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assessing the application.
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may not be relied upon by other parties without written consent from Landscape Dynamics.

Landscape Dynamics disclaims any responsibility to the client and others in respect of any matters
outside the agreed scope of the work.
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1.0 Background

Winstone Aggregates is seeking approval under the Fast-track Approvals Act 2024 for a land
exchange as part of its Belmont Quarry Development. The exchange involves Crown-owned
recreational reserve land, currently managed and controlled by Greater Wellington Regional Council
as part of Belmont Regional Park, and privately owned land held by Winstone Aggregates. The
exchange will enable the establishment of an Overburden Disposal Area (OBDA) which will secure
the ongoing operation and expansion of Belmont Quarry.

The land exchange involves five distinct parcels (Figure 1.1):

o Crown-owned recreational reserve land, currently managed and controlled by Greater
Wellington Regional Council as part of Belmont Regional Park (within which an OBDA will be
developed with an appropriate buffer);

o Land surrounding the former Dry Creek Quarry (Dry Creek);

o The Firth Block, containing the lower reaches of two small unnamed streams draining the
Wellington Fault scarp;

o The Northern Gully, containing that reach of Waikoropupu Stream between its headwaters and
Belmont Quarry; and

o The Southern Gully, containing the middle reach of a small catchment southwest of the current
Cottle Block OBDA.
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Figure 1.1: The five blocks considered for land exchange. Note: the land exchange area is larger than the
proposed OBDA.
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This report considers the hydrological characteristics, values, and features of the five parcels of land
being considered for exchange.

1.1  Wider hydrological setting

The parcels being considered for exchange all contain watercourses that drain either the uplifted
block or the steep scarp to the west of the Wellington Fault. The two largest areas form portions of
the Waikoropupu catchment; the proposed OBDA exchange area in the headwater gullies to the
north, and the middle reach of Waikoropupu Stream (the Northern Gully) to the west of the quarry.

Prior to the establishment of the Belmont Quarry, the Waikoropupu catchment would have been
typical of the other small streams draining the Western Hutt hills and the scarp of the Wellington
Fault (Figure 1.2). The 1.7km? catchment would have had a dendritic drainage network and been
largely covered with regenerating native bush and scrub, with areas of pasture towards the
catchment divide. The area has now been quarried for over a century, and the landforms and
associated watercourses/drainage network, have been modified by that activity.
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Figure 1.2: Belmont Quarry drainage and imagery.
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Upstream of where a waterfall now descends onto the excavated benches above the large pond and
towards the head of the quarry, shown by a purple line on Figure 1.2, the drainage network remains
typical of other gullies and streams in the area. The largely unaffected catchment upstream of the
quarry is approximately 1.15km? or about 68% of the total Waikoropupu catchment. It should be
noted therefore that quarrying activities have had no effect on the flow regime or stream channel
network within more than two-thirds of the Waikoropupu catchment.

Waikoropupu Stream has steep incised headwater tributaries which exhibit a strong linkage and
interconnection between slope and fluvial processes. The headwaters appear to be relatively stable
currently; with few recent landslide scars being evident. Those landslide scars which are present,
are in ‘O’-order basins i.e., on the upper slopes and gully heads of small tributaries.

2.0 Catchment Setting
2.1 Nature of streamflow

Belmont Quarry, and the various areas proposed for the land exchange, are located on the uplifted
block immediately west of the Wellington Fault. The relatively flat slopes on the ridges contrast with
the steeply incised small watercourses, and numerous headwater gullies, eroded into the uplifted
block. The small catchments, particularly in the headwater gullies, mean that surface flow is highly
variable, both in space and over time. While the lower reaches of the larger streams have perennial
flow, the continuity of surface flow decreases moving upslope, becoming first intermittent and then
largely ephemeral (Figure 2.1). It should be noted, however, that the boundaries between these
different ‘theoretical’ flow regimes vary over time. Therefore, providing a robust definition of the
exact nature of the flow regime at a particular location can be problematic.
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Figure 2.1: Characterisation of the likely flow regimes of larger watercourses in the vicinity of Belmont
Quarry.
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Excess precipitation can move as either surface or subsurface flow depending on antecedent
conditions, the properties of the regolith, catchment size, and the intensity and duration of rainfall. A
key hydrological characteristic of the watercourses in the exchange areas is therefore whether there
is continuous surface flow. Hydrologically, the more significant watercourses are those with
perennial flow. The hydrological values of watercourses with intermittent or ephemeral flow will vary
with conditions as discussed above.

2.2 Waikoropupu Stream

As mentioned, Waikoropupu Stream, prior to the development of Belmont Quarry, would have been
typical of other small streams draining the Western Hutt hills and the scarp of the Wellington Fault.

A high-resolution DTM that provides the elevation of each 1m cell allows the topographic relationship
between the various cells to be analysed. From this, the potential overland flow paths (e.g., potential
streams, watercourses and other drainage lines) can be inferred (Figure 2.2).
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Figure 2.2: Waikoropupu catchment and inferred surface drainage.

The potential overland flow paths i.e., watercourses, derived from analysis of the DTM are a function
solely of the topography. There is no consideration of any rainfall-runoff relationship, and it is
assumed that the ground surface is both bare of vegetation and impermeable. Consequently, the
actual rainfall-runoff processes operating within the catchment have been simplified greatly.
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It is assumed that any runoff flows from cells at higher elevation into cells at lower elevation. Flow
accumulates downslope as more cells receive flow from upslope until some threshold defined for the
commencement of surface flow i.e., streamflow, is reached.

The threshold for assuming when surface flow might become apparent i.e., the potential flow lines
shown on Figure 2.2, is determined by the Strahler stream order (i.e., a measure of the number of
connected drainage lines upstream). Under the Strahler classification, an order two stream starts
below the confluence of two first order streams, and a third order stream below the confluence of
two second order streams etc. Consequently, the higher the Strahler number, the greater the
number of upstream tributaries, and potentially the larger and more stable the flow regime.

It should be noted, however, that the Strahler system was developed initially for actual stream
networks and not the assumed flow when analysing DTMs. In DTMs, the digital ‘streams’ commence
much nearer the interfluve or catchment divide than shown on paper maps. Therefore, the Strahler
stream orders derived from a DTM are higher than would be found in the field. For example, for
streams draining the Wellington Fault, it appears that a ‘stream’ with a Strahler order ten from the
DTM is necessary for it to be shown on LINZ topographic maps. For comparison, the small tributary
streams shown on a LINZ map would have a Strahler order one, if determined from the map.

The potential drainage lines shown on the various images in this report commence at a Strahler
stream order six, with the Strahler order then increasing downstream. Subsequent inspection in the
field during various site visits showed that the hydrological modelling was realistic in terms of
drainage lines, although in the headwater gullies the assumption of overland flow from the DTM is
conservative i.e., surface flow is shown higher up the slope than observed. This, and its implications,
are discussed in more detail later in this report. Even within the footprint of the quarry, (subject to
extensive earthworks and landscape change), the potential drainage lines are still consistent with
what is observed in the field.

As discussed above, more than two-thirds of the Waikoropupu catchment has been largely
unaffected by activities associated with Belmont Quarry (Figure 2.2). The culvert under the access
track to the current Cottles’ OBDA, and the high and steep waterfall within the quarry, buffer the
largely unmodified upper catchment (i.e., the Northern Gully) from the lower reaches of Waikoropupu
Stream that pass through, and then under, some quarry infrastructure.

The geology of the Waikoropupu catchment consists of relatively thin regolith!, formed from both in
situ and colluvially-derived weathered bedrock, overlying generally impermeable greywacke
bedrock. This geology and stratigraphy do not provide the conditions necessary for the formation of
aquifers or any significant groundwater resource. Any groundwater is likely to only exist within the
regolith in the heads of gullies, and other concave depressions, following either intense or prolonged
rainfall. Consequently, there is no groundwater resource or any bores within the Waikoropupu
catchment, or any of the areas being considered for exchange.

2.3 Northern Gully

The Northern Gully is the largest parcel of land (~36%) that will be swapped by Winstones as part
of the proposed land exchange (Figure 2.3). This area comprises largely the mid-reach of the main

' Regolith is the unconsolidated material that overlies the bedrock.
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tributary of the Waikoropupu catchment (that drains from the west) and the lower reach of the
secondary tributary (that drains from the north). These two larger tributaries discharge most of the
runoff from the largely unaffected upper catchment of Waikoropupu Stream. The exchange area is
12.62ha, although the upstream catchment contributing flow adds a further 71.3ha.

Winstone Aggregates
Hydrological Advice

Legend
s == [:] Belmont Quarry

2 Land exchange - FCIL land
Projection: N2GD2000 / NZTM 2000  Strahler Order

Scale: 1:4,000 5 Belmont Quarry Land Exchange
Project Number: 820.030624 Northern Gully Strahler Orders
Drawn by: OA 7

Sheet Size: Ad 8 AL

Date: 01-09-2025 g N O

>=10

www.slrconsulting.com

Figure 2.3: The ‘Northern Gully' exchange area and inferred drainage network.

The various streams and tributaries in the Northern Gully have a combined length of 1191m, with
the longest stream in the exchange area being 463m. Approximately 70% of the streams have the
Strahler order of at least seven, and there are 599m (50%) of streams with a Strahler order of at
least nine. This analysis indicates that the Northern Gully is comprised mainly of larger streams with
higher and more stable flow regimes.
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For the reasons discussed above relating to the geology of the Waikoropupu catchment, conditions
are unlikely to host any aquifers or significant groundwater resource. Any groundwater is likely to
only exist within the heads of gullies, and other concave depressions, following either intense or
prolonged rainfall. Consequently, there is no groundwater resource or any bores within this
exchange area. There are also unlikely to be any wetlands, and none have been mapped during
various ecological and vegetation surveys.

Because of difficulties with access and its physical characteristics, the Northern Gully is unlikely to
have any current water-based recreational use.

24 OBDA

The proposed ‘OBDA’ will be approximately 17.3ha and lie within the 23.24ha exchange area located
on the interfluve (catchment divide) between four small headwater gullies (Figure 2.4). Those gullies
that drain to the west, have relatively low Strahler stream orders indicating small drainage lines which
are unlikely to support perennial flow. These gullies discharge into the upper reaches of the second
tributary of Waikoropupu Stream discussed above. The gullies that drain to the east, discharge into
streams that drain a small catchment eroded into the fault scarp to north of Belmont Quarry and
Waikoropupu Stream. This stream discharges into the Hutt River. The lower reaches of this stream
have relatively high Strahler orders because of the large number of small gullies that form the upper
catchment. The exchange of land for the proposed OBDA, being a land transaction, has no potential
to affect the flow regime and characteristics of Waikoropupu Stream, or the smaller stream to the
north.
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Figure 2.4: The 'OBDA' exchange area, inferred drainage network, and mapped wetlands.
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The potential overland flow paths within the proposed OBDA exchange area are exaggerated in
Figure 2.4 because of the threshold of surface flow adopted, and the assumptions regarding the
generation of surface flow when analysing the DTM. Flow in the upper reaches of these potential
drainage lines is subsurface, with water flowing on the concave bedrock interface rather than on the
ground surface. Surface flow in the headwaters of these gullies under current conditions is likely
only following either intense or prolonged rainfall. This is discussed in more detail later in this report.

A better indication of the presence of perennial streams in the OBDA exchange area is provided by
LINZ’s topographical map. This shows no streams in this area (Figure 2.5). Consequently, there is
likely to be only limited surface flow in the proposed OBDA. The existing rainfall-runoff relationships,
and patterns and characteristics of drainage, will be retained during any land exchange.

Figure 2.5: Topographic map showing perennial watercourses. Note the generally rolling topography
of the proposed OBDA (indicated) and the lack of any streams shown in this area.

The various gullies and tributaries in the OBDA exchange area have a combined length of 1855m,
with the longest drainage line in the exchange area being 265m. Approximately 48% of the gullies
have the Strahler order less than seven. This indicates damp gully heads, rather than perennial
watercourses. While there are 223m of watercourse with a Strahler order of at least nine, these are
located just inside the boundary of the OBDA. This analysis indicates that the OBDA exchange area
is comprised mainly of smaller streams and damp gully heads, with only short lengths of streams
likely to have perennial flow.

For the reasons discussed above relating to the geology of the Waikoropupu catchment and the
Wellington Fault scarp, conditions are unlikely to host any aquifers or a significant groundwater
resource. Any saturated ground is likely to only exist within the heads of gullies, and other concave
depressions, following either intense or prolonged rainfall. Consequently, there is no groundwater
resource or any bores within this exchange area.
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Vegetation surveys have identified a small wetland at the confluence of two gullies above the small
stream that drains the eastern side of the OBDA exchange area. Given the location of the wetland,
and its morphological characteristics, it was likely formed by impeded drainage caused by a landslide
blocking the original flow path. The Wellington Fault scarp and Western Hutt hills were affected by
thousands of landslides during intense rainfall on 20 December 1976. This wetland may have formed
after that event.

2.5 Firth Block

The ‘Firth Block’ is the second largest parcel of land (~28%) that will be swapped by Winstones as
part of the proposed land exchange. This area comprises the mid-reaches of one tributary and the
lower reaches of a larger tributary of the stream immediately north of the Waikoropupu catchment
(Figure 2.6). The addition of the second reach will provide a direct hydraulic connection between the
Hutt River and streams within Belmont Regional Park. While the exchange area is only 9.6ha, a
further 41.1ha contributes flow from upstream, enhancing and maintaining a perennial flow regime.
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Figure 2.6: The 'Firth Block' exchange area, inferred drainage network, and mapped wetlands.
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The Firth Block provides a diversity of watercourses ranging from small damp gully heads through
to a larger stream (Strahler order ten) with likely perennial flow. There is a small ‘pond’ that follows
the general alignment of the tributary on the boundary between the Firth Block and Belmont Regional
Park. This ‘pond’ is surrounded by a small wetland. As described above, it is likely that this pond
was also caused by a landslide blocking the original channel and, because of the small catchment
upstream, flows have so far been unable to erode a new channel through the landslide deposit.

The various gullies and tributaries in the Firth Block have a combined length of 715m, with the longest
potential watercourse in the exchange area being 256m. It is significant that 57% of the
watercourses within the Firth Block have Strahler order of at least nine. This indicates that these
watercourses are relatively large and may have perennial flow. As mentioned, these larger streams
with more stable flow regimes provide a continuous hydraulic connection to the small watercourses
with variable flow regimes within Belmont Regional Park.

For the reasons discussed previously, the geology of the Firth Block is unlikely to host any aquifers
or a significant groundwater resource. Any saturated ground is likely to only exist within the heads
of gullies, and other concave depressions, following either intense or prolonged rainfall.
Consequently, there is no groundwater resource or any bores within this exchange area.

2.6 Dry Creek

The ‘Dry Creek’ exchange area is located approximately 1800m further up the Hutt Valley than
Belmont Quarry (Figure 1.1). Despite the separation, the geology and environmental and
hydrological processes at both locations are the same. Much of the discussion relating to the
Waikoropupu catchment can therefore also be applied to the Dry Creek catchment, but on a smaller
scale. At 7.9ha, the Dry Creek exchange area is the second smallest of all land parcels in the
proposed exchange. It makes up only about 23% of the land that will be swapped by Winstones as
part of the proposed land exchange. The catchment upstream of the exchange area is also small,
adding only 4.1ha. This, however, means that the exchange area is largely ‘self-contained’ and
includes most of the area up to the interfluve or catchment divide.

The area to be exchanged comprises the upper catchment and gully heads that surround the now
closed Dry Creek Quarry (Figure 2.7). As such, these watercourses were largely unaffected by
activities associated with historic quarrying.

The various streams and tributaries in Dry Creek have a combined length of 507m, with the longest
stream in the exchange area being 255m. Approximately 92% of the streams have the Strahler
order of at least seven, and there are 440m (87%) of streams with a Strahler order of at least nine.
This is because of the larger tributary that flows through the northern portion of the area. This stream
continues through the SE portion of the exchange area and provides a hydraulic connection
(although highly modified) to the Hutt River. The area of the catchment that has been excluded from
the exchange is the historic quarry; however, this has a highly modified and largely artificial drainage
network.

For the reasons discussed above relating to the geology of the Waikoropupu catchment, conditions
in Dry Creek are unlikely to host any aquifers or a significant groundwater resource. Any
groundwater is likely to only exist within the heads of gullies, and other concave depressions,
following either intense or prolonged rainfall. Consequently, there is no groundwater resource or
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any bores within this exchange area. There are also unlikely to be any wetlands, and none have
been mapped during various ecological and vegetation surveys.
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Figure 2.7: The 'Dry Creek' exchange area and inferred drainage network.

2.7 Southern Gully

The Southern Gully is in a small catchment that drains the upper section of Kaitangata Road. The
stream flows between Liverton Road and Belmont Quarry before discharging into the Hutt River,
about 600m downstream of the Waikoropupu confluence.

The Southern Gully land parcel has an area of 3.9ha (Figure 2.8). It largely encompasses the open,
wider, valley floor of the mid-reach of the catchment. However, it also includes the lower slopes on
both sides of the valley, a small north-facing gully that leads up to Liverton Road, and a few small
gullies to the southwest of the existing Cottle Block OBDA.
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The wider valley floor in the proposed exchange area has a relatively flat gradient and lies between
the steeper headwater gullies and tributaries below Kaitangata Road, and the steep gorged section
where the stream flows down the fault scarp in a series of waterfalls to its confluence with the Hutt
River. The reduced gradient and wider valley lead to impeded drainage and hydrological conditions
conducive to the formation of wetlands, several of which have been mapped during an ecological
survey. These characteristics make the Southern Gully a unique part of the proposed land exchange
from a hydrological perspective.
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Figure 2.8: The ‘Southern Gully' exchange area and inferred drainage network.

Since this catchment is immediately south of Waikoropupu Stream, and both catchments share an
interfluve, the geology and environmental and hydrological processes are the same. Much of the
discussion relating to the Waikoropupu catchment can therefore also be applied to this catchment,

but on a smaller scale.
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At 3.9ha, the Southern Gully is the smallest of all land parcels in the proposed exchange. It makes
up only about 12% of the land that will be swapped by Winstones as part of the proposed land
exchange. The catchment upstream of the exchange area, however, is relatively large, adding an
additional 60.9ha. This upstream catchment means that the exchange area contains a watercourse
with hydrological characteristics and a flow regime typical of a much larger catchment. Despite its
relatively small size, the stream through the Southern Gully is likely to have a perennial flow regime.

The various streams and tributaries in the Southern Gully have a combined length of 616m, with the
longest stream in the exchange area being 235m. Approximately 91% of the streams have the
Strahler order of at least seven, and there are 235m (38%) of streams with a Strahler order of at
least nine. This is because of the larger watercourse that flows through the centre of the area. The
lower reaches of the stream are largely unmodified, and, despite its waterfalls, provide a hydraulic
connection to the Hutt River.

For the reasons discussed above relating to the geology of the Waikoropupu catchment, conditions
in the Southern Gully are unlikely to host any aquifers or a significant groundwater resource. Any
groundwater is likely to exist only within the regolith overlying bedrock, and in concave depressions,
following either intense or prolonged rainfall. Consequently, there is no groundwater resource or
any bores within this exchange area.

3.0 Hydrological Processes

The characteristics of any watercourses and their flow regimes within the five areas included in the
land exchange proposal are directly related to the passage of water from the point that rainfall lands
on the ground, to its runoff into rivers and streams (Figure 3.1).

Because of their proximity and similar elevation, relative relief, and orientation to prevailing westerly
conditions, all five areas are likely to experience the same rainfall patterns and characteristics. The
similar geology, slope form, and general vegetation cover also mean that the same rainfall-runoff
relationships are likely to exist in all five areas. Any variation in the flow regimes is likely to be largely
related to the size of the upstream catchment, and the distance of the gully or stream from the
interfluve.

Transpiration Prec[pltahon

Figure 3.1: Various pathways and storages within a hillslope (McConchie, 2001).
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Since many of the slopes in the five exchange areas are short, steep, and planar, there is only a
rudimentary channel network. Under ‘natural’ conditions, and with good vegetation cover, there is
unlikely to be any surface runoff from most of the areas during most rainfall events. Surface runoff
will only commence once the regolith overlying the bedrock becomes saturated. This is most likely
to occur in concave depressions such as gullies. The position at which surface flow commences
depends on the upstream catchment area (as summarised by the Strahler order), antecedent
moisture conditions, and the intensity and duration of rainfall. As a result, the origin of surface flow
is likely to migrate up and down the headwater gullies depending on these conditions. During winter,
and following either intense or prolonged rainfall, surface runoff will commence higher up the slope
than at the end of autumn or after a prolonged dry spell.

Given the relatively impermeable nature of the bedrock underlying all five areas, there is unlikely to
be any significant groundwater resource or aquifers. Consequently, there are no bores or consents
for groundwater abstraction within any of the areas. The only groundwater that may exist occurs
when the regolith overlying the bedrock becomes saturated. Even this groundwater, however, is
transient and maintains baseflow in the streams rather than providing a groundwater resource.

The total volume and timing of runoff, and ultimately the characteristics of any flow in the gullies and
streams in the five exchange areas, therefore, includes three mechanisms (Figure 3.2):

o Overland flow (water flowing across the land surface, which as explained is negligible under
current conditions);

o Throughflow (water flowing through the soil or unsaturated zone); and
o Groundwater flow (water flowing through the groundwater or saturated zone).

The relative importance of each of these mechanisms to runoff generation and streamflow depends
on the catchment and rainfall characteristics (i.e., duration, intensity, and depth). As described
above, these are similar across all five areas. Consequently, the principal control on any differences
in the runoff regimes of the different parcels is catchment area.
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Figure 3.2: Processes by which moisture moves across and through a slope and generates runoff
(McConchie, 2001).
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3.1 Hydrological data

There are few hydrometric data available for the Waikoropupu catchment, or any of the small streams
draining the Western Hutt hills and the Wellington Fault scarp, and no instrumental flow records.
This acts as a significant constraint on any hydrological analysis. The only data available are
generalised flow parameters (Table 3.1) derived from hydrological modelling (NIWA, 2018).
Experience has shown that these data, since they are derived from the spatial interpolation of flow
records from larger catchments, generally draining mountains and hill country, are conservative i.e.,
high, for small catchments draining lowland areas such as the Belmont hills. Consequently, the flow
regimes of the various gullies and streams have had to be inferred from the catchment characteristics
and hydrological principles.

Table 3.1: Hydrological statistics (NIWA, 2018).

Location* Catchment area I Median flow (L/s) | Mean flow (L/s) | MALF (L/s)
1 846 95 182 25
2 780 99 18.7 26
3 219 34 6.1 08
4 1539 195 347 51
5 892 137 244 39

Note: * These locations are shown on Figure 4.9.
3.2 Spatial analysis

Because of the lack of hydrological data, the high resolution DTM was used to derive potential
drainage lines and overland flow paths within each of the five exchange areas. A Strahler stream
order six was chosen to indicate where sufficient runoff may accumulate to result in overland flow.
This threshold appeared to provide a balance between an appropriate level of detail for the potential
drainage network and unnecessary noise.

Analyses identified and quantified the drainage lines within each area, the relative sizes of these
drainage lines using the Strahler order, and the catchment areas upstream of where the drainage
lines exit the various exchange areas (Figure 3.3).

The upstream catchment areas, longest drainage line lengths within each catchment, and longest
drainage line lengths within each land exchange block, are presented in Table 3.2. It should be noted
that these metrics are derived solely from analysis of the DTM. As discussed later in this report,
following a detailed site visit, it was apparent that the digital analysis over-estimated the length of
surface flow. Any uncertainty, however, is consistent across all land parcels. If the lengths of the
various streams shown in Figure 2.3 through Figure 2.4, Figure 2.7 through Figure 2.8, and Figure 3.3
were reduced to be consistent with what was observed during the field visit, the benefits to the
Department of Conservation of the proposed land exchange from a hydrological perspective would
be even greater than shown in Table 3.2.
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Figure 3.3: Map of the potential land exchange areas showing drainage lines and upstream
catchments. Note the watercourses through the quarry are not shown.

Table 3.2: Various drainage metrics for the areas being proposed as part of the proposed land
exchange.

Longest stream length in | Total stream length in

Land exchange area | CatchmentID | Catchment area (ha)

catchment (m) catchment (m)
OBDA-1 46 186 496
OBDA-2 29 165 17
OBDA OBDA-3 39 265 444
OBDA-4 6.9 264 411
OBDA-5 49 208 3N
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Longest stream length in | Total stream length in

Land exchange area | CatchmentID | Catchment area (ha)

catchment (m) catchment (m)

DC-1 09 53 53
Dry Creek

DC-2 892 2280 7535

FB-1 78 513 684

FB-2 27 256 259
Firth Block

FB-3 18 9% 160

FB-4 433 1180 3775

NG-1 786 1765 8553

NG-2 325 904 4465
Northern Gully

NG-3 06 84 84

NG-4 16 63 63
Southern Gully SG-1 60.9 1465 3895

4.0 Observations

Detailed site visits to the Belmont Quarry and its environs were undertaken on the 24 June and 23
July 2025. During these visits, the two main tributaries of Waikoropupu Stream upstream of the
culvert through which the stream passes under the road to the Cottle OBDA were investigated. Two
of the headwater gullies within the proposed exchange area for the OBDA were also traversed
downslope until surface flow was observed.

Three factors need to be considered when considering these observations:

o The two site visits were undertaken during ‘winter’ and while there was no rain on the actual
day, antecedent conditions were wet. It is therefore likely that the assessment of runoff and
overland flow conditions was conservative i.e., greater flow and flow commencing further
upslope than ‘normal’;

o Despite the above, the commencement of surface flow was significantly further downslope
than indicated by the digital analysis and the assumption of surface flow starting at Strahler
order six; and

o Despite the presence of overland flow, there was no defined channel or bed where surface
flow commenced. This supports the argument that the flow conditions observed were wetter
than normal and the estimation of the start of overland flow from the DTM was conservative.

The hydrological characteristics of various sites visited are described below.
4.1 Western tributary of ‘Northern Gully’

The western tributary of Waikoropupu Stream provides the principal flow in the ‘Northern Gully’. It
has a catchment area of about 78.6ha, and the main stem of the stream is about 1.8km long. Flow
at the time of the site visit was approximately 20L/s (Figure 4.1). Hydrological statistics from NIWA
(2018) provide a median flow of 9.9L/s, a mean flow of 18.7L/s, and a mean annual low flow (MALF)
of only 2.6L/s. The flow observed during the site visit was therefore greater than average and likely
reflected the generally wet antecedent conditions.
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Upstream of the ‘pond’ that forms occasionally at the culvert, the stream has a gravel bed and flows
through regenerating bush and scrub (Figure 4.2). This tributary has perennial flow. The flow regime
and catchment characteristics of this major tributary of Waikoropupu Stream would be transferred to
the Department of Conservation as part of the land exchange.

From a hydrological perspective, this tributary offers a significantly greater, better, and more natural
flow regime than the gully heads within the proposed OBDA.

4.2 Northern tributary of ‘Northern Gully’

The northern tributary of Waikoropupu Stream provides most of the remaining flow in the ‘Northern
Gully’. It has a catchment area of about 32.5ha and the main stem of the stream is about 0.98km
long. Flow at the time of the site visit was only about 5L/s (Figure 4.3). Hydrological statistics from
NIWA (2018) provide a median flow of 3.4L/s, a mean flow of 6.1L/s, and a MALF of only 0.8L/s.
The flow observed during the site visit was therefore about average and likely reflected the discharge
from slow subsurface drainage because of the generally wet antecedent conditions.

Upstream of the ‘pond’ that forms occasionally at the culvert, the northern tributary has a gravel bed
and flows through regenerating bush and scrub (Figure 4.4). While this tributary may have perennial
flow, this is uncertain given the lack of available data. Irrespective, there will be long periods of very
low flow, and flow may not be continuous down the entire channel. Despite this, from a hydrological
perspective, this tributary still offers a significantly greater, better, and a more natural flow regime
than the gully heads within the OBDA; two of which discharge any flow into this tributary.

4.3 Sub-catchments OBDA-3 & OBDA-4

Only sub-catchments OBDA-3&4 were traversed during the site visit. These are small topographic
depressions that have eroded into the scarp of the Wellington Fault. OBDA-3 drains east from the
interfluves with sub-catchment OBDA-1 to the north and OBDA-4 to the east. OBDA-4 drains west
from the interfluves with sub-catchment OBDA-5 to the north and OBDA-3 to the west. (Figure 3.3).

The gullies that form these sub-catchments are depressions eroded into the bedrock that are infilled
with colluvium from the surrounding slopes, primarily during the last glacial (Vaughan, 1989).
Precipitation infiltrates the ground surface and percolates through the colluvium until it intercepts the
bedrock interface. Water then flows parallel to the bedrock surface until it accumulates sufficient
volume that it saturates the entire regolith, and runoff starts to flow on the ground surface. The
position where surface flow commences depends on both antecedent conditions and the intensity
and duration of rainfall.
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Figure 4.1: Principal (western) headwater tributary of Waikoropupu Stream at its confluence with the
other tributary in the Northern Gully.

part of the Northern Gully.
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i S Pt 5 A =
Figure 4.3: Lesser (northern) headwater tributary of Waikoropupu Stream at its confluence with the

other tributary in the Northern Gully. Note that the very small stream is below the branches
in the centre of the photograph.

Figure 4.4 : Catchment of the lesser (northern) headwater tributary of Waikoropupu Stream forming
part of the Northern Gully.
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The upper reaches of these gullies therefore tend to have moist valley floors (Figure 4.5 & Figure 4.6)
rather than having any surface flow or defined channel (Figure 4.7). As mentioned, during the site
visit, surface flow commenced significantly further down the two gullies inspected than inferred from
analysis of the DTM (Figure 4.8).

. - X f b 7 " f - -: &
oy ey . . " ¥ .

Figure 4.5: Commencement of surface flow during winter in sub-catchment OBDA-4. There is no
defined channel or stream bed until further down the gully.

Figure 4.6: Commencement of surface flow during winter in sub-catchment OBDA-3. There is no
defined channel or stream bed until further down the gully.

21



Belmont Quarry — Hydrology of land exchange 3 December 2025

Winstone Aggregates

A 0 15 s0m Legend
] ] seimont Quarry Hydrological Advice

DBDA Boundary
Projection: K2GD2000/ NZTM 2000 O Observation Paints
3l 10 Flowpaths Belmont Quarry Land Exchange
Project Number: £20.030624
Drirwn by: O& = Subsurface Streamflow Observations
Shewt Size: Ad — Surface

e 7
Date: 25-07-202% & L -/;‘T

wawilreoepulting.com

Figure 4.8: Boundary between subsurface and surface flow based on field observations.
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It should be noted therefore, that the data shown on Figure 3.3 and in Table 3.2 with respect to stream
lengths will be conservative. The actual stream lengths in the various gullies and sub-catchments
draining the proposed land exchange for the OBDA are likely to be significantly shorter than indicated
by the digital analysis.

4.4 Drainage calibration

As discussed, during a site visit, the locations where surface flow commenced in sub-catchments
OBDA-3&4 were identified (Figure 4.8). The drainage lines inferred from analysis of the DTM were
therefore investigated in more detail to determine at what Strahler stream order surface flow
commenced. Although there is only limited information, it appears that surface flow commences
when the Strahler stream order was at least seven, and not six as assumed initially. It is likely that
only subsurface flow occurs within the regolith and colluvium at Strahler stream order six.

The Strahler stream orders for the drainage lines derived from the DTM of the wider area are
presented in Figure 4.9. At a Strahler order of nine or greater more significant flows are expected,
especially during and immediately following rainfall events. Streams of this order are also expected
to have perennial flow and are shown in the NZ River Maps database (NIWA, 2018). Various
hydrological statistics for these streams were extracted from the database at the locations numbered
1-5 in Figure 4.9 and these metrics were presented in Table 3.1.
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Figure 4.9: Strahler stream order of the various drainage lines.
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5.0 Comparison

A range of hydrometric indices derived from detailed analysis of a high resolution DTM were obtained
for the five areas being considered for an exchange of land between Winstones and the Department
of Conservation (Table 5.1).

Table 5.1: Summary of stream channel metrics for the different potential exchange areas.

Stream length | Stream length | Stream length | Total stream | Upstream

Land exchange Area (h Longest stream in less than Strahler greater than lengthin | contributing
parcel rea (ha) exchange area (m) | Strahler order | orders 7&8 | Strahler order | exchange | catchment
7 9 area (m) area (ha)
OBDA 2324 265 899 123 223 1,845 892
Dry Creek 79 255 43 24 440 507 41
Firth Block 96 256 16 191 408 715 411
Northern Gully 1262 463 234 358 599 1A M3
Southern Gully 39 235 56 325 235 616 60.9

The proposed OBDA exchange area lies on the interfluve (catchment divide) between four small
headwater gullies, two of which form very small tributaries to Waikoropupu Stream. These gullies
are not likely to support a perennial flow regime. Surface flow in these gullies likely occurs only in
the lower reaches and is likely to be intermittent. Flow will only occur after intense or prolonged
rainfall.

The proposed land exchange will see these four small headwater gullies, with low Strahler stream
orders, exchanged for:

o Two catchments with perennial flow and higher Strahler stream orders e.g., Dry Creek and the
south branch of the Firth Block;

o The mid reach of the principal tributary in the Northern Gully which has a very high Strahler
stream order. This reach of Waikoropupu Stream has a perennial flow regime;

o The lower reaches of the northern stream that drains the Firth Block; and

o The mid reach, with perennial flow, and associated gullies (Southern Gully) of the unnamed
stream to the south of Belmont Quarry and Waikoropupu Stream.

When comparing the hydrology of the various exchange areas it is important to see the reaches
within each area in context. The gully heads are all very small sub-catchments, with low Strahler
stream orders. Even when combined, these make up an extremely small proportion of both the area
and flow of the Waikoropupu catchment.

The streams in Dry Creek, and the south branch of the Firth Block, are entire larger catchments, with
higher Strahler order. Both these streams have perennial flow.

The Northern Gully exchange area includes the mid-reaches of Waikoropupu Stream. However, this
reach has a significant upstream catchment, a higher Strahler order, perennial flow, a more dynamic
flow regime, and likely offers a wider range of instream services.
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The lower reaches of the Firth Block also have relatively high Strahler stream orders, provide a
hydraulic connection to the upper reaches to support potential fish passage, and likely provide a
wider range of instream services.

The Southern Gully exchange area includes the mid-reaches of the unnamed stream immediately
south of Belmont Quarry. However, this reach has a significant upstream catchment, a higher
Strahler order, perennial flow, a more dynamic flow regime, and likely offers a wider range of
instream services.

The exchange therefore offers protection of, and potential access to, streams of significantly higher
Strahler order, with perennial flow regimes, and likely providing a wider range of instream services.
The streams being exchanged to the Department of Conservation have significantly greater total
lengths of channel and longer main stems. The exchange will also provide potential access to a
greater total length of stream channels. These channels are larger and offer a greater range of
hydrological characteristics (Table 5.1).

It is important to remember that the land exchange is a package and needs to be considered in its
entirety rather than as discrete parcels. Consequently, the hydrological metrics within the OBDA are
compared to the combined metrics for the four Winstone blocks in Table 5.2.

Table 5.2: Comparison of stream channel metrics for land exchange.

Stream Stream Stream Total stream Upstream

Land exchange Area (ha) Longest stream in | length less

length length
Strahler greater than

contributing

length in catchment

petos exchange area (m) tha:rcsizrra;l ler orders 7&8 | Strahler order e:ril;a(n'g;e area (ha)
9

OBDA parcel 2324 265 899 123 223 1,855 892

‘F',f:‘:e‘;’s"e 341 463 449 898 1,682 3,029 1774

When considered as a package the proposed land exchange will provide the Department of
Conservation with:

o A net increase of 10.86ha of land;
o Significantly longer streams i.e., 463m compared to 265m;

o Although there will be a reduction in the number of gully heads and ephemeral flow paths,
there will be a significant increase in both the length and number of larger streams with higher
and more resilient flow regimes i.e., 1,682m compared to 223m;

o A significant increase in the total length of streams and watercourses;

o A significant increase in the areas of upstream catchments contributing flow. This will ensure
more stable and resilient flows in the larger streams which form part of the exchange; and

o The land exchange will provide hydraulic connections to several upstream catchments.

Because of the relatively impermeable nature of the bedrock underlying all four areas, there is no
significant groundwater resource or aquifers in any of the exchange areas. Consequently, there are
no bores or consents for groundwater abstraction within any of the areas. The only groundwater
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that exists, occurs when the regolith overlying the bedrock becomes saturated from rainfall. Even
this groundwater, however, is transient and maintains baseflow in the streams rather than providing
a groundwater resource.

From a hydrological perspective therefore, the proposed land exchange offers a range of attributes
and advantages to the Department of Conservation. The exchange will protect and provide access
to a greater range of larger watercourses than exists at present. It will also offer potential protection
of the mid and lower reaches of some streams. This will enhance hydraulic connectivity of
watercourses within the public domain.

6.0 Conclusions

The proposed exchange offers protection of, and potential access to, streams of significantly higher
Strahler order, with perennial flow regimes, and likely providing a wider range of instream services.
These streams have both a significantly greater total length of channel and longer main stems. The
exchange will also provide potential access to a greater total length of stream channel, which are
larger, and offer a greater range of hydrological characteristics.

There are no adverse hydrological effects of the exchange, and no parties impacted from a
hydrological perspective by the proposed change in ownership.

From a hydrological perspective, the proposed land exchange offers a range of advantages to the
Department of Conservation. The exchange will protect and provide access to a greater range of
larger watercourses than exists at present. It will also offer potential protection of the mid and lower
reaches of some streams. This will enhance hydraulic connectivity of watercourses within the public
domain.
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