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As part of the consent renewal for wastewater discharge at the Te Paehari Wastewater Treatment
Plant (WWTP), a groundwater assessment was conducted to estimate the groundwater travel time
from the WWTP discharge site (the wetland) to any potential receptors.

1

Site description

The Te Paehari WWTP consists of a lined pond where effluent undergoes oxidation before being
discharged to a wetland as shown in Figure 1. The ground elevation at the wetland is approximately
2 m above mean sea level (MSL) and the wetland has a surface area of approximately 750 m2.
There are four piezometers installed in and around the wetland which are used for water quality and
groundwater level monitoring. The piezometer logs indicate the underlying soils are dune sands,
described as medium sand.
There are four potential receptors (shown in Figure 1), identified as follows:


a water supply well (bore no. 4993) with an active consent until 2034, located 820 m southwest
(SW) of the discharge wetland;



the coastline, 250 m southeast (SE) of the wetland;



the nearest reach of the Porangahau River, located 650 m northwest (NW) of the wetland;



the Porangahau River mouth, 3,650 m northeast (NE) of the wetland.

Figure 1: Te Paehari WWTP location
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2

Hydrogeological conceptual model

2.1

Groundwater monitoring

The Central Hawkes Bay District Council (CHBDC) has been monitoring water levels and
concentrations around the wetland using the four piezometers, shown in Figure 1, since 2009. Table 1
summarises the piezometers details and timeseries plots of the recorded water levels compared to
the effluent discharge are shown in Figure 2.
We note that there are multiple water level readings that are recorded as being below the bottom of
the screen, which is not possible if the screen is properly constructed (i.e. with a sealed based). This
and other uncertainties or limitations in the available data are noted in Section 2.3.
Table 1 piezometer details
Parameter

Piezo 1

Piezo 2

Piezo 3

Piezo 4

(15839)

(15840)

(15841) a

(15842) a

Ground elevation (m MSL)

2.45

1.55

1.68

1.7

Max. water level (m MSL) [m bgl]

1.95 [0.5]

1.45 [0.1]

0.68 [1.0]

0.8 [0.9]

Min. water level (m MSL) [m bgl]

0.75 [1.7]

-0.95 [2.5]

-0.82 [2.5]

-1.3 [3.0]

Average water level (m MSL) [m bgl]

1.35 [1.1]

-0.15 [1.7]

-0.12 [1.8]

-0.2 [1.9]

Bottom of screen (m MSL) [m bgl]

0.96 [1.49]

-0.15 [1.7]

0.18 [1.5]

0.38 [1.32]

Screened geology

Medium sand

Medium sand

Medium sand

Medium sand

Notes: a. The recorded maximum and minimum groundwater levels are below the screen bottom as shown on the
piezometer installation details (see Section 2.3 for further discussion).
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Figure 1: Water levels and discharge rates (2009 – 2019)
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2.2

Hydraulic gradient assessment

The CHBDC monitoring data indicates that the groundwater level in the wetland is predominantly
controlled by the discharge rates, with tidal effects having only a minor influence (as shown in Figure
2).
Water levels, as reported in the piezometers, indicate the hydraulic gradient is from Piezometer 1
(within the wetland, close to the assumed discharge point) towards the three other piezometers
located slightly downhill (i.e. groundwater is travelling semi-radially out from the Piezometer 1 location
to the other piezometers). This indicates an overall north-westerly direction of low, but potentially with
some localised topographical control of the flow around the discharge area.
The localised flow direction over the wetland is shown in Figure 3.

Figure 2: localised flow direction over the wetland
The estimated regional water table profiles are shown in Figure 4 and the assumed hydraulic
gradients between the wetland and the receptors are summarised in Table 3. We note that for the
purpose of the travel time assessment, the water table within the wetland area is assumed to be at
the ground surface, 2 m MSL. This will provide a conservative estimate of the travel time from the
centre of the wetland to the down-gradient receptors.
Cross-section A shows the assumed hydraulic gradient over the shortest path between the
Porangahau River and the coast through the wetland area. The wetland is assessed as being upgradient of the coast but down-gradient of the nearest river reach. For this reason, the travel time to
the nearest river reach has not been assessed (see Section 3 for travel time calculations). Instead,
we have used the path to the Porangahau River mouth to estimate the groundwater travel time to the
estuary (see cross-section C for the wetland to river mouth water table profile). There is not sufficient
data available to confirm the relative level of the River where closest to the wetland, however even if it
is lower than assumed here, then travel times would be within the range calculated for cross-section A
(to the coast) and C (river mouth).
Cross-section B shows the hydraulic gradient between the nearest consented water supply well (bore
no. 4993) and the wetland. The available data indicates the wetland is down-gradient of the water
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supply well. This suggests that contaminants from the wetland will not travel towards the well;
however, drawdown in the well during pumping may affect this gradient, and therefore, a travel time
assessment to this receptor has been included in Section 3.
Cross-section C shows the gradient from the wetland to the river mouth.

Figure 3: Estimated groundwater flow in the wetland and across the wider area
A summary of calculated gradients is provided in Table 2
Table 2: Estimated hydraulic gradients
Travel path between wetland
and receptor
Wetland to the coast
Wetland to river mouth
Water supply well to wetland

Shortest

Groundwater level

Groundwater level

Hydraulic

distance (m)

at wetland (m MSL)

at receptor (m MSL)

gradient

250

2

0

0.008

3,650

2

0

0.0005

820

2

9

0.009b

a

Notes: a. Measured from the centre of the wetland to the receptor using QGIS. b. We note that this gradient is positive
towards the wetland, i.e. groundwater is flowing from the well to the wetland.

2.3

Limitations and uncertainties

Table 3 outlines the key limitations to the hydrogeological model.
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Table 3: Conceptual model limitations
Element

Comment

Ground elevation



Poor resolution of open source DEMs;



No ground elevation mentioned on HBRC logs;



Inferred from site visit photographs and testimony;



Piezometers reading not matching piezometers details: water levels

Groundwater level

recorded below bottom of the screens;

WWTP details



Limited temporal and spatial monitoring coverage;



No monitoring of the Porangahau River level available.



No details of the WWTP construction available.

3

Travel time assessment

3.1

Wetland to the coast and Porangahau River mouth

Groundwater travel time can be estimated using the mean pore water velocity equation derived from
Darcy’s Law, 𝑣 = 𝐾𝑖 ⁄𝑛, where v is the mean pore water velocity, K is the hydraulic conductivity (m/d),
i is the hydraulic gradient and n is the porosity. The travel time in days is then calculated using 𝑡 =
𝑑 ⁄𝑣 , where d is the distance (m) between the wetland and the receptor.
There is limited site data available; consequently, the travel time estimate is based on a range of
representative values. The hydrogeological parameters used to estimate the travel time towards the
coast and the Porangahau River mouth are shown in Table 4.
Table 4: Travel time estimate hydrogeological parameters
Parameters

Value

Source

Dune sand porosity n (%)

30 to 50

Gradient from wetland to coast

0.0080

Assuming the water level is at ground level in the wetland, as

Gradient wetland to river mouth

0.0005

discussed in Section 2.2

Hydraulic conductivity K (m/d)

45 to 145

Representative / published value for dune sands (Morris and
Johnson, 1967)

Representative / published value for medium sand / coastal
dune sands (Kresic, 1997) (Domenico and Schwartz, 1990)
(Prasad et al., 2017)

Using the range of representative values presented in Table 4, the groundwater travel time estimates
are as follows:


Travel time for groundwater travelling from the wetland to the nearest discharge point along the
coast (approximately 250 m distance) is estimated to take between 60 days and 340 days.



Travel time for groundwater travelling from the wetland to the river mouth (approximately 3,650 m
distance) is estimated to take between 13,320 days and 72,530 days (35 years to 200 years).
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3.2

Wetland to the water supply well

The Te Paehari water supply well is located 820 m SW of the WWTP and the groundwater level at the
well is approximately 7 m higher than at the wetland area (assumed from the available groundwater
levels and contour maps).
Since groundwater flows naturally from the well location towards the wetland, it is very unlikely that
under static conditions, that contaminants from the WWTP could reach the water supply. However,
due to the sensitive nature of this receptor being a community water supply it is prudent to consider
the potential for a reversal in flow gradient when the well is pumping. Theis was used to estimate the
potential long-term change in groundwater levels due to pumping at the well, based on the available
aquifer parameters and consent conditions (listed in Table 5).
The consent allows for a water supply take of 880 m3/d with the pump operating continuously (i.e. a
maximum take of 6,169 m3 per 7-day period). Assuming the bore pumps continuously for 365 days at
the maximum allowable rate, the drawdown at the well is 2.3 m and at the wetland is calculated to be
0.8 m.
This drawdown profile indicates that pumping at the well is unlikely to reverse the natural gradient (i.e.
the natural head difference is 7 m and the head difference during pumping is reduced to
approximately 5 m, still towards the wetland), and therefore, groundwater from the wetland is unlikely
to be drawn towards the water supply well. We note that even if it is assumed that the groundwater
level around the well is drawn down to the base of the well, the water level would still remain above
the wetland level. Consequently, no travel time was calculated for this receptor.
Table 5: Details of Te Paehari water supply well
Parameters

Value

Depth (m)

7

Diameter (mm)

300

Screened geology

Sandy fine GRAVEL

Aquifer type

Unconfined

Static water level (m bgl)

3

K tested (m/d)

184

Transmissivity tested (m2/d)

828

Consented max. pumping rate (l/s) [m3/d]

10.2 [880]

Consented max. volume yield (m3/7-day period)

6,169

4

Sources

HBRC log

HBRC Consent No. WP090150T

Conclusion

Travel time to the nearest potential receptors were assessed as follows:


The closest potential contamination receptor to the WWTP discharge area is the coast, located
250 m SE. Based on available data and representative hydraulic parameters, groundwater travel
time between the wetland and the coast is estimated to be between 60 days and 340 days.



The nearest Porangahau River reach is 650 m NW of the WWTP; however, the available
information indicates the river is up-gradient of the wetland at this location. Consequently,
contaminant discharge at the wetland is unlikely to travel towards this section of the river. If the
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river level is lower than assumed here, then travel time would be within the range already
calculated for the coast and river mouth.


Travel time to the Porangahau River mouth, approximately 3,650 m NE down-gradient of the
wetland was calculated and estimated to be on the order of years, i.e. between 35 years and 200
years.



The nearest water take is located 820 m SW of the WWTP and is 7 m up-gradient of the wetland
area. Theis was used to estimate any change in groundwater flow patterns which may develop
due to pumping at the water take bore. The analysis indicates it is unlikely pumping at the water
supply bore will induce groundwater from the wetland area to flow towards the drinking supply, and
therefore, travel time was not estimated.
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