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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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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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7. Assessment of Culvert Effects on Wetlands
7.1 Overview

Culverts are proposed to be constructed and installed across the site to manage stormwater, stream flows, and
maintain hydrology across wetlands within the proposed residential development Delmore.  This section
provides an assessment of the suitability of culverts immediately adjacent to wetlands (Culverts 1, 3, 5, 7, 9,
and 10).

The locations of the culverts proposed as part of the development are illustrated on Drawing 3725-0-4800 (Page
1) of Appendix D.

7.2 Culvert Review

With regard to potential impacts on existing wetlands, there was concern that construction and installation of six
proposed culverts (1, 3, 5, 7, 9, and 10, as shown in Figure 10) will result in concentrated flow through the
centre of the culvert, and that the side margins of the wetlands immediately downstream of these culverts will
thus not receive flow.  There was also potential concern regarding wetland dewatering during the removal of the
existing culverts, and presumably until the bed within the embedded depth of the new culvert forms.

Common to all proposed culverts is that while hydrological aspects of wetland habitat, such as substrate and
water flow, will be maintained inside the culvert due to the proposed embedment depth of 25% of the culvert
height, wetland vegetation will not reestablish inside the culvert.  Where these culverts overlay existing wetland,
the project offsetting schedule (refer to Section 6 of the Viridis Assessment) has accounted for the area inside
the entire culvert as reclaimed.  Hence, this aspect of wetland loss is not considered further in the hydrological
assessment.

Each of the six culverts were reviewed and our hydrological assessment provided below.

Figure 10.  Culvert Plan (source:  McKenzie & Co).
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7.2.1 Culvert 1

Culvert 1 is located on a straight reach (Reach 8 – refer to Figure 5 of the Morphum Assessment), in a well-
defined channel.  The culvert has been designed to span 1.3 times the width of the stream bed and will be
embedded by 25% of the height.  The culvert will be installed at the average grade (slope) of the reach to be
culverted.

It is expected that a natural bed will form within the embedded culvert that will reach an equilibrium state, tying
in wetland material upstream and downstream of the culvert.

The channel is well defined, with a low point down the central axis that runs through the centre of the wetland.
Flow discharged through the culvert will continue to flow through the central axis, as occurs at present.  There
will be no change in flow distribution across the wetland downstream.

As the channel is incised and flanked by higher elevation topography to both the north-west and south-eastern
sides, the thalweg provides a control on groundwater levels (i.e., the water table is at, or near the surface, along
the channel when groundwater levels are high (i.e., winter)).  The installation of an embedded culvert will cause
a temporary, localised lowering of the groundwater table, as illustrated by the schematic in Figure 11.

Using Culvert 1 as an example, the culvert will be embedded below the natural ground by ~0.5 m (25% of the
2.0 m high culvert).  A 4.8 m long, D200 riprap apron will be installed at both the upstream and downstream
ends of the culvert, tying back into the existing ground levels.

The embedded culvert will essentially create a localised drawdown either side of the culvert, lowering water
levels by the embedment depth (0.5 m in this instance).  This will have the effect of reducing the depth and
frequency of saturation in the wetland soil profile immediately adjacent to the culvert.  Maximum drawdown
(equal to the depth of embedment) will occur immediately upstream and downstream of the culvert, and
decrease with increasing distance away, depending on the topographical profile upstream and downstream.
This effect will only be temporary until a new natural bed has established within the culvert, tying back into
natural ground (as illustrated by the ‘Reinstated Ground’ in Figure 11).

The bed will begin to re-establish within the culvert with the first rainfall event post construction.  The bed will
progressively develop and continue to build up through deposition over time.  The length of time it will take for
the bed to re-establish is dependent on climatic conditions (i.e., intensity of storm events that generate erosion
upstream, which is then deposited within the culvert), and hence it is not possible to quantify with precision.  In
our professional opinion, it is anticipated it will take in the order of 1-5 years for the bed to fully re-establish
within the culvert.

Immediately following construction, there will be no wetland vegetation present within the culvert, or over the
riprap aprons.  Therefore, while there will be localised drawdown in these locations, there will be no wetland
vegetation present in the location of maximum potential impact.

Any effects on wetlands (other than the area reclaimed as discussed above) are considered to be a ‘temporary
impairment’ only (i.e., minor, and not permanent) and will not result in a complete loss of wetland extent or
hydrological functioning.  The ‘temporary impairment’ is a result of the temporary, and localised lowering of the
groundwater level immediately adjacent to the culvert, with the effect rapidly decreasing in an exponential
manner with distance from the culvert, i.e. the greatest temporary impairment effect will be experience adjacent
to the culvert.  The ‘temporary impairment’ will also decrease in magnitude through time, as the bed is re-
established.  As alluded to above, this is anticipated to occur within 1-5 years.

Surface water contributions and direct rainfall to the wetland (both upstream and downstream of the culvert) will
remain unimpeded, hence temporary and localised drawdown of groundwater levels will not result in a total
cutoff of water supply to the wetland.
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Figure 11.  Conceptual schematic of temporary culvert dewatering.

7.2.2 Culvert 3

Culvert 3 is located approximately 12 metres downstream of a wetland.  The wetland is within Reach 5 and
Reach 11 of the Morphum Assessment, which according to their Figure 5 show considerable instability and
moderate instability, respectively.  There are no wetlands located directly downstream of the culvert itself.

A temporary drawdown in upstream groundwater levels will occur (as described for Culvert 1) and will likely
extend into Wetland 3.  We reiterate, this will result in a ‘temporary impairment’ only, until a new bed has
established within the culvert.  Surface water flows to the wetland from the catchment upstream will remain
unimpeded.

In terms of geomorphic effects and erosion potential on the wetland 12 m upstream of Culvert 3, Morphum
suggest wetland areas remain stable but may rapidly convert to channelised form if upstream incision
propagates into them, hence they recommend that a stormwater management plan be put in place to monitor to
for changes in the stream, particularly in relation to knickpoint migration towards wetlands, erosion around
culverts, and erosion due to stormwater discharge.

7.2.3 Culvert 5

Culvert 5 is located within Reach 4 of the Morphum Assessment and is classified as having moderate instability
(refer to Figure 5 of the Morphum Assessment).  There is an existing culvert located at this location and the
Moprhum Assessment identified that the upstream wetland is sustained by this existing culvert and is sensitive
to changes that may create a preferential channel.

In terms of geomorphic effects and the potential for erosion potential on this wetland, the same
recommendations as for Culvert 3 apply to Culvert 5.

7.2.4 Culvert 7

Culvert 7 is located within a wetland near the headwaters of a small catchment and within Reach 14 of the
Morphum Assessment, which classifies this reach as having moderate instability (refer to Figure 5 of the
Morphum Assessment).  The wetland is located both upstream and downstream of (straddles) the proposed
culvert location.  There is no existing culvert at this location, so there will be no effects associated with removal
of culverts.

The proposed culvert is a single 6.0 m wide by 2.0 m high box culvert, installed at a gradient similar to that of
the natural reach.  A riprap apron will be constructed along the downgradient end of the culvert.  The riprap
apron provides both erosion protection and distribution of flow.  Flow through the culvert will be dispersed
through the riprap, rather than discharging through a central point.  This will ensure flow is maintained across
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the width of the wetland immediately downstream.  Overtime, as a natural bed forms within the embedded
culvert, the flowpath will establish a new dynamic equilibrium and continue to convey flow downstream.

A temporary drawdown in groundwater levels will occur (as described for Culvert 1), and the radius of drawdown
will extend into the wetland both upstream and downstream of the culvert.  We reiterate, this will result in a
‘temporary impairment’ only until a new bed has established within the culvert and will not result in a loss of
wetland, other than the reclaimed area as discussed above.

In terms of geomorphic effects and the potential for erosion potential on this wetland, the same
recommendations as for Culvert 3 and Culvert 5 apply to Culvert 7.

7.2.5 Culvert 9

Culvert 9 is proposed to replace the existing 225 mm diameter concrete culvert located under the access track
at this location and within Reach 27 of the Morphum Assessment, which classifies this reach as having
moderate instability (refer to Figure 5 of the Morphum Assessment).  There is a wetland present immediately
upstream and the invert of the existing culvert controls the standing water level within this upstream wetland.
There is no wetland present immediately downstream.

The existing culvert is proposed to be replaced by a new 4.0 m wide, 3.0 m high culvert, that on average will be
embedded by 25% of the height.  The upstream invert of the culvert will be set to the invert of the existing
culvert to maintain the control on upstream water level.  This will ensure there is no permanent dewatering of
the upstream water levels and wetland.

In terms of geomorphic effects and the potential for erosion potential on this wetland, the following is noted.

Temporary dewatering of the wetland upstream could occur during the period from when the existing culvert is
removed, until the new culvert is completed in place.  This will be mitigated through the use of a temporary weir
and diversion channel to maintain standing water levels during construction.

Surface water flows to the wetland from the catchment upstream will remain unimpeded.

Provided standing water levels are maintained in the wetland immediately upstream of Culvert 9 as currently
proposed, there will be no effects on this wetland.

7.2.6 Culvert 10

Culvert 10 is located approximately 40 metres north-west of Culvert 9 and within Reach 25 of the Morphum
Assessment, which classifies this reach as having moderate instability (refer to Figure 5 of the Morphum
Assessment).  .  A wetland is located immediately upstream of Culvert 10, and another 8 m downstream.  There
is no culvert presently at this location.

A 6.0 m wide by 2.0 m high box culvert is proposed at a grade matching the existing topography.  The culvert
will be embedded by 25%.  A riprap apron will be constructed along the downgradient end of the culvert.  The
riprap apron provides both erosion protection and distribution of flow.  Flow through the culvert will be dispersed
through the riprap, rather than discharging through a central point.  This will ensure flow is maintained across
the width of the wetland immediately downstream.  Overtime, as a natural bed forms within the embedded
culvert, the flow path will establish a new dynamic equilibrium and continue to convey flow downstream.

In terms of geomorphic effects and the potential for erosion potential on this wetland, the following is noted.

A temporary drawdown in groundwater levels will occur for the wetland upstream of Culvert 10, as described for
Culvert 1.  We reiterate, this will result in a ‘temporary impairment’ only until a new bed has established within
the culvert and will not result in a loss of wetland.

The wetland immediately downstream of Culvert 10 will not be affected, as standing water levels in this wetland
are maintained by the upstream invert level of Culvert 9.
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7.3 Summary Statement on Potential Effects

In our opinion, the proposed culverts have been appropriately designed to minimise and avoid potential effects
on wetland hydrology.  Two avenues of potential affects were reviewed; 1) concentration of flow (i.e., not
maintaining flow across the width of wetland downstream), and 2) dewatering due to culvert embedment.

Where wetlands are located immediately downstream, riprap aprons at the culvert outlet will aide in spreading
flow laterally, and prevent a channelised discharge (i.e., maintain flow across the width of the wetland
downstream)5.  The purpose of the riprap apron is to prevent outfall erosion by distributing flow which:

 prevents the formation of channelisation or concentrated flow that can cause scour;

 provides a hydraulically rough surface to slow flow; and

 provides a hard surface that is resistant to erosion.

No scour or erosion will occur in the wetlands as a direct result of the proposed culverts. However, Morphum
have identified that there are natural incision processes occurring within the existing wetland extents.
Notwithstanding, the proposed batter embankment design has taken this into account and responds
appropriately to protect the wetlands, such that once the embankments are in place no further erosion or
incision effects on the identified wetlands are anticipated.  A Stormwater Management Plan and monitoring is
recommended by Morphum to ensure outcomes occur as anticipated.

Potential effects on wetlands associated with the embedment of new culverts are considered to be a ‘temporary
impairment’ only (i.e., minor in nature, and not permanent), resulting from the temporary and localised lowering
of groundwater levels/seepage face.  The lowering of groundwater will rapidly decrease in an exponential
manner with distance from the culvert, and through time as the natural bed is re-established.  In our
professional opinion, the bed will re-establish within 1-5 years (depending on climatic conditions and taking
widening/incision into account), effectively returning the hydrological conditions to those of the present.

We consider that functioning wetland habitat will re-establish.  Over time, sediment and bed material will be
eroded from the catchment upstream and deposited inside the culvert – effectively re-establishing a natural bed
within the culvert.  The re-established bed inside culverts 1, 5, and 7 will be subject to the same hydrological
processes that support the wetland immediately upstream and downstream of these culverts.  Hence wetland
habitat will effectively be reinstated, as wetland function (substrate and hydrology) is not solely dependent on
the presence of wetland vegetation.

5 Refer to Appendix D: Mckenzie & Co., 2025. Delmore Stage 1 & 2. Stormwater Culvert Plan Overall.  Drawing No’s, 3725-0-48XX
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8. Conclusion
Hydric Soil and Hydrology Tool Assessment

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.

Culvert Effects on Wetlands

The culverts that are proposed to be located adjacent to wetlands were reviewed.  In our opinion, the culverts
have been appropriately designed to avoid adverse effects on the wetlands.

Overall Conclusion

In conclusion, provided the drainage intervention 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 for drainage intervention 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
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Appendix B. Hydric Soil and Hydrology Tool Test Sheets
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Appendix C. Hydrology Tool Indicator Table
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Appendix D.  Culvert Drawings






























