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10 WATERSHED RESOURCES SUMMARY 

10.1 Introduction 
This section summarizes the predicted water-related effects of the Project on watershed 
resources that were addressed in the environmental impact assessment (EIA). Project and 
cumulative residual effects on groundwater, hydrology, surface water quality and aquatic 
resources are discussed. 

The Project will be located in the Beaverhill sub-basin of the North Saskatchewan River (NSR) 
watershed, which will serve as the main source of water for the Project and receive treated 
wastewater effluent and runoff from the Project. A large number of nearby industrial and 
municipal facilities also use the NSR for withdrawal and discharge purposes. 

The nearest major tributaries to the NSR are the Sturgeon River, 7 km upstream, and the 
Redwater River, 14 km downstream. Two unnamed intermittent tributaries of the NSR 
(Tributary 1 and Tributary 2) cross the principal development area (PDA). Both tributaries will be 
diverted around the PDA. Tributary 1 has previously been channelized. Neither tributary 
supports fish populations. 

Low permeability, poorly sorted and unstratified sediments (till) deposited by glaciers blanket 
much of the region. Beneath the glacial deposits, the bedrock surface has been carved by 
pre-glacial fluvial channels, which have left linear bedrock lows often associated with permeable 
granular deposits. The most notable pre-glacial drainage feature is the Beverly Channel, which 
is roughly coincident with the NSR alignment. The sands and gravels of the Beverly Channel 
are an important regional aquifer. The NSR is a discharge feature for groundwater in both the 
bedrock and the Beverly Channel aquifer.  

The survey indicated there are 93 active water wells and 11 water wells that are abandoned or 
no longer in use within 3.2 km of the PDA. Six of these wells are hydraulically downstream of 
the PDA. Groundwater is used for domestic, gardening and stock purposes. 

10.2 Assessment Focus 
Table 10-1 lists the key water-related environmental issues that were the focus of the EIA. 
These issues are based on the Terms of Reference (TOR) prepared by Alberta Environment 
(AENV 2006) through public input, and with the professional judgement of the authors.  
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Table 10-1: Assessment Focus for Watershed Resources 
Project 

Phase and 
Activity Key Issue Source Relevance to Project 

Groundwater 
Effects of dewatering 
on local groundwater 
levels, flow regimes, 
surface waterbody 
levels and vegetation 

Groundwater dewatering might be 
necessary in localized areas during 
construction (e.g., 14-56-22-W4M on the 
western half of 13-56-22-W4M) of 
foundations and ponds and installation of 
underground utilities. This activity might 
affect the local water table. 

Construction 

Effects of dewatering 
on local groundwater 
users 

AENV TOR, 
Section 4.10.2(h)  
and  
Section 4.10.2(i) 

Groundwater dewatering could also affect 
groundwater use by owners of local water 
wells. 

Effects of leaks, 
surface spills and pond 
seepage on shallow 
groundwater quality 

Shallow groundwater quality could be 
affected by accidental spills or leaks of 
liquids containing chemicals or 
hydrocarbons, or seepage from ponds, 
which could affect underlying bedrock 
aquifers and eventually the NSR. 

Operations 

Effects of leaks, 
surface spills and pond 
seepage on local 
groundwater users 

AENV TOR, 
Section 4.10.2(j) 

Any groundwater contamination could 
also affect the potability of the 
groundwater used by local water well 
owners. 

Hydrology 
Alteration of drainage 
routes of local 
tributaries 

AENV TOR 
Section 4.10(1b) 

Site development will require changes to 
the routes of intermittent Tributary 1 and 
Tributary 2, potentially affecting water 
levels and flow velocities in the streams. 

Changes in surface 
water flows and levels 
in tributaries from 
runoff 

AENV TOR 
Section 4.10.1(d)  

Site development could increase or 
decrease runoff rates from the land, 
potentially affecting downstream flow 
rates, water levels and stream bank 
stability. 

Construction 

Changes in velocities 
in the NSR from 
cofferdam construction 

Professional 
judgement 

Construction of a cofferdam to allow for 
construction of the water intake will 
temporarily increase flow velocities in the 
adjacent river channel. 
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Table 10-1: Assessment Focus for Watershed Resources (cont’d) 
Project 

Phase and 
Activity Key Issue Source Relevance to Project 

Hydrology (cont’d) 
Alteration of flow and 
levels in tributaries 
downstream of PDA 
caused by hydrologic 
isolation of PDA from 
catchment areas 

AENV TOR 
Section 4.10.1(b) 
and (d) 

Site development will involve 
hydrologically isolating the site from 
the local catchment, reducing 
downstream discharges and water 
levels. 

Operations 

Changes in downstream 
flow in the NSR resulting 
from NSR water 
withdrawal 

AENV TOR 
Section 4.10.1(c)  

Project water demands will require 
diversions from the NSR, reducing 
the discharge in the river.  

Surface Water Quality 
Increased sediment 
release  

AENV TOR, 
Section 4.10.1(l) 

Land clearing, road construction and 
plant construction could potentially 
increase sediment in runoff to local 
waterbodies 

Construction 

Changes in surface water 
quality from dewatering 

AENV TOR, 
Section 4.10.1(i) 
and (m) 

Construction could lower shallow 
groundwater tables and result in 
changes in water quality of local 
waterbodies 

Change in surface water 
quality from stormwater 
pond overflow 

AENV TOR, 
Section 4.10.1(l) 
and (m)(ii) 

Increased runoff that might occur 
during storm events and snowmelt, 
could cause stormwater pond 
overflow and affect water quality of 
local waterbodies 

Changes in water quality 
of the NSR from effluent 
discharge 

AENV TOR, 
Section 4.10.1(p) 
and (q) 

Treated process water discharge 
from the storage pond could result in 
degradation of water quality of the 
NSR  

Operations 

Acidification of local and 
regional lakes  

AENV TOR, 
Section 4.10.1(k) 
and (p) 

Increased levels of acidifying air 
emissions (e.g., nitrogen oxides and 
sulphur dioxide) from Upgrader 
stacks could result in acidification of 
regional lakes, rivers and wetlands. 
(Section 21: Emission Effects). 
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Table 10-1: Assessment Focus for Watershed Resources (cont’d) 
Project 

Phase and 
Activity Key Issue Source Relevance to Project 

Aquatic Resources 
Changes in 
aquatic habitat in 
local drainages  

AENV TOR, 
Section 4.11 

Project construction will require alteration of the 
channels in Tributaries 1 and 2. Channel 
alteration could affect fish habitat if it were 
present. 

Construction 

Changes in 
aquatic habitat 
caused by 
instream 
disturbance in 
NSR 

AENV TOR, 
Section 4.11; 
Professional 
judgement 

A new water intake structure on the NSR will be 
required. The location and design of the 
structure has not been finalized, but it is 
assumed that instream construction will be 
required. Instream construction will result in 
disturbance to the bed and banks of the NSR 
and could cause downstream sedimentation. 

NSR fish mortality 
caused by 
entrainment in 
water intake 

Professional 
judgement 

Water withdrawal from the NSR has the 
potential to affect fish either through 
impingement from intake screens or entrainment 
of fish in the water intake.  

Changes in 
tributary water 
level and flows 

AENV TOR, 
Section 4.11 

Alteration of the drainage patterns within the 
PDA could affect the timing and volume of flow 
in the tributaries and thereby could affect fish 
habitat, if present. 

Increase in water 
demands on NSR 
flows 

AENV TOR, 
Section 4.11 

The Project will require withdrawal of some 
water from the NSR. A reduction in flow has the 
potential to reduce aquatic habitat downstream 
of the water intake location.  

Operations 

Effluent effects on 
NSR fish and fish 
habitat 

AENV TOR, 
Section 4.11 

Project effluent will be released into the river 
and water quality in the mixing plume will be 
altered. 

10.3 Project Design and Mitigations to Reduce Effects 
Table 10-2 summarizes the design and operating mitigation strategies pertaining to 
groundwater, hydrology, surface water quality, and aquatic resource issues as proposed for the 
Project. 
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Table 10-2: Project Design and Mitigation Strategies – Watershed Resources 
Mitigation Type Mitigation Made 

Groundwater 
Dewatering is generally a temporary activity associated with the construction of 
the facility. 

Containment of 
dewatered 
groundwater Groundwater removed from the excavation to allow for construction (i.e., 

dewatered groundwater) will be directed to an onsite holding pond and tested. If 
the dewatered groundwater quality meets the surface water quality guidelines, 
the dewatered groundwater will be released to existing drainage. 
Engineered protection measures will be a fundamental part of the plant design 
and will be complemented by a groundwater monitoring network and rapid 
response in the event a release were to occur. 

Spill response plan 

Spill response procedures and other management procedures will be put in 
place. 
Diluted bitumen synthetic crude oil and diluent will be stored onsite in 
appropriate storage tanks. 
Secondary containment will be built around hydrocarbon storage tanks and other 
product and chemical storage tanks, and will meet Alberta Energy and Utilities 
Board (EUB) Directive 55: Storage Requirements for the Upstream Petroleum 
Industry (EUB 2001). 
A synthetic, impervious high-density polyethylene (HDPE) liner will be placed 
over the containment area and under the storage tanks. The liner will be 60 mil 
(0.060 inches or 1.52 mm) thick and will be keyed into the dike walls. 
A leak detection and collection system will be installed under each storage tank. 
A porous layer, consisting of sand or gravel, or a combination, will be placed 
over the HDPE liner and under the storage tanks to protect the liner and permit 
leaks to flow to a collection point in the diked area. A collection pipe system will 
be installed in the porous layer and will be easily accessible for visual inspection. 

Secondary 
containment around 
storage tanks 

Each month, the diked area, storage tanks and visible liners will be inspected for 
signs of leaks or spills.  
Spills, overfills and stormwater runoff will be contained, treated and disposed of 
in conformance with regulatory requirements. 
Product-transfer areas will be paved with concrete and graded, curbed or diked 
to contain spills or overfills that might occur during the transfer process. 
Coke water will be contained and treated. The coke storage and loading areas 
and sulphur-forming areas will direct runoff water to the south stormwater pond 
for containment. 
Spills in the plant will be contained through the Potentially Contaminated Storm 
System (PCSS) and routed to the treatment. 
Water collected in the diked tank areas will be considered potentially 
contaminated and will be tested before release. 

Wastewater 
Treatment, Recycling 
and Secondary 
Containment 

Drainage from diked tank areas will be controlled by a sump and valve located at 
the low point of the area. 
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Table 10-2: Project Design and Mitigation Strategies – Watershed Resources 
(cont’d) 

Mitigation Type Mitigation Made 
Clean water will be released to the clean stormwater sewer and contaminated 
water will be treated in the wastewater treatment unit. 
A slop system will be used to recover hydrocarbons from the variety of process 
functions and separate these hydrocarbons from water. Recovered 
hydrocarbons will be pumped to the front end of the facility and reprocessed in 
the coker unit, and the water will be transferred to the wastewater treatment 
unit and processed to recover any oil and treat the water for reuse. 
A closed hydrocarbon drain system will be in place within the process areas to 
facilitate the efficient draining and preparation of systems for maintenance. The 
system will transfer the collected hydrocarbons for reprocessing in the slops 
system. 

Wastewater Treatment, 
Recycling and 
Secondary 
Containment (cont’d) 

In the process areas where machinery and equipment is in operation, an oily 
water sewer system will collect the drains and drips of oil into an enclosed 
sump, which will then be pumped to the slop system for further treatment. 
The stormwater system will be designed and constructed to contain and collect 
stormwater from the developed portion of the facility outside the processing 
area. This clean, good quality water will be used to reduce Project 
requirements for water withdrawal from the NSR. 
The stormwater pond will be designed to contain a release of hydrocarbon to 
the system with the inclusion of an inlet baffle and boom to segregate any free 
phase hydrocarbon that might enter the system. The boomed area will be 
designed for easy accommodation of oil skimming equipment to recover spilled 
material. 
Stormwater collected in tank farm dikes will be collected in the lined dike area 
and tested for a presence of hydrocarbons. On confirmation that the retained 
stormwater is uncontaminated, the water will be released into the stormwater 
collection ditches and directed to a clean stormwater pond for reuse. 
Stormwater that collects in the process areas will be collected in a contained, 
underground system (PCSS). While the catch basins for the PCSS will be 
connected together within each process area, water seals will separate each 
basin to prevent the propagation of fire between and through the system. 
Oil and grit separated from the runoff will be diverted into a chamber for 
removal via vacuum truck to be treated within the wastewater treatment unit. 
The stormwater collection and PCSS will be designed for a 1:100-year storm 
event or the fire case, whichever is greater. 

Stormwater Runoff 

The PCSS will then connect to an oily water and grit separator located at each 
process battery limit. These separators will remove free phase oil and grit from 
the collected water in the process area, and allow the cleaned stormwater to 
proceed to the stormwater pond.  
Coke will be stored in a silo capable of housing five day’s worth of production 
at Phase.  
Coke handling facilities and storage will be enclosed to minimize nuisance 
dust. 

Coke management 

A dust-suppression system will be used at all open points, including but not 
limited to the conveyor transfer points, rail loading chute and the emergency 
storage pile. 
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Table 10-2: Project Design and Mitigation Strategies – Watershed Resources 
(cont’d) 

Mitigation Type Mitigation Made 
A barrier system will be used to segregate and collect the water from the coke, 
including rainwater runoff, for treatment. 
An emergency coke storage area (e.g., in case of a rail strike) will be in available to 
hold up to 30 days of coke production. It will be designed to ensure that the soil and 
groundwater are protected from contamination by any stored coke. 

Coke management 
(cont’d) 

There will be dust mitigation systems in place to prevent coke dusting and systems 
will be in place to prevent water from the coke from contaminating the environment. 
 A comprehensive spill response plan will be put in place that provides for quick spill 
response, containment and cleanup. 
Appropriate spill control and treatment procedures will be established for each 
group of chemicals and hydrocarbons used during the upgrading process, including 
containment to prevent the spread of the material to other areas and treatment to 
render materials safe. 
All employees will receive training in spill prevention, control and reporting, and on 
the sensitivities of the local geography and surface waters to spills. 

Spill response 
procedures 

Process units will include strategically placed spill kits to assist with spill 
containment if required. 
Should dewatering be required in specific areas during construction, monitoring 
wells will be installed to monitor the performance of the dewatering activities and 
the extent of effects.  

Groundwater 
monitoring during 
construction  

Additional monitoring wells could also be installed at a distance from the excavation 
(50 to 100 m) to identify the extent of dewatering effects and confirm that the water 
table has returned to seasonal levels once dewatering is completed. 
A groundwater monitoring program will allow early detection of possible effects on 
the shallow groundwater due to the operation of the Project and allow for prompt 
assessment, control and mitigation of effects. 
The monitoring program will include monitoring wells installed as part of the 
baseline study, if accessible, and additional monitoring wells to target specific 
process areas within the site where spills or contaminant releases could potentially 
occur. Target areas will include: hydrocarbon storage tanks, sulphur storage tanks, 
effluent ponds, contaminated stormwater ponds, coke storage and loading and 
unloading facilities. Monitoring wells will be installed across the water table (typical 
depths of 5 m) and within a deeper sand layer or the uppermost sandstone layer if 
these layers are present within the upper 10 m.  
For the first two years after installation, groundwater samples will be collected twice 
per year (spring and fall) to identify baseline conditions for each monitoring well. 
Each groundwater sample will be analysed for routine potability, dissolved metals 
and indicator parameters that include: pH, electrical conductivity, TDS, DOC, 
phenols, sulphate, total Kjeldahl nitrogen (TKN), BTEX, and hydrocarbon fractions 
F1 (C6-C10) and F2 (C11-C16). 

Groundwater 
monitoring during 
operations 

From the third year onward, groundwater will be sampled twice per year (spring and 
fall) and analysed for indicator parameters: pH, electrical conductivity, TDS, DOC, 
phenols, sulphate, chloride, TKN, BTEX, and hydrocarbon fractions F1 (C6-C10) and 
F2 (C11-C16). 
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Table 10-2: Project Design and Mitigation Strategies – Watershed Resources 
(cont’d) 

Mitigation Type Mitigation Made 
Groundwater monitoring data, and groundwater levels and quality, will be 
reviewed to identify possible trends and effects on groundwater and reported 
annually to AENV. 

Groundwater monitoring 
during operations 
(cont’d) 

Should the groundwater monitoring program indicate a possible effect on 
groundwater, mitigation will be implemented. 

Monitoring of 
withdrawals and 
releases to NSR 

Withdrawals from, and releases to, the NSR will be monitored. 

Hydrology 
The site will be isolated by the construction of diversion channels to convey 
the flow in Tributaries 1 and 2 around the site, and interceptor berms and 
swales to direct other overland runoff around the site.  
The diversion channels will be designed to prevent increased downstream 
erosion. 
An internal drainage system will then be developed to convey runoff from 
disturbed areas inside the site to stormwater ponds.  
Stormwater ponds used for construction will be one cell of the final 
(operational) two-cell ponds.  
At the north development, containment berms will be provided around the east 
(downslope) boundary of the site to contain runoff for events up to the 1:100 
year storm. 
An erosion and sedimentation control plan will be implemented for tributary 
relocation, site stripping and construction to ensure sediment loading in any 
surface runoff does not exceed expected predevelopment rates. 

Stripping of vegetation and topsoil, and replanting vegetation, will be 
scheduled to limit the extent and duration of bare soil exposure to rainfall. 

Topsoil stockpiles inside and outside the isolated area will be protected by 
sediment control fences. 
Sediment control fence will be placed around the perimeter of construction 
zones. 
Check dams with geotechnical fabric will be placed in internal drainage 
channels to lower flow velocities and promote sediment deposition. 
Erosion control matting will be used on any slopes steeper than 10H:1V in the 
grassed channels and swales to minimize erosion while the grass is becoming 
established. 
Long-term stockpiles of topsoil or subsoil will be protected using one or more 
of the following to limit erosion: relatively flat side slopes, erosion control 
matting, vegetation, or other best management practices. 

Erosion and sediment 
control 

Trenches, silt fencing and flow barriers will be installed to minimize or prevent 
the movement of sediment from disturbed areas. 

Containment of 
dewatered groundwater 

Same as noted for Groundwater  

Project operations Engineered protection measures, spill response and other management 
procedures will be put in place. 
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Table 10-2: Project Design and Mitigation Strategies – Watershed Resources 
(cont’d) 

Mitigation Type Mitigation Made 
Stormwater management Same as noted for Groundwater  
Wastewater Treatment, 
Recycling and Secondary 
Containment 

Same as noted for Groundwater  

Secondary containment around 
storage tanks 

Same as noted for Groundwater  

Cofferdam construction Effects of cofferdam construction on river flow velocities will be 
reviewed after the water intake and cofferdam have been designed. 

Water intake design review Bathymetric surveys of the NSR near the water intake, detailed 
hydraulic modelling and erosion protection measures will be 
investigated in further stages of design. 

Stormwater pond releases Releases from the stormwater pond during construction will be 
monitored by recording water levels at or near the outlet.  

Water withdrawal from the NSR Withdrawals from, and releases to, the NSR will be monitored using 
pumping records. 

Surface Water Quality 
Erosion and sediment control Same as noted for Hydrology  
Containment of dewatered 
groundwater 

Same as noted for Groundwater  

Stormwater management Same as noted for Groundwater  
Wastewater Treatment, 
Recycling and Secondary 
Containment 

Same as noted for Groundwater  

Coke management Same as noted for Groundwater  
Secondary containment around 
storage tanks 

Same as noted for Groundwater  

Monitoring of withdrawals and 
releases to NSR 

Same as noted for Groundwater  

Spill response procedures Same as noted for Groundwater  
Aquatic Resources 

Same as noted for Groundwater  Erosion and sediment control 
Channel diversions will be designed to maintain existing downstream 
flows and seasonal discharge patterns to preserve downstream 
aquatic habitat. 
The cofferdam and water intake construction will be constructed 
between September and October when flows typically range between 
150 m3/s and 175 m3/s. 

Cofferdam and water intake 
construction 

The cofferdam will be built of sheet piling to minimize sedimentation to 
the greatest extent possible.  



Sturgeon Upgrader Project Volume 2: Environmental and
Section 10: Watershed Resources Summary Socio-economic Impact Assessment
 

December 2006  
Page 10-10  
 

Table 10-2: Project Design and Mitigation Strategies – Watershed Resources 
(cont’d) 

Mitigation Type Mitigation Made 
When the cofferdam is constructed, a fish salvage will be completed to remove 
and relocate any fish that might be trapped behind the dam.  

Cofferdam and water 
intake construction 
(cont’d) Effects of cofferdam construction on fish habitat will be reviewed after the water 

intake and cofferdam have been designed. 
Stormwater 
management during 
operations 

Same as noted for Groundwater  

Equipment refuelling All equipment will be refuelled at least 100 m from the NSR shoreline. A 
hydrocarbon spill kit will be onsite at all times. 

Hazardous material All hazardous materials will be properly stored and contained at least 100 m from 
the NSR shoreline. 

Equipment near NSR Washing of heavy equipment (e.g., mud-covered buckets on backhoes) in the 
NSR will not be permitted. 
Equipment operating near the NSR will be free of external grease, oil or fluid 
leaks. 

Water withdrawal Water for the upgrading process will be withdrawn from the NSR. The water 
intake will be designed to prevent the entrainment and impingement of larval 
sport fish. Withdrawals will be monitored for quality and quantity. 
No instream construction would occur between April 16 and July 31 to protect 
spring-spawning fish, incubating fish eggs and newly hatched fry. 

Minimize disturbance 
to fish and fish 
habitat Once the cofferdam and intake design are finalized, the effects on fish habitat will 

be reviewed. 
Water intake screens will be monitored to ensure larval fish are not becoming 
entrained in the intake. Monitoring should include drift studies to determine the 
number of larvae in the area as well as the number that become trapped in the 
intake structure. 
The water intake will be orientated so that the angle of the screen that faces the 
direction of the river flow does not exceed 45° (i.e., screen is parallel or near 
parallel to river flow). This will aid in reducing the build up debris around the 
screen and reduce the likelihood of impinging or entraining larval fish. 
Screens will be made of stainless steel and will be self-cleaning (i.e., air pressure 
back flushing). 
Screens will have a maximum mesh size of 2.54 mm and a net screen area of 10 
m2 per m3/s flow. 

Water intake screen 
design and 
monitoring 

Screens will be located a minimum of 30 cm above the river bottom to prevent 
entrainment of sediment, fish eggs and benthic invertebrates. 
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10.4 Project Residual Effects 
With mitigation measures in place, all Project residual effects on groundwater, hydrology, 
surface water quality and aquatic resources were predicted to be of no or low environmental 
consequence. All but two were predicted to be of low to negligible magnitude or extent. The two 
exceptions were rated as moderate in magnitude or extent. 

One of the two potential effects ranked as moderate in extent is the effect of a potential leak, a 
surface spill or pond seepage on local groundwater quality. With the engineered drainage 
controls in place, the likelihood of a spilled substance entering or seeping into groundwater or 
surface water is very low. If it did occur, based on the current plot plan, no water wells are 
located hydraulically downgradient of PDA facilities; therefore, no water wells would be affected. 
Well #26 is near the PDA, but no facilities are currently proposed upgradient in the southwest 
quarter of Section 12.  

Also, if a leak, spill or seepage did occur, the soil conditions at the site provide natural protection 
to the groundwater. A low-permeability layer above bedrock is inferred throughout the PDA, 
based on clay or till dominated sediments. The thickness of this low-permeability layer ranges 
from a minimum of 1 m at one well to over 27 m at another well. (Well #26 is completed in 
bedrock to a depth of approximately 48 m).  

Mobility of cationic and organic contaminants is expected to be further limited by cation 
exchange and sorption within the clay-dominated matrix. The clay-dominated sediments are, 
therefore, considered an effective barrier to the migration of dissolved contaminants that will 
allow enough time for mitigation measures to be implemented.  

The second Project effect with a moderate extent ranking is a change in NSR aquatic habitat in 
the LSA caused by cofferdam construction. The moderate extent refers to changes in aquatic 
habitat beyond the range of natural variability in the LSA only. Again, this is ranked as having no 
environmental consequence, because the affected habitat is common in the LSA and RSA, and 
provides limited rearing and feeding habitat for juvenile fish of all species and adult minnow 
species. It also does not offer habitat for the only COSEWIC-listed species known to occur in 
the area—the lake sturgeon. As well, the loss of aquatic habitat in the area between the dam 
and the water intake structure will not be permanent and the habitat will be restored once the 
cofferdam is removed. 

All the residual Project effects on water resources were rated as reversible, except the effects of 
re-routing the intermittent tributaries, which will be irreversible. This residual effect applies only 
to the tributaries themselves and is not a concern. The tributaries do not support fish and their 
flows and levels downstream of the PDA, where they rejoin their natural channels, will not be 
changed.  

10.5 Cumulative Effects 
Five of the predicted residual effects on watershed resources had the potential to contribute to 
cumulative effects: 
• alteration of flow and levels in tributaries downstream of the PDA caused by hydrologic 

isolation of PDA from catchment areas 
• changes in downstream flow in the NSR resulting from water withdrawal  
• changes in water quality of the NSR from effluent discharge 
• increase in water demands on NSR flows 
• effluent effects on NSR fish and fish habitat 
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Alteration of flow and levels in the tributaries downstream of the PDA is of negligible magnitude 
and all other effects are of low magnitude. All the effects are of low environmental consequence, 
except for alterations to flow in Tributary 2, which has a moderate to no environmental 
consequence. All effects are reversible. 
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