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Executive Summary

Sinclair Knight Merz (SKM) has been commissioned by the NSW Roads and Traffic Authority

(RTA) to prepare an environmental assessment of the Proposal for the Pacific Highway upgrade
between Warrell Creek and Urunga, which forms part of the RTA’s Pacific Highway Upgrading
(PHU) Program. As part of the broader environmental assessment process and to assist with the
concept design a water quality assessment is required.

The Proposal corridor is located in the mid-north coast region of NSW and extends for
approximately 42 km from the northern end of the existing Allgomera deviation, south of Warrell
Creek, to the existing Waterfall Way interchange at Raleigh. This is referred to as ‘the Proposal’
throughout this document.

The study area has been divided into four separate sections for the purpose of this assessment:

= Section 1 — Warrell Creek at the existing Allgomera Deviation to the Nambucca River
(northern bank) at Macksville;

= Section 2 — Nambucca River (northern bank) at Macksville to Nambucca Heads (railway
crossing);

= Section 3 — Nambucca Heads (railway crossing) to Ballards Road; and

= Section 4 — Ballards Road to Waterfall Way interchange.

Each of the four sections encompass a number of major and minor watercourses including the
Nambucca and Kalang Rivers, Deep and Warrell Creeks and five wetlands protected under State
Environmental Planning Policy No. 14 - Coastal Wetlands (SEPP14). The majority of the
waterways in the study area are estuarine and are therefore dominated by saline conditions with
hydraulic and water quality characteristics that are different to freshwater systems.

The purpose of this study is to:

= Provide surface waterway and wetland water quality information for waterways crossed by or
in close proximity to the Proposal, including SEPP 14 wetlands;

= Provide groundwater information for the study area, including groundwater quality,
groundwater contamination risk, groundwater use and groundwater users;

= Identify risks and potential impacts on surface water and groundwater during pre-construction,
construction and post-construction of the Proposal including impacts associated with accidents
and runoff with consideration for the criteria specified in the Australian and New Zealand
Guidelines for Fresh and Marine Water Quality 2000; and

= Identify appropriate impact mitigation and management measures for any potential water
quality impacts.
SINCLAIR KNIGHT MERZ
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The surface water quality of the study area was assessed through sampling to provide background
information on the surface water quality to supplement information obtained during the route
selection phase and data provided by Nambucca Shire Council. Thirty one sites were identified
and sampled on four sampling events, however not all sites were sampled on all occasions. The
first two sampling events were undertaken on 24-25 September and 22-24 October 2007 and were
classified as ‘dry weather’ events. The third and fourth sampling events were undertaken on the 30
October and 8-9 November 2007 and were classified as ‘wet weather’ events.

Groundwater use, users, quality and risks were assessed through existing information sources such
as the Department of Land and Water Conservation (now part of the Department of Environment,
Climate Change and Water (DECCW)) risk assessment of groundwater bores in Australia, the
Department of Water and Energy Groundwater Database, and results from groundwater and soil
analyses undertaken by Golder Associates in 21 bores throughout the study area as part of this
Proposal.

The water quality of surface waterways and groundwater resources potentially impacted by the
construction and operation for each section of the Proposal are outlined below.

Section 1

The water quality of the freshwater creeks in Section 1 (including Upper Warrell, Butchers,
Rosewood, Stony and Williamson Creeks) was generally good for most indicators except dissolved
oxygen which was below recommended guidelines at all sites during both dry and wet weather
conditions. The estuarine sites of Warrell Creek and Nambucca River in Section 1 generally had
high turbidity (10-20NTU in most cases) and low dissolved oxygen concentrations (<80 per cent
saturation). Water quality appeared poorer following wet weather due to increased runoff. These
sites are all potentially impacted by the Proposal through increased turbidity and subsequent
decreases in dissolved oxygen without the implementation of appropriate mitigation and control
measures. Wetland No 388 generally had good water quality in dry weather, however dissolved
oxygen and pH decreased following a wet weather event and turbidity levels increased. This
wetland currently receives runoff from Gumma Road which may have contributed to the poorer
water quality following wet weather.

Groundwater use in the area is generally for domestic supply and livestock, with limited use for
domestic irrigation and waste disposal. The geotechnical investigations undertaken between March
and July 2008 indicate that groundwater lies at 0.7 to 12.78 metres below ground level through this
section. The existence of Gumma Gumma wetland is reliant on high groundwater levels through
this area.

SINCLAIR KNIGHT MERZ
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Section 2
No major water courses are crossed by the Proposal in Section 2. There are however two SEPP14

wetlands in close proximity. The closest is wetland N°383 present around Newee Creek
approximately 20 metres to the west of the Proposal boundary and N° 386 alongside the Nambucca
River approximately 800 metres to the east of the Proposal. At the time of sampling there was no
water present to determine ambient water quality conditions of these wetlands. Groundwater was
measured from three boreholes in the vicinity of the Proposal. The groundwater level within these
varied between 12.3 metres and 18.22 metres below ground level between October 2007 and March
2008. Groundwater levels in the vicinity of the wetlands would be higher than this. As with Section
1 the main use for groundwater in the area is for domestic supply and for livestock. Limited use of
groundwater also exists for domestic industry, industry and waste disposal.

Section 3
The water quality of waterways crossed by the Proposal in Section 3 varied between sites and

between dry and wet weather conditions. There are five waterways in Section 3 (Boggy, Cow,
Deep, Oyster and McGraths Creeks). Boggy and Cow Creek are termed 'intermittently closed and
open lakes or lagoons' (ICOLLSs). Subsequently, guideline values vary depending on whether
conductivity levels at the time of sampling were indicative of a freshwater or estuarine system,
particularly as estuarine turbidity guidelines are more stringent than those for freshwater. The
ICOLL sites were predominantly freshwater during the four sampling events, although one site was
always estuarine (Cow Creek downstream of the Proposal crossing). Boggy Creek and Cow Creek
upstream of the Proposal crossing were also estuarine during one sample event. The pH on the first
(dry) weather sampling event were below recommended limits at four of the six sites sampled on
that occasion, but improved on subsequent sampling occasions. On three of the four sampling
events turbidity levels were high and exceeded the guidelines at the majority of sites. The high
turbidity readings coincided with low dissolved oxygen concentrations. The poor water quality
results were most likely due to very low flow conditions and excessive amounts of floating debris.
The poorest water quality conditions were at Boggy Creek and a tributary of Oyster Creek. Both
Cow Creek and the tributary of Oyster Creek appear quite degraded with shallow banks and
minimal riparian vegetation and therefore could be impacted by the construction and operation of
the Proposal. The alignment through this section runs alongside the existing Pacific Highway, The
groundwater level was measured at one bore in Section 3 in March 2008. There was no
groundwater in this bore at this time. Groundwater use in this section includes domestic supply
and livestock.

Section 4
The Kalang River, which would be crossed by the Proposal upstream of the existing highway
crossing, has moderate water quality. The pH was generally good, although turbidity and dissolved

oxygen are indicative of poorer water quality conditions. Turbidity was slightly elevated and
SINCLAIR KNIGHT MERZ
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dissolved oxygen was below guidelines during one dry weather sampling event, however both
worsened slightly following wet weather. Two SEPP14 wetlands N°’s351 and 353 are present
within Section 4, however only N° 351 was sampled during investigations as wetland N°353had no
water present on any of the sampling occasions. When sampled, wetland N° 351, which lies
approximately 80 metres to the east of the Proposal, was found to have poor water quality with
high turbidity and low dissolved oxygen concentrations.

Groundwater levels were taken from three boreholes installed along Section 4. The levels, taken
between September 2007 and July 2008, were between 15.75 metres and 21.40 metres.
Groundwater use in the area includes domestic supply, livestock and limited use for recreation.

Overall the water quality of waterways in the Warrell Creek to Urunga study area was slightly
better under dry weather conditions than following wet weather, although the smaller tributaries
(predominately those classified as lowland rivers) had poor water quality during dry weather due to
very low flow and/or stagnant water conditions at the time of sampling.

Poor water quality during dry weather was generally due to high turbidity and low dissolved
oxygen and pH concentrations which failed to meet the ANZECC/ARMCANZ (2000) trigger
values for slightly disturbed estuarine and lowland river ecosystems. Following wet weather, the
water quality at all sites deteriorated due to increased turbidity and lower dissolved oxygen levels.
The extent to which the waterways were affected by wet weather appears dependent on the
surrounding catchment and the amount of riparian vegetation. Sites with well vegetated banks and
permeable catchment surfaces are less affected by rainfall and runoff as the sediment can become
trapped by the vegetation thereby reducing the amount of runoff entering the waterways. The
groundwater levels are variable through the study area, and based on the land use. Whilst being the
main groundwater user, agricultural practices also represent the greatest risk in terms of
groundwater contamination where fertilisers or pesticides are or have historically been applied to
the land.

Providing adequate sedimentation, erosion and environmental management measures are
implemented the risks of construction and operation on the quality of both surface and groundwater
are considered to be minimal. The high water table in many locations indicated by the presence of
SEPP 14 and other wetland ecosystems highlights the potential for acid sulphate soils to be present.
The route has been aligned to avoid direct impact to SEPP 14 wetlands, and providing excavations
within low lying areas are managed appropriately the potential for impact from acid sulphate soil
run off is considered to be minimal.
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1. Introduction

1.1. Background

Sinclair Knight Merz (SKM) has been commissioned by the NSW Roads and Traffic Authority
(RTA) to conduct an environmental assessment of the Proposal for the Pacific Highway upgrade
between Warrell Creek and Urunga, which forms part of the RTA’s Pacific Highway Upgrading
(PHU) Program. The Proposal corridor is located in the Mid-North Coast region of NSW and
extends for approximately 42 km from the northern end of the existing Allgomera deviation, south
of Warrell Creek, to the existing Waterfall Way interchange at Raleigh.

The study area encompasses a number of major and minor water courses, including wetlands
protected under State Environmental Planning Policy No. 14 - Coastal Wetlands (SEPP 14), and
has been split into four sections as shown in Figure 1-1. These include:

= Section 1 — Allgomera Deviation to Nambucca River
= Section 2 — Nambucca River to Nambucca Heads
= Section 3 - Nambucca Heads to Ballards Road

= Section 4 - Ballards Road to Raleigh Deviation

Water, including water way, wetland and groundwater quality, is identified as a key issue in the
Department of Planning (DoP) (now part of the Department of Planning & Local Government)
Director-General’s Requirements (DGRs). A detailed assessment of the Proposal was undertaken
as part of the broader environmental assessment process and to assist with the concept design and is
presented in this Working paper.

1.2. Objectives

The objectives of this study are to:

= Provide surface waterway and wetland water quality information for waterways crossed by or
in close proximity to the Proposal, including SEPP 14 wetlands;

= Provide groundwater information for the study area, including groundwater quality,
groundwater contamination risk, groundwater use and groundwater users;

= Identify risks and potential impacts on surface water and groundwater during pre-construction,
construction and post-construction of the Proposal including impacts associated with accidents
and runoff with consideration for the criteria specified in the Australian and New Zealand
Guidelines for Fresh and Marine Water Quality 2000 (ANZECC/ARMCANZ (2000)); and

= Assess the potential impacts of the Proposal on surface and groundwater quality.

SINCLAIR KNIGHT MERZ
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Identify a comprehensive suite of measures to mitigate any potential impacts on water quality
during construction and operation of the Proposal.

To satisfy the relevant Director General's Requirements (DGRs) relating to waterway and
wetland water quality, groundwater contamination risk, groundwater use and groundwater

users.

Hydrology and flooding impacts are addressed separately to this Working paper.
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2. Description of the study area

2.1 Investigation area

The area of investigation encompasses portions of the following catchments:

= The Bellinger River Catchment (Kalang River is part of the Bellinger River Catchment). The
confluence of these rivers occurs about 750 m before discharge to the ocean;

= Deep Creek; and

= The Nambucca River Catchment (this includes Warrell Creek which combines with the
Nambucca River approximately 900 metres before discharging into the ocean).

The Bellinger and Kalang Rivers flow within the same river basin and have a common ocean
entrance at Urunga. They comprise a total catchment area of approximately 1,110km?, (770km? for
the Bellinger and 340km? for the Kalang).

The catchment area of Deep Creek is 93km?.

The Nambucca River catchment has a total area of approximately 1,310km?. (1020 km? for the
Nambucca and 290 km? for Warrell Creek). The major towns of Nambucca Heads and Macksville
are located at the entrance and 13km upstream of the entrance, respectively. There are a number of
significant estuarine tributaries, although not all of these fall within the study area or are impacted
by the Proposal. Estuarine tributaries within the study area include:

= Taylors Creek;

= Watt Creek;

= Taylors Arm;

= Warrell Creek; and

= Swampy Creek.

Thirty one monitoring sites were identified in the study area, however not all were sampled at all
times due to lack of water and access difficulties. The location of monitoring sites on left and right
banks are referred to as if heading downstream and site names ending with an ‘a’ or ‘b’ refer to
upstream and downstream of the Proposal respectively.

2.1.1. Section 1 - Allgomera deviation to Nambucca River

Section 1 encompasses the southern portion of the study area, commencing 100m south of Browns
Crossing Road at the northern end of the existing Allgomera deviation south of Warrell Creek
village. This Section of the study area encompasses the catchments of Warrell Creek and the

SINCLAIR KNIGHT MERZ

PAGE 8



Working paper 5 -Water Quality Impact Assessment

Nambucca River, as well as the smaller tributaries of Butchers, Stony, Rosewood and Williamson
Creeks. A portion of SEPP 14 Wetland N° 388 is also present at the eastern edge of the study area.

Of the 31 monitoring sites in the study area, 17 were selected in Section 1 to ascertain current
surface water quality conditions of the creeks, and to aid in the identification of any potential
impacts that the Proposal may have on water quality. Sites were located on Warrell Creek,
Butchers Creek, Stony Creek, Rosewood Creek, Williamson Creek and the Nambucca River.
SEPP14 Wetland N° 388 was also sampled to determine existing conditions. Site details include
(refer to Figure 2-1):

= Site 1: Upper Warrell Creek at Browns Crossing (start of Proposal);

» Site 2: Upper Warrell Creek and Butchers Creek confluence at the Pacific Highway crossing;
= Site 3a: Butchers Creek upstream of the Proposal;

= Site 3b: Butchers Creek downstream of the Proposal;

» Site 4a: Rosewood Creek upstream of the Proposal;

= Site 4b: Rosewood Creek downstream of the Proposal,;

= Site 5a: Stony Creek upstream of the Proposal;

= Site 5b: Stony Creek downstream of the Proposal;

= Site 6: Stony Creek downstream of the Proposal crossing at Albert Drive;

= Site 7: Rosewood Creek downstream of Proposal crossing at Albert Drive;

= Site 8a: Williamson Creek upstream of existing highway crossing at Donnellyville;

= Site 8b: Wiilliamson Creek downstream of existing highway crossing at Donnellyville;

= Site 9a: Warrell Creek upstream of existing highway crossing at Donnellyville;

= Site 9b: Warrell Creek downstream of existing highway crossing at Donnellyville;

= Site 10a: Nambucca River, southern bank upstream of Proposal;

= Site 10b: Nambucca River, southern bank downstream of Proposal; and

= SEPP 388: immediately downstream of SEPP 14 Wetland N° 388, Gumma Creek.

2.1.2. Section 2 — Nambucca River to Nambucca Heads

Section 2 commences on the northern bank of the Nambucca River at Macksville and follows the
ridgeline in the vicinity of Old Coast Road before crossing the North Coast Railway Line to rejoin
the existing highway west of Nambucca Heads. The Proposal avoids direct impact on the Newee
Creek wetland (SEPP 14 wetland N° 383). SEPP14 Wetland N° 386 is also in the vicinity of
Section 2.

SINCLAIR KNIGHT MERZ
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Although the DGRs do not specifically require water quality assessment of SEPP 14 Wetland N°
383 and 386, sites were selected in these wetlands to provide important information about ambient
water quality and the impact of the Proposal on these ecosystems. Hence, the following two
sampling sites were selected for surface water quality monitoring (refer to Figure 2-2):

= SEPP 383: SEPP 14 Wetland N° 383, Newee Creek Wetland; and
= SEPP 386: SEPP 14 Wetland N° 386, Champions Lane.

2.1.3. Section 3 - Nambucca Heads to Ballards Road

Section 3 originates north of the North Coast Railway Line at Nambucca Heads, and follows the
length of the existing highway up to Ballards Road. This Section of the study area is relatively
long and narrow, and contains sections of Boggy, Cow, Deep, Oyster and McGraths Creeks.

Seven sites were monitored for surface water quality as follows (refer to Figure 2-3):

= Site 11: Boggy Creek downstream of Proposal crossing (upstream access was hindered by very
dense vegetation);

= Site 12a: Cow Creek upstream of Proposal crossing;

= Site 12b: Cow Creek downstream of Proposal crossing;

= Site 13a: Deep Creek upstream of Proposal crossing;

= Site 13b: Deep Creek downstream of Proposal crossing;

= Site 14a: Unnamed tributary of Oyster Creek, upstream of Proposal crossing; and

= Site 14b: Unnamed tributary of Oyster Creek, downstream, of Proposal crossing.

2.1.4. Section 4 — Mines Road, South Urunga to Waterfall Way interchange

Section 4 commences north of Ballards Road and diverts to the west of the existing highway to
traverse through Newry State Forest and cross the Kalang River in the vicinity of South Arm Road.
The proposal then passes to the west of SEPP 14 wetland No. 351 before passing to the east of
Ridgewood Drive and the Raleigh Industrial area to rejoin the existing highway at Raleigh. SEPP
14 wetland No. 353 also falls within Section 4.

Five sites were monitored for surface water quality in this Section (refer to Figure 2-4):

= Site 15a: Kalang River upstream of the Proposal crossing;

= Site 15b: Kalang River downstream of the Proposal crossing;

= Site 16 Bellinger River (left bank) 800m north or Proposal ;

= SEPP 351: SEPP 14 Wetland N° 351, Shortcut and South Arm Road; and
= SEPP 353: SEPP 14 Wetland No 353, South Arm Road Bellingen.
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FIGURE 2-2 | WATER QUALITY MONITORING LOCATIONS SECTION 2 OF 4
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FIGURE 2-3 | WATER QUALITY MONITORING LOCATIONS SECTION 3 0OF 4
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3. Surface water

3.1. Assessment of water quality

In order to assess existing water quality in a waterway it is necessary to compare water quality data
for the relevant indicators against appropriate criteria. The assessment of water quality in this
report is made in accordance with default trigger values for chemical and physical stressors for the
protection of aquatic ecosystems for south-east Australia for slightly disturbed estuarine and
lowland river ecosystems as outlined in the Australian and New Zealand Guidelines for Fresh and
Marine Water Quality (ANZECC/ARMCANZ 2000).

3.2. Nambucca and Bellinger River catchments

The DECCW classified streams within both the Nambucca and Bellinger River Catchments as
either estuarine, mainly forested, affected by urban development or uncontrolled (freshwater)
streams (EPA 1999a,b). The Proposal does not traverse forested streams, however the remaining
three stream classifications are relevant. The Kalang and Nambucca rivers, and Deep and Warrell
Creeks are classified as estuarine, due to the dominance of saline conditions (EPA, 1999a and b).
A small proportion of the Nambucca River around Macksville and the Kalang River at Urunga is
classified as being affected by urban development (EPA, 1999b). These streams are typically
significantly modified and heavily impacted by stormwater. The remaining streams were classified
as uncontrolled. These are typically fresh water and include Upper Warrell, Butchers, Stony,
Rosewood and Williamson creeks.

The former NSW Department of Land and Water Conservation (now part of DECCW) published a
Stressed Rivers Assessment Report summary for NSW (DLWC, 1998). The stressed rivers
assessment was based on an index of hydrological stress (proportion of water extraction to
streamflow estimate) and environmental stress (stream health, conservation value and future risk).
The Bellinger catchment (both Coastal Bellinger and Coastal Kalang subcatchments) were
classified as medium priority subcatchments, with a low hydrological stress but high environmental
stress. Within the Nambucca catchment, the Lower Deep Creek subcatchment was classified as
high priority due to high hydrological stress and medium environmental stress, and the Coastal
Nambucca subcatchment was classified as low priority, with low hydrological and medium
environmental stress.

3.2.1. Waterway classifications

Waterways identified along the length of Proposal have been classified in accordance with the
Policy and Guidelines for Bridges, Roads, Causeways and Similar Structures (NSW Fisheries
1999) are shown on Figures 3-1 to 3-4.

SINCLAIR KNIGHT MERZ
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FIGURE 3-1 WATERWAY CROSSING CLASSIFICATIONS SECTION 1 OF 4
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FIGURE 3-3 WATERWAY CROSSING CLASSIFICATIONS
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FIGURE 3-4 WATERWAY CROSSING CLASSIFICATIONS SECTION 4 OF 4
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3.3. Surface water quality monitoring

Thirty-one monitoring locations were selected for ascertaining existing surface water quality of
rivers and creeks intersected by the Proposal. For most waterways, monitoring was generally
undertaken immediately upstream or downstream of the proposed crossing, unless site access was
prevented. Sites labelled ‘a’” were located upstream of the proposed crossing, whereas sites labelled
‘b’ were located downstream of the proposed crossing. In accordance with specific requirements
from the Department of Environment, Climate Change and Water (DECCW), SEPP14 wetland
water quality was monitored. Five SEPP14 wetlands were monitored: N°s 351, 353, 383, 386 and
388, however results are available for only two of the five wetlands (N° 351 and 388) as the other
wetlands were dry on each sampling occasion. The Gumma wetland (SEPP N° 388) was also dry,
but surface water was sampled from immediately downstream in Gumma Creek (Figure 2-1 and
Figure 2-2).

The monitoring dates for each site are shown in Table 3-1. Three dry weather sampling events
were conducted between 24 and 25 September 2007, 22 and 24 October 2007 and 14-16 July 2008.
Dry weather is classified as less than 20mm of rainfall in the study area 48hours prior to sampling.
Wet weather sampling was undertaken on 30 October and 8-9 November 2007. Wet weather is
classified as >20mm of rainfall recorded at Bureau of Meteorology rainfall gauges located within
the study area 48 hours prior to sampling. An average of approximately 26.6mm, 23.3mm and
12.7mm of rain fell in the Bellinger, Kalang and Nambucca River catchments respectively in the
48hrs prior to 30 October 2007. Most of the rain fell on 29 October 2007 at all three river
catchments. An average of approximately 38.9mm, 29.9mm and 50.3mm of rain fell in the
Bellinger, Kalang and Nambucca River catchments respectively in the 48hrs prior to 9 November
2007. Most of the rain fell on 8 November 2007 at all three river catchments.

s Table 3-1 Sampling dates for each water quality monitoring site

Site 24-25 Sep 22-24 Oct 2007 30 Oct 2007 8-9 Nov 2007 14-16 July
2007 (Dry) (Dry) (Wet) (Wet) 2008 (Dry)
v v v v
2 V V v v
3a V
3b v
4a \
4b V
5a V
5b y
6 v N v v
7 v v v V
8a V v V
8b J V V

SINCLAIR KNIGHT MERZ

PAGE 20




_SKMm

Working paper 5 -Water Quality Impact Assessment

Site

24-25 Sep
2007 (Dry)

22-24 Oct 2007
(Dry)

30 Oct 2007
(Wet)

8-9 Nov 2007
(Wet)

14-16 July
2008 (Dry)

9a

2

9b

10a

10b

11

12a

P PP P Py .

12b

13a

13b

14a

14b

15a

15b

16

P PPy P b =

SEPP 388

R R R N R N =

P PN P P P P P P P P P P PN N .

PP N P P = P P P P P P Ry N b -

SEPP 383

SEPP 386

SEPP 351

SEPP 353

Water quality parameters were measured using a Yeo-Kal 611 intelligent water quality analyser.

Parameters measured included:

» Turbidity (NTU) - is a measure of the 'muddiness' of the water. It is important as an indication
of the amount of suspended colloidal and particulate matter in the water and how much light
can penetrate for important biochemical processes such as photosynthesis. Elevated levels of

particulate matter can also impact on dissolved oxygen concentrations and pH;

= Conductivity (mS.cm™) — is a measure of the amount of dissolved salts in the water and its
ability to conduct an electrical current. It is important as some plant and animal species are

salt sensitive whilst others require higher salt concentrations;

= Salinity (ppt) — is the salt concentration of water, measured directly as dissolved salts;

= Temperature (°C) — is a measure of the degree of hotness or coldness of water. It is a form of
pollution and can impact on riverine biota and associated biological and chemical processes;

= pH - is ameasure of acidity or alkalinity of water. Most freshwater and estuarine biota have a
range of tolerances between 6.5 and 8; and
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= Dissolved Oxygen ( per cent saturation and mg.L™) — is a measure of the amount of oxygen
dissolved in water. Dissolved oxygen is vital for many forms of riverine and estuarine biota
including native fish and is also vital for the functioning of healthy aquatic ecosystems.

Measurements were generally collected between 15 and 30cm below the surface depending on the
depth of water with the sampling depth recorded in the field. For each parameter, three replicate
measurements were recorded approximately 10m apart from the access point to the site. Each
parameter was then reported as the average (arithmetic mean) of the three measurements. The
individual replicates are also reported to provide an understanding of the variation between
individual readings (refer to Appendix A).

3.4. Existing surface water quality information
3.4.1. Nambucca Shire Council data

There are limited existing water quality data in the Nambucca and Bellinger catchments that aid in
the description of existing water quality conditions. Nambucca Shire Council regularly sample two
sites of relevance in the Nambucca River, the first is upstream of the Wastewater Treatment Plant
and the other downstream. These sites also coincide with the Proposal. Water quality data at the
two sites includes standard in-situ water quality parameters including dissolved oxygen, pH,
turbidity, temperature, conductivity and salinity in addition to the following:

= Faecal Coliforms — an indicator of the faecal contamination of waters and thus the presence of
human pathogens;

= Total Suspended Solids (TSS) — is a measure of the concentration of fine particles in the water
and can consist of fine mineral particles, algae and micro-organisms and particles of organic
matter. High TSS concentrations can reduce light available for aquatic organisms. They can
also carry nutrients, metals and other pollutants;

= Nutrients — Nitrogen (N) and Phosphorus (P) are essential nutrients for life on earth. Nutrient
pollution can lead to excessive growth of aquatic plants such as phytoplankton, cyanobacteria,
macrophytes and algae. The types of nutrients monitored are total phosphorus (TP) and nitrate
plus nitrite (NOy).

A summary of water quality data for the Numbucca River is shown in Table 3-2.
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s Table 3-2 Summary statistics for the Nambucca River (1991 — 2007)

Site Parameter Re'\sl,cl)J-Its Minimum perigr:tile Mean pergca(e)‘r:tile Maximum Com(po/loi)ance
° Total Phosphorus (mg.L'1) 177 0 0.001 0.056 0.15 0.3 53
g g Faecal Coliforms (CFU) 172 0 1 29 81 307 -
% é NO, (mg.L™) 177 0.002 0.015 0.35 0.8 8 12
O
02: _g %' Conductivity (mS/cm) 154 3.54 21.28 36.69 47.53 51.46 -
§-5 & | Salinity (ppt.) 154 0.23 2.41 17.58 31.35 33.33 -
é % Dissolved Oxygen (mg.L™) 137 3.1 5.16 6.73 8.13 16.8 72
2 ‘é pH 152 3.74 7.35 7.74 8.26 9.34 87
> Turbidity (NTU) 154 0 2 599 10.74 27 88
o} Total Phosphorus (mg.L'1) 178 0 0.01 0.06 0.15 0.84 51
g % Faecal Coliforms (CFU) 171 0 0 28 79 585 -
_8‘__ % NO, (mg.L™) 179 0 0.009 0.29 0.86 21 17
;2; :E_) *g Conductivity (mS/cm) 153 3.9 22.80 37.30 47.18 51.76 -
§ g o Salinity (ppt.) 153 0.24 25 17.96 31.62 33.63 -
-é § Dissolved Oxygen (mg.L™) 135 0.9 5.22 6.72 7.92 16.8 75
2 g pH 152 6.54 7.44 7.89 8.38 11.28 91
]
° Turbidity (NTU) 153 0 2 6.22 10.72 28 90

Data for the Nambucca River 200m upstream and downstream of the discharge point indicates that:

Mean total phosphorus concentrations were almost double the recommended

ANZECC/ARMCANZ (2000) guideline of 0.03mg.L™ for protection of aquatic ecosystems for
both sampling sites. Overall, total phosphorus concentrations complied with the guideline 53
per cent and 51 per cent of sampling occasions upstream and downstream of the discharge
point respectively. There was very little difference in TP concentrations between sites (aside
from the maximum value) indicating that the water quality at the site upstream of the
wastewater discharge is affected by tidal influences;

Overall faecal coliform densities were low at both sites with mean densities of 29CFU/100mL
upstream and 28 CFU/100mL downstream of the discharge point. Maximum faecal coliform
densities recorded were significantly higher than both the mean and 90" percentile indicating
that the high numbers are potentially due to wet weather events in the catchment rather than
discharges from the treatment facility per se;
Both NOjs (nitrate) and NO; (nitrite) were measured. Results of these parameters were
summed to determine NOXx concentrations at each site. Oxidised nitrogen concentrations were
generally higher than those recommended by ANZECC/ARCAMNZ (2000) (0.015mg/L™)
with only 12 per cent of the 177 samples upstream and 17 per cent of the 179 samples

downstream of the discharge point complying with the guidelines;
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= Dissolved oxygen concentrations were predominantly measured in mg.L™ despite current
ANZECC/ARCANZ (2000) guidelines being reported as percent saturation. Therefore in
terms of compliance, the ANZECC (1992) guideline for DO concentrations >6mg.L™ have
been applied. Mean DO concentrations complied with the guidelines with averages of
approximately 6.7mg.L™" at both sites. Overall, DO at the upstream site complied on 72 per
cent of sampling occasions and on 75 per cent of occasions;

= The pH of estuarine systems should fall between 6.5 and 8 for the protection of aquatic
ecosystems (ANZECC/ARMCANZ 2000). At both the Nambucca River sites, average pH
levels were within these guidelines as indicated by mean levels of 7.74 and 7.89 recorded
upstream and downstream of the discharge site respectively.

= Turbidity in the vicinity of the Nambucca River wastewater discharge point was generally
good with 88-90 per cent of sampling occasions recording turbidity of less than 10NTU, and
therefore within the recommended ANZECC/ARMCANZ (2000) guideline.

3.4.2. Route options assessment monitoring

Water quality information obtained during the route options assessment phase and relevant to the
Proposal is discussed below, and shown in Table 3-3. All sites are located within Section 1 of the
study area, however some of the sampling sites may have moved slightly since the route options
assessment monitoring due to improved site access. These data represent the sample parameters
specified in Section 3.3 for wet and dry weather conditions. Samples were collected for three wet
and three dry sampling events: 11-13 November 2003 (dry), 19-20 January 2004 (wet), 12-13 July
2004 (dry), 10 September 2004 (wet), 18 January 2005 (wet) and 3 February 2005 (dry). The mean
of these six events was calculated for each water quality parameter.

= Table 3-3 Mean water quality results from Route Options Assessment monitoring

. Sample EC Salinity Turb DO (% Temp
Site Name type* PH | msiem) | (ppt) (NTU) sat) (°C)
ANZECC (2000)
criteria for protection 0.125-
of lowland aquatic - 6.5-8.5 55 N/A <50 85-110 N/A
ecosystems
Williamson Creek Dry 7.19 0.32 0.16 17.62 78.75 19.98
upstream of existing Wet 7.20 0.37 0.16 17.75 47.83 18.65
highway (site 1a)

Williamson Creek Dry 7.08 0.33 0.16 11.82 70.37 19.61
downstream of existing Wet 7.00 0.33 0.16 40.87 44.58 19.01
highway (site 1b)

Warrell Creek Dry 7.11 11.85 6.95 5.58 61.77 21.21
downstream of existing Wet 7.31 17.60 10.29 4.88 57.80 22.95
highway (site 2b)

Nambucca River Dry 7.94 34.23 20.18 11.72 88.80 22.95
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. Sample EC Salinity Turb DO (% Temp
Site Name type* pH (mS/cm) (ppt) (NTU) sat) (°C)
ANZECC (2000)
criteria for protection 0.125-
of lowland aquatic - 6.5-8.5 55 N/A <50 85-110 N/A
ecosystems
upstream of the Wet 7.84 43.05 27.66 10.78 74.23 22.61
Proposal (site 3a)

Nambucca River Dry 8.00 35.05 23.39 6.55 88.78 22.64
downstream of the Wet 7.87 43.50 27.99 4.87 74.97 2277
Proposal (site 3b)

Deep Creek upstream Dry 7.36 30.07 19.18 7.85 81.55 24.01
of existing crossing Wet 7.50 30.72 19.68 12.28 76.05 21.96
(site 6a)

Deep Creek Dry 7.27 30.02 19.19 8.73 83.62 23.75
downstream of existing Wet 7.46 31.37 20.19 10.40 76.17 22.45
Crossing site 6b)

Kalang River upstream Dry 7.72 30.17 19.99 19.35 94.77 2217
g;;he Proposal (site Wet 7.50 3955 | 2525 355 68.63 | 23.42
Kalang River Dry 7.75 31.52 19.57 17.5 95.12 22.01
downstream of the Wet 7.55 39.73 25.32 55 73.73 23.38
Proposal (site 9b)

Bellinger River Dry 7.38 23.03 18.07 15.87 90.52 22.39
upstream of existing Wet 7.45 14.07 8.42 20.10 80.75 23.12
crossing (site 10)

Data collected as part of the route options assessment phase demonstrates that:

= Mean pH levels at all sites met the ANZECC/ARMCANZ (2000) guidelines for protection of
aquatic ecosystems for lowland rivers and estuarine systems during both wet and dry weather;

= Mean turbidity at Williamson Creek complied with the ANZECC/ARMCANZ (2000)
guideline of less than 50NTU for lowland river systems during dry and wet weather. Turbidity
for estuarine systems is recommended to be less than 10NTU. During dry weather all sites
exceeded 10NTU except for Warrell Creek, Deep Creek and the Nambucca River downstream
of the Proposal. Following wet weather mean turbidity decreased at Warrell Creek, Nambucca
River and Kalang River (downstream of the Proposal), and all complied except for the
Nambucca River upstream of the Proposal. Mean turbidity at Deep Creek, Kalang River
(upstream) and Bellinger River all increased following wet weather and exceeded guidelines;

= Dissolved oxygen (DO) concentrations failed to comply at Williamson Creek during dry and
wet weather conditions. DO was less that the lower guide limit of 85 per cent saturation for
lowland river systems at all times. At the estuarine sites, mean dissolved oxygen
concentrations during dry weather complied with the ANZECC/ARMCANZ (2000) guideline
of 80-110 per cent saturation at all sites except Warrell Creek. Following wet weather, mean
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concentrations decreased and fell below 80 per cent saturation at all sites except the Bellinger
River.
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4. Groundwater

This section outlines the extent to which groundwater and surface water are connected in the study
area, and provides information on the existing groundwater quantity, quality, use and users, and
risks to groundwater from the Proposal.

4.1. Groundwater in the study area

Groundwater level measurements from within the study area (as detailed in Section 4.2.1) indicate
that groundwater is generally below about 10 metres in depth (except at one bore in Section 1).
The most likely places where groundwater is close to the ground surface, and therefore more at risk
of contamination, is in streams, as base flow, around the rivers and in the wetlands. Research
shows that, over time, all streams are connected with groundwater (Land and Water Australia,
2007). The extent to which groundwater and surface water are connected in a stream depends on
the nature of the material between them. Chapter 18 — Soil characteristics and erosion control
indicates that the soils on the floodplains and surrounding the waterways are fine-grained alluvial
soils such as silty clays and sandy clays. Archaeological investigations also uncovered quartz
gravel in some areas which would have a greater permeability. Compaction by livestock which was
evident on much of the agricultural land along the Proposal, would also act to reduce groundwater
permeability.

The NSW State Groundwater Dependent Ecosystems Policy (NSW Department of Land and Water
Conservation, 2002) states that alluvial aquifer systems in the lower Nambucca and Bellinger
Rivers have groundwater systems that are often in direct connection with surface water bodies like
rivers and wetlands. These systems can be recharged quickly and can restore water levels when
droughts break. The groundwater is likely to support base flows and hyporheic (region beneath and
lateral to a stream bed, where there is mixing of shallow groundwater and surface water)
ecosystems, wetlands, terrestrial vegetation and hypogean ecosystems. Active hypogean zones
(beneath ground surface) have been found in tributaries of the Bellinger River (NSW Department
of Land and Water Conservation, 2002). However, these alluvial groundwater systems tend to
have relatively small amounts of water in storage. So, although these aquifers are responsive to
natural recharge variability, significant changes to the water regime can lead to ecosystem damage
(NSW Department of Land and Water Conservation, 2002).

4.2. Existing groundwater water quality information

Whilst there is a substantial number of groundwater bores located within the study area, water
quality data pertaining to these bores are limited. In 1998, the then Department of Land and Water
Conservation (now part of DECCW) undertook a risk assessment of groundwater bores located
within the Nambucca Shire Local Government Area (LGA) which comprises a large proportion of
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the study area according to over extraction and /or contamination. This assessment identified that
the alluvium downstream of Macksville was classified as medium risk mainly due to contamination
risks and the remaining groundwater bores within the LGA were classified as low risk (Nambucca
Shire Council, 2004). There have been other monitoring programs focussing on groundwater
quality undertaken over time such as at previous and current landfill sites and in the proximity of
Scotts Head Wastewater Treatment Works. Monitoring at all sites has indicated that there are no
signs of contamination to groundwater.

42.1. Groundwater users

The former Department of Natural Resources (now part of DECCW) has a groundwater database
which contains hydrogeological information. This database identifies 19 licensed bores within the
study area when a search of the database was undertaken in 2004. The bores were dug between
1977 and 2002 and the majority of the bores in close proximity to the Proposal are predominantly
located around Macksville and between Nambucca Heads and Valla Beach. The bores located
around Macksville intersected shale and slates whereas the bores north of Nambucca Heads
generally intersected clay, shales and slate. The depths of the bores varied between 4 metres and
58 metres, however depths generally ranged between 30-40m. The groundwater levels of these
bores at the time of sampling (where available) range from 5 to 30 metres, salinity was good and
bore yields up to 8.84 litres per second. The majority of bores are used for domestic supply with or
without stock. Other uses include:

= Section 1 — domestic irrigation uses in one bore and waste disposal at another bore near
Macksville.

= Section 2 — two bores used for industrial and one domestic industrial in this section and one
bore used for waste disposal.

= Section 3 - no additional uses recorded.

= Section 4 — one bore used for recreation near Urunga.
There was no additional groundwater quality data relating to these bores.

4.2.2. Proposal groundwater investigation (quality and levels)

Golder Associates installed 21 standpipes within boreholes drilled as part of the geotechnical
investigations for the Proposal. Groundwater levels were measured in 11 of these boreholes. No
chemical analysis of the groundwater has been undertaken (refer Table 4-1).
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m  Table 4-1 Depth of groundwater at boreholes in the study area

Borehole Groundwater depth (metres below Dates of sampling
reference ground level)

Section 1

1106 12.78 1/03/08

1108 0.70 1/03/08

1111 9.90-10.65 1/03/08 & 25/07/08

1116 2.95 25/07/08

Section 2

2103 12.34 10/02/08

2108 12.35-13.03 2/10/07 & 6/10/07

2109 17.89-18.22 2/10/07, 10/02/08 & 1/03/08
Section 3

3113 Dry (no groundwater encountered) 15/03/08

Section 4

4101 17.00-19.75 22/09/07, 10/02/08, 15/03/08 & 25/07/08
4104 21.37-21.40 15/03/08 & 25/07/08

4112 15.75 10/02/08

A desktop assessment including a site visit was undertaken as part of the geotechnical
investigations to identify potentially contaminating land uses along the Proposal which could result
in soil or groundwater contamination. Based on the existing and historic land use in the area there
is the potential for contamination from heavy metals, pesticides (OCP and OPP) and herbicides
(phenoxy acid herbicides). Soil samples were taken in areas of both potential point source and
diffuse pollution sources and tested for a range of contaminants including heavy metals and organic
herbicides and pesticides. The soil samples returned results below laboratory reporting limits
indicating very low to negligible levels of contaminants when compared to the National
Environment Protection Council guidelines in the areas investigated. Therefore the risk to
groundwater in these locations is considered to be low. Further details are provided in Chapter 18 —
Soil characteristics and erosion control.

Golder Associates sampled selected boreholes and testpits from relatively low lying areas and near
drainage depressions or creeks during the geotechnical investigation for the presence of acid
sulphate soils (ASS). Seventeen samples were collected from 6 test pits (TP4323, TP4314,
TP4315, TP4324, TP4326, and TP3308) and 4 boreholes (BH1108, BH3105, BH3106 and
BH1117) at different depths. Of the 17 samples submitted for analysis, only 3 had no ASS
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(TP4323, TP4324 and TP4314 1.0-1.1m). Chapter 18 — Soil characteristics and erosion control
provides further details on the depths and locations of acid sulphate soils.
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5. Assessment of water quality impacts

This section examines the existing water quality at sites associated with the Proposal and provides
an assessment of the potential impact on locations where the Proposal traverses creeks and rivers.
Where feasible, sites were chosen approximately 50-100m upstream and downstream of the
Proposal crossing. As mentioned previously, sites upstream of the crossing are labelled ‘a’ while
sites downstream are labelled ‘b’. The water quality results were compared with default trigger
values for chemical and physical stressors for the protection of aquatic ecosystems for south-east
Australia for slightly disturbed estuarine and lowland river ecosystems (ANZECC/ARMCANZ
2000). There are no default trigger values recommended for wetlands in south-eastern Australia.
Highlighted results in the following tables indicate exceedences of these default trigger values.

5.1. Section 1 — Allgomera Deviation to Nambucca River

This is the southern-most section of the study area and the Proposal crosses Upper Warrell Creek,
Butchers Creek, Rosewood Creek, Stony Creek, Williamson Creek, Warrell Creek and the
Nambucca River. The Proposal also travels in close proximity to SEPP14 wetland N° 388. The
DECCW specifically requested ambient water quality conditions be assessed at this wetland. Water
quality data for sites in Section 1 are presented in Table 5-1 (shaded cells denote exceedence of
relevant guidelines) and discussed in the following. Sites1,2,3a &b, 4a &b, 5a & b, 6, 7 and 8a
& b, are defined as lowland river sites, while sites 9a & b, 10a & b and SEPP 388 are defined as
estuarine or wetland sites. Water quality has been assessed against relevant guidelines for each
ecosystem type.

5.1.1. Upper Warrell Creek, Butchers Creek, Stony Creek and Rosewood Creek

Sites 1, 2, 6 and 7 currently receive run-off from the existing Pacific Highway or minor roads
which were used to access the sampling locations. The water quality at these sites did not meet the
ANZECC/ARMCANZ (2000) guidelines for dissolved oxygen during both dry and wet weather
with mean concentrations at all sites failing to meet the lower limit of 85 per cent saturation. Sites
in Butchers Creek (3a & b), Stony Creek (5a & b) and Rosewood Creek (4a & b) were sampled in
July 2008 and also had low dissolved oxygen concentrations upstream and downstream of the
Proposal and failed to meet the lower guideline limit.
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Working paper 5 -Water Quality Impact Assessment

All sites are heavily impacted by macrophyte growth such as water lilies and ribbon weed as shown
in Plates 1-4. The macrophytes are possibly responsible for the low DO concentrations, as the
plants cover a large part of the water’s surface preventing the transfer of oxygen from the air to the
water. On the first sampling occasion the pH at sites 1, 2, 6 and 7 also failed to meet the lower limit
of 6.5, although mean levels increased on subsequent sampling occasions. Wet weather did not
seem to impact water quality of these systems, apart from a further decrease in DO concentrations
following rainfall.

During dry weather sampling undertaken in July 2008, pH at all sites failed to comply with the
lower guideline limit. In particular, Butchers Creek (3a & b) had a very low, acidic pH of 4.8 and
4.65 upstream and downstream of the Proposal respectively. The water at this site was also
unusually clear which may be an indication that acid sulphate soils are present in the area and
impacting on the water quality of Butchers Creek. The clay composition of the bed and banks at
the site supports this theory.

Turbidity varied between sites and sampling occasions, with Upper Warrell Creek (1) the only site
exceeding the limit of 50NTU on the 22-24 October 2007. At the time of sampling the creek did
not appear to be flowing, was impacted by sedimentation and abundant filamentous algae and
macrophytes which may have contributed to the high turbidity. It appears that following wet
weather, the site began to flow, subsequently decreasing turbidity to more suitable levels and
improving the overall water quality of the creek. This was also apparent to a lesser extent at sites 2
and 6. Generally, low turbidities were recorded at sites 3a & b, 4a & b and 5a & b during July
2008 and therefore complied with the ANZECC/ARMCANZ (2000) guidelines. However, 4a & b
both had higher turbidities of 24 and 17.7NTU respectively at the time of sampling, possibly due to
the significant amount of algae present in comparison to other sites.

All sites sampled are non-tidal and therefore had conductivities consistent with lowland river
systems. Conductivities were slightly lower following wet weather due to the dilution of salts by
rainwater.

Whilst increased flow following wet weather generally appeared to improve the water quality by
re-oxygenating the waterway, this is probably due to the antecedent drought conditions and
subsequently reduced flow in the creeks. Despite this minor improvement in water quality
following wet weather, it is anticipated that these sites could be further impacted during the
construction and operation of the Proposal without appropriate mitigation measures particularly as
the sites generally have degraded banks with little vegetation to act as a buffer (Plates 1-4).

In addition, the Proposal includes a minor re-alignment of Stony Creek (near Rosewood Drive)
between sampling sites 5a and 5b. This re-alignment would avoid the need for construction of a
second culvert along this section of the creek. This re-alignment is proposed to take place during
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dry conditions to minimise impacts. The main impact of the re-alignment involves possible
entrainment of loose sediment which would increase turbidity, probably only during the first
rainfall event after construction. Turbidity at sites 5a and 5b was at the low end of the guideline
range during dry weather. To minimise impacts and maintain lower turbidity readings during wet
weather, appropriate erosion and sediment control measures would be adopted (Section 7.4).

s Plate 1 Macrophyte growth in Warrell C

7 g W ey ¢ I e

reek at Browns Crossing (Site 1)
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»  Plate 4 Degraded banks, Warrell Creek at Browns Crossing (Site 1)

5.1.2. Couches Creek

Under dry and wet weather conditions, the pH of Williamson Creek (sites 8a and 8b) generally met
the ANZECC/ARMCANZ (2000) guideline between 6.5 and 8 for lowland river systems. The
exception was site 8b, downstream of the existing crossing on 24-25 September 2007, which had
mean pH levels slightly lower than 6.5.

The existing water quality conditions in Williamson Creek did not comply with the
ANZECC/ARMCANZ (2000) guidelines for dissolved oxygen during either dry or wet weather
conditions. At all times dissolved oxygen percent saturation was below the lower limit of 85 per
cent saturation, and was as low as 8 per cent upstream and 15 per cent downstream of the existing
crossing on the second (dry) sampling occasion due to very little flow and stagnant water
conditions. Following wet weather, dissolved oxygen increased slightly but remained low at ~42
per cent saturation.

The turbidity of Williamson Creek varied between sampling occasions. On the first (dry) sampling
event, mean turbidity was very low (<7NTU) at both sites, however increased significantly on the
subsequent sampling event, also classified as dry. Turbidity on that occasion exceeded the upper
limit of 50NTU at site 1a, and just complied at site 1b (47NTU). Following wet weather, turbidity
decreased slightly to comply with the guidelines, possibly due to increased flow through the creek.
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The conductivity of Williamson Creek remained within the limits for lowland river ecosystems
(0.125 - 2.0 mS/cm), but decreased slightly following wet weather due to increased runoff entering
the creek.

Williamson Creek is already impacted by the existing highway and farming land uses, which may
be responsible for the poor water quality with respect to low dissolved oxygen and high turbidity.
The creek has very low flow, is stagnant at times, abundant in filamentous algae, macrophytes and
organic matter which may contribute to the low dissolved oxygen levels (refer to Plate 5). This
could be affecting the ability of the system to support aquatic species such as fish. There is also the
risk that the organic matter loads from algal growth and detritus could result in anaerobic
conditions. The presence of filamentous algae also potentially indicates nutrient enrichment.

There is the potential for this site to be further impacted with the construction and operation of the
Proposal, particularly with a further increase in turbidity (due to risk of increased suspended solids
entering creek) and decrease in dissolved oxygen, without appropriate mitigation and control
measures due to the limited amount of riparian vegetation cover and the shallow degraded banks of
the creek (Plate 6). However, mitigation measures would be implemented to minimise
construction impacts as outlined in Section 7.4 of this working paper.

= Plate 5 Williamson Creek under low flow conditions (site 8b)
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»  Plate 6 Williamson Creek degraded shallow banks (site 8a)

5.1.3. Warrell Creek

The existing Pacific Highway currently crosses Warrell Creek. The Proposal would result in a new
crossing of Warrell Creek alongside the existing bridge, so sampling was undertaken upstream (site
9a) and downstream (site 9b) of the existing crossing. It should also be noted that whilst Upper
Warrell Creek is classified as a lowland river (Sites 1 and 2), the section of Warrell Creek
discussed in this sub-section is tidally influenced and has consequently been classified as estuarine
(EPA, 1999a). The water quality was similar between the upstream and downstream sites, possibly
due to the influence of tides.

Mean pH levels of 6.95 upstream and 6.94 downstream of the existing crossing on the first (dry)
sampling event (24-25 September 2007) fell marginally below the lower limit of 7 for estuarine
systems while pH levels increased on the second (dry) sampling event and complied with the
ANZECC/ARMCANZ (2000) guidelines. Following wet weather, pH levels decreased slightly but
remained within the 7 — 8.5 guideline range. A potential impact of the construction of the Proposal
could be a decrease in pH levels if the ‘high risk” ASS, which are present in the area, were to
become exposed.

Warrell Creek is tidal at the sampling locations and conductivities are indicative of a high/incoming
tides on three of the sampling occasions (22-24 October, 30 October and 8-9 November 2007. The
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higher conductivity coincided with higher pH levels which are expected in estuarine systems. The
first sampling occasion was undertaken during low tide with conductivities of 1.5-2 mS/cm at both
sites, and lower pH readings indicating that freshwater from upstream of the site was influencing
water quality on the ebb tide.

Mean dissolved oxygen concentrations in Warrell Creek failed to meet the lower guideline limit of
80 per cent saturation for the protection of aquatic ecosystems on all sampling occasions.
Following wet weather, mean dissolved oxygen concentrations further decreased at the downstream
site to ~46 per cent saturation, and ~36 per cent saturation at the upstream site. This further
decrease in dissolved oxygen could be due to the increase in suspended solids from increased
runoff entering the creek. Turbidity levels on 3 of the 4 sampling occasions (one dry and two wet)
were elevated both upstream and downstream of the proposed crossing of Warrell Creek
subsequently exceeding the ANZECC/ARMCANZ guideline of 10NTU for estuarine ecosystems.
It should be noted that turbidity levels were not too dissimilar between these sampling occasions,
indicating that wet weather did not contribute significantly to increased turbidity during the
sampling period.

Warrell Creek, which is located to the east and west of the existing Pacific Highway and adjacent
to Scotts Head Road, is already impacted by road runoff (Plate 7). Warrell Creek at the sampling
location has highly degraded banks due to cattle access and egress with the opposite (northern)
bank containing a limited amount of casuarina riparian vegetation, both of which provide little
buffer to poor water quality. Due to the tidal nature of the creek, water quality of the creek may
also be impacted further upstream and downstream of the crossing than non-tidal creeks.
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»  Plate 7 Warrell Creek looking towards existing crossing
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5.1.4. Nambucca River

The Proposal crosses the Nambucca River at Macksville, approximately 200m downstream of its
confluence with Newee Creek and approximately 1.3km downstream of the existing Pacific
Highway crossing of the Nambucca River. Water quality at sites 10a and 10b comply with the
recommended ANZECC/ARMCANZ (2000) guidelines for protection of aquatic ecosystems for
pH and dissolved oxygen during dry weather. During wet weather, dissolved oxygen fell below the
recommended guideline lower limit of 80 per cent saturation. This is not uncommon after heavy
rain as storms wash large amounts of organic matter into streams, lowering dissolved oxygen
concentrations due to the decomposition of the organic matter by bacteria.

Turbidity at both sites complied with the ANZECC/ARMCANZ (2000) guideline of less than
10NTU for estuarine systems on only one sampling occasion. Turbidity following wet weather
slightly exceeded the guidelines with mean turbidities of ~14-15 NTU at both sites.

Whilst the Nambucca River generally has good water quality under dry weather conditions, it
worsens slightly following wet weather, possibly due to an increase in runoff and sediment entering
the waterway from River Street which runs adjacent to the Nambucca River. Water quality would
be directly impacted due to the proximity to the road, although some vegetation is present which
may provide a buffer by reducing sediment transport to the river.
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The water quality of SEPP 14 Wetland N° 388 was sampled during dry and wet weather. During
dry weather pH levels were recorded at approximately 7.78, dissolved oxygen at 77 per cent
saturation and turbidity was around 17 NTU. Following wet weather, pH levels and dissolved
oxygen decreased to as low as 7.6 and 50 per cent saturation and turbidity increased to 20.7NTU.
This is possibly a result of increased sediment in runoff from the adjacent Gumma Road.

5.2. Section 2 — Nambucca River to Nambucca Heads

The Proposal does not cross any waterways in section 2 however it runs adjacent to two SEPP14
wetlands, N° 383 and 386. SEPP N° 383 is located approximately 20m to the west of the Proposal
boundary and on the right bank of Newee Creek, whilst SEPP No. 386 is located alongside the
Nambucca River approximately 800m to the east of the Proposal (Figure 2-2). At the time of
sampling both wetlands did not have any water present to ascertain ambient water quality
conditions, even under high tide conditions as shown in and Plate 8 and Plate 9.

SEPP No. 386 would currently be impacted by runoff from the existing highway which runs
adjacent to and in close proximity to the wetland. SEPP No. 383 has the potential to be impacted
by local roads in close proximity to the wetland and the water quality of Newee Creek which flows
through the wetland. Both wetlands are surrounded by disturbed and high risk ASS which would
need to be managed appropriately during construction so that there is minimal impact on the
wetlands.
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= Plate 9 SEPP 14 Wetland N° 386 with no water during high tide

5.3. Section 3 — Nambucca Heads to Ballards Road

The Proposal crosses a number of lowland river and estuarine waterways between Nambucca
Heads and Ballards Road. At the southern extent of Section 3 the Proposal crosses Boggy Creek
(11), followed by Cow Creek (12a & b), Deep Creek (13a & b), a tributary of Oyster Creek (14a &
b) and McGraths Creek. All these waterways were monitored both upstream and downstream of
the crossing with the exception of Boggy Creek (not monitored upstream), Cow Creek (not
monitored at downstream site on first sampling survey as it was inaccessible) and McGraths Creek
(not monitored due to accessibility issues). Water quality results are displayed in Table 5-2 and
discussed in the following sections.

m  Table 5-2 Mean water quality results for sites in Section 3

Site ANZECC/ARMCANZ
Date Water quality (2000) default trigger
parameter 11b 12a 12b 13a 13b 14a 14b values for protection
of aquatic ecosystems
24-25 6.5 — 8 (lowland river)
September Site _ ;
2007 DRY pH 6.21 | 6.70 nacc 704 | 666 | 596 6.34 7.0 — 8.5 (estuarine)
Conductivity essib
(mS/cm) 0.39 | 0.21 | le 71 | 869 | 026 | 0.24 0.125-2.2*
Turbidity (NTU) 1.33 0.3 75 | 557 143 | 155 <50 (lowland river)
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Site ANZECC/ARMCANZ
Date Water quality (2000) default trigger
parameter 11b 12a 12b 13a 13b 14a 14b values for protection
of aquatic ecosystems
<10 (estuarine)
Dissolved Oxygen 85 — 110 (lowland river)
(% saturation) 314 | 85.2 813 | 876 | 28.7 498 80 — 110 (estuarine)
Temperature (°C) 16.3 | 194 229 | 224 | 175 | 183 N/A
22-24 6.5 — 8 (lowland river)
October pH 741 | 722 | 730 | 775 | 7.76 | 7.42 | 6.99 7.0 — 8.5 (estuarine)
2007 DRY
Conductivity
(mS/cm) 049 | 025 | 142 | 26.8 | 348 | 0.27 | 0.26 0.125-2.2*
Salinity (ppt) 0.24 0.1 824 | 66.1 | 216 | 0.11 | 0.11 N/A
<50 (lowland river)
Turbidity (NTU) 102 | 179 | 276 116 137 895 718 <10 (estuarine)
Dissolved Oxygen 85 — 110 (lowland river)
(% saturation) 337 514 60.7 | 83.8 | 804 | 6.77 323 80 — 110 (estuarine)
Temperature (°C) 175 | 226 | 259 | 2561 | 248 | 198 | 21.3 N/A
30 October 6.5 — 8 (lowland river)
2007 WET | oy 720 | 7.34 | 760 | 7.88 | 7.96 | 719 | 7.30 | 7.0 8.5 (estuarine)
Conductivity
(mS/cm) 29 | 5.07 428 | 42.7 | 436 | 024 | 0.23 0.125-2.2*
Salinity (ppt) 1.60 | 247 | 275 | 427 | 28.1 | 0.09 | 0.09 N/A
<50 (lowland river)
Turbidity (NTU) 43.9 | 30.7 299 | 18.7 | 16.6 | 36.6 | 63.2 <10 (estuarine)
Dissolved Oxygen 85 — 110 (lowland river)
(% saturation) 6.90 | 46.6 | 583 | 619 | 641 | 115 | 217 80 — 110 (estuarine)
Temperature (°C) 20.3 | 249 291 | 275 | 281 | 20.8 | 20.6 N/A
8-9 6.5 — 8 (lowland river)
November i
2007 WeT | PH 774 | 821 | 750 | 788 | 7.79 | 7.32 | 7.26 | 7.0-8.5 (estuarine)
Conductivity
(mS/cm) 04| 02| 163 | 127 | 119 | 022 | 017 0.125-2.2*
Salinity (ppt) 019 | 011 | 9.58 | 7.33 | 6.78 | 0.11 | 0.08 N/A
<50 (lowland river)
Turbidity (NTU) 306 | 17.2 | 199 | 188 | 221 | 278 | 27.3 <10 (estuarine)
Dissolved Oxygen 85 — 110 (lowland river)
(% saturation) 335 | 61.7 | 495 | 738 | 76.3 | 25.0 | 48.9 | 80—110 (estuarine)
Temperature (°C) 17.0 | 185 | 19.4 | 19.9 | 19.6 | 18.1 | 18.1 N/A

* Range of default trigger values for conductivity is only relevant for lowland rivers

5.3.1.

Boggy Creek

Boggy Creek is classified as an intermittently closed and open lakes or lagoon (ICOLL) and known
to fluctuate between saline and freshwater conditions. On three sampling occasions conductivities
were indicative of a fresh water system and consequently the water quality of Boggy Creek has
been compared with the ANZECC/ARMCANZ (2000) guidelines for lowland river ecosystems.
SINCLAIR KNIGHT MERZ
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On 30 October 2007 conductivities indicated a more estuarine system (mean 2.9mS/cm) and the
ANZECC/ARMCANZ (2000) guidelines for protection of estuarine aquatic ecosystems have been
applied.

The pH of Boggy Creek (site 11 was slightly acidic on the first sampling occasion with a mean of
6.21 and consequently failed to meet the lower guideline limit of 6.5. On all subsequent sampling
occasions the pH levels complied with the guidelines.

The water quality of Boggy Creek was generally poor downstream of the Proposal with very low
mean dissolved oxygen concentrations, ranging between 3 per cent and 33 per cent saturation on all
sampling occasions.

Turbidity complied on only two sampling occasions. On the dry sampling survey undertaken on
22-24 October 2007, Boggy Creek had a mean turbidity of 102NTU and it was noted that at the
time of sampling there was little to no flow in the creek and an extensive cover of floating debris
was observed which can contribute to high turbidity. Turbidity also exceeded the guideline of
10NTU for estuarine ecosystems on 30 October 2007 with a mean of 43.9NTU.

Overall this site generally had poor water quality, predominantly due to the low flow conditions
and current impacts from the existing Pacific Highway. To the east of this monitoring site are high
risk ASS. If disturbed, the water quality of Boggy Creek, particularly with respect to pH, could be
further exacerbated and become more acidic. The site is generally well vegetated and it is
anticipated that this vegetation, together with appropriate mitigation and control measures, would
ensure the water quality does not further deteriorate with the construction and operation of the
Proposal.

5.3.2. Cow Creek

Similar to Boggy Creek, Cow Creek fluctuates between fresh and estuarine waters at the upstream
site (site 12a) and on the third sampling occasion, the conductivity of Cow Creek was indicative of
an estuarine system and consequently the results have been compared with ANZECC/ARMCANZ
(2000) guidelines for protection of estuarine systems. Cow Creek downstream of the Proposal
(12b) was classified as estuarine at all times with conductivity greater than 14mS/cm which was
recorded during low tide. The highest conductivity following high tide during dry weather was
approximately 42msS/cm.

The water quality of Cow Creek upstream and downstream of the Proposal was similar, except that
the downstream site failed to comply with relevant guidelines more frequently due to the more
stringent guidelines imposed on estuarine ecosystems particularly with respect to turbidity. The
turbidity at the upstream site failed to comply once on 30 October 2007. On this sampling occasion

the site was classified as estuarine and therefore turbidity for protection of aquatic ecosystems
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should remain below 10NTU, as opposed to 50NTU for lowland (freshwater) river systems,
however mean turbidity at the time was ~30NTU. Site 12b downstream of the Proposal exceeded
the upper limit of LONTU on all sampling occasions with the mean turbidity ranging between
19NTU and 30NTU.

The pH levels of Cow Creek complied at both sites following dry and wet weather except for site
12a on 8-9 November 2007. On this sampling occasion mean pH exceeded the upper limit of 8 for
lowland river systems.

Dissolved oxygen in Cow Creek failed to comply on 3 of 4 sampling occasions due to low
concentrations at both sites. On the first (dry) sampling event DO at site 12a complied with the
ANZECC/ARMCANZ (2000) guidelines with a mean of ~85 per cent saturation, however, the
percent saturation decreased significantly on all subsequent sampling occasions. On the second
(dry) sampling occasion approximately 75 per cent of the creek was covered in floating debris
which may have resulted in the low percent saturations at both sites. These percent saturations
remained low following wet weather which is expected due to increased runoff and sedimentation.

The most likely impact of the Proposal on waterways during construction is increased
sedimentation due to the disturbance of soils and potential for rainfall to wash sediments into the
creek. These sites are already highly turbid, low in dissolved oxygen and bordered by agricultural
land uses that provide little buffer. However, appropriate measures to mitigate against these
construction impacts would be implemented. Details are provided in Section 7 of this working

paper.
5.3.3. Deep Creek

Deep Creek was sampled upstream (site 13a) and downstream (site 13b) of the Proposal and is
classified as estuarine with mean conductivities ranging from 7mS/cm to 43mS/cm across the 4
sampling events. The pH of Deep Creek was slightly acidic on the first sampling occasion at the
downstream site (site 13b) where it failed to comply with the 7-8.5 guideline range for protection
of aquatic ecosystems. On all subsequent sampling occasions the pH increased and complied
which indicates that despite being located in “high risk” ASS the pH does not currently appear
impacted upon, however should soil become exposed during construction, pH could be reduced
significantly and should therefore be monitored and managed carefully.

Dissolved oxygen percent saturation complied during dry weather however decreased following
wet weather and failed to comply with the lower limit of 80 per cent saturation. This is not
uncommon following wet weather as runoff containing organic matter and sediments enter
waterways which subsequently decreases dissolved oxygen concentrations. Supporting this are the
higher turbidity readings at both the upstream and downstream sites following wet weather which
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exceeded the guideline of 10NTU. This guideline was also marginally exceeded during dry
weather sampling on the 22-24 October 2007.

Deep Creek is currently impacted by the existing Pacific Highway and the Proposal at this location
would be a duplication of this. The site is generally well vegetated although banks become
exposed during low tide. Water quality results indicate the surrounding catchment appears to
minimise some of the impact associated with wet weather and increased runoff which are likely to
be exacerbated with the duplication of the existing highway.

5.3.4. Oyster Creek

The Proposal crosses a tributary of Oyster Creek (site 14a and 14b) in the northern part of Section
3. This tributary would already be impacted by the existing highway which traverses the creek in
close proximity to site 14a. This tributary had conductivity indicative of a freshwater system and
complied with the default trigger value for protection of lowland river aquatic ecosystems
(ANZECC/ARMCANZ, 2000). The pH at sites 14a and 14b were slightly acidic on the first (dry)
sampling occasion failing to comply with the lower limit of 6.5. On all subsequent sampling events
pH fell within the limit of 6.5-8.

Dissolved oxygen percent saturations were consistently low both upstream and downstream of the
Proposal during dry and wet weather ranging between 6.7 per cent saturation and 49 per cent
saturation. Turbidity at the sites was also high failing to comply at the upstream site during both
dry sampling occasions and at the downstream site during one dry and one wet weather sampling
survey. This site is heavily impacted by lack of flow and the presence of macrophytes as indicated
in Plate 10, both of which have the potential to reduce dissolved oxygen concentrations and
increase the turbidity of the waterways.

Whilst increased flow at this site associated with increased runoff as a result of the construction and
operation of the Proposal may potentially improve water quality, the increased flow could
potentially be high in suspended solids and organic matter. This could further exacerbate water
quality conditions particularly as the tributary has shallow banks with little vegetation. Careful
management during construction would mitigate these potential impacts at these sites.
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Plate 10 Tributary of Oyster Creek, suffering from low flow, high turbidity and macrophyte
growth (Site 14b)

5.4, Section 4 — Ballards Road to Waterfall Way interchange

The Proposal in Section 4 commences north of Ballards Road and diverts to the west of the existing
highway to traverse through Newry State Forest. It passes in close proximity to the
commencement of Dalhousie Creek, and crosses the Kalang River in the vicinity of South Arm
Road. The Proposal then passes to the west of SEPP 14 wetland No. 351 before passing to the east
of Ridgewood Drive and the Raleigh Industrial area to rejoin the existing highway at Raleigh.
Dalhousie Creek was not sampled due to inaccessibility and lack of flow. Both the Kalang River
(sites 15a and 15b) and Bellinger River (site 16) were monitored at the proposed and existing
crossing respectively, in addition to two SEPP14 wetlands which are in the vicinity (150m to
350m) of the Proposal but unlikely to be impacted during construction. The ambient water quality
DECCW, however at the time of sampling no water was present in SEPP N° 353 as shown in

Plate 12.

Water quality data for the Kalang River, Bellinger River and SEPP N° 351 are presented in
Table 5-3 and discussed in the following sections. Both the Kalang and Bellinger Rivers are
classified as estuarine and as such have been compared with the ANZECC/ARMCANZ (2000)
default trigger values for protection of estuarine aquatic ecosystems. As mentioned previously,
ANZECC/ARMCANZ (2000) have not recommended guidelines for water quality in wetlands,
however water quality in general is discussed.
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= Table 5-3 Mean water quality results for sites in Section 4

Site ANZECC/ARMCANZ
Date Water quality (2000) default trigger
parameter 15a 15b 16 SEPP values for protection of
351 aquatic ecosystems
24-25 pH 7.78 7.7167 7.09 33 7.0-8.5
September - <3
2007 DRY Conductivity (mS/cm) 28.30 28.70 7.16 <Iw E N/A
Turbidity (NTU) 3.03 1.8 12| To <10
Dissolved Oxygen (% 2
saturation) 83.1 88.23 82.37 80— 110
Temperature (°C) 21.4 20.6 19.8 N/A
22-24 pH 7.86 7.87 7.69 6.78 7.0-8.5
October Conductivity (nS/ 357 | 3593 148 | 419.33 N/A
2007 DRY onductivity (mS/cm) . . . .
Salinity (ppt) 225 226 8.19 0.18 N/A
Turbidity (NTU) 19.77 21.3 19.8 30.1 <10
Dissolved Oxygen (%
saturation) 75.5 75.4 77.6 17.8 80-110
Temperature (°C) 24.3 25.26 23.07 19.9 N/A
30 October pH 7.74 7.85 7.91 7.26 7.0-8.5
2007 WET Conductivity (mS/cm) 38.57 38.83 24.4 353.33 N/A
Salinity (ppt) 24.51 2472 | 1484 | 0.156 N/A
Turbidity (NTU) 21.57 21.73 12.53 37.7 <10
Dissolved Oxygen (%
saturation) 59.2 59.8 73.4 47.23 80— 110
Temperature (°C) 25.3 25.4 255 | 22.62 N/A
2-9 X pH 7.9933 7.87 7.48 7.77 70-85
ovember -
2007 WET | Conductivity (mS/cm) 33.04 | 33.36 9.67 547 N/A
Salinity (ppt) 20.74 20.86 5.42 0.25 N/A
Turbidity (NTU) 14.633 1323 | 27.07 15 <10
Dissolved Oxygen (%
saturation) 64.833 63.67 63.27 25.8 80110
Temperature (°C) 21.74 22.00 21.63 16.93 N/A

5.4.1. Kalang River

The Kalang River was monitored from the left bank upstream and downstream of the Proposal and
the water quality of both sites was found to be similar due to tidal influences. The conductivity at
both sites was relatively similar although slightly lower on the first sampling event which was
undertaken during low tide. The Kalang River at this time would have been influenced by less
saline water emanating from upstream. The pH of the Kalang River was similar across all
sampling events with little change following wet weather and complied with the
ANZECC/ARMCANZ (2000) guideline.
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Dissolved oxygen and turbidity levels indicate slightly poorer water quality failing to comply with
relevant guidelines during one dry weather and both wet weather sampling events. The greatest
risk to water quality of the Kalang River is the potential exposure of high risk ASS during
construction of the Proposal and increased runoff and sedimentation with the operation of the
Proposal.

The water quality of the Kalang River at the Proposal crossing could already be impacted during
wet weather from runoff received from South Arm Road, a minor road that runs adjacent to the
northern bank of the Kalang River, as well as the several unsealed roads along the southern bank.

5.4.2. Bellinger River

The Bellinger River (site 16) was also monitored for existing water quality conditions. This site is
already crossed by the existing Pacific Highway and is therefore already potentially impacted. The
pH of the Bellinger River complied during both dry and wet weather, remaining between the
guideline of 7-8.5.

Dissolved oxygen percent saturations failed to comply on 3 of the 4 sampling occasions. Dissolved
oxygen fell marginally below the lower limit of 80 per cent on the second (dry) sampling event but
further decreased following wet weather as indicated by mean saturations of 73.4 per cent and
63.27 per cent following the third and fourth sampling events. Reduced dissolved oxygen
concentrations are common following wet weather as runoff from surrounding areas high in
suspended sediments and organic matter enters associated waterways. This is supported by the
increased turbidity recorded following wet weather. Since the Proposal ceases just south of the
Bellinger River, this site would not be impacted.

5.4.3. SEPP 14 No. 351

SEPP14 No. 351 generally had poor water quality with low dissolved oxygen percent saturations
and high turbidity. The low dissolved oxygen concentrations during dry weather are most likely
due to low flow in the wetland and increased runoff during wet weather. Either way, the low
dissolved oxygen concentrations would be impacting on aquatic organisms present in the wetland
as they are dependent on oxygen dissolved in the water for efficient functioning. The wetland
receives runoff from an adjacent road and from a pipe that discharges into the wetland. These
factors would contribute to the high turbidity and overall poor water quality of the wetland

(Plate 11).

The Proposal passes through an area of high risk ASS adjacent to SEPP N° 351 which has the
potential to cause significant impacts including low pH and dissolved oxygen if exposed and not
appropriately managed. Whilst no water quality data were available for SEPP No 353 at this site,
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the site is already potentially impacted by pollution via runoff from a minor road in close proximity
to the western edge (Plate 12).

ality following wet weather

& \

= Plate 11 SEPP 14 Wetland N° 351, poor water qu

B

= Plate 12 SEPP 14 Wetland N° 353 with no water
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5.5. Summary of existing conditions in waterways

Section 1 of the Proposal crosses several Creeks. Butchers, Rosewood, Stony and Williamson
Creeks are highly degraded creeks with excessive vegetation growth and poor water quality during
both dry and wet weather. The estuarine reaches of Warrell Creek and the Nambucca River are in
better condition, however water quality deteriorates in wet weather.

In Section 2, there are no waterway crossings, however the Proposal runs adjacent to two SEPP14
wetlands, but ambient water quality conditions were not determined as there was no water present
for sampling.

In Section 3, the Proposal crosses Boggy, Cow and Deep Creeks and a tributary of Qyster Creek.
All these waterways have poor water quality.

Section 4 is dominated by the Kalang River which has moderate water quality. The SEPP 14
wetlands to the east of the Proposal had poor water quality conditions in wet weather.
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6. Assessment of groundwater impacts

Risks to groundwater can be in the form of risks to quantity or quality, or both. The main risks to
groundwater quality from this Proposal include risks of ASS leaching and accidental spills. Risks
to groundwater quantity include compression of soft soils under embankments and the construction
of in-stream structures and cuttings, all of which could disrupt current groundwater regimes. The
risks are discussed in further detail below and in Section 7 of this working paper and Chapter 18 -
Soil characteristics and erosion control.

6.1. ASS risk to groundwater quality

ASS, whilst benign in waterlogged environments, can become exposed to the atmosphere during
the construction process or through activities which lower the water table such as excavation, soil
disturbance and dewatering operations. These activities cause sulphide minerals in the soil to
oxidise and leach acidity, arsenic and metals into groundwater resulting in fish kills and loss of
biodiversity in wetlands and waterways. The waterways with the potential to be affected due to a
high probability of ASS include:

= Warrell Creek in the vicinity of sites 9a & b;

= Nambucca River surrounding sites 10a & b;

= Deep Creek surrounding sites 13a & b;

= Kalang River in the vicinity of sites 15a & b

= Bellinger River (surrounding site 16); and

= All sampled SEPP wetlands (N0.383, 386, 388, 353 and 351).

It is also possible that ASS exist within other low lying areas, creeks or wetlands.

6.2. Risk of accidental spillage

Groundwater bores may be exposed to risk of impact from accidental spillages of fuels, oils and
chemical agents. Such pollutants may infiltrate to the groundwater and adversely affect the water
quality of bores. The vulnerability of these groundwater bores to pollution from accidental spillage
is dependent upon the extent and permeability of the overlying strata and the proximity of potential
spillage to a groundwater source. It is commonly found that groundwater bores with low yields are
less likely to be impacted and given the limited number of bores where groundwater was
encountered within the study area the likelihood of significant impacts to groundwater quality is
low.
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6.3. Risk to groundwater quantity

Groundwater barriers can form when in-stream structures are built, such as bridges, or when
structures such as embankments are built on soft soil, which compresses and forms a less
permeable layer of soil. The bridges that would be built would only impact groundwater
movement in very localised areas and are therefore not considered to be a risk to groundwater flow.
The issue of soft soils is discussed in Chapter 18 - Soil characteristics and erosion control. Since
mitigation measures would be put in place to minimise the degree to which soft soils would
compress, the construction of embankments should pose little risk to the formation of groundwater
barriers.

Local groundwater drawdown can occur in areas where cuttings are constructed beneath the
groundwater table. The drop in the groundwater table can impact flows and availability of water
(flow rate and flow duration/frequencies) in springs, surface water systems and groundwater wells
in the vicinity. Cuttings can also impact on groundwater dependent ecosystems (GDE’s) and
endangered ecological communities (EEC’s). The Proposal cuts through topographically high
zones along the route, which could alter the groundwater regimes feeding GDE’s downgradient of
the Proposal. Also, there are several EEC’s identified within close proximity to the Proposal which
could be affected should the groundwater regime change (Working paper 1 — Flora and fauna).

Aside from springs, GDE’s and EEC’s, there are a number of creeks and waterbodies that cross or
run alongside the Proposal which may be impacted by proposed road cuttings (Figure 2-1 to
Figure 2—-4). If the cuttings intersected and diverted groundwater upgradient of these creeks and
waterbodies, baseflow could be limited. Furthermore, the groundwater supply to some of the wells
that are used for domestic or stock purposes may diminish if they lie within the impact zone or
drawdown “cone”. The cuttings with the greatest potential risk of impacting surrounding
ecosystems and groundwater sensitive areas are numbers 2.5, 2.14, 3.5, 4.2 and 4.10.

More discussion around GDC’s and the risk of road cuttings and construction in general is
provided in Working paper 1 — Flora and fauna. Generally, significant impacts would be mitigated
against by following the proposed minimum design standards for drainage structures and by
ensuring that site practices follow an appropriate environmental management plan.

Monitoring is another important mitigation measure for the protection of groundwater quality and
quantity. Since relatively little is known about groundwater quantity, quality, use and users in the
study area, it is important that monitoring of groundwater be undertaken prior to construction at
key locations such as cutting sites and in bores close to waterways and wetlands. Monitoring
should then continue throughout and after construction of the Proposal. More detail about
groundwater monitoring is provided in Section 7.4.
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7. Water quality impacts and environmental
safeguards

The proposed upgrade of the Pacific Highway between Warrrell Creek and Urunga has the
potential to impact the SEPP14 wetlands, surface water and groundwater quality in the following
ways:

= Through erosion and sedimentation during the construction phase;

= Installation of in-stream structures in major water crossings including the Nambucca River,
Kalang River and Warrell Creek;

= The exposure of high risk ASS; and

= By the generation of additional pollutants directly attributable to the highway from sources
such as accidental spills.

Mitigation of these risks is especially important for the five SEPP 14 wetlands as well as small
coastal streams and lagoons where flushing is minimal, such as Boggy, Cow and Oyster Creeks in
Section 3. The impact of excess sediment, nutrients, acid, heavy metals and other chemicals on
these ecosystems can be severe.

The following sections outline the potential water quality impacts during both construction and
operation (Sections 7.1- 7.2), the water quality objectives (Section 7.3) and associated mitigation
measures (Section 7.4).

7.1. Construction impacts

Construction of the Proposal, as with all road construction projects, presents a potential moderate
risk to water quality. There are two main risks associated with construction of roads. The first risk
is whilst the soils are exposed during earthworks. Unless soils are appropriately managed through
erosion and sedimentation control measures there is the risk of suspended sediments and pollutants
being washed into surrounding watercourses. The second risk is the disturbance of acid sulphate
soils. Disturbance of ASS can result in increased dissolved metal contaminants, low pH levels and
anoxic and hypoxic events in surrounding waterways. The waterways with the highest probability
of ASS are Warrell Creek, Nambucca River, Deep Creek, Kalang River, Bellinger River, all five
SEPP wetlands (N0.383, 386, 388, 353 and 351 and other low-lying areas, creeks and wetlands.
Chapter 18 - Soil characteristics and erosion control further discusses the location, effect and
management of ASS. Other risks associated with the construction of this Proposal include:

Surface and groundwater quality impacts associated with construction of in-stream structures
through removal of instream and streambank vegetation, disturbance of instream sediments,
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barriers to groundwater movement, possible localised turbidity, ground disturbance near drainage
lines and hydrocarbon/chemical leaks and small scale spills from construction vehicles;

Groundwater and surface water contamination through export of sediment and associated pollutants
such as heavy metals and nutrients via wind and water erosion or through heavy metals, toxic
organics and surfactants used by machinery and other vehicles in the road building process;

Hydrologic and hydraulic disturbance through the changing of surface and subsurface flows and
altering the volume and timing of water flows. There may also be an increase in surface runoff
volumes if water is being used on site for dust suppression;

Impacts on groundwater recharge/discharge. The disturbance and ground clearing associated with
construction of access roads, tracks and general vegetation clearing can alter groundwater recharge
and introduce pollutants. The compaction of soils and cutting and filling associated with
construction reduce groundwater recharge. This reduction in the depth of groundwater allows
surface contaminants a shorter pathway to the water table making the groundwater table more
vulnerable to pollution. Accidental spills, particularly in locations of highly permeable strata have
the potential to contaminate groundwater;

Cuttings may intercept perched water tables or layers of relatively low permeability soil/rock. This
could manifest as seepages possibly local instability of the batter face. There are a series of
cuttings with the greatest potential risk of impacting surrounding ecosystems and groundwater
sensitive areas including four in section 1 two deep cuttings in section 2, one in section 3 and two
in section 4.

Dewatering impacts such as reduction in groundwater levels and reduced flow, particularly at
locations where cuttings are proposed;

Intersection and interference with an aquifer which could obstruct groundwater flow and limit
groundwater availability;

Exposure and discharge of groundwater as a result of excavation below the level of the water table,
which creates the potential for off-site discharges of sediment-laden water; and

Accidental spills or leaks of oil, grease or fuel from work machinery and vehicles or from
construction sites or compounds, and accidental spills of other chemicals that may be used during
the course of construction.
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7.2. Operational impacts

Road runoff
Once the upgrade of the Pacific Highway between Warrell Creek and Urunga is operational, the

main risk to water quality would be an increase in surface runoff due to an increase in impervious
surfaces and concentration of runoff by drains and kerbs.

The most important pollutants of concern relating to road runoff are:

= Suspended sediment from the paved surface;
= Heavy metals attached to particles washed off the paved surface;
= QOil and grease and other hydrocarbon products; and

= Anthropogenic litter.

In addition, nutrients such as nitrogen and phosphorus are also found in road runoff due to
atmospheric deposition of fine soil particle.

The emphasis in stormwater quality management for road runoff is that of managing the export of
suspended solids and associated contaminants — namely heavy metals, nutrients and organic
compounds. (Road Runoff and Drainage: Environmental Impacts and Management Options
Austroads 2001). Pollutants such as nutrients, heavy metals and hydrocarbons are usually attached
to fine sediments (Procedure for selecting treatment strategies to control road runoff, Version 1.1,
RTA, June 2003), therefore trapping suspended solids is the primary focus of the water quality
management strategy for the operational stages of the Proposal.

The main impact on water quality of an increase in impervious surfaces includes the build up of
contaminants (particularly heavy metals) on road surfaces, median areas and roadside corridors
which, during wet weather, can be transported to surrounding watercourses or infiltrate into the
groundwater system. Other potential impacts include:

= Increased flood risk due to the introduction of additional permanent physical obstructions in
waterways (bridge piers) and increased volume highway runoff associated with introduction of
additional impervious surfaces;

= Alteration of the water table and changes to local hydrology; and

= Impacts associated with maintenance practices such as herbicide use, mowing, road surface
cleaning and reparation.

The water quality of surrounding creeks and streams during the operation of the highway has the
potential to be affected in the following ways:
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= Increased sediment loads can reduce light penetration through the water column, impacting
aquatic flora and fauna;

= Decay of organic matter and some hydrocarbons can decrease dissolved oxygen levels;

= Increased nutrients (nitrogen and phosphorus) can stimulate the growth of algae and aquatic
plants;

= Acidic pH, low dissolved oxygen, excess sulphate and iron stains due to exposed ASS.

= Heavy metals (including aluminium and iron) from vehicle wear, accident spills or ASS are
toxic to aquatic biota and fish;

= Silting of waterways and associated smothering of aquatic flora and fauna; and

= Litter polluting waterways. Oil and grease are unsightly and can cause water quality problems.

Accidental spills
The risk of accidental spillage of hazardous materials either as a result of a collision or accidental

spillage would always be present. Without satisfactory means of containment, the spillage of
contaminants could pass rapidly into the drainage system and impact downstream ecosystems.
Accidental spills of chemicals or petrol in accidents can cause severe damage to the ecology of
waterways, and terrestrial ecosystem.

These water quality impacts would potentially impact aquatic biota by stimulating the growth of
algae and aquatic plants through increased nutrients. Chemical spills, acid sulphate soils and heavy
metals may be toxic to aquatic biota and fish. The majority of the waterways that are potentially
impacted by the operation of the Proposal are already impacted by stormwater runoff from existing
roadways and existing road maintenance activities. Impact mitigation measures are available and
would be implemented as part of the Proposal design and operation so that adverse impacts are
minimised as far as practical.

The potential for a spill of hazardous substances from a vehicle transporting dangerous goods along
the upgraded section of the Pacific Highway is considered to be low in view of the following
factors:

= Dangerous goods vehicle movements along the upgraded section of highway are expected to
account for only 0.2 per cent of total daily traffic movements, hence the likelihood of an
accident involving a truck containing dangerous goods is very low;

= The high road design standards proposed, which would reduce the potential for road accidents
relative to the existing situation; and

= The stringent legislative controls on the transport of dangerous goods.
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7.3. Water quality objectives

The water quality objective for the Proposal during the construction and operational phases is to
protect sensitive waterways through the installation of devices which treat stormwater as close to
its source as possible so that the Proposal changes the existing water regime to the smallest amount
practicable. To achieve this objective measures have been incorporated into the drainage design to
ensure pavement runoff passes though a water quality control measure before entering the
receiving water, where possible.

Another water quality objective is to ensure that general pavement drainage incorporates methods
for the retention of a minimum 20,000 litres of oil or chemical polluted run-off for the more
sensitive water crossings.

7.4. Construction and operational phase environmental safeguards

To minimise the potential for adverse surface and ground water quality impacts, road construction
works are subject to various controls, which are documented prior to commencement of the works
in a Soil and Water Management Plan (SWMP) and an Acid Sulphate Soil Management Plan
(ASSMP). A SWMP documents the controls that limit movement of sediment (ie erosion
controls), and controls that remove sediment from runoff prior to discharge to downstream creeks
and waterways (ie sediment controls). An ASSMP outlines strategies to manage the potential
impacts where road construction works are likely to disturb ASS In addition to the SWMP and
ASSMP, a groundwater monitoring plan is to be documented prior to, during and post-construction.
More information about the inclusions of these plans is provided in the following sub-sections.

7.4.1. Proposed construction phase erosion and sediment controls

During the construction phase of the Proposal, there is potential for stormwater run-off from
disturbed lands to be a major source of pollutants in downstream waterways. Overland flow can
carry sediment and associated pollutants from disturbed and unprotected land surface areas into
downstream waterways. In order to prevent this occurring on the Proposal, it is proposed to
construct sediment basins as one of the control measures for the construction phase of the Proposal.
Sediment basins are designed to intercept run-off containing sediments and retain the sediment and
attached pollutants thereby protecting the downstream waterways.

Design Methodology

The recommended design criteria in “Soils & Construction, Volume 1, 2004, and Volumes 2C and
2D, 2008 manuals” (known as the Blue Book) have been used for sizing the proposed sediment
basins. All creeks and waterways along the upgrade route have been considered in this assessment.
Runoff from the construction areas would receive treatment at proposed sediment basins for all

creeks and waterways except at less critical locations where the annual average soil losses were
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estimated to be less than 150m3/annum, as recommended in the “Blue Book”. Class 1, 2 or 3
waterways (major, moderate to minimal fish habitat) were provided with sediment basins
regardless of the 150m3/annum. Further design input parameters and assumption made are
provided in Table 7-1 below.

s Table 7-1 Sediment basin design parameters for the Warrell Creek to Urunga upgrade

Site constraints / characteristics

Value/rating used in the revised universal soil loss
equation (RUSLE).

Rainfall Erosivity R =4500
(ability of rainfall to cause erosion - Site

specific)

2 year ARI, 6 hour rainfall intensity (I2) 14.5 mm/hr
Rainfall Distribution Zone Zone 1

(to determine if special controls apply for
various months of the year depending on
soil loss classes)

Soil Erodibility (Subsoils)

High (k=0.04 assumed)

Typical slope gradient in works area

Variable along route, overall shallow to localised mild (0.5% to 5%)
Site specific slopes have been adopted for each basin.

Calculated annual soil loss rate

Variable, ranges from 67 to 2070 tonnes/ha per year,

Soil loss class (Erosion Hazard)

Variable, ranges from Class 1 (Low) to Class 5 (high)

Soil texture Group/Type

Type D soils have been adopted for all sediment basins.
ie. (fine and dispersible) >30% of particles are finer than 0.02mm.

5 day, 80t percentile rainfall depth

42.7 mm (Coffs Harbour)

Hydrologic sol group and Volumetric run-off
coefficient (Cv)

Group D has been adopted based on predicted type of activity
Cv=0.69 (high run-off potential)

Catchment Area Area of the total catchment draining to the sediment basin. Varies for each
basin.
Disturbed Area Actual disturbed area within the basin catchment area varies for each

basin and for most cases is equal to total catchment area.

Percentage of the disturbed area on
steeper slopes (embankments etc)

Varies for each catchment. Ranges from 10% to 65%.

Soil Cover Factor (C)

1

Soil Conservation Practices (P)

0.9

Assumed sediment yield time period

6 Months

Assumed slope length (distance between
sediment fences on sloping areas)

L = 80m for most areas on site
L =10m for steeper embankment (cut/fill) areas

Proposed sediment basins

Sediment basins require space allocation along the Proposal and they need to be contained within
the road corridor. Whilst additional erosion and sediment controls within the disturbed construction
areas can be accommodated without creating any space constraints, some of the larger proposed

sediment basins can be difficult to fit within the allocated road corridor. It is therefore essential that
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the proposed sediment basins be designed and sized as accurately as possible at this stage and not
deferred to the detailed design stages. The proposed sediment basins for the Proposal are tabulated
on Table 7-2 and shown on Figures 6-1 to 6-21 of the Environmental Assessment Report.

Planning approval is being sought for works within the Proposal boundary. As such the sediment
basins listed in Table 7-2 have been designed to ensure that they fit within the boundary. If during
detailed design further sediment basins are required which fall outside the boundary, separate
approval may need to be sought.

A sediment basin is considered to be the “end of line” control. Details of the additional erosion and
sediment controls on site would be provided at the detailed design stage as part of a comprehensive
Soil and Water Management Plan. The key features of this plan must include:

= Diversion of external “clean” runoff around the construction area to reduce mixing of “clean”
and “dirty” runoff and to consequently reduce the size of the required sediment basin;

= Diversion of all “dirty” runoff to the proposed sediment basin;
= Installation of sediment fences and straw bales to trap sediments;
= Installation of barrier fences to delineate the extent of site that can be disturbed;

= Installation of sediment traps and check dams, where required, especially in smaller
catchments where a sediment basin has not been proposed,;

= Stockpiling and reuse of all topsoil;
= Rehabilitation of disturbed are as quickly as possible; and

= Water quality monitoring at the outlet of the sediment basins.
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7.4.2. Proposed operational phase stormwater quality controls

The proposed permanent stormwater quality controls have been determined by preparing a water quality
management strategy that aims to achieve the water quality objectives described in Section 7.4.

Water quality strategy (operational phase)
The proposed water quality measures incorporated into the drainage design of the Proposal in order to
achieve the water quality objective include:

= Permanent Water Quality Basins;
= Vegetated Swales; and

= Permanent Spill Containment Basins.

These water quality control devices would mainly target suspended solids and their associated pollutants
and would also provide a function for the required containment of accidental spills.

The water quality strategy for permanent spill containment basins is based on an assessment of the
sensitivity of the water crossings and waterways along the Proposal (see Figures 3-1- to 3-4). The
methodology adopted for providing spill containment was to ensure sensitive waterways are protected
against potential spills occurring on the new pavement. The permanent water quality basins and permanent
spill basins are the measures used to capture accidental potential spills. These measures have been proposed
at the downstream end of drainage lines that discharge directly into the sensitive waterways identified.

Sensitive waterways requiring protection against accidental spills were identified according to the
following criteria:

= Creeks and waterways with a Fisheries classification of 1, 2 and 3;
= Transverse culverts that provide for fish passage; and

= Transverse culverts that have SEPP 14 wetlands or an existing farm dam immediately downstream.

Proposed permanent water quality basins

Permanent water quality basins would provide the function of trapping the finer sediments and associated
contaminants before stormwater is discharged into the receiving waterways. The basins would treat road
pavement and batter runoff collected by the pavement drainage network. They operate by reducing flow
velocities and promoting the settlement of suspended sediment contained in stormwater runoff. Measures
are also incorporated into the design of the basins to enable the containment of accidental spills that have a
density lower than water, such as petroleum hydrocarbons.

All permanent water quality basins would be converted from proposed sediment basins used during the
construction phase. The location of basins takes into consideration site constraints such as the Proposal
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boundary, existing and proposed utilities, environmental and heritage exclusion zones, and significant trees.
Basins that are to be used in both phases are designed according to the maximum size requirement, usually
the construction phase requirement, and the one design would be maintained for both phases. At all
locations where a basin was not proposed to treat runoff from the Proposal prior to discharge into the
receiving waterways, other type of water quality controls such as vegetated swales would be proposed.
There are circumstances where basins that have been used during the construction phase can be
decommissioned and vegetated swales can replace them as water quality treatment measures. This is
possible under certain conditions described below, in the following Section “Permanent Vegetated Swales”

Proposed permanent vegetated swales
Vegetated swales/table drains are used to treat and convey stormwater to the receiving waterways.

Treatment is provided through the removal of suspended solids and their associated pollutants. Pollutant
removal is facilitated by the interaction between the flow and the vegetation along the length of the swale.
The vegetation acts to spread and slow velocities, which in turn aids the deposition of sediment.

Vegetated swales as a treatment measure are proposed at locations where pavement runoff is not being
treated by a water quality basin (transformed from a previous construction phase sediment basin), or where
a sediment basin has been decommissioned provided the grade of the table drain and the design flow
velocity are within acceptable limits. Vegetation as a table drain lining can be applied where the grade of
the table drain is generally between 0.5 per cent and 2 per cent, but grades up to 5 per cent can be used
depending on the vegetation density. The locations where vegetated swales can be used would be identified
at the design stage of the Proposal.

Proposed permanent spill containment basins
The spill containment basins are designed to capture liquid spills of a maximum 20,000L via a reverse

graded ‘Ellis’ pipe arrangement, or a baffle type underflow arrangement. Following containment, the
pollutant would be pumped out and the spill disposed of in an appropriate manner. The spill basins are
designed to contain spills in dry weather or light rainfall events. Due to the capacity of the ‘Ellis’ pipe, the
spill basin becomes less effective during times of heavy rainfall as spills lighter than water would flow over
the spillway.

Where possible, the pavement drainage discharging to the sensitive waterways is to be designed such that it
utilises permanent water quality basins already proposed. Additional permanent spill basins can be
provided at any discharge points immediately upstream of the sensitive waterways not already protected by
a permanent water quality basin where spill containment would already be incorporated into the basin.

Based on an assessment of the sensitivity of the water crossings and waterways along the Proposal (see
Figures 3-1- to 3-4) permanent basins providing spill protection are proposed for those locations presented
in Table 7-3.
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SKMm

= Table 7-3 Sensitive waterways with provision for spill containment

Chainage (m)* Name of crossing North/South Sensi.ti.vity' freshwater or
classification estuarine
Section 1
750 Warrell Creek (upstream) S Category 1 Freshwater
Warrell Creek (upstream) N Category 1 Freshwater
1560 Butchers Creek S Category 2 Freshwater
Butchers Creek N Category 2 Freshwater
2710 Rosewood Creek S Category 2 Freshwater
Rosewood Creek N Category 2 Freshwater
3820 Stony Creek S Category 2 Freshwater
Stony Creek N Category 2 Freshwater
5290 Williamson Creek S Category 2 Freshwater
Williamson Creek N Category 2 Freshwater
6430 Warrell Creek (downstream) S Category 1 Estuarine
Warrell Creek (downstream) N Category 1 Estuarine
10,480 Nambucca River S Category 1 Estuarine
Nambucca River N Category 1 Estuarine
Section 3
20,850 Boggy Creek S Category 2 Freshwater
Boggy Creek N Category 2 Freshwater
21,760 Cow Creek S Category 2 Freshwater
Cow Creek N Category 2 Freshwater
23,040 Deep Creek S Category 1 Estuarine
Deep Creek N Category 1 Estuarine
26,530 Oyster Creek (Tributary of) S Category 2 Freshwater
Opyster Creek (Tributary of) N Category 2 Freshwater
Section 4
30,070 McGrath creek S Category 3 Freshwater
McGrath creek N Category 3 Freshwater
35,790 Kalang River S Category 1 Estuarine
Kalang River N Category 1 Estuarine

Note: Section 2 of the Proposal does not cross any waterways.

7.4.3. Soil and water management plan

The SWMP would be prepared during the detailed design stages in accordance with the principles and
practices outlined in:

= Landcom (2006), Managing Urban Stormwater: Soils and Construction, Volume 2 Book 4, Main
Road Construction; and

= RTA (2000) RTA Road Design Guide, Section 8 “Erosion and Sedimentation”.
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The soil and water management sub-plan would include hydrology, water quality and groundwater
management measures identified in this environmental assessment. It would include:

= Alist of the construction activities that could cause sedimentation or pollution of watercourses.

= Describe management method to minimise the discharge of sediment or water pollutants from the site
including a strategy to minimise the area of bare surfaces during construction.

= Preparation of detailed construction work method statement for in-stream works in consultation with
the Department of Environment and Climate Change and Department of Primary Industries.

= Document hydrology, groundwater and surface water quality management measures.

= Specify construction procedures that minimise water flow velocities and avoid excess velocities such
as implementation/construction of level spreaders, check dams, bank and channel linings.

= Specify erosion control measures and structures to minimise soil erosion and prevent discharges of
sediment and other water pollutants from work sites in accordance with the principles and practices
documented in:

= Locate construction compounds and storage facilities away from wetlands and water courses.

= Specify control measures for storage, handling and disposal of fuels and other chemicals, including
procedures for containment and clean-up of accidental spills.

= Include details of progressive site stabilisation and revegetation procedures.

=  Management procedures for installation of instream structures.

= Specific erosion and sediment controls to be included during construction and operation to provide
additional protection to the fisheries and oyster leases within the Nambucca River and Kalang River.

The erosion and sediment control measures that would be incorporated into the SWMP are outlined below.

Erosion control measures and structures

Sediment would be generated during the construction of the proposed highway as the existing ground
surfaces are disturbed. It is therefore important that erosion control measures and structures be
incorporated to prevent sediment from entering the surrounding creeks and streams and the groundwater
system. The following preventative measures and practices would ensure effective erosion control:

= Minimise the area of disturbance;

= Install erosion and sediment control structures before commencement of site disturbance and
construction works;

= Location of soil stockpiles on flat areas of the site, away from erosion hazard areas;
= Design batters on stable slopes and limit their height and slope of soil stockpiles;

= Seeding of disturbed areas for temporary soil stabilisation;

= Shaping of land to minimise slope lengths and gradients and improve drainage;

= Employment of appropriate measures to prevent wind blown dust entering waterways;
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Specify construction procedures that minimise water flow velocities and avoid excess velocities such
as implementation/construction of level spreaders, check dams, bank and channel linings;

Construction of sediment fences on the upstream slopes of the buffer area;
Designated areas for plant and construction material storage within the site compound;
Ensuring all chemicals and fuels associated with construction are store in roofed and bunded areas;

Creation of diversion banks at the upstream boundary of construction activities to ensure diversion of
upstream run-off around exposed areas;

Creation of catch drains at the downstream boundary of construction activities where practicable to
ensure containment of sediment-laden run-off and diversion toward treatment areas to prevent flow of
runoff to downstream undisturbed areas; and

Provision for catching runoff and pollutants from bridges and the road itself in environmentally
sensitive areas (see next sub-section 'Sediment Control Measures").

7.4.4. Acid sulphate soil management plan

The Acid Sulphate Soil Management Advisory Committee (ASSMAC) has provided advice in the
planning, assessment and management of activities in areas containing ASS and detailed this information in
the Acid Sulphate Soil Manual (ASSMAC 1998). The ASSMP prepared for this Proposal would outline:

How management of excavated material, its temporary storage, treatment and use would be
implemented,;

What leachate and sediment control procedures and protocols should be implemented:;

Contingency measures in the event of unexpected acid related incidents; and

Mitigation measures would include:

Avoidance or minimising the disturbance of ASS by not digging up ASS or lowering the water table;

Monitoring of water quality downstream of acid sulphate soil risk areas to allow early identification of
potential risks from acid sulphate leachate to ensure that mitigation measures are implemented in a
timely manner;

If ASS are disturbed, acid generation potential should be minimised, associated with increased runoff
as a result of the construction and operation of the Proposal any acid produced should be neutralised,
acid waste leaving the site should be prevented and acid resistant construction materials should be used
preferentially; and

Cover ASS with clean fill so as not to cause further disturbance.

The RTA’s policy is to develop and maintain both structural and non-structural measures to minimise water
pollution during operation of roads. The RTA recommends structural measures such as detention basins,
gross pollutant traps, grass channels, created wetlands and accidental spill interception and containment
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structures. Non-structural measures include community involvement in reducing roadside littler and
developing an ownership for good vehicle maintenance practices (RTA 2000).

7.4.5. Groundwater monitoring

The main safeguards to protect groundwater quantity and quality involve mitigation of impacts from
accidents and spills, mitigation of impacts from cuttings, and groundwater monitoring. The Working paper
1 - Flora and fauna provides some detail about mitigation measures for the protection of groundwater
dependent ecosystems. In terms of protecting water quality from accidents and spills during construction,
storage of potentially harmful materials would be undertaken away from watercourses and within
impermeable, bunded facilities. Spill contingency equipment would also be stored in close proximity.
During operation the concept design includes scope for inclusion of spill contingency measures, which
capture accidental spillages to ensure that they are not released directly to the environment. Safeguards for
cuttings and monitoring are described separately below.

Cuttings

If seepages in the batter face of road cuttings develop due to interception of a permeable layer of soil/rock,
sub-horizon drains should be installed to relieve the water pressure in the batter. If seepages develop from
interception of a perched water table, engineering mitigation measures need to be installed to transfer the
seepage water into the groundwater ecosystem immediately downslope of the cut. These measures should
involve collecting the seepage water from the cut face just above the level of the road and piping it under
the cut/fill platform to the downslope side of the highway. The water could either be returned to the ground
through absorption trenches, or held in water quality ponds to be tested and possibly treated before being
discharged back into the surface water system.

Monitoring

Four NSW policies exist which aim to protect groundwater from unsustainable degradation. These policies
are: the NSW Groundwater Policy Frameworks Document, the NSW Groundwater Quantity Management
Policy, the NSW Groundwater Quality Protection Policy and the NSW Groundwater Dependent
Ecosystems Policy. The principles outlined in these policies require the protection of groundwater quantity
and quality for the towns and ecosystems that depend on it. However, to protect groundwater, adequate
knowledge about the location, quantity, quality and flow patterns is needed. Currently information is
largely lacking for the alluvial aquifers underlying the three catchments, of Bellinger, Nambucca and Deep
Creek. Groundwater monitoring before, during and after construction would help fill these information

gaps.

Materials stored and handled during construction would be managed in accordance with procedures
outlined in the Construction Environmental Management Plan to ensure that the risks of pollution are
minimised. In addition no significant pollution sources have been identified along the route through
investigations conducted to date, therefore at this stage no groundwater monitoring is proposed prior to
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construction. In the event that potential contamination hotspots or potential pollution sources are identified
during the detailed design process, the first mitigation measure for groundwater would comprise of
monitoring prior to construction to identify the likely impacts associated with embankment and cutting
sites, particularly those cuttings which are most likely to impact environmental features such as springs,
creeks and GDE’S/EEC's (refer to Sections 5 and 6). Several monitoring sites should also be established
adjacent to waterways and wetlands so that baseline data can be collected. Thirdly, monitoring sites should
be established at locations with a high probability of ASS occurring (refer to Section 6). Monitoring of
selected cuttings and other sites should commence well in advance of construction to provide a data set that
represents natural variability over space and time. Groundwater monitoring should comprise the following:

= Installation and monitoring of groundwater wells (potentially nested, or multi-level) prior to road
construction;

= Hydraulic tests (falling head) to estimate hydraulic conductivities of the shallow and possible deep
aquifer systems that the cuts may intersect; and

= Groundwater sampling and analysis for at least total dissolved solids, pH, and heavy metals and
hydrocarbon compounds.

Once pre-construction monitoring has been undertaken, the management principles outlined in the four
groundwater policies can be followed. Groundwater monitoring should continue to be carried out during
construction and operation of the Proposal to:

= Identify whether baseflow to creeks is provided by the groundwater systems;

= Compare results from measurements of pore water pressure with predicted settlement rates. This
would also provide an advanced prediction of ongoing settlement; and

= Determine whether the cuttings are having an adverse impact on water quality.

Groundwater monitoring should be conducted in association with both visual observations and quantitative
measurements of surface water flows at creeks and wetlands and an assessment of the condition of ECC's.

SINCLAIR KNIGHT MERZ

PAGE 70



Working paper 5 -Water Quality Impact Assessment

8. Conclusion

Overall the water quality of waterways in the Warrell Creek to Urunga study area was slightly better under
dry weather conditions than following wet weather, although the smaller tributaries (predominately those
classified as lowland rivers) had poor water quality during dry weather due to very low flow and/or
stagnant water conditions at the time of sampling. Poor water quality during dry weather was generally due
to high turbidity and low dissolved oxygen and pH concentrations which failed to meet the
ANZECC/ARMCANZ (2000) trigger values for slightly disturbed estuarine and lowland river ecosystems.
Following wet weather, the water quality at all sites deteriorated due to increased turbidity and lower
dissolved oxygen levels. The extent to which the waterways were affected by wet weather appears
dependent on the surrounding catchment and the amount of riparian vegetation. Sites with well vegetated
banks and permeable catchment surfaces are less affected by rainfall and runoff as the sediment can
become trapped by the vegetation thereby reducing the amount of runoff entering the waterways.

All rivers and creeks in the study area would be impacted as they are all crossed by the Proposal, however
the severity of this impact is dependent on the resilience of the waterbody and the mitigation measures that
would be implemented. Sites that are well vegetated and only slightly degraded are more resilient than
those with little vegetation and moderate degradation. No SEPP14 wetlands would be directly impacted as
the Proposal runs adjacent to them, however potential exists for indirect impacts through the operation of
the Proposal, their proximity to high risk ASS during construction and to potential changes in local
hydrology.

The Proposal in Section 1 of the study area first crosses a number of creeks including Upper Warrell,
Butchers, Rosewood, Stony and Williamson Creeks which have demonstrated poor existing water quality
during both dry and wet weather conditions. Under dry weather conditions these sites are generally
impacted by low flow, excessive aquatic macrophyte growth, high turbidity and low dissolved oxygen and
pH concentrations. Following wet weather dissolved oxygen appears to decrease further. These sites are
generally highly degraded and appropriate mitigation measures would need to be implemented to ensure
that water quality is not further exacerbated.

Butchers Creek water quality is also currently potentially impacted by ASS. Appropriate mitigation
measures for construction and operation of the Proposal in the vicinity of actual and potential acid sulphate
soils should be implemented. The estuarine reaches of Warrell Creek and the Nambucca River appear to
have better water quality probably due to the larger volumes of water and tidal influences. Following wet
weather, water quality in these systems deteriorates with high turbidity and low dissolved oxygen
concentrations and therefore appropriate mitigation measures would also be required during construction at
these sites.

The two waterways, Warrell Creek and Nambucca River have the potential to be impacted by in-stream

structures which directly and indirectly impact on water quality. Direct water quality impacts are
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associated with excavation works in or near drainage lines and from construction of the bridge over the
waterway. Indirect water quality impacts result from water contamination due to sedimentation, erosion,
changes to quality of road runoff during construction and operation and potential pollutants from vehicles.
If these potential impacts are not appropriately managed they have the potential to result in the
eutrophication of receiving waters and production of contaminated runoff.

Section 2 of the Proposal does not cross any waterways but runs adjacent to two SEPP14 wetlands which
were both dry at the time of sampling. ASS mitigation measures would be implemented as part of the Acid
Sulphate Soil Management Plan to minimise the potential for impact from disturbance of high risk acid
sulphate soils around these wetland areas.

In Section 3 the Proposal could adversely affect Boggy Creek, Cow Creek, Deep Creek and a tributary of
Oyster Creek as all these waterways are crossed by the Proposal and these sites already display poor water
quality. It is important, therefore, that appropriate mitigation and control measures are implemented for
both construction and operational phases of the Proposal.

Section 4 of the study area is dominated by the Kalang River which the Proposal crosses several kilometres
upstream of the existing highway crossing. Both the upstream and downstream reaches of the Kalang
River would be impacted due to its tidal nature. Two SEPP14 wetlands could also be indirectly affected by
alteration of the water table, disturbance of ASS and changes to local hydrology. Appropriate mitigation
and control measures would be necessary to avoid impacts on water quality. Similar to Warrell Creek and
the Nambucca River in Section 1, the Kalang River also has the potential to be impacted by the
construction and operation of in-stream structures.

The construction of cuttings below the groundwater table has the potential to impact on the existing
groundwater regime, and locally draw the groundwater table down. As a consequence, there is the potential
for the drawdown to impact on springs, surface water systems, nearby structures and the potential for
negative impacts on groundwater dependent ecosystems and communities. There is the potential for long
term impacts on groundwater, creeks and waterways during operation of the Proposal where cuttings have
intersected the watertable.

In addition to the cuttings, the disturbance and ground clearing associated with construction of access
roads, tracks and general vegetation clearing can alter groundwater recharge and introduce pollutants. The
compaction of soils and cutting and filling associated with construction reduce groundwater recharge. This
reduction in the depth of groundwater allows surface contaminants a shorter pathway to the water table
making the groundwater table more vulnerable to pollution. Accidental spills, particularly in locations of
highly permeable strata have the potential to contaminate groundwater.

SINCLAIR KNIGHT MERZ

PAGE 72



Working paper 5 -Water Quality Impact Assessment

9. References

ANZECC/ARMCANZ (2000) Australian and New Zealand Guidelines for Fresh and Marine Water
Quality. Australian and New Zealand Environment and Conservation Council and Agriculture and
Resource Management Council of Australia and New Zealand.

ASSMAC (1998) Acid Sulfate Soil Manual. Acid Sulfate Soil Management Advisory Committee, NSW
Agriculture.

Land and Water Australia (2007) The Impact of Groundwater Use on Australia's Rivers: Exploring the
technical, management and policy challenges.

Nambucca Shire Council (2004) State of the Environment: A comprehensive report on State of the
Environment within the Nambucca Shire LGA.

NSW Department of Fisheries (1999) Policy and Guidelines for Bridges, Roads, Causeways and Similar
Structures

NSW Department of Land and Water Conservation (2002) The NSW State Groundwater Dependent
Ecosystems Policy.

NSW Department of Land and Water Conservation (1998) Stressed Rivers Assessment Report: NSW State
Summary. Department of Land and Water Conservation, Sydney.

NSW Environment Protection Authority (1999a) Water Quality and River Flow Interim Environmental
Objectives for the Nambucca River Catchment; Guidelines for River, Groundwater and Water
Management Committees.

NSW Environment Protection Authority (1999b) Water Quality and River Flow Interim Environmental
Obijectives for the Bellinger River and Coffs Harbour Catchment; Guidelines for River, Groundwater and
Water Management Committees.

RTA, Road Design Guide, Section 8 “Erosion and Sedimentation, 2000

Soils and Construction, Managing Urban Stormwater, Landcom Volume 1, 2004Soils and Construction,
Managing Urban Stormwater, DECC, Volumes 2C and 2D, 2008

SINCLAIR KNIGHT MERZ

PAGE 73



v, 39vd

Z43N LHOINY HIVIONIS
6'8S ¥'s v'e v'0z 0g'L LOSL G6'9 uespy
809 LS Ge 10z Ll 6LLL 689 €
z'ss zs 9'¢ 102 60'L 1601 ) z
809 A L'e €02 69'L €691 8.'9 L 10-60-GZ ez
z'09 'S L'y gl 82°0 82 619 ues|y
629 6'S Sy 0’8l 120 €l 299 €
6'9S 6'S 9v Vil 82°0 €8z 99'S z
8'Gs €' 0's g9l 0£0 962 629 L 10-60-5Z al
1’66 'S z9 0Ll 82°0 6.2 99'9 ueapy
9’6 £s '8 96l 120 59z §9'9 g
£0S A4 9'G Lol 120 vl G9'9 z
Vil Sl 9v €61 0£0 862 89'9 L 10-60-5Z el
L'¥9 z9 9'¢ z6l vr0 zry ) ueapy
8'v9 9'9 1'e g'8l zro 8Ly 82'9 r4
v'€9 'S ge S'6l 1¥0 SOy 199 L 10-60-52 M
€1l viL 0'G z6l 0£0 00€ 92’9 uespy
919 €9 vl Vil 0£°0 162 90'9 >
z'88 gL 0¥ 002 1£°0 ole 159 z
0'z8 9 9'¢ z0z 62°0 £62 ) L 10-60-52 £M
(874 e €02 g8l €0 19¢ ¥8'S uespy
9 650 1’8 £/l Lv'0 L0¥ 8'g €
182 00'¢ Szy 002 1£0 19¢ £6'S z
L'Ge v9'e g0l z'sl £€°0 8z¢ 8'g L 10-60-52 M
12 1SS 02T A} £€°0 lee GL'S uespy
11§ v'S 0£'C L9l 1€0 ole 89'S €
9'Ys 67'S 0z'C 6'91 ze0 Gle G8's z
1’66 G9'S 0Lz 621 1£0 19¢ €L'G L 10-60-52 LM
(uoneinyes (7/6w) (wo/sw) (woysr) JBqUINN
%) UsBAXO usbAxo (NLN) (Do) | Ananonpuod | Auaponpuod areol|day areq als
paAjossid paAajossiq Apiging aineladwa] |eoaoe|3 [eo1no9|g Hd :

(1oyream A1Q) 2002 loqweldas Gz — 7 UO Pa1dNPUOD UOISLI20 Buljdwes 1s11) 8yl 10) S1Nsay Alend Jalep\ T-6 9|jgqel =

sjinsay Alend J191ep\ v Xipuaddy

BWISSassy 1oedw| Aupend Ja1ep-— G Jaded Buiopm



G/ 39vd

Z43N LHOINY HIVIONIS
0ze 18C oSl L2l 9z'0 862 G9'9 Zz
zse 65°C Sl 9/l 120 S92 899 L 10-60-¥¢ e/
9'/8 0.2 9'G v'ze 69'8 1698 999 ues|y
0’68 Sv'L S 8'2e 6001 06001 689 €
688 62, 6L 9'¢e 00’8 0008 899 4
888 9€'8 (54 6'LC 00’8 0008 999 l 10-60-¥C q9
€18 16’9 GL 6'¢c 0L'L 00LL v0'L uesiy
9'98 GL'L 7’6 L'€Z v0'8 0%08 €29 €
08 G629 ol 8'¢¢c 79 [012°14 YL 4
€6.L c6'9 L'e 8'¢c 29’8 0298 ev'L l 10-60-¥C =]
§S9820e OU — vw_QEmw ION qg
z'e8 GL'L €0 7’6l 120 vig 0.9 ues|y
v'88 08 60 €6l 120 e 09°9 €
1'G8 6L 00 6l 12’0 1474 129 4
z'z8 A 00 L6l [4Al) 214 8.9 I 10-60-¥C eg
v'le v0'€ €l g9l 6€°0 98¢ 129 ues|y
8'8¢g Lg z'l 86l 6€°0 £6¢ 95°9 €
€0c 0¢c <l 79l €0 69¢ 009 4
0'se cr'e 9L L9l 6€0 S6¢€ 809 l 10-60-S¢ qy
€68 1’8 L'l 861 1'S€ 004G€ €V'L uesiy
9'88 6L v'Z 002 0'se 000S€ 10'8 >
0'/8 08 90 00z z'9e 00Z9¢ 8L°L r4
2’26 2’8 L'C 7’6l 6'GE 006S€ 0L l 10-60-S¢ qe
v'.8 1’8 6l 68l 8've £e8Ye €L'8 uesiy
€98 08 L'l 1’6l z'se 00Z5€ 818 €
G'/8 62 9l 0’6l 0'¥E 000%€ z1'8 r4
'88 G'8 Ve g8l £'Ge 00€se oL'8 l 10-60-S¢ eg
G'/.9 9'G 8'¢C 6'¢c 661 1861 ¥6'9 uesiy
29 0's zl 12T 5L'T 0512 €19 €
109 v'9 1l 0'€Z 68°L 988l v0'L z
a 9'g z9 '€z £6'L 9261 S0'2 L 10-60-5Z az
(uoneinyes (7/6w) (wo/sw) (woysn) JoquInN
%) UsBAXO usbAxo (NLN) (9o) | Auanonpuod | Auanonpuod areol|day areq ouS
paAjossIq paajossia Aupiging aJnjesadwa] [ea109|3 [ea109|3 Hd :

BWISSassy 1oedw| Aupend Ja1ep-— G Jaded Buiopm




9/ 39vd

ZY3IN THOINY HIVIONIS
'Z8 ve'L <L 861 yANA 1911 60°L uesiy
'8 8¢€'L <l 961 6L, 06.L 6lL°L €
8'9/ ve'L zl 661 2L 0zzL 60°L z
1’68 669 zl 00z 679 0679 66'9 L 10-60-+Z ol
2’88 ve'L 8’1l 9'0C 1'8¢ 0048¢ cl’L uesiy
z’e8 05°L c'c 1°0C 98¢ 0098¢ VAV €
€68 0g’L 9l g0 1’62 00462 99°L 4
z'96 08’2 ol 10z 82 00842 vl L 10-60-+Z a6
1'e8 Sv'L o€ vz £'82 00£82 8./ uespy
z'z8 €e'L 9¢C €1e 1'8¢ 0048¢ 18°L €
7’18 9L LT €1e €8¢ 00€8¢C 18°L 4
1’68 WL 8¢ gLz 6'/2 00642 19°2 L 10-60-+Z e6
86 or'y G'sl €8l vZ'0 8¢z v€'9 ues|y
vy 09'¢ 8¢l g8l €20 yX44 699 €
€L 0.9 [°]% 6l 2’0 JAY4 6€9 4
[ 00'¢ 991 c'LL G20 (214 09 I 10-60-¥C qL
182 81T gerl G/l 9z'0 662 96'G ues|y
0'6¢C 18¢C €9¢l 6'Ll Y20 eve 1204 €
(uoneinyes (7/6w) (wo/sw) (woys) JoquInN
%) UsBAXO uabAxo (NLN) (Do) | Ananonpuod | Auaponpuod areolday areq ouS
paAjossIq paajossia Aupiging aJnjesadwa] [eoa109|3 [eal109|3 Hd :

RemyBiH ou19ed ay1 Buipeibdn/ebunin 01 %8219 ||210ep




1/39vd

Z43W LHOINY ¥IVIINIS
19 1’19 zs vyl 082z 98'¥ 00.¥ e} uespy
09¢ 7’19 zs Lel L1ee G8'¥ 00.¥ 1672 €
19 1’19 zs L€l Lee 68'¥ 00.¥ 8G°. z
19¢C 609 (] g9l Liee *1°h 4 6691 LG I 10-01-€¢C qc
a8y 699 G'q 9'LZ G9'eeC a8y 089t 69°L uesiy
€8y 6’69 v's 1'ez €1'€2 €8y L19¥ 9G', €
v8'y §'99 9'g v've 65°€Z v8'y 689 19°2 z
187 8'G9 G's €11 v9'€C 187 £89% 652 L 10-01-€Z ez
€10 8yl gl 6'LY 8191 920 162 AV uesiy
€10 9l 8l 6'SC 9¢'91 G20 G662 LeL €
€10 Lel €l £'€s 86'GL 92'0 862 'L z
€10 'Sl gl S'v9 0z'9l TA) 162 05°L L 10-01-€Z al
cLo 6L 80 8'LG €991 G20 G6¢C ve'L uesiy
€10 €9 L0 gey 6€91 G20 8¢ (A2 €
zLo ey 90 sy 8191 520 00€ 19°2 z
AN 611 z 5’89 zL9l 520 00€ 002 L 10-01-€Z el
0L0 0'¥S 0's G'8¢ L6l 020 8G¢ 60°L uesiy
0L0 L'vS [0°] 14" 1061 020 1S¢ €0'L €
010 905 L'y gl 6061 020 152 20'L z
010 18 €6 9'Gl 91’6l 0Z°0 092 £T'L L 10-01-€Z vM
A z'6¢e vz S'6v 88°0Z 670 10§ 521 uesy
2’0 44" Sl 0ve 20°0¢c 8¥'0 €18 0c’L 4
€20 L'¥9 A 679 [ 4 6¥'0 146174 6C'L I 10-01-¢¢ EM
82°0 oy v'e 1'ig Gz 82°0 Gle 812 ueaiy
0€0 'Ly v'e 28l 0Z've 0€0 L€€ Sl 4
Tl G'6€ v'e [Vl 74 62'€C G20 662 0c’L I 10-01-¢¢ M
S0 g'ey (004 108 19°0C 0€0 oge 'L uesiy
vL0 gey 6'¢ 8'Ge z8°0z 62°0 8z¢ 171 €
510 ger 2 8.y 65°0Z 0£°0 8z¢ €1 z
SL°0 8'eY (V874 G'89 19°0C 0€0 gee V., I 10-01-¢¢ LM
(uoneinyes (7/6w) (wo/sw) (woys) JoquINN
(1dd) | %) uabAxo usbAxo (NLN) (Do) | Ananonpuod | Auanonpuod areolday areq@ NS
Aluies paajossia paajossiq Aupiging ainyesadwa | [ea1199|3 [ea11109|3 Hd :

(4eyream A1Q) 2002 12q0120 #Z — ZZ U0 pPalonpuod uoisedsdo Huldwes puodsas ayl 10) S1insay Aljend Ialep\ z-6 o|qel =

BWISSassy 1oedw| Aupend Ja1ep-— G Jaded Buiopm




8/ 39vd

Zd3N LHOINX dIVTIONIS
L0 1'G G0 6€0L 8L°0¢ €20 €92 80°L €
L0 €6 80 e 15'6L €20 692 8e'L z
430 6'G 8'0 S'ovl 90'61 20 (¥X4 8L 3 10-0l-€C e/
09'le 08 6'S L€l g8've G8've 0008 9.'2 Uesiy
sg'le 108 09 €zl z6'1C 62'vE 0008 9LL €
vS'Le 8'6. 6'G eel v8've LEVE 0008 9L z
oLle 108 6'G ¥'Gl 8Lve 88'GE 0008 9Ll } 10-01-22 g9
€vol 8'¢8 9 9Ll €l'ge €8'9¢ 0008 Sl'. Uuesiy
¢s9l 9'v8 €9 8'Gl 10°G¢C ¥6'9¢ 0008 SlL'L €
vE'9l 1€8 19 66 0l'se L9 0008 9LL z
€9l 8'¢8 €9 06 Lz'se €8'9C 0008 GLL } 10-01-22 e9
'8 109 L'y 9'/¢ 18'G¢e yevl 0008 o€’ uesiy
9e0L 8'l9 8V 0'ee 68'GC SL'LL 0008 10°L €
€6'9 v'19 8y 9'62 €8'GC yrad! 0008 L z
Al 685 Sv €0z 06'G¢ 69°ClL 0008 4V } 10-01-€2 ag
0L0 V'lLS *R 4 6L Ggg'ce 0c0 144 [« uesiy
L0 961 vy a4 1812 220 [4°14 v €
600 a4 L€ €92 50°Ce 610 144 SL'L z
010 G529 €g LEL vL€C 810 L€2 1871 } 10-01-€2 eg
¥Z'0 v'e S0 201 Sv'LL €0 98¥ LL uesy
L€0 9'¢ 90 6'G8 6v'LL 1G°0 119 8l'L €
0c0 8¢ €0 6'90L 60°LL 0’0 194 ¥0'L 4
020 L€ S0 eell 9L L) 6€0 A4 oL'L } L0-0L-%2 ay
rr've S8 09 122 0z'se 9v'8e 0008 GL'8 uesy
Sv've 9'68 1’9 8/l €l'ge 9'8¢ 0008 gl'8 €
yrve €8 6'S 1'0C 61'GC L¥'8¢€ 0008 sl'8 4
crve 1€8 6'G zoe 62'S¢C G¥'8¢ 0008 718 } 10-01-22 qe
veve 6'G8 z9 0'.€ 5062 1£'8¢ 0008 71’8 ues|y
ceve 6'G8 9 8'0¢ ¢0'Ge g8 0008 vl'8 €
Leve 8'G8 9 8'G¢c 90'G¢ 0€'8¢ 0008 vl'8 4
6EvC 198 9 SvS 90'6¢C L¥'8¢ 0008 €l'8 3 10-01-¢¢ e¢
(uoneinyes (7/6w) (wo/sw) (woys)
(1dd) | %) usbAxo uabAxo (N1N) (Do) | Ananonpuod | Auaionpuod ayedl|dey areq gcmm__m
Aiuljes panjossig paAjossia Aupiginy | einresadwa) [eolnoa|3 [eo1199|3 Hd :

RemyBiH ou19ed ay1 Buipeibdn/ebunin 01 %8219 ||210ep




6/ 39vd

Z43W LHOINY ¥IVIINIS
8Y'vz 1°9L 96 V2L €8'cz v9'8¢ 0008 8.4 uespy
vrve €6, s 1’0z 6'€C vg'8e 0008 Gl'L >
1Sv2 L1l 1'S vl 98'cZ z9'8e 0008 611 z 88¢
er've 021 96 L9l v1'€Z g 0008 08’2 L 10-01-22 dd3s
810 8/l 'L 1'0e 0002 I£0 6L 8.'9 uespy
810 v'se £ 8'Gl 99°0Z 1£0 oLy v1'9 >
610 0L's 90 AV 1681 8¢€°0 zzy 06'9 z Lge
810 £ ze €1y zroz 1£0 0z 69'9 L 10-01-+2 dd3as
618 9./ ) 861 L0°€Z 8Lyl 0008 69°L uespy
618 §lL v'9 Lol 50'€Z 0zl 0008 0.2 >
12’8 L'l €9 g'ee Gl'ez L1zl 0008 89'L z
118 941/ v'9 96l 10'€Z pLyl 0008 89°/ L 10-01-22 0l
09'2Z v'6L S'g g1z 97'sz £6'GE 0008 181 uespy
v5'2Z £'8L 8's Vil €6'%Z 08'se 0008 06'2 €
0L22 0L €5 G'6l 29'sz oL'9e 0008 98', z
1522 ovL v's 012 £7'sZ 06'GE 0008 98°L L 10-01-22 a6
0522 §'6L 9'g 861 L1EvZ LL'GE 0008 98°L uespy
v5'ez 9. L'S L'z 0£'¥Z 8/'6e 0008 182 €
£5'2C £6L 9'G 9Lz 1872 gl'6e 0008 98', z
ev'ee 1’62 9'G 0’6l 122 19'GE 0008 98°L L 10-01-22 e6
Lo 4 8T 8'1L g1z €20 85z 66'9 uespy
Lo STy 9'¢ 6'GS ev'ee 220 152 96'9 €
Lo v've oe §'0S 0£'2Z 220 85z 06'9 z
AN 002 61 601 0z'6l A 092 (] L 10-01-€Z as
Lo 8'9 10 5’68 08'6L £2°0 89z A uespy
(uoneinyes (7/6w) (wo/sw) (woysn) JoquInN
(1dd) | %) uabAxo usbAxo (NLN) (9o) | Auanonpuod | Auanonpuod areol|dey areq@ NS
Auuies paAjossig paajossiq Aupiging aJnjesadwa] [es111993 [es11199|3 Hd :

BWISSassy 1oedw| Aupend Ja1ep-— G Jaded Buiopm




08 39vd

Z43W LHOINY ¥IVIONIS
19¢C L9y 8¢ 691 66'vC 18V SlLiY Sv'L €
£9'C v'6e ze L'yl 6672 06’7 veLy 8¢'L z
09'C 99y 8'c z'sl 562 £8'y z89¥ ee'L L 10-01-0€ az
A% 904 Gg's V'Ll ¥0°LC 96°'G €9.G LG uesiy
cce G'69 'S 1'0C G0'LC €6'G 02.LS LG €
A 102 §'s 6l 10'22 S6'S 69/ 152 z
12°¢ cclL 9'q v/l 10°L¢ 109 €089 1G°L L 1,0-01-0¢ ec
uesiy
€
4
b 10-01-0€ al
uesy
€
4
b 10-01-0€ el
¥Z0 (VR 74 S0 7'ee G.'0C L¥'0 Ges [ XAVA uesiy
€20 Q'Y G0 6'¢c G8°0¢C L¥'0 ¥Zs 8L, 4
20 Ve 0 8¢ ¥9°0C L¥0 928 Vel I 20-01-0€ M
Lo 0’0y 9'¢ 8'8l 00'2Z 220 192 AW ueapy
Lo YAVAS v'e €0¢ 80°¢c f4A] 29¢ ML €
Lo £'6¢ ge 0’8l 102z 220 652 €0'2 z
Lo 6'¢y 6°¢ z'8l 16°LC cc0 €9¢ (YA I 20-01-0€ EM
710 VA 74 4 8'¢Cl Glee 820 0ce YA A uesiy
vL0 0’8l L'l L'yl g1'ze 62°0 1z vl €
710 S'8¢ *x4 8Ll 14X44 eTAl] 8lLE Sy'L 4
710 YAVXA G'c v'cl 6lL'¢c 620 Lce 6v'L I 20-01-0€ M
0L0 6°¢cl el 8¢l c0’le 920 €lLe 0g’L uesiy
010 6'€l €l £yl 00'LZ 92'0 zie Sz'L €
0L0 (4% vl gel ol'Le 920 Le [STAVA 4
0L'0 8¢l " gcl 00'le 920 SlLe or'L I 20-01-0€ LM
(uoneinyes (7/6w) (wo/sw) (woys) JoquINN
(1dd) | %) uabAxo usbAxo (NLN) (Do) | Ananonpuod | Auanonpuod areolday areq@ NS
Aluies paajossia paajossiqg Aupiging ainyesadwa | [ea1199|3 [ea11109|3 Hd :

(Jayream 19/\\) 200Z 12g0100 OE UO paldnpuod uoiseddo Buidwes piiyl ayl 1oy synsay Alfend Jarepn €-6 ajqel =

RemyBiH ou19ed ay1 Buipeibdn/ebunin 01 %8219 ||210ep




18 39vd

Z43N LHOINM dIVIONIS
600 a1 [ 9'Ge 602 610 (R4 9l'L z
600 1oL 60 98y 9,02 610 el vz'L I 10-01-0€ el
10'8¢ L'¥9 *h 4 991 10'8¢ yo'ey 0008 96°. uesiy
06'LC 9'09 *h 4 g9l 06°L¢C 9g'ey 0008 06'L €
€2'8¢C 979 144 88l €2'8¢ 18°€Y 0008 16°L z
1082 129 Sy 9yl 1082 8i'el 0008 108 } 10-01-0€ a9
LLey 619 Ty L8l v'le LLey 0008 88, uesy
12°K44 9'l9 44 €/l 'le 12°K44 0008 c6'L €
88'LY L'v9 vy 622 1§22 88'L¥ 0008 06'L 4
0L'eY G'6S (4 8'GlL Sv'le 0LeY 0008 €8'L } 10-01-0€ e9
Sv'lT €85 6¢ 00€ 71'6¢C 88'Ch 0008 09'L uesy
€9'L¢ ¥'0G [ 6'8C 98'8¢ scey 0008 16°2 €
9G'/¢ 8'l9 *h 4 1’62 L/'6C 96°Cy 0008 09'L 4
Slle 929 14 €le G8'8¢C vy 0008 0LL } 10-01-0€ ag
e 9'9v 6¢ L0€ [eisR 74 10§ GELY ve'L uesy
S0'S Gg'ge 1'e 9'€C S0've ¢6'0L 0008 c0'L €
10°) G'cs vy (14 86'v¢C L0'C 8661 6Yv'L 4
oe’l 8'lLg (94 eey [Aeper4 €c’e 60¥C 192 3 10-0L-0¢€ eg
09'L 69 L0 (OR24 €02 8L¢ 8,62 0z'L uesjy
95l Ly ¥'0 vz 1002 182 ze8e 80°L €
€6°0 18 10 €89 GG'0¢C 8Ll 0841 ve'L 4
0g'e 6L 60 ey S¥'02 62'v €zey 62'L } 10-04-0€ ay
9l'se 229 9Y g€l 86°€C 05'6€ 0008 108 uesjy
€l'se z€9 9Y [ 66°€C Zr'6e 0008 10'8 €
9l'Ge 6'C9 9V €el 16'€C €9'6¢€ 0008 10’8 4
61°GC 9'09 9v a4 16'€C y5'6¢€ 0008 00’8 3 10-0L-0€ qe
1A%°T4 ¥'29 9Y 9yl 16'€C 1G'6€ 0008 ¥6°L uesjy
8062 G29 9Y [ G6°€C L¥'6€ 0008 86°L €
€l'se 929 9Y 6€l 68°€C 9v'6¢ 0008 96°L z
(4414 129 *h4 691 88'¢C G9'6¢€ 0008 88'. 3 10-0L-0€ e¢
192 (OR24 9¢ v'Gl 86'17C 18 oLy 6e'L ueajy
(uoneinyes (7/6w) (wo/sw) (woysn)
(1dd) | %) usbAxo uabAxo (N1N) (Do) | Ananonpuod | Auaionpuod ayeol|dey areq sgcmm__m
Aiuljes panjossig panjossig Aupiging | einresadwa) [eo1noa|3 [eol199|3 Hd :

BWISSassy 1oedw| Aupend Ja1ep-— G Jaded Buiopm




¢839vd

Zd3N LHOINX dIVTIONIS
98'GZ 661 L€ 102 olL'ee vE0F 0008 ¥9'L uesy
Loz €S 6¢ 16l rl'ee 89°0F 0008 0LL €
Ge'9¢ (A L'e (4 ge'ee TN 4 0008 0L'L 4 88¢€
cl'se 9 e 66l 08'¢c 60°6€ 0008 192 3 10-01L-0€ dd3s
910 Ty ol L€ 29'ee 2e0 €ge 9z'L uesjy
610 285 8y €0z zLee L0 8ve 0L €
910 6'9¢ 1'e G'8G sv'Le [A0] GGe 0c'. 4 1G€
910 99 0's €ve 0L'¢c [A0] 1G€ 0S'. 3 10-01L-0€ dd3s
78l veL GG gzh €5°6¢e (874 0008 16°L uesjy
9€'Gl SvL 96 9Ll 65'G¢ AT 0008 16°L €
09'vL LeL g’ [ 05'Ge L0'vC 0008 06'L 4
VAh4% L'cL g's 6¢Cl 61'GC y6'€C 0008 98'. 3 10-0L-0€ ol
eLve 865 ol e 8¢°Ge €8'8¢ 0008 G8'L uesjy
6LvC 665 (01584 0ce 8¢'Ge 86'8¢ 0008 G8'L €
08'v¢ 109 0y 8Lz 9e'ge 86'8¢ 0008 G8'L z
VAh 74 ¥'6G oe'y 1474 6€'GC €G6'8¢ 0008 Gg8'.L 3 10-0L-0€ 96
(3R 74 [ 44 9'Le ge'se 1G°8¢€ 0008 v,/ Uuesiy
eLve €65 v 9z €e'ge 18'8¢ 0008 08'L €
A7 885 Ty §ze Ge'6T €5'8¢ 0008 9L z
ov've 9'6G 194 9'0C 9€'G¢e 8€'8¢ 0008 99°/ 3 10-0L-0€ e6
600 L'l 0¢c 2'€9 GG0¢C 6L°0 9ee 0e’. Uuesiy
600 L've €T T'ss 69°0¢C 610 1474 \z'L €
600 G6l 8L 1G9 70T 610 9ee 6L z
600 oz 6L 769 2502 610 8€T WL I 10-01-0€ qs
600 Sl [ 9'9¢ 6.°0C 610 [4¢4 6l°. uesiy
600 o€l z YR+14 2802 610 (R4 LVL €
(uoneinyes (7/6w) (wo/sw) (woys)
(1dd) | %) usbAxo uabAxo (N1N) (Do) | Ananonpuod | Auaionpuod ayedl|dey areq sgc%_m
Aiuljes panjossig paAjossia Aupiginy | einresadwa) [eolnoa|3 [eo1199|3 Hd :

RemyBiH ou19ed ay1 Buipeibdn/ebunin 01 %8219 ||210ep




€8 39vd

Z43N LHOINM dIVIONIS
or'e 8Ly 0S'v 62l €6°0C Gz'9 0109 ¥S'L €
ye'e €y oLy &4’ €2°0¢C 91’9 1689 9G6'L 4
ge'e 6'6% oS’y Lel 28°0¢C 9l'9 €065 €6'. 3 10-L1-6 qc
06'S ¥'ge oLe a4 §lze 98, 865/ ¥9'L ues|y
08'v 962 092 06l vS'€e 80'6 8006 ¥S'L €
60 ¥'9¢ oce 6'¢€l 6S°l¢C 0s°2 voLL €9'L 4
28’8 €y 0s'e €yl e€e’le 669 1899 v,/ 3 10-L1-6 ec
010 (VR2% €Ty 6'62 76'91L 020 6€2 08'L ues|y
010 9y ey 00€ z6'9L .10 9ez 69°L €
010 9Ty oLy 6'1€ v6'9L 120 (044 SLL z
0L0 8 vy ey 8'/C 9691 lco ove 16'L 3 10-L1-6 ql
0,0 444 0% 9z G694 020 8¢ee ¥8'L ueajy
010 0'.€ 09°¢ g€z 1891 810 (044 YL €
010 g€ 09'¢ g€z 06'9L 120 (044 8LL z
600 1¢s 00'G €le 80°LL lco gee 66°.L 3 10-L1-6 el
110 §'9¢ 0S¢ A4 8lL'8l Ge0 80% 192 Uuesiy
.10 YR+14 ov'e 902 818l Ge0 90¥ 6v'L z
.10 zle 092 8Lz 818l Ge0 oLy €Ll } 1071176 M
0L0 [WA4 oS’y 9l €8°LL (4] 0S¢ 6G°. uesiy
0,0 0Ly 0s'v LLL 08'LL 120 0S¢ ov'L €
0,0 L9y 0s'v 8'GlL 8LLL 120 0S¢ ¥S'L 4
010 0'8¥ 0S'v €9l 16°LL 120 617C €8°L } 107116 €M
€10 ¥'Sl ') 002 GL'6l 120 zee 99'L uesy
10 v/l 0L’} 181 ¥9'81 120 yee ev'L €
€10 0Gh ov'h 1’92 vZ'6L 120 €le 9L 4
€10 6€l og'l zsl 15'6) 120 8le 26°L } 107116 M
710 189 190 €Ll 1281 820 €ze 2S'L uesy
10 08’9 090 8/l 9’8l 820 €¢e Sv'L €
10 or'9 090 8/l 8’8l 820 €ce 6L 4
710 ov'L 080 €9l 82’8l 820 €ee 19°L } 107116 LM
(uoneinyes (7/6w) (wo/sw) (woys)
(1dd) | %) uabAxo uabAxo (N1N) (Do) | Ananonpuod | Auanonpuod areol|dey areq gcmm__m
Auies panjossig panjossia Aupiging | ainyesadwa) [ea11109|3 [eo1199|3 Hd :

(Jayream 19\\) 2002 J9GWIBAON 6 — 8 UO Palonpuod uoisedsoo Buljdwes y1unoj ayl 10} synsay Alend 191ep\ v-6 a|qel =

BWISSassy 1oedw| Aupend Ja1ep-— G Jaded Buiopm




¥8 39vd

Zd3N LHOINX dIVTIONIS
010 L€e ov'e 182 91’8l 120 zse eLL z
40 68l 08’} Y 14 818l ¥2'0 112 €Ll } 107116 el
8.9 €9/ €L'9 Lee 6561 68°L1L 188L1 6.°L uesiy
88'9 192 0.9 y've 09’6l 90°7¢CL 09021 g8'L €
109 6'9L 089 L6l 1S'6L v8LL o8l 18°L z
69'9 6'6L 0,9 L'ze 096} 9LLL 09/L1 0LL } 107116 a9
€e’L 8¢l £v'9 88l 88'61 [Yird? €6/21 88, uesy
r g'el or'9 v/l €8'6l [4° K4} 0c9ct 98'L €
8z'L evL 059 902 €6'61 19C) 0,92} 181 4
Si'L 9€L 0’9 78l 6861 16C) 0621 6L } 107116 e9
856 G61 €e'y 66l 8E'6L LE'9l €Le9l 05, uesy
GL'6 0’6y or'y 1’61 Sv'6l 1991 04991 1G'L €
g oL v'8y ozy L6l 91’6l LWLl obvLL 6Y'L 4
61’8 AL ov'y 602 v2'61 98yl 09871 YL } 107116 ag
[AN0) 19 18'G Tl vS'8L 0Z°0 192 12’8 uesy
0L0 1'€9 009 Gg'gl ¢s'8l 020 ¥9¢ 96'L €
0L0 1’19 08'G 191 €6'81 020 09¢ vi'8 4
[430] 0'L9 08'G g6l 16981 0C0 09¢ €6'8 3 10-L1-6 eg
610 gee €e'e 90¢ v0'LL 0t'0 (01474 vLL uesjy
220 0°Ge ov'e €82 20°LL 24 Lov 'L €
020 (% 0g'e €8¢ y0'LL 9€'0 gey [4°A 4
SL°0 v'le ol'e €6e S0°LL 0’0 (%44 era 3 10-L1-6 av
€0°L2 SvL 156G vl ve'ze Ley oLiey 128 uesjy
50°.2 8vL 09'S 8yl ge'ce zLey oziey 8z'8 €
y0'LC (<7 09'G 9Vl VAN AA 1444 oviecy 8C'8 4
00'L¢ L'€L 0S8'G gel 6C'cc L0°¢y 0L02¥y gz’ 3 10-11-8 qe
T €6.L 19°G LGl v’z 8T’y YVx4%4 €18 uesjy
1£°9C 9'6L 0L'S 6€l 81'ze LIy oLely 12’8 €
9T 6'GL 0L'S zGl vv'ze 8Z LY 082l 18 z
9'9¢ Sv. 09'G €9l ov'ce ye'Ly oveLy 00’8 3 10-11-8 e¢
9e’e €9 JASH 4 8¢l €8°0C 619 GE6S 8’ Uuesiy
(uoneinyes (7/6w) (wo/sw) (woys)
(1dd) | %) usbAxo uabAxo (N1N) (Do) | Ananonpuod | Auaionpuod ayedl|dey areq sgc%_m
Aiuljes panjossig paAjossia Aupiginy | einresadwa) [eolnoa|3 [eo1199|3 Hd :

RemyBiH ou19ed ay1 Buipeibdn/ebunin 01 %8219 ||210ep




G8 39vd

Z43N LHOINM dIVIONIS
6v'LC €2L £V'S Lyl [elel ¥4 6L2v €6.2¥ 62'8 uesy
1§22 199 oL's 96l 85'le [elsirad 0582y 44} €
X4 47 0€'s L€l Sv'Le [S&44 06vey 8C'8 4 88¢€
89'/¢C 8'8. 06'S 8Vl €9'le yo'ey oroey 1€'8 3 10-11-8 dd3s
G20 862 e 06l €6'9L LS50 LvS 1L uesjy
9z'0 (VR 74 0€'e 06l G8'9L 250 elele] 8L €
92’0 (A4 ov'e 9¢h 88'91 ¢s0 €99 89'/ 4 1G€
¥2'0 z8e 0Le vl L0°L) 810 €25 61’8 } 10-11-6 dd3s
A €€9 €V'S (k4 €9'lC 19'6 €196 8L uesjy
€9'G ¥'€9 0S'S G0€ 09l 500l 05001 TS'L €
€e'g 8'¢9 0S8'G 6'¢C S9'le 05’6 0056 8Y'L 4
L€'G 929 0€'s 8'/C €9'le LV'6 0.¥6 ey’ 3 10-L1-6 ol
98°0¢ 1'€9 €6'v zel 00'2¢ geee €9€€e 18°L uesjy
96°0C G29 08’y [ L0'ee Gr'ee 0S¥€€ ¥6'L €
zr'oe G99 0z's [ v6°LC z8'ze 0z8ze 06'L z
6l°1¢C 029 08’y gel y0'ce 28'ee 0c8ee 111 3 10-L1-6 96
¥.'0C 8'v9 e€lL'g 9Vl v.'\e y0'€e or0ee 66°.L Uuesiy
8L°0¢ 069 oL's gel eLe 60°€e 060€€ 008 €
1902 ¥'99 0€'S 06l 68'1C L0°€€ 0.0€€ 66°L z
8.°0¢C 1'€9 00'S ¥'sl 09'le 96'C¢ 0962¢€ 66°L 3 10-L1-6 e6
800 061 18V €12 A%:1% .10 %4 9z'L ueajy
800 LS 00'v 1’9z 1€°81 .10 Le L €
800 Ty 0S'v 6'62 G6'LL .10 €1z ZL z
800 0'8r 09y 8'62 508l .10 9l 62'L } 107116 qs
Lo 0'sc 0s'C 8'/C oL'8lL [4A0] 96¢ ce’L uesiy
0L0 ¥'ce oe'e 6'8C 16°LL (FA] 8€¢C 60°L €
(uoneinyes (7/6w) (wo/sw) (woysn)
(1dd) | %) usbAxo uabAxo (N1N) (Do) | Ananonpuod | Auaionpuod ayeol|dey areq sgcmm__m
Aiuljes panjossig panjossig Aupiging | einresadwa) [eo1noa|3 [eol199|3 Hd :

BWISSassy 1oedw| Aupend Ja1ep-— G Jaded Buiopm




98 39vd

Z43W LHOINY HIVIONIS
€20 1'6L 18 Ll L97L 10 8cy ¥9'S ueajy
€20 8'9. 8L €€l 'Sl 910 LEY 158G €
€20 viL 6L €0z v6'vL L0 GeY 29'S z
¥Z'0 1€8 L8 96l €9°€L 6%°0 A4 LS } 80-L0-71 arM
¥2'0 ¥'29 g9 ove adt 810 [era4 4% ueajy
20 009 €9 [Av4 0s’el 610 62y 609 €
€20 Ll 18 9z 'Sl 910 8Ly 91’9 z
¥Z'0 G6¥ 0'S zoe 89°€L 810 62¥ 0L'9 } 80-L0-71 eyM
10 Sv9 ¥'9 '8 €G'Gl €820 6€C 90'G uesiy
10 9'99 9'9 g9 189Gl 820 (374 98’y €
710 079 7’9 08 LL'GL 620 1€2 ¥0'S z
710 0€9 z9 L0l G8'Gl 820 (044 VA } 80-20-Gl agm
10 ¢l €L g9 431 620 0S¢ vv'9 uesiy
710 a7 L vy €L'GL 620 0S¢ 19 €
10 6'C. €/ S0l ferAle1% 620 6v¢ Se'9 4
710 zeL €/ 9Y L6'7L 620 [X<74 659 } 80-20-Gl eEM
800 TYe v'e L'z adk .10 8yl S9'v uesy
80°0 ¥'8¢ 8'¢ 0'¢ vyl 110 514 qG'y €
800 €ee v'e 44 iaadt .10 8yl S9'Y 4
800 60¢€ L' oL 9vl .10 8yl SLy } 80-20-9 azm
800 v'6r 0'S 9¢ 9L .10 8yl 08'v uesy
80°0 14 8V 'l 8G'vl 110 514 0Ly €
800 L8y 0's S/ 9G'vL 10 514 8LV 4
800 €1lg zs 8l Lyl .10 yidh €6’y } 80-20-9 eZM
(uoneinyes (7/6w) (wo/sw) (woys)
(1dd) | %) uabAxo uabAxo (N1N) (Do) | Ananonpuod | Auanonpuod areol|dey areq sgcmm__m
Auuijes panjossig panjossia Aupiging | ainyesadwa) [ea1109|3 [ea11109|3 Hd :

(1ayreapn A1@) 800z AInc Burinp usyeuspun buljdwes 10) s1nsay Alend) I1a1ep\ G-6 d|qel =

RemyBiH ou19ed ay1 Buipeibdn/ebunin 01 %8219 ||210ep






