Special Wildlife
Interest in the Franklin District Plan.

There would be a proportional reduction in the numbers of plants and animals
associated with a modified rural environment and a proportional increase in
the numbers of plants and animals associated with residential and industrial
environments within the footprint of the proposed development.

Residential and industrial stormwater systems would have the potential to
create barriers to the upstream and downstream migration of fish and other
aquatic organisms.

There would be the potential for a loss of connectivity between existing
remnants of tree lots and wetlands within the footprint of the development.
There would be an increased demand for infrastructural services such as
potable water supplies, wastewater treatment and solid waste disposal within
the footprint of the proposed development.

Notwithstanding the question of the migration of aquatic organisms through new and
modified stormwater systems, no other upstream effects are expected to be
associated with the development. This includes the Mt. William Walkway to the north
east of the Pokeno Development Concept Plan where some of the bush is under
covenants or in scenic reserves.

Provided industry standards for dust suppression are adopted during earthworks, no
direct or indirect effects of the proposed development would be expected on
terrestrial vegetation in the upstream section of the Pokeno catchment or in
downstream catchments.

In terms of terrestrial ecology, there did not appear to be any significant ecological
issues associated with the proposed development. However, four particular tree lots
were considered noteworthy.

Totara (Dacrycarpus dacrydioides) occurred in all four Blocks but tree lots of this
native tree were a particular feature of the Helenslee Block. A well-developed stand of
mature totara was present on the mid northeastern boundary of the Helenslee Block.

Another remnant native tree of particular interest in the study area was the kahikatea
(Dacrycarpus dacrydioides) that was once widespread on the lower Waikato
floodplain. A group of some 25 mature kahikatea was present adjacent to the totara
referred to above on the mid north-eastern boundary of Helenslee Block. Another two
smaller groups of kahikatea occurred in the School Block.

Oak trees (Quercus spp.) in excess of 6 m tall were a feature of the town centre and
were recognised as a site of notable vegetation.

Brian T. Coffey and Associates Limited, Whangamata



A small pocket of native tress (tawa taraire, puriri, kahikatea and rewarewa) on the
south-western boundary of the Hitchen Block was also recognised as a site of notable
vegetation.

There would be a net loss of productive pasture as a result of the proposed
development and a consequent reduction in sheep and cattle production within the
footprint of the proposed development.

However, provided that parks, residential and commercial gardens within the
proposed development contain suitable food supplies and they are relatively predator
free, a diverse range of bird life could also be expected within the footprint of the
proposed development.

Proposed stormwater control devices such as wetlands, rain gardens and swales
(Harrison Grierson Consultants Limited (2006) could be made user-friendly to taxa
such as Bittern, Fernbird and Banded Rail.

Indices of macroinvertebrate community structure indicate that the Pokeno and
Helenslee Stream within, upstream and downstream of the proposed development
generally support poor or fair instream habitat quality.

The mainstem of both the Pokeno and Helenslee Streams had fisheries values to
climbing native eel populations and to resident landlocked common bully populations
during the summer period. It is recommended therefore, that stormwater systems
associated with the proposed development are user-friendly to both the upstream and
downstream migrations of eels.

Dissolved oxygen concentration in a number of reaches of the Pokeno and Helenslee
Stream falls below the threshold of concern for aquatic life (<5 mg/l) during the
summer as a result of:

. poor physical instream habitat quality associated with the overgrowth of many
sections of the stream channel with emergent macrophytes

dense growths of iron bacteria associated with anoxic ground water seeps
into tributary headwaters

. agricultural and horticultural land use in the catchment
. low or lack of tributary inflows during the summer flows, and
. probable moderate to severe pollution of water quality.

The creation of ornamental lakes and ponds within the proposed development is not
recommended as eutrophic conditions would be expected to prevail in such environs.

Mitigation or offset works for stormwater control works include the fencing of the
riparian zone of the Pokeno and Helenslee Stream and a systematic weed control
programme for introduced emergent weeds such as willows, reed sweet grass and
twin cress in the vicinity of the proposed development. These matters have been
addressed in a landscape report by Harrison Grierson Consultants Limited (2008) and
are expected to substantially improve instream habitat quality within the footprint of
the proposed development.

Given the perennial nature of both the mainstem of the Helenslee and Pokeno
Streams as they flow through the proposed development blocks, it is recommended
these mainstem channels should remain as open stream channels rather than be
incorporated into a reticulated stormwater system.

Harrison Grierson Consultants Limited (2008) have reported peak flood flows / stream
levels post-development will be less than or equal to pre-development peak flood
flows / stream levels and that stormwater treatment devices would be provided for
contaminant removal from stormwater, particularly during the construction phase of
the proposed development. Therefore, no aquatic ecology issues are expected
because of post development storm flow events discharged to the Mangatawhiri
Swamp and the Waikato River and Wetlands.
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2.0 Introduction

The Pokeno Development Concept Plan envisages creating an enlarged township in Pokeno consisting
of a variety of mixed land uses. These would include high to low density residential areas, business
areas and a new industrial zone.

Harrison Grierson Consultants Limited (2006) prepared a "“Preliminary Stormwater Catchment
Management Plan” in support of a Structure Plan that is being developed for the Pokeno area.

This study was commissioned to assess the ecological effects of the proposed Pokeno Catchment
Management Plan that has the same footprint as the Pokeno Development Concept Plan.

This re-issue of this ecological assessment responds to a technical review by the Franklin District
Council and MWH Consultants (Franklin District Council, 2008).

The Franklin District Council review also highlighted an expectation that the ecological assessment
would have covered the extended footprint of the Pokeno Structure Plan rather than the more
restricted footprint of the Pokeno Development Concept Plan and Stormwater Catchment Management
Plan.

This re-issue of the ecological assessment includes a broader and more general consideration of
effects within the context of the footprint of the Pokeno Structure Plan. However, we have not been
instructed or commissioned by the Pokeno Land Consortium to extend the footprint of our field survey
work into that part of the Mangatawhiri and Lower Waikato River Catchments that are included in the
footprint of the Pokeno Structure Plan

The locality and layout of the proposed Pokeno Development Concept Plan within Franklin District
Council is shown in Figures 1 and 2.

Boundaries of interest that are associated with the footprint of the Pokeno Structure Plan are shown in
the inset for Figure 1. These include:

» the boundary of the Auckland and Waikato Regional Council that bisect Franklin District and is
on the northern boundary of the Pokeno Structure Plan footprint,

* part of three ecological regions (Manukau, Meremere and Hunua) occur within the footprint of
the Pokeno Structure Plan,

* three Sites of Special Wildlife Interest that overlap with the footprint of the Pokeno Structure
Plan (Site 5 - Waikato River and Wetlands; Site 6: Mangatawhiri Swamp; and Site 34 Mount
William Walkway), and

e the catchment of the Pokeno (Tanitewhiora) and Helenslee Streams and part of the
catchment of the Lower Waikato and Mangatawhiri Rivers occur within the footprint of the
Pokeno Structure Plan.

Harrison Grierson Consultants Limited (2006) recognised four distinct blocks within the “Pokeno
Development Concept Plan” (see Figure 2). These are the:

¢ Helenslee Block (100 ha) — residential development,

e School Block (30 ha) — residential / sports ground development,

e Pokeno Township (60 ha) — further residential and business development, and
e Hitchen Block (225 ha) — industrial and residential development.

In terms of the Village Countryside Living Zone and the Aggregate Extraction and Processing Zone
shown in Figure 2 at are included in Pokeno Plan Change 14, neither of these zones have been
included in the Stormwater Catchment Management Plan produced by Harrison Grierson Consultants
Limited (2006).
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Figure 1: Locality of Study Area with an inset showing boundaries of interest that are associated with the footprint of the Pokeno Structure Plan.
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Figure 2: Development Blocks.
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A change in land use from existing rural farmland used for cropping and grazing to residential and
industrial development is expected to have the following broad environmental implications.

* An increased area of impervious surfaces associated with buildings, roads and industrial sites
would be expected to alter the quantity, quality and flow rates of stormwater discharged to
the Mangatawhiri Swamp and the Waikato River and Wetlands, both of which are recognised
as Sites of Special Wildlife Interest in the Franklin District Plan. The Waikato River and
Wetlands Zone shown in the insert for Figure 1 is a Wetland Conservation Zone of
Outstanding Wildlife Value under the Franklin District Plan. The Mangatawhiri Swamp is a
Wetland Conservation Zone of High Wildlife Value under the Franklin District Plan (see inset
for Figure 1).

e A proportional reduction in the numbers of plants and animals associated with a modified
rural environment and a proportional increase in the numbers of plants and animals
associated with residential and industrial environments would be expected within the footprint
of the proposed development.

e Residential and industrial stormwater systems have the potential to create barriers to the
upstream and downstream migration of fish and other aquatic organisms.

e There is the potential for a loss of connectivity between existing remnants of tree lots and
wetlands within the footprint of the development.

e There would be an increased demand for infrastructural services such as potable water
supplies, wastewater treatment and solid waste disposal within the footprint of the proposed
development.

Notwithstanding the question of the migration of aquatic organisms through new and modified
stormwater systems, no other upstream effects are expected to be associated with the development.
This includes the Mt. William Walkway to the north east of the Pokeno Development Concept Plan
where some of the bush is under covenants or in scenic reserves.

Provided industry standards for dust suppression are adopted during earthworks, no direct or indirect
effects of the proposed development are expected on terrestrial vegetation in the upstream section of
the Pokeno catchment or in downstream catchments.

3.0 Methods and Approach

3.1 Terrestrial Ecology

Vegetation mapping was based on ground-truthing terrestrial vegetation types identifiable from a
recent, vertical, colour aerial photograph of the study area that was provided by Harrison Grierson
Consultants Limited (see Figure 2). This aerial photograph was overlain by the NZ map grid

projection! to enable position fixing with a 12 channel GPS receiver?.

A provisional species list for terrestrial plants and animals within the study area was compiled during a
systematic walkover of the study area in December 2006 and January 2007.

A number of specific woodlots were re-inspected during January 2008 following a review of a report
by IAC (2007).
3.2 Aquatic Ecology

Sampling sites for the aquatic ecological survey of the Pokeno (Tanitewhiora) and Helenslee Streams
are shown in Figure 3.

Geodetic Datum 1949. International Spheroid.

2 Eagle™ Explorer and Garmin etrex.
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3.2.1 Macrophytes, Periphyton and Macroinvertebrates

Sampling Sites at which macrophytes, periphyton and macroinvertebrates were described are shown
in green in Figure 3. There were 12 sites in the Pokeno Stream (P1 to P12) and 8 sites in the
Helenslee Stream (H1 to H8).

Two separate surveys were conducted for macrophytes, periphyton and macroinvertebrates.

The first survey was conducted between 4 - 7 December 2006 using methodology for
macroinvertebrates that was consistent with bioassessment protocols as tested, synthesised and
modified for use in New Zealand by the National Institute of Water and Atmosphere and Environment
Waikato (Edgar et. al., 1994).

The second survey was conducted between 4 - 7 January 2008 using methodology that was
consistent with Collier and Kelly (2005) for macroinvertebrates and Collier et al. (2007) for periphyton
and macrophytes.

For the January 2008 survey, a long-handled D-net and sieve fitted with 0.5 mm mesh was used to
collect macroinvertebrates samples within each sampling reach as specified by Ministry for the
Environment Protocol C2 with additions or variations as specified by Collier and Kelly (2005). In total,
an area of approximately three-square metres was sampled and the proportion of habitat types
sampled was recorded on field assessment cover forms.

Composite macroinvertebrate samples from each sampling reach were drained through a 0.5 mm
sieve, transferred to a labelled container and preserved in isopropyl alcohol.

Ministry for the Environment Protocol P2 with additions or variations as specified by Collier and Kelly
(2005) were used to obtain a 200 individual fixed count with scan for rare taxa for each
macroinvertebrate sample in the laboratory for the January 2008 survey.

Both surveys followed an extended period of dry weather and coincided with dry weather flow in the
Pokeno catchment.

The mesh size for collecting macroinvertebrates (0.5 mm) was the same for both surveys.
The main differences in terms of analysing instream community structure were that:

= the cover sheet for habitat assessment field sheets (Collier and Kelly, 2005) is explicit in terms
of the proportion of stable habitat from which macroinvertebrate samples have been
collected,

= Collier and Kelly (2005) provide separate habitat assessment sheets to be completed for hard-
bottomed and soft-bottomed streams,

= Collier and Kelly (2005) describe periphyton communities in terms of indices for enrichment,
filaments, mats, proliferation and slimyness rather than overall percentage cover,

= Collier and Kelly (2005) describe macrophytes communities in terms of total cover, channel
clogginess and native macrophyte cover,

= Collier and Kelly (2005) require a count of 200 rather than 100 taxa when sorting
macroinvertebrate samples in the laboratory (which is in keeping with Stark et. al., 2001),

= metrics of macroinvertebrate community structure recommended by Collier and Kelly (2005)
include percentage Ephemeroptera, Plecoptera and Trichoptera (%EPT excluding Oxythira
and Paroxythira),

= Collier and Kelly (2005) describe community structure in a 50 to 100 m reach of stream rather
that at a specific sampling site in a stream, and

= four replicate macroinvertebrate samples (rather than one composite sample) were collected
and analysed from each of the 20 macroinvertebrate sampling sites in January 2008.

In this final report, the calculated metrics of Macroinvertebrate Community Index and Quantitative
Macroinvertebrate Community Index for both surveys account for revised pollution tolerances for
macroinvertebrates inhabiting soft-bottomed streams in New Zealand (Stark and Maxted, 2007).
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Figure 3:  Locality of Sampling Sites.
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3.2.2 Fish

At suitable sampling sites, a 50 m section of flowing stream habitat, less than 1 m deep, was isolated
up and downstream by set nets with a mesh size of 2 millimetres. That section of stream was then
systematically “fished” (electrocuted) using a portable, battery powered Electric Fishing Machine
(Kainga Model EFM300) designed and manufactured by NIWA Instruments Systems.

Each section was electrically re-fished until the catch rate reduced to either 2 fish or less than 70% of
the previous run.

Wherever possible, fish were collected in a hand net at the time they were stunned and transferred to
holding buckets of fresh stream water on the stream bank. In addition, at the end of each fishing run,
fish that had collected in the downstream stop net were added to holding buckets. Stunned fish were
held in buckets of stream water until sampling was completed in that particular section of stream.
Once the stop nets had been removed from the stream, stunned fish were then identified, counted
and if necessary measured, as they were returned to the section of stream from which they had been
removed.

Fish sampling sites are shown in red in Figure 3. There were five sites in the Pokeno Stream (PFA to
PFE) and four sites in the Helenslee Stream (HFA to HFD).

Sites HFB and HFC were not suitable for electric fishing. The other sites (PFA, PFB, PFC, PFD, PFE,
HFA and HFD) were electric fished during the day on 23 January 2007.

Baited Fyke and G-minnow traps were set overnight at Sites PFA, PFB and PFC on 23 — 24 January
2007. Baited Fyke and G-minnow traps were set overnight at Sites HFB, HFB and HFD on 24 — 25
January 2007. The following morning, fish in these nets were identified, measured and returned to the
stream.

3.2.3 Water Quality

Water quality was assessed with a combination of bioassessment protocols (see 3.2.1. above) and
physico-chemical water quality parameters.

Water temperature, dissolved oxygen, pH and conductivity were measured with a calibrated Hach
HQ40d meter with twin probe connectors and standard IntelliCAL probes. Water clarity was measured
with a Black Disk (Davis-Colley (1988).

Water quality sampling sites are shown in blue in Figure 3. There were seven sampling sites on the
Pokeno Stream and three sampling sites on the Helenslee Stream.

Water quality measurements were made at two times on the 5™ of February 2007. The first sampling
run was conducted at dawn / early morning (0700 to 0900 hours) when minimum diurnal dissolved
oxygen concentrations were expected. The second sampling run was conducted between 1300 to
1500 hours when maximum diurnal dissolved oxygen concentrations were expected.

Sampling Sites PWQ 1, PWQ 4, PWQ 5, PWQ 6 and PWQ 7 were on the mainstem of the Pokeno
Stream. Sampling Sites PWQ 2 and PWQ 3 were in an ephemeral tributary of the Pokeno Stream with
very low flow as of 5 February 2005.

Brian T. Coffey and Associates Limited, Whangamata



12
4.0 Results and Discussion

4.1 Terrestrial Ecology

Franklin District once supported a diverse array of indigenous fauna and flora habitats but human
occupation has since reduced many of these habitats to small remnants of their natural extent.
Lowlands and coastal margins in particular have been cleared of native vegetation for urban and
agricultural development with wetlands, lowland forests and coastal forest having been most affected
by land clearance and drainage (Franklin District Council, 2000).

The footprint of the Pokeno Development Concept Plan is on the boundary of the Manukau and
Meremere Ecological Districts (with part of the Helenslee and School Blocks being in the Manukau
Ecological District - see Figures 2 and 3).

The footprint of the Pokeno Structure Plan also includes a small section of the south-west corner of
the Hunua Ecological District (see Figure 2) but this area will not be affected by proposed activities
within the footprint of the Pokeno Development Concept Plan (see Figure 2).

Only ¢.947 ha (1.5%) of the 62,500 ha Manukau Ecological District retains any indigenous vegetation
cover with remaining vegetation comprising 296 fragments of forest, scrub or wetland, with the
majority of sites (85%) being less than 5 hectares (Franklin District Council, 2000). Key threats for
these remaining vegetation remnants are stock intrusion, possum browsing, human impact and
weeds.

The Meremere Ecological District is characterised by remnant wetlands and the Whangamarino and
Mangatawhiri wetlands. There are also large tracts of kanuka forest left in the Meremere Ecological
District, which provide important wildlife habitats. The threats to these wetlands are stock intrusion,
possum browsing and weed intrusion.

Some 38% of Pokeno Township Block was occupied by residential and commercial properties and
buildings occupied some 7% of School Block. Helenslee and Hitchen Blocks had a low cover (1 — 2%)
of buildings and residential dwellings.

Tree lots (excluding roadside hedges and shelter belts that are unlikely to be affected by proposed
developments) accounted for some 9% cover in the School Block, 6% cover in the Pokeno Township
and Helenslee Blocks, and 3% in the Hitchen Block. However, gorse (Ulex europaeus) accounted for
an additional 8% cover in Hitchen Block.

Wetlands accounted for 4.8% cover in the Helenslee Block, 4.4% cover in the School Block, 2.3%
cover in Pokeno Township Block and 1.4% cover in the Hitchen Block. Willows (Salix spp.) were the
dominant tree form along permanent watercourses throughout.

The remaining area in Helenslee Block was used for pasture production to graze cattle (Bos taurus),
sheep (Ovis aries), goats (Capra hircus) and horses (Equus caballus). The remaining area in School
Block was used for a combination of grazing land and horticulture. Non-residential or nhon-commercial
land in the Pokeno Township Block was also used for grazing stock. Cropping and horticulture
(including grapes [ Vitis vinifera], maize [Zea mays] and pumpkins [ Cucurbita maximal), together with
stock grazing, accounted for the remaining land in Hitchen Block.

4.1.1 Vegetation

Appendix Two of the Franklin District Plan (Franklin District Council, 2000) does not list any trees or
tree lots of particular interest or significance in the footprint of the Pokeno Development Concept Plan
(see Figure 3).

A provisional species list for vegetation in the study area is provided in Appendix Al. The association
of species listed in Appendix A was characteristic of the northern Waikato rural landscape in low-lying
to lower hill country that had been developed for pastoral agriculture (see Figure 4 and Colour Plates).

Improved pasture was the dominant vegetation type throughout all four blocks.

There was a wide range of adventive weed species that occurred in the area and gardens in both
urban and rural dwelling supported a diverse range of ornamental, shade and fruit trees, shrubs,
flowers and succulents.
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Figure 4: Terrestrial Vegetation.
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Totara (Dacrycarpus dacrydioides) occurred in all four development blocks but tree lots of this native
tree were a particular feature of the Helenslee Block. A well-developed stand of mature totara
occurred on the mid north-eastern boundary of the Helenslee Block (see Figure 4).

Another remnant native tree of special interest in the study area was the kahikatea (Dacrycarpus
dacrydioides) that was once widespread on the lower Waikato floodplain. A group of some 25 mature
kahikatea was present adjacent to the totara referred to above on the mid north-eastern boundary of
Helenslee Block. Another two smaller groups of kahikatea occurred in the School Block (see Figure 4)
and north of Pokeno Road at NZMS 260, S12 870 361.

Oak trees (Quercus spp.) in excess of 6 m tall were a feature of the town centre and were recognised
as noteworthy (potentially heritage) vegetation (see Figure 4).

A small pocket of native tress (tawa taraire, puriri, kahikatea and rewarewa) on the south-western
boundary of the Hitchen Block was recognised as an area of noteworthy vegetation.

There was also a fenced woodlot of native trees (including mature rimu, totara and puriri) in the north
west corner of the Pokeno Stream catchment (see Figure 4).

The oldest established fence hedges in the area are dominated by barberry (Berberis glaucocarpa).
However, a range of pittosporums and ornamental shrubs are present in fence hedges in the vicinity
of residential dwellings. In a rural setting, both fence hedges and shelterbelts have been colonised by
privet (Ligustrum lucidum and Ligustrum sinense) and a range of scrambling weeds (see Appendix A).

Lawson's cypress (Chamaecyparis lawsoniana) and poplars (Populus spp.) were common shelterbelt
choices in earlier times and macrocarpa (Cupressus macrocarpa) were an early choice of rural shade
and timber tree. However, particularly around the gardening centres in the School and Helenslee
Blocks, there is now a wide range of ornamental taxa being used as shelterbelts. Large specimens of
blue gums (Eucalyptus spp.) and radiata pine (Pinus radiata) were a feature of the landscape
throughout and Norfolk Island pine (Araucaria heterophylla) was a conspicuous skyline tree in the
School and Hitchen Blocks.

Wetlands in the School Block were dominated by reed sweet grass (Glyceria maxima); wetlands in the
Helenslee Block were dominated by rushes (Juncus spp.) and willow weed (Persicaria [Polygonum]
persicaria). Wetlands in the Pokeno Township and Hitchen Blocks were dominated by a combination
of twin cress (Apium nodiflorum) and reed sweet grass.

In terms of terrestrial vegetation, there would be a net loss of productive pasture as a result of the
proposed development and a consequent reduction in sheep and cattle production within the footprint
of the proposed development.

However, on an area for area basis, residential properties supported a higher diversity of vegetation
than improved pasture.

With regard to the kahikatea in School Block, existing mature trees are expected to survive should the
level of the floodplain be raised as a building platform and better drainage provided. However, further
recruitment into the kahikatea stand would not be expected.

Criteria for determining significant indigenous vegetation and significant habitats of indigenous fauna
in the Waikato Region are specified in Appendix 3 of the Waikato Regional Policy Statement
(Environment Waikato, 2000 - updated November 2002). These criteria are reproduced in Appendix
A2 in this report.

Section 5 of the Franklin District Plan Franklin District Council, 2000) provides mechanisms to
sustainably manage natural heritage resources in the Franklin District. The following items are to be
protected from inappropriate subdivision, use, and development:

o outstanding natural features and landscapes;
e areas of significant indigenous vegetation, and
e significant habitats of indigenous fauna including trout and salmon;

Schedules 5A, 5B and 5C of the Franklin District Plan list significant natural features, areas of
indigenous vegetation, and habitats of indigenous fauna that are to be protected.
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However, there is also provision to avoid adverse effects of land use activities on other heritage
resources that are not specifically listed in Schedules 5A, 5B and 5C. In the assessment of the
significance of such heritage resources the following criteria are to be taken into account.

Whether native bush:
e s of sufficient size and shape to maintain its intrinsic qualities,
e consists of a coherent well-developed canopy of native species,
* consists of a range of native species appropriate to that forest type,
e contains a significant percentage (at least 25 per cent) of mature native trees,
e represents a significant or prominent landscape feature,
* may contain native species threatened in the Franklin District;

* the area has wildlife habitat values, or provides or contributes to a habitat corridor facilitating
the movement of wildlife species in the local area.

Whether natural features and habitats of indigenous fauna:
* are of sufficient size and shape to maintain its intrinsic qualities,
¢ the habitat of threatened species (as defined by IUCN criteria),
* an area of recognised wildlife or earth science significance,
¢ a freshwater wetland,
e an uncommon indigenous vegetation community,
» contribute to the National, Regional or District geological heritage.

Criteria for including additional items under Schedules 5A, 5B, and 5C of the District Plan are
summarised in Appendix A3.

Four of the six areas of noteworthy vegetation identified in Figure 4 are within the footprint of the
Pokeno Development Concept Plan but it is not considered that these four sites pass the threshold
Environment Waikato and / or Franklin District Council criteria to be included in Schedule 5B of the
Franklin District Plan.

However, both developers and landowners should be made aware of the noteworthy nature of these
identified tree lots and of the available methods and incentives provided for in the District Plan for the
voluntary protection of heritage values in the Franklin District.

4.1.2 Animals
Grazing animals within the study area included cattle, sheep, goats and horses.

Domesticated pets observed in the area included dogs (Canis lupus familiaris) and cats (Felis catus).

Specimens of the brush-tailed possum ( Trichosurus vulpecula) and hedgehog (Erinaceus europaeus)
were observed as road kill within the study area.

Rabbits (Oryctolagus cuniculus), hares (Lepas europaeus), Norway rats (Rattus norvegicus) and stoats
(Mustela erminea) were observed during walkovers of the study area.

It was also highly likely that ferrets (Mustela putorius), weasels (Mustela nivalis), Polynesian rats
(Rattus exulens), ship rats (Rattus rattus) and the mouse (Mus musculus) were present in the study
area.

Whilst all of these animals can exist in a residential / commercial subdivision, the numbers of grazing
animals are expected to reduce substantially within the footprint of the proposed development.

Some pest species such as the brush-tailed possum, rabbits, hares and mustelids (stoats, ferrets and
weasels) would be expected to reduce in numbers as a result of the conversion of rural to urban /
commercial land use.

Conversely, other pest species such as hedgehogs, rats and mice have the potential to increase in
numbers in urban settings.
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Birds recorded as present within the study area are listed in Table 1.

Those that are expected to decrease in numbers within the footprint of the proposed development
include the Skylark (Alauda arvenis), White-faced Heron (Ardea novaehollandiae), Australasian Harrier
(Circus approximans), Yellowhammer (Emberiza citrinella), Kingfisher (Halcyon sancta), Pied Stilt
(Himantopus himantopus leucocephalus), Welcome Swallow (Hirundo tahitica), Spur-winged Plover
(Lobibyx novaehollandiae), Californian Quail (Lophortyx californicus), Pheasant (Phasianus colchicus),
Pukeko (Porphyrio porphyrio) and Tui (Prosthemadera novaeseelandiae novaeseelandia).

Birds that are expected to increase in numbers within the footprint of the proposed development
include the Indian Myna (Acridotheres tristis), House Sparrow (Passer domesticus), Hedge Sparrow
(Prunella modularis), Song Thrush (Turdos philomelos) and Blackbird ( Turdus merula).

The extent to which other birds such as Mallard (Anas platyrynchos), Grey Duck (Anas superciliosa),
Goldfinch (Cardeuelis carduelis), Chaffinch (Fringilla coelebs), White-backed Magpie (Gymnorhina
tibicen hypoleuca), Fantail (Phipidura fuliginosa), Starling (Sturnus vulgaris) and Silvereye (Zosterops
lateralis) use the new residential / commercial developments will depend upon the habitat and
predator pressure that develops with urbanisation and commercial property development. Mallard and
Grey Duck require open water. Goldfinch, Chaffinch, Fantail and Silvereye colonise relatively predator
free gardens with suitable food supplies. Whilst the White-backed Magpie is generally considered a
pest, it together with Starlings require open parks / golf courses in urban areas.

Table 1: Birds recorded as present within the Study Area (December 2006 to February 2007).

Birds Common Name
Acridotheres tristis Indian Myna
Alauda arvenis Skylark
Anas platyrynchos Mallard
Anas superciliosa Grey Duck
Ardea novaehollandiae White-faced Heron
Cardeuelis carduelis Goldfinch

Circus approximans

Australasian Harrier

Emberiza citrinella

Yellowhammer

Fringilla coelebs Chaffinch
Gymnorhina tibicen hypoleuca White-backed Magpie
Halcyon sancta Kingfisher
Himantopus himantopus leucocephalus Pied Stilt

Hirundo tahitica

Welcome Swallow

Lobibyx novaehollandiae

Spur-winged Plover

Lophortyx californicus

Californian Quail

Passer domesticus

House Sparrow

Phasianus colchicus Pheasant
Phipidura fuliginosa Fantail
Porphyrio porphyrio Pukeko
Prosthemadera novaeseelandiae novaeseelandiae Tui

Prunella modularis Hedge Sparrow
Sturnus vulgaris Starling

Turdos philomelos Song Thrush
Turdus merula Blackbird
Zosterops lateralis Silvereye

Similarly, forest dwelling birds such as the Tui, can be encouraged to visit urban gardens provided
sentinel trees and nectar-producing plants such as banksias or NZ flax are present.

Other birds that might be expected to be present within the study area or to visit the area, include:
Redpoll (Acanthis flammea), Grey Teal (Anas gibberifrons), Shoveler (Anas rhynchotis variegata), New
Zealand Pipit (Anthus novaeseelandiae novaeseelandiae), New Zealand Scaup (Aythya
novaeseelandiae), Bittern (Botaurus stellaris), Fernbird (Bowdleria punctata), Greenfinch (Carduelis
chloris), Rock Pigeon (Columbia livia), Black Swan (Cygnus atratus), Australian Coot (Fulica atra),
Grey Warbler (Gerygone igata), Morepork (Ninox novaeseelandiae novaeseelandiae), Banded Rail
(Rallus phillippensis), Brown Quail (Synoicus ypsilophorus) and Paradise Duck ( Tadorna variegata)
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Redpoll, New Zealand Pipit, Bittern, Fernbird, Banded Rail, Brown Quail and Paradise Duck, if present,
would be expected to decrease in number within the footprint of the proposed development.
The Greenfinch, Rock Pigeon, Grey Warbler and Morepork do colonise urban gardens.

Grey Teal, New Zealand Scaup, Black Swan and Australian Coot require open water to colonise or visit
urban or commercial developments.

Provided therefore that parks, residential and commercial gardens within the proposed development
contain suitable food supplies and are relatively predator free, a diverse range of bird life can also be
expected within the footprint of the proposed development.

Proposed stormwater control devices such as shallow wetlands, rain gardens and swales (Harrison
Grierson Consultants Limited (2006) could be made user-friendly to taxa such as Bittern, Fernbird and
Banded Rail.

There do not therefore, appear to be any significant ecological issues in the proposed development in
terms of terrestrial ecology.

4.2  Aquatic Ecology

4.2.1 Macrophytes, Periphyton and Macroinvertebrates
4.2.1.1 Habitat Assessment

An assessment of physical habitat conditions at Sampling Sites P1 to P12 in the Pokeno Stream and
Sampling Sites H1 to H8 in the Helenslee Stream (see Figure 3) is tabulated in Appendices B1.1 and
B1.2 for December 2006.

An assessment of total habitat scores at Sampling Sites P1 to P12 in the Pokeno Stream and Sampling
Sites H1 to H8 in the Helenslee Stream is tabulated in Appendices C1, C2 and C3 for January 2008.

Sampling Sites P10, P11, P12 and H8 were hard-bottomed sites (see Appendix C2) Sampling Sites
P01, P0O2. P03, P04, P05, P06, P07, P08, P09, HO1, HO2, HO3, HO04, HO5, HO6 and HO7 were soft-
bottomed sites.

Habitat Scores for both the December 2006 and January 2008 survey are summarised in Figure 5 for
the Pokeno Stream and Figure 6 for the Helenslee Stream.

Figure 5: A comparison of Physical Habitat Scores during December 2006 and Total Habitat Scores
during January 2008 for Sampling Sites P1 to P12 in the Pokeno Stream.
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Whilst total habitat score assessments for January 2008 were generally higher than physical habitat
score assessments for December 2006, there was good agreement between relative habitat quality
scores between individual sampling sites using alternative methodologies (see Figures 5 and 6).
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Figure 6: A comparison of Physical Habitat Scores during December 2006 and Total Habitat Scores
during January 2008 for Sampling Sites H1 to H8 in the Helenslee Stream.
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Overall, physical and total habitat quality was relatively low at all sampling sites throughout the study
area (see Colour Plates).

Differences in physical habitat quality at the sampling sites selected (Figures 5 and 6) were considered
significant and in the case of the Pokeno Stream would account for variations in macroinvertebrate
metrics of community structure when comparing Sampling Sites P1, P4, P5, P7, P10 and P12 with
Sampling Sites P2, P3, P6, P8, P9 and P11. However, the effect of water quality on instream
community structure could be compared between Sampling Sites P1, P4, P5, P7, P10 and P12.
Similarly, the effect of water quality on instream community structure could be compared between
Sampling Sites P2, P3, P6, P8, P9 and P11.

In the case of the Helenslee Stream, it was possible to compare the effects of water quality on
instream community structure at Sampling Sites H1, H7 and H8. It was also possible to compare the
effects of water quality on instream community structure at Sampling Sites H2, H3, H4, H5 and H6.
However, it was not possible to compare the effects of water quality on instream community structure
between Sampling Sites H1, H7, H8 and Sampling Sites H2, H3, H4, H5 and H6.

4.2.1.2 Periphyton and Macrophytes

A summary of cover class estimates for life forms of instream plants and the occurrence of plant taxa
at Sampling Site P1 to P12 and H1 to H8 is tabulated in Appendices B2.1 and B2.2 for December
2006.

In terms of its potential to cause diel fluctuations of pH and / or dissolved oxygen during an extended
period of low flow, the bed cover of iron bacteria and emergent plants was of concern in the Pokeno
Stream at Sampling Sites P2, P3, P6 and P8 (see Figure 7). Similarly, the bed cover of iron bacteria
and emergent plants was of concern at Sampling Sites H2, H3, H5 and H6 (see Figure 8).

A description of periphyton and macrophyte cover across five transects within each sampling reach,
working from downstream to upstream sites as specified by Collier and Kelly (2005), is summarised in
Appendices C4 and C5 for January 2008.

A summary of the Enrichment, Filamentous, Mat, Proliferation and Slimyness Indices as specified by
Collier and Kelly et al. (2007) for periphyton is summarised in Figure 9 for sampling reaches in the
Pokeno Stream and Figure 10 for sampling reaches in the Helenslee Stream.

(Biggs et. al. (2002) have provided an interpretation of “Periphyton Scores” that are based on the
average cover of differing colours and life forms of periphyton that can be observed and recorded in
the field. Periphyton scores recommended by Biggs et al. (2002) comprise five categories that range
in steps of two between 0 and 10. A score of 0 to 1.9 reflects a site dominated by long filamentous
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green algae indicating moderate to high enrichment from phosphorus and/or nitrogen. Conversely, a
score of 8 to 10 indicates low concentrations of nutrients and/or intensive grazing of periphyton.

Figure 7: Cover Class of Instream Plants at Sampling Sites P1 to P12, December 2006.
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Figure 8:  Cover Class of Instream Plants at Sampling Sites H1 to H8, December 2006.
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The nutrient enrichment index adopted by Collier and Kelly (2007) assigns a score of nine (rather than
a maximum of 10) to thin periphyton films / mats (irrespective of colour) and uses a multiplier of 10
for periphyton scores assigned by Biggs et al. (2002).

This means the maximum nutrient enrichment scores assigned by Collier and Kelly (2007) vary from 0
to 90. However, by subtracting the equivalent Biggs et al. (2002) periphyton score from 100, it is high
rather than low periphyton scores that are associated with eutrophic conditions under the Collier and
Kelly (2007) scoring system.

The instream plant cover values scored during the December 2006 survey are not directly comparable
to the January 2008 survey as they related to the active channel width rather than the width of the
wetted channel. However, both survey assigned a very high cover of long filamentous algae in
suitable habitats throughout the Pokeno and Helenslee Streams.

The periphyton enrichment index was very high at all sites other than the ephemeral channels at
Sampling Sites P2 and P6.

Reference to Figure 9 suggests there was a progressive increase in the Filamentous, Proliferation and
Slimyness Indices for periphyton in the mainstem of the Pokeno Stream between Sites P1 and P12.
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Figure 9:

Calculated Indices of Periphyton Cover for Sampling Reaches in the Pokeno Stream,

January 2008 (see Appendix C4).
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Figure 10: Calculated Indices of Periphyton Cover for Sampling Reaches in the Helenslee Stream,

January 2008 (see Appendix C4).
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Calculated indices of Total Cover Channel Clogginess and Native Cover for macrophytes is summarised
in Figure 11 for the Pokeno Stream and Figure 12 for the Helenslee Stream.

Macrophyte Native Cover (associated with the stonewort / charophyte Nitella hookeri) was generally
very low and instream plant cover was generally dominated by emergent plants (see Appendix C5).

Reference to Figure 11 suggests there was a progressive decrease in the Total Cover and Channel
Clogginess for macrophytes in the mainstem of the Pokeno Stream between Sampling Sites P1 and
P9. Reduced Total Cover and Channel Clogginess for macrophytes at Sampling Sites P10, P11 and 12
reflected these were hard-bottomed rather than soft-bottomed stream sites.

Total Cover and Channel Clogginess for macrophytes in the mainstem of the Helenslee Stream were
consistently high throughout the study area (see Figure 12). This was also the case for the hard-
bottomed Sampling Site H8 due to overgrowth of the channel by emergent plants.

The taxa codes used in Stream Survey Sheet 4 are listed in Table 2 (Collier and Kelly, 2007).
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Figure 11:

January 2008 (see Appendix C5).
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Calculated Indices of Macrophyte Cover for Sampling Reaches in the Pokeno Stream,

[CJMacrophyte Total Cover (%) BlMacrophyte Channel Clogginess (%) [1Macrophyte Native Cover (%)

100
. 801
3
S 60
g 40
k=
N Et
0,

P1 P2 P3 P4 P5

P6
Sampling Site

P7 P8 P9 P10 P11 P12

Figure 12: Calculated Indices of Macrophyte Cover for Sampling Reaches in the Helenslee Stream,

January 2008 (see Appendix C5).
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Table 2: Taxa codes used in Stream Survey Sheet 4 (Collier and Kelly, 2007).
Submerged Emergent
Mp* Myriophyllum propinquum Ps* Persicaria decipiens
Mt* Myriophyllum triphyllum An Apium nodiflorum
Nh* Nitella hookeri / cristata Gm Glyceria maxima
Po* Potamogeton ochreatus Gr Other grasses
Cd Ceratophyllum demersum Lp Ludwigia palustris
Ec Elodea canadensis Mg Mimulus guttatus
Ed Egeria densa Ma Myriophyllum aquaticum
Lm Lagarosiphon major Na Nasturtium officinale / microphyllum
Pk Potamogeton crispus Ph Persicaria hydropiper
Rt Ranunculus trichophyllus Ve Veronica anagallis - aquatica / Americana
St Callitriche stagnalis Ml Myosotis laxa

*

native taxa

4.2.1.3

Macroinvertebrate Communities

A summary of abundance counts for invertebrates and a summary of community structure metrics at
Sampling Site P1 to P12 and H1 to H8 is tabulated in Appendices B2.1 and B2.2 for December 2006.

Replicated macroinvertebrate counts for these same sampling sites for January 2008 are tabulated in
Appendices C6.1 and C6.2.

Taxa Richness for invertebrates (see Figures 13 and 14) reflects the “health” of instream communities
and generally increases with increasing water quality, habitat diversity and / or habitat suitability.
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Figure 13: A comparison of Species Richness at Sampling Sites P1 to P12 in the Pokeno Stream

during December 2006 and January 2008.

(Error bars for 2008 database = + Standard Deviation where n = 4).
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Figure 14: A comparison of Species Richness at Sampling Sites H1 to H8 in the Helenslee Stream

during December 2006 and January 2008.

(Error bars for 2008 database = + Standard Deviation where n = 4).
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Taxa Richness for invertebrates at sampling reaches in both the Pokeno and Helenslee Streams

(Figures 13 and 14) were generally comparable during January 2008 and December 2006.

There was a significantly higher Taxa Richness for perennial mainstem sampling sites in the Pokeno

Stream compared to ephemeral tributaries at Sampling Sites P02 and P06 (see Figure 13).

Both datasets suggested there was a trend of increasing Taxa Richness moving downstream from Site
H1 to H8 in the Helenslee Stream (see Figure 14).

The calculated Macroinvertebrate Community Index (MCI - see Figures 15 and 16) and Quantitative
Macroinvertebrate Community Index (QMCI - see Figure 17 and 18) rely on prior allocation of scores
(tolerance values range from 0 to 10) to freshwater macroinvertebrates based upon their pollution /
habitat condition tolerances. Taxa that are characteristic of pristine conditions score more highly than
taxa that may be found in contaminated habitats.
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In Figures 15 and 17, soft-bottomed tolerance scores have been used to calculate MCI and QMCI for
Sampling Sites P1 to P9 and hard-bottomed tolerance scores have been used to calculate MCI and
QMCI for Sampling Sites P10 to P12 (see Appendices B2.1 and C6.1).

In Figures 16 and 18, soft-bottomed tolerance scores have been used to calculate MCI and QMCI for
Sampling Sites H1 to H7 and hard-bottomed tolerance scores have been used to calculate MCI and
QMCI for Sampling Site H8 (see Appendices B2.2 and C6.2).

Figure 15: A comparison of Macroinvertebrate Community (MCI) Index at Sampling Sites P1 to P12
in the Pokeno Stream during December 2006 and January 2008.
(Error bars for 2008 database = + Standard Deviation where n = 4).

[ pi/o6 MP1/08 [ pP2/06 MP2/08 W P3/06 [1P3/08
[ 1P4/06 [1P4/08 [ P5/06 [1P5/08 [1P6/06 W P6/08
[ p7/06 [1P7/08 mP8/06 W P8/OS M P9/06 W P9/08
H P10/06 W P10/08 HP11/06 M P11/08 [ [P12/06 M P12/08
140
120 —
100
3 80 1
2 60 +H
40
20 4
o+
Sampling Site

Figure 16: A comparison of Macroinvertebrate Community Index (MCI) at Sampling Sites H1 to H8
in the Helenslee Stream during December 2006 and January 2008.
(Error bars for 2008 database = + Standard Deviation where n = 4).
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The MCI and QMCI were originally developed as a means of detecting organic pollution in
communities inhabiting rock or gravel riffles (Stark, 1985). They have since been modified to include
non-arthropod taxa and used to assess other forms of contamination. More recently, Stark and
Maxted (2007) have published separate tolerance scores (again values between 0 and 10) for soft-
bottomed streams.
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Figure 17: A comparison of Quantitative Macroinvertebrate Community (QMCI) Index at Sampling
Sites P1 to P12 in the Pokeno Stream during December 2006 and January 2008.
(Error bars for 2008 database = + Standard Deviation where n = 4).
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Figure 18: A comparison of Quantitative Macroinvertebrate Community Index (QMCI) at Sampling
Sites H1 to H8 in the Helenslee Stream during December 2006 and January 2008
(Error bars for 2008 database = + Standard Deviation where n = 4).
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Stark and Maxted (2007) use the same quality thresholds for hard-bottomed and soft-bottomed
streams and use a habitat quality classification rather than an organic enrichment classification (see
Table 3). Instream habitat quality at each of the sampling site shown in Figures 15 to 18, based on
MCI and QMCI scores, is also listed in Table 3.

No sampling sites in either the Pokeno or the Helenslee Stream, during either December 2006 or
January 2008, supported excellent instream habitat quality.

Based on MCI, Sampling Site P7 supported good instream habitat quality during December 2006 but
only fair instream habitat quality during January 2008. Sampling Sites P1, P2 during January 2008, P5,
P8, P10 during December 2006, P11, P12 and H7 during January 2008 supported fair instream habitat
quality. All other sampling sites (P2 during January 2008), P3, P4, P6, P9, P10 during January 2008,
H1, H2, H3, H4, H5, H6, H7 during December 2006 and H8) supported poor instream habitat quality.
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Table 3: Interpretation of MCI-type biotic indices (Stark and Maxted, 2007) and ranking of
Sampling Sites.
Quality class for MCI Pokeno Stream Helenslee Stream
MCI and MCI-sb Score Sampling Sites Sampling Sites
Excellent > 119
Good 100-119 P7/06
Fair 80-99 P1, P2/06, P5, P7/08, P8, P10/06, H7/08
P11, P12
Poor < 80 P2/08, P3, P4, P6, P9, P10/08 H1, H2, H3, H4, H5, H6,
H7/06, H8
Quality class for QMCI Pokeno Stream Helenslee Stream
QMCI and QMCI-sb Score Sampling Sites Sampling Sites
Excellent > 5.99
Good 5.00-5.90
Fair 4.00-4.99 P7/08, P11/08, P12 H5/08
Poor < 4.00 P1, P2, P3, P4, P5, P6, P7/06,P8, H1, H2, H3, H4, H5/06, H7,
P9, P10, P11/06 H8,

Based on QMCI, the majority of sampling sites in both the Pokeno and Helenslee Streams support
poor instream habitat quality. The only sampling sites that supported fair instream habitat quality
were Sampling Site P7 during January 2008, Sampling Site P11 during January 2008, Site P12 and
Sampling Site H5 during January 2008 (see Table 3 and Figures 15 to 18).

The EPT Index is the total number of distinct taxa within the orders Ephemeroptera, Plecoptera, and
Trichoptera and generally increases with increasing water quality. This value summarises taxa
richness within the insect orders that are generally considered sensitive to habitat condition.

The EPT Index (see Figures 19 and 20) was very similar for both surveys although with the greater
replication and counts associated with the January 2008 survey, a low frequency of EPT taxa were
also recorded at Sites P09 and H04. The very low EPT Index in the Pokeno Stream and in the
Helenslee Stream was not unexpected in relation to physical habitat quality and QMCI scores.

Figure 19: A comparison of the Ephemeroptera, Plecoptera and Trichoptera (EPT) Index at Sampling
Sites P1 to P12 in the Pokeno Stream during December 2006 and January 2008
(Error bars for 2008 database = + Standard Deviation where n = 4).
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Figure 20: A comparison of the Ephemeroptera, Plecoptera and Trichoptera (EPT) Index at Sampling
Sites H1 to H8 in the Helenslee Stream during December 2006 and January 2008
(Error bars for 2008 database = + Standard Deviation where n = 4).
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No EPT taxa (excluding purse caddis) were recorded during either survey at Sites P2, P3, P6, H1, H2
or H5.

The percentage density of Ephemeroptera, Plecoptera and Trichoptera (% EPT Taxa) is a commonly
used metric based on the percentage of the total number of habitat condition sensitive invertebrates
in a sample that are within these insect orders. This index should be highest in unimpaired, pristine
sites little affected by eutrophication or nutrient enrichment.

“Very Good” instream habitat for aquatic macroinvertebrates is associated with greater than 60% EPT
Taxa: “Poor” instream habitat is associated with less than 10% EPT Taxa and “Moderate” instream
habitat is associated with 10 to 60% EPT Taxa (Milne and Perrie, 2006).

The percentage EPT Taxa for the Pokeno Stream (see Figure 21) indicated poor instream habitat at
Sampling Sites P1, P2, P3, P4, P5, P6, P8 and P9 and moderate instream habitat at Sampling Sites P7,
P10, P11 and P12.

Figure 21: A comparison of Percent Ephemeroptera, Plecoptera and Trichoptera (% EPT) at
Sampling Sites P1 to P12 in the Pokeno Stream during December 2006 and January 2008
(Error bars for 2008 database = + Standard Deviation where n = 4).
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Figure 22: A comparison of Percent Ephemeroptera, Plecoptera and Trichoptera (% EPT) at
Sampling Sites H1 to H8 in the Helenslee Stream during December 2006 and January
2008 (Error bars for 2008 database = + Standard Deviation where n = 4).
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Based on percentage EPT, only Sampling Site H7 supported moderate habitat quality. The other seven
sites in the Helenslee Stream supported poor instream habitat quality (see Figure 22).

The percentage density of Ephemeroptera is a commonly used metric based on the percentage of the
total number of invertebrates in a sample that are within the insect order Ephemeroptera (mayflies).
Mayflies are particularly sensitive to habitat quality and this index should be highest in unimpaired,
pristine sites little affected contaminants.

Figure 23: A comparison of Percentage Density of Ephemeroptera (% Ephemeroptera) at Sampling
Sites P1 to P12 in the Pokeno Stream during December 2006 and January 2008
(Error bars for 2008 database = + Standard Deviation where n = 4).
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In the Pokeno Stream, mayflies were not recorded as present at Sampling Sites P2, P3, P6 or P9 (see
Figure 23). In the Helenslee Stream, mayflies were not recorded as present at Sampling Sites H1, H2,
H3, H4, H5 or H8 (see Figure 24).

At other sampling sites, less than 10% Ephemeroptera was recorded during both December 23006
and January 2008 (see Figures 23 and 24).
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Figure 24: A comparison of Percentage Density of Ephemeroptera (% Ephemeroptera) at Sampling
Sites H1 to H8 in the Helenslee Stream during December 2006 and January 2008
(Error bars for 2008 database = + Standard Deviation where n = 4).
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The percent contribution of the numerically dominant taxon to the total nhumber of organisms is
summarised in Figure 25 for sampling sites in the Pokeno Stream and Figure 26 for sampling sites in

the Helenslee Stream.

In the Pokeno Stream the highest percent contribution of the numerically dominant taxon to the total
number of organisms occurred at the ephemeral Sampling Sites P2 and P6 (see Figure 25).

In the mainstem of the Pokeno Stream, the contribution of the numerically dominant taxon to the
total number of organisms varied in the range of 30 to 50 percent.

In the mainstem of the Helenslee Stream, the contribution of the numerically dominant taxon to the
total number of organisms varied in the range of 20 to 60 percent.

Figure 25: A comparison of Percentage Contribution of Dominant Taxon (% contrib. dom. taxon) at
Sampling Sites P1 to P12 in the Pokeno Stream during December 2006 and January 2008
(Error bars for 2008 database = + Standard Deviation where n = 4).
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Figure 26: A comparison of Percentage Contribution of Dominant Taxon (% contrib. dom. taxon) at
Sampling Sites H1 to H8 in the Helenslee Stream during December 2006 and January
2008 (Error bars for 2008 database = + Standard Deviation where n = 4).

[T HI/06 MHI/08 [T H2/06 MH2/08
W H3/06 [H3/08 H4/06 [ 1H4/08
[TH5/06 [1H5/08 [TH6/06 W HG6/08
[ H7/06 [H7/08 [ H8/06 MHS/08
100 -
5 80
3
=
g 60 T
g 1]
T 40 1 ==
=
o
O
X 20 1
0
Sampling Site
4.2.2 Fish

A summary of fish and crustaceans caught by a combination of electric fishing and set nets within the
study area is presented in Table 4 (where P = present).

A total of five fish taxa were recorded as present within the study area during January 2007. These
were native short-finned eel (Anguilla australis), native long-finned eel (Anguilla dieffenbachii),
introduced goldfish (Carassius auratus), introduced mosquito fish (Gambusia affinis) and the native
common bully (Gobiomorphus cotidianus).

Table 4: Summary of Distribution of Fish Species within the Study Area, January 2007.

PFA | PFB | PFC | PFD | PFE HFA | HFB | HFC | HFD

Anguilla australis (short-finned eel) P P
Anguilla dieffenbachii (long-finned eel) P P P P P P P P P
elvers (juvenile eels) P P P P P P P
Carassius auratus (goldfish) P P

Gambusia affinis (mosquito fish) P P
Gobiomorphus cotidianus (common bully) P P P P P P
Paranephrops planifrons (FW crayfish) P P P P P P P
Paratya curvirostris (FW shrimp) P P P

The freshwater crayfish (Paranephrops planifrons) and freshwater shrimp (Paratya curvirostris) were
also included with electric fishing and set net catches.

Long-finned eels, elvers, common bullies and freshwater crayfish were present throughout the
mainstem of the Pokeno Stream between Sampling Site PFA and PFE (see Figure 4).

Goldfish were present at Sampling Sites PFC and HFC.

The mosquito fish was present at Sampling Sites HFC and HFD in the Helenslee Stream and whilst it
was not recorded in the Pokeno Stream at Sampling Site PFE during this survey, it has been recorded
further downstream in the Pokeno Catchment (Coffey, 1998c).

Significant waterfalls in terms of fish passage for non-climbing species were present on both the
Pokeno and Helenslee Stream within 50m of their confluence (immediately upstream of Sampling Site
PFE).
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Common bully populations upstream of these waterfalls are likely to be essentially land-locked in the
upstream reaches of these streams.

These waterfalls would not be an upstream migration barrier to elvers of either long-finned or short-
finned eels. Similarly, the freshwater shrimp is capable of migrating upstream over these two
waterfalls.

The presence of goldfish and mosquito fish upstream of these waterfalls is almost certainly due to
liberation of these taxa at upstream sites.

Catch data for electric fishing on 23 January 2007 is summarised in Table 5. No electric fishing was
conducted at Sampling Sites HFB or HFC in the Helenslee Stream.

Catch data for the set netting (baited Fyke and G-minnow traps) between 23 and 25 January 2007 is
summarised in Table 6.

The lengths of all eels caught by a combination of electric fishing and set netting is summarised in
Table 7.

Table 5: Catch data for Electric Fishing Run on 23 January 2007.

Electric Fishing Sampling Sites
Taxa PFA | PFB | PFC | PFD | PFE | HFA HFD

Anguilla australis 0 0 0 0 0 0 1
Anguilla dieffenbachii 3 2 1 2 4 1 3
Carassius auratus 0 0 1 0 0 0 0
elvers 5 3 7 4 6 3 4
Gambusia affinis 0 0 0 0 0 0 2
Gobiomorphus cotidianus 2 0 3 2 2 1 2
Paranephrops planifrons 1 0 3 1 1 0 1
Paratya curvirostris 0 0 0 4 8 0 12

Electric fishing catch returns were considered to be relatively low and ranged from one to four adult
eels per 50 m of stream length (see Table 5).

The body length of adult eels ranged from 13 to 49 centimetres.

The mainstem of both the Pokeno and Helenslee Streams did have fisheries values to climbing native
eel populations and to resident landlocked common bully populations during the summer period. It
will be necessary therefore to ensure that stormwater systems associated with the proposed
development are user friendly for both the upstream and downstream migrations of eels.

Table 6: Catch data for Set Nets between 23 and 25 January 2007.

Fyke Nets Sampling Sites
Taxa PFA | PFB | PFC HFB | HFC | HFD
Anguilla australis 0 0 1 0 0
Anguilla dieffenbachii 1 3 2 3 2 1
Carassius auratus 0 0 0 0 1
Paranephrops planifrons 1 0 0 0 0
date: | 23-24 January 2007 24-25 January 2007
G-minnow traps Sampling Sites
Taxa PFA | PFB | PFC HFB | HFC | HFD
Carassius auratus 0 0 0 0 2
Gambusia affinis 0 0 0 0 1
Gobiomorphus cotidianus 2 0 0 0 0
Paranephrops planifrons 0 0 0 1 2
date: | 23-24 January 2007 24-25 January 2007
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Table 7: Length of Eels (excluding elvers) caught by a combination of Electric Fishing (see Table 4
and set nets (see Table 5).

Sampling Sites

PFA | PFB | PFC | PFD | PFE | HFA | HFB | HFC | HFD

Anguilla australis (short-finned eel)

total catch 1 1

lengths (cm) 24 36

Anguilla dieffenbachii (long-finned eel)

total catch | 4 5 3 2 4 1 3 2 4

lengths (cm) | 23 | 28 | 34 | 33 | 15 13 34 37 18

32 | 28 | 43 | 36 | 19 43 41 24

34 | 35 | 45 22 46 38

36 | 37 34 49
40

4.2.3 Water Quality
Water quality data collected on the 5 of February 2007 is summarised in Table 8.

Data summarised in Table 8 is also presented graphically in Figures 27 to 31 where the mainstem
sites in the Pokeno Stream are separated from Sampling Sites PWQ 2 and PWQ 3 that were in an
ephemeral tributary of the Pokeno Stream with very low flow as of 5 February 2005 (see Figure 3 and
Colour Plates).

Dawn in Figures 27 to 31 refers to the period from 0700 hours to 0900 hours where, following night
time respiration by instream plants and cooler temperatures, water temperatures were expected to be
at daily minima, dissolved oxygen concentration were expected to be at daily minima and pH was
expected to be at daily minima.

Maximum daylight in Figures 27 to 31 refers to the period from 1300 hours to 1500 hours where,
following maximum solar radiation and photosynthesis by instream plants, water temperatures were
expected to be daily maxima, dissolved oxygen concentrations were expected to be at daily maxima
and pH was expected to be at daily maxima.

Water temperatures in the mainstem of the Pokeno and Helenslee Streams (see Figure 27) were
higher at downstream than upstream sites on the 5" of February 2007 both at dawn and during
maximum daylight.

Diurnal differences between mainstem water temperatures between dawn and maximum daylight
were also higher at downstream than upstream sites on the 5™ of February 2007. At Sampling Site
PWQ7 downstream of the confluence of the Pokeno and Helenslee Streams, water temperature varied
by 1.25 °C between dawn and maximum daylight (see Figure 27).

The pH of stream water (see Figure 29) and its dissolved oxygen concentration (see Figure 29)
appeared to be related to the presence or absence of emergent plant cover in the stream upstream of
any given sampling point (see Figure 3 and Colour Plates.

Where an open stream channel was present upstream of any given sampling site, dissolved oxygen
saturation and pH values were higher at both dawn and maximum daylight than where a closed cover
of emergent plants was upstream of any given sampling site.

The lowest measured dissolved oxygen saturation was in an ephemeral tributary of the Pokeno
Stream at Sampling Site PWQ2. The saturation of dissolved oxygen at this site at dawn was only 6%
(<1 mg/l) and during maximum daylight had only risen to 10% (again <1 mg/I). A dissolved oxygen
concentration of less than 5 mg/l is generally considered to be the threshold of concern of fish and
aquatic macroinvertebrates.

At dawn on the 5™ of February 2007, there were three mainstem sites in the Pokeno or Helenslee
Stream where dissolved oxygen concentrations had fallen below the threshold of concern (5 mg/l).
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These were Sampling Sites PWQ1, PWQ4, HWQ2. At HWQ2 (in common with the ephemeral tributary

sites PWQ2 and QWQ3), dissolved oxygen concentrations were less than 5 mg/l during maximum
daylight.

Whilst it would need to be the subject of a more detailed investigation, there also appeared to be a
relationship between the conductivity (see Figure 30), Black Disk Visibility (see Figure 31) and
dissolved the oxygen concentration of stream water. Higher conductivities (iron concentrations?) and
lower water transparency appeared to be generally associated with lower dissolved oxygen
concentrations in stream water (see Table 8 and Figures 29, 30 and 31).

Table 8: Water quality records for "Dawn” and “"Maximum Daylight” at Selected Sampling Sites in
the Pokeno and Helenslee Streams (see Figure 3) on 5th February 2007.

Date: | 5/2/07 | 5/2/07 | 5/2/07 | 5/2/07 | 5/2/07 | 5/2/07 | 5/2/07 | 5/2/07 | 5/2/07 | 5/2/07

Time (hours): | 0855 0830 0845 0815 0800 0655 0645 0740 0720 0705

Sampling Site | PWQ1 | PWQ2 | PWQ3 | PWQ4 | PWQ5 | PWQ6 | PWQ7 | HWQI | HWQ2 | HWQ3

Water Temperature (°C) 17.5 17.9 18.5 17.5 17.9 18.1 18.35 17.8 18.8 18.9

pH 6.92 7.20 6.55 6.78 7.22 7.54 7.66 7.10 6.76 7.60
Dissolved O, (mg/l) 4.99 0.52 2.64 3.14 8.74 6.89 8.70 7.56 2.52 8.13
Dissolved O, (% satn.) 52 6 28 33 95 75 93 82 27 90

Conductivity (#S/cm) 250 310 290 280 210 220 195 175 287 210

Black Disk Visibility (m) 0.44 ND 0.25 0.38 0.42 0.28 0.33 0.35 0.26 0.30

Date: | 5/2/07 | 5/2/07 | 5/2/07 | 5/2/07 | 5/2/07 | 5/2/07 | 5/2/07 | 5/2/07 | 5/2/07 | 5/2/07

Time (hours): 1555 1530 1545 1515 1500 1355 1345 1440 1420 1405

Sampling Site | PWQ1 | PWQ2 | PWQ3 | PWQ4 | PWQ5 | PWQ6 | PWQ7 | HWQI | HWQ2 | HWQ3

Water Temperature (°C) 18.1 19.7 20.2 18.3 18.8 19.2 19.6 19.3 19.9 20.1

pH 7.02 7.30 7.53 6.90 7.71 7.79 8.01 7.30 7.03 7.99
Dissolved O, (mg/l) 7.16 0.89 3.79 5.30 7.04 7.81 8.91 8.96 4.70 8.83
Dissolved O, (% satn.) 78 10 43 58 100 87 100 100 53 100
Conductivity (#S/cm) 210 305 270 240 210 210 190 170 220 205

Black Disk Visibility (m) 0.41 ND 0.30 0.39 0.44 0.31 0.34 0.38 0.28 0.33

Figure 27: Water temperature records for "Dawn” and "Maximum Daylight” at Selected Sampling
Sites in the Pokeno and Helenslee Streams (see Figure 3) on 5th February 2007.
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Figure 28: pH records for "Dawn” and "Maximum Daylight” at Selected Sampling Sites in the Pokeno
and Helenslee Streams (see Figure 3) on 5th February 2007.
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Figure 29: Dissolved Oxygen Concentration for "Dawn” and “"Maximum Daylight” at Selected
Sampling Sites in the Pokeno and Helenslee Streams (see Figure 3) on 5th February
2007.
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Figure 30: Conductivity of Stream Water for "Dawn” and “"Maximum Daylight” at Selected Sampling
Sites in the Pokeno and Helenslee Streams (see Figure 3) on 5th February 2007.
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Figure 31: Black Disk Visibility in Stream Water for "Dawn” and “"Maximum Daylight” at Selected
Sampling Sites in the Pokeno and Helenslee Streams (see Figure 3) on 5th February

2007.
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4.2.4 Ephemeral (Non-perennial) Streams and Stormwater Management

From a stormwater management perspective, there has generally been less ecological concern with
incorporating ephemeral streams into reticulated stormwater systems than incorporating perennial
streams into reticulated stormwater systems.

In this instance, we understand the developers of the proposed Pokeno Rural Village envisage a range
of ephemeral streams are to be incorporated into a reticulated stormwater system (see Figure 32).

One section of stream channel in the Helenslee Block that it is proposed will be piped (see HTA,
Figure 32) is a spring fed tributary of the Helenslee Stream and was described as Sampling Site H4
(see Figure 3).

A section of stream channel in the School Block that it is proposed will be piped (see PTA, Figure 32)
is an ephemeral section of a tributary to the Pokeno Stream that reduces to ponded water during low
flow summer conditions. It was described as Sampling Site P3 (see Figure 3).

Other sections of stream channel that it is proposed will be piped (Figure 32) include a range of
channels that variously reduce to seepage only or that are dry during low flow summer conditions.

In this instance, flow conditions were assessed in all accessible stream channels on four occasions
between the 4" December 2006 and the 5™ of February 2007, and again on 4 — 7 January 2008, with
a view to identifying stream channels that had permanent flow following 8 — 10 days without rainfall
in the catchment.

In Figures 3 and 52, a distinction has been made between spring-fed channels with permanent flow,
channels that reduce to ponded water, channels that reduce to seepages, and channels with no flow
during dry low flow summer conditions.

Interestingly, there were examples in the Hitchen Block where downstream sections of a particular
stream channel were dry after an 8 — 10 day period without rain in the catchment but upstream
sections of the same channel supported seeps and ponding areas. This situation appeared to be
associated with evapotranspiration (particularly from swamp areas containing dense emergent
macrophytes) downstream of smaller spring inputs to these stream channels.

In summary, all but the penultimate headwaters of the mainstem of both the Helenslee and Pokeno
Streams were perennial streams between early December 2006 and early February 2008.

Given the perennial nature of both the mainstem of the Helenslee and Pokeno Streams as they flow
through the proposed development blocks (see Figure 2), these mainstem channels should remain as
open stream channels rather than being incorporated into a reticulated stormwater system.
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Figure 32: Stream channels it is proposed to incorporate into a Reticulated Stormwater System.
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Section 3.2 of the Waikato Regional Plan (Environment Waikato, 2007) sets a minimum acceptable
flow for the Pokeno Stream at Hitchens Road (S12: 895 374) of 19 litres per second.

However, stream channels that are dry following periods of dry weather are ecologically less diverse
than stream channels that have permanent flow. They provide only sporadic (or seasonal), short-term
colonisation opportunities for a limited range of aquatic plants and animals (particularly filamentous
algae and air-breathing invertebrates such as water boatmen that can fly away from drying pools in
ephemeral streams).

Nevertheless, ephemeral stream channels can be valuable feeding areas for aquatic animals such as
eels that move into recently wetted channels to feed on terrestrial invertebrates (particularly
earthworms).

Moreover, recent studies (e.g. Parkyn et al., 2006) suggest that at least in native forest catchments,
non-perennial streams may harbour elements of indigenous biodiversity not found in perennial
habitats and may warrant consideration in catchment management and policy development, where
biodiversity objectives are of interest. We understand Environment Waikato is to commission further
work to also assess the value of non-perennial streams in developed catchments.

Rowe et al. (2006) have proposed a method for scoring the ecological performance of Auckland
streams and for quantifying mitigation (Stream Ecological Valuation or SEV). However, it is considered
this current document should be taken as a general rather than an obligatory guideline in terms of
mitigation for non-perennial streams that are to be modified as part of a development such as the
Pokeno Rural Village concept.

The three sampling sites that were located in non-perennial channels (i.e. P2, P3 and P6) were of
lower ecological value that the other perennial stream sites that were sampled during this
investigation within the footprint of the proposed Pokeno Rural Village Development (see section 4.2).

Moreover, the development proposal includes riparian enhancement for the mainstem of both the
Pokeno and Helenslee Streams within the footprint of the proposed development that substantially
meets mitigation requirements recommended by Rowe et al (2006).

In terms of biodiversity objectives, in the context of the proposed development, a high proportion of
ephemeral tributaries to the Pokeno and Helenslee Streams within the Pokeno catchment will remain
unaffected by the proposed stormwater system (see Figures 1 and 32).

Should future research identify particular biodiversity values in non-perennial streams in the Pokeno
catchment, a high proportion of these habitats would continue to exist in association with the
proposed Pokeno Rural Village Development.

4.2.5 Findings and Conclusions of Aquatic Ecology

Agricultural use and some urban activities have resulted in degraded streams in much of Franklin
District including the Pokeno and Helenslee Stream catchments (Franklin District Council, 2000). The
District Plan approach is to implement development setbacks and provide development incentives for
the protection or restoration and enhancement of riparian margins as the means within the control of
Franklin District Council through which it can best support riparian margin protection and thus stream
quality.

The Waikato River and associated wetlands to which the combined Pokeno and Helenslee Stream
catchments discharge are protected in a Wetland Conservation Zone under the Franklin District Plan
and have been assigned outstanding wildlife value. Implementation of the proposed the Pokeno
Development Concept Plan could potentially impact on this conservation zone by increasing
suspended solids loads and degrading ambient water quality in the downstream reaches of the
Pokeno Stream.

The Mangatawhiri Swamp has been assigned high wildlife value and is also protected in the Wetland
Conservation Zone under the Franklin District Plan.

Drainage from the combined Pokeno and Helenslee catchments drains through the downstream
section of this swamp before entering the Lower Waikato River (see Figure 2). Again, implementation
of the proposed the Pokeno Development Concept Plan could potentially impact on this conservation
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zone by increasing suspended solids loads and degrading ambient water quality in the downstream
reaches of the Pokeno Stream.

However, Harrison Grierson Consultants Limited (2008) have reported peak flood flows / stream levels
post-development will be less than or equal to pre-development peak flood flows / stream levels and
that devices will be installed to remove contaminants from stormwater. Therefore, no aquatic ecology
issues are expected as a result of post development storm flow events.

In the Helenslee Stream, this will be achieved by on-line flow attenuation wetlands (enhancing
existing wetlands) to reduce flows to less than pre-development flows and with culvert upgrades for
Ford Street and the Great South Road. These on-line wetlands are also expected to be effective in
terms of contaminant removal from stormwater during the construction phase of the proposed
development in particular (see Harrison Grierson Consultants Limited, 2008).

Flow in the Pokeno Stream will not be affected by the proposed development and any floodplain filling
in the employment zone will be offset by higher level channel modifications (Harrison Grierson
Consultants Limited, 2008). Existing culverts / bridges in and over the Pokeno Stream will also be
upgraded. Off-line treatment wetlands will be provided for stormwater treatment (contaminant
removal) in the Pokeno Stream catchment (Harrison Grierson Consultants Limited, 2008).

On this basis, no adverse downstream effects of the proposed development are expected in the
Wetland Conservation Zone under the Franklin District Plan.

It appears that dissolved oxygen in a number of reaches of the Pokeno and Helenslee Stream falls
below the threshold of concern for aquatic life as a result of:

e poor physical instream habitat quality associated with the overgrowth of many sections of the
stream channel with emergent macrophytes,

e dense growths of iron bacteria associated with anoxic ground water seeps into tributary
headwaters,

e agricultural and horticultural land use in the catchment,
* low or lack of tributary inflows during the summer flows,

e probable moderate to severe pollution of water quality in the study area (as indicated by
indices of macroinvertebrate community structure - see Section 4.2.1).

On this basis, the creation of ornamental lakes and ponds within the proposed development is not
recommended.

Given the recommendations by Harrison Grierson consultants (2008) that there would be some 5.4
km of riparian enhancements involving 11 ha of protected & planted stream riparian margins within
the footprint of the proposed development, a substantial improvement in instream habitat quality
would be expected post development relative to the current state of the Pokeno and Helenslee
Streams.

Riparian enhancement would include a systematic weed control programme for introduced emergent
weeds such a willows, reed sweet grass and twin cress have also been addressed in a landscape plan
by Harrison Grierson Consultants Limited (2008). These initiatives

Given the perennial nature of both the mainstem of the Helenslee and Pokeno Streams as they flow
through the proposed development blocks (see Figure 2), these mainstem channels should remain as
open stream channels rather than be incorporated into a reticulated stormwater system.
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5.0 Colour Plates (December 2006)
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Appendix Al:

Provisional Species List for Terrestrial Vegetation

Taxa Common Name Notes

Acacia sp. wattle North east Helenslee Block

Acanthus mollis bear's breeches Road front gardens School and Town Blocks
Acer pseudoplatanus sycamore Road front gardens School and Town Blocks
Acetosa (Rumex) acetosella sheep’s sorrel Poorer pastures / wasteland throughout
Acetosa (Rumex) sagittata climbing dock Poorer pastures / wasteland throughout
Achillea millefolium yarrow Widespread, railway siding and roadsides
Agapanthus spp. agapanthus Road front gardens School and Town Blocks
Agathus australis Kauri Road front gardens School and Town Blocks
Ageratina adenophora Mexican devil Damp waste places

Ageratina riparia mist flower Streamside, Hitchen Block

Agrostis capillaris browntop Pastures

Agrostis stolonifera creeping bent Pastures

Albizia julibrissin silk tree Road front gardens School and Town Blocks
Alectryon excelsus titoki Tree lots and roadside gardens throughout

Alisma lanceolatum

water plantain

Stream and pond margins throughout

Alisma plantago-aquatica

water plantain

Stream and pond margins throughout

Allium triguetrum

three-cornered garlic

Roadsides throughout

Alnus glutinosa alder Occasional along stream margins
Amaranthus deflexus prostrate amaranth Wasteland and poor pasture throughout
Amaranthus powellii red root Wasteland and poor pasture throughout

Anagallis arvensis subsp. arvensis

scarlet pimpernel

Gardens, open pasture and wasteland

Anthemis cotula

stinking mayweed

Pasture, roadside and waste places throughout

Anthoxanthum odoratum

sweet vernal

Pastures and wasteland throughout

Aphanes arvensis

parsley piert

Roadside, pastures and cropping land throughout

Apium nodiflorum

water celery

Widespread in shallow wetlands

Araucaria heterophylla

Norfolk Island pine

Road front gardens and rural, School, Town &
Hitchen Blocks

Arctotheca calendula Cape weed Street verges and roadsides throughout
Aristea ecklonii aristea Roadsides and railway sidings

Aroujia sericifero moth plant Associated with privet hedges throughout
Artemisia verlotiorum mugwort Roadsides and poorer pasture throughout
Arum italicum Italian arum Under roadside hedges, Hitchen Block
Arundinaria spp. bamboo Rural hedgerows Hitchen Block

Asparogus asparagoides smilax Hedges and roadsides throughout
Asphodelus fistulosus asphodel Forest remnants in Helenslee Block

Atriplex patula orache Railway siding, Hitchen Block

Avena fatua wild oats Pasture

Azalea spp. azalea Roadside gardens Town Block

Azolla filiculoides Pacific axolla Ponding areas Hitchen and Helenslee Blocks
Azolla pinnata ferny axolla Ponding areas Hitchen and Helenslee Blocks
Banksia spp. banksia Road front gardens School and Town Blocks

Barbarea intermedia

winter cress

Roadsides and wasteland throughout

Barbarea verna

winter cress

Roadsides and wasteland throughout

Bellis perennis daisy Pastures and wasteland throughout

Berberis glaucocarpa barberry Hedgerows School Helenslee and Hitchen Blocks
Betula pendula silver birch Road front gardens School, Town & Hitchen Blocks
Bidens frondosa beggars' ticks Wet areas throughout

Beilschmiedia taiaire taiaire West Hitchen Block

Beilschmiedia tawa tawa West Hitchen Block

Blechnum spp. hard ferns Margins of permanent watercourses

Bolboshoenus species purua grass Occasional in wet areas throughout

Borogo officinalis borage Occasional along roadsides throughout

Brassica rapa subsp. sylvestris wild turnip Roadsides and cropping land throughout

Bromus wildenowii

prairie grass

Pastures

Brugmansia candida

angel’s trumpet

Rural hedgerows, Hitchen and Helenslee Blocks

Buddleja davidii buddleia Road front gardens School and Town Blocks
Cactaceae cacti Roadside gardens
Callistemon spp. bottlebrush Road front gardens School and Town Blocks
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Taxa

Common Name

Notes

Callitriche stagnalis

starwort

Patchy, stream margins and pond banks throughout

Calystegia sepium

pink bindweed

Hedgerows, waste areas and stream margins
throughout

Calystegia silvatica

great bindweed

Hedgerows, waste areas and stream margins
throughout

Calystegia tuguriorum N.Z. bindweed Hedgerows, waste areas & stream margins
throughout

Camellia spp. camellia Road front gardens School, Town & Hitchen Blocks

Canna x generalis canna Road front gardens School, Town & Hitchen Blocks

Capsella bursa-pastoris

shepherd's purse

Cropping land throughout

Cardamine flexuosa

wavy bitter cress

Stream sides throughout

Cardamine hirsuta

bitter cress

Stream sides throughout

Cardaria draba

hoary cress

Roadsides and poor pasture throughout

Carduus nutans

nodding thistle

Pastures throughout

Carduus tenuiflorus

winged thistle

Pastures throughout

Carex geminata rautahi Marginal wetlands throughout

Carex longebrachiata Australian sedge Poorer pastures throughout

Carex spp. sedges Wet pastures throughout

Cassinia leptophylla tauhinu Occasional, higher poorer pasture in Hitchen Block
Castanea sativa sweet chestnut North Hitchen Block

Casuarina equisetifolia she oak Hedgerows School Block

Centaurium erythraea centaury Poorer pasture and disturbed rural sites throughout
Centipeda cunningham sneezeweed Pasture adjacent to watercourses throughout

Cerastium fontanum

mouse-ear chickweed

Pasture and roadsides throughout

Ceratophyllum demersum

hornwort

Submerged, lower Pokeno Stream

Chamaecyparis lawsoniana

Lawson's cypress

Specimen trees and hedgerows throughout

Chamaecytisus palmensis

tree lucerne

Railway sidings, Hitchen Block

Chamaemelum nobile chamomile Pasture throughout

Chenopodium album fathen Disturbed pasture and wasteland throughout
Chenopodium pumilio clammy goosefoot Pasture throughout

Chrysanthemoides monilifera boneseed Occasional on roadsides throughout
Cichorium intybus chicory Occasional in disturbed pasture

Cirsium arvense

Californian thistle

Pastures throughout

Cirsium vulgare

Scotch thistle

Pastures throughout

Clematis flammula

Clematis flammula

Hedgerows and stream banks throughout

Clinopodium vulgare

wild basil

Damp areas along hedgerows throughout

Cobaea scandens

cathedral bells

Occasional in hedgerows throughout

Conium maculatum

hemlock

Poorer damp pasture and damp wasteland
throughout

Conyza albida

broad-leaved fleabane

Widespread throughout in pasture and waste areas

Conyza bilbaona

Canadian fleabane

Widespread throughout in pasture and waste areas

Conyza bonariensis

wavy-leaved fleabane

Widespread throughout in pasture and waste areas

Coprosma spp.

coprosma

Bush remnants throughout

Cordyline australis

Cabbage trees

Road front gardens and rural School, Town &
Hitchen Blocks

Coriaria species

tutu

Occasional alone banks of middle Pokeno Stream

Coronopus didymus

twin cress

Pastures throughout

Cortaderia jubata

pampas grass

Roadsides and waste areas throughout

Cortaderia selloana

pampas grass

Roadsides and waste areas throughout

Corynocarpus laevigatus karaka Nrth east Helenslee block

Cotoneaster glaucophyllus bright bead Occasional along streamside, Town and Hitchen
cotoneaster Blocks

Cotula australis soldier's button Occasional in pasture throughout

Crataegus monogyna hawthorn Occasional in hedgerows, Town and Hitchen Blocks

Crepis capillaris hawksbeard Pasture and stream banks throughout

Critesion spp. barley grass Pasture throughout

Crocosmia x crocosmiiflora montbretia Roadside gardens and waste areas throughout

Cryptomeria japonica Japanese red cedar Shelterbelt in School Block

Cucurbita maxima pumpkin Crop in Hitchen Block

Cupressus macrocarpa macrocarpa Specimen trees and hedgerows throughout rural

areas

Cupressocyparis leylandi

Leyland cypress

North west Helenslee Block
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Taxa

Common Name

Notes

Cyathea spp.

tree ferns

Rural gullies with tree regrowth & stream margins
throughout

Cymbalaria murialis

ivy-leaved toadflax

Occasional in hedgerows, Hitchen Block

Cyperus congestus

purple umbrella sedge

Damp pasture throughout

Cyperus eragrostis

umbrella sedge

Stream banks and wet pasture throughout

Cyperus esculentus

yellow nut grass

Urban roadsides, Town Block

Cyperus rotundus

nutgrass

Occasional in cultivated land throughout

Cyperus ustulatus

giant umbrella sedge

Stream sides and wet pasture throughout

Cytisus scoporius

broom

Associated with gorse thickets in Hitchen Block

Dacrycarpus dacrydioides kahikatea remnant tree lots in School and Helenslee Blocks
Dactylis glomerata cocksfoot Pastures throughout

Datura stramonium thornapple Railway sidings in Hitchen Block

Daucus carota wild carrot Roadsides and cultivated land throughout

Dichondra micrantha

Mercury Bay weed

Occasional in pastures throughout

Dichondra repens

Native Mercury Bay
weed

Occasional along stream sides, Town Block

Dicksonia spp. tree ferns Rural gullies with tree regrowth & stream margins
throughout

Digitalis purpurea foxglove Poorer pastures throughout

Digitaria sanguinalis summer grass Pastures throughout

Dipsacus sylvestris wild teasel Roadsides and waste areas throughout

Dittrichia graveolens stinkwort Occasional in pastures throughout

Dryopteris filix-mas male fern Stream side Hitchen block and lower Pokeno
Stream

Dodonia viscosa akeake North east Helenslee Block

Echinochloa crus-galli

barnyard grass

Pastures throughout

Echium plantagineum

Paterson's curse

Occasional in poorer pasture throughout

Egeria densa

egeria

Submerged in lower Pokeno Stream

Elaeagnus x reflexa

elaeagnus

Occasional in hedgrows, Hitchen Block

Elodea canadensis

Canadian pondweed

Submerged in lower Helenslee and Pokeno Streams

Elytrigia repens

couch

Cultivated land throughout

Epilobium ciliatum

tall willow-herb

Stream banks and wet pasture throughout

Epilobium nummulariifolium

creeping willow-herb

Stream banks and wet pasture throughout

Erica lusitanica

Spanish heath

Railway sidings, Hitchen Block

Erigeron karvinskianus

Mexican daisy

Local, road and stream sides thoughout

Eriobotrya japonica loguot tree Roadside gardens, Town Block
Eucalyptus cinerea Silver dollar tree Specimen tress, School and Town Blocks
Eucalyptus spp. blue gums Specimen trees throughout rural and urban areas
Euchiton (Gnaphalium) creeping cudweed Occasional wet pasture throughout
involucratus

Euphorbia helioscopia sun spurge Waste areas throughout

Euphorbia maculata spotted spurge Waste areas throughout

Festuca arundinacea tall fescue Pastures throughout

Festuca rubra chewings fescue Pastures throughout

Foeniculum vulgare fennel Roadsides and waste areas throughout
Fraxinus oxycarpa ash Roadside Hitchen Block

Fumaria muralis

scrambling fumitory

Damp roadsides and damp waste areas throughout

Fushsia spp.

fushia

Roadside gardens, Town Block

Galium aparine

cleaver

Hedgerows and waste areas throughout

Galium divaricatum

slender bedstraw

Roadsides and poorer pasture throughout

Galium palustre

marsh bedstraw

Swamps and wet pasture throughout

Gamochaeta (Gnaphalium)

Spicata

purple cudweed

Wet pasture throughout

Geranium dissectum

cut-leaved geranium

Hedgerows and waste areas throughout

Geranium molle

dove's foot

Hedgerows and waste areas throughout

Geranium robertianum

herb Robert

Hedgerows and waste areas throughout

Gladiolus undulatus wild gladiolus Occasional drainsides Town Block
Glyceria maxima reed sweet grass Wetlands throughout
Grisalinia lucida puka Bush remnants in Helenslee Block

Hakea salicifolia

willow-leaved hakea

Associated with gorse, Hitchen Block

Hakea sericea

neddlebrush

Hedgerows, School Block

Haloragis erecta

shrubby haloragis

Occasional, disturbed land throughout
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Taxa

Common Name

Notes

Hebe spp. hebe Roadside gardens and bush remnants throughout
Hedera helix Ivy Stream banks and hedgerows throughout
Hedychium gardnerianum Kahili ginger Occasional, streamside middle Pokeno Stream
Helminthotheca (Picris) echioides | oxtongue Roadsides and poorer pasture throughout
Hibiscus spp. hibiscus Roadside gardens, Town Block

Hirschfeldia incana

hoary mustard

Railway sidings, Hitchen Block

Holcus lanatus

Yorkshire fog

Pasture throughout

Hydrangea spp. hydrangea Roadside gardens, School and Town Blocks
Hydrocotyle heteromeria waxweed Local, roadside verges in Town Block
Hydrocotyle microphylla hydrocotyle Local. wetter pasture throughout
Hydrocotyle moschata hydrocotyle Local, roadside verges in Town Block

Hydrocotyle tripartita

Australian hydrocotyle

Local, roadside verges in Town Block

Hypericum perforatum

St John's wort

Occasional in pasture throughout

Hypochoeris radicata catsear Pasture and disturbed land throughout

Iris foetidissima stinking iris Occasional in waste areas throughout

Iris pseudacorus yellow flag Occasional in farm drains, Hitchen Block
Jasminum polyanthum jasmin Roadside gardens, School Block, hedgerows

Hitchen Block

Juncus articulatus

jointed rush

Stream side and wet pasture throughout

Juncus bufonius toad rush Stream side and wet pasture throughout

Juncus (gregiflorus) edgarae Juncus edgarae Stream side and wet pasture throughout

Juncus effusus soft rush Stream side and wet pasture throughout

Juncus spp. rushes Pasture throughout

Knightia excelsa rewarewa West Hitchen Block

Kunzea ericoides kanuka Roadside Town Block, bush remnants throughout
Lactuca serriola prickly lettuce Occasional in waste areas throughout
Lagarosiphon major lagaroisphon Submerged, lower Helenslee and Pokeno Streams

Lamium purpureum

red dead nettle

Occasional in poorer pasture and disturbed land
throughout

Lapsana communis nipplewort Roadside, Town Block

Larix decidua larch Shelterbelt, School Block

Lathyrus latifolius everlasting pea Hedgerows, Hitchen Block

Lavandula spp. lavender Roadside Gardens, Town Block

Lavatera arborea tree mallow Occasional, waste areas throughout

Lavatera cretica Cretan mallow Occasional, waste areas throughout

Lemna minor duckweed Water surface of protected ponds and stream
backwaters

Leontodon taraxacoides hawkbit Disturbed areas throughout

Lepidium africanum peppercress Occasional in disturbed areas throughout

Lepidium bonariense

Argentine cress

Occasional in disturbed areas throughout

Leptospermum laevigatum

coastal teatree

Roadside gardens, Town Block

Leptospermum scoparium manuka Roadside Town Block, bush remnants throughout

Leucanthemum vulgare oxeye daisy Roadsides and pastures throughout

Leycesteria formosa Himalayan Occasional, railway sidings Hitchen Block
honeysuckle

Ligustrum lucidum tree privit hedgerows throughout

Ligustrum sinense Chinese privit hedgerows throughout

Linaria purpurea purple linaria Occasional, railway sidings Hitchen Block

Liguidambar styraciflua liguid amber Roadside gardens, School and Town Blocks

Lobularia maritima alyssum Roadside gardens, Town Block

Lolium multiflorum ryegrass Pasture throughout

Lolium perenne ryegrass Pasture throughout

Lonicera japonica

Japanese honeysuckle

Hedgerows throughout

Lotus angustissimus

slender birdsfoot
trefoil

Pasture throughout

Lotus pedunculatus lotus Pasture throughout
Lotus suaveolens hairy birdsfoot trefoil Pasture throughout
Ludwigia palustris water purslane Wetlands and damp pasture throughout
Ludwigia peploides primrose willow Wetlands and damp pasture throughout

Lupinus arboreus

tree lupin

Occasional in disturbed areas throughout

Lycium ferocissimum

boxthorn

Occasional, hedgerows throughout

Lythrum junceum

rose loosestrife

Occasional, damp waste areas
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Taxa

Common Name

Notes

Magnolia aoulangiana

magnolia

Roadside gardens throughout

Malus x domestica

apple tree

Roadside gardens, Town and School Block

Malva parviflora

small-flowered mallow

Stock camps under trees throughout

Medicago lupulina black medick Pasture throughout
Medicago sativa lucerne Pasture throughout
Melia azedarach bead tree Road front gardens School, Town & Hitchen Blocks

Melilotus albus

sweet clover

Pasture throughout

Melilotus officinalis

yellow sweet clover

Pasture throughout

Melissa officinalis lemon balm Occasional, stream banks School Block

Mentha pulegium pennyroyal Wetlands and damp pasture throughout
Mentha spicata spearmint Wetlands and damp pasture throughout
Mentha suaveolens apple mint Occasional, roadside gardens an pasture

throughout

Mentha x piperita var. citrata

Bergamot mint

Wet ground throughout

Mentha x piperita var. piperita peppermint Emergent aquatic in slow flowing water, throughout
Meteroideros spp. rata Roadside gardens, School and Town Blocks
Mimulus guttatus monkey musk Occasional, stream side and wet pasture

throughout

Modiola caroliniana

creeping mallow

Occasional, pasture throughout

Muehlenbeckia complexa

wire vine

Occasional, hedgerows throughout

Myosotis arvensis field forget-me-not Occasional, pastures throughout

Myosotis scorpioides water forget-me-not Occasional, damp pasture throughout
Myosotis sylvatica garden forget-me-not | Occasional, waste areas throughout
Nasturtium (Rorippa) one-rowed watercress | Margins of slow-flowing streams and drains
microphyllum throughout

Nasturtium (Rorippa) officinale

watercress

Margins of slow-flowing streams and drains
throughout

Nicandra physalodes

apple of Peru

Occasional, waste areas throughout

Oenanthe pimpinelloides

parsley dropwort

Occasional, disturbed ground throughout

Oenothera glazioviana

evening primrose

Occasional, disturbed ground throughout

Olea europaea subsps.

Olive trees

Road front gardens School, Town and Hitchen
Blocks

Ornithopus pinnatus

yellow serradella

Local, poorer pasture throughout

Orobanche minor broomrape Occasional, disturbed pasture Hitchen Block
Osmunda regalis royal fern Occasional, stream sides throughout

Oxalis corniculata horned oxalis Cultivated and disturbed areas throughout
Oxalis latifolia fishtail oxalis Cultivated and disturbed areas throughout

Oxalis vallicola

pink shamrock

Cultivated and disturbed areas throughout

Panicum spp.

witch grasses

Cultivated areas throughout

Paraserianthes lophantha brush wattle Widespread throughout on disturbed wasteland
Parentucellia viscosa tarweed Local, pasture and disturbed ground throughout
Paspalum dilatatum paspalum Pasture and disturbed ground throughout

Paspalum distichum

Mercer grass

Pasture and disturbed ground throughout

Passiflora tripartita

banana passionfruit

Roadside gardens, Town Block

Pastinaca sativa wild parsnip Stream side, disturbed areas, throughout
Paulownia tomentosa paulownia Hedgerow Pokeno School roadside
Pennisetum clandestinum kikuya Occasional roadside, Town Block
Pennisetum villosum feathertop Pastures throughout

Persicaria (Polygonum) decipiens

swamp willow weed

Wet pasture and wetlands throughout

Persicaria (Polygonum)

water pepper

Wet pasture and wetlands throughout

hydropiper

Persicaria (Polygonum) persicaria | willow weed Wet pasture and wetlands throughout

Phoenix canariensis Canary Island palm Road front gardens School and Town Blocks
Phormium tenax N.Z. flax Occasional throughout in damp situations
Phyllostachys spp. bamboo Hedgerows in Hitchen Block

Phytolacca octandra inkweed Disturbed ground throughout

Pinus pinaster maritime pine South east Hitchen Block

Pinus radiata radiata pine Woodlots throughout. Some large specimens
Pittosporum spp. pittosporum Common hedge / screening plants around dwellings

Plantago coronopus

buck’s horn plantain

Disturbed ground throughout

Plantago lanceolata

narrow-leaved
plantain

Disturbed ground throughout
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Taxa Common Name Notes

Plantago major broad-leaved plantain | Disturbed ground throughout

Platinus x hispanica Plane tree Roadside tree lot on north side of Leathem’s
Stream Bridge

Poa annua annual poa Pastures throughout

Podocarpus totara totara Remnant woodlots and specimen trees throughout,
particularly in Helenslee Block

Polygonum aviculare wireweed Disturbed ground throughout

Populus alba silver poplar Shelterbelts and specimen trees throughout

Populus trichcarpa Western Balsam Roadside tree lots School and Hitchen Blocks

poplar
Populus yumanensis Chinese poplar Roadside tree lots Helenslee and Hitchen Blocks
Portulaca oleracea purslane Disturbed ground throughout

Potamogeton cheesemanii

red pondweed

Occasional in ponding areas, lower Pokeno Stream

Potamogeton crispus

curled pondweed

Submerged, upper and middle Helenslee & Pokeno

Streams

Potamogeton ochreatus

blunt pondweed

Submerged, occasional in lower Pokeno Stream

Potentilla reptans

creeping cinquefoil

Poorer pasture throughout

Prumnopitys ferruginea

miro

Specimen trees in School Block

Prunella vulgaris selfheal Damp stream margins throughout

Prunus persica peach Roadside gardens and occasional on disturbed
ground

Prunus x domestica plum tree Road front gardens School, Town and Hitchen
Blocks

Pseudopanax spp. five finger Remnant bush in all blocks

Pseudognaphalium luteoalbum Jersey cudweed Occasional in pasture throughout

Pteridium esculentum bracken Occasional on disturbed ground throughout

Pyrus communis pear tree Road front gardens School, Town and Hitchen
Blocks

Quercus spp. Oaks Widespread rural specimens trees, road front

gardens throughout and in town centre

Racosperma longifolia

Sydney golden wattle

Road front gardens, School and Town Block

Racosperma mearnsii black wattle On disturbed ground throughout
Ranunculus acris giant buttercup Roadside and pasture throughout
Ranunculus amphitrichus waoriki Damp pasture throughout
Ranunculus flammula spearwort Damp pasture throughout

Ranunculus repens

creeping buttercup

Damp pasture throughout

Ranunculus sceleratus

celery-leaved

Damp pasture throughout

buttercup
Raphanus raphanistrum subsp. wild radish Occasional on disturbed ground throughout
raphanistrum
Rhamnus alaternus evergreen buckthorn Occasional in hedgerows throughout
Rhododendron spp. Rhododendron Road front gardens School, Town and Hitchen

Blocks

Rhododenron lochae vireyas Road front gardens School and Town Blocks
Ricinus communis castor oil plant Roadside gardens and waste areas throughout
Rorippa palustris poniu Occasional, damp pasture throughout
Rorippa sylvestris creeping yellow cress | Occasional, damp pasture throughout
Rosa spp. roses Road front gardens School, Town and Hitchen

Blocks and in waste areas throughout

Rubus fruticosus

blackberry

Poorer pasture, bush remnants, hedgerows and
waste areas throughout

Rubus phoenicolasius Japanese wineberry Roadsides and vegetated heads of gullies
throughout

Rumex conglomerates clustered dock Damp pasture throughout

Rumex crispus curled dock Damp pasture throughout

Rumex obtusifolius broad-leaved dock Damp pasture throughout

Sagina apetala pearlwort Poorer damp pasture throughout

Sagina procumbens

procumbent pearlwort

Poorer damp pasture throughout

Salix alba var. vitellina

golden willow

Stream margins throughout

Salix babylonica weeping willow Associated with waterways throughout
Salix cinerea grey willow Swampy areas throughout
Salix fragilis crack willow Swamps and wet area throughout
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Taxa

Common Name

Notes

Salix x chrysocoma

golden weeping willow

Associated with waterways throughout

Salpichraa origanifolia

lily of the valley vine

Occasional in hedgerows throughout

Sambucus nigra

elder

occasional on elevated banks of lower Pokeno
Stream and hedgerows in School Block

Schedonorus phoenix tall fescue Pastures throughout
Senecio bipinnatisectus Australian fireweed Occasional, disturbed pasture throughout
Senecio jacobaea ragwort Swampy ground and pastures throughout

Senecio skirrhodon

gravel groundsel

Railway sidings, Hitchen block

Senecio sylvaticus

wood groundsel

Occasional, poorer pasture throughout

Senecio vulgaris

groundsel

Occasional, disturbed land throughout

Sequioa sempervirens

Californian redwood

Rural garden Helenslee Block

Setaria species

bristle grasses

Pastures throughout

Sherardia arvensis field madder Poorer pasture and stream banks throughout
Sida rhombifolia paddy lucerne Pastures throughout
Silene gallica catchfly Occasional, cultivated areas throughout

Sison amomum

stone parsley

Occasional, pasture and roadsides throughout

Sisymbrium officinale

hedge mustard

Occasional, pasture and roadsides throughout

Sisymbrium orientale

oriental mustard

Occasional, pasture and roadsides throughout

Solanum marginatum

white-edged
nightshade

Occasional poorer pastures throughout

Solanum mauritianum

woolly nightshade

Common throughout in disturbed ground and
stream margins

Solanum nigrum

black nightshade

Occasional, disturbed ground and poorer pasture
throughout

Solanum physalifolium

hairy nightshade

Occasional, disturbed ground and poorer pasture
throughout

Solanum pseudocapsicum

Jerusalem cherry

Occasional, hedgerows in Hitchen Block

Soliva sessilis

Onehunga weed

Occasional, poorer pasture throughout

Sonchus oleraceus sow thistle Disturbed ground and poorer pasture throughout

Sophora microphylla Kowhai Road front gardens School and Town Blocks,
Occasional specimen tree in rural areas

Spergula arvensis spurrey Occasional, cultivated areas throughout

Spirodella punctata purple-backed Water surface of protected ponds and stream

duckweed backwaters

Stachys arvensis staggerweed Occasional, cultivated areas and stream banks
throughout

Stellaria media chickweed Occasional, damp cultivated areas throughout

Stenotaphrum subsecundum

buffalo grass

Pasture throughout

Symphytum x uplandicum

Russian comfrey

Railway sidings, Hitchen Block

Taraxacum officinale

dandelion

Pastures and disturbed ground throughout

Teline monspessulana

Montpellier broom

Associated with gorse thickets in Hitchen Block

Tradescantia fluminensis

wandering Jew

Shaded stream banks throughout

Trifolium arvense

haresfoot trefoil

Pasture throughout

Trifolium dubium

suckling clover

Pasture throughout

Trifolium hybridum alsike clover Pasture throughout
Trifolium pratense red clover Pasture throughout
Trifolium repens white clover Pasture throughout

Trifolium subterraneum

subterranean clover

Pasture throughout

Tropaeolum majus

garden nasturtium

Occasional associate of hedgerows throughout

Ulex europaeus

gorse

Abundant in elevated gullies in Hitchen Block,
occasional in pasture and disturbed ground
throughout

Verbascum thapsus

woolly mullein

Occasional, poorer pasture throughout

Verbena bonariensis

purple top

Occasional, disturbed ground throughout

Veronica anagallis-aquatica

water speedwell

Occasional, in or near streams throughout

Veronica serpyllifolia

turf speedwewl|

Wet pasture and stream margins throughout

Vicia sativa vetch Occasional in poorer pasture throughout

Vinca major periwinkle Shaded woodlots in Helenslee Block

Vitex lucens puriri West Hitchen Block

Vitis vinifera grape vine Cropping plant in Hitchen Block and road front
gardens School and Town Blocks

Watsonia bulbillifera watsonia Roadside, Hitchen Block
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Taxa Common Name Notes

Wofffia australiana water meal Free floating within cover of reed sweet grass,
Hitchen Block

Zantedeschia aethiopica arum lily Occasional, swampy pasture, School Block

Zea mays sweet corn Cropping plant in Hitchen Block

Brian T. Coffey and Associates Limited, Whangamata




Appendix A2: Environment Waikato criteria for determining significant

indigenous vegetation and significant habitats of indigenous
fauna (Appendix 3 of the Waikato Regional Policy Statement -
Environment Waikato, 2000).

The following criteria are to be used to identify areas of significant indigenous vegetation and
significant habitats of indigenous fauna as they exist at the time the criteria are being applied.

Previously Assessed Site

1.

It is indigenous vegetation or habitat for indigenous fauna that has been specially set aside by
statute or covenant for protection and preservation unless the site can be shown to meet none
of Criteria 3-11.

It is indigenous vegetation or habitat recommended for protection by the Nature Heritage Fund,
or Nga Whenua Rahui committees, or the Queen Elizabeth the Second National Trust Board of
Directors, unless the site can be shown to meet none of Criteria 3-11.

Ecological Values

3.

It is vegetation or habitat that is currently habitat for indigenous species or associations of
indigenous species that are:

o threatened with extinction; or
» endemic to the Waikato Region

It is indigenous vegetation or habitat type that is under-represented (10% or less of its known
or likely original extent remaining) in an Ecological District, or Ecological Region, or nationally.

It is indigenous vegetation or habitat that is, and prior to human settlement was, nationally
uncommon such as geothermal, Chenier plain, or kaarst ecosystems.

It is wetland habitat for indigenous plant communities and/or indigenous fauna communities
(excluding exotic rush / pasture communities) that has not been created and subsequently
maintained for or in connection with:

e waste treatment; or

o wastewater renovation; or

 hydro electric power lakes (excluding Lake Taupo); or

» water storage for irrigation; or

» water supply storage;

unless in those instances they meet the criteria in Whaley et al. (1995).

It is an area of indigenous vegetation or naturally occurring habitat that is large relative to
other examples in the Waikato Region of similar habitat types, and which contains all or almost
all indigenous species typical of that habitat type.

It is aquatic habitat (excluding artificial water bodies, except those created for the maintenance
and enhancement of biodiversity or as mitigation for a consented activity) that is a portion of a
stream, river, lake, wetland, intertidal mudflat or estuary, and their margins, that is critical
(essential for a specific component of the life cycle and includes breeding and spawning
grounds, juvenile nursery areas, important feeding areas and migratory pathways) to the self
sustainability of an indigenous species within a catchment of the Waikato Region and which
contains healthy, representative populations of that species.

It is an area of indigenous vegetation or habitat that is a healthy and representative example of
its type because:

o its structure, composition, and ecological processes are largely intact; and

o if protected from the adverse effects of plant and animal pests and of adjacent landuse (e.g.
stock, discharges, erosion), can maintain its ecological sustainability over time.
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10. Itis an area of indigenous vegetation or habitat that forms part of an ecological sequence, that
is either not common in the Waikato Region or an ecological district, or is an exceptional,
representative example of its type.

Role in Protecting Ecologically Significant Area

11. It is an area of indigenous vegetation or habitat for indigenous species (which habitat is either
naturally occurring or has been established as a mitigation measure) that forms, either on its
own or in combination with other similar areas, an ecological buffer, linkage or corridor and
which is necessary to protect any site identified as significant under Criteria 1-10 from external
adverse effects.
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Appendix A3: Franklin District Council criteria for adding items to Schedule

5 by way of a plan change (Franklin District Council, 2000).

The specified criteria include:

the extent to which an area is representative or characteristic of the natural diversity in an
ecological district or reflects important or representative aspects of New Zealand’s geological
history,

the presence of a threatened species, or the feature’s rarity, or uncommon, special or
distinctive features,

the extent to which a natural area can maintain its ecological viability over time,
the extent to which an area is of sufficient size and shape to maintain its intrinsic value,

the relationship a natural feature has with its surrounding landscape, and the extent
of buffering or protection from external adverse effects,

the natural diversity of species of flora and fauna, biological communities and ecosystems,
geological or edaphic features such as landforms and land processes, parent material,
and,records of past processes,

the diversity of ecological patterns, such as the change in species composition or,communities
along environmental gradients,

the extent to which an area is still reflective of its original natural character and quality,

the extent to which an area provides an important habitat for species at different stages of
their life cycle,

the importance of an area to Tangata Whenua.
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EXECUTIVE SUMMARY

This Pokeno Catchment Management Plan outlines stormwater management options and
measures (planning controls, physical works and operation and maintenance strategies)
to manage the effects on the stormwater environment resulting from the proposed
development for Pokeno.

The purpose of the CMP is to: identify stormwater issues within the catchment; identify
potential options to address these issues; and set out recommendations for the long-
term stormwater management within the catchment which would form a basis for a
stormwater discharge consent and to support rezoning and development.

A Structure Plan proposes a future Pokeno growth area of around 440 hectares. The
stormwater catchment area which drains to this proposed development area is around
1,500 hectares, consisting of two sub-catchments the Tanitewhiora catchment (1,270
hectares) and Helenslee catchment (230 hectares).

The key findings associated with stormwater management within the catchment are:

e Envisaged land uses will not significantly alter the peak flood flows through the
Tanitewhiora stream compared to the existing or pre-development scenario, as a
result of the timing of peak flows from the development areas. Hence no flood
mitigations measures are proposed, only water quality improvement measures.

e Without mitigation there will be a significant increase in the peak flood flows from
proposed land use changes in the upper Helenslee stream catchment from pre-
development to post-development. Hence mitigation measures are proposed which
will reduce the flood flows from the proposed Helenslee Block developments to well
less than pre-development levels. Water quality improvement measures are also
proposed.

e Both the Tanitewhiora and Helenslee streams have waterfalls approximately 4 m in
height, effectively separating the Mangatawhiri swamp/wetland and the Waikato
River further downstream hydraulically from the Pokeno catchment.

e There do not appear to be any significant terrestrial ecosystems in the catchment.

. Indices of macro invertebrate community structure indicate that the Tanitewhiora
and Helenslee streams both upstream and downstream of the proposed
developments are generally moderately polluted and in some cases severely
polluted. There is an opportunity to enhance the immediate receiving environment
as a part of the development process.

e The receiving environment downstream of Pokeno catchment and the Waikato River
is recognised as an area of ecological significance. The runoff from the proposed
development areas will have to be treated to ensure that the receiving waters
stormwater quality is not adversely affected.
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Recommended Stormwater Management Works

The stormwater management concept is shown in Drawing 121412-SW103
"Recommended CMP outcomes". The plan shows:

e The location of a number of stormwater treatment and attenuation ponds that are
recommended to mitigate the effects of development within the structure plan area.
It also shows the extent of the existing 1% AEP flood plain

e Streams to be protected and riparian planting areas
e Recommended system upgrades
e Areas of fringe floodplain filling allowed for in the CMP

. Infill development within the existing urban area is to be evaluated and stormwater
treatment provided on a site by site basis.

Further specifications for stormwater management are detailed in Section 9 and grouped
under:

e Flooding considerations

e Ecological considerations

e Erosion and water quality

e Climate Change

e Land development rules

e Operation, maintenance, and monitoring strategies

e Council implementation plan using District Plan provisions and education initiatives
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1.0

1.1

INTRODUCTION
BACKGROUND

Franklin District Council (FDC) completed a Pokeno Stormwater Catchment
Management Plan (CMP) in December 2002 that focussed on the existing zoned
township and the two main waterways that pass through the township. This
was provided as supporting information to obtain a comprehensive stormwater
discharge consent from Environment Waikato (EW). The Long Term Council
Community Plan (LTCCP) 2006-2016 indicates that FDC is planning to
commence a review of the present CMP in 2010/2011.

The initiative for a new Structure Plan for a greater Pokeno development area
led to an agreement between FDC and the Pokeno Landowner Consortium to
work together to develop a Pokeno Stormwater Catchment Management Plan
(CMP) to establish a long term and sustainable stormwater management
strategy considering the whole of the contributing catchment area.

To progress the CMP the Pokeno Landowner Consortium engaged Harrison
Grierson Consultants Limited in August 2006 to prepare a draft CMP to support a
Structure Plan and proposed Plan Change for the future Pokeno growth area of
440 hectares. Preparation of this CMP was carried out in parallel with the
finalisation of FDC’s Comprehensive Stormwater Discharge Consent and hence it
also became a purpose of the CMP to meet FDC'’s obligations under that consent.
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1.2

1.3

Over the next two years the Consortium and its Consultants progressively
developed the CMP including consultation with key stakeholders. Consultation
included formal and informal meetings and discussions between the Consortium,
its consultants and the Franklin District Council, Waikato Regional Council and
Iwi. Preparation of the detailed CMP included the commissioning by the
Consortium of specialist reports, such as ecological, for the Assessment of
Environmental Effects (AEE). The CMP was finalised for adoption by the FDC in
September 2008 as the Stormwater Catchment Management Plan for Pokeno.

The stormwater catchment, which drains the proposed development area, is
around 1,500 ha in extent and lies within the jurisdiction of FDC and EW.

PURPOSE

The purpose of the Stormwater CMP is to achieve the best practicable
stormwater management of the effects of development, such that adverse
effects are avoided, remedied or mitigated, and positive effects are optimised
and assured, within the Pokeno catchment.

The objectives of the Stormwater CMP are to:

e Provide information to be incorporated into a plan change to the District Plan
for the Structure Plan area.

e Provide alignment with the draft FDC Comprehensive Stormwater Discharge
Consent (CSDC) for Pokeno and to support future municipal stormwater
diversion and discharge activities in the greater Pokeno Catchment.

e Guide the stormwater management regime for the Pokeno Catchment and to
support developer consent applications at subdivision stage.

e Specify appropriate stormwater measures available to guide the mitigation of
the effects of subdivision or development, within the catchment.

SCOPE
The scope of this report is set out below:
1. Identify and review the existing stormwater issues within the catchment;

2. Study the potential impacts or effects of development within the proposed
Structure Plan on:

i. Stormwater flooding and stream erosion
ii. Stormwater quality, and

iii. Ecology of the receiving environment;
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Analyse stormwater management options for existing stormwater issues
and potential effects of development;

Recommend the best practicable option for flood management, stream
management and stormwater treatment, without jeopardising
environmental values. These management measures can be broadly
categorised as:

i. Physical works
ii. Planning controls

iii. Operation and Maintenance strategies

The following matters have been considered in the preparation of the draft CMP:

1.

2.

3.

4.

Alignment with EW'’s regional policies and FDC’s district policies;

Compliance with EW'’s draft CMP related conditions of Comprehensive
Stormwater Discharge Consent requirements;

Dialogue with relevant Council staff at EW and FDC;

Envisaged landuses within the study area.

This CMP will be used for the proposed Structure Plan consultations which began
in 2007 and will continue through 2008.

1.

2.

Consultation with and identification of issues of concern to relevant iwi;

Consultation with key landowners, affected by the stormwater
management outcomes and recommendations;

General public consultation;

Reporting back to FDC, on the results of the consultation, with final
recommendations.
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2.0 STRATEGIC PLANNING LINKS

2.1 CENTRAL AND REGIONAL GOVERNMENT POLICIES AND PLANS

2.1.1 Resource Management Act (1991)

The Resource Management Act (RMA) came into effect in 1991, and is an
effects-based legislation, superseding a number of other rules and statutes
previously governing water management. Section 5 of the RMA outlines the
purpose of the Act, which is to promote the sustainable management of natural
and physical resources.

"...Managing the use, development, and protection of natural
and physical resources in a way, or at a rate, which enables
people and communities to provide for their social, economic,
and cultural; well being and for their health and safety.”

The purpose of the Act is also to safeguard the life-supporting capacity of these
resources while avoiding, remedying, or mitigating any adverse effects of
activities on the environment.

Section 6 of the Act outlines matters of national importance, which includes:

"The preservation of the natural character of the coastal
environment (including the coastal marine area), wetlands and
lakes and rivers and their margins, and the protection of them
from inappropriate subdivision, use, and development."

Section 15 of the RMA places restrictions on the discharge of contaminants into
the environment. Those parts of Section 15 which relate to stormwater are
reproduced below:

Discharge of contaminants into environment:
No person may discharge any:
a) Contaminant or water into water; or

b) Contaminant onto or into land in circumstances, which may result in that
contaminant (or any other contaminant emanating as a result of natural
processes from that contaminant) entering water.

In relation to stormwater, the Act therefore deals with:

a) The control of the use of land for the purpose of the maintenance and
enhancement of the quality of water in water bodies and coastal water;

b) The control of discharges, contaminants, and water into water;
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2.1.2

2.1.3

c) The control of the taking, use, damming and diversion of water, and the
control of the quantity, level and flow of water in any water body,
including:

e The settling of any maximum or minimum levels or flows of water;
e The control of the range, or rate of change, of levels or flows of water.
Waikato Regional Policy Statement

The Regional Policy Statement (RPS) provides an overview of resource
management issues in the Waikato Region.

Where resource quality is high, it is the intention of objectives and policies to
retain high resource quality.

Section 3 sets out the significant resource management issues, objectives,
policies and methods associated with the RPS. The purpose of Part 3 is to:

"Provide resource management issues, objectives, policies, methods, principal
reasons for adopting and environmental results anticipated for the Region."

In particular Section 3.4.5 has the objective of:
"Net improvement of water quality across the Region"
Waikato Regional Plan

Relevant objectives, policies and rules in the operative Regional Plan (RP) are
set out below.

Stormwater Discharge

The discharge of stormwater is identified as a Discretionary Activity under the
PRP. Objective 3.1.2 of the PRP seeks to manage water bodies in a way, which
ensures:

c) "The avoidance of significant adverse effects on aquatic ecosystems

k) The management of non-point source discharges of nutrients, faecal
coliforms and sediment to levels that are consistent with identified purpose
and values for which the water body is being managed

/) The natural character of the coastal environment, wetlands, and lakes and
rivers and their margins, (including caves) is preserved and protected
from inappropriate use and development
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2.1.4

o) Concentrations of contaminants leaching from land use activities and non-
point source discharges to shallow ground water and surface waters do not
reach levels that present significant risks to human health or aquatic
ecosystems”.

Policy 7 states:

"Encourage reduction at source and treatment of stormwater discharges to
reduce contamination and flooding effects of discharges on the receiving water
body, particularly sensitive receiving environments in urban catchments."

Policy 7 refers to statutory and non-statutory means by which Environment
Waikato can encourage methods of managing stormwater at its source, and
treating stormwater prior to its discharge to receiving waters. These methods
include the resource consent process and the development and implementation
of stormwater management plans. Stormwater management plans are to
include details on the way in which stormwater networks are operated and
include methods to avoid, remedy or mitigate the adverse effects of stormwater
discharge.

The discharge policies in section 3.5.3 encourage land based treatment of
discharges, the re-use of nutrients and water contained in the discharge, and
minimising effects on ground water.

Comprehensive Stormwater Discharge Consent Conditions

Draft CMP related conditions of Comprehensive Stormwater Discharge Consents
(CSDC) and municipal stormwater systems are given below. Please note that
these draft conditions prepared by EW are currently being worked through and
discussed with territorial authorities with reference to municipal stormwater
systems and pending CSDCs. They are not intended for any other purpose.
However, the outlined conditions are relatively standard ones that are placed on
CSDCs.

New municipal stormwater diversion and discharge activities

All new municipal stormwater diversion and discharge activities commenced
after the granting of this consent shall be authorised by this consent when the
consent holder is notified in writing by the Waikato Regional Council to this
effect. Such notification shall be provided on receipt of information showing to
the satisfaction of the Waikato Regional Council acting in a technical certification
capacity, that:

a) The new diversion or discharge is consistent with all conditions of this
consent; and
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b)

For new diversion or discharge activities in developed urban catchments -
the new diversion or discharge does not increase peak discharge rates to,
or flow volumes in, receiving waters above those that would occur at the
time of granting this consent, unless it is demonstrated that there shall be
no additional adverse effects on the environment or downstream
properties as a result of such increase; or

For new diversion or discharge activities in undeveloped catchments - the
new diversion or discharge is consistent with a Catchment Management
Plan, prepared in accordance with Condition 32 of this consent, and
approved by the Waikato Regional Council acting in a technical certification
capacity prior to any new diversion or discharge activities occurring within
the catchment.

Catchment Management Plans

In accordance with this consent, Catchment Management Plans that are

prepared to enable municipal stormwater diversion and discharge activities in
developing catchments shall be approved by the Waikato Regional Council prior
to the undertaking of these activities. To this end, Catchment Management Plans
shall be prepared in consultation with the Waikato Regional Council and other
key stakeholders and, as a minimum, Catchment Management Plans shall detail
the following information:

a)

b)

c)

d)

f

Q)

Catchment maps / drawings of the catchment, delineating the catchment
boundary, catchment topography, receiving environment and existing land
uses within the catchment;

Social, economic, ecological, amenity and cultural objectives being sought
for the catchment;

Identification of the key stakeholders within the catchment, and details of
the consultation initiatives undertaken with key stakeholders;

Classification of the receiving waters within the catchment in accordance
with the Waikato Regional Plan;

An assessment of the current status of the catchment and receiving
environment, and the provision of detailed baseline information of the
geological, hydrological, and ecological characteristics of the catchment;

Identification of potential urban growth, development and land use
intensification within the catchment;

An assessment of the potential effects of stormwater diversion and
discharge activities on the catchment and receiving environment, including
but not limited to effects on:
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h)

),

K)

. Sites of cultural and/or historical significance
J Public health
. Flooding hazards

. Receiving water hydrology, including base flows in rivers and streams
and long-term aquifer levels

. Receiving water sediment and water quality

. Receiving water habitat, ecology and ecosystem health
. The natural and amenity values of receiving waters

o Receiving water riparian vegetation

. The extent and quality of open stream channels

o Fish passage for indigenous and trout fisheries

. Erosion and sedimentation of receiving waters

The discharge and accumulation of litter

The cumulative effects of stormwater diversion and discharge activities
within the catchment, the range of general management options available
and the Best Practicable Option to prevent and minimise the adverse
effects of stormwater diversion and discharge activities, and to mitigate or
offset any significant unavoidable adverse effects.

The effectiveness of District Plan provisions to implement the management
approach adopted by the CMP and, where necessary, the changes or
variations to relevant District Plan provisions that will be initiated or
advocated to achieve the objectives of the CMP.

Education initiatives to support the catchment management objectives.

The methods by which all stormwater diversion and discharge activities will
be managed.

A description of all infrastructure works scheduled by Franklin District
Council, which may significantly affect stormwater management within the
catchment.
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2.2 FRANKLIN DISTRICT COUNCIL POLICIES AND PLANS

2.2.1 Long Term Council Community Plan 2006-2016
The Franklin District Council (FDC) District Growth Strategy reiterates the
strategic importance of Pokeno. It states that future growth planning and
infrastructure provision be consistent with Regional and District Strategic
Planning, and to be undertaken in collaboration with private developers,
incorporating contributions for successful implementation of the Strategy.
The LTCCP notes the requirement from EW to develop integrated Catchment
Plans for all stormwater catchments.

2.2.2 District Plan
The operative Franklin District Plan sets out the Council’s objectives, policies and
rules for managing the District’'s natural and physical resources. These rules
exist to manage and protect the District’s diverse and unique environment. Plan
Change 14, also known as "The Rural Plan Change” proposed a comprehensive
replacement of the existing sections relating to rural areas in the Operative
District Plan.
The purpose was to provide a regime of strategies, objectives, policies and rules
that better address the current issues facing the rural and coastal areas of the
District, particularly in relation to the management of growth. Plan Change 14
seeks to provide a clear direction for District growth, while fulfilling the
responsibility of sustaining and enhancing the valuable natural and physical
resources of the District, to ensure future economic, environmental, social and
cultural well being.
A copy of the current provisions under the FDC District plan specific to
stormwater is included for reference, in Appendix 2.
It covers policies in the following areas:
e Stormwater management - volume control
e Setback from water
e Open drains
Envisaged landuse changes contemplated as part of the Pokeno Development
are covered in the Pokeno Structure Plan Report.

2.2.3 Code of Practice for Development of Land

The FDC Code of Practice for Development of Land outlines Council requirements
for design and construction of stormwater systems. The Code of Practice also
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goes through design methods for 'on site' disposal of stormwater. It sets out
the requirements for stormwater drainage under the following headings:
401 Definition of Public Stormwater System
401.1 General

401.2 Water Permits

401.3 Design requirements

401.4 Open watercourses

401.5 The hydraulic design of pipelines

401.6 Location of pipelines

401.7 Pipes

401.8 Joints

401.9 Structural strength of pipes and bedding
401.10 Pipeline construction

401.11 Minimum cover over pipes

401.12 Manholes

401.13 Connections

401.14 Ramped risers

401.15 Connections to deep lines

401.16 Inlet and outlet structures

401.17 Testing

401.18 Secondary Flow Paths

401.19 Counterfort and bored drains

401.20 Acceptance and As Builts

The Codes of Practice provides guidance for:

a) Acceptance and passage of discharges from the entire catchment upstream
of that portion being developed.

b) Collection and disposal of discharges from each separate site by:
e Connection to a reticulated system;
e Disposal within the boundaries of the site.

c) Meeting the requirements of the Regional Council in respect of:

e Discharges onto or into land or water;
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2.2.4

2.2.5

2.2.6

2.3

2.3.1

e Damming or diverting of natural water;
e Bridge or culvert waterway areas.

Overall the CoP ensures developments have appropriate engineering design to
manage effects on the physical environment, whether that be urban or rural in
nature.

District Growth Management Strategy

FDC adopted "The Franklin District Growth Management Approach” (DGMA) in
response to the Auckland Regional Growth Strategy: 2050, identifying issues
and priority outcomes for Franklin District”.

FDC is currently preparing a growth management strategy for the Franklin
District, which was not available at the time of writing the CMP report.

Stormwater Discharge Consents

EW is currently processing a CSDC application by FDC, for the Municipal
Stormwater System in the Pokeno Township area.

There are no current (nor expired) resource consents held by the Franklin
District Council for stormwater discharge activities or related activities in the
Pokeno Urban area.

Council Maintenance

Council maintenance is currently carried out on an 'as-required' basis. At risk
structures such as inlets and culverts are inspected prior to and post storm
events.

PROPOSED POKENO STRUCTURE PLAN
Background and Key Socio-Economic Objectives

In 1999, FDC identified the strategic importance of Pokeno and the need for
further investigations for the development of Pokeno. A proposed Structure Plan
prepared in 2000 identified the need for a higher level of amenity and the
potential for growth, but noted infrastructural constraints. The proposed rural
plan change in 2003 identified Pokeno for residential development.

The FDC LTCCP (2006 to 2016) reiterated the strategic importance of Pokeno.
The Hearings Panel of Plan Change 14 noted ".. Pokeno and its surrounding
hinterland are of considerable strategic importance in providing for growth,
given its proximity to major transportation routes. It is suitable as a major
growth node to serve the southern area of the District.”
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The Pokeno Landowner Consortium, in consultation with FDC, is advancing a
Structure Plan, which aspires to transform FDC's vision to reality.

The Consortium are landowners in the Pokeno area with significant development
aspirations to:

e Work in partnership with Council;
e Achieve community goals;
e Respond to community needs;

e Advance the economic, social, environmental and cultural growth and
development of Pokeno and Franklin District.

The envisioned planning outcome is the development and revitalisation of
Pokeno as a significant rural settlement accommodating a broader range of
residential and business uses with a design (additional) population of circa 6,000
people.

It is the Consortium’s strong desire to work with the respective Councils so as to
support the strategic direction "“To achieve a built environment within the
region’s metropolitan area and rural and coastal settlements that has a sense of
identity and character, has a range of densities and uses, is visually pleasant,
functionally efficient, environmentally sustainable and economically vibrant”.?

Pokeno is strategically located at the entrance to the Region, at the confluence
of State Highways 1 and 2 and adjacent to the North Island Main Trunk Railway
(NIMTR). It therefore provides significant locational qualities to support and
sustain extensive business/employment areas and a larger residential population
building on the character of the village. The village could represent an
important “gateway” to the District.

Franklin faces significant development pressures inherently as a result of
decentralisation from Metropolitan Auckland. More affordable housing and
business land is required to support a range of social and economic needs and
lifestyle changes. These are strong motivators to provide settlement choice.

The Consortium’s aspirations for Pokeno are to provide significant capacity and a
range of land uses that complement the Franklin District hierarchy of centres,
integrating with the existing village, building community and meeting Southern
Sector Agreement (SSA) obligations.

The Consortium’s desired planning approach is to integrate with Council’s
District Growth Strategy, to further advance technical studies to support

! Auckland Regional Policy Statement

Proposed Change 6
Clause 2.6.1.5 Strategic Objectives
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2.3.2

2.3.3

2.3.4

comprehensive rezoning within an integrated structure plan and stormwater
catchment management plan (and related discharge consents). By necessity
this requires the planning for physical and social infrastructure.

The Pokeno Development Plan envisages creating an enlarged township in
Pokeno consisting of a variety of land uses. These may include a range of
residential zones and business zones.

Structure Plan Layout

For the purposes of this CMP, the development area is considered as four
distinct blocks as shown in Drawing 121412-SW100. These blocks have been
named as:

e Helenslee block, 120 hectares
e School block, 32 hectares

e Pokeno township, 56 hectares
e Hitchen block, 235 hectares
Proposed Land Use Changes

The proposed development area is currently rural land in most areas, apart from
some urban development (commercial and residential) in the Pokeno Township,
and some industrial land use at the southeastern end of the Hitchen block.

The proposed land use changes would accommodate a mix of residential,
commercial, light industrial and industrial zones.

Proposed Staging of Land Development

The proposed staging of land development is not described in this report.
Reference should be made to the Structure Plan Report, which outlines the
proposed staging including maps showing the stages and timing of development.
In general however stormwater mitigation should be in place prior to the effects
being generated. This means that:

e Stormwater treatment/detention facilities should be in place prior to
upstream impervious surfaces being constructed.

e Floodplain modifications in the industrial area need to start with removing
restrictions prior to filling taking place.

Page 15



FRANKLIN DISTRICT COUNCIL September 2010
Pokeno Stormwater Catchment Management Plan FDC Ref D450/06

3.0

3.1

3.2

CATCHMENT DESCRIPTION
CATCHMENT OVERVIEW

The Pokeno catchment study covers a land area of approximately 1,500
hectares largely comprised of farmland used for cropping and grazing. The
catchment is bordered by Razorback Road to the northeast, Ridge Road to the
north and west, Ewing Road and Potter Road to the south and Fraser Road to
the east. The catchment is bisected east west by the Waikato Expressway and
north south by the North Island Main Trunk Railway (NIMTR). Both transport
routes have impacted on the natural topography of the catchment. The existing
Pokeno Township lies entirely within the lower portion of the catchment.

The catchment termination point for this analysis has been chosen as the
location where the Helenslee stream meets with the Tanitewhiora Stream (see
stream names below). Both streams have waterfalls approximately 4m in
height which effectively mean the streams are hydraulically separate from the
backwater effects of flooding in the Mangitawhiri swamp/ wetland and Waikato
River further downstream. The waterfalls also present a physical barrier to the
passage of many fish species upstream.

SUBCATCHMENTS

There are two main sub catchments of interest within the Pokeno catchment
(refer Drawing 121412-SW100), these are:

e The catchment (approximately 1,270 hectares), which contributes runoff into
the Tanitewhiora stream (also referred to as the Pokeno stream). This
subcatchment is separated from the Helenslee catchment (see below) by
Helenslee Road and Great South Road. For the purposes of this report this
catchment will be referred to as the Tanitewhiora Catchment.

e The catchment (approximately 230 hectares), which contributes runoff to the
unnamed stream, which traverses through the Helenslee block and eastern
area of the Pokeno Township (referred to in this report as the Helenslee
Stream). For the purposes of this report this catchment will be referred to
as the Helenslee Catchment.

These two sub catchments have been divided into smaller sub catchments
where locations of particular interest have been identified. These include stream
confluence points and stream crossings such as road and rail bridges. Drawing
121412-SW100 shows the contributing Pokeno catchment, sub catchments and
nodes.
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3.3

3.4

3.5

3.5.1

3.5.2

3.5.3

3.5.4

CATCHMENT BOUNDARY ASSUMPTION

Stormwater calculations in this report are based on the assumption that the
southeastern boundary of sub-catchment K within the Tanitewhiora catchment
coincides with the proposed structure plan development boundary.

We have assumed that the existing landscape will be re-worked to ensure that
all stormwater run-off within this proposed development boundary will flow
towards the Tanitewhiora stream.

PREVIOUS CATCHMENT STUDIES

Catchment investigations and studies of the Helenslee block area and part of
Hitchen block (Winstone Quarry area) had been carried out by others in the
past, following several development proposals in the Pokeno area. Appendix 4
lists the reports produced to date as a part of these studies, and which were
made available to Harrison Grierson Consultants Limited. These reports have
been examined and relevant information noted in the preparation of this draft
CMP.

LANDSCAPE
Topography

The topography of the study area varies significantly with steep hill country in
the upper parts of the catchment to the north and west and large expanses of
flat areas within the valley floors lower down in the catchment. Ground levels
within the catchment range from a reduced level (RL) of 240 at the highest point
of the catchment (NZL&S datum) to RL 7 at the chosen termination point of the
study area.

Vegetation

Vegetation is characteristic of the northern Waikato rural landscape in low-lying
to lower hill country that had been developed for pastoral agriculture.

Streams

Two main streams drain the catchment. The Tanitewhiora stream and its
tributaries drain around 1,270 hectares while the Helenslee stream drains
around 230 hectares.

Climate and Rainfall

Rainfall charts provided by FDC have been used for modelling purposes. These
charts compare well with ARC TP108 rainfall charts.
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3.6

3.7

3.7.1

SOILS AND GEOLOGY

Reference to the Institute of Geological & Nuclear Sciences 1:250,000 scale
Geological Map of Auckland (Map 3) shows the Pokeno catchment consists of
three main soil classes, these are:

e South Auckland volcanic field - basalt lava, scoria, ash, lapilli and lithic tuff.
e Taupo Pumice Alluvium - alluvium/ colluvium.

e Mercer Sandstone - sandstones and mudstones.

EXISTING LAND USE AND POTENTIAL CONTAMINATED LANDS

A preliminary Site Contamination Investigation was undertaken by Harrison
Grierson in November 2006. The report reviewed previous studies undertaken
in the area as well as our own findings. A summary of the outcomes of that
report is given below:

Previous Reports

Helenslee Block Area Soil and Land Evaluation, Chapman R,
19 May 2006

The Soil and Land Evaluation carried out by Soil and Land Evaluation Limited
consisted of Preliminary and Detailed Site Inspection Reports for the area of
land delineated by Helenslee and Pokeno Roads and Great South Road/State
Highway 1. Soil and Land Evaluation identified that the land had historically
been used for dairy farming and had most recently been used for grazing dry
stock. Possible areas of soil contamination identified on the site included a farm
rubbish dump on the northern part of the site and around a milking shed and
barn near the western boundary.

Soil sampling was carried out at the two potential contamination hotspots, as
well as composite samples across the whole site. Sample results indicate that
zinc and cadmium are present at concentrations above the selected guideline
values around the milking shed and barn near the western boundary, zinc
contamination is also present in the farm rubbish dump on the northern part of
the site.

The sampling methodology utilised by Soil and Land Evaluation (four composite
sub-samples around the contamination hotspots and eighteen composite sub-
samples across the remainder of the site) is likely to have prevented any other
contamination hotspots, or contaminants of concern being identified on any
other parts of the site. However, based on the site history provided by Soil and
Land Evaluation, it is considered unlikely that contaminants are present
elsewhere on the site.
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3.7.2

Hellenslee Block Area Hydrogeology & Geotechnical Appraisal, SKM,
9 March 2004

Sinclair Knight Merz carried out a hydrogeological and geotechnical appraisal
that included the area of the farm dump identified by Soil and Land Evaluation
Limited. Sinclair Knight Merz estimated the farm dump to be 5m by 5m and 2m
to 3m deep.

Preliminary Contamination Report

In addition to the review of available geotechnical and soil & land evaluation
reports, site history investigation and site walkover were carried out. The site
history was investigated by reviewing FDC and EW records and a historic land
title search. A review of aerial photographs in 1942, 1961, 1975, 1981 and
2005 was also carried out, in addition to a site walkover and discussion with
landowners.

A summary of findings and recommendations are given below:
(a) ldentified land uses within the investigation area include:

e Dairy farming;

e Crops;

e Market gardening;

e School;

e Cattle farming;

e Automotive workshop;

e Emu farming.

These land uses have been identified based on aerial photographs, anecdotal
evidence from property occupants; historic land titles and the presence of crops
or milking sheds on some properties.

(b) A number of areas of potential contamination have been identified within the
investigation area. These areas are:

e Farm dumps at 174 Helenslee Road, 62 Munro Road and 116 Hitchen
Road;

e Farm sheds at Lot 4 DP 198258 (Helenslee Road), 71 Hitchen Road and
44 McDonald Road;

e A garage used for automotive repairs at 62 Munro Road;
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3.8

3.9

e An area of rusted cars, car parts and oil drums at 45 Hitchen Road;

e Areas used to grow crops on Lot 1 DP 207629 (adjacent to State
Highway 1), Lot 1 DP 189825 (Munro Road), Sect 1 SO 67606, Lot 2 DP
199998 and Lot 2 DP 184589 (properties circling 45 McDonald Road);

e A pond within Lot 2 DP 321866 (Hitchen Road);
e A pile of asbestos containing cement board at 44 McDonald Road;
e A small orchard at 47 McDonald Road.

(c) Recommended further contaminant investigation are:

A number of areas of potential soil contamination have been identified
within the investigation area. It is recommended that further, more detailed,
investigations be carried out in these areas to determine if contaminants are
actually present in the soils prior to development of the site. In particular,
soil sampling should be carried out in all identified areas, with sediment
sampling within the pond on Lot 2 DP 321866.

If contaminants are found to be present in soils within the investigation
area, it is recommended that sediment sampling be carried out in nearby
streams to determine if contaminants have migrated into the streams. With
regard to the area of asbestos containing cement board identified at 44
McDonald Road, this material should be removed from the site and disposed
of appropriately.

EXISTING STORMWATER INFRASTRUCTURE

The main stormwater infrastructure maintained by FDC is a limited piped
network within the Pokeno Township connected by open drains. Natural
watercourses within the catchment are supplemented by overland flow paths.
Culverts at the road and rail crossings of these watercourses and their sizes
have been surveyed as a part of this CMP and shown in Drawing 121412 -
SW104.

CLIMATE CHANGE

Climate change is an internationally recognised outcome of increased amounts
of greenhouse gases in the atmosphere. It will have effects over the next
decades that are predictable with some level of certainty, but which will vary
from place to place and throughout New Zealand. Much research has been
conducted in the area of climate change with numerous documents and
publications produced by governmental bodies worldwide supporting both the
evidence and significance of climate change.
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The following publications were investigated during the development of this
Catchment Management Plan:

e Intergovernmental Panel on Climate Change, Fourth Assessment Report,
2007. Climate Change 2007: Synthesis Report.

. Intergovernmental Panel on Climate Change, November 2007. Draft copy of
the Summary for Policymakers of the Synthesis Report of the IPCC
Fourth Assessment Report

e Ministry for the Environment, May 2004. Climate Change Effects and
Impacts Assessment.

e  Ministry for the Environment, March 2005. Incorporating climate change
into stormwater design - Why and how?

e  Ministry for the Environment, June 2004. Preparing for climate change
- A guide for local government in New Zealand.

The most significant and relevant publications for this catchment management
plan include the Fourth Assessment Report produced by the Intergovernmental
Panel on Climate Change (IPCC): Climate Change 2007 and Climate Change
Effects and Impacts Assessment produced by the Ministry for the
Environment in May 2004.

Both reports go into detail on the reality of climate change and the need to
consider its consequences, and present a broad range of climate change
predictions. These documents do not offer much guidance as to what degree of
climate change should be adopted. The Climate Change Effects and Impacts
Assessment report does state however, that ...the extreme ends of the ranges
may be slightly less likely than the central values, since they generally result
from the one climate model which gives the most extreme projection, rather
than reflecting agreement between a number of models. These documents also
detail the various significant factors that contribute to uncertainty in projected
climate change values for New Zealand.

The New Zealand government has addressed climate change by the Resource
Management Amendment Act, 2004, requiring local government and all persons
exercising functions and powers under the principal Resource Management Act
to have particular regard to the effects of climate change. Many Council’s within
New Zealand are currently working with the community and various industry
groups to get their input towards climate change policy and most currently
support industry taking a precautionary or mid-risk approach when considering
climate change during the design of stormwater management practices.
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4.0

4.1

4.2

4.3

STATUS OF RECEIVING ENVIRONMENT
DESCRIPTION OF RECEIVING ENVIRONMENT

The perennial streams in the catchment are the immediate receiving
environments for stormwater runoff. The receiving environment for stormwater
from the Pokeno Catchment is the Mangitawhiri swamp/ wetland and Waikato
River.

Environment Waikato has stated that wetlands were once widespread
throughout the Waikato but now they are some of New Zealand's rarest and
most at-risk ecosystems. The Waikato River is also recognised as an area of
ecological significance. These receiving environments will need to be protected
from the potential adverse effects associated with land development.

ECOLOGICAL ASSESSMENT REPORTS

A preliminary ecological assessment was carried out by Bioresearches Group
Limited, in September 2006. Their report was titled "Pokeno Development
Phase I Terrestrial Ecology and Freshwater Ecology”. We have referred to this
report hereinafter as the Preliminary Ecology Report. This report is included
in Appendix 3 of this CMP.

A detailed ecological assessment of the catchment and receiving environment
was carried out by Brian T. Coffey and Associates Limited, Environmental
Consultants from December 2006 to February 2007. Their findings are detailed
in a report titled "Pokeno Catchment Management Plan - Ecological
considerations, August 2008" and is included in Appendix 3 of this CMP. It is
referred to in this CMP as the "Detailed Ecology Report".

TERRESTRIAL ECOLOGY

The Preliminary Ecology Report summarises its findings of terrestrial ecology as
follows:

"There would not appear to be any feature of the terrestrial ecology that would
represent a major constraint to development of the site. Most of its area
consists of grazed pasture and small, modified remnants of native forest, scrub
and wetland. If those remnant habitats were found to have notable ecological
values during the Phase II investigations, straightforward measures in mitigation
are available.”

The Detailed Ecology Report indicates the following with respect to vegetation
within the catchment:

"Improved pasture was the dominant vegetation type throughout...

Page 22



FRANKLIN DISTRICT COUNCIL September 2010
Pokeno Stormwater Catchment Management Plan FDC Ref D450/06

4.4

Wetlands in the School Block were dominated by reed sweet grass (Glyceria
maxima); wetlands in the Helenslee Block were dominated by rushes (Juncus
spp.) and willow weed (Persicaria [Polgonum] persicaria). Wetlands in the
Pokeno Township and Hitchen Blocks were dominated by a combination of twin
cress (Apium nodiflorum) and reed sweet grass”.

Three sites of significant vegetation were identified. They are shown in Figure 4
of the Detailed Ecology Report.

e "Totara (Dacrycarpus dacrydioides) occurred in all four blocks but tree lots of
this native tree were a particular feature of the Helenslee block. The best-
developed stand of mature totara occurred on the mid northeastern
boundary of the Helenslee block.

e The other remnant native tree of special interest in the study area was the
Kahikatea (Dacrycarpus dacrydioides) that was once widespread on the
lower Waikato floodplain. A group of some 25 mature Kahikatea was
present adjacent to the Totara referred to above on the mid northeastern
boundary of Helenslee block. Another two smaller groups of Kahikatea
occurred in the School block.

e Oak trees (Quercus spp.) in excess of 6 m tall were a feature of the town
centre and were also recognised as a site of significant vegetation”.

STREAM CLASSIFICATION

A number of the watercourses within the catchment have been heavily modified
in previous years in order to maximise available farmland. These watercourses
are easily identified by their straight channelised alignment and general lack of
riparian vegetation. Reference to aerial photos taken in the 1970's shows that a
number of these watercourses have been modified since this time. Informal
discussions with landowners in the area suggest that the process used to modify
watercourses often involved heavy spraying of chemical herbicides and
significant realignment earthworks.

The catchment also has a large number of ephemeral watercourses and upper
reaches of streams, which may dry up during, summer months. It is considered
that there is good opportunity to pipe some of these modified and ephemeral
watercourses in order to provide larger areas for development. Some areas of
the Development Concept Plan have been designed with this premise in mind.

The Detailed Ecology Report comments "In general, all but the penultimate
headwaters of the mainstream of both Tanitewhiora and Helenslee streams were
perennial streams between early December 2006 and early February 2007".

Figure 28 in page 28 of the Detailed Ecology report gives a map showing the
Perennial and Ephemeral streams in the Pokeno catchment.
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4.5

4.6

HYDROLOGY AND FLOODING HISTORY

Hydrological analysis of the current status of the catchment is detailed in
Section 5. Existing flood plains are plotted using the results of modelling and
shown in Drawing No. 121412 - SW102.

A 2000 OPUS Consultants Report prepared for Franklin District Council entitled
'Pokeno Growth Study report' noted that there are extensive flat areas in the
area generally between Helenslee Road and Pokeno Road that are subject to
flooding. The report also noted that the area west of the Pokeno main street
experienced some flooding problems that may be due to culvert sizing. The
report noted that the area south of McDonald Road might be subject to
inundation. Apart from this, there is no written record of flooding in the study
area on FDC's hazard register.

FRESHWATER AQUATIC ECOLOGY

The Preliminary Ecology Report summarises its findings on freshwater aquatic
ecology as follows:

"The freshwater habitats within the development area appear to be modified
as a result of present and historic land use practices, with the majority of
the area used for agriculture, including cattle and sheep grazing. Riparian
cover appears to be highly modified in most places, or limited to pasture
grasses. The ecological assessments previously undertaken in the area
indicate the small farm pasture streams are likely to have reduced ecological
values with greater values recorded within the larger mainstream channels.

The Phase II investigations would be used to determine the actual values of
streams in the area, and the extent of ephemeral/perennial habitats. Both
Environment Waikato and Auckland Regional Council allow infilling of
ephemeral stream channels, however proposed infilling of perennial streams
would need to be deemed as unavoidable. Suitable measures in mitigation
would be required for the infilling of any perennial streams, and the
remaining streams within the development area would provide ample
opportunity for restoration measures”.

The Detailed Ecology Report indicates the following with respect to the streams
within the catchment:

“Indices of macro invertebrate community structure indicate that the
Tanitewhiora and Helenslee stream within, upstream and downstream of the
proposed development are generally moderately polluted and in some cases
probably severely polluted.

The mainstream of both the Tanitewhiora and Helenslee streams did have
fisheries values to climbing native eel proportions and to resident landlocked
common bully populations during the summer period.
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The pH of stream water and its dissolved oxygen concentration appears to be
related to the presence or absence of emergent plant cover in the stream
upstream of any given sampling point. Where an open stream channel was
present upstream of any given sampling site, dissolved oxygen saturation and
pH values were higher at both dawn and maximum daylight than when a closed
cover of emergent plants was upstream of any given sampling site”.

"It appears that dissolved oxygen in a number of reaches of the Tanitewhiora
and Helenslee streams falls below the threshold of concern for aquatic life as a
result of:

. Poor physical in stream habitat quality associated with the overgrowth of
many sections of the stream channel with emergent macrophytes,

. Dense growth of iron bacteria associated with anoxic ground water seeps
into tributary headwaters,

. Unfenced riparian stream margins; Agricultural and horticultural land use
in the catchment

. Low or lack of tributary inflows during the summer flows,

. Probable moderate to severe pollution of water quality in the study area
(as indicated by indices of macro invertebrate community structure)”.
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5.0

5.1

5.2

5.2.1

STORMWATER MODELLING
HYDROLOGICAL MODEL

The hydrological modelling of the catchment was carried out using HEC-HMS
version 2.2.1 (USACE, 2001) in accordance with the methodology detailed in the
Auckland Regional Council Guideline Technical Publication 108 (ARC 1999a)
(henceforth referred to as TP108). This publication uses the United States Soil
Conservation Service’'s (USSCS) "“Curve Number” approach and outlines
methodologies for defining the parameters specified by this method. These
parameters include curve numbers, initial losses, and time of concentration.

TP-108 is suitable for assessing the effects of land-use change in catchments
and simulating natural and engineered systems. The key features of TP108 are
described below:

e A standard 24-hour temporal rainfall pattern is used, having peak rainfall
intensities at mid duration. This “Chicago Storm” rainfall hyetograph
includes design rainfall bursts with durations ranging from 10 minutes to
24 hours nested within one another.

e Rainfall depths for given Annual Exceedence Probabilities (AEP) are
presented for the Auckland Region.

e Runoff depth is calculated using USSCS rainfall-runoff curves. Curve
Numbers are calculated based on Auckland soil types and USSCS guidelines
relating to land use.

e The runoff hydrograph is calculated using the standard USSCS synthetic unit
hydrograph.

e The time of concentration is estimated from an empirical lag equation
derived from a regression analysis of data for the Auckland Region.

e Pervious and impervious components of urban catchments can be calculated
separately.

SELECTION OF MODEL PARAMETERS

The HEC-HMS model package requires values for parameters that describe the
soil properties and response properties of the catchment. The following
parameters describe both pre-development and post-development scenarios for
the Pokeno Catchment Study Area.

Rainfall

The design rainfall for the structure plan area has been obtained using the
criteria outlined in ARC TP108. This includes the Chicago Storm hyetograph

Page 26



FRANKLIN DISTRICT COUNCIL September 2010
Pokeno Stormwater Catchment Management Plan FDC Ref D450/06

5.2.2

5.2.3

shape applied to rainfall depths for chosen storm events. Rainfall events of 1%
AEP, 10% AEP, 20% AEP and 50% AEP were chosen, as recommended by the
ARC’s "“Guidelines for Comprehensive Catchment Stormwater Discharge
Consents” (ARC 2001a) and as requested by the FDC. A further rainfall event
was analysed for the Climate Change event at the request of EW which included
a 28% increase on the 1% AEP event.

Table 5.2: Rainfall Depths for Selected Storm Events

Storm Event (AEP) 24-Hour Design Rainfall Depth (mm)
1% + Climate change 28% 300
1% AEP 242
10% AEP 152
20% AEP 123
50% AEP 78

Areal Reduction Factor

It is recognised that Depth, Duration, Frequency relates to rainfall at a specific
point. The ARC TP108 recommends that for catchments greater than 10km=2 in
size an Areal Reduction Factor (ARF) be applied to reduce the depth of rainfall
falling on the catchment. The Pokeno catchment is approximately 15km?2 in
area. The rainfall figure stated above for the climate change event have been
reduced by a factor of 0.97.

Climate Change

Pokeno is situated in the northern Waikato area, just south of the Auckland
Region. It could be argued that the climate in Pokeno is similar to that
encountered in the Auckland Region, more so than the Waikato.
Notwithstanding this, Pokeno is within the boundaries of the Waikato region, and
as such, climate change predictions for the Waikato region have been employed.

There is no specific literature currently available on climate change predictions
in the Pokeno catchment area, however the Climate Change Effects and
Impacts Assessment (CCEIA) produced by the Ministry for the Environment
in May 2004, does give a prediction range for the Waikato Region as a whole.
The climate change variables of most concern with regards to stormwater
management include rainfall and sea level. Pokeno is situated approximately
20km in-land and does not contain any tidally affected watercourses, sea level
variations were therefore not considered as part of this assessment. The
frequency of extreme daily rainfalls is generally expected to increase, so is likely
to have an effect on stormwater management practices within the Pokeno
catchment.

The CCEIA reports (Table 2.3) the projected annual mean temperature change
to 2080 to be in the range of 0.4 to 3.8°C. The mid range value is shown in
Figure 2.2 as being 2.0°C. While this change may either decrease or increase
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5.2.4

5.2.5

the annual or seasonal rainfall depths, Table 5.2 (of the CCEIA) provides data
for deriving extreme rainfall for various storm events per degree of temperature
increase. These range from 5.4 % for the 50% AEP event to 6.7% for the 1%
AEP event (24 hour duration).

Multiplying the high range temperature increase from Table 2.3 by the
percentage increase in rainfall depths in Table 5.2 yields a value of 25.5% for a
1% AEP event. Based on the mid range temperature increase a value of 13.4%
is derived for a 1% AEP event.

For the purposes of this CMP, scenarios were modelled by adding both 15% and
28% to the rainfall depths to the 1% AEP rainfall to confirm the sensitivity of the
catchment runoff to these changes.

Curve Numbers (CN)

The Curve Numbers describe the soil’s infiltration potential. They represent a
non-linear relationship between rainfall and runoff depth. The Curve Numbers
are related to the ground cover and underlying soil. TP108 uses four categories
to describe the soils in the Auckland region.

Geological maps indicate that the catchment is underlain by three dominant soil
classes (refer Drawing 121412-SW110). Various CN numbers have been
assigned to each soil type, as follows:

Table 5.3: SCS Curve Number (CN) for Hydrological Soil Groups

Soil Type CN

South Auckland Volcanic Field Type A-B Soil

Basalt Lava, Scoria, Ash, Lapilli and Pasture and Grassed Areas CN = 50
Lithic Tuff Bush Areas CN =43

Impervious Areas CN = 98

Taupo Pumice Alluvium Type B Soil

Alluvium/ Colluvium Pasture and Grassed Areas CN =61

Impervious Areas CN = 98

Mercer Sandstone Type C Soil

Sandstones and Mudstones Pasture and Grassed Areas  CN = 74
Impervious Areas CN = 98

South Auckland Volcanic Field soils were considered to belong in between
Hydrological Soil Group A and B (soils with moderate to high infiltration rates),
based on observations made in the field and from studies previously undertaken
within the catchment. Therefore CN values for this soil type are the average
value of Group A and B.

Initial Abstraction

The initial abstraction can be considered as the amount of rainfall that soaks
into the ground before surface runoff begins. In accordance with ARC TP10, a
value of 0 has been used for all impervious areas and a value of 5 has been
used for all pervious areas.
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5.2.6

5.2.7

5.3

Channel Routing

The Muskingham Cunge 8 point method was used to route peak stormwater
flowrates down stream reaches. This method takes into account channel profile,
length, average slope and Mannings roughness.

Percentage Impervious

The catchment study area was divided up into areas of various land uses for
both the existing and post-development catchment scenarios. Drawing 121412-
SW111 shows the Pre-development land use assumptions and Drawing 121412-
SW112 shows the Post-development land use assumptions.

Each area was measured and assumptions were made for the amount of
impervious areas (such as roads, driveways, footpaths and roofs) would be
associated with each landuse. A summary of the impervious percentages
chosen is given in Table 5.4.

Table 5.4: Percentage Impervious (PI)

Pre-Developed Landuse Type PI Area | Post Developed Landuse PI Area
(%) | (Ha) | Type (%) | (Ha)
Pasture 1 |1320.8| Pasture 1 |1003.0
School 50 2.4 School 50 3.7
Cemetery 20 1.5 Cemetery 20 1.5
Existing Roading 75 | 51.6 | Roading 75 |108.5
Railway 80 23.1 | Railway 80 22.4
SH1 Waikato Expressway 75 34.4 | SH1 Waikato Expressway 75 34.4
Bush 0 14.0 | Bush 0 14.0
Reserves 0 25.0 | Reserves 0 75.4
Existing Residential & 50 22.2 | Residential 70 |150.1
Commercial
Neighbourhood Centre 85 0.9
Retirement Village 80 4.8
Mixed Use 85 7.3
Light Industry 85 24.3
Industry 90 31.1
Town Centre 100 2.9
Town Centre Mixed Use 85 6.8
Town Hall 70 0.4
Commercial 85 3.1
Railway Station 85 0.5

DATA SOURCES

LIDAR - LIDAR information was obtained by NZ Aerial Mapping for virtually the
entire Pokeno catchment area. The LIDAR provides contour information at 0.5m
intervals and with a vertical accuracy of approximately +/- 0.3m..
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5.4

5.5

5.6

Field Survey Data - Additional field survey was undertaken by Harrison Grierson
Consultants Limited. An initial survey of the major bridges and culverts in the
catchment was undertaken to obtain suitable data for insertion into the HEC-
RAS hydraulic model. A second survey was undertaken to more accurately
determine streambed and bank levels where the LIDAR survey did not provide
suitable information. The typical vertical accuracy of the field survey is +/-
0.1m.

FDC Data - GIS data from Franklin District Council was obtained. The data
includes the layout of existing stormwater reticulation system (where known) as
well as road culverts and stormwater outfall locations.

Transit NZ and On-Track Data - The location and diameter of culverts
underneath SH1 Waikato Expressway and the North Island Main Trunk Railway
were obtained from Transit NZ and On-Track rail.

Previous Studies and Reports - refer to Appendix 4 for a list of previous reports
and studies that have been referred to in the CMP report.

HEC-HMS MODEL CALIBRATION

Accurate calibration of the HEC-HMS model has not been possible as no stream
flow or storm event records exist for this catchment. Comparison to other
studies conducted within the area suggests that the peak flow at Node 10 of
84.5 m3/s is similar to the value of 80.1 m3/s predicted by Search Consulting
Limited in the December 2005 report.

HYDRAULIC MODEL

Given the largely undeveloped nature of the catchment and relatively small and
isolated network of piped stormwater reticulation within the catchment it was
considered that a typical drainage network analysis model such as MOUSE would
not be suitable for modelling this catchment. The catchment is comprised
largely of small streams with a number of road and rail crossings in the form of
bridges and culverts. The use of a river modelling software package such as
HEC-RAS (River Analysis Software, USACE 2001) that better takes into account
flood plains, the backwater effects of bridges and culvert structures and the
shape of the actual drainage path was used in this instance. Peak flowrates
derived using HEC-HMS were input into the HEC-RAS model to determine flood
levels for various storm events and development scenarios within the
catchment.

SELECTION OF MODEL PARAMETERS

The HEC-RAS model package requires values for parameters that describe the
stream channel, flood plain, bridge and culvert properties of the catchment.
The following parameters describe both pre-development and post-development
scenarios for the Pokeno Catchment Study Area.
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5.6.1

5.6.2

Topography

The cross-sections of the hydraulic model were constructed using LIDAR Survey
data of the catchment, to identify the extents of the natural floodplain on each
over-bank.

As has been stated in section 5.3 although very detailed, LIDAR data does not
often pick up channel details or smaller watercourses. Level data is also
affected by substantial vegetation growth that cannot be filtered out completely.
For this reason each cross section was supplemented by physical topographic
survey information of the channel itself. Due to errors in the LIDAR data and
also the positioning of the channel survey, some channels could not easily be
reconciled with the LIDAR contours, leading to large steps in the cross section at
the junction of the channel and the floodplain. In these instances the
knowledge of the existing situation gained through site walkovers was applied to
ensure that a realistic situation was achieved.

Two main models have been constructed and these relate to the pre-
development and post development scenarios and included the bridges and
culverts that were considered likely to create hydraulic restrictions within the
channel.

Roughness Values

The roughness of the channels and associated floodplains was modelled using
Manning’s '‘n’ values. The roughness values were altered for the pre and post
development scenarios to reflect riparian the planting that is recommended to
be carried out in the post development scenario.

In the pre-development scenario the Manning’s value used for most stream
channels and the floodplain were set at 0.035, representing relatively clean,
winding channels with some shoals and pools present. For selected stream
sections a Manning’s value of 0.06 was used to represent the dense vegetation
present. A Manning’s of 0.035 was applied to the floodplain areas to represent
the relatively smooth pastoral land use that exists.

In the post development scenario the Manning’s value used for the channel was
increased to 0.06 to better represent the effects of riparian planting that would
occur following development. For the floodplain areas, either side of the main
channel, the Manning’s remained at 0.035. This was allowed to reflect the
construction of ‘smoother’ surfaces within the floodplain, (such as roading,
footpaths playing fields and car park areas), whilst still allowing for occasional
obstructions to the natural flowpath from buildings, specimen trees or other
obstructions.
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5.6.3

5.7

5.8

5.9

Steady State Modelling

The hydraulic modelling was carried out using steady state modelling and has,
therefore, only generated flood levels for the peak flows generated from the
HEC-HMS hydrologic model.

The peak flows from the HEC-HMS hydrologic modelling were entered as point
inflows at relevant points in the hydraulic model.

HEC-RAS MODEL CALIBRATION

Accurate calibration of the HEC-RAS model has not been possible as no flood
level or storm event records exist for this catchment. Comparison to other
studies conducted within the area suggests that the flood level at Node 10 is
similar to the flood level shown in the report by Search Consulting Limited in
their report dated December 2005. However, an exact comparison can not be
made as the Search Consulting Limited report used an assumed datum in their
study. A further comparison to the Pokeno Township Stormwater modelling and
Flood Mapping Report dated April 2008 by Hydroanalytics, enabled cross section
information below SH1 to be updated by lowering previously assumed bed
levels.

MODEL SCENARIOS
Three main scenarios have been modelled:
e Existing Scenario (using Pre-development hydrological model);

e Future Scenario without mitigation (using Post-development hydrological
model);

e Future Scenario with mitigation (using Post-development hydrological model
and Post-developed hydraulic model).

OPTION EVALUATION

Within the Post-Developed Mitigated scenario a humber of additional scenarios

have been explored, these include:

e The possibility of merging the two upper Pokeno stream channels into one
channel at a point near Munroe Road;

e Upgrading of selected bridges and culverts throughout the catchment;

e Modification of stream channels to determine the change in flood level
resulting from proposed floodplain modifications.
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5.10

5.11

5.12

5.13

5.13.1

MODELLING NODES

Modelling nodes represent points of interest within the catchment. We have
positioned nodes at the various road and rail bridges and culverts as well as the
confluence points of key streams.

PRE-DEVELOPMENT MODEL

The Pokeno catchment characteristics and HEC-HMS parameters for the pre-
development scenario are summarised in Appendix 1 for the modelling nodes
shown in Drawing 121412 - SW100.

The flood attenuation effect of the existing ponds was ignored, as these dams
are not necessarily a permanent feature of the farmed catchments, nor is there
any information to indicate that they were designed with flood mitigation as a
feature.

POST DEVELOPMENT MODEL

Post development modelling has been carried out based on 9 November 2006
revision of the proposed Pokeno Structure Plan. This has subsequently been
checked against the August 2008 Structure Plan maps to confirm that the
development assumptions are still valid.

The TP108/HEC-HMS parameters for the post-development scenario are shown
in Appendix 1 for the catchments shown in Drawing 121412 - SW100.

FLOOD PLAIN ANALYSIS AND FLOOD HAZARD MAPPING

To safeguard life and property, floodways to pass the 1% AEP flows should be
reserved from development. Riparian margins are to be reserved for other
reasons, but their flood-carrying capacity needs to be checked in case wider
floodways need to be provided for.

Drawing 121412 - SW102 shows the provided 1% AEP flood extents based on
the outcomes of the HEC-RAS modelling. The drawing details calculated flood
levels for the 50%, 20%, 10%, 1% and 1% plus 28% AEP events at key
locations.

Terminology

For the purposes of this report the following terms will be used as listed in Table
5.13 below:
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Term Meaning

used in

CMP

1% AEP The 1% AEP flood level or flowrate resulting from the 1% AEP storm
(15%) event with the rainfall increased by 15%.

1% AEP The 1% AEP flood level or flowrate resulting from the 1% AEP storm
(28%) event with the rainfall increased by 28%.

True left The left bank of the stream when looking downstream

bank

True right The right bank of the stream when looking downstream

bank

5.13.2 Stream Sections

An exercise was undertaken to determine a typical stream section profile that
should be adopted in the HEC-RAS model that would best represent the
proposed modified streambank section in areas where filling may be allowed. It
was found in the analysis that a 1 in 3 slope that started above the 50% AEP
flood level and extended for 10m away from the stream was not overtopped by
the climate change flood event. Typical drawings of the modified stream
channels are shown in Drawing-121412-SW115. Not all stream sections
required the use of this developed section and the way in which it was used
varied as follows:

Between State Highway 1 and Great South Road

Existing (pre-developed) sections were used in the model with the exception of
a small alteration around the entry to the SH1 culvert (see other changes
modelled below)

Between Great South Road and the North Island Main Trunk Railway

No modification of the stream banks was modelled.

Between the North Island Main Trunk Railway and McDonald Road Bridge.

No modification was made to the true left bank of the stream. The true right
bank was modified at the existing 50% AEP flood level depending on the width
of the stream bank at that level. Where the distance from bank to bank at the
50% AEP level was less than 10m then a benched cut into the bank was adopted
until the 10m width was reached, and then the developed section was used
above this location. Where the distance from bank to bank at the 50% AEP
level was greater than 10m then the developed bank section started from that
level.
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5.13.3

5.13.4

Between McDonald Road and Hitchen Road Bridges.

The true left bank was modified to allow for filling of the flood plain from the top
of the channel for approximately 100m upstream of the MacDonald Road Bridge.
This allows for the construction of flood free building platforms on existing urban
zoned land.

The true right bank was modified at a distance of 40m from the true left bank
before the developed bank section was applied. These changes were made to
stream sections located upstream of the Node 10 (McDonald Bridge) for a
distance of 270m at which point the developed bank section was applied at the
10m distance once again.

School Block/Sports Park

Modelling of the proposed stream diversion for the School Block/Sports Park was
undertaken to incorporate stormwater aspects of the diversion including creating
a “natural” route, containing flood flows and maximising land (sports field use)
above the 1% AEP flood level. The best practical option, including filling a small
flooding arm to the south of the proposed sports park, is shown on drawing
121412-SW103 and has been achieved without significant increases in upstream
flood levels. Detailed design of riparian planting will maximise the shading and
habitat enhancement of the single and double channel sections of the stream.
This riparian planting will have an effect on raising the flood levels over this
reach.

Other Changes Modelled

Initial stormwater modelling highlighted a number of areas along the
Tanitewhiora Stream where stream flow was backing up behind culvert and
bridge structures. It was considered that any post-development modelling being
undertaken should also study what effects would result if improvements were
made to allow streamflow to pass through these constrictions in a more efficient
manner and to meet the FDC's design criteria for roads.

SH1 Culvert

One of the more significant locations where heading up of stream flow was
evident was the SH1 culvert and the Tanitewhiora Stream. The increase in
water level here was is in the order of 1.5 metres and lead to higher stream
flood levels upstream.

The original modelling was undertaken using sections derived from LIDAR
survey and a physical survey undertaken by HGCL. These sections compare
reasonably well with the shape of the stream banks as they were viewed during
site visits and which were used in the pre-developed HEC-RAS model. The
modelling highlighted that the sections immediately upstream of the culvert
formed a constraint on flows as they hinder the ability for streamflow to enter
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the arch culvert in an efficient manner. Modelling was undertaken to determine
what the effect would be if localised stream bank modifications were undertaken
to ease the transition from stream bank section to the SH1 culvert both
immediately upstream and downstream of the culvert. The post development
modeling scenario assumes that these transitional clearing works are done.

Great South Road Bridge

A site inspection of the Great South Road Bridge has shown that flood flow is
constrained as it passes underneath the Great South Road Bridge. This is due
mainly to what appears to be the abutments of an older bridge located
underneath the current bridge. These old abutments are significantly narrower
than the width of the existing bridge abutments (Refer photo on drawing
121412-SW104). The post development modeling scenario assumes that these
abutments are removed.

McDonald Road Bridge

Since the draft CMP was originally penned the proposed roading layout of the
industrial zone has gone through a number of design iterations. The current
proposal is that the existing McDonald Road Bridge no longer be retained. The
McDonald Road Bridge was therefore removed from the post-development
model. A new bridge to be constructed downstream of the current bridge
location has been modelled as providing no restriction to flows.

Hitchen Road Bridge

The Hitchen Road Bridge has been shown to be inundated in regular events and
impedes flows. It is proposed that the existing Hitchen Road Bridge will
therefore not be retained. The bridge has therefore been excluded from the
post-developed model. Any new bridge will be designed to avoid any impact on
flood hydraulics.

Pokeno Road Bridge

The Pokeno Road Bridge has been shown to be inundated during the 1% AEP
storm event. It is proposed that a new bridge be constructed clear of the 1%
AEP flood level (including an allowance for climate change) to avoid any impact
on flood hydraulics.

Channel Roughness

As stated in section 5.6.2 the roughness value of the stream channel was
modified between the pre-development model and post-development model to
represent the effect of the riparian planting that is proposed as part of the
stream bank modification works. This change in roughness value will typically
result in slightly impeded flood flows.
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5.14

5.14.1

STREAM EROSION

Erosion of the existing stream channels should be prevented by the preservation
of existing stream bank riparian vegetation. Areas under specific threat will
need special attention to reduce the likelihood of sediment generation and
transport to the downstream receiving environment. Erosion within streams can
lead to bank stability problems, channel capacity problems and increased flood
levels. It can also smother aquatic habitat and increase the turbidity of stream
waters.

Suitable solutions for controlling stream erosion include planting of stream
banks, provision of suitable erosion protection headwalls and rock rip-rap aprons
around new stormwater outfalls, armouring of channels with rock or other
similar non-erosive material and provision of riparian margins.

Observations of the channels and discussions with landowners in the area
suggest that erosion of streams is not a significant problem within the Pokeno
catchment.

Stream Erosion Monitoring

It is proposed that a stream erosion monitoring programme be established in
order to determine whether proposed development in the catchment leads to
increased stream channel erosion. The monitoring programme should initially
focus on establishing baseline data to determine the existing pre-developed
stream channel characteristics and then as development proceeds the
monitoring would be used to determine whether there are any adverse effects
on channel instability resulting from the development.

This section outlines the nature of the monitoring proposed for the Helenslee
Stream and Tanitewhiora Stream.

Monitoring Objectives

Monitoring may include inspection of:
. Stream bank stability

. Stream bed sedimentation

o Stream bank vegetation

. Aquatic habitat condition

. Stormwater outfalls
. Stormwater Culverts
. Bridge abutment structures
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5.15

Types of Monitoring

Stream Profiles

A number of stream sections are to be set up so that all significant changes in
channel topography are captured such as top of bank, bottom of bank and
stream invert. The key to stream profiles is establishing a section that can be
repeatedly surveyed for a number of years so that any changes to channel
profile can be accurately measured. Survey markers should be installed to aid
in this effort. Stream profiles can be surveyed using either a straightforward
chainage versus depth method of measurement or by total station or other
survey equipment.

Photo Records

In conjunction with the stream profiles above, photographs of the stream
channels should also be undertaken so that a visual history of the channel is
obtained. Again the key with this type of record is to take photos from a
consistent viewpoint so that changes can be readily identifiable.

Visual Inspection

Visual inspection of stream channels should be undertaken to look for signs of
stream bank instability, slumping, increased stream bed sedimentation, and
areas where there is an absence of vegetation that may be prone to erosion.

Asset Survey

There are many existing stormwater outfalls, culverts and bridge abutment
structures in the Pokeno catchment and the proposed development will result in
many more. In order to maintain the effectiveness of these structures it is
recommended that a periodic asset survey program be initiated so that any
damage can be identified prior to failure occurring.

RESULTS AND DISCUSSION

The attached Appendices and Drawings summarise the results from the HEC-
RAS model for the existing pre-development and post-development scenario.
The requirements for water quality and development mitigation are presented in
Section 8.

The proposed zoning for the catchment allows for a mixture of development
densities (See Section 1.3.4) and the exact roading and reserve configuration is
not finalised. Therefore the floodplain widths and stormwater treatment and
attenuation devices have been conservatively sized. However development
specific flowpath widths and device requirements will need to be reassessed at
the time of subdivision.
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5.15.1

5.15.2

5.15.3

Tanitewhiora Catchment
School Block

The results of the HEC-HMS modelling indicate that stormwater peak flowrates
through the School Block remain unchanged at Nodes 1, 2 and 3 as there is no
development proposed within the structure plan for Catchments A, B and C.
Nodes 4 and 5 have a slight decrease in peak flowrate for the 1% event and
small increase for the 10% and 50% events as a result of a faster time of
concentration from the proposed development within the eastern part of
Catchment D. Due to timing effects the 1% AEP peak flowrate at Node 6 just
downstream of the confluence point of the two upper tributaries of the
Tanitewhiora Stream increases from a pre-development value of 80.5m3/s to
81.4m3/s (a 1.1% increase). The 50% and 10% AEP events increase by 6.5%
and 2.7% respectively.

The results of the HEC-RAS modelling indicate that stormwater flood levels
through the School Block increase by approximately 0.26m at the narrowest
point of the stream realignment between the pre-development and post-
development model scenarios. Flood levels upstream of the school block remain
largely unchanged. When a Manning’s value is increased from 0.035 to 0.06
representing a planted channel the flood levels increase by another
approximately 0.2m at the narrowest point of the stream alignment proposal.
The flood level upstream at Node 5 increases by approximately 0.13m.

The results show that the Pokeno Road Bridge is expected to overtop during the
1% AEP event. Specific modelling was undertaken to determine whether this
bridge was impeding flood flow during the 1% AEP event. It was determined
that flood waters would be reduced immediately upstream of the Pokeno Road
Bridge if the bridge was removed and a new bridge was constructed clear of the
flood plain. Flood levels further upstream at Node 3 do not change.

Hitchen Block

The marginal increase in peak flowrates encountered at Node 6 is further
reflected in all the Nodes through the Hitchen Block and further down the
Tanitewhiora Stream to Node 14 (State Highway 1 culvert). While there are
large areas of development proposed in Catchments G, H, I, J and K, the
increase in the 'time of concentration' (a term used to describe how long it takes
a drop of rain falling at the furthermost point of the catchment boundary to flow
to the point of interest) from developed catchments effectively means that peak
flowrates from these lower catchments discharge to the Tanitewhiora Stream
before the peak flow from the upper catchment (catchments upstream of, and
including the school block) reaches this area of the Hitchen Block.

The pre-development flood plain extent shown on Drawing 121412-SW102
shows large areas of Catchments I, J and K on the western bank of the
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5.15.4

Tanitewhiora Stream are prone to flooding during the 1% AEP event. The pre-
development modelling results also show that the Hitchen Road Bridge overtops
during the 20% AEP event and the McDonald Road Bridge overtops during the
1% AEP event.

Post-Developed modelling results showed that the effect of easing the transition
around the State Highway 1 culvert resulted in a 0.8m decrease to the 1% AEP
flood level at the arch culvert location. A reduction in flood level continues
upstream to roughly the location of the McDonald Road Bridge.

The model shows that flood levels through the section of stream between the
North Island Main Trunk Railway and just upstream of the Hitchen Road Bridge
where modified bank sections are proposed result in post-developed 1% AEP
flood levels that are virtually unchanged and marginally lower than pre-
development levels (refer to HEC-RAS flood flow profiles attached in Appendix 1
and Drawing 121412-SW102).

Reference to aerial maps shows that the property at No. 14 Great South Road
may flood during the pre-developed 1% AEP event. With the changes proposed
as part of the post development works this property is shown to be clear of the
post developed 1% AEP flood plain. The properties located between No.
15 Hitchen Road and the McDonald Road Bridge are likely to flood during the
predeveloped 1% AEP event. The CMP modelling has specifically allowed for the
filling of these properties to enable flood free building platforms to be provided
for them.

Pokeno Township West

Peak flow discharge from the western Pokeno township catchments (Catchments
L and M) will increase for all storm events modelled. The post-development
increase will be roughly twice the peak flow for the 50% AEP, 1.6 times the peak
flow for the 10% AEP and 1.5 times the pre-development flow for the 1% AEP
event.

The modeling shows that the flood level during the 1% AEP will decrease from
RL 19.6m for pre-development flows to RL 19.0 for post-development flows.
This is a result of the upgrade works proposed in the lower Tanitewhiora
Stream.

Reference to aerial maps shows that the properties at No. 14 Hitchen Road and
No. 33 Great South Road are likely to be at risk of flooding during the pre-
development 1% AEP plus 28% event.

A 50% blockage scenario was modelled at the Hitchen Road culvert. Occupiable
floor levels upstream of this culvert should be set 0.5m above the 1% AEP event
plus 28% climate change allowance plus blockage allowance which is
approximately RL 20.4m.
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5.15.5

5.15.6

5.15.7

Pokeno Township South

Analysis of Catchments N, O and P suggests that Great South Road will likely
overtop during the 1% AEP event. The modelling indicates a peak flood level of
19.4m for the pre-developed scenario can be expected. Survey information
shows that Great South Road has a low point of 18.0m near the underpass of
the Waikato Expressway (SH1). The Great South Road Bridge has a surface
level of approximately 19.5m.

Helenslee Catchment
Helenslee Block

Management of stormwater within the Helenslee catchment differs markedly
from the Tanitewhiora catchment as the structure plan proposes development
throughout most of the catchment, including most of the upper part of the
catchment being the Helenslee Block. As such the increase in stormwater flows
between a pre-developed (existing) landuse scenario and a post-developed
(structure plan) scenario is significant. If stormwater from a developed
Helenslee Block was not managed through the provision of a flow attenuation
device(s) then the resulting increases at Node 15 would increase from 1.6m3/s
to 4.7m3/s for the 50% AEP, 6.0m3/s to 11.0m3/s for the 10% AEP and
13.2m3/s to 20.4m3/s for the 1% AEP storm event. Node 16 located at Ford
Street / Great South Rd and roughly the lower boundary of the Helenslee Block
shows similar increases within the hydrological model. These results clearly
show that stormwater attenuation will need to be provided within the Helenslee
Block to manage flows from this area.

Drawing 121412-SW102 shows the 1% AEP pre-development flood plain extents
within the Helenslee Block. The drawing shows that stormwater backs up
behind the culverts under Ford Street and Great South Road and overtops Ford
Street during a 10% AEP event. The flood level during a 1% AEP event is
approximately 20.3m, which is about 0.5m above the crest level of Ford Street.

The two stormwater management wetlands (Pond Q and R) attenuate post-
development stormwater runoff emanating from the Helenslee Block to below
pre-development levels. At Node 15 the peak flowrate decreases from 1.6m3/s
to 0.1m3/s for the 50% AEP, 6.0m=3 to 2.1m3/s for the 10% AEP and 13.2m3/s
to 12.1m3/s for the 1% AEP storm event. At Node 16 the post development
peak flowrate is also below pre-development levels. The two stormwater
management wetlands also result in lower flood levels for the section of
Helenslee Stream between Great South Road and Market Road for the smaller
flood events.

The raised road embankment of Great South Road has the potential to cause
large areas of ponding should the culvert underneath the road become blocked
with debris. To determine the extent of this possible flooding modelling has
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5.15.8

5.15.9

been undertaken of the Great South Road culvert. The modelling indicates that
were the Great South Road culvert to be partially blocked (50% blockage
modelled) during a 1% AEP event this would cause the flood level to increase
from a predicted level of 20.2 to a level of 21.0, which is approximately the
crest level of Great South Road. As discussed in Section 5.13.3 the inclusion of
a climate change allowance further increases the flood level

Upstream of Ford Street and Great South Road Culverts

Both culverts are 1.2m diameter. A 50% blockage scenario was modelled at
these culverts which yields a flood level of approximately RL 21.6m. Occupiable
floor levels should be set 0.5m above the 1% AEP event + 28% climate change
allowance + partial blockage, that is at 22.1m. Aerial maps show that the
properties at No.8 and No. 10 Ford Street are at risk of flooding during the pre-
development 1% AEP event. Survey confirms that the occupiable floor at
8 Ford Street will flood in a 1% AEP event (possibly in a 10% AEP event). While
the floor at 10 Ford Street will flood in a 1% AEP event. The property at No.
12 Ford Street is also be at risk of flooding, however the house floor level is well
above anticipated flood levels. At this stage it is not proposed to upgrade either
the Great South Road or Ford Street culverts as this will increase flows and flood
levels downstream of them.

Pokeno Township East

Development is also allowed for within the eastern part of the Pokeno Township.
The modelling shows that infill housing and intensification in this area results in
increased peak runoff at Nodes 17 and 18. It is considered that this catchment
is not well suited to the use of stormwater attenuation ponds to manage
increased runoff. To do so would require overland flowpaths to be setup that
direct runoff from larger stormwater events into the pond and given the existing
development and roading layouts this will be difficult to achieve. In terms of the
50% AEP no allowance has been made in the hydrological model to consider the
effects of soakage that any proposed development within the Pokeno Township
East area would need to comply with under the FDC Code of Practice.
Treatment from new development in the Pokeno township east area will be
managed at source through the use of low impact design, stormwater soakage
devices, planning controls or the use of proprietary treatment devices.
Additional modelling could also be undertaken to determine whether Ponds Q
and R could be optimized to further attenuate the larger 10% and 1% AEP storm
events.

The raised road embankment of the State Highway 1 expressway has the
potential to cause large areas of ponding should the twin culverts underneath
the expressway become blocked with debris. To determine the extent of this
possible flooding modelling has been undertaken of the twin State Highway 1
culverts. The modelling shows that should the twin culverts become partially
blocked (50% blockage) during a 1% AEP event this would cause the flood level
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to increase from a predicted level of RL 15.7 to a level of RL 16.2. As discussed
in Section 5.13.3 the inclusion of a climate change allowance further increases
flood levels.

Between Great South Road and Market Street culverts occupiable floor levels
should be set 0.5m above the 1% AEP event + 28% climate change allowance
which is approximately RL 18.5m. Market Street culvert is to be upgraded,
possibly via a new road access to the east of the watercourse, coupled with
removing the hydraulic constraint of the culvert.

Between Market Street and State Highway 1 occupiable floor levels should be
set 0.5m above the 1% AEP event plus 28% climate change allowance with a
50% blockage allowance. This yields a level of approximately RL 17.2m.

Drawing 121412-SW102 shows that the 1% AEP pre-development flood plain
extents within Catchments T, U and V. As can be seen Market Road overtops
during the 1% AEP event potentially blocking off the only access to houses along
the end of this street. The restriction at the Market Road culvert results in
higher flood levels upstream. Filling of floodplains outside the main channel in
the lower Helenslee stream could be permitted in the area immediately
upstream of SH1. Minimum occupiable floor levels are to be based on the 1%
AEP flood plus 28% climate change allowance plus 50% blockage of culverts.
Any filling proposals are to be incorporated with detailed analysis to confirm that
effects on possibly affected parties have been managed.

5.15.10 Climate Change

The climate change scenarios modelled for the post development mitigated case
increase the water level in the Tanitewhiora Stream in a range from 100mm to
700mm with the rainfall depths increased by 28% and 50mm to 350mm in the
scenario where the rainfall depth is increased by 15%. Typically the maximum
increases are around the upper NIMTR crossing are in the order of 600mm in
the proposed industrial zone.

The potential effects of climate change on the catchment and extent of potential
inundation on the existing topography are shown on Drawing 121413-SW103.
The effect on the post development flood plain extent will be minimal beyond
the 1% AEP extent. This is also shown on Drawing 121413-SW103 attached
and also on the profiles in Appendix 1.

In the Helenslee Catchment the increases in flood depth range from 30 mm to
800mm with the 1% AEP rainfall depth increased by 28% and 20mm to 400mm
with the rainfall depth increased by 15%.

The greatest effects from the climate change scenarios in the Helenslee
catchment are felt upstream of Great South Road, where the restriction caused
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by the small culvert and road embankment increase levels by around 800mm.
Upstream of the motorway this increase is in the order of 200mm.

Based on the above results and the CCEIA recommendations discussed in
Section 3.9 an allowance should be made for increases in rainfall intensities in
future development planning in Pokeno.
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Table 5.4: HEC-HMS - Modelling Results

Node Node Description Peak Flowrates (m3/s) Bridge/ Culvert
50% AEP 20% AEP 10% AEP 1% AEP CHRSCIY
Pre- Post Post Pre- Post Post Pre- Post Post Pre- Post Post
Dev w/o | with Dev w/o | with Dev w/o | with Dev w/o with

Tanitewhiora Stream (including upper tributaries)

1 Discharge point-Catchment A 4.8 4.8 4.8 11.0 11.0 11.0 15.8 15.8 15.8 33.0 33.0 33.0 -

2 Discharge point-Catchments A and B 6.9 6.9 6.9 16.5 16.5 16.5 23.7 23.7 23.7 49.8 49.8 49.8 -

3. Bridge crossing - Munro Road 7.8 7.8 7.8 18.5 18.5 18.5 26.9 26.9 26.9 59.4 59.4 59.4 >19% AEP

4 Culvert crossing-Pokeno Road 3.0 3.0 3.0 6.8 6.8 6.8 9.8 9.7 9.7 20.6 20.2 20.2 -

5 Culvert crossing-Munro Road 4.3 5.2 5.2 10.0 9.9 9.9 14.4 13.7 13.7 30.4 28.4 28.4 <1% AEP

6 Bridge crossing-Pokeno Road 10.6 11.4 11.4 25.1 26.2 26.2 37.0 38.0 38.0 80.5 81.4 81.4 <1% AEP

7 Bridge crossing-NIMT Railway 10.7 11.6 11.6 25.4 26.6 26.6 37.5 38.6 38.6 81.5 82.5 82.5 >1% AEP

8 Bridge crossing-Hitchen Road 10.8 11.8 11.8 25.5 26.8 26.8 37.7 38.8 38.8 82.0 83.1 83.1 <10% AEP

9 Confluence point-with unnamed stream 10.9 12.0 12.0 25.9 27.2 27.2 38.4 39.6 39.6 84.2 84.9 84.9 -

10 Bridge crossing-McDonald Road 10.9 12.1 12.1 26.0 27.3 27.3 38.5 39.7 39.7 84.5 85.2 85.2 <1% AEP

12 Bridge crossing-NIMT Railway 11.5 12.8 12.8 27.3 28.7 28.7 40.5 41.7 41.7 89.1 89.5 89.5 >1% AEP

13 Bridge crossing - Great South Road Bridge 11.5 12.8 12.8 27.3 28.8 28.8 40.5 41.8 41.8 89.1 89.5 89.5 >1% AEP

14 Culvert crossing-SH1 Culvert 11.5 12.8 12.8 27.3 28.8 28.8 40.4 41.7 41.7 89.1 89.4 89.4 >1% AEP
Helenslee Stream (including upper tributaries)

15 Confluence - Two streams in Helenslee 1.6 4.7 0.1 4.0 8.3 0.6 6.0 11.0 2.1 13.2 20.4 12.1 -

Block
16 Culvert crossing - Ford Street & Gt South 1.6 3.5 0.8 3.3 4.4 1.4 3.9 4.8 2.2 5.2 5.8 5.0 Ford Street <10% AEP
Rd Great South Rd >1% AEP

17 Culvert crossing - Market Street 1.8 3.9 2.0 3.6 5.6 3.5 4.3 6.5 4.5 7.4 9.6 7.6 <1% AEP

18 Twin Culvert crossing-SH1 Expressway 2.4 5.5 3.6 5.0 8.3 6.2 6.9 9.6 8.0 11.4 13.7 12.0 >1% AEP
Unnamed stream through Pokeno township

11 | culvert outfall-Pokeno township (west)y | 07 | 14 | 14 | 14 | 23 [ 23 | 18 | 29 | 29 | 33 | 48 | 48 | -

Confluence point of both the Tanitewhiora Stream and Helenslee Stream

19 | catchment Termination Point | 127 | 169 | 151 | 310 | 339 | 300 | 4555 | 478 | 446 | 972 | 983 | 974 | -

Abbreviations:
Pre-Dev = Pre-Developed (existing) scenario, Post w/o = Post-Developed scenario without mitigation measures, Post with = Post-Developed scenario with mitigation measures
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Table 5.5: HEC-RAS - Modelling Results

Peak Flood Levels (m)

Node 50% AEP 20% AEP 10% AEP 1% AEP ';?,aef
tops
Pre-Dev Post w/o Post with Pre-Dev Post w/o Post with Pre-Dev Post w/o Post with Pre-Dev Post w/o Post with | (y/n)
u/s |p/s|u/s|p/s|u/s|p/s| u/s | bss | uss | b/s | uss [pys|uss|pss|uss|pss|uss|pss|uss|pss|uss|pss|uss|oss
Tanitewhiora Stream (including upper tributaries)
1 32.8 32.8 32.8 33.1 33.1 33.1 33.2 33.2 33.2 33.6 33.6 33.6 -
2 28.9 28.9 28.9 29.1 29.1 29.1 29.2 29.2 29.2 29.4 29.4 29.4 -
3 26.2 | 25.8 | 26.2 | 25.8 | 26.2 | 25.8 26.8 | 26.2 26.8 26.2 26.8 | 26.2 27.1 26.4 | 27.1 | 26.4 | 27.1 | 26.4 | 28.0 | 27.1 | 28.0 | 27.1 | 28.0 | 27.1 No
4 - - - - - - - - - - - - -
5 26.0 | 259 | 26.0 | 25.9 | 26.2 | 25.8 26.4 26.3 26.7 26.3 26.7 | 26.3 27.0 26.4 | 27.0 | 26.3 | 26.8 | 26.2 | 26.9 | 26.8 | 26.9 | 26.8 | 27.0 | 26.9 Yes
6 245 | 245 | 24.6 | 24.6 | 24.8 | 24.7 25.0 25.1 25.1 25.1 25.2 | 25.1 25.3 25.3 | 25.3 | 25.3 | 254 | 25.3 | 26.2 | 25.8 | 26.2 | 25.8 | 25.9 | 25.8 Yes
7 22.4 | 22.4 | 22.4 | 22.4 | 22.6 | 22.5 23.0 23.0 23.1 23.0 23.5 | 23.5 23.5 23.5 | 23,5 | 23,5 | 23.7 | 23.6 | 24.9 | 24.8 | 249 | 24.8 | 25.0 | 24.8 No
8 18.5 | 18,5 | 18,5 | 185 | 18.6 | 18.6 19.2 19.2 19.2 19.2 19.2 | 19.2 19.5 195 ( 19.6 | 19.6 | 19.5 | 19.6 | 20.2 | 20.2 | 20.2 | 20.2 | 20.0 | 20.1 Yes
9 17.7 17.8 18.2 18.5 18.5 18.5 18.9 18.9 18.8 19.7 19.8 19.6 -
10 16.9 | 17.0 | 17.0 | 17.1 | 17.3 | 17.3 17.7 17.7 17.7 17.7 17.9 | 17.9 18.0 18.1 ( 18.1 | 18.1 | 18.3 | 18.3 | 19.5 | 19.5 | 19.5 | 19.5 | 19.2 | 19.3 Yes
12 16.6 | 16.5 | 16.7 | 16.6 | 17.0 | 16.9 17.3 17.3 17.3 17.3 17.5 | 17.4 17.7 17.7 | 17.8 | 17.7 | 17.7 | 17.7 | 19.5 | 19.4 | 19.5 | 19.4 | 18.6 | 18.5 No
13 16.1 | 16.1 | 16.2 | 16.1 | 16.4 | 16.4 | 16.8 16.7 16.9 16.8 | 17.1 | 17.1 | 17.3 | 17.2 | 17.3 | 17.2 | 17.4 | 17.4 | 19.4 | 18.9 | 19.4 | 18.9 | 18.3 | 18.3 No
14 15.4 | 15,5 | 15,5 | 15,5 | 15.0 | 14.9 16.0 16.1 16.1 16.2 15.7 | 15.6 16.5 16.5 | 16.6 | 16.5 | 16.2 | 16.0 | 18.3 | 17.6 | 18.3 | 17.6 | 17.4 | 16.9 No
Helenslee Stream (including upper tributaries)
15 20.7 20.5 20.4 20.9 20.6 20.6 20.9 20.8 20.8 21.1 21.2 21.2 -
16 18.1 | 17.2 | 19.8 | 180 | 175 | 17.1 | 19.8 17.9 19.9 18.0 17.7 | 176 | 19.8 | 18.0 ( 19.9 | 18.0 | 18.1 | 17.3 | 20.2 | 18.0 | 20.8 | 18.0 | 20.1 | 17.6 Yes
17 17.0 | 159 | 18.0 | 16.2 | 16.1 | 16.1 17.9 16.1 18.0 16.4 16.4 16.3 | 18.0 | 16.2 | 18.0 | 16.4 | 16.6 | 16.4 | 18.0 | 16.5 | 18.0 | 16.6 | 17.3 | 16.6 Yes
18 145 | 145 | 15.1 | 150 | 15.1 | 15.1 | 15.0 15.0 15.3 15.3 154 | 153 | 15.2 | 15.2 | 154 | 15.3 | 155 | 154 | 155 | 154 | 15.7 | 15.5 | 15.8 | 15.6 No
Unnamed stream through Pokeno township
1 | 173 | 175 | 177 | 17.5 | 17.7 | 17.9 17.8 18.0 18.0 19.6 19.9 19.0 -
Confluence point of both the Tanitewhiora Stream and Helenslee Stream
19 | 74 I 75 | 7.7 | 7.8 | 7.7 7.9 7.9 7.9 8.4 8.5 8.4 -

U/S = Upstream of Node location, D/S = Downstream of Node location
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6.0

6.1

ENVIRONMENTAL EFFECTS OF DEVELOPMENT
ENVIRONMENTAL IMPLICATIONS

The Pokeno Development Concept Plan envisages creating an enlarged township
in Pokeno consisting of a variety of mixed land uses. This will include high to
low density residential areas, business areas and a new industrial zone.

"A change in land use from existing rural farmland used for cropping and grazing
to residential and industrial development is expected to have the following broad
environmental implications: See the Detailed Ecological Report (Appendix 3).

e An increased area of impervious surfaces associated with buildings, roads
and industrial sites is expected to alter the quantity, quality and flow rates of
stormwater discharged to the Mangitawhiri swamp/wetland and the Waikato
River.

e There is the potential for a loss of connectivity between existing remnants of
tree lots and wetlands within the footprint of the development.

e There will be a proportional reduction in the numbers of plants and animals
associated with a modified rural environment and a proportional increase in
the numbers of plants and animals associated with residential and industrial
environments within the footprint of the proposed development.

e Residential and industrial stormwater systems have the potential to create
barriers to the upstream and downstream migration of fish and other aquatic
organismes.

e There will be an increased demand for infrastructural services such as
potable water supplies, wastewater treatment and solid waste disposal
within the footprint of the proposed development”.

The CMP is intended to provide baseline catchment information, assess these
potential effects of development and to propose management options to
mitigate these effects. It is intended to allow for the economic development of
the area without compromising the environmental values. Where possible effort
should be made to enhance the current status of the environment.

FDC has stated that it is desirable that, where possible, riparian vegetation
protection areas are linked through corridors along riparian margins. The
protection and enhancement of riparian vegetation will also achieve
environmental results to enhance terrestrial and aquatic habitats, reduce water
quality degradation and help address run-off issues.
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6.2

6.3

LIKELY EFFECTS ON TERRESTRIAL ECOLOGY
The Detailed Ecology Report summarises the findings as follows:

"There do not appear to be any significant ecological issues in the proposed
development in terms of terrestrial ecology.” However, four particular tree lots
were considered worthy of protection.

Totara (Dacrycarpus dacrydioides) occurred in all four Blocks but tree lots of this
native tree were a particular feature of the Helenslee Block. A well-developed
stand of mature totara was present on the mid northeastern boundary of the
Helenslee Block.

Another remnant native tree of special interest in the study area was the
kahikatea (Dacrycarpus dacrydioides) that was once widespread on the lower
Waikato floodplain. A group of some 25 mature kahikatea was present adjacent
to the totara referred to above on the mid north-eastern boundary of Helenslee
Block. Another two smaller groups of kahikatea occurred in the School Block.

Oak trees (Quercus spp.) in excess of 6m tall were a feature of the town centre
and were recognised as a site of significant vegetation.

A small pocket of native trees (tawa taraire, puriri, kahikatea and rewarewa) on
the southwestern boundary of the Hitchen Block was also recognised as an area
of significant vegetation.

Provided industry standards for dust suppression are adopted during
earthworks, no direct or indirect effects of the proposed development are
expected on terrestrial vegetation in the upstream section of the Pokeno
catchment or in downstream catchments.

“...There would be a net loss of productive pasture as a result of the proposed
development and a consequent reduction in sheep and cattle production within
the footprint of the proposed development.

However, provided that parks, residential and commercial gardens within the
proposed development contain suitable food supplies and they are relatively
predator free, a diverse range of bird life could also be expected within the
footprint of the proposed development.”

LIKELY EFFECTS ON AQUATIC ECOLOGY

The Detailed Ecology Report and Section 4.6 Freshwater Aquatic Ecology
summarise the values of and likely effects on aquatic ecology as follows:

"Notwithstanding the question of the migration of aquatic organisms through
new and modified stormwater systems, no other upstream effects are expected
to be associated with the development”.
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6.4

6.5

The mainstream of both the Pokeno and Helenslee Streams had fisheries values
to climbing native eel populations and to resident landlocked commonbully
populations during the summer period. It is recommended therefore, that
stormwater systems associated with the proposed development are user-friendly
to both the upstream and downstream migrations of eels.

Low oxygen levels and high stream temperatures are stressful to fish and other
aquatic life and reduced flows potentially exacerbate these levels.

Whilst a dissolved oxygen threshold of 5g/m3 is a critical level for some
sensitive invertebrate and fish species such as trout, it is not an issue in these
streams. Eels and common bully are highly tolerant of lower dissolved oxygen
levels and, with the exception of instream cover, existing conditions are not
likely to be severely limiting for these native species.

The creation of ornamental lakes and ponds within the proposed development is
not recommended as eutrophic conditions are expected to prevail in such
environs.

Mitigation or offset works for stormwater control works might include the
fencing of the riparian zone of the Pokeno and Helenslee Stream and a
systematic weed control programme for introduced emergent weeds such as
willows, reed sweet grass and twin cress in the vicinity of the proposed
development.

Given the perennial nature of both the mainstem of the Helenslee and Pokeno
Streams as they flow through the proposed development blocks, it is
recommended these mainstem channels should remain as open stream channels
rather than incorporated into a reticulated stormwater system.

LIKELY EFFECTS OF STORMWATER STRUCTURES

Proposed stormwater dams as a part of attenuation or treatment ponds may
have downstream safety issues. Management procedures should be put in place
dependent on the level of risk associated with the dam structures.

PIPING OF PERENNIAL STREAMS

Helenslee Block spring-fed tributary, streams

There are several sites identified in the Detailed Ecological Report as H1 through
H4 on streams in the Helenslee catchment of potentially high ongoing value due
to their spring fed source. As a general rule piping of these perennial streams is
to be avoided and uncontrolled stormwater excluded if possible. If required
mitigation options would include riparian planting and instream habitat
enhancement.
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School Block Tanitewhiora tributary, Stream

An early design for the sports field proposed that an existing lower tributary of
the Tanitewhiora Stream be piped, between the location where it currently
enters the school block to the point where it currently merges with an upper
tributary, in order to create a larger level area for sports fields. From
discussions with Environment Waikato it was made clear that piping of this
stream and its associated loss of function is not looked upon favourably by
Council officers, therefore alternative methods of achieving the space needed for
the sports fields would need to be investigated. This has now been done and is
reported on in Section 5.13.2 Stream Sections. This includes the re-alignment
of this tributary to the north proposed in this CMP.
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7.0

7.1

CONSULTATION AND ISSUES
KEY STAKEHOLDERS

To date formal and informal meetings and discussions have taken place between
the Pokeno Landowner Consortium, its consultants HGCL and the Franklin
District and Waikato Regional Councils. This has included circulation of draft
versions of the CMP for comment and progressive iterations of the CMP to arrive
at a final draft CMP that is acceptable to the statutory approving authorities and
aligned with the Structure Plan.

Key milestones in the process to date have been:

July 2007: Draft CMP circulated to FDC and EW for review. EW provided written
comments with FDC commenting verbally.

March 2008: Summary of responses and proposed changes to draft CMP sent to
EW.

April 2008: Progress meeting with EW to seek “general agreement” to CMP.
April 2008: Written comments from EW.

April 2008: Specialist comments from EW on ecology, engineering and wider
planning aspects.

April 2008: Second draft CMP sent for EW/FDC comment.
June 2008: Feedback from MWH and FDC relating to peer review of CMP.
June 2008: Meeting with FDC and MWH to discuss peer review.

July 2008: Final comment from EW on technical, ecological and completeness
aspects.

July 2008: Further comments discussed at a meeting with FDC.

September 2008: Final review comments discussed with FDC prior to Council
adoption to support proposed Structure Plan Consultation.

The following key stakeholders groups have been identified for consultation and
discussion, using the final CMP dated August 2008 as the basis for stakeholder
consultation.

e lwi
e Landowners

e Interested parties
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7.2

e General public
A complete list of key stakeholders is available in the Structure Plan Report.
CONSULTATION INITIATIVES

Pokeno Landowner Consortium has held several discussions with key
stakeholders including presentations to FDC. A public presentation in the form
of an open day was held in May 2007.

Correspondence related to these consultation initiatives are reported in the
Structure Plan Report.
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8.0

8.1

STORMWATER MANAGEMENT OUTCOMES

This section explains the overarching considerations that were used to develop
the elements of the preferred stormwater management regime and its
implementation through the recommendations that follow in Section 9. The
section also discusses the main elements and desired outcomes of the
management regime under the headings of stormwater quantity and quality,
climate change, infrastructure and riparian planting.

STORMWATER MANAGEMENT PHILOSOPHY

The preferred stormwater management outcomes in the Pokeno catchment have
been developed giving consideration to a series of guiding philosophies. These
guiding philosophies have not been viewed as dogma but used to assist and
guide decision making in the catchments.

1. Maintain Peak Flows/Levels Post Development to Less Than or Equal to
Pre-Development

The purpose of this philosophy is to not create or worsen flooding
problems for any particular landowner. This includes the principal of
managing effects where they are created, as far as possible. It is
acknowledged however, that in a total catchment assessment there will
always be a certain amount of win/loss.

2. Existing Crossings Upgraded to Meet Current Service Criteria.

This philosophy acknowledges that some of the historical structures will
not be appropriately sized to meet current urban engineering design
standards and allows for their upgrading, generally for safety or access
reasons.

3. Modifications of Floodplain Allowed Where Impact (Flood Level) can be
managed.

This philosophy allows for the examination of options and mitigation, in
particular for flood-plain fringe areas. It is not envisaged that it will lead
to wholesale filling and segregation of floodplains, ‘natural’ solutions are
envisaged. It also allows for suitable freeboards to be set and for erosion
of stream channels to be monitored.

4. Potential Climate Change Managed by Freeboard Allowance.

While there is little argument now that climate change effects will be felt,
there is still considerable uncertainty of the extent of those affects. It is
envisaged that these will be largely accommodated by the provision of
extra freeboard allowance in the final design to pass the flows from the
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1% AEP rainfall event plus a 28% increase in rainfall intensity to allow for
climate change predictions.

5. Permanently Flowing Waterways, Streams Take Priority over the Built
Environment and are Enhanced.

Currently the watercourses in the Pokeno Catchment are highly impacted
by past and existing agricultural practises. This philosophy envisages
these waterways are enhanced to improve their ecology and amenity.
Generally piping or artificial modifications of these waterways is to be
avoided. As well as providing an improved ecological and amenity
outcome for these perennial waterways, this enhancement will offset some
of the negative impacts of development.

6. Non Permanently Flowing Waterways - Higher Emphasis on Built
Environment, May be Modified.

These ephemeral or dry waterways act as overland flowpaths and this
function needs to be protected. However, modification of these may occur
to enable the efficient use of land. This philosophy does not preclude
these waterways from also being enhanced where appropriate.

7. Contaminant Removal via a few Public Devices to Protect Downstream
Environments.

The philosophy does not preclude the use of smaller site specific devices
(and it is envisaged that these will be appropriate in some areas) however,
it acknowledges the economies of scale for both construction and operation
of fewer larger public devices.

8. Stormwater Management Devices Off-Line, Except Where Existing Features
can be Enhanced.

This philosophy is envisaged to be enforced over the whole catchment with
the exception of the Helenslee Block. In this area the existing highly
impacted wetlands form the natural location for stormwater management.
The natural function and form of these wetlands can be enhanced through
stock exclusion, some structural modification planting and weed control to
provide for both stormwater management and improved amenity and
aesthetics.

9. Integration of Uban Form and Stormwater Management/Create Amenity
Rather than just Engineered Solutions.

This philosophy is about achieving multiple outcomes and getting the mix
right for the proposed landuse. It seeks to integrate urban design and
stormwater management in for example, the location of devices and
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8.2

8.2.1

reserves, stream corridors, protected areas and the open space network
while providing for public safety.

The above philosophies have been used to guide the stormwater management
options considered in the following sections and are consistent with the guiding
principals promulgated by EW including the recognition of:

e The role that natural river systems provide in the conveyance of water and
sediment.

e The residual flood risks that remain after flood risk reduction works.
e The benefits of hazard avoidance rather than hazard mitigation.

e The importance of preparing a flood risk management plan that concludes
with a recommended and sustainable flood risk management strategy.

STORMWATER QUANTITY
Tanitewhiora Catchment

The modelling results indicate that the development proposed under the
structure plan will result in virtually unchanged stormwater flood levels
throughout the Tanitewhiora Catchment compared to that, which would
currently occur. As such it is considered that stormwater attenuation of post-
development flows is not required unless it is deemed that existing flood levels
are unacceptable.

Typically stormwater management ponds are located at the bottom of the
catchment where they can service as much catchment area as possible.
However, the arrangement of development within the Tanitewhiora catchment
makes the approach to attenuation management slightly different, as
attenuation of flood flows from lower catchments tends to increase the likelihood
of peaks coinciding with flow emanating from the upper catchment. It is
considered that the most suitable location for stream attenuation if deemed
necessary, be upstream of the School Block. Additionally if any development is
proposed upstream of Nodes 3 and 5 then site specific management will be
required.

Analysis of stormwater attenuation options was undertaken within Catchment C
to determine whether a stormwater attenuation device would reduce the degree
of flooding downstream, in particular to the school block itself. The analysis
determined that with the flat topography of the land just upstream of Node 3,
any form of stormwater attenuation pond would impact a vast area of land
creating a very large pond. Analysis determined that reducing the peak
discharge from the upper catchments from an existing value of approximately
60m3/s to around 40m3/s resulted in a flood level reduction within the school
block of about 0.4m, and a corresponding gain in land area of 2.7 hectares.
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8.2.2

However this required a 1.0m increase in water level upstream of the Munroe
Road Bridge (above the existing flood level) and results in a loss of
approximately 5.2 hectares of land in Catchment 3.

In order to maximise development potential within the school block the
realignment of the stream flow from Catchment E into the stream flowing from
Catchment C at a location approximately 150m upstream of Node 6 was
considered. The modelling did not indicate any issues with this diversion, should
it be undertaken. The new twin stream channel in the north of the School Block
could be designed to pass the 50% AEP event before overlapping to form a
single channel in less frequent events. The existing southern School Block
stream channel would then become redundant.

The modelling shows that for the filling shown on 121412-SW103 a maximum
increase in flood level of 260mm would result within the school block and that
flood levels upstream of the school block would remain largely unchanged.
When the existing Manning’s value of 0.035 is increased to 0.06 representing a
planted channel, the flood levels increase by another approximately 0.2m at the
narrowest point of the stream alignment proposal. The flood level upstream at
Node 5 also increases by approximately 0.13m.

The modelling shows that modification of the flood plain within the Industrial
zone of the Hitchen Block, can be managed to ensure there is no increase in
flood levels including the extremel% AEP events with allowance for climate
change.

Helenslee Catchment

The difference between pre-development and post-development stormwater
discharge rates is significant within and from the Helenslee catchment.
Accordingly it is proposed that a stormwater attenuation pond be constructed to
control runoff from this catchment. Looking at the Helenslee catchment, as it
currently appears, there is an obvious location where a management pond could
be sited within the valley area at the confluence point of the two streams
through the site (just upstream of Node 15). This area already consists of a
highly impacted wetland and the use of this for stormwater management
purposes enables the enhancement of this area in general. A management pond
in this location would be on-line and would effectively flood part of the two
existing streams during extreme events. It is considered that the road crossings
being proposed within the structure plan could also double as pond
embankments and that a pond could be created relatively easily in this location.
The analysis indicates that two ponds (Pond Q and Pond R) would be needed, as
shown in Drawing 121412-SW103.

Within the Pokeno Township there are no obvious locations for stormwater
attenuation ponds to be provided, as these usually mean a deeper pond than
regular treatment ponds and can make the entry and exit of stormwater to and
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8.3.1

from the ponds difficult. With this constraint it was considered that the two
ponds within the Helenslee Block should provide over-attenuation of flood flows
emanating from the upper catchment so that stormwater emanating from the
Pokeno Township does not require the use of large ponds to attenuate peak
runoff from large storm events. Ponds Q and R successfully mitigate
stormwater peak runoff at Nodes 15 and 16 for the 50% AEP event but
proposed landuse intensification within the township gives rise to small
increases in peak runoff at Nodes 17, 18 and 19. It should be noted that the
modelling represents a worst-case level of percentage imperviousness and does
not take into account the effects of soakage trenches and stormwater treatment
devices that incorporate soakage as a function. This will lead to over reporting
of the 50% AEP flows in particular.

Specific erosion protection for new stormwater outfalls is discussed in section
5.14. Table 5.4 and Drawing 121412-SW101 show the peak flowrate results.

Ponds Q and R have also been designed to provide a water quality component
thus treating stormwater runoff from catchments Q and R.

STORMWATER WATER QUALITY

A number of stormwater treatment wetlands are proposed within the structure
plan area. At this stage preliminary sizing has been undertaken to illustrate
approximate sizes based on assumed contributing catchments and drainage
paths. These are of course subject to change during detailed subdivision design.
It should also be noted that some areas may not be able to be made to
physically drain to the wetland locations proposed and therefore some other
form of treatment may be required. A summary of the wetland sizes, depths
and contributing catchments is tabulated below in Table 8.1. Drawing 121412-
SW103 shows the location of the wetlands, their relative size and catchment
areas being serviced.

Tanitewhiora Catchment

A number of stormwater treatment wetlands are proposed within the
Tanitewhiora Catchment. Wetlands D, E1, E2 and G2 will service the largely
residential areas adjacent to the North Island Main Trunk Railway in the Hitchen
Block. Wetlands F1 and F2 are sized to treat stormwater emanating from
proposed residential areas and school zones either side of the Tanitewhiora
stream and upper tributaries in the School Block. These will be subject to the
final landuse of this land. Pond G1 is sized to service the proposed retirement
village zone and some parts of the Pokeno Township to the northwest. Wetland J
will service the proposed residential, mixed use and light industrial zones in
Catchments H, 1 and J. Wetland K will service the Industrial zone in Catchment
K. There is limited scope for treatment wetlands to be situated within
catchments L, M, N and O. These catchments will require other devices in the
form of swales, rain gardens, sand filters or proprietary treatment devices and
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are envisaged to be applied as part of specific development proposals, and
possibly be part of the private stormwater systems servicing those specific
developments.

Helenslee Catchment

Additional wetlands to Q and R discussed above are proposed within the
Helenslee Catchment. Wetlands S1 and S2 around Node 16 (Ford Street) are
proposed to provide treatment for the local area downstream of and unable to
drain to Pond R.

Below Node 16 (Ford Street) treatment from new development downstream of
Ford Street in the Pokeno township area will be managed at source through the
use of Low Impact Design, stormwater soakage devices, planning controls or the
use of proprietary treatment devices. These may be part of the private
stormwater systems servicing those specific developments.
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Table 8.1:

Summary of Stormwater Management Ponds

Pond Management | Catchment Water Quality Component Flood Attenuation Component
No. Type Area 50% AEP Event 10% AEP Event 1% AEP Event

(ha) Depth Area Volume Depth Area Volume Depth Area Volume | Depth | Area | Volume

(m) (m2) (m=) (m) (m?2) (m3) (m) (m2) (m3) m) | m?) (m3)
Pond Q Treatment and 38.9 0.5 15600 7400 1.2 18100 20300 1.9 20600 33500 2.6 23100 48000
Attenuation
Pond R Treatment and 65.6 0.5 24200 11500 2.0 32000 53500 2.3 33700 62500 2.4 35000 68500
Attenuation

Pond D Treatment 17.3 1.5 2300 2400 - - - - - - - - -
Pond E1 Treatment 12.6 1.5 1700 1700 - - - - - - - - -
Pond E2 Treatment 8.4 1.5 1300 1200 - - - - - - - - -
Pond F1 Treatment 55 1.5 900 800 - - - - - - - - -
Pond F2 Treatment 10.3 1.5 1600 1500 - - - - - - - - -
Pond G1 Treatment 12.3 1.5 1700 1700 - - - - - - - - -
Pond G2 Treatment 22.6 1.5 2800 3100 - - - - - - - - -
Pond J Treatment 106.2 1.5 13800 18200 - - - - - - - - -
Pond K Treatment 36.8 1.5 5200 6300 - - - - - - -
Pond S1 Treatment 6.4 1.5 1600 900
Pond S2 Treatment 6.4 1.5 1600 900 - -
Notes:
1. Pond volumes and areas listed in this table are based on preliminary catchment boundary definitions and landuses. Final sizing and design must be confirmed at
the detailed design stage to take into account actual proposed landuses, catchment areas and on-site constraints.
2. Alternative pond arrangements are permitted provided the same outcomes recommended by the CMP are achieved.
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8.4

8.4.1

8.4.2

CLIMATE CHANGE
Tanitewhiora Catchment

In the Tanitewhiora stream catchment the opportunities for flow control by
detention are limited and given that the development is in the lower reaches,
probably self defeating. As such in this catchment the most appropriate
management mechanism for these potential increases in flowrate are via
landuse controls.

Historically, the FDC has used a freeboard allowance of 500mm above the 1%
AEP flood level for the setting of minimum occupiable floor levels and 300mm
for commercial premises. Having regard for the effects of climate change as
modelled above it is suggested here that it would be good practice in this case
to provide a freeboard of +500mm over and above the flood levels calculated for
the agreed climate change scenario for minimum occupiable floor levels, and
based on the following considerations:

e Recent changes to the District Plan has resulted in linking commercial
premises to the same freeboard of 500mm above the known 1% AEP flood
level as residential properties.

e Currently EW advocates for the “worst-case” scenario (that is, a 28%
increase in rainfall depth) to be adopted when incorporating the effects of
climate change into rainfall calculations.

. The recommendation of freeboard allowances is discussed in Section 9.

This requirement will be based on the calculated levels including any channel or
floodplain modification.

Helenslee Catchment

In the Helenslee catchment greenfields development is occurring in the upper
and mid catchment areas and infill development is likely to occur in the lower
catchment areas.

The development in the upper catchment areas already includes for significant
detention. There is scope for this detention to be increased in volume to allow
for attenuation of flows brought about by increased rainfall intensities. Such
allowances for climate change can be provided for at the construction stage or
allowance can be mode in the design of the pond so that modification can easily
be made at some future date when the affects of climate change is better
understood.

The development in the lower catchment areas is more difficult to manage by
flow attenuation due to the limitation of suitable available sites. In this area
landuse control is the most appropriate management measure. While the
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8.6

calculated potential level increases in this area are not as great as in the
Tanitewhiora stream catchment, it is appropriate that the same control be set.
That is, occupiable floor levels be set at 500mm above the calculated 1% AEP
flood level for the climate change scenario with mitigation in place.

INFRASTRUCTURE UPGRADE WORKS
It is proposed that infrastructure upgrade works be undertaken:

e Upgrade the culvert on the eastern section of Market Street to convey the
1% AEP flow with a maximum head up behind the culvert of 0.5m below
road level. This may require dual culverts to be installed.

e Upgrade the existing stormwater system in catchments L and M, either by
replacing the existing 900mm pipeline or providing an additional stormwater
pipeline to meet the increased development proposed up to a 20% AEP
event. Overland flowpaths for the 1% AEP event modified for increased
rainfall intensities will also need to be provided.

e Replace the MacDonald Road Bridge with a bridge out of the floodway.

e Widen the waterway under the Great South Road Bridge to remove the
constriction to flow.

e Upgrade the Pokeno Road Bridge clear of the 1% AEP floodplain, and
provide a double span bridge.

e Upgrade Tanitewhiora Stream transition entry and exit to the SH1 culvert.
RIPARIAN PLANTING

A core philosophy of the CMP is to enhance the ecological character of the
perennial streams within the Structure Plan area. The riparian planting will be a
mix of native plant species ranging from water tolerant grasses/sedges and
perennials through to native herbs, herbaceous plants, shrubs and trees. The
plants selected will assist to significantly improve the ecological diversity and
health of the stream condition. The plants will also provide shading of the
stream channel, assist with stabilising the banks, provide habitat for desirable
fauna, insects and aquatic life and improve the visual appearance of the existing
weedy and degraded stream corridors.

In accordance with the ARC’s Technical Publication No. 148 “Riparian Zone
Management.” minimum 10m wide planted riparian strip either side of the
stream channel is recommended. In some instances the riparian margin may be
more dependent on topography and adjacent wet or boggy areas than the
minimum requirement of TP148.
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The stream riparian planting will generally consist of four categories of planting;
water margin planting, lower bank planting, upper bank planting and specimen
trees. The water margin planting will primarily consist of water tolerant grasses,
sedges and rushes. The lower bank will primarily comprise of herbaceous
plants, ferns and shrubs. Where erosive forces due to increased stormflows
threaten stream bank stability, trees with good bank stabilisation properties can
also be made part of the water margin/lower bank planting plan. The upper
banks will primarily comprise of shrubs and small trees. The specimen trees will
be located accordingly within the three planting zones to provide shade and
habitat. Drawing 121412-SW115 shows a concept layout of the proposed
planting.

The detailed Ecological Report notes that if channels with no dry weather flow or
where dry weather flows are reduced to seepages are incorporated into the
stormwater reticulation, there will still be a large nhumber of ephemeral channels
left intact following development. Taking this into account, then mitigation for
any loss of function from reticulation of these channels and effects of any
stormwater inputs to perennial streams should focus on the riparian planting
already proposed above.
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9.0 RECOMMENDATIONS

The following recommendations represent the actions required to implement the
preferred stormwater outcomes for the Pokeno Catchment. Compliance with
these is required to comply with this Catchment Management Plan. Key
elements of these recommendations are summarised on drawing 121412-
SW103. The plan shows:

e The location of a number of stormwater treatment and attenuation ponds
that are recommended to mitigate the effects of development within the
structure plan area. It also shows the extent of the existing, and proposed
1% AEP flood plain

e Streams to be protected and riparian planting areas

e Recommended system upgrades

Areas of fringe floodplain filling allowed for in the CMP
Further specifications for stormwater management are given below.
9.1 FLOODING CONSIDERATIONS:

1. Stormwater treatment and attenuation ponds be constructed as located in
the above drawing to manage stormwater discharge from the proposed
structure plan development. Design of devices is to be carried out in
accordance with the ARC’s TP10. An indicative sizing for the devices is
included within Table 8.1, this may be modified once detailed design is
carried out.

2. The bridges at Pokeno Road (Node 6), Hitchen Road (Node 8) and
McDonald Road (Node 10) be upgraded to accommodate the 1% AEP peak
flood flow without overtopping the carriageways and to provide a structure
clear of the 1% AEP flood level.

3. The stream channels immediately upstream and downstream of the large
State Highway 1 arch culvert on the Tanitewhiora Stream are to be
widened to ease the transition from stream channel to culvert and improve
flood hydraulics upstream.

4. The Great South Road Bridge opening on the Tanitewhiora Stream is to be
widened underneath to improve flood hydraulics upstream.

5. The management of stormwater from infill development in the Pokeno
Township east and west areas shall be done at source using low impact
design, stormwater soakage devices, planning controls or the use of
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9.2

10.

11.

proprietary treatment devices. Attenuation of flows from this area is not
recommended.

Occupiable floor levels upstream of the Hitchen Road culvert in
subcatchment M should be set above RL 20.4m.

The culvert under Market Street be upgraded to accommodate the 1% AEP
peak flow without overtopping the carriageway.

Upgrade the stormwater reticulation network that drains catchment L in
the western part of the existing Pokeno Township to convey the 20% AEP
event with suitable provision of an overland flowpath for the 1% AEP
event, modified for increased rainfall intensities.

Flows and flood levels presented in this CMP are to be confirmed at
detailed design stage of the adjacent development or the relevant
hydraulic upgrade.

The draft floodway extents and levels in this report be entered into FDC's
hazard database and updated once confirmed with adjacent developments
and upgrades.

Detailed design of developments shall incorporate overland flowpaths
through public land wherever possible, otherwise protected by easement.
This applies particularly where development includes the piping of existing
(ephemeral or perennial) watercourses.

ECOLOGICAL CONSIDERATIONS:

12.

13.

14.

15.

16.

The three areas of significant vegetation (Figure 4 of the Detailed
Ecological Report) are to be protected from development.

Retain the existing natural character of both the mainstream of
Tanitewhiora and Helenslee streams.

Provide riparian planting to the mainstream of the Tanitewhiora and
Helenslee Streams for a minimum width of 10m either side of the stream
to provide shading and bank stabilisation. A concept plan for the planting
is included as drawing 121412-SW115. The extent of the planting is to tie
in with urban design parameters and is generally as shown on Drawing
121412-SW103.

The proposed stormwater management devices such as ponds/wetlands to
be made user-friendly to taxa such as Bittern, Fernbird and Banded Rail.

The proposed stormwater management systems (particularly on-line
systems) and culverts are to be user-friendly for migration of eels.
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17.

18.

Exclude piping of spring-fed perennial streams in the Helenslee catchment
and exclude stormwater discharges from development discharging
uncontrolled into these streams where possible. Use riparian planting and
increase instream habitat cover for mitigation and enhancement of
ecological values of the Helenslee catchment upstream of SH1.

Exclude piping of the tributary of the Tanitewhiora Stream that passes
through the School Block. Use riparian planting and increase upstream
habitat cover for mitigation and enhancement of ecological values for the
tributary stream. Redirection of this tributary to the north is specifically
envisaged in this CMP.

EROSION AND WATER QUALITY:

19.

20.

21.

22.

Channel scour protection be incorporated where piped flow is discharged
into the streams or earth drains, and around culverts. A programme to
monitor stream channel erosion to be established.

Water quality (or treatment) ponds including detention where detailed
should be placed at suitable locations within the catchments as
development takes place in the contributing catchment and generally as
shown on drawing 121412-SW103 and in Table 8.1.

Specific stormwater management devices may be moved and catchments
draining to them modified with the prior written consent of the FDC. This
consent will be assessed on the same or similar outcomes being achieved
by the modified devices. This includes the potential diversion of
undeveloped catchments around proposed devices.

Where appropriate, alternative stormwater management techniques may
be implemented with the prior written permission of the FDC. This
permission will be assessed on the same or similar outcomes being
achieved and FDC being satisfied that maintenance regimes are
appropriately accommodated and costed.

CLIMATE CHANGE

23.

24.

Potential climate change effects on peak flows is to be allowed for in the
design of the Helenslee detention dams. The design of these dams is
therefore currently expected to allow for an increase of up to 28% of the
1% AEP rainfall depths.

Freeboard allowances to occupiable floor levels be set at 500mm above the
calculated flood level (proposed development and mitigated flows) allowing
for a 28% climate change increase on the rainfall depths for the 1% AEP
event.
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9.6

LAND DEVELOPMENT RULES:

25.

26.

27.

28.

29.

Developments shall proceed in accordance with the FDC subdivision
provisions for stormwater volume control, stream setbacks and open
drains. Local differences may occur only with the written permission of
FDC.

Land development densities and coverage shall not generally exceed those
detailed in Table 5.3 of this CMP. Where the stated assumptions are
exceeded, the effects of this are to be re-modelled to confirm that they can
be incorporated into the CMP.

For sites with high risk landuse activities such as those referred to in EW's
Regional Plan, Rule 3.5, additional source control measures for stormwater
discharges appropriate for that activity shall be utilised.

Development of land upstream of the railway embankment has the
potential to increase flows to the existing culverts. In these areas a
detailed assessment of culvert capacity should be carried out, by the
developer, to confirm what mitigation measures are required to ensure the
long-term stability of the embankment and railway assets.

In the following areas the minimum occupiable floor level should be set
0.5m above the 1% AEP event + 28% climate change and allowing for 50%
partial blockage of the downstream culverts:

e Upstream of Great South Road (node 16).
e Between Great South Road and Market Street.
e Between Market Street and State Highway 1.

e Upstream of Hitchen Road.

OPERATION, MAINTENANCE, AND MONITORING STRATEGIES:

30.

31.

32.

A systematic weed control programme, for introduced emergent weeds
such as reed, sweet grass and twin cress in the vicinity of the proposed
development, be implemented.

Regular monitoring and maintenance of the vegetation and the streams
and drains to be carried out.

Prepare and adopt a Monitoring Programme for baseline assessment and
subsequent periodic assessment of stream ecology in accordance with EW
guidelines for monitoring freshwater ecosystems:
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31.

. Biological sampling for assessment of the health, diversity and extent
of in-stream biota (in general accordance with EW invertebrate
monitoring protocols)

. Sediment monitoring

o Water quality sampling and physio-chemical analysis for TSS,
BCODS5, TP, TRP, TN, NH4-n, E.coli, Faecal coliforms, TPHs, pH, water
temperature, total Zn and total Cu

. Routine visual clarity checks and checks for oil or grease film, scums
or foams and unacceptable odours in stream water

An Operation and Maintenance Plan shall be prepared and handed over to
the asset owner upon completion of construction of each stormwater
management device constructed. The Plan shall cover but not be limited
to, the following areas as appropriate for the type of device:

(a) Operations manual for installed devices and components
(b) General maintenance
e Routine inspections for blockages and structural integrity
e Cleaning of litter, vegetation, gross pollutants and blockages

¢ Routine maintenance of vegetation around ponds, to a height of
150 mm

e Sediment removal and safe disposal
e  Minor repair works
(©) Emergency maintenance

e Emergency Action Plan (EAP) including safety measures and
checks in the case of small dams

e Emergency Response Plan following severe storm event,
including repair of erosion caused by such storms

e Monitoring of potentially high risk contaminant discharge sites

e Incident Response Plan following hazardous spill or contaminant
discharge.
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9.7 DISTRICT COUNCIL IMPLEMENTATION PLAN

It is recommended that an Implementation Plan is prepared once the CMP is
finalised and adopted by the FDC to ensure:

32.

33.

34.

Implementation of stormwater mitigation should be in place prior to the
effects being generated. This means that:

. Stormwater treatment/detention facilities should be in place prior to
upstream impervious surfaces being constructed.

. Flood plain modifications in the industrial area need to start with
removal of restrictions prior to filling taking place.

District Plan Changes: Rules and regulations are to be incorporated within
the District Plan for the Pokeno Structure Plan area, so that stormwater
infrastructure is constructed and maintained to standards assumed in the
development of the management outcomes recommended in this CMP.

Education Initiatives: The FDC is to put in place education initiatives that
would assist stakeholders to understand the need for compliance with the
rules and regulations.
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10.0

LIMITATIONS

This report was originally prepared by Harrison Grierson Consultants Limited
(September 2008) and subsequently updated by MWH NZ Limited in September
2010. It has been prepared for the particular project described to the
consultants and its extent is limited to the scope of work agreed between the
client and consultants. No responsibility is accepted by the consultants or their
directors, servants, agents, staff or employees for the accuracy of information
provided by third parties and/or the use of any part of this report in any other
context or for any other purposes.This report is for the use by FRANKLIN
DISTRICT COUNCIL only, and should not be used or relied upon by any other
person or entity or for any other project
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Hydrologic and Hydraulic Modelling Input Data
Longitudinal Sections Showing Flood Levels

2yr, 10yr, 100yr and Climate Change -Tanitewhiora
Stream

2yr, 10yr, 100yr and Climate Change - Helenslee
Stream

2yr, 10yr, 100yr and Climate Change - Pokeno
Township West



Catchment Total Length Slope | Percentage Combined Impervious Pervious
s Impervious | cN Ia Time to CN Ia Time to CN Ia Time to
Peak Peak Peak
(mins) (mins) (mins)
(ha) (m) (m/m) (%)

A 298.3 3437 0.085 6.2 56.9 4.7 44.0 - - - - - -

B 146.8 2064 0.026 2.2 60.1 4.9 43.0 - - - - - -

C 151.4 2269 0.025 2.9 52.5 4.9 51.4 - - - - - -

D 262.1 3432 0.013 7.9 55.8 4.6 78.4 - - - - - -

E 125.0 2344 0.011 6.1 54.4 4.7 65.4 - - - - - -

F 32.7 1238 0.001 12.3 55.9 4.4 86.2 - - - - - -

G 29.6 1170 0.014 7.8 54.1 4.6 38.6 - - - - - -

H 18.6 781 0.03 10.3 58.7 4.5 22.1 - - - - - -

| 85.9 1837 0.024 3.4 52.0 4.8 45.5 - - - - - -

J 9.0 754 0.014 19.5 67.4 4.0 24.3 - - - - - -

K 77.4 2096 0.028 2.1 60.8 4.9 42.1 - - - - - -

L 16.2 700 0.01 35.2 - - - 98.0 0.0 18.0 52.9 5.0 18.6

M 5.6 444 0.018 34.0 - - - 98.0 0.0 11.2 60.2 5.0 10.4

N 6.1 406 0.016 22.7 - - - 98.0 0.0 10.9 54.4 5.0 11.0

0] 2.1 215 0.028 30.4 68.4 3.5 8.5 - - - - - -

P 6.0 440 0.044 26.3 62.6 3.7 12.8 - - - - - -

Q 62.4 1800 0.041 14.4 56.9 4.3 35.7 - - - - - -

R 65.4 1800 0.026 0.0 51.7 4.8 44.1 - - - - - -

S 12.8 300 0.017 0.0 56.8 4.3 14.3 - - - - - -

T 24.5 991 0.002 27.5 - - - 98.0 0.0 18.4 50.0 5.0 19.8

0] 28.8 757 0.002 25.8 - - - 98.0 0.0 15.4 50.0 5.0 16.5

V 28.6 1082 0.018 4.5 52.1 4.8 34.9 - - - - - -

TOTAL 1495 7.3




Catchment Total Length Slope Percentage Combined Impervious Pervious
s Impervious | N Ia Time to CN Ia Time to CN Ia Time to
Peak Peak Peak
(mins) (mins) (mins)
(ha) (m) (m/m) (%)
A 298.3 3437 0.085 6.2 56.9 4.7 44.0
B 146.8 2064 0.026 2.2 60.1 4.9 53.0
C 151.4 2269 0.025 2.9 52.5 4.9 51.4
D1 244.8 3432 0.013 8.3 56.1 4.6 78.1
D2 17.3 850 0.020 70.3 98.0 0.0 10.0 50.0 5.0 17.9
E 125.0 2344 0.011 19.0 98.0 0.0 23.3 51.8 5.0 40.7
F 32.7 1238 0.001 34.9 98.0 0.0 31.4 50.0 5.0 56.2
G 29.6 1170 0.014 63.4 98.0 0.0 13.7 50.5 5.0 24.4
H 18.6 781 0.030 63.2 98.0 0.0 8.7 55.6 5.0 13.8
| 85.9 1837 0.027 30.3 98.0 0.0 15.7 49.2 5.0 28.5
J 9.0 754 0.014 59.5 98.0 0.0 10.3 60.7 5.0 15.9
K 77.4 2096 0.028 41.7 98.0 0.0 16.4 50.6 5.0 29.1
L 16.2 700 0.010 75.4 98.0 0.0 10.8 53.4 5.0 18.4
M 5.6 444 0.018 76.5 98.0 0.0 6.7 55.3 5.0 11.1
N 6.1 406 0.016 54.2 98.0 0.0 6.7 54.8 5.0 11.0
0] 2.1 215 0.028 65.0 98.0 0.0 6.7 54.3 5.0 6.7
P 6.0 440 0.044 26.3 98.0 0.0 6.7 50.0 5.0 9.1
Q 62.4 1800 0.041 48.7 98.0 0.0 13.2 50.0 5.0 23.6
R 65.4 1800 0.026 59.7 98.0 0.0 15.1 50.0 5.0 27.1
S 12.8 300 0.017 59.0 98.0 0.0 5.3 50.0 5.0 9.4
T 24.5 991 0.020 46.9 98.0 0.0 11.0 50.0 5.0 19.8
0] 28.8 757 0.020 46.3 98.0 0.0 9.2 50.0 5.0 16.5
\% 28.6 1082 0.018 4.5 98.0 0.0 12.1 50.0 5.0 21.6
TOTAL 1495 21.0
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Franklin District Plan - Activity Status

Rule 26: Urban Subdivision Provisions (applies to residential, rural-
residential and business zones of the plan unless the plan specifically
states otherwise)

26.6.12 Stormwater Management - Volume Control:

Each new lot or site within the subdivision intended for individual ownership
shall provide for a stormwater management system deemed by Council to be
effective and appropriate. Regional Council discharge consents may be required
to accommodate stormwater discharges from some developments. The
landowner shall be responsible for the ongoing maintenance of the private on
site stormwater system upon its implementation.

An effective and appropriate stormwater management system in the Residential
Zone shall be achieved by providing for either a, b, ¢, d or e following:

a) An independent connection to a public stormwater system, and on-site
detention structure to contain a 20% AEP 10 min storm event before
overflowing to the public stormwater system which is able to collect
stormwater from the site equivalent to that generated by: 70% impervious
surface covering for all sites between 425m2 and 1000m2 in area. The
detention structure must be able to completely empty via an orifice
controlled outlet over a 24-hour period. For sites over 1000m2 the
stormwater system must be able to collect stormwater equivalent to
550m2 of impervious surface cover.

b) An independent connection to a public stormwater system, and on site
soakage to contain a 20% AEP 10 min storm event before overflowing to
the public stormwater system which is able to collect stormwater from the
site equivalent to that generated by: 70% impervious surface covering for
all sites less than 425m2 in area; and 55% impervious surface covering for
all sites between 425m2 and 1000m2 in area. The soakage system must
be able to completely empty via soakage within a 24-hour period. For
sites over 1000m2 the stormwater system must be able to collect
stormwater equivalent to 550m2 of impervious surface cover.

c) Where connection to a public system is not available, the applicant shall
provide an on-site soakage system to contain a 5% AEP 10 min storm
event without overflowing, which is able to collect stormwater from the
site equivalent to that generated by: 70% impervious surface covering for
all sites less than 425m2 in area; and 55% impervious surface covering for
all sites between 425m2 and 1000m2 in area. The soakage system must
empty within a 24 hour time period. For sites over 1000m2 the
stormwater system must be able to collect stormwater equivalent to
550m2 of impervious surface cover.

d) An alternative method of stormwater management for the subdivision
and/or site/s which achieves a standard of stormwater management equal



to or better than that achieved by compliance with A, B or C above, such
that the adverse effects of stormwater are avoided, remedied or mitigated.

e) Where existing development has occurred in the Residential or Business
Zone, the effective and appropriate stormwater management system
provided for must be consistent with the method described in A, B, C or D
but be able to collect stormwater from the site equivalent to that
generated by 100% impervious surface covering.

The stormwater management system shall be maintained to achieve the
standard of management provided for under A, B, C, D or E.

26.6.13 Open Drains

Any open drain within the site being subdivided shall be piped to the Councils
relevant standards unless it can be demonstrated that leaving it (or them) open
would produce a more sustainable outcome without compromising safety, health
or amenity considerations.

Rule 27: Residential Zone: Planning Provisions
27.6.1.10 Setback from water:

For titles that existed prior to 31 May 1994, no building or part thereof may be
sited within 20 metres of mean high water springs or within 10 metres of the
edge of a river or stream, provided that:

e Where an intervening esplanade reserve of at least 3 metres already exists,
or

e The plan does not require an esplanade in the particular locality (refer Part
11), or

e The Council has otherwise waived the taking of an esplanade reserve for the
locality.

Then the required set back from the seaward boundary of the site shall be no
less than one-seventh of the average depth of the site, such depth to be
measured generally at right angles to the coastline.

For titles created since 31 May 1994, no building or part thereof may be sited
within 30 metres of mean high water springs or within 10 metres of the edge of
a river or stream provided that where an esplanade reserve of 20 metres or
more is set aside the set back from it shall be required to comply with the height
in relation to boundary standard.

No earthworks activity unrelated to a development which has resource consent
or building consent and which is within 30 metres of mean high water springs or
within 10 metres of a river or stream may exceed a total volume of 25m° or a
total area of 250m?.



27.6.1.18 Stormwater Management - Volume Control:

All activities shall have a stormwater management system that is deemed to be
effective and appropriate by Council. The landowner shall be responsible for the
ongoing maintenance of the private on site stormwater system upon its
implementation.

Where the activity involves an alteration or addition to an existing activity, the
applicant must show that the existing stormwater management system is
effective and appropriate. An effective and appropriate stormwater
management system shall be achieved by providing for either:

e An independent connection to a public stormwater system and an onsite
detention structure to contain a 20% AEP 10 minute storm event before
overflowing to the public stormwater system, which is able to collect
stormwater from the site equivalent to that generated by actual and
proposed impervious surfaces, plus 10% of that (max 100% of the site).
The detention structure must be able to completely empty via an orifice
controlled outlet over a 24-hour period.

e An independent connection to a public stormwater system and an on site
soakage system to contain a 20% AEP 10 minute storm event before
overflowing to the Public Stormwater System, which is able to collect
stormwater from the site equivalent to that generated by actual and
proposed impervious surfaces, plus 10% of that (max 100% of the site).
The soakage system must be able to completely empty via soakage within a
24-hour period.

e Where connection to a public system is not available, the applicant shall
provide an on site soakage system to contain a 5% AEP 10 minute storm
event without overflowing, which is able to collect stormwater from the site
equivalent to that generated by actual and proposed impervious surfaces,
plus 10% of that (max of 100% of the site). The soakage system must be
able to completely empty via soakage within a 24-hour period.

e An alternative method of stormwater management of the site/s, which
achieves a standard of stormwater management equal to or better than that
achieved by compliance with the above, such that adverse effects of
stormwater are avoided, remedied or mitigated.

The stormwater management system shall be maintained to achieve the
standard of management provided for under the above.



Rule 29: Business Zone: Planning Provisions
29.5.14 Setback from water:

Subject to rule 29.6.5, no building shall be sited closer than 30m back from
mean high water springs or 10m back from the edge of any stream or river, and
earthworks within these set backs shall not exceed a total volume of 25m° or a
total area of 250m?.

29.5.17 SW Management - Volume Control:

All activities shall have a stormwater management system that is deemed to be
effective and appropriate by Council. The landowner shall be responsible for the
ongoing maintenance of the private on site stormwater system upon its
implementation.

Where the activity involves an alteration or addition to an existing activity, the
applicant must show that the existing stormwater management system is
effective and appropriate. An effective and appropriate stormwater
management system shall be achieved by providing for either:

e An independent connection to a public stormwater system and an onsite
detention structure to contain a 20% AEP 10 minute storm event before
overflowing to the public stormwater system, which is able to collect
stormwater from the site equivalent to that generated by actual and
proposed impervious surfaces, plus 10% of that (max 100% of the site).
The detention structure must be able to completely empty via an orifice
controlled outlet over a 24-hour period.

e An independent connection to a public stormwater system and an on site
soakage system to contain a 20% AEP 10 minute storm event before
overflowing to the Public Stormwater System, which is able to collect
stormwater from the site equivalent to that generated by actual and
proposed impervious surfaces, plus 10% of that (max 100% of the site).
The soakage system must be able to completely empty via soakage within a
24-hour period.

e Where connection to a public system is not available, the applicant shall
provide an on site soakage system to contain a 5% AEP 10 minute storm
event without overflowing, which is able to collect stormwater from the site
equivalent to that generated by actual and proposed impervious surfaces,
plus 10% of that (max of 100% of the site). The soakage system must
empty within a 24-hour period.

e An alternative method of stormwater management of the site/s, which
achieves a standard of stormwater management equal to or better than that
achieved by compliance with the above, such that adverse effects of
stormwater are avoided, remedied or mitigated.

The stormwater management system shall be maintained to achieve the
standard of management provided for under the above.



Plan Change 14: Village Countryside Living Zone Lots
Rule 22: Subdivision Rural and Coastal Areas

Lots shall be sited or designed so that they would be capable of being served by
an effective stormwater disposal system, as outlined in Rule 22.9.7.

Plan Change 14: Rural Village Zone

Rule 22.24: Rural and Coastal Village Zone General Performance
Standards

Stormwater Management - Volume Control

Each new lot or site within the subdivision intended for individual ownership
shall provide for a stormwater management system deemed by Council to be
effective and appropriate. Regional Council discharge consents may be required
to accommodate stormwater discharges from some developments. The
landowner shall be responsible for the ongoing maintenance of the private on
site stormwater system upon its implementation to its continuing hydrological
neutrality. An effective and appropriate stormwater management system in the
rural or coastal village zone shall be achieved by providing for either a, b, c, d or
e:

a) An independent connection to a public stormwater system and an on—site
detention structure to contain a 20% AEP 10min storm event before
overflowing to the public stormwater system which is able to collect
stormwater from the site equivalent to that generated by: 70% impervious
surface covering for all sites less than 425m2 in area; and 55% impervious
surface covering for all sites between 425m2 and 1000m2 in area. The
detention structure must be able to completely empty via an orifice
controlled outlet over a 24-hour period. For sites over 1000m2 the
stormwater system must be able to collect stormwater equivalent to
550m2 of impervious surface cover.

b) An independent connection to a public stormwater system, and an on-site
soakage system to contain a 20% AEP 10min storm event before
overflowing to the public stormwater system which is able to collect
stormwater from the site equivalent to that generated by: 70% impervious
surface covering for all sites less than 425m2 in area; and 55% impervious
surface covering for all sites between 425m2 and 1000m2 in area. The
soakage system must be able to completely empty via soakage within a
24-hour period. For sites over 1000m2 the stormwater system must be
able to collect stormwater equivalent to 550m2 of impervious surface
cover.

c) Where connection to a public system is not available, the applicant shall
provide an on-site soakage system to contain a 5% AEP 10min storm
every without overflowing, which is able to collect stormwater from the
site equivalent to that generated by: 70% impervious surface covering for



all sites less than 425m2 in area; and 55% impervious surface covering for
all sites between 425m2 and 1000m2 in area. The soakage system must
empty within a 24 hour time period. For sites over 1000m2 the
stormwater system must be able to collect stormwater equivalent to
550m2 of impervious surface cover.

d) An alternative method of stormwater management for the subdivision
and/or site/s which achieves a standard of stormwater management equal
to or better than that achieved by compliance with A, B or C above, such
that the adverse effects of stormwater are avoided, remedied or mitigated.

e) Where existing development has occurred in the Rural Village or Coastal
Village Zone the on site stormwater management system shall be deemed
to be effective and appropriate where it is found to be in compliance with
Rule 23C.2.1(16) or Rule (23D.2.1(16).

The stormwater management system shall be maintained to achieve the
standard of management provided for under A, B, C, D or E.

Open Drains

Any open drain within the site being subdivided shall be re-profiled and
landscaped or piped, unless it can be demonstrated that leaving it (or them)
open would produce a more sustainable outcome without compromising safety,
health, village character or amenity value considerations.

Rule 23C.2: Performance and Development Standards: Rural Village
Zone

Setback from water

For titles that existed prior to 31 May 194, no building or part thereof may be
sited within 20 metres of mean high water springs or within 10 metres of the
edge of a river, lake or wetland, watercourse, or stream provided that:

Where an intervening esplanade reserve of at least 3m already exists; or

This plan does not require an esplanade in the particular locality (refer Part 11);
or

The council has otherwise waived the taking of an esplanade reserve for the
locality.

Then the required setback from the seaward boundary of the site shall be no
less than one-seventh of the average depth of the site, such depth to be
measured generally at right angles to the coastline or river.

For titles created since 31 May 1994, no building, or part thereof may be sited
within 30m of mean high water springs or within 10m of the edge of a river,
lake or wetland, watercourse, or stream provided that where an esplanade
reserve of 20m or more is set aside the set back fro it shall be as required to
comply with the height in relation to boundary standard.



No earthworks activity shall be carried out within 30m of mean high water
springs or within 10m of the edge of a river, lake or wetland, watercourse or
stream, exceeding a total volume of 25m3 or a total area of 250m2 shall be
carried out unless related to a development for which resource consent has been
granted.

Stormwater Management - Volume Control

All activities shall have a stormwater management system that is deemed to be
effective and appropriate by Council. The landowner shall be responsible for the
ongoing maintenance of the private on-site stormwater system upon its
implementation to ensure continuing hydrological neutrality.

Where the activity involves an alteration or addition to an existing activity, the
applicant must show that the existing stormwater management system is
effective and appropriate. An effective and appropriate stormwater
management system shall be achieved by providing for either i, ii, iii, or iv:

i. An independent connection to a public stormwater system and an on-site
detention structure to contain a 20% AEP 10min storm event before
overflowing to the public stormwater system, which is able to collect
stormwater from the site equivalent to that generated by actual and
proposed impervious surfaces, plus 10% of that (max of 100% of the site).
The detention structure must be able to completely empty via an orifice
controlled outlet over a 24-hour period.

ii. An independent connection to a public stormwater system and an on-site
soakage system to contain a 20% AEP 10min storm event before
overflowing to the public stormwater system, which is able to collect
stormwater from the site equivalent to that generated by actual and
proposed impervious surfaces plus 10% of that (max of 100% of the site).
The soakage system must be able to completely empty via soakage within
a 24-hour period.

iii.  Where connection to a public system is not available, the applicant shall
provide an on-site soakage system to contain a 5% AEP 10min storm
event without overflowing, which is able to collect stormwater from the
site equivalent to that generated by actual and proposed impervious
surfaces, plus 10% of that (max of 100% of the site). The soakage
system must be able to completely empty via soakage within a 24-hour
period.

iv. An alternative method of stormwater management of the site/s, which
achieves a standard of stormwater management equal to or better than
that achieved by compliance with the above, such that the adverse effects
of stormwater are avoided, remedied, or mitigated.

V. The stormwater management system shall be maintained to achieve the
standard of management provided for under 1), I1), I11), or 1V).
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List of previous studies

HELENSLEE BLOCK AREA

Hydraulic Modelling Services Limited, Pokeno Stormwater Management Plan dated
December 2002

Fraser Thomas Limited, Stormwater Management Options for Helenslee
Investments, Helenslee Road, Pokeno

Chapman, R, Soil and Land Evaluation dated 19th May 2006
Fraser Thomas Limited, Water Management Options Report

Sinclair Knight Merz Limited, Hydrogeology and Geotechnical Appraisal dated 9th of
March 2004

Fraser Thomas Limited, Wastewater Management Options

Kingett Mitchell Limited, Ecological Assessment of Aquatic and Riparian Resources
dated September 2005

FRANKLIN DISTRICT COUNCIL RECORDS

8.

9.

10.

11.

12.

13.

14.

15.

Railway Culvert Upgrade (Opus Dec 2002)
Cambridge Road (Michelsen) culvert correspondence
Opus, Franklin District Council, Pokeno Growth Study Report dated February 2000

Search Consulting Limited, Flood Assessment Report for 15 Hitchens Road, Pokeno
dated December 2005

Franklin District Council, Requirements for Structure Plan dated February 2000
1m contours for Pokeno greater-town area
RAMM culvert data

Franklin District Council, letter regarding Draft Long Term Community Plan 2006 -
2016 dated 19th July 2006

WINSTONE AGGREGATES

16.

17.

18.

Riley Consultants Limited, Management of Water Quality and Flow Regimes dated
April 1998

Woodward-Cylde, Assessment of Effects of Discharges to Air, Proposed Pokeno
Quarry dated May 1998

Brian T. Coffey and Associates Limited, Proposed Quarry Development, Effects on
Surface Water Ecology dated May 1998



19.

20.

21.

Boffa Miskell Limited, Proposed Pokeno Quarry, Assessment of Terrestrial Ecological
Effects dated February 1998

Tonkin & Taylor Limited, Proposed Pokeno Quarry, Geotechnical Assessment and
Preliminary Slope Design dated May 1998

Riley Consultants Limited, Bluff Road Quarry Development, Natural Hazards
Assessment of Effects dated April 1998
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Stormwater Infrastructure Upgrade Prioritisation Schedule

Priority Location Upgrade Works

Upgrade existing 1.2m diameter culvert to convey the 1% AEP flow with a maximum
head up behind the culvert of 0.5m below road level. This may require that dual

1. Market Street 1.2 m dia culvert culverts are installed, alternatively Market Street may be closed and the culvert
removed if alternative access to properties is provided.
Upgrade the existing stormwater system in catchments L and M, either by replacing
the existing 900 mm pipeline or by providing an additional stormwater pipeline to

2 Catchments L and M meet the increased development proposed up to a 10% AEP event. Overland
flowpaths for the 1% AEP event modified for increased rainfall intensities will also
need to be provided.
Remedial works needed to ease the transition from stream channel to arch culvert

3 State Highway 1 culvert and back. To be completed prior to filling upstream.
Widen the waterway under the Great South Road Bridge to remove the constriction to

4 Great South Road Bridge flow. To be completed prior to filling upstream.
Replace the McDonald Road Bridge with a bridge out of the floodway.

5 Mc Donald Road Bridge
Replace the Hitchen Road Bridge with a bridge out of the floodway.

6 Hitchen Road Bridge
Replace the Pokeno Road Bridge with a bridge out of the floodway.

7 Pokeno Road Bridge




121412-SW100
121412-SW101
121412-SW102
121412-SW103
121412-SW104
121412-SW105
121412-SW110
121412-SW111
121412-SW112
121412-SW113

121412-SW114
121412-SW115

DRAWINGS

Catchment Plan

Calculated Peak Flowrates
Calculated Peak Flood Levels
Recommended CMP Outcomes
Existing Stormwater Infrastructure
Aerial Photo of Flood Extent
Catchment Soil Type Plan
Pre-development Land-use
Post-development Land-use

Land Set Aside for Stormwater
Management Devices

Typical Cross Section

Concept Layout of Channel Cross-
Sections
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