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Executive Summary

The Masterton District Council is proposing to upgrade its Wastewater Treatment Plant
(WWTP) at Homebush, adjacent to the Ruamahanga River. The chosen scheme involves
irrigation of treated wastewater from the existing ponds over an area of approximately
89 ha of land to the north of the ponds. This report details the groundwater modelling
that has been carried out for the proposed Masterton Wastewater Treatment System
(WWTP) upgrade at the Homebush site. The modelling was carried out to assess the

potential effects of the irrigation scheme on groundwater flow and quality at the site.

The modelling was carried out using the MODFLOW finite difference code via Waterloo
Hydrogeologic pre-and post-processor Visual MODFLOW 4.1. Three stages of modelling

were carried out:

* an initial transient model to reproduce existing groundwater conditions, to

demonstrate the model calibration was satisfactory;

a steady state model to estimate mounding of the groundwater level within the

.

aquifer under two irrigation scenarios, and calculation of discharge to the Makoura
Stream and Ruamahanga River, summed over a number of reaches in each

waterway; and

.

* modelling of the migration of contaminants (E.coli, adenovirus, nitrate and

phosphorus) using the steady state MODFLOW model and the contaminant
modelling software, MT3DMSMT, calculated as average concentrations discharging

to the Makoura Stream or Ruamahanga River.

The discharge flow estimates and discharge concentrations were, in turn, used by others
in predicting effects on the receiving water quality (Ruamahanga River) and for an

assessment of the impacts on human health for users of the river.

The models were based on extensive hydrogeological site investigations, involving
numerous test pits, hand auger holes and deeper boreholes completed as monitoring
wells. Several years of groundwater level monitoring and a short period of detailed
monitoring with transducers provide a good understanding of groundwater-surface water

interactions.

The site is within the flood plain of the Ruamahanga River. The conceptual geological
model for the site is a four layered system of alluvium, consisting of surficial silt and silty
clay overbank deposits averaging two metres thick, an underlying gravel aquifer averaging
ten metres thick, a variable thickness aquiclude and a further gravel aquifer underlying
this. Groundwater within the shallow gravel aquifer flows southward towards the
Ruamahanga River, which acts as a discharge boundary, and lies variously just within the
surficial silts or within the gravel aquifer immediately below. Older, less permeable
tertiary rocks exist across the river, and act as a no-flow boundary. The groundwater is in
hydraulic connection with the river, responding rapidly, but in considerably damped

manner, to flood events in the river.
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The groundwater modelling was limited to predicting the effects on the aquifer, using the
results of modelling, carried out by HortResearch, of the process of infiltration and
natural treatment of the applied wastewater through the surficial soils. This modelling
provided aquifer recharge estimates and contaminant concentrations at an assumed
aquifer level of 1 m below the surface. The data were provided as time-series averaged
over each of 11 sub-areas that the site was divided into for the purposes of the

modelling.

HortResearch initially provided recharge data for the existing un-irrigated situation, with
which the model could be calibrated by comparing with groundwater levels measured in
the 21 monitoring wells on the site. Aquifer recharge estimates were then provided for
“Average Rate” (the ultimately preferred Option 6) and “High Rate” (Option 3) irrigation
scenarios. These scenarios equate to an average aquifer recharge over the complete site
of 4.6 mm/day and 6.6 mm/day, respectively, compared with the un-irrigated average

recharge of 0.62 mm/day.

The calculations of mounding of the groundwater level showed that the maximum effect
would be of the order of 0.2 m. This amount of mounding has a negligible effect on the
natural flow direction, being well within natural variation of groundwater level. The
modelling also showed that the majority of the additional recharge finds its way to the
Ruamahanga River, with some discharge occurring in the reaches of the river immediately
to the east of the irrigation area, but the majority of the discharge occurring in the reach

immediately south of the wastewater treatment ponds.

Without the irrigation the model predicts a natural increase in the Ruamahanga River flow
between the top of the site and downstream of the ponds of about 0.25 m%/s

(21,900 m3/day) from groundwater inflow. This equates to about 9% of the flow at
Wardell’s Bridge at the summer low flow (5" percentile) of 2.7 m3s. With irrigation there
is a slightly larger groundwater discharge to the river adjacent to the site of 0.29 m%/s
(25,000 m3/day) for High Rate irrigation and 0.01 m3/s (450 m3/day) smaller than that
for Average Rate irrigation. Put into context with a summer low flow of 2.7 m%/s
(233,000 m?/day), the irrigation increase for the High Rate irrigation amounts to 1.3% of
that flow, and less than half of that for the half median flow (6.15 m3/s), the flow above

which direct discharge of wastewater to the river may occur.

A smaller component of the irrigation recharge discharges to the Makoura Stream. The
estimated increase in average stream flow is predicted to be about 4% of the natural
downstream flow for Average Rate irrigation and a 6% increase for High Rate irrigation. In
absolute terms, the increases amount to about 11 I/s (or 910 m3/d) for High Rate

irrigation and 7 I/s (600 m3/day) for Average Rate irrigation.

The contaminant modelling has predicted that there will be increases in bacteria,
nitrate-N and phosphorus in the groundwater at the site boundaries adjacent to the
Makoura Stream and the Ruamahanga River. There is a rapid drop-off in concentrations
beyond the actively irrigated areas. Concentrations of bacteria and nitrate will remain
relatively constant throughout the project’s life, but phosphorous concentrations will

increase, reflecting an increase in phosphorus concentrations in the drainage water from
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the surface soil. In general, the concentrations at the site boundaries are predicted to be
less than or similar to background concentrations in the groundwater, but phosphorus
concentrations late in the project’s life (modelled at 28 years) may be greater than
background concentrations. The modelled phosphorus concentrations are conservative,

however, as adsorption in the aquifer has not been allowed for.

Groundwater concentrations at the site boundaries of E.coli, nitrate and phosphorus
concentrations early in the project’s life are expected to range from being considerably
less than, to being similar to, background concentrations in the Ruamahanga River and
Makoura Stream. Phosphorus concentrations at late stages may be up to eight times
higher than the background concentrations, noting that the phosphorous concentrations

are likely to be over-predictions.

The increases in E.Coli and nitrate concentrations in both the river and stream after
mixing are predicted to be small (<10%) relative to background concentrations, as are
phosphorus concentrations in the early stages of the project’s life, given the at least ten
times dilution available in the river at the summer low flow of 2.7 m%/s and 15 times
dilution available in the stream. Phosphorus concentration increases in the river at

28 years are conservatively predicted to be similar to the background concentrations in
the river (median of 0.01 mg/L), but only 10% of the background concentration in the
stream (0.01 mg/L). Predictions for 20 years are about half the 28 year predictions.

The minimal concentrations of contaminants within the groundwater at the site
boundaries, and the predicted groundwater flow paths post-irrigation show that the
irrigation will not affect the water quality in neighbouring wells. The groundwater does not
flow towards these wells and, even if it did, the modelling shows the wells are too far
away (the nearest being about 540 m away) for there to be any effects from

contaminants.
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1.0 Introduction

The Masterton District Council is proposing to upgrade its Wastewater Treatment Plant
(WWTP) at Homebush, adjacent to the Ruamahanga River. The chosen scheme takes
treated wastewater from the existing ponds for irrigation over an area of approximately
89 ha of land to the north of the ponds. Pattle Delamore Partners (PDP) has been
engaged by Beca Carter Hollings & Ferner Ltd (Beca) to examine the underlying aquifer
and assess groundwater flow, and transport and fate of contaminants in the groundwater,
arising from the irrigation. Based on this scope, the major issues dealt with in this report

are:

= Changes in natural groundwater flow levels and patterns from the additional

recharge, and in particular mounding within the aquifer;
* Changes in groundwater quality in the underlying aquifer;

= Changes in the quality of base-flow to the Ruamahanga River and Makoura Stream

The information from this study provides input into other studies carried out by the
National Institute of Water and Atmospheric Research Ltd (NIWA) and the Institute for
Environmental Science and Research (ESR) in estimating risks to human health and the

environment at the ultimate discharge points of the groundwater.

The study is limited to assessing the gravel aquifer that underlies the site. Modelling of
the infiltration of the wastewater through the surface soils has been carried out by

HortResearch. The results of that modelling have been used as input into this study.

The issues outlined above have been addressed using field data collected from the site by
PDP and others over the past seven years in combination with quantitative assessment
techniques including predictive numerical and analytical groundwater flow and
contaminant transport modelling. Details of these techniques and the predicted changes

are provided in this report, alongside an interpretation of the results.

This report also includes an outline of the geology and hydrogeology of the area, the

groundwater flow system and groundwater-surface water interaction at the site.
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2.0 Geology and Hydrogeology

2.1 Summary of Investigations

The WWTP and proposed irrigation area is located adjacent to the Ruamahanga River at
Homebush (Figure 1). The area designated for the proposed irrigation is shown in
Figure 2. Numerous boreholes, test pits and hand-augured holes have been excavated
and drilled across the site in the last seven years as part of investigations for the earlier
Rapid Infiltration Basin scheme and the current proposal (Opus, 1998; Beca, 2005a;
PDP, 2005). This has enabled a good understanding of the geological structure of the

deposits in the area and the hydraulic properties of the various strata.

PDP has primarily been responsible for drilling and installation of monitoring wells, of
which there are 21 around the site (HB1 to HB22, excluding HB8). Most of the wells are
shallow, around 5 m, but some have been drilled to about 20 m. All available bore logs

are included in Appendix B and locations can be seen in Figure 5.

Some of these wells have been pump or slug tested to provide estimates of hydraulic
conductivity of the gravel aquifer. Regular monitoring by Masterton District Council staff
(Figure 7) has provided information on groundwater levels, with length of records for
individual wells varying between one and six years, with the majority of the wells having a
two year record. In addition, installation of transducers in several monitoring wells in
March 2005 enabled the short-term interaction between the Ruamahanga River and local

ground water levels to be assessed.

2.2 Regional Hydrogeology

The WWTP is located on the floodplain of the Ruamahanga River. The Ruamahanga River
is largely responsible for the geology in the vicinity of this site (Figure 3) by depositing
unconsolidated sediments ranging from very coarse grained gravel strata to very fine
grained silt and clay strata. In the study area, gravel deposits are overlain by silt-
dominated strata, which represent overbank floodplain deposits associated with past high
water levels occupying large sections of the floodplain. As the gravel-dominated channel
has meandered across the floodplain, overbank deposits have been stripped off and
replaced by new deposits of gravel. The Ruamahanga River is a major source of recharge
to the aquifers formed in these gravel deposits. A geological cross-section as

interpolated from the available data is shown in Figure 4.

The resulting aquifer system forms part of the Te Ore Ore groundwater zone identified by
Butcher (1996). The site is located at the extreme south-west extent of the zone, with
the Masterton — Martinborough Road marking the approximate boundary with the
Masterton groundwater zone, and the older, tertiary-age rocks of the high ground over the

river to the east and south-east forming another boundary.

Four aquifers have been identified within the alluvial deposits of the Te Ore Ore basin.
The uppermost is an extensive unconfined, or semi-unconfined, aquifer (Aquifer T1). This

aquifer is predominantly comprised of compact brown gravel with a variable sand, silt and
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clay content. Hydraulic properties of this aquifer are spatially highly variable with an

average transmissivity of 880 m?/day (Opus, 1998).

The regional groundwater flow direction is expected to be largely controlled by the
Waingawa and Ruamahanga rivers. Regional groundwater flow has been assessed
through piezometric surveys carried out by Wellington Regional Council. The interpreted
regional piezometric contours are shown in Figure 6. This shows the flow direction is in a
south-easterly direction, near the Waingawa River in the west, and a more southerly

direction near the Ruamahanga River in the east.

Four surveys have been carried out in the shallow aquifer over a range of areas between
April 1977 and October 1993 (pers.comm. Lindsay Annear, November, 2005). Based on
these plots, it appears that the rivers exert a major control on head distribution across
the wider plains area, although the apparent flow patterns do vary somewhat between the

different piezometric surveys.

2.3 Homebush Geology

The on-going fluvial transport, sedimentation and erosion processes associated with the
Ruamahanga River are responsible for the composition of the geological strata at the

Homebush site.

The geological investigations have revealed extensive surficial sediments consisting of
silts, clay, and silty fine sand deposits. These silty deposits, formed by overbank
deposition from the Ruamahanga River, cap more permeable gravel dominated deposits,
with interstitial clay, silt and sand. A cross-section showing the surface geology across

the Homebush site is included in Figure 4.

A large number of test pits and boreholes have penetrated this layer to intercept the
underlying gravels, providing excellent spatial coverage of the thickness of this layer. The
locations of these are indicated in Figure 5. The geological investigations have revealed
that these capping sediments form deposits of variable thickness (~0.4 — 4.5 m), with an
average thickness of approximately 2 m. The deposits are heterogeneous and

anisotropic.

In the Ruamahanga River valley, the thicknesses of the shallow alluvial gravel deposits
are up to 15 m. The thickness of these gravel deposits is generally assumed to be in the
order of less than 10 m thickness in the study area, based on information from the

deeper investigation boreholes.

HB18, which was installed at the north-western end of the site, showed 4.5 m of clayey
silt and clayey silt sand deposits overlying a 3 m thick sandy gravel deposit. This is
underlain by a series of alternating horizons of clayey silt, clayey silt-bound gravel and

sandy gravel deposits between 7.5 and 14.5 metres below ground level (mbgl).

At the south-western corner of the site, HB19 revealed gravely clay to a depth of 0.5 m
underlain by a 9 m thickness of gravel and gravelly sand deposits. A clay-bound gravel

deposit was encountered between 9.5 mbgl and 9.8 mbgl. This material is commonly
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found across the site at similar depths, but varies in thickness and is discontinuous. The
remainder of the bore hole continued to a depth of 17.5 m with the strata predominantly

consisting of sandy gravel.

Wells HB6 and HB7 are located a few metres apart near the centre of the site. Both bore
holes revealed a 3 m thick surficial silt deposit overlying a 5 m thick gravel deposit. Silt-
bound gravel was encountered in both wells at 8 mbgl. Beyond this, silt-bound gravels
were encountered to 25 mbgl in HB7 which is inconsistent with surrounding observations

and has been used cautiously in geological interpretations of the site.

The bore log for HB5 showed 2.5 m of silty strata overlying 5 m of gravel strata, with a
silt-bound deposit encountered at 8 m. This well is located close to the

Ruamahanga River at the east of the site. As the well was not drilled beyond 8.5 m, the
extent of this confining layer (silt-bound gravel) is unknown. This is also the case for the
bore-log for HB9, where a silt-bound gravel layer was intercepted at 11 m below an 8 m

thickness of gravel. HB9 is situated just to the north of the existing wastewater ponds.

The bore logs for these and other wells across the site support the conceptual model of a
surficial low permeability silt deposits of variable thickness that overlie more permeable

gravel deposits. In summary, the detailed geological investigations carried out at the site
have enabled the following interpretations to be made of the general geological structure

across the site:

« Surficial fine-grained sediments of variable thickness ranging between 0.4 and
4.5 m but typically 1.5 to 2.5 m across the site. These sediments are the result of

overbank deposition from the Ruamahanga River.

= Gravel and sandy gravel deposits are found beneath these surficial sediments. The
thickness of these gravel deposits range from 2 to 9 m. These deposits are a
result of fluvial deposition and erosion processes associated with the Ruamahanga

River.

= Silty deposits have been encountered below the sandy gravel layer at depths
ranging from 3.8 to 11 m below ground level. The thickness of these deposits
varies greatly between the well locations. For example, the log for HB7 revealed
silt-bound gravels between 8 and 17 m below ground level, but the log for HB19
revealed only 0.3 m thickness of clay-bound gravel at a depth between 9.5 and
9.8 m below ground level. In some holes, the thin horizons of silt, clay and clayey
gravels may represent localised lenses. The variable nature of these deposits leads
to some uncertainty in tracing such deposits between boreholes.

= The log for HB19 shows that further gravel deposits lie beneath this silty layer to a
depth of 17.5 m. This contrasts to the log for HB7 which shows silt-bound gravels
between 8 and 17 m below ground. It appears that the geology beneath the upper
sandy gravel aquifer is variable across the site. It is possible that there may be
extensive gravel deposits below depths of 10 m, but there are insufficient deep

borehole logs to confirm this.
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» It appears that the upper aquifer is bounded above by surficial low permeability
deposits consisting of silts, clayey silts, and sandy silts while at depth it is bounded
by silt-bound gravels and silt horizons. Some of the investigation wells have
partially penetrated what is thought to be the lower aquifer or deeper water bearing
gravel deposits. The extent of the alluvial deposits below this is poorly understood
due to a lack of deep investigation bores that penetrate the full thickness of
unconsolidated material through to basement rocks, although the delineation of

deeper aquifer systems is outside the scope of this investigation.

2.4  Shallow Groundwater System

The shallow groundwater level is typically less than 2 m from the ground surface, lying
within the surficial silt deposits where sufficient thickness exists, but otherwise within the
underlying gravel. Test pits dug in January 2005 (Beca, 2005a) showed that the water
levels increased during excavation when the pits penetrated into the underlying gravels,
indicating that the surface sediments act as a confining (or semi-confining) layer to the

aquifer in the underlying gravels, when piezometric levels are sufficiently high.

Monitoring over several years within monitoring wells has shown that the variation in
groundwater level is small, less than 2 m, and usually less than 1 m. Groundwater level

monitoring records are shown in Figure 7.

Detailed groundwater level monitoring data collected using electronic transducers showed
that groundwater response to flood events in the Ruamahanga River to be rapid, but
muted. Data collected from several monitoring wells in March 2005 is plotted alongside
river level data in Figure 8. A 265 m3/s flood in late March 2005, equivalent to a 1.6 m
rise in river level at Wardell's gauging station, resulted in a 70 — 90 mm rise in water
level in most monitoring wells, with a greater rise in wells closer to the river, for example
170 mm in HB3 between Pond 2 and the river, and 120 mm in HB14 at the northern end
of the site. The rise in the monitoring wells closely followed the river, with the
subsequent fall being somewhat slower; the river typically falling over a one to three day

period, whereas the wells took several days to return to the pre-flood level.

2.5 Surface water system

The surface water in the study area consists of the Ruamahanga River, the Makoura

Stream, and various drainage ditches.

The Ruamahanga River rises in the Tararua Ranges and is joined by other rivers before
ultimately flowing into Palliser Bay on the Wairarapa south coast. The Makoura Stream
rises in Masterton and joins the Ruamahanga River just upstream of Wardell’s Bridge
(Figure 1). Concurrent gauging surveys carried out in March 2005 and water level
surveys indicate that the Makoura Stream starts to gain water from groundwater near well
HB18. It appears that it continues to gain water between this location and its confluence

with the Ruamahanga River, but this may vary depending on surrounding groundwater
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elevations. The difference in flow attributed to groundwater between the top and bottom
(near HB19) of the site was found to be about 100 I/s in March 2005.

Treated wastewater from the treatment ponds is currently discharged to the Makoura
Stream at the southern end of Pond 4 (the new maturation cell constructed within Pond 3
as part of the interim upgrade), several hundred metres north of its confluence with the

Ruamahanga River.

A cut-off drain has been constructed around the northern perimeter of the wastewater
ponds to intercept any seepage occurring from the ponds. This drain also allows surface

water and groundwater levels to drain more quickly as floods receded.

2.6 Groundwater-surface water interaction

The shallow aquifer in the area is considered to have a significant hydraulic connection to
the Ruamahanga River and the Makoura Stream. The groundwater flow direction is
generally towards the south with some deviation to both the south-west and south-east
depending on location within the site. Groundwater level and river stage height
information indicates that the Ruamahanga River gains from groundwater along the
majority of its length adjacent to the Homebush site during average river flows. At other
times, depending on the relative heights of river stage and groundwater level,
groundwater may either discharge to the river or receive recharge through river bed
losses. For example, the rapid increase in groundwater levels that has been observed
during floods in the river suggests that the hydraulic gradient is reversed during flood

conditions and that the river contributes significant flow to groundwater.

Groundwater contour maps from surveyed data indicate that on the eastern side of the
site groundwater flow is towards the Ruamahanga River. Groundwater in the centre and
to the west of the site runs due south, with some variation to the south-west where
groundwater seepage enters the Makoura Stream and to the south-east where
groundwater enters the Ruamahanga River. The groundwater contours at the southern
end of this site indicate that flow is directly south, towards the Ruamahanga River. A plot
of interpolated groundwater contours based on water level measurements from

28 October 2005 is given in Figure 9. The flow directions indicated by the contours are
expected to remain consistent regardless of seasonal changes in groundwater level, as
the long-term monitoring of water levels (Figure 7) shows that all the monitoring points

rise and fall in concert.

Water level surveys have shown that the surface water level in the Makoura Stream is
generally lower than groundwater levels (although not adjacent to the northern end of the
site), indicating that it will gain water from groundwater. As outlined in section 2.5,
concurrent gaugings of the Makoura Stream have shown that it gains water along its
course through the site. The vegetation that is present along much of the stream’s
course through the site prevented the identification of potential sources of flow in the

Makoura Stream such as drains and field tile drainage discharge points. However, the

WJ29205R003 Final.doc



PATTLE DELAMORE PARTNERS LTD

Masterton Wastewater Upgrade: Groundwater Report

contribution of flow from a side drain that joins the stream from the west was quantified

through a gauging.

The base of the stream is predominantly within the surficial fine-grained sediments along
its length with some reaches that have cut through to the underlying gravel deposits.
Analysis of the gauging data showed that the streambed conductance ranges between 2
and 160 m/day.

Groundwater level monitoring suggests that the groundwater in the silts and gravels is
driven by regional groundwater gradients and rainfall recharge, except under flood stage
river conditions, when seepage of surface water from the river contributes additional flow.
This additional river flow results in higher driving heads into the adjacent shallow aquifer,
lifting groundwater levels predominantly across the eastern areas of the site, depending
on the magnitude of the flow event. The Ruamahanga River is likely to act as a major

flow divide at least in the shallow gravel aquifer.
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3.0 Groundwater quality and contaminant pathways

3.1 Potential contaminant pathways

The proposed wastewater irrigation scheme will result in the aquifer receiving drainage
water that has higher levels of some contaminants than those found in usual rainfall-
derived recharge. The purpose of the land-based disposal system is to utilise the natural
treatment provided by the surficial soils at the site. In addition, the residual
concentrations in the drainage water reaching the underlying aquifer will be further
reduced through dilution with groundwater, and through the subsequent dispersion,
advection, adsorption and filtration in the aquifer. Identifying all the possible routes the
solutes and particulates may take through the environment is important in assessing

potential environmental impacts and risks.

Prior to carrying out any form of assessment, the possible flow pathways from the

wastewater disposal areas were considered. The following pathways were identified:
* Historic drainage via tile drains;
* Seepage into the surficial soils and underlying gravel aquifer;
* Migration through the gravel aquifer;

» Base flow or groundwater seepage into surface water features.

There is anecdotal evidence of tile drains having been installed historically in the south-
west of the site (part of the paddock immediately to the north of Pond3), due to the
generally poor drainage of the soil in this area. The locations, number of tile drains and
discharge point(s) are unknown, although an earthenware pipe was found protruding from
the bank of the Makoura Stream near the ponds. If the drains exist they potentially
provide a preferential drainage path for the irrigated wastewater. However, it is thought
the drains, if they exist, were installed many years ago, and their effectiveness will now
be significantly reduced by clogging and closure of spaces around the drains that would
have existed at installation. Also, the area involved is small relative to the total irrigated
area. In the absence of firm evidence, and given the absence of any effective drainage
occurring in the area (the south-east part of the paddock is wet in winter), the possible
presence of these drains has been ignored. This is not considered to create a significant

error in the groundwater analysis.

Seepage through the surficial soils to the underlying gravel aquifer or water table will be
the primary pathway for wastewater, following irrigation application. The proposed
irrigation application rates vary over the site depending on the capacity of the surficial
soils to transmit the wastewater through to the gravel aquifer. This is a relatively short
but significant pathway, because as the wastewater passes through the soil it undergoes
a large part of the natural treatment on which the scheme relies. Most of the filtration
and attenuation of microbial contaminants will occur within these near surface sediments

as well as a significant uptake of phosphorus and nitrate in the pasture root zone.
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Once the irrigated wastewater enters the gravel aquifer, further treatment occurs, as
microbiological and chemical constituents will be naturally diluted, dispersed and

attenuated and then transported along groundwater flow paths.

As discussed previously, groundwater flow direction in the gravel aquifer is generally
towards the south with some deviation to both the south-west and south-east depending
on location within the site (as shown in Figure 9), with the Ruamahanga River and the

Makoura Stream being in hydraulic connection with the aquifer system.

Groundwater seeping into the bottom of a stream or river provides the base-flow to the
stream, and the rate at which base-flow occurs is controlled by the hydraulic connection.
Given the direction of the groundwater flow at the site, essentially directly towards the
Ruamahanga River, and given that below the shallow gravel aquifer is a lower permeability
layer acting as a more or less efficient aquitard, and that across the river (on the true left
bank) is a low permeability boundary consisting of older rocks (PDP, 2006a), most of the
shallow groundwater passing through the site is expected to discharge into the
Ruamahanga River and Makoura Stream as base-flow. This is also expected to be the
ultimate removal pathway for most of the additional flow to the aquifer from treated
wastewater applied to the land-based disposal system, once it has reached the aquifer.
Prior to that point there will have been losses to evapotranspiration and storage in the

upper layers of the soil.

The rates of flow and the contaminants remaining in the groundwater at the point of

discharge in the river and stream are discussed in subsequent sections of this report.

3.2 Existing groundwater quality

Groundwater quality has been measured in a number of monitoring wells since 2003 as
part of the pond discharge consent requirements. Monitoring has included all four wells
between the ponds and the Ruamahanga River (HB1 to HB4), three wells up-gradient of
the ponds (HB9, HB6 and HB5, in increasing distance up-gradient); Forbes irrigation bore
(HB10) and one well west of the ponds (HB11). These wells have been monitored for a
range of general groundwater quality parameters specified in the consent — details are
contained in Beca (2004a and 2005b).

The consent monitoring shows groundwater quality up-gradient of the ponds is generally
good, with all but E. coli of the parameters tested complying with the New Zealand
Drinking-water Standards 2005 (MoH, 2005). Despite the land being used for dairy
farming, even E. coli complies (i.e. is < 1/100 ml) for about 50% of the samples, with

the balance being at or close to 1/100 ml.

The one-off testing in HB6 for a suite of metals listed in the drinking-water standards

showed a general absence of these metals (at the laboratory detection limits) and in all
cases compliance with the standards. There was also an absence of PAHs (at detection
limits ranging from 0.0001 to 0.0005 mg/L) in HB6, an expected result for groundwater

in a rural area.
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Well HB 11, to the west of the ponds appears to have water of slightly different origin to
that of the wells north of the ponds, being distinctly harder, and having higher iron,
manganese, bicarbonate, sodium and chloride concentrations than the wells to the north

of the ponds.
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4.0 Groundwater Flow Model

To enable potential effects of the proposed irrigation scheme on groundwater to be
assessed, a groundwater model representative of the hydrogeological setting was
required. A numerical groundwater flow model has been developed using the USGS
finite-difference code MODFLOW and the Waterloo Hydrogeologic pre-and post-processor
Visual MODFLOW 4.1. The numerical model allows a three-dimensional representation of

hydrogeological parameters, groundwater flow paths, and contaminant migration.

The first step in the model was to produce a transient simulation that reproduced the natural,
pre-irrigation, situation in order to gain confidence that the conceptual geological model,
the hydraulic conductivity estimates assigned to the aquifer and the recharge estimates,
were a good approximation to the true situation. This involved calibrating the model to
groundwater level, river stage and Makoura Stream flow data collected from the site over

the past three years.

The next stage in the modelling was to assess the changes in groundwater levels and flow
patterns resulting from the irrigation using the calibrated model. Both transient and
steady-state calibrated models were used to assess these changes. In addition to
changes in groundwater levels, changes in groundwater seepage rates to the

Ruamahanga River and Makoura Stream were assessed.

The steady-state model was then used to assess potential contaminant transport at the
site. As the particle travel times in the aquifer are large relative to the irrigation
application periods, transient modelling was not required for this stage. The purpose of
this modelling was to predict contaminant concentrations in the groundwater seepage

entering the Makoura Stream and the Ruamahanga River.

4.1 Preparation of Data for Model Input

Model characterisation involves taking field data describing the aquifer system and
translating that information to input variables that the model can then use to solve
governing equations of flow and transport. The input variables used for the model are

summarised below and described in the following sections:
* Model Domain
* Topographic Data
+ Climate Data
* Surface Water Data
+ Hydrogeological Data

* Boundary Conditions

4.1.1 Model Domain

The area of interest, or model domain, comprises what is considered a near complete

representation of the aquifer system at the Homebush Wastewater Treatment Site, and is
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based on hydrogeological investigations at the site and encompasses the wider area of
the Wairarapa plains to provide suitable surrounding aquifer or boundary conditions. The
model domain (Figure 10) and setup primarily focuses on the Homebush site, but the
model also incorporates a larger area of the aquifer system that includes the

Waingawa River in the west and the hills composed of basements rocks near Whangaehu
in the north and east. This was done to ensure the location of the model boundaries
were set wide enough to avoid boundary effects or artefacts of locating the model
margins too close to the site. It is also apparent that there is some influence on the

groundwater flow direction from the Waingawa River across the wider Wairarapa Plains.

It can be seen in Figure 6 that the groundwater flow is in a south-easterly direction
parallel to the Waingawa River across most of the plains and then changes to a southerly
direction near the hills where it meets a no-flow boundary formed by the outcropping of
the basement rock. The position of the model domain was chosen so that the lateral

boundaries of the model were approximately parallel to the groundwater flow direction.

It is not the intention of the model to accurately define the wider system. Thus, outside
of the Homebush site, the model setup is coarser, employing a 100 m x 100 m grid, and
only provides approximate head conditions in the wider aquifer system. In the irrigation

study area the grid has been refined to 10 m x 10 m cells. It is considered that, for the
purposes of modelling small-scale effects resulting from activities on the Homebush site,

this arrangement is a sufficient numerical representation of the local aquifer conditions.

Due to the orthogonal nature of the grid discretisation, the major axis of flow is oriented
north-south. Model cells considered outside the aquifer system, or that naturally act as

no-flow boundaries, were designated as inactive. These are shown in Figure 10.

It should be noted that the modelling does not include the effects of direct leakage from
the Homebush ponds to the Ruamahanga River. This leakage, estimated to be in the
range of 800 += 900 m3/day (PDP, 2006b), and assumed to travel relatively directly from
the ponds to the Ruamahanga River, possibly facilitated by higher permeability zones
within an old meander system under the ponds, is considered to have no major effect on

the wider groundwater flow regime.

4.1.2 Topographic Data

The topographical profile used in the model was developed from the numerous spot
elevations surveyed at well heads, test pits and auger holes across the site. A digital
elevation model (DEM) was also derived from 1:50,000 scale topographic data sets
(NZMS 260 series).

4.1.3 Recharge Estimates

Water budget modelling has been carried out by HortResearch (2006), taking into
account rainfall, irrigation, soil storage, evapotranspiration, runoff, and soil drainage. It
is this latter component that forms the aquifer recharge used as input in the aquifer

modelling. The HortResearch modelling was completed for the base-case scenario, pre-
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irrigation development, in which rainfall is the only local recharge, and post-irrigation

development, in which various wastewater application rate scenarios add to the recharge.
The outputs of the HortResearch modelling defined the amount of recharge applied to the
gravel aquifer unit in the MODFLOW model, after migration through the unsaturated zone.

The results of this modelling can be reviewed in HortResearch (2006).

4.1.4 Surface Water Data

The Makoura Stream and Ruamahanga River form hydraulic boundaries within the model
that either remove water from the model via groundwater seepage or recharge the
aquifers via seepage from these waterways to the aquifers. To incorporate the effects of
the Makoura Stream and Ruamahanga River into the model, stage and bed elevations

were interpolated between several surveyed locations adjacent to the site.

The hydraulic gradient of the Ruamahanga River was assumed to be constant for all river
flows so, for each time step, the stage in each model cell was extrapolated based on the
measured stage at the Wardell’s Bridge gauging site. This information was entered into
the River Boundary which was used to replicate the Ruamahanga River in the MODFLOW
model. Estimates of river depths were used to extrapolate the river bed elevation in its

normal channel course.

Only one set of stage and flow measurements were used for the Makoura Stream, as
there are no transient records of stage or flow in this stream. Therefore, the stage height
in the Makoura Stream was fixed in the MODFLOW model. Given the small flows in the
stream the error created by this approximation is considered to be insignificant.
Streambed conductance values in the model were set to the values calculated from the

results of the concurrent flow gaugings carried out in March 2005.

The river stage elevations across the wider areas of the Wairarapa Plains were based on
heights shown in the 1:50,000 topographic maps, with an arbitrary width of 30 m used
for all river cells outside of the site extents. The streambed conductance values of the
rivers were set to match the hydraulic conductivity of the surrounding aquifer cells as it is
assumed that the gravel riverbeds provide no more resistance to groundwater-surface

water interaction than the underlying gravels.

4.1.5 Hydrogeological Data

The hydrogeological arrangement of the model, at the site, is based on field observations
from the many boreholes, hand auger holes, and test pits excavated at the site over the

past several years. In general terms, the hydrogeological units comprise:

» Surficial confining strata — This has an average thickness of 2 m with a range of
0.4 m to 4.5 m. Lower hydraulic conductivities ranging between 1.1 x 103 and
0.14 m/day have been set across the northern and western parts of the site based
on field test results in these areas. Higher hydraulic conductivities ranging upwards

of 0.1 m/day have been set in the eastern parts of the site based on hydraulic
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conductivity testing in these areas. Hydraulic conductivity zonation for layer 1 is

displayed in Figure 11.

« Upper gravel strata — This varies in thickness from 2 m to 9 m with a general

decrease in hydraulic conductivity away from the Ruamahanga River. Hydraulic

conductivities of 150 m/day and 350 m/day have been used in the model for this

layer. These values are consistent with field test results and have enabled a good

calibration of the model to be achieved.

variable in thickness.

* Lower confining strata — This layer has been modelled as discontinuous and

* Lower gravel strata —This has been modelled as one continuous layer with a lower

hydraulic conductivity than the upper gravel strata as these gravel deposits are

expected to be less permeable as they are older.

Two model layers per stratigraphic component have been applied in the model (a total of

eight). This allows better calculation of head changes across layers of contrasting

hydraulic conductivity.

The resulting aquifer parameters used in the flow simulations are summarised in the

following table.

Table 1: Aquifer Parameters used in MODFLOW modelling.

Hydraulic
Specific | Specific | Effective
Hydrogeological Unit Conductivity
Yield Storage | Porosity
(m/day)
Surficial Confining Unit (Layers 1 & 2) | 0.0155 - 1.59 0.1 0.0001 0.1
Upper Gravel Unit (Layers 3 & 4) 350 0.2 0.0001 0.3
Lower Confining Unit (Layer 5) 10 0.1 0.0001 0.2
Lower gravel unit (Layers 6 & 7) 250 0.2 0.0001 0.3

4.1.6 Boundary Conditions

No-flow boundaries have been assigned at the interface between the unconsolidated

sediments and the consolidated basement rocks that form the hills surrounding the

Wairarapa Plains.

River boundaries have been applied across the northern and western margins of the

model. This provides coarse replication of the head control that the Waingawa River and

upper reaches of the Ruamahanga River have on groundwater flow across the wider plains

area. The river boundaries in the western and northern parts of the model have been

derived from the Land Information New Zealand’s topographical database (NZTopo).

These river boundaries enable replication of the piezometric head distribution revealed in
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the piezometric survey in 1984 that shows a slight south-easterly flow direction west of
the site. The river boundary stage heights south of Wardell’s Bridge have also been

derived using heights from the topographical database.

4.2 Calibration of Model

A MODFLOW model produces a solution of the groundwater head and flow in each active

cell. Any complete model solution may be viewed in terms of calculated groundwater flow
paths and velocities. In each case, calibration data is required to substantiate or test the
solutions the model produces. Successive runs of the model are usually separated by an
analysis of the results and a refinement of the aquifer parameters used until a stable and

reasonable solution is attained for the monitoring data.

Calibration of a groundwater model generally involves adjusting parameters (such as
hydraulic conductivity and storage values) so that the modelled values resemble as
closely as possible the field monitoring data. Most of the calibration was completed
manually, however an automated parameter estimation program (WINPEST) was used as
a check on the range of parameters utilised, which showed similar parameters to those
derived by manual calibration. Data collected between September 2003 and October
2005, the most complete data set available, was utilised throughout the calibration
process. Groundwater level measurements were made from only a small number of wells

prior to September 2003.

The values of hydraulic head collected from the field to be used as targets in the model
consist of monitoring data collected by the Masterton District Council and PDP from 21
wells across the site. This provided data coverage for the shallow aquifer beneath the
site. Additionally, piezometric maps produced by the Wellington Regional Council (shown
in Figure 5) provided guides for model outputs of piezometric head. Simulated

piezometric contours are shown in map format in Figure 12.

A plot of simulated versus measured heads is shown in Figure 13 for the 21 wells used
for steady state calibration. This plot provides a guide as to the degree of calibration of
the simulations; the closer the simulated heads are to the observed heads the better the
calibration. The relative difference between the simulated groundwater levels and the
measured groundwater levels (the residual errors) are shown in Figure 14 in the form of a
histogram. Figure 14 shows the residuals tend to be positive, meaning that the modelled
heads are slightly higher than observed heads. The source of the disparity is likely
explained by the uncertainties in our knowledge of groundwater discharge to the surface
waterways, recharge from the rivers, effective rainfall recharge and regional and depth
variation in aquifer hydraulic conductivity. Any mathematical modelling exercise such as

the one in this report has to be viewed in light of these uncertainties.

A measure of the residual errors is the root mean squared error (RMS) and the mean
error. For the steady-state simulation, calibrated to groundwater levels between
September 2003 and October 2005, the RMS is 0.136 m and the normalised root mean

squared error is 5.3%. The software developer, Waterloo Hydrogeologic, considers a
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model with a normalised root mean squared error less than 10% to be a calibrated
model. This means that the discrepancies between the simulated and observed heads
are small, and the model is therefore well calibrated and provides a good representation

of the groundwater flow system.

A qualitative sensitivity analysis has been carried out, whereby the sensitivity of the
numerical output to changing those parameters that affect the model the most is

assessed. This sensitivity analysis suggests the following:

1. The simulated heads across the site area in the model are particularly sensitive to
changes in the stage of the Ruamahanga River. This is consistent with field
monitoring carried out at the site which showed rapid changes of groundwater levels

during changes in flow and stage in the Ruamahanga River.

2. The simulated heads across the site were reasonably sensitive to the hydraulic
conductivity of the lower permeability layer (represented by layer 5 in the model).
The relative change in simulated heads resulting from altering the confining layer
hydraulic conductivity was greater than that which resulted from changes made to

hydraulic conductivity in the surrounding aquifer layers.

4.3 Modelled Scenarios

Once model calibration was achieved, the model was then used to assess the potential
changes in groundwater levels and flow patterns resulting from the proposed irrigation at

the site.

Both transient and steady-state MODFLOW simulations were used to assess the
groundwater flow and level changes resulting from the irrigation. A dry-land scenario
(pre-irrigation) and two irrigated scenarios (Option 3 and Option 6 as described in
HortResearch (2006)) were run over a two-year period. The dry-land scenario was
calibrated to head observations collected from over twenty wells, from September 2003
through to October 2005. This ensured that the model could adequately replicate short
to medium term changes in hydraulic head, and therefore similarly timed responses once

irrigation was applied.

Options 3 and 6 represent a high and average irrigation schedule, respectively, of several
scenarios considered by HortResearch (2006), with Option 6 being the eventual preferred
option. These two scenarios represent area-weighted average increases in drainage to
the aquifer over the irrigated area of 6.6 mm/day and 4.6 mm/day respectively. The
average drainage to the aquifer under dry-land (natural) conditions is calculated to be
0.62 mm/day. These values have been calculated from the HortResearch predicted

drainage rates.

For their work, HortResearch (2006) divided the site into 11 areas that were
representative of the average hydraulic properties of the near-surface soils over the site.
These same areas were used in the PDP model, with corresponding aquifer recharge rates

applied to the upper-most wet cell in any vertical column (which was normally within
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layers 2 and 3 in the model) for the dry land and irrigated scenarios. The recharge rates

for each of the 11 areas for the two irrigations scenarios are shown in Table 2.

Table 2: Drainage inputs to aquifer used in MODFLOW modelling.

Option 6 Option 3
Irrigated
Area Area Average Average Daily Average Average Daily

(ha) Drainage Drainage Drainage Drainage

(mm) (m%day) (mm) (m%day)
Plot 1 6.1 3.8 231 5.2 317
Plot 2 4.2 4.2 174 7.2 298
Plot 3 4.9 2.9 143 4.4 216
Plot 4 5.4 6.2 335 9.4 508
Plot 8 7.6 7.1 536 10.6 806
Plot 5 5.1 5.1 260 7.8 400
Plot 6 5.1 5.4 279 8.1 416
Plot 7 5.4 7.1 381 10.6 574
Plot 9 5.1 6.9 352 10.5 534
Plot 10 4.4 6.9 307 10.5 465
Plot 11 21.4 1.9 410 1.9 408
Total 4.7 3408 4944
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5.0 Contaminant Model

Predictive modelling was undertaken to assess the potential transport of key
contaminants in the gravel aquifer from the proposed irrigation of the treated wastewater
across the site using the steady state flow simulation produced by MODFLOW. This was
carried out using the contaminant modelling software, MT3DMS, which is available in
Visual MODFLOW 4.1. MT3DMS simulates advection, dispersion and reactions of

contaminants in groundwater flow systems.

The constituents that were modelled are:
* E.Coli;
= Adenovirus;
* Nitrate (expressed as nitrogen);

* Phosphorus.

E.Coli was used in the modelling as this is the most commonly used indicator for bacterial
transport. Initially, it was proposed that E.Coli would be used as an indicator of viral
transport as well as bacterial transport. However, ESR was incorporating viruses into
their modelling of potential health effects arising from the direct river discharge, and for
completeness, they required estimates of viral concentrations in the groundwater seepage
to the waterways. Adenovirus has been chosen as the viral indicator on advice from ESR
(pers. comm. Andrew Ball). ESR modelling of viruses in the Ruamahanga River indicated
that adenovirus poses the greatest health risk of all viruses likely to be present in the

pond wastewater.

HortResearch provided predicted concentrations of E.Coli, nitrate-N and phosphorus in
the drainage water at 1 m depth, with the drainage rates as for options 3 and 6 (i.e.
average drainage rate of 6.6 mm/day for Option 3 and 4.6 mm/day for Option 6). This
represents an assumption that the water table is at a depth of 1 m. The average depth
to water across the site is actually 1.8 m, so a value of 1 m is conservative (the microbial
concentrations would be lower at 1.8 m as there would be more attenuation of micro-
organisms), but allows for the situation of an extreme high groundwater level. The
averaged concentrations of the contaminants in the drainage water for each of the 11
sub-areas and the two irrigation scenarios are given in Table 3 and Table 4. These were
added to a steady-state flow solution. For comparison, the input concentrations that

HortResearch used in their modelling are shown in Table 5.

An initial concentration of viruses in the drainage water was not available from the
HortResearch modelling as it was not part of their work scope. In the then absence of
adenovirus determinations in the Masterton wastewater (a single determination was
subsequently carried out on a sample collected in October 2005 as part other
investigations), and as a conservative approximation, the adenovirus concentration was
set to 10 virus/L, based on the maximum concentration recorded in 22 samples taken
from the outlet of the Bromley oxidation ponds in Christchurch (pers. comm. Andrew
Ball).
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As the virus concentration was set to a value representing typical concentrations in pond
wastewater, the modelled concentrations will be greatly overestimated as substantial
attenuation of viruses is expected to occur in the unsaturated zone, prior to the drainage

water reaching the groundwater table.

Time-averaged values were used for drainage rates and the concentrations of nitrate-N,
E.Coli and viruses in the model. The reason for this was that the model was run as a
steady-state model. While the values of these input parameters do fluctuate seasonally
with time, there are no long-term trends in the data for these input parameters. As the
contaminants will move slowly through the shallow aquifer, it is appropriate to use long-
term averages for the input concentrations and recharge rates. If the maximum recharge
rates and concentrations were used the steady-state concentrations would be
overestimated. The exception to this use of time-averaged values for the input

parameters is the concentration of phosphorus.

As detailed in the HortResearch (2006) report, the concentration of phosphorus in the
drainage water is expected to increase with time. For this reason, two time periods have

been considered, representing short-term and long term application of the wastewater.

The first time period is approximately 4.5 years into the wastewater application, and used
phosphorus input concentrations equivalent to the average concentration over the first
eight years of the HortResearch predictions (being the length of record available for
wastewater inflows and outflows). The second time period considered, 28 years, used
the final values from the HortResearch predictions at the beginning of the 29" year of
wastewater application. This time was chosen by HortResearch as being the length of
climate record available, but required the generation of a synthetic flow record for years
nine to 28 based on a correlation between the climate data and the eight years of
available flow data (HortResearch, 2006). The longer period is roughly equivalent to the

desired resource consent duration for the upgrade.

The average input concentrations over these time periods are presented in Table 3 and
Table 4 for each of the sub-areas (identified as plots 1 to 11 in the tables). Note that
the 28 year simulation has only been carried out by HortResearch for Option 6 (the
preferred scenario), therefore only the short-term (approximately 4.5 years) effects have
been assessed for the high rate irrigation scenario of Option 3, based on the eight-year

predictions.

WJ29205R003 Final.doc



PATTLE DELAMORE PARTNERS LTD

Masterton Wastewater Upgrade:

Groundwater Report

Table 3: Input concentrations used for steady-state MT3DMS transport modelling for Irrigation Option 6.

Species Plot1 | Plot2 | Plot 3 | Plot 4 | Plot5 | Plot 6 | Plot 7 | Plot 8 | Plot 9 | Plot 10 | Plot 11
E.Coli (cfu/100 ml) 1.37 6.83 1.34 12.30 6.59 5.21 16.32 | 19.98 | 19.42 | 19.94 0.07
Nitrate-N (mg/L) 1.48 1.97 1.84 2.29 2.09 1.66 2.13 3.02 2.89 2.88 0.05
Phosphorus (mg/L)
(Average over first 0.005 | 0.013 | 0.004 | 0.009 | 0.005 | 0.004 | 0.016 | 0.009 | 0.038 | 0.038 | 0.003
eight years)
Phosphorus (mg/L)

0.010 | 0.075 | 0.008 | 0.104 | 0.031 | 0.035 | 0.207 | 0.091 | 0.959 | 0.986 | 0.003
(28 year values)
Virus1 (virus/L) 10 10 10 10 10 10 10 10 10 10 10

Notes: 1. No attenuation of viruses through the unsaturated zone has been accounted for.

Table 4: Input concentrations used for steady-state MT3DMS transport modelling for Irrigation Option 3.
Species Plot 1 | Plot 2 | Plot 3 | Plot 4 | Plot5 | Plot 6 | Plot 7 | Plot 8 | Plot 9 | Plot 10 | Plot 11
E.Coli (cfu/100 ml) 4.26 20.18 | 4.41 | 24.88 | 17.82 | 14.36 | 30.79 | 35.06 | 35.34 | 34.87 0.07
Nitrate-N (mg/L) 1.36 2.12 1.67 2.44 2.16 1.82 2.35 3.10 2.98 2.99 0.05
Phosphorus (mg/L)
(average over first 0.005 | 0.020 | 0.005 | 0.014 | 0.006 | 0.005 | 0.025 | 0.014 | 0.066 | 0.065 | 0.003
eight years)
Virus?® (virus/L) 10 10 10 10 10 10 10 10 10 10 10

Notes: 1.

No attenuation of viruses through the unsaturated zone has been accounted for.

Table 5: Input concentrations used in HortResearch Modelling

Species

Concentration applied to soil surface

E.Coli (cfu/100 ml)

1000 (winter)

200 (summer)

Nitrate-N (mg/L)

11.5 Total N

(50% nitrate and 50% ammonium)

Phosphorus (mg/L)

2.5

Virus (virus/L)

Not modelled
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5.1 Model set-up and parameters used

For the contaminant modelling, it was considered that the main controls on the transport
of nitrate and phosphorus in groundwater are advection and dispersion. It should be
noted, however, that adsorption is also likely to influence the transport of phosphorus in
ground water. The modelling of phosphorus will therefore be conservative as adsorption

has not been allowed for.

An additional transport control was incorporated into the modelling of E.Coli and

adenovirus. This term is the natural micro-organism die-off rate, which was based on:

* For E.Coli a T90 value (time for 90% of the coliforms to die-off) of 135 hours,
based on information supplied by ESR (pers. comm. Andrew Ball). This value was
based on testing carried out by Sinton (2002). Through discussion with ESR staff
members, it was decided that the value determined from this testing would be most
appropriate to base the modelling on as the testing was carried out in the dark at
14 degrees (similar conditions to aquifer at the Homebush site) in a sample
containing 10% pond stabilised wastewater. The transport modelling did not
account for bacterial filtration or adsorption, given the uncertainty of appropriate

factors for the Homebush aquifer, so the results will be conservative.

.0

For adenovirus a T90 value of 62 days was used. This was based on testing carried
out in a sample of tap water containing Adenovirus 41 by Enriquez et al. (1995).
The test was carried out at 15 degrees in the dark. As with the bacterial modelling,
filtration and adsorption effects were not included. Input parameters governing the
transport equations used in the MT3DMS modelling are summarised in the

following table.

Table 6: Input Parameters used for MT3DMS transport modelling.

Parameter First Order Decay [day] Dispersivity (m)
Bacteria 0.41 10
Virus 0.037 10
Nitrate-N - 10
Phosphorus - 10
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6.0 Modelling Results

6.1 Groundwater Modelling Results
6.1.1 Mounding Estimates

The transient simulations were used primarily to achieve calibration of the model with the
measured data to ensure that the model was representative of the groundwater system at
the Homebush site. The results of the transient modelling were also used to identify the
change in hydraulic head between the irrigated scenarios and the existing un-irrigated

situation to assess the degree of mounding that could result from the irrigation.

The changes in piezometric head at the observation wells for Option 6 are plotted in
Figure 15. This illustrates the changes that could have been expected to occur in
groundwater levels if irrigation was occurring over the period from September 2003 to
October 2005, the period of available groundwater data. This is expected to be generally
representative of the long-term situation. Figure 15 shows the maximum simulated

change to be less than 0.2 m, and commonly less than 0.05 m.

The estimates were checked using an analytical solution described in Hunt (2003) which
showed compatible results, although the changes were predicted to be slightly higher, an
expected result as the analytical model is based on simplifying assumptions that generally

result in larger predicted mounding estimates than numerical models.

For Option 3, the maximum mounding is predicted to be less than 0.2 m, on average,

and commonly less than 0.1 m. The mounding result for Option 3 is shown in Figure 16.

Assessment of potential mounding was limited to estimating changes in the gravel aquifer
as part of the assessment of the change in groundwater flow patterns at the site. The
groundwater model was not used to assess the potential mounding in the surficial
confining sediments at the site. The potential for mounding in the surficial soils at the
site was incorporated into HortResearch’s modelling of the unsaturated zone
(HortResearch, 2006).

6.1.2 Discharge Estimates

The steady-state groundwater modelling has been used to assess the expected changes
in base flow to the Makoura Stream and to the Ruamahanga River. The total predicted

seepage rates are summarised and compared with the un-irrigated situation in Table 7.

The Makoura Stream naturally increases in flow in its lower section by about 100 I/s.

Four gaugings carried out at the northern end of the Homebush site in March 2005 gave
flow rates ranging between 60 and 84 I/s (5,000 - 7,300 m®/day), while gaugings further
downstream at the pond access bridge measured a flow of 170 I/s (15,000 m%/day). The

increase of 100 I/s over this reach is 59% of the downstream flow (Table 7).

Analysis of the flow and water level information indicates that the stream does not gain

groundwater seepage in the upstream part of the site as the stream levels are above
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groundwater levels. Through the lower section of the site the stream level is consistently

lower than groundwater levels, which results in groundwater seepage entering the stream.

The model indicated that the upstream sections of the Makoura Stream will continue to
have stream stages above groundwater level under irrigation for both options 3 and 6,
thus discharge from the groundwater to the stream cannot occur. However, the
modelling showed that, with irrigation, there is predicted to be a small increase in
groundwater discharge from the true left bank in the downstream sections of the Makoura
Stream, but the increase is small relative to the natural increase over that reach — an
increase of about 11 I/s (or 910 m®/day) for Option 3 and 7 I/s (600 m?/day) for

Option 6. In percentage terms (Table 7), the increase from upstream to downstream is
63 to 65 % of the natural downstream flow, but 59% of this is natural, therefore the
increase from irrigation for the two irrigation options is predicted to be only 4 to 6% of

the natural downstream flow, for the two modelled scenarios.

Similar calculations have been carried out for the Ruamahanga River. Without the
irrigation the model predicts a natural increase in the river between the top of the site
and downstream of the ponds (but upstream of the Makoura confluence) of about

0.25 m%s (21,900 m®/day) from groundwater inflow. This equates to about 9% of the
summer low flow of 2.7 m3%/s * (5th percentile of summer flows - NIWA, 2006) measured
at Wardell’s Bridge. With irrigation there is a slightly larger increase of 0.29 m%/s
(25,000 m3/day) for Option 3 (High Rate irrigation) and 0.01 m3/s (450 m®/day) smaller
than that for Option 6 (Average Rate irrigation). Put into context with the summer low
flow of 2.7 m%/s, the irrigation increase for the High Rate irrigation amounts to only 1.3%
of that flow, and less than half of that for the half median flow (6.15 m3/s), the latter

being the flow above which direct discharges of wastewater to the river may occur.

Table 7: Flow increase in Makoura Stream and Ruamahanga River from groundwater

discharge
Increase in flow upstream to Increase as a percentage of natural
downstream past site (m?/s) downstream flow
Scenario Natural High Rate Ave Rate Natural High Rate Ave Rate
Makoura Stream 0.1 0.11 0.11 59% 65% 63%
Ruamahanga River 0.25 0.29 0.28 9.4% 10.7% 10.2%

6.2 Contaminant Modelling Results

The predicted concentrations of the four contaminants at the site boundaries are
summarised in Table 8 and shown as concentration contours in figures 17 and 18 for

Option 6, and figures 19 and 20 for Option 3. Note that, for phosphorus, the contour

1 2.7 m¥s is the equivalent of 233,000 m3/day

WJ29205R003 Final.doc




PATTLE DELAMORE PARTNERS LTD

Masterton Wastewater Upgrade: Groundwater Report

plots are for the early stages of the project’s life, but the later stage plots will have a
generally similar pattern but with greater values. Table 8 shows both the early and late

stage results for phosphorus.

In Table 8 the predictions have been subdivided into a number of reaches, corresponding
to the edge of each irrigation area (the 11 irrigation areas as shown in Figure 2).
Average concentrations for each reach have been estimated from the concentration

contours.

Table 8: Modelled concentrations along river and stream boundaries for Option 3 and 6

E.Coli Adenovirus Nitrate-N Phosphorus
Adjacent | (cry/100 mL) (virus/L) (mg/L) (mg/L)
Waterway Irrigated

PlotNo | ont3 | oOpte6 | Opt3 | Opt6 | Opt3 | Opté Opt 3 Opt6 | Opte
(4.5 yr) (4.5 yr) (28 yr)
Makoura 1 1 1 2 2 0.5 0.5 0.001 0.001 0.002
Makoura 2 1 1 0.8 0.8 0.5 0.5 0.005 0.005 0.028
Makoura 3 0.5 0.5 0.8 0.8 0.5 0.5 0.0025 0.001 0.002
Makoura 4 3 1 2 1.5 1 0.8 0.0075 0.005 0.058
Makoura 5 2 0.5 1 0.5 0.5 0.3 0.0025 0.001 0.007
Makoura 11 0.05 0.01 0.5 0.5 0.01 0.01 0.001 0.001 0.001
Ruamahanga 8 10 5 2.5 0.5 2 1 0.01 0.005 0.049
Ruamahanga 9&10 10 5 0.8 0.3 0.5 0.3 0.01 0.005 0.129
Ruamahanga Ponds 0.0001 | 0.0001 0.2 0.1 1 1 0.02 0.01 0.162

The predictions assume a 20 m buffer zone between the irrigated areas and the stream
and river, as set out in the conceptual design of the proposed irrigation scheme, except
the discharge designated “Ponds” is for groundwater flowing under the ponds and has
been estimated for a location between the ponds and the river. In places where there will
actually be more than the 20 m design minimum separation distance between the
irrigated areas and the river or stream, the concentrations at the point of discharge to the
relevant waterway can be expected to be less than predicted in Table 8, as the modelling

shows there is a rapid drop-off in concentrations outside the irrigated area.

The degree of attenuation that the aquifer provides can be determined by calculating
percentage removal rates. Removal rates are a function of travel path length (and hence
travel times) with the obvious result that removal rates are lowest for the short travel

distances to the Makoura Stream and the northernmost reach of the Ruamahanga river
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and greatest for the longest travel path directly south to the river beyond the ponds. The

removal rates are shown in Table 9.

The percentage removal rates can be used to recalculate discharge concentrations for
different initial concentrations (in the modelling the relationship between concentration at
the source and anywhere in the aquifer is directly linear), for example phosphorus
concentration can be calculated for Year 20 by using the removal rates and the input
concentration (the soil drainage water concentration) for this time, being about half those
applicable for Year 28. Similarly, if at some stage virus attenuation through the
unsaturated zone is modelled, then the modified initial concentration can be factored by

the appropriate percentage removal rate to obtain the discharge concentration.

Table 9: Percent-removal rates for Options 3 and 6

Adjacent E.coli Adenovirus Nitrate-N Phosphorus
Waterway Irrigated

Plot No Opt 6 Opt 3 Opt 6 Opt 3 Opt 6 Opt 3 Opt 6 Opt 3

Makoura 1 27% 7% 80% 80% 66% 63% 78% 79%
Makoura 2 85% 95% 92% 92% 75% 76% 62% 75%
Makoura 3 63% 89% 92% 92% 73% 70% 76% 45%
Makoura 4 92% 88% 85% 80% 65% 59% 44% 47%
Makoura 5 92% 89% 95% 90% 86% 77% 78% 60%
Makoura 11 86% 29% 95% 95% 80% 80% 63% 63%
Ruamahanga 8 75% 71% 95% 75% 67% 35% 46% 28%
Ruamahanga 9&10 75% 72% 97% 92% 90% 83% 87% 85%
Ruamahanga Ponds 100% 100% 99% 98% 38% 40% 3% 0%

6.2.1 Model Predictions Compared with Groundwater Concentrations

The effects on the groundwater at the scheme boundaries may be assessed by comparing
the modelled increase in concentrations of nitrate-N, phosphorus and E. coli at these
points (as shown in Table 8) with background concentrations in the groundwater

(Table 10).

The average background nitrate-N concentration determined from the consent monitoring
samples taken from the wells upgradient of the ponds between March 2003 and March
2005 (Beca 2004a, 2005b) is 1.3 mg/L. Average background phosphorus concentration
(the majority of which is in the form of dissolved reactive phosphorus — DRP) over the

same time period is 0.02 mg/L.
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The modelling shows that the increase in nitrate in the underlying aquifer will range from
being similar to the background concentration to being a small fraction of the background
concentration, with the highest concentrations being found on the river boundary of

Plot 8 and for groundwater flowing under the ponds. Option 6 (the preferred option)
performs better than Option 3, an expected results given the lower input concentrations.
The total background and modelled increase for nitrate-N is well below the New Zealand
Dinking-Water Standard 2005 (MoH, 2005) criterion of 11.3 mg/L.

Table 10: Background concentrations in ground and surface water 2003/05
E. Coli Nitrate-N DRP
(cfu/200 mi) (mg/L) (mg/L)

Location * Mean Median Mean Median Mean Median
Groundwater

1.2 1 1.3 1.3 0.02 0.014
HB5, 6 and 9
Makoura Stream at

1040 420 3.5 3.7 0.02 0.02
Mak1
Ruamahanga River at

450 60 0.6 0.7 0.01 0.01
Rual
Notes: 1. From consent monitoring, Beca (2004a, 2005b)

Changes in phosphorus concentration in the underlying aquifer at the site boundaries will
be small relative to the background concentration in the initial years, but increase during
the project’s life as the phosphorus concentration increase in the drainage water from the
surface soil. After 28 years the predicted phosphorus concentrations at the site
boundaries for Average Rate irrigation of Option 6 (the preferred option) will range from
being about a tenth of the background concentration to up to 10 times the background
concentration, depending on location. The highest concentrations are for the more freely
draining areas 9 and 10, adjacent to the Ruamahanga River, and for groundwater passing
under the ponds, but otherwise the increase in phosphorus concentration is predicted to
be of a similar order of magnitude to, or lower than, the background concentration

(Table 8). As noted earlier, however, these predictions will be conservative (over-predict)

as the modelling has not included adsorption of phosphorus within the aquifer.

The modelled E.coli concentrations at the site boundary also range from being lower than
to being slightly higher than the background concentrations, depending on location. The
average E.coli level in the samples taken from the wells upgradient of the ponds is

1.2 cfu/100 ml (Table 10). Again, the most significant change is expected to occur along
the Ruamahanga River boundary adjacent to areas 9 and 10, where the river forms the
eastern site boundary, with a predicted increase of 5 c¢fu/200 ml for Option 6 and

10 cfu/200 ml for Option 3. The irrigation scheme under Option 3 involves high
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application rates in the plots adjacent to the Ruamahanga, which is the reason why the

predicted E.coli levels are the highest at that location.

There were no adenovirus measurements at the site when the groundwater modelling
exercise commenced. However, single samples of the groundwater from bore HB6 and
the wastewater subsequently became available. Adenovirus was not found in either the
groundwater or wastewater, at detection limits of 1 TCID50/L and 5 TCID50/L ,
respectively. The latter suggests that the input concentrations to the model were more
conservative than necessary. It is beyond the scope of this report to consider the effects
of viruses on the groundwater (or the receiving waters) in any detail, however, given the
conservatism of the modelling (no filtration allowed for in the soil or aquifer), the results

suggest negligible effects from viruses on the groundwater at the site boundaries.

6.2.2 Model Predictions Compared with Receiving Water Concentrations

Consent monitoring carried out since 2003 (Table 10) found median values of nitrate-N
and E. coli in the Makoura Stream upstream of the pond discharge (site Mak1) to be

3.7 mg/L and 420 cfu/100 ml, respectively. Equivalent values for the Ruamahanga River
upstream of the Makoura Stream discharge (site Rual) were 0.7 mg/L and 60 c¢fu/100ml,
respectively. In all cases the modelled concentrations are of a similar order of magnitude
or small compared with receiving water concentrations. After dilution, when the
groundwater seepage from the irrigation mixes with the flow in the Makoura Stream (at
least 15 times dilution) or the Ruamahanga River (at least 10 times dilution) the
concentration increase in the two water bodies will be small compared with the

background concentrations.

For phosphorus, median background concentration of DRP from 2003 to 2005 were
0.02 mg/L in the Makoura at site Mak1l and 0.01 mg/L in the Ruamahanga at site Rual.
These concentrations are similar to the background concentrations in the groundwater.
As noted above, the predicted groundwater concentrations are low in the early stages of
the project’s life, with the highest concentrations being similar to the receiving waters.
After mixing, phosphorus concentration increases will be small compared with the

background concentrations (less than 10%) in the early stages of the project’s life.

For Option 6 after 28 years, phosphorus concentrations in the groundwater at the site
boundaries are predicted to be roughly ten times the concentrations predicted in the early
stages. This means that, for some locations, the groundwater concentrations are higher
than the median receiving water concentrations. After dilution, however, the flow-
weighted average increase in concentration the Ruamahanga River at the summer low
flow of 2.7 m%/s is 0.013 mg/L, similar to the median concentration at Rual, but noting
that this is a conservative prediction, as the aquifer will actually adsorb phosphorus
before it reaches the river. A similar calculation for the Makoura Stream shows the
phosphorus concentration increase at 28 years will be about 10% of the background

concentration.
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6.3 Effects on Private Bores

A number of private water supply bores exist to the south-west of the ponds, the closest
of which is approximately 540 m from Pond 3. The private bores are shown in Figure 5.
The groundwater flow patterns determined through water levels surveys have shown that
the groundwater currently flows in a predominately southerly direction and that
groundwater derived from rainfall recharge across the site proposed for irrigation does not
flow towards any neighbouring wells. The groundwater model indicates that the proposed
irrigation will not create any major changes to the existing groundwater flow patterns and
that the irrigated wastewater will not flow towards any neighbouring wells. Regardless of
the considerable attenuation of contaminant concentrations shown by the contaminant
modelling, the groundwater flow direction means that the proposed irrigation will not have
any effect on the water quality in neighbouring wells. The low predicted contaminant

concentrations at the site boundary provide additional assurance against any effects.
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7.0 Conclusions

A groundwater model has been set-up to predict the effects of the proposed irrigation at
the site on groundwater flow and to calculate potential contaminant transport. The model
was based on field data obtained through numerous geological and hydrogeological
investigations carried out at the Homebush site. Prior to using the model for predictive
work, the model was calibrated to observation data. The recharge data supplied by
HortResearch for the existing un-irrigated situation was incorporated into the model
calibration. This calibration process resulted in a model that is representative of the
hydrogeological system at the Homebush site, and is therefore appropriate to use for

predictive work.

Predictive modelling of the potential effects of the proposed irrigation scheme on
groundwater flow has been based on the aquifer recharge rates and contaminant
concentrations in the drainage water provided by HortResearch. The predicted aquifer
recharge rates for two irrigation scenarios — high rate irrigation (Options 3) and the
preferred average rate irrigation (Option 6) — have been used in the model to assess the
effects the recharge will have on groundwater levels, flow direction, groundwater-surface

water interaction and contaminant concentrations in the aquifer at the site boundaries.
The predictive modelling allows the following conclusion to be drawn:

1. The hydraulic modelling suggests that groundwater mounding in the underlying
aquifer is likely to be less than 0.2 m. This water level rise will not significantly alter
groundwater flow directions, which are generally southward to the Ruamahanga
River, but will result in an increase in groundwater seepage into both the Makoura

Stream and the Ruamahanga River.

2. The modelling suggests that the irrigated water will ultimately emerge in either of the
Makoura Stream and the Ruamahanga River. The increase in flow in both waterways
from the irrigation is small relative to the natural increase from groundwater
discharge adjacent to the site — less than 12% of the natural inflows — and even
smaller when compared with the flows in the stream and river. The irrigation
increase in the Makoura Stream is predicted to be less than 6% of the flow at the
downstream end of the site and for the Ruamahanga River, less than 1.3% of the

summer low flow of 2.7 m3/s measured at Wardell’s Bridge.

3. The contaminant modelling has predicted that there will be increases in bacteria,
nitrate-N and phosphorus in the groundwater at the site boundaries adjacent to the
Makoura Stream and the Ruamahanga River. Concentrations of bacteria and nitrate
will remain relatively constant throughout the project’s life, but phosphorous
concentrations will increase, reflecting an increase in phosphorus concentrations in

the drainage water from the surface soil.

4. In general, the concentrations of these contaminants in the groundwater at the site
boundaries are expected to be less than or similar to background concentrations in
the groundwater, but phosphorus concentrations late in the project’s life (modelled

at 28 years) may be greater than background concentrations. The modelled
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phosphorus concentrations are conservative, however, as adsorption in the aquifer

has not been allowed for.

5. Groundwater concentrations at the site boundaries of E.coli, nitrate and phosphorus
concentrations early in the project’s life are expected to range from being
considerably less than, to being similar to, background concentrations in the river
and stream. Phosphorus concentrations at late stages may be higher than the
background concentrations, noting that the phosphorous concentrations are likely to

be over-predictions.

6. The increase in E.Coli and nitrate concentrations in both the river and stream after
mixing are predicted to be small (<10%) relative to background concentrations, as
are phosphorus concentrations in the early stages of the project’s life. Phosphorus
concentration increases in the river at 28 years are conservatively predicted to be

similar to the background concentrations in the river.

7. The predicted groundwater flow paths post-irrigation indicate that the irrigation will
not affect the water quality in neighbouring wells several hundred metres to the

south-west
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Figure 6: Map showing piezometric contours surveyed by Wellington Regional Council.
Groundwater flow direction is perpendicular to the contours.
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I:l Masterton WWTP Upgrade Site Extents
Interpolated Contours 28th Octlober 2005

Figure 9: Piezometric contours interpolated from water level
measurements on the 28" of October 2005
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Figure 11: Hydraulic conductivity zones used in the modelling to represent
the surficial confining sediments at the site
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PATTLE DELAMORE PARTNERS LTD

Masterton Wastewater Upgrade: Groundwater Report

Appendix B: Borelogs

WJ29205R003 Final.doc



pdp 086 LOG OF BOREHOLE woeno. HA3
PATTLE DELAMORE PARTNERS LTD Masterton Wastewater Phase 1 JOB NO: WJ292 03
CLIENT:  Beca Carter Hollings & Ferner Ltd LOCATION: Masterton
START DATE:  18/03/2004 COORDINATES: 1825970 TOTAL DEPTH: 2.0 m LOGGED BY: AB, PL | SHEET 1 OF 1
END DATE: 18/03/2004 " 5458830 ) ) ) '
~ wn
GROUND LEVEL: -- T 7
TOP OF CASING: -- I E . é’ INSTALLATION
. = - a =231 &
& o £ % 49 o
%% DESCRIPTION OF SOIL / ROCK = = € = E E %
EE (based on cuttings etc.) P a |l -l = &=
00 |o
SOIL. silty soil with some clay, brown, damp
SILT. brown, damp .
CLAY with some silt. firm, brown, damp
1.0 —-1 uPVC Casing
CLAY with some silt. softer, damp to moist, brown
END OF BOREHOLE AT 2.0m
Notes: KEY Drilled By:
Diameter: 32 mm
;LGroundwgter Level Method:  Hand auger
<— Water Gain Datum:
—= Water Loss
® Grab sample Filename: Logplot data Masterton piezo HA3

Logs based on New Zealand Geomechanics Society Field Description Guidelines (2005)



poo

PATTLE DELAMORE PARTNERS LTD

LOG OF BOREHOLE
Masterton Wastewater Phase 1

HOLE NO. HA6

JOB NO: WJ292 03

CLIENT:  Beca Carter Hollings & Ferner Ltd LOCATION: Masterton
START DATE:  18/03/2004 . 1825643 . .
END DATE: 18/03/2004 COORDINATES: 5159686 TOTAL DEPTH: 1.8 m LOGGED BY: AB, PL SHEET 1 OF 1
~ wn
GROUND LEVEL: -- T 7
TOP OF CASING: -- I = i é’ INSTALLATION
o (] L %) —
| ot — [a) 5 %)
s o | E ¢ [25] &
&=z DESCRIPTION OF SOIL / ROCK = T = % &~ o
we (based on cuttings etc.) = E| E|2 ElEZ2| 2
z=< 5} a2 |85|25 2
00 |O
SILT. hard, dry, brown $oeabess
XXX X X
X X X X 7
XXX X X
X X X X
XXX X X
X X X X 7
XXX X X
SILT with some clay. increasing clay content, brown f;xxf;xxf- i
X X X X X]
CX XX X
X X X X X]
CX XX X 1
NS uPVC Casing
XXX XX
——=-—4 101
CLAY with some silt. brown X ]
B ] E
B ]
B ] ]
CLAY. hard, brown B i
CLAY. moist, wet at end of drill [——- |
END OF BOREHOLE AT 1.83m
Notes: KEY Drilled By:
Diameter: 32 mm
;LGroundwgter Level Method:  Hand auger
<— Water Gain Datum:
—= Water Loss
® Grab sample Filename: Logplot data Masterton piezo

HAG

Logs based on New Zealand Geomechanics Society Field Description Guidelines (2005)



pdo LOG OF BOREHOLE ITTY
PATTLE DELAMORE PARTNERS LTD Masterton Wastewater Phase 1 JOB NO: WJ292 03
CLIENT:  Beca Carter Hollings & Ferner Ltd LOCATION: Masterton
START DATE:  18/03/2004 COORDINATES: 1825755 TOTAL DEPTH: 1.2 m LOGGED BY: AB, PL | SHEET 1 OF 1
END DATE: 18/03/2004 " 5458814 ) ’
~ wn
GROUND LEVEL: -- T 7
TOP OF CASING: -- I E . é’ INSTALLATION
; = = a >3 >
ws o | E o [J39| 8
%% DESCRIPTION OF SOIL / ROCK é £ € E W E > %
= (based on cuttings etc.) Q. 1l =z=e| ==
EE & & |8|2|85|28| @
00 |O
SILT. brown, moist
SILT with trace of sand. brown, moist
CLAYEY SILT. brown, moist i uPVC Casing
CLAY with some silt. hard, brown, moist .
1.0 -1
END OF BOREHOLE AT 1.2m
Notes: KEY Drilled By:
Diameter: 32 mm
;LGroundwgter Level Method:  Hand auger
<— Water Gain Datum:
—= Water Loss
® Grab sample Filename: Logplot data Masterton piezo HA7

Logs based on New Zealand Geomechanics Society Field Description Guidelines (2005)



pdp 086 LOG OF BOREHOLE woeno. HAS
PATTLE DELAMORE PARTNERS LTD Masterton Wastewater Phase 1 JOB NO: WJ292 03
CLIENT:  Beca Carter Hollings & Ferner Ltd LOCATION: Masterton
START DATE:  18/03/2004 COORDINATES: 1825558 TOTAL DEPTH: 1.9 m LOGGED BY: AB, PL | SHEET 1 OF 1
END DATE: 18/03/2004 " 5459379 ) ’
~ wn
GROUND LEVEL: -- T 7
TOP OF CASING: -- ) E . é’ INSTALLATION
; = = a >3 >
ws o | E o [J39| 8
%% DESCRIPTION OF SOIL / ROCK é = € E W E E %
EHE (based on cuttings etc.) " e A = =4
z=< & a2 |85|25 2
00 |o
SOIL. soil+silt, brown
SILT. semi-soft, damp to moist, brown .
CLAY with some silt. hard, stiff, moist, brown
uPVC Casing
1 1041
CLAY. soft, moist to wet ]
END OF BOREHOLE AT 1.85m
Notes: KEY Drilled By:
Diameter: 32 mm
;LGroundwgter Level Method:  Hand auger
<— Water Gain Datum:
—= Water Loss
® Grab sample Filename: Logplot data Masterton piezo HA8

Logs based on New Zealand Geomechanics Society Field Description Guidelines (2005)



poo . LOG OF BOREHOLE woevo. HALO
PATTLE DELAMORE PARTNERS LTD Masterton Wastewater Phase 1 JOB NO: Wj292 03
CLIENT:  Beca Carter Hollings & Ferner Ltd LOCATION: Masterton
START DATE:  18/03/2004 COORDINATES: 1825678 TOTAL DEPTH: 1.9 m LOGGED BY: AB, PL | SHEET 1 OF 1
END DATE: 18/03/2004 " 5459494 ) ) ) ’
~ wn
GROUND LEVEL: -- T 7
TOP OF CASING: -- ) E . é’ INSTALLATION
. = - a =231 &
& o £ % 49 o
%% DESCRIPTION OF SOIL / ROCK = = € = E E %
EE (based on cuttings etc.) P a |l -l = &=
z=< & |&8|2|85|28| &
00 |o
SILTY CLAY. dry, brown
CLAYEY SILT. moist, brown
SANDY SILT. dry, brown
SAND. medium-coarse, dry, brown UPVC Casing
SILT. hard, brown, moist
SILTY CLAY. soft, moist to wet ]
END OF BOREHOLE AT 1.85m
Notes: KEY Drilled By:
Diameter: 32 mm
;LGroundwgter Level Method:  Hand auger
<— Water Gain Datum:
—= Water Loss
® Grab sample Filename: Logplot data Masterton piezo HA10

Logs based on New Zealand Geomechanics Society Field Description Guidelines (2005)



pdo . LOG OF BOREHOLE woueno. HAL1
PATTLE DELAMORE PARTNERS LTD Masterton Wastewater Phase 1 JOB NO: WJ292 03
CLIENT:  Beca Carter Hollings & Ferner Ltd LOCATION: Masterton
START DATE:  18/03/2004 COORDINATES: 1825522 TOTAL DEPTH:  2.1'm LOGGED BY: AB, PL | SHEET 1 OF 1
END DATE: 18/03/2004 " 5459599 ) ) ) ’
~ wn
GROUND LEVEL: -- T 7
TOP OF CASING: -- ) E . é’ INSTALLATION
. = - a =3 >
s o | E ¢ [25] &
%% DESCRIPTION OF SOIL / ROCK = = € E W E E %
EE (based on cuttings etc.) P a |l -l = &=
00 |o
SILT. hard, dry, brown
CLAY. semi-soft, moist, brown .
CLAY with some silt. semi-soft, moist, brown 7]
10—+t uPVC Casing
CLAY with some silt. semi-soft, moist, brown, increasing clay
content i
CLAY with some silt. wet, brown 20— -2
END OF BOREHOLE AT 2.11m
Notes: KEY Drilled By:
SZ_ Groundwater Level E/::trzszje-r: fénrgrzu or
<— Water Gain Datum-. g
—= Water Loss ’
® Grab sample Filename: Logplot data Masterton piezo HA11

Logs based on New Zealand Geomechanics Society Field Description Guidelines (2005)



JOBNO:WJ371

HB1

LOG OF BOREHOLE
Masterton Oxidation Ponds

noLe No. HBA

CLIENT:  Beca Carter Hollings & Ferner

LOCATION: Masterton

START DATE:  3/06/2003
END DATE:  3/06/2003

COORDINATES:

TOTAL DEPTH: 4.2 m

LOGGED BY: DA

SHEET 1 OF 1

GROUND LEVEL: --

RL TOP OF CASING:

INTERPRE-
TATION

DESCRIPTION OF SOIL / ROCK
(based on cuttings etc.)

WATER LEVEL
GAIN / LOSS

INSTALLATION

SAMPLES / TESTS

GRAVELLY SILT. Light brown, dry. Gravel medium to coarse

X
0| GRAPHIC LOG

SANDY GRAVEL with some silt. Brown, loose, dry. Sand fine to
medium, angular. Silt light brown.

GRAVEL with minor sand. Grey, fine to medium, moist. Sand
medium to coarse, angular.

SANDY GRAVEL with minor silt. Grey, fine to medium. Sand
coarse, angular

GRAVEL with some sand. Grey, fine to medium. Sand coarse,
angular. Minor silt.

.|’<]

w
o

Backfill —
(cuttings)

-
Bentonite —/
Z

uPVC Casing

Gravel pack —=
uPVC Strata

screen &89

END OF BOREHOLE AT 4.2m

Drilled By: Wairarapa Drilling

Diameter: 50 mm
Method: Air Rotary
Datum:

Notes:

~
=z
o
a
Sl ¢
T = =
E| EflZ2w
wl — O <
[a) o [ala)
00 |0
1041
2042
3043
404
KEY

SZ _ Groundwater Level
<— Water Gain
—>> Water Loss

® Grab sample

poo_

PATTLE DELAMORE PARTNERS LTD

Logs based on New Zealand Geomechanics Society Field Description Guidelines (1988)




JOBNO:WJ371

HB2

LOG OF BOREHOLE
Masterton Oxidation Ponds

HoLe No. HB2

CLIENT:  Beca Carter Hollings & Ferner

LOCATION: Masterton

START DATE:  3/06/2003 COORDINATES: TOTAL DEPTH: 6 m LOGGED BY: DA SHEET 1 OF 1
END DATE: 3/06/2003 ' ) )
~ [2)
GROUND LEVEL: -- RL TOP OF CASING: . E . Z) INSTALLATION
: S | = 2 |Eg| =
s o E © 49 9
&=z DESCRIPTION OF SOIL / ROCK z = € £ G a
S (based on cuttings etc.) = 5| = |2E| = e >
z< T} a|l 2 |88|35| o
0.0 0 2 [oes
SILT. Dark brown, dry with some minor wood - o5 oz
i Gravel pack —t§§ §§
1.0 —-1 % B3
| UPVC Casing —B3> £
2.0 -2 Bentonite —/
GRAVELLY SAND. Grey brown, loose, moist. Sand medium to 303 EE
coarse, angular. ’ :
SAND with some gravel. Dark grey, coarse, angular. Gravel 1 A vas :f
medium to coarse. T 31
404 5
7] Gravel pack ::
: uPVC Strata ::
GRAVEL with some sand. Dark grey, medium to coarse. Sand screen %
coarse, angular 7] o;
5.0—-5 o5
GRAVEL with some silt. Dark grey, fine to coarse. Silt grey, wet, 7] EE
plastic. N 82
END OF BOREHOLE AT 6.0m
Drilled By:  Wairarapa Drilling KEY

Diameter: 50 mm
Method: Air Rotary
Datum:

Notes:

SZ _ Groundwater Level
<— Water Gain
—>> Water Loss

® Grab sample

poo_

PATTLE DELAMORE PARTNERS LTD

Logs based on New Zealand Geomechanics Society Field Description Guidelines (1988)




JOBNO:WJ371

LOG OF BOREHOLE
Masterton Oxidation Ponds

voLe No. HB3

HB3
CLIENT:  Beca Carter Hollings & Ferner Ltd LOCATION: Masterton
START DATE:  6/03/2003 COORDINATES: TOTAL DEPTH: 5.6 m LOGGED BY: DA SHEET 1 OF 1
END DATE:  6/03/2003 ' T '
~ [2)
GROUND LEVEL: -- RL TOP OF CASING: -- o E » é INSTALLATION
-
, S | - 2 | Eg =
& O é O] 49 f_ﬁ
&=z DESCRIPTION OF SOIL / ROCK z = = % G> a
S (based on cuttings etc.) = 5| = |2E| = e >
z< T} a|l 2 |88|35| o
. . . . XO X X4 0.0 0
SILT with minor gravel. Light brown, dry. Gravel medium to %X % X X .
coarse XS X Xq |
XXX XX
L/X X L/X —
SILTY GRAVEL with minor sand. Brown, medium to coarse, dry. [y < Backfill —
Sand fine to medium, angular. 3 (cuttings)
uPVC Casing
Bentonite —/
SAND with some gravel. Grey, medium to coarse, angular, &2 &%
moist. Gravel medium to coarse. i 5 5
GRAVEL with some sand. Grey, fine to medium. Sand coarse, (> i OE 1 EE EE
angular N N . ~ %0 %2
0N 3un el o0
OO 404 Gravel pack %
~N ) N uPVC Strata o %3
OO ] ] screen s s
oYY ] S
O@; OQ* B o: o:
< - S —
OO 3¢ 3¢
O.": - O'\ 5.0—-5 &% %
GRAVELLY SAND with some silt. Dark grey, medium to coarse, O g : -O'ﬁ ] EE EE
angular. Gravel medium to coarse. P _ oy oy
) OO, =
Ox 0
END OF BOREHOLE AT 5.6m
Drilled By: Wairarapa Drilling KEY

Diameter: 50 mm
Method: Air Rotary
Datum:

Notes:

7 Groundwater Level
<— Water Gain
—>> Water Loss

® Grab sample

poo_

PATTLE DELAMORE PARTNERS LTD

Logs based on New Zealand Geomechanics Society Field Description Guidelines (1988)



JOBNO:WJ371

WJ371 HB4

LOG OF BOREHOLE

Masterton Oxidation Ponds

voLe No. HB4

CLIENT:  Beca Carter Hollings & Ferner Ltd

LOCATION: Masterton

START DATE:  3/06/2003
END DATE:  3/06/2003

COORDINATES: TOTALDEPTH: 5.5 m

LOGGED BY: DA SHEET 1 OF 1

GROUND LEVEL: --

RL TOP OF CASING: --

INTERPRE-
TATION

DESCRIPTION OF SOIL / ROCK
(based on cuttings etc.)

DRILLING DEPTH /

GRAPHIC LOG
DATE

RL (m)

WATER LEVEL
GAIN / LOSS

INSTALLATION

SAMPLES / TESTS

SILT. Brown, moist, plastic

©| DEPTH (m)

X
X
X
X
X
o

GRAVEL with minor silt. Brown, medium to coarse, dry. Sand o é o8 i
fine to medium, angular.

——p 1.0 -1

E0

SXa o Xa o Xa o Xg X4 o\

X§X¢ X
o0

20—-2

Y
o000

9

SANDY GRAVEL with some silt. Grey, medium to coarse. Sand
medium to coarse, angular.

X
N

3.0—7-3

*4

IR EVEEN
|

.“.
|

40—-4

IERSOREE

Z.
s

5.0 —-5

e

05080805 0808080

NN XN X RN X RN X NN X NN X XN X XN

.“.
|

.|’<]

w
o

STOISTOISTOISTOISTOISIOISTOISTOIN YO IO IO I IO NN OINYS

)
>

Backfill —3
(cuttings)

uPVC Casing

Bentonite —/

Gravel pack —%e¢!
uPVC Strata S

screen &%

END OF BOREHOLE AT 5.5m

Drilled By: Wairarapa Drilling
Diameter: 50 mm

Method: Air Rotary
Datum:

Notes:

KEY
7 Groundwater Level
<— Water Gain
—>> Water Loss
® Grab sample

poo_

PATTLE DELAMORE PARTNERS LTD

Logs based on New Zealand Geomechanics Society Field Description Guidelines (1988)




_pdp LOG OF BOREHOLE HOLE NO. HB5 (wa

LOCATION: Homebush Wastewater Treatment Plant, Masterton.

JOB NO: WJ292 DATE: 31/7/00 RL GROUND: - RL TOP OF CASING: -

LOGGED BY: DA METHOD:

INSTALLATION
DESCRIPTION OF SOIL

SAMPLE DETAILS

GRAPHIC LOG
DEPTH (m)
WATER LEVEL

|

TOPSOIL.
SILTS, brown, plastic.

|

— — 2.0

—  GRAVELS, very loose, dark grey, sub rounded, clasts. “6L,—
—  Sand fraction 30% - 80% coarse/20% medium to fine. ]OOO -
—  Rare clasts of chert. %QO 3.0
—  Average clast size approx. 10-20mm diameter. O

- zigligy

: s

- jOOQ L 6.0

QO
ALELUEEEE R TEE RN

a4 7.0

| %OOOC_
—  Some layers of hard clay at base of clean gravels. \cﬁﬁ%OC‘

SILT BOUND GRAVELS. Very dirty water expelled. IO 80

Gravels well rounded 0|O|O I~
— DIOIN |—

[~ End of borehole at 8.5m B

REMARKS:

PATTLE DELAMORE PARTNERS LTD

D:\DATA\WELL\JOBS\ W.252



PP

LOG OF BOREHOLE

HOLE NO. HBG (wa

LOCATION: Homebush Wastewater Treatment Plant, Masterton.

JOB NO: WJ292 DATE:

26/7/00 RL GROUND: - RL TOP OF CASING: -

LOGGED BY:  D.A. METHOD:

DESCRIPTION OF SOIL

INSTALLATION

SAMPLE DETAILS

GRAPHIC LOG
DEPTH (m)
WATER LEVEL

SILT, dark greyish brown, moist, moderately plastic.

— 2.0

Gravel fine to coarse, sub rounded.
Sand fraction 15% - 80% coarse/20%

3.0
GRAVEL with some silt, light bluish grey, well graded, very loose. éﬁ%@t‘_

fine to medium. ore

Rare quartz grains and chert clasts approx. 10mm. %O%O C_
]OOQ — 4.0

2l

%gggéj 7.0

08
ol
ALUAUEIEETEUEE TN

— 6.0

SILT BOUND GRAVELS, clasts stained brown, sub rounded. YN

- s.0

End of borehole at 8.2m

REMARKS:

PATTLE DELAMORE PARTNERS LTD

D:\DATA\WELL\JOBS\ WJ292



pdp LOG OF BOREHOLE Page 1 of 3 HOLE No. HB7 (wa$ P3) top

LOCATION: Homebush Wastewater Treatment Plant, Masterton.

JOB NO: WJ292 DATE: 26/7/00 RL GROUND: - RL TOP OF CASING: -

LOGGED BY:  D.A. METHOD: -

INSTALLATION
DESCRIPTION OF SOIL

GRAPHIC LOG
DEPTH (m)
SAMPLE DETAILS
WATER LEVEL

SILT, dark greyish brown, moist, moderately plastic.

— 2.0

GRAVELS, very loose, dark grey. Average clast size Ogogb 50
10x10x5mm, well rounded. OOQ

Sand fraction 15 - 80%coarse/20% fine to medium. S QOO B
Rare quartz and chert. DOSQC

QOQC; 4.0

= DOSQC* 5.0

b

8.0

SILT BOUND GRAVELS, brown stained, sub rounded, clasts. o) U‘()‘
Brown silt completely covers gravel clasts. Max. clast size

| 30x20x20mm. O ‘O‘*
Sand fraction 15 - 80% coarse/20% fine to medium. ]Q Ol

REMARKS:

S0
)
A=

PATTLE DELAMORE PARTNERS LTD

D:\DATA\WELL\ JOBS\WJ292



PP

LOG OF BOREHOLE

Page 2 of 3 HOLE NO. HB7 (wa

LOCATION: Homebush Wastewater Treatment Plant, Masterton.

JOB NO: WJ292

DATE: 26/7/00

RL GROUND: - RL TOP OF CASING: -

LOGGED BY: DA

METHOD:

DESCRIPTION OF SOIL

INSTALLATION

SAMPLE DETAILS

GRAPHIC LOG
DEPTH (m)
WATER LEVEL

30x20x20mm.

SILT BOUND GRAVELS, brown stained, sub rounded, clasts.
Brown silt completely covers gravel clasts. Max. clast size

Sand fraction 15% - 80% coarse/20% fine to medium.

9
O
O =
i

- 9.0

9

O=

O =
T

OO||0| — 10.0

AN 11.0

Hard pieces of clay interspersed with gravel.

O/ 120

Q — 13.0
S T

| 30x20x20mm.

| SILT BOUND GRAVELS, brown stained, sub rounded, clasts.
| Brown silt completely covers gravel clasts. Max. clast size

| Sand fraction 15% - 80% coarse/20% fine to medium.

JOI\/lug_ 14.0
D190

N
QN
ALY

YNt ®)
O~/
§>|0|0||Q|(—
o0

REMARKS:

PATTLE DELAMORE PARTNERS LTD

D:\DATA\WELL\JOBS\ WJ292



PP

LOG OF BOREHOLE

Page 3 of 3

HOLE NO. HB7 (wa

LOCATION: Homebush Wastewater Treatment Plant, Masterton.

JOB NO: WJ292

DATE: 26/7/00

RL GROUND:

RL TOP OF CASING: -

LOGGED BY:  D.A.

METHOD:

DESCRIPTION OF SOIL

DEPTH (m)

SAMPLE DETAILS

WATER LEVEL

INSTALLATION

30x20x20mm.

SILT BOUND GRAVELS, brown stained, sub rounded, clasts.
Brown silt completely covers gravel clasts. Max. clast size

Sand fraction 15% - 80% coarse/20% fine to medium.

End of borehole at 25.0m

—

_06\/ c0o

Q9 craPHIC L0G

5

0l

Lo
|

6 \O/ <20
oA
022

— 17.0

S
(SIh4
S

| | |

50O
O
=

S
X=X
[

— 18.0

9

O=
O =
—

- 19.0

O

@
O
=

O
|O|0|O|(— 20.0

S0
BO0D
L

O 21.0

9
QL
O
f

Ol
|o|0|0|(— 22.0

SE0:
B0
L

S 23.0

9
O=
O —(
——

O
|o|0|0|(— 24.0

9
QL
O
|

|
OIS
|0|0||Q|(
QI 250

REMARKS:

PATTLE DELAMORE PARTNERS LTD

D:\DATA\WELL\JOBS\ WJ292



pdp LOG OF BOREHOLE Page 1 of 2 HOLE NO. HB9 (wa$ P1)
LOCATION: Homebush Wastewater Treatment Plant, Masterton.
JOB NO: WJ292 DATE: 28/7/00 RL GROUND: - RL TOP OF CASING: -
LOGGED BY:  D.A. METHOD: g .
S 1zl &3 INSTALLATION
DESCRIPTION OF SOIL =z = = o
2| &8| %] =
| CLAY - GRAVEL. FILL. |
B [ 10
—  SILT, dark greyish brown, moist, moderately plastic. B
| — 2.0
| GRAVEL with some silt, light bluish grey, well graded, very loose. 5U%Ot‘_ 50
| Gravel fine to coarse, sub angular. % Ot
| Sand fraction 15% - 80% coarse/20% fine to medium. :)Oogq: |
- ST o
i ST
N %OOOC_
i cg%QC_
- Ot
— OA”G- 5.0
550 7
- Zadl] Z
- DOCS Z
u > QOO | 5
— uat Z
— %OQ — 6.0 %
B QOOOOC_ %
: zalis z
i OO Z
n =1 ]
QOOOOC %
- 2oV Z
i e Z
- SO Z
: V| Z
| ]O Q L 8.0 é
i googc%_
: zgl;
DO
_ SION@R =
REMARKS:
PATTLE DELAMORE PARTNERS LTD

D:\DATA\WELL\JOBS\ WJ292



pdp LOG OF BOREHOLE Page 2 of 2 HOLE NO. HB9 (waj
LOCATION: Homebush Wastewater Treatment Plant, Masterton.
JOB NO: WJ292 DATE: 28/7/00 RL GROUND: - RL TOP OF CASING: -
LOGGED BY:  D.A. METHOD: %
3 E| &
= E| & & INSTALLATION
DESCRIPTION OF SOIL T = | £ | =
= & = =
| GRAVEL with some silt, light bluish grey, well graded, loose. j‘é'\@/Q |
| Gravel fine to coarse, sub angular. :)OOOC%—
| Sand fraction 15% - 80% coarse/20% fine to medium. %9%0(?_
L jOOQ =
) By
| GRAVEL, loose with sandy matrix. DUO I
| Sand fraction 50% - 25% coarse/60% medium/15% fine. >OO (_
i OO
SO
I I,
| GRAVEL with some silt, light bluish grey, well graded, loose. ]OOU |
| Gravel fine to coarse, sub angular. DOOQC%_
| Sand fraction 15% - 80% coarse/20% fine to medium. %Q%OC_
B Ot
DA
S 110
| SILT BOUNDED GRAVEL, clasts stained brown, sub rounded. ) O|O||O|(_
n MOS0l
End of borehole at 11.5m B
— — 12.0
— — 13.0
| — 14.0
— — 15.0
— — 16.0

REMARKS:

PATTLE DELAMORE PARTNERS LTD

D:\DATA\WELL\JOBS\ WJ292



pdp S LOG OF BOREHOLE woeno. HB10 (Forbeb)

PATTLE DELAMORE PARTNERS LTD Masterton Wastewater Upgrade JOB NO:

CLIENT:  Beca Carter LOCATION: Masterton

START DATE:  Unknown . 1825355 . .
END DATE: COORDINATES: 5459150 TOTAL DEPTH: 8.5 m LOGGED BY: G Butchdr SHEET 1 OF 1

GROUND LEVEL: --

TOP OF CASING: -- INSTALLATION

DESCRIPTION OF SOIL / ROCK
(based on cuttings etc.)

DRILLING DEPTH /
SAMPLES / TESTS

DATE
WATER LEVEL

INTERPRE-
GRAPHIC LOG
GAIN / LOSS

TATION
RL (m)

©| DEPTH (m)

o

TOPSOIL

1.0 -1

CLAY Grey, firm with brown seams Steel Casing ——>

20—-2

SANDY GRAVEL, gravel up to 10mm

. . Y QAT A
GRAVEL some WOOD, grey, rounded, size up to 200mm incr. ]<7<>ﬂ Qﬂ 3.0—+4-3
with depth, incr. flow with depth g%ﬂ%v
[1osps 1 |
SISEYS =z
I
Sﬁ%?ﬁ%?V -
32%;329&3‘ 404
I
X‘%Q‘%Qﬂ —
IS
IS
bty 5.0 -5
IS i
SN

Ny Stainless Steel =—=>—
Y %;&‘ %;&‘ 7] Screen 3.8 mm
m slot
RR
][§>ﬂ[§>ﬂ 6.0 -6
Sﬂ %?ﬁ %?V -
E%E%EV i
7.0 -7
i
IS
&ﬁ %?ﬁ %?V
]‘ N ﬂvpﬂ d T
. - SECHEY
GRAVEL grey/brown, tight, 80% loss of flow ]‘&fﬂ &fﬂ 8.0—-8
Y QAT A |

]ﬁ(§‘>ﬂﬁ(§‘> N

END OF BOREHOLE AT 8.5m

Notes: Redrawn from Water Permit Application Report KEY Drilled By:  Wairarapa Drilling

_SZ__ Groundwater Level Diameter: 3_00 mm
= ) Method: Air Rotary
<— Water Gain

Datum:
—= Water Loss
® Grab sample Filename: HB10 (Forbes)

Logs based on New Zealand Geomechanics Society Field Description Guidelines (2005)



108 NO: W3 71 LOG OF BOREHOLE Hote no. HB11 (SteeLy)
WJ371 Steeby Masterton Oxidation Ponds
CLIENT:  Beca Carter Hollings & Ferner LOCATION: Masterton
START DATE: j;gggggg COORDINATES: TOTAL DEPTH: 5.5 m LOGGED BY: DA SHEET 1 OF 1
~ [2)
GROUND LEVEL: -- RL TOP OF CASING: -- o = . o INSTALLATION
o) [ © =
' = — [a)] =
& o | E o (98] 4
&z DESCRIPTION OF SOIL / ROCK z E| E|3.L E > g
wo : < I =
[= (based on cuttings etc.) =E | == =z
;E & a2 |85|25 2
00 [o 23 RS2
SILT. Light brown, dry with some minor wood 2UAVANNS E §z :E:
X X X X X oo 49
X X X X -1 & R
XX X XX 5 020
X X X X B Gravel pack —pe¢! §32
XX X XX zo ozo
X X X X - §§ Ezg
oo o S
SILT. Grey, moist, plastic X X X X . o [55¢"
XX X XX
X X X X -
X X X X X uPVC Casing
X X X X —
X X X X X Bentonite —3
X X X X -
XX X XX
XXxXxXy 20—-2
X><X><X><X><X ] Z é
X X X X X oo o
X X X X _ zo zo
X X X X X oo oo
< X X X X 1 o o
X X X X X 0% 0%
X X X X -1 & 3
XXX XX 303 5 5
S E S
GRAVEL with some silt. Grey medium to coarse. Silt brown. O?Oc ] o5 o5
O X0 oo o6
oTxes BN ~ £
O é O d 7 3Jun g% g%
X,
% x%‘ 7] Gravel pack —ss %
Sy 40T uPVC Strata o s
O % O‘ B screen o: s
SN s s
040l | S
O@o ¥ 7 Eﬁ Eﬁ
o ¢>< o 1 - §§ §§
Oy O 5015 3 oo
X oo o
oxed %
2 i 5 o
O X0
END OF BOREHOLE AT 5.5m
Drilled By: Wairarapa Drilling KEY
'I\J/Il:tr::gge.r: :.? FTortna | SZ_ Groundwater Level pd)a
Datum-. v <— Water Gain ]
Notes: —> Water Loss PATTLE DELAMORE PARTNERS LTD
® Grab sample

Logs based on New Zealand Geomechanics Society Field Description Guidelines (1988)



poo

PATTLE DELAMORE PARTNERS LTD

LOG OF BOREHOLE
Masterton Wastewater Phase 1 Investigation

HOLE NO. H B 12

JOB NO: WJ292 03

CLIENT:

Beca Carter

LOCATION: Forbes Farm, Masterton

START DATE:
END DATE:

29/03/2004
29/03/2004

COORDINATES:

1825709
5459847

TOTAL DEPTH:

4.8 m

LOGGED BY:

AB, PL SHEET 1 OF 2

GROU
TOP O

ND LEVEL: --
F CASING: --

INTERPRE-
TATION

DESCRIPTION OF SOIL / ROCK
(based on cuttings etc.)

GRAPHIC LOG

DRILLING DEPTH /

DATE
WATER LEVEL

GAIN / LOSS

RL (m)

INSTALLATION

SAMPLES / TESTS

SILT. River silts

SANDY GRAVEL. Dry, Grey

GRAVEL. Grey,

increased flow with depth

SIS
S
S
Y QAT A
S
Y QAT A
S
Y QAT A
IS
Y QAT A
i
Y QAT A
S
Sﬁ %Qﬁ %?V
Xy
S
Sﬁ %Qﬁ %?V
E%ﬂﬁ%ﬂv
9]
I
Y QAT A
]ﬁ&>ﬂﬁ(§‘> N

1 2012

©| DEPTH (m)

o

1.0 -1

3.0—-3

40—-4

uPVC Casing

Backfill (cuttings) _ 1

END OF BOREHOLE AT 4.8m

Notes:

KEY

7 Groundwater Level
<— Water Gain

—>> Water Loss

® Grab sample

Drilled By:
Diameter:
Method:
Datum:

50 mm
Drilling

Filename:

Kerry Hare, Waiarapa Drilling

Logplot data masterton well H

B12

Logs based on New Zealand Geomechanics Society Field Description Guidelines (2005)



pd’é} ; LOG OF BOREHOLE HOLE NO. HB]_2
PATTLE DELAMORE PARTNERS LTD Masterton Wastewater Phase 1 Investigation.os no: wi292 03
CLIENT:  Beca Carter LOCATION: Forbes Farm, Masterton
START DATE:  29/03/2004 COORDINATES: 1825709 TOTAL DEPTH: 4.8 m LOGGED BY: AB, PL | SHEET2OF 2
END DATE: ~ 29/03/2004 " 5459847 ) ) ) ’
~ [2)
GROUND LEVEL: -- T 7
TOP OF CASING: -- I E . é’ INSTALLATION
. = - a =231 &
& o £ % 49 o
%% DESCRIPTION OF SOIL / ROCK = = T = E E %
= (based on cuttings etc.) P a |l -l = &=
== ) AEEEEHE
Notes: KEY Drilled By: Kerry Hare, Waiarapa Drilling
Diameter: 50 mm
;LGroundwgter Level Method:  Drilling
<— Water Gain Datum:
—>> Water Loss
® Grab sample Filename: Logplot data masterton well HB12

Logs based on New Zealand Geomechanics Society Field Description Guidelines (2005)



poo

PATTLE DELAMORE PARTNERS LTD

LOG OF BOREHOLE
Masterton Wastewater Phase 1 Investigation

HOLE NO.

HB13

JOB NO: WJ292 03

CLIENT:  Beca Carter

LOCATION: Forbes Farm, Masterton

START DATE:  30/03/2004
END DATE:  30/03/2004

COORDINATES:

1825562
5460177

TOTAL DEPTH:

50m

LOGGED BY:

AB, PL

SHEET 1 OF 2

GROUND LEVEL: --
TOP OF CASING: --

INTERPRE-
TATION

DESCRIPTION OF SOIL / ROCK
(based on cuttings etc.)

GRAPHIC LOG

DRILLING DEPTH /

DATE
WATER LEVEL

GAIN / LOSS

RL (m)

SAMPLES / TESTS

INSTALLATION

SILT. Top river silts

CLAY. Grey, soft

GRAVEL. Grey, increased flow with depth

LS

il
!
%QQ}Q@
IS
%QQ}Q@
I
%QQ}Q@
I
Y QAT A

il

©| DEPTH (m)

o

1.0 -1

3.0—-3

40—-4

uPVC Casing

Backfill (cuttings) _ 1

Notes:

KEY

7 Groundwater Level
<— Water Gain

—>> Water Loss

® Grab sample

Drilled By:
Diameter:

Method:
Datum:

Filename:

Kerry Hare, Waiarapa Drilling
50 mm
Drilling

Logplot data Masterton well H

B13

Logs based on New Zealand Geomechanics Society Field Description Guidelines (2005)



/

PATTLE DELAMORE PARTNERS LTD

LOG OF BOREHOLE

Masterton Wastewater Phase 1 Investigation

HOLE NO. H B 13

JOB NO: WJ292 03

CLIENT:  Beca Carter LOCATION: Forbes Farm, Masterton
START DATE: - 30/03/2004 COORDINATES: 1825562 TOTAL DEPTH: 5.0 m LOGGED BY: AB, PL | SHEET2OF 2
END DATE: 30/03/2004 " 5460177 ) ) ) '
~ wn
GROUND LEVEL: -- T 7
TOP OF CASING: -- I E . é’ INSTALLATION
. = - a =231 &
& o £ % 49 o
%% DESCRIPTION OF SOIL / ROCK = = € = E E %
EE (based on cuttings etc.) P a |l -l = &=
Sy - X1 ]
END OF BOREHOLE AT 5.0m
Notes: KEY Drilled By: Kerry Hare, Waiarapa Drilling
Diameter: 50 mm
;LGroundwgter Level Method:  Drilling
<— Water Gain Datum:
—= Water Loss
® Grab sample Filename: Logplot data Masterton well H

B13

Logs based on New Zealand Geomechanics Society Field Description Guidelines (2005)



poo

PATTLE DELAMORE PARTNERS LTD

LOG OF BOREHOLE
Masterton Wastewater Phase 1 Investigation

HOLE NO.
JOB NO: WJ292 03

HB14

CLIENT:  Beca Carter

LOCATION: Forbes Farm, Masterton

START DATE:  30/03/2004
END DATE:  30/03/2004

COORDINATES:

1825564
5459932

TOTAL DEPTH:

4.6 m

LOGGED BY:

AB, PL

SHEET 1 OF 1

GROUND LEVEL: --
TOP OF CASING: --

INTERPRE-
TATION

DESCRIPTION OF SOIL / ROCK
(based on cuttings etc.)

GRAPHIC LOG

DRILLING DEPTH /

DATE
WATER LEVEL

GAIN / LOSS

RL (m)

SAMPLES / TESTS

INSTALLATION

SILT. Top river silts

SANDY GRAVEL. Grey, dry

GND

1 2012

GRAVEL. Grey, up to 80mm, increased flow with depth

NI
SRS
Sﬂ %?ﬂ %?V
NI
S
Sﬂ %?ﬂ %?V
LS
I
Sﬂ %?ﬂ %?V
S
IS
Y QAT A

©| DEPTH (m)

o

1.0 -1

3.0—-3

40—-4

]ﬁ(§‘>ﬂﬁ(§‘> N

uPVC Casing

Backfill (cuttings) _ 1

END OF BOREHOLE AT 4.6m

Notes:

KEY

7 Groundwater Level
<— Water Gain

—>> Water Loss

® Grab sample

Drilled By:
Diameter:

Method:
Datum:

Filename:

Kerry Hare, Waiarapa Drilling
50 mm
Drilling

Logplot data Masterton well H

B14

Logs based on New Zealand Geomechanics Society Field Description Guidelines (2005)



podo LOG OF BOREHOLE e HB15

PATTLE DELAMORE PARTNERS LTD Masterton Wastewater Phase 1 Investigation.os no: wi292 03

CLIENT:  Beca Carter LOCATION: Forbes Farm, Masterton

START DATE:  29/03/2004 COORDINATES: 1825814 TOTAL DEPTH: LOGGED BY: SHEET 1 OF 2
END DATE:  29/03/2004 5458907 4-9m AB, PL

GROUND LEVEL: --

TOP OF CASING: -- INSTALLATION

DESCRIPTION OF SOIL / ROCK
(based on cuttings etc.)

DRILLING DEPTH /
SAMPLES / TESTS

DATE
WATER LEVEL

INTERPRE-
GRAPHIC LOG
GAIN / LOSS

TATION
RL (m)

©| DEPTH (m)

X
X
X
X
X
o

SILT. Top river silts X X X X

XXXXYN 10—-1

XXxXx3 20—-2

X X X X X Backfill (cuttings) _ 1

SANDY GRAVEL. Grey, up to 50mm, damp S500]
]

O ¢§ O c s0l uPVC Casing

OGO 40—

END OF BOREHOLE AT 4.85m

Notes: KEY Drilled By: Kerry Hare, Waiarapa Drilling
Diameter: 50 mm

Method: Drilling

Datum:

7 Groundwater Level
<— Water Gain
—>> Water Loss

® Grab sample Filename: Logplot data Masterton well HB15

Logs based on New Zealand Geomechanics Society Field Description Guidelines (2005)



pdo LOG OF BOREHOLE e HB16
PATTLE DELAMORE PARTNERS LTD Masterton Wastewater Phase 1 Investigation.os no: wi292 03
CLIENT:  Beca Carter LOCATION: Forbes Farm, Masterton
START DATE:  29/03/2004 COORDINATES: 1825992 TOTAL DEPTH: 5.1 m LOGGED BY: AB, PL | SHEET 1 OF 2
END DATE: 29/03/2004 " 5458981 ) ) ) '
~ wn
GROUND LEVEL: -- T 7
TOP OF CASING: -- I = i é’ INSTALLATION
. S| = a sao | -
i o | E o |98 4
&% DESCRIPTION OF SOIL / ROCK z = = % w G> a
EE (based on cuttings etc.) % % ; § = '%E % %
zZZ a
00 |0
SILT. Top river silts
1.0 -1
SANDY GRAVEL. Grey, dry i
2.0—-2
uPVC Casing
Backfill (cuttings) _1
SAND. Grey
3.0—-3
CLAY. Grey
JK)‘”K)‘”V .
GRAVEL. Grey, gravels up to 80mm, increased flow with depth ;272%272%
Sﬂ%ﬁﬂ%ﬁv 4.0 —1-4
S
W
%«%ﬁ@ ]
I
%«%ﬁ@
oS00
%«%ﬁ@
iosacsd|
%«%ﬁ@
Ny
SIS I
(SISl
Notes: KEY Drilled By: Kerry Hare, Waiarapa Drilling
Diameter: 50 mm
;LGroundwgter Level Method:  Drilling
<— Water Gain Datum:
—= Water Loss
® Grab sample Filename: Logplot data Masterton well HB16

Logs based on New Zealand Geomechanics Society Field Description Guidelines (2005)



pd’é} ; LOG OF BOREHOLE HOLE NO. HBlG
PATTLE DELAMORE PARTNERS LTD Masterton Wastewater Phase 1 Investigation.os no: wi292 03
CLIENT:  Beca Carter LOCATION: Forbes Farm, Masterton
START DATE:  29/03/2004 COORDINATES: 1825992 TOTAL DEPTH: 5.1 m LOGGED BY: AB, PL | SHEET2OF 2
END DATE: 29/03/2004 " 5458981 ) ) ) '
~ [2)
GROUND LEVEL: -- T Py
TOP OF CASING: -- I E . é’ INSTALLATION
. = - a =231 &
& o £ % 49 o
%% DESCRIPTION OF SOIL / ROCK = = T = E E %
= (based on cuttings etc.) P a |l -l = &=
=5 S |&8|2|85[28| &
I
]‘(ﬁﬂ‘(ﬁﬂ‘ 50—1-5
END OF BOREHOLE AT 5.1m
Notes: KEY Drilled By: Kerry Hare, Waiarapa Drilling
Diameter: 50 mm

;LGroundwgter Level Method:  Drilling

<— Water Gain Datum:

—>> Water Loss

® Grab sample Filename: Logplot data Masterton well HB16

Logs based on New Zealand Geomechanics Society Field Description Guidelines (2005)



poo LOG OF BOREHOLE woeno. HBL7

PATTLE DELAMORE PARTNERS LTD Masterton Wastewater Phase 1 Investigation.os no: wi292 03

CLIENT:  Beca Carter LOCATION: Forbes Farm, Masterton

START DATE:  29/03/2004 COORDINATES: 1826176 TOTAL DEPTH: LOGGED BY: SHEET 1 OF 2
END DATE:  29/03/2004 5458831 52m AB, PL

GROUND LEVEL: --

TOP OF CASING: -- INSTALLATION

DESCRIPTION OF SOIL / ROCK
(based on cuttings etc.)

DRILLING DEPTH /
SAMPLES / TESTS

DATE
WATER LEVEL

INTERPRE-

TATION

GRAPHIC LOG
o| DEPTH (m)

RL (m)

GAIN / LOSS

X
X
X
X
X
o

SILT. Top river silts

SAND. Grey

SANDY GRAVEL. Grey, gravels up to 50mm, damp

uPVC Casing

Backfill (cuttings) _ 1

CLAY. grey, dense

GRAVEL. Grey, gravels up to 80mm, increased flow with depth %Q;@;a -

v,
R L
icsiesd]

Y QAT A
s -
Y QAT A
S
&ﬁ %?ﬁ %?V
&%ﬂﬁ%ﬂv
&%ﬂﬁ%ﬂv
s

Notes: KEY Drilled By: Kerry Hare, Waiarapa Drilling
Diameter: 50 mm

Method: Drilling

Datum:

7 Groundwater Level
<— Water Gain
—>> Water Loss

® Grab sample Filename: Logplot data Masterton well HB17

Logs based on New Zealand Geomechanics Society Field Description Guidelines (2005)



pd@ _ LOG OF BOREHOLE woeno. HBL7
PATTLE DELAMORE PARTNERS LTD Masterton Wastewater Phase 1 Investigation.os no: wi292 03
CLIENT:  Beca Carter LOCATION: Forbes Farm, Masterton
START DATE:  29/03/2004 COORDINATES: 1826176 TOTAL DEPTH: 5.2 m LOGGED BY: AB, PL | SHEET2OF 2
END DATE: 29/03/2004 " 5458831 ) ) ) '
~ wn
GROUND LEVEL: -- T Py
TOP OF CASING: -- ) E . é’ INSTALLATION
. = - a =3 >
& O £ o 49 [ g
%% DESCRIPTION OF SOIL / ROCK z = = Ju E > %
= (based on cuttings etc.) P a |l -l = &=
=5 S |&8|2|85[28| &
U P
SRS
N N QD‘ N
END OF BOREHOLE AT 5.2m
Notes: KEY Drilled By: Kerry Hare, Waiarapa Drilling
Diameter: 50 mm
;LGroundwgter Level Method:  Drilling
<— Water Gain Datum:
—= Water Loss
® Grab sample Filename: Logplot data Masterton well HB17

Logs based on New Zealand Geomechanics Society Field Description Guidelines (2005)



. LOG OF BOREHOLE
JOBNO:WJ29205 Masterton Oxidation Ponds roLe vo. HB18

CLIENT:  Beca Carter Ltd LOCATION: East Bank of Makoura Stream
START DATE:  3/3/05 COORDINATES: 2735434.70 |1o7AL DEPTH:  14.5 LOGGED BY: HL SHEET 1 OF 3
END DATE: 4/3/05 " 6021441.37 ) ) )
~ [%]
GROUND LEVEL: 90.65 RL TOP OF CASING: 91.29 T E INSTALLATION
(O] o —1 =
. S | - H o[ Eaf =
& o E [©) -9 @
&z DESCRIPTION OF SOIL / ROCK = T € % &E~ o
e (based on cuttings etc.) = el S|2r|lgz =
- (]
z= S a2 |885|2&| @
TFoz
— Steel Casing
(above ground)
CLAY. Light brown, soft, dry. TOPSOIL.
Concrete o
CLAY. Light brown, soft, dry.
Steel Casing g
CLAY. Brown, wet, plastic. Sand fine. §§
CLAYEY SAND with some gravel. Brown, saturated. Sand fine = %E
to medium, sub-angular. Gravel sub-rounded, 5-20 mm, g§
greywacke. §§
CLAYEY SAND with some gravel. Brown, saturated. Sand fine EE
to medium, sub-angular. Gravel sub-rounded, 5-20 mm, Eg
greywacke. %
SANDY GRAVEL with minor clay. Brown, saturated. Gravel E%
fine-medium, 5-20 mm, sub-rounded, grewacke, some §z
coloured stones. Sand fine-medium. 3
Drilled By:  Wairarapa Drilling KEY
Diameter: 150 mm
Method:  Air Rotary Drilling - Croundwater Level pdp
Datum: MSL <— Water Gain i
Notes: —> Water Loss PATTLE DELAMORE PARTNERS LTD
@® Grab sample

Logs based on New Zealand Geomechanics Society Field Description Guidelines (1988)




108 NO: WJ29205 LOG OF BOREHOLE wote vo. HB18
Masterton Oxidation Ponds
CLIENT:  Beca Carter Ltd LOCATION: East Bank of Makoura Stream
START DATE: igjgg COORDINATES: gggﬁﬁg? TOTAL DEPTH:  14.5 LOGGED BY: HL SHEET 2 OF 3
~ [%]
GROUND LEVEL: 90.65 RL TOP OF CASING: 91.29 E . E INSTALLATION
8 i [Tu =
\ | — [a) a 7] A
L o | £ g | 29| g
£z DESCRIPTION OF SOIL / ROCK s | E|z 5. B> 2
EE (based on cuttings etc.) YT lz=eE| ==
Z= & | 8| 285|258 &
LINL 33 33
Oy O . X3 3
[ NC o5 I
SANDY GRAVEL. Blueish grey, saturated. Gravel 5-30 mm, g § 5.35 1 e e I
sub-rounded, grewacke. Sand coarse. O % O‘ % %
S o I
ONO: 5 5
0% el S5 I
NG & &
CNO: 33 s
stisi HER q4 B
O N SR
SANDY GRAVEL with some clay. Blueish grey, saturated. Gravel g_f :“g_f 1
5-30 mm, sub-rounded, grewacke. Sand coarse. 5 %—O‘ s s
syies N g E
N oo 3
SASIEE a0k
o:NO: s 5
T HOR
23 12% o; o;
Oy O | oo 3
O30
CLAYEY GRAVEL with some sand. Blueish grey, saturated. g—_i%; 1es EE EE
Gravel sub-rounded, 5-15 mm, greywacke. Clay blue. Sand 'O:- ¢+O: §§ §§
coarse. No water. — X o5 o5
CLAY. Light brown, saturated, plastic, soft. No water. §§ §§
SANDY GRAVEL with some clay. Blueish grey, saturated. Gravel %_%%_c 9.0 %E EE
5-40 mm, sub-rounded, greywacke. Sand coarse. Clay blueish O'O' g§
grey. g o;
CLAY. Light brown, saturated, plastic, soft. No water. EE
CLAYBOUND GRAVEL. Blueish grey. Gravel fine-medium, 2-10 _OE ¢ %E
mm. Clay blueish grey. % ¢_—_<> B o5
YN %
GRAVEL with some clay. Grey, saturated. Gravels fine-medium, % i—%‘ T s §z
2-10 mm. Clay blueish grey. Water-bearing. Q%‘O%c o
osod ] 2
2% %
O <O 110 5
YN 3
Mae &3
Drilled By:  Wairarapa Drilling KEY
Diameter: 150 mm
Method:  Air Rotary Drilling - Croundwater Level pdp
Datumn: MSL <— Water Gain ——
Notes: —> Water Loss PATTLE DELAMORE PARTNERS LTD
@® Grab sample

Logs based on New Zealand Geomechanics Society Field Description Guidelines (1988)




. LOG OF BOREHOLE
JOBNO:WJ29205 Masterton Oxidation Ponds roLe vo. HB18

CLIENT:  Beca Carter Ltd LOCATION: East Bank of Makoura Stream
START DATE:  3/3/05 COORDINATES: 2735434.70 |107AL DEPTH:  14.5 LOGGED BY: HL SHEET 3 OF 3
END DATE: 4/3/05 " 6021441.37 ) ) )
~ [%]
GROUND LEVEL: 90.65 RL TOP OF CASING: 91.29 - E . E INSTALLATION
=
. S | g2 (g =
L o | £ e |29 8
&% DESCRIPTION OF SOIL / ROCK z = = 5> a
= (based on cuttings etc.) = 5 318 E 52 =
z=< S ol x| aoad]| = Z
Saee 3
OQE O& ] o;
S¢2%¢ &
[OXNOR | EZ
VN e 5k
CLAY. Light brown, saturated, plastic, soft. No water. 2—% B E%
oo §§
SANDY GRAVEL. Grey, saturated. Gravels fine-coarse, 2-50 K> ¢ QElZ.O — R
mm. Sand coarse. Gravel greywacke with some coloured O 5 % O §§
stones. Water bearing. orrey R &3
CND: 3
S0 3
N o
SANDY GRAVEL. Grey, saturated. Gravels fine-medium, 2-20 O ¢ Oc 1.5 §§
mm. Sand coarse. Gravel greywacke with some coloured g : Qg o;
i a0 E &
stones. Water bearing. SR Eﬁ
orrey a oo
oNp R0 WPVC B0 mm e
orrey slotted screen s
ey 2
SdASd 3
ey 2
SdASd 3
oNol A 5
AT 2
934 B o3 ] o
CLAYEY GRAVEL. Light brown, saturated. Gravel fine-medium,  [0” <0 EE
2-20 mm, greywacke. No water. K :—¢_C>: 14.0 — Eg
oS0 2
SANDY GRAVEL. Grey, saturated. Gravels fine-medium, 2-20 %:'&9: . §§
mm. Sand coarse. Gravel greywacke with some coloured Cu> : % §§
stones. Water bearing. =< ¢§ =< g T o;
END OF BOREHOLE AT 14.5 m
Drilled By: Wairarapa Drilling KEY
Diameter: 150 mm
Method:  Air Rotary Drilling =< Groundwater Level pdp
Datumn: MSL <— Water Gain ——
Notes: —> Water Loss PATTLE DELAMORE PARTNERS LTD
@® Grab sample

Logs based on New Zealand Geomechanics Society Field Description Guidelines (1988)




JOB NO: WJ29205 LOG OF BOREHOLE HoLe no. HB19
Masterton Oxidation Ponds
CLIENT:  Beca Carter Ltd LOCATION: West Bank of Makoura Stream
START DATE:  2/3/05 COORDINATES: 2735166.70 |1o7AL DEPTH:  17.5 LOGGED BY: HL/MC | SHEET 1 OF 2
END DATE:  3/3/05 ' 6020222.70 ' ) '
= D
GROUND LEVEL: 85.65 RL TOP OF CASING: 86.37 - E . E INSTALLATION
=
. =N . 2 |3g| =
L o | £ e |29 8
£z DESCRIPTION OF SOIL / ROCK |zl el35 i
we (based on cuttings etc.) = Bl S| 2|z 2
zZ= S | 2|55 | &
86
N Steel Casing
] bove ground)
[~ —{ 0.0 (@ >
GRAVELLY CLAY. Brownish grey, uniform grading, moist. Gravel OE ¢ m g Z
sub-rounded, medium, 7-10mm,greywacke. Clay brown, large 90—_<> i Concrete 7 Z
organic content. ._,N:_ =5 3 33
Ky O T8 e 3
GRAVEL with some sand. Brownish grey, moist. Gravel sub- g§“8§ T EE EE
angular, medium, grain size 20mm. Sand very coarse. > i O‘ 1.0 o 3
YN ] S
O=O3 B < o3 3
) ) ] NN ] ater Steel Casing % %
GRAVEL with some sand. Brownish grey, wet. Bi-modal (large O /] O; -84 1,480 m gg gg
grains up to 40 mm, small 2-5 mm). Gravel sub-angular to gm“gm N ablellown z§ z§
sub-rounded. Sand very coarse. % i %4 20 A 2 2
NN B o5 o5
Ky O 22 2
OO 7] &2 &2
MAOLCY | X X
GRAVEL. Clean, brown. Gravel medium (less than 15 mm), ][§>ﬂ(§>ﬂ - 83 R R
angular to sub-angular. Sand coarse. R AATAY 7] §§ §§
IS S I
p%sﬁgsv n z% z%
]vpﬂﬂvpﬂ 3 7 g g
AT AT i 3 3
GRAVEL. Clean, brown. Gravel medium (less than 20 mm, ][§>ﬂ(§>ﬂ - 82 o5 o5
average 5 mm), angular to sub-angular. Sand coarse. SESS T 3 5
]OQﬂOQﬂ 4.0 - o; o;
Sﬂ%ﬂ%v i g g
]vpﬂﬂvpﬂ V 7 g g
AT AT i 5 3
GRAVEL. Clean, brown. Gravel medium (average 10 mm), ](§>ﬂ(§>ﬂ - 81 oo o5
angular to sub-angular. Sand coarse. SIS N °Z§ °Z§
YO 5.0 — ol
]Dﬂﬂbﬂﬂ . o5 o
S‘%?‘%?‘ ] zg gg
]quﬂqu S 7 EE EE
HEROETY i 3 &3
GRAVEL. Clean, brown. Gravel medium (average 10 mm), - 80 gg gg
angular to sub-angular. Sand coarse. SIS B o 3
6.0 3 5
MASIAS B §§ 5
S . o5 o
GRAVELLY SAND. Grey. Sand coarse. Gravel medium (average c T 5 5
5 mm). 3 7 o; o;
] 7.0 s s
| I
GRAVELLY SAND. Grey. Sand medium-coarse. Gravel medium c T8
(average 5 mm) angular to sub-angular. : T gg gg
4 80 S I
§ B SR
GRAVELLY SAND. Grey. Sand fine-coarse (poorly sorted). | T o I
Gravel medium (average 5 mm) angular to sub-angular. N §§ §§
4907 R
Drilled By:  Wairarapa Drilling KEY
Diameter: 150
Method:  Air Rotary Drilling - Croundwater Level pdp
Datum: MSL <— Water Gain —
Notes: —> Water Loss PATTLE DELAMORE PARTNERS LTD
@® Grab sample

Logs based on New Zealand Geomechanics Society Field Description Guidelines (1988)



JOB

NO:WJ29205

LOG OF BOREHOLE
Masterton Oxidation Ponds

HoLe No. HB19

CLIENT:  Beca Carter Ltd

LOCATION: West Bank of Makoura Stream

START DATE:  2/3/05 COORDINATES: 2735166.70 |1o7AL DEPTH:  17.5 LOGGED BY: HL/MC | SHEET 2 OF 2
END DATE:  3/3/05 ' 6020222.70 ' ) i
= D
GROUND LEVEL: 85.65 RL TOP OF CASING: 86.37 - E . E INSTALLATION
Ie) i m =
n s £ [a) o % (/\)
[ &} = % -9 e
Fz DESCRIPTION OF SOIL / ROCK z Z| g5 E~| =
we (based on cuttings etc.) = Bl S| 2|z 2
z=< S a2 |&85|23 Z
O, ] s R
CLAYEY GRAVEL with some sand. Blueish grey, saturated. > ¢ Oc gg gg
Gravel fine-medium, 3-15 mm, sub-rounded, greywacke. Clay 220> 1 o5 o
blue. Sand coarse. No water. %:‘ _C(i 176 o; o;
[ ] §§ §§
SANDY GRAVEL with minor clay. Brown, saturated. Gravel fine- |2:NC: 00 % %
medium, average 3 mm, sub-rounded, grewacke. Sand fine. % ¢§%c i EE EE
Some brown clay. S5 o5 o5
o] ] qB
ey Ts 22 2
S4h3] qOE
O‘é O_c 11.0 — §§ §§
3 12% | o; o;
Syisy §OE
(3 NS 1 sse B s
CNC: i & &
SANDY GRAVEL. Brown. Gravels medium, average 7 mm, sub- K333 74 o5 o5
rounded. Sand medium-coarse. CNO: 7 o; o
K O f12.0 — sso
SANDY GRAVEL with minor clay. Brown, saturated. Gravel fine- T3 3 3
medium, average 4 mm, sub-rounded, grewacke. Sand fine. N §§ §§
Some brown clay. n §§ §§
SANDY GRAVEL. Brown. Gravels medium, average 3 mm up to T2 %E %E
20 mm, sub-rounded. Sand coarse. N 7] §§ §§
CC; %% c 14.0 — %E %E
oot I S I
oANG] 2
NG | 5 o
SANDY GRAVEL. Brown. Gravels medium, average 3 mmup to K> ¢ Oc - 71 & &%
20 mm, sub-rounded. Sand medium-coarse. NG 7] o; o;
Ky K if15.0 — o; o
74 PVC 50 mm 0% 0%
CN\NO: i " ¢ ¢
L~ ¢ o c slotted screen °§§ ogg
NG ] O
ONC” i o0 &%
SANDY GRAVEL. Brown. Gravels medium, average 3 mmup to (335 - 70 s s
20 mm, sub-rounded. Sand medium-coarse. NG T
£
ooy PP
NGl ] S
ONC i o e
SANDY GRAVEL. Brown. Gravels medium, average 3 mmup to kK ¢ Oc - 69 oo o0
20 mm, sub-rounded. Sand fine-coarse, poorly sorted. N 7] o o
g O igar0 S
QN SPP
A% S
OND- 2 X
END OF BOREHOLE AT 17.5 m
Drilled By:  Wairarapa Drilling KEY
Diameter: 150

Metho

d: Air Rotary Drilling

Datum: MSL

Notes:

| N7 Groundwater Level
<— Water Gain
—>> Water Loss

@® Grab sample

poo

PATTLE DELAMORE PARTNERS LTD

Logs based on New Zealand Geomechanics Society Field Description Guidelines (1988)




JOB

NO:WJ29205 LOG OF BOREHOLE

Masterton Oxidation Ponds

HoLe No. HB20

CLIENT:  Beca Carter Ltd

LOCATION: South of Access Road

START DATE:  1/3/05 COORDINATES: 2735023.58 |707AL DEPTH: 4.8 LOGGED BY: HL SHEET 1 OF 1
END DATE:  1/3/05 " 6020007.25 CT ]
= D
GROUND LEVEL: 84.54 RL TOP OF CASING: 84.98 - E . E INSTALLATION
=
. 8 | 2 |82 =
& o E o 49| 9
&z DESCRIPTION OF SOIL/ ROCK = Z| g5 G| 2
= (based on cuttings etc.) = 5 318 E 52 =
ZZ S ol x| aoad]| = %z
85
7] Steel Casing
(above ground)
o 00
GRAVELLY SILT with sand. Dark browny grey. Gravel fine, well Ny . oK
rounded. High organic content. TOPSOIL. X % x N
: . N
] ] ] 2N B Concrete o o
GRAVELLY CLAY with sand. Grey, moist. Gravel fine, sub- 0% 0%
. 0T -84 20 20
rounded. Sand coarse. Clay plastic. OND B 22 82
A R
SANDY GRAVEL. Grey, wet., gap-graded. Gravel sub-rounded, |&:NC T s s
greywacke, 10-15 mm. Sand very coarse. i Viater s iR
0045 m &
below Zz gi
casing on 03 ~>§
3/3/05 gz gz
SANDY GRAVEL. Grey, wet. Gravel sub-rounded, some 5 5
coluored stones,greywacke, 10 mm. Sand very coarse. 3 3
SANDY GRAVEL. Grey, wet. Gravel sub-rounded, some & 2
coluored stones,greywacke, 10 mm. Sand very coarse. gg gg
UPVCBO mm i %
slotted screen o5 o5
SANDY CLAY with some gravel. Light brown. Gravel fine (5
mm), sub-rounded. No water. o; o
END OF BOREHOLE AT 4.8 m
Drilled By:  Wairarapa Drilling KEY
Diameter: 50 mm
Method:  Air Rotary Drilling - Croundwater Level pdp

Datum: MSL

Notes:

<— Water Gain
—= Water Loss

@® Grab sample

PATTLE DELAMORE PARTNERS LTD

Logs based on New Zealand Geomechanics Society Field Description Guidelines (1988)




108 NO:WJ29205 LOG OF BOREHOLE oo HB21
Masterton Oxidation Ponds
CLIENT:  Beca Carter Ltd LOCATION: At northern end of old stand of native trees
START DATE:  1/3/05 COORDINATES: 2735399.49 |1o7aL DEPTH: 5.5 LOGGED BY: HL SHEET 1 OF 1
END DATE:  1/3/05 " 6020761.24 T ]
= D
GROUND LEVEL: 88.04 RL TOP OF CASING: 88.50 - E . E INSTALLATION
I} o] o =
R s | B s |28 2
- ~ —
&z DESCRIPTION OF SOIL / ROCK |zl |3 eS| =
we (based on cuttings etc.) = Bl S| 2|z 2
z=< S a2 |&85|23 Z
7] Steel Casing
(above ground)
] ] “I-8s8
CLAY. Light brown, dry, very fine and powdery. TOPSOIL. [—
= B Concrete e e
—— == 4k
CLAY. Grey, moist, plastic. [—— &% &2
=4 S s
GRAVEL with some silt. Grey, saturated. Gravel gap-graded Oxoxoc o o
(20-30mm and 2-6 mm), sub-rounded, greywacke. Silt grey, Oxa < 7] =z &% &%
. O ¢ O Water o o
wet, soft, plastic. > O‘ | level 2 82
N 1470 m §§ §§
2431 - e I
O)» O < casing on Ez Ez
K% O 20— 2/3/05 o o
[0 é o1 " |se & &
KX O &2 82
[ i & &%
00 oo o0
EX q B
ST 0% 0%
GRAVEL with some sand. Grey, saturated. Gravel gap-graded g§“8§ T §§ §§
(10-15mm and 2-6 mm), greywacke with some coloured > i OC | o; o;
stones. Sand grey, very coarse. O% O%ﬁ g g
8@%@ 301 g5 2 i
PN 3¢ 3¢
eSS e
2 i s X
O'\XS ON‘ 33 33
54 oo 3
SANDY GRAVEL. Grey, saturated. Gravel gap graded (20-30 o\ % 1 2 2
mm, 2-6 mm), greywacke with some coloured stones. Sand % aﬁ%; | s s
grey and very coarse. N o; o;
2024 T S
O:ND -84 UPVC 50 mm 23
orrey ] slotted screen X3 <3
N s e
cha] 7
N1 Eﬁ Eﬁ
SANDY GRAVEL. Grey, saturated, some iron staining. Gravel O\ 1 X X
gap graded (10-20 mm, 2-4 mm), greywacke. Sand grey and [ g | s s
very coarse. ONO: 3 %
g S
QN 83 S
A% Sy
CND: 5y
A /A
END OF BOREHOLE AT 5.5 m
Drilled By:  Wairarapa Drilling KEY
Diameter: 50 mm
Method:  Air Rotary Drilling - Croundwater Level pdp
Datumn: MSL <— Water Gain —
Notes: —> Water Loss PATTLE DELAMORE PARTNERS LTD

@® Grab sample

Logs based on New Zealand Geomechanics Society Field Description Guidelines (1988)




JOB

NO:WJ29205

LOG OF BOREHOLE

Masterton Oxidation Ponds

HoLe No. HB22

CLIENT:  Beca Carter Ltd

LOCATION: North-west corner of paddock next to Pond 3

START DATE:  1/3/05
END DATE:  1/3/05

COORDINATES: 2735429.36 [1o7AL DEPTH: 5.5

6020501.93

LOGGED BY:

HL/MC SHEET 1 OF 1

GROUND LEVEL: 86.65

RL TOP OF CASING: 87.16

INTERPRE-
TATION

DESCRIPTION OF SOIL / ROCK
(based on cuttings etc.)

GRAPHIC LOG
DEPTH (m)
RL (m)

DRILLING DEPTH /

DATE

WATER LEVEL
GAIN / LOSS

SAMPLES / TESTS

INSTALLATION

SANDY SILT with some gravel. Grey, very soft, moist, plastic. XXX
Gravel fine, greywacke. 3

0.0 —

- 86

GRAVEL with some sand. Brownish grey, well-graded, moist. o v -1

Gravel fine to coarse, sub-rounded greywacke. Sand coarse. O% O%ﬁ 10

SAND. Grey, wet, coarse.

GRAVELLY SAND with some silt. Brownish grey, well-graded,

wet. Sand coarse.

GRAVEL with some sand. Grey, gap-graded, wet. Gravel sub- 0§<> O% -84
rounded, 10-15 mm, greywacke with some coloured stones. O Z Oc N

SAND grey, coarse.

O N a0

YN [

¢>§(>§ 5.0 —

<z
Water
level
1.105m
below top
of PVC
casing on
3/3/05

Steel Casing
(above ground)

Concrete

UPVC 50 mm 35
slotted screen &%

END OF BOREHOLE AT 5.5 m

Drilled
Diame
Metho

By: Wairarapa Drilling
ter: 50 mm
d: Air Rotary Drilling

Datum: MSL

Notes:

KEY

| N7 Groundwater Level

<— Water Gain

—>> Water Loss
@® Grab sample

poo

PATTLE DELAMORE PARTNERS LTD

Logs based on New Zealand Geomechanics Society Field Description Guidelines (1988)




