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1.0 INTRODUCTION 
 
BMD Consulting has been engaged by Housing NSW Major Projects Directorate to provide site 
assessment advice for the inclusion in the Environmental Assessment for the proposed West Ryde 
Redevelopment Project. The objective of the Environmental Assessment Report is to respond to the 
NSW Department of Planning Director-General’s Requirements (DGR’s) in order to gain approval 
from the Department of Planning. A copy of these DGR’s can be included in Appendix A of this 
report. This assessment aims to provide advice more specifically related to the following DGR items; 

 
 Item 9. Drainage : The EA shall address drainage/flooding issues associated with the 

development/site including: stormwater, drainage infrastructure and incorporation of Water 
Sensitive Urban Design measures, including measures to control impacts on channel bed 
and bank erosion and measures to improve the quality of stormwater runoff to achieve best 
practice standards. 

 Item 10. Groundwater : The EA is to identify groundwater issues and potential degradation to 
the groundwater source and shall address any impacts upon groundwater resources, and 
when impacts are identified, provide contingency measures to remediate, reduce or manage 
the potential impacts. 

 
BMD Consulting has commissioned Dr Peter Bacon of Woodlots and Wetlands Pty. Ltd. to provide 
advice on groundwater issues, as detailed in Section 3. 
 
1.1 Site Description 
 
The subject site is located on the properties described as 63–77 West Parade, West Ryde. Currently 
these individual properties are occupied by residential dwellings. The subject blocks are located in a 
strip of land between the rail corridor and West parade, grading gently towards West Parade.  
 
1.2 Proposed Development 
 
The proposed development is anticipated to include approximately 140 residential dwellings, 500m² 
of commercial property and two (2) floors of carparking facilities, provided in four (4) residential tower 
buildings, one (1) commercial basement area and two (2) basement carparks. Architectural layout 
plans for the proposed development are included in Appendix B of this report. 
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2.0 STORMWATER ASSESSMENT 
 
Onsite detention and rainwater tanks will need to be incorporated in the proposed development in 
accordance with both City of Ryde and BASIX requirements. It is proposed that a combined onsite 
detention/rainwater tank be incorporated in or below the car park level of the development. 
 
2.1 Water Sensitive Urban Design 
 
A significant number of Water Sensitive Urban Design measures are now common place within new 
development in NSW. These measures include rainwater harvesting, grey (recycled) water supply 
and stormwater harvesting and re-use to water quality treatment devices such as bio-retention 
systems, infiltration pits, vegetated swales and permeable pavements. 
 
Due to the location and size of the proposed development site and the limited open space areas 
available for water quality treatment devices such as those listed above, and the lack of grey-water 
supply in the West Ryde area, it is proposed that rainwater re-use tanks be utilised as part of the 
Water Sensitive Urban Design scheme for this site. 
 
Multi-unit developments are now guided by the requirements of BASIX to harvest and reuse 
rainwater appropriately within the development. A rainwater tank that stores runoff from the 
proposed development will need to be incorporated into the development footprint. Typically 
rainwater storage is integrated with the detention storage in the lower level of the building. This can 
potentially be located in the lower level carpark, or below ground. 
 
The potential yield from a rainwater harvesting system is influenced by available harvest area, 
storage size and usage patterns within the development.  Rainwater could potentially be utilised 
within the development for non potable uses such as toilet flushing and irrigation of landscaped 
areas.  Due to the significant number of individual units proposed compared with the available area 
for harvesting rainwater, it will not be practical to supply rainwater for toilet flushing to all units as 
demand would far outstrip supply.  Therefore it is recommended that rainwater harvested from the 
site be utilised for the purposes of irrigation of landscaped areas as well as toilet flushing for the 
proposed smaller commercial areas. 
 
Based on previous experience, we would recommend the reuse of rainwater for outdoor irrigation of 
landscaped areas and toilet flushing within the commercial facilities. To suit the requirements of 
these reuses we would recommend that a rainwater tank of around 50m3 in storage be incorporated 
with the necessary detention storage for the building.  
 
A preliminary MUSIC model was setup to investigate the potential savings on reticulated water 
supply through the use of rainwater harvesting using 10 years of observed rainfall and evaporation 
data collected for Sydney.  MUSIC is designed to simulate urban stormwater systems operating at a 
range of temporal and spatial scales; catchments from 0.01 km2 to 100km2 and modelling time 
steps ranging from 6 minutes to 24 hours to match the catchment scale. 
 
Irrigation demands were estimated using Brisbane City Council’s Landscape Design Guidelines for 
Water Conservation and locally specific climatic data sourced from the Bureau of Meteorology.  In 
addition a daily demand of 300 litres for toilet flushing and other potential reuses was included within 
the model.   
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Figure 2A – Conceptual MUSIC Model for the Proposed Development 
 
The model indicated that through the employment of rainwater harvesting for irrigation of 
landscaping and other uses (such as toilet flushing in the commercial areas) there is potential for 
annual savings of up to 220,000 litres of reticulated water. 
 
The final components and configuration for the combined rainwater/detention tanks will be further 
developed and sizing of individual components further refined during the detailed design phase, in 
consultation with other design consultants.  Further details on the concept MUSIC model developed 
for the site are contained within Appendix C of this report. 
 
 
2.2 On-site Stormwater Detention 
 
 
Onsite detention for the proposed development will be required in accordance with Section 3 of the 
City of Ryde’s Stormwater Management Code. This code generally requires that the post 
development discharge from the site not increase or worsen flooding on downstream properties. To 
achieve this requirement, onsite detention will need to be provided to limit post development 
discharges to predevelopment levels for minor and major storm events (5 and 100 yr ARI events).  
 
A simple model of the site was setup in DRAINS to model the performance of the pre and post 
development scenarios for the site (refer Figure 2B below).  
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Figure 2B – Conceptual DRAINS Model for the Proposed Development 
 
 
 
Pre-development discharges for the site are given below. These flow rates are a conservative 
estimate for the site, assuming are pervious area of it is 100% pervious.  
 
 

TABLE 2A – Predeveloped Site Discharges 
 

Site Area 
(m2) 

5 Year ARI 
(m3/s) 

100 Year ARI 
(m3/s) 

 
3746 

 
0.125 0.209 

 
 
 
A model was developed for the post development scenario to determine the required size of 
detention storage necessary to reduce post development discharges from the development to pre-
developed levels. 
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Trial and error runs were completed, with a final detention storage of 35m3 (@ 1.0m deep) and an 
outlet orifice 300mm in diameter required to achieve Council’s discharge requirements. A summary 
of the post development discharges with the adopted storage and orifice outlet are below: 
 

TABLE 2B – Post-developed Site Discharges 
 
 

5 Year ARI 
(m3/s) 

100 Year ARI 
(m3/s) 

 
0.124 

 
0.18 

 
 
 

 
 
  Figure 2C – DRAINS Model Results – 5yr ARI Storm Event 
 
 
 
 
 
 
 
 
 
 
 
 



 
STORMWATER AND GROUNDWATER ASSESSMENT 
Environmental Assessment Report – West Ryde Redevelopment Project 
  

CS0456 – Stormwater and Groundwater Assessment Rev A 10/06/09              Page 6       Form 36 - Report Template. Issue Date: 21/6/06. Revision 02 
 
 

 

 
 
  Figure 1B – DRAINS Model Results – 100yr ARI Storm Event 
 
It is recommended that 35m2 of space be set aside in the development footprint to accommodate the 
required detention storage.  Further details on the concept DRAINS model for the proposed 
development are included in Appendix D of this report. 
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3.0 GROUNDWATER ASSESSMENT 
 
3.1 NSW Groundwater Policy 
 
Groundwater is an essential part of the water cycle.  It plays an important role in much of NSW, 
contributing some 11% of the states water usage (DLWC, 1997).  
 
Groundwater management in NSW is undertaken by the Department of Water and Energy.  The 
over-arching document is the NSW State Groundwater Policy Framework Document (DLWC, 1997).  
The role of the policy is:  
 
‘To manage the State’s groundwater resources so that they can sustain environmental, social and 
economic uses for the people of NS’W. 
 
The NSW Government encourages the ecologically sustainable management of the State’s 
groundwater resources, so as to: 
• slow and halt, or reverse any degradation of groundwater resources; 
• ensure long term sustainability of the systems ecological support characteristics; 
• maintain the full range of beneficial uses of these resources; 
• maximise economic benefit to the Region, State and Nation. 
 
The current report examines the development proposal in terms of its impact on groundwater quality 
and quantity.  It addresses groundwater issues with respect to the NSW Policy as stated above.  
 
3.2 Development Locality 
 
Figure 3A shows the locality of the development and the closest monitoring bores.  

 
Figure 3A – development locality and locations of nearest bores. 
Map created with the NSW Natural Resource Atlas – www.nratlas.nsw.gov.au 29.5.2009. Copyright © 2009 
New South Wales Government. Map has been compiled from various sources and may contain errors or 
omissions. No representation is made as to its accuracy or suitability. 
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Figure 3A shows there is a series of bores approximately 1 km to the south of the development site.  
Additionally there are several bores along Balaclava Road approximately 2 km to the NE of the site.    
 
The bores along Andrew Street are located in areas which would have received runoff from the site 
under natural conditions, so the discussion below focuses on the area to the south.  
 
The subject site is underlain by Wianamatta Group shales and sandstones (Chapman and Murphy, 
1989).  These materials have low transmissivity and the groundwater at depth is commonly saline.  
 
Examination of the subsoil by SMEC indicated there is 0.3 to 0.4 m of topsoil. Silty clay subsoils 
extend to 1.6m. Shale occurs below the subsoil.  
 
 
3.3 Groundwater Bore Information 
 
The NSW Natural Resources Atlas provides information on local bores. Table 3A summarises 
information for the nearest one, i.e. the one near Meadowbank railway station.  
 
GROUNDWATER NUMBER GW104997
LIC-NUM 10BL160464
AUTHORISED-PURPOSES MONITORING BORE
DATE COMPLETION-DATE 2001-08-20 
FINAL-DEPTH  2.40m
STANDING-WATER-LEVEL 2.32 m
SALINITY 260.00 uS/cm
YIELD not recorded
NORTHING 6256692.00
EASTING 323049.00

Table 3A. Attributes of the groundwater bore closest to the subject site - Source: DWE  
 
The bore was sunk in 2001. It is unusually shallow (2.4m) and the water quality is non saline.  
 
Table 3B shows data from a second bore. This bore is much deeper than that documented in Table 
3A. It was hoped that the bore would enable access to water to irrigate the adjacent sports areas. 
Table 3C sets out the attributes of the water bearing zones. The pump yields of 0.1 to 0.3 L/sec are 
low compared with the 5 to 10 L/sec considered necessary for irrigation. The results are likely to 
discourage further pumping in the area.  

 
 
 
 
 
 
 
 
 
 

Table 3B. Specification and attributes of the bore in Meadowbank Park - Source: DWE  
 
 
 

GROUNDWATER NUMBERG W072314
LIC-NUM 10BL156495 
AUTHORISED-PURPOSES IRRIGATION 
DATE COMPLETION- 1994-07-26
FINAL-DEPTH (metres) 150.00 
PROPERTY MEADOWBANK PARK 
SALINITY 490 
NORTHING 6256534.00
EASTING 322576.00
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Table 3C. Attributes of the water bearing zones of the bore at Meadowbank Park - Source: DWE  
 
Additionally discussions with Ryde Council staff indicated there were undesirable water quality 
attributes which interfered with the use of the water.  
 
3.4 Local Groundwater Depths 

 
SMEC sampled the soils to equipment refusal which typically occurred at 2.0 to 2.7m.  No 
groundwater was detected.  

 
3.5 Likely Groundwater Flow Directions 
 
The bulk of the water entering the soil is likely to travel by interflow between the top and subsoil in a 
southerly direction towards Parramatta River. This ‘fresh’ water will lie as a shallow lens on top of 
any intruding salt water. Table 3C shows that there is water at depth, however the pump test data in 
Table 3B suggest that flows are low.  
 
3.6 Likely Groundwater Uses 
 
The area is highly urbanised and the data in table 3 suggests flow rates are low. The most likely use 
would be irrigation of parklands along the Parramatta River. However the pump rates are low and 
according to Ryde Council Staff (assessed 26.5.2009) the water is too ‘mineralised’ to be ideal for 
sports fields. 
 
The potable water supply is adequately catered for by Sydney Water so bore water is unlikely to be 
used for drinking. 
 
These comments suggest that there is minimal likely use of the groundwater.  
 
3.7 Potential Impact of the Development on Groundwater 
 
3.7.1 Potential for Impact on Current Usage 
 
The proposed development is approximately 1 km ‘upslope’ from the nearest bore site. According to 
Ryde Council staff this bore is currently inactive because of water quality concerns. The combination 
of distance and the lack of use of bore water in the vicinity suggests that the proposed development 
is unlikely to influence usage rate of groundwater. 
 
3.7.2 Potential for Impact on Current Usage 
 
The proposed development involves the removal of current single dwellings and other structures and 
creation of multistorey public housing and ancillary facilities. The developed is contained within a 
3746 sq.m allotment.  
 

FROM-
DEPTH 
(metres) 

TO-
DEPTH 
(metres) 

THICKNESS 
(metres) 

YIELD
(L/sec)

TEST HOLE-
DEPTH 
(metres) 

DURATION 
(hr) 

SALINITY 
(uS/cm) 

36.9 37.3 0.4 0.1 42 0.25 220 
61.2 61.6 0.4 0.1 66 0.25 300 
118 123.5 5.5 0.1 126 0.25 540 

125.5 130.3 4.8 0.3 132 0.25 490 
135.6 138.2 2.6 0.2 150 0.5 490 
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The development is designed to not increase peak out flow of stormwater that exceeds 
predevelopment conditions with 100% perviousness. An onsite detention system of 35 cu.m is 
specified in order to attenuate outflows to less than the peak outflow of 5 and 100 ARI storms (See 
stormwater section). 
 
Additionally the building design includes a rainwater capture and reuse system. A tank of 
approximately 50 cubic m capacity will be used to capture water, allowing reuse of irrigation and car 
washing.  
 
The irrigation activities will allow at least some of the rainfall to percolate into the soil. Some of this 
will eventually reach groundwater.  
 
Whilst the percolation volume/year will be less than that from a ‘bushland’ site, it is significantly 
higher than that likely from nearby commercial buildings which are almost completely impervious.  
 
It is concluded that that development will reduce infiltration to the groundwater. However demand, 
water quality and water flows are all very low so that the impact of the proposed development on 
regional groundwater availability will be minimal.  
 
3.7.3 Potential for Impact on Water Quality 
 
The proposed drainage system will involve capture of roof water via an onsite detention & rainwater 
vault. The onsite detention system will have a regulated discharge to the local stormwater 
infrastructure. The water in the rainwater tank will be used for irrigation.  
 
Table 3D shows that roof water is typically less contaminated than road water. In a major review 
Duncan, (1997) reported that the median Total Suspended Solids concentration in runoff from 
urbanised roads was 235 mg/L compared with 41 mg/L from roofs. The median total phosphorus 
concentration was 0.24 mg/L from roads runoff but only 0.14 mg/L in roof runoff. This is further 
evidence of the benefit of capturing and using roof water rather than allowing it to become 
contaminated with street runoff and eventually enter Parramatta River. .  
 
These results suggest it is preferable to capture rainwater from the roof, store then use it rather than 
let the simple collect road runoff  and use it for irrigation. 
 
If roof water is used for irrigation it is less likely to be adding contamination to the groundwater. (It is 
noted that any contamination in infiltrating water would need to pass through filtration via over more 
than 30m of rock before it reached groundwater. This filtration is likely to remove the bulk of 
contaminants). 
 
It is concluded that the capture of some rainwater in tanks will have minimal impact on regional 
hydrology, but it will assist in reducing the contaminant load in the water used for irrigation.  
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Table 3D. Contaminants in water derived from various sources in the urban environment. The 
ANZECC Guidelines for drinking water are also shown. 

 
3.7.3 Impact in Relation to the Water Act 1912 Part 5 
 
Part 5 of the Water Act 1912 deals with artesian WELLS. There is no intention to draw from or 
interfere with the groundwater. Therefore this act does not apply to this project. 
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Potable 
water 

Storm 
water 
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flow 
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pH 6.5-8.5 7.0-7.9 7.0-9.1 6.2 6.4   
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640  81-400 80 108 17 108
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solids 
(mg/L) 
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Zero 1 to 
25,000 
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1 to 106 
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ms 

20 
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e) 
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COD 
(mg/L) 

   22 49 1 8 
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   18 12   
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5 
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4.0 CONCLUSION 
 
The preliminary investigations documented in this report detail the stormwater and groundwater 
issues and requirements necessary to service the proposed multi storey redevelopment project. 
Water Sensitive Urban Design measures are appropriate to be applied to this development together 
with the on-site stormwater detention measures as detailed in this report. The development is 
unlikely to have a measurable impact on groundwater availability, its quality or its quantity. 
 
A Water Sensitive Urban Design approach was adopted for addressing stormwater management 
measures associated with the proposed development.  This includes measures to reduce the 
quantity and increase the quality of runoff discharging from the site.  Site specific constraints 
including space for treatment measures, roof area for harvesting runoff and likely demands for 
rainwater were considered in developing a strategy of combined onsite detention and rainwater tank 
storage.  It is proposed that the rainwater harvested be reused for both irrigation of landscaped 
areas and toilet flushing for the proposed commercial portion of the development. 
 
Due to the small size of the site compared to the catchment, the development will not interfere with 
groundwater flows.  Provision of opportunity to use roof water for irrigation will reduce demand on 
potable supply as well as reduce the risk of contamination from stormwater runoff. It is considered 
that no remedial action to the existing groundwater source is required as no impacts are likely. 
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Architectural Layout Plans 
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MUSIC Report File 

Source nodes 

Location,Urban 

ID,1 

Node Type,UrbanSourceNode 

Total Area (ha),0.17 

Area Impervious (ha),0.17 

Area Pervious (ha),0 

Field Capacity (mm),80 

Pervious Area Infiltration Capacity coefficient ‐ a,200 

Pervious Area Infiltration Capacity exponent ‐ b,1 

Impervious Area Rainfall Threshold (mm/day),1 

Pervious Area Soil Storage Capacity (mm),120 

Pervious Area Soil Initial Storage (% of Capacity),30 

Groundwater Initial Depth (mm),10 

Groundwater Daily Recharge Rate (%),25 

Groundwater Daily Baseflow Rate (%),5 

Groundwater Daily Deep Seepage Rate (%),0 

Stormflow Total Suspended Solids Mean (log mg/L),2.2 

Stormflow Total Suspended Solids Standard Deviation (log mg/L),0.32 

Stormflow Total Suspended Solids Estimation Method,Stochastic 

Stormflow Total Suspended Solids Serial Correlation,0 

Stormflow Total Phosphorus Mean (log mg/L),‐0.45 

Stormflow Total Phosphorus Standard Deviation (log mg/L),0.25 

Stormflow Total Phosphorus Estimation Method,Stochastic 

Stormflow Total Phosphorus Serial Correlation,0 

Stormflow Total Nitrogen Mean (log mg/L),0.42 

Stormflow Total Nitrogen Standard Deviation (log mg/L),0.19 

Stormflow Total Nitrogen Estimation Method,Stochastic 

Stormflow Total Nitrogen Serial Correlation,0 



Baseflow Total Suspended Solids Mean (log mg/L),1.1 

Baseflow Total Suspended Solids Standard Deviation (log mg/L),0.17 

Baseflow Total Suspended Solids Estimation Method,Stochastic 

Baseflow Total Suspended Solids Serial Correlation,0 

Baseflow Total Phosphorus Mean (log mg/L),‐0.82 

Baseflow Total Phosphorus Standard Deviation (log mg/L),0.19 

Baseflow Total Phosphorus Estimation Method,Stochastic 

Baseflow Total Phosphorus Serial Correlation,0 

Baseflow Total Nitrogen Mean (log mg/L),0.32 

Baseflow Total Nitrogen Standard Deviation (log mg/L),0.12 

Baseflow Total Nitrogen Estimation Method,Stochastic 

Baseflow Total Nitrogen Serial Correlation,0 

OUT ‐ Mean Annual Flow (ML/yr),1.41 

OUT ‐ TSS Mean Annual Load (kg/yr),291 

OUT ‐ TP Mean Annual Load (kg/yr),0.587 

OUT ‐ TN Mean Annual Load (kg/yr),4.04 

OUT ‐ Gross Pollutant Mean Annual Load (kg/yr),36.6 

 

No Imported Data Source nodes 

 

USTM treatment nodes 

Location,Rainwater Tank 

ID,2 

Node Type,RainWaterTankNode 

Lo‐flow bypass rate (cum/sec),0 

Hi‐flow bypass rate (cum/sec),100 

Inlet pond volume,0 

Area (sqm),35 

Extended detention depth (m),0.2 

Permanent pool volume (cum),50 



Proportion vegetated,0 

Equivalent pipe diameter (mm),300 

Overflow weir width (m),10 

Notional Detention Time (hrs),20.7E‐3 

Orifice discharge coefficient,0.6 

Weir coefficient,1.7 

Number of CSTR cells,2 

Total Suspended Solids k (m/yr),400 

Total Suspended Solids C* (mg/L),12 

Total Suspended Solids C** (mg/L),12 

Total Phosphorus  k (m/yr),300 

Total Phosphorus C* (mg/L),0.13 

Total Phosphorus C** (mg/L),0.13 

Total Nitrogen k (m/yr),40 

Total Nitrogen C* (mg/L),1.4 

Total Nitrogen C** (mg/L),1.4 

Threshold hydraulic loading for C** (m/yr),3500 

Extraction for Re‐use,On 

Annual Re‐use Demand ‐ scaled by daily PET (ML),0.15 

Constant Daily Re‐use Demand (kL),0.3 

User‐defined Annual Re‐use Demand (ML),0 

Percentage of User‐defined Annual Re‐use Demand Jan,8.33333333333333 

Percentage of User‐defined Annual Re‐use Demand Feb,8.33333333333333 

Percentage of User‐defined Annual Re‐use Demand Mar,8.33333333333333 

Percentage of User‐defined Annual Re‐use Demand Apr,8.33333333333333 

Percentage of User‐defined Annual Re‐use Demand May,8.33333333333333 

Percentage of User‐defined Annual Re‐use Demand Jun,8.33333333333333 

Percentage of User‐defined Annual Re‐use Demand Jul,8.33333333333333 

Percentage of User‐defined Annual Re‐use Demand Aug,8.33333333333333 

Percentage of User‐defined Annual Re‐use Demand Sep,8.33333333333333 



Percentage of User‐defined Annual Re‐use Demand Oct,8.33333333333333 

Percentage of User‐defined Annual Re‐use Demand Nov,8.33333333333333 

Percentage of User‐defined Annual Re‐use Demand Dec,8.33333333333333 

Filter area (sqm),  

Filter depth (m),  

Filter median particle diameter (mm),  

Saturated hydraulic conductivity (mm/hr),  

Voids ratio,  

Length (m),  

Bed slope,  

Base Width (m),  

Top width (m),  

Vegetation height (m),  

Proportion of upstream impervious area treated,  

Seepage Rate (mm/hr),0 

Evap Loss as proportion of PET,0 

Depth in metres below the drain pipe,  

IN ‐ Mean Annual Flow (ML/yr),1.41 

IN ‐ TSS Mean Annual Load (kg/yr),291 

IN ‐ TP Mean Annual Load (kg/yr),0.587 

IN ‐ TN Mean Annual Load (kg/yr),4.04 

IN ‐ Gross Pollutant Mean Annual Load (kg/yr),36.6 

OUT ‐ Mean Annual Flow (ML/yr),1.19 

OUT ‐ TSS Mean Annual Load (kg/yr),115 

OUT ‐ TP Mean Annual Load (kg/yr),0.315 

OUT ‐ TN Mean Annual Load (kg/yr),2.91 

OUT ‐ Gross Pollutant Mean Annual Load (kg/yr),0.00 

 

No Generic treatment nodes 

 



Other nodes 

Location,Receiving Node 

ID,3 

Node Type,ReceivingNode 

IN ‐ Mean Annual Flow (ML/yr),1.19 

IN ‐ TSS Mean Annual Load (kg/yr),115 

IN ‐ TP Mean Annual Load (kg/yr),0.315 

IN ‐ TN Mean Annual Load (kg/yr),2.91 

IN ‐ Gross Pollutant Mean Annual Load (kg/yr),0.00 

OUT ‐ Mean Annual Flow (ML/yr),0.00 

OUT ‐ TSS Mean Annual Load (kg/yr),0.00 

OUT ‐ TP Mean Annual Load (kg/yr),0.00 

OUT ‐ TN Mean Annual Load (kg/yr),0.00 

OUT ‐ Gross Pollutant Mean Annual Load (kg/yr),0.00 

 

Links 

Location,Drainage Link,Drainage Link 

Source node ID,1,2 

Target node ID,2,3 

Muskingum‐Cunge Routing,Not Routed,Not Routed 

Muskingum K, ,  

Muskingum theta, ,  

IN ‐ Mean Annual Flow (ML/yr),1.41,1.19 

IN ‐ TSS Mean Annual Load (kg/yr),291,115 

IN ‐ TP Mean Annual Load (kg/yr),0.587,0.315 

IN ‐ TN Mean Annual Load (kg/yr),4.04,2.91 

IN ‐ Gross Pollutant Mean Annual Load (kg/yr),36.6,0.00 

OUT ‐ Mean Annual Flow (ML/yr),1.41,1.19 

OUT ‐ TSS Mean Annual Load (kg/yr),291,115 

OUT ‐ TP Mean Annual Load (kg/yr),0.587,0.315 



OUT ‐ TN Mean Annual Load (kg/yr),4.04,2.91 

OUT ‐ Gross Pollutant Mean Annual Load (kg/yr),36.6,0.00 
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