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Executive Summary

Williamson Water & Land Advisory (WWLA) were commissioned by Vineway Limited in June 2025 to undertake
Hydric Soil and Wetland Hydrology Tool Assessments at 16 proposed wetland offset sites as part of the
proposed residential development ‘Delmore’ in Upper Orewa, Auckland (“the Site”). The proposed wetland sites
are currently not considered wetland according to their vegetation assemblage, as defined by the project
ecologists (Viridis Consultants Ltd).  However, each of the proposed sites is adjacent and/or adjoining existing
wetlands and will provide a contiguous wetland if the site characteristics are appropriate and if allowed to
coalesce into a natural state.

The following summarises the key findings:

Project Objectives

The specific objective of the assessment was to:

 Confirm the soil characteristics with a key focus on soil drainage, and the presence or absence of hydric
soil and hydrology indicators of natural inland wetlands; and

 Map areas where wetland transition would occur naturally without stock grazing, and/or develop
interventions to create wetlands where the offset locations were considered suitable, based on the
findings of the field assessment.

Methods

All investigations were undertaken in accordance with the Landcare Research (2018) and MfE (2021)
guidelines for hydric soil and hydrology assessment for natural inland wetlands.  The key focus of this
methodology is the presence of hydric soils within the top 300 mm of soil, and/or the presence of a distinct soil
horizon showing saturation or severe drainage limitation within the top 400 mm of soil.

The work was undertaken during winter, following two days of dry weather.  The ground conditions were drier
than expected in two areas, with one area showing wetter ground conditions.

Across the 16 proposed wetland offset sites, a total of 22 test pits were hand dug to provide an appropriate
data coverage that represented the proposed wetland areas based on plan identification by ecologists.

Test pits were dug to a depth of 400 mm and hand-augured further to 1,000 mm, with key lithological and
morphological characteristics logged as the depth of investigation progressed.  Each was measured,
photographed and backfilled following investigation.

Summary of
Results

In summary, soils comprised:

 between 150-400 mm of mostly dryish topsoil, with some areas containing moist topsoil.

 Underlying the topsoil was predominantly a clayey silt or silty clay of the East Coast Bays Formation and
the Hukerenui Mudstone.

 fill containing clayey SILT, with minor gravels was observed in one location (Site 13).

 poor permeability in general.

The soils examined within the Site were mostly unsaturated, with wetter (moist) topsoil observed in the
northwestern portion of the site.

Soils had been previously disturbed in one location, as mentioned above with fill present deeper than 1.0 m.
All other locations comprised of clayey subsoils underlying topsoil, with generally poor permeability.  Out of the
22 sites investigated 20 presented with low chroma soils.  Whilst it is important to note that soil colour in the
North Auckland area is not the most reliable indicator of hydric soils because of the pale colour of the parent
rock material, and also the soil leaching from native podocarp forests that prevailed in this area prior to human
inhabitation, the same low chroma soil sites in this case also presented hydrology indicators of wetlands –
either rhizospheres, geomorphic position or algal mats.  Overall, this suggests that these 20 sites are hydric,
and the remaining 2 are not hydric.

Most sites displaying hydric soils and hydrology tool indicators were located at landscape features such as a
depression in gently undulating areas within an overland flow path (OLFP).  These landscape features prevent
water from draining freely, which explains the presence of hydric soils and hydrology indicators of wetland.

Key Conclusions

The assessment of potential wetland offset areas within the site using the hydric soil and hydrology delineation
tools confirmed 20 sites (all sites except for site 6 and site 9) had both hydric soils and primary and/or
secondary wetland hydrology tool indicators,

The geomorphic position of the sites are in lowish lying areas adjacent to surface water courses and adjoining
existing wetlands, and all sites have relatively low permeability soils.
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Some of the proposed wetland offset sites were identified as suitable for minor intervention to further impede
drainage and provide high confidence that the sites would coalesce into wetland if allowed to return to a natural
state.  The long thin sites that are on the margin of existing wetlands or short sites between existing wetlands
were considered not requiring any intervention other than cessation of stock or vehicle traffic.

In conclusion, provided the recommendations in this report are implemented, we consider that all
proposed wetland offset areas will support wetland hydrology, facilitate the establishment of wetland
vegetation, and promote the development of hydric soils.
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1. Introduction
Williamson Water & Land Advisory (WWLA) were commissioned by Vineway Ltd to undertake Hydric Soil and
Wetland Hydrology Tool Assessments in accordance with the guidance in Landcare Research (2018) 1 and MfE
(2021)2 in January 2025 at 16 sites located at 53b, 55 Russell Road and 88, 130 and 132 Upper Orewa Road as
part of the Delmore development (“the Site”).

The work was required to investigate the 16 sites identified by the project ecologists (Viridis Consultants Ltd) as
not currently wetland according to the lack of hydrophytic plant assemblages, and hence potentially suitable as
wetland offset areas.  Each of the proposed sites is adjacent and/or adjoining existing wetlands and will provide
a contiguous wetland if allowed to coalesce into a natural state.  Hence, this assessment was focused on
understanding how close the soils are to wetland soils, and hence confirm whether the proposed wetland offset
sites would likely coalesce to wetland if fenced from stock and allowed reach a natural state, or if some form of
drainage intervention was implemented.

A previous assessment undertaken by Viridis Consultants Limited identified areas of existing wetlands based on
possible hydrophytic vegetation, which are shown in Figure 1 along with the proposed soil test locations.

The report structure is as summarised in Table 1.

Table 1.  Report structure.

Section Heading Description

1 Introduction Project overview and background.

2 Field Investigation Methodology
Description of the field investigation site and procedures undertaken, as well as an
overview of the wetland assessment tools.

3 Environmental Setting
Description of climate, topography and drainage, soils and geology, and previous
Investigations.

4 Hydric Soil Tool Assessment Tool methodology, site specific considerations implementation and results.

5 Hydrology Tool Assessment Tool methodology, site specific considerations and implementation and results.

6 Drainage Intervention Description of intervention requirements.

7 Conclusions Results of study.

1 Landcare Research, 2018.  Hydric soils – field identification guide.  Consultancy report prepared for Tasman District Council under Envirolink Grant:
C09X1702.  June 2018.

2  MfE, 2021.  Wetland delineation hydrology tool for Aotearoa New Zealand.  Published in July 2021 by the Ministry for the Environment.  ISBN: 978-
1-99-003362-9.  Publication number: ME 1575.
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2. Field Investigation Methodology
2.1 Overview

The investigation was conducted on 17-18 June 2025 by four WWLA environmental scientists.

The weather conditions at the time of the survey were sunny and dry, with temperatures recorded of 15o and
16oC, respectively.  Approximately 17.4 mm of rainfall had occurred 2 days prior on 15 June.  The ground
conditions were a mix of dry and some discrete areas of ponded water.

Ground cover typically consisted of a mixture of tall grasses, buttercup leaf, sporadic patches of reeds and
gorse.  Within the northwestern sites (No. 15A-15C and 16B), gorse was a predominant vegetation.

Soil investigation and hydrological inspection were undertaken at 22 assessment locations across 16 proposed
wetland offset sites,  as shown in Figure 1 and summarised in Table 9.  The hydric soil investigation plan was
developed at scale of approximately 1:200 (one test per 200 m2).

Table 2.  Schedule of investigation holes at each location.

ID Area (m2) No. Tests

1 268.45 1

2 138.91 1

3 497.15 2

4 133.83 1

5 225.49 1

6 42.48 1

7 36.01 1

8 23.58 1

9 138.47 1

10 619.49 3

11 26.5 1

12 213.27 1

13 135.43 1

14 65.26 1

15 936.2 3

16 363.29 2

TOTAL 3,864 22

2.2 Methodology

The field investigation methodology undertaken at each site involved:

 Hand excavation of a 400 x 400 mm hole to a depth of 400 mm, followed by hand auger of a 60 mm core to
a depth of 1,000 mm;

 In 21 out of 22 locations water was poured into the test pits, with the depth of water measured immediately.
The water was left to soak into the soils and was remeasured to identify the infiltration rate.
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 Describing the soil in accordance with the NZ Geotechnical Society guidelines for soil and rock description,
and the requirements for hydric soil identification provided in Section 5 of the Hydric Soils Identification
Guide1, which included:

 Munsell Soil Colour Book 2009;
 New Zealand Hydric Soils – Field Identification Guide Sheet; and
 copies of the wetland soil data form.

 Recording the hydrological indicators of the site.
 In 21 of the 22 test locations, 20 L of water was poured into the test pits, with the depth of water measured

immediately. The water level recession within the pits was measured to provide an estimate of the soil
infiltration rate.

2.3 Overview of the Wetland Assessment Tools

The key objective of wetland hydric soil and hydrology tools is to aid in identifying and delineating wetlands3,
and are two of the three component suite of tools for conducting this type of wetland assessment, including:

1) Hydrophytic vegetation;

2) Hydric soils; and

3) Hydrology.

It is re-iterated that the site had previously been confirmed by the project Ecologists from Viridis Consultants Ltd
as not meeting the hydrophytic vegetation threshold classification as wetlands.  Hence, this assessment was
focused on understanding whether the soil characteristics resembled wetland soils and hence confirm whether
the proposed wetland offset sites would likely coalesce to wetland if allowed.

These tools are based on the US Army Corps of Engineers Wetlands Delineation manual for the USA originally
developed in 1987 and refined through the 1990’s.  Since 1991, this document has been a mandatory
requirement for permitting activities that potentially impact on wetlands (amongst other things) under Section
404 of the USA Clean Water Act (CWA).  The use of this document is a legislative requirement of the National
Policy Statement for Freshwater Management 2022 update.

The wetland hydrology tool outlines assessment procedures for primary and secondary hydrology indicators.
To confirm the presence of wetland hydrology, positive identification of the following are required:

 One primary indicator, or

 Two secondary indicators.

There is an overlap in the guidelines between the hydric soil and hydrology tools, hence the guideline suggests
the hydrology tool should be concurrently with the hydric soils tool.  For this reason, this assignment completes
both tasks in both the wetland hydric soil and hydrology tools.
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3. Environmental Setting
3.1 Topography and Drainage

Topography and drainage patterns, within the Site, interpolated from high-resolution local LiDAR are indicated
in Figure 2.  Multiple streams traverse the site, accompanied by various overland flow paths running through
the site and through the existing and proposed wetland areas.  The proposed wetland areas lie within
depressions in the topography and are adjacent to existing wetlands.

3.2 Soils

The New Zealand Soil Classification (NZSC) system classifies the soils as Perch-Gley (UP) and Albic Ultic (UE).
It should be noted that there was limited information available for these soil classifications due to lack of
investigations within this area.

3.3 Geology
The QMap geology for the area is presented in Figure 3, indicating the site is primarily underlain by the East
Coast Bays Formation Alternating sandstone/siltstone to the north, west and the east of the site, the Hukerenui
Mudstone which is part of the Northland Allochthon coming up through the southern central portion of the site.

Table 3.  Geologic descriptions.

Map Code Identifier Key Group Rock Group Age Description

eMi.sst7
East Coast Bays

Formation
Waitemata Group

Alternating
sandstone/siltstone

Mwe
Alternating sandstone and mudstone
with variable volcanic content and
interbedded volcaniclastic grits.eMi.sst10

IKPa.mst2_all
Hukerenui
Mudstone

Northland
Allochthon

Mudstone Kkh
Weakly indurated, commonly
sheared red, brown, grey and green
mudstone.

3.4 Site Locations

The geomorphic setting and important land characteristics to understand the hydrological processes operating
at each proposed wetland offset site are summarised in Table 9.

Table 4.  Summary of geomorphic position.

Site Ground
Elevation

Distance from
Stream or OLFP

Average
Hydrological

Slope

Summary of Ground Conditions (incl. Vegetation Cover)

(mAMSL) (m) (%)

1 22 to 24 3.5 25 The ground conditions were dry with areas of dry long grass.

2 15 to 12 11 38
The ground conditions were dry, with long grass and gorse to the right of the
site location.

3 12 to 15 2 38 The ground conditions were dry and had areas of long grass.

4 11 to 14 0 to 13 12.6
The ground conditions were dry, the test pit location had long grass however
within the general site four area the grass would not be considered long. The
test pit location was uphill from a culvert.

5 13 to 14 0 to 4 28
The ground conditions were dry and typically covered in shorter grass and
sporadic reeds. The test pit location was adjacent to the watercourse.

6 15 1 to 4 7
The ground conditions were dry and typically covered in shorter grasses with
sporadic reeds. The test pit location was adjacent to the water course.
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Site Ground
Elevation

Distance from
Stream or OLFP

Average
Hydrological

Slope

Summary of Ground Conditions (incl. Vegetation Cover)

(mAMSL) (m) (%)

7 17.5 1 to 4 16
The ground conditions were dry and typically covered in longer grass and
sporadic reeds. The test pit location was on a farm crossing with the
watercourse adjacent.

8 18 1 to 2 25
The ground conditions were dry and on a slope. The vegetation within this
area typically comprised of longer grass and sporadic reeds.

9 17 to 20 2 to 4 22 As for site 8.

10 17 to 20 0 to 8 11.4
The ground conditions were within an area of shorter grass. There were no
other evident areas of vegetation.

11 21 0 to 4 7
The ground conditions were within an area of shorter grass, with no other
types of vegetation. The test pit location was undertaken on a farm crossing.

12 23 to 24 0 to 8 7
The ground conditions were moist, and pugging was evident. Vegetation
present within this area included shorter grass and sporadic reeds.

13 30 to 31 1 to 14 <5
The ground conditions were within an area of shorter grass, with no other
types of vegetation. The test pit location was undertaken on a farm crossing.

14 30 1 to 10 <5
The ground conditions were dry with long grasses and sporadic reeds. The
site location was adjacent to a large, ponded area within the existing wetland.

15 30 to 36 2 to 20 22.8
The ground conditions were moist with long grasses, surrounded by dense
gorse. However, the test pit location was not covered in gorse.

16 30 2 to 20 <5
The ground conditions were moist and surrounded by sporadic reeds and
long grasses. The test pit location was slightly elevated from the ponded
areas.
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4. Hydric Soil Tool Assessment
As discussed in Section 1, the hydric soil assessment undertaken in this report was undertaken using the
Landcare Research (2018) field guide.

‘Hydric soils’ is a general term for soils that are poorly or very poorly drained and have a water table above, at,
or near the surface long enough during the growing season to develop anaerobic conditions in the upper layers.
Gley and Organic soils are the two main orders of hydric soils.

 Gley soils have pale subsoils often with reddish mottles.  These colours are indicators of saturated low
oxygen conditions.

 Organic soils are also formed in saturated conditions and have at least 300 mm of peaty material.

Generally hydric soils are peaty or humic or have pale light grey subsoil colours caused by saturation and a lack
of oxygen.  Blotches (mottles) of redder colour can occur in the topsoil or subsoil where air can get into the soil
and oxidises iron minerals to form redder colours.

4.1 Indicators

The procedure for hydric soil testing involved examining various soil characteristics indicative of hydric soils
including the following:

 Field observations and soil colour:  This provided valuable information about soil characteristics that can
indicate wetland conditions, including the presence of gleyed colours (grey or bluish-grey), and presence of
mottling (speckled, low chroma colours).

 Soil morphology:  Morphological features seen in the soil profile can provide details about potentially hydric
conditions such as mottling, oxidised root channels, accumulation of organic matter, and presence of iron or
manganese concretions can indicate perennial or prolonged wet conditions in the growing season.

 Soil structure and texture:  Proportions of sand, silt, and clay influence water-holding capacity, drainage,
and aeration potential.  Hydric soils are often characterised by finer textures such as silty or clayey soils with
poor drainage.

 Soil moisture:  Hydric soils typically exhibit saturated or ponded conditions for a significant portion of the
year, resulting in anaerobic conditions that do not require oxygen for growth.

 Soil chemistry:  Chemical indicators such as iron and manganese reduction, accumulation of organic
matter, and low redox potential, can suggest hydric soil conditions.

Soil colour4 is one of the key defining feature for identification of hydric soils because the presence of water
within the soil profile will affect the colour of soils, depending on the duration of anaerobic conditions.  Soils that
are subject to prolonged anaerobic conditions with the matrix iron reduced tend to have matrix with low chroma
colours.  The low chroma colour are typical of hydric soils, as shown in Figure 4.  Note that dark topsoil colour
values of 3 or less are not good indicators of hydric soils as many topsoils have colours in this range.

4  Describing a colour requires three components: hue, value, and chroma.  Hue refers to the colour (e.g. red, orange, yellow), value describes how
light or dark the colour is, and chroma rates how bright or vibrant the colour is.
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Figure 4.  10YR hue page from a soil colour chart.

A simple indicator for hydric soils is provided in Landcare Research (2018), which is reproduced in Figure 5.

Figure 5.  Simple key to identifying hydric soils.
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4.2 Results

4.2.1 Soils Description

Details of the observations made at each site are summarised in Table 5 and full descriptions along with photos
are provided in full in Appendix A.

Table 5.  Summary of hydric soil tests.

Site #

Soil Description Summary Soil
permeability

(slow/moderate/
high)

Hydric Soil?
(Yes/No/

Uncertain)

Lithology
Hydric Soil Indicators

1

0 - 300 mm.  TOPSOIL, silt. Very
dark grey.  Dry and friable.
Rootlets present (Topsoil)

Matrix Colour (7.5YR - Value/Chroma):

 Topsoil - 3/1

Mottle Colour

 Mottles – 5/6 (1%)

Moderate

Y

(Marginally
hydric based on

colour and
minor

rhizospheres,
noting parent

geology is light
in colour.)

300 - 750 mm. Clayey SILT.
Grey with brownish yellow
mottles. Dry, moderate plasticity.

Matrix Colour (7.5YR - Value/Chroma):

 Silt - 5/1

Mottle Colour (7.5YR - Value/Chroma):

 Mottles - 6/8 (5%)

750 - 950 mm.  Silty CLAY.
Grey, with brownish yellow
mottles.  Dry and highly plastic.

Matrix Colour (7/5YR - Value/Chroma):

 Clay - 6/1

Mottle Colour (7.5YR - Value/Chroma):

 Mottles - 6/8 (5%)

950 – 1000 mm. Clayey SILT.
Grey with brownish yellow
mottles. Dry and moderately
plastic.

Matrix Colour (7.5YR - Value/Chroma):

 Clay - 6/1

Mottle Colour (7.5YR - Value/Chroma):

 Mottles - 6/8 (50%)

2

0 - 200 mm. TOPSOIL, silt. Dark
grey, with some rootlets present.
Dry and friable.

Matrix Colour (10YR - Value/Chroma):

 Topsoil - 4/1

High

Y

(Marginally
hydric based on
colour, noting

parent geology
is light in
colour.)

200 - 400 mm.  SILT. Yellowish
brown, dry and low plasticity.

Matrix Colour (10YR - Value/Chroma):

 Silt - 5/4

400 - 700 mm.  Clayey SILT.
Brownish yellow, with yellowish
brown mottles with light grey
inclusions. Dry, moderate
plasticity.

Matrix Colour (10YR - Value/Chroma):

 Clay – 6/6 with 6/1 inclusions

Mottle Colour (10YR - Value/Chroma):

 Mottles – 5/8 (5%)

700 – 1000 mm Clayey SILT,
very pale greyish brown, with
brownish yellow mottles. Dry,
moderate plasticity.

Matrix Colour (10YR - Value/Chroma):

 Clay – 7/4

Mottle Colour (10YR - Value/Chroma):

 Mottles – 6/8 (5%)

3a

0 - 300 mm.  TOPSOIL, silt. Dark
grey. Dry and friable.

Matrix Colour (10YR - Value/Chroma):

 Topsoil - 4/1

Moderate

Y

(Marginally
hydric based on
colour, plasticity

and minor
rhizospheres,
noting parent

300 - 700 mm.  Silty CLAY.
Brownish yellow, dry and highly
plastic.

Matrix Colour (10YR - Value/Chroma):

 Clay – 6/6

700 - 1000 mm.  Silty CLAY.
Light yellowish brown, with light

Matrix Colour (10YR - Value/Chroma):

 Clay – 6/4 with 7/1 inclusions
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Site #

Soil Description Summary Soil
permeability

(slow/moderate/
high)

Hydric Soil?
(Yes/No/

Uncertain)

Lithology
Hydric Soil Indicators

grey inclusions and brownish
yellow mottles. Dry and highly
plastic.

Mottle Colour (10YR – Value/Chroma):

 Mottles – 6/8 (5%)

geology is light
in colour.)

3b

0 - 300 mm.  TOPSOIL, silt. Dark
grey. Dry and friable.

Matrix Colour (10YR - Value/Chroma):

Topsoil - 4/1

Moderate

Y

(Marginally
hydric based on

colour and
minor

rhizospheres,
noting parent

geology is light
in colour.)

300 - 700 mm.  Silty CLAY.
Brownish yellow, dry and highly
plastic.

Matrix Colour (10YR - Value/Chroma):

Clay – 6/6

700 - 1000 mm.  Silty CLAY.
Light yellowish brown, with light
grey inclusions and brownish
yellow mottles. Dry and highly
plastic.

Matrix Colour (10YR - Value/Chroma):

 Clay – 6/4 with 7/1 inclusions

Mottle Colour (10YR – Value/Chroma):

Mottles – 6/8 (5%)

4

0 - 300 mm. Topsoil, Clayey
SILT. Very dark greyish brown.
Some moisture and low
plasticity.

Matrix Colour (10YR - Value/Chroma):

 Topsoil - 3/2

High

Y

(Marginally
hydric based on
colour, noting

parent geology
is light in
colour.)

300 - 600 mm.  Clayey SILT.
Brownish yellow. Some moisture,
low to medium plasticity.

Matrix Colour (10YR - Value/Chroma):

 Silt – 6/8

600 – 1000 mm. Silty CLAY, light
grey, with light yellowish-brown
streaks. Moderately moist,
moderate to high plasticity.

Matrix Colour (10YR - Value/Chroma):

 Clay - 7/1

5

0 - 400 mm.  TOPSOIL, silt. Very
dark grey with clay inclusions,
yellowish brown mottling within
the clay. Rootlets are present.

Matrix Colour (10YR - Value/Chroma):

 Topsoil – 3/1 (5%)

Mottle Colour (10YR – Value/Chroma):

 Clay – 5/8

Moderate

Y

(Marginally
hydric based on
colour, noting

parent geology
is light in
colour.)

400 - 700 mm.  Clayey SILT.
Yellowish brown with dark grey
mottles. Dry, moderately plastic.

Matrix Colour (10YR - Value/Chroma):

 Silt - 5/8

Mottle Colour (10YR – Value/Chroma):

 Silt – 4/1

700 - 1000 mm.  Silty CLAY.
Very pale brown with light grey
inclusions and brownish yellow
mottles. Dry and highly plastic.

Matrix Colour (10YR - Value/Chroma):

 Clay – 7/4

Mottle Colour (10YR - Value/Chroma):

 Mottles - 6/8 (1-5%)

6

0 – 250 mm TOPSOIL, silt with
minor clay. Yellowish brown with
dark reddish orange mottles.
Rootlets were present, dry.

Matrix Colour (10YR - Value/Chroma):

 Topsoil - 5/4

Mottle Colour (10YR - Value/Chroma):

 Mottles - 7/8 (1-5%)
Moderate N

250 - 350 mm.  Silty CLAY.
Brownish yellow, moist and
highly plastic.

Matrix Colour (10YR - Value/Chroma):

 Clay – 6/6



Vineway Limited
Hydric Soil & Hydrology Tool Assessments

Williamson Water & Land Advisory Limited 13

Site #

Soil Description Summary Soil
permeability

(slow/moderate/
high)

Hydric Soil?
(Yes/No/

Uncertain)

Lithology
Hydric Soil Indicators

350 - 1,000 mm.  Clayey SILT.
Dark greyish brown, with dark
brown mottles.  Moist, and
moderately plastic.

Matrix Colour (10YR - Value/Chroma):

 Silt - 4/2

Mottle Colour (10YR - Value/Chroma):

 Mottles – 3/3 (5%)

7

0 - 100 mm.  TOPSOIL, silt Dark
greyish brown, with yellowish
brown mottles. Rootlets present,
slightly damp.

Matrix Colour (10YR - Value/Chroma)

 Topsoil – 4/2

Mottle Colour (10YR – Value/Chroma):

 Topsoil – 5/8 (10%)

Moderate Y

100 – 200 mm. Peat. Black,
slightly damp and contains some
charcoal pieces.

Matrix Colour (10YR - Value/Chroma)

 Peat – 2/1

200 – 500 mm. Clayey SILT.
Yellowish brown, with yellowish
brown mottles. Dry, low plastic.

Matrix Colour (10YR - Value/Chroma)

 Silt – 5/6

Mottle Colour (10YR – Value/Chroma):

 Silt – 5/8 (10%)

500 – 1000 mm. Clayey SILT,
light grey with yellowish brown
streaks and mottles. Dry,
moderate plasticity.

Matrix Colour (10YR - Value/Chroma)

 Silt – 7/2

Mottle Colour (10YR – Value/Chroma):

 Silt – 5/8 (10%)

8

0 - 100 mm.  TOPSOIL, silt with
minor clay, very dark brown.
Moderate moisture and low
plasticity.

Matrix Colour (10YR - Value/Chroma):

 Topsoil – 2/2

Moderate

Y

(Marginally
hydric based on
colour, noting

parent geology
is light in
colour.)

100 - 600 mm.  Silty CLAY. Light
brown, some moisture and
moderately plastic.

Matrix Colour (10YR - Value/Chroma):

 Clay – 5/8

600 - 1000 mm.  Silty CLAY,
yellow with light grey streaks.
Some moisture, moderate to
high plasticity.

Matrix Colour (10YR - Value/Chroma):

 Clay – 7/6

9

0 - 300 mm.  TOPSOIL, Clayey
SILT.  Yellowish brown, some
moisture and some plasticity.

Matrix Colour (10YR - Value/Chroma):

 Topsoil – 5/8

Moderate N

300 - 600 mm.  Silty CLAY.
Yellow, with light grey streaks.
Some moisture and moderate to
high plasticity.

Matrix Colour (10YR - Value/Chroma):

 Silt – 7/6

600 - 1000 mm.  Silty CLAY.
Brownish yellow, dark orange
inclusions. Moderately moist, low
plasticity.

Matrix Colour (10YR - Value/Chroma):

 Clay - 6/6

10A
0 - 300 mm.  TOPSOIL, Clayey
silt.  Dark brown. Some moisture,
low plasticity.

Matrix Colour (10YR - Value/Chroma):

 Topsoil - 3/2 Moderate
Y

(Marginally
hydric based on
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Site #

Soil Description Summary Soil
permeability

(slow/moderate/
high)

Hydric Soil?
(Yes/No/

Uncertain)

Lithology
Hydric Soil Indicators

300 - 600 mm.  Clayey SILT.
Brownish yellow, some moisture,
low to moderate plasticity.

Matrix Colour (10YR - Value/Chroma):

 Silt – 6/8

colour, noting
parent geology

is light in
colour.)

600 – 1000 mm. Silty CLAY, light
grey with light orange, brown
streaks. Moderately moist,
moderate to highly plastic.

Matrix Colour (10YR - Value/Chroma):

 Silt – 7/1

10B

0 - 300 mm.  TOPSOIL, silt, very
dark grey, with dark yellowish-
brown mottles. Rootlets present.

Matrix Colour (10YR - Value/Chroma):

 Topsoil – 3/1

Mottle Colour (10YR – Value/Chroma):

 Topsoil – 3/6 (2%)

Moderate

Y

(Marginally
hydric based on
colour, noting

parent geology
is light in
colour.)

300 - 500 mm.  Clayey SILT.
Yellowish brown, with brownish
yellow mottles and grey
inclusions. Dry, with low
plasticity.

Matrix Colour (10YR - Value/Chroma):

 Silt – 5/4

Mottle Colour (10YR – Value/Chroma):

 Silt – 6/8 (2%)

500 - 1000 mm Clayey SILT.
Very pale brown, with yellowish
brown mottles and streaks, dry
and moderately plastic.

Matrix Colour (10YR - Value/Chroma):

 Silt – 7/3

Mottle Colour (10YR – Value/Chroma):

 Silt – 5/8 (2%)

10C

0 - 200 mm.  TOPSOIL, silt. Very
dark greyish brown, with
brownish yellow mottles. Dry.

Matrix Colour (10YR - Value/Chroma):

 Topsoil – 3/2

Mottle Colour (10YR – Value/Chroma):

 Topsoil – 6/6 (5%)
Moderate

Y

(Marginally
hydric based on

colour and
rhizospheres,
noting parent

geology is light
in colour.)

200 – 1000 mm. Clayey SILT.
Yellow with light grey streaks
and yellow mottles. Dry,
moderately plastic.

Matrix Colour (10YR - Value/Chroma):

 Silt – 7/8

Mottle Colour (10YR – Value/Chroma):

 Silt – 7/8 (10%)

11

0 - 200 mm.  TOPSOIL, Silt with
minor clay. Dark greyish brown
with dark yellowish-brown
mottles. Moist, some plasticity.

Matrix Colour (10YR - Value/Chroma):

 Topsoil - 4/2

Mottle Colour (10YR - Value/Chroma):

 Mottles - 3/6 (10%)

Moderate

Y

(Marginally
hydric based on

colour and
rhizospheres,
noting parent

geology is light
in colour.)

200 - 300 mm.  Clayey SILT.
Greyish brown with yellow
mottles. Dry with moderate
plasticity.

Matrix Colour (10YR - Value/Chroma):

 Silt - 5/2

Mottle Colour (10YR – Value/Chroma):

 Mottles – 7/8 (5%)

300 - 1,000 mm.  Clayey SILT.
Light grey with yellow streaks
and mottles. Dry, moderate
plasticity.

Matrix Colour (10YR - Value/Chroma):

 Silt – 7/1

Mottle Colour (10YR – Value/Chroma):

 Mottles – 7/8 (5%)

12
0 - 200 mm.  TOPSOIL, Silt.
Dark grey with dark yellowish-
brown mottles. Dry and friable.

Matrix Colour (10YR - Value/Chroma):

 Topsoil - 4/1

Mottle Colour (10YR – Value/Chroma):

 Mottles – 3/6 (5%)

Moderate

Y

(Marginally
hydric based on

colour and
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Site #

Soil Description Summary Soil
permeability

(slow/moderate/
high)

Hydric Soil?
(Yes/No/

Uncertain)

Lithology
Hydric Soil Indicators

200 - 400 mm.  Clayey SILT,
with peat. Black with dark
yellowish-brown mottles. Dry and
moderately plastic.

Matrix Colour (10YR - Value/Chroma):

 Silt – 2/1

Mottle Colour (10YR – Value/Chroma):

 Mottles – 3/6 (5%)

rhizospheres,
noting parent

geology is light
in colour.)

400 – 1000 mm Silty CLAY,
black. Moist and highly plastic.

Matrix Colour (10YR - Value/Chroma):

 Clay – 2/1

13

0 - 200 mm. TOPSOIL, silt. Dark
grey with dark yellowish-brown
mottles. Dry, rootlets present.

Matrix Colour (10YR - Value/Chroma):

 Topsoil - 4/1

Mottle Colour (10YR – Value/Chroma):

 Topsoil – 3/4 (10%) Slow

Y

(Marginally
hydric based on

colour and
rhizospheres,
noting parent

geology is light
in colour.)

200 - 1000 mm.  Clayey SILT
(Fill). Dark yellowish brown.
Gravels were observed at 0.7 m.

Matrix Colour (10YR - Value/Chroma):

 Silt – 4/6

14

0 - 300 mm. TOPSOIL, silt. Dark
greyish brown with dark
yellowish-brown mottles. Dry and
moderate plasticity.

Matrix Colour (7.5YR - Value/Chroma):

 Topsoil - 4/2

Mottle Colour (7.5YR – Value/Chroma):

 Mottles – 4/6 (10%)
Moderate

Y

(Marginally
hydric based on

colour and
rhizospheres,
noting parent

geology is light
in colour.)

300 - 1000 mm.  Clayey SILT.
Brownish yellow with light grey
streaks, dry, moderate plasticity
when moistened.

Matrix Colour (10YR - Value/Chroma):

 Silt – 6/6

Streak Colour (10YR - Value/Chroma):

 Streaks - 7/1

15A

0 - 150 mm.  TOPSOIL, Silt.
Very dark greyish brown. Dry,
friable.

Matrix Colour (10YR - Value/Chroma):

 Topsoil - 3/2

Moderate

Y

(Marginally
hydric based on

colour and
rhizospheres,
noting parent

geology is light
in colour.)

150 - 400 mm. SILT with minor
clay. Dark greyish brown. No
mottles but rhizospheres were
present. Dry and friable.

Matrix Colour (10YR - Value/Chroma):

 Silt - 4/2

400 - 500 mm.  Clayey SILT.
Yellowish brown with some
mottles yellowish brown. Dry.

Matrix Colour (10YR - Value/Chroma):

 Silt – 5/4

Mottle Colour (10YR – Value/Chroma):

 Mottles – 5/8 (5%)

500 – 800 mm. Clayey SILT,
minor sand. Yellowish brown.
Dry, moderately plastic.

Matrix Colour (10YR - Value/Chroma):

 Silt – 5/4

800 – 1000 mm. Silty CLAY,
minor sand. Yellowish brown.
Dry, highly plastic.

Matrix Colour (10YR - Value/Chroma):

 Silt – 5/6

15B

0 - 150 mm. TOPSOIL, Silt.
Grey. Saturated. Slight sulfuric
smell.

Matrix Colour (10YR - Value/Chroma):

Topsoil - 5/1

Water table at
surface,

infiltration test
not undertaken Y

150 - 600 mm. Silty CLAY. Light
grey with brownish yellow
mottles. Saturated and highly

Matrix Colour (10YR - Value/Chroma):

 Silt - 7/1

Mottles Colour (7.5YR – Value/Chroma):
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Of the 22 total tests pits, the hydric soil tool assessment found 20 pits that displayed hydric soil conditions within
the top 400 mm.

Site #

Soil Description Summary Soil
permeability

(slow/moderate/
high)

Hydric Soil?
(Yes/No/

Uncertain)

Lithology
Hydric Soil Indicators

plastic. EOH as everything was
saturated and material was
consistent.

Mottles – 6/8 (20%)

15C

0 - 150 mm. TOPSOIL, Silt. Dark
grey. Moist.

Matrix Colour (10YR - Value/Chroma):

 Topsoil - 4/1

Moderate

Y

(Marginally
hydric based on

colour and
rhizospheres,
noting parent

geology is light
in colour.)

150 - 450 mm. Clayey SILT, grey
with brownish yellow clay
inclusions. Moist and sticky with
moderate plasticity.

Matrix Colour (10YR - Value/Chroma):

 Clay - 5/1

450 - 1000 mm.  Clayey SILT,
light yellowish brown with yellow
mottles and rhizospheres. Moist
and moderately plastic.

Matrix Colour (10YR - Value/Chroma):

 Clay - 6/4

Mottles Colour (10YR – Value/Chroma):

Mottles - 7/6 (10%)

16A

0 - 300 mm. TOPSOIL, Silt,
greyish brown with yellowish
brown mottles. Moist.

Matrix Colour (10YR - Value/Chroma):

 Topsoil - 5/2

Mottles Colour (7.5YR – Value/Chroma):

 Mottles – 5/8 (15-20%)

Moderate Y
300 - 900 mm.  Clayey SILT.
Light yellowish brown. Relatively
dry and moderately plastic.

Matrix Colour (10YR - Value/Chroma):

 Silt – 5/2

Mottles Colour (7.5YR – Value/Chroma):

 Mottles – 6/4 (2%)

900 – 1000 mm. Silty CLAY.
Dark brown. Moist and highly
plastic.

Matrix Colour (10YR - Value/Chroma):

 Clay – 3/3

16B

0 - 200 mm.  TOPSOIL, silt. Dark
greyish brown with yellowish
brown mottles. Moist.

Matrix Colour (10YR - Value/Chroma):

 Topsoil - 4/2

Mottle Colour (10YR – Value/Chroma):

 Mottles – 5/6 (5%)

Moderate Y

200 - 400 mm. Clayey SILT.
Grey, with dark yellowish-brown
mottles. Moist and moderately
plastic. GW encountered at 350
mm. GW soil seepage at 270
mm.

Matrix Colour (10YR - Value/Chroma):

 Silt – 5/1

Mottle Colour (10YR – Value/Chroma):

 Mottle – 3/4 (40%)

400 - 800 mm. Clayey SILT.
Yellowish brown with dark
yellowish-brown mottles. Moist
with moderate plasticity.

Matrix Colour (10YR - Value/Chroma):

 Silt – 5/4

Mottle Colour (10YR – Value/Chroma):

 Mottle – 4/6 (10%)

800 - 1000 mm.  Silty CLAY, light
yellowish brown with light grey
streaks and brownish yellow
mottles. Moist and highly plastic.

Matrix Colour (10YR - Value/Chroma):

 Clay – 6/4

Mottle Colour (10YR - Value/Chroma):

 Mottles - 6/6 (5%)
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One of the test pits (Site 13) contained fill material extending deeper than 1.0 m.  As noted in Table 5 there are
15 location which have been classified as marginal hydric soils due to soil colour, with 10 of those locations also
containing oxidised rhizospheres on the roots.

4.2.2 Soil Infiltration Testing

Soil permeability reflects the rate at which surface water drains through the soil.  It is influenced by factors such
as potential rooting depth, the depth to any slowly permeable horizons, and internal soil drainage, which in turn
depend on soil texture, structure, and density.

The permeability classes and their equivalent flow rates (mm/hr) from Clayden and Webb (1994) are as shown
in Table 6, while Table 9 shows the infiltration rates at each site.

Table 6.  Soil permeability classes.

Class Rate (mm/hr)

Slow < 4

Moderate 4-72

High >72

Table 7.  Summary of soil infiltration test results.

Site
ID

Test
Duration

Water
Level

Change

Water
Drainage

Soil Permeability
Class

Observations

(hr) (m) (mm/hr)

1 7 0.1 14 Moderate

2 0.25 0.07 280 High

3A 6 0.21 35 Moderate

3B 6 0.21 35 Moderate

4 0.25 0.03 120 High Seepage at bottom of the hill.

5 4 0.17 43 Moderate

6 4 0.20 50 Moderate
On soil bridge that has likely been built up. Thus, likely unnatural
profile

7 4 0.20 50 Moderate

8 3.75 0.233 62 Moderate

9 3.75 0.05 13 Moderate

10A 5 0.06 12 Moderate

10B 5 0.06 12 Moderate

10C 2.25 0.09 40 Moderate

11 2 0.01 5 Moderate

12 0.75 0.05 67 Moderate

13 0.17 0 0 Low

14 4 0.12 30 Moderate

15A 0.25 0.04 160 Moderate

15B N/A N/A N/A N/A Water table at surface. No infiltration test possible.
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Site
ID

Test
Duration

Water
Level

Change

Water
Drainage

Soil Permeability
Class

Observations

(hr) (m) (mm/hr)

15C 0.5 0.04 80 Moderate

16A 5.5 0 0 Moderate Substantial core loss on auger. Seepage into dug hole.

16B 1.5 0.01 7 Moderate
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5. Hydrology Tool Assessment
Wetland hydrology can be defined as encompassing all hydrological characteristics of areas that are
periodically inundated or have soils saturated to, or near, the surface during a portion of the growing season
(based on US Army Corp of Engineers - Environmental Laboratory, 1987).  To meet the standard for wetland
hydrology, an area must be:

 Inundated for at least seven consecutive days during the growing season in most years (50 per cent
probability of recurrence); or

 Saturated at or near the surface for at least 14 consecutive days during the growing season in most years
(50 per cent probability of recurrence, for example, 5 years in 10).

Soils may be considered saturated if the water table is within:

 150 mm of the surface for sands; and
 300 mm of the surface for all other soils.

5.1 Indicators

Hydrology indicators are one-off observations that identify the presence or absence of a wetland in areas where
hydrophytic vegetation and hydric soils are present or uncertain.  Wetland delineation using the hydrology tool
should be undertaken during periods of ‘normal rainfall’.  Because hydrology indicators can be highly transient,
a follow-up visit may be required during normal and wetter periods of the growing season.

There are four indicator groups identified in the guidelines:

 Observation of flooding or groundwater;
 Evidence of flooding or ponding;
 Soil saturation; and
 Landscape, vegetation and soil observations (which may overlap with the vegetation and hydric soil tools).

Group 1 are primary indicators and Groups 2 to 4 have a mix of primary and secondary indicators.  The
presence of one primary indicator, or two secondary indicators, confirms the presence of a wetland.  The full
suite of 26 hydrology indicators are summarised in Table 8.

Table 8.  Summary of wetlands hydrology indicators.

Indicator Primary 2ndary Observation Description (“observed in the area of interest during the growing season”)

Group 1: Observation of flooding or groundwater

1A: Surface water  Surface water can be observed in the form of either flooding or ponding.

1B: Groundwater 
A high water table is observed within 30 centimeters of the soil surface as determined by
soil pit, auger hole or shallow monitoring well.

1C: Soil saturation 

Soil saturation is observed in the top 30 centimeters of the soil profile. Indicated by ‘water
glistening on the surfaces and broken interior faces of the soil samples removed from a pit
or auger hole’.  Pg 19.

Group 2: Evidence of flooding or ponding

2A: Water marks 
Water marks (discoloration or staining) are seen on trees, rocks, fences or other fixed
objects.  Lichen may also be absent below the flooding level.

2B: Sediment deposits 
Thin layers or coatings of fine mineral material (e.g., silt or clay) or organic matter (e.g.,
pollen) are seen on trees, rocks or other fixed objects.

2C: Drift deposits 
Debris (e.g., branches, leaves, plastic fragments) are seen deposited on the ground
surface or entangled in vegetation or other fixed objects.
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Indicator Primary 2ndary Observation Description (“observed in the area of interest during the growing season”)

2D: Agal mat or crust  An algal mat or crust is seen on or near the soil surface after the water has drained away.

2E: Iron deposits 
A thin orange or yellow crust or gel or oxidised iron is seen on or near the soil surface or
as a sheen on standing water.

2F: Surface soil cracks 
Surface soil cracks are seen where mineral or organic sediment dry and shrink to form a
network of cracks or polygons.

2G: Inundation visible on
aerial imagery

 Inundation is seen on one or more recent aerial or satellite images.

2H: Sparsely vegetated
concave surface


A lack of vegetation (less than 5 per cent coverage) is seen on concave land surfaces
resulting from prolonged ponding.

2I: Salt crust 
Hard or brittle deposits of salts are seen on the ground surface, usually in depressions,
seeps or lake fringes, after evaporation of saline surface water.

2J: Aquatic invertebrates 

Numerous live or dead aquatic invertebrates, including diapausing eggs, remains of
aquatic invertebrates, such as aquatic snails or crustaceans, are seen on the soil surface
or plants or other emergent objects.

2K: Water-stained
leaves

 
Water-stained grey or black leaves are visible due to long periods of saturation during the
growing season

2L: Drainage patterns 

Areas that have recently experienced overland water flow may show soil erosion, low
vegetation bent in the direction of water flow, or absence of leaf litter or small woody
debris.

Group 3: Evidence of current or recent soil saturation

3A: Hydrogen sulphide
odour



Hydrogen sulphide odour, similar to rotten eggs, is detected from the top 30 centimeters of
the soil profile. Hydrogen sulphide is produced in soils only when saturation has been
prolonged.

3B: Oxidised
rhizospheres along living
roots



A soil horizon with greater than or equal to 2 per cent iron-oxide (orange coating) can be
seen on the surfaces of living roots or soil pores immediately surrounding the roots within
the top 30 centimeters of the soil profile.

3C: Reduced iron 
A soil layer containing reduced iron in the top 30 centimeters of the soil profile can be
seen where the soil changes colour upon air exposure.

3D: Recent iron
reduction in tilled soils



A soil layer containing greater than or equal to 2 per cent redox concentrations (mottles) is
visible in pore linings of masses in a soil that has been tilled less than two years ago within
the tillage zone or the top 30 centimeters of the soil profile, whichever one is shallower.

3E: Dry-season water
table


A water-table depth between 30 centimeters and 60 centimeters of the soil profile can be
seen during the normal dry season or a drier-than-normal period of the year.

3F: Saturation visible on
aerial imagery



Visual assessment of one or more aerial or satellite images can identify sites where soil
saturation corresponds to depressions, drainage patterns, crop management, field verified
hydric soils or other evidence of a seasonally high-water table during the growing season

Group 4: Evidence from other site conditions or data

4A: Stunted or stressed
plants


It can be seen that most plants in cultivated or planted wetland areas are smaller, less
vigorous or appear more stressed compared with neighbouring non-wetland areas

4B: Geomorphic position 

The possible wetland may be seen in a localised depression, swale, drainage system,
concave position in a floodplain, at the toe of a slope, on extensive flatland, the low-
elevation fringe of a pond or waterbody, or groundwater discharge zone.

4C: Shallow aquitard 

A semi-permeable–impermeable layer is confirmed within 60 centimeters of the soil
surface, which decreases movement of groundwater and causes a perched water table
within 30 centimeters of the soil surface. This semi-permeable–impermeable layer can be
composed of clay or non-porous rock.

4D: Facultative-neutral
test

 Plant test – normally done by ecologists.
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5.2  Results

Full test data sheets and a table summarising the findings are provided in Appendix B.

With respect to the aforementioned assessment parameters, the presence of one primary indicator, or two
secondary indicators confirms the presence of a wetland.

In summary, the key findings are as follows:

 Primary Indicators – 15 sites displayed primary indicators
 Secondary Indicators – 12 sites displayed one secondary indicator, but each of these site also displayed a

primary indicator or hydric soil colour.

Of the total 22 test sites, 20 confirmed hydric soils, and 15 confirmed hydrology indicators of wetlands.  Of
these, sites (1, 3A-3B, 7, 8, 10C, 11-14, 15A-15C, 16A-16B) had both hydric soils and hydrology indicators of
wetlands.

Indicator Primary 2ndary Observation Description (“observed in the area of interest during the growing season”)

4E: Frost-heave
hummocks


Frost-heave hummocks are produced as water-logged soils undergo freeze–thaw
processes.  Exclude livestock pugging hummocks.
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6. Drainage Intervention
To provide a high degree of confidence the sites will coalesce to wetlands if given a chance, minor surface
water drainage intervention is recommended in the form of a series of shallow bunds to be constructed.  These
bunds will retain stormwater and sub-soil interflow from upslope, allowing the environment to retain moisture, in
much the same manner as the adjacent natural wetlands.

To construct the bunds, it is recommended  that a small swale following the natural contour of the slope will be
excavated, with a maximum depth of approximately 0.3 m and swale width of up to 2 m.  The material removed
to create the swale would then be used to raise the ground level for the bund, minimising work involved. Figure
6 shows a conceptual schematic of each bund, with pooled water during or after a storm.

Figure 6.  Cross section showing conceptual contour bund design.

A total of 14 bunds have been recommended within the non-hydric soil areas, at roughly 2 m change in
elevation intervals.  Each bund follows the natural contour of the slope with each end turned uphill to prevent
water from flowing out of the bund – i.e. the only way runoff can migrate downslope is via sub-soil seepage or
overtopping of the bunds during large storm events (refer to Figure 7 to Figure 9). Table 9 summarises the
sites requiring drainage intervention.

Table 9.  Summary of site requiring drainage intervention.

Sites Required (Y/N)

1 Y

2 Y

3 Y

4 Y

5 N

6 N

7 N

8 N

9 Y

10 Y

11 N

12 N

13 Y

14 N

15 N
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16 N
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7. Conclusions
Out of the 22 sites investigated, 20 presented with low chroma soils.  Whilst it is important to note that soil 
colour in the North Auckland area is not the most reliable indicator of hydric soils because of the pale colour of 
the parent rock material, and also the soil leaching from native podocarp forests that prevailed in this area prior 
to human inhabitation, the same sites also presented hydrology indicators of wetlands – either rhizospheres, 
geomorphic position or algal mats.  Overall, this suggests that these 20 sites are strongly hydric, and the 
remaining 2 are not hydric.

Most sites displaying hydric soils and hydrology tool indicators were located at landscape features such as the 
depression/valley in gently undulating areas within the OLFP.  These landscape features prevent water from 
draining freely, which explains the presence of hydric soils/hydrology indicators.

The assessment of potential wetland offset areas within the site using the hydric soil and hydrology delineation 
tools confirmed 20 sites (all sites except for site 6 and site 9) had both hydric soils and primary and/or 
secondary wetland hydrology tool indicators.

The geomorphic position of the sites are in lowish lying areas adjacent to surface water courses and adjoining 
existing wetlands, and all sites have relatively slow to moderate permeability soils.

Some of the proposed wetland offset sites were identified as suitable for minor intervention to further impede 
drainage and provide high confidence that the sites would coalesce into wetland if allowed to return to a natural 
state.  The long thin sites that are on the margin of existing wetlands or short sites between existing wetlands 
were considered not requiring any intervention other than cessation of stock or vehicle traffic.

In conclusion, provided the recommendations in this report are implemented, we consider that all proposed 
wetland offset areas will support wetland hydrology, facilitate the establishment of wetland vegetation, and 
promote the development of hydric soils.

The physical works recommended will be occurring within 10 m of natural inland wetland, but in our view the 
works are a permitted activity as they will protect and enhance the adjacent natural inland wetlands.
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Appendix A. Detailed Soil Logs



Site # and Soil Description Soil Photo 

1 

0 - 300 mm.   

TOPSOIL, silt. Very dark grey.  Dry and 

friable. Rootlets present.  

Matrix colour - (7.5YR - Value/Chroma) - 3/1  

Mottle Colour - Mottles – 5/6 (1%) 

 

Oxidised rhizospheres on roots  

300 - 750 mm.  

Clayey SILT.  Grey with brownish yellow 

mottles. Dry, moderate plasticity.  

Matrix Colour (7.5YR - Value/Chroma) - 5/1 

Mottle Colour (10YR - Value/Chroma) - 6/8 

(5%) 

750 - 950 mm.   

Silty CLAY.  Grey, with brownish yellow 

mottles.  Dry and highly plastic.  

Matrix Colour (10YR - Value/Chroma) - 6/1 

Mottle Colour (10YR -Value/Chroma) - 6/8 

(5%) 

950 – 1000 mm.  

Clayey SILT. Grey with brownish yellow 

mottles. Dry and moderately plastic. 

Matrix Colour (10YR - Value/Chroma) - 6/1 

Mottle Colour (10YR - Value/Chroma) - 6/8 

(50%) 

Photograph 1: Site 1 test pit. Photograph 2: Site 1 core. 

2 

0 - 200 mm.  

TOPSOIL, silt. Dark grey, with some rootlets 

present. Dry and friable. 

Matrix Colour (10YR - Value/Chroma): 

Topsoil - 4/1 

200 - 400 mm.   

SILT. Yellowish brown, dry and low 

plasticity. 

Matrix Colour (10YR - Value/Chroma) - 5/4 

400 - 700 mm.   

Clayey SILT.  Brownish yellow, with 

yellowish brown mottles with light grey 

inclusions. Dry, moderate plasticity. 

Matrix Colour (10YR - Value/Chroma) - 6/6 

with 6/1 inclusions 

Mottle Colour (10YR - Value/Chroma) - 5/8 

(5%) 

700 – 1000 mm  

Clayey SILT, very pale greyish brown, with 

brownish yellow mottles. Dry, moderate 

plasticity. 

Matrix Colour (10YR - Value/Chroma) - 7/4 

Photograph 3: Site 2 test pit. Photograph 4: Site 2 core. 

 



Site # and Soil Description Soil Photo 

Mottle Colour (10YR - Value/Chroma) - 6/8 

(5%) 

3A 

0 - 300 mm. 

TOPSOIL, silt. Dark grey. Dry and friable. 

Matrix Colour (10YR - Value/Chroma) –  

4/1 

Oxidised rhizospheres on roots  

300 - 700 mm.   

Silty CLAY. Brownish yellow, dry and highly 

plastic. 

Matrix Colour (10YR - Value/Chroma) –  

6/6 

700 - 1000 mm.   

Silty CLAY.  Light yellowish brown, with light 

grey inclusions and brownish yellow mottles. 

Dry and highly plastic. 

Matrix Colour (10YR - Value/Chroma) –  

6/4 with 7/1 inclusions 

Mottle Colour (10YR – Value/Chroma):  

Mottles – 6/8  

Photograph 5: Site 3A test pit. Photograph 6: Site 3A core. 

3B  

0 - 300 mm.   

TOPSOIL, silt. Dark grey. Dry and friable. 

Matrix Colour (10YR - Value/Chroma) - 4/1 

300 - 700 mm.   

Silty CLAY. Brownish yellow, dry and highly 

plastic. 

Matrix Colour (10YR - Value/Chroma) – 6/6 

700 - 1000 mm.   

Silty CLAY.  Light yellowish brown, with light 

grey inclusions and brownish yellow mottles. 

Dry and highly plastic. 

Matrix Colour (10YR - Value/Chroma):– 6/4 

with 7/1 inclusions 

Mottle Colour (10YR – Value/Chroma):  

Mottles – 6/8 (5%) 

 

Oxidised rhizospheres on roots 
 

Photograph 7: Site 3B test pit. 

 

Photograph 8: Site 3B core. 



Site # and Soil Description Soil Photo 

4 

0 - 300 mm.  

Topsoil, Clayey SILT. Very dark greyish 

brown. Some moisture and low plasticity. 

Matrix Colour (10YR - Value/Chroma):- 3/2 

300 - 600 mm.  

Clayey SILT. Brownish yellow. Some 

moisture, low to medium plasticity. 

Matrix Colour (10YR - Value/Chroma) - 6/8 

600 – 1000 mm.  

Silty CLAY, light grey, with light yellowish-

brown streaks. Moderately moist, moderate 

to high plasticity. 

Matrix Colour (10YR - Value/Chroma) -  

7/1 

Photograph 9: Site 4 (looking towards culvert from test pit). 

5 

0 - 400 mm.   

TOPSOIL, silt. Very dark grey with clay 

inclusions, yellowish brown mottling within 

the clay. Rootlets are present. 

Matrix Colour (10YR - Value/Chroma) – 3/1 

(5%) 

Mottle Colour (10YR – Value/Chroma) – 5/8 

400 - 700 mm.   

Clayey SILT. Yellowish brown with dark grey 

mottles. Dry, moderately plastic. 

Matrix Colour (10YR - Value/Chroma) - 5/8 

Mottle Colour (10YR – Value/Chroma) – 4/1 

700 - 1000 mm.   

Silty CLAY.  Very pale brown with light grey 

inclusions and brownish yellow mottles. Dry 

and highly plastic. 

Matrix Colour (10YR - Value/Chroma)– 7/4 

Mottle Colour (10YR - Value/Chroma) - 6/8 

(1-5%) 

 

Photograph 10: Site 5 testpit. 

 

Photograph 11: Site 5 core. 



Site # and Soil Description Soil Photo 

6 

0 -250 mm 

Silty TOPSOIL with minor clay, yellowish 

brown, with rootlets, dry. Dark reddish yellow 

mottles 

Matrix Colour (10YR - Value/Chroma) - 5/4 

Mottle Colour (10YR - Value/Chroma) - 7/8 

(1-5%) 

250 – 350 mm 

Silty clay, brownish yellow, moist. High 

plasticity. 

Matrix Colour (10YR - Value/Chroma) - 6/6 

350 mm – 1 m  

Clayey SILT. dark greyish brown, with dark 

brown mottles, moist, moderate plasticity.  

Matrix Colour (10YR - Value/Chroma) - 4/2 

Mottle Colour (10YR - Value/Chroma) - 3/3 

(5%) 

Photograph 12: Site 6 test pit. Photograph 13: Site 6 topsoil. 

7 

0 – 100 mm 

TOPSOIL, SILT, dark greyish brown, slightly 

damp, yellowish-brown mottles, rootlets.  

Matrix Colour (10YR - Value/Chroma) - 4/2 

Mottle Colour (10YR – Value/Chroma) – 5/8 

(10%) 

100 – 200 mm 

PEAT layer, some charcoal, black slightly 

damp.  

Matrix Colour (10YR - Value/Chroma) – 2/1 

200 – 500 mm 

Clayey SILT, 5/6 yellowish brown. 5/8 

yellowish brown mottles. 10% dry with low 

plasticity. 

Matrix Colour (10YR - Value/Chroma) – 5/6 

Mottle Colour (10YR – Value/Chroma) – 5/8 

(10%) 

500 mm – 1 m 

Clayey SILT, 7/2 light grey with 5/8 yellowish 

brown streaks and mottles. Dry with 

moderate plasticity.   

Matrix Colour (10YR - Value/Chroma) – 7/2  

Mottle Colour (10YR – Value/Chroma) - 5/8 

(10%) 

Oxidised rhizospheres on roots 

 

Photograph 14: Site 7 test pit. 

 

Photograph 15: Site 7 core. 



Site # and Soil Description Soil Photo 

8 

0 - 100 mm.   

TOPSOIL, silt with minor clay, very dark 

brown. Moderate moisture and low plasticity. 

Matrix Colour (10YR - Value/Chroma):– 2/2 

100 - 600 mm.   

Silty CLAY. Yellowish brown, some moisture 

and moderately plastic. 

Matrix Colour (10YR - Value/Chroma):– 5/8 

600 - 1000 mm.   

Silty CLAY, yellow with light grey streaks. 

Some moisture, moderate to high plasticity. 

Matrix Colour (10YR - Value/Chroma): – 7/6 

 

Photograph 16:Site 8 test pit. 

 

Photograph 17: Site 8 core. 

9 

0 - 300 mm.   

TOPSOIL, Clayey SILT.  Yellowish brown, 

some moisture and some plasticity. 

Matrix Colour (10YR - Value/Chroma):– 5/8 

300 - 600 mm.   

Silty CLAY.  Yellow with light grey streaks. 

Some moisture and moderate to high 

plasticity.   

Matrix Colour (10YR - Value/Chroma) – 7/6 

600 - 1000 mm.   

Silty CLAY.  Brownish yellow, dark orange 

inclusions. Moderately moist, low plasticity.    

Matrix Colour (10YR - Value/Chroma) - 6/6 

 

Photograph 18: Site 9 test pit. 

 

 

Photograph 19: Site 9 core. 



Site # and Soil Description Soil Photo 

10A 

0 - 300 mm.   

TOPSOIL, Clayey SILT.  Dark brown. Some 

moisture, low plasticity. 

Matrix Colour (10YR - Value/Chroma):- 3/2 

300 - 600 mm.   

Clayey SILT.  Brownish yellow, some 

moisture, low to moderate plasticity. 

Matrix Colour (10YR - Value/Chroma) – 6/8 

600 – 1000 mm.  

Silty CLAY, light grey with light orange, 

brown streaks. Moderately moist, moderate 

to highly plastic. 

Matrix Colour (10YR - Value/Chroma) – 7/1 

 

 

Photograph 20: Ssite 10A Test pit. Photograph 21: Site 10A core. 

10B 

 

0 - 300 mm. 

TOPSOIL, silt, very dark grey, rootless, 

some dark yellowish-brown mottles. 

Matrix Colour (10YR - Value/Chroma) – 3/1 

Mottle Colour (10YR – Value/Chroma) - 3/6 

(2%) 

300 – 500 mm. 

Clayey SILT, yellowish brown with brownish 

yellow mottles and grey inclusions. Dry with 

low plasticity.  

Matrix Colour (10YR - Value/Chroma)– 5/4 

Mottle Colour (10YR – Value/Chroma) - 6/8 

(2%) 

500 – 1000 mm. 

Clayey SILT. 7/3 very pale brown and dry 

with yellowish brown mottles 5/8 and 

streaks, dry with moderate plasticity.  

Matrix Colour (10YR - Value/Chroma) - 7/3 

Mottle Colour (10YR – Value/Chroma) – 5/8 

(2%) 

 

Photograph 22: Site 10B Test pit. 

 

Photograph 23: Site 10B core. 



Site # and Soil Description Soil Photo 

10C 

0 – 200 mm 

TOPSOIL silt, very dark greyish brown, dry, 

brownish yellow mottles. 

Matrix Colour (10YR - Value/Chroma) – 3/2 

Mottle Colour (10YR – Value/Chroma) – 6/6 

(5%) 

200 – 1000 mm.  

Clayey SILT. Yellow with light grey streaks 

and yellow mottles. Dry, moderately plastic. 

Matrix Colour (10YR - Value/Chroma) – 7/8 

Mottle Colour (10YR – Value/Chroma) – 7/8 

(10%) 

 

Oxidised rhizospheres on roots 

Photograph 24: Site 10C test pit. Photograph 25: Site 10C core. 

11 

0 - 200 mm.   

TOPSOIL, Silt with minor clay. Dark greyish 

brown with dark yellowish-brown mottles. 

Moist, some plasticity. 

Matrix Colour (10YR - Value/Chroma) - 4/2 

Mottle Colour (10YR - Value/Chroma) - 3/6 

(10%) 

200 - 300 mm.   

Clayey SILT. Greyish brown. Dry with 

moderate plasticity. 

Matrix Colour (10YR - Value/Chroma) - 5/2 

Mottle Colour (10YR – Value/Chroma) – 7/8 

(5%) 

300 - 1,000 mm.   

Clayey SILT. Light grey with yellow streaks 

and mottles. Dry, moderate plasticity. 

Matrix Colour (10YR - Value/Chroma) – 7/1 

Mottle Colour (10YR – Value/Chroma) – 7/8 

(5%) 

 

Oxidised rhizospheres on roots 

Photograph 26: Site 11 test pit. Photograph 27: Site 11 core. 

 



Site # and Soil Description Soil Photo 

12 

0 - 200 mm.   

TOPSOIL, Silt. Dark grey with dark 

yellowish-brown mottles. Dry and friable. 

Matrix Colour (10YR - Value/Chroma) - 4/1 

Mottle Colour (10YR – Value/Chroma) – 3/6 

(5%) 

200 - 400 mm.   

Clayey SILT, with peat. Dark grey. Dry and 

moderately plastic. 

Matrix Colour (10YR - Value/Chroma) – 2/1 

Mottle Colour (10YR – Value/Chroma) – 3/6 

(5%) 

400 – 1000 mm  

Silty CLAY, black with dark yellowish-brown. 

Moist and highly plastic. 

Matrix Colour (10YR - Value/Chroma) – 2/1 

 

Oxidised rhizospheres observed on roots.  

Groundwater encountered at 900 mm 

Photograph 28: Site 12 test pit.  Photograph 29: Site 12 peat  

13 

0 - 200 mm.  

TOPSOIL, silt. Dark grey with dark 

yellowish-brown mottles. Dry, rootlets 

present. 

Matrix Colour (10YR - Value/Chroma) - 4/1 

Mottle Colour (10YR – Value/Chroma) – 3/4 

(10%) 

200 - 1000 mm.   

Clayey SILT (Fill). Dark yellowish-brown. 

Gravels were observed at 0.7 m. 

Matrix Colour (10YR - Value/Chroma) – 4/6 

 

Oxidised rhizospheres on roots 

Photograph 30: Site 13 test pit Photograph 31: Site 13 topsoil 



Site # and Soil Description Soil Photo 

14 

0 - 300 mm.  

TOPSOIL, silt. Dark greyish brown with dark 

yellowish-brown mottles. Dry and moderate 

plasticity. 

Matrix Colour (7.5YR - Value/Chroma) - 4/2 

Mottle Colour (7.5YR – Value/Chroma) – 4/6 

(10%) 

300 - 1000 mm.   

Clayey SILT. Brownish yellow with light grey 

streaks, dry, moderate plasticity when 

moistened. 

Matrix Colour (10YR - Value/Chroma) – 6/6 

Streak Colour (10YR - Value/Chroma) - 7/1 

 

Oxidised rhizospheres on roots 

Photograph 32: Site 14 test pit 

 

Photograph 33: Site 14 core 

15A 

0 - 150 mm.   

TOPSOIL, Silt. Very dark greyish brown. 

Dry, friable. 

Matrix Colour (10YR - Value/Chroma) - 3/2 

150 - 400 mm.  

SILT with minor clay. Dark greyish brown. 

No mottles but rhizospheres were present. 

Dry and friable.   

Matrix Colour (10YR - Value/Chroma) - 4/2 

400 - 500 mm.   

Clayey SILT.  Yellowish brown with some 

mottles yellowish brown. Dry. 

Matrix Colour (10YR - Value/Chroma) – 5/4 

Mottle Colour (10YR – Value/Chroma) – 5/8 

(5%) 

500 – 800 mm.  

Clayey SILT, minor sand. Yellowish brown. 

Dry, moderately plastic.   

Matrix Colour (10YR - Value/Chroma) – 5/4 

800 – 1000 mm.  

Silty CLAY, minor sand. Yellowish brown. 

Dry, highly plastic. 

Matrix Colour (10YR - Value/Chroma) – 5/6 

 

Oxidised rhizospheres on roots 

Photograph 34: Site 14 test pit Photograph 35: Site 14 core 



Site # and Soil Description Soil Photo 

15B 

0 - 150 mm.  

TOPSOIL, Silt. Grey. 

Matrix Colour (10YR - Value/Chroma) - 5/1 

150 - 600 mm.  

Silty CLAY. Light grey with brownish yellow 

mottles. Saturated and highly plastic. EOH 

as everything was saturated and material 

was consistent. 

Matrix Colour (10YR - Value/Chroma) - 7/1 

Mottles Colour (7.5YR – Value/Chroma) – 

6/8 (20%) 

 

Oxidised rhizospheres observed on roots, in 

addition to a hydrogen sulphide odour 

Photograph 36: 15B  - surface water filled the pit 

immediately.  

 

Photograph 37: 15B core 

15C 

0 - 150 mm.  

TOPSOIL, Silt. Dark grey. Moist. 

Matrix Colour (10YR - Value/Chroma) - 4/1 

150 - 450 mm.  

Clayey SILT, grey with brownish yellow clay 

inclusions. Moist and sticky with moderate 

plasticity. 

450 - 1000 mm.   

Clayey SILT, light yellowish brown with 

yellow mottles and rhizospheres. Moist and 

moderately plastic. 

Matrix Colour (10YR - Value/Chroma) - 6/4 

Mottles Colour (10YR – Value/Chroma) - 7/6 

(10%) 

 

Oxidised rhizospheres observed on the 

roots. 

 
Photograph 38: Site 15C core Photograph 39: Site 15C test pit 



Site # and Soil Description Soil Photo 

16A 

0 - 300 mm.  

TOPSOIL, Silt, greyish brown with yellowish 

brown mottles. Moist. 

Matrix Colour (10YR - Value/Chroma) - 5/2 

Mottles Colour (7.5YR – Value/Chroma) – 

5/8 (15-20%) 

300 - 900 mm. 

Clayey SILT. Light yellowish brown with light 

brown mottles. Relatively dry and 

moderately plastic.  

Matrix Colour (10YR - Value/Chroma) – 5/2 

Mottles Colour (7.5YR – Value/Chroma) – 

6/4 (2%) 

900 – 1000 mm.  

Silty CLAY. Dark brown. Moist and highly 

plastic. 

Matrix Colour (10YR - Value/Chroma) – 3/3 

 

Oxidised rhizospheres observed on the 

roots. 

Groundwater was encountered at 300 mm 

bgl.  

 

 

Photograph 40: 16A test pit.  
 

Photograph 41: 16A core. 

16B 

0 - 200 mm.   

TOPSOIL, silt. Dark greyish brown with 

yellowish brown mottles. Moist. 

Matrix Colour (10YR - Value/Chroma) - 4/2 

Mottle Colour (10YR – Value/Chroma) – 5/6 

(5%) 

200 - 400 mm.  

Clayey SILT. Grey, with dark yellowish-

brown mottles. Moist and moderately plastic.  

Matrix Colour (10YR - Value/Chroma) – 5/1 

Mottle Colour (10YR – Value/Chroma) – 3/4 

(40%) 

400 - 800 mm.  

Clayey SILT.  Yellowish brown with dark 

yellowish-brown mottles. Moist with 

moderate plasticity.  

Matrix Colour (10YR - Value/Chroma) – 5/4 

Mottle Colour (10YR – Value/Chroma) – 4/6 

(10%) 

800 - 1000 mm.   

Silty CLAY, light yellowish brown with light 

grey streaks and brownish yellow mottles. 

Moist and highly plastic 

Matrix Colour (10YR - Value/Chroma) – 6/4 

 
Photograph 42: Site 16B test pit Photograph 43: Site 16B core 



Site # and Soil Description Soil Photo 

Mottle Colour (10YR - Value/Chroma) - 6/6 

(5%) 

 

Oxidised rhizospheres on roots. 

GW encountered at 350 mm bgl. 

GW soil seepage at 270 mm bgl. 
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Appendix B. Hydric Soil and Hydrology Tool Test Sheets
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Appendix C. Hydrology Tool Indicator Table



 

 

Indicator Group 1: Observation of flooding or groundwater  Group 2: Evidence of flooding or ponding Group 3: Evidence of current or recent soil saturation Group 4: Evidence from other site conditions or data 

1A: 

Surface 

water 

1B: 

Ground-

water 

1C: 

Soil saturation 

2A: 

Water 

marks 

2B: 

Sediment 

deposits 

2C: 

Drift deposits 

2D: 

Agal 

mat or 

crust 

2E: 

Iron deposits 

2F: 

Surface soil 

cracks 

2G: 

Inundation 

visible on aerial 

imagery 

2H: 

Sparsely 

vegetated 

concave 

surface 

2I: 

Salt 

crust 

2J: 

Aquatic 

invert-

ebrates 

2K: 

Water-

stained 

leaves 

2L: 

Drainage 

patterns 

3A: 

Hydrogen 

sulphide odour 

3B: 

Oxidised 

rhizo-spheres 

along living 

roots 

3C: 

Red-

uced 

iron 

3D: 

Recent iron 

reduction in 

tilled soils 

3E: 

Dry-season 

water table 

3F: 

Saturation 

visible on aerial 

imagery 

4A: 

Stunted or 

stressed 

plants 

4B: 

Geo-morphic 

position 

4C: 

Shallow 

aquitard 

4D: 

Facul-

tative-

neutral test 

4E: 

Frost-

heave 

humm-ocks 

 

Prim. ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 
 

✓ ✓ ✓ ✓ 
  

✓ 
    

Site Sec.              ✓ ✓     ✓ ✓  ✓ ✓ ✓ ✓ 

1  × × × × × × × × × × × × × × × × ✓ × × × × × ✓ × × × 

2  × × × × × × × × × × × × × × × × × × × × × × ✓ × × × 

3A  × × × × × × × × × × × × × × × × ✓ × × × × × ✓ × × × 

3B  × × × × × × × × × × × × × × × × ✓ × × × × × × × × × 

4  × × × × × × × × × × × × × × × × × × × × × × ✓ × × × 

5  × × × × × × × × × × × × × × × × × × × × × × ✓ × × × 

6  × × × × × × × × × × × × × × × × × × × × × × ✓ × × × 

7  × × × × × × × × × × × × × × × × ✓ × × × × × ✓ × × × 

8  × × × × × × × × × × × × × × × × ✓ × × × × × × × × × 

9  × × × × × × × × × × × × × × × × × × × × × × ✓ × × × 

10A  × × × × × × × × × × × × × × × × × × × × × × × × × × 

10B  × × × × × × × × × × × × × × × × × × × × × × × × × × 

10C  × × × × × × × × × × × × × × × × ✓ × × × × × × × × × 

11  × × × × × × × × × × × × × × × × ✓ × × × × × ✓ × × × 

12  × × × × × × × × × × × × × × × × ✓ × × × × × × × × × 

13  × × × × × × × × × × × × × × × × ✓ × × × × × × × × × 

14  × × × × × × × × × × × × × × × × ✓ × × × × × ✓ × × × 

15A  × × × × × × × × × × × × × × × × ✓ × × × × × ✓ × × × 

15B  ✓ ✓ ✓ × × × × × × × × × × × × × × ✓ × × × × × × × × 

15C  × × × × × × × × × × × × × × × × ✓ × × × × × ✓ × × × 

16A  × ✓ × × × × × × × × × × × × × × ✓ × × × × × × × × × 

16B  × × ✓ × × × × × × × × × × × × × ✓ ✓ × × × × ✓ × × × 
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