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1.

Introduction

1.1 Purpose of this Report

At the request of Western Bay of Plenty District Council (WBOPDC), GHD have carried out site
investigations and assessment to estimate the capacity of the three existing stormwater basins
in the sand dunes immediately east of Bowentown (Pio Shores).

This assessment extends previous work completed by GHD, reported 30 January 2020,
undertaken to understand the performance of stormwater infrastructure and to assist in
identifying requirements for future infrastructure upgrades. Key findings of this 2020 assessment
included:

1. The rate of stormwater discharge to the basins was not adversely influencing
groundwater levels in their vicinity, suggesting that disposal to the basins was not
resulting in flow back to the flooded areas and that the basins were not at capacity.

2. Groundwater was infiltrating the stormwater network during the winter period resulting in
continuous pumping of groundwater to the stormwater basins.

3. That stormwater pumps were unable to manage inflows during modest rainfall events,
resulting in ponding of water.

This report outlines the findings of site investigations and assessment of the capacity for
stormwater disposal to the basins and subsequent rates of infiltration from the basins. The
purpose of this assessment and report is to inform decisions regarding increased stormwater
discharge to the basins as part of stormwater upgrades for the Pio Shores area.

1.2 Scope of Works

The scope of the works undertaken as part of this assessment has included the following:

° Installation of temporary piezometers within the three stormwater basins for the purpose
of undertaking hydraulic testing of underlying sands and determination of groundwater
levels.

. Collection of sand samples for textural analysis (particle size distribution - PSD).

. Undertaking double ring infilirometer testing within the basins to predict infiltration rates.

. Interpolation of survey results to provide height-to-volume estimates for each of the three
basins.

. Analysis of site investigation data and previously collected water level, pumping and
rainfall data.

° Development of simplistic analytical models for each of the three basins to provide

supporting analysis for basin infiltration and volume capacity.

. Spatial analysis to identify an additional location for a stormwater disposal basin.
1.3 Limitations

This report: has been prepared by GHD for Western Bay of Plenty District Council and may only be used
and relied on by Western Bay of Plenty District Council for the purpose agreed between GHD and the
Western Bay of Plenty District Council as set out in Section 1.1 of this report.
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GHD otherwise disclaims responsibility to any person other than Western Bay of Plenty District Council
arising in connection with this report. GHD also excludes implied warranties and conditions, to the extent
legally permissible.

The services undertaken by GHD in connection with preparing this report were limited to those specifically
detailed in the report and are subject to the scope limitations set out in the report.

The opinions, conclusions and any recommendations in this report are based on conditions encountered
and information reviewed at the date of preparation of the report. GHD has no responsibility or obligation
to update this report to account for events or changes occurring subsequent to the date that the report was
prepared.

The opinions, conclusions and any recommendations in this report are based on assumptions made by
GHD described in this report (refer section (1.4, 3 and 4 of this report). GHD disclaims liability arising from
any of the assumptions being incorrect.

The opinions, conclusions and any recommendations in this report are based on information obtained
from, and testing undertaken at or in connection with, specific sample points. Site conditions at other parts
of the site may be different from the site conditions found at the specific sample points.

Investigations undertaken in respect of this report are constrained by the particular site conditions, such as
the location of buildings, services and vegetation. As a result, not all relevant site features and conditions
may have been identified in this report.

Site conditions (including the presence of hazardous substances and/or site contamination) may change
after the date of this Report. GHD does not accept responsibility arising from, or in connection with, any
change to the site conditions. GHD is also not responsible for updating this report if the site conditions
change.

1.4 Assumptions

Key assumptions made in the undertaking of this assessment include:

1. All information provided to GHD, including elevation and coordinate survey information,
pumping rates are accurate and without error.

2. Pumping rates outlined in T&T October 2019 report, ‘Pio Shores Stormwater
Management Options Assessment’ are consistent with those at the time of the December
2018 flooding event.

3. Basin freeboard is not considered within estimates for basin capacity, with risk associated
with basin wall overtopping assumed to be low.

4. Broad basin infiltration rates can be estimated from interpretations and testing made at
discrete locations and that these locations are representative of the broader conditions.

5. The basin extents indicated within this report represent the full extent of the area
proposed to be utilised for stormwater discharge.
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Site Investigations

2.1

Investigation Rationale

The site investigation was carried out to provide information regarding the permeability of the
dune sand material and infiltration rates for stormwater soakage from the basins. A number of
investigation techniques were used to characterise variability of properties and the findings were
considered in the context of available water level monitoring results. In particular, the
investigations considered the potential for:

1.

2.2

Blinding of the stormwater basin floor with fine sediments, vegetation, and organic matter.
The stormwater basins impacted with by blinding exhibit the accumulation of sediment
and persistent saturation at the lower levels. The prolonged pumping of groundwater to
the basins is thought to contribute to the persistent saturation.

To provide information regarding stormwater infiltration rates for each basin and the
influence of blinding, double ring infiltrometer testing was undertaken in the floor of each
basin. For stormwater basin 1 (SW1) (Figure 1), testing was conducted within material
inside and outside of the area identified as being impacted by blinding.

Changes in dune sand permeability with depth beneath the basins. The presence of
lower permeability layers has the potential to reduce rates of stormwater dissipation from
the basins and result in lateral flow of water which could cause dune stability issues.

To provide information regarding potential changes in material permeability with depth:

o Piezometers were installed at two depths within each basin, representing sands
approximately 0.3 m below the basin floor (below the zone of blinding) and above the
water table, with the deeper piezometer depth varying between basins from
0.8 metres below ground level (m bgl) to 1.5 m bgl.

o Samples of sand were collected from the same depths as represented by the
piezometers and submitted to WSP (Tauranga) laboratory for particle size distribution
analysis, with textural analysis providing supporting information for differences in
material permeability.

The influence of groundwater levels on infiltration rates. A shallow water table can limit
infiltration capacity where the underlying sand is the rate limiting material or where
hydraulic gradients for groundwater dissipation are limited.

The three stormwater basins are present at different elevations and have differing depth
to groundwater, ranging from 0.84 m bgl at SW1 to 2.56 m bgl at SW3 during the testing
period. Previous monitoring and site investigations have addressed each basin
separately to provide basin specific estimates of disposal capacity and to predict the
influence of groundwater levels on each.

Stormwater Basin Characteristics

The locations of the stormwater basins are outlined in Figure 1.
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@  Long- Term Groundwater Monitoring Location
©  Pump station location
Approx. Stormwater Basin Boundary
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Figure 1 Stormwater basin locations

Stormwater basin 1 (SW1, Figure 2) is approximately 2,296 m? in area. The floor of the basin
dips gently to the west, the vegetation is predominantly rushes and small shrubs with a cluster
of larger trees along the western boundary. An area bare of vegetation with a veneer of fine
sediment was evident along the stormwater flow path and ponding area. The veneer of fine
sediment was only observed where the stormwater was inferred to be flowing or ponding.

i) 5 ; - e N

S8 F2liing Head
LS (Impacted)

: - Inﬁrme(er
¥ (Impacted

Groundw ater monitoring location

Approx. Stormwater Basin Boundary

Figure 2 SW1 sampling points

Stormwater basin 2 (SW2, Figure 3) is approximately 1,550 m? in area. The floor of the basin
dips to the north, the vegetation is predominantly rushes and small shrubs with a small group of
larger trees adjacent to the discharge point. A small, eroded channel bare of vegetation with a
veneer of fine sediment was observed along the stormwater flow path and ponding area. The
veneer appeared denser than that observed at SW1.
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Figure 3 SW2 Sampling points

Stormwater basin 3 (SW3, Figure 4) is approximately 1,240 m? in area. The floor of the basin
dips to the north and is vegetated with rushes with some small shrubs. An area of willow weed
(Polygonum persicaria) marks the extent of ponding. An eroded channel runs from the
discharge point north, then splits and flows east and west into two distinct areas. The
permeability of the western area was tested as it was lower in elevation and displayed evidence
of greater ponding and more fine sediment than the eastern area. Significantly more fine
sediment was observed in both these areas than in either of the SW1 or SW2 basins.

@  Groundwater monitoring location

Approx. Stormwater Basin Boundary

Figure 4 SW3 Sampling points

In addition to the above, site investigations included survey of basin elevations by a Council
approved contractor. The spot heights and contractor interpreted topographical contours were
provided to GHD by WBOPDC.
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2.3 Investigation Results

2.31 Basin Surface Infiltration

Infiltration tests were conducted in unsaturated conditions in areas that were considered to be
impacted and not impacted by blinding (as defined in Section 2.1). Summary results for double
ring infiltration testing are outlined in Table 1.

At each test location at least five repeat infiltration tests were completed, with the minimum
infiltration rate of these selected as representative of basin conditions.

Table 1 Surface infiltration test results

Basin blinding Unimpacted Impacted area Impacted area  Impacted area
area
Infiltration rates — 1,220 - 3250 627 - 1033 1,610 — 6,365 900 — 2,400

Range (mm/hr)

2.3.2 Piezometer Installations and Testing

Falling head tests were used to provide an approximation of infiltration rates for sand beneath
the basin surface. Plain PVC piezometers with open bases were installed at different depths
within each basin to provide an understanding of whether permeability changed with depth. At
least three tests were completed per piezometer, with the final test used for analysis to
accommodate potential changes in infiltration with soil saturation. A summary of infiltration rates
calculated from falling head tests is presented in Error! Reference source not found..

Installation of piezometers resulted in a small plug (< 50 mm in height) of slightly compacted
sand/soil at the base of each PVC pipe. The influence of this plug at the base of each
piezometer provided a degree of balance for lateral distribution of infiltrating water.

Table 2 Summary of falling head test analysis

Piezometer depth Infiltration rates - Groundwater level
(m bgl) (mm/hr) (m bgl)
0.3 1,080
0.5 1,550
SWi1 0.9
0.6 1,250
0.8 1,250
0.5 6,350
0.5 3,000
SW2 1.7
1.1 10,800
1.3 5,140
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Piezometer depth Infiltration rates - Groundwater level

(m bgl) (mml/hr) (m bgl)
0.5 1,350
0.5 1,680
SW3 2.5
1.5 3,600
1.5 3,170

2.3.3 Sand Texture Analysis

Samples of sand predominantly from areas unimpacted by blinding were collected from hand
augers at depths corresponding to the falling head tests described above. The
HydrogeoSieveXL' tool was used to calculate hydraulic conductivity from PSD’s determined by
WSP (Tauranga) laboratory. PSD’s calculated from soil samples, particularly in coarser
materials (sand and gravels), are commonly used to determine the saturated hydraulic
conductivity (K) of a sample. This method assumes homogeneity i.e. no difference in vertical
and horizontal permeability, and is expected to provide the upper bound for K (i.e. greater
horizontal than vertical permeability). Furthermore, assessing the K from PSD analyses are
known to generally over-estimate K.

Depending on the nature of the sediments there are quite a range of solutions within
HydrogeoSieve XL available to calculate the permeability. Due to heterogeneity of the soils,
each sample may satisfy several solutions and typically the geometric mean of a series of
solutions are used, rather than the result of an individual solution. A summary of the PSD
analysis is presented in Table 3 and detailed information on the solutions that were applied to
each sample are presented in Appendix AAppendix A.

Table 3 Summary of PSD analysis

Location Sample depth | PSD sample | PSD material Hydraulic conductivity
(m bgl) name grade (K) (m/s)

Maximum Geomean

SW1 shallow .
(unimpacted by 03 SWB1 FHT2 Unlfo.rm .sand 8 x 10 e
blinding) 0.3 low in fines
SW1 deep .
(unimpacted by 0de SWB1 FHT2 Unlfo'rm .Sand 2x10° 3x10*
blinding) 0.6 low in fines

Moderately
SW2 shallow
(unimpacted by 0.5 SWB2FHT2  wellsorted 443 2x10*
blinding) 0.5 sand low in

° fines

" Devlin, J.F. 2015. HydrogeoSieveXL: an Excel-based tool to estimate hydraulic conductivity from
grain-size analysis. Hydrogeology Journal.
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Location Sample depth | PSD sample | PSD material Hydraulic conductivity
(m bgl) name grade (K) (m/s)

Maximum Geomean

Moderately
SW2 deep
(unimpacted by 1.1 e 1x 103 2x10*
e 1.3 sand low in
9 fines
SW3 shallow .
(impacted by 0.5 SWBSFHT1  Uniform sand 7, 45 2x 103
o 0.5 low in fines
blinding)
SW3 shallow .
(unimpacted by 0.5 SWB3 FHT2 Umfo.rm .sand 1x103 3x10*
. 0.5 low in fines
blinding)
SW3 deep :
(unimpacted by 1.5 SWBS FHT2 Unlfo.rm .sand 3x10° 7 x10*
o 1.3 low in fines
blinding)

The hydraulic conductivity geomean values are relatively consistent between depths and also
between basins. Generally, the K values are consistent with that of dune sands, with slight
variations in K such as those observed at SW3, attributable to natural variations in particle size.

2.3.4 Basin Water Level Monitoring

Monitoring of water levels in the stormwater basins and the surrounding groundwater was
carried out as part of the assessment between 01 February 2019 to 5 April 2020. During this
period no significant flooding events occurred, with the two most notable rainfall events to result
in pumping of stormwater to the basins occurring on the 25 July 2019 (55.6 mm) and the 30 July
2019 (34.2 mm). The water levels within the stormwater basins during this period are presented
in Figure 5, Figure 6, and Figure 7.

Only minor response to discharge was measured in basins SW2 and SW3, with rapid
dissipation of stormwater from the basins. Basin SW1 experienced an increase in level in the
order of 0.3 m, with this likely to have overtopped the small depression, with a blinded floor into
which stormwater discharges. On cessation of pumping, the rates of water level decline were
initially rapid (greater than 35 mm/hr) during intermittent pump operation, with this expected to
be a function of soakage influence outside the blinded depression. However, infiltration from
within the discharge depression is notably slower and in the order of 7 mm/hr for the 25 July
2019 event and 4 mm/hr for the 30 July 2019 rainfall event.

Monitoring of groundwater levels adjacent to basin SW1 during this period indicated that
groundwater responded to the initial rainfall, but didn’t respond to any notable degree to
discharge from the basin. Groundwater levels do not decline between the two rainfall events,
resulting in the occurrence of a higher water table during the second event (30 July 2019).

Interpretation of water level decline from basins SW2 and SW3 for this event indicated potential
infiltration rates through blinded areas in the order of 20 mm/hr and 25 mm/hr respectively.
However, the limited response to discharge at each location suggests rates could be notably
higher.
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Figure 7 SW3 water levels from 26 July 2019 to 8 August 2019

2.4 Discussion of Site Investigation Results

2.4.1 Influence of Blinding

Observations at site identified that SW1 and SW3 were the most influenced by blinding of the
basin floor in close proximity to the stormwater outlet. In these basins the soils of the basin floor
demonstrated the accumulation of fine sediment and organic matter to a depth of approximately
0.2 m. Outside the immediate discharge area and higher up the basin walls, the accumulation of
fine sediment was significantly less.

Infiltration rates in all basins measured by infiltrometer, remain significantly higher than indicated
for sand soils in Auckland Council TP10 (210 mm/hr) regardless of observed conditions. This
suggests that the dune sands continue to provide a high infiltration capacity. This is expected to
be a function of macropores, rootlets and other preferential infiltration paths or voids within the
shallow soils.
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Monitoring of water level decline in the blinded area of basin SW1 indicated that rates of decline
could be as low as 4 mm/hr, or at least 100-fold lower than suggested by infiltration testing. This
low rate is expected to be governed by groundwater level and water movement to the coast,
rather than infiltration. It is considered to provide a conservative rate of dissipation through the
blinded sections of the basins.

Rates of dissipation beyond the blinded area were shown to be significantly higher, with these in
excess of 35 mm/hr during periods of high groundwater level and expected to be greater than
300 mm/hr during more typical conditions.

2.4.2 Changes in Infiltration Capacity with Depth

During the advancement of hand augers no notable differences in sand texture were identified.
Textural analysis of soil samples, and subsequent interpretation of permeability, support these
observations, with no significant change in soil texture or interpreted hydraulic conductivity with
depth. In general, basin SW3 provided coarser samples, suggesting a higher permeability.

Below the surface and root zone, macro pores are less prevalent and infiltration rates are
governed by the texture of the dune sand. Comparison of infiltration results between surface
(double ring infiltrometer) and testing at different depths (piezometer) indicate generally higher
infiltration capacity at surface. The infiltration estimates provided by testing of piezometers
suggests bulk sand infiltration rates in the order of 1,000 mm/hr and remain above those of a
sandy soil (AC, TP10), reflecting a high infiltration capacity for each basin. The infiltration results
are consistent with interpretation of texture and permeability provided by the soil sample
analysis.

2.4.3 Influence of Groundwater Levels on Infiltration

Depth to groundwater beneath the stormwater basin was shallowest at SW1 (0.9 m below
ground) and increasing towards SW3 where it was 2.3 m bgl at the time of testing. This
difference in depth to groundwater reflects the differences in elevation of the basin floor, rather
than significant differences in groundwater level elevation.

Differences in infiltration rates did not vary to a great degree when measured close to the water
table, however, the reduction in basin SW1 water level following the 30 July 2019 rain event,
relative to the 25 July 2019 event, is considered likely to be a function of a higher groundwater
level at that time. Following initial infiltration and saturation of ground beneath the basins, the
rate of dissipation is expected to be governed by the soil of lowest permeability (blinded basin
surface) and the hydraulic gradient.

The groundwater level in the vicinity of the stormwater basins is interpreted to have a strong
influence on the rate of stormwater dissipation from the basins. Under typical conditions, with
groundwater levels lower than the basin floor, it is expected that stormwater dissipates rapidly.
Where groundwater levels are particularly high prior to the storm event, such as during the 30
July 2019 event, slower rates of dissipation can be expected.
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Assessment of Basin Stormwater
Capacity and Infiltration

3.1 Basin Volume

3.1.1 Topographical Survey and Basin Volumes

Topographical survey data provided to GHD was incorporated into Council LiDAR for the Pio
Shores area, to provide a topographical surface refined in the basin areas (ref Appendix B,
Figure 1).

Basin depth to volume calculations were made from the topographical surface in 0.1 m or less
increments to the inferred point of basin overflow point. The smaller depressions into which
basin SW1 and SW2 discharge, are represented in the estimation of depth to volume
relationships illustrated in Figure 8. As water levels exceed the height of these smaller
depressions, overtopping enables distribution of water over the broader basin footprint, enabling
the volume capacity at higher water levels to be realised. The total basin volumes and
interpreted crest height are outlined in Table 4.

&h
=

=N
=

Basin 5W1
Basin SW2

///—* —— Basin SW3

Elevation (mRL)
L P
=1 =1

2.0 7
“K" operational volume
1.0
0.0
] 300 1000 1500 2000 23500 3000 3500

Basin Volume [m?)

Figure 8 Basin height to volume relationship and operational volume

Table 4 Basin volume and crest elevation

Volume below crest (m®) | Crest Elevation (m NZVD 2016)

SWi1 3,041 2.5
SW2 1,910 3.4
SW3 1,490 4.8
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311 Crest level and Freeboard

The operational water level of stormwater basins is often set lower than the crest or overtopping
level where overtopping may result in property or environmental damage, or risk of injury. The
operational level is commonly described by the amount of freeboard, representing the amount of
basin depth left unfilled.

Auckland GDO01 which specifies a minimum of 0.1 m freeboard for swales where check dams
are used. Given the limited depth of water retained by the basin walls, relative to the
surrounding dune elevations, it is considered that there is low likelihood of failure of the basin
walls. For the purposes of assessing basin capacity it is assumed that the risk of significant
damage and/or injury in the event of overtopping is also likely to be low and therefore no
freeboard has been allowed for.

To provide greater surety regarding the stability of the dunes it is recommended that a
geotechnical assessment of each basin be carried out to confirm the appropriateness of this
assumption and define a basin specific freeboard limit to maximise potential stormwater
storage.

3.2 Existing Pumping Rates and Operation

Pump operation in response to flood events is well represented by the response to the
December 2018 flood event, which has been interpreted as having an ARI of approximately 10
years.

Figure 9 provides pump operation and groundwater levels for the transect of monitoring wells
through Bowentown in line with basin SW1. Groundwater monitoring well WB_12 is adjacent to
the SW1 and monitoring well WB_13 is a centrally located well, equidistant from the beach and
estuary (Figure 1).

Table 5 outlines the current pumping rates for pump stations discharging to the stormwater
basins (T&T, October 2019%) and provides estimates of hours of continuous pumping and
volumes discharged to the stormwater basins during the December 2018 flood event.
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Figure 9 SW1 Groundwater level (mRL) and pump station (PS) operation
during December 2018 flood event

2 T&T, October 2019, Pio Shores Stormwater Management Options Assessment.
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During the December 2018 event, the Papaunahi PS continuously discharged to basin SW1 for
a period of 53 hrs, after which flood waters had effectively dissipated and discharge from the
pump station is expected to be due to elevated groundwater and associated infiltration of
groundwater to stormwater network, and delayed discharge to open channels. Intermittent
pumping to the SW1 stormwater basin continued until groundwater centrally within Bowentown
(WB_13) returned to pre-flood levels, with this strong relationship between groundwater levels
and pumping supporting previous inferences of groundwater infiltration into the stormwater
network.

Table 5 Pump station activity during the “December 2018” flooding event’

Basin Pump Station Pumping Rate Approximate Volume
(W) Continuous Pumping Discharged over
(hrs) 3 days (m?®)

SWA1 Papaunahi 25 53 5,750
SW2 Bowentown 20 19 2,210

Boulevard

North
SW3 Bowentown 37 34 6,930

Boulevard

South

* rainfall event dated 23/12/2018 to 24/12/2018

Figure 10 illustrates the pumping operation for discharge to each of the three basins.
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Figure 10 Groundwater level (m RL) and Papaunahi, Bowentown Boulevard
North (NTNth) and Bowentown Boulevard South (BTSth) pump
station operation during December 2018 flood event

3.3 Contribution to Flooding

Given the apparent influence of groundwater levels on pump operation, the discharge of
stormwater to ground has the potential to reduce the effectiveness of removing stormwater
where the basin discharge influences groundwater near the stormwater network. Monitoring of
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groundwater levels in the vicinity of SW1 over the 2018 December flood event provides an
understanding of the extent to which such recycling may be occurring from the basins.

As shown in Figure 10, during the flood event groundwater levels adjacent to the basin (WB_12)
responded to rainfall in a similar manner to the monitoring well located in a more central area
(WB_13). Decline of water levels began following cessation of raining (at 24 hours), over which
time pumping of stormwater to the basin continued for a total of 53 hours. This suggests that
prolonged discharge to the basins does not result in notable groundwater level increase.

Comparison of the rate of groundwater level dissipation for WB_12 and WB_13 indicates that
the decline in groundwater levels adjacent to the basin occurs at different rates to that of
groundwater more centrally within the Pio Shores spit, which is expected given the relative
groundwater level increase at each location and closer proximity of WB_12 to the sea.

During the 53 hour period of 100% pumping to the basin, and when flood waters were present,
the central groundwater elevation (WB_13) was greater than that near the basin (WB_12).
Under these conditions there is a hydraulic gradient pushing groundwater from central areas
east to the coast, which precludes the return flow of water discharged to the basin. At 53 hours,
after the flood waters have predominantly dissipated, water level in WB_13 declined sufficiently
that there is a reversal in hydraulic gradient, with a hydraulic divide (highest groundwater level)
forming approximately beneath the dunes. This situation is common throughout much of the
year as indicated by long term monitoring in the area. The inward gradient is considered to be
small relative to that from WB_12 (basin) to the east coast, and at this time the majority of
groundwater flow is still expected to be towards the coast.

Following dissipation of flood waters, there may be a small component of recycling of pumped
water due to groundwater infiltration into the network. However, as this would occur following
flood water dissipation it is considered unlikely to adversely influence the performance of
stormwater removal to the basins.

3.4 Basin Capacity and Infiltration Assessment

3.4.1 Assessment Methodology

For each stormwater basin an analytical model was developed in Goldsim, incorporating the
findings of investigations, including basin depth, volume, area, infiltration rates, pumping hours
and pumping rates from the December 2018 flood event. The potential for increasing pumping
rates to each basin during a flood event was assessed using the model to predict whether
residual capacity remained in the basins during the modelled storm event.

Where capacity remained, pumping rates were increased incrementally to a maximum pumping
rate, allowing for 500 m® of capacity to remain. This buffer capacity is intended to provide a
degree of conservatism in predictions.

3.4.2 Adopted Infiltration Properties

As the stormwater basins fill, the inundated surface area increases and correspondingly the rate
of water loss due to infiltration to ground increases. The analysis of basin stormwater capacity
has been carried out considering both available working volume and the increasing volumes
being dissipated by infiltration.

Site testing has identified that unsaturated infiltration can occur at very high rates (>300 mm/hr),
with this expected to occur during the initial stages of discharge to the basins. However, as sand
beneath the basins becomes saturated, the influence of groundwater level and hydraulic
gradients become the controlling influence on dissipation rates. For the purposes of determining
appropriate pumping rates to the basins the lower 0.3 m of each basin is assumed to have low
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infiltration rates, consistent with water dissipation rates measured following the 30 July 2019
rain event when surrounding groundwater levels were high. These equated to:

o SW1 —4 mm/hr
o SW2 — 20 mm/hr
] SW3 - 25 mm/hr

Infiltration rates for areas 0.3 m above the basin floor have been considered to overtop the
smaller blinded depressions into which stormwater is discharged and distribute across the
broader basin area. Ground conditions across the broader area are interpreted to represent un-
blinded conditions, free of fines. For areas above 0.3 m of the basin floor an infiltration rate of
210 mm/hr has been adopted. This reflects:

. A conservative infiltration rate relative to site testing results and consistent with minimum
infiltration rates for sandy soils in Auckland Council GDO1.

. Water dissipation rates when groundwater level is lower than the basin floor, which is
considered to reflect the typical condition preceding events such as the December 2018
event.

3.4.3 Stormwater Dissipation Rates

Predicted basin dissipation rates, relative to water elevation, are illustrated in Figure 11.
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Figure 11 Basin infiltration rate with water elevation (m RL)

3.4.4 Flood Event Analysis

The predicted capacity within each basin at the current pumping rates is illustrated in Figure 12.

It is interpreted that under the tested conditions each basin has additional capacity.
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Figure 12 Modelled remaining basin capacity during December 2018 flood
event

Optimisation of pumping rates, to provide an upper bound for discharge to the basins was
carried out, leaving a residual capacity of 500 m3. The resulting maximum pumping rates were
as follows, with the predicted basin capacity under the optimised pumping, for the 2018 flood
event, illustrated in Figure 13:

. Papaunahi Pump Station (discharge to SW1) — 88 L/s
. Bowentown Boulevard North Pump Station (discharge to SW2) — 83 L/s
. Bowentown Boulevard South Pump Station (discharge to SW3) — 74 L/s

4000

3000

2000 W

1000

Stormwater Basin Remaining Yolume (m3)

0

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200
Time (hr)

Scenario 1
Basin SW2

Basin SWW1

Basin SW3

Figure 13 Modelled remaining basin capacity for optimised pumping rates
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Conclusions and Recommendations

Site infiltration testing has demonstrated that the sands within the Pio Shores stormwater basins
are highly permeable, with properties consistent of a fine-medium homogenous dune sand.
Measured rates of infiltration are high and greater than 300 mm/hr.

Significant vegetation is present across the basins and the area immediately around the
stormwater discharge appears to be blinded by accumulation of fines and organic matter. This is
expected to be exacerbated by the ongoing discharges of groundwater to the basins as a result
of groundwater infiltration into the stormwater network.

The influence of blinding is interpreted to be greatest in the low levels of the depressions into
which stormwater discharge occurs. Monitoring of water levels during 2019 demonstrates the
influence of basin blinding at low water levels, with the rate of water level decline in the basins
following rain events ranging from only 4 — 25 mm/hr. Such rates are not considered to be
characteristic of infiltration from the broader areas, as indicated by rapid reduction of water
levels in basin SW1 where stormwater extends beyond the blinded area.

Site test results and available monitoring data suggests the rate of infiltration across the broader
basin floors (outside the blinded depressions) should be high. The rate of 200 mm/hr adopted
within this assessment is expected to be conservative. However, there remains a degree of
uncertainty as to the fully saturated rate of discharge. Recommendations are provided below as
to options for obtaining greater certainty regarding this rate.

Modelling of the stormwater basin performance during the December 2018 flood event
suggests, under the assumed conditions, that capacity remains in the basins to accommodate
higher rates of discharge. For the service hours of the 2018 flood, pumping rates are predicted
to be able to be increased as follows:

. Papaunahi pump station (discharge to SW1) increase from 25 L/s to 88 L/s

. Bowentown Boulevard North pump station (discharge to SW2) increase from 20 L/s to
83 L/s

. Bowentown Boulevard South pump station (discharge to SW3) increase from 37 L/s to
74 L/s

No basin freeboard has been allowed for, assuming that basin wall failure is unlikely to occur
and the consequences of failure are low.

The following recommendations are made to provide appropriate management of the
stormwater basins:

1. Basin water level control should be installed on pumps to avoid exceedance of the basins
operational level and potential overtopping of the basin.

2. Consideration should be given to the implementation of a minimal freeboard within each
basin to protect from scouring in the event of overtopping.

3. Basins should be surveyed at least yearly, and following significant flooding events when
water levels in the basins approach the crest elevation, to ensure that crest height and
basin volume/area have not changed significantly.

4. Basins should be maintained to remove dense vegetation, accumulated fines and organic
matter.
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The following provides a number of options for reducing the level of uncertainty regarding the
broader basin infiltration rates and basin freeboard level:

1. Update stormwater basin models for parameter sensitivity and uncertainty testing of
infiltration results to quantify the influence of uncertainty around the adopted parameters.

2. Monitoring of water levels within the basins should continue to assist in validating
interpretation of infiltration rates, as water levels increase and distribute across the
broader basin floor.

3. Development of a simplistic 2D groundwater model for each basin, to test assumptions
regarding saturated infiltration rates, the influence of high groundwater levels and the
ability of the underlying aquifer to dissipate the additional stormwater volume.

4. Geotechnical analysis of the basins to inform wall failure assessment and subsequent
refinement of the assumed freeboard value.
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Appendix A PSD Analysis Tables
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K from Grain Size Analysis Report Date: 03-11-20

Sample Name: SWB1_FHT2 0.3m Natural - Shallow

Mass Sample (g): 100 T (oC) 20

Uniform sand low in fines
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Conductivity
Hazen .390E-01 .390E-03 33.67
Hazen K (cm/s) = d;g (mm) .231E-01 .231E-03 19.94
Slichter .158E-01 .158E-03 13.67
Terzaghi .279E-01 .279E-03 24.14
Beyer .297E-01 .297E-03 25.62
Sauerbrei .301E-01 .301E-03 26.02
Kruger .296E-01 .296E-03 25.59
Kozeny-Carmen .868E-01 .868E-03 75.04
Zunker .397E-01 .397E-03 34.29
Zamarin .397E-01 .397E-03 34.32
USBR .819E-02 .819E-04 7.08
Barr .259E-01 .259E-03 22.39
Alyamani and Sen .273E-01 .273E-03 23.63
Chapuis 488E-01 .488E-03 42.20
Krumbein and Monk .191E-01 .191E-03 16.47
geometric mean .271E-01 .271E-03 23.46
arithmetic mean .283E-01 .283E-03 24.47




K from Grain Size Analysis Report Date: 03-11-20

Sample Name: SWB1_FHT2 0.6m Natural - DEEP

Mass Sample (g): 100 T (oC) 20

Uniform sand low in fines
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Hazen .401E-01 .401E-03 34.64

Hazen K (cm/s) = d;g (mm) .235E-01 .235E-03 20.33
Slichter .164E-01 .164E-03 14.19
Terzaghi .290E-01 .290E-03 25.08

Beyer .305E-01 .305E-03 26.33
Sauerbrei .309E-01 .309E-03 26.73
Kruger .388E-01 .388E-03 33.51
Kozeny-Carmen .117E+00 .117E-02 100.89
Zunker .528E-01 .528E-03 45.62
Zamarin .522E-01 .522E-03 45.11

USBR .815E-02 .815E-04 7.04

Barr .271E-01 .271E-03 23.43
Alyamani and Sen .287E-01 .287E-03 24.78
Chapuis .521E-01 .521E-03 45.04
Krumbein and Monk .195E-01 .195E-03 16.82
geometric mean .290E-01 .290E-03 25.03
arithmetic mean .307E-01 .307E-03 26.57




K from Grain Size Analysis Report Date: 03-11-20

Sample Name: SWB02_FHT2 0.5m Natural - SHALLOW

Mass Sample (g): 100 T (oC) 20

Moderately well sorted sand low in fines
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Hazen .252E-01 .252E-03 21.75

Hazen K (cm/s) = d;g (mm) .156E-01 .156E-03 13.50
Slichter .971E-02 .971E-04 8.39
Terzaghi .171E-01 .171E-03 14.78

Beyer .193E-01 .193E-03 16.70
Sauerbrei .248E-01 .248E-03 21.45
Kruger .440E-01 .440E-03 38.01
Kozeny-Carmen .125E+00 .125E-02 108.38
Zunker .585E-01 .585E-03 50.50
Zamarin .598E-01 .598E-03 51.68

USBR .776E-02 .776E-04 6.71

Barr .153E-01 .153E-03 13.23
Alyamani and Sen .154E-01 .154E-03 13.34
Chapuis .255E-01 .255E-03 22.07
Krumbein and Monk .161E-01 .161E-03 13.88
geometric mean .200E-01 .200E-03 17.32
arithmetic mean .230E-01 .230E-03 19.91




K from Grain Size Analysis Report Date: 03-11-20

Sample Name: SWB02_FHT2 1.3m Natural - DEEP

Mass Sample (g): 100 T (oC) 20

Moderately well sorted sand low in fines
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Hazen 444E-01 .444E-03 38.40

Hazen K (cm/s) = d;g (mm) .278E-01 .278E-03 24.00
Slichter .170E-01 .170E-03 14.70
Terzaghi .300E-01 .300E-03 25.90

Beyer .342E-01 .342E-03 29.55
Sauerbrei .341E-01 .341E-03 29.46
Kruger .559E-01 .559E-03 48.30
Kozeny-Carmen .159E+00 .159E-02 137.03
Zunker .742E-01 .742E-03 64.12
Zamarin .762E-01 .762E-03 65.86

USBR .118E-01 .118E-03 10.17

Barr .267E-01 .267E-03 23.08
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Chapuis .457E-01 .457E-03 39.47
Krumbein and Monk .246E-01 .246E-03 21.26
geometric mean .303E-01 .303E-03 26.17
arithmetic mean .341E-01 .341E-03 29.45




K from Grain Size Analysis Report Date: 03-11-20

Sample Name: SWBO03_FHT2 0.5m Natural - SHALLOW

Mass Sample (g): 100 T (oC) 20

Uniform sand low in fines
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Sauerbrei .300E-01 .300E-03 25.95
Kruger .395E-01 .395E-03 34.14
Kozeny-Carmen .113E+00 .113E-02 97.98
Zunker .523E-01 .523E-03 45.21
Zamarin .529E-01 .529E-03 45.67
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Barr .256E-01 .256E-03 22.10
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K from Grain Size Analysis Report Date: 03-11-20

Sample Name: SWBO03_FHT1 0.5m Under Veneer

Mass Sample (g): 100 T (oC) 20

Uniform sand low in fines
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Slichter .157E+00 .157E-02 135.69
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Sauerbrei .101E+00 .101E-02 87.59
Kruger .539E-01 .539E-03 46.53
Kozeny-Carmen .172E+00 .172E-02 148.82
Zunker .744E-01 .744E-03 64.31
Zamarin .680E-01 .680E-03 58.73
USBR .854E-02 .854E-04 7.38
Barr .292E+00 .292E-02 252.56
Alyamani and Sen .317E+00 .317E-02 273.89
Chapuis .705E+00 .705E-02 609.07
Krumbein and Monk .519E-01 .519E-03 44.81
geometric mean .152E+00 .152E-02 131.45
arithmetic mean .189E+00 .189E-02 163.58




K from Grain Size Analysis Report Date: 03-11-20

Sample Name: SWBO03_FHT2 1.5m Natural - DEEP

Mass Sample (g): 100 T (oC) 20

Uniform sand low in fines
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Kozeny-Carmen .143E+00 .143E-02 123.41
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geometric mean .680E-01 .680E-03 58.73
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‘%}ﬂ@@@@@ Grain Size Analysis Report Date: 03-11-20
\S Sample Name: SWB1_FHT2 0.3m Natural - Shallow
Mass Sample (g): T (oC) 20
Uniform sand low in fines
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(ps) (mr) fraction | Passing Effective Grain Diameters (mm) Other Useful Parameters
di (mm) (g) (mf) (pp)
4.75 0 0 100 d10 0.152 Uniformity Coef. 1.63
2.36 0 0 100 di7 0.165 n computed 0.44
1.18 0 0 100| |d20 0.171 g (cm/s’) 980.00
0.6 0 0 100 d50 0.228 p (g/cm3) 0.9981
0.425 3 0.03 97| |d60 0.247 p (g/cmss) 0.0098
0.3 9 0.09 88 de (Kruger) 0.219 pg/u (1/cm's) 9.9327E+04
0.15 79 0.79 de (Kozeny) 0.194 tau (Sauerbrei) 1.053
0.063 8 0.08 de (Zunker) 0.202 dgeometric mean 0.222
de (Zamarin) 0.210 Gy 0.498
lo (Alyameni) 0.133
mm 0 % in sample
>64 Boulder
16-64 coarse gravel
8-16 medium gravel
2 -8 fine gravel
0.5-2 coarse sand
0.25-0.5 medium sand 12
0.063-0.25 fine sand 87
0.016 - 0.063 coarse silt
0.008 - 0.016 medium silt
0.002 - 0.008 fine silt
<0.002 clay
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\S Sample Name: SWB1_FHT2 0.6m Natural - DEEP
Mass Sample (g): T (oC) 20
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(ps) (mr) fraction | Passing Effective Grain Diameters (mm) Other Useful Parameters
di (mm) (g) (mf) (pp)
2.36 0 0 100 d10 0.153 Uniformity Coef. 1.56
1.18 0 0 100 di7 0.165 n computed 0.45
0.6 0 0 100| |d20 0.170 g (cm/s’) 980.00
0.425 0 0 100 ds0 0.222 p (g/cm3) 0.9981
0.3 4 0.04 96 |[d60 0.239 p (g/cmss) 0.0098
0.15 88 0.88 8 de (Kruger) 0.249 pg/u (1/cm's) 9.9327E+04
de (Kozeny) 0.222 tau (Sauerbrei) 1.053
de (Zunker) 0.230 dgeometric mean 0.217
de (Zamarin) 0.239 Gy 0.446
lo (Alyameni) 0.136
mm 0 % in sample
>64 Boulder
16-64 coarse gravel
8-16 medium gravel
2 -8 fine gravel
0.5-2 coarse sand
0.25-0.5 medium sand
0.063-0.25 fine sand 88
0.016 - 0.063 coarse silt
0.008 - 0.016 medium silt
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\S Sample Name: SWBO02_FHT2 0.5m Natural - SHALLOW
Mass Sample (g): T (oC) 20
Moderately well sorted sand low in fines
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2.36 0 0 100 d10 0.125 Uniformity Coef. 2.01
1.18 0 0 100 di7 0.161 n computed 0.43
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0.425 2 0.02 98 d50 0.230 p (g/cm3) 0.9981
0.3 15 0.15 83| [d60 0.251 p (g/cmss) 0.0098
0.15 71 0.71 12 de (Kruger) 0.277 pg/u (1/cm's) 9.9327E+04
de (Kozeny) 0.249 tau (Sauerbrei) 1.053
de (Zunker) 0.258 dgeometric mean 0.224
de (Zamarin) 0.268 Gy 0.646
lo (Alyameni) 0.099
mm 0 % in sample
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16-64 coarse gravel
8-16 medium gravel
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0.5-2 coarse sand
0.25-0.5 medium sand 17
0.063-0.25 fine sand 71
0.016 - 0.063 coarse silt
0.008 - 0.016 medium silt
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6.7 0 0 100 d10 0.167 Uniformity Coef. 2.07
4.75 1 0.01 99 di7 0.190 n computed 0.43
2.36 1 0.01 98| [d20 0.200 g (cm/s’) 980.00
1.18 2 0.02 96 ds0 0.300 p (g/cm3) 0.9981

0.6 7 0.07 89 |d60 0.345 p (g/cm's) 0.0098

0.425 11 0.11 78 de (Kruger) 0.314 pg/u (1/cm's) 9.9327E+04

0.3 28 0.28 50 de (Kozeny) 0.283 tau (Sauerbrei) 1.053
0.15 45 0.45 5| |de (zunker) 0.293 dgeometric mean 0.308
0.63 4 0.04 1 de (Zamarin) 0.304 Gy 0.805

lo (Alyameni) 0.133
mm 0 % in sample
>64 Boulder
16-64 coarse gravel
8-16 medium gravel
2 -8 fine gravel
0.5-2 coarse sand
0.25-0.5 medium sand 39
0.063 -0.25 fine sand 49
0.016 - 0.063 coarse silt
0.008 - 0.016 medium silt
0.002 - 0.008 fine silt
<0.002 clay




‘%}ﬂ@@@@@ Grain Size Analysis Report Date: 03-11-20
\S Sample Name: SWBO03_FHT1 0.5m Under Veneer
Mass Sample (g): T (oC) 20
Uniform sand low in fines
. 100 188
2 :
2
g 50 30 I
= 20
> 2 K L
: §13TEIEE3%3
S o Zmmmg g g 52
o 0.001 0.01 0.1 10 C9EEE3IE8T
GRAIN SIZE (MM) S g g E
Sieve Mass of
opening | retained mass Percent
(ps) (mr) fraction | Passing Effective Grain Diameters (mm) Other Useful Parameters
di (mm) (g) (mf) (pp)
2.36 0 0 100 d10 0.414 Uniformity Coef. 0.57
1.18 0 0 100 di7 0.246 n computed 0.48
0.6 0 0 100| |d20 0.174 g (cm/s’) 980.00
0.425 2 0.02 98 d50 0.214 p (g/cm3) 0.9981
0.3 9 0.09 89| [d60 0.236 p (g/cmss) 0.0098
0.15 68 0.68 21 de (Kruger) 0.262 pg/u (1/cm's) 9.9327E+04
0.63 20 0.2 1 de (Kozeny) 0.221 tau (Sauerbrei) 1.053
de (Zunker) 0.234 dgeometric mean 0.256
de (Zamarin) 0.248 Gy -0.048
lo (Alyameni) 0.464
mm 0 % in sample
>64 Boulder
16-64 coarse gravel
8-16 medium gravel
2 -8 fine gravel
0.5-2 coarse sand
0.25-0.5 medium sand 11
0.063-0.25 fine sand 88
0.016 - 0.063 coarse silt
0.008 - 0.016 medium silt
0.002 - 0.008 fine silt
<0.002 clay




&w@@g@@ Grain Size Analysis Report Date: 03-11-20
\ ;,,(l’
S Sheve Sample Name: SWBO03_FHT2 0.5m Natural - SHALLOW
Mass Sample (g): 100 T (oC) 20
Uniform sand low in fines
3 70
E 75 60
= 50
% 50 40
g 30
= 20
w 10 I
E 25 0
< T v 2TTEELE >
S 2::EEaEc 20
> 0 3 o w g e o £ g £
o 0.001 0.01 0.1 10 TS EEEIEZT
= & o
GRAIN SIZE (MM) g3 ©¢2 E
€
Sieve Mass of
opening | retained | mass Percent . o
. . Effective Grain Diameters (mm) Other Useful Parameters
(ps) (mr) fraction | Passing
di (mm) (g) (mf) (pp)
2.36 0 0 100 d10 0.152 Uniformity Coef. 1.67
1.18 0 0 100 di7 0.166 n computed 0.44
0.6 0 0 100 [d20 0.172 g (cm/s”) 980.00
0.425 3 0.03 97 d50 0.233 p (g/cm3) 0.9981
0.3 14 0.14 83 |d60 0.253 p (g/cm's) 0.0098
0.15 74 0.74 9 de (Kruger) 0.254 pg/u (1/cm's) 9.9327E+04
0.63 8 0.08 de (Kozeny) 0.223 tau (Sauerbrei) 1.053
de (Zunker) 0.233 dgeometric mean 0.228
de (Zamarin) 0.243 Gy 0.237
lo (Alyameni) 0.132
mm 0 % in sample
>64 Boulder
16-64 coarse gravel
8-16 medium gravel
2 -8 fine gravel
0.5-2 coarse sand
0.25-0.5 medium sand 17
0.063 -0.25 fine sand 82
0.016 - 0.063 coarse silt
0.008 - 0.016 medium silt
0.002 - 0.008 fine silt
<0.002 clay




‘@w@@@@@ Grain Size Analysis Report Date: 03-11-20
\/ Sample Name: SWBO03_FHT2 1.5m Natural - DEEP
Mass Sample (g): 100 T (oC) 20
Uniform sand low in fines
. 100 188
2 s 7
2 |
5 30
= 20
> 2 K L]
: FITITREEILS
> 0 3 m @ w g c o 2 g £
o 0.001 0.01 0.1 10 C9EEE3IE8T
GRAIN SIZE (MM) S g g E
Sieve Mass of
opening | retained mass Percent
(ps) (mr) fraction | Passing Effective Grain Diameters (mm) Other Useful Parameters
di (mm) (g) (mf) (pp)
4.75 0 0 100 d10 0.270 Uniformity Coef. 0.89
2.36 0 0 100 di7 0.158 n computed 0.47
1.18 0 0 100| |d20 0.163 g (cm/s’) 980.00
0.6 0 0 100 d50 0.221 p (g/cm3) 0.9981
0.425 1 0.01 99| [d60 0.240 p (g/cmss) 0.0098
0.3 8 0.08 91 de (Kruger) 0.249 pg/u (1/cm's) 9.9327E+04
0.15 78 0.78 13 de (Kozeny) 0.215 tau (Sauerbrei) 1.053
0.63 12 0.12 1| [de (zunker) 0.226 dgeometric mean 0.215
de (Zamarin) 0.238 Gy 0.163
lo (Alyameni) 0.282
mm 0 % in sample
>64 Boulder
16-64 coarse gravel
8-16 medium gravel
2 -8 fine gravel
0.5-2 coarse sand
0.25-0.5 medium sand
0.063-0.25 fine sand 90
0.016 - 0.063 coarse silt
0.008 - 0.016 medium silt
0.002 - 0.008 fine silt
<0.002 clay




Appendix B Basin Topographical Surface
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Falling Head Test Analysis 12504418
Pio Shores Stormwater Basin Assessment
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Falling Head Test Analysis
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Falling Head Test Analysis 12504418
Pio Shores Stormwater Basin Assessment
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