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ABSTRACT

Catchment urbanisation has led to a dramatic decline waterway health. The high
percentage of impervious surfaces prevalent in urban areas can affect the ecological,
economic and social function of our creeks, rivers and bays. Current engineering
practice aims to limit this decline using the principles of water sensitive urban design
(WSUD). An essential component of this design process is the estimation of stormwater
pollutant loads based on catchment characteristics. Current practice involves the
estimation of pollutant loads based on land use type. As WSUD seeks to emphasise ‘at
source’ controls there is a need to estimate for finer scale catchments. It is anticipated
that the use of surface type rather than land use type to determine catchment pollutant
loads will prove more accurate at a finer scale. A mass balance model developed by

Brodie (2006) utilises surface type to determine pollutant loads.

This dissertation applies Brodie’s mass balance model to a small catchment in Brisbane,
QLD to determine the ability of the mass balance model to predict suspended solid
loads. This dissertation compares the measured and predicted event mean
concentrations of suspended solids over a number of storm events. The result was a
poor correlation between predicted and measured data sets due to large inaccuracies in
the measured rainfall and use of previously calibrated particle accumulation and
washoff parameters not specific to the catchment. A major outcome involves providing
comments on the further application of the mass balance model and conducting an error
analysis to determine highly sensitive model parameters. The outcome is applicable to

stormwater engineers and future users of the mass balance model.
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CHAPTER 1

INTRODUCTION



1.0 INTRODUCTION

“We’re all downstream’

Margaret and Jim Drescher, Nova Scotia

Extensive catchment urbanisation has led to a dramatic change in the natural
hydrology and ecology of many urban catchments. The high percentage of
impervious area prevalent in major cities and towns has produced an increase in
runoff volumes and a decrease in stormwater quality. The end result is a modification
of stream flow processes causing erosion and habitat degradation. It is now widely
accepted that a notable relationship exists between stream degradation and

impervious area.

The effects of catchment urbanisation on stormwater discharge has gained
considerable awareness within the community over the past 20 years, resulting in a
shift in traditional engineering approach and application to stormwater. Local
governments have been placing increasing emphasis on the treatment of urban
stormwater through stormwater quality improvement devices (SQIDs). More
recently, the focus has moved from the broad scale application of end-of-pipe
solutions to source controls such as stormwater retention and infiltration
(O’Loughlin, 2007). This reflects the emergence of water sensitive urban design

(WSUD), which seeks to combine all elements of the water cycle.

An essential aspect of stormwater management practice involves estimating
stormwater pollutant loads based on catchment characteristics. Current engineering
practice is to estimate stormwater pollutant loads from urban catchments based on
land use parameters. These land use parameters are often divided based on the zoning

of the land use type (eg residential, industrial). This method proves practical and



reasonably accurate for larger catchments, however for smaller catchments it has
been considered that stormwater loads determined from a specific land surface (eg.
roofs, gassed areas) are more effective. As current practice seeks to emphasise “at
source” controls, the need for accurate information on smaller catchments is
increasing. This necessitates a need for accurate modelling of these smaller

catchments to assist in design and planning.

A recent University of Southern Queensland research project (Brodie, 2006) has
developed a simple empirically based model to estimate suspended solid loads in
stormwater runoff from various urban surfaces. Non-coarse Particles (NCP) as
opposed to Total Suspended Solids (TSS) were used to measure the suspended solids
in the analysis. Data for the model was obtained utilising runoff samples from 40
storm events from December 2004 to January 2006 within the inner city of
Toowoomba, Australia. Runoff samples were obtained using an innovative flow
splitting device for 5 surface types; galvanised roof, grass, bare soil, commercial
carpark and road. According to Brodie, the model was able to provide reasonable
estimates (R2 = 0.74 to 0.97) when compared to the measured loads. The model also
performed well in comparison to three models used in current engineering practice;

the Arithmetic Mean, Logarithmic Mean and Stochastic EMC methods.

1.1 Project Outline and Objectives

The purpose of this dissertation is to assess the effectiveness of Brodie’s mass
balance model in predicting the stormwater loads of total suspended solids from
a small urban catchment. This catchment is located at Hoyland Street in Northern
Brisbane, Australia and drains into a bioretention basin before discharging into

Bald Hills Creek. The inflows to this bioretention system have been monitored as



part of the WSUD monitoring program instituted by Brisbane City Council
(BCO).

The catchment is significantly different in terms of climatic conditions and
surface characteristics to the catchments sampled by Brodie. It is expected that
significant variation in predicted and measured suspended solids will be evident
over a number of storm events. The effectiveness of the mass balance model will
be determined by direct comparison with the measured and modelled data,
following the application of modelled runoff and measured rainfall data. The
comparison will also focus on determining the extent of any relationship between
the accuracy of the model and any rainfall event or catchment characteristics.
This will aid in determining any major contributing factor to either the accuracy

or inaccuracy of the modelled data.

Due to the nature and design of the bioretention system and monitoring
arrangement, large inconsistencies in the recorded inflow data are evident.
During rainfall events ponding within the system can cause backflow effects.
This effectively slows the flow rate and thus causes a delay in the measured
runoff hydrograph. In larger events negative inflows have been recorded due to
the water level within the system being at a higher elevation than the monitoring
equipment. This phenomenon has been investigated by Deletic and Fletcher
(2006) and it was confirmed that backwater effects do occur at two of the three
monitored inlet pipes. Despite the inconsistencies in discharge data, event
specific suspended solid concentrations are available for the bioretention system

and are consistent with expected results.

It was initially considered that the results of the mass balance model could be
directly compared to measured suspended solids loads in order to provide a direct

comparison. Due to the data inconsistencies discussed previously this is not



possible and it has been necessary to model the sub-catchment event discharge in

order to apply it to both the measured data and the mass balance model to

determine event suspended solids loads. The sub-catchment discharges were

modelled using DRAINS hydrologic and hydraulic modelling software. The total

event discharge was then compared to the measured discharge for storms where

no backwater effects occurred in order to calibrate the model and aid in selecting

appropriate input variables.

The outline of this study is to achieve the following broad aims:

1.

(98]

N ok

Conduct a literature review on the prediction of stormwater pollutant
loads using urban surface characteristics, restricted to suspended solids.
Determine the physical characteristics of the catchment.

Gather rainfall, runoff and suspended solids data for the Hoyland Street
catchment and select appropriate rainfall events.

Develop and calibrate DRAINS model.

Test mass balance model.

Compare and verify model results with measured suspended solid loads.
Write and submit a dissertation on the application and effectiveness of the

model in predicting suspended solid loads in urban stormwater runoff.
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2.0 BACKGROUND

2.1 Climate and Geography of Bald Hills

The city of Brisbane is located in the south-east corner of Queensland, on the
Brisbane River adjacent to a large shallow bay known as Moreton Bay. Bald
Hills is the northernmost suburb in Brisbane (Figure 2.1) and shares its northern
and western borders with the Moreton Bay Regional Council. Largely a
residential suburb, Bald Hills has undergone significant development within the
last 30 years with many rural allotments being subdivided and gradually taken

over as a low-density residential area.

Bald Hills is situated at the confluence of the South and North Pine Rivers which
subsequently flow into Moreton Bay. As a result the suburb drains into the South
Pine River to it’s west and Bald Hills Creek to it’s east. Bald Hills Creek
discharges into the environmentally sensitive Tinchi Tamba Wetlands Reserve

before entering the Pine River.



Figure 2.1 Location of Bald Hills Relative to the Brisbane CBD (Source: Brisbane City Council)

Brisbane experiences a subtropical climate with four distinct yet temperate
seasons. Average temperatures range from 9.5°C to 20.9°C in the winter, and
20.6°C to 29.1°C in the summer (BOM, 2000), with maximum and minimum
recorded temperatures of 39.6°C and 0.6°C respectively. Cool, clear nights are
prevalent in the winter months while cloud cover is nearly twice as common in
summer. Rainfall is also much greater in the summer months as is the prevalence

of high intensity storms with a short duration.

Bald Hills has a typical Brisbane Climate. Figure 2.2 below displays the rainfall
and temperature patterns at Sandgate Post Office, approximately 5.5 km east of
Bald Hills. It can be seen that rainfall within the catchment is subject to a high
degree of variation within the year, with average rainfall in the summer months

over twice that of winter.
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Figure 2.2 Monthly Rainfall and Temperature Averages at Sandgate Post Office (Bureau of
Meteorology)
As well as the increased summer rainfall, evaporation is dramatically increased
in the summer months, particularly from October to March. As seen in Figure
2.3, this is largely dependant on an associated increase in solar energy associated
with seasonal variation leading to increased summer temperatures. Increased
wind speeds in the warmer months create an additional transport mechanism

which would also result in an increase for evaporation.
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Figure 2.3 Monthly Evaporation and Solar Exposure Averages at Brisbane Airport (Bureau of
Meteorology)

Distinct inter-annual rainfall variation occurs along the East Coast of Australia as

a result of a phenomenon known as El Nino-Southern Oscillation (ENSO). This

phenomenon is influenced by ocean temperature, ocean currents as well as the

atmospheric pressure over Darwin and Tahiti. The result of an ENSO event is a

large decrease in annual rainfall, which can follow a two to seven year cycle,

however is extremely variable.

For Brisbane, including Bald Hills, this event results in dry winters, occasionally
with no rain at all for the entire winter months. A prolonged El Nino event has
recently occurred for the past five to six years resulting in a prolonged drought.
Trends in the Southern Oscillation Index (SOI) indicate that this event ended in
late 2007, however accurate predictions of this poorly understood phenomenon

are not possible.
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2.2 Hoyland Street Catchment

As previously explained, a bioretention system is located at Hoyland Street, Bald
Hills and has been monitored as part of a WSUD monitoring program by the
Brisbane City Council. The catchment area draining into this system is
approximately 1.8ha and is located 20km North of the Brisbane CBD within the
wider Bald Hills Creek catchment (BCC, 2006). Three sub-catchments drain into

the system through separate inlets at the upstream end of the bioretention system.

2.2.1 Bioretention System

The Hoyland Street bioretention system is located at the intersection of Hoyland
and Parer Streets, an Arterial Route connecting the Gympie Arterial Road with
the Gateway Motorway (Figure 2.4). The system was constructed in late 2001 as
a demonstration project for Water Sensitive Urban Design (WSUD) during a
major road upgrade with a view to monitor the site for pollutant removal

efficiency.
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Figure 2.4 Location of Hoyland Street Bioretention Basin

A bioretention system is a vegetated area where runoff is filtered through a filter
media layer as it percolates through the ground (2006, Healthy Waterways).
Perforated under-drains collect the filtered stormwater before discharging into
the receiving environment. Essentially runoff is treated by mechanical filtration
as it passes through the filter media and dense vegetation, and also by adsorption
onto the filter media as well as biological uptake by the vegetation. Bioretention
basins also limit peak discharge downstream by providing significant flow

attenuation.

The three sub-catchments previously described, drain into separate pipes, which
in turn flow into the bioretention system. Figure 2.5 illustrates this, and clearly
shows the three inlet pipes, known as HSA, HSB and HSC respectively. A row
of six 150 mm slotted PVC agricultural pipes at three metre centres convey the

filtered runoff into an outlet chamber at the downstream end of the system. A
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maintenance pipe is also located within the basin to enable cleaning of the slotted

PVC pipes.

Figure 2.5 Hoyland Street following construction in January 2002 (BCC, 2006)

In addition to the perforated under-drains, a high flow bypass pit with two 675
mm outlet pipes known as HSO1 and HSO2 drain any surface water that has not
infiltrated through the soil into nearby Bald Hills Creek. The pit is set 0.5 m
higher than the surrounding basin allowing considerable extended detention. This
configuration allows the basin to act as a fully on-line system, conveying runoff
from major rainfall events directly through the basin before exiting the system

through the high-flow bypass.

Planted vegetation within the system was confined to a single tree species and
two ground cover species. Melaleuca quinquenervia (Broad-leaved paperbark)
and Lomandra longifolia (Spiny-headed mat-rush) were planted within the basin

itself, while Pittosporum revolutum (Sweet Pittosporum) was planted in higher

13



densities on the batters. Figure 2.6 shows the extent of vegetative cover just two

years after installation.

Figure 2.6 Hoyland Street in June 2004 (BCC, 2006)

2.2.2  Catchment Characteristics

The total catchment boundary of the bioretention system is detailed in Figure 2.7.
It can be seen that the vast majority of the catchment is formed by Hoyland Street
itself. Fractions of eight allotments between 500 and 800 m” also drain into the
bioretention system as does a portion of steep grassed embankment in the upper
part of the catchment and a significant portion of grassed area. Some of this
grassed area drains directly into the bioretention system by overland sheet flow;
however the rest of the catchment is directly connected to the bioretention by
stormwater infrastructure. The bioretention basin itself comprises around 4% of

the total catchment area.
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Figure 2.7 Aerial photograph depicting the Hoyland Street catchment

The upper road catchment connecting to the Gympie Road overpass is a
moderately steep ramp of around 6%. This grade gradually lessens approaching
the bioretention system to just over 1%. The short distance to gully pits,
moderate ramp grade and distinct lack of any overland flow path indicate a
relatively  short  time  of  concentration for the  catchment.
This coupled with the high percentage of directly connected impervious area

result in inflows to the bioretention system during even small rainfall events.
2.2.3  Monitoring Data
Water quality data has been monitored at the Hoyland Street bioretention
system since 2002 as part of Brisbane City Council’s WSUD monitoring

program in order to test the pollutant removal efficiency of the system. Recent

analysis has shown that the system has a mean infiltration rate of 101 mm/h
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and reduces the mean TSS concentrations by 71% ranging from 32% to 88%
(BCC, 2007). According to City Design (2006) samples were tested for a
range of pollutants including:

= Total suspended solids (TSS),

= Volatile suspended solids (VSS),

= Total phosphorous (TP),

= Total nitrogen (TN),

=  Ammonia,

= NOx,

= QOrtho-P, and

= Heavy metals (zinc, lead, nickel, cadmium, chromium, copper).

Analysis of nutrient species (Ortho-P, NOx and Ammonia) was only conducted
for five events between 2003 and 2006, however all other parameters were
consistently tested. Testing of nutrient species required immediate chilling prior

to sample collection, which could not be established in all cases.

Flow volumes were also measured at each of the three inlet pipes and outlet pipe
using flow meters. In addition, a water level sensor (HSL) was located within the
system close to the outlet to measure the ponded level during events. This
provided an indication as to when the infiltration capacity of the soil was
exceeded and subsequently when the maximum ponded level was exceeded and

runoff was exiting the system via the high flow bypass pit.

As previously discussed, several deficiencies exist with the monitoring data at
Hoyland Street. More specifically, errors associated with the measurement of
inflow and outflow discharge as well as level and velocity. This phenomenon

was described by Deletic and Fletcher (2006) and it results in an inability to
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establish pollutant loads for the majority of runoff events. These problems
include:
= Qutlet flow volume occasionally greater than inlet flow volume,
= The backing up of water in the inlet pipes causing inaccurate and
sometimes negative flows to be recorded,
= The assumption that equal flow occurs in both outlet pipes was found
to be false,
= High tailwater levels from Bald Hills Creek causing inaccuracies in the

outflow measurements.

Deletic and Fletcher (2006) assessed the existing monitoring configuration as
well as available data and recommended the calculation of pollutant loads
using a catchment weighting. A major conclusion of this assessment was that
the inflow and outflow data could not be reliably used to estimate pollutant
loads entering or being discharged from the system. As a result, the
calculation of loads using the catchment area as a weighted average was

recommended.

2.2.4 Rainfall Data

Information on rainfall events within the BCC local government area is available
for a large number of locations due to a widespread network of pluviometers and
stream height gauges. With respect to the bioretention system, rainfall data is
available from 6 pluviometers, all within 7km of the system. These pluviometers
are tipping buckets with a Imm resolution. This means that once 1mm of rain has
been recorded the bucket tips and the interval between tips is recorded.
Unfortunately, the closest rainfall gauge (BDR712) has not collected data for the

entire monitoring period.
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In addition to direct rainfall data, Rainfall contour maps are available for
individual events of a specified duration. These contour maps provide an
indication as to the spatial variation in rainfall during events by interpolating the
rainfall at points between the rainfall gauges. Figure 2.8 below displays an
example of this for a rainfall event on the 03/01/2008. These maps can prove an
indispensable tool in selecting rainfall events that do not exhibit a large spatial

variation between the rainfall gauge and the monitoring site.

Brisbane Rainfall Contou
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Figure 2.8 Brisbane Rainfall Contours for 03/01/2008
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3.0 LITERATURE REVIEW

3.1

Impervious and Pervious Areas

Urban catchments comprise of two distinct, hydrologically important areas that
contribute to stormwater runoff through different mechanisms; impervious and
pervious areas. Pervious areas allow infiltration and usually provide a greater
degree of initial storage of runoff while impervious areas do not allow infiltration
and usually have a small initial storage. As a result, impervious areas such as
roads and roofs contribute runoff quicker and at a higher rate, whereas pervious
areas such as parks and lawns require higher intensity or more prolonged rainfall

to contribute similar amounts of runoff. (Boyd et al., 1993).

The connected nature of impervious area is of vital importance when describing
rainfall, runoff and pollutant relationships. Directly connected impervious area
(DCIA) refers to impervious areas with a dedicated connection to the drainage
system such as roof runoff when conveyed directly to the street or underground
drainage systems. Conversely, indirectly connected impervious area (ICIA)
refers to impervious area not directly connected to the drainage system and either

stored (such as with a rainwater tank) or conveyed to an additional pervious area.

Impervious and pervious areas also differ in their contribution of pollutants to
receiving environments following rainfall events. The processes of accumulation
and wash-off occur more frequently and easily from impervious areas.
Automobiles also regularly frequent impervious areas such as roads, and

drainage systems typically provide an excellent transport mechanism for
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pollutants. By contrast, pervious areas generally infiltrate a large portion of the
total rainfall, removing pollutants in the process. This phenomenon is particularly
noticeable in small rainfall events, however it has been confirmed to still occur in
events up to 75 mm when comparing forested and developed catchments

(Christopher et al., 1997).

In addition to runoff quality, numerous studies have established a direct
relationship between the amount of impervious surface within a watershed and
pollution of its surface waters (Civco and Sleavinl, 2000). The degradation is
largely due to a combination of increased runoff volumes and decreased water
quality (Arnold and Gibbons, 1996). However, this change in catchment
hydrology can be combined with the clearing of riparian vegetation and the
straightening and formalising of drainage channels to result in severely degraded

receiving environments.

3.2 Urban Drainage Systems

Drainage systems in urban areas are primarily designed for the effective
conveyance of runoff into a receiving environment. Receiving environments vary
from dry gullies, overland flow paths, creeks, rivers, groundwater storages, lakes
and oceans. In addition to runoff conveyance, urban drainage systems can also be
designed to provide retention, treatment and/or reuse of stormwater and also
provide surcharge from sewerage systems. Components of an urban drainage
system typically comprise of:

e Property drainage,

» Street drainage,

o Trunk drainage,

o Detention systems,

21



¢ WSUD elements.

Individual allotments comprise of portions of pervious and impervious area both
of which are connected to the drainage system either directly or indirectly.
Pervious area generally consists of surfaces such as lawns, gardens, grassed road
reserve and parks. Impervious area includes roofs, driveways, tennis courts,
sheds, sealed roads and footpaths. Roofs usually comprise the largest impervious
area within individual allotments. Impervious area is either DCIA in the case of
roof guttering conveying runoff directly to the street, or ICIA in the case of
gutters connected to rainwater tanks or backyard ‘bubbler style’ outlets that

discharge onto the lawn.

Property drainage subsequently flows into a street drainage system where the
cumulative effect of the discharge from individual causes flows to be increased.
Streets are usually drained by a combination of gutters, inlet pits, manholes and
pipes, or using surface drainage through the use of swales and other WSUD
measures. The use and application of these drainage elements is closely linked to
the street and property design. Design of street drainage systems in Australia
generally requires the capture of small, regular rain events (1 to 5 year) within
the gutter and underground drainage system, and the conveyance of large,

irregular events (50 to 100 year) within the entire road reserve (Figure 3.1).
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Figure 3.1 Design objectives of a street drainage system (USQ, 2003)

Trunk drainage in the form of underground pipes, open channels or a
combination of both, convey the runoff from street drainage systems into the
receiving environment. As with street drainage, the cumulative effects of a
number of sub-areas contributing increases the size of the flowrates and thus the

drainage infrastructure required.

Detention systems, otherwise known as detention basins or retarding basins are
designed to store runoff volumes from a catchment for a pre-determined period
of time. Detention basins are not to be confused with retention basins which are
design to permanently hold water. These basins then release the runoff at a
controlled rate that acts to limit the peak runoff in the downstream drainage
system. The use of detention basins can be effective in areas where flooding
immunity is a problem and can limit the size of trunk drainage required

downstream and as a result provide cost savings. The use of detention basins is
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now widely regarded as an ineffective use of urban space, and additional
outcomes can be achieved while integrating community, open space, biodiversity

and water quality objectives using the design principles associated with WSUD.

WSUD elements are secondary design elements integrated into the four
components of urban drainage systems previously mentioned. The principles of
WSUD are most successfully applied at the property drainage level as the
cumulative effect of increased flowrates and pollutant loads further down the
drainage system limits the opportunity for its effective use. As a result,
applications of WSUD are typically divided into lot scale measures when
referring to property drainage and ‘end of pipe’ measures when referring to street
and trunk drainage (Healthy Waterways, 2006). WSUD elements generally
involve a combination of retention, detention, infiltration and reuse and can
include:

» Swales and buffer strips,

« Bioretention systems,

¢ Sediment basins,

e  Wetlands,

o Infiltration measures,

» Storage and reuse.

3.3 Suspended Solids

Runoff from urban areas carries a wide variety of pollutants, including sediment,
nutrients, organic matter, bacteria, oil and grease, toxic substances and heavy
metals (NCDWQ, 2007). Suspended solids are small particulates present in water
that remain in suspension due to colloidal mixing or the motion of the liquid and

are usually measured by the total suspended solids (TSS) water quality analytical
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measurement. Some pollutants such as phosphorous and heavy metals readily
attach themselves to particulates, allowing suspended solids to act as a mobile
substrate for other pollutants. TSS is not a good indictor of highly soluble
pollutants from atmospheric sources such as nitrogen, which are of significant

importance in urban areas.

The use of suspended solid loads as an estimate of pollution has been
corroborated by numerous studies and has resulted in TSS being used as a
widespread indicator of stormwater quality (Sartor et al., 1974; IEAust, 2003).
However the ability of TSS to adequately measure suspended solid loads has
been questioned (de Ridder et al., 2002; Brodie, 2006). The United States
Geological Survey and the US Federal Highway Administration also mirror this
view and have issued a policy establishing the suspended sediment concentration

(SSC) as the preferred technique for runoff analysis (USGS, 2000).

This preference is largely due to the standardised nature of the SSC test and the
fact that it limits bias. The TSS method involves the extraction of a sample from
a container and subsequently passing the contents through a glass fibre filter that
retains the solids. The mass of the retained solids is then weighed and
extrapolated to the total volume to calculate the concentration. The SSC test
involves calculating the mass of the entire sample negating the need for
extrapolation (ASTM, 1999). This testing of the whole sample provides more
accurate results especially if larger particles and fine sands are present. The
presence of these particles can introduce bias if the TSS sub-sample is taken in
such a way that discounts these particles, commonly through insufficient mixing
times. This is particularly important if particle size distribution is an important

component of the monitoring.
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In order to determine pollutant loads, suspended solid concentrations obtained
through either method can be multiplied by runoff. The simplest method for
obtaining stormwater loads is through the use of the event mean concentration
(EMC). The event mean concentration is defined as the total mass discharged
divided by the total runoff volume for a defined event. This allows the mass
loading to be calculated using the measured concentrations and runoff volume for

individual storm events or on any defined time period.

3.4 Suspended Solids and Urban Areas

As with the majority of stormwater pollutants, suspended solid loads in receiving
environments result from the accumulation and removal of particles on
impervious surfaces such as streets, roofs and parking lots as well as localised
soil erosion on pervious areas. As a result, the relationship between stormwater
pollutants and urban areas is also applicable to suspended solid loads. Suspended
solid loads are often highly correlated with the activities undertaken on the

particular surface.

Suspended solids on urban surfaces undergo a cyclical process of accumulation
and removal that is dependant on a number of variables. The process kinetics of
accumulation and removal are often highly site specific and involve complex
relationships that can be difficult to model in a changing urban environment
(Ayoko, 2004). Simplified, accumulation generally occurs during periods of dry
weather, and these accumulated particles are removed in periods of wet weather.
Major sources of accumulation include atmospheric fallout, surface wear, soil

erosion, and vehicle and tire wear.

26



It has been corroborated by numerous studies that the process of accumulation is
not highly time dependent and occurs within a few days of wet weather (Vaze
and Chiew, 2002; Deletic and Maskismovic, 1998). Brodie (2006) also
discovered a ‘rapid post-storm recovery’ of particles on impervious surfaces and
considered that the build-up of free particles reaches an equilibrium that is
dependant on supply and removal process. These processes can include wind as
well as activities involving cleaning surfaces such as roof, driveway and street
cleaning. Numerous studies have conceded that either vehicle generated or
external wind has a very significant effect on pollutant accumulation (Ball et al.,
2002; Pitt et al., 2004; Vaze and Chiew, 2002). It is important to note that a
number of other studies have found a relationship between the antecedent dry
period (ADP) or time since last rainfall and particle load, suggesting a slower
post-storm recovery (Ball et al., 1998). It has been noted by Pitt (2004) that an
equilibrium accumulation condition depends on a number of environmental
factors specific to the location. This suggests that post-storm recovery may occur

fast or slow depending on the prevailing environmental conditions.

Accumulation has a tendency to reach an upper limit that is often dependant on
the location and type of surface. This phenomenon has been noticed in a wide
range of empirically based studies, which are generally highly specific to the
particular environment. A typical study on the mass accumulation of TSS on
eight highway sites in Southern California discovered a build-up of 0.544 g/m’
per day (Jeong et al., 2006). Spatial variation has also been found when studying
road surfaces, with over 90% of particles found within 30 cm of the kerb (Pitt et

al., 2004)

As with accumulation of particles, the removal process of particles from
impervious area is also quite complex. Removal is dependant on the available

supply and size distribution of particulates, kinetic energy of the rainfall, capacity
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of runoff to mobilise particles and the surface characteristics (Pitt et al., 2004;
Ayoko et al., 2004). Brodie (2006) also discovered that the use of a rainfall

detachment index (RDI) improved the relationship with suspended solid loads.

Runoff from surfaces frequented by vehicles has often been the major focus of a
large number of studies on surface water quality. Although road surfaces
generally comprise only 30% of the DCIA of an urban catchment they represent
a major source of suspended solid loads (Ball, 2002). This stems from the view
that a large portion of stormwater pollutants are generated through vehicular
motion and other activities associated with the use of roads. In addition, small
rainfall events generate sufficient depth of flow to mobilise particles on roads

that are efficiently conveyed into the drainage system.

Several studies have attempted to develop indicators to describe and predict the
relationship between vehicular use and runoff quality. Borroum et al. (2003)
concluded that there is a link between annual average daily traffic and highway
runoff constituents. However, it was noted that the influences of accumulation
and removal as well as catchment characteristics outweighed any potential direct
correlation between increases in traffic volumes and resultant increases in TSS
concentration. These findings were mirrored by Tomlinson et al (1999) who
could not find any direct relationship between TSS concentration and factors
such as traffic volume, despite large difference in median concentrations (60 to
1925 mg/L). This variability is complicated by the transport of particles, with
over 95% of the sediment on any given highway originating from sources other

than the vehicles themselves (Shaheen, 1975).

Parking lots and driveways are also a surface frequented by vehicles, however
measured TSS concentrations tend to be lower than that of highways and urban

streets. In areas of heavy commercial traffic such as service stations, suspended
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solid loads can be high. Rabanal and Gizzard (2000) monitored runoff from
several commercial sites and discovered that while loads were variable, the
highest were encountered at service stations when compared to restaurants and
office parking lots. Results from Neary et al (2002) also proved that loads were

extremely variable with smaller catchments providing the most irregularity.

Roofs comprise a significant portion of the impervious area of urban catchments
however sediment concentrations are generally lower than roads due to differing
processes of accumulation and removal. The majority of particles in roof runoff
are fallout from atmospheric build-up and as a result the ambient concentration
of atmospheric particles has a major influence, as does the roof surface. Brodie
(2006) measured event mean concentrations of TSS at approximately 15 times
smaller than road runoff. In a review of worldwide literature Duncan (1995)
found TSS concentrations in urban areas approximately 10 times smaller for

roofs than road runoff respectively.

Despite the large number of studies focussing on road runoff, pervious surfaces
can contribute large volumes of sediment and are generally regarded as the
largest source of sediment in waterways. This is highly dependant on vegetative
cover and is largely due to localised soil erosion (Ball, 2002). Brodie (2006)
discovered that for areas of bare soil, TSS concentrations were similar to that of
road surfaces however runoff was less due to the pervious nature of the surface.
This is due to the fact that bare soil detaches easily from a surface when
subjected to rainfall, a characteristic that has been confirmed by numerous
studies (Kinnel, 1997). Other studies have found a closer correlation between soil
erosion and runoff compared to soil erosion and rainfall (Linhong, 2007).
Grassed areas typically have the lowest sediment load due to the ability of the

surface to trap particles and the higher energy required to detach particles. In
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fact, grassed surfaces in the form of swales are commonly used as a stormwater

treatment system to reduce sediment concentration to background levels.

3.5 Urban Stormwater Drainage Models

A variety of models exist for the prediction of the stormwater runoff from both a
quality and quantity perspective. This review has been restricted to models that
are used in the analysis of urban drainage systems and in particular the DRAINS

modelling software that will be used in this project.

A variety of urban drainage computer models are used for the design and
investigation of drainage systems both in Australia and internationally. A review
undertaken by Dayaratne (2000) determined that the most popular computer
models used for drainage design include:

o ILSAX/DRAINS (Watercom, 2000),

 RAFTS (WP Software, 1991),

» RAT-HGL (WP Software, 1992),

« CIVILCAD (Surveying and Engineering Software, 1997),

e« RORB (Laurenson and Mein, 1990),

« SWMM (U.S. EPA, 1992),

« WBNM (Boyd et al., 2000),

 HEC-RAS (Hydraulic Engineering Centre, 2000),

Many of these computer models use hydrologic and hydraulic calculations
involving loss modelling, and interchangeable pipe and overland flow routing.
These models differ in their time structure and can be described as either event-
based or continuous. Continuous models calculate losses through continual soil

moisture and evaporation computations on a daily basis. Event-based models are

30



required to be constructed for a specific event, and generally do not take into
account the effects of evaporation. Soil moisture accounting in event-based
models is also limited, with inputs usually requiring some degree of user

subjectiveness.

In addition to computer models, a procedure known as the statistical rational
method (SRM) has widespread usage for the determination of peak discharge in
simple situations. The SRM 1is known to incorrectly determine discharge in
catchments where different land uses, irregular shaped catchments and
inconsistent topography complicate calculations. This method also relies on a

number of major assumptions that can limit its application.

DRAINS is a rainfall-runoff simulation program with uses in designing and
analysing urban drainage systems. DRAINS combines hydrological and
hydraulic calculations including routing in an event-based format. DRAINS can
utilise either a modified version of the SRM that incorporates continuing soil
losses during rainfall events or the ILSAX hydrologic model for calculation of
discharge. In the ILSAX model a catchment is divided into a number of sub-
catchments which are further subdivided into three sub-areas (Figure 3.2); a
paved area directly connected to the drainage system (DCIA), pervious area, and
a supplementary impervious area not directly connected to the drainage system
(ICIA). This approach allows separate hydrological parameters to be applied to
each surface with the resultant hydrograph from each sub-catchment a sum of the

hydrograph in each sub-area (O’Loughlin and Stack, 2008).
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Figure 3.2 ILSAX catchment model land-use types (O’Loughlin and Stack, 2008)

To apply infiltration losses, the ILSAX model utilises an initial and continuing
loss approach using Horton infiltration curves. The initial losses are specified by
the modeller for each sub-area while the continuing losses for pervious area are
calculated from the infiltration curves. These curves are based on a starting
antecedent moisture condition (AMC) that is determined from the amount of
rainfall in the past five days. The infiltration capacity is then a function of the
time after the start of the rainfall event (Figure 3.3). The Horton curves have
been developed by the U.S. Department of Agriculture and tested widely in
North America. The determination of soil type is the subjective choice of the
modeller and it has been suggested that the use of U.S. soil classifications to

characterise Australian catchments is somewhat untested (Dayaratne, 2000).
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Figure 3.3 Horton Infiltration Curves (O’Loughlin and Stack, 2008)

The summing and routing of individual sub-areas is then combined with
hydraulic computations from which lag times are determined and the discharge at
individual nodes calculated (Figure 3.4). The routing through pit and pipe
systems occurs in conjunction with surface overflows and additional input from
adjacent sub-areas. These complex interactions can result in very different results
when comparing storms with different durations and rainfall intensities. DRAINS
also incorporates a link with HEC-RAS software to model flow relationships
through open channel systems before discharging into the receiving environment.

(O’Loughlin and Stack, 2008).
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2008)
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CHAPTER 4

DATA COLLECTION AND ANALYSIS



4.0 DATA COLLECTION AND ANALYSIS

4.1 Drainage System
Data available to describe the drainage system has been collected from BCC
spatial information software known as iBimap, ‘as constructed’ plans as well as
on-site site visits. Information was obtained from iBimap and compared with
available plans before a number of site visits were conducted to confirm the
accuracy of this data. Council iBimap records along with plans were found to be

in error and measurements were taken to correct the information.

Given the size of the Hoyland Street catchment, the drainage is not overly
complex and typical of a pit and pipe drainage system. On-grade and sag inlets
capture runoff which is conveyed in pipes through a series of pits that
subsequently discharge into the bioretention system. Overland flow paths from
each catchment area do not discharge into the bioretention system when pit
capacities are reached. The entire drainage system has been constructed in 2002
as part of the aforementioned Hoyland Street connection linking Gympie Road

and Bracken Ridge Road.

The iBimap software displays stormwater infrastructure visually and has the
option of linking to background metadata where a variety of detailed information
is available available. This process involved in entering stormwater infrastructure
into the iBimap system creates inconsistencies in how gully pits are linked to the
trunk drainage system. The result of this is that for gully pits are shown as linked
directly to the closest adjacent stormwater pipe. In addition, no metadata is

available for gully pit connections such as size of pipe of invert levels. Despite
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this shortcoming, metadata includes a variety of information, however data
pertaining directly to drainage system analysis includes:

» Eastings and Northings of pits and chambers,

» Surface levels and invert levels of pits and chambers,

e Chamber and pit sizes and types,

» Pipe lengths,

o Downstream and upstream pipe invert levels,

» Pipe sizes and types, and

» Number of pipe barrels

As constructed plans of the Hoyland Street connection include detailed drainage
construction plans that have been amended following construction. Surface and
piped drainage plans as well as catchment plans are available in Appendix C. A
review of these plans identified the discrepancy between the orientation of gully
pits and connecting pipes with iBimap. This was evident in the upper portion of
HSA catchment where two on-grade inlets at the corner of Coriander and Kluver
Street were displayed as being directed in opposing directions. A number of pipe
and pit invert levels as shown in iBimap were inconsistent with the detailed

plans.

Site visits conducted in May and June 2007 concluded that both sources of
information were incorrect and that the two gullies drained into a 375 mm
diameter reinforced concrete pipe (RCP) toward the North, external to the
Hoyland Street catchment. Discrepancies between pit and pip levels were also
checked which confirmed the accuracy of the drainage plans. A number of
discrepancies in the surface drainage regime as indicated on the plans were also
noted including road crossfall and locations of road crowns. These were noted

and new measurements taken using a digital level.
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Figure 4.1 below, indicates the location of all amended stormwater infrastructure
within and external to the Hoyland Street catchment (Appendix D). Manholes are
represented by circles, gully pits are represented by squares and the extent of the
catchment area is represented by the blue line. It can be seen that the majority of
the catchment runoff is captured by gully pits on and adjacent to Hoyland Street
and conveyed into a branched trunk drainage system before discharging into the
bioretention system through HSA. HSB collects a small portion of the road
runoff downstream of the HSA network while HSC collects a large portion of the

road runoff south of the bioretention system through a single gully pit.

Figure 4.1 Location of Stormwater Infrastructure within the Hoyland Street catchment
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4.2 Catchment Characteristics

The vast majority of the Hoyland Street catchment is comprised of road runoff
which discharges through piped drainage directly into the Hoyland Street system.
A portion of rainfall also enters the bioretention system directly as well as sheet
flow runoff from the grassed area surrounding the bioretention system. Figure 4.2
depicts the HSA, HSB and HSC catchments discharging into the Hoyland Street

bioretention system (reproduced in Appendix E).

HSA
H3C
HSE
QUTLET

HSC Catchment

HCB Catchment

HSA Catchment 88

Figure 4.2 Catchments discharging into the Hoyland Street bioretention system
Catchment areas have been delineated using Maplnfo version 8.0 GIS software

using a combination of aerial photography, contours, detail plans and airborne

laser survey (ALS) data. Site visits also proved beneficial to determine the extent
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of directly connected roof area, supplementary area as well as other lot based
connections. Initial rough catchments were defined using high-resolution 2005
aerial photography and 0.5 m contours. These catchments were subsequently
refined to determine hydrological characteristics for DRAINS and surface
characteristics for the mass balance model. This was achieved with the use of
detail plans as well as ALS data. ALS data has been obtained from scanning
conducted from 15 to 20 June 2002 and surface levels to a 1 mm resolution
(200 mm) are directly available at 1 m intervals. The use of this data proved
necessary in the delineation of the boundary between catchments on very flat
ground adjacent to the bioretention system and to the south of the catchment. The
detailed ‘as constructed’ plans provided valuable information on the road grading
and location of crowns. The 2002 and 2005 data sets have been assumed as

applicable to the catchment conditions over the entire monitoring period.

The HSA catchment at 1.034 ha is the largest catchment discharging into the
bioretention system. DCIA, pervious and supplementary areas comprise
approximately 54%, 43% and 3% respectively. While not the largest percentage,
this represents the greatest area of pervious and supplementary area in all
catchments. The effect of this pervious and supplementary area is the delay of the
runoff contribution from these areas. In many rainfall events it has been
discovered that this results in a second peak, where the DCIA produces an initial
runoff response that is followed by the other contributions well after the peak.
The large elongated catchment shape also tended to result in an extended falling

limb of measured hydrographs.

40



Table 4.1 Hoyland Street catchment hydrological characteristics

DCIA Pervious | Supplementary TOTAL
Catchment Area Area Area Total Area
ha ha ha ha
HSA 0.564 0.440 0.030 1.034
54.56 % 42.55 % 2.89 %
HSB 0.147 0.074 0.006 0.228
64.60 % 32.64 % 2.76 %
HSC 0.102 0.150 0.045 0.297
34.35 % 50.41 % 15.24 %
0.000 0.249 0.009 0.258
H
SO 0.00 % 96.39 % 3.61 %
0.813 0.912 0.091 1.816
TOTAL
o 44.76 % 50.24 % 5.00 %

HSB catchment represents the smallest catchment at 0.228 ha with the largest
portion of impervious area. DCIA, pervious and supplementary areas comprise
approximately 64%, 33% and 3% respectively. The high imperviousness of the
catchment and proximity to the bioretention basin results in a fast runoff
response. In the majority of consistent runoff events, HSB recorded the earliest
response time and time to peak runoff. The relatively uniform, rectangular
catchment shape as well as the high imperviousness also tended to result in a

faster, almost linear falling limb of the hydrograph.

HSC catchment is slightly larger than HSB at 0.297 ha with the majority of the
catchment as pervious area. DCIA, pervious and supplementary areas comprise
approximately 34%, 51% and 15% respectively. As a result HSC has the largest
proportion of pervious and supplementary area of all catchments, due to its
proximity to adjacent parkland and bikeways. Recorded hydrographs tend to
exhibit a more traditional ‘bell curve’ shape when compared to HSA and HSB.

This may be due to the crescent shape and flat grade of the catchment providing
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additional lag time. The flat grade may also be the contributing factor behind the
comparatively slow response times evident in measured hydrographs despite the
proximity of the catchment to the bioretention system and the very short length

of connecting pipe.

4.3 Rainfall Data

Hyetographs for rainfall events within the BCC local government area are
available for locations citywide due to an extensive network of pluviometers
combined with a real-time data management system. As previously explained,
rainfall data is available from 6 pluviometers that are within 7 km of the Hoyland
Street bioretention system (Table 4.2). Unfortunately data is not available for the

entire monitoring period at all pluviometer locations.

All pluviometers are of a tipping bucket design with a 1 mm resolution allowing
small rainfall events to be recorded. The closest rainfall gauge (BDR712) has not
collected data for the entire monitoring period. Subsequent investigations
indicated that the data obtained from this gauge was questionable and was taken
offline in 2003 due to error with the gauge itself. Plots of the remaining rainfall
gauges when compared to three samples of runoff indicated that pluviometer
BDT839 and MBR752 provided the best correlation with runoff response.
Pluviometer BDR839 located at the Bracken Ridge reservoir, 1.7 km from the
catchment was subsequently chosen due to its closer proximity to the catchment.

A total of 16 storms were available that produced catchment runoff.
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Table 4.2 Pluviometers within 7km of the Bioretention System (Brisbane City Council)

. . Distance to Site Collection Period
Location Pluviometer
(km) From To
Bald Hills Ck at Bracken Ridge | - gnp-qs 1152 7/06/1994 | 21/11/2003
Rd, Bracken Ridge
Bracken Ridge Reservoir, Jude| - g pgaqq 1772 21/02/2005| Present
St Bracken Ridge
Moreton Bay étlu'f)”ghto” Bowls | \1gR752 4761 111211999 | Present
Albany Ck at Pinnaroo A R842 4102 |22/03/2005| Present
Cemetery,
Cabbage Tree Ck at Braun St, | pog 4642 |11/06/1994| Present
Deagon
Litle Gabbage Tree Ck at LCR566 6264  |22/06/1994| Present
Aspley Reservoir, Aspley

Given the size of the catchment and the distance of rainfall gauges from the
centroid of the catchment, difficulties arise in the applicability of the measured
rainfall data to the modelling of runoff. Ideally a pluviometer should be located
as close as possible to the centroid of a catchment to enable meaningful
correlation with the timing and volume of runoff. This is largely due to the

spatial variation in rainfall events and the relatively small size of the catchment.

Due to the questionable nature of the applicability of the rainfall data to the
Hoyland Street catchment, other techniques have been employed to ‘weed out’
inconsistent data and only use event with an acceptable correlation with rainfall.
As a first pass, the rainfall contour maps previously mentioned were used where
available to determine any noticeable discrepancies in the spatial variation of
rainfall in proximity to the gauges and catchment. This resulted in a total of five
events being removed due to obvious variability in the rainfall patterns. While
this test proved inherently subjective, a method was required to quickly eliminate
inconsistent data. Subsequent plots comparing two of these storms to measured
runoff confirmed that the volume and timing of these events did not correlate at

all to runoff.
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Events suitable for the modelling and calibration of the DRAINS model should
exhibit a high degree of correlation with the timing and intensity of rainfall. In
order to maintain data integrity and it was necessary to analyse the rainfall
patterns and available runoff hydrographs for each specific event. This process
involved the graphical representation of discharge (L/min) and rainfall (mm) for
storms and individual burst events. Hydrographs for HAS, HSB and HSC inlet
pipes as well as HSOa and HSOb outlet pipes were plotted from the start of the
rainfall to the final recession of the longest recorded hydrograph. This intensive
screening process provided the ability to select events that indicated a direct and
quantifiable correlation with measured runoff. Additional data collected to
improve event selection and subsequent DRAINS analysis included the:

o Time period,

» Total precipitation,

» Precipitation in past five days,

» Precipitation in past twelve hours, and

e AMC condition.

Figure 4.3 displays the output of this process for Storm 6, burst event 4. The
complete rainfall-runoff analysis graphs for individual events are available in
Appendix B. It was discovered that only two events were suitable for calibration
with the DRAINS due to the large data inconsistencies previously described;
storm 2 (event 2) and storm 3 (event 1). The vast majority of the events exhibited
runoff hydrographs that did not correlate at all to rainfall, indicating that rainfall
was not occurring in the catchment at the same time as gauge BDR839. HSC was
found to be the outlet with minimal error due to negative flowrates and in some
situation HSB also provided acceptable hydrograph responses. The exercise did

provide insight into each typical catchment response with HSA providing a dual
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peak hydrograph for most events indicating a definite lag between the pervious

and impervious area contribution times.
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Comments

Event Is not suitable for use
in calibration with DRAINS
model. Runoff does not
correlate well with rainfall.
Suitable hydrographs were
recorded for HSC, HSOa
and HSOb which may be
used to aid in the
understanding of the runoff
and infiltration processes.

Figure 4.3 Measured rainfall-runoff screening graph for Storm 6, Event 4.

For application of the mass balance model a larger number of events proved

acceptable, since event averages are required as opposed to whole of event

relationships. A good correlation between measured rainfall volume and runoff

volume should be evident for the specific storm event. Since the specific

hydrograph response is not as important a total of 11 events (Appendix B) were

suitable for application to the mass balance model.

4.3.1 Storm1

Storm 2 occurred from 12:31lam to 6:40am on 12/03/2006 to 6:40pm and

consisted of a single burst event. This event is not suitable for use in calibration
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with DRAINS model. A correlation with the rainfall is evident however the
timing indicates gauge and monitoring data inconsistencies. Hydrograph shapes
are consistent with an expected response however the relative magnitude of each
response is inconsistent with catchment characteristics. The measured runoff
shows a response in HSC catchment in excess of the contribution in HSA and

HSB, which is unlikely to be correct.

4.3.2 Storm 2

Storm 2 occurred from 1:44am 23/03/2006 to 10:21pm 24/03/2006 and consisted
of a total of 4 events with a single suitable modelling event observed. Event 1 is
not suitable for use in calibration of DRAINS model. This is due to the low
runoff response that that would be expected from a dry catchment. The data also
features negative flowrates for HSB and HSA. Event 2 is suitable for use in
calibration with DRAINS model. A high correlation between rainfall and runoff
is evident. Suitable hydrographs were recorded for HSC, HSOa and HSOb. The
data also features negative flowrates for HSA and HSB. Event 3 is not suitable
for use in calibration with DRAINS model. Correlation between rainfall and
runoff is evident however not consistent. Event 4 is not suitable for use in
calibration with DRAINS model. A high rainfall-runoff correlation is apparent,
however wildly exaggerated hydrographs and negative flowrates are also features

of this data.

4.3.3 Storm 3

Storm 3 occurred from 10:25am to 3:43pm on 31/03/2006 and consisted of a
single burst event, which also provided a suitable modelling event. Event 1 is
suitable for use in calibration of DRAINS model. There is a high correlation

between rainfall and runoff. A suitable hydrograph was recorded for HSC
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however wildly exaggerated hydrographs and negative flowrates are also features

of this data.

4.3.4 Storm4

Storm 4 occurred from 6:00pm on 04/04/2006 to 4:18am on 06/04/2006 and
consisted of 2 burst events, both of which were not suitable for calibration of the
DRAINS model. Event 1 is not suitable for use in calibration with DRAINS
model however can provide insight into the time of concentration for low flows.
Although HSB is exaggerated, HSA appears relatively accurate and exhibits a
high degree of correlation with the rainfall. Event 2 is not suitable for calibration.

Flowrates are only available for HSA and are obviously inaccurate.

4.3.5 StormS5

Storm 5 occurred from 5:02pm to 11:42pm on 30/04/2006 and consisted of 2
burst events, both of which were not suitable for calibration of the DRAINS
model. Event 1 is not suitable for use in calibration with DRAINS model
however can provide insight into the time of concentration for low flows.
Although HSB is exaggerated, HSA appears relatively accurate and exhibits a
high degree of correlation with the rainfall. Event 2 is not suitable for use in
calibration with DRAINS model. While the runoff appears to correlate well to
the first two events, a third rainfall event does not produce any runoff. The data
may be used to aid in the understanding of the runoff response for catchment C

and the initial response for catchment A.
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4.3.6 Storm 6

Storm 6 occurred from 4:25pm on 09/06/2006 to 11:41pm 11/06/2006 and
consisted of 4 burst events, none of which were not suitable for calibration of the
DRAINS model. Events 1 and 2 are not suitable for use in calibration with
DRAINS model. Runoff correlates very poorly with rainfall. Event 3 is not
suitable for use in calibration with DRAINS model. Runoff appears to occur
before the rainfall is registered suggesting a poor correlation. Hydrographs for
HSC and HSOa appear to be consistent with an expected response. Event 4 is not
suitable for use in calibration with DRAINS model. Runoff does not correlate
well with rainfall. Suitable hydrographs were recorded for HSC, HSOa and
HSOb, which may be used to aid in the understanding of the runoff and

infiltration processes.

4.3.7 Storm 7

Storm 7 occurred from 1:13pm to 11:17 pm on 26/06/2006 and consisted of a
single burst event. This event is not suitable for use in calibration with DRAINS

model. A very poor correlation between rainfall and runoff is evident

4.3.8 Storm 8

Storm 8 occurred from 10:26pm on 29/06/2006 to 12:22am 30/06/2006 and
consisted of a single burst event. This event is not suitable for use in calibration
with DRAINS model. No runoff has been recorded despite rainfall occurring at

the gauge. This was perhaps due to a dry catchment condition limiting runoff.
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4.3.9 Storm?9

Storm 9 occurred from 1:50am to 6:42am on 4:25pm on 16/07/2006 and
consisted of a single burst event. This event is not suitable for use in calibration
with DRAINS model. Poor correlation with rainfall is evident and wildly varying

negative and positive flowrates indicate instrument error.

4.3.10 Storm 10

Storm 10 occurred from 1:4lam to 6:32am on 25/07/2006 and consisted of a
single burst event. This event is not suitable for use in calibration with DRAINS
model. Poor correlation with rainfall is evident. This is coupled with negative
flowrates for both HSA and HSB. Instrument error has caused no suitable
hydrograph to be recorded for HSC, HSOa and HSOb. The two distinct
responses for HSA indicate separate pervious and impervious area responses and
may provide information regarding the pervious area time of concentration for

input into the DRAINS model.

4.3.11 Storm 11

Storm 11 occurred from 12:49am on 28/07/2006 to 12:01am on 29/07/2006 and
consisted of 2 burst events, none of which were not suitable for calibration of the
DRAINS model. Event 1 is not suitable for use in calibration with DRAINS
model. Poor correlation with rainfall is evident. Runoff has only been measured
at HSA, where negative flowrates are a feature. Event 2 Event is also not suitable
for use in calibration with DRAINS model. Very poor correlation with the start
of the rainfall event is evident. Runoff has only been measured at HSA, where

the hydrograph shape is not indicative of a typical catchment response.
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4.4 Monitored TSS Data

Suspended solid concentrations and loads for a large number of storm events
between 2002 and 2006 are available for the bioretention system and have been
testing using the TSS method. Monitoring ceased in 2006 due to the
inconsistencies in flow measuring data previously discussed resulting in an
inability to calculate loads. Data quality of TSS concentration samples however

is expected to be good and will be used for the selected events.

Discrete flow-weighted water quality samples have been collected using ‘Sigma
900 Max’ automatic samplers. Samples were collected at each inlet pipe (HSA,
HSB, and HSC) as well as one of the outlet pipes (HSO). This single monitoring
of the two outlet pipes made the assumption that equal flows would occur in both
pipes. The sampler is triggered by flows of 0.01m’/s for the inlet pipes and
0.05m’/s for the outlet pipe. Samples of 500mL were gathered for every
consecutive 12.5m’ of runoff. As a result the sampling time and quantity varies
with the inflow volume, and is unique for each storm event. Table 4.3 below
displays the sampling configuration and characteristics for the bioretention

system.
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Table 4.3 Hoyland Street bioretention system sampling locations and characteristics

Trigger Volume
Site ID LN fmd Sampler Type Volume betwe.e -
Sampler Location 3 Collections
(m’/s) (m®)
Western inlet pipe SIGMA 900MAX with
HSA draining Catchment A integral flow meter 0.01 12:5
Northern inlet pipe SIGMA 900MAX with
HSB draining Catchment B integral flow meter 0.01 12:5
Southern inlet pipe SIGMA 900MAX with
HSC draining Catchment C integral flow meter 0.01 125
HSO Outlet pipe SIGMA S00MAX with |, 5 12.5
integral flow meter
HSL Level Sensor, z}djacent Greenspan PS310 level N/A N/A
to outlet pipe. logger

Table 4.4 below indicated the average TSS concentrations from each catchment

over the extent of the monitoring period. Table 4.5 indicates TSS event mean

concentrations for available events. HSA exhibits the highest mean TSS

concentration of 74.6 mg/L which is followed by HSC with 56 mg/LL and HSB

with 50 mg/L. This distribution of concentrations is consistent with the surface

types in each catchment as well as the dominant activity of each surface.
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Table 4.4 Hoyland Street TSS inflow concentration (average over monitoring period)

. TSS
Site mg/L
Mean 74.639
Median 58.214
C.V. (StdDev/Mean) 22.125
HSA |Minimum 137.400
Maximum 0.605
10%ile 34.013
90%ile 136.440
Mean 50.065
Median 42.498
C.V. (StdDev/Mean) 16.667
HSB |Minimum 160.000
Maximum 0.847
10%ile 18.227
90%ile 78.640
Mean 55.992
Median 46.500
C.V. (StdDev/Mean) 14.800
HSC [Minimum 98.000
Maximum 0.514
10%ile 28.705
90%ile 96.200

The significance of Hoyland Street as a regional link between Gympie Road and
Bracken Ridge Road results in high traffic volumes. In addition to traffic
volumes, the steep grade of Hoyland Street as traffic approaches the intersection
is likely to result in increased brake dust and tire wear accumulation in HSA
catchment. The location of a sound barrier on both sides of this narrow ramp is
likely to limit the ability for wind to remove accumulated particles. Traffic also
needs to slow and turn 90 degrees on Parer Street approaching Hoyland Street in
catchment HSC. The relatively straight sections of road draining into HSB may
slow or limit the extent of pollutant accumulation, despite this catchment having
the largest percentage of impervious area. Given that HSA catchment is at a steep

grade, this may also provide an additional removal mechanism for particles when
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comparing to the flat catchments of HSB and HSC. As a result the relative
distribution of TSS concentration appears to be consistent with surface type as

well as use.

Table 4.5 Monitored rainfall events and TSS event mean concentrations

. TSS
Inlet Pipe ma/L
HSA 69
8/12/06 HSB 76
HSC 60
HSA 190
4/01/06 HSB 130
HSC 220
HSA 170
12/02/06 HSB 50
HSC 180
HSA 69
17/02/06 HSB 76
HSC 60
HSA 100
2/03/06 HSB 320
HSC 140
HSA 31
5/03/06 HSB 32
HSC 15
HSA 190
23/03/06 HSB 260
HSC 170
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CHAPTER 5

MODEL CALIBRATION AND APPLICATION
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5.0 MODEL CALIBRATION AND APPLICATION

5.1

DRAINS MODEL

5.1.1 Model Structure

To set up the DRAINS model structure, catchment subdivision is necessary into
the pervious, DCIA and ICIA sub-areas as previously explained. This
catchment subdivision occurs at the catchment draining into each gully pit. A
number of catchment, A through to N, were delineated and each sub-area

plotted. These surfaces can be seen in Appendix I.

Flow paths as well as estimates for the DRAINS parameters then require input
into the model. In addition, pipe and gully characteristics as well as rainfall
characteristics and soil types as well as the AMC are required. The resultant
characteristics output file is shown in Appendix G. The display of the set up

DRAINS model structure following a model run is shown in Appendix H.

5.1.2 Sensitivity Analysis

A major limit of the DRAINS modelling software is that it does not have the
ability to calibrate a modelled hydrograph based on measured data. The ability
to calibrate the model to the measured data to obtain accurate event volumes is
essential in determining the event pollutant loads. As such, a subjective trial

and error approach was undertaken, where a number of variables were modified
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and the results recorded. As a result of this analysis the most sensitive variables
for a number of criteria were obtained and were altered to provide a better fit of

the model.

Due to the nature of trial and error calibration a comparison between the
goodness of fit of measured and modelled hydrographs will invariably lead to
the model having a tendency toward a particular hydrograph aspect. These can
include peak discharge, hydrograph shape, hydrograph recession and runoff

volume.

An additional degree of subjectiveness involves the limit of the sensitivity
analysis. Since accurate measured hydrographs are only available for HSC
(Deletic and Fletcher, 2006) and due to the limit of available events that
correlate with rainfall the sensitivity analysis can only be applied to catchment
HSC. As a result, the outcome of the analysis will require the selection of
parameters not only for catchment HSC but also for catchment HSA and HSB.
Consequently, this method assumes that the parameters that require calibration
in HSC are also the parameters that require calibration in the other two
catchments as well. While this approach is far from ideal, it is necessary due to
the aforementioned inconsistencies in measured runoff data. This sensitivity
analysis was applied to burst 2 of storm 2 as it proved the most ideal event for

calibration due to a high correlation with rainfall and runoff.
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Table 5.1 DRAINS parameters for catchment HSC

Catchment HSC
Storm 2: Burst Event 2

Total Area | ha | 0.297 |
Paved |Supplementary | Grassed
Percentage of Area % 34.35 15.24 50.41
Additional Time min 0 5 15
Flow Path Length m 150 2 29
Flow Path Slope Y% 1 1.7 1.7
Flow Path Roughness 0.015 0.015 0.13
Area Depression Storage | mm 1.5 1 3
Lag Time min 10 - -
Pressure Loss Coefficient
4
(Ku)
Soil Type 4
AMC 2
Storm 2
Burst 2
Intensity averaging 5 min

Table 5.1 above displays the parameters required by DRAINS to model the
catchment. Parameters that can be modified and will be subjected to the
sensitivity analysis are shown in bold red. The sensitivity analysis required
successive runs of DRAINS and the resultant hydrograph output was recorded.
A total of 73 runs were performed analysing 15 parameters with a minimum of
five runs for each parameter to graphically represent trends. The sensitivity of
each parameter to changes in peak runoff, total volume, time to peak, and
correlation (R), which attempts to measure hydrograph shape, were recorded. A
search and move approach was trailed for each initial adjustment to determine
an appropriate direction of movement. Hydrograph aspects for each parameter

were also graphed if they proved sensitive. A discussion on each parameter
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below is supplemented with the summary results table and graphed

relationships in Appendix J and Appendix K respectively.

Impervious Area Lag Time
Impervious area lag time showed a decreasing correlation and decreasing
peak discharge with an associated increase in value. Time to peak also
increased with additional lag time as would be expected. The parameter did
not have any impact on runoff volumes. This indicates that any
modification to the existing value of O is likely to result in a less accurate
model. This would be expected as there are very few obstructions to flow

in the kerb and channel in the catchment.

Impervious Area Flow Path Slope
The impervious area lag time exhibited a decreasing time to peak and an
increase in peak discharge with an associated increase in value. This
response is expected as an increase in the grade of an impervious area with
minimal surface roughness will increase velocities. The parameter did not

have any impact on runoff volumes.

Impervious Area Roughness
The impervious area roughness value which relates directly to the
Manning’s roughness value provided a decrease in peak discharge with an
increase in value. Time to peak also increased which indicates that the
modification to the roughness coefficient has the opposite response to the
flow path slope previously discussed. The parameter had no impact on

runoff volumes.
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Impervious Area Depression Storage
This depression storage parameter displayed a rapid linear decrease in
runoff volume as a result of increasing the size of the storage. This is
typical of a model response whereby more runoff is being detained
resulting in less reaching the catchment outlet. No change in peak runoff or
time to peak was noticed however correlation remained almost unchanged
indicating that the modification to this parameter does not appreciably

change the hydrograph shape.

Supplementary Area Additional Time
Modification to the supplementary area additional time resulted in changes
to all hydrograph features. An increase in this value decreased total runoff
and peak discharge and increased time to peak. Despite this a slight

increase in correlation was apparent for reasons unknown.

Supplementary Area Flow Path Slope and Roughness
Modifications to both these parameters did not appreciably change the
hydrograph features. A very slight increase in time to peak was noticeable
with a decrease in slope and an increase in roughness, similar to the

impervious parameters.

Supplementary Area Depression Storage
This storage parameter, as expected, resulted in a decrease in total runoff
volume with an increase in value. The modification to this parameter did
not affect other hydrograph features and correlation remained almost

unchanged.
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Supplementary Area Lag Time
The lag time factor decreased peak runoff and increased time to peak when
it was increased. As this variable, results in modifications to the time

component only, no change was evident in total runoff volumes.

Grassed Area Additional Time
The grassed area additional time parameter proved highly sensitive to
modification. An increase in time produced a large decrease in total runoff
and peak discharge. This is undoubtedly due to increased contact time on

the pervious surface resulting in an increase in infiltration.

Grassed Area Flow Path Slope and Roughness
The response of this variable was similar to the effect on impervious area
however the magnitude was more pronounced. Total runoff as well as peak
discharge was increased with a decrease in surface roughness or an
increase in grade. Conversely, time to peak decreased with an increase in
surface roughness and a decrease in grade. This may be due to the

cumulative effect of overlapping hydrographs.

Grassed Area Depression Storage
Depression storage in pervious area proved highly sensitive, with a rapid
linear increase in total runoff and peak discharge with a decrease in storage
size. The depression storage factor had no appreciable impact on time to
peak, and exhibited a mild increase in correlation with an increase in

storage size.

Pit Loss Coefficient
As expected the pit loss coefficient had no impact on any hydrograph

parameters. This is likely to be due to the fact that there is only one pit in
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the HSC catchment. The sensitivity of the model to a catchment such as

HSA with over 15 pits may prove different.

Soil Type
Modifications to the soil type had negligible impact on the model for soil
types 1 to 3. However the use of soil type 4 dramatically increased total
runoff. As the soil type is already at 4 this may have no impact on the

calibration process.

5.1.3 Calibration and Testing

The most important parameter to achieve is the mass balance of runoff volume.
It would be ideal to also correlate time to peak, peak discharge and overall
hydrograph shape however that is not the aim of this exercise as only total loads
are required. The following parameters were found to affect the mass balance of
flows in order of sensitivity:

Soil Type

Grassed Area Depression Storage

Grassed Area Additional Time

Grassed Area Flow Path Roughness

Paved Area Depression Storage

Grassed Area Flow Path Slope

Supplementary Area Additional Time

S A O e

Supplementary Area Depression Storage

The model initially predicted a mass balance of 22.7m’ for Storm 2 Burst 2,
while the measured hydrograph indicated a mass balance of 26m’. Thus any

modification to the variables needs to result in an associated increase in the
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total runoff. While soil type was the most sensitive variable, any further change
in the soil type would lead to a further decrease in total runoff (since the soil
type is already at 4). A modification to the grassed area flow path roughness or
slope will also result in a modification to the peak discharge as well as time to

peak.

Since Grassed, paved and supplementary area depression storages has no
appreciable impact on other features of the hydrograph, these variables will be
modified to achieve mass balance of flows. New values include 2 mm, 0.5 mm
and 0.5 mm respectively. In addition, the grassed area additional time ha been
reduced from 15 minutes to 10 minutes. A re-run of the model following the
modification of these parameters produced a total runoff volume of 24.7 m’
suggesting an accuracy of 5%. Figure 5.2 displays the calibrated hydrograph for
catchment HSC.

Calibrated Hydrograph of HSC catchment
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Figure 5.1 Measured and modelled hydrographs for HSC catchment following calibration
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As a result of this process the HSA and HSB catchments were modified to
match the new parameters accordingly with a few exceptions. The upper
portion of catchment HSA in sub-catchment A has retained a grassed area
additional time of 15 minutes due to the vegetated nature of the area. This
differs markedly from the well-mown grassed area that was contributing to
HSC. Grassed and supplementary area additional times have also retained high
values where a prolonged flow path through backyards or across lawns
indicates the necessity for a higher value. Unfortunately with now residential

area contributing to HSC the effects of these parameters could not be tested.

5.1.4 Modelled Runoff and Pollutant Loads
In order to determine runoff volume the DRAINS model was run for the seven

available monitored events described in the previous chapter with event specific

rainfall. The discharges were collated and are presented below in Table 5.2.

62



Table 5.2 Measured TSS concentration combined with modelled runoff to calculate TSS load

. TSS Concentration | Modelled Runoff| TSS Load
Inlet Pipe 3
mg/L m g
HSA 69 4.60 317.40
8/12/06 HSB 76 1.30 98.80
HSC 60 0.90 54.00
HSA 190 18.70 3553.00
4/01/06 HSB 130 5.20 676.00
HSC 220 3.60 792.00
HSA 170 22.30 3791.00
12/02/06 HSB 50 6.10 305.00
HSC 180 4.20 756.00
HSA 69 0.90 62.10
17/02/06 HSB 76 0.20 15.20
HSC 60 0.20 12.00
HSA 100 10.50 1050.00
2/03/06 HSB 320 2.90 928.00
HSC 140 2.00 280.00
HSA 31 710 220.10
5/03/06 HSB 32 2.90 92.80
HSC 15 2.00 30.00
HSA 190 14.30 2717.00
23/03/06 HSB 260 2.70 702.00
HSC 170 3.90 663.00

5.1 MASS BALANCE MODEL

5.2.1 Model Application

To apply Brodie’s (2006) mass balance model it is necessary to determine the
surface characteristics of the catchment and measured rainfall characteristics.
As mentioned, the surface characteristics to be applied to the mass balance
model differ to the application of the DRAINS model in that surface types are
required as opposed to hydrological areas. As a result a different division of

catchments and determination of surface types based on pollutant generation
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characteristics is required. Obviously road areas have been modelled as road
surfaces and roof areas have been modelled as roof surfaces. However grassed
areas as indicated by Brodie (2006) have been also assumed as any pervious
surface in the catchment including gardens, backyards, trees and median strips.
In addition driveways and footpaths have been modelled as carpark area. No
bare soil was observed in aerial photography or during site visits and as such
has not been included in the mass balance model. The proportion of each

surface type in the major catchments is shown below in Table 5.3.

Table 5.3 Surface characteristics of the Hoyland Street catchment for input into the mass
balance model.

Road Carpark Roof Grass TOTAL
Catchment Area Area Area Area Total Area

ha ha ha ha ha

HSA 0.536 0.029 0.029 0.440 1.03
51.86 % 2.83 % 2.76 % 42.55 %

HSB 0.147 0.001 0.005 0.074 0.23
64.60 % 0.49 % 2.27 % 32.64 %

HsC 0.102 0.045 0.000 0.150 0.30
34.35 % 15.24 % 0.00 % 50.41 %

HSO 0.000 0.009 0.000 0.249 0.26
0.00 % 3.61 % 0.00 % 96.39 %

TOTAL 0.79 0.08 0.03 0.91 1.82
43.23 % 4.68 % 1.86 % 50.24 %
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In addition to determining the catchment surface characteristics a number of
other variables specific to each individual rainfall event are required. These
rainfall parameters include:

=  Total antecedent rainfall (mm);

»=  Antecedent rainfall period (hours);

=  Storm duration (hours);

= Rainfall depth (mm);

*  Mean intensity (mm/hour);

=  Peak 6 minute intensity (mm/hour);

= Interburst period (hours);

=  Square of the peak 6 minute intensity (mm?/hour?);

=  Sum of the square of all 6 minute intensities (mm2/hour2);

A fundamental basis of the mass balance model is that the main drivers for
particle washoff are rain power and transport of particles along the lateral drain.
Transport along the lateral drain is assumed a function of the peak intensity
while particle washoff is assumed a function of the sum of the square of all
intensities and the rainfall depth. The rainfall depth is also used to calculate the
discharge from each surface. The total and time between antecedent rainfall is
used to calculate the dry weather accumulation of particles on each surface.
Wet weather accumulation is calculated from the length of the interburst period
(the period between peak intensities in an individual storm). A hyetograph of
each rainfall event has been graphed in order to determine each of these
variables. The hyetograph for storm of 05/03/2006 has been reproduced in
Figure 5.2 below, while the hyetographs for all storms are available in

Appendix L.
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45 Hyetograph for 05/03/2006
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Storm Duration: 1.92 hrs
Rainfall Depth: 22 mm
35 1 Peak 6min Intensity: 36 mm/hr
Sum 6 min Intensity: 5472 mm?2/hr?
30 - Antecedent Rainfall: 44 mm

Antecedent Period: 20 hrs
25

20 -

10 A

5,

0 T T
0

Time (hours)

Rainfall Intensity (mm/hr)

1

Figure 5.2 Hyetograph and mass balance model parameters for storm 05/03/2006

All accumulation, transport and washoff parameters that were calibrated by
Brodie (2006) to Toowoomba conditions have been assumed as applicable to
the Hoyland Street catchment. The simple linear approximation for grassed
surfaces where the load is equal to 40 times the runoff depth has also been used.
The use of these pre-calibrated parameters is expected to introduce inaccuracy
into the EMC predictions of the mass balance model, however it is not the
purpose of this dissertation to calibrate the mass balance model to the

conditions of the Hoyland Street Catchment.

5.2.2 Modelled Event Mean Concentration and Runoff
Application of the mass balance model revealed that NCP EMCs as predicted

by the mass balance model did not correlate well with the measured EMCs. The

results also revealed that the surface discharge as predicted by the mass balance
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model did not correlate well with the subcatchment discharge produced by the
calibrated DRAINS model. Mass balance model spreadsheets for catchments
HSA, HSB and HSC are available in Appendix M.

Figure 5.3 below illustrates the poor correlation between modelled and
predicted EMCs. All data points are spread horizontally or vertically from the
ideal dotted 1:1 line. This indicates that the mass balance model may be
systematically over and underestimating the NCP EMC. For event with a small
TSS EMC a large NCP EMC is produced, and vice versa. It appears that either
the mass balance model is not estimating the EMC, data collection for the EMC

was inadequate, or there is some bias in the measured EMC.
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Predicted and Measured Event Mean Particle Concentrations
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Figure 5.3 Event means for modelled NCP and measured TSS concentrations

In addition to the inaccurate prediction of particle concentrations, total event
runoff volume was dramatically overestimated using the simple hydrologic
calculations of the mass balance model. Figure 5.4 below illustrates this
overestimation. This has resulted in a similar overestimation of event NCP load
as can be seen in Figure 5.5. Given that the same rainfall data was used, the
systematic overestimation of runoff when compared to the calibrated DRAINS
model may represent an error in the assumptions underlying the mass balance

hydrologic calculations or in the DRAINS modelling process.
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Comparison of Predicted Event Runoff Between the Mass

Balance Model and DRAINS software
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Figure 5.4 Event means for runoff volume produced by the mass balance model and the
DRAINS software
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Predicted NCP Load (g)

Comparison of Predicted Event Load Between the Mass
Balance Model and the Measured/Modelled Data
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Figure 5.5 Event means for modelled NCP and measured/modelled TSS loads
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5.2.3 Error Analysis

The mass balance model is calibrated using accumulation, transport and
washoff parameters derived from experiments conducted by Brodie (2006) in
Toowoomba. While it is not a part of this dissertation to calibrate the mass
balance model, given the inherent data limitations and inaccuracies, some
analysis of the sensitivity of these parameters is warranted. Figure 5.3 and 5.4

only provide a visual guide to the matching of modelled and measured data.

Calculated parameters from storm events also provide a source for error. The
determination of the magnitude of this error may aid in understanding the
source of error in the data. Given the fine scale determination of catchment
surface characteristics and the likelihood of a direct linear correlation when

modified, changes to surface areas were not included in the analysis.

The error analysis involved modification to the mass balance model parameters
in order to determine the associated magnitude of error in predicted and
measured EMCs. Each parameter was multiplied individually using a factor of
0.5 and 3 while other parameters were kept constant. Increasing and decreasing
the size of the value aided in the determination of a direction of greatest
sensitivity and whether the relationship was linear. As defined below, the two
error statistics used are the cumulative EMC error (CEMCE) and the maximum

EMC error MEMCE).
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CEMCE = Y EMCp-3% EMCy
¥ EMCy
MEMCE = Absolute Max EMCp— EMCy

EMCwy

Where: EMCp = Predicted event mean concentration

EMCy = Measured event mean concentration

This error analysis was completed for each catchment and parameter
individually. The detailed results from this analysis can be seen in Appendix N,
however a summary is shown in Figure 5.6 below and indicates a large
variation in the change in total error due to the application of the multiplication
factors. Rainfall depth proved the most sensitive parameter and resulted in a
median change in total error of 267% for cumulative error and 78% for
maximum error. Maximum free particle load prior to the storm was the second
most sensitive, with a median change in total error of 119% and 36%
respectively. The highly sensitive nature of these parameters could account for
some of the error present in the results. The parameters tested are listed below
in order of the cumulative EMC error displayed (insensitive parameters
excluded):

1. Rainfall Depth;
Maximum Free Particle Load Prior to Storm;
Particle Washoff Multiplier for Grassed Areas;

Maximum Detained Particle Load Prior to Storm;

Al

Dry Weather Accumulation Rate of Detained Particles Before the
Storm;

6. Antecedent Rainfall Period;
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10.
1.
12.
13.

Interburst Period;

Wet Weather Accumulation Rate of Free Particles During the Storm;
Peak 6 min Intensity;

Sum of the Square of all 6 min Intensities;

Storm Duration;

Maximum Free Particle Load During Storm;

Dry Weather Loss Rate of Retained Particles in the Drain Before the

Storm;
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Sensitivity of Mass Balance Model Error to Parameter Multiplication

sealy pesseln) 4o} JaldiNy HOYSeM d|oIed

urelq [e1e¥e] Ul peoT 8|oIued [€10] 10} J0}oRS Juswisnipy

8y} 810409 UlRI] BY} Ul SB|0[UBd Paulelay JO aey SsoT Jayiesp A

WI0}S 8y} 210jog Sa|oIUed paulelaq Jo aley uolenwnody Jaylespy Aig

wi0}g 8y} Buung se|oiled 914 Jo ajey uoleNWNodY Jaylespy Aig

wi0}g 8y} Buung se|oiued 914 JO aJey UOIBINWNDDY Jayleap) 1o

WI0}S 0} Jold PEOT B|dIUed paulelaq Wnuwixep

wio}g Buung peoq a|oiued 9214 WNWIxXep

WI0}G 0} Jold PEOT B|oIUed 9al4 WNWIXep

pouad isinausiu|

Sal)IsUalU| UlW g |[e Jo ainebg ay} o wng

Aysuaju| uiw 9 yead

uideq Irejurey

uoljeIng wuolg

pouad [[jutey 1uspadeluy

[E101 [[eJuleY JuopadaluY

B00% T — = = ——mmmmm e mm oo mm oo .

1<
=
= IS
el
]
z 2
_.m_ o
= IS
© =}
s E
<
E 3
] =
=] ]
|
|
|
|
|
|
|
|
|
|
|
| | | | |
| | | | |
| | | | |
| | | | |
| | | | |
| | | | |
| | | | |
| | | | |
| | | | |
| | | | |
| | | | | |
R R R R ® R
=3 o o o o o
& & 2 = ©

(%) 10113 [ejo ur 8bueyy ueipapy

Figure 5.6 Results from error analysis of mass balance model
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6.0 DISCUSSION

6.1

DISCUSSION

Major sources of error in available data have resulted in a very poor prediction of
event mean concentrations of non-coarse particles when compared to measured
data. This, combined with a poor prediction of runoff has led to an inability to
predict event loads of non-coarse particles. As a result an error analysis was
undertaken which revealed that the major cause of the error might have been due
to inaccurate rainfall depth and unavailable data for the maximum free particle

load prior the storm event.

The difficulty in obtaining accurate and relevant rainfall data proved a time-
intensive exercise that limited available events and may have introduced error
into the models. The pluviometric gauge used to obtain rainfall data was located
1.7 km from the catchment itself. Given the small size of the catchment it was
likely in many instances that runoff was not occurring in the catchment while
rainfall was registering at the gauge. The distinct lack of rainfall events that

correlated well with recorded runoff confirmed this assumption.

Measured event mean concentrations of suspended solids were determined using
the TSS method, while the mass balance model predicted suspended solid
concentrations in non-coarse particles using the SSC method. Literature suggests
that the SSC method provides a more accurate measurement of suspended solid
concentrations and the two can differ markedly in some instances. Initial error
was anticipated as a result of the contrast between techniques, however the extent

of the error will not be known.
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The availability of measured runoff volumes also proved unreliable due to a
poorly functioning monitoring system. This necessitated the need for rainfall
runoff-modelling using DRAINS hydraulic and hydrologic software. Due the
inconsistencies with the measured runoff hydrographs in HSA and HSB,
catchment HSC was used to calibrate the DRAINS model. Due to poor
correlation with rainfall only two events were available for calibration with the

DRAINS model.

The use of the parameters calibrated from HSC during a single storm event may
have also introduced significant error into the runoff volume calculations. HSC
catchment differs markedly from other catchments in that the entire catchment
drains to a single pit and into the bioretention system. HSC catchment also
consists mostly of road surface of constant grade and no roof area. The pervious
area in the catchment drains directly to the road with a small time of
concentration. This is in contrast HSA and HSB, where there is a significant lag
time between impervious and pervious area runoff to the point that two separate

peaks are often evident.

Selection of surface types for input into the mass balance model may have also
introduced error. As there are no surfaces in the mass balance model to describe
footpaths or densely vegetated areas such as gardens and trees, carpark surfaces
and grassed areas were selected. In the Hoyland Street catchment these surfaces
are also indirectly connected to the drainage system flowing over grassed lawns
or along property boundaries before discharging into the stormwater system. As a
result the mass balance model is likely to have overestimated the pollutant
generation from these surfaces. A number of ICIA surfaces represented as garden
sheds and roofs draining into ‘bubbler style’ outlets onto grassed surfaces were

represented as roofed area by the mass balance model. This may have also been a
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source or error in the runoff volume calculation as the mass balance model

represents these surfaces as draining directly into the stormwater system.

6.2 FURTHER APPLICATION OF MASS BALANCE MODEL

As shown in Chapter 6, the most sensitive parameter to error in predicting the
EMC from each catchment using the mass balance model proved to be the
rainfall depth. In addition, the antecedent rainfall period proved somewhat
sensitive with a mean cumulative error of 34% given a 50% movement in value.
This highlights the need for an accurate rainfall data series when using the mass

balance model to predict event mean concentration.
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While Brodie (2006) confirmed the accuracy of the mass balance model in
comparison to other new and well-established techniques, the practical
limitations of data availability to limit model error may prevent more widespread
use. While established networks of rainfall gauges are prevalent in many major
cities, they are seldom within 2km of each other, generally due to the historical
need for calibration of models in much larger catchments. The time-intensive
screening process required to ‘weed out’ events that do not correlate with runoff
may prove a barrier, given the widespread industry and local government
acceptance of far more easily applied yet inaccurate models (eg. MUSIC). Many
of these models have been calibrated and are recommended for larger
catchments. As the mass balance model using surface specific parameters has the
potential to provide ease of use and greater accuracy at the smaller scale, these

barriers to use may be especially applicable.

The particle accumulation and washoff parameters my also represent an
additional obstruction to widespread use due to the uncertainty in applying the
parameters to different environmental conditions in different catchments. The
error analysis confirmed that the maximum free particle load prior to the storm
proved highly sensitive to error with a 50% increase in the variable producing a
117% increase in mean cumulative error. Other variables proved somewhat
sensitive including the maximum detained particle load prior to the storm, the
accumulation rate of detained particles prior to the storm, and the particle
washoff multiplier for grassed areas. A mean cumulative error of 35%, 34% and
43% respectively was observed. Given the number of these variables and their
sensitivity, calibration for potential users would prove difficult. In addition, no
guidance is provided in the selection of these parameters. Testing of the mass
balance model on additional catchments, and calibrating to determine appropriate

values for parameters would prove wholly beneficial.
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The accurate calculation of event mean and annual loads can prove an
indispensable planning, design and maintenance tool. The runoff volume
determination through hydrologic computations is limited to simple linear
functions in the mass balance model. While this may be accurate for impervious
surfaces, the relationship between rainfall and runoff in pervious surfaces is
generally more complex. However, the application of the mass balance model to
smaller mostly impervious catchments may invalidate this assumption.
Integration with existing hydrologic software may provide ease of use and
greater accuracy. The prevalence of already established hydraulic runoff routing
models for urban stormwater planning in major cities may also provide runoff
volumes. A number of design storms could be run through the hydraulic model to
determine a curve of rainfall versus runoff volume, and provide a relationship
directly based on rainfall. The hydrologic calculations performed by the model
could be expanded to improve runoff volume prediction and as a result load

prediction, however this could be balanced against the necessity to do so.

A wide range of surfaces types and configurations are present in urban and
suburban areas, each with differing pollutant accumulation and washoff
characteristics. The choice of surface type in the mass balance model is limited to
five major surface types each of which is assumed to drain directly to the
stormwater system. The reality of urban surfaces may include footpaths, brick
and porous paving, vegetated surfaces and tiled roofs which may drain onto a
combination of each other before reaching the stormwater system. Additional
monitoring of different surface types and configurations could improve the
accuracy and applicability of the mass balance model, however increasing

complexity for limited increases in accuracy may invalidate the need.

The mass balance model has been proven to more accurately predict event mean

concentrations and loads than a number of models available and in general use
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(Brodie, 2006). The inability to correlate the measured and predicted NCP
concentrations and loads is likely to be a result of inaccurate data and the
unavailability of particle washoff and accumulation parameters specific to the
Hoyland Street catchment. An error analysis undertaken confirms that these are
the largest sources of cumulative and maximum error. However as a result of the
application, insight has been gathered into the application of the mass balance

model and potential areas for improvement.
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6.0 CONCLUSION AND RECOMMENDATIONS

6.1

CONCLUSION

A major component of this dissertation was comparing the measured EMC with
the predictions of the mass balance model to determine the efficacy of the model
in calculating suspended solid concentrations and loads. This was achieved,
however the result was a very poor correlation between data sets. This was
primarily due to limitations with measured rainfall and runoff data. The use of
particle accumulation and washoff parameters calibrated to Toowoomba may
have also increased the error. As a result a major exercise of this dissertation was
to:

» Limit already inherent error in the data by minimising any introduced

error;
= Conduct an error analysis to determine likely causes of error;
* Provide feedback on the application and limitations of the mass balance

model.

While the ability of the mass balance model to predict suspended solid
concentrations and loads could not be fully tested, several limitations to the
widespread use of the mass balance model were discussed. These limitations are
focussed on the ease of application and calibration of the model. The major
limitation to further use of the model to determine suspended solid EMCs
involves the lack of available rainfall data that correlates well with runoff.
Incorrect screening of rainfall events can introduce large cumulative errors into

the model results.

81



6.2 RECOMMENDATIONS

Recommendations pertaining to the future monitoring of WSUD devices:

Pluviometric gauges should be located within the catchment or as close
as possible to the centroid of the catchment.
Consideration should be given to the monitoring of WSUD devices in

the design phase to limit the potential for inaccurate measurements.

Recommendations pertaining to the future use of the mass balance model:

Surface types for input into the mass balance model should be selected
carefully and take into account the nature of the surface type and its
runoff configuration. Further monitoring of NCP EMCs on different
surface types and configurations may be warranted.

For the calculation of event specific loads and concentrations, rainfall
gauges should be as close as possible to the centroid of the catchment to
be modelled. If this is not possible a detailed analysis of the correlation
between rainfall and runoff should be undertaken.

Consideration should be given to the results of the error analysis,
particularly the ability of inaccurate rainfall measurements to introduce
error.

The sensitive nature of the pollutant accumulation and washoff
characteristics should be noted. Further monitoring may prove necessary
to determine the variance of these parameters with different
environmental conditions.

Guidance should be provided on the selection of appropriate particle

accumulation and washoff parameters for different urban surfaces.
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= For complex catchments considerable pervious area, consideration
should be given for the use of hydrologic/hydraulic software models for

the determination of event runoff volume.
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Appendix A
University of Southern Queensland

FACULTY OF ENGINEERING AND SURVEYING

ENG4111/4112 Resear ch Proj ect
PROJECT SPECIFICATION

FOR: KIEREN DAVIS

TOPIC: Application of an Urban Runoff Model using Surface Specific
Parameters

SUPERVISOR: lan Brodie

PROJECT AIM: Apply a mass balance urban runoff model to a specific catchment/s

based on surface type and compare and evaluate its effectiveness in
predicting the loads of suspended solids.

PROGRAMME: (IssueB, 22 March 2007)

1 Conduct a literature review on the prediction of suspended solids in
stormwater using urban surface data.

2. Gather rainfall and water quality data relating to a specific catchment/s.

3. Determine the surface characteristics of the catchment.

4, Customise and test the Mass Balance Model spreadsheet.

5. Cdlibrate the model for a number of design storms

6. Compare and verify the model results with the rea-life specific catchment
data.

7. Write and submit a dissertation on the application and effectiveness of the
model in predicting the quality of urban stormwater runoff.

AGREED (student) (supervisor)

Date: / / 2007 Date: / / 2007

Co-examiner:
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APPENDIX C: Hoyland Street Connection Drawings

(irrelevant sections omitted)






(V] 3 Jervo088) gz umamvson] "o gt e (=B | || B v T e
| izzs womern]| ~ " SILON TV HINID 3004 N3HOVR | P | R = [ommson]| ™ e i g warvoe i elfpn
] Gvi o 1t s NYTd ALITVIOT  [NOUO3NKOD L33uis aNvUoH]|[| Wi |||t socere| min | wawso Ll | e e IR i R '
b = ke [OH'Y ¢ NNI¥a L
@ a0 adve au ovou X30NI DHIMYAA B ; R __ﬂos e e ) 4 (R mits T
| 19Nn09 ALID BwvesHE I GRAYED wr DN o st o | woxo )| souavasay oovo )\ _asmou B e J\_ oSS S5 BRI, ) Cowom [-16w00 v [voniny (o] 3IVG | o] P

([ CeLlM

SIINI DUSMOTY T HIGHN BILINALEHOD
33 0L QWIS MOW 3IIHINGD HIHL WESL Y

BU03/11 R QORI MO G BN

FLE DS LIA3% OV ERDIS
Wk G LNIN30 WY Broes
b Ghauinm IKIAT OV ERDE

EADREIEY Wi DN DNIRT% ONY SRS
) g /DK B BRIu BNIRIA DY NS
S GEO-ZLFEOEE £/R0SE/51 Pl Coluni NIRIAN ONY NS
5 - b2 Wi DRMEVA IKIRIAE WY ENOS

[ I3HS OL M3 AN 30NT I e
/u. B0 0 EROUYIDT OHY SHN0I0D 804 '8 HERIA I B B O B

L/B00HSE] MR EANE DOAINE OV ENOS

MOS0 AT (%) EIEONT 2/D00K/4T W BN DRI O ENAE

HAGH N

KB GISVELIN 38 01 3uV 51504 ONY &
E-615% B34 &Y O3,

39 01 3aV ENILIVE ONY S150d $H ONIOGS

EUWI30 ININIWA B0 DZO-ZIVE066 01 343y

STVIIT INIWIAV

£
FovAHNS WHNIVY MOVIR (35532030 39 01 v 613 0134 0L ¢

o F-bb SW B33 ) i WYIISIOID ONVTSH as.nz:w\_uH_
(R STV N R B AR

¢
E-EISH H
O BYINS 30 01 B B3INAT DUSAOSATY 2 4
HOM WSZ 30 01 BV S1NI1 DUSAGI W L i
i
¥
¥
; ; ¢ 406 s S
T-W 601 43 o C0an H &" FANE SNGUSTE WANLEHD] FNED
f Vid § 43 T BANE TMuEn S
N ATTVO0 181 A2 BEEE T smwve
0O TIRAMO
= \ = / /rv.& W T e ]
R 30t 23 oo on
] Jqluuwu M PV!VJ/J v + TG €10 N
== YOy = | = 2] H 1336 01 BN,
\/ e N TIRE BT ER
. iy —_— £ 405§ 3§ o
: [ [ hogerg m > fmcins e
€643 AUTINCO TRUOE 3D 01 IV SN IO K v Phiime o
340 DN AL "YDE INYATTE: 2 s =] M9 JTmNLS STIH . s TH P
HOLYSDIN SN HD. SAHISHY 4D 5 o 12 Vi) f
31 01 B0 SHINON (2) OU1 Nk 65 v £ ¥ D
XA AMGATTIN FLL AALON EHIIIVN ON S
/ VE ¥
T4 ONY T=Z1 £ B3d S¢S
QAVISH 30 01 3V EONISEORD BN FIHINGT ONIEKG 2L TE VB
i3 5E Vi
BE-ZLECOS6 MO TWII0 01 ¥3138 431 0134 0L s P =i 3 e VD i
WHAIN NOMA CANDIEANVEL ONADMTS FIRI0D 30N W0 04 ¥ 4 ' Hem e 4 TE Vi b
3
i
e
it
i
i
i

INIGN N34S
3L AR 010N Y O0IWIA38 ONV OIAWES 30 0L B EINSS0ND 384

33083009099083333333333

£ (T KT WL

RIS O1 AUVEN OINOT 3T 0L 61 HA0M AN VW 2L B U335 KAuTE Fanon
i

UMDY ZHL W) OIONIONI ION §1 ONIOWASNS WIS HIANUE ORY 3nied CLL

CIEWEINDD 341K @300 TOW 6 DRWAHRS Y 0l

“(I¥GL EEED BNOHA)
ST ONNOHIUIONN 40 HOAVIOT IOWT 340 BOJ KIWINI IWINDD 6

“A0AHIHL ROSSING

! WOUVINISIHATY BHL 40 AWHNODY L HDT Tecd WS 3HL

48 03143097 30 NN UNe o3 ON CEow IO

8 AR D13 "ST0HNYR "610d "B3did
HEKLISOH O2500Hd BOAOM TN

i

2ppmanann

(ledd G MM COEHMLOM MINIUL Adid HIYMWHOLL BOJ L

B B MO INIOILRNEANS 3L M O3RN

38 A0S 40 NOWISOd Teriow 3 NG 'SatwiEn 3HL NG HRHS
£ JIN0IH0S 340 K FOS 0OV HIIO 2k EROUIIHNGD ORY £3MINT 8

VI INOITS ATIND QL M3

f3AL TAINM HOS)HACHS BSWITHLG ESITHN HOLNINNOD 3dd Vi

£ HIW Z-2C ONG 1-25 B N34 SY ¥ 34 38 O 3% EI0NO W 6 ) fqﬂ\/\/_ 1 \ m—
u e

HOUSVLRT 340438 005 3L M EATVIOA B
& FINOIMAE IAL M NIUD FOSS DI GHHOMHINYE HOJ KDINAD 341 v

“EOVET MO EMSOVMING, B0 5507
MU0 (¥61) INTOUE KIELHE Y BRWDTIF A1V WD Kise
3 FIN0INIS JHI K OROSS O T OINOAN 40 STULWAD #L f

AOGIOANG V0N BHL 40 NOUVIWHOL 14 3L ik

ONOIIN0NS FUOSID SSINNHHL INERIAS IHL NUUNDD 3590 TV NI
TIHE HOLWHINGS 341 I0MEDENS OVDM FHL A0 DNISIL HO/ONE HOWL
~4aliMied 3L ML JRAONAINMIANG FH1 40 CONLEN K HOULI3d0 .
A O 30 AN SONNTAO AL MO NMDHS BSIMENHL NSRS 3HL 2
EIRAIG BNWTED B0D Z-ESM R S3ILS 34T B04 |- ECM ESHINGID
EVONVIS. ~ SHHOW A0 INFALIVA30, WINADD ALY SNVESRIE 0L H3S 0

ST dd d1dWAD




- ™\
[ VoY H901 NANOVER N(een] 2o Tomoma)(™ T wwaowom) (00 R e ErzrET
9 |¢1¥S066 QL Qvod 3idHAD —{foen| win s i i 20
300H NIIOVAS | R [omusomll ™ i oo y LT
_ SL 40 L J3IMS  [NOIOINNOD 133415 GNVIAO) e | R | | Pt
i o g o oo |00V gnang o R KDk T el ot e
(5% TONNOD ALID 3NVBSIE BILIL GRS soF Lewsere| e | wotsan J{ aonanasan 00v> JL_ wmscsin S92 I\ ot DN SRATINRA IR ) Coiom] i 5
wm 2
(ROUSN0Td WOHID) €S2 11 AW
m sl _ ’ 3 r T T T T USRS
LETTE L 34 oz 3 o) < oo 19
— 2
. = T Nvid , :
PO gy ; \ 13 / Q
t oY ¥ 4 Fr00zay 5 gezdy §
BRI ST (IR T .nm.a._% y L 267 30y Y . 02 10y s\ \ M
o 60 ;]
ATt ‘ 5 ! \
’ b o T A '
Uw& TR S0 ov wos0) W T ,/ m
$13 n R R A e \
S g o T T N
- o 7" o SR
i 1-61 6 K3 &Y 7 e -
\ . 29 o & @ HIVAIGO) JEINDD K
K s ' e .
\ i Lor ! N 2-31 s owa &1 090 o1 ; /
M ONSEONY IVAIOGH TAUNNGIE - “ -
! ey 3 2 5 - - [—
- . o wey N g ® g / : e
oy < HIVALO04 IS -
’ » @ DI QN 3~ N

ATETY GHUSIKT 20 BERIIENNOD

(R L

NSy O _ . " - FUDISD BRISKT DD KOr
e ot o@..?wo. - —— W &Y
5 T e B = == MIVAIOD] BRONDT | [ DRISIT O L
- - % X\\ - / 30w b Ky L - -
= 1 P AR B .
= - e 2 o.ﬁw‘ (s .a S
uv QI 3 0: N
AN BeI%

e
OO et
\.Ev(m.ﬁv ﬂ%\n\o‘.@ .\»5‘ IS O3 -
: A3 ONOSR
SUGHT OIN Bl

Q@

Tag GaN0d 3N0LTE NI
M wﬁ&ﬁ [SR T

11488 B1d wa.wowvﬁa
SINVHIBIN 3003 JBPONDD

T-E1 ER 00
,,,,, WANS HOM WEE
3 asna

QINWINY 33 0L
. \ WY QDD DS
Sy N
P
sovis /
IS \
1-ISw B34 Sy \
HIVAIO0! BLIUNOD &
3N wOTE RGN - ;

IS WD ORI
38 01 KOWOOY
1~ SR ¥id 8¥ HIVALH0)
FIMOT 3TN WL KN

S331 GYIx RIN
Vo3l GHY Bl
ROUS W) NI INHS

A B
R MM 005

S @w AKHIVG QASISIE
r./linn@« 3 CINATVEN WOT

oN4S3 0L g«x »h%r.om R3S O -
M0 RN NI 30 E HIVAIONS CMIGKT 3 o
e SR e, / |mta
JUVIN iy R .w S .. L e ONESNY
) - ~ OIS O Hnnvz 5 — M SR S.ax;éz [
. IS (5 e e
. - o Vo Sy Vo—,
| e ST &s jad e A S
& oo - P 8 i w9 % & :c&?%ﬁﬂ;ﬁ&%:d / et |
r I R O e \ I i > S orenen N H w m
1 N :‘m mwm»..c.ux © M‘ﬁ U — _\ & \ Oy O siiam m.. \_ ! & J
N E e J1 B ol &«
{4 : . T Qe &
%,w I %, ,mw\ K / \.E \N R
4 .om\ H .\‘ Er M %
& & & i ‘
S il \\ Bt [ [ e LB o
. 1[I HYONNN ;4o ] HSIyVd [ [
.




™ [ aYg hY - o Lol N YHESSIDHIILEAS)
v] £ [c145066 T (T (| G I | ) s
0L QVOH_ JIdNAD e conz/e| wen | gaovi cauaLeInay TS0 e v GIEVEIE N E%wzu.ﬂ
et 617 e e £1 40 € 133HS Shommﬁ% hwuw%mge_ J o ousieo | foogz /e win | wavea (0] oo o] ., e w0 s 053
TN WSS ® ¢ PR Eu_k.t..z ..iS W F WALYO e -t BNIEIA
u._mm gu_m.nzwﬁﬂ%,ﬂ_h avod Nvid 1NoAVT mWﬂﬂﬁM@q@ﬂq b oo || owere| e ¢.u..,....mw..._... Cep OB E KRG - CeET i ¥016 %0h 0ad
£37 119NN0D ALY INVASIHE T ORI wor ot Jletre] e | “nosaa J| sonmeams oovo )\ i...._..:.....iz o SRR AR, )\ ouom | tewod ev | wominy [onomn] 81V LHINOHINY
(HOUONOIY 3043 052 P L AW -
ﬂ ﬂ _\ _ _ 7' I T T T T e __‘
s3I GE o i1 ol % o0 & . v

NvTd wana 10 2903 o

693 OHILENT

OLR AUYIN NI
n\L\.-l
Wml. OIS OLN 3U = EI0WN0S MIN

MIHNLIG 40 3303 W
&jf
N0 N3d0 SHILSH OL MYEd 334 LMD 8
WAL MO — f
06T 3
#52 107 -

NIYS0 N3O OIS |//|ﬂ

4 VI0 628 ONY TIHOVE oz;eaﬁw\. .

T &
‘
5 FROGZ gy
\ W R 5 T
-3 it

.

HITHO NI40 OGNS O1 M0 334 40D

L-BISH H3d SY
IISTE TSN

£ 1150 0L BVWNIS PV B3y

300, WEZ T0MISNOD -
¥BG 907 o e g
_ oo
_ i 20281ty

L]

P—

1-C1 SM H3d 6W HIVAIO0 __‘
ILIINOD W, WL

3500 DHILSIHE
k L
: q.
o
\\_
AMINET

T8l SM HI:

SNIOT
5]
s

TWI3d av TV NOIIDAS SNIVINFSIUATY SINGND A OIAOULY 30 THHMS

LT M—

O 35 KO OINAHIII0 35 01 OISO
HIVALO0H UTHINDD JOM WL ———

yﬁkﬁ_&e BNSING BIN
L GHY INIMYS

£-Z1 SN D¥0 OIS 08 01

IS AU SALIS BUNL A P A

AW ¥ T3 M3 EY dvl
Nl 40 SIS WL
[T e T

0335 BSvHS
N W05 801

onush ELE

e

g-ZT¥5066




( A v/n Y [(conse anom | [ | T | e TalenEEen | ¥
V| 8 |21¥5066 O ot | N it [ WS e
|l e EL 3000 NIOVIE ") ool Rt | I g i P
o Wi GEL o p e po) €1 40 € 133HS NOILDANNDD 133UIS ANYIAD eonz/i| min | avEg [ i.e&.wﬁaﬁurﬂ-‘i i+ H3AALS z_.‘mz_mm DG
| N9I530 DI4VHL ONY QVOY Nyld 1NOAYT JOVNIVEO NV prveyR v T Brnopreniont || o e ¥ 2 WLYD W < BONIUIS
] NOIS3A ALID EMOMAVOY t W83 \%&V 0-G6¢ | [amvana| $0L6 %008 0w
5% U0NN0D ALID SHvasiua HALIL GHAVHS wr \oot/i] en | wois30 J{ porauasan 0va J\ oo B usoos mams_J\ oty Sabnis n b ans Lotoiso )\ _OHOM | 16N05 6 |wORIAY (93033 IV e J
— {
(houonasy 3¢0038) 052 ¢ 1 AW
ﬂm —\f w\\\ T T T T T T 1
— (LTI oz 113 o < o0 s QD
= o,
2 NvTd g

291 G ¥3d4 B IYSING
IFLINOD FOW WEZ SWNHISKOD

aNY 3

HOISHIL3Y

W3LSAS
NOWYALIANI

A

15 NG QMRG0 30 01 NGRSO\
HIVALDO FIHINDD 3P Wl

-0

ONISSHED AVMINED TINIDSI

dew ®

E-ZISW OEG 01S 908 01

/43N0 B3 man ns oL
£ NN uz;m_xu\m:_.n._

£SE15w 0L Biins 3031
HIWEVE  DUSADDY HOM wSZ

oot
I-EIsH Ead mq\\

HIVAIO04 u.mé—
T\
\
Ve

\ T ewor




NOILDINNOD 13341S ONVIAOI

o0, AW E: ey M| W womsamang| ¥ )
avoy 300y _naovue (B0 exs)(~ v (Gl 77 [eaom)(( | mosom)( G . ‘ :
0L GvOY SIdHAD ) = worde| win | v || ot ¢ b e excvoie oS EEnS
3001 NIHIVHE v/ B b g
Zon west| EVD 40 6 4108 DM €1 40 ¥ 133HS T mnrnoy | I S O B WINOLE W30S DIED

NYDOLEND NV

T-OLEM. B3 SY HIVATNE
JUZUIHOD 0w WS

HVYANNN
ET-¢1v5066

K0 I3 N30

WALISAS
NOHVHLTIANI
NOISN3L3Y-08

I-BIGH ¥4 &V
VRIETS TIWIEN!
sfvisn g1 fariins el @i

g Wz THRISNDD

T-91 SM M3 EY HIdINE
FTWINOT BN WEE

L]
i aon

R S S

0S| WIN | KMYED
HDISQ DI4VHL ONY QVOY NY1d LNDAYY FOYNIVEO ONY aovere| e | Gmam || e rereieen | wm S
A oiag piw SHHUOMOVOY T eyt \%.QVRNW% Sy AV NI QRN
\ TIONNOD ALID BNVASIHE UL BHMVE BoF gy J\0/] R | Woaa I ponauasan o0vd J\ s o s e __ gD JOrAR M di 1N ) \_OBOW | ‘LN03 BY | BORINY |oaxoaqo| HING | IHGHORIAY P,
=—— = —— -
ﬂMN\— — 2 (WOUDNO3Y 300438) OS2 7 1 AWOS
| — T T T Tl
B34 G2 oT S ol £ oo 1
PGSO

B0y
[

’

WIEAOK HOM WE'E: /
/ \ /
5
& \
7

)
i) e

o T
i

| o= V-EISH W3d Y HIVAL004
= ATAINOD 3AM UID'E
" A0 WEE LINHISNDD

4 Q.OVM, 1-BLEM M3d ¥ (SIS
VHIETE TSR
E-HISA O HVING AV ERiax .

T-DISH ¥3J SV HINDINE
UIEINOD FOW WET

0'0gp 40




e e

[ V| 6l1ZL¥S066 avoy 300w N3vovas |[Mes evsgE)( e Yfoooese| a2 [ oanana)(” ) T T T | n R ] v )
0L Q¥0y J1dnAd ey g i St - O Il S \ N zeay
oo | w issw w pua 3901 NINOVER v il o™ ST I 74 i
| cwowmesi| 11 0 6L 433 oweru €1 40 | 133HS NOLLDINNDD 133415 ONVIAOH] 4 I RN | oz se| win | v W ||t oam on oy 4 o HANALE W3S OiHG :
- ik WY E WLvD
5 WO30 udves oy avou NVId ST13A31 FOVNIVIO ANV - T Iy
M_ NDIS30 ALID SHHOMOYOH — [EE]
\_L=#1 WONNOD ALID INVESIHE Wil GRAVES i 2 - \owese] avw | woisao JL ‘aowauasad 00va I\ exwenis 30 shime enn ) onlionds SIS ) ouom | 1swoo v [woniny [oaxomma| iva ANFNONINY y,
(NOUMN03Y 380433) OSZ T 1 IWIS '
T T T T T T
saIN 6 o st o H 00 %
& o? @ |
e troe
. e mey o e .
w\ =
/
o o 3 i ...m% !
TORINIAIAYY B 34 ANINEAYE £ 340 m
N3G 6 B — 7 I L B _‘ _ b
[T —— e LN
- ONATIT ININIAVd
.waoh_o_._nz
O
&) & z =
by o 0

72!
ﬂbwn

HYaNNN

et
jtal

EOZEI (e
@ g0

N
\

]

TOTRLIY
ze 167

ZOLAL L4

10

= SUVAN a3y
ONUSIVG OINI 3l

ALYEAN BTN
SHILSIEG LN 3

02911
GL1 107

STYAMIIN 01’0 1V EENOLNOD KNS

310N

zazeldd
#1100

HSI4Vd

GOERLLS
611107




 f ) GURgEpAg N ooeere| | omoma [ rrusosom) | 50 SO~ AR T - ATd e R
< F N N —- .T mom mlﬁq D(%v&l %qm%kmwnmnﬂ.‘v_‘.wéw ‘dﬁ e M e 4"-“000«\— IR 030VHL “nw%uguﬂ ﬂ“ﬁn@dﬂ}»ﬁ“ﬁm RIS PELR K wm ,.mn._um
] R o b 300 NDIOYIA v i for - e b Gt
Tomen] sz o] €1 40 € LTS NouINOD L33is onvuoH | J, s | T | WX | e | R R
b .a_wuazm_uw“_m‘%_»ﬂoq ol Wil S13A31 ummﬂﬁﬂnn__qqu cwrmss oo e | PR .Ivﬂwuhu 7727 |[o-g6e | [swmani] ¥016 wo0s om
NINNOD ALID INVESIHE BT ORIV h wor ooozre| evm | worsaa J{ Sakdiaiin v | oo S etihoe e J\__ ot S e s owm Tewen o THINGEAY
. ™

(NOUDNO3Y 340438) 052 3 1 AWDS
= S T T
= MM €2 oz ! ol ] o,
2 o,

STWANILNI W00 1Y SENOINGD K53
ININZY § B INIHEAY B 3dAL JION
NI € B _ INININ | 3dAL

QN30T ININIRVd

X

20281 Ldd
¥ 10

zozElLdy
[t ]

ZOZEL Lelil

o ov \ o 167

\\
/ =
ekl

B 107
A\ ser
S

WALEAS HOUVHITIN
HoilHINEd O

FO5L,

s

\




e3¢
¥

HYANNN

.

gw

B
Bredt

/5_&,

s < NN N —‘¢@O®@ VoY 3501 NIovaa h««ﬂw%&@ @ | oo ) waosom) wwﬁ»&w%zuw..:dﬁwﬁwmiw” o | eoEe SN ] ¥ )
01 GVOY 3IdHAD Y R i Gt - v oo excesse w eepen
Ll BT e 3901 NIXIVEE Q.j ] PO SR i
____mman] 6V 20 2 {134 ) £1 40 ¥ LIIHS  NOUOINNOD L3RS GNYLAOH)| I} . ain | vse R 5| s 1 o
= NDIS30 DIJ4VEL ORY O¥OU NYId S13R31 JOVNIVEA ONY 4 — :
. NOISA ALD R SHIOMAVON e Mo A for LI T,
m._ TINNOD ALID INYBSIES UL phwvE bot €N | KOISIJ{ FoNaN 00¥0 J\  owmesany o evaror sean ;F OIS S e S 1 ﬁ GHIIN | T6NGD §Y IHIRONIAY P,
— N
mmpv ~ \. (NOUZNOZE 390238) 06T * | IS
i
$T=CT¥E068”
VA
WILEAS NOUVH N o
NOUNGL 38~ 08
\\v\.
TOTRitgy
#8100
o0®
143 09¢
310N O ¥3438 "
o
‘001

o Tt

»

& KL N3 OF E30vE
FIOCRRY S IWRII 85303
# GHUSHYOY 30 AVA ONION 40 DIOGM

IOV

‘w INWEIES § dda

ANIODIT INIWIAVY

40 HSIuVd

SHior




[ VA FAS avor 39018 Naxoven | AL eusgEE s.:uﬂ_.__s J—'Sog e .E.o!udﬁ Wisouom) . ERIEE [EET T
ooy | wima £ 40 | 193HS ownm__mQ _w__u!u..u_.mmﬁra /N [[eeeese] e | omovu || il Ll a,..w%,__w
wuwen| ori i oc e owvial| NV IMAWIVANL  INOILO3NNOD L33MIS GNYIAO H v W03 Hocrsa| win | wawea || _mootsnd wvia N
NOIS30 DI4VHL ONV OVOH AOVAUNS ONY v — el meivinee d
S woisa0 SIOANIS JOVNNIT | T OmMavOn e | o e T CE [owra] 7016 300t o
\ U TNINNOD ALID ANVESIHE TILL DRV Bor arn | Nos30 BN 00VD )\ smenscuusy e caiieaon womm GUAIINGD. 3900 -HI- B0 10K00 )\ _OHDIN | "IEN0D BV |HOWINY |03%03H)| BL¥a LHINONINY o]
(GHOILDIS ESOMD OL M343Y -~ diHIS oUW ) - 082 3.1 TS HIvel HINMAE0LS 0F50eiud .4

GRONE HLIM B FIEVINNOR
O TINKAD ONY B3 T

SIS0 DHUHOMIIZIE W04
BE QL PEL-EIRCOLE M
OHIHIMIFIAIS O H343s
TEIoH

s o ¢ VHISTIL QFS0a0d ——— l———

INONGD ALIDIELYAE ¥
HHON J334IS O3504048d  ————X.

_ AUNHLO3J3 03504084 3
YELOL 1y Uy =R T Fitis -
1oy NS 01 ST3IT 4SOV Yh0azy il $h0pzay
PR e 20z 15 Wdh N gOLs s 02 503
TN0HM ORUSIG 1SANGY [ e — -
yiid VIS —— e
oboR TIE BN il IWEINIS s —"
(31vu0 ozsAv) > g
N €YD — i
#0824y g
0 R 1 -
® an SN 03400R 0L g
WG SE | oNEoaT SIoTeES
-

— B s

ot — et

e —

oy L.\u‘.ﬂ. \I\\\
= dIY engs i O
- ..THH.!I:....,.W g o g
o i e — e
5 5 e ey e

o ——

TEINN Y 34 JWEISKO0A h o, _ M 7 /
ANng o.-»m:.a v;o_.-‘wm B o S

T

5 »u.\. ===

5 M, ¥ 3diL
AT

IBNHIENOT

= M, ¥ 3 e
o dasor

oy (1]

b 9&4 -

W Y
(=] - P
O, ring iobicnins h_ | \
1

LR e
= 7

\\.\\

7

Ao

|
o i e -
Lt} bt h_ ! -
| L : G
oz ! ] a- \m. h * W
rog g3 AN P ____ 3 . .»ﬂ:iu wﬁmm.w miﬁhw_h S s S
AT MEN MDDV OL r\ﬁ% R [ L il . s = | B.um_.
TV ONUSINE 350l 1 le —f T e — . . PR LS 43,
m_____ v \ e ! ..m.« T el B AN
= q | o s ==
! i ey S
M Jas & - %mum Miisocy R o B
— 0281 Loy ..rqu x T \
z8 100 »
g o § Jr
o
(] )
E02211d [
B 101 —«

TOTRL LY
£e 1

HYANNN ey HSIvd

L.




(vlve

v]refervsoeel

o wan| orh s e s owene || NV INIWIVENL

I NDIS30 D1AVHL ONY OVOU VNS ANV
NDIS30 ALID SHDIAES IDVNIVED
\ WINNOD AL INVESILE WL GRS

OL Qvod 3IdWAD
3001 NIAIVHE

NOILOINNOD I33HLS GNYIAOH

HOYNIVHEO ANV
SHHOMAVOYH -

avod 39014 _N3Xoved (rerrets)

-

7R CZEEIEEA musouon)
owdms |

[T | i

R | 03IVHL

o T Wodliereay || ozt
m Y I

Ml LR e T —_ oozt

?) . —PSUS

e | R

WIR | MMYEG HYIOOLEND WY

HoIE30
A% | Wos30 )| powasasau oov )

(" toen binc = Kk T

450 Eind ~ L TR TS
144 4247 - LN IVELNST B
B = WTRED MO

—

ceunm

K Avghens 03504004

WHISTAL QRS040 s J e

PRI

ADEIDTTE G350d0Hd —
KA ONSI MIVES L

NWE0 HIAUVMAEOIS e ONS——

LEGRCETLA —

VEISIEL - e ——s

WIS ——— S

HWH EVD - Per—

A - W

ONI9IT SIOAYIS

SN0 ONIHDNIAIELG HOL
EFD OL FFL-ZEFE056 HYId
CHIMANITZENE OL Had3H
o

DHIAT HUW Be3 FIEVINNGA
ORY TIRNHD ONY BEIH T
HIONN 03o1d 38 01 3aY

[SNOUDIE E50UD OL W3I3H — dulS

V-LEEM B34 £ Ksd 300

o

: ¥ adi
P g Lanalsnod
02

4

N

(ROUDND3Y 340433 O5X 14 AW

I T
B33 g2 or

£E-ZI¥5066

x
L L
zoou.n¢um¥y

o110k

® s ¥ x

z-peow pud quc goa ¥ x

» B3 SY.HGEC Jinse
oL T

¥ w

x ¥ x
oy
X oy "
L ¥ ok

e 015 a”

% v__v RUEER 1 i
TS L T efn

v BEOL X

T
&l

»
x
Yo

2
it
I

00ld x 7.

5

) %x

\Rﬂuh

L

&

BZEREIR Jnmww.m.

mssins | ¥ 4
W

il

O

e

0

15 INIMYRITd DTAI0HYONT
30N~ HOKIAMNS. EWINDD

i ¥ B

/ ATING IDNAISHID

0L

‘ rios
feD

i 0,




4 ¥ 0%/ | P | OIMOIMY WHHOUM o g - venn Tment N v | trin [RITIPTEY B
v s [e1vsoee)f o B I e e T e i |
o] wims bowera €140 ¥ L3S AL 9 oo || Joammon| T s wml v weesere y (G0
T X e || a\ﬂ_ ININIVIL NOILDINNOD 13341 GNYIAOH] ,E__Sab e | wwvee Kvaoiens ke |b s s g v KINUB N INAS DD
| NOISI0 DI44VEL ONY QVOY¥ JOVRINS ONY - . ; s~ ——h ]
@ NOIS30 ALID &osﬁ FOVNIVEO A oY AL | R Vs TI o
(2 108009 ALLD 3nvesi I DNYED W Loozre| evn | womsa0 J{ aovawasm o0vs | cmsessee S et som I\ eSS SN RO D BN ) wdiiny 5 #iva INGHONINY p,
3

(o0 2G38) 05 5 1 3OS

{ 1 it 1 T Tl
SN €2 or st o < oo <

0, ¥ 34
AN LONYISHOD

% M, ¥ B0

(& s Dagiskon
o

N O 8 ¥3a
Ny A ARG JIONISNGD

™ NG

Hgve. &%

0

G
& /-
> _3ad savinioe
01 ¥3003 0303
o

Y

, 3

5597

TUoes 8V dear
A0D IDIUISNGD

o,uQNaI/AWNI

T

AT " X x
¥

~0 ' Mz of Bk gme T ox "

N s w o UNEBONENOS »

o Mt ¥ . M © Yo
Q Iy S ARREY ko, X
. N R

» ~

x

E-E5S% 083 OIS D08
¥id £V €426 N8I JAS
OF TRV 24100
£50L ~

T-5E5M 0BT QIS 008
¥34 £ 0508 1S

OONM. 2

OF Tienivad 00/in0
0401 = WMM»MW%MMMW gy
\x.avs H N

P LA JU W B M

o Qv\ \\. .anﬁ.v.é,w%w x
s v o I, \\.\ w, Mouwe U
Ayl ;
bt 4m ’

- NHISTH 03504084 1
SNV . 3 %
HAGNDD WNOS B0 S 0¥304084 %
/ EHLOL r-Tiviols NN B I .
~ SR RV SN IS e -
NHG BRSNS - R e
S0 GNIHOUINIS WO B s b
B4 01 pri-Ti508e i O S
Sr6ite 0 SIHINGING 01 4318
€02 4691 3 feiios AV - e
W WD - B
Ty T T B R
GUDOVE RIW. Ba1» 1NIENGR
O TINAL) ONY BRIN TI ONIOTT SIOIANES
HI0NT 030914 38 OF 3dY
PLISH K34 OF Nivd B0
HVANNN .
40 HSRivd

SNIOF




w v |65 avod 3901 NIxovaa |[ F elegspe i.ﬁ__ﬁ J?SS | eaoma)( WI0UIN \hﬁ%ﬂdw_ﬁﬁéﬁmm) ( ) bl B T
£2 40 9 133HS OL GVOY_31dirg - ([ er | onovus e s e wvers  ofFRETE
oy | wims O'0FSHO — 0BFHD 300 HIHIVHO l!.un_._“xsx._ ¥ v e s wanawa zamommem oo
P 133415 ONVIAOH  [NOLLOINNOD L33HIS ONYUAD et eoere| win | o || wnoatsns we || SR v - e e - B34
oo s | 0 5505\ squue o e CZEmi S |t
|5 u0mn0o ALID aNvaskig g o Necorre | on | wowszn | sovcmaams aovo I\ oomnsn St o I\ ol SEACITRAT 00, J\ o] oo o [wowav [ozwoaie] 3va LNGROKGNY

r

(NOUDNAZY 340438) 05 F | 35 TI34IS ONVIAOH

Y o€ ® bow SNOILDAS S5090 0vod

SIH130 Mo LIS - o
— LaE-TIvs06E 01 #3134 \\\ |
£ 3 UIIHARDIS 50 AN a13d

'ﬂl
|
|
|
|
|
Y

HANL KT "Wt ¥ () wEE o0
HI¥E 3HEa
) WEE 3 — IS
0 30 [T G0 o 0

0002 T3
0000086
| I
e .s|__|l| e
0% T
000028 e
e  E—
1=t 50 680
IS T8 01 ¥3430 SIS
ORNIFE HUM B33 FTIEVINNON
el
000°0%C

[l —
L T :
WIAIL KT
MIVd 308 el
L3 (3]
HAGHE
! w1 X




e QVOX 3001 NIIOVEA %wgnwg (wore] 727 | amvoma}( wuiouom) w."%ﬁﬁ%&wgmum R R S
FIHS A 3| e ; ; ke 269°¢ W
ooy L1 8o © 500 NDDWE m« = _ ot o o W sacvuse y elfgl
L3S ONVIAOH  [NOIOINNOD L33MLS ONVIA ur A oorse| ﬁﬁxﬁ.ﬂu: FINUS K IAD G50
i SNOIEDES SS0UD ...M%ﬂ_kﬂm anv _ porery I-\»\
S VO "
.‘Qzaoo ALID 3NVASIHE S GRWVE Kasnkd B manany oo w01 IR hﬁ e S TSR TR :lo._lol “I5H00 §Y IRINOMIRY
(Woiana3Y FWO4IE) 06 ¢ 1 HWIS , 133915 ONVIAOH
L S e A SNOILIIS $5090 avoY
¥ 3 z ' 3 i
|
/.a,lw oS PRy
* _ SR 3 “ReE Fi
MV IR0
[N WEFT k PR L (R ] !
WIS _Lonia e G S AN - wmnos
' L L o ¥ o ©F (14
HINRS DUSADIY O WGl
L N . S
000°08S | 1 —
—— (. S
R — um— L B
du e I
# | |
N
000 VE
000009 ! !
. e PR heesur B
A ke + i |
W
oovE 13 t |
0007029
, e
IESGH WU A0 *
"
|
R URE]
000°0+9
] ) o I . R B o
I S— i o = Lf
e TR —1 > () WEE 3
Hivd b WS HRWOHE
8 #0 il o M) s (33 ! o ¥ o T 33 !
. 18
BONIE HISADI HOH 05 e i 5
L m ]
b ;




(V]19[21vG066) rppermms | OQ G prae) A0 s ) Gz o L e el T
' 1 3 0
e 7 o T W | [ | e KT el
o Wesi| BEL 93 40 June tawrwd J3381S ONVIAOH INOILOINNDD 1334IS ONVIACH] Jlg aa | Rasid Ml B TR e | § 1 .
eult proyrsrrrreon | Bk “dJduy : wuve we
N e ety SNOLLIIS 85080 mwmﬂﬁm,md\mnd\ il 4 e | o] e | SRR T A \m....,. wwﬁww“\\\ |[o-ses i [mwana] ¥aie oos owms
ONNOD ALID 3NVESINE [P\ o Jlo @] v | avanam oovs I smeee Eitr e W e e e gy o ANHGHIAY J
( (ROUDNOZY 280430) 06 © | 3OS 1339IS ONVIACH )
T T T T
A —— NOIL 50 avou
,,,,, S— i - ;
e L1 ws= ||
- = e - — — e E— ) Wz ()
ﬁ e _ WIA k2 _ _ =y =
" Hivd awd ONINIA ONY 201
& 113 4y 50) HIOWOHS HIOHS
h 1 N 113 oy _ [ | o% [
o0y ¥ R ousha MM wgg—4
000089 _
§ e [
EE s () R —
+ Q15 908 O
ONDEVD L. B VRGO
u {
00 13 .
000700/
, ) R I
- &
-
,gOn YA c—
000°02/
- - g
_ -1 S OU
M QIS D08 O M1 WIS
7. GEXNE HIW BSDE TENA0R -
wsv.ﬂ Vi | —
[AS N I
- c I
r— e e I TTY—— T Tw .  w
ST =T
W | HWOHS sy xwwmauwnw.. %w.ﬂ
o or oy st (33
_. _m
\_ 7




_

Qéo :mpdv

IWWOD I CIN

wr'L M3 MR

ENAIND Q3
HAB ZO4 YL GZ
ONAORING w_wxvzéu

FIEONTGD IVHS CIN

2L HIAED 0N

ATWHINGD, 9”3.

IO JN0INS

r

WO 1 A 3
OIS OGN

(NS 390128)  €X4 AWOS

f

I €2

T

o

z [

T T man
[ 0 o

2L 3wS

L/NI H3HANVHD 137INI

™1
0

F3LSAS

SEI3M 13734 wwg

30 05 SO TWZ
¥4 U3LHY OISV
G104 28 01 133

\\E\\ MOUNTTAN - OIf
ke ot
Tl
388 3087 i ¥
e ad S IR
NVid wlaul.w INCRRE]
| {
,m,v.
“sAina o ¥
ROV
£ 910 18 JLcl I8 1 (O A A N A O
FUNES
1B AK 3
v To/06 o -]
»ou
@0 L8 &)

N ‘) 4 e " ™
avos 300 _N3xovaa |[ AR esusig v Yfeoesi| 7 | eawomo [ muosom ) PI FrTTy Ty
0womw_onu.wﬂwﬁ>o - wn | o3ovL ooz $ Y n_w%“.m
£ 40,1 IS INOLOSND L3NS ONVVO wero || M00L6H) e : oo yrimadbped
. HOIS30 DL4IVHL ONY OYOU SIVL ’ swoaa]| o e || 2
X NOIS3 ALID uwnﬂﬁﬂm<mw< W53 e .N\ 2277 N O-G6L smvens| vOIE woos o
@ UINN0D ALID BNVESINE FLLIL DY wor #9530 | aonaunsan 00vd J_ oemur o8 mas I ok SATRARADE NN, VoY [ BV >
\.I. N
|
(ROUNGI 380432) 02 T 4 3WS
cehiy- SR A S R B
ST e Eewe e 0w e (NIVIA 33A) ATIND V 3dAL TVILYVd
IR L SN BH3Y VRINON 390104
73 Q __Q.._.Mm_ = i1 341 RO Iid 40 FWINID 804
/o avoy EE N3N S3IVNIGNG-0D ATIND
IO N . 3
\\\ womﬁmwwﬁmgwwnsuhmﬂ 2861 -2621 QIS V4 N & 14 ATIND
~CESH L EYINGS S3W SN G L~ LSS an GIMNFISHOD AT
] SHODAINLS LOMISHDD N0 36 D16 N9 bv \ I s eI
%sxl\ SO ia s N A o
P 4« ! L 0
LLCHEELY o ~
02 14 ANIS dw‘wﬁ%‘m‘ﬁ.ﬂ - f,‘§ M« F
4—§||| WD HOS
BJZ— Ql—u —L 436 BSIT NG S0 2003 <IN B3 WNINON ; z;ﬁg 31vED 7
) B NO Jid 40 DINTD MOS B30 I 3nuns B e
=T NOIDIS 133318 m ONVIAOH NINO SIIWNIOH0-0D ANND W05 OL 10N

FRIINDD 0N
6914 JTOANVA dOL d3vy9,
§-8 NOILO3S 3 .

SAONNUNGD 30 01 SE138 TW'E
NOUYORIGY B34 QISINVATYD
G3ddid S0 38 03 W3S Twt

5308

SV HIOH
K p SHGE @ Y A
T ‘_z SHVE VIO 07 - i 52t
o oot ok etk . . 301 031
cava 01 | - T 13318
Gagnaw HALINAG 30SIR0 OLZL i AWS
SHY1100 LN
SN OxpL i
IV R
HHAWIG FABING 0LZT
e
i
{ g
m ﬁl v . e
SAVM
58 SH0GL &
IO JAOIES ~LLJ~ Ve Vi 02 I Wi
1035 434

INOS 01 JON
FIRINGD 0ZR

SOVIN 13Thd wwg
SAONNIRGD 38 Of SOTEM TW'2
ROUVINEVE B3I QISINYAWD
Q34410 I0H 33 O T3HS W

Y=V NOILJAS

X 3TN
Tezd ViG 605 : ﬂw
3 ot 134
%Lmi.m = A e A
T Wy ;3 05

N SHOB! d31S
SHFTI0D M.n~
SV T

TV TRV
ETEG TR [N T T

I e o

ROV NS

™

P
F:_:___:
|«< iV

(524

ﬂ%w%wh.zﬂw

v A

pe
o anagEs N

:«aOm SHAGL @

S¥vE VIO 02

TROTATS W




£ 40 ¥ 133HS
SIVL3a

0L 0vDH 3IdWAD
F90R NIIVEE

JOVNIVEA ANV
SHHOMAVOM

avo 3901 NINIVHE

HOLLOINNOD 133415 GNYIAD)

@gﬁ;ﬁ Wi A=A
= = .H_“ia J__ﬁeSS W | a3vEL
lH.E_ COOZAL| WIN | HMYED
N S _ ooszf2| Tre | GENORED
e LﬁS«E TR | WIS N owauada oovd

Teae W

BZEYEIR W BLO RS
0516 G4 Id

KINNLE N 305 B0

W BONIHI4aH

NG NI CRI9MVINT

[l D~ NI- BIANS LIWIND

i e

1330S 0L H3430

4 Oy pwwaaL

Wa30 Hvud 3015 N3 EY
TIHAR BN FEOTE0Y GIINED.

MI24D IOVUNIY O3INYY wm
o111 BUe O L CLPE L
EMISYHD MO 3U3HINDY 03504
OINDSIAIE 30 OL QI

TIN AT SHOLDIS Wi LV3dd

3 OL 3N EBVIS JO0H J) SAvM
OFL DNINSYAS ININLIOANTSS HIW
NSNS 38 01 O3NDISI0 K338
AW SEVIS 400 BIRVHD FHOHRYA
SE651 3000 NOISI0 E200i0
rgggum.m.i. 01 O3NS0

A o RoS SRS Sautin
mm.jﬁ% ANINIIBOANIEE 01 HIA0D

wugE 39 TIHS ININIIOINEE
DL 23M00 WD AR

~

°

»

)
OlgaYA03) - Blh'00E - ZiA 138

o
TS INIAEDH0NGE B S TR ¥

—

Wiz 40 375

ETIES WIOT

(1130 B15 4008 M) WVLS JNOHS

(19130 BV15 4004 M103) WdS ONOT -

§2 7 L 35

SNOILJ3S 3903

AINOISDIY WwnZ

T

T HIBAEHD

A

JT0H $5300V_UNNoavV
S 400y

Nl

-

L

o r W EAHINED

OUE-SE N BA

WUV

-WOLDE ‘GRS
BIA VHLNI-E

AIVDILOOY IHIMON RIS LG
EEN ATvwO 2 01 ALTONOD TNV €
o180 Sy
HIW, 3IHV0E0000 K1 QILHEISROD
Oy OINO530 33 TWHE HEOWHAD 2
0095 BY HUM IINVOB0OTY
Hi 33 01 HOUDSNELENDD 313H3N03 )

‘SALON ¥3BWVYHD TTOHNYIN

FININGIS OrAVT S30NI0 () (6) (2} (1) *

avis Jooy

S13 061 IV
ﬂ!l T SdMHUS-TIA
£071 ONOT D09 m £020 ONOT 009
Sl HINHOD B E LY — £ SV BINHOD ZIA T
_ H _ _
o 0 ¥ 5 1/ i A o v ady
mn.w | I | ,Ih 3
weza 0 |
TER T ST S T
[ = ! !
| A 1 _;M// 519 061 1Y
&5 SANHHIS-ZHA
/| @ 1Y)
1r2s
s 00 “I]]]“HW7

i F N

LAty \
3101

£5320W #0095

koo

TR

“LEMO0 BV | HOHLAY [03XI3HD] BLVO

IS5 KU INZESAD)

v Y

£ 3

&7 5 1 W

H— Avm HIVE
[T 4TS

(SR
N T = 3 NOIDIS
{au} cos-g1n —]
T
AWM HNS
051-Tih
s v
i

€Z 3 | 3K
A = H NOILO3S

A0S pRUT B3 (+) (0) (2) (1)

Bl

[ L

SMUHILS ZLL (Dveade
[XUTRILIEIVS 6o 1ade
(aus) vem e

GOE =Bl
S :o_nozu.
v | 005 - (]
S ¥
LW MR | bien,
GEl-ELL -

SIS V 34U 0N 2 OMY
ETINT 0, AEVIIES 0N B

AN HOE NMOHS 10N
IKIRAMI0MEN BVTs 2004

HIAD VAN,

3903 FSIHI KO 034

e
ANIRIWOINGY NGRS 300

A-ZSSH D80 QIS D28
H3d S T ONYISAN

. LQVVBW\ —
HH NOIDIS 335 ~ SR MOLLOA (Z)5ZA/E /

T3

KH NOUD3S 335 - BvE doL (e

EAYAYAYA
T=ZCEM QWY

(B L T ]

M Y IS ONY
3VED ATIND ¥ 3L

[T

I
— r ||_.. \\[-’J
o7 oo 4o

e
BYIS 3004 40
(v
&I &1 ITOS
NvTd TWNOILD3S A 1
(dn) 05211k
GV HINE0D
= /7t oo
— el e L

E

B
SN W
—fdu) 0s2-Zik

LY
PN i
- (dM) O0E-B1A,
= Nl
e :uﬁl\ \

(et} @52- 21k L= 15CH B34 By
T SHOU! d1I5 A0S

o~




r - AYd ' ' i [le3 3
vV [BOUZ L ¥G066 ovoy 300w Naiovea (0 SR i |17 ; e
OL (VoY 3IdHAD * oose/e| “win wvera b aEbEENS
| i ima 0 baane 3900 NINIVEE s L
“wien] 071 McoL 10 bamric e 40 & 1338 NOLLOINNOD 1334IS ONYIADH LLLL_LU | peeeyy] [T G116 NI A T0
NOIS30 OHVHL ONV QYO San8vL JOVNIVEA ONY pE— T T
. WORA LLE) SHUOMavoY o ARV ABANE ININMEI3S (1343
UINNOD ALL) BNYASIHE ) B BRIMVES or - \oose/z| aTn N OHRAINGS Soa-HI-BakBwIe LW \_0Eoin | “16KoD Bv | ORIV |dax BIVD LNIWONGAY P,
[ celM ,
Y13 GEVZAIG | 005 18Pl | [505
| OBLL YOVELLE | BIEEYEL | BE0S
— : 7 758 CELOLV | CiLerrl | GC0%
Teti | Geaween | pesreel | oiee | 156 TVEGLIE | BECEIYL | VEOS
[1¥4] GivGhea | f20005] | 605E T BIEL TVZEIIE | GLEEvyl | FEOE
£128 | eet ufed | @gBIcl | eoe \ SOE'L VL ¥l | 205 |
| eio| 1505028 | (veOesl | Zogd |“\\ 89T | PRIGLL el | 1c0g
| ez6s G9vIBEA | EVI 1L B05E & TZ0e | 0ee6l ‘6ZFh | OF0S - . SR
(v Bri0bzE | ZEETE gﬁ [ ieo COEGOIR | ELBerl | 620% (A7 IS T P N sza GrZvan | JCE066L | Z60F
|  [Cerez | otovaze | efzess) A vose ’ BL0° EVVRSIER | J08/Evl | ez0s mumm Sewoos | moioer | e [ ErIED L ROt
| [ TCFCOEE | CFRoE TO5T TEiE | B0 FE 6LOLY €05 [ i z60° racae | 0SU'zi6l | caov
i gl :ﬁﬂ-ﬂN&ﬂ W 08 | zogEoie | G6L6IY m«8| GZE'G | @er+io@ | GEOLGLN | enl 53 "EC8E | |9z et | vaoy
| e TIOTOME | Goleesl | kmmﬂ 162 GEvIE Zei60vl | ceos | BOUC | CvosoDd | ceEmacr [ 15T +98° ‘62w | €1L9661 | faov
| £176 | 05cGeee | 0zeaigi~| 0058 [ 66070518 | Bv0@0FL | $205 | mmMM AL WMWMW,: M:. [T Pl il __me o_m “nm mwu—
[Tt B0 [TV GTEVOrL | $70G | E : ) Lid Ove:] - UIELEGY, | OFAGH L
wowwan | enwow | —ofiisr | o amoa —tze | Eerecie | Gizior | 2zos EE6S | G6LGIGH | YOLVALI | BEIV £28° GEDEIER | Legdfel | 0%0¥
HGE VET I VEzorl | 1208 6209 LSS0/ GH Bov 6a71 2453 YORV FEE OLER BECBLE L &L0%
ONNOW AJdVOSTNYT ciee | cone oroact | oz0c F10°9 | +#061950 | TIov0il | 92 IB0F | vZeR0ER | 2einel | awor
IVNIQH0—00 IN0L P BT T vEEeel | 6108 86T | JGITECH | sarGail | GEiw BALY ICUBGIR | £i@EI6L | LG0¥
| e | weoee BEECCt | @ioc | #cee | OIFVECE | GleTGLl | FEIE T T T
1 0BE | GELevi® | £050801 | Z10% 6iR°C Z99°GLGH 006 [Z453 Ry OSC 88/ 67 (61 G0
| TR GIETCTe | ceoeact | o10c | EcT | crewsce | ZezeRll | EEL IE0% | Ocbteld | /Gr¥EEL | bEOF
| oE T6zzein | Boggact | cioe | G765 | ©aleles | 1er OFal 3 £56ERAL_| CS0%
| BET 700 3 TBLC | 1ere0as | Geaaedl 3 e LBaL | esov
| . . : o8t BI57518 | e THiS | E4900GE | @eTORLI 3 £69C781 | 150Y
- BIVY Onﬂ,wwwu m,mh.:uc— (X4 I 353 YK oz | £0L°C 976 L6¥E EFEGEL] F zele9n [
50T 100618 | erc6usl | aacl 0T BEEIS e [ %0F% | 6diteve | enboeil 3 THYTeE O
BEOY | e OrZBESH LZcs CEL B ¥ 0% LIS ELPRLFR OShaiel X BEERGR 0
T66 cooeITe | vl Bss | OZEL o0 FI6T ] [ E6VE | ERIEIVE | RIZEIEL yiLica
120" VAOGHEe | VELWESL | BIEL T 7 | eoos | TOFS | FIEVOPE | EE6GOLT £6LCrE b
o ] BeUuPEd. | L69'L LI01L LBEGEIY @005 .
[ GOrGoee | ©GCeGst | BIEL : g O0'E0EL CES TR ¥
& . A oLt BE6GL SEEFEE 005 k
kY LY A4 CELEREL 1173 TR CHEFOLL 107958 b
. - - 099°L 91208 ZO0'+FE 005
o00°E BLTEIER | 41066 1 - - . 1 cooe | 9520041 [T v
e el - GHE'L EYEVR SE6T5F 005 .
eeoe NN [I83 i <6 | oaaoarl | sone | O6E"GAHT | TFOREE i
- - - Th' caleR 085058 005 B
anL's TEFIZE | 9086951 | $16L : ; 3 VOTESL | GOlF S05F 801028 v
x - (73 €92 68 $IE 1Bk | £00% | o0& |
- BOD'E ILEElen AR 16t = o o FEETHDL BOLY X3 BILVIE (il
: 2 : B 0B 06 BEEELY E005 L35
(1753 FROGIER | ¥TLIBS Eiss < g Zarr (100t 1 TEEEEL |00 | [CHK IPZTROBL | BLOF
s : IV PN 1arzark | 1005 | ireeial ) esor |
L4 ISCTELE | Eed i L [ s057 | eroveie | oooeerl | 000G | EOCBIOT | G0 686 blezogl ] et |
X3 85H 226 | 0/665G Vel ~1 PRSI | COIF [¥1K u
] TOCRGLL | ZE0F
(053 O[6'8728 | T5vE091 | 60GL NOUWATIZ | OHHLLON Musa. | Mg GZECaaL | vOLF GET Y | Y0R0BLL | BEOF
SH0F §E2fien | U5 Lo9l | B0SL [ (%3 CEOLBLL | Geot
I¥oT GlLE'Gien | BogE0dl | £0SL AVIIATIT NOWROD GEEZsal | eolv Eix] 098 VELL | ¥EOY
L0 nnm.nvﬂw\ BLE46G1L | BOSL w.mp(_m _ﬂm Glﬂu _3d 95 13A31 LEQ'LFR | 101¥ QBT LECBLL £E0¥
000 GREGYZA | IBE46GL | G0G/ GZEEEEL_| O0LF BGE TOZVLLL | BEOF |
nw—.-_ o—n.n—.um mﬂm.&mo FOSL [0 JOCOGED | GPE ICEL 660 NE\H ELL6SLL | IEOY wee QLITLEER SREOLEE | 1EET
[ 00T 6EC6 | Gee 691 | F0SL | %507 | 569568 | GI¥'05ZZ | e6lr 626" Z0TFELL | OLOF 0518 YEFTEEE | £la928l | Okbt
ﬂ:m.._ _umo.NﬂMQ nah..umn_ E0GL A QAR PEY EREIEEL 260 esg'y | i | FER0SLL | BEOY 0Zv'd LEEL0ER LEGTeFL | 6ERT
Z00% 086 0TEE | b5 195 | V0SL | vZov | eovEres | cozGozc | 960w (% +eFEELL | ment 50d OLEGER | gow6o0s | O2at
| 006" (T4 EL¥EESL 0054 OL0eLe OLrros GOy 019'FE6% B00GLET SE0F IE0E | % FELGLL | TIEERLT | LERE
Wowwa | GarHoN [S ZITTLIE | OGF 6oLl $I0% | 0211669 | crogose | 6% zl" T o0L°6va1 | ozer
L0FILIR LEOTIET GELY 059’/ E6R FHEHELE eV L1 ¥ [l SRt
] =01 BELTLIE | COOFIEI O I¥IFE6E | ebdoniE | a0 | roos | I LE671091 | veer
I ﬂ% Ev60LLE N ZEC'Y LEA'0E6R TECLiIE (113 100X P EEL EYELE feesr
| LVNICN L 1056318 | G0FOEEt | 7Y | JOri6d | 0GiEarE | Ge0F 026 | G IEL Ivieree | gees
GZ6eRaE | T69 PLLT | 08F | 1/8%IET | Bidesie | Geor vEE' S69ZE CEFRRDS | 1EeE
VEA¥RAR | [ICOLT OFEF | IBIGiEE | ZOVEVIZ | Eaor mev 0z&L1 FELLROE | OZEr
i BCvPEAR | PRE RO/ |~ ORGY | BOGCIGH | EvP4vIC | ZEDV \BLW | VIBIESE | vRBELLL | GOT IEOE | GLET
Ce0'0GEE | OIETRIT [3450 TFEFIED Wwierle EOF SELY | feiglce 690780, FLELEOE | B8
SLEY/EE | TIE6elE | [ ORGT | BLiTIER | ¥e6UvIE | GROF 25058 | vELEDL BEELL0E | L1850
E00FED | COIEGRT OIGF | /(E2060 | 290 0viZ | vaow v | lzeeeve | ele@eaL | 910F | COL100F | 98¢
CIGivEE | FOfzare | OGLv | 6IaF | 1696068 | SF00VIZ | Te0v 056'9EFE | CPPEGEL | SIOF | ZFEIGEE | GLET
| GILLrED | PISHIIT [04K] 1071060 | €90°0F1Z | Zdor v | eszeive | mag@as L86186E | vI8T
; IVETTEH | FdEIWFE T ZVEGbeR | S6ZIElE | IEOF v | f26'6evR | cGaERI) LEVELGE | ELBT
| VM 40 301 0L INGI3S  G3L0N LS Y4 08+ C BbER TTELIIE OROF PEL 0 LlEeial QOEIOEE | I8
| ] |__razaiia GEGF | ereong | 1GGe0ie | 6I0F GH0TEY VECLE TVHZE6E | LIET
| | Cio§i6a | vemEiee | 1169 TIEL0FE GIGY | CVEGHED | BILR60L | BIOW IEEEY EET COREORE | OLGE
ZI0IVEE | GrCEiEe | 0169 SIGFOIE GEEF | 6L GERe | BOEEE0T | ZI0F HO6HE Scveal | Z0@canE | 60FT
2E00E6E | GIGGELE | 606D | TEEHESY WG | 9 ¢a0e | LAV WLOT | SI0F C¥56Tra | criesal | CE0VIET | BORE
€61 9560 | GOBBGIE | BOGY VS TREEREE | TOTF ZIIGiOR | O00CO0E | CITw OLEZIPE | LLLFED GELFBBT | L08]
| | ove /8 | eicezel | Z068 Ti% | errigsd GEVE | CBeRARE | B64'CS0Z | ¥IOF CO000FE | FLLGYE OFz vERe | BOGF
| 2152998 | 262 16/ | 9069 7956 | (GrILod | Ay | 6108 | CZEOR0Z | CLO0F ;| Gereeca | 600k VOEPYEE | GOBE
| Gazesie | 10r0zel | 606 | 665 | 1iv%a9s TBFv | Obfeans | BI6DR0Z | TLOF {80 18(8 | Gra/eal | COVHERT | VOBE
GF10L18 | 6O00ECL | ¥0G8 OF9's | Sue/eo8 FIVE | %2 FO09 | eCZE0E | 1I0% i | terecce | receco GEOERE | C0BE
V090016 | GZOGIEI | €068 6995 | /6pERSE | Breelel TSV | veaann | 0288102 | OL0F YEZO/CE | SLETRSL | IECYIRT | 208E
BIBGLIE | fFE G051 069 FLTE LEGTGFEE | CeoBoel (A OFf'OCEY | OGr J00Z | GI0F c | _zociota | orreesl | 620 FORE | 10RE
TIETL1E | 1S0L061 059 | V6V | ere'egEs | ie ool | Bsor 160'6|  €BOGIEE | G//Beal | ooDE LIE THLE06E | Ozobie | OOEE
DHIHLEON ONILEYD M INiDd ONHLNON _ oNISY LR L] HOUVATTS DNIHLMON oSyl NOINOS HOUWATIZ BAIEON oHUSYd M N0 HOUVAI T3 ONIHIHON ORLSYS N AKod NOUWAITY DNHINON ONIIEVE N INGd
ETTVA._ONINVIIY INDIIS F0NEd DIISNOoW EINFHIVA SINRHIVD EAVRHIV]
S3IVNIOY0—-00 INOI3S SIVNIOH0—0J INOI3S Ta/dT SIVNION0-02 INOLAS TaRaT SIIVNIOE0-03 IN0IAS 1373 SIVNIOHD-00 INOLIS TIAIT
I L J




v/ wr/e| WE | oamoma 5051 $i5 - HAPYR SWNE
o (i N = (s el
o0 NDOWS e o | osova || pan e wecvse .,wm.._m
2 40 8 133HS NOULJINNOD 133415 NV IE&.!:EL_GSS o | NMyEe || NYI00LE0D Wv1d = i e o gos NI o S G
sTavL FOVNIVHO ONV wors s || oo v o e MRS Ll
) TEMIOMAVON W el o T
b bor o hE &G&S N ONDISN ) 30M3K3 N 0aYD oracniay I;IB&F oS SN O Ta

S3Tavl

TTEICzien
BT EvED
GezevER |
BO9EPER

DUHIBON

s

X s

dw ”dcdw REVINIRITddNS

30 N O 3T AW SHNT TITANOD ISV
MR T-ERAW B8O QIS TOF O1 3R OF STWRAVES TV A

RS RO RO Y

I T —
S

SHIANYID TWHNWN HOJ SUVIID OF B3I ¥
00 GIGNRA WIQ 005 =~ QODNIGOLL X
TGN GRNVET (IS DOB I SENIRYHE VIV 32

W AESANE- SRS LRER DD DIS 008 03 B3NV I

L
EL

EEE
TXe LYo

| OOYESEE | TABIBNE RN
TECTE6E | (GVEESE KL
i

28
KO QINEUNOD 32 01 IO0IIS TORS JHIAD L
[oREsEs | eeioast sasye | el
OviEeen | vEbZiST yaod | Siic
€I1C568 | Z0bi8C JE0E | vt
53&@»52&.
ONHIHON DNISYS N IN0d /i
IOOTIE SIS TH3RIND X08 Vi
7
./
/|
zﬂu@.mzvo TN B3 TIAET WR - 38004 Y
i GIWaE 30 Q1 Saae MG 3 S RENARRTST 30 A
2 St ¢
i3 01 3 0L 13RS OGN 45 30 Kebs BF SRS vEEEEl 7
RO FIOBE - HOUDNYISHOD WIS = u\._ * Nowvenon0d | 13 IR
. M.!..m_ ﬁw. It GRHN ONISYI Alonifaeraned D0eNe | GINONG | OOHION DHusvE B0 LR L]
ILNYS ONY SFKHNY d0) ou_s BITRE OVR4 HOA SLHNS W0 OL W34
SWABHIO QILON SSTIN I INOT, FWVL INOI3S JTOHNVA
T-TG5M ONY 1-TESH 0H0 Qs 058 01 38 cw w‘. 0 .
FAINTT 73] 1473
005 EIiYa
€911 eaiz | 605 E [ CER €IvE A 69 VEO8 | 760 1671 &n FEOL ]
eE 605 & (323 Oz vl 0625 § AAIAY 97d 96C S8 | 2201081 3] €EGE |
€214 VIG G051
VAINT ) ELE 6LLe veil ¥L Y AWK D G3VED $02 '£298 | L£9 8081
BTN b0 081 # - [T [N ¥
@VSH TEINT k &
AR 5% 3
IR BN 3
B<3. Ju_znm S FES T 3
H
s 952 ©
5
il G671 691
£6% 6viE
s VED ZECS 008 v IOHSYR dDL 031VaED $19 009
GV¥EY TINIT S 618 E¥6R v TN S
UEY TEINTT R £V VIRE | 601 6E N TN
WSS TN W BHE 7066 | vEL 8L 250 eB0L | (31X REID)
O¥SY TIINTT 950 666D | 956 Eee | 16D SEOL ; )
Ot N $¢E 6006 | 050 JEee [53) [0
£vE vBon | B2y veEE
219 CE6a | 607 esee
161 ceee
€58 ¥ Te
3 381ind o7d [
Wamnind ard EKEA
i AEALGd O/d VE 5288 | FvZ "GBa1
§ Asning a7d OF "v8/6 | 206 6681
§EEAInG 97d CFEBILB | 026 6051 W
i AFIRET 0 €27 vvia | eev 316l 168 (O MNETTT RS
IS ¥ 666 TN K €6E CLLB | ¥89 '£061 £62 TARIT W R
007 (X3 IINT 1681 972§ TANTT W BV ET9T
00792 86 ¥ HITWVHD O¥E 0681 | €98 3 [ eHET
[} 018 % HITWPHI [ [ REIC
VITE [N T 1 3MAIng asd 29 v2I8 | €92 6Eal B2V E
0% 0 L EE0 T $ 3anInd d7e VGv 2148 | 266 €eal SC (U3 EEE
€5 G (K3 626 § 3aning o7d €2b 0896 | 18C ‘o8l €6 9507 313 [k tEes
FRVOAN VI
PR AR | (o IS e TANY | (W) 378
& B N W @ HOUARITI0 NN ONISVI  [M3ENOR ATV aw0d a1 Bund | NG noan el HOARISIG ONHLEON BRISYE  RIGNON AVNO] N KOS
GINNIINOD~ 318VL IN0IIS ATINg TVL INOLIS ATIND







SIUQUWIYIIR)) 1991 PUB[AOH

H XIANHddV

juswiyded vsH

juswyded goH

juswydied OsH

137LNno
asH
OSH
VSH




APPENDIX F: DRAINS Pipe and Catchment Output

PIT / NODE DETAILS Version 9
Name Type Family Size
G4 OnGrade Brisbane CL Lintel
M2/1 OnGrade Brisbane CL Lintel
M 3/1 OnGrade Brisbane CL Lintel
M 4/1 OnGrade Brisbane CL Lintel
M 5/1 OnGrade Brisbane CL Lintel
M6/1 OnGrade Brisbane CL Lintel
M7/ OnGrade Brisbane CL Lintel
N117 Node

G5 OnGrade Brisbane CM Lintel
Gé OnGrade Brisbane CM Lintel
G9 OnGrade Brisbane CL Lintel
G8 Sag Brisbane C 'S Lintel
G10 OnGrade Brisbane CL Lintel
G11 OnGrade Brisbane CL Lintel
G20 OnGrade Brisbane CL Lintel
G13 OnGrade Brisbane CL Lintel
G14 OnGrade Brisbane CM Lintel
G17 OnGrade Brisbane CM Lintel
G7 OnGrade Brisbane CM Lintel
G12 OnGrade Brisbane CL Lintel

DETENTION BASIN DETAILS

Ponding
Volume
(cu.m)

Pressure
Change
Coeff. Ku

Surf. Area Init Vol. (cL Outlet Type K

Name Elev
Basin3 3.227 1400 0
3.3 1400
35 1400
3.6 1400
3.65 1400
3.66 1400
3.67 1400
SUB-CATCHMENT DETAILS
Name Pitor Total Paved
Node Area Area
(ha) %
A G4 0.1667 25.8
N Basin3 0.2579 0
E G5 0.0619 100
B G6 0.0967 50
C G9 0.0651 68.9
| G8 0.1991 426
D G10 0.0596 33.6
H G11 0.1249 50.6
M G20 0.2969 343
J G13 0.0775 66.7
K G14 0.0413 100
L G17 0.1099 49.7
G G7 0.1343 61.4
F G12 0.1251 92.1
PIPE DETAILS
Name From To Length
(m)
D1_Péa G4 M2/1 4.30323
D1_P6  M2/1 M3/1 23.025
D1_P5 M3/t M4/ 46.591
D1_P4 M4/t M5/1 41.4138
D1_P3 M 5/1 M 6/1 221032
D1_P2 M 6/1 M7/ 20.9356
D1_P1 M7/ Basin3 51.3529
Outlet Basin3 N117 60
D1_P5a G5 M3/1 2.52386
Di1_P4a G6 M 4/1 19.1604
D1_P3a G9 M 5/1 4.819
D1P3b  G8 M 5/1 22.0933
D1_P2a G10 Meé/1 15.7087
D1_Pia G11 M7/ 23.7636
D3_P1 G20 Basin3 18.6402
D2_P3 G13 G14 41.205
D2_P2 G14 G17 24.4263
D2_P1 G17 Basin3 24.4452

Orifice

Grass
Area
%
67.1
96.4

42
31.1
56.3
53.2
49.4
50.4
25.1

50.3
38.6
7.9

u/s It
(m)

7.436
6.828
6.621

6.18
5.719
5.365
5.212
3.227
7.438
7.313
5.919
5.889
5.823
5.586
4.968
4.877
4.686
4.508

Supp
Area
%

D/SIL
(m)

6.858
6.691
6.22
5.789

5.41
5237
4.964

25

7.301
6.23
5819
5779
5.43
5.312
4.756
4.683
4.568
4.347

Surface  Max Pond Base Blocking  x y Bolt-down id Part Full
Elev (m) Depth (m) Inflow Factor lid Shock Loss
(cu.m/s)
8.462 0 0 102 -393 No 130 1 x Ku
8.558 0 0 110 -348 Yes 324 1 x Ku
8.451 0 0 187 -373 Yes 317 1 xKu
7.77 0 0 312 -339 Yes 313 1 xKu
7.224 0 0 449 -298 Yes 310 1 xKu
6.94 0 0 546 -270 Yes 300 1 x Ku
6.687 0 0 626 -246 Yes 291 1 x Ku
25 0 976 -326 413
8.345 0 0 187 -318 No 136 1 x Ku
8.217 0 0 272 -309 No 150 1 x Ku
7.519 0 0 429 -278 No 152 1 x Ku
7.309 0.5 0 0 454 -408 No 163 1 x Ku
7.212 0 0 473 -235 No 154 1 x Ku
6.757 0 0 616 -332 No 155 1 x Ku
5.933 0 0 916 -411 No 156 1 x Ku
6.423 0 0 582 -105 No 170 1 x Ku
6.069 0 0 735 -173 No 177 1 xKu
6.065 0 0 895 -196 No 171 1 xKu
7.75 0 0 305 -419 No 184 1 x Ku
6.607 0 0 583 -202 No 337 1 xKu
Dia(mm) Centre RL Pit Family Pit Type x y HED Crest RL  Crest Lengid
675 3.5645 890 -334 No 398
Paved Grass Supp Paved Grass Supp Paved Grass Supp Paved
Time Time Time Length Length Length Slope(%) Slope Slope Rough
(min) (min) (min) (m) (m) (m) % % %
0 25 25 110 20 20 0.5 3 3 0.015
0 0 0 -1 50 50 -1 2 2 -1
0 0 0 82 -1 -1 3.3 -1 -1 0.015
0 10 10 72 43 30 1 1 1 0.015
0 10 0 110 1.5 -1 15 05 -1 0.015
0 60 2 120 35 30 15 0.5 0.5 0.015
0 60 20 42 12 2 15 2 2 0.015
0 60 0 91 27 -1 1 1 -1 0.015
0 10 0 150 29 2 1 1.7 0.5 0.015
0 20 20 65 65 70 1.5 05 0.5 0.015
0 0 0 45 -1 -1 1 -1 -1 0.015
0 25 0 70 6 -1 1 0.5 -1 0.015
0 15 0 120 9 -1 26 1 -1 0.015
0 0 0 140 1.94 -1 1.2 05 -1 0.015
Slope Type Dia 1.D. Rough Pipe Is No. Pipes Chg From At Chg Chg
(%) (mm)  (mm) (m)
13.43 Concrete, 375 375 0.3 Existing 1G4 0
0.6 Concrete, ( 375 375 0.3 New 1M21 0
0.86 Concrete, 375 375 0.3 Existing 1M31 0
0.94 Concrete, 450 450 0.3 Existing 1 M41 0
1.4 Concrete, t 450 450 0.3 New 1 M5/1 0
0.61 Concrete, | 525 525 0.3 Existing 1 M6/ 0
0.48 Concrete, 525 525 0.3 NewFixed 1TM71 0
1.21 Concrete, 675 675 0.3 Existing 2 Basin3 0
5.43 Concrete, ( 375 375 0.3 Existing 1G5 0
5.65 Concrete, ( 375 375 0.3 Existing 1 G6 0
2.08 Concrete, | 375 375 0.3 Existing 1G9 0
0.5 Concrete, 375 375 0.3 New 1G8 0
2.5 Concrete, t 375 375 0.3 Existing 1 G10 0
1.15 Concrete, 375 375 0.3 Existing 1G11 0
1.14 Concrete, 375 375 0.3 Existing 1 G20 0
0.47 Concrete, 1 375 375 0.3 New 1G13 0
0.48 Concrete, | 375 375 0.3 Existing 1G14 0
0.66 Concrete, | 375 375 0.3 Existing 1G17 0

Grass

Rough

R
(m)

0.13
0.13

-1
0.13
0.13
0.13
0.13
0.13
0.13
0.13

-1
0.13
0.13
0.13

Supp
Rough

Chg
(m)

0.015
0.015
-1
0.015
-1
0.015
0.015
-1
0.015
0.015
-1
-1
-1
-1
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APPENDIX J: Sensitivity Analysis Plots
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APPENDIX M: Mass Balance Model Spreadsheet
Output
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