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Executive Summary

Pattle Delamore Partners Ltd (PDP) was engaged by Evolution Mining

New Zealand Pty Ltd (ENZ) to provide baseline surface water and sediment data
within Exploration Permit 51985, to include upstream and downstream locations
of the Waiariki River, and adjacent catchments.

Sampling was completed at 19 sites both within and outside the tenement
boundary. Water samples were analysed for a wide range of parameters
including elements and nutrients, while sediment samples were analysed for
trace elements only. Analytical techniques were very low detection limits
(0.0005 ppb) were used to measure dissolved and total mercury concentrations
in surface waters. These ultra-trace analytical techniques were used to measure
very low concentrations of mercury at locations where mercury was
undetectable in previous studies.

Measured mercury concentrations in both surface water and sediment are within
the range of concentrations found by recent studies in the area. The surface
water mercury concentrations measured are lower than those reported in an
earlier study by Hoggins and Brooks (1973).

Water Quality Results

Water quality results were compared against both human health guidelines (the
New Zealand Drinking Water Standard guidelines and Australian and

New Zealand Environment and Conservation Council (ANZECC) Contact
Recreational Guidelines), and against ecological guidelines (ANZECC Livestock
Drinking Water Guidelines and Aquatic Ecosystem Guidelines).

No surface water samples exceed the New Zealand Drinking Water guidelines,
although aesthetic values related to pH and iron were exceeded.

No surface water samples exceeded ANZECC Livestock Drinking Water trigger
levels from any sites.

Concentrations of total iron in surface water exceeded the ANZECC Contact
Recreational guidelines in all but one sample. Manganese and ammoniacal-
nitrogen were elevated above ANZECC Contact Recreational standards in several
locations both inside and outside the tenement.

At two locations surface water mercury concentrations exceeded the ANZECC
(2000) trigger values for 99% Aquatic Ecosystem Protection Guidelines of

0.06 parts per billion (ppb). One of these sampling locations was located
immediately adjacent to a historic Puhipuhi mercury processing plant (site PUX).
The water sample collected at this location contained dissolved mercury
concentrations of 0.236 ppb. The second site (PSX) is located approximately

1 kilometre downstream of sampling location PUX and the concentration of
mercury measured in stream water at that location was 0.1 ppb. Water samples
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from all other monitoring sites were below the ANZECC 99% trigger level of 0.06
ppb dissolved mercury.

Dissolved copper and zinc were above the ANZECC 95% trigger values for the
protection of freshwater species at several sites within the tenement and one
outside it. The copper values in water are comparable to background levels
within other Northland Rivers (NRC, 2014). The source of anomalous zinc levels
is not known and cannot be related to local geology. No other elements
exceeded ANZECC (2000) 95% guidelines.

Sediment Quality Results

Sediment results were compared to the ANZECC Sediment quality guidelines
based on ISQG-low and -high range effects.

All sediment results except one (PDX) exceeded the ANZECC I1SQG-low range
trigger values for one or more inorganic elements.

Thirteen sites (out of 19) exceeded the ANZECC I1SQG-high sediment trigger
values for one or more inorganic elements. The elements concerned were:

* Antimony;
* Arsenic; and
*  Mercury.

Concentrations of mercury in sediment were greatest in the Waikiore Stream
catchment close to the historic Puhipuhi mercury mine and processing site.

Concentrations of mercury in sediment decreased significantly with distance
downstream from the historic Puhipuhi mercury mine and processing site.

In five samples (out of 14) Acid Volatile Sulfide/Simultaneously Extracted Metals
analysis indicated that the mercury present was most likely associated with
insoluble metal-sulfides (which have low-bioavailability). Leachability testing via
SPLP also indicted that the mercury in the sediment is not associated with highly
soluble mineral phases, reducing its availability to be ingested by organisms
residing in sediment. Mercury speciation testing indicates that only a small
fraction (< 0.8%) of the total mercury measured in the sediment samples is in the
form of methyl mercury, one of the most toxic and bioavailable forms of
mercury. From the current results it is not possible to say what form the
remainder of the mercury is in.

Potential Sources of Mercury

Although this study has not been designed to determine the source of mercury,
the use of ultra-trace analytical techniques for mercury has allowed the mercury
concentrations in various catchment be compared to each other. Comparison of
mercury concentration in various catchments shows a relatively high degree of
variation in mercury concentrations. This indicates that there may be a number
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of different sources of mercury within the Puhipuhi region. The potential
sources for mercury are summarised below:

* The former Puhipuhi mercury mine and processing site appears to be a
source of mercury, iron, and manganese within the Waikiore Stream.

* Natural weathering of mineralised rock and soil containing elevated
concentrations of mercury.

* An additional source (or sources) of mercury in water and sediment in
the Pukekaikiore catchment may also include discharges from historic
mining and quarrying of mineralised rock.

* There is potential for another mercury source which has resulted in
elevated levels (compared to other samples) of mercury in a sub-
tributary to the west of Waikiore Stream.

> Based on water and sediment samples there is also evidence for a
mercury source within the Whenuaroa Stream, despite this stream not
being associated with any known historic mining activities.

Discharge of shallow groundwater from the Purua Bed Sedimentary Aquifer in to
streams within the Puhipuhi region may also be a source of mercury detected in
the Whenuaroa Stream and the lower Waikiore Stream. Testing of shallow
groundwater from this aquifer would be required to confirm this.
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Note on Terms Used in this Report

Elements

The focus of this report is on concentrations of fifteen inorganic elements:
antimony (Sb), arsenic (As), boron (B), cadmium (Cd), chromium (Cr), Cobalt (Co),
copper (Cu), iron (Fe), manganese (Mn), mercury (Hg), nickel (Ni), lead (Pb),
thallium (Th) and zinc (Zn). Sometimes antimony, arsenic, cadmium, chromium,
cobalt, copper, nickel, manganese, mercury, lead, thallium and zinc are referred
to as ‘heavy metals.” However, this term is falling out of favour because it is an
ambiguous one. A range of different definitions for ‘heavy metal’ exists in the
scientific literature and the group of elements covered by that term changes
depending on the definition used. Therefore the more general term “elements”
is used in this report to describe both the metals and metalloids (arsenic,
antimony, and boron) listed above.

Elevated Concentrations

Elements occur naturally. When their concentrations are greater relative to
other sampling locations, they are usually referred to as being elevated. This can
be caused by either natural chemical or physical processes or by the addition of
substances into the environment by human activities.

Units for water samples used in this Report

The standard PDP units for surface water are mg/L (milligrams per litre or ppm)
and pg/L (microgram per litre or ppb) for most elements analysed at the trace
level. In this study mercury, has also been assessed at the ultra-trace level which
is quoted in ng/L (nanograms per litre). Nanograms per litre is equivalent to
parts per trillion (ppt or 1 in 1,000,000,000,000). For the purposes of this study,
and to remain consistent with previous Puhipuhi environmental monitoring data,
all trace element data was been reported in terms of parts per billion. See the
glossary below for a comprehensive definition of ppb.

Units for sediment samples used in this Report

The standard PDP units for sediment are mg/kg (milligrams per kilogram or ppm)
for most elements analysed at the trace level. In this study mercury, has also
been assessed at the ultra-trace level which is quoted in ng/g (nanograms per
gram). Nanograms per gram is equivalent to parts per billion (ppb or 1 in
1,000,000,000). See the glossary below for a comprehensive definition of ppb.
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Note on Water Quality Guidelines

Accepted practice in New Zealand is that human drinking water quality is
assessed using the New Zealand Drinking Water Standard (2008) (DWSNZ)
developed by the Ministry of Health. The DWSNZ define maximum
concentrations of health significance (called maximum acceptance value or
MAV’s) in water that, based on current knowledge, constitute no significant
health risk to a person who consumes 2 litres of that water a day over their
lifetime (usually taken as 70 years) (MoH, 2008).

The DWSNZ also provides guidelines values for aesthetic purposes (such as taste,
odour or prevent unacceptable levels of deposition or scale formation).
Exceedance of the DWSNZ guidelines for aesthetic purposes does not indicate
that the water is unfit for human consumption or that consuming the water will
cause an adverse health effect. Rather it indicates that the colour, odour or taste
of the water may be objectionable.

The DWSNZ does not set quality standards for water used for industrial or
agricultural purposes. To assess the suitability of water for the consumption by
livestock the water quality results are compared to the Australian and

New Zealand Environment and Conservation Council (2000) (ANZECC, 2000)
Livestock Drinking Water Quality guidelines.

ANZECC (2000) Water Quality Guidelines for Contact Recreation addresses
recreational contact with water through two categories of sporting activities:

Sports in which the user comes in frequent direct contact with water; for
example swimming (primary contact).

Sports that generally have less-frequent body contact with water;
boating or fishing (secondary contact).

These guideline values are based on the assumptions of the World Health
Organisation (WHO) contact recreational guidelines, which are in turn based on
the WHO drinking water guidelines. The WHO contact recreational guidelines
assume that a person would swallow approximately 200 mL of water from the
site per day (WHO, 2003). Therefore there is an implicit assumption in the
derivation of the contact recreational guidelines that exposure and ingestion of
200 mL of water would need to occur nearly every day.

The WHO contact recreational guidelines state that for a water user who comes
in contact with a water body once or who has occasionally repeated exposure it
is unlikely that these exposure(s) will result in any adverse health effects (WHO,
2003). Therefore, the use of these guidelines is highly conservative and will
overestimate the actual risk present for infrequent users.

ANZECC (2000) also provides guidelines for water quality assessment for Aquatic
Ecosystems. For this study ANZECC Water Quality Guidelines for Aquatic
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Ecosystems were considered in relation to the protection of 95% of freshwater
species for most elements which are appropriate for this type of environment.
The ANZECC guidelines do not consider the potential for dietary borne toxicity to
cause harm to an organism (Meyer et al., 2005). However, due to the potential
for mercury to bio- accumulate up the food chain a higher benchmark of
protection of 99% of freshwater species has been used in this report for mercury
only.

The use of the ANZECC (2000) aquatic ecosystem trigger values is considered to
be appropriate to assess whether there is the potential for inorganic elements
such as mercury or compounds such as nitrate or ammonia to have an adverse
effect on aquatic ecosystems. Therefore the results from the water quality
sampling programme have been compared to these values. The ANZECC (2000)
aquatic ecosystem trigger values were derived to protect aquatic ecosystems
from chronic or long term exposure to inorganic elements or compounds. In this
study, PDP is assessing the potential impacts of long term discharges from
sources such as former mining sites or natural weathering of geological material.

For inorganic elements, the ANZECC (2000) trigger values should be compared to
the dissolved fraction (i.e. the part of the sample which can pass through a

0.45 um filter) rather than the total concentration of the element within the
sample (i.e. the total metal fraction). Several studies indicate that it is the
dissolved elements within a water sample which are the most likely to be taken
up by aquatic species and therefore have the potential to cause toxic effects
(ANZECC, 2000; Markich, et al., 2001; US EPA, 1993).

A02982801R003.docx PATTLE DELAMORE PARTNERS LTD



pPopo

X i

EVOLUTION MINING NZ PTY LIMITED - BASELINE ENVIRONMENTAL MONITORING, PROGRAM
2: SURFACE WATER AND SEDIMENT SAMPLING - EXPLORATION PERMIT #51985 AT
PUHIPUHI, NORTHLAND

Note on Sediment Quality Guidelines

To establish the degree of risk to sediment-dwelling organisms, the results from
this study are compared with Australian and New Zealand Environmental
Conservation Council (ANZECC) interim guideline values for sediment quality
(1SQG’s) for the protection of aquatic ecosystems. For each element, there are
two ANZECC (2000) guidelines for sediment quality which correspond to the
effects range-low and —median presented in Long et al. (1995).

The lowest is the Interim Sediment Quality Guideline-low (ISQG-low)
which represents a concentration below which adverse effects are
unlikely. Concentrations of contaminants below the ISQG-low pose a low
level of risk to aquatic organisms; and

The higher is the 1ISQG-high, which is a median level at which adverse
effects are expected in half of the exposed organisms. Contaminant
concentrations above the ISQG-high are interpreted as being reasonably
likely to cause significant adverse effects on aquatic organisms.

Concentrations between ISQG-low and I1SQG-high represent a possible effects
range, within which adverse effects would occasionally occur to aquatic
organisms (Long et al., 1995). Concentrations of elements or other chemicals
either below or above the ANZECC (2000) trigger values should not be thought of
as safe or unsafe, but rather as posing a lower or higher level of risk. This is
because site-specific factors such as the chemical form of the compound or
element (i.e. As (Ill) or As (V)), natural background concentration, the
concentration of organic matter, iron oxides or reduced sulfide compounds can
all modify the toxicity of a particular compound.

Values below the ISQG-low do not guarantee that the concentrations are safe
either because complex chemical mixtures of certain compounds are more toxic
than their individual chemical components and the ANZECC (2000) guidelines are
not designed to protect against those mixtures. Also, certain compounds such as
mercury have specific chemical forms (methyl-mercury, ethyl-mercury) which
bio-accumulate in organisms and bio-magnify up the food-chain. As
bioaccumulation potential is site-specific, more detailed studies are required to
assess such risks. Therefore, the ANZECC guidelines are designed to be trigger
values to indicate which sites may warrant closer investigation. They do not
assess the risk to aquatic organisms from dietary borne toxicity nor do they
assess the potential for a compound to bio-accumulate up the food chain.

It should also be noted that the ANZECC (2000) guidelines are designed to
protect aquatic ecosystem rather than to protect human health. Although ISQG-
low values maybe lower than equivalent soil quality guidelines designed to
protect human health, no conclusion should be made on the potential human
health risk.
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Note on Bio-availability, Bio-accessibility and Selective
Extractions

Metals bound to sediments may be in a number of different chemical species
and/or mineralogical phases. Some phases or species are highly soluble, while
others are so insoluble that their presence does not contribute to the toxicity of
the sediment. Traditional analytical techniques, such as US EPA 200.2 total
recoverable metals, use strong acids (i.e. concentrated nitric acid) at 85°C for
two hours and release metals which are bound to various phases which are not
soluble under typical environmental conditions (i.e. pH between 4 to 8 pH units
and water temperatures between 5 to 30°C). Chemical forms which can be
released into the environment under typical environmental conditions and which
have the potential to be uptaken by an aquatic organism are said to be bio-
accessible, whereas the fraction of the metals which can be uptaken by an
aquatic organism and result in harm of that organism is said to be the bio-
available fraction.

Currently, there are no recognised official tests to undertake bio-availability
assessment of aquatic organisms for mercury. Therefore, indirect methods such
as selective extractions are used as a proxy to assess how soluble metals are
under certain environment conditions. These selective extraction methods
provide an estimate of the bio-accessibility of the metal being tested. However,
hardness, pH and the presence of other chemical compounds in the water will all
limit the amount of the metal which can be uptaken by an organism. Therefore,
the bio-available fraction of the metals may be lower than the bio-accessible
fraction.
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Glossary!
Acidic Having a pH of less than 7.
Alkaline (or basic) Having a pH of greater than 7.

Anion A negatively charged ion. Includes chloride (CI), nitrate (NO3’) and
sulphate (S04%).

Ammonia Compound of nitrogen toxic to stream life at high concentrations.

Ammoniacal-N A measure of the amount of ammonia in the water; expressed in
terms of the amounts of nitrogen in the form of ammonia or ammonium.

APHA American Public Health Association.

AVS/SEM Acid-Volatile Sulphides/ Simultaneously Extracted Metals is a testing
method to assess the potential for metal ions found in sediment to be associated
with sulfide minerals (which are insoluble and therefore non-bioavailable) or to
be associated with a more soluble mineral phase (such as iron oxy-hydroxide)
and potentially be released under moderately acidic conditions. If there is more
AVS detected in a sample than SEM, then the metal is most likely associated with
acid volatile sulfide minerals and unlikely to be bio-accessible to organisms
dwelling in the sediment.

Baseline study Data collected to document existing conditions onsite.
Bioaccumulation The build-up of a chemical in body tissues.

Bio-accessibility The fraction (or percentage) of a compound which is soluble and
potentially could be uptaken by an organism. Bio-accessibility tests are in-vitro
(i.e. inside a test tube) and the analytical tests used in bio-accessibility tests
typically have been verified using bioavailability testing.

Bioavailability The fraction (or percentage) of a compound which is uptaken by
an aquatic organism and reaches the circulation system (i.e. blood).
Bioavailability assessment requires in-vivo testing (i.e. inside organisms) to
determine the absolute amount of a compound which can cause harm to the
organism.

Cation A positively charged ion. Includes (Ca?*), (Mg?*), (Na*) and most metals.

! Primary sources:

Government of British Columbia, Ministry of Environment, Glossary of Water Quality
Terms http://www.env.gov.bc.ca/wat/waq/reference/glossary.html#index accessed
05/02/16, and;

Wai Care Manual Book 6 - Fact Sheets, Wai Care, 2003.
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CV-AFS Cold Vapour Atomic Florescence Spectrometry is an analytical technique
used to measure very low concentrations of mercury (typically between 0.000 5
to 1 ppb).

Detection limit (DL) The concentration below which a particular analytical
method becomes difficult to determine with certainty.

Dissolved Water quality analysis is typically referred as being either dissolved or
total element (or metal analysis). Total element analysis refers to water which
has been analysed for elements both dissolved in water and present in the
particulates in the water. To determine the fraction of the water which is
associated the dissolved phase (i.e. not bound to particulates) the water samples
are filtered through a 0.45 um filter. Elements associated with the dissolved
phases are generally considered to be more mobile and biologically available
than elements bound to the particulate phase. In this report dissolved phase
elements are compared to guidelines for the protection of ecological receptors
as the dissolved phase is more readily up taken by plants and via gills in aquatic
organisms. Total element results are compared to drinking water guidelines as
some elements can be released from particulates in the acidic conditions found
in the stomach of humans and livestock. Total element results have also been
compared to aesthetic guideline values as well as elements bound to particulates
can also impact on the aesthetic qualities of the water.

Dissolved oxygen (DO) The amount of oxygen present in a water sample.

DQO Data Quality Objectives are qualitative and quantitative statements that
specify the quality of the data required.

DWSNZ New Zealand Drinking Water Standard (2008).

Electrical conductivity (EC) The measure of the amount of electrical current a
material can carry.

Flow gauging Measuring the flow of water in a river or stream.

IANZ International Accreditation New Zealand. This organisation undertakes
independent assessments of laboratories to verify that they have appropriate
quality assurance/quality control method to assure that the analysis is
undertaken in accordance with international best practice.

lon A negatively or positively charged atom or molecule which has either an
excess or shortage of electrons, respectively.

ISO/IEC (JTC 1) is a joint technical committee of the International Organization
for Standardization (ISO) and the International Electrotechnical Commission
(IEC). Its purpose is to develop, maintain and promote standards in the fields of
information technology (IT) and Information and Communications Technology
(ICT).

A02982801R003.docx PATTLE DELAMORE PARTNERS LTD



pPopo

XV

EVOLUTION MINING NZ PTY LIMITED - BASELINE ENVIRONMENTAL MONITORING, PROGRAM
2: SURFACE WATER AND SEDIMENT SAMPLING - EXPLORATION PERMIT #51985 AT
PUHIPUHI, NORTHLAND

NATA National Association of Testing Authorities, Australia. NATA is the
authority that provides independent assurance of technical competence of
analytical testing laboratories.

Nitrogen An element that is essential to all plants and animals.

Nutrient A substance, element or compound, necessary for the growth,
development and reproduction of plants and animals; as a pollutant any element
or compound, such as phosphorous or nitrogen that encourages abnormally

high organic growth in the ecosystem.

NTU (Nephelometric Turbidity Units) A measurement of turbidity that measures
the light reflected off particles.

Major elements Geological major elements are defined as those elements that
compose 95% of the earth's crust. They are Silicon, Aluminium, Calcium,
Magnesium, Sodium, Potassium, Titanium, Iron, Manganese and Phosphorus.

Parameter Any variable that can be measured, e.g. nitrates, electrical
conductivity.

PPE Personal Protective Equipment

Part per billion (ppb) Denotes one part per 1,000,000,000 parts or one part in
10°. Parts-per billion notation is used to describe very dilute solutions where the
element is present at one-billionth of a gram per gram of sample solution. When
working with aqueous solutions, it is common to assume that the density of
water is 1.00 g/mL. Therefore, it is common to equate 1 kilogram of water with
1L of water. Consequently, 1 ppb corresponds to 1 pug/L. This is equivalent to
one drop of water (25 mL) diluted into an Olympic size swimming pool (2500 m3),
or about three seconds out of a century.

pH A measure of the acidity or alkalinity of a solution.

Quality Assurance Evaluation of data collection and analysis techniques to
ensure correct procedures was followed.

Sediment Particles of sand, clay, silt, and plant or animal matter carried in water.

Selective extraction Analytical tests which determine how soluble a compound is
under specific conditions (i.e. temperature, pH and concentration of a particular
chemical). Selective extractions are sometimes used as a proxy for bio-
accessibility testing.

Synthetic Precipitation Leaching Procedure (SPLP) or (EPA SW-846 Method
1312) is an analytical method to simulate material sitting in-situ exposed to
rainfall. SPLP tests are usually undertaken using neutral (pH 7 water) or slightly
acidic water (pH 6.5).
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Toxicity Characteristic Leaching Procedure (TCLP) (EPA SW-846 Method 1311) is
an analytical method designed to determine the mobility of both organic and
inorganic under moderately acidic conditions (pH of 4.5 pH units) found in a
landfill.

Tributary A stream or river that flows into a larger stream or river.

Trace element In analytical chemistry, a trace element is one whose average
concentration of less than 0.1 to 100,000 ppb.

Turbidity A measure of water clarity.

Type 1 Water Deionised purified water which is defined as water having a
resistivity of >10 megaohm-cm. This water has been treated to remove all
elements from it and does not contain trace elements above 0.1 ppb. In this
study Type, 1 water is used as a field blank.

Ultra-trace An analysis and sampling collection methodology which provides
results with a detection limit of less 0.1 parts per billion for the purpose of this
report. Ultra-trace sampling and analytical techniques (US EPA method 1669 and
1631) were used to collect and analysis dissolved and total mercury
concentrations.

US EPA United States Environmental Protection Agency

US EPA method 1631. A laboratory analytical method approved by the US EPA to
measure ultra-trace levels of dissolved and total mercury using Cold Vapour
Atomic Florescence Spectrometry.

US EPA method 1669. A US EPA approved method to collect ambient water for
metals which is to be used in conjunction with trace and ultra-trace analytical
techniques.
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1.0 Introduction

Pattle Delamore Partners Ltd (PDP) has been engaged by Evolution Mining NZ Pty
Limited (ENZ) to undertake an assessment of surface water quality and sediment
within their Puhipuhi gold exploration tenement and at a number of selected
sites in the upper and middle reaches of the Wairua River (Figures 1 and 2). The
primary aim of this programme is to provide defensible and high quality baseline
data prior to any exploration-related environmental disturbance at Puhipuhi,
Northland.

In addition, the results aim to address a number of key questions and concerns:

Does surface water meet safe Drinking Water Standards for humans and
livestock?

Are surface water and sediment quality of a standard that does not
adversely affect aquatic ecosystems?

Are the results consistent with earlier monitoring results from the same
locations?

Can point sources for trace levels of mercury be identified from the data?
To what extent does downstream dispersion of mercury occur?

This report presents the results of the surface water quality and sediment
sampling undertaken at 19 sites between the 7t and 13" of March 2016.

A02982801R003.docx PATTLE DELAMORE PARTNERS LTD



PP

EVOLUTION MINING NZ PTY LIMITED -
2: SURFACE WATER AND SEDIMENT SAMPLING -

PUHIPUHI, NORTHLAND

/ EVOLUTION MINING - BASELINE ENVIRONMENTAL MONITORING PROGRAM - SAMPLING AMALYSIS PLAN, PUHIPUHI, HORTHLAND

T

= =

KEY
SANPLE TYPES TASEN

P
TESUE

WATER, SEDIMENT

A
*
I TER, GEIINENT WACROWVERTEBRATES
@

ATER, SEDIMENT. TISSUE.

TWATER, SEDIMENT, TISSUE. MACROINVERTEBRATES

+
[ eemers s

BASELINE ENVIRONMENTAL MONITORING,

¥

i I‘: _‘ ; ,‘ ]
by T

PROGRAM
EXPLORATION PERMIT #51985 AT

.
had by "’ o W
e

JRE 2 &

o
o

&
i 4
Ls ol
e

sonie
¥ ARSI WFOPRTIN DD M LNLATA

o

FIGURE 1 - SEDIMENT AND WATER SAMPLING LOCATIONS MARCH 2016 8 s

SCALE: 1:300.000 (A3)
s i)

e —
NLOMETERS

PATTLE DELAMORE PARTHERS LTD /

CTeT

Figure 1: Sampling Locations

A02982801R003.docx

PATTLE DELAMORE PARTNERS LTD



poo

PROGRAM

EVOLUTION MINING NZ PTY LIMITED - BASELINE ENVIRONMENTAL MONITORING,

2:

SURFACE WATER AND SEDIMENT SAMPLING - EXPLORATION PERMIT #51985 AT

NORTHLAND

PUHIPUHI,

EVOLUTION MINING - EASELINE ENVIROMMENTAL MONITORING PROGRAM - SAMPLING ANALYSIS PLAN, PUHIPUHI, NORTHLAND

, SEDMENT

B s

B WATER SEDMENT TIBE, WALRONERTESRATES ¥

[

SCALE : 1:30,000 (A3)
Dimm w0 mm m

AR WATER D EAAEL TOM BOUCLEEATTHE LS
01095 (RN S AT FACRATE

*

9

FIGURE 2: SEDIMENT AND WATER SAMPLING LOCATIONS MARCH 2016
(INSIDE TENEMENT)

W j
OELAMORE PARTMERS LTD

PATTLE

R F R

ithin ENZ’s Tenement

ions w

Sampling Locati

Figure 2

PATTLE DELAMORE PARTNERS LTD

A02982801R003.docx



poo

EVOLUTION MINING NZ PTY LIMITED - BASELINE ENVIRONMENTAL MONITORING, PROGRAM
2: SURFACE WATER AND SEDIMENT SAMPLING - EXPLORATION PERMIT #51985 AT
PUHIPUHI, NORTHLAND

/ EVOLUTION MINING - BASELINE ENVIRONMENTAL MOHITORING PROGRAM - SAMPLING ANALYSIE BLAM, FURIPLHI, NORTHLAND

@S

W wer @ wecs

sms

i i |
el
M| a,/ﬂﬁmsu

Pox
W

= ‘
BAMPUING PROGRAMME " -

. o - b MAPSTE | WRC SITE NO. SITE LOCATION
@ rorrosoms e - [ AR 8 QR li s
®  rornosswe wAe 2

& rornme

e —
L
o

[Piore ErsamiBPuripi Rt besre farm dam
[Fuabaiinr Sroa b Puiouhi Foad lowe bdas
[Pk Fiverorgars Food bt

[t Sresreg Biveon Aces bndge

® oS WELE LOGATION
B [Favmamaku Anvur

TR LA A 00, W SEAL s W TEALIS A 1 LBl HE A

e ; FIGURE 3 * SAMPLING LOCATIONS - PDP AND HOGGINS . SR TINRE)
(OUTSIDE TENEMENT) ———
S e i i

PATTLE DELAMORE PARTNERS LTD

Figure 3: Sampling Locations — PDP and Hoggins (Outside Tenement)

A02982801R003.docx PATTLE DELAMORE PARTNERS LTD



pop

EVOLUTION MINING NZ PTY LIMITED

2: SURFACE WATER AND SEDIMENT SAMPLING -

PUHIPUHI, NORTHLAND

/ EVOLUTION MINING - BASELINE ENVIRONMENTAL MOHITORING PROGRAM - SAMPLING ANALYSIE BLAM, FURIPLHI, NORTHLAND

BASELINE ENVIRONMENTAL MONITORING,
EXPLORATION PERMIT #51985 AT

PROGRAM

®
@ rorhocens
B ronvoesn e

& roenac b
e Lo
{ f
.

4 e

@ HOGENG 1379 SANPLE LOBATION

[ v onmaen p

SELOCATION

TR gaHT Wrakapar

o baow brm

Fobahahorw Shvam GPFag Ao bwe i

EIED]
ETEE e T e
TIZIE__ [t Srvom @ on Arad i

s Sy opebvam of Warek Ao Aacion

Fasrt Fver gaream o Whanuiroa keckan

e oty
RTINS LA TS RV 4 0 WA A 1 TR
R ot 01 8008 MR 1S | W LS VAR S i 58010
Eohab e oM EES s B ST

SCALE: 1:30,000 (A3)

Figure 4: PDP, NRC and Hoggins Sampling Locations

A02982801R003.docx

PATTLE DELAMORE

L e s asonssoin FIGURE 4 POP, NRG AND HOGGINS SAMPLING LOGATIONS Sk e e Vol I
—

PATTLE DELAMORE PARTNERS LTD

PARTNERS

A

LTD



pPopo

EVOLUTION MINING NZ PTY LIMITED - BASELINE ENVIRONMENTAL MONITORING, PROGRAM
2: SURFACE WATER AND SEDIMENT SAMPLING - EXPLORATION PERMIT #51985 AT
PUHIPUHI, NORTHLAND

2.0 Project Background

The surface water and sediment sampling programme are one of several baseline
environmental investigations being undertaken by PDP on behalf of ENZ. Other
environmental investigations being undertaken include groundwater, ecological
and air monitoring, hydrogeological assessments and physical environmental
surveys. The scope of the project has incorporated the concerns expressed by
local iwi and local residents about existing water quality and ecosystem health,
including food sources such as eels, and the potential effects of exploration-
related activities such as exploration drilling.

A number of studies of water and sediment quality have been undertaken
previously at Puhipuhi, both by regulators such as Northland Regional Council
and by academic researchers (Figures 3 and 4). Studies have focused on the
levels of mercury and other metals in response to legacy issues associated with
an abandoned small-scale mercury mine and processing plant, which is located in
the headwaters of Waikiore Stream and was active between 1907 and 1945
(DOC, 2010). Previous geological and geochemical surveys have shown that
elevated mercury values, consistent with geothermal influence such as at
Ngawha (NZEL, 2003), are widespread in Puhipuhi rocks and soils and are not
confined to the Waikiore Stream. The current study utilises previous sample
locations as a basis for comparison and also extends sample coverage to include
catchments not previously assessed.

The main streams draining the Puhipuhi area are the Pukekaikiore, Waikiore and
Whenuaroa Streams which are the major tributaries of the Waiariki River. The
western side of the tenement area is drained by tributaries of the Waiotu River
and a small area on the eastern side is drained by tributaries of Kaimamaku
Stream (see Figure 5). The streams and river in the tenement area are part of
the Wairua/ Wairoa River catchment that drains a substantial part of central
Northland. Further, downstream the Wairua River becomes the Wairoa River
and flows past Dargaville into the Kaipara Harbour on the west coast. The key
receiving river environments downstream of the study area are the Waiariki
River, Waiotu River, Kaimamaku Stream, Whakapara River, Wairua River, Wairoa
River and the Kaipara Harbour.
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3.0 Scope and Objectives
Evolution Mining has requested:

l. Surface water and sediment sampling within and outside the exploration
tenement boundaries to determine (i) baseline concentrations of metals
and parameters that could be used to measure changes to the surface
water if drilling was to commence and (ii) determine if there are specific
areas within the tenement boundaries that are the source of any metals
in the stream system, if metals are present.

Il. Surface water and sediment sampling within and beyond the tenement
boundary replicating the locations of the previous sampling, to
determine if there have been any changes to the system over time and
again provide background data for the future.

Il All surface water and sediment samples to be analysed at an accredited
laboratory (accredited laboratories require an independent assessment
of quality control and accuracy standards e.g. by IANZ).

4.0 Methodology

4.1 Site Locations

PDP collected sediment and water quality samples from 19 sampling locations
within and downstream of the tenement boundary. The sampling locations were
chosen to collect water quality samples from most of the sites in the 1973 study
by F.E. Hoggins and R.R. Brooks, and to also include several sites sampled by
Northland Regional Council (NRC) between 2013 and 2014. Six additional
sampling locations were selected by PDP to extend sample coverage across a
larger number of catchments and sub-catchments on the Kaimamaku (PYX),
Papanui (PKX), Waikiore (PTX) and Whenuaroa streams (PMX and PNX). Sample
locations are shown in Figure 1 and Figure 2 and listed in Table 1 (comparisons of
sample locations from previous studies are shown in Figures 3 and 4).

Table 1: Sampling Locations

Sample | Sample Location Sample Easting Northing | Previously
Id Types (NZTM) (NZTM) Sampled
Northern Wairoa . .
PCX River at Tangataroria Sediment 1691442 | 6034156 Hc?gglns, 1973
only (Site 12)

Bridge

Hoggins, 1973
(Site 11)

Wairua river bridge,

PDX Houto Road

Sed/Water | 1698925 | 6045315

Wairua River at Hoggins, 1973
PFX Pipiwai Road Bridge Sed/Water | 1704307 | 6054017 (Site 9)
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Sample | Sample Location Sample Easting Northing | Previously
Id Types (NZTM) (NZTM) Sampled
Wairua River at Hoggins, 1973
PGX Matarau Road bridge Sed/Water | 1708651 | 6056148 (Site 8)
Wairua River at Hoggins, 1973
PHX Jordan Valley bridge Sed/Water | 1712129 | 6059650 (Site 7)
Waiariki River ;\ISFi{t(;I 12)0‘13
PJX downstream of SH1 Sed/Water | 1712151 6066496 o
bridge and waterfall Hoggins, 1973
& (Site 6)
pkx | Fapanuistreamat o ) ier | 1712057 | 6069466 | Ot Previously
Umuwhawha Road sampled
Waiariki Stream at Hoggins, 1973
PLX Mine Road Sed/Water | 1714194 6070173 (Site 5)
Whenuaroa stream
PMX on private farm Sed/Water | 1713882 6071701 NF.{C' 2014
. (Site 2)
bridge
pux | Whenuaroastream | .orer | 1713526 | 6072774 | Ot Previously
on private farm sampled
Not previously
Farm bridge on sampled but
POX . & Sed/Water | 1715202 6071209 | downstream of
private farm .
Hoggins, 1973
(Site 4)
Pukekaikiore Stream
PQX at Puhipuhi Road Sed/Water | 1715399 | 6073367 NBC' 2013
. (Site 6)
Lower Bridge
Waikiore Stream, .
PRX | downstream of Sed/Water | 1713834 | 6073747 | |088Ins, 1973
. (Site 3)
unnamed trib.
PSX | Waikiore Stream Sed/Water | 1713925 | 6074136 '("S‘i’tgeg'zr;s’ 1973
Unnamed tributary Not previously
PTX Of Waikiore Stream Sed/Water | 1713590 | 6073955 sampled
Old Mine dam at :\‘S?t(: 5)914
PUX Mine road, below Sed/Water | 1713678 6075093 v
Hoggins, 1973
dam outlet .
(Site 1)
Unnamed tributary of
Pukekaikiore Stream NRC, 2014
PVX at Puhipuhi Road Sed/Water | 1715150 | 6074132 (Site 4)
Upper Bridge
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Table 1: Sampling Locations

Sample | Sample Location Sample Easting Northing | Previously
Id Types (NZTM) (NZTM) Sampled
pwy | Waikiore Stream Sed/Water | 1713768 | 6073748 | otPreviously

upstream of PRX sampled

Kaimamaku Stream
PYX at Peach Orchard Sed/Water | 1717673 6074154
Road

Not previously
sampled

4.2  Water Quality Sampling

Water samples were collected in accordance with US EPA method 1669 and
sampling procedures are outlined in the sampling and analysis plan (PDP, 2016).
A summary of the water quality sampling methodology, analytical procedures,
and quality assurance are appended, including procedures to avoid sample
contamination (Appendix A).

4.2.1 Field Parameters

Immediately after each water sample had been collected, field parameters
including dissolved oxygen, electrical conductivity, pH, redox potential,
temperature, and turbidity were recorded using hand-held water quality meters.

A YSI Pro-DSS field meter equipped with optical dissolved oxygen and turbidity
sensors as well as electrical conductivity, redox, pH and temperature sensors was
used as the primary water quality meter. A YSI Pro-plus field meter equipped
with pH, redox, electrical conductivity meter, Clark type electrochemical
dissolved oxygen sensor and temperature sensor was also used as a backup
meter to record field parameters. Calibration checks were routinely undertaken
for electrical conductivity, pH, and dissolved oxygen.

42.2 Analysis Methods

Water samples were analysed for mercury by two different methods. Water
quality samples were analysed using US EPA method 200.2 to trace level
detection limits similar to previous monitoring programs (1 ppb). To achieve
lower (ultra-trace) detection limits for mercury (0.0005 ppb) additional samples
were analysed by a US lab using US EPA method 1631 purge and trap CV-AFS. For
interpretation purposes, the results have been rounded up to 0.001 parts per
billion. The reason for using this lower detection sampling method was to
determine whether ultra-trace levels of mercury in water could be used to map
downstream dispersion patterns and identify potential point sources for the
release of mercury.
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4.3 Sediment Quality Sampling

A targeted sampling program was undertaken with sediment core samples being
collected in accordance with the sampling and analysis plan (PDP, 2016).

In the absence of New Zealand guidelines for sediment collection, the sediment
sampling was undertaken in accordance with the recommendations contained in
the following documents:

Handbook for Sediment Quality Assessment. Environmental Trust of
Australia/CSIRO (2005); and

Methods for Collection, Storage and Manipulation of Sediments for
Chemical and Toxicological Analyses: Technical Manual. US EPA, October
2001.

A summary of the sediment quality sampling methodology, analytical procedures,
and quality assurance are appended, including procedures to avoid sample
contamination (Appendix A).

5.0 Water Quality Results

The results of the water quality sampling programme are presented in
Appendix B. The quality control procedures are summarised in Appendix C.
Copies of the PDP field sheets are appended in Appendix D. The laboratory
reports are appended in Appendix E.

The analysis of duplicate water samples collected at PMX and POX were within
the project’s data quality objectives (See Appendix C - Table C-1 and Table C-2).
This indicates that the analytical results are reproducible.

For water samples collected near the former mercury processing plant, the
results showed that mercury concentrations were near the detection limit of the
trace analytical techniques. To obtain reliable estimates of the dissolved and
total mercury concentration, extremely low-level sampling and analytical
techniques were employed at the other sampling locations located both within
and outside of the tenement.

5.1 Comparison with New Zealand Drinking Water Standards

To determine if the water in the streams and waterway are safe for human
consumption the water quality results have been compared to the maximum
acceptable values (MAV’s) outlined within the DWSNZ (see Appendix B -

Table B-1). The DWSNZ also provides guidelines values for aesthetic (i.e. odour,
taste and scale formation) determinants and these have also been included
within Table B-1, although they are not part of the water quality standards. The
difference between health based and aesthetic criteria are explained in the notes
of Table B-1.
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Based upon the results outlined in Table B-1, PDP found that:
No samples exceed the health based MAVs for drinking water guidelines;

All samples except for PYW exceeded the aesthetic guideline value of
0.2 mg/L for iron;

The highest concentration of mercury detected in this sampling
programme (0.236 ppb at PUX) is more than an order of magnitude (ten
times) lowers than the DWSNZ MAYV for mercury in drinking water of

7 ppb. At most sampling locations the concentration of mercury is more
than two orders of magnitude (i.e. more than 100 times lower) lower
than the MAV for mercury set out in DWSNZ. Therefore, the mercury
concentrations measured within the water samples are significantly
lower than those known to cause significant risk to human health from
direct consumption of drinking water;

All samples except PYX exceed the aesthetic value for total iron. It
should be noted this aesthetic value is for the staining of laundry and
sanitary ware. lIron is a relatively non-toxic element and concentrations
less than 2 mg/L in drinking water do not present a hazard to human
health (see footnotes 2 and 3 in Table B-1); and

All samples except one at PDX (which was pH 7.39) were lower (4.27-6.88
pH units) than the range of pH values (7.0 to 8.0 pH units) for aesthetic
criteria set in the DWSNZ. Water with a pH value of less than 7.0 pH
units can result in increased corrosion of lead pipes. Northland
waterways are typically slightly acidic due to the presence of naturally
occurring humic acids which are released from swamps (such as the
Hikurangi Swamp) and wetlands within the catchment.

5.2 Comparison with ANZECC Livestock Drinking Water Guidelines

The results of the water sampling programme have been compared against the
ANZECC (2000) Livestock Drinking Water trigger levels (Table B-1). No samples
exceeded ANZECC (2000) Livestock Drinking Water trigger levels from any sites.
The trigger value for mercury in livestock drinking water is 2 ppb, compared to
the maximum value obtained of 0.236 ppb from location PUX.

5.3 Comparison with ANZECC Contact Recreational Guidelines

The water quality data was compared to ANZECC (2000) Contact Recreational
Standards.

The ANZECC (2000) Contact Recreational Guidelines do not state if the results for
inorganic parameters should be compared against dissolved or total metal
fractions. For the purposes of this investigation, they have been compared to
total metals as ingestion is the primary route of exposure. When water is
ingested acidic conditions within the stomach may release some or all of
inorganic elements bound to particulate matter.
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The results of comparison are summarised below:

All samples except PYX exceed the trigger value for total iron. Northland
lowland rivers are naturally high in inorganic elements and metals (NRC,
2015). Therefore, the presence of elevated iron within the waterways
may be due to natural sources. Iron is also a relatively non-toxic element
and the reason for its inclusion into guidelines is not defined?.

Eight samples exceeded the trigger value for ammoniacal-nitrogen at
sites PDX, PHX, PJX, PLX, POX, PQX, PSX and PUX.

Samples at sites PSX, PUX, PVX exceeded the trigger value for total
manganese. This result is also possibly due to elevated natural
background metal concentrations in lowland Northland rivers (NRC,
2015).

Samples at sites PRX, PSX and PVX exceeded the range of trigger values
for pH. The measured pH readings at these sites were all lower than 6.5
pH units, which is outside the desired range for contact recreational
water quality. High or low pH may cause irritation to the skin and eyes of
sensitive people.

5.4 Comparison with ANZECC Aquatic Ecosystem Guidelines

As discussed in the note on Water Quality Guidelines on page ix, the 99% trigger
values have been used for mercury while the 95% trigger levels have been used
for the remaining elements.

Table B-1 in Appendix B presents the water sampling results and the ANZECC
(2000) aquatic ecosystem trigger values. The results are summarised below.

The concentration of dissolved mercury at location PUX is 0.236 ppb and
at PSX was 0.1 ppb. Both samples exceeded the ANZECC (2000) trigger
value for 99% ecosystem protection (0.06 ppb mercury) but are below
the trigger value for 95% ecosystem protection (0.6 ppb mercury). This
indicates that there may be a minor effect on highly sensitive species at
these locations, and the potential for bioaccumulation up the food chain.
All other water samples contained less than 0.06 ppb mercury, indicating
that adverse effects on the aquatic ecosystem from mercury are highly
unlikely at all other locations.

2 The ANZECC (2000) does not provide a detailed derivation of the contact
recreational guidelines but they do note they are derived from the WHO Guidelines
for safe recreational water environments (Volume 1: coastal and fresh water) which
in turn refer to the toxicological assessments undertaken in the WHO Drinking water
Guidelines. These guidelines state the iron is an essential element in human
nutrition and the consumption of 2 L of water containing 2 mg/L per day (or 10 times
the contact recreational standard) does not present a hazard to human health (WHO,
2003b).
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Five sites exceeded the 95% protection trigger levels for both dissolved
copper and zinc at sampling locations PDX, PQX, PRX, PSX and PVX.
These inorganic element concentrations measured are comparable to
other Northland Lowland Rivers, which have been recorded as naturally
high in copper (NRC, 2015). This in turn may be related to naturally high
levels of copper in basalt volcanic rocks that are common in parts of
Northland.

All other results were below the 95% protection level guidelines.

6.0 Sediment Quality Results

The results of the sediment sampling programme are presented in Appendix F-
Table F-1. The quality control procedures are summarised in Appendix G. The
laboratory reports are provided in Appendix E.

The analysis of duplicate samples collected at PDX, PFX, PGX, PHX and PJX (See
Appendix G - Table G-1) indicate a high degree of variability for some elements
measured (up to 145%). The variability of mercury measurements was less than
35% except for one site (PDX) where the variability was 84%. The high degree of
variability is not unusual for sediment samples and reflects the inherent
heterogeneity in the sediment; particularly for samples obtained from sandy or
gravelly streambeds where particle size and mechanical sorting via stream flow
are a factor. Consequently care should be taken when comparing results with
guideline values or the results of previous studies.

6.1 Comparison of Sediment Quality Results to Guideline Values

The sediment quality results have been compared to ANZECC (2000) sediment
quality guidelines for the protection of aquatic ecosystems. Two separate
laboratory techniques were used to measure the concentration of total mercury
in sediments. Where these results differ for samples from the same site, the
greater of the two results has been used. This is considered to be the most
conservative approach.

6.1.1 Comparison to ANZECC (2000) Sediment Quality Results

Nineteen sediment samples were compared to the ANZECC Interim Sediment
Quality Guidelines (see Appendix F - Table F-1 and Page 10).

The results of the comparison to the ANZECC guidelines are summarised below:

All samples except one (collected from PDX) exceeded the ANZECC
ISQG-low range trigger values for one or more inorganic elements.

Thirteen sites (out of nineteen) exceeded the ANZECC 1SQG-high
sediment trigger values for one or more of antimony, arsenic and total
mercury.
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The concentrations of the elements show an overall trend of reducing
as the distance down the catchment increases. This is discussed in
more detail in Section 8.1.

6.2  Accessibility of Mercury in Sediment

In order for elements to cause effects in organisms, they must be bio-accessible
and be in a chemical form which then can be uptaken by an organism. For
organisms residing in sediments, the elements are most bio-accessible when
dissolved in the pore water. If, however, the elements are bound up in a solid,
insoluble form, they are not considered to be bio-accessible (and therefore not
bio-available), and are unlikely to cause toxicity in sediment-dwelling organisms.

The bio-accessibility of the mercury in the sediment samples was assessed
through different methods:

a) Acid-Volatile Sulfides/Simultaneously Extracted Metals (AVS/SEM).

b) Toxicity Characteristic Leaching Procedure (TCLP) and Synthetic
Precipitation Leaching Procedure (SPLP).

c) Methyl mercury concentrations.

6.2.1 AVS/SEM

The AVS/SEM test is a screening tool used to predict situations in which toxicity
should not occur to organisms dwelling in the sediment. It was not developed to
predict an absence of bio-accumulation. The principle of this technique is that in
anoxic environments, total metal concentrations do not necessarily correspond
with metal bioavailability (Di Toro et al., 1990; John and Leventhal, 1995). This is
because sulfide reacts readily with many metal ions (e.g. lead, mercury, nickel,
and zinc) to form metal-sulfide minerals which are insoluble and therefore will
not cause toxicity. If metal sulfides are present, an analysis of the total metal
concentration of the sediment alone may overestimate the potential toxicity.

In the AVS/SEM approach, two components are measured in the same sediment
sample:

1. the amount of acid-volatile sulfide (sulfide which can be liberated from
the sediment by treatment with hydrochloric acid) (AVS); and

2. the total concentration of metal(s) in the sample that are liberated at the
same time as the AVS. Hence the name simultaneously extracted metals
(SEM).

Any metal-sulfide minerals in the sediment that are dissolved by the hydrochloric
acid will release both AVS and the corresponding metal at the same time.

In this study only mercury was analysed for in the SEM fraction. Although other
metals (e.g. cadmium, copper, lead, nickel and zinc) will also bind to sulfide and
form metal-sulfide minerals, mercury has the strongest affinity for sulfide and
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will therefore bind to sulfide first. This means that if any AVS is present in the
sediment, mercury will preferentially bind to the AVS first, until all the available
mercury (or AVS) has been “used up”.

Two values are reported in the AVS/SEM test, the amount of AVS, and, in this
case, the amount of mercury in the SEM fraction. If the molar concentration of
AVS in the sample is greater than the molar concentration of total mercury in the
SEM fraction, then the mercury released was likely to have been bound up in
sulfide minerals. This is because one mole of AVS combines with one mole of
mercury to form one mole of mercury sulfide.

However, if the molar concentration of mercury in the SEM fraction is greater
than the molar concentration of AVS, it is assumed that the majority of the
mercury released in the test is not associated with sulfide minerals and is
therefore more likely to be in a bio-accessible® form (Batley and Maher, 2001).

Fourteen sediment samples were analysed for AVS/SEM. All fourteen samples
contained mercury in the SEM fraction. Five samples returned values for acid
volatile sulfides above the laboratory detection limit of 0.001%. Results were
converted in to pmol/kg and are shown in Appendix F - Table F-1.

As discussed above, if the molar concentration of AVS is greater than the molar
concentration of total mercury in the SEM fraction (i.e. SEM < AVS), then the
mercury is likely to be bound up in sulfide minerals and therefore will not cause
toxicity.

Five samples (from locations PDX, PHX, PJX, OX and PRX) had SEM < AVS
(Table F-1) indicating that the mercury in these sediments is more than likely to
be in an insoluble metal sulfide form and therefore will not be bio-accessible.

The remaining nine samples had detectable concentrations of mercury in the
SEM fraction; however concentrations of AVS were below the laboratory level of
detection. The level of detection for AVS in this study was significantly higher
(293 umol/kg) than the level of detection for mercury in the SEM fraction

(0.05 umol/kg). As aresult, AVS may be present in samples at concentrations
greater than SEM mercury, yet still below the detection limit. For example, the
greatest concentration of mercury detected in the SEM fraction was

49.85 umol/kg from site PSX. This concentration is well below the detection limit
for AVS of 293 umol/kg. Consequently, in samples were AVS was found to be
below the detection limit, it cannot be said with any certainty that the mercury
will be in a bio-available form.

It is important to note that not all sulfide minerals are dissolved during the AVS
extraction (Cooper and Morse, 1998). In particular, pyrite (iron sulfide - FeS;)
and cinnabar (mercury sulfide - HgS) are not readily dissolved at acid

3 The bio-availability of mercury will also be controlled by other influences such as
organic carbon, sorption to iron oxy hydroxides etc.
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concentrations used in the AVS test (Mikac, et al., 2002). Furthermore, acid
volatile metal sulfide minerals may be encased inside sediment grains and
therefore unable to react with the acid.

Mercury may also be sorbed to iron oxy-hydroxides or bound up in other
insoluble minerals. Mercury has been found in phosphate minerals in rocks from
the Puhipuhi region, however, the solubility of these phosphates is unknown
(Craw et al., 2000). Therefore, care should be taken when assessing these test
results.

6.2.2 TCLP and SPLP

The concentration of hydrochloric acid used in the AVS/SEM analysis is stronger
than is likely to be found in the local environment so the leachability of mercury
was also investigated using weaker acids with TCLP and SPLP. These test
methods offer a straightforward method to assess the potential mobility of
elements in the environment.

Toxicity Characteristic Leaching Procedure (TCLP) is a method to simulate
leaching through a landfill (TCLP is sometimes referred to as US leachate
procedure). TCLP uses an organic acid (acetic acid at pH 4.9) to leach elements
from the sediments. Organic acids (such as humic acid) can occur naturally,
particularly in wetlands, peat bogs and in areas with significant amounts of
decomposing organic matter.

Synthetic Precipitation Leaching Procedure (SPLP) is a method to simulate the
leaching of elements from an in-situ material exposed to rainfall and circum-
neutral water.

These methods were selected to understand if the elements associated with the
sediment could be easily dissolved (SPLP) or require moderately acidic conditions
(TCLP) to become mobile and potentially bio-available.

Fourteen samples which exceeded the ISQG-high trigger value for antimony,
arsenic and mercury were analysed using TCLP and SPLP methods across a range
of contaminants. The results of this testing are presented in Appendix F — Table
F-2 and summarised below.

An SPLP value for mercury of 0.3 ppb was measured at Site PWX however all
other samples were below the TCLP (1 ppb) and SPLP (0.1 ppb) detection limits
for mercury. This suggests mercury in the sediment is not particularly mobile or
soluble.

Antimony and arsenic, two other elements that exceeded ANZECC 1SQG-high
guidelines, both had detections for TCLP and SPLP. This indicates that these
elements are present in a form that could be potentially soluble.

All other elements with the exception of chromium and thallium were detected
at some of the sites indicating a proportion may be soluble.
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6.2.3 Methyl Mercury

Methyl mercury is one of the most toxic forms of mercury and is known to be
highly bio-accumulative and bio-available to organisms.

The sediment samples were analysed in the laboratory for both total mercury
and methyl mercury. The results of this testing are presented in Appendix F —
Table F-1 and summarised below.

The percentage of total mercury that was found to be in the form of methyl
mercury was very low, ranging between 0 and 0.78%. This indicates that the
majority of the total mercury measured in the sediment is in a form that is less
likely to bio-accumulate.

Although the AVS/SEM test has indicated some of the mercury is present as
insoluble acid volatile-sulfide minerals, based on the current results it is not
possible to say with any certainty what form the remainder of the mercury is in.

7.0 Comparison of Water and Sediment Quality Results with
Previous Studies

A comparison of the water and sediment quality results from the current
investigation with those found in previous studies undertaken in the Puhipuhi
region is presented below. The four relevant comparison studies are listed in
chronological order.

7.1 Mercury distribution and mobility at the abandoned Puhipuhi
mercury processing site, Northland, New Zealand (Gionfriddo
et al., 2015)

The study cited under Gionfriddo et al. (2015) was commissioned by the
Department of Conservation and submitted on 23" September 2013 but not
published until 2015. The date of sampling is not mentioned in the article but is
assumed to be in 2013 when the paper was first presented for review.
Gionfriddo et al. (2015) collected four water samples from upstream, within and
downstream of the dam below the historic Puhipuhi Mine site. No sediment
samples were collected.

They found dissolved mercury concentrations within the Waikiore Stream, the
upstream mine site and dam ranging between 0.069 ppb and 0.24 ppb (Table 2).

The Gionfriddo et al. (2015) sample locations PP1 and PP5 were in the same
stream location as PDP sample location PUX, and the same analytical technique
(US EPA Method 1631 E) was used to determine mercury concentrations in both
studies. The concentration of dissolved mercury at PP1/PUX was found to be
similar in both studies (0.236 ppb (PDP) versus 0.24 ppb (Gionfriddo)).

Both studies show the concentration of mercury in surface water decreases as
the distance from the former mine processing area increases. Gionfriddo et al.

A02982801R003.docx PATTLE DELAMORE PARTNERS LTD



popo

19

EVOLUTION MINING NZ PTY LIMITED - BASELINE ENVIRONMENTAL MONITORING, PROGRAM
2: SURFACE WATER AND SEDIMENT SAMPLING - EXPLORATION PERMIT #51985 AT
PUHIPUHI, NORTHLAND

also showed that water in the dam and next to the (upstream) mine location had
lower levels of mercury compared to sampling sites adjacent to the historic
processing plant.

Table 2: Gionfriddo et al. 2015 Surface Water Results

Sample | Location Dissolved Methyl | Dissolved PDP Dissolved

Site Mercury Mercury Mercury
(ppb) (ppb) (ppb)

PP1 Waikiore Stream 0.00141 0.24 0.236 (PUX)

PP4 Dam 0.00195 0.118 Not Analysed

PP5 Waikiore Stream 0.000637 0.219 0.236 (PUX)

PP6 Above Dam 0.000706 0.0696 Not Analysed

7.2 Puhipuhi Water & Sediment Heavy Metal testing programme
(Northland Regional Council, 2013-2014)

Northland Regional Council and Ngati Hau conducted a monthly monitoring
program within the catchment over a 12 month period in 2013-2014 to provide
background data on inorganic elements in surface water and sediment samples.

7.2.1 Water Samples

Total mercury was found to be below the detection limit (0.05 ppb) at most sites,
with the exception of Site 3 (equivalent to location PUX at the old mine dam),
where 10 of 13 samples contained total mercury concentrations greater than
0.06 ppb; the maximum value was 0.26 ppb. There were numerous recorded
exceedances of the ANZECC 95% trigger values for copper and zinc. Chromium
and lead trigger values were also exceeded during several monitoring rounds at
various sites.

An additional sampling round was completed by Lincoln and Canterbury
Universities in 2015 as part of a research programme funded by the Ministry of
Business Innovation and Employment (Webster-Brown, 2015). The sites sampled
were in the same location as the 2013-2014 NRC investigation and also included
two new sites. There were several exceedances of the ANZECC 95% trigger
values for copper and zinc, however, no exceedance of mercury was recorded.

Appendix H — Table H-1 compares the NRC and PDP field and lab parameters and
element results for water samples collected from the same sample locations (see
Figure 3 and Figure 4 for locations). The concentrations of elements found in the
samples collected by PDP were within the range of those reported by NRC (for
sites where both samples were above the laboratory detection limit).

A02982801R003.docx PATTLE DELAMORE PARTNERS LTD



popo 5

EVOLUTION MINING NZ PTY LIMITED -
2: SURFACE WATER AND SEDIMENT SAMPLING -
PUHIPUHI, NORTHLAND

BASELINE ENVIRONMENTAL MONITORING,
EXPLORATION PERMIT #51985 AT

PROGRAM

PDP’s onsite field parameter readings were generally comparable with NRC 2013-
2014 surface water values; however, at one site (PUX) NRC dissolved oxygen
concentrations (7.8-9.9 mg/L) were higher than the concentration of dissolved
oxygen (3.23 mg/L) that PDP measured at the same site. Dissolved oxygen
concentration can naturally vary significantly at some sites depending on the
time of day, the flow rate of the stream and the season of the year. Dissolved
oxygen concentration may be also be affected by the concentration of reduced
iron being discharged into the stream at this location. The dissolved iron
concentration measured at this location was 22 mg/L which is significantly higher
than the dissolved iron concentrations measured at most other monitoring sites.
Field staff who collected the water samples at this location observed a significant
amount of iron staining on the stream banks and within the stream itself. The
precipitation of iron (oxy) hydroxides (which would result in the iron staining
observed) could result in a significant depression of dissolved oxygen
concentrations within the waterway.

7.2.2 Sediment Samples

Table 3 below compares the results of the NRC testing programme for mercury in
sediment conducted over 2013-2014 (Northland Regional Council (2015)). NRC's
results are presented as a range of values as multiple samples were taken at each
of the sample sites.

PDP Field ID PUX PVX PQX

Study NRC PDP NRC PDP NRC PDP
Sample ID 301205 PUS02 301207 PVS02 301211 PQS02
Sampling Date | 2013-2015 13-Mar-16 | 2013-2015 | 11-Mar-16 | 2013-2015 | 11-Mar-16
(T:;Z') Mercury | 31 000-83,000 | 74,900 | 1,900-6,300 2,900 860-1,900 1,900
PDP Field ID PJX PMX

Study NRC PDP NRC PDP

Sample ID 301201 PIX01A 301203 PMS02

Sampling Date 2013-2015 10-Mar-16 | 2013-2015 | 11-Mar-16

(T:;Zl) Mercury | 600-1,800 2,000 2,200-2,600 3,700
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The comparison shows that in general there is good agreement between the NRC
reported values and those found in the current study. Two sites (PMX and PJX)
are above NRC’s range, the remaining three sites are within the range. Taking
into consideration the variability of measured values observed in the duplicate
samples, the results from these two studies can be viewed as comparable.

7.3  NRC 1995 Monitoring Study (Northland Regional Council,
1995)

A report was presented by the Northland Regional Council in 1995 following
sampling completed in 1982 studying inorganic element concentrations within
streams at Puhipuhi (Northland Regional Council, 1995). The 1982 laboratory
methods of analysis were much less sensitive than methods used in more recent
studies. Mercury in surface water samples was tested for using Cold-Vapour
Atomic Absorption Spectrometry (detection limit 1 ppb). Only one location was
near a PDP sampling location, and due to the poor sensitivity of the laboratory
analysis method, it is not included in the NRC vs PDP comparison.

7.4 Natural dispersion of mercury from Puhipuhi, Northland,
New Zealand, (Hoggins and Brooks, 1973)

Hoggins and Brooks (1973) investigated the total mercury content of surface
water and sediments in the Wairua (Wairoa) River as well as total mercury
content in shellfish in the Kaipara Harbour. Sediment and water samples were
collected from various points along streams and rivers draining the Puhipuhi
catchment, starting near the historic mercury mine site, and ending
approximately 100 km downstream, near Dargaville.

7.4.1 Water Samples

Table 4 below compares the surface water sampling results presented by Hoggins
and Brooks (1973) (collected in 1971) and those collected by PDP in March 2016.
Sample locations are presented from upstream to downstream. It should be
noted that water samples collected by Hoggins and Brooks and PDP were
analysed by different analytical techniques (silver trap flameless AAS versus US
EPA Method 1631E (CV-AFS) used by PDP). These two analytical techniques have
different detection limits (0.1 ppb for the methodology used by Hoggins and
Brooks compared to 0.0005 ppb for CV-AFS used in this study).
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PDP Field ID PUX PSX PRX
Hoggins PDP Hoggins PDP Hoggins PDP
Sample ID Site 1 PUW-1/-2 Site 2 PSW-1/-2 Site 3 PRW-1/-2
Sampling Date 1973 13-Mar-16 1973 12-Mar-16 1973 12-Mar-16
Total Mercury (ppb) 0.7 0.277 0.4 0.112 0.6 0.055
PDP Field ID POX PJX
Hoggins PDP Hoggins PDP
Sample ID Site 4 POWO01/02 Site 6 PJWO01/02
Sampling Date 1973 11-Mar-16 1973 10-Mar-16
Total Mercury (ppb) 0.1 0.020 0.08 0.011
Note:
1. Al results in parts per billion.

In the Hoggins and Brooks paper, the results of the water quality measurements
are not presented in a tabular format. Therefore PDP had to estimate the
concentration of mercury from Figure 2 of that paper. The estimate of the total
mercury concentration in water presented in Table 4 may be £ 0.2 ppb of the
value obtained by Hoggins and Brooks (1973). It should also be noted that at
sample locations PJX and POX (Hoggins and Brooks sites 4 and 6), Hoggins and
Brooks report concentrations of mercury at or below their reported analytical
detection limit. These results should be treated with extreme caution as results
which are less than the analytical detection are not likely to be reliable.

However, taking these limitations into account the mercury content of water
samples obtained by PDP are generally lower than the results obtained by
Hoggins and Brooks (1973). PDP results confirm the trend identified by Hoggins
and Brooks (1973) that total mercury concentrations in water decrease with
distance away from the historic mercury mine processing site.

7.4.2 Sediment Samples

As with their water results, Hoggins and Brooks (1973) did not present the results
of their sediment measurements in a tabular format. Therefore PDP had to
estimate the concentration of mercury from Figure 2 of that paper.

Table 5 below compares total mercury results for sediment samples from PDP’s
current investigation with those of the Hoggins and Brooks (1973) study. Sample
locations are presented from upstream to downstream.
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ins and Brooks (1973) Co

PDP Field ID PSX PRX PLX
Hoggins PDP Hoggins PDP Hoggins PDP
Sample ID Site 2 PSS02 Site 3 PRS02 Site 5 PLSO1
Sampling Date 1973 | 12-Mar-16 | 1973 | 12-Mar-16 | 1973 10-1|\:|5ar-
(T:;Z') Mercury | 41 000 51,300 | 23,000 | 45,100 8,000 2,100
PDP Field ID PJX PHX PGX
Hoggins PDP Hoggins PDP Hoggins PDP
Sample ID Site 6 PJXO1A Site 7 PHSO1 Site 8 PGSO1

Sampling Date 1973 10-Mar-16 1973 9-Mar-16 1973 9-Mar-16

Total Mercury

1,500 2,000 700 600 400 361
(ppb)

Hoggins PDP Hoggins PDP Hoggins PDP
Sample ID Site 9 PFSO1A Site 11 PDSO1 Site 12 PCSO1
Sampling Date 1973 8-Mar-16 | 1973 | 8-Mar-16 | 1973 12'1'\2”'
Total Mercury 350 210 200 138 300 90

(ppb)

In general, the comparison shows similar trends between the two studies, i.e.
total mercury concentrations in sediment decrease with distance downstream
from the historic mine site.

For most sites, total mercury concentrations in sediment samples collected by
PDP are similar or lower than those reported by Hoggins and Brooks (1973). This
is with the exception of three PDP samples from field sites PSX, PRX and PJX
which had higher levels of total mercury than those reported by Hoggins and
Brooks (1973). Given the limitations associated with estimating the Hoggins and
Brooks (1973) data, and the variability of measured values observed in the
duplicate samples from the current PDP study, the results from these two studies
can be viewed as comparable.

7.5 Summary of Comparisons with Previous Studies

Mercury concentrations in water and sediment measured in this study are either
similar to or slightly less than those found in previous studies. Current results
also agree with the general trend reported in previous studies of decreasing
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mercury concentrations in water and sediment with distance downstream from
the historic Puhipuhi mine site.

8.0 Discussion

8.1 Water and Sediment Trends

A discussion of the overall trends, focussing on the elements of concern that
reported the greatest concentrations, is presented below.

8.1.1 Mercury

The greatest concentrations of mercury in water (0.236 ppb) and sediment
(74,900 ppb) were from samples collected at PUX at the head of the Waikiore
Stream. Iron and manganese were also elevated in water samples at PUX. PUX is
directly downstream from the historic mine/quarry face, and adjacent to the site
where mercury was processed from insoluble mercury-sulfide bearing ore to
elemental mercury from the 1930’s to 1945.

Figure 6 shows dissolved mercury concentrations in water samples (solid
columns) compared with total mercury concentrations in sediment samples
(hashed columns) for all of the monitoring sites. Monitoring sites are ordered
approximately from north (upstream) to south (downstream) and segregated by
their catchments, except for sites PKX and PYX which have been put at the end.
The location of the tenement boundary relative to sample sites is indicated by a
vertical red line. The ANZECC 99% guideline value for dissolved mercury in water
is shown as a horizontal yellow line on Figure 6 for reference. Exceedances are
found at only at two locations (PUX, PSX) which are less than 1 kilometre
downstream of the former mine processing plant. The DWSNZ threshold for total
mercury in drinking water of 7 ppb is not shown in Figure 6 as it is significantly
higher than any values measured during the study. The ANZECC ISQG-high (1,000
ppb) and low (150 ppb) guideline values for mercury in sediment exceeded at all
measurement locations within the tenement and at a number of sites outside the
tenement. Due to their proximity to the base of the graph in Figure 6 these
guideline values are not shown.
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Figure 6: Mercury concentrations in surface water and sediment samples from
all sites

It is evident from Figure 6 that there is not a fixed relationship between mercury
concentrations in water and sediment i.e. greater concentrations of total
mercury in sediment samples do not always correspond with greater dissolved
concentrations in water samples. This suggests that the majority of the mercury
in the sediments is in a relatively insoluble form and is only a minor controlling
factor in the concentration of mercury in water. Nevertheless, two general
trends can be seen.

The first trend which is evident in Figure 6 is that mercury concentrations in both
surface water and sediment samples decrease markedly with distance
downstream from the former Puhipuhi mine site. The second trend in the data is
that mercury concentrations are not distributed evenly across all catchments.
The variation in mercury concentrations across different catchments and the
implications for potential sources of mercury are described in more detail in
Section 8.2.

8.1.2 Arsenic and Antimony

Along with the mercury sulfide (e.g. cinnabar), arsenic and antimony bearing
sulfides (e.g. stibnite, livingstonite and pyrite) are also associated with
mineralisation within the Puhipuhi region (Hampton et al., 2004). Arsenic

(250 mg/kg) and antimony (90 mg/kg) concentrations in sediment were greatest
at site PVX and were also elevated (with respect to other samples) at sites PRX,
PNX, PMX and PYX. Although there is some overlap between the mercury,
arsenic and antimony concentrations, there is no obvious relationship; many
samples containing elevated mercury have relatively low concentrations of
arsenic and antimony (of particular note is the sample from site PUX). Arsenic
and antimony do not always show a correlation with each other either. A
detailed discussion of the source(s) of arsenic and antimony is outside the scope
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of this report, but the variations in concentrations may be a reflection of varying
enrichment within the mineralised zones.

8.2 Catchment Scale Variation in Mercury and Implications for
Potential Sources of Mercury

Mercury samples from this study were analysed by a US laboratory that is
accredited for mercury analysis to extremely low levels, and significantly lower
than what has been used for previous Puhipuhi studies. For example, the
analytical methods for previous studies provided mercury analyses to levels as
low as 0.05 ppb, whereas this study was able to detect levels as low as

0.0005 ppb. In previous studies, most water samples returned no detectable
mercury other than in the vicinity of the historic mercury mine processing site.
However, the extremely low levels obtained in this study have allowed
downstream dispersion and potential point sources of mercury to be
investigated.

The various tributaries to the Wairua River, their catchments, and PDP sampling
locations are shown in Figure 5 which is reproduced below as Figure 7.
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8.2.1 Waikiore Catchment

As discussed in Section 8.1, the greatest concentrations of mercury in water and
sediment were from samples collected at PUX at the head of the Waikiore
Stream. Iron and manganese were also elevated in water samples at PUX.

Mercury concentrations in water and sediment at sample sites along the
Waikiore catchment (presented in Figure 8) show a significant decrease with
distance downstream from site PUX. Samples collected from PSX and PRX (the
next two sample sites downstream of PUX) had dissolved mercury concentrations
in water and total mercury concentrations in sediment significantly lower than
those found at PUX.
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Figure 8: Mercury concentrations in surface water and sediment samples from
the Waikiore Stream catchment

PTX and PWX are located on a different tributary of the Waikiore Stream to sites
PUX, PSX and PRX (dashed box in Figure 8), yet both PTX and PWX reported
moderately elevated concentrations of mercury in water and sediment
(compared to other samples). Water and sediment samples from PTX contained
0.042 ppb and 3,980 ppb mercury respectively; water and sediment samples
from PWX contained 0.028 ppb and 15,000 ppb mercury respectively.

No mining activities are known to have occurred in this tributary, suggesting that
in the Waikiore catchment weathering of natural mercury bearing rock or soil
may be a significant source of mercury. The potential for shallow groundwater
from the Purua Bed Sedimentary Aquifer to be a source of mercury to the
streams has not been examined for this catchment.

Mineralised aggregate, quarried from local outcrops, has been used extensively
for surfacing roads in the Puhipuhi area. The use of mineralised aggregate has
been the subject of investigations relating to the potential for the release of
mercury to the environment (Craw et al., 2002; NRC, 1995). In general it was
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found that surface runoff from mineralised road aggregate was less than 0.1 ppb,
however, road runoff had the potential to transport mercury in sediment in to
streams and rivers (Craw et al., 2002). Mineralised aggregate was spread on
approximately 20 km of roads within the Puhipuhi region (Craw et al., 2002) and
is therefore a potential dissolved mercury source.

8.2.2 Pukekaikiore Catchment

Sediment samples collected from site PVX contained mercury concentrations of
2,900 ppb; however, water from site PVX contained extremely low levels of
dissolved mercury (0.005 ppb). Site PVX is on a tributary of the Pukekaikore
Stream and has no known association with any historic mining activities, however
there are outcrops of hydrothermally altered rock present. A small area of
weakly mineralised rock was quarried from a location further upstream of this
site for the purposes of surfacing local forestry roads (referred to as ‘Hilltop
Quarry’ in Craw et al. (2002). An outcrop of weakly mineralised rock containing
elevated arsenic and mercury (known locally as ‘Bill’s Breccia’) is located within
this catchment (Craw et al., 2002).

Water and sediment samples collected at site PQX, had concentrations of
mercury in water and sediment of 0.024 ppb and 1,900 ppb respectively. Site
PQX is located on Pukekaikiore Stream above the junction of Waikiore and
Pukekaikiore Streams and is therefore not receiving discharge from the historic
Puhipuhi mine processing site. This indicates that there is an additional source
(or sources) of mercury within the Pukekaikiore Stream catchment upstream of
the East Dam.

Mercury found at PQX may be derived from natural weathering of mineralised
rock/soil and/or from weathering of such areas that have been previously
disturbed through anthropogenic activities. As mentioned above, outcrops of
mineralised rock are present within the Pukekaikiore catchment, some of which
have undergone quarrying, prospecting and small scale mining. In addition to
the ‘Hilltop Quarry’ mentioned above, two other outcrops of mineralised rock
were quarried (for road surfacing) in the headwaters of the Pukekaikiore
catchment (referred to as ‘Puhipuhi Quarry’ and ‘Forestry Quarry’ in Craw et al.
(2002)). A water sample (collected sometime between 1994 and 1995) from
standing surface water in a small pool at the Puhipuhi Quarry reported a mercury
concentration of 4 ppb (NRC, 1995). Mineralised aggregate from the Forestry
Quarry has been used on forestry roads within this catchment (Craw et al., 2002).

Two regions of mineralised rock within the Pukekaikiore catchment have
undergone prospecting and small scale mining; known as the Joffre Mine and the
Rising Sun Claim. It is understood that both these mines were only briefly
worked in the 1920’s and only minor amounts of ore were removed. The
location of these mines is shown on a map of the Puhipuhi region from 1944,
which is reproduced in DOC (2011).
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8.2.3 Whenuaroa Catchment

Figure 9 below shows mercury concentrations from samples collected along the
Whenuaroa Stream catchment; this catchment joins the Waiariki River and flows
into the Wairua River.
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Figure 9: Mercury concentrations in surface water and sediment samples from
the Whenuaroa Stream catchment

Water and sediment samples collected from PNX and PMX on the Whenuaroa
Stream show evidence for a mercury source within this catchment. Both sites
have similar concentrations of mercury in water samples (0.010 ppb for PNX and
0.018 ppb for PMX) and sediment samples (3,500 ppb for PNX and 3,700 ppb for
PMX). No mining activities are known to have occurred upstream of these sites,
therefore mercury may be being released via the weathering of mineralised rock
and soils and/or through discharge of shallow groundwater containing mercury
from the Purua Bed Sedimentary Aquifer. Itis also possible that runoff from
mineralised road aggregate has contributed some mercury (particularly in
sediment) to this catchment (Craw et al., 2002). Additional studies would need
to be undertaken to determine the relative contribution the above sources have
contributed to mercury concentrations detected in the water and sediment
within this catchment.

8.2.4 Waiariki Catchment

Site POX on the eastern edge of the tenement is fed by the Waikiore and the
Pukekaikore Stream. Water and sediment samples contain slightly lower
mercury concentrations than samples collected further upstream on the
Waikiore Stream. Mercury in these samples may be attributed to either
downstream dispersion from the former mine and processing site, natural
weathering of mineralised rock and soil and/or other historic anthropogenic
sources discussed above.
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Site PLX which is downstream of the confluence of Whenuaroa Steam and
Waiariki River and just south of the tenement boundary shows a decrease in
mercury concentrations in water and sediment samples.

8.2.5 Other Catchments

Sites PKX (located on the Papanui Creek south west of the tenement) and PYX
(located on the Kaimamaku Stream east of the tenement) recorded total mercury
concentrations in sediment of 500 ppb and 619 ppb respectively indicating a low
level of impact that may be from the local geology and/or historical mining
activities. The historic Mt Mitchel mercury mine and processing site is located in
the hills above Papanui Creek (DOC, 2011), however, it is not known what the
source concentration is of mercury in water from the historic mine site and
whether the site drains west into this catchment or east into the Whenuaroa
Stream.

8.2.6 Summary of Potential Sources of Mercury

The variation of mercury concentrations in water and sediment samples between
different water courses and catchments suggests multiple sources of mercury
within the Puhipuhi region. Previous studies have indicated natural
mineralisation resulting from geothermal activity at Puhipuhi is variably
distributed over a 100 m scale (White, 1986), with mercury content in rock and
soil also varying widely across this area (Craw et al., 2002). Weathering and run-
off from mineralised rocks and soil, as well as discharge of shallow groundwater
that has come in to contact with this material, would result in variable
concentrations of elements over relatively small distances (< 1 km).

The localised area sources of mercury suggested by the results of this study can
be summarised as follows:

The former Puhipuhi mercury mining and processing site in the Waikiore
Catchment appears to be a source of mercury, iron, and manganese as
shown by elevated levels at site PUX and PSX and to a lesser extent PRX.

An additional source (or sources) of mercury has resulted in elevated
mercury levels at PVX and PQX in the Pukekaikiore catchment. This may
be due to the natural weathering of mineralised rock and soil within this
catchment. There is also a potential contribution of mercury from
historical quarrying and mining activities and road aggregate used on
forestry roads.

There is potential for the existence of another mercury source (as yet
unidentified) in a sub-tributary to the west of Waikiore Stream which has
resulted in elevated levels of mercury at PTX and PWX.

There is potential for the existence of a mercury source (as yet
unidentified) within the Whenuaroa Stream based on mercury
concentrations at PNX and PMX.
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The elevated concentrations of mercury within catchments that have no
history of mining or mineral processing may be attributed to the natural
weathering of mineralised rocks and soils within the upper areas of the
catchments. Shallow groundwater sources may also be partly
responsible. However, as no testing has been carried out for these
sources their potential contributions to mercury in the stream waters
cannot be confirmed.

Mercury is known to be elevated in mineralised rock at Mt Mitchell,
which has been prospected and quarried for cinnabar. Only a slightly
elevated concentration of mercury was found in sediment collected from
the Papanui Creek which has its headwaters near Mt Mitchell. Currently
it is unknown if water from the historic Mt Mitchell mine drains west in
to the Papanui Creek, or east in to the Whenuaroa Stream.

8.3 Bio-accessibility of Mercury in Sediment

As discussed in previous sections, methyl mercury is one of the most bio-
available forms of mercury and is bio-magnified in the food chain from bacteria
through to predatory fish. Results from the sediment sampling program indicate
only a small fraction (< 0.08 %) of the total mercury present in the samples is in
the form of methyl mercury. Further assessment of the potential bio-
accessibility of mercury in the sediment samples (in the form of AVS/SEM
extraction and leachability testing via SPLP and TCLP tests) indicates mercury in
the sediments is relatively insoluble. However, although the AVS/SEM test was
designed to predict situations in which toxicity should not occur to organisms
dwelling in the sediment, it is important to remember that the AVS/SEM test was
not developed to predict an absence of bio-accumulation.

An assessment of risk to human health from the dietary uptake of mercury from

the consumption of eels, crayfish and shellfish collected from streams and rivers
within the exploration tenement, and at a number of selected sites in the Wairua
River and Kaipara Harbour, is presented in the Aquatic Organism Sampling report
(PDP, 2016c¢).

9.0 Summary and Conclusions

The surface water mercury values reported by PDP are within the range of
concentrations found in two recent studies: Gionfriddo et al. (2015) and a
Northland Regional Council study carried out in partnership with Ngati Hau
between 2013 and 2014 (NRC, 2015). The most recent studies (PDP (2016),
Gionfriddo et al. (2015) and NRC (2015)) reported mercury concentrations that
are lower than those reported in an early study by Hoggins and Brooks (1973).

The surface water related findings of this report are summarised as follows:

No samples exceeded the human health based maximum acceptable
values in the New Zealand Drinking Water Standards;
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The concentrations of iron in surface water samples within the tenement
were slightly elevated and exceeded guideline values for aesthetic
determinants within the NZ Drinking Water Standards at most of the sites
sampled. Therefore the water within the tenement may have an
unpleasant metallic taste and may stain laundry. The elevated iron
concentrations within the surface water are not a health concern
because of the low toxicity of iron to humans?;

Concentrations of total iron were elevated in all but one sample and
exceeded ANZECC (2000) contact recreational guidelines. Manganese
and ammoniacal-nitrogen were elevated in several locations above
ANZECC (2000) Contact Recreational standards;

The concentration of all other inorganic elements meets human drinking
water, livestock and contact recreational standards;

Two surface water samples exceeded ANZECC (2000) dissolved mercury
concentration trigger values for 99% ecosystem protection. Dissolved
mercury concentrations at sample location PUX located immediately
adjacent to the historic mercury processing site were 0.236 ppb. At PSX,
approximately 1 km downstream from PUX, dissolved mercury levels
were 0.1 ppb. Mercury concentrations decrease significantly at sites
downstream from PSX, which suggests that the historic mine
site/processing site area is a point source of dissolved mercury in water
within the Waiariki catchment;

The concentration of dissolved and total mercury rapidly decreases to
below the trigger level of 0.06 ppb for 99% ecosystem protection within
1.2 kilometres of the historic mercury processing site. It appears that
levels of mercury in surface water within the tenement boundary may be
derived from weathering of mineralised rock and soil or potentially
shallow groundwater, although the historic mercury processing site and
mine/dam area are also recognised as a point source of mercury in water;

Dissolved zinc and copper concentrations were marginally above the
ANZECC (2000) trigger value for 95% ecosystem protection at sites PDX,
PQX, PRX, PSX, and PVX. Zinc and copper concentrations were below
ANZECC (2000) 95% ecosystem trigger values at PUX immediately below
the mercury processing site but were elevated at sampling sites PRX and
PSX further downstream; and

Concentrations of all other inorganic elements are below ANZECC (2000)
95% ecosystem trigger values.

“lron is an essential element for humans and insufficient amounts of iron can result
in severe fatigue, body weakness, and other related health ailments.
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The sediment mercury values reported by PDP are similar to the concentrations
found by two previous studies: a Northland Regional Council study carried out in
partnership with Ngati Hau between 2013-2014 (NRC, 2015) and the study
carried out by Hoggins and Brooks in 1973 (Hoggins and Brooks, 1973). The
sediment related findings are summarised as follows:

All samples except one (PDX) exceeded the ANZECC I1SQG-low range
trigger values for one or more inorganic elements.

Thirteen sites (out of nineteen) exceeded the ANZECC 1SQG-high
sediment trigger values for one or more inorganic elements. The
elements concerned were:

- Antimony;
- Arsenic; and
- Mercury.

The ANZECC 1SQG-high guideline values for mercury in sediment were
exceeded at all measurement locations within the tenement and at two
sites outside the tenement.

The ANZECC ISQG-low guideline values for mercury in sediment were
exceeded at all measurement locations within the tenement and at seven
sites outside the tenement.

Concentrations of mercury in sediment samples were greatest in the
Waikiore Stream catchment where the historic Puhipuhi mercury mine
site is located.

Concentrations of arsenic and antimony in sediment samples were
greatest in the Pukekaikiore Stream catchment (sample location PVX) and

do not appear to show a relationship with the historic Puhipuhi mine site.

These elements may be related to the presence of mineralised rock in
this area.

The concentrations of the elements show an overall trend of reducing as
the distance down the catchment increases.

At five (out of 14) sample locations, AVS/SEM analysis indicated that the
mercury present in the sediment is most likely in an insoluble, metal-
sulfide form that is not bio-available. It is not possible to predict what
form the majority of the mercury is in with these results.

Leachability testing via SPLP indicted that the mercury in the sediment is
not particularly soluble reducing its potential to bio-accumulate in
organisms residing in sediments.

Only a small fraction (< 0.8%) of the total mercury measured in the
sediment samples is in the form of methyl mercury, one of the most toxic
forms of mercury.
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The Pukekaikiore Stream catchment shows elevated concentrations
(compared to other samples) of mercury in sediment samples, possibly
related to natural weathering of mineralised rock in the headwaters of
this catchment, some areas of which have been historically quarried and
mined.

The Whenuaroa Stream catchment shows elevated concentrations
(compared to other samples) of mercury, arsenic and antimony despite
not being associated with any known historic mining activities.

9.1 Potential Sources of Mercury

For this study water samples for mercury analysis were sent to a USA laboratory
that is accredited to detect mercury in water to levels as low as 0.0005 ppb.
These very low concentration analytical techniques have been used to measure
mercury concentrations at locations where mercury was undetectable in previous
studies. This data has allowed dispersion patterns and potential point sources to
be investigated.

Comparison of mercury concentrations in water and sediment samples between
different streams and catchments shows a relatively high degree of variation and
points to multiple sources of mercury within the Puhipuhi region.

The inorganic localised area sources of mercury suggested by the results of this
study can be summarised as follows:

The former Puhipuhi mercury mining and processing site appears to be a
source of mercury, iron, and manganese.

Natural weathering of mineralised rock and soil containing elevated
concentrations of mercury.

An additional source (or sources) of mercury has resulted in elevated
mercury levels in the Pukekaikiore catchment. This is probably resulting
from the natural weathering of mineralised rock and soil within this
catchment. There is also a potential contribution of mercury from
historical quarrying and mining activities.

There is potential for another mercury source which has resulted in
elevated levels of mercury in a sub-tributary to the west of Waikiore
Stream.

There is evidence for a mercury source within the Whenuaroa Stream
based on mercury concentrations at PNX and PMX.

Discharge of shallow groundwater from the Purua Bed Sedimentary Aquifer may
be a source of mercury. Testing of shallow groundwater from this aquifer would
be required to confirm this.
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Appendix A: Water and Sediment Sampling and Analysis Plan

Water and sediment samples were collected in accordance with the PDP Surface
Water and Sediment Sampling and Analysis Plan, 2016 (PDP, 2016b). This
document set out the proposed sample methodology, addressed contaminants of
concern, detailed QA/QC field procedures

The following is a summary of this document:
To avoid water sample contamination PDP undertook the following steps:

1. PDP field staff wore disposable Tyvek suits and gloves (certified metal
free for ultra-trace metal analysis) which were changed at each
monitoring site or whenever the PPE got visually contaminated.

2. Water samples were collected upstream of field staff and water samples
were collected before any other samples (sediment or biota) were
collected at each site.

3. US EPA method 1669 was utilised to collect water samples at each
sampling location. Dedicated sampling lines and inline filters were used
at each sampling location and had been cleaned and certified by Eurofins
Global Frontiers laboratory.

4. The water samples were collected in the main flow of the stream,
upstream of the sampler, and care was taken not to disturb any of the
sediment at the bottom of the stream during sampling.

5. Where the stream depth was greater than 0.3 m water samples were
collected at least 0.1 m from the top and bottom of the stream.

Sediment samples were collected using either Wildco handcorers (for soft to
medium firmness sediments in shallow wadeable waters) and/or Ogeechee
corers (for soft to firm sediments).

The upper 50 mm of the cores collected at each of the sampling locations were
sub-sectioned and sent to the analytical laboratory.

To avoid contamination of sediment samples and to ensure a consistent sampling
methodology, PDP undertook the following procedures:

Decontaminate all sampling equipment prior to arriving on-site using
triple rinse procedures detailed in the sampling and analysis plan; and

The use of single use core liners, core catchers, and plastic core cutters at
each site.

Order of Sampling

Samples were collected in a specific order to minimise the potential for cross
contamination of samples from earlier sampling events. Downstream, potentially
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less elevated samples were collected before upstream (potentially more highly
elevated) samples.

At each monitoring site, water samples were collected before any field
measurements, sediment sampling, flow monitoring and ecological sampling was
undertaken to prevent disturbance of the water quality. Sediment sampling,
flow monitoring, and ecological sampling were conducted after the
physiochemical measurements were completed.

Variation from Sampling and Analysis Plan
The following variations were noted from the sampling and analysis plan:

Sampling location PCX was not sampled for surface water due to health
and safety reasons (thick mud on the banks which potentially could have
entrapped staff and contaminated sampling equipment).

Sampling locations PIX and PPX were not sampled as land owner
permission could not be obtained within the timeframe of the survey.

Due to the width of the waterway at sampling locations PDX, PFX, PGX,
PHX, PJX, PLX and PYX samples could not be collected from the mid-
stream location. At these sampling locations water samples were
collected approximately 2 m from the bank within the main stream flow.

Sampling location PNX was sampled after the upstream sampling sites
PUX, PSX, PTX, PWX and PRX because there was a delay in obtaining
landowner permission.

Water Sample Laboratory Parameters

Water quality samples were collected and stored in the appropriate sample
bottles (as outlined in the Sampling and Analysis Plan), which had been supplied
by the analysing laboratory. Each sample bottle was uniquely identified in
accordance with PDP chain of custody and sampling labelling procedure.

After collection, the water samples were sent under standard PDP chain of
custody documentation to the appropriate laboratories as soon as possible. This
was to ensure the laboratories received the samples within the required hold
times and to ensure sample integrity was maintained.

Water samples from each of the monitoring sites were analysed by the selected
laboratory for the following parameters:

pH and Electrical Conductivity (EC);
Hardness;

Major dissolved ions: magnesium, potassium, sodium, calcium, chlorine,
sulphate, alkalinity;
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Dissolved Nutrients: nitrate, nitrite, ammoniacal-nitrogen;

Dissolved and total metals/metalloids including antimony (Sb), arsenic
(As), boron (B), cadmium (Cd), Cobalt (Co), chromium (Cr), copper (Cu),
iron (Fe), lead (Pb), nickel (Ni), thallium (TI) and zinc (Zn) using US EPA
method 200.2;

Total and dissolved mercury using US EPA method 1631.

The laboratory pH determinations are considered reliable and should be used in
preference to the field pH data.

Sediment Sample Laboratory Parameters

Sediment samples were analysed by Eurofins Australia and Eurofins Frontier
Global Science (for mercury analysis and speciation) for the following
parameters:

Total Recoverable Metals/metalloids including antimony (Sb), arsenic
(As), Boron (B), cadmium (Cd), Cobalt (Co), chromium (Cr), copper (Cu),
iron (Fe), lead (Pb), nickel (Ni), thallium (TI) and zinc (Zn) using US EPA
method 200.2;

Total mercury using US EPA method 1631;

AVS/SEM analysis to determine to determine the amount of mercury
associated with the sulphide fraction, and if required;

Mercury Selective Sequential Extraction at Eurofins Frontier Global
Science.

All analyses will be undertaken on the less than 2 mm fraction of sediments and
analysis of metals. All sub-samples will be sent to the laboratory and the
compositing of all samples will be undertaken by the laboratory.

All samples should be stored into an ice-cool chilly bin once samples have bene
collected and frozen (using dry ice) as soon as possible®. Freezing of samples is
necessary to prevent biological process changing the speciation of the samples.

> Within 12 hours of sample collection
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Table B-1: Water Quality Laboratory Results :

Sample ID

PDW01/02

PFW01/02

PGW01/02

PHW01/02

PIW01/02

PKW01/02

PLW01/02

PMWO01/02

PNW01/02

Sample Site Location

PDX

PFX

PGX

PHX

PJX

PKX

PLX

PMX

PNX

Eurofins Laboratory ID

M16-Ap02182
M16-Ap02183

M16-Ap02184
M16-Ap02185

M16-Ap02186
M16-Ap02187

M16-Ap02188
M16-Ap02189

M16-Ap02190
M16-Ap02191

M16-Ap02192
M16-Ap02193

M16-Ap02194
M16-Ap02195

M16-Ap02197
M16-Ap02198

M16-Ap02200
M16-Ap02201

New Zealand Drinking
Water Standards 2

ANZECC Water Quality

Guidelines 95%

.34
Protection > *

ANZECC Water Quality

Guidelines 99%

. 3,4b
Protection

ANZECC Water Quality

Guidelines - Livestock

Drinking Water Quality
5

ANZECC Water Quality
Guidelines - Contact
Recreational >

ling Date 8-Mar-16 8-Mar-16 9-Mar-16 9-Mar-16 10-Mar-16 10-Mar-16 10-Mar-16 11-Mar-16 13-Mar-16

ling Time (approximate) 15:00 17:00 9:00 16:00 8:00 11:45 14:30 16:00 13:00 Freshwater Freshwater
Field Parameters
pH pH units 7.39 6.88 6.8 6.87 6.14 6.58 6.07 6.19 6.13 7.0-8.5 - - - 5.0-9.0
ORP mv 235.7 231.3 189.2 176.1 241.8 186.3 238.2 274.3 232 - - - - -
Dissolved Oxygen (DO) mg/L 9.21 7.53 5.64 7.49 8.69 9.85 9.58 8.3 9.82 - - - - -
DO (% Saturation) % saturation 105.4 80.8 62.1 83.3 92.4 99.5 105.4 89.2 101.3 - - - - -
Conductivity (at 25°C) us/cm 132.6 116.9 112.8 103.5 69.9 76.9 67.4 76.9 73.8 - - - - -
Turbidity NTU 358.4 302.8 307 9.5 4.2 4.9 3.4 5 3.6 - - - - -
Temperature °C 21.9 213 20.2 20.6 18.3 15.9 20 18.9 16.8
Laboratory Parameters
Conductivity (at 25°C) uS/cm 140 120 120 110 75 83 73 81 78 - - - - -
pH pH units 6.9 6.8 6.8 6.7 6.4 6.6 6.2 6.5 6.4 7.0-8.5 - - - 5.0-9.0
Phosphorus filterable reactive (as P) mg/L <0.05 <0.05 <0.05 < 0.05 <0.05 < 0.05 <0.05 < 0.05 <0.05 - - - - -
Chloride mg/L 17 17 16 16 13 15 13 14 17 250 5P - - - B
Sulphate (as S) mg/L <5 <5 <5 <5 <5 <5 <5 <5 <5 250 © - - 1000 400
Alkali Metals
Calcium mg/L 9.8 8.1 7.2 6.7 2.3 2.2 2.2 2.8 2.2 - - - 1000 -
Magnesium mg/L 2.6 2.3 2.2 1.8 1.4 1.4 1.4 1.4 1.5 - - - 1D -
Potassium mg/L 2.1 1.4 1.3 1.3 0.7 0.7 0.7 0.7 <0.5 - - - - -
Sodium mg/L 15 13 13 13 11 12 10 10 10 200 - - - 300
Alkalinity (speciated)
Bicarbonate Alkalinity (as CaCO3) mg/L 22 22 | 23 [ 20 <20 <20 <20 <20 <20 - - - B B
Carbonate Alkalinity (as CaCO3) mg/L <10 <10 ] <10 | <10 <10 <10 <10 <10 <10 - - - - -
Inorganic Elements
Total Antimony mg/L <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 < 0.005 <0.005 <0.005 0.02 ID ID - B
Dissolved Antimony mg/L < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 - - - - -
Total Arsenic mg/L 0.001 <0.001 <0.001 <0.001 0.002 0.003 0.003 0.007 0.002 0.01 - - 0.5upto5® 0.05
Dissolved Arsenic mg/L 0.001 0.001 <0.001 <0.001 0.001 0.002 0.002 0.006 0.002 - 0.0008 ° - -
Total Boron mg/L <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 1.4%° - 5 1
Dissolved Boron mg/L <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 - 0.09 - -
Total Cadmium mg/L < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 0.004 - 0.01 0.005
Dissolved Cadmium mg/L <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 - 0.00006 - -
Total Chromium mg/L <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.05 - 1 0.05
Dissolved Chromium mg/L <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 - 0.00001’ - -
Total Cobalt mg/L <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 - - - 1 -
Dissolved Cobalt mg/L <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 - ID D - -
Total Copper mg/L 0.002 0.001 0.001 <0.001 0.001 <0.001 0.002 <0.001 <0.001 2 - - 0.4 (sheep); 1 (cattle) 1
Dissolved Copper mg/L 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 - [ _oooa | 0.001 - -
Total Iron mg/L 0.94 0.96 1.1 0.92 0.79 0.53 0.89 0.86 0.31 02" - - NST 03
Dissolved Iron mg/L 0.73 0.75 0.82 0.54 0.42 0.31 0.5 0.62 0.2 - ID ID - -
Total Lead mg/L <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.01 - - 0.1 0.05
Dissolved Lead mg/L <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 - 0.001 - -
Total Manganese mg/L 0.023 0.028 0.044 0.034 0.024 0.029 0.021 0.029 0.02 0.4 [ -] - NST 0.1
Dissolved Manganese mg/L 0.021 0.027 0.044 0.035 0.022 0.029 0.018 0.027 0.02 - 1.2 - -
Total Mercury’ mg/L <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.007 B [ -] - 0.002 0.001
Dissolved Mercury"’ mg/L <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 - 0.00006 ** - -
Total Mercury ™ mg/L 0.00000487 0.00000495 0.00000568 0.00000497 0.000011 0.00000941 0.0000154 0.0000171 0.0000146 0.007 2 -] - 0.002 0.001
Dissolved Mercury mg/L 0.00000475 0.00000427 0.00000515 0.00000399 0.00000873 0.00000731 0.0000126 0.0000181 0.0000098 - 0.00006 - -
Total Mercury ™ ng/L 4.87 4.95 5.68 4.97 11 9.41 15.4 17.1 14.6 7000 -] - 2000 1000
Dissolved Mercury *® ng/L 4.75 427 5.15 3.99 8.73 7.31 12.6 18.1 9.8 - 50 3 _ N
Total Nickel mg/L <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.001 <0.001 0.08 -] - 1 0.1
Dissolved Nickel mg/L <0.001 <0.001 <0.001 < 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 - 0.008 - -
Total Thallium mg/L <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 - - - - -
Dissolved Thallium mg/L <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 - ID ID - -
Total Zinc mg/L 0.007 0.007 0.007 0.006 0.006 0.006 0.008 0.009 0.007 i5% - - 20 5
Dissolved Zinc mg/L 0.006 0.007 0.005 0.005 0.006 0.007 0.007 0.006 - 0.0024 - -
Nitrogen Species
Ammonia (as N) mg/L 0.02 <0.01 <0.01 0.02 0.03 <0.01 0.03 0.37 <0.01 1.5% 032" - 0.01
Ammonium lon (as N) mg/L 0.02 <0.01 <0.01 0.02 0.03 <0.01 0.03 0.40 <0.01 - - - - -
Nitrate (as N) mg/L 0.41 0.27 0.23 0.20 0.57 0.29 0.47 0.37 0.54 50" | - - 90" 10

Notes:
1. All results in mg/L unless otherwise stated.

2. Maxiumum Acceptable Values (MAV) from Tables 2.1 and 2.2, Guideline Values for aesthetic determinands from Table 2.5 of the Drinking-water Standards for New Zealand 2005 (Revised 2008) (Ministry of Health, 2008).
3. Criteria from the Australian and New Zealand Guidelines for Fresh and Marine Water Quality, Australian and New Zealand Environment and Conservation Council (ANZECC, 2000).

4a. ANZECC (2000) trigger values for protection of 95% of aquatic species. Applicable guideline values for surface water.

4b. ANZECC (2000) trigger values for protection of 99% of aquatic species. Applicable guideline values for surface water.

5. ANZECC (2000) trigger values (low risk) for livestock drinking water.
6. Guideline value only, for the following aesthetic qualities: a - taste, b - corrosion, c - staining of laundary and snitary ware, d -odour.

7. Trigger Value is for Chromium VI.

8. May be tolerated if not provided as a food additive and natural levels in the diet are low.

9. Trigger value is for AsV.

o e e

3. Trigger value is for inorganic mercury.

2R e e
©® N o b

$A02982801_S010 water results final.xlsx

0. The WHO guideline value (provisional) is 0.5 mg/L.
1. Trigger value may not protect key test species from chronic toxicity.
2. MAV is for total chromium. Limited information on health effects.

. Value varies with pH, see table 8.3.7 in ANZECC guidelines 2000.
. The short-term exposure MAVs for nitrate and nitrite have been established to protect against methaemoglobinaemia in bottle-fed infants.
. Trigger values derived from Nitrate guideline values, conversion is required for Nitrate-N.
. Mercury determined by ICP-MS (with a detection limit of 0.00001 mg/L or 100 ng/L)

. Mercury determined by purge and trap CV-AFS (with a detection limit of 0.000 000 5 mg/L or 0.5 ng/L)

ID
NST

0.01

105

3.6

3.6

0.2

Insufficent data to derive a reliable trigger value (ANZECC, 2000).

Not sufficiently toxic.

Value equals or exceeds ANZECC (2000) Trigger Values for Protection of Freshwater Species (95%).

(
Value equals or exceeds ANZECC (2000) Trigger Values for Protection of Freshwater Species (99%).
(

Value equals or exceeds ANZECC (2000) Trigger Values for Recreational Contact.

Value equals or exceeds ANZECC (2000) Trigger Values for Livestock.
Sample result exceeds the Maxiumum Acceptable Value from the NZ Drinking Water Standards.
Sample result exceeds the Guideline Value for aesthetic determinands from the NZ Drinking Water Standards.
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Table B-1: Water Quality Laboratory Results - continued '

Sample ID

POW01/02

PQW-1/-2

PRW-1/-2

PSW-1/-2

PTW-1/-2

PUW-1/-2

PVW-1/-2

PWW-1/-2

PYW-1/-2

Sample Site Location

POX

PQX

PRX

PSX

PTX

PUX

PVX

PWX

PYX

M16-Ap02202

M16-Ap02206

M16-Ap02208

M16-Ap02210

M16-Ap02212

M16-Ap02214

M16-Ap02216

M16-Ap02218

M16-Ap02220

New Zealand Drinking

ANZECC Water Quality
Guidelines 95%

ANZECC Water Quality
Guidelines 99%

ANZECC Water Quality
Guidelines - Livestock

ANZECC Water Quality
Guidelines - Contact

Eurofins Laboratory 1D M16-Ap02203 | M16-Ap02207 | M16-Ap02209 | M16-Ap02211 | M16-Ap02213 | M16-Ap02215 | M16-Ap02217 | M16-Ap02219 | M16-Ap02221 | Water Standards® Protection ¥ ** Protection *** | Drinking Water Quality] =~
ling Date 11-Mar-16 11-Mar-16 12-Mar-16 12-Mar-16 12-Mar-16 13-Mar-16 11-Mar-16 12-Mar-16 10-Mar-16 s ecreationa
ling Time (approximate) 7:45 13:30 15:45 15:30 9:00 9:30 15:45 11:00 16:00 Freshwater Freshwater

Field Parameters

pH pH units 6.39 6.36 517 4.27 6.21 6.78 4.74 6.27 6.47 7.0-8.5 - - - 5.0-9.0

ORP mV 346 259.7 374 457 259 66.7 407 336 384 - - - - -

Dissolved Oxygen (DO) mg/L 8.23 9.37 9.85 9.78 9.91 3.23 8.49 9.99 9.61 - - - - -

DO (% Saturation) % saturation 89.5 104.7 100.7 100 100.2 32.8 87.1 101.5 105.2 - - - - -

Conductivity (at 25°C) uS/cm 66.8 62.6 69.3 83.4 68.6 129.4 68.2 68.3 51.4 - - - - -

Turbidity NTU 3.3 4.5 6.6 4.5 6.9 4.9 3.2 7.8 4.5 - - - - -

Temperature °C 19.4 20.8 16.4 16.4 15.9 16.1 16.6 16.1 19.8

Laboratory Parameters

Conductivity (at 25°C) us/cm 70 65 71 79 71 76 79 70 72 - - - - B

pH pH units 6.3 5.7 4.8 6.1 6.3 5.1 4.5 6.4 6.7 7.0-8.5 - - - 5.0-9.0

Phosphorus filterable reactive (as P) mg/L < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 - - - - -

Chloride mg/L 13 15 15 16 14 15 15 13 13 250 *° - - - -

Sulphate (as S) mg/L <5 <5 <5 <5 <5 <5 <5 <5 <5 250 % - - 1000 400

Alkali Metals

Calcium mg/L 1.9 1.5 1.7 1.0 2.3 2.0 1.1 2.4 1.6 - - - 1000 -

Magnesium mg/L 1.4 13 1.4 1.3 1.5 1.6 1.4 1.5 1.5 - - - 1D -

Potassium mg/L 0.8 0.9 0.7 0.7 0.7 0.7 0.9 0.7 0.9 - - - - -

Sodium mg/L 9.6 9.6 9.5 10 7.6 6.4 8.1 7.4 8.2 200 % - - - 300

Alkalinity (speciated)

Bicarbonate Alkalinity (as CaCO3) mg/L <20 <20 <20 <20 <20 <20 <20 <20 <20 - - - - -

Carbonate Alkalinity (as CaCO3) mg/L <10 <10 <10 <10 <10 <10 <10 <10 <10 - - - - -

Heavy Metals

Total Antimony mg/L < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 0.02 ID 1D - -

Dissolved Antimony mg/L < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 - - - - -

Total Arsenic mg/L 0.002 0.002 0.001 <0.001 <0.001 <0.001 0.002 <0.001 <0.001 0.01 - - 0.5upto5 8 0.05

Dissolved Arsenic mg/L 0.002 0.001 <0.001 <0.001 <0.001 <0.001 0.002 <0.001 <0.001 - 0.0008 ° - -

Total Boron mg/L <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 1.4 - 5 1

Dissolved Boron mg/L <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 - 0.09 - -

Total Cadmium mg/L < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 0.004 - 0.01 0.005

Dissolved Cadmium mg/L < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 - 0.00006 - -

Total Chromium mg/L <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.05 2 - 1 0.05

Dissolved Chromium mg/L <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 - 0.00001 7 - -

Total Cobalt mg/L < 0.001 <0.001 0.002 0.004 < 0.001 0.004 0.002 < 0.001 < 0.001 - - - 1 -

Dissolved Cobalt mg/L < 0.001 < 0.001 0.002 0.004 < 0.001 0.004 0.002 < 0.001 < 0.001 - 1D 1D - -

Total Copper mg/L 0.002 0.002 0.002 0.003 < 0.001 0.003 0.006 < 0.001 < 0.001 2 - - 0.4 (sheep); 1 (cattle) 1

Dissolved Copper mg/L 0.001 <0.001 <0.001 <0.001 <0.001 - _ 0.001 - -

Total Iron mg/L 0.94 0.78 0.84 2.2 0.5 23 0.37 0.59 0.16 0.2 % - - NST 0.3

Dissolved Iron mg/L 0.64 0.55 0.45 1.7 0.36 22 0.29 0.40 < 0.05 - 1D 1D - -

Total Lead mg/L < 0.001 <0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 0.01 - - 0.1 0.05

Dissolved Lead mg/L 0.002 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 - 0.001 - -

Total Manganese mg/L 0.025 0.031 0.072 0.14 0.014 0.30 0.16 0.013 0.007 0.4 [ -] - NST 0.1

Dissolved Manganese mg/L 0.024 0.031 0.063 0.14 0.012 0.31 0.16 0.012 0.006 - 1.2 - -

Total Mercury” meg/L <0.0001 <0.0001 <0.0001 0.0001 <0.0001 0.0003 <0.0001 <0.0001 <0.0001 0.007 " [ -] - 0.002 0.001

Dissolved Mercury"’ mg/L <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.0002 <0.0001 <0.0001 <0.0001 - 0.00006 - _

Total Mercury *® mg/L 0.0000196 0.0000305 0.0000551 0.000112 0.0000475 0.000277 0.00000729 0.0000415 0.00000329 0.007 2 [ -] - 0.002 0.001

Dissolved Mercury 18 mg/L 0.0000155 0.0000238 0.0000371 0.0001 0.0000419 0.000236 0.00000478 0.0000278 0.00000195 - 0.00006 * - -

Total Mercury ng/L 19.6 30.5 55.1 112 47.5 277 7.29 415 3.29 7000 2 [ -] - 2000 1000

Dissolved Mercury *® ng/L 15.5 23.8 37.1 100 41.9 236 4.78 27.8 1.95 - 60 3 _ _

Total Nickel mg/L <0.001 <0.001 0.002 0.004 <0.001 0.004 0.003 <0.001 <0.001 0.08 | -] - 1 0.1

Dissolved Nickel mg/L < 0.001 < 0.001 0.002 0.003 < 0.001 0.003 0.002 < 0.001 < 0.001 - 0.008 - -

Total Thallium mg/L < 0.001 <0.001 <0.001 < 0.001 <0.001 <0.001 <0.001 < 0.001 <0.001 - - - - -

Dissolved Thallium mg/L < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 - 1D 1D - -

Total Zinc mg/L 0.008 0.009 0.013 0.016 0.007 0.007 0.018 0.007 0.006 1.5°% - - 20 5

Dissolved Zinc mg/L 0.007 0.006 0.006 0.006 0.005 - 0.0024 - -

Nitrogen Species

Ammonia (as N) mg/L 0.04 0.05 <0.01 0.02 <0.01 0.25 <0.01 <0.01 <0.01 15% 032" - 0.01

Ammonium lon (as N) mg/L 0.05 0.05 <0.01 0.02 <0.01 0.27 <0.01 <0.01 <0.01 - - - - -

Nitrate (as N) mg/L 0.42 0.20 0.41 0.30 0.81 <0.02 0.12 0.75 0.14 50 *° | - | - 90" 10

Notes:

1. All results in mg/L unless otherwise stated. 1D Insufficent data to derive a reliable trigger value (ANZECC, 2000).

2. Maxiumum Acceptable Values (MAV) from Tables 2.1 and 2.2, Guideline Values for aesthetic determinands from Table 2.5 of the Drinking-water Standards for New Zealand 2005 (Revised 2008) (Ministry of Health, 2008). NST Not sufficiently toxic.

3. Criteria from the Australian and New Zealand Guidelines for Fresh and Marine Water Quality, Australian and New Zealand Environment and Conservation Council (ANZECC, 2000). Value equals or exceeds ANZECC (2000) Trigger Values for Protection of Freshwater Species (95%).

4a. ANZECC (2000) trigger values for protection of 95% of aquatic species. Applicable guideline values for surface water. 0.01 Value equals or exceeds ANZECC (2000) Trigger Values for Protection of Freshwater Species (99%).

4b. ANZECC (2000) trigger values for protection of 99% of aquatic species. Applicable guideline values for surface water. 105 Value equals or exceeds ANZECC (2000) Trigger Values for Recreational Contact.

5. ANZECC (2000) trigger values (low risk) for livestock drinking water. 3.6 Value equals or exceeds ANZECC (2000) Trigger Values for Livestock.

6. Guideline value only, for the following aesthetic qualities: a - taste, b - corrosion, c - staining of laundary and snitary ware, d -odour. 3.6 Sample result exceeds the Maxiumum Acceptable Value from the NZ Drinking Water Standards.

7. Trigger Value is for Chromium V. 0.2 sample result exceeds the Guideline Value for aesthetic determinands from the NZ Drinking Water Standards.

8. May be tolerated if not provided as a food additive and natural levels in the diet are low.

9. Trigger value is for AsV.

Boe e e

3. Trigger value is for inorganic mercury.

2R e e e
IESEE-NRTINN

$A02982801_S010 water results final.xlsx

0. The WHO guideline value (provisional) is 0.5 mg/L.

1. Trigger value may not protect key test species from chronic toxicity.

2. MAV is for total chromium. Limited information on health effects.

. Value varies with pH, see table 8.3.7 in ANZECC guidelines 2000.
. The short-term exposure MAVs for nitrate and nitrite have been established to protect against methaemoglobinaemia in bottle-fed infants.

. Trigger values derived from Nitrate guideline values, conversion is required for Nitrate-N.
. Mercury determined by ICP-MS (with a detection limit of 0.00001 mg/L or 100 ng/L)
. Mercury determined by purge and trap CV-AFS (with a detection limit of 0.000 000 5 mg/L or 0.5 ng/L)
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EVOLUTION MINING NZ PTY LIMITED - BASELINE ENVIRONMENTAL MONITORING, PROGRAM
2: SURFACE WATER AND SEDIMENT SAMPLING - EXPLORATION PERMIT #51985 AT
PUHIPUHI, NORTHLAND

Appendix C: Surface Water Data Quality Evaluation (QA/QC)

Quality Assurance/Quality Control procedures that were followed are detailed
below:

Field conditions (weather, flow, etc.), station locations, sampling method
and handling and storage methods, date, time and identity of the
sampler have been noted.

Duplicate samples were collected at a rate of one per 10 samples.
Field blank a rate of one per 20 samples.

An NAFA and ISO/IEC 17025 accredited laboratory (or the equivalent of
IANZ) was used for all chemical analysis.

Water Quality Sampling

Quality assurance and quality control (QA/QC) samples (duplicates, field blanks
and filter blanks) were collected as part of the monitoring programme. The data
quality objectives of the QA/QC monitoring undertaken as part of this project are
presented in Table C-1 below and the analytical results of the QA/QC testing are
presented in Table C-2 and Table C-3.

Table C-1: Data Quality Objectives

Parameter DQO Proposed Action

Anion/Cation Balance

0-3.0 meq/L +0.2 meq/L Check with Lab., identify if missing
parameter or lab error.
3.0-10.0 meq/L 2% Check with Lab., identify if missing
parameter or lab error.
10.0 - 80.0 meq/L +5% Check with Lab., identify if missing
parameter or lab error.
Calculated Total Dissolved Solids versus 0.55t0 0.7 Check with Lab., identify if missing
measured EC parameter or lab error.
Field pH versus Lab pH 0.5 pH units Check with lab if precipitation of

iron has occurred.

Field Conductivity versus Lab Conductivity +20% Check calibration of instruments
and if precipitation of iron has
occurred.

Calculated Total Dissolved Solids versus 0.55t0 0.7 Check with Lab., identify if missing

measured EC parameter or lab error.

A02982801R003.docx PATTLE DELAMORE PARTNERS LTD
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EVOLUTION MINING NZ PTY LIMITED - BASELINE ENVIRONMENTAL MONITORING, PROGRAM
2: SURFACE WATER AND SEDIMENT SAMPLING - EXPLORATION PERMIT #51985 AT
PUHIPUHI, NORTHLAND

Table C-1: Data Quality Objectives

Parameter DQO Proposed Action

Split/Duplicate Analysis

Results more than 10 x Detection Limit (DL) | +30% Check with lab and re-analyse if
and results are greater than 0.1 ppb necessary.
Results more than 5 x DL but less than 10 x +50% Check with lab and re-analyse if
DL or results between 1 x € g/m3 (1 ppt) necessary.

to 0.0001 g/m3 (1 ppb)

Results less than 5 x DL +100% Check with lab and re-analyse if
necessary.

General Results Check

Check if dissolved metal concentration is Check with lab and re-analyse if necessary.
equal or less than Total metal

Concentrations

Note:

1. Based Upon American Public Health Association (APHA) and Contaminated Land Management Guideline Number 5
(CLMG#5) Recommendations (MfE, 2004)

Technical Sampling Issues

A field blank collected at sampling location PLX was found to contain trace levels
of dissolved and total zinc (5 ppb) and nitrate-N (150 ppb). Leaching of low
levels of zinc from HDPE sample containers is a known issue which can affect
some HDPE bottles, particularly if the samples bottles contain acid sample
preservatives. PDP believes that this is the most likely cause for the trace
amounts of zinc being detected in the field blank. The reasons are:

1. Asimilar level of zinc was detected in the field blank of PDP’s
groundwater monitoring programme. The elevated zinc cannot be
attributed to the water used for the blank samples, or to sampling
techniques, for the reasons below:

a. A different source of Type 1 water was used in the field blanks for
groundwater vs surface water sampling programmes (the Type 1
water used in the surface water sampling programme was sourced
from Eurofins Global Frontiers in Seattle).

b. Different sampling techniques and sampling personnel were used in
the two different sampling projects.

c. Different types of gloves were used when handling samples (Metal
free clean room type 100 gloves were supplied to PDP from Eurofins
Global Frontiers in Seattle for doing trace analysis sampling).

A02982801R003.docx PATTLE DELAMORE PARTNERS LTD
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EVOLUTION MINING NZ PTY LIMITED - BASELINE ENVIRONMENTAL MONITORING, PROGRAM
2: SURFACE WATER AND SEDIMENT SAMPLING - EXPLORATION PERMIT #51985 AT
PUHIPUHI, NORTHLAND

Note: The field blank container for ultra-trace mercury was broken during transit
to the USA and could not be analysed.

The source of the nitrate within the field blank has not been identified.

All other QA/QC samples meet the data quality objectives outlined in Table C-1
above.
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A02982801: EVOLUTION MINING NZ PTY LTD - BASELINE ENVIRONMENTAL MONITORING, PROGRAM 2: SURFACE WATER AND SEDIMENT SAMPLING, PUHIPUHI, NORTHLAND

Table C-2: Water Quality Control/Quality Assurance Samples !

Sample ID PMWO1 PMWO03 POWO1 POW-3 PUWO1 PUW-3 PLWO3
Dulplicate of Duplicate of Duplicate of Field Blank
Sample Site Location PMX Pi/lWOl POX PpOW01 PUX PpUW01 (colls&e)d @
M16-Ap02197 %RPD’  [\116Ap02202 | M16-Ap02204 |  %RPP°  [W16-Ap02214 | 1604643-05 %RPD’
Eurofins Laboratory 1D M16-A202198 M16-Ap02195 M16-Az02203 M16-A202205 M16-Ag02215 1604643-06 M16-Ap02196
Sampling Date 11-Mar-16 11-Mar-16 11-Mar-16 11-Mar-16 13-Mar-16 13-Mar-16 10-Mar-16
Sampling Time (approximate) 16:00 16:00 7:45 7:45 9:30 9:30 14:30
Field Parameters
pH 6.19 - - 6.39 - - - - - -
ORP (mV) 2743 - - 346 - - - - - -
DO (mg/L) 8.3 - - 8.23 - - - - - -
DO (% Saturation) 89.2 - - 89.5 - - - - - -
Conductivity (at 25°C) (uS/cm) 76.9 - - 66.8 - - - - - -
Turbidity (NTU) 5 - - 3.3 - - - - - -
Temperature (°C) 18.9 - - 19.4 - - - - - -
Laboratory Parameters
Conductivity (at 25°C) (uS/cm) 81 - - 70 69 1% - - - 4.4
pH 6.5 - - 6.3 6.1 3% - - - 4.7
Phosphorus filterable reactive (as P) <0.05 - - <0.05 <0.05 NC - - - <0.05
Chloride 14 - - 13 14 7% - - - <1
Sulphate (as S) <5 - - <5 <5 NC - - - <5
Alkali Metals
Calcium 2.8 - - 1.9 1.9 0% - - - <0.5
Magnesium 14 - - 14 14 0% - - - <0.5
Potassium 0.7 - - 0.8 0.9 12% - - - <0.5
Sodium 10 - - 9.6 9.7 1% - - - <0.5
Alkalinity (speciated)
Bicarbonate Alkalinity (as CaCO3) <20 - - <20 <20 NC - - - <20
Carbonate Alkalinity (as CaCO3) <10 - - <10 <10 NC - - - <10
Heavy Metals
Total Antimony <0.005 <0.005 NC <0.005 <0.005 NC - - - <0.005
Dissolved Antimony <0.005 <0.005 NC <0.005 <0.005 NC - - - <0.005
Total Arsenic 0.007 0.007 0% 0.002 0.002 0% - - - <0.001
Dissolved Arsenic 0.006 0.007 15% 0.002 0.002 0% - - - <0.001
Total Boron <0.05 <0.05 NC <0.05 <0.05 NC - - - <0.05
Dissolved Boron <0.05 <0.05 NC <0.05 <0.05 NC - - - <0.05
Total Cadmium <0.0002 < 0.0002 NC < 0.0002 <0.0002 NC - - - <0.0002
Dissolved Cadmium <0.0002 <0.0002 NC <0.0002 <0.0002 NC - - - <0.0002
Total Chromium <0.001 <0.001 NC <0.001 <0.001 NC - - - <0.001
Dissolved Chromium <0.001 <0.001 NC <0.001 <0.001 NC - - - <0.001
Total Cobalt <0.001 <0.001 NC <0.001 <0.001 NC - - - <0.001
Dissolved Cobalt <0.001 <0.001 NC <0.001 <0.001 NC - - - <0.001
Total Copper <0.001 <0.001 NC 0.002 0.002 0% - - - <0.001
Dissolved Copper <0.001 <0.001 NC 0.001 0.001 0% - - - <0.001
Total Iron 0.86 0.92 7% 0.94 0.99 5% - - - <0.05
Dissolved Iron 0.62 0.82 28% 0.64 0.62 3% - - - <0.05
Total Lead <0.001 <0.001 NC <0.001 <0.001 NC - - - <0.001
Dissolved Lead <0.001 <0.001 NC 0.002 <0.001 NC - - - <0.001
Total Manganese 0.029 0.033 13% 0.025 0.027 8% - - - <0.005
Dissolved Manganese 0.027 0.033 20% 0.024 0.023 4% - - - <0.005
Total Mercury 3 <0.0001 <0.0001 NC <0.0001 <0.0001 NC - - - <0.0001
Dissolved Mercury 3 <0.0001 <0.0001 NC <0.0001 <0.0001 NC - - - <0.0001
Total Mercury 4 0.0000171 0.0000191 11% 0.0000196 0.0000199 2% 0.000277 0.0003 8% -
Dissolved Mercury 4 0.0000181 0.0000177 2% 0.0000155 0.0000158 2% 0.000236 0.000254 7% -
Total Nickel 0.001 <0.001 NC <0.001 <0.001 NC - - - <0.001
Dissolved Nickel <0.001 <0.001 NC <0.001 <0.001 NC - - - <0.001
Total Thallium <0.001 <0.001 NC <0.001 <0.001 NC - - - <0.001
Dissolved Thallium <0.001 <0.001 NC <0.001 <0.001 NC - - - <0.001
Total Zinc 0.009 0.009 0% 0.008 0.008 0% - - - 0.005
Dissolved Zinc 0.007 0.009 25% 0.007 0.007 0% - - - 0.005
Nitrogen Species
Ammonia (as N) 0.37 - - 0.04 0.04 0% - - - <0.01
Ammonium lon (as N) 0.40 - - 0.05 0.05 0% - - - <0.01
Nitrate (as N) 0.37 - - 0.42 0.43 2% - - - 0.15

Notes:
1. All results in mg/L unless otherwise stated.

2. RPD = Relative Percent Difference.

3. Mercury determined by ICP-MS (with a detection limit of 0.00001 mg/L or 100 ng/L).

4. Mercury determined by purge and trap CV-AFS (with a detection limit of 0.000 000 5 mg/L or 0.5 ng/L).

NC
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% RPD not calculated due to one or more results being below the laboratory level of detection.
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A02982801: EVOLUTION MINING NZ PTY LTD - BASELINE ENVIRONMENTAL MONITORING, PROGRAM 2: SURFACE WATER AND SEDIMENT SAMPLING, PUHIPUHI, NORTHLAND

Table C-3: Field Parameters Against Laboratory Parameters

Sample ID PDWO1 PFWO01 PGWO01 PHWO1 PJWO1 PKWO01
Sample Site Location PDX PFX PGX PHX PJX PKX
Eurofins Laboratory ID M16-Ap02182 M16-Ap02184 M16-Ap02186 M16-Ap02188 M16-Ap02190 M16-Ap02192
Sampling Date 8-Mar-16 8-Mar-16 9-Mar-16 9-Mar-16 10-Mar-16 10-Mar-16
Sampling time (approximate) 15:00 17:00 9:00 16:00 8:00 11:45
Field Laborator Field Laborator Field Laborator Field Laborator Field Laborator Field Laborator
Parameters Parameterys % RPD Parameters Parametel}/s % RPD Parameters Parametel}/s % RPD Parameters Parametel}/s % RPD Parameters Parametel}/s % RPD Parameters Paramete:/s % RPD
pH 7.39 6.9 7% 6.88 6.8 1% 6.8 6.8 0% 6.87 6.7 3% 6.14 6.4 4% 6.58 6.6 0%
Conductivity (at 25°C) (uS/cm) 132.6 140 5% 116.9 120 3% 112.8 120 6% 103.5 110 6% 69.9 75 7% 76.9 83 8%
Sample ID PLWO1 PMWO1 PNWO1 POWO1 PQW-1 PRW-1
Sample Site Location PLX PMX PNX POX PQX PRX
Eurofins Laboratory ID M16-Ap02194 M16-Ap02197 M16-Ap02200 M16-Ap02202 M16-Ap02206 M16-Ap02208
Sampling Date 10-Mar-16 11-Mar-16 13-Mar-16 11-Mar-16 11-Mar-16 12-Mar-16
Sampling time (approximate) 14:30 16:00 13:00 7:45 13:30 15:45
Field Laboratory % RPD Field Laboratory % RPD Field Laboratory % RPD Field Laboratory % RPD Field Laboratory % RPD Field Laboratory % RPD
Parameters | Parameters Parameters | Parameters Parameters | Parameters Parameters | Parameters Parameters | Parameters Parameters | Parameters
pH 6.07 6.2 2% 6.19 6.5 5% 6.13 6.4 4% 6.39 6.3 1% 6.36 5.7 11% 5.17 4.8 7%
Conductivity (at 25°C) (uS/cm) 67.4 73 8% 76.9 81 5% 73.8 78 6% 66.8 70 5% 62.6 65 4% 69.3 71 2%
Sample ID PSW-1 PTW-1 PUW-1 PVW-1 PWW-1 PYW-1
Sample Site Location PSX PTX PUX PVX PWX PYX
Eurofins Laboratory ID M16-Ap02210 M16-Ap02212 M16-Ap02214 M16-Ap02216 M16-Ap02218 M16-Ap02220
Sampling Date 12-Mar-16 12-Mar-16 13-Mar-16 11-Mar-16 12-Mar-16 10-Mar-16
Sampling time (approximate) 15:30 9:00 9:30 15:45 11:00 16:00
Field Laboratory % RPD Field Laboratory % RPD Field Laboratory % RPD Field Laboratory % RPD Field Laboratory % RPD Field Laboratory % RPD
Parameters | Parameters Parameters | Parameters Parameters | Parameters Parameters | Parameters Parameters | Parameters Parameters | Parameters
pH 4.27 6.1 35% 6.21 6.3 1% 6.78 5.1 28% 4.74 4.5 5% 6.27 6.4 2% 6.47 6.7 3%
Conductivity (at 25°C) (uS/cm) 83.4 79 5% 68.6 71 3% 129.4 76 52% 68.2 79 15% 68.3 70 2% 51.4 72 33%

A02982801_5010 water results final.xlsx

Indicates pH results differ by > 12% RPD which is equivalent to + 0.5 pH units.

Indicates electrical conductivity results differ by > 20% RPD.
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solutions for your environment

PDP Sediment Sampling Form
Auckland (09) 523 6900, Wellington (04) 471 4130, Christchurch (03) 345 7100

Job Number: A0749 6 7 G

| Staff Name: 5,04 VL hwohipn PN | Date: § /0 E;f/]é,

Project Name:

p - £

e

Lo

Weather Conditions: .50 /t/fncfes

l Tide:

Sample Location:

vt PIX

Sample Method: ferisTolte  famyo .
Coordinates (NZTM) N i .
- E 0434w
Depth of Sample (m) fr, VS YG |
pH pH units L b 739
pE/ORP mv 7077 785°7 A
DO ppm D2 me/l (37 el -
%DO % 105 4 Bhr Y -
EC mS/cm 122:6 o | 1310 v
Salinity ppt 006 L5
DS g/l 165 Do »q/L
Turbidity NTU J54 4
Temp. °C ‘VZJ'ol 2)-9 !
Water Sample name :
e De ptio
Sample Name PRS0V A oot -
Depth of oxic layer (mm) | #2.200. | AS here
Subordinate Fraction Ueayey = j sl
MAJOR Grain Size | ST
Minor Some 5ar@//"fr:’8’3
With ’
Trace

Strength

weal,

Colour ht Lo
Qualifying paragraph

Moisture

Grading

Bedding

Plasticity

Pod Hlest

Sensitivity

Major Fraction

Weathering of clasts

Subordinate Fraction

Minor Fraction

Odour

NoNVE

Other (e.g. biota, shell fragments, woody

debris, foreign material, evidence of oil etc.)

Notes:

1. Allsediment logged in accordance with NZ Geotechnical Society (2005) Field Description of Soil and Rock.

2.
3.

putjid {dead animal)

4.

N:\Field Templates\Sediment Sampling form.docx

All cores/samples should be photographed

Sampling and field observations should be made in accordance with CECR (2005} Handbook for Sediment Quality Assessment.
Odour should be described as none, organic (compost/silage), anoxic (Sulphidic), oily {petrol smell), earthy, sea/marine, sewage,

Totd

%

FE3 A




PDP Sediment Sampling Form

solutions for your environmeng

Auckland (09) 523 6900, Wellington (04) 471 4130, Christchurch (03) 345 7100

Job Number:A) 7457 Ge7)

| Staff Name: f}g@ﬁl /V:«:&f

| Date: @f@?/ 6.

Project Name: EVOLU TION |

Weather Conditions: Fvz0

K_Wieliy

| Tide:

Sample Location:

PEX

Sample Method:

feresia/ty .

Coordinates (NZTM) N

E

0 8l3m

Depth of Sample (m)
Field Measurements

Flo 055

Pis /"Z&f )

pH pH units 5.7 J

pE/ORP mv 2518 2267

DO ppm 5G| b8 e

%0 | % 508 g5-4%

EC mS/cm N6 Qkm]| N6 )

Salinity ppt 005 Psu.

DS 155 gt wmy/L | O-00

Turbidity | NTU 307-%

Temp. °C 203 214 ~

Water Sample name

Sample Name

Sediment Description f
7 PO

Depth of oxic layer (mm]}

PES B.

Qualifying paragraph

Subordinate Fraction St/
MAJOR GrainSize | CLAY
Minor Some fm \49}{
With
Trace .
Colour Lot Pecef @ ’E‘j P i

Strength Fir

Moisture ;?52.%

Grading -

Bedding - /
Plasticity 7 Jbstc 4
Sensitivity !

Major Fraction

Weathering of clasts

Subordinate Fraction

Minor Fraction

Odour

VoN'E

Other ‘(e_.g. biota, shell fragments, woody

debris, foreign material, evidence of oil etc.)

K

faﬁfs,,ofcgm@y}c« )

[ leoe!

Notes:

1. Allsediment logged in accordance with NZ Geotechnical Society (2005} Field Description of Soil and Rock.
2. Sampling and field observations should be made in accordance with CECR (2005) Handbook for Sediment Quality Assessment.
3. Odour should be described as none, organic (compost/silage), anoxic (Sulphidic), oily (petrol smell), earthy, sea/marine, sewage,

putrid {(dead animal)

4. All cores/samples should be photographgd

N:\Field Templates\Sediment Sampling form.docx
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. . soibtloné for your environment
PDP Sediment Sampling Form
Auckland (09) 523 6900, Wellington (04) 471 4130, Christchurch (03) 345 7100

Job Number: Jp795 7 401 | staff Name: 5, \/.2o] £ fedow P | Date:q /02/14,
Project Name: £ (DLUUT [0 // '
Weather Conditions: [ 47 - / szl - | Tide:

Sample Location: ' PGX

Sample Method: /p/,}:,’/;j [Tie .

Coordinates (NZTM) N

E

Depth of Sample (m)
Field Measurements

pH pH units
pE/ORP mV
DO ppm Tl
%DO % AR
EC {emS/cm N
Salinity ppt N
TDS g/L
Turbidity NTU E
Temp. °C o 7.
Water Sample name
eo e PDe pTio
Sample Name

Depth of oxic layer (mm)
Subordinate Fraction

MAIJOR Grain Size
Minor Some
With
Trace
Colour N

Qualifying paragraph
Strength

Moisture

Grading

Bedding

Plasticity

Sensitivity

Major Fraction
Weathering of clasts
Subordinate Fraction
Minor Fraction »

Odour Norby |
Other (e.g. biota, shell fragments, woody

. Notes:
1. Allsediment logged in accordance with NZ Geotechnical Society (2005) Field Description of Soil and Rock.

2. Sampling and field observations should be made in accordance with CECR (2005) Handbook for Sediment Quality Assessment.

3. Odour should be described as néne,'organic {compost/silage), anoxic (Sulphidic), oily (petrol smell), earthy, sea/marine, sewage,
putrid (dead animal)

4. All cores/samples should be photographed

N:\Field Templates\Sediment Sampling form.docx
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PDP Sediment Sampling Form
Auckland (09) 523 6900, Wellington (04) 471 4130, Christchurch (03) 345 7100

solatlons for your environment

Job Number: /' /7 754 7 &1 | staff Name: 5 A/ £ AR

| Date: %‘;ﬁ 2/

Project Name: EVOL(/T [ O/

Weather Conditions: Oweiccr57 | Tide:
Sample Location: PH X
Sample Method: lenste] e
Coordinates (NZTM) N
E

i

Depth of Sample (m)
Field Measurements

pH _ pH units T

pE/ORP mv 176 )85

DO ppm AN
%DO % 733 700

EC mS/cm %ﬂ34 S / 0(% ¢ / (451(’;41
Salinity ppt 005 Ao,

TDS g/L

Turbidity | NTU 9

Temp. °C 206 707

Water Sample name ‘
Sediment Description
Sample Name '

Depth of oxic layer (mm)

Subordinate Fraction 5(‘(/16/{

Qualifying paragraph

MAJOR Grain Size | &/ (4
Minor Some bz 1S .
With
Trace
Colour ;f 2 pibowedl Evengloe

Strength w4

Moisture 54

Grading -

Bedding — .
Plasticity slinkit e <
Sensitivity v

Major Fraction

Weathering of clasts

Subordinate Fraction

Minor Fraction

Odour
Other (e.g. biota, shell fragments, woody debris, foreign material, evidence of oil etc.)
{ f’%éj;ﬁw‘? ;i;ﬁ;) h
/

Notes:

1. Allsediment logged in accordance with NZ Geotechnical Society (2005) Field Description of Soil and Rock.
2. Sampling and field observations should be made in accordance with CECR (2005) Handbook for Sediment Quality Assessment.
3. Odour should be described as none, organic (compost/silage), anoxic (Sulphidic), oily (petrol smell), earthy, sea/marine, sewage,

putrid (dead animal)
4. All cores/samples should be photographed

N:\Field Templates\Sediment Sampling form.docx
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PDP Sediment Sampling Form
Auckland (09) 523 6900, Wellington (04) 471 4130, Christchurch (03) 345 7100

Job Number: 40299 /40 | | staff Name: S/ A AA | Date: (05 3/ 6

Project Name: E)[ (.07 101/ ‘ 7

Weather Conditions: 7o /. c/0 | Tide:

Sample Location: F6 7

Sample Method: Porictb/1c

Coordinates (NZTM) N
E

P 55

Depth of Sample (m)
Field Measurements

7 Hus .

pH pH units Bl 5.59
pE/ORP mv 1860 | 1188
DO ppm 4.4 5 / Z 2
%DO % 795 757
EC mS/cm i 10/ 9
Salinity ppt ool psry

DS g/L 1% po0

Turbidity | NTU. 19

Temp. °C /C;‘Z /5f‘7

Water Sample name
Sediment Description
Sample Name

Depth of oxic layer (mm)
Subordinate Fraction

165 pl/

MAJOR GrainSize | Sewael ¢
Minor Some [T
With
Trace
Colour Do/ ipwitis 1L

Qualifying paragraph

Strength W
Moisture fyﬁ T
Grading

Bedding

Plasticity WMecke el ¢ -
Sensitivity

Major Fraction
Weathering of clasts
Subordinate Fraction
Minor Fraction
Odour

Other (e.g. biota, shell fragments, woody debris, foreign material, evidence of oil etc.)

Ovorriic s ety
Ve iz

Notes:
1. Allsediment logged in accordance with NZ Geotechnical Society (2005) Field Description of Soil and Rock.

2. Sampling and field observations should be made in accordance with CECR (2005) Handbook for Sediment Quality Assessment.

3. Odour should be described as none, organic {compost/silage), anoxic (Sulphidic), oily (petrol smell), earthy, sea/marine, sewage,
putrid (dead animal)

4. All cores/samples should be photographed

N:\Field Templates\Sediment Sampling form.docx




P

salutlons for your environment

PDP Sediment Sampling Form
Auckland (09) 523 6900, Wellington (04) 471 4130, Christchurch {03) 345 7100

Job Number: 407G & 7 201 | staff Name: 5/70/ A AR | Date: J0/03//4 Jlee 21,

Project Name: [.p/ ) e

Weather Conditions: - jwe © /. | Tide:

Sample Location: PIX

Sample Method:

Coordinates (NZTM) N
E

Depth of Sample (m)
Field Measurements

pH pH units
pE/ORP mv 294
Do ppm Al 211
%DO % AN A

EC mS/cm 619 777
Salinity ppt b- 235154

TDS g/l 185 | o0l

Turbidity | NTU [yl

Temp. °C 1% A 183

Water Sample name

Sediment Description

"
|

Sample Name \
Depth of oxic layer (mm) o
Subordinate Fraction %4(;/70[ t/
MAIJOR Grain Size SILT
Minor Some ey
With .
Trace
Colour L& L t‘ff@&?é‘g@&zj
Qualifying paragraph
Strength 4
Moisture 5/47'\
Grading
Bedding
Plasticity bM
Sensitivity
Major Fraction
Weathering of clasts C(ﬂq(;(/&{/
7

Subordinate Fraction
Minor Fraction

Odour :
Other (e.g. biota, shell fragments, woody debris, foreign material, evidence of oil etc.)

Notes:
1. Allsediment logged in accordance with NZ Geotechnical Society (2005) Field Description of Soil and Rock.

2. Sampling and field observations should be made in accordance with CECR (2005} Handbook for Sediment Quality Assessment.

3. Odour should be described as none, arganic {compost/silage), anoxic (Sulphidic), oily (petrol smell), earthy, sea/marine, sewage,
putrid (dead animal) '

4. All cores/samples should be photographed

N:\Field Templates\Sediment Sampling form.docx




P

solutions for your environment

PDP Sediment Sampling Form
Auckland (09) 523 6900, Wellington (04) 471 4130, Christchurch (03) 345 7100

Job Number: 477 7% 7 @] | staff Name: SHN £ AP | Date: 10/3 /16

Project Name: 3 v

Weather Conditions: }.ine | Tide:

Sample Location: PLX

Sample Method: ,

Coordinates (NZTM) N
E

Depth of Sample {m)
Field Measurements
pH pH units
pE/ORP mvV 9
DO ppm 158 woi| 926 i

%DO % 105-Y 07-& ‘ Hm W 3
EC o ‘Y| H7°Y £L96 , Sy I
Salinity ppt 003 5U 5 el

DS g/l ' Yo b,

Turbidity NTU o'l MU

Temp. °C 20 O 200 . gﬂL‘/\/ Ll(
Water Sample name ‘ - ‘ ;
Sediment Description [5 Za/@[Qj

Sample Name ‘
Depth of oxic layer (mm) ﬁ/f/ﬁ L/{: %WE

Subordinate Fraction

MAJOR Grain Size | Ol v =B djw7 (<
Minor Some N o e
1 With seep|Cleldd £, B f@‘fﬁ f .
Trace (el ’
7

Qualifying paragraph
Strength

Moisture ¢

Grading _ o
Bedding - R

Plasticity . ,ynaolgiﬂiffﬁ

Sensitivity

Major Fraction ﬁ/&w@/@ qard 0{#@5?@5'!&'}/ '

Weathering of clasts
Subordinate Fraction
Minor Fraction .
Odour (ore.
Other (e.g. biota, shell fragments, woody debris, foreign material, evidence of oil etc.)

I@{@*;ﬁ?%& {W%kff
v ‘

Notes:
1. Allsediment logged in accordance with NZ Geotechnical Society (2005) Field Description of Soil and Rock.

2. Sampling and field observations should be made in accordance with CECR (2005} Handbook for Sediment Quality Assessment.

3. Odour should be described as none, organic (compost/silage), anoxic (Sulphidic), oily (petrol smell), earthy, sea/marine, sewage,
putrid (dead animal)

4. All cores/samples should be photographed

N:\Field Templates\Sediment Sampling form.docx




P

solutions for your environmen?i

PDP Sediment Sampling Form
Auckland (09) 523 6900, Wellington (04) 471 4130, Christchurch (03) 345 7100

b

StaffName: [} 2.~k | Date: |},

Job Number: 1 & AE 2 (O
Project Name: £y
Weather Conditions: 7, . .. | Tide:
Sample Location:
Sample Method:
Coordinates (NZTM) N

E

Depth of Sample (m)
pH pH units R
pE/ORP mV S Ece :
DO bpm & Gt
%D0O % el
EC /MS/cm TR, wle
Salinity ppt -
TDS g/L
Turbidity NTU o 5
Temp. °C LT 1R %
Water Sample name ey YE gy
Sample Name 7Aoo W Ny €
Depth of oxic layer {mm)
Subordinate Fraction oot
MAJOR Grain Size -
Minor Some ¢k R

With ]

Trace
Colour B /e LU e
Strength ~
Moisture
Grading
Bedding
Plasticity
Sensitivity

Major Fraction
Weathering of clasts
Subordinate Fraction
Minor Fraction
Odour R PR
Other (e.g. biota, shell fragments, woody debris, foreign material, evidence of oil etc.)

Notes:
1. All sediment logged in accordance with NZ Geotechnical Society (2005} Field Description of Soil and Rock.

2. Sampling and field observations should be made in accordance with CECR (2005) Handbook for Sediment Quality Assessment.

3. Odour should be described as none, organic (compost/silage), anoxic (Sulphidic), oily (petrol smell), earthy, sea/marine, sewage,
putrid (dead animal)

4. All cores/samples should be photographed

N:\Field Templates\Sediment Sampling form.docx




folo/o

PDP Sediment Sampling Form
Auckland (09) 523 6900, Wellington (04) 471 4130, Christchurch (03) 345 7100

solutions for your environmena

Job Number:qumﬂ/

|Staff Name: 57"{,(/ } A,’ﬂ_

| Date: l{/v‘/l&

Project Name:

vl vt pon

Weather Conditions: §7,47 L~ Wiady | Tide:
Sample Location: S fﬂx ]
Sample Method: fersetm/te .
Coordinates (NZTM) N S
E
Depth of Sample (m)
pH pH units / o) G &
pE/ORP mv 22¢ 3. | 43
DO ppm ¥ % (30
%DO % L (A
EC S/cm I -G 779
Salinity ppt — =
TDS g/L = -
Turbidity | NTU S-o _
Temp. °C \%-q X6
Water Sample name - o\ PrasoL | PAMO0D | Mo
eo = De DTIO
Sample Name
Depth of oxic layer (mm) )
Subordinate Fraction Ceune /g
MAJOR GrainSize |5//7°
Minor Some Llews -
With J
Trace
Colour Il O e, Yoo Al.
Qua g paragrap
Strength &0
Moisture b7
Grading
Bedding
Plasticity [(L /--//}/](:g‘/ y

Sensitivity

Major Fraction

Weathering of clasts

Subordinate Fraction

Minor Fraction

Odour

Other (e.g. biota, shell fragments, woody

debris, foreign material, evidence of oil etc.)

Notes:

1. Allsediment logged in accordance with NZ Geotechnical Society (2005) Field Description of Soil and Rock.
2. Sampling and field observations should be made in accordance with CECR (2005) Handbook for Sediment Quality Assessment.
3. Odour should be described as none, organic (compost/silage), anoxic (Sulphidic), oily (petrol smell), earthy, sea/marine, sewage,

putrid (dead animal)

4. All cores/samples should be photographed

N:\Field Templates\Sediment Sampling form.docx



PDP Sediment Sampling Form

solutions for your environment

Auckland (09) 523 6900, Wellington (04) 471 4130, Christchurch (03) 345 7100

Job Number: A~ 2% ) § 0y l Staff Name: At | Date: /7 5)\¢
Project Name: !
Weather Conditions: 1., I Tide:
Sample Location: >,
Sample Method:
Coordinates (NZTM) N
E
Depth of Sample (m)
pH pH units £ .7
pE/ORP mV SCA 209
DO ppm (PN 3
%DO % 9 -1 63
EC ‘mS/cm S c
Salinity ppt
TDS g/L
Turbidity NTU "2
Temp. °C [EA ¢y (2-&-
Water Sample name oW 7\ O 7oL ) oA hy
ed z De PTIo

Sample Name YOS ( PO S-L,
Depth of oxic layer (mm) ‘ — L
Subordinate Fraction
MAJOR GrainSize | ¢k P -
Minor Some (arieh . Crenrd

With S Crhon

Trace B —
Colour e Crirsis
Qua g paragrap
Strength
Moisture
Grading
Bedding
Plasticity
Sensitivity

Major Fraction

Weathering of clasts

Subordinate Fraction

Minor Fraction

Odour

Other (e.g. biota, shell fragments, woody

debris, foreign material, evidence of oil etc.)

Notes:

1. All sediment logged in accordance with NZ Geotechnical Society (2005) Field Description of Soil and Rock.
2. sampling and field observations should be made in accordance with CECR (2005) Handbook for Sediment Quality Assessment.
3. Odour should be described as none, organic (compost/silage), anoxic (Sulphidic), oily (petrol smell), earthy, sea/marine, sewage,

putrid (dead animal)

4. All cores/samples should be photographed

Du(:!f} l-e

N:\Field Templates\Sediment Sampling form.docx
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PDP Sediment Sampling Form

solutions for your environmena

Auckland (09) 523 6900, Wellington (04) 471 4130, Christchurch (03) 345 7100

Job Number: /@1‘2825@ U [ staff Name: 5ﬂ/1/}( AR

| Date: //{/j;//é

Project Name:

Weather Conditions: [\2 . §.67. | Tide:
Sample Location: R .
Sample Method: Periortot e
Coordinates (NZTM) N ' i
E
Depth of Sample (m) o DO N~
pH pH units G 21 G3¢C
pE/ORP mV 2597 1 )5
DO ppm a7 %14
%DO % LG (OO
EC S/cm [y A £y
Salinity ppt — -
TDS g/L — -
Turbidity | NTU ire 5 —
Temp. °C 206 iD=
Water Sample name AL\ P u N0y,
ediment Descriptio

Sample Name
Depth of oxic layer (mm)
Subordinate Fraction S,’f /’/’y
MAIJOR Grain Size |08 [
Minor Some gcl,-/zg,/

With

Trace
Colour 70 /7/5, /97 18 oy
Qua g paragrap
Strength leogely | frel
Moisture SAl
Grading
Bedding
Plasticity .
Sensitivity il

Major Fraction

Weathering of clasts

Subordinate Fraction

éfﬂ’ﬂf’«/@ o ﬁ(/b”ﬁt?/g'c//CU”

Minor Fraction

Odour

NoNE

Other (e.g. biota, shell fragments, woody

debris, foreign material, evidence of oil etc.)

Notes:

1. All sediment logged in accordance with NZ Geotechnical Society (2005) Field Description of Soil and Rock.
2. Sampling and field observations should be made in accordance with CECR (2005) Handbook for Sediment Quality Assessment.
3. Odour should be described as none, organic (compost/silage), anoxic (Sulphidic), oily (petrol smell), earthy, sea/marine, sewage,

putrid (dead animal)

4. All cores/samples should be photographed

N:\Field Templates\Sediment Sampling form.docx



PDP Sediment Sampling Form

solutions for your environmen?

Auckland (09) 523 6900, Wellington (04) 471 4130, Christchurch (03) 345 7100

Job Number: /307 a e e\ | Staff Name: D ove. 5 (Lo

lDate: \\"3’\/

Project Name:

Weather Conditions: <> € — o e sl . | Tide:

Sample Location: C\J X
Sample Method: \'/\,u A
Coordinates (NZTM) N
E

Depth of Sample (m) e DSOS NS
pH pH units . | Gig
pE/ORP mV Go? <), 21
DO ppm K trs o
%DO % Q -\ 223
EC AS/cm %y 2~ T
Salinity ppt —_ —_—
TDS g/L e _—
Turbidity NTU 3 —
Temp. °C e 6 [€¢
Water Sample name P\J&c\ (/&0

ediment Descriptio
Sample Name
Depth of oxic layer (mm)
Subordinate Fraction
MAJOR GrainSize | 59/({y
Minor Some

With iﬁw«e arawvie]
Trace v

Colour Vs e Y -
Qua g paragrap
Strength £+
Moisture SAT
Grading -
Bedding
Plasticity

Sensitivity

Major Fraction

Weathering of clasts

Subordinate Fraction

Minor Fraction

Odour

Other (e.g. biota, shell fragments, woody debris, foreign material, evidence of oil etc.)

ot WX phrmon oo v

=

Notes:

1. Allsediment logged in accordance with NZ Geotechnical Society (2005) Field Description of Soil and Rock.
2. Sampling and field observations should be made in accordance with CECR (2005) Handbook for Sediment Quality Assessment.
3. Odour should be described as none, organic (compost/silage), anoxic (Sulphidic), oily (petrol smell), earthy, sea/marine, sewage,

putrid (dead animal)
4. All cores/samples should be photographed

N:\Field Templates\Sediment Sampling form.docx



PDP Sediment Sampling Form

solutions for your environment

Auckland (09) 523 6900, Wellington (04) 471 4130, Christchurch (03) 345 7100

Qualifying paragraph
Strength

Job Number: /¢ 14 g1 soy | Staff Name: Q7 ) 5~ | Date: | L j63 ) [
Project Name:  Seec .| e /
Weather Conditions:  $~.._.~ /[ O | Tide: P
Sample Location: = 'T‘)
Sample Method: )
Coordinates (NZTM) N
E
Depth of Sample (m) ‘7/0’3755 N/ S
pH pH units & I3 &y,
pE/ORP mV 2577 . 2296
DO ppm Rl 1 9-02.
%DO % 1\ Co L G T-4)
EC JerS/cm (%L -
Salinity | ppt -
TDS g/L —
Turbidity NTU 69 /
Temp. °C 155 59
Water Sample name ¥ T LIS T -
ed S De PTIOo

Sample Name PT36\ vTsoL
Depth of oxic layer (mm) — —
Subordinate Fraction P
MAJOR Grain Size CLAN C i~
Minor Some c\ﬂw,i\ oy

With P A

Trace Coblble Cedble.
Colour Vo

Moisture /

Grading

Bedding / /

Plasticity /

Sensitivity v / /

Major Fraction / /

Weathering of clasts /

Subordinate Fraction / !

Minor Fraction (

Odour

Other (e.g. biota, shell fragments, woody debris, foreign material, evidence of oil etc.)

Notes:

1. All sediment logged in accordance with NZ Geotechnical Society (2005) Field Description of Soil and Rock.
2. Sampling and field observations should be made in accordance with CECR (2005) Handbook for Sediment Quality Assessment.
3. Odour should be described as none, organic (compost/silage), anoxic (Sulphidic), oily (petrol smell), earthy, sea/marine, sewage,

putrid (dead animal)
4. All cores/samples should be photographed

N:\Field Templates\Sediment Sampling form.docx



P

solutions for your environment

PDP Sediment Sampling Form
Auckland (09) 523 6900, Wellington (04) 471 4130, Christchurch (03) 345 7100

Job Number: AO)GE 7 44 [

| Staff Name: ﬁfm/ﬂ A4

| Date: 12/3,//5

Project Name:

Weather Conditions: [}

l Tide:

Sample Location:

PuX

Sample Method:

Tr@w&[ .

Coordinates (NZTM) N

607

E

Depth of Sample (m)
Field Measurements
pH | pH units

Y5 |

Water Sample name
Sediment Description
Sample Name

pE/ORP ' myv

DO | ppm 087 9.99.
%DO | % 972-7 o'y
£C Wsen | Lfb | 253
Salinity ! ppt o
TDS L g/L

Turbidity | NTU 7
Temp. i °C -] /lé |

Wool

Depth of oxic layer (mm)

Subordinate Fraction

SencA

Colour
Qualifying paragraph
Strength -

MAJOR | GrainSize  |GHAAVEL
Minor . Some

| With 5.1

i Trace

]

Moisture

Grading

Bedding

Plasticity

Sensitivity

Major Fraction

Weathering of clasts

Subordinate Fraction

Minor Fraction

Odour

Other (e.g. biota, shell fragments, woody

debris, foreign material, evidence of oil etc.)

Notes:

1. All sediment logged in accordance with NZ Geotechnical Society (2005) Field Description of Soil and Rock.
2. Sampling and field observations should be made in accordance with CECR (2005) Handbook for Sediment Quality Assessment.
3. Odour should be described as none, organic (compost/silage), anoxic (Sulphidic), oily (petrol smell), earthy, sea/marine, sewage,

putrid (dead animal)

4. All cores/samples should be photographed

C:\Users\scott.nicol\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\PS97XIFN\Sediment Sampling form.docx




pd

PDP Sediment Sampling Form
Auckland (09) 523 6900, Wellington (04) 471 4130, Christchurch (03) 345 7100

solutions for your environment

Job Number: Ao19%2 ¢ 0\ lﬁmﬁName:g%N- AR lDam:\;ﬁ;LQ
Project Name: £ volub oo ’
Weather Conditions: ] Tide:
Sample Location: PRY
Sample Method:
Coordinates (NZTM) N L612749
E 111%2X34

Depth of Sample (m) Dg¢g NS
pH ' pH units 5.0 5.7
pE/ORP i mV 314 277
DO | ppm 4.85 194
%DO | % 100. 1 1.4
EC i mS/cm 643 70
Salinity ; ppt
TDS g/
Turbidity | NTU b.b
Temp. i °C k-4 .Y
Water Sample name
Sample Name
Depth of oxic layer (mm)
Subordinate Fraction (Sp[//lo( o
MAJOR | GrainSize  |GAAVEL.
Minor | Some T

| With

;[ Trace
Colour | Hvelsh Hrowd
Qua 0 v
Strength oobely ekl —
Moisture 6M.J i
Grading
Bedding
Plasticity
Sensitivity
Major Fraction
Weathering of clasts
Subordinate Fraction
Minor Fraction
Odour
Other (e.g. biota, shell fragments, woody debris, foreign material, evidence of oil etc.)

A2 So
Pr<a2

Notes:

1.

All sediment logged in accordance with NZ Geotechnical Society (2005) Field Description of Soil and Rock.
Sampling and field observations should be made in accordance with CECR (2005) Handbook for Sediment Quality Assessment.

2.

3. Odour should be described as none, organic (compost/silage), anoxic (Sulphidic), oily (petrol smell), earthy, sea/marine, sewage,
putrid (dead animal)

4. All cores/samples should be photographed

C\Users\scott.nicol\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\P597XIFN\Sediment Sampling form.docx
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A ‘ solutions for your environment

PDP Sediment Sampling Form
Auckland (09) 523 6900, Wellington (04) 471 4130, Christchurch (03) 345 7100

Job Number: A2 92 2 20| | Staff Name: St~ - p | Date: (% /¢ /nL.
Project Name: [yt on
Weather Conditions: | Tide:
Sample Location: PSX
Sample Method:
Coordinates (NZTM) N COTY (%4
E 1113925
Depth of Sample (m) D¢ Y5\
pH | pH units 4. 27 4.2
pE/ORP i mv 453 211.5
DO | ppm 11% .«
%DO | % 100 4\
EC | mS/cm 3.4 g4.s
Salinity | ppt
DS ' g/L
Turbidity | NTU it.5
Temp. | °C 164 b Y
Water Sample name '
20 < e [J U
Sample Name
Depth of oxic layer (mm)
Subordinate Fraction Heu 7o(<,f
MAIOR i GrainSize | 5/)7”
Minor n Some C{fcw*e/,ﬁ — \rige //c/ v
| With ' '
.’ Trace . i
Colour ; Lol gredigh  bwn glreslred | bleee P
QU3 g paragrap
Strength ol T
Moisture Sot.
Grading
Bedding
Plasticity Lo
Sensitivity
Major Fraction
Weathering of clasts
Subordinate Fraction
Minor Fraction
Odour ;
Other (e.g. biota, shell fragments, woody debris, foreign material, evidence of oil etc.)

Notes:
1. Allsediment logged in accordance with NZ Geotechnical Society (2005) Field Description of Soil and Rock.

2. Sampling and field observations should be made in accordance with CECR (2005) Handbook for Sediment Quality Assessment.

3. Odour should be described as none, organic (compost/silage), anoxic (Sulphidic), oily (petrol smell), earthy, sea/marine, sewage,
putrid (dead animal)

4. All cores/samples should be photographed

C:\Users\scott.nicol\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\P597XIFN\Sediment Sampling form.docx
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P

solutions for your environment

PDP Sediment Sampling Form
Auckland (09) 523 6900, Wellington (04) 471 4130, Christchurch (03) 345 7100

Job Number: 798 7 &0 | | staff Name:  SftA/ L AR, | Date: /'5,/2//[1!7

Project Name: [~ v /o)

Weather Conditions: | Tide:
Sample Location: ,
Sample Method: /eﬁl‘)éy/f?‘é* e
Coordinates (NZTM) N
E
Depth of Sample (m) /S X5
pH ! pH units é«@[/- * 74
pE/ORP  imV bb:7 | <553
DO | ppm 323 2673
%DO L% 32:8 26°8
EC | mS/cm (29 | 1777
Salinity | ppt |
TDS g/ Vo |
Turbidity | NTU Hq /0%\4/02
Temp. i °C bl [6r diogolvef

Water Sample name

Sediment Description
Sample Name S0 [ s 7
Depth of oxic layer (mm) | [D~]5mm.

Vaw O3

Subordinate Fraction Cewel ¢ Punol:

MAIOR | GrainSize | 6Grecve]- Tota |

Minor | Some S{H‘v ‘
| With
| Trace o e 5

Colour i Yjee

U3 g paragrap

Strength /e v

Moisture Lo’

Grading

Bedding

Plasticity

Sensitivity

Major Fraction
Weathering of clasts
Subordinate Fraction
Minor Fraction
Odour Oy & eplo e .
Other (e.g. biota, shell fragmevnts, woody debris, foreign material, evidence of oil etc.)

Notes:
1. All sediment logged in accordance with NZ Geotechnical Society (2005) Field Description of Soil and Rock.

2. Sampling and field observations should be made in accordance with CECR (2005) Handbook for Sediment Quality Assessment.

3. Odour should be described as none, organic (compost/silage), anoxic (Sulphidic), oily (petrol smell), earthy, sea/marine, sewage,
putrid {dead animal)

4. All cores/samples should be photographed

C:\Users\scott.nicol\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\P597XIFN\Sediment Sampling form.docx




P

PDP Sediment Sampling Form

solutions for your environment

Auckland (09) 523 6900, Wellington (04) 471 4130, Christchurch (03) 345 7100

Job Number: A9 2 91§ 250 |

| Staff Name: <Supu AIZ

|Date: 3 /3 /(L,

Project Name: £ o o~

Weather Conditions: | Tide:
Sample Location: PN X
Sample Method:
Coordinates (NZTM) N L072174

E_J1113524
Depth of Sample (m) DSS Y<)
pH | pH units 615 Rk
pE/ORP i mV 232 166
DO fppm q9.12 LT
%DO i % 10l.3 A48
EC ! mS/cm 1% 70 . &
Salinity | ppt
TDS L g/L
Turbidity | NTU Z. b
Temp. | oC et 1, -9
Water Sample name

ediment Descriptio
Sample Name Lo o
Depth of oxic layer (mm) s\ Torim
Subordinate Fraction B, Uew €t/ Loste,
MAIOR | GrainSize | 5/ T speqed =
Minor [ Some &/{‘/H/EL "/‘b’b‘c(/fl/ — Liwe Swbsdone
| With U
E Trace :

Colour : ST oy ot {207
Qua g paragrap
Strength [V
Moisture ’
Grading ﬁffcf/ﬂ" c/f/ﬂ‘ 77L /".5/41’/’}//1
Bedding v 4
Plasticity loy “Noé
Sensitivity
Major Fraction
Weathering of clasts
Subordinate Fraction
Minor Fraction
Odour oo,
Other (e.g. biota, shell fragments, woody debris, foreign material, evidence of oil etc.)

Notes:

1. Allsediment logged in accordance with NZ Geotechnical Society (2005) Field Description of Soil and Rock.
2. Sampling and field observations should be made in accordance with CECR (2005) Handbook for Sediment Quality Assessment.
3. Odour should be described as none, organic (compost/silage), anoxic (Sulphidic), oily (petrol smell), earthy, sea/marine, sewage,

putrid (dead animal)

4. All cores/samples should be photographed

C:\Users\scott.nicol\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\P597XIFN\Sediment Sampling form.docx
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&% eurofins ‘

m

gt

\\\u||t/,,/

Certificate of Analysis

NATA Accredited

\\\\\\\\/// 7, Accreditation Number 1261

Pattle Delamore Partners Ltd :\‘%///3’ NATA Site Number 1254
PDP House Level 4, 235 Broadway ilm Accredited for compliance with ISO/IEC 17025.
Newmarket //%\C T A —.
Auckland New Zealand 1023 %, /”/H||\\“\\\ Xg%;;;f;’:#;f,‘: 0 Australian/national standards.
Attention: Andrew Rumsby
Report 495277-W
Project name A02982801
Received Date Apr 01, 2016
Client Sample ID PDWO1 PDWO02 PFWO01 PFWO02
Sample Matrix Water Water Water Water
Eurofins | mgt Sample No. M16-Ap02182 |M16-Ap02183 |M16-Ap02184 |M16-Ap02185
Date Sampled Not Provided |Not Provided |Not Provided |Not Provided
Test/Reference LOR Unit
Ammonia (as N) 0.01 mg/L 0.02 - <0.01 -
Ammonium lon (as N) 0.01 mg/L 0.02 - <0.01 -
Chloride 1 mg/L 17 - 17 -
Conductivity (at 25°C) 1 uS/cm 140 - 120 -
Nitrate (as N) 0.02 mg/L 0.41 - 0.27 -
pH 0.1 pH Units 6.9 - 6.8 -
Phosphorus filterable reactive (as P) 0.05 mg/L <0.05 - <0.05 -
Sulphate (as S) 5 mg/L <5 - <5 -
Alkalinity (speciated)
Bicarbonate Alkalinity (as CaCO3) 20 mg/L 22 - 22 -
Carbonate Alkalinity (as CaCO3) 10 mg/L <10 - <10 -
Heavy Metals
Antimony 0.005 mg/L - < 0.005 - < 0.005
Antimony (filtered) 0.005 mg/L < 0.005 - < 0.005 -
Arsenic 0.001 mg/L - 0.001 - <0.001
Arsenic (filtered) 0.001 mg/L 0.001 - 0.001 -
Boron 0.05 mg/L - <0.05 - <0.05
Boron (filtered) 0.05 mg/L <0.05 - <0.05 -
Cadmium 0.0002 mg/L - < 0.0002 - < 0.0002
Cadmium (filtered) 0.0002 mg/L < 0.0002 - < 0.0002 -
Chromium 0.001 mg/L - <0.001 - <0.001
Chromium (filtered) 0.001 mg/L <0.001 - <0.001 -
Cobalt 0.001 mg/L - <0.001 - <0.001
Cobalt (filtered) 0.001 mg/L <0.001 - <0.001 -
Copper 0.001 mg/L - 0.002 - 0.001
Copper (filtered) 0.001 mg/L 0.002 - 0.001 -
Iron 0.05 mg/L - 0.94 - 0.96
Iron (filtered) 0.05 mg/L 0.73 - 0.75 -
Lead 0.001 mg/L - <0.001 - <0.001
Lead (filtered) 0.001 mg/L <0.001 - <0.001 -
Manganese 0.005 mg/L - 0.023 - 0.028
Manganese (filtered) 0.005 mg/L 0.021 - 0.027 -
Mercury 0.0001 mg/L - < 0.0001 - < 0.0001
Mercury (filtered) 0.0001 mg/L < 0.0001 - < 0.0001 -
Nickel 0.001 mg/L - <0.001 - <0.001
Nickel (filtered) 0.001 mg/L <0.001 - <0.001 -
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Client Sample ID PDWO1 PDWO02 PFWO1 PFWO02
Sample Matrix Water Water Water Water
Eurofins | mgt Sample No. M16-Ap02182 |M16-Ap02183 |M16-Ap02184 |M16-Ap02185
Date Sampled Not Provided |Not Provided |Not Provided |Not Provided
Test/Reference LOR Unit
Heavy Metals
Thallium 0.001 mg/L - <0.001 - <0.001
Thallium (filtered) 0.001 mg/L <0.001 - <0.001 -
Zinc 0.001 mg/L - 0.007 - 0.007
Zinc (filtered) 0.001 mg/L 0.008 - 0.006 -
Alkali Metals
Calcium 0.5 mg/L 9.8 - 8.1 -
Magnesium 0.5 mg/L 2.6 - 2.3 -
Potassium 0.5 mg/L 2.1 - 1.4 -
Sodium 0.5 mg/L 15 - 13 -
Client Sample ID PGWO01 PGWO02 PHWO1 PHWO02
Sample Matrix Water Water Water Water
Eurofins | mgt Sample No. M16-Ap02186 |M16-Ap02187 |M16-Ap02188 |M16-Ap02189
Date Sampled Not Provided |Not Provided |Not Provided |Not Provided
Test/Reference LOR Unit
Ammonia (as N) 0.01 mg/L <0.01 - 0.02 -
Ammonium lon (as N) 0.01 mg/L <0.01 - 0.02 -
Chloride 1 mg/L 16 - 16 -
Conductivity (at 25°C) 1 uS/cm 120 - 110 -
Nitrate (as N) 0.02 mg/L 0.23 - 0.20 -
pH 0.1 pH Units 6.8 - 6.7 -
Phosphorus filterable reactive (as P) 0.05 mg/L <0.05 - <0.05 -
Sulphate (as S) 5 mg/L <5 - <5 -
Alkalinity (speciated)
Bicarbonate Alkalinity (as CaCO3) 20 mg/L 23 - 20 -
Carbonate Alkalinity (as CaCO3) 10 mg/L <10 - <10 -
Heavy Metals
Antimony 0.005 mg/L - < 0.005 - < 0.005
Antimony (filtered) 0.005 mg/L < 0.005 - < 0.005 -
Arsenic 0.001 mg/L - <0.001 - <0.001
Arsenic (filtered) 0.001 mg/L <0.001 - <0.001 -
Boron 0.05 mg/L - <0.05 - <0.05
Boron (filtered) 0.05 mg/L <0.05 - <0.05 -
Cadmium 0.0002 mg/L - < 0.0002 - < 0.0002
Cadmium (filtered) 0.0002 mg/L < 0.0002 - < 0.0002 -
Chromium 0.001 mg/L - <0.001 - <0.001
Chromium (filtered) 0.001 mg/L <0.001 - <0.001 -
Cobalt 0.001 mg/L - <0.001 - <0.001
Cobalt (filtered) 0.001 mg/L <0.001 - <0.001 -
Copper 0.001 mg/L - 0.001 - <0.001
Copper (filtered) 0.001 mg/L <0.001 - <0.001 -
Iron 0.05 mg/L - 1.1 - 0.92
Iron (filtered) 0.05 mg/L 0.82 - 0.54 -
Lead 0.001 mg/L - <0.001 - <0.001
Lead (filtered) 0.001 mg/L <0.001 - <0.001 -
Manganese 0.005 mg/L - 0.044 - 0.034
Manganese (filtered) 0.005 mg/L 0.044 - 0.035 -
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Client Sample ID PGWO01 PGWO02 PHWO1 PHWO02
Sample Matrix Water Water Water Water
Eurofins | mgt Sample No. M16-Ap02186 |M16-Ap02187 |M16-Ap02188 |M16-Ap02189
Date Sampled Not Provided |Not Provided |Not Provided |Not Provided
Test/Reference LOR Unit
Heavy Metals
Mercury 0.0001 mg/L - < 0.0001 - < 0.0001
Mercury (filtered) 0.0001 mg/L < 0.0001 - < 0.0001 -
Nickel 0.001 mg/L - <0.001 - <0.001
Nickel (filtered) 0.001 mg/L <0.001 - <0.001 -
Thallium 0.001 mg/L - <0.001 - <0.001
Thallium (filtered) 0.001 mg/L <0.001 - <0.001 -
Zinc 0.001 mg/L - 0.007 - 0.006
Zinc (filtered) 0.001 mg/L 0.007 - 0.005 -
Alkali Metals
Calcium 0.5 mg/L 7.2 - 6.7 -
Magnesium 0.5 mg/L 2.2 - 1.8 -
Potassium 0.5 mg/L 1.3 - 1.3 -
Sodium