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1 INTRODUCTION 
‘Schaeffer and Associates Ltd.’ has been retained by the Watersand Construction C/O DG Group 

to provide a Functional Servicing Report (FSR) in support of Phase 2 of the proposed residential 

development south of Mckay Road in the Salem Secondary Plan Area (SSP) within the City of 

Barrie.   

This FSR proposes a municipal servicing scheme that demonstrates the viability of storm drainage, 

sanitary and water supply servicing for the proposed development, with consideration for 

applicable municipal guidelines, policies, design criteria, and previous planning resolutions. 

 Context and Site Location 
The subject site was previously analyzed as part of the Sub-watershed Impact Study (SIS), Salem 

Annexed Lands, City of Barrie completed by Schaeffers Consulting Engineers dated December 

2017. The Salem Secondary Plan (SSP) lands are bound by Salem Road and Lockhart Road to the 

north, Huronia Road to the east, County Road 27 to the west and the southern boundary is a mid-

concession line south of McKay Road between Simcoe County Road 27 to the west and Huronia 

Road. The southern boundary is also the municipal boundary between City of Barrie and Town of 

Innisfil. A location plan is provided in Figure 1.1. 

The Salem Annexed lands are to be developed in three phases, with each phase to be developed in 

stages. The subject site is part of Phase 2 Stage 1 as described in the SIS. The subject site is bound 

by MacKay Road to the north, open lands to the east and west which are expected to be developed, 

and undisturbed land to the south as illustrated on Figure 1.1 and Figure 1.2. The subject lands 

fall along the jurisdictional boundary of the Nottawasaga Valley Conservation Authority (NVCA).  

The total area of the subject site is 32.96 ha. 

The following sections of this report provide strategic information regarding the water supply, 

sanitary servicing and stormwater management (SWM) for the subject lands.  The provided 

information ensures compatibility with the existing storm, sanitary and water supply services, and 

future design considerations to service the annex lands. 
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 Background Studies and Documentation 
The following studies and design criteria were utilized in the preparation of this FSR: 

• Subwatershed Impact Study (SIS) for Salem Annexed Lands prepared by Schaeffers 

Consulting Engineers, December 2017. 

• Geotechnical Investigation, Proposed Residential Development by EXP Services Inc., 

September 2017. 

• Hydrogeological Investigation, Watersand Development (Draft) by EXP Services Inc., 

October 2017.  

• City of Barrie, Storm Drainage and Stormwater Management Policies and Design 

Guidelines, December 2017. 

• City of Barrie Master Plans for Wastewater Collection, Multi-Modal Active 

Transportation, Drainage and Stormwater, Water Storage and Distribution, all prepared by 

AMEC Environment and Infrastructure, October 2013. 

• City of Barrie, Infiltration Low Impact Development Screening Process. 

• City of Barrie, Lot Grading and Drainage Standards and Design Manual (Draft), June 

2016. 

• Stormwater Management Planning and Design Manual, Ministry of Environment 

(MOECC), March 2003. 

• Nottawasaga Valley Conservation Authority (NVCA) Stormwater Technical Guide 

(2013). 

• Lake Simcoe Region Conservation Authority (LSRCA) Technical Guidelines for 

Stormwater Management Submissions, September 2016. 

• Stormwater Management Report, SWM Pond A, prepared by Schaeffers Consulting 

Engineers, December 2018. 

• InfoWater Modeling Brief, prepared by Schaeffers Consulting Engineers, April 2020. 
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 Proposed Development Plan and Population 
As previously mentioned, the subject site is 32.96 ha in area, the total developable area is 

approximately 27.32 ha. 211 single detached residential units and 55 townhouse units are proposed 

within the development. The development further proposes 2 site plans. An 8.10 ha recreational 

center is proposed along the northeast quadrant of the development. Similarly, a 2.42 ha 

elementary school is proposed at the southwest quadrant of the site. A 0.30 ha SWM Block is 

proposed at the boundary of City of Barrie at the southern corner of the site, however this block is 

proposed to be extended 2.48 ha south into the Town of Innisfil lands as part of the proposed land 

annexation. The stormwater management pond shall be maintained by the City of Barrie. Access 

to the subject site is provided along Mckay Road, and roadway is proposed bisecting the site that 

connects to the proposed Watersand Phase 1 subdivision to the east and a future subdivision to the 

west. The proposed development is shown in Figure 1.2. The following table summarizes the 

anticipated population of the development based on the City of Barrie design guidelines.  

Table 1.1 : Estimated Design Population 

Land Use Criteria 
Units/ 

Area (ha) 
Design Population 

Detached Residential Units 3.13 ppu 211 661 
Townhouse Units 2.34 55 129 

Recreational Centre 28 m3/day/ha 8.10 1009* 
School  28 m3/day/ha 2.42 301* 

TOTAL 2100 
Note*: Equivalent population calculated due to missing building information 
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 Existing Site Conditions 
Existing site conditions were reviewed using a topographic survey conducted by Holding Jones 

Vanderveen Inc. in July, 2018 and previous studies. As mentioned in Section 1.2. the subject site 

is located within the NVCA watershed. Currently, the subject site is predominantly used for 

agricultural purposes and the site area remains predominantly undeveloped. The ground generally 

descends southwest towards the Thornton Creek with a relatively flat slope.  

According to the Soil Survey of Simcoe County Report (1962), the predominant soil types 

throughout this study area are Tioga and Bondhead Sandy Loams. Both of these soil types are 

expected to provide “good” drainage and are classified as a Type “B” MTO hydrologic soil group. 

Geotechnical investigation conducted by EXP indicates that the native soils comprised of sand, 

silty sand, silty clay, clayey silt, silt, silty sand till, and peat. The predominant soil type found in 

the subject site is glacial silty sand till and almost all boreholes encountered a silty sand till deposit. 

A hydrogeological investigation was also carried out on the subject site by EXP. Seasonal high 

groundwater contours, based on the most recent site data, were requested from EXP in May 2022. 

These elevations were utilized in the preliminary design of the site services, appended in Appendix 

A. Relevant background information is also provided in Appendix A. 
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2 WATER SUPPLY SERVICING 
A conceptual municipal water servicing plan for the SSP lands was proposed in the City of Barrie 
Water Storage and Distribution Master Plan for Intensification Areas and Annexed Lands (AMEC 
Report), prepared by AMEC (October 2013). The Water Supply services for the subject site 
follows the proposed servicing plan explored in the referenced SIS, dated 2017. 

Currently, the City of Barrie has five pressure districts: 

• District 1 (HWL = 281.2 meters above sea level (masl)) (PD1) 
• District 2 North (324.09 masl) (PD2N) 
• District 3 North (347 masl) (PD3N) 
• District 2 South (308 masl) (PD2S) 
• District 3 South (350.2 masl) (PD3S) 

Majority of SSP lands including the subject site fall within PD3S.  It is to note that the subject site 
development falls under Phase 2 of SSP development plan. 

 Existing Water Supply Servicing 
There is currently no distribution system within the vicinity of the subject site.  Just north of the 
Salem Road, still in PD3S, are two pump stations and the Mapleview reservoir storage facility that 
services the pre-annexation area.  There are also key tie-in points identified, all at the border of the 
SSP land, they consist of: 

• A 300 mm diameter main running along Salem Road east of Veteran’s Drive, 
• A 500 mm diameter main running along Veterans Drive between King Street and 

Mapleview Drive, this main connects to the Mapleview Reservoir. 

It is to note that Phase 1 infrastructure is intended to be in place prior to the development of Phase 
2: 

• 400 mm diameter main running along Mckay Road West 
• 400 mm diameter main along Watersand Phase 1 road crossing Thornton Creek 
• 500 mm diameter CPP watermain along Veteran’s Drive 
• 400 mm diameter watermain along Veteran’s Drive  

 



Functional Servicing Report    
Watersand Construction c/o DG Group – Phase 2 
City of Barrie                                                                                                                                           November 2022  
 

  
   

                 8
  
                                                                                                          

 Water Supply Servicing Design Criteria 
Water distribution criteria based on City of Barrie Water Distribution Policies and Design 
Guidelines (2012) are summarized as the following:  

• Watermains for the ultimate development shall be designed in accordance with the current 
City of Barrie Water Storage and Distribution Master Plan. 

• The average residential daily demand of 225 L per capita per day and 28 m3/ha*day for 
institutional and commercial land use. 

• Peaking factors per MECP guidelines are as follows: Maximum Daily Flow = 2.5, 
Minimum Hour Flow = 0.45, Peak Hour Flow = 3.75 

• Fire flow demands: 100 L/s for single family homes, 155 L/s for townhouses, 200 L/s for 
institutional and convenience, and 283 L/s for commercial as per the recommendation of 
City of Barrie based on the recently updated design criteria. The architectural details are 
not available for townhouses, school block and commercial block, therefore, the water 
supply for public fire protection calculation was not done. All flows must arrive with a 
minimum pressure of 140 kPa.  

• Allowable pressure range under operating conditions (peak hour – min hour) shall be 
within 275 kPa – 700 kPa.  

• The watermain size shall be determined by fire flow plus maximum day use.  

• Minimum size of watermain is 150 mmØ. 

• The Hazen Williams coefficients used in the model are listed in the table below. 

Pipe Diameter (mmØ) Hazen-Williams Coefficient ‘C’ 

150 100 

200-300 110 

350-600 120 

Over 600 130 
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• The following minimum and maximum pressures apply to all watermains.  

a) The minimum pressure during the peak hourly demand – 275 kPa. 

b) Maximum pressure during the minimum hourly demand – 690 kPa. 

c) Minimum Fire Flow pressure when the system is tested for Fire Flow during Max daily 
flow – 140 kPa. 

 Proposed Water Supply Servicing Plan 
The SIS presented a water distribution network during Phase 2 of the Salem Secondary Plan (see 

Figure 7.4 in Appendix A). The subject site will connect to the future watermains intended to be 

in place along Mckay Road West and the Watersand Phase 1 development to the east as shown in 

Figure 2.1.  As per the InfoWater Modeling Brief prepared by Schaeffers dated April 15th, 2020, 

internal watermains sized 200 mm and 300 mm were deemed appropriate to service the subject 

site (Figure 5.4 provided in Appendix A). Similar fire flows noted in Section 2.2 were used for 

this analysis. It is to note that internal watermain sizing will be finalized through the detailed design 

process. Furthermore, as noted previously, FUS calculations shall be carried out at this stage when 

detailed plans for the proposed lots, commercial and school buildings are available. Lastly, as per 

the AMEC Master Plan, Phase 2 development requires a pumping station and a storage facility in 

order to satisfy the water volume demands. These facilities are to be located at the south east 

quadrant of Salem Road and Veteran’s Drive. The pumping station is specified to be supplied by 

the existing Surface Water Treatment Plant (SWTP) through a series of 750 mm diameter 

transmission mains. The pumping station is to be appropriately incorporated into any future 

modelling work once details regarding the pumping configuration are available. 
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Table 2.1 - Water Supply Demand 
 

Total 
Population 
(persons) 

Residential 
Average 

Day 
Demand 

(L/person/d
ay) 

Average 
Daily 

Demand 
(L/s) 

Peak Hour 
Factor 

Peak 
Hour 

Demand 
(L/s) 

Max Day 
Factor 

Max Day 
Demand  

(L/s) 

Fire Flow + 
Max Day 
Demand 

(L/s) 

2100 225 5.47 3.75 20.50 2.5 13.67 296.67 
  

Notes: 

Commercial and Institutional Demand calculated as per 28 m3/ ha / day 

Fire Flow of 283 L/s for Commercial and Institutional 
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WATER SUPPLY SERVICING PLAN
FIGURE 2.1
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3 SANITARY SERVICING 
The wastewater servicing plan for SSP lands was initially addressed in the Barrie’s Wastewater 

Collection Master Plan (WCMP) for Intensification Areas and Annexed Lands, prepared by 

AMEC (October 2013). The ultimate servicing strategy for the subject site follows the Sanitary 

servicing plan explored in the referenced SIS, dated 2017 with some changes. 

 Existing Sanitary Servicing 
Currently there are no existing sanitary infrastructure within the vicinity of the site. As per the SIS, 

sanitary servicing for the subject site will be provided by the future Mckay Road trunk Sewer 

intended to be constructed as part of SSP Phase 1 development. Through the detailed design of 

Mckay Road West, a 1200 mm diameter reinforced concrete micro-tunneling sanitary trunk sewer 

was proposed along Mckay Road for the conveyance of sewage from SSP lands.  

 Sanitary Design Criteria 
As per the City of Barrie’s Design Criteria for sewers, the following guidelines were used in the 
design calculations for the sanitary sewers: 

• A sewage flow rate of 225 L/cap/day for residential; 
• 28 m3/ha/day for commercial and institutional; 
• An infiltration rate (extraneous flow) of 0.1 L/sec/ha; 
• Peaking Factor: based on Harmon’s Peaking Factor; 
• Population Density of 3.13 ppu for low density and 2.34 ppu for medium density; 
• Maximum velocity shall not be greater than 3.0 m/s with pipe flowing full; 
• Minimum velocity shall not be less than 0.6 m/s at actual flow, and 
• Minimum pipe diameter of 200 mm (as agreed with City in areas where cleaning velocity 

cannot be achieved). 
 

 Proposed Sanitary Servicing Plan 
It is proposed to drain the subject site through a gravity system to the proposed sanitary trunk 

sewer along Mckay Road West. The subject site’s sanitary system will be connected to the easterly 

Watersands Phase 1 subdivision and will ultimately drain towards the Mckay Road Trunk Sewer. 
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Due to grading constraints, it was anticipated during the SIS stage that the subject site will require 

a pump station to drain the southern portion of the site to the Mckay Road trunk sewer. However, 

it is now proposed to drain the entire site east towards the Watersands Phase 1 subdivision through 

a 250 mm diameter pipe along Walker Street, and eventually discharging to the sanitary trunk 

sewer along Mckay Road West. The internal design of the sewers shall be conducted during the 

detailed design stage of the site. The table below provides a summary of the anticipated sanitary 

sewage flows.  

Table 3.1 - Sanitary Servicing Requirements 

Average 
Residential 

Demand (L/ s) 

Residential 
Population 
(persons) 

Harmon's 
Peaking 

Factor (M)* 

Infiltration 
(L/ha/s) 

Total 
Developable 

Area (ha) 

Total Peak 
Flow (L/s) 

5.47 2100 3.57 2.65 26.54 22.17 
Notes: 

Commercial and Institutional Demand calculated as per 28 m3/ ha / day 

An equivalent residential population of 2100 calculated including the commercial & institutional demand flows to 
determine the Harmon Peaking Factor. 
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FIGURE 3.1
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4 STORMWATER MANAGEMENT 
 Existing Storm Infrastructure  

There is no existing stormwater infrastructure in the vicinity of the subject site.  Under pre-

development conditions, a majority of the site drains towards Thornton Creek as shown in Figure 

4.1. In existing condition, stormwater flows to the creek as sheet flow and in some instances via 

road side ditches along McKay Road. 

 Stormwater Design Criteria 
Major SWM controls related to the Study Area have been established following the project team 

discussions with the City of Barrie, Town of Innisfil, LSRCA and NVCA staff. Some specific 

requirements were adopted through additional consultation with the Conservation Authorities and 

the municipalities as per their current technical guidelines.  

In general, the SWM design criteria and requirements follow the City of Barrie’s Stormwater 

Management Policies and Design guidelines (2009). Where deemed necessary, the MECP’s 

Stormwater Management Planning and Design (SWMPD) Manual (2003) will be applied as a 

minimum. The following summarizes the general design criteria applicable to the stormwater 

conveyance system within the Salem lands development: 

SWM Pond 

• Enhanced (Level 1) water quality protection is required. Using Table 3.2 from the MECP 

SWMPD Manual (March 2003) the permanent pool storage shall be calculated; 

• The required erosion control release rate and storage targets were determined from the 

Drainage and SWM Master Plan (DSWMMP) presented in Table 4.4.15 below, please note 

that the parameters for Reach THO1 were used; 



Functional Servicing Report    
Watersand Construction c/o DG Group – Phase 2 
City of Barrie                                                                                                                                           November 2022  
 

  
   

                 16
  
                                                                                                          

 

• Quantity control is to be provided by attenuating 2-year to 100-year storm events to pre-

development levels based on a pre-development drainage area of 15.51 ha (SWM Pond C), 

as per the SIS, 9045 is proposed to be the outlet node for the entire site, with contributing 

catchments being 523, 528, 545, and 546. Through a detailed analysis of the existing 

topography and drainage conditions, it was determined that portions of catchments 528 and 

546 drain into node 9045, resulting in an area of 15.51 ha; 

• The hydrologic modelling to size the SWM ponds has been conducted using the 24-hour 

SCS Type II storm distribution for 2-year to 100-year storm events as mentioned in the 

DWSMMP and the SIS after modelling SWM Pond storage requirements using the 4-hour 

Chicago, 6-hour SCS, 12-hour SCS and the 24-hour SCS storm distributions; 

• The SWM ponds must be landscaped with low maintenance ground cover and vegetation 

to discourage access; 

• A stable access road must be provided around the SWM ponds to provide access to the 

headwall, and the outlet structure. The access road must be designed to support the weight 
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of maintenance vehicles and should provide for adequate turning radius and entrance and 

exit slopes; 

Major and Minor System Design: 

• Foundation drains and weeping tiles will not be connected to storm sewers; 

• The public roadways shall be designed to safely convey the greater of the 100-year or the 

Regional flows from all contributing areas; 

• Minor drainage system shall be designed for the 5-year storm event using the Modified 

Rational Method and City of Barrie IDF curves; 

• Modified Rational Method formula: 

o Q = 2.78 CIA/1000, where 

 Q: flow rate in m3/s 

 C: runoff coefficient (dimensionless) 

 I: rainfall intensity in mm/hr 

 A: area in ha 

Storm sewer design shall be based on City of Barrie Rainfall Intensity Curve with a Time of 

Concentration of 10 minutes. The formula expressed as I = A / (t+B)c, where I is rainfall intensity 

in mm/hr and t is time in minutes. The parameters for the 2-year to 100-year storm events are 

provided in Table 4.1 below: 

Table 4.1: City of Barrie Rainfall Intensity Parameters 

Parameter 2-Year 5-Year 10-Year 25-Year 50-Year 100-Year 
A 678.085 853.608 975.865 1146.275 1236.152 1426.408 
B 4.699 4.699 4.699 4.922 4.699 5.273 
C 0.781 0.766 0.760 0.757 0.751 0.759 
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Phosphorus Loading: 

• NVCA Guidelines require a maximum allowable post-development phosphorus loading of 

100% pre-development loading, and best efforts to an additional 20% reduction beyond 

this level. However, NVCA does recognize that in some circumstances, this 20% reduction 

cannot be achieved and therefore, NVCA requires that the TP load at post development 

condition, at least matches with that of pre-development; 

• NVCA Phosphorus Budget tool shall be used to calculate both pre- and post-development 

phosphorus loading based on land use; 

Volume Control: 

• The NVCA Guideline does not have a requirement for volumetric control.  However, 

during the completion of the SIS study, it was agreed that the SIS lands will recommend 

similar volumetric control to the Lake Simcoe Region Conservation Authority (LSRCA) 

Guideline 2.2.2 to the extent possible; 

Water Balance: 

• Use best management practices to satisfy pre-development infiltration volumes; 

• Aim to provide 25 mm of retention and infiltration for the recreational centre and school 

blocks, with 5 mm of infiltration to be provided at a minimum;   

Operation and Maintenance Manual: 

• An operation and maintenance manual shall be prepared and submitted in accordance with 

the City of Barrie Guidelines. 

 Proposed Stormwater Management Scheme  

For the subject site, the minor system will convey stormwater runoff from storms up to and 

including the 5- year design storm to the SWM Pond.  Stormwater runoff in excess of the minor 

system up to the flows generated from the 100-year storm event will be conveyed along the major 

system towards the SWM Pond.  The proposed stormwater infrastructure is illustrated in Figure 
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4.3. Please refer to the proposed servicing and grading plan attached in Appendix E. As per City 

guidelines, sump pumps will be connected to grade. Storm sewers will be designed as per the City 

of Barrie design criteria, additional information regarding the storm sewers can be found in the 

detailed design. 

It is proposed in the SIS for the Salem Annex Lands to provide stormwater quality and quantity 

control for the subject site through the use of an end-of-pipe stormwater management pond 

(referred to as SWM Pond C) as shown in Figure 4.2. SWM Pond C is proposed to discharge to 

Thornton Creek. The following section provides preliminary design details for the SWM Pond.  

Additionally, the subject site will include the use of Low Impact Development (LID) techniques 

to mitigate water balance concerns and improve stormwater quality. This site is proposed to 

include an infiltration bed within the wet cell of the SWM Pond. The infiltration bed will help 

achieve infiltration needs as outlined in the Water Balance (matching post-development infiltration 

volumes to pre-development levels) and Volume Control (retention of 25 mm runoff during a 

storm event) criterion, as well as help improve water quality to meet Phosphorus Loading 

guidelines (matching post-development TP load with pre-development levels, ideally reducing TP 

by 20%), as provided by NVCA.   

 Thornton Creek Floodplain and Engineered Channel 

A hydraulic analysis of Thornton Creek was conducted as part of a Flood Plain Study entitled 

“Floodplain Analysis Report, Salem Secondary Plan – Annexed Lands, City of Barrie” by 

Schaeffer and Associates Ltd. in December of 2017. This study was appended in the Salem SIS. 

An engineered channel was proposed along the western NHS area to convey storm drainage 

towards the branch of Thornton Creek, please reference Appendix A (PDF pages 88-95). This 

channel shall be designed to have a baseflow channel, a 2-year conveyance channel and an adjacent 

floodplain in accordance with natural channel principles. The engineered channel shall be designed 

for the greater of the 1:100-year design storm or Timmins storm event, as well as, include lined 

material within the baseflow and 2-year conveyance channel. As evident by the approved 
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conceptual design, the proposed low flow geometry of the channel will contain the 2-year flow. 

The channel will also include vegetated slopes with a maximum side slop of 4:1 (H:V). Please see 

below for a snippet of the proposed channel. 

Schematic 1: Conceptual Engineered Channel 

 

As per the approved floodplain analysis, the engineered channel shall be sized to convey a 

maximum of 11.12 m3/s (100-year 4-hour Chicago).  Please refer to Appendix A for the approved 

floodline drawings and channel flow results from HEC-RAS. Additionally, a road crossing of the 

NHS is proposed to connect the planned future subdivision west of the subject site. The subdivision 

road crossing is proposed to be a 3.66m x 1.52m CON/SPAN culvert as per the approved analysis. 

At the inlet of the culvert, the channel has a maximum flow of 7.57 m3/s (100-year 4-hour 

Chicago), thus, the culvert shall be sized to convey a maximum of 7.57 m3/s. The final design of 
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the crossing will be completed during the design of the road. Furthermore, any works regarding 

the environmental and erosion analysis shall be conducted during the detailed design stage.  

 SWM Pond C Design 
The purpose of this section is to demonstrate that the proposed SWM Pond is designed to provide 

sufficient stormwater quality, quantity, and erosion control in accordance with the City of Barrie, 

NVCA and MECP requirements. 

The SWM Pond has been designed with the following objectives: 

• Ensure Enhanced (Level 1) water quality protection; 

• Use water quantity control as per pre-development flow rates; 

• Ensure erosion control is based on Table 4.4.15 of the DSWMMP; 

• Provide an infiltration cell to satisfy volume control (25 mm retention), phosphorus loading 

reduction (match pre- to post-development TP loads) and water balance (match pre- to 

post-development infiltration volumes) requirements; 

SWM Pond C is proposed to be located at south boundary of the Salem lands, between Thornton 

Creek East and West, within Phase 2. The SWM Pond C block is located within Innisfil lands 

owned by DG Group. The location of Pond C is shown in Figure 4.2. Please note that SWM Pond 

C is subject to future studies which may alter the design, such as slope stability and groundwater 

impacts, prior to finalizing the design.  

4.5.1 Allowable Release Rates 

The allowable release rates for this facility were guided by the pre-development drainage area. As 

per the approved hydrologic model from the SIS, 9045 is proposed to be the outlet node for the 

entire site, with contributing catchments being 523, 528, 545, and 546, as demonstrated in Figure 

6-3 of the SIS (Appendix A). However, due to detailed analysis of the existing topography and 

drainage conditions, it was determined that 3.56 ha of catchment 546, 8.76 ha of catchment 523 

and 3.19 ha of catchment 528 drain into node 9045, resulting in an area of 15.51 ha. Catchments 

546, 523 and 528 are sloped towards node 9045 in existing conditions and are considered as 
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contributing drainage areas for calculating allowable release rates. As per the post-development 

drainage plan in the SIS, node 9045 would be the outlet for SWM Pond C because of its proximity. 

Pre-development peak flows discharging into 9045 can be found in Table 4.2 below. 

The storm distribution which resulted in the largest volume requirement was chosen for modelling 

purposes as it would also account for all other storm events. As concluded in the AMEC 

DWSMMP, and in the SIS, the 24-hour SCS storm distribution resulted in the highest volumetric 

requirements. 

Table 4.2: Allowable release rates for SWM Pond C (24HR SCS, 12HR SCS, 6HR SCS & 
4HR Chicago Storm) 

4.5.2 Proposed Drainage Area 

The proposed catchment area for Pond C is 28.25 ha and it is primarily composed of residential 

areas with a minor high-density townhouse area, a school, and a recreational centre.  The calculated 

composite imperviousness for this drainage area is 71%. It is to note that a portion of Mckay Road 

is proposed to be diverted to this SWM Pond. A table summarizing the drainage area land uses can 

be found in Table 4.3. 

 

 

Return Period 

24-HR SCS TYPE 
II 

12-HR SCS TYPE 
II 

6-HR SCS TYPE 
II 4-HR CHICAGO 

Allowable Release 
Rates (m3/s) 

Allowable Release 
Rates (m3/s) 

Allowable Release 
Rates (m3/s) 

Allowable Release 
Rates (m3/s) 

2-Year 0.186 0.158 0.148 0.102 

5-Year 0.353 0.305 0.304 0.201 

10-Year 0.481 0.421 0.426 0.281 

25-Year 0.658 0.582 0.600 0.396 

50-Year 0.799 0.712 0.740 0.484 

100-Year 0.946 0.846 0.888 0.583 
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Table 4.3: Post-Development Drainage Area Summary 

Land Use Area (ha) Imperviousness (%) 

Residential Detached 
House (Mix) 

7.93 
60 

Townhouses 1.06 86 
SWM Pond C 2.78 50 

School 2.42 79 
Recreational Centre 8.10 79 

ROW 5.03 79 
External ROW (McKay 

Rd) 
0.93 

80 

TOTAL 28.25 71 

4.5.3 Erosion Control 

As discussed in Section 4.2, erosion control target release rates and retention volumes are set as 

per Table 4.4.15 of the DSWMMP. Table 4.4 demonstrates the proposed erosion control targets 

for SWM Pond C. Detailed Calculations can be found in Appendix B. 

Table 4.4: SWM Pond C Erosion Control Requirements 

Parameter Value 
Drainage Area (ha) 28.25 

Erosion Control Volume (m3) 8,625 
Erosion Control Peak Release Rate (m3/s) 0.047 

Subwatershed Thornton Creek 
Reach THO1 

Necessary details on the required outlet control structure and orifice to meet target release rates 

for erosion control will be provided in the detailed design stage. 

4.5.4 Quantity Control 

Quantity control targets are based on pre-development release rates calculated using a pre-

development drainage area of 15.51 ha, as summarized in Table 4.2. The allowable release rates 
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established in Section 4.5.1 above were used to find the required active storage volume within 

SWM Pond C, as seen in Table 4.5. As recommended in the AMEC DWSMMP, and the Salem 

SIS, a 24-hour SCS Type II was used to size the SWM Pond, as the 24-hour SCS generates the 

largest volume, hence satisfying all other storm events.  

Table 4.5: Allowable release rates and required storage for SWM Pond C 

Return 
Period 

24-HR SCS TYPE II 12-HR SCS TYPE II 6-HR SCS TYPE II 4-HR CHICAGO 
Allowable 

Release 
Rate 
(m3/s) 

Required 
Storage 

(m3) 

Allowable 
Release 

Rate 
(m3/s) 

Required 
Storage 

(m3) 

Allowable 
Release 

Rate 
(m3/s) 

Required 
Storage 

(m3) 

Allowable 
Release 

Rate 
(m3/s) 

Required 
Storage 

(m3) 

2YR 0.186 9,300 0.158 8,880 0.148 8,780 0.102 8,625 
5YR 0.353 12,390 0.305 11,460 0.304 11,570 0.201 10,400 
10YR 0.481 14,680 0.421 13,480 0.426 13,670 0.281 12,030 
25YR 0.658 17,540 0.582 16,080 0.600 16,350 0.396 14,090 
50YR 0.799 19,670 0.712 18,060 0.740 18,350 0.484 15,570 
100YR 0.946 21,790 0.846 19,980 0.888 20,360 0.583 17,020 

4.5.5 Quality Control 

Quality control will be provided by the Permanent Pool sized to provide 80% TSS removal for 

Enhanced level of removal. The required water quality storage and permanent pool volumes 

were calculated corresponding to the 2003 MECP SWMPD manual and seen in Table 4.6. 

Please refer to Appendix B for detailed calculations.  

Table 4.6: SWM Pond C Water Quality Requirements 

Parameter Value 
Level of Protection 1 (enchanced) 
Drainage Area (ha) 28.25 

Total Imperviousness (%) 71 
Required Permanent Pool Volume (m3) 5,292 

Provided Total Volume (m3) 9,960 
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Table 4.7: Summary of Proposed SWM Facility 

Parameter Value 
SIS Pre-Development Area (ha) 15.51 
Drainage Area (ha)  28.25 
Impervious Area (%)  71 
Permanent Pool Storage (m3) (Required) 5,292 
Permanent Pool Storage (m3) (Provided) 9,960 
Erosion Control Average Release Rate (m3/sec) 0.031 
Erosion Control Peak Release Rate (m3/sec) 0.047 
Erosion Control Storage (Required) (m3) 8,625 
100 Year Storm Storage (Required) (m3) 21,790 
100 Year Storm Storage (Provided) (m3) 22,664 
Governing Storm SCS 24hr 
100 Year Target Release Rate (m3/s) 0.946 

             

 Volume Control 
The NVCA does not have a clear criterion for volumetric control. However, during the completion 

of SIS study, an agreement was made that the SIS lands will recommend similar volumetric control 

to the Lake Simcoe Region Conservation Authority (LSRCA) Guidelines. The LSRCA guideline 

requires the retention of 25 mm of runoff from Major Developments as per the Lake Simcoe 

Protection Plan (LSPP), dated July 2009. The creation of four or more lots, the construction of a 

building or buildings within a ground floor area of 500 m2 or more, or the establishment of a major 

recreational use is defined as a major development by the LSPP. Water must be retained on site to 

be infiltrated, filtrated or re-used whilst still being able to capture the next rainfall event, in order 

to meet this criterion. The following sub-sections discuss the mitigation measures to meet the 

volumetric targets of areas draining to SWM Pond C. 

 

The total retention target for the proposed subdivision is calculated based on the proposed 

developable land with an area of 16.80 ha. It is to note that the area of the proposed recreational 

centre and school blocks are not included in this area, as they will aim to provide 25 mm of 

retention within their respective sites, with an absolute minimum of 5 mm infiltrated on site. 

Moreover, the external portion of Mckay Road that is proposed to be diverted to this SWM Pond 
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is also not included. Nevertheless, a preliminary volume control target of 25 mm retention results 

in retention targets of: 

• 1,599.75 m3 {8.10 ha x 0.79 imp x 25 mm x 10} for the recreational centre, and 477.95 

m3 {2.42 ha x 0.79 imp x 25 mm x 10} for the school block 

• 2,772.00 m3 {16.80 ha x 0.66 imp x 25 mm x 10} for the rest of the subdivision 

Due to the favorable soil conditions for onsite retention and infiltration, as provided by EXP’s 

hydrogeological studies, the volume targets will be met through the implementation of LIDs that 

will facilitate infiltration.  Topsoil amendment is proposed in the front and rear yards of residential 

lots to provide additional infiltration and contribute towards the volume control requirement. A 

150 mm topsoil amendment results in 2,125 m3 {3.54 ha x 150 mm x 10 x 0.40} of soil retention 

capacity. However, to remain consistent with the LID manual by the Toronto and Region 

Conservation Authority (TRCA), topsoil amendment is credited 25% retention of the runoff 

volume from downspout disconnection of proposed roofs (4.82 ha), which is 271 m3 {4.82 ha x 

25 mm x 10 x 0.90 x 25%}. Furthermore, an infiltration bed is proposed in the SWM pond to 

satisfy the remaining of the volume control requirement. This infiltration bed is sized to retain 25 

mm from 16.80 ha of the developable area and have a footprint of 2400 m2 (average) with a 

drawdown time of 69 hours. This drawdown time was calculated by dividing the required retention 

volume of 2,501 m3 {2772 m3- 271 m3} by an infiltration flux of 36 m3/hr (infiltration rate of 38 

mm/h), detailed calculations can be found in Appendix B. Please note that the infiltration rate 

(used to find infiltration flux) is the same as the adjacent subdivision to the east (Watersands Phase 

1) because of the subject site’s proximity and similar soil conditions. However, future in-situ 

testing will be conducted and the infiltration flux, along with the required footprint area, will be 

adjusted accordingly. Additionally, meeting the Volume Control requirement would also satisfy 

the Water Balance infiltration needs, as well as, improving the water quality and reduce 

Phosphorus Loading. 
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 Total Phosphorous Reduction Criteria 
As the subject site is in the NVCA jurisdiction, the following criteria applies: 

• The target within the NVCA is based on their Stormwater Technical Guide, Dated 

December, 2013. NVCA prefers that at all new development’s TP load at post development 

stage is reduced by 20% from that of predevelopment. However, NVCA recognizes that in 

some circumstances, this target cannot be achieved and therefore, at least, NVCA requires 

that the TP load at post development stage matches with that of pre-development.  

The phosphorous control for the subject site was applied to the post-development drainage area of 

SWM Pond C excluding the recreational centre and school blocks. These individual sites are 

proposed to investigate a site-specific phosphorus control strategy during the Site Plan Application 

(SPA) process. Pre-development targets were set by the expected annual phosphorous loads for 

the drainage area based on existing land cover. The phosphorous analysis was conducted using the 

recommended Phosphorus Budget Tool by the NVCA. Detailed calculations are provided in 

Appendix B.  

During post-development conditions, the land cover is expected to be more impervious, and the 

phosphorous load output is expected to increase due to construction materials of roads, roofs and 

fertilizer (lawns). Based on loading rates outlined in the NVCA tools, the annual post development 

phosphorous load is calculated and found in Table 4.8.  

Table 4.8: SWM Pond C Phosphorus Loading Summary 

SWM Pond C – Drainage Area 
Drainage Area (ha) 16.80 

Pre-Development Annual Load (Kg/yr) 2.71 
Post-Development Annual Load (Kg/yr) 6.92 

P Load Deficit (Kg/yr) 4.21 

Mitigation measures for the drainage area will be provided via a treatment train approach through 

the use of a SWM Pond, and an infiltration bed within the SWM Pond. These LID techniques were 

selected based on the grading, groundwater table and spatial constraints at the subject site. 
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Considering these limitations, the LID’s summarized in Table 4.9 are deemed the most feasible. 

Additional details regarding the LID’s will be further explained n the detailed design stage. 

Table 4.9: Feasible LID Measures 

Area ID Mitigation Measures 1 Mitigation Measure 2 
SWM C SWM Pond (63%) Infiltration Bed (60%) 

The TP mitigation rates for the above-mentioned LID’s were based on the Phosphorous Budget 

Tool. As demonstrated in Table 4.10, post-development loads can be reduced to pre-development 

levels based on the proposed mitigation measures for the subject site. For the drainage area of 

SWM Pond C, the total area will receive treatment from the SWM Pond, as well as, infiltration 

within the SWM Pond. The intention of these mitigation measures is to ensure that the total annual 

phosphorous loads, as a result of the development adjacent to Thornton Creek, can be successfully 

reduced by 20% compared to pre-development TP loads. At the very least, the NVCA requires the 

post-development TP loads to match pre-development levels. The total pre-development annual 

load for the total area of 16.80 ha is 2.71 kg/yr. The proposed TP mitigation measures will reduce 

the post-development annual load to 0.56 kg/yr; a 79% TP reduction from pre-development 

condition. Please refer to Table 4.10 for pre-development and post-development (with mitigation) 

annual load comparison. Please see Appendix B for detailed Phosphorus loading calculations. 

Table 4.10: Post-Development Phosphorous Load Summary 

 

 Water Balance  
The water balance analysis for the subject site was conducted for a total developable area of 27.32 

ha, as 0.93 ha of external ROW of McKay Road draining into SWM Pond C was excluded. Please 

note that the NHS Valley was not included in the water balance as the valley will remain 

undeveloped.  

Area ID 
Pre-Development 

Annual Load 
(Kg/yr) 

Post-Development after 
Mitigaton 

Annual Loads (Kg/yr) 

 TP Reduction  
(Pre to Post) (%) 

SWM C 2.71 0.56 79.34 
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The primary target of this water balance was to estimate appropriate measures required to meet 

pre-development infiltration to maintain groundwater recharge. As per Source Water Protection 

Atlas, the subject site (Residential and Employment Lands) is not within a Wellhead Protection 

Area. An annual precipitation of 933 mm, and an annual evapotranspiration of 597 mm was 

calculated for the water balance analysis using precipitation data from 1978-2006 Barrie WPCC 

Station by Environment Canada. For pervious areas, the MECP infiltration factor was calculated 

to be 0.65 [Rolling to Flat Land (0.25) + Sandy Loam (0.3) + Cultivated Land (0.1)]. This 

calculation is in conformance with an existing hydrogeological assessment conducted by R.J. 

Burnside for the Salem Secondary Plan Area.  

The pre-development condition has an annual infiltration, evapotranspiration, and surface runoff 

of 59,667 m3, 163,100 m3, and 32,128 m3, respectively. The water balance analysis reveals that 

without infiltration measures, the post-development infiltration is reduced to 17,903 m3. To match 

the pre-development target, it is proposed to utilize best management practices to optimize 

infiltration. An infiltration cell is proposed within SWM Pond C to meet the volumetric control 

needs of the site. Expectedly, having to size the infiltration bed to meet the 25 mm volume retention 

targets results in sufficient capacity to meet water balance demands. Moreover, the backyards and 

front lawns of detached residential lots will be utilized for topsoil amendment, further increasing 

infiltration. Please note that the recreational centre and school blocks should aim to retain and 

infiltrate runoff from a 25 mm event on site, with 5 mm being the minimum. As revealed through 

the analysis, only a 2.6 mm event is required to be infiltrated within the subdivision area to satisfy 

the Water Balance. 

Please refer to Appendix B for a detailed analysis on water balance.  
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Table 4.11: Water Budget – Summary Table 

 

Characteristics 

Site 

Pre-
Development 

Post-
Development 

Change           
(Pre to 
Post) 

Post-
development 

with 
mitigation 

Change 
(pre to post 

with 
mitigation) 

Inputs (Volumes) 
Precipitation (m3/year) 254896 254896 0% 254896 0% 

Total Inputs 
(m3/year) 254896 254896 0% 254896 0% 

Outputs (Volumes) 
Precipitation surplus 

(m3/year) 91795 188116 105% 188116 105% 

Net Surplus (m3/year) 91795 188116 105% 188116 105% 
Total 

Evapotranspiration 
(m3/year) 

163100 66780 -59% 72711 -55% 

Total Infiltration 
(m3/year) 59667 17903 -70% 61490 3% 

Total Runoff 
(m3/year) 32128 170213 430% 120694 276% 

Total Outputs 
(m3/year) 254896 254896 0% 254896 0% 
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5 EROSION AND SEDIMENT CONTROL 
Sediment and erosion control measures are generally used to minimize the effects of erosion from 

the construction site. The list below provides potential erosion and sediment control measures that 

can be implemented during construction. The proposed preliminary ESC plan is attached in 

Appendix D. Detailed ESC plans along with an ESC report will be presented at the appropriate 

stages. 

• Environmental fencing (Double silt fence with strawbaled in between); 

• Cut off swales; 

• Sediment traps; 

• Filtrexx Siltsoxx; 

• Mud mats for access roads; 

• Temporary sediment ponds (Including appropriate outlet protection and turbidity 

control); 

• Pump 

At a later stage, a site alteration report shall be submitted in accordance with City of Barrie and 

NVCA guidelines.  
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6 CONCLUSIONS 
This Functional Servicing Report presents a municipal servicing scheme for the proposed 

Watersand Phase 2 subdivision located within the Salem Annexed Lands in the City of Barrie. 

Stormwater Management 

A SWM Pond (SWM Pond C) is proposed to provide water quantity, quality and erosion control. 

An area of 28.25 ha drains to SWM Pond C, which includes a 0.93 ha of external ROW area. An 

infiltration cell is proposed within the pond to achieve water balance (matching pre- to post-

development infiltration), phosphorus loading (matching pre- to post-development TP load, ideally 

reduction of 20% from pre-development conditions) and volume control (retention of 25 mm of 

runoff during a storm event) requirements. Final SWM Pond C details shall be confirmed in the 

detailed design process. 

For the subject site, the minor system will convey stormwater runoff from storms up to and 

including the 5- year design storm to the SWM Ponds.  Stormwater runoff in excess of the minor 

system up to the flows generated from the 100-year storm event will be conveyed via the major 

system and controlled by the SWM Pond. Storm sewer sizing shall be confirmed through the 

detailed design process. 

Sanitary Servicing 

The wastewater servicing plan for SSP lands was initially addressed in the Barrie’s Wastewater 

Collection Master Plan (WCMP) for Intensification Areas and Annexed Lands, prepared by 

AMEC (October 2013). A phased sanitary servicing plan is proposed for the subject site. The 

ultimate sanitary servicing plan is to service the subject site by the trunk sewers along McKay 

Road to Huronia Road. Internal sanitary sewer sizing shall be confirmed through the detailed 

design process. 

Water Supply 

The site is located in Pressure District PD3S. The proposed development will connect to the future 

watermains intended to be in place along Mckay Road West and the Watersand Phase 1 

development to the east as shown on Figure 2.1. Internal watermains sized 200 mm and 300 mm 
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Design Criteria Town of Innisfil City of Barrie LSRCA NVCA Schaeffers Recommendations

Storm Design 1: 2 year, 1:5 year, 1:10 year, 1:25 year, 1:50 year, 1:100 year and the Regional Storms shall be applied for quantity control 

and the 25 mm 4-hour Chicago storm shall be applied for erosion control as required. In order to determine the critical 

design storms, the SCS Type II (6-hr, 12-hr and 24-hr durations) and the 4-hour Chicago storm distributions for the 1:2 year 

through 1:100 year return period shall be applied. Unless otherwise directed by the City, Hurricane Hazel shall be applied 

throughout the City as the Regional storm for the sizing of municipal infrastructure associated with storm drainage and 

stormwater management.

1: 2 year, 1:5 year, 1:10 year, 1:25 year, 1:50 year, 1:100 year and the Regional Storms shall be applied for quantity control and 

the 25 mm 4-hour Chicago storm shall be applied for erosion control as required. In order to determine the critical design storms, 

the SCS Type II (6-hr, 12-hr and 24-hr durations) and the 4-hour Chicago storm distributions for the 1:2 year through 1:100 year 

return period shall be applied. Unless otherwise directed by the City, Hurricane Hazel shall be applied throughout the City as the 

Regional storm for the sizing of municipal infrastructure associated with storm drainage and stormwater management.

The following design storms are to be used for modeling sites with drainage areas greater than 5 hectares (refer to 

distribution tables in Appendix C): 4 hour Chicago with 10 minute time steps. - 12 hour SCS Type II distribution (this 

storm is required for use by LSRCA and the surrounding municipalities).

Both the 4-hour Chicago and 24-hour SCS Type II storms must be modelled for the specified storm events. Unless 

specified otherwise by the municipality, the NVCA, a subwatershed study or fluvial geomorphic analysis, post-

development peak flow rates must not exceed corresponding pre-development rates for the 1:2-year, 1:5-year, 1:10-

year, 1:25- year, 1:50-year and 1:100-year design storm events. The regional event for the NVCA jurisdiction is the 

Timmins Storm event with a total rainfall runoff of 193 mm over a 12 - hour period.

1: 2 year, 1:5 year, 1:10 year, 1:25 year, 1:50 year, 1:100 year and the Regional 

Storms shall be applied for quantity control and the 25 mm 4-hour Chicago storm 

shall be applied for erosion control as required. In order to determine the critical 

design storms, the SCS Type II (6-hr, 12-hr and 24-hr durations) and the 4-hour 

Chicago storm distributions for the 1:2 year through 1:100 year return period shall 

be applied. Unless otherwise directed by the City, Hurricane Hazel shall be applied 

throughout the City as the Regional storm for the sizing of municipal infrastructure 

associated with storm drainage and stormwater management.

Stormwater Quality Protection level Enhanced level of protection is required. Enhanced level of protection is required. Enhanced level of protection is required which is corresponds to long term average removal of 80% of suspended solids. 

For Phosphorous removal 63%.

For percent impervious values above 55%, the following equation should be used: y=(-38.0839 x 58.24687+ 987.8003 x  

X^0.706798)/(58.24687 + X^0.706798). For percent impervious below 55%, the following equation should be used: y = 

52.5 * X + 2.5. As a minimum standard, the NVCA requires the matching of post-development phosphorous loads to pre-

development levels. The NVCA would prefer all new development to achieve a 20% reduction from pre-development 

levels in phosphorous loadings.

Enhanced level of protection. Phosphorous loading shall be done to satisfy NVCA 

and LSRCA criteria.

Active Storage Detention 25 mm 48-hour detention as a minimum will be required, depending on the results of the geomorphic assessment study. 24 hrs (12 hrs if in conflict with minimum orifice size) Detention time - minimum 24 hrs 25 mm 48-hour detention as a minimum will be required, depending on the results of the geomorphic assessment study. Extended detention to satisfy DSWMMP

Forebay 1- Minimum Depth 1.5m, with Length to Width Ratio of 2:1   2- Maximum Area 33% of total Permanent Pool and 3- Preferred 

Maximum Volume 20% of total Permanent Pool.

1- The minimum depth in the forebay shall be 1.0 m with Length to Width Ratio of 2:1, 2- A berm shall be constructed with a 

forebay spillway invert at the NWL with appropriate erosion protection to enable, as a minimum, the flow of the water quality 

event (25 mm event) without overtopping any other part of the forebay into the main cell of the facility. The minimum top width 

of the berm shall be 1.0 m. 3- A dewatering sump shall be installed to enable the drawdown of the permanent pool for 

maintenance and sediment removal. Where feasible, the forebay sump shall be connected to the pond outlet structure with a 

control valve to drain by gravity. Where draining by gravity is not feasible, a dewatering sump shall be included and drained by 

pump. 4- Demonstrate by a geotechnical engineer that the bearing capacity of native soils on the bottom of the forebay is 

sufficient to support maintenance machinery for the removal of the sediment, the bottom of the forebay shall  be lined with 300 

mm of 50 mm diameter crusher run rock, or as recommended by a geotechnical engineer. Unstable native soils may warrant the 

use of geotextile lining under the rock.

1- Minimum depth 1 m. 2- Forebay Area - % of Total Permanent Pool Area maximum 33 %, 3- length-to-width ratio 

minimum 2:1.

1- Minimum Depth 1.0 m- preferred 1.5 m  2- Maximum Area 33% of total Permanent Pool, and 3- Preferred Maximum 

Volume 20% of total Permanent Pool.

1- Minimum Depth 1.5m, with Length to Width Ratio of 2:1   2- Maximum Area 33% 

of total Permanent Pool and 3- Preferred Maximum Volume 20% of total Permanent 

Pool.

Length to Width Ratio of Pond Minimum 3:1 - Preferred 4:1 to 5:1. Minimum 3:1 - Preferred 4:1 to 5:1. Minimum 3:1 - Preferred 4:1 to 5:1. Minimum 3:1 - Preferred 4:1 to 5:1. Minimum 3:1 - Preferred 4:1 to 5:1.

Permanent Pool Depth Maximum depth of 2.5 m; and  mean depth 1 m to 2 m. Maximum depth 2.5 m with a mean depth of 1.0 to 2.0 m. The maximum depth of a wet pond shall be 4.5 m from the pond 

bottom. 

The elevation of the permanent pool to be set above the 100-year flood elevation. Maximum 3 m. The elevation of the permanent pool to be set above the 100-year flood elevation. Maximum depth of 2.5 m.

Active Storage Depth Active storage depth of 2 m Maximum 1.5 m- Preferred 1.0 m. Total (including quantity control) 2 m. Water Quality and Erosion Control: maximum 1.5 m- Preferred 1.0 m. Total (including quantity control) 2 m Water Quality and Erosion Control: maximum 1.5 m- Preferred 1.0 m. Total (including quantity control) 2 m As per Town Standards

Side Slopes (Grading) A minimum side slope of 4:1 above and below the safety shelf. A safety shelf shall be provided with a slope of 7:1 extending 

3 m horizontally above and below the normal water level. 4:1 where the slope backs on to the rear yard lot line or an 

adjacent valley system. 4:1 where the pond is adjacent to a municipal boundary. 5:1 where the slope backs on to an 

adjacent road system. 5:1 where the pond is being used as part of a trail system or passice recreation. 

The maximum slope from the bottom of the permanent pool to 0.5m below the NWL shall be 3:1 (h:v). Within 3 m on either side 

of the NWL, the maximum slope shall be 6:1. Elsewhere, the maximum slopes shall be 4:1 (where the slope backs on to the rear 

yard lot line or an adjacent valley system), 5:1 (where the slope backs on to an adjacent road system), and 3:1 in a fenced facility. 

Retaining walls are not permitted in the pond block.

Side Slopes at Permanent Pool Elevation - 5:1 for 3 m horizontally on either side of the permanent water line, maximum 

3:1 elsewhere.  

Sides: 5:1 for 3 m on either side of the permanent pool- Preferred 7:1 near normal water level plus use of 0.3 m steps.  

Elsewhere: 3:1, preferred 4:1

As per Town Standards

Inlet Minimum 450 mm, preferred pipe slope > 1%. If submerged , obvert 150 mm below expected maximum ice depth. Inlet structures shall be installed with the invert set to the NWL or higher. Submerged inlets shall only be permitted if the obvert 

of the pipe lies below the maximum anticipated thickness of ice. Suitable erosion control and energy dissipation treatment shall 

be provided at all inlets to the pond. Headwalls and safety grating shall be installed at all inlets per OPSD. SWM pond inlet 

elevations are to be designed such that the 1:5 year storm design sewer capacity as per the storm sewer design sheet is 

maintained and not reduced due to tail water conditions.

Inlet Design - minimum 450 mm, preferred pipe slope > 1 % Minimum 450 mm, preferred pipe slope > 1%. If submerged , obvert 150 mm below expected maximum ice depth. Minimum 450 mm, preferred pipe slope > 1%. If submerged , obvert 150 mm below 

expected maximum ice depth.

Outlet A control manhole with a central wall designed with orifice or notch configuration should be placed at the top of the berm 

outside of the emergency spillway. This The outlet will be designed to operate under free flow conditions. The outlet should 

also include a maintenance pipe with shut off valve for draining.

The return period water surface elevations of the receiving body must be determined and verified to ensure the proper 

operation of the outlet structure. Anti-seepage collars shall be installed on all outlet pipes or as directed by a geotechnical 

engineer.

Outlet Design - minimum 450 mm outlet pipe, Pipe slope > 1 % A look at preliminary grades for the stormwater management design; this should consider groundwater conditions, 

elevations at the proposed outlet(s).  Confirmation that the outlet from the development is suitable; if the outlet is 

across private land then the NVCA will require written confirmation from the affected land owner. (Outfalls should be 

located as a minimum above the level of the 25-year flood limit and outside of the low flow channel to avoid disturbance 

to the watercourse; Outfalls that require hard structures, such as headwalls or pipes, should be located outside of the 

100-year erosion limit unless it is not technically feasible. If not technically feasible then the outfall should at least be 

located in an area where active erosion is not occurring). Disturbance to forested valley slopes and adjacent wooded or 

wetland habitats needs to be avoided and/or minimized to the extent possible. 

As per Town Standards

Maintenance Access Maintenance access is required to the inlet and outlet structures, forebays, sediment drying  areas, and emergency 

spillways. Where possible, the maintenance access is to be looped to provide two access points to all key features.  When 

this is not possible, dead end access may be provided with a hammerhead turning area of 4 m by 17 m with a 12 m 

centreline turning radius. Where the acces road enters the forebay below the P.P NWL, the forebay ramp shall be 

constructed with the lining of the bottom of the forebay as recommended by a Geotechnical Engineer. In this case, a 

minimum width of 4 m must be provided for the ramp with a maximum grade of 10%. Maintenance access roads shall be set 

a minimum of 0.30 m above the maximum pond water level.

Maintenance access roads are required to all inlets, outlet structures, sediment forebays, and sediment drying areas (if 

applicable) within the SWM facilities. Where feasible, two access points shall be provided from the municipal road allowance such 

that the access road is looped to key hydraulic features. In situations where this is not practical, dead end access roads shall be 

designed with a hammerhead turning area consisting of a minimum hammerhead width of 17.0 m and a 12.0 m centerline turning 

radius. The maintenance access road shall consist of a minimum 300 mm of compacted granular “A” with a surface treatment 

consisting of 50 mm topsoil and Simcoe County Native Seed Mixture. The access roads shall provide for all-weather ingress and 

egress with a minimum width of 5.0 m and a maximum grade of 10%. Curves on all access roads shall have a maximum centerline 

radius of 12.0 m.

Where the access road enters the forebay below the NWL, the forebay ramp shall be constructed consistent with the lining of the 

bottom of the forebay or as recommended by a geotechnical engineer. Ramp access should favour “green” solutions. 

 Provided to approval of municipality.  Provided to approval of municipality. In accordance with the City of Barrie requirement

Sediment Drying Area Sediment drying areas are to be incorporated into the design of the stormwater management facility such that water from 

the sediment drains back into the sediment forebay with a slope of 2% to 4%. The sediment drying area shall be designed to 

accommodate 30% of the forebay volume with a maximum sediment stockpile depth of 1m and maximum side slopes of 

10:1. Sediment drying areas should be located in areas that avoid high publicity. Accessible from the maintenance access 

road, and above the 5 year water level.

To be provided above maximum water quality water level. Drainage to be returned to the pond. Should only be incorporated into 

the design when it imposes no additional land requirement. 

Provide caliper material to screen adjacent private lands and facility infrastructure - ensure that spreading and suckering 

vegetation (ie. sumac, ash, willow) are setback approximately 3m from private property, access roads and sediment 

drying areas.

As per Town Standards

Buffer MOE-Minimum 7.5 m above maximum quality/erosion control  water level. Minimum 3.0 m above high water level for 

quantity control.

MOE- Minimum 7.5 m above maximum quality/erosion control  water level. Minimum 3.0 m above high water level for quantity 

control.

Minimum 7.5 m horizontally above maximum water quality/erosion control water level for extended detention wet 

ponds.

Minimum 7.5 m above maximum quality/erosion control  water level. Minimum 3.0 

m above high water level for quality control.

Emergency Spillway All SWM facilities shall be designed with an emergency spillway. The emergency spillway shall be designed to convey the 

larger of the unrouted 1:100 year or the Regional peak flow with the invert of the spillway set, as a minimum, at the 100-yr 

controlled water level (or Regional controlled water level for ponds where Regional control may be required). A freeboard 

of 0.3 m shall be provided above the maximum routed water level under the Regional storm. The erosion protection shall be 

integrated with a natural vegetated surface treatment that is aesthetically pleasing. Spillway side sopes shall not be steeper 

than 3:1 and shall be no steeper than 10% when incorporated into the access road. The spillway shall not be directly above 

the outlet control structure and a minimum clearance of 3.0 m shall be provided.

All SWM facilities shall be designed with an emergency spillway. The emergency spillway shall be designed to convey the larger of 

the unrouted 1:100 year or the Regional peak flow with the invert of the spillway set, as a minimum, at the 100-yr controlled 

water level (or Regional controlled water level for ponds where Regional control may be required). A freeboard of 0.3 m shall be 

provided above the maximum routed water level under the Regional storm. The erosion protection shall be integrated with a 

natural vegetated surface treatment that is aesthetically pleasing. Spillway side sopes shall not be steeper than 3:1 and shall be no 

steeper than 10% when incorporated into the access road. The spillway shall not be directly above the outlet control structure 

and a minimum clearance of 3.0 m shall be provided.

A stage - storage - discharge table must be included and contain the elevations of the outlet and emergency spillway, as 

well as the elevation of each storm event.

Emergency spillways from stormwater management ponds that have side slopes should be modelled as trapezoidal 

broad crested weirs whose discharge is determined by the combined discharge of representative triangular and 

rectangular broad crested weirs.

As per City of Barrie Criteria

Fencing Fencing shall be installed where the stormwater management facilities abut private lots, municipal boundaries, elementary 

schools and active recreation areas frequented by young children unless maximum slopes of 6:1 are provided. All 

stormwater management facilities are to be designed such that perimeter fencing is not required where it is adjacent to 

municipal right of ways. Gates with a locking system shall be provided on all maintenance road access points

Fencing shall be installed where the SWM facilities abut private lots unless maximum slopes of 6:1 are provided. As per Town Standards

Signage Shall be provided in clearly visible locations, as approved by the Town. Warning signs shall be clearly visible and erected at all access points to the SWM facility in accordance with City of Barrie Standard 

BSD-83.

In accordance with the City of Barrie requirement and shall be reviewed and 

approved by the Town of Innisfil as well for ponds within the Town of Innisfil

Landscaping  A minimum 6 meter wide landscaping buffer with a maximum slope of 4:1 will be required where there are residential lots 

adjacent to a SWM pond.

As per Town Standards

Operation and Maintenance Manual Will be required as part of the design of facility, including inspection checklists, maintenance descriptions, projected 

frequency and recommendations for facility clean up.

An operation and maintenance manual shall be prepared that identifies on-going operation protocol and maintenance issues (as 

required by the Lake Simcoe Protection Plan), including, but not limited to, the following: - the procedure for draining the forebay 

and sediment removal. - the annual sediment loading rate and estimated sediment accumulation in the facility. - the sediment 

clean out frequency. - the inspection  procedures and frequency of inspections. - a description of the pond features and pond 

operating characteristics. - a monitoring program plan for periodic water quality sampling for priority SWM works as per the Lake 

Simcoe Protection Plan.

An Operation and Maintenance (O & M) manual must be prepared and submitted which includes sequencing and 

Maintenance/Inspection schedule and notes.

A stand-alone operation and maintenance (O & M) document will be required to accompany the design of the 

stormwater management facility prior to final approval by the NVCA (identify the location for where cleanouts of the 

forebay and main cell will be completed from, how the pond will be drawn down, the type of equipment to be used, the 

location of the sediment drying area if one has been provided and any special operation considerations that must be 

utilized such as by-pass piping or valves).

Will be provided 

Maximum Depth The maximum depth in a wet pond should be restricted to 3 metres The maximum depth of a wet pond shall be 4.5 m from the pond bottom. Extended Detention Depth - maximum 1.5 m (water quality and erosion control), maximum 2 m (total including quantity 

control), permanent pool water level maximum 3 m.

As per Town standards

Freeboard  0.3 m of freeboard. A 0.3 m freeboard is required above the maximum routed water level under the Regional Storm or 100 year for ponds intended 

to provide post-to-pre control for the 100 year event.

0.3 m of freeboard 0.3 m

Berming Berms around wetlands and wet ponds shall be designed with a minimum top width of 3.0 m (where trails and access roads 

are not located) with a 3:1 maximum side slope on the outside. The core of the berms shall be constructed with engineered 

fill on the basis of the recommendations of a licensed geotechnical engineer. Topsoil is not permitted for berm construction 

except as a dressing to support vegetation on the top of the core.

For pond berms exceeding 2.0 m in height from the top of the berm to the toe of slope, the berm must be designed by a 

qualified professional engineer in accordance with the latest edition of the Ontario Dam Safety Guidelines (MNR).

A minimum top width of 2.0 m with a 3:1 maximum side slope on the outside. berm design - Notes on the construction of the pond berms must be provided on the detailed design drawings (i.e. 

acceptable soils with low permeability to be used, inspection by a geo-technical engineer and compaction %). These 

notes are required for both the permanent stormwater management facilities and the temporary sediment ponds 

where a berm is required to form the facility.

As per Town Standards

Groundwater Elevation The groundwater elevation from the location of the proposed SWM Block must be compared to the permanent pool water 

level. In the case of groundwater being lower, liners shall be installed as specified by the Geotechnical consultant to satisfy 

underlying soil conditions. In the case groundwater is higher, an investigation must be conducted to ensure the proposed 

design mitigates impact to local groundwater levels to the satisfaction of the Town. The design shall be guided by 

Geotechnical recommendations.

The bottom of the SWM pond shall be a minimum of 1.0 m above the seasonal high GWL unless it can be demonstrated by a 

hydrogeologist to the satisfaction of the City that there will be no impact to groundwater elevation and groundwater quality. 

Otherwise, if it is not feasible to maintain the required separation distance, a suitable liner shall be installed based on consultation 

with a hydrogeologist.

Geotechnical samples, boreholes or test pits in support of infiltration systems should be extended to a depth between 

2.5 to 5 metres or until bedrock or fully saturated conditions are reached. A minimum of 1.5 metres below the proposed 

infiltration stormwater management practices will be required for samples with respect to these facilities. The 

determination of the location of the seasonably high groundwater level is recommended to be completed within the 

months of March, April and May, after the ground has thawed to account for the high groundwater table associated 

with the snowmelt event. A yearly record may be requested for infiltration practices by the NVCA and by certain 

municipalities. If data is not available or timing for testing does not meet the spring window, NVCA is prepared to work 

with the proponent to determine conservative assumptions as an alternative.

As per Town Standards

Thermal Impacts When discharging stormwater to a watercourse identified as a Cold Water Fishery, mitigation measures such as shoreline 

planting, shading with trees, bottom draw outlet pipes from deeper pools, or cooling trenches shall be implemented in SWM 

facilities to minimize thermal loading to the receiving watercourse. Bottom draw quality control pipes should have an inlet 

invert 500 mm above the bottom of the SWM facility to prevent sediment from entering the pipe. Cooling trenches should 

have a minimum length of 30 m.

When discharging to a watercourse identified as a cold water fishery, mitigation measures such as shoreline planting, shading by 

trees, bottom draw outlet pipes from deeper pools, or cooling trenches shall be implemented to minimize thermal loading to the 

receiving watercourse.

Bottom draw outfalls are required within the LSRCA watershed. Infiltration trenches or additional measures may be required to minimize thermal impacts to receiving watercourses that 

are classified as cold-water resources. 

Bottom draw outlet, deeper Permanent pool, and Cooling trench in cold-water 

fisheries as necessary

Trails Pedestrian circulation trails shall be incorporated into SWM facilities where public safety has been fully addressed in terms 

of access, side slopes and fencing requirements. The feasibility of connections to adjacent neighbourhood parks, recreation 

areas and existing

trail networks is to be explored as part of the initial SWM facility submission plans to the satisfaction of the Town. Wherever 

possible trails shall be co-located with maintenance access roads.

Pedestrian circulation trails shall be incorporated into SWM facilities where public safety has been fully addressed in terms of 

access, side slopes and fencing requirements. The feasibility of connections to adjacent neighbourhood parks, recreation areas 

and existing trail networks is to be explored as part of the initial pond submission plans to the satisfaction of the City.

During the design stage, opportunities to incorporate amenities such as trails and seating areas around the SWMP 

should be explored to encourage safe public access and enhance the value of the facility within the community.

As per city of Barrie Criteria

Stromwater Management Pond Design Criteria
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1.0 Introduction 

This report presents the floodplain analyses and results for the Annexed Lands within the limits 

of the Salem Secondary Plan. In this study hydraulic models of Bear Creek and Thornton Creek 

have been developed based on the best available data including detailed topographic survey data, 

AMEC HEC-RAS model and hydrologic models’ outputs for Existing and Post-development 

conditions.          

The main object of the current study is to prepare floodplains for Bear Creek and Thornton Creek 

within Nottawasaga Valley Conservation Authority (NVCA) limits based on the calculated flows 

and updated topographic data. Geo-HEC-RAS which is the GIS based software under the HEC-

RAS engine is used for the digital floodplain mapping in this study.  

This report will address the background information, methodology, hydraulic modelling 

procedure and floodplain preparation. Furthermore, the current hydraulic model and the obtained 

floodplains will be compared with existing Drainage and Stormwater Management Master Plan 

(DSWMMP) models and floodplains which were proposed by AMEC as a part of the City of 

Barrie Master Plan.           

Since Lover’s creek is mostly located beyond 2031 limits, the analysis of floodplain for Lover’s 

Creek has become differed to the time when those developments within 2031 development 

boundary is being detail designed.    
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2.0 Study Area- Annexed Lands 

The current study area which is the west block of the Annexed Lands is located along the City of 

Barrie old urban boundary which is limited from the east to the Huronia Road and from the west 

to the Country Road 27. Bear Creek and Thornton Creek are located at the west block of the 

Annexed Lands, both are tributaries of the Nottawasaga River and regulated by NVCA. 

Three main reaches are modelled for Bear Creek (i.e., Bear Creek Upper and Lower and South-

trib. main) and headwater of the Bear Creek roughly flows from south-east to the north-west of 

the current study area and ultimately will drain to the Nottawasaga River at west. Six reaches are 

considered for the current hydraulic model of the Thornton Creek (i.e., Thornton Creek upper 

(Eastern Tributary), middle, lower, South-trib. main, North-trib. Main (Western Tributary) and 

Proposed Engineered Channel). Thornton Creek upper, North-trib. main and Proposed 

Engineered Channel which are located at the Annexed Lands boundary drain from north to south 

and ultimately will drain to the Nottawasaga River at west. Figure 2.1 illustrates the study area of 

the subjected Annexed Lands within the limits of the Salem Secondary Plan. It should be noted 

that, tree reaches of the Thornton and two reaches of the Bear creaks are within the boundary of 

the Annexed lands. 
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Figure 2.1: Study area of the subjected Annexed Lands  

Bear Creek-Upper 

Bear Creek-South  

Thornton Creek- Upper  

Thornton Creek- North  

Thornton Creek- Proposed Engineered Channel  



Floodplain Analysis Report 
Salem Secondary Plan - Annexed Lands 
City of Barrie  December 2017 
 

  

SCHAEFFERS                         6  
 CONSULTING ENGINEERS                                                                                                           
 
 

3.0 Methodology 

Hydraulic models have been developed for Thornton Creek and Bear Creek using Geo-HEC-

RAS model. The models’ parameters and geometric data (i.e., reach alignment, cross-sections’ 

location and geometry, hydraulic structures data) have been developed based on the best 

available data including detailed topographic data, aerial topographic data and the original HEC-

RAS models which were used by AMEC. Hydraulic modelling and Steady Flow analyses are 

performed for Existing and Post-development conditions.  

It should be noted that the Post-development flows and upgraded culverts are considered for this 

scenario. The model development procedure can be summarized as following: 

 Determining the georeferenced alignment of the reach  

 Generating surface terrain layer from elevation data source 

 Determining the location of the cross-sections based on the DSWMMP existing model 

and the HEC-RAS manual criteria 

 Creating Cross-sections from digital terrain layer along a river reach 

 Adding hydraulic structures data to the model and calculating Ineffective Flow areas 

 Determining the model parameters (e.g., Loss Coefficients and Manning’s values, Flow 

length, Ineffective Flow Areas)  

 Adding required storms’ flows to the model  

 Determining the boundary conditions for hydraulic modelling  

 Steady flow analysis and water surface profile calculation 

 Generating floodplain for storm events  
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4.0 Development of the Model 

4.1 Input Data 

4.1.1 Hydrologic Data 

Geo-HEC-RAS models’ flows have been updated based on the VO2 hydrologic models’ outputs 

for uncontrolled 100-year and Regional storms (i.e., Timmins). According to the current 

provincial policy peak flows cannot be controlled by Stormwater Management for regulatory 

floodplain analysis. Based on the NVCA guidelines, Regional Storm (i.e., Timmins Storm) and 

100-year storm events should be considered for floodplain mapping. It should be noted that, 

Hence, Regional and 100-year SCS type II 24 hour and 100-year Chicago 4 hour uncontrolled 

storm flows are modelled using VO2 and considered for the hydraulic modelling of the Thornton 

Creek. 

According to the NVCA Natural Hazards Technical Guide, the 100-year flood is determined by 

the greater runoff generated by either the 1:100-year SCS Type II 24 hour or the 1:100-year 4 

hour Chicago storms. Table 4.1 and Table 4.2 present the design flows for hydraulic modelling 

of the Thornton and Bear Creeks for existing condition and Table 4.3 and 4.4 presents simulated 

peak flows under post-development condition. 
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Table 4.1 Flows for the hydraulic modelling of Thornton Creeks - Existing Condition 

Reach Node 
Cross Section 

Station 

Peak Flow (m3/S) 

SCS II 24HR 
(UC 100YR) 

Regional 
Chicago 4HR 
(UC 100YR) 

North Trib Main 
(Western Tributary) 

9025/9019 2842 3.474 7.553 3.030 

9024 1926 4.501 9.472 3.834 

9554 1500 7.425 14.289 6.307 

Thornton_Creek Upper 
(Eastern Tributary) 

5201 8204 0.919 2.016 0.804 

9014 8188 1.542 2.992 1.332 

9017 7283.705 3.536 6.634 3.072 

9545 6394.603 4.968 9.189 4.352 

9548 5459.043 7.393 13.597 6.528 

9549 3964.705 7.430 16.526 6.585 

South_trib 557 463.5742 2.415 4.402 2.187 

Thornton_Creek Middle 
9550 3628.31 9.681 20.873 8.624 

9551 2407.671 10.801 24.229 9.620 

Thornton_Creek Lower 
9556 770.8709 19.779 44.808 17.525 

9558 389.2966 20.524 46.438 18.161 
 
 

Table 4.2 Flows for the hydraulic modelling of Bear Creek - Existing Condition 

Reach Node 
Cross Section 

Station 
SCS II 24HR 
(UC 100YR) 

Regional 
Chicago 4HR 
(UN 100YR) 

Main South Tributary 
506/9003 2034 0.335 0.506 0.271 

9001 1493.186 1.856 2.481 1.506 
 9000 4536 0.339 0.558 0.293 

Upper Bear creek 

9039/508 4128 1.016 1.675 0.880 
9012 3932.982 3.277 5.438 2.808 
9010 3194.309 3.294 5.559 2.824 
9005 2579 4.155 6.924 3.509 
9503 2329 8.002 8.324 8.882 
9543 1834.005 25.172 23.342 26.087 

Lower Bear creek  9521 591.6011 28.233 31.400 28.044 
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Table 4.3 Flows for the hydraulic modelling of Thornton Creeks – Post-Development Condition 

Reach Node 
Cross Section 

Station 

Peak Flow (m3/S) 

SCS II 24HR 
(UC 100YR) 

Regional 
Chicago 4HR 
(UC 100YR) 

North Trib Main 
(Western Tributary) 

532/9025 2842 7.971 3.732 10.042 

9024 1926 19.867 10.644 22.698 

9554 1500 25.428 20.331 26.610 

Thornton_Creek Upper 
(Eastern Tributary) 

5201 8204 0.426 0.904 0.378 

9014 8188 6.225 3.171 7.596 

9017 7283.705 18.033 9.805 20.665 

9545 6394.603 12.517 11.008 12.713 

9548 5459.043 11.590 13.717 11.143 

9549 3964.705 8.974 16.732 8.331 

South_trib 557 463.5742 2.415 4.402 2.187 

Thornton_Creek Middle 
9550 3628.31 11.316 21.127 10.472 

9551 2407.671 12.691 24.611 11.745 

Thornton_Creek Lower 
9556 770.8709 27.979 47.746 26.371 

9558 389.2966 28.535 49.455 26.537 

Proposed Engineered 
Channel 

5361 1566 1.455 2.848 1.591 

9044 1133 7.336 4.480 9.254 

9034 650 6.534 4.932 7.565 

9045 227 10.971 7.575 11.120 
 

Table 4.4 Flows for the hydraulic modelling of Bear Creek - Post-Development Condition 

Reach Node 
Cross Section 

Station 
SCS II 24HR 
(UC 100YR) 

Regional 
Chicago 4HR 
(UN 100YR) 

Main South Tributary 
9003 2034 4.886 2.118 6.480 
9004 1493.186 4.368 2.327 5.179 
9001 1290.42 10.340 5.179 12.305 

 9000 4536 0.546 0.498 0.673 

Upper Bear creek 

9039/508 4128 1.639 1.494 2.020 
9012 3932.982 20.687 9.402 27.242 
9010 3194.309 24.449 13.286 28.135 
9005 2560.813 23.668 13.987 29.108 
9503 2329 26.799 16.362 32.077 
9543 1834.005 59.117 37.723 66.099 

Lower Bear creek  9521 591.6011 69.123 48.600 75.652 
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4.1.2 Topographic Data 

With reference to the City of Barrie Secondary plan, the existing HEC-RAS models which were 

proposed by AMEC were developed based on the digital elevation model (DEM, 10 m 

resolution). It is indicated that there is room for revising these models based on more accurate 

data. Hence, in order to increase the accuracy of the hydraulic modelling, in some parts of study 

areas, detailed topographic data were collected and used for creating Triangular Irregular 

Network (TIN). These sources of elevation data are used for generating digital terrain layers in 

Geo-HEC-RAS. Figure D-1 in Appendix D presents a map which shows where detail 

topographic data is available.  

 
It should be noted that, aerial topographic data and the DSWMMP HEC-RAS models which 

were proposed by AMEC are used for the other parts of the study areas and the modeling and 

calculations should be updated based on detailed and updated topographic data.  

 
4.2 Modelling Procedure in Geo-HEC-RAS 

4.2.1 Cross-Sections 

Based on the HEC-RAS computational method, topographic data should be converted to 

geometric configuration which is represented by Cross-section. Cross-sections’ geometries are 

extracted at the required locations from the generated ground terrain layer. Alignment of the 

cross-sections should be perpendicular to the direction of the flow. Hence, for the left and the 

right overbanks, cross-sections alignments are drawn considering the flow directions based on 

the drawn flow centerline for the right and the left overbanks. Flow length for the main channel 

and centre line of the flow mass is used for manual calculation of overbank flow lengths using 

Geo-HEC-RAS.   

 
Considering the lack of available observed information, Manning’s values for the main channel 

and the left and the right overbanks are determined based on the best available information using 
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Table 3-1 of the HEC-RAS hydraulic reference manual and DSWMMP HEC-RAS models.  

 
Contraction and Expansion Coefficients which are used for calculating losses in HEC-RAS 

steady flow computations should be considered in hydraulic modelling. In the current study, 

Contraction and Expansion Coefficients are set to 0.1 and 0.3 respectively where the changes in 

river cross-sections are small and the flow is subcritical (Table 3.3 HEC-RAS hydraulic 

reference manual). It should be noted that, Contraction and Expansion Coefficients are set to 0.3 

and 0.5, respectively, at the hydraulic structures boundaries.  

 

4.2.2 Boundary Conditions 

The boundary conditions are set to be Normal Depth. The Normal Depth is calculated based on 

the slope of channel at the downstream of the reaches. Since the location of introduced boundary 

conditions are far from the subject study area, it can be anticipated that these normal depth 

conditions will not significantly impact on the analysis. Furthermore, Critical Depth is 

considered as upstream boundary condition of the model.     

 
4.2.3 Hydraulic Structures 

Hydraulic structures including culverts are modelled based on the best available data including 

field surveys and detailed topographic data or information from the current DSWMMP HEC-

RAS model. In addition, considering recommendations of the City of Barrie Stormwater 

Management Policies and Design Guidelines, location of the controlling cross-sections at the 

culvert points are determined based on the HEC-RAS hydraulic reference manual 

recommendations. It should be noted that, all crossing information and culvert sizing should be 

verified and checked at detailed design stage.  

 
In order to define Ineffective flow areas at the boundary cross-sections of the culverts, 

Contraction Reach at the upstream of the culvert are used based on 1:1 contraction rate and 

Expansion Reach at the downstream of the culvert considering 2:1 expansion rate. As mentioned 
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before, HEC-RAS hydraulic reference manual recommends values of 0.3 and 0.5 for contraction 

and expansion, respectively, for the boundary cross-sections of the culverts. Hence, these values 

are used in the current study as well. Based on the obtained hydraulic modelling results, existing 

culverts are analyzed and assessed. With aim of conveying flows under the post-development 

condition new culvert sizes are proposed and considered based on the city of Barrie standards. It 

should be noted, HEC-RAS hydraulic model is used to size the proposed culverts. Impact on 

upstream floodplain is also considered in culvert sizing analysis. According to DSWMMP, no 

watercourse present for culvert number 4 and 2000×1800 High Span structure has been proposed 

for future culvert size. Table 4.5 presents the existing and proposed culverts information for 

Thornton and Bear Creeks.  

 
Table 4.5 Existing and proposed culverts information for Thornton and Bear Creeks   

Culvert 
No. 

Location 
Future Road 

Class 
 Cross 
Section  

Design Peak Flow  
(m3/s) 

Structure 

Type 
Proposed 

(mm) 

Existing  

100 Yr (1) Regulatory (2) (mm) 

Bear Creek  

1 Country Rd. 27 Urban Arterial 1264 1.856 12.305 High Span 3660×1220 CSP-1400 

3 Salem Rd. Urban Arterial 1946 0.335 6.480 Box 1800×800 CSP-500 

5 Essa Rd. Urban Arterial 3150 3.294 28.135 High Span 5000×1000 CSP-900 

10 Salem Rd. Urban Arterial 4102 1.016 2.020 High Span 3660×1220 CSP-800 

Thornton Creek  

13 McKay Rd. Urban Arterial 7986 3.474 10.042 High Span 4270×1220 
CSP Arch-
1300×810 

48 McKay Rd. Urban Arterial 2635 1.542 7.596 High Span 4880×1220 
CSP Arch-
1300×810 

101 McKay Rd. Urban Arterial 1045 2.384 (3) 9.254 High Span 4880×1520 New Culvert 

102 Proposed Rd. Collector  Road 670 2.698 (3) 7.565 High Span 3660×1520 New Culvert 

103 Proposed Rd. Collector  Road 7391 3.536 20.665 High Span 4880×1520 New Culvert 
(1) 100 Year SCS Type II 24 hour design storm Existing Condition 
(2) Greater of 100 Year SCS Type II 24 hour, 100 Year Chicago 4 hour and Regional 
(3) Controlled 100 Year SCS Type II 24 hour design storm Post-Development 
 



Floodplain Analysis Report 
Salem Secondary Plan - Annexed Lands 
City of Barrie  December 2017 
 

  

SCHAEFFERS                         13  
 CONSULTING ENGINEERS                                                                                                           
 
 

4.3 Analysis of Geo-HEC-RAS Model Results and Floodplain Mapping 

4.3.1 Thornton Creek 

4.3.1.1 Existing Condition 
 
Two Reaches of Thornton Creek are crossing the Salem lands. The Western Tributary of 

Thornton Creek passes through the lands that supposed to be developed past 2031. The Eastern 

Tributary passes through Phase 1 area. Steady Flow Analysis has been done in Geo-HEC-RAS 

model of the Thornton Creek to calculate water surface elevations and associated flood. As it is 

discussed before, based on the NVCA guidelines, Regional Storm (i.e., Timmins Storm) and 

100-year storm events should be considered for floodplain preparation. It should be noted that, 

according to the current provincial policy, regulatory peak flows cannot be controlled by 

Stormwater Management. Hence, Regional and 100-year SCS 24 hour and 100-year Chicago 4 

hour uncontrolled storm flows are modelled using VO2 and considered for the hydraulic 

modelling of the Thornton Creek. Table 4.6 and 4.7 present Thornton Creek modeling results for 

Upper (i.e., Eastern) and Main North Tributary (i.e., Western) under existing condition.   

 
Table 4.6 Thornton Creek- Upper Geo-HEC-RAS water surface elevation results - Existing 
condition 

Reach 
Name 

Cross 
Section 
Station 

Min 
Channel 

Elevation 

SCS II 24HR     
(UC 100YR) 

Chicago 4HR     
(UC 100YR) 

Regional Regulatory 

Total 
Flow 

W.S. 
Elev 

Total 
Flow 

W.S. 
Elev 

Total 
Flow 

W.S. 
Elev 

W.S. Elev. 

(m) (m3/s) (m) (m3/s) (m) (m3/s) (m) (m) 

Upper 8204 307.15 0.92 308.20 0.80 308.18 2.02 308.23 308.23 
Upper 8188 307.13 1.54 308.20 1.33 308.18 2.99 308.23 308.23 
Upper 8138.517 306.87 1.54 308.20 1.33 308.18 2.99 308.23 308.23 
Upper 8106 306.69 1.54 308.20 1.33 308.18 2.99 308.23 308.23 
Upper 8066 306.55 1.54 307.96 1.33 307.93 2.99 308.13 308.13 
Upper 8055.198 307.10 2.22 307.96 1.94 307.93 4.31 308.13 308.13 
Upper 7941.845 307.10 2.22 307.94 1.94 307.91 4.31 308.10 308.10 
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Reach 
Name 

Cross 
Section 
Station 

Min 
Channel 

Elevation 

SCS II 24HR     
(UC 100YR) 

Chicago 4HR     
(UC 100YR) 

Regional Regulatory 

Total 
Flow 

W.S. 
Elev 

Total 
Flow 

W.S. 
Elev 

Total 
Flow 

W.S. 
Elev 

W.S. Elev. 

(m) (m3/s) (m) (m3/s) (m) (m3/s) (m) (m) 

Upper 7875 306.95 2.22 307.93 1.94 307.90 4.31 308.08 308.08 
Upper 7828 306.78 2.22 307.92 1.94 307.89 4.31 308.07 308.07 
Upper 7759.201 306.90 2.22 307.89 1.94 307.86 4.31 308.02 308.02 
Upper 7535 306.63 2.22 307.63 1.94 307.61 4.31 307.75 307.75 
Upper 7524.847 306.53 2.22 307.13 1.94 307.09 4.31 307.32 307.32 
Upper 7409.061 306.38 2.22 307.03 1.94 307.00 4.31 307.21 307.21 
Upper 7283.705 306.27 3.54 306.65 3.07 306.63 6.63 306.76 306.76 
Upper 7126.946 305.06 3.54 305.65 3.07 305.45 6.63 305.93 305.93 
Upper 6893 305.06 3.54 305.63 3.07 305.31 6.63 305.91 305.91 
Upper 6773 304.61 3.54 305.63 3.07 305.28 6.63 305.91 305.91 
Upper 6714.668 304.08 3.54 305.63 3.07 305.28 6.63 305.91 305.91 
Upper 6535.524 302.67 3.54 305.63 3.07 305.28 6.63 305.91 305.91 
Upper 6394.603 302.55 4.97 305.63 4.35 305.28 9.19 305.91 305.91 
Upper 6352 303.18 4.97 305.63 4.35 305.28 9.19 305.91 305.91 
Upper 6347.604 302.81 4.97 305.55 4.35 305.21 9.19 305.91 305.91 
Upper 6331.505 302.73 4.97 304.03 4.35 304.06 9.19 304.29 304.29 
Upper 6326 303.04 4.97 304.14 4.35 304.13 9.19 304.19 304.19 
Upper 6257.457 302.97 4.97 304.15 4.35 304.14 9.19 304.21 304.21 
Upper 6138.924 302.90 4.97 304.14 4.35 304.14 9.19 304.21 304.21 
Upper 5986.767 303.03 4.97 304.14 4.35 304.14 9.19 304.20 304.20 
Upper 5785.042 302.62 4.97 304.14 4.35 304.13 9.19 304.19 304.19 
Upper 5625.478 302.33 4.97 304.14 4.35 304.13 9.19 304.19 304.19 
Upper 5459.043 301.70 7.39 304.14 6.53 304.13 13.60 304.19 304.19 
Upper 5379.186 302.17 7.39 304.14 6.53 304.13 13.60 304.19 304.19 
Upper 5374 302.17 7.39 304.14 6.53 304.13 13.60 304.19 304.19 
Upper 5355 302.12 7.39 303.42 6.53 303.31 13.60 304.10 304.10 
Upper 5350 302.12 7.39 303.56 6.53 303.48 13.60 304.01 304.01 
Upper 5240.396 301.97 7.39 303.39 6.53 303.32 13.60 303.86 303.86 
Upper 5161 301.87 7.39 303.23 6.53 303.17 13.60 303.81 303.81 
Upper 5064.254 301.74 7.39 302.82 6.53 302.81 13.60 303.65 303.65 
Upper 4990.967 301.64 7.39 302.88 6.53 302.85 13.60 303.69 303.69 
Upper 4909.995 301.53 7.39 302.87 6.53 302.84 13.60 303.69 303.69 
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Reach 
Name 

Cross 
Section 
Station 

Min 
Channel 

Elevation 

SCS II 24HR     
(UC 100YR) 

Chicago 4HR     
(UC 100YR) 

Regional Regulatory 

Total 
Flow 

W.S. 
Elev 

Total 
Flow 

W.S. 
Elev 

Total 
Flow 

W.S. 
Elev 

W.S. Elev. 

(m) (m3/s) (m) (m3/s) (m) (m3/s) (m) (m) 

Upper 4773.478 301.36 7.39 302.86 6.53 302.84 13.60 303.69 303.69 
Upper 4633.226 301.24 7.39 302.86 6.53 302.84 13.60 303.69 303.69 
Upper 4539.129 301.10 7.39 302.86 6.53 302.84 13.60 303.69 303.69 
Upper 4409.236 300.87 7.39 302.86 6.53 302.84 13.60 303.69 303.69 
Upper 4326 300.93 7.39 302.86 6.53 302.84 13.60 303.69 303.69 
Upper 4320.967 300.93 7.39 302.86 6.53 302.84 13.60 303.69 303.69 
Upper 4291.792 300.76 7.39 302.07 6.53 301.96 13.60 302.71 302.71 
Upper 4287 300.76 7.39 301.22 6.53 301.20 13.60 301.40 301.40 
Upper 4183.054 300.45 7.39 301.14 6.53 301.11 13.60 301.33 301.33 
Upper 4092.856 300.54 7.39 301.07 6.53 301.04 13.60 301.27 301.27 
Upper 3964.705 300.41 7.43 300.83 6.59 300.80 16.53 301.07 301.07 
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Table 4.7 Thornton Creek-Main North tributary Geo-HEC-RAS water surface elevation results – 
Existing condition 

Reach 
Name 

Cross 
Section 
Station 

Min 
Channel 
Elevation 

SCS II 24HR      
(UC 100YR) 

Chicago 4HR    
(UN 100YR) 

Regional Regulatory 

Total 
Flow 

W.S. 
Elev. 

Total 
Flow 

W.S. 
Elev. 

Total 
Flow 

W.S. 
Elev. 

W.S. Elev. 

(m) (m3/s) (m) (m3/s) (m) (m3/s) (m) (m) 

Main 2842 304.60 3.47 305.72 3.03 305.71 7.55 305.80 305.80 
Main 2814 304.38 3.47 305.72 3.03 305.71 7.55 305.80 305.80 
Main 2796 304.38 3.47 305.72 3.03 305.71 7.55 305.80 305.80 
Main 2757 304.41 3.47 305.72 3.03 305.71 7.55 305.80 305.80 
Main 2705.057 304.52 3.47 305.72 3.03 305.71 7.55 305.80 305.80 
Main 2647 304.35 3.47 305.72 3.03 305.71 7.55 305.80 305.80 
Main 2625 304.30 3.47 304.94 3.03 304.91 7.55 305.12 305.12 
Main 2557 304.32 3.47 304.84 3.03 304.82 7.55 304.99 304.99 
Main 2516.051 304.15 3.47 304.73 3.03 304.71 7.55 304.88 304.88 
Main 2477 304.13 3.47 304.62 3.03 304.60 7.55 304.78 304.78 
Main 2433 304.03 3.47 304.54 3.03 304.51 7.55 304.72 304.72 
Main 2394 303.99 3.47 304.52 3.03 304.49 7.55 304.71 304.71 
Main 2365.492 303.93 3.47 304.51 3.03 304.48 7.55 304.70 304.70 
Main 2341 303.90 3.47 304.51 3.03 304.48 7.55 304.70 304.70 
Main 2287 303.79 3.47 304.50 3.03 304.47 7.55 304.69 304.69 
Main 2253.269 303.71 3.47 304.49 3.03 304.46 7.55 304.68 304.68 
Main 2227 303.71 3.47 304.48 3.03 304.45 7.55 304.66 304.66 
Main 2184 303.64 3.47 304.46 3.03 304.43 7.55 304.63 304.63 
Main 2134.661 303.62 3.47 304.33 3.03 304.31 7.55 304.47 304.47 
Main 2078 303.34 3.47 303.97 3.03 303.94 7.55 304.15 304.15 
Main 2028.513 303.07 3.47 303.56 3.03 303.54 7.55 303.69 303.69 
Main 1967 302.62 3.47 303.32 3.03 303.28 7.55 303.52 303.52 
Main 1926 302.48 4.50 303.20 3.83 303.17 9.47 303.38 303.38 
Main 1880.874 302.40 4.50 302.87 3.83 302.84 9.47 303.03 303.03 
Main 1799 300.65 4.50 301.52 3.83 301.48 9.47 301.69 301.69 
Main 1706.967 300.54 4.50 301.32 3.83 301.31 9.47 301.42 301.42 
Main 1642 299.80 4.50 300.64 3.83 300.61 9.47 300.84 300.84 
Main 1575 299.31 4.50 300.08 3.83 300.04 9.47 300.16 300.16 
Main 1500 298.70 7.43 299.48 6.31 299.44 14.29 299.68 299.68 
Main 1436.944 298.83 7.43 299.28 6.31 299.25 14.29 299.46 299.46 
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Reach 
Name 

Cross 
Section 
Station 

Min 
Channel 
Elevation 

SCS II 24HR      
(UC 100YR) 

Chicago 4HR    
(UN 100YR) 

Regional Regulatory 

Total 
Flow 

W.S. 
Elev. 

Total 
Flow 

W.S. 
Elev. 

Total 
Flow 

W.S. 
Elev. 

W.S. Elev. 

(m) (m3/s) (m) (m3/s) (m) (m3/s) (m) (m) 

Main 1313.988 297.87 7.43 298.36 6.31 298.36 14.29 298.45 298.45 
Main 1074.984 296.71 7.43 297.12 6.31 297.04 14.29 297.37 297.37 
Main 939.6914 296.15 7.43 297.11 6.31 297.05 14.29 297.35 297.35 
Main 888 295.44 7.43 297.10 6.31 297.04 14.29 297.33 297.33 
Main 882.5558 295.44 7.43 297.10 6.31 297.03 14.29 297.33 297.33 
Main 866.5558 295.30 7.43 296.39 6.31 296.35 14.29 296.60 296.60 
Main 861 295.30 7.43 295.67 6.31 295.64 14.29 295.79 295.79 
Main 804.3427 294.20 7.43 294.73 6.31 294.70 14.29 294.89 294.89 
Main 734.4726 293.65 7.43 294.09 6.31 294.06 14.29 294.24 294.24 
Main 681.6157 293.01 7.43 293.61 6.31 293.56 14.29 293.81 293.81 
Main 598.6232 292.26 7.43 292.87 6.31 292.84 14.29 293.05 293.05 
Main 456.731 290.72 7.43 291.15 6.31 291.13 14.29 291.29 291.29 
Main 389.4664 289.99 7.43 290.46 6.31 290.42 14.29 290.64 290.64 
Main 269.1317 288.65 7.43 289.31 6.31 289.27 14.29 289.52 289.52 
Main 101.4483 286.63 7.43 286.88 6.31 286.85 14.29 286.97 286.97 

 
 

4.3.1.2 Post-Development Condition 
 
Geo-HEC-RAS model of the Thornton Creek is analyzed under the Steady Flow calculation and 

water surface elevations and associated flood lines are obtained from the Geo-HEC-RAS 

outputs. It should be noted that, according to the current provincial policy, regulatory peak flows 

cannot be controlled by Stormwater Management. Hence, Regional and 100-year SCS 24 hour 

and 100-year Chicago 4 hour uncontrolled storm flows are modelled using VO2 and considered 

for the hydraulic modelling of the Thornton Creek. 

 

The Thornton Creek Geo-HEC-RAS water surface elevation results for the study area are 

presented in Table 4.8 and Table 4.9 for Upper Thornton Creek and Main North tributary of the 
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Thornton Creek. Geo-HEC-RAS summary results are presented in Appendix B. 

 

The existing condition of the original ground at Middle Tributary of the Thornton Creek is very 

flat and there is no major water course for conveying flows from areas North of McKay Road 

(NHS areas as well as drainage area contributing to SWM Ponds C and K). Furthermore, the 

surface run-off from this area drains through the proposed development in Phase 3. Hence, to 

convey post-development flows from this area and divert the flow from future Phase 3 lands, an 

engineered channel is proposed to collect and convey the run-off from northern tributary areas 

(NHS areas as well as drainage area contributing to SWM Pond K) to Thornton Creek. Detail of 

the proposed conceptual engineered channel cross-section is presented in Appendix A. 

Furthermore, supporting documents provided in Appendix C illustrate the proposed diversion 

channel and the relocated culvert on McKay Road. The modeling results of diversion channel are 

summarized in Table 4.6.  

 

It should be noted that, it is also recommended in the DSWMMP to convey the upstream flows 

through the area by a municipal drain. Current design of the proposed engineered channel is 

conceptual only and it should be further developed at the detail design stage. According to the 

City of Barrie Storm Drainage and Stormwater Management Policies and Design Guidelines, the 

design of the channel should be consistent with accepted natural channel design principles. A 

channel shall be designed to have a baseflow channel, a 2-year conveyance channel and an 

adjacent floodplain in accordance with natural channel principles. It is indicated that, channel 

should be designed for the regulatory flood run-off (the greater of the 1:100 year design storm or 

Timmins storm event) with approved lined material within the baseflow and 2-year conveyance 

channel and with slopes vegetated to the satisfaction of the City. In addition, Maximum side 

slope shall not exceed 4:1 (H:V).  

 

Flood lines for Regional Storm (i.e., Timmins Storm) and critical 100-year uncontrolled storms 

(i.e., 100-year SCS 24 hour and 100-year Chicago 4 hour) are developed based on the calculated 
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water surface elevations and the generated terrain elevation layer in Geo-HEC-RAS model. 

Thornton Floodplains Drawings are represented in Appendix C. The west side of Thornton-

Upper is currently a flat area and subsequently the floodplain will become spread at that area. 

However, by considering the grading plan and providing required elevations at the back of the 

property line of lots, the floodplain will be confined within NHS limits.   

 
Table 4.8 Thornton Creek- Upper Geo-HEC-RAS water surface elevation results 

Reach    
Name 

Cross 
Section 

Min Channel 
Elevation 

SCS II 24HR      
(UC 100YR) 

Chicago 4HR       
(UN 100YR) 

Regional 

Total 
Flow 

W.S. 
Elev. 

Total 
Flow 

W.S. 
Elev. 

Total 
Flow 

W.S. 
Elev. 

(m) (m3/s) (m) (m3/s) (m) (m3/s) (m) 

Upper 8204 307.15 0.43 308.37 0.38 308.49 0.90 308.11 

Upper 8188 307.13 6.23 308.37 7.60 308.49 3.17 308.11 

Upper 8138.517 306.87 6.23 308.37 7.60 308.49 3.17 308.11 

Upper 8106 306.93 6.23 308.34 7.60 308.45 3.17 308.09 

Upper 8066 306.57 6.23 308.23 7.60 308.31 3.17 308.06 

Upper 8055.198 307.12 6.23 308.24 7.60 308.32 3.17 308.06 

Upper 7941.845 307.10 6.23 308.20 7.60 308.27 3.17 308.03 

Upper 7875 306.95 6.23 308.18 7.60 308.25 3.17 308.02 

Upper 7828 306.78 6.23 308.16 7.60 308.23 3.17 308.01 

Upper 7759.201 306.90 6.23 308.11 7.60 308.18 3.17 307.97 

Upper 7535 306.63 6.23 307.90 7.60 308.03 3.17 307.66 

Upper 7524.847 306.53 6.23 307.79 7.60 307.95 3.17 307.39 

Upper 7420 306.33 6.23 307.70 7.60 307.86 3.17 307.28 

Upper 7357 306.13 6.23 307.55 7.60 307.63 3.17 307.24 

Upper 7283.705 306.27 18.03 307.05 20.67 307.10 9.81 306.86 

Upper 7126.946 305.06 18.03 306.09 20.67 306.11 9.81 305.98 

Upper 6893 305.06 18.03 306.02 20.67 306.02 9.81 305.95 

Upper 6773 304.61 18.03 305.99 20.67 305.99 9.81 305.94 

Upper 6714.668 304.08 18.03 305.99 20.67 305.99 9.81 305.94 

Upper 6535.524 302.67 18.03 305.99 20.67 305.99 9.81 305.94 
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Table 4.9 Thornton Creek-Main North tributary Geo-HEC-RAS water surface elevation results 

Reach 
Name 

Cross 
Section  

Min Channel 
Elevation 

SCS II 24HR      
(UC 100YR) 

Chicago 4HR     
(UN 100YR) 

Regional 

Total 
Flow 

W.S. 
Elev. 

Total 
Flow 

W.S. 
Elev. 

Total 
Flow 

W.S. 
Elev. 

(m) (m3/s) (m) (m3/s) (m) (m3/s) (m) 

Main 2842 304.60 7.97 305.55 10.04 305.69 3.73 305.10 

Main 2814 304.38 7.97 305.55 10.04 305.69 3.73 305.10 

Main 2796 304.38 7.97 305.55 10.04 305.69 3.73 305.10 

Main 2757 304.41 7.97 305.55 10.04 305.69 3.73 305.10 

Main 2705.057 304.52 7.97 305.54 10.04 305.69 3.73 305.10 

Main 2647 304.35 7.97 305.54 10.04 305.69 3.73 305.09 

Main 2625 304.30 7.97 305.15 10.04 305.22 3.73 304.95 

Main 2557 304.32 7.97 305.00 10.04 305.05 3.73 304.85 

Main 2516.051 304.15 7.97 304.89 10.04 304.95 3.73 304.74 

Main 2477 304.13 7.97 304.79 10.04 304.84 3.73 304.63 

Main 2433 304.03 7.97 304.74 10.04 304.81 3.73 304.55 

Main 2394 303.99 7.97 304.72 10.04 304.79 3.73 304.53 

Main 2365.492 303.93 7.97 304.72 10.04 304.79 3.73 304.53 

Main 2341 303.90 7.97 304.72 10.04 304.79 3.73 304.52 

Main 2287 303.79 7.97 304.71 10.04 304.78 3.73 304.52 

Main 2253.269 303.71 7.97 304.69 10.04 304.76 3.73 304.51 

Main 2227 303.71 7.97 304.68 10.04 304.74 3.73 304.49 

Main 2184 303.64 7.97 304.65 10.04 304.71 3.73 304.47 

Main 2134.661 303.62 7.97 304.48 10.04 304.52 3.73 304.34 

Main 2078 303.34 7.97 304.15 10.04 304.23 3.73 303.99 

Main 2028.513 303.07 7.97 303.77 10.04 303.82 3.73 303.56 

Main 1967 302.62 7.97 303.76 10.04 303.82 3.73 303.53 

Main 1926 302.48 19.87 303.62 22.70 303.68 10.64 303.42 

Main 1880.874 302.40 19.87 303.24 22.70 303.29 10.64 303.06 

Main 1799 300.65 19.87 301.94 22.70 302.00 10.64 301.73 

Main 1706.967 300.54 19.87 301.51 22.70 301.52 10.64 301.42 

Main 1642 299.80 19.87 300.85 22.70 300.85 10.64 300.74 

Main 1575 299.31 19.87 300.19 22.70 300.19 10.64 300.19 
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Table 4.10 Thornton Creek-Proposed Engineered Channel water surface elevation results 

Reach 
Name 

Cross 
Section  

Min Channel 
Elevation 

SCS II 24HR      
(UC 100YR) 

Chicago 4HR       
(UN 100YR) 

Regional 

Total 
Flow 

W.S. 
Elev. 

Total 
Flow 

W.S. 
Elev. 

Total 
Flow 

W.S. 
Elev. 

(m) (m3/s) (m) (m3/s) (m) (m3/s) (m) 

Channel 1566.00 308.12 1.46 308.35 1.59 308.40 2.85 308.44 

Channel 1496.00 307.44 1.46 307.67 1.59 307.62 2.85 307.77 

Channel 1437.00 306.85 1.46 307.08 1.59 307.22 2.85 307.17 

Channel 1379.00 306.51 1.46 307.04 1.59 307.21 2.85 307.00 

Channel 1325.00 306.38 1.46 307.03 1.59 307.20 2.85 306.89 

Channel 1252.00 306.21 1.46 307.02 1.59 307.20 2.85 306.79 

Channel 1190.00 306.08 1.46 307.02 1.59 307.19 2.85 306.74 

Channel 1133.00 305.95 7.34 306.96 9.25 307.14 4.48 306.67 

Channel 1071.00 305.82 7.34 306.92 9.25 307.10 4.48 306.62 

Channel 1026.00 305.67 7.34 306.34 9.25 306.44 4.48 306.16 

Channel 977.00 305.44 7.34 306.22 9.25 306.33 4.48 306.02 

Channel 928.00 305.31 7.34 306.10 9.25 306.21 4.48 305.90 

Channel 872.00 305.16 7.34 305.96 9.25 306.08 4.48 305.76 

Channel 814.00 304.95 7.34 305.82 9.25 305.94 4.48 305.61 

Channel 718.00 304.72 7.34 305.71 9.25 305.83 4.48 305.51 

Channel 650.00 304.53 6.53 305.67 7.57 305.79 4.93 305.47 

Channel 604.00 304.40 6.53 305.63 7.57 305.76 4.93 305.44 

Channel 562.00 304.29 6.53 305.01 7.57 305.06 4.93 304.91 

Channel 483.00 304.11 6.53 304.81 7.57 304.86 4.93 304.74 

Channel 428.00 304.01 6.53 304.39 7.57 304.41 4.93 304.34 

Channel 328.00 302.81 6.53 303.48 7.57 303.49 4.93 303.42 

Channel 227.00 303.07 10.97 303.33 11.12 303.33 7.58 303.30 

Channel 161.00 300.99 10.97 301.30 11.12 301.31 7.58 301.25 

Channel 150.00 300.64 10.97 301.11 11.12 301.12 7.58 301.04 

Channel 100.00 300.26 10.97 300.80 11.12 300.80 7.58 300.70 
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4.3.2 Bear Creek 

4.3.2.1 Existing Condition 
 
According to the existing condition of the study area, two Reaches of Bear Creek are crossing 

the Salem lands. Both Upper and South Reaches are located within the Phase 1 limits in 

northwest quadrant of the Study Area. Under existing condition, similar to the Thornton Creek, 

the Bear Creek cross-sections have been updated based on available field survey information and 

aerial topographic data.  

 

Hydraulic modeling has been done in Geo HEC-RAS to calculated water surface elevations and 

flood lines for existing condition scenario. As discussed in Section 4, Simulated peak flows have 

been used in hydraulic modeling procedure. The summary of the modeling results has been 

presented in Table 11 and Table 12 below for South Tributary of the Bear Creek and Upper Bear 

Creek respectively.   

 
Table 4.11 South Tributary of the Bear Creek Geo-HEC-RAS water surface elevation results – 
Existing Condition  

Reach 
Name 

Cross 
Section 
Station 

Min Channel 
Elevation 

SCS II 24HR     
(UC 100YR) 

Chicago 4HR     
(UN 100YR) 

Regional Regulatory 

Total 
Flow 

W.S. 
Elev. 

Total 
Flow 

W.S. 
Elev. 

Total 
Flow 

W.S. 
Elev. 

W.S. Elev. 

(m) (m3/s) (m) (m3/s) (m) (m3/s) (m) (m) 

Main 2034 305.50 0.33 305.86 0.27 305.80 0.51 305.92 305.92 
Main 2024 305.16 0.33 305.86 0.27 305.80 0.51 305.92 305.92 
Main 2003 304.48 0.33 305.86 0.27 305.80 0.51 305.92 305.92 
Main 1975 304.43 0.33 305.86 0.27 305.80 0.51 305.92 305.92 
Main 1957.6 304.72 0.33 305.86 0.27 305.80 0.51 305.92 305.92 
Main 1952.89 305.18 0.33 305.86 0.27 305.80 0.51 305.92 305.92 
Main 1939.98 304.62 0.33 304.71 0.27 304.70 0.51 304.73 304.73 
Main 1933.82 304.26 0.33 304.33 0.27 304.33 0.51 304.34 304.34 
Main 1914 303.98 0.33 304.09 0.27 304.08 0.51 304.11 304.11 
Main 1896 303.75 0.33 303.83 0.27 303.83 0.51 303.84 303.84 
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Reach 
Name 

Cross 
Section 
Station 

Min Channel 
Elevation 

SCS II 24HR     
(UC 100YR) 

Chicago 4HR     
(UN 100YR) 

Regional Regulatory 

Total 
Flow 

W.S. 
Elev. 

Total 
Flow 

W.S. 
Elev. 

Total 
Flow 

W.S. 
Elev. 

W.S. Elev. 

(m) (m3/s) (m) (m3/s) (m) (m3/s) (m) (m) 

Main 1882 303.06 0.33 303.22 0.27 303.21 0.51 303.24 303.24 
Main 1849 303.07 0.33 303.16 0.27 303.15 0.51 303.18 303.18 
Main 1837.551 302.33 0.33 302.38 0.27 302.38 0.51 302.38 302.38 
Main 1773 300.27 0.33 300.34 0.27 300.33 0.51 300.36 300.36 
Main 1730.224 299.09 0.33 299.11 0.27 299.18 0.51 299.19 299.19 
Main 1654 296.87 0.33 297.01 0.27 296.98 0.51 297.04 297.04 
Main 1599.655 295.17 0.33 295.38 0.27 295.36 0.51 295.40 295.40 
Main 1549 293.37 0.33 293.55 0.27 293.53 0.51 293.58 293.58 
Main 1493.186 292.10 1.86 292.41 1.51 292.39 2.48 292.44 292.44 
Main 1460 291.58 1.86 291.89 1.51 291.86 2.48 291.89 291.89 
Main 1430.742 290.61 1.86 290.92 1.51 290.90 2.48 291.00 291.00 
Main 1381 288.92 1.86 289.52 1.51 289.42 2.48 289.75 289.75 
Main 1351 288.92 1.86 289.49 1.51 289.35 2.48 289.74 289.74 
Main 1290.42 288.26 1.86 289.50 1.51 289.36 2.48 289.74 289.74 
Main 1283 288.30 1.86 289.48 1.51 289.35 2.48 289.72 289.72 
Main 1240 286.89 1.86 287.28 1.51 287.24 2.48 287.33 287.33 
Main 1233.458 286.74 1.86 287.27 1.51 287.23 2.48 287.33 287.33 
Main 1189 286.74 1.86 287.05 1.51 287.03 2.48 287.09 287.09 
Main 1150.896 285.75 1.86 286.23 1.51 286.19 2.48 286.28 286.28 
Main 1117 285.49 1.86 285.85 1.51 285.83 2.48 285.90 285.90 
Main 1081 284.87 1.86 285.16 1.51 285.13 2.48 285.18 285.18 
Main 1018.358 282.98 1.86 283.11 1.51 283.10 2.48 283.15 283.15 
Main 973 281.85 1.86 282.15 1.51 282.14 2.48 282.19 282.19 
Main 905.2302 279.70 1.86 280.05 1.51 279.99 2.48 280.08 280.08 
Main 866 279.03 1.86 279.47 1.51 279.42 2.48 279.52 279.52 
Main 733.8125 277.12 1.86 277.26 1.51 277.25 2.48 277.27 277.27 
Main 628.1875 274.50 1.86 274.69 1.51 274.67 2.48 274.72 274.72 
Main 435.3435 269.73 1.86 269.96 1.51 269.96 2.48 270.00 270.00 
Main 280.6801 266.63 1.86 266.89 1.51 266.85 2.48 266.91 266.91 
Main 164.5903 263.35 1.86 263.58 1.51 263.58 2.48 263.61 263.61 
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According to the R.J. Burnside Technical Memorandum for Crisdawn South Salem Road 

Crossing and Site Channel Analysis on June 1, 2017, considering small upstream drainage area 

(i.e., Less than 25 ha), this site (Upstream of culvert #3) is not regulated for flood hazards and 

only safe conveyance/diversion of the regulatory flow should be considered. For more detail 

please refer to Appendix G-3 of the SIS Report (December 2017).    

 
Table 4.12 Upper Bear Creek Geo-HEC-RAS water surface elevation results – Existing 
Condition 

Reach 
Name 

Cross 
Section 
Station 

Min 
Channel 
Elevation 

SCS II 24HR     
(UC 100YR) 

Chicago 4HR      
(UC 100YR) 

Regional Regulatory 

Total 
Flow 

W.S. 
Elev 

Total 
Flow 

W.S. 
Elev 

Total 
Flow 

W.S. 
Elev 

W.S. Elev. 

(m) (m3/s) (m) (m3/s) (m) (m3/s) (m) (m) 

Upper 4536 310.86 0.34 310.97 0.29 310.97 0.56 310.96 310.97 
Upper 4498 310.27 0.34 310.32 0.29 310.32 0.56 310.56 310.56 
Upper 4375.777 309.56 0.34 310.06 0.29 310.02 0.56 310.56 310.56 
Upper 4276.75 309.95 0.34 310.06 0.29 310.01 0.56 310.56 310.56 
Upper 4162.725 309.52 0.34 310.06 0.29 309.90 0.56 310.56 310.56 
Upper 4128 309.38 1.02 310.06 0.88 309.90 1.68 310.56 310.56 
Upper 4101.763 308.82 1.02 310.05 0.88 309.89 1.68 310.56 310.56 
Upper 4090 308.83 1.02 309.09 0.88 309.07 1.68 309.15 309.15 
Upper 4063.35 308.62 1.02 308.95 0.88 308.93 1.68 309.02 309.02 
Upper 4036 308.63 1.02 308.84 0.88 308.83 1.68 308.89 308.89 
Upper 4000 308.04 1.02 308.41 0.88 308.39 1.68 308.48 308.48 
Upper 3968 307.66 1.02 307.94 0.88 307.93 1.68 308.01 308.01 
Upper 3932.982 306.81 3.28 307.56 2.81 307.51 5.44 307.72 307.72 
Upper 3898 306.66 3.28 307.38 2.81 307.34 5.44 307.54 307.54 
Upper 3843 306.62 3.28 306.92 2.81 306.90 5.44 307.00 307.00 
Upper 3814 306.27 3.28 306.56 2.81 306.54 5.44 306.63 306.63 
Upper 3748.546 305.76 3.28 306.06 2.81 306.04 5.44 306.15 306.15 
Upper 3714 305.39 3.28 305.79 2.81 305.77 5.44 305.88 305.88 
Upper 3660 304.92 3.28 305.25 2.81 305.22 5.44 305.33 305.33 
Upper 3617.646 304.53 3.28 304.92 2.81 304.89 5.44 305.01 305.01 
Upper 3570 304.14 3.28 304.57 2.81 304.54 5.44 304.66 304.66 
Upper 3526 303.64 3.28 304.00 2.81 303.98 5.44 304.09 304.09 
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Reach 
Name 

Cross 
Section 
Station 

Min 
Channel 
Elevation 

SCS II 24HR     
(UC 100YR) 

Chicago 4HR      
(UC 100YR) 

Regional Regulatory 

Total 
Flow 

W.S. 
Elev 

Total 
Flow 

W.S. 
Elev 

Total 
Flow 

W.S. 
Elev 

W.S. Elev. 

(m) (m3/s) (m) (m3/s) (m) (m3/s) (m) (m) 

Upper 3503.294 303.35 3.28 303.70 2.81 303.67 5.44 303.78 303.78 
Upper 3432.865 302.52 3.28 303.31 2.81 303.28 5.44 303.41 303.41 
Upper 3376 302.04 3.28 303.31 2.81 303.28 5.44 303.41 303.41 
Upper 3312.375 302.65 3.28 303.20 2.81 303.19 5.44 303.30 303.30 
Upper 3255 301.88 3.28 302.70 2.81 302.67 5.44 302.83 302.83 
Upper 3194.309 302.14 3.29 302.52 2.82 302.50 5.56 302.69 302.69 
Upper 3169 301.33 3.29 302.19 2.82 302.10 5.56 302.66 302.66 
Upper 3164 301.17 3.29 302.21 2.82 302.11 5.56 302.61 302.61 
Upper 3137 301.08 3.29 301.69 2.82 301.67 5.56 301.76 301.76 
Upper 3132 301.13 3.29 301.66 2.82 301.64 5.56 301.75 301.75 
Upper 3106 301.00 3.29 301.35 2.82 301.33 5.56 301.43 301.43 
Upper 3090 300.75 3.29 301.17 2.82 301.13 5.56 301.30 301.30 
Upper 3077 300.53 3.29 301.09 2.82 301.06 5.56 301.24 301.24 
Upper 3054 300.21 3.29 300.75 2.82 300.72 5.56 300.89 300.89 
Upper 3000.647 299.77 3.29 300.46 2.82 300.42 5.56 300.66 300.66 
Upper 2999 299.71 3.29 300.28 2.82 300.24 5.56 300.40 300.40 
Upper 2997 299.27 3.29 299.94 2.82 299.92 5.56 300.05 300.05 
Upper 2939.565 298.68 3.29 299.14 2.82 299.11 5.56 299.23 299.23 
Upper 2936 298.08 3.29 298.78 2.82 298.74 5.56 298.92 298.92 
Upper 2919 298.05 3.29 298.53 2.82 298.50 5.56 298.64 298.64 
Upper 2900 297.41 3.29 298.02 2.82 297.99 5.56 298.15 298.15 
Upper 2881 296.97 3.29 297.61 2.82 297.57 5.56 297.76 297.76 
Upper 2871 296.78 3.29 297.29 2.82 297.27 5.56 297.37 297.37 
Upper 2832.683 296.63 3.29 297.25 2.82 297.20 5.56 297.47 297.47 
Upper 2830 296.46 3.29 297.23 2.82 297.17 5.56 297.46 297.46 
Upper 2828 296.24 3.29 296.94 2.82 296.89 5.56 297.13 297.13 
Upper 2805 295.92 3.29 296.16 2.82 296.15 5.56 296.20 296.20 
Upper 2791 295.13 3.29 295.77 2.82 295.73 5.56 295.91 295.91 
Upper 2765 294.87 3.29 295.36 2.82 295.33 5.56 295.50 295.50 
Upper 2729 294.08 3.29 294.87 2.82 294.82 5.56 295.05 295.05 
Upper 2713 293.78 3.29 294.52 2.82 294.48 5.56 294.68 294.68 
Upper 2701 293.26 3.29 293.90 2.82 293.86 5.56 294.02 294.02 
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Reach 
Name 

Cross 
Section 
Station 

Min 
Channel 
Elevation 

SCS II 24HR     
(UC 100YR) 

Chicago 4HR      
(UC 100YR) 

Regional Regulatory 

Total 
Flow 

W.S. 
Elev 

Total 
Flow 

W.S. 
Elev 

Total 
Flow 

W.S. 
Elev 

W.S. Elev. 

(m) (m3/s) (m) (m3/s) (m) (m3/s) (m) (m) 

Upper 2690 292.82 3.29 293.54 2.82 293.48 5.56 293.75 293.75 
Upper 2653.32 292.48 3.29 293.39 2.82 293.35 5.56 293.56 293.56 
Upper 2646 292.10 3.29 292.84 2.82 292.79 5.56 293.01 293.01 
Upper 2633 291.94 3.29 292.80 2.82 292.76 5.56 292.93 292.93 
Upper 2623 291.55 3.29 292.81 2.82 292.77 5.56 292.94 292.94 
Upper 2611 291.44 3.29 292.67 2.82 292.64 5.56 292.77 292.77 
Upper 2605 291.37 3.29 291.77 2.82 291.73 5.56 291.88 291.88 
Upper 2591 291.06 3.29 291.64 2.82 291.61 5.56 291.78 291.78 
Upper 2560.813 290.69 4.16 291.16 3.51 291.12 6.92 291.28 291.28 
Upper 2560 290.25 4.16 291.05 3.51 290.99 6.92 291.26 291.26 
Upper 2551 290.05 4.16 290.90 3.51 290.85 6.92 291.06 291.06 
Upper 2536 289.69 4.16 290.90 3.51 290.85 6.92 291.08 291.08 
Upper 2512 289.02 4.16 290.63 3.51 290.60 6.92 290.76 290.76 
Upper 2494 288.91 4.16 289.83 3.51 289.80 6.92 290.00 290.00 
Upper 2469.197 288.86 4.16 289.51 3.51 289.47 6.92 289.98 289.98 
Upper 2449 288.29 4.16 288.71 3.51 288.66 6.92 289.99 289.99 
Upper 2426 287.76 4.16 288.58 3.51 288.52 6.92 289.99 289.99 
Upper 2412 287.68 4.16 288.32 3.51 288.28 6.92 289.98 289.98 
Upper 2396.922 287.55 4.16 288.27 3.51 288.05 6.92 289.98 289.98 
Upper 2391 286.50 4.16 288.24 3.51 288.02 6.92 289.96 289.96 

 
RJBA also simulated the flood plain area between ESSA Road and Lougheed Road and 

documented their findings in the Summary Report for Digital Floodplain Mapping for Bear 

Creek within the Salem Secondary Plan (July 2014). SCE’s review of the RJBA report found 

their recommendations to be acceptable and that the findings are in general conformance with the 

analysis completed afterwards for the SIS. 

 
The review of survey information and DSWMMP revealed that the watercourse profile and 

cross-sections along the creek downstream of Essa Road should be significantly revised. This 
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observation has been taken into consideration in the RJBA report. For more detail please refer to 

Appendix G-1 of the SIS Report (December 2017).    

 

4.3.2.2 Post-Development Condition 
 
Similar to the Thornton Creek, Steady Flow analysis is performed for the hydraulic modelling of 

the Bear Creek and Regional storm (i.e., Timmins Storm) and 100-year SCS type II 24 hour and 

100-year Chicago 4 hour storm events are considered for floodplain preparation. The post-

development flow nodes map is presented in Appendix A. Based on the hydrology simulation 

results, 100-year 4 hour Chicago storm events creates higher flows and considered as regulatory 

storm event for both Upper Bear Creek and South Tributary of the Bear Creek.  

 

The Bear Creek Geo-HEC-RAS water surface elevation results for post-development scenario 

considering upgraded culverts and post-development flows are presented in Table 4.13 and Table 

4.14 for Upper Bear Creek and South Tributary of the Bear Creek respectively. It should be 

noted that the Geo-HEC-RAS model summary outputs are presented in Appendix B. 
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Table 4.13 Upper Bear Creek Geo-HEC-RAS water surface elevation results 

Reach 
Name 

Cross 
Section 
Station 

Min Channel 
Elevation 

SCS II 24HR      
(UC 100YR) 

Chicago 4HR    
(UC 100YR) 

Regional Regulatory 

Total 
Flow 

W.S. 
Elev 

Total 
Flow 

W.S. 
Elev 

Total 
Flow 

W.S. 
Elev 

W.S.  
Elev. 

(m) (m3/s) (m) (m3/s) (m) (m3/s) (m) (m) 

Upper 4536 310.86 0.55 310.98 0.67 311.00 0.50 310.98 311.00 
Upper 4498 310.27 0.55 310.34 0.67 310.34 0.50 310.34 310.34 
Upper 4375.777 309.56 0.55 310.03 0.67 310.04 0.50 310.03 310.04 
Upper 4276.75 309.95 0.55 310.02 0.67 310.02 0.50 310.01 310.02 
Upper 4162.725 309.52 0.55 309.80 0.67 309.86 0.50 309.78 309.86 
Upper 4128 309.38 1.64 309.78 2.02 309.85 1.49 309.75 309.85 
Upper 4123 309.29 1.64 309.75 2.02 309.82 1.49 309.72 309.82 
Upper 4081 308.47 1.64 309.02 2.02 309.05 1.49 309.01 309.05 
Upper 4063.35 308.62 1.64 309.02 2.02 309.06 1.49 309.01 309.06 
Upper 4036 308.63 1.64 308.89 2.02 308.92 1.49 308.89 308.92 
Upper 4000 308.04 1.64 308.48 2.02 308.65 1.49 308.44 308.65 
Upper 3968 307.66 1.64 308.46 2.02 308.64 1.49 308.02 308.64 
Upper 3932.982 306.81 20.69 308.32 27.24 308.49 9.40 307.93 308.49 
Upper 3898 306.66 20.69 308.10 27.24 308.25 9.40 307.74 308.25 
Upper 3843 306.62 20.69 307.41 27.24 307.53 9.40 307.12 307.53 
Upper 3814 306.27 20.69 306.98 27.24 307.08 9.40 306.75 307.08 
Upper 3748.546 305.76 20.69 306.52 27.24 306.63 9.40 306.28 306.63 
Upper 3714 305.39 20.69 306.23 27.24 306.33 9.40 305.99 306.33 
Upper 3660 304.92 20.69 305.69 27.24 305.79 9.40 305.45 305.79 
Upper 3617.646 304.53 20.69 305.35 27.24 305.42 9.40 305.14 305.42 
Upper 3570 304.14 20.69 304.99 27.24 305.09 9.40 304.77 305.09 
Upper 3526 303.64 20.69 304.44 27.24 304.53 9.40 304.22 304.53 
Upper 3503.294 303.35 20.69 304.27 27.24 304.35 9.40 303.99 304.35 
Upper 3432.865 302.52 20.69 303.65 27.24 303.76 9.40 303.44 303.76 
Upper 3376 302.04 20.69 303.64 27.24 303.74 9.40 303.46 303.74 
Upper 3312.375 302.65 20.69 303.55 27.24 303.64 9.40 303.35 303.64 
Upper 3255 301.88 20.69 303.22 27.24 303.27 9.40 303.02 303.27 
Upper 3194.309 302.14 24.45 302.86 28.14 302.94 13.29 302.85 302.94 
Upper 3169 301.33 24.45 302.87 28.14 302.95 13.29 302.85 302.95 
Upper 3164 301.17 24.45 302.87 28.14 302.94 13.29 302.85 302.94 
Upper 3137 301.08 24.45 302.27 28.14 302.36 13.29 301.92 302.36 
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Reach 
Name 

Cross 
Section 
Station 

Min Channel 
Elevation 

SCS II 24HR      
(UC 100YR) 

Chicago 4HR    
(UC 100YR) 

Regional Regulatory 

Total 
Flow 

W.S. 
Elev 

Total 
Flow 

W.S. 
Elev 

Total 
Flow 

W.S. 
Elev 

W.S.  
Elev. 

(m) (m3/s) (m) (m3/s) (m) (m3/s) (m) (m) 

Upper 3132 301.13 24.45 302.14 28.14 302.20 13.29 301.93 302.20 
Upper 3106 301.00 24.45 301.96 28.14 302.04 13.29 301.68 302.04 
Upper 3090 300.75 24.45 301.91 28.14 301.99 13.29 301.62 301.99 
Upper 3077 300.53 24.45 301.87 28.14 301.96 13.29 301.57 301.96 
Upper 3054 300.21 24.45 301.52 28.14 301.64 13.29 301.17 301.64 
Upper 3000.647 299.77 24.45 301.50 28.14 301.60 13.29 301.09 301.60 
Upper 2999 299.71 24.45 301.08 28.14 301.17 13.29 300.74 301.17 
Upper 2997 299.27 24.45 300.52 28.14 300.59 13.29 300.26 300.59 
Upper 2939.565 298.68 24.45 299.83 28.14 299.91 13.29 299.52 299.91 
Upper 2936 298.08 24.45 299.58 28.14 299.67 13.29 299.26 299.67 
Upper 2919 298.05 24.45 299.21 28.14 299.28 13.29 298.92 299.28 
Upper 2900 297.41 24.45 298.72 28.14 298.80 13.29 298.45 298.80 
Upper 2881 296.97 24.45 298.45 28.14 298.60 13.29 298.09 298.60 
Upper 2871 296.78 24.45 298.52 28.14 298.65 13.29 298.02 298.65 
Upper 2832.683 296.63 24.45 298.50 28.14 298.63 13.29 298.00 298.63 
Upper 2830 296.46 24.45 298.50 28.14 298.63 13.29 298.00 298.63 
Upper 2828 296.24 24.45 297.96 28.14 298.08 13.29 297.56 298.08 
Upper 2805 295.92 24.45 296.51 28.14 296.57 13.29 296.34 296.57 
Upper 2791 295.13 24.45 296.65 28.14 296.76 13.29 296.25 296.76 
Upper 2765 294.87 24.45 296.19 28.14 296.29 13.29 295.85 296.29 
Upper 2729 294.08 24.45 295.97 28.14 296.09 13.29 295.50 296.09 
Upper 2713 293.78 24.45 295.50 28.14 295.61 13.29 295.10 295.61 
Upper 2701 293.26 24.45 294.65 28.14 294.75 13.29 294.31 294.75 
Upper 2690 292.82 24.45 294.52 28.14 294.59 13.29 294.25 294.59 
Upper 2653.32 292.48 24.45 293.90 28.14 294.00 13.29 293.55 294.00 
Upper 2646 292.10 24.45 293.73 28.14 293.83 13.29 293.38 293.83 
Upper 2633 291.94 24.45 293.44 28.14 293.50 13.29 293.20 293.50 
Upper 2623 291.55 24.45 293.56 28.14 293.65 13.29 293.26 293.65 
Upper 2611 291.44 24.45 293.25 28.14 293.31 13.29 293.01 293.31 
Upper 2605 291.37 24.45 292.66 28.14 292.79 13.29 292.23 292.79 
Upper 2591 291.06 24.45 292.42 28.14 292.46 13.29 292.05 292.46 
Upper 2560.813 290.69 23.67 292.45 29.11 292.53 13.99 292.25 292.53 
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Reach 
Name 

Cross 
Section 
Station 

Min Channel 
Elevation 

SCS II 24HR      
(UC 100YR) 

Chicago 4HR    
(UC 100YR) 

Regional Regulatory 

Total 
Flow 

W.S. 
Elev 

Total 
Flow 

W.S. 
Elev 

Total 
Flow 

W.S. 
Elev 

W.S.  
Elev. 

(m) (m3/s) (m) (m3/s) (m) (m3/s) (m) (m) 

Upper 2560 290.25 23.67 292.48 29.11 292.58 13.99 292.26 292.58 
Upper 2551 290.05 23.67 292.45 29.11 292.54 13.99 292.25 292.54 
Upper 2536 289.69 23.67 292.46 29.11 292.55 13.99 292.25 292.55 
Upper 2512 289.02 23.67 292.44 29.11 292.53 13.99 292.24 292.53 
Upper 2494 288.91 23.67 292.44 29.11 292.53 13.99 292.24 292.53 
Upper 2469.197 288.86 23.67 292.45 29.11 292.53 13.99 292.24 292.53 
Upper 2449 288.29 23.67 292.45 29.11 292.53 13.99 292.24 292.53 
Upper 2426 287.76 23.67 292.45 29.11 292.53 13.99 292.24 292.53 
Upper 2412 287.68 23.67 292.45 29.11 292.53 13.99 292.24 292.53 
Upper 2396.922 287.55 23.67 292.45 29.11 292.53 13.99 292.24 292.53 
Upper 2391 286.50 23.67 292.45 29.11 292.53 13.99 292.24 292.53 

 
 

As discussed before, where field topographic information is available, Geo-HEC-RAS ultra-

resolution terrain elevation layer is used for generating the floodplains for 100-year uncontrolled 

and Regional events storms from the obtained water surface elevations of Bear Creek. 

Floodplains Drawings of the Bear Creek are presented in Appendix C. It should be noted that, 

according to NVCA Natural Hazards Technical Guide, 100-year uncontrolled floodplains are 

created considering the widest generated floodplains by 100-year SCS type II 24 hour and 100-

year Chicago 4 hour storms.     

 

Based on the observed differences between geometry of the Schaeffers Consulting Engineers 

(SCE) and DSWMMP models in area with aerial topographic data, gathering detailed 

topographic data is recommended for floodplain refinement of these areas in the detailed design 

phase.      
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Table 4.14 South Tributary of the Bear Creek Geo-HEC-RAS water surface elevation results 

Reach 
Name 

Cross Section 
Station 

Min Channel 
Elevation 

SCS II 24HR     
(UC 100YR) 

Chicago 4HR    
(UN 100YR) 

Regional Regulatory 

Total 
Flow 

W.S. 
Elev. 

Total 
Flow 

W.S. 
Elev. 

Total 
Flow 

W.S. 
Elev. 

W.S.  
Elev. 

(m) (m3/s) (m) (m3/s) (m) (m3/s) (m) (m) 

Main 2034 305.50 4.89 306.23 6.48 306.96 2.12 305.70 306.96 
Main 2024 305.16 4.89 306.23 6.48 306.96 2.12 305.39 306.96 
Main 2003 304.48 4.89 306.23 6.48 306.96 2.12 305.40 306.96 
Main 1975 304.43 4.89 306.23 6.48 306.96 2.12 305.40 306.96 
Main 1970 304.45 4.89 306.21 6.48 306.95 2.12 305.39 306.95 
Main 1922 304.05 4.89 304.38 6.48 304.43 2.12 304.28 304.43 
Main 1914 303.98 4.89 304.26 6.48 304.24 2.12 304.19 304.26 
Main 1896 303.75 4.89 304.01 6.48 304.04 2.12 303.92 304.04 
Main 1882 303.06 4.89 303.48 6.48 303.53 2.12 303.37 303.53 
Main 1849 303.07 4.89 303.33 6.48 303.36 2.12 303.25 303.36 
Main 1837.551 302.33 4.89 302.45 6.48 302.47 2.12 302.42 302.47 
Main 1773 300.27 4.89 300.50 6.48 300.53 2.12 300.42 300.53 
Main 1730.224 299.09 4.89 299.35 6.48 299.38 2.12 299.26 299.38 
Main 1654 296.87 4.89 297.22 6.48 297.26 2.12 297.13 297.26 
Main 1599.655 295.17 4.89 295.75 6.48 295.82 2.12 295.57 295.82 
Main 1549 293.37 4.89 293.81 6.48 293.86 2.12 293.71 293.86 
Main 1493.186 292.10 4.37 292.47 5.18 292.55 2.33 292.44 292.55 
Main 1460 291.58 4.37 292.03 5.18 292.05 2.33 291.92 292.05 
Main 1430.742 290.61 4.37 291.04 5.18 291.08 2.33 290.95 291.08 
Main 1381 288.92 4.37 290.02 5.18 290.49 2.33 289.48 290.49 
Main 1351 288.92 4.37 290.01 5.18 290.49 2.33 289.34 290.49 
Main 1290.42 288.26 10.34 290.01 12.31 290.48 5.18 289.33 290.48 
Main 1283 288.30 10.34 289.93 12.31 290.42 5.18 289.28 290.42 
Main 1240 286.89 10.34 287.75 12.31 287.87 5.18 287.46 287.87 
Main 1233.458 286.74 10.34 287.72 12.31 287.78 5.18 287.51 287.78 
Main 1189 286.74 10.34 287.36 12.31 287.41 5.18 287.21 287.41 
Main 1150.896 285.75 10.34 286.65 12.31 286.71 5.18 286.44 286.71 
Main 1117 285.49 10.34 286.26 12.31 286.32 5.18 286.06 286.32 
Main 1081 284.87 10.34 285.33 12.31 285.36 5.18 285.24 285.36 
Main 1018.358 282.98 10.34 283.41 12.31 283.46 5.18 283.26 283.46 
Main 973 281.85 10.34 282.43 12.31 282.47 5.18 282.31 282.47 
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Reach 
Name 

Cross Section 
Station 

Min Channel 
Elevation 

SCS II 24HR     
(UC 100YR) 

Chicago 4HR    
(UN 100YR) 

Regional Regulatory 

Total 
Flow 

W.S. 
Elev. 

Total 
Flow 

W.S. 
Elev. 

Total 
Flow 

W.S. 
Elev. 

W.S.  
Elev. 

(m) (m3/s) (m) (m3/s) (m) (m3/s) (m) (m) 

Main 905.2302 279.70 10.34 280.39 12.31 280.45 5.18 280.19 280.45 
Main 866 279.03 10.34 279.73 12.31 279.85 5.18 279.65 279.85 
Main 733.8125 277.12 10.34 277.45 12.31 277.46 5.18 277.34 277.46 
Main 628.1875 274.50 10.34 274.90 12.31 274.96 5.18 274.80 274.96 
Main 435.3435 269.73 10.34 270.24 12.31 270.26 5.18 270.09 270.26 
Main 280.6801 266.63 10.34 267.09 12.31 267.14 5.18 267.00 267.14 
Main 164.5903 263.35 10.34 263.85 12.31 263.86 5.18 263.70 263.86 
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5.0 Summary and Conclusion  

This document has provided the water surface elevation results and associated floodplains of the 

Thornton Creek and Bear Creek at the Salem Secondary Plan-Annexed lands for existing and 

post-development conditions. In preparation to the modelling, SCE reviewed the original HEC-

RAS models presented in the DSWMMP. Using the GEO HEC-RAS software the original 

models have been recreated to determine flood plain limits for the existing and post-development 

conditions of Salem lands.  

 

A summary of the analysis results and findings are presented as follow: 

 

 Both Thornton Creek and Bear Creek are under Nottawasaga Valley Conservation 

Authority (NVCA) 

 

 Hydraulic modelling of both Bear and Thornton Creeks are performed using Geo-HEC-

RAS software for Existing and Post-Development conditions 

 

 Since Lover’s creek is mostly located beyond 2031limits and the topographic data was 

not available for the majority of the study area, analysis of floodplain for Lover’s Creek 

has become differed to the time when those developments within 2031 development 

boundary is being detail designed 

 

 Under post-development condition, the obtained flows from VO2 model are used and the 

existing culverts are upsized in accordance to the city of Barrie standards to support the 

additional flow directed to the creeks under post-development scenario 

 

 Considering Nottawasaga Valley Conservation Authority (NVCA) Natural Hazards 

Technical Guide, Regional and uncontrolled 100-year SCS type II 24 hour and 100-year 
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Chicago 4 hour storm events are simulated based on the current hydrology information as 

well as detailed topographic survey information (where available) 

 

 Differences between geometry of the SCE and DSWMMP models specially, where the 

topographic data are available, indicate the need for gathering detailed topographic data 

for floodplain refinement of the remaining areas where the topographic data are not 

available 

 
 The existing ground surface between Western and Eastern Tributaries of the Thornton 

Creek is very flat and there is no major water course for conveying flows from the areas 

north of McKay Road 

 

 To convey post-development flows from areas North of McKay Road (NHS areas as well 

as drainage area contributing to SWM Ponds C and K) and divert the flow from future 

Phase 3 lands, an engineered channel is proposed to collect and convey the run-off from 

northern tributary areas (NHS areas as well as drainage area contributing to SWM Pond 

K) to Thornton Creek. Current design of the proposed engineered channel is conceptual 

only and it should be further developed at the detail design stage in accordance with the 

City of Barrie Storm Drainage and Stormwater Management Policies and Design 

Guidelines. 

 

 Results of the current study shows that obtained water surface elevations and floodplains 

should be refined based on the accurate modelling where the detailed topographic 

information is not available  

 
 According to the RJBA Technical Memorandum for Crisdawn South (Parcel 13) Salem 

Road Crossing and Site Channel Analysis dated June 1, 2017, considering small upstream 

drainage area (less than 25 ha), this site (upstream of Culvert #3) is not regulated for 
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HEC-RAS  Plan: Post Development   River: Engineered   Reach: Channel

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(m3/s) (m) (m) (m) (m) (m/m) (m/s) (m2) (m)  

Channel 1566    100 UC SCS 24 hr 1.46 308.12 308.35 308.29 308.39 0.009610 0.82 1.78 9.13 0.59

Channel 1566    Regional 2.85 308.12 308.44 308.37 308.50 0.010068 1.08 2.65 9.69 0.65

Channel 1566    Chicago UC 4 hr 1.59 308.12 308.40 308.30 308.43 0.005216 0.70 2.27 9.45 0.45

Channel 1496    100 UC SCS 24 hr 1.46 307.44 307.67 307.70 0.009821 0.82 1.76 9.13 0.60

Channel 1496    Regional 2.85 307.44 307.77 307.82 0.009587 1.06 2.69 9.73 0.63

Channel 1496    Chicago UC 4 hr 1.59 307.44 307.62 307.62 307.69 0.029843 1.21 1.32 8.83 1.00

Channel 1437    100 UC SCS 24 hr 1.46 306.85 307.08 307.02 307.11 0.010076 0.83 1.75 9.13 0.61

Channel 1437    Regional 2.85 306.85 307.17 307.10 307.23 0.010403 1.09 2.62 9.68 0.66

Channel 1437    Chicago UC 4 hr 1.59 306.85 307.22 307.03 307.24 0.001869 0.52 3.12 9.98 0.29

Channel 1379    100 UC SCS 24 hr 1.46 306.51 307.04 306.68 307.05 0.000421 0.32 4.74 10.77 0.14

Channel 1379    Regional 2.85 306.51 307.00 306.77 307.03 0.002185 0.69 4.29 10.53 0.33

Channel 1379    Chicago UC 4 hr 1.59 306.51 307.21 306.69 307.21 0.000190 0.26 6.58 11.73 0.10

Channel 1325    100 UC SCS 24 hr 1.46 306.38 307.03 306.54 307.03 0.000168 0.23 6.61 12.40 0.10

Channel 1325    Regional 2.85 306.38 306.89 306.62 306.91 0.001555 0.60 4.93 11.53 0.28

Channel 1325    Chicago UC 4 hr 1.59 306.38 307.20 306.55 307.20 0.000087 0.20 8.82 13.47 0.07

Channel 1252    100 UC SCS 24 hr 1.46 306.21 307.02 307.02 0.000088 0.20 8.12 12.61 0.07

Channel 1252    Regional 2.85 306.21 306.79 306.81 0.001113 0.55 5.39 11.25 0.24

Channel 1252    Chicago UC 4 hr 1.59 306.21 307.20 307.20 0.000052 0.17 10.41 13.67 0.06

Channel 1190    100 UC SCS 24 hr 1.46 306.08 307.02 306.24 307.02 0.000051 0.17 9.82 13.44 0.06

Channel 1190    Regional 2.85 306.08 306.74 306.33 306.75 0.000693 0.48 6.33 11.78 0.19

Channel 1190    Chicago UC 4 hr 1.59 306.08 307.19 306.25 307.20 0.000033 0.15 12.28 14.49 0.05

Channel 1133    100 UC SCS 24 hr 7.34 305.95 306.96 306.39 306.99 0.001029 0.78 10.62 13.62 0.25

Channel 1133    Regional 4.48 305.95 306.67 306.28 306.69 0.001325 0.70 6.88 11.90 0.27

Channel 1133    Chicago UC 4 hr 9.25 305.95 307.14 306.46 307.17 0.000911 0.83 13.12 14.67 0.25

Channel 1071    100 UC SCS 24 hr 7.34 305.82 306.92 306.20 306.94 0.000557 0.62 11.79 19.47 0.19

Channel 1071    Regional 4.48 305.82 306.62 306.10 306.64 0.000614 0.53 8.52 17.06 0.19

Channel 1071    Chicago UC 4 hr 9.25 305.82 307.10 306.26 307.13 0.000531 0.67 13.75 20.90 0.19

Channel 1044    Culvert

Channel 1026    100 UC SCS 24 hr 7.34 305.67 306.34 306.09 306.41 0.003883 1.15 6.84 12.59 0.46

Channel 1026    Regional 4.48 305.67 306.16 305.98 306.21 0.004496 0.99 4.69 11.44 0.47

1



HEC-RAS  Plan: Post Development   River: Engineered   Reach: Channel (Continued)

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(m3/s) (m) (m) (m) (m) (m/m) (m/s) (m2) (m)  

Channel 1026    Chicago UC 4 hr 9.25 305.67 306.44 306.15 306.52 0.003715 1.24 8.15 13.23 0.46

Channel 977     100 UC SCS 24 hr 7.34 305.44 306.22 305.85 306.26 0.002135 0.94 9.18 23.35 0.35

Channel 977     Regional 4.48 305.44 306.02 305.75 306.05 0.002298 0.79 5.92 12.44 0.34

Channel 977     Chicago UC 4 hr 9.25 305.44 306.33 305.92 306.38 0.001966 0.99 12.23 30.53 0.34

Channel 928     100 UC SCS 24 hr 7.34 305.31 306.10 305.76 306.15 0.002528 1.03 7.77 12.44 0.38

Channel 928     Regional 4.48 305.31 305.90 305.64 305.94 0.002661 0.86 5.45 11.27 0.37

Channel 928     Chicago UC 4 hr 9.25 305.31 306.21 305.81 306.27 0.002469 1.12 9.21 13.12 0.38

Channel 872     100 UC SCS 24 hr 7.34 305.16 305.96 306.01 0.002287 1.00 8.06 12.64 0.36

Channel 872     Regional 4.48 305.16 305.76 305.80 0.002446 0.84 5.62 11.42 0.36

Channel 872     Chicago UC 4 hr 9.25 305.16 306.08 306.14 0.002220 1.08 9.58 13.35 0.37

Channel 814     100 UC SCS 24 hr 7.34 304.95 305.82 305.86 0.001832 0.94 8.67 12.81 0.33

Channel 814     Regional 4.48 304.95 305.61 305.64 0.001838 0.77 6.16 11.59 0.31

Channel 814     Chicago UC 4 hr 9.25 304.95 305.94 305.99 0.001812 1.02 10.27 13.53 0.33

Channel 718     100 UC SCS 24 hr 7.34 304.72 305.71 305.74 0.001032 0.77 10.73 14.05 0.25

Channel 718     Regional 4.48 304.72 305.51 305.53 0.000854 0.60 8.10 12.85 0.22

Channel 718     Chicago UC 4 hr 9.25 304.72 305.83 305.86 0.001088 0.86 12.44 14.78 0.26

Channel 650     100 UC SCS 24 hr 6.53 304.53 305.67 305.69 0.000466 0.57 13.20 15.28 0.17

Channel 650     Regional 4.93 304.53 305.47 305.48 0.000535 0.54 10.27 14.02 0.18

Channel 650     Chicago UC 4 hr 7.57 304.53 305.79 305.81 0.000431 0.59 15.12 16.05 0.17

Channel 604     100 UC SCS 24 hr 6.53 304.40 305.63 304.84 305.66 0.000607 0.70 9.31 15.20 0.20

Channel 604     Regional 4.93 304.40 305.44 304.76 305.46 0.000628 0.63 7.79 14.00 0.20

Channel 604     Chicago UC 4 hr 7.57 304.40 305.76 304.88 305.78 0.000592 0.74 10.25 15.93 0.20

Channel 584     Culvert

Channel 562     100 UC SCS 24 hr 6.53 304.29 305.01 304.71 305.06 0.002806 1.02 6.86 12.07 0.39

Channel 562     Regional 4.93 304.29 304.91 304.64 304.95 0.002726 0.90 5.76 11.49 0.38

Channel 562     Chicago UC 4 hr 7.57 304.29 305.06 304.74 305.12 0.002866 1.08 7.50 12.41 0.40

Channel 483     100 UC SCS 24 hr 6.53 304.11 304.81 304.52 304.87 0.002980 1.04 6.78 11.99 0.41

Channel 483     Regional 4.93 304.11 304.74 304.45 304.78 0.002565 0.89 5.90 11.54 0.37

Channel 483     Chicago UC 4 hr 7.57 304.11 304.86 304.56 304.92 0.003196 1.12 7.32 12.26 0.42

2



HEC-RAS  Plan: Post Development   River: Engineered   Reach: Channel (Continued)

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(m3/s) (m) (m) (m) (m) (m/m) (m/s) (m2) (m)  

Channel 428     100 UC SCS 24 hr 6.53 304.01 304.39 304.39 304.50 0.022499 1.51 4.71 23.73 0.95

Channel 428     Regional 4.93 304.01 304.34 304.34 304.44 0.024525 1.39 3.73 21.43 0.96

Channel 428     Chicago UC 4 hr 7.57 304.01 304.41 304.41 304.54 0.022401 1.59 5.26 24.93 0.96

Channel 328     100 UC SCS 24 hr 6.53 302.81 303.48 303.03 303.48 0.000102 0.17 52.41 124.27 0.07

Channel 328     Regional 4.93 302.81 303.42 303.01 303.42 0.000089 0.15 45.01 121.61 0.07

Channel 328     Chicago UC 4 hr 7.57 302.81 303.49 303.04 303.49 0.000130 0.20 53.37 124.61 0.08

Channel 227     100 UC SCS 24 hr 10.97 303.07 303.33 303.33 303.40 0.029537 1.18 9.44 69.48 0.99

Channel 227     Regional 7.58 303.07 303.30 303.30 303.36 0.032860 1.07 7.15 64.14 1.01

Channel 227     Chicago UC 4 hr 11.12 303.07 303.33 303.33 303.40 0.029566 1.18 9.52 69.66 0.99

Channel 161     100 UC SCS 24 hr 10.97 300.99 301.30 301.24 301.36 0.010276 1.03 11.38 53.13 0.65

Channel 161     Regional 7.58 300.99 301.25 301.20 301.29 0.010807 0.91 8.65 48.38 0.64

Channel 161     Chicago UC 4 hr 11.12 300.99 301.31 301.25 301.36 0.010258 1.04 11.50 53.33 0.65

Channel 150     100 UC SCS 24 hr 10.97 300.64 301.11 301.12 0.001186 0.46 30.75 107.13 0.24

Channel 150     Regional 7.58 300.64 301.04 301.05 0.001230 0.41 23.05 101.24 0.23

Channel 150     Chicago UC 4 hr 11.12 300.64 301.12 301.13 0.001183 0.46 31.09 107.35 0.24

Channel 100     100 UC SCS 24 hr 10.97 300.26 300.80 300.80 300.93 0.015474 1.71 8.72 41.24 0.85

Channel 100     Regional 7.58 300.26 300.70 300.70 300.83 0.020244 1.63 5.42 24.96 0.93

Channel 100     Chicago UC 4 hr 11.12 300.26 300.80 300.80 300.93 0.015460 1.72 8.83 41.45 0.86

3





SCHAEFFERS
C O N S U L T I N G  E N G I N E E R S

S C H A E F F E R  &  A S S O C I A T E S  LTD.

6 Ronrose Drive, Concord,

Tel: (905) 738-6100

E-mail:

Ontario L4K 4R3

Fax: (905) 738-6875

design@schaeffers.com







 
 
 
 
 
 
 
 
 
 
 
 

Salem SIS  



� � � � � � � � � 	 � 
 � � 
 � � � � � � 
 �� � � � � � � � � � � 
 � � � 
 �� � � � � � � � � � � � � � � � � � � � � � � �

�  !

` T Z [ a b c d& > ' % 2 2 ( % " # % & ' ( % ' ) & $ $ * B 6 , - 6 - ( $ 5 % 2 = % ' - ( & > = ( $ . = # , ' ' $ / - , / % ' 1 ( # $ B % > ' . , & 6 % 2 ( # $D I A ; " # $ = # , ' ' $ / - + % > / . , / - % 3 & % F 0 . $ , . $ 2 0 ' $ . % > ( / $ ( 2 % & 2 > ( > & $ A M N 3 % ' . - ( # , ( + % > / .% ( # $ & + 0 - $ ' % ( # , F $ , ' % > ( / $ ( e , - - > 5 0 ' 1 $ 4 0 - ( 0 ' 1 . & , 0 ' , 1 $ 3 , ( ( $ & ' - , & $ 1 $ ' $ & , / / 6f Z g [ V Z g [ T U h Z [ U W R X ` U i T U T S g j [ T U V R f T T V V ^ T b k l m U T Y g [ g V g R [ R Y Z _ - > 2 2 0 = 0 $ ' ( % X V ` T V a n" # $ - $ 3 & % K $ = ( - , & $ , ' ( 0 = 0 3 , ( $ . ( % B $ . $ - 0 1 ' $ . C = % ' - ( & > = ( $ . , ' . 2 > ' . $ . B 6 ( # $ . 0 & $ = ( / 6B $ ' $ 2 0 ( ( 0 ' 1 / , ' . % + ' $ & - ; " # $ 2 $ , - 0 B 0 / 0 ( 6 % 2 3 , & ( - % & , / / % 2 ( # $ = # , ' ' $ / 0 G , ( 0 % ' 3 & % K $ = ( - , & $- > B K $ = ( ( % - 0 ( $ - 3 $ = 0 2 0 = = % ' - ( & , 0 ' ( - e . $ ( , 0 / $ . 1 & , . 0 ' 1 C 0 ' ( $ & ' , / , ' . $ 4 ( $ & ' , / - $ & F 0 = 0 ' 1 C / , ' .> - $ o ( # , ( 5 > - ( B $ $ F , / > , ( $ . B 6 . $ ( , 0 / $ . D I A 0 5 3 , = ( - ( > . 0 $ - , ' . . $ ( , 0 / $ . ( % 3 % 1 & , 3 # 0 = , /- > & F $ 6 ; " # $ - $ 3 & % K $ = ( - + % > / . , / - % B $ - > B K $ = ( ( % , 3 3 & % F , / % 2 ( # $ ) 0 ( 6 % 2 p , & & 0 $ , ' . D q ) H C( # $ & $ 2 % & $ 3 & % 3 % ' $ ' ( - - # % > / . = % ' - > / ( + 0 ( # ( # $ ) 0 ( 6 % 2 p , & & 0 $ , ' . D qe ) A H o 0 ' 3 / , = $ 3 & 0 % & ( % . & , 2 ( 3 / , ' , 3 3 & % F , / % 2 ( # $ 2 0 & - (



� � � � � � � � � 	 � 
 � � 
 � � � � � � 
 �� � � � � � � � � � � 
 � � � 
 �� � � � � � � � � � � � � � � � � � � � � � � �

�  7

r 0 1 > & $ s ; 7 ;" # $ # 6 . & % / % 1 0 = 5 % . $ / # , - B $ $ ' > 3 . , ( $ . , - 3 $ & ( # $ & $ F 0 - $ . = , ( = # 5 $ ' ( , & $ , 3 / , ' ; J ' 3 > (3 , & , 5 $ ( $ & - # , F $ , / - % B $ $ ' & $ F 0 $ + $ . , ' . , . K > - ( $ . , - & $ @ > 0 & $ . ; O & $ ? . $ F $ / % 3 5 $ ' ( 2 / % + -( # & % > 1 # " # % & ' ( % ' ) & $ $ * , & $ , - - > 5 5 , & 0 G $ . 0 ' " , B / $ s ; ! ; N % . $ / 0 ' 3 > ( 3 , & , 5 $ ( $ & - , & $3 & % F 0 . $ . 0 ' H 3 3 $ ' . 0 4 L ; t
9 8  :  8 ; 7 s 8 ; < 8 <: 8 ; 9 8 � ; 8 � s� 8 � ;  : � ; u u s : � ; < <  ; : 7 9: 8  ;  8 ! ;   s� 8 8  ; s s ! ; 7 < 79 8  7  � ; 8 ! 8 ; 9 8 !: � ; 9 u � ; ! 8  � 8  ; < <  ; 7 !   : ! ; 9 : ! ;  9 <: 8 7 ; u 9 7 ; � s <� 8 8 : ; u 7 7 ; : 8 �9 : : 7  � ; ! : � ; : �  :  ; u s  ; � < 9� 8 7 ; 8 s 7 ; 8 7 7 : : ; u  : ; 7 7 9: 8 < ;  s s ; u < <� 8 8 u ; u ! < ; 7  :9 8 � 7  8 ; 7 : 8 ; ! ! :



� � � � � � � � � 	 � 
 � � 
 � � � � � � 
 �� � � � � � � � � � � 
 � � � 
 �� � � � � � � � � � � � � � � � � � � � � � � �

�  :

t: 8 ; u : 8 ; 7 < :� 8 � ; � < 8 ; u :   : � ; s � � ; � ! 9: 8 � ; 9 u � ; 7 !  � 8 8  ; ! s � ; : 7  9 8 � <  8 ; 9 9 8 ; < < s: � ; 9 7 � ; � 8 :� 8  ; <  � ; 9 9 � : ! ; < 9  ; s 7 �: 8 7 ; s u ! ; ! �  � 8 8 : ; s � ! ; : : s9 : 7 :  � ; � � � ; 8 8 <:  ; !  � ; 7 ! !� 8 ! ; 7   ; s 7 : : 7 ; 9 : ! ; s � :: 8 s ; � ! 7 ; s s �� 8 8 < ; 7 7 7 ; 9 s u
N % - ( + , ( $ & = % > & - $ - 0 ' - % > ( # $ & ' vw ) x -L A M N N O 2 % & ( # $ 5 % - ( 3 , & ( ; H ' , . . 0 ( 0 % ' , / , ' , / 6 - 0 - 0 - 3 & % F 0 . $ . 2 % & ( # $ " # % & ' ( % ' ) & $ $ *E $ , = # " I v  ?  % ' / 6 e - $ $ H 3 3 $ ' . 0 4 J o ; r > & ( # $ & 1 $ % 5 % & 3 # % / % 1 0 = , / - ( > . 0 $ - ( % & $ 2 0 ' $L A M N N O 2 0 ' . 0 ' 1 - - # % > / . B $ = % 5 3 / $ ( $ . , ( ( # $ . & , 2 ( 3 / , ' % 2 - > B . 0 F 0 - 0 % ' - ( , 1 $ ;M # $ ' . $ 2 0 ' 0 ' 1 ( # $ 5 $ , ' . $ & B $ / ( + 0 . ( # 2 % & , = & $ $ * - 6 - ( $ 5 C ( # $ N D E r ( & $ , ( - > ' = % ' 2 0 ' $ ., ' . = % ' 2 0 ' $ . - 6 - ( $ 5 - . 0 2 2 $ & $ ' ( / 6 ; y ' = % ' 2 0 ' $ . - 6 - ( $ 5 - , & $ ( # % - $ + 0 ( # 3 % % & / 6 . $ 2 0 ' $ .



� � � � � � � � � 	 � 
 � � 
 � � � � � � 
 �� � � � � � � � � � � 
 � � � 
 �� � � � � � � � � � � � � � � � � � � � � � � �

�   

! " # $ % & ' ( ) * % & + " , " - . % / # & 0 , 0 % 1 2 " 3 3 0 - 4 5 % . " - 5 % . - 6 " - # 4 7 0 % 5 2 & & . 4 5 & % - & 8 5 & - 5 0 7 9 - - & 89 % & . �

�0 - + / >



� � � � � � � � � 	 � 
 � � 
 � � � � � � 
 �� � � � � � � � � � � 
 � � � 
 �� � � � � � � � � � � � � � � � � � � � � � � �

�  K

A 5 . - = . % = 1 % 0 5 0 3 0 + 4 . - = 6 - 0 ; - 7 " & + = " - = " 3 . 5 0 % 4 ; & % & $ 4 & = 5 0 T $ . - 5 " 7 / < . - 6 7 $ + + 3 % 0 4 4 LU V W X Y Z [ \ ] ^ Y _ V [ U Y Z [ U ` Y a V a ^ V b X c \ [ ^ d Y ^ X c e a f c V g h \ [ i j k ] ] l W c \ [ [ V ] m V [ V n \ ] ] o n V b np B 0 + , . - ? � q M K rp 3 % " 5 " 3 . + 4 2 & . % . - = 5 2 % & 4 2 0 + = F & + 0 3 " 5 / , 0 = & + 4 r ; & % & . 1 1 + " & = 5 0 5 2 & = . 5 . # & - & % . 5 & =7 0 % 5 2 & 4 & + & 3 5 & = % & . 3 2 & 4 5 0 = & 7 " - & 5 2 % & 4 2 0 + = 7 + 0 ; 4 7 0 % 5 2 & < & = 0 7 & . 3 2 4 5 $ = / % & . 3 2 > H 2 &, 0 = & + & = % & 4 $ + 5 4 ; & % & & 8 . , " - & = 7 0 % 3 0 - F & % # & - 3 & . - = 3 0 , 1 . 5 " < " + " 5 / ; " 5 2 7 " & + =0 < 4 & % F . 5 " 0 - 4 5 0 1 % 0 F " = & . 1 1 % 0 1 % " . 5 & . - = , & . - " - # 7 $ + & % 0 4 " 0 - 5 2 % & 4 2 0 + = 4 " - 5 & % , 4 0 7 3 % " 5 " 3 . += " 4 3 2 . % # & > A $ % % 0 # . 5 & & % 0 4 " 0 - 5 2 % & 4 2 0 + = 4 2 . F & < & & - = & F " 4 & = " - 3 . 4 & 4 ; 2 & % & 4 " 5 & 4 1 & 3 " 7 " 3& % 0 4 " 0 - 5 2 % & 4 2 0 + = 4 ; & % & - 0 5 = & F & + 0 1 & = . 4 1 . % 5 0 7 5 2 & 7 " & + = . 4 4 & 4 4 , & - 5 >H 2 & & % 0 4 " 0 - 5 2 % & 4 2 0 + = 4 ; & % & $ 4 & = 5 0 = & 5 & % , " - & 5 2 & 3 $ , $ + . 5 " F & & 8 1 0 4 $ % & 0 7 5 2 & 4 & + & 3 5 & =; . 5 & % 3 0 $ % 4 & 4 5 0 & % 0 4 " F & 7 + 0 ; 4 > H 2 & 3 % " 5 " 3 . + 1 & . 6 7 + 0 ; p s t r ; . 4 3 . + 3 $ + . 5 & = < . 4 & = 0 - 5 2 % & &, & 5 2 0 = 4 u ! " 4 3 2 & - " 3 2 p P v v � r ? w 0 , . % p � q Q R r ? . - = O . - I " x - p � q Q K r ? ; " 5 2 5 2 & , 0 4 53 0 - 4 & % F . 5 " F & , & 5 2 0 = = & 5 & % , " - " - # 5 2 & s t� M 0 7 5 2 & @ A B C C * p % & 1 % " - 5 & = < & + 0 ; r 4 $ , , . % " D & 4 5 2 & 4 5 0 % , ; . 5 & %, . - . # & , & - 5 % & T $ " % & , & - 5 4 7 0 % & - = L 0 7 L 1 " 1 & 7 . 3 " + " 5 " & 4 " - 5 2 & 9 - - & 8 & = G . - = 4 0 - . % & . 3 2 L < / L% & . 3 2 < . 4 " 4 >



� � � � � � � � � 	 � 
 � � 
 � � � � � � 
 �� � � � � � � � � � � 
 � � � 
 �� � � � � � � � � � � � � � � � � � � � � � � �

�  M

y A >: % 0 4 " 0 - 3 0 - 5 % 0 + % & T $ " % & , & - 5 4 3 . - < & % & 7 " - & = = $ % " - # 5 2 & = % . 7 5 1 + . - . 1 1 % 0 F . + 4 5 . # & < . 4 & = 0 -$ 1 = . 5 & = & % 0 4 " 0 - 5 2 % & 4 2 0 + = . - . + / 4 & 4 > y 5 4 2 0 $ + = < & - 0 5 & = 5 2 . 5 ; . 5 & % T $ . + " 5 / & 8 5 & - = & == & 5 & - 5 " 0 - " 4 " - 3 + $ = & = " - 5 2 & & % 0 4 " 0 - 3 0 - 5 % 0 + F 0 + $ , & > H 2 & % & 7 0 % & ? 5 2 & 1 & % , . - & - 5 1 0 0 +F 0 + $ , & 5 % " 3 % & T $ " % & , & - 5 4 7 0 % ; . 5 & % T $ . + " 5 / . % & " - . = = " 5 " 0 - 5 0 5 2 & % & T $ " % & , & - 5 4 1 % & 4 & - 5 & = " -H . < + & K > K > � M . - = 5 2 & 4 & U c Z k ] ^ h V b n Z z Y ^ V ^ Y [ \ W W Z n ^ \ [ W V d Y X c X c V { | } ~ U } [ c \ [ W V ^ ] V z V ]5 % & . 5 , & - 5 3 % " 5 & % " . 7 0 % 5 2 & 4 & + & 3 5 & = 5 / 1 & 0 7 A B C 7 . 3 " + " 5 / >H 2 " 4 A y A % & 1 0 % 5 % & + " & 4 0 - 5 2 & & % 0 4 " 0 - 5 2 % & 4 2 0 + = 3 . + 3 $ + . 5 " 0 - 4 " - 3 + $ = & = " - 5 2 & 9 C : ' � 4@ A B C C * 7 0 % 5 2 & , 0 4 5 1 . % 5 > 9 = = " 5 " 0 - . + . - . + / 4 " 4 " 4 1 % 0 F " = & = 7 0 % 5 2 & H 2 0 % - 5 0 - ' % & & 6I & . 3 2 H J N P L P 0 - + / p 4 & & 9 1 1 & - = " 8 y r > ! $ % 5 2 & % # & 0 , 0 % 1 2 0 + 0 # " 3 . + 4 5 $ = " & 4 5 0 % & 7 " - &@ A B C C * 7 " - = " - # 4 4 2 0 $ + = < & 3 0 , 1 + & 5 & = . 5 5 2 & = % . 7 5 1 + . - 0 7 4 $ < = " F " 4 " 0 - 4 5 . # & >



� � � � � � � � � 	 � 
 � � 
 � � � � � � 
 �� � � � � � � � � � � 
 � � � 
 �� � � � � � � � � � � � � � � � � � � � � � � �

�  !

�� F F 7 , ( % 5 # $ % & 9> . , & ( 8 $ % ' % ( ) * ( + , 5 7 5 # , & 2 ) 0 0 ) * 6 0 4 ' , # . , 5 # % , , # 5 7 5 # , & ; " : G ' , # , * # ) $ * - ( 6 ) 0 ) # ) , 5 ;1 ( % B 0 ( * ' ( * ' ( * 7 $ # . , % % $ 4 # , 5 % , < 4 ) % , ' # $ 6 $ * / , 7 5 4 % - ( 6 , % 4 * $ - - ' 4 % ) * + % ( ) * - ( 0 0 , / , * # 5 4 1# $ ( � ) * � F F 7 , ( % % , # 4 % * 1 , % ) $ ' 9 > . , & ( 8 $ % ' % ( ) * ( + , 5 7 5 # , & 5 . $ 4 0 ' 3 , ' , 5 ) + * , ' # $( 6 6 $ & & $ ' ( # , % 4 * $ - - , E 6 , , ' ) * + # . , 6 ( 1 ( 6 ) # 7 $ - # . , & ) * $ % 5 7 5 # , & - $ % # . , 0 ( % + , % $ - # . , �` a K b Q c d e J f g h i N U K j N P K ^ R= * ( 6 6 $ % ' ( * 6 , 2 ) # . C ) # 7 $ - D ( % % ) , ' , 5 ) + * 6 % ) # , % ) ( ; - $ 4 * ' ( # ) $ * ' % ( ) * $ 4 # 0 , # - % $ & ( 0 0% , 5 ) ' , * # ) ( 0 4 * ) # 5 5 . $ 4 0 ' 3 , ' % ( ) * , ' 3 7 5 4 & 1 1 4 & 1 5 9 > . , % , ( % , # 2 $ ' , 5 ) + * $ 1 # ) $ * 5( / ( ) 0 ( 3 0 , - $ % 6 $ * 5 ) ' , % ( # ) $ * k 4 * ' , % + % $ 4 * ' 6 $ * * , 6 # ) $ * # $ 5 # $ % & 5 , 2 , % $ % ( # 5 4 % - ( 6 , 9 l 0 , ( 5 ,



� � � � � � � � � 	 � 
 � � 
 � � � � � � 
 �� � � � � � � � � � � 
 � � � 
 �� � � � � � � � � � � � � � � � � � � � � � � �

�  m

% , - , % # $ # . , C ) # 7 $ - D ( % % ) , 5 # ( * ' ( % ' 5 D " n o m @ p ; D " n o m @ D ( * ' D " n o m ! ) * 6 0 4 ' , ' ) *p 1 1 , * ' ) E H 9
q r s r t r u v w x y z { | } ~ � � � � � { w z � � } � v { { � � � � w � y z� 4 ( 0 ) # 7 6 $ * # % $ 0 - $ % # . , 5 4 3 8 , 6 # 0 ( * ' 5 ) 5 3 ( 5 , ' $ * # . , 6 % ) # , % ) ( 1 % , 5 , * # , ' ) * # . , " : Gl 0 ( * * ) * + ( * ' n , 5 ) + * G ( * 4 ( 0 � G ( % 6 . � F F  ; G � � C C � ; � " I C p " : G � 4 ) ' , 0 ) * , 5� " , 1 # , & 3 , % � F � ! � ; � � C p " # $ % & 2 ( # , % > , 6 . * ) 6 ( 0 � 4 ) ' , � n , 6 , & 3 , % � F �  � ; ( * ' C ) # 7 $ -D ( % % ) , � * + ) * , , % ) * + " # ( * ' ( % ' 5 � � F F � � 9 = # ) 5 1 % $ 1 $ 5 , ' # $ 1 % $ / ) ' , ( * � * . ( * 6 , ' < 4 ( 0 ) # 76 $ * # % $ 0 ; $ % � F � > " " % , & $ / ( 0 9 p 6 6 $ % ' ) * + # $ # . , G � � C C + 4 ) ' , 0 ) * , 5 ; < 4 ( 0 ) # 7 6 $ * # % $ 0 6 ( *3 , ( 6 . ) , / , ' / ) ( ) * - ) 0 # % ( # ) $ * - ( 6 ) 0 ) # ) , 5 ; 2 , # 0 ( * ' 5 ; . 7 3 % ) ' 2 , # 0 ( * ' � 2 , # 1 $ * ' 5 ; $ % 2 , # 1 $ * ' 5 9> ( 3 0 ,  9 � $ - # . , G � � � 4 ) ' , 0 ) * , 5 5 . $ 4 0 ' 3 , 4 5 , ' ) * ' , # , % & ) * ) * + # . , 2 ( # , % < 4 ( 0 ) # 7 6 $ * # % $ 05 # $ % ( + , / $ 0 4 & , 5 9= # 5 . $ 4 0 ' 3 , * $ # , ' # . ( # ) # ) 5 # . , + $ ( 0 $ - # . , 6 $ * 5 , % / ( # ) $ * ( 4 # . $ % ) # ) , 5 # $ , 0 ) & ) * ( # , 2 , # 1 $ * ' 5) * - ( / $ % $ - ( # % , ( # & , * # # % ( ) * ( 1 1 % $ ( 6 . 9 " , / , % ( 0 � = n # , 6 . * ) < 4 , 5 6 ( * 3 , ) * 6 $ % 1 $ % ( # , ' ) * # $# . , ' , 5 ) + * # $ 1 % $ / ) ' , < 4 ( 0 ) # 7 6 $ * # % $ 0 9 l $ # , * # ) ( 0 � = n & , ( 5 4 % , 5 ( % , ' ) 5 6 4 5 5 , ' - 4 % # . , % ) *" , 6 # ) $ * ! 9 �  9 � $ % # . , 1 4 % 1 $ 5 , 5 $ - # . ) 5 " = " ; " : G 1 $ * ' 3 0 $ 6 B 5 2 , % , 5 ) ? , ' ( 5 5 4 & ) * + 2 , #1 $ * ' 5 ( 5 ( 6 $ * 5 , % / ( # ) / , & , ( 5 4 % , 9 l , % & ( * , * # 1 $ $ 0 / $ 0 4 & , 5 - $ % , ( 6 . " : G l $ * ' ( % ,5 4 & & ( % ) ? , ' ) * > ( 3 0 , ! 9 m ; > ( 3 0 , ! 9 � ( * ' > ( 3 0 , ! 9 � 9n 4 % ) * + # . , ' , # ( ) 0 , ' ' , 5 ) + * 5 # ( + , ) - # . , 6 $ * 5 4 0 # ( * # 6 ( * ' , & $ * 5 # % ( # , # . ( # 2 ( # , % < 4 ( 0 ) # 76 $ * # % $ 0 % , < 4 ) % , & , * # 5 6 ( * 3 , ( 6 . ) , / , ' 2 ) # . $ 4 # ( 2 , # 1 $ * ' ; 6 % , ' ) # 6 ( * 3 , 1 % $ / ) ' , ' - $ % (5 & ( 0 0 , % 1 $ * ' 9q r s r t r t � � w } ~ � w � | } � � � w � y zp 5 1 , % # . , � " I C p + 4 ) ' , 0 ) * , 5 ; ) # ) 5 % , < 4 ) % , ' # . ( # # . , 1 % $ 1 $ 5 , ' 5 # $ % & 2 ( # , % & ( * ( + , & , * #5 6 . , & , ) * 6 0 4 ' , ( 1 . $ 5 1 . $ % 4 5 % , & $ / ( 0 1 0 ( * 9 > . , + $ ( 0 $ - # . , " : G 5 6 . , & , ) 5 # $ & , , # 1 % , A' , / , 0 $ 1 & , * # 1 . $ 5 1 . $ % 4 5 0 $ ( ' ) * + 0 , / , 0 5 9 > . , � " I C p ( 0 5 $ % , < 4 ) % , ' # . , % , & $ / ( 0 $ - � F �O W M X K M O M T j _ X O ^ _ X O b i ^ W b O ` T j j � g T � O b � K � K j O _ ` K P M � R \ _ X O ^ _ X O b i ^ b K ` O � T j _ j T P �   N M X



� � � � � � � � � 	 � 
 � � 
 � � � � � � 
 �� � � � � � � � � � � 
 � � � 
 �� � � � � � � � � � � � � � � � � � � � � � � �

�  �

5 4 1 1 $ % # ) * + 6 ( 0 6 4 0 ( # ) $ * 5 ; ) 5 1 % $ / ) ' , ' ) * p 1 1 , * ' ) E � 9 > . , # ( 3 0 , 3 , 0 $ 2 5 4 & & ( % ) ? , 5 # . , 1 % , A( * ' 1 $ 5 # A ' , / , 0 $ 1 & , * # 1 . $ 5 1 . $ % $ 4 5 0 , / , 0 5 2 ) # . 1 % $ 1 $ 5 , ' & ) # ) + ( # ) $ * & , ( 5 4 % , 5 - $ % 0 ( * ' 52 ) # . ) * # . , � " I C p 3 $ 4 * ' ( % ) , 5 9 l . $ 5 1 . $ % $ 4 5 6 $ * # % $ 0 2 ( 5 ' , # , % & ) * , ' 3 ( 5 , ' $ * 1 $ 5 # A' , / , 0 $ 1 & , * # ' % ( ) * ( + , 1 ( # # , % * 5 9= # 5 . $ 4 0 ' 3 , * $ # , ' # . ( # 5 $ & , ( % , ( 5 1 % $ 1 $ 5 , ' - $ % ' , / , 0 $ 1 & , * # ( % , 6 $ & 1 $ 5 , ' $ - 0 ( * ' 6 $ / , %# . ( # 1 % $ ' 4 6 , / , % 7 0 $ 2 1 . $ 5 1 . $ % $ 4 5 0 $ ( ' 5 � 6 % $ 1 0 ( * ' ; - $ % , 5 # , # 6 9 � ; ( * ' # . ( # ' , / , 0 $ 1 ) * + # . ) 50 ( * ' ) * 6 % , ( 5 , 5 0 $ ( ' ) * + % ( # , 5 3 7 ( 0 ( % + , ( & $ 4 * # 9 � 4 % # . , % & $ % , ; # $ 1 $ + % ( 1 . ) 6 - , ( # 4 % , 5 ; 5 $ ) 0( * ' + % $ 4 * ' 2 ( # , % # ( 3 0 , 0 ) & ) # # . , ( 1 1 0 ) 6 ( # ) $ * $ - - , ( 5 ) 3 0 , � = n - , ( # 4 % , 5 # $ # % , ( # 1 . $ 5 1 . $ % $ 4 5 9: . ) 0 , * $ # ( 0 0 5 4 3 6 ( # 6 . & , * # 5 � ' % ( ) * ( + , ( % , ( 5 # $ " : G l $ * ' 5 � ( % , ( 3 0 , & ) # ) + ( # ,1 . $ 5 1 . $ % $ 4 5 0 $ ( ' 5 # $ 3 , 0 $ 2 1 % , A ' , / , 0 $ 1 & , * # 0 , / , 0 5 ; ) # . ( 5 3 , , * ' , & $ * 5 # % ( # , ' # . ( # ( * * 4 ( 01 . $ 5 1 . $ % $ 4 5 0 $ ( ' 5 6 ( * 3 , % , ' 4 6 , ' # $ 3 , 0 $ 2 1 % , A ' , / , 0 $ 1 & , * # 0 , / , 0 5 - $ % ( 0 0 0 ( * ' 5 2 ) # . ) *� " I C p 3 $ 4 * ' ( % ) , 5 9 > . , 1 . $ 5 1 . $ % $ 4 5 ( * ( 0 7 5 ) 5 1 % , 5 , * # , ' ) * p 1 1 , * ' ) E � , E 1 0 $ % , 5 # 2 $5 6 , * ( % ) $ 5 ' 4 , # $ ) * 5 4 - - ) 6 ) , * # + % $ 4 * ' 2 ( # , % ' ( # ( 2 ) # . ) * # . , , & 1 0 $ 7 & , * # 0 ( * ' 5 9 " 6 , * ( % ) $ �K ¡ _ j O b K ^ N ` _ j K ` K P M T a j K Y ¢ � ] ^ ) * # . , 6 ( 5 , $ - . ) + . + % $ 4 * ' 2 ( # , % # ( 3 0 , ( * ' " 6 , * ( % ) $ � ) * # . ,6 ( 5 , $ - - ( / $ % ( 3 0 , + % $ 4 * ' 2 ( # , % 6 $ * ' ) # ) $ * 9 > . , ( * ( 0 7 5 ) 5 ' , & $ * 5 # % ( # , 5 # . ( # & ) # ) + ( # ) $ *& , ( 5 4 % , 5 6 ( * 3 , ( 1 1 0 ) , ' ) * , ) # . , % 5 6 , * ( % ) $ # $ ( 6 . ) , / , ( * ( 1 1 % $ 1 % ) ( # , 0 , / , 0 $ - 6 $ * # % $ 0 9
l � � n £ � " � �  � � � ¤ 9 @ m � � 9 � � ¤ � 9 � � @ 9 ¤ �l � � n � � " � � �  � � F 9 m  � 9 � ¤  m 9 m  ¤ 9 � �l � � n � � " � �   �   9 � � m 9 ! m   9 ! @ � � 9 ¤ @l � � n G � " � ¤ � � � @ m 9 � @ � 9 m � � � 9 F ! � � 9 @  l � � n : � " � � � � �  � 9 F  � ¤ 9 � @ m � 9 F  � 9 � F� H " � " � �  � � � ¤ 9 ! F � 9 ¤ � � 9 ¤ � � 9 ¤ �� H " � " � � � � � ! � 9  � ¤ 9 � ! ¤ 9 � ! ¤ 9 � !



� � � � � � � � � 	 � 
 � � 
 � � � � � � 
 �� � � � � � � � � � � 
 � � � 
 �� � � � � � � � � � � � � � � � � � � � � � � �

�  �

� H " � " � �  @ � @ 9 �  F 9  @ F 9  @ F 9  @

l � � n £ � " � �  � � � ¤ 9 @ m � � 9 � � ¤ � 9 � � @ 9 ¤ �l � � n � � " � � �  � � F 9 m  � 9 � ¤  m 9 m  � 9 � �l � � n � � " � �   �   9 � � m 9 ! m   9 ! @ � � 9 ¤ @l � � n G � " � ¤ � � � @ m 9 � @ � 9 m � � � 9 F ! � � 9 @  l � � n : � " � � � � �  � 9 F  � ¤ 9 � @ m � 9 F   9 ¤ �� H " � " � �  � � � ¤ 9 ! F � 9 ¤ � � 9 ¤ � � 9 ¤ �� H " � " � � � � � ! � 9  � ¤ 9 � ! ¤ 9 � ! ¤ 9 � !� H " � " � �  @ � @ 9 �  F 9  @ F 9  @ F 9  @p 5 ) & ) 0 ( % 1 . $ 5 1 . $ % $ 4 5 1 0 ( * 2 ( 5 ' , / ) 5 , ' # $ ' , & $ * 5 # % ( # , 1 $ 5 # # $ 1 % , A 0 , / , 0 6 $ * # % $ 0 - $ %' , / , 0 $ 1 ( 3 0 , 0 ( * ' 2 ) # . ) * � � C p 0 ) & ) # 5 9 � = n & , ( 5 4 % , 5 2 , % , 1 % $ 1 $ 5 , ' 6 $ * 5 ) ' , % ) * +0 ) & ) # ( # ) $ * 6 ( 4 5 , ' 3 7 * ( # 4 % ( 0 # $ 1 $ + % ( 1 . 7 ; 5 $ ) 0 ( * ' + % $ 4 * ' 2 ( # , % 9 : . ) 0 , # . , � � C p 1 % , - , % 5� F �� 3 , 0 $ 2 1 % , A ' , / , 0 $ 1 & , * # 0 , / , 0 5 - $ % # $ # ( 0 0 ( * ' 54 * ' , % � � C p 3 $ 4 * ' ( % ) , 5 9 = * # ) & ( # , ' , 5 ) + * ( 5 5 4 & 1 # ) $ * 5 ( * ' ' , # ( ) 0 5 ( % , 1 % $ / ) ' , ' ) *p 1 1 , * ' ) E � 9



� � � � � � � � � 	 � 
 � � 
 � � � � � � 
 �� � � � � � � � � � � 
 � � � 
 �� � � � � � � � � � � � � � � � � � � � � � � �

� ¤ F

" : G p @ ! 9 @ ! � � 9 @ F @ � 9 � � ! 9 !  " : G D � � 9 @ �  9 F � � @ 9 �  � 9 � @" : G C  � 9 � � m 9  @ � m 9 @ �  9 @ m" : G n ¤ � 9  m � F 9 � F ¤ � 9 F m @ 9 ¤ @" : G � � @ 9 � F � 9 � ! � ! 9 � � � 9 � �" : G l � m 9 @ ¤ @ 9 m m � F 9 F @ � 9 ! F" : G � ¤ m 9 � m � � 9 ¤ � ¤  9 � ! @ 9 ! �" : G = � ¤ 9 F @ � 9 m F � � 9 F @ � 9 � !" : G ¥ ¤ 9 ¤ @ F 9 ¤ � ¤ 9 � � F 9 @ ¤" : G H � m 9 � F ¤ 9 ! ¤ � @ 9 @   9  �" : G � � � 9 � ! @ 9 � ¤ � � 9 � � � 9 � ¤" : G � � ¤ 9 � � m 9 � � � @ 9 ! F � 9 F �" : G I @ 9  ¤ F 9 m � @ 9 �  � 9 � F" : G � � � 9 @ � � 9 � � ! 9 ! @ F 9 � !" : G � � � � 9 ! F m 9 F � � @ 9 F  � 9 � @" : G ¦ � m 9 ¤ m ¤ 9 ¤ � � � 9 @ ¤ � 9 m �" : G " m � � � 9 m ! � F ! 9 ¤ ¤ �  9 m �� = n D ¤ 9 � @  9 � ¤ @ 9 @ � F 9 ! @� = n � � 9 F � F 9 � � � 9 � � � 9 � �� = n = ! 9 m � � 9 ¤ � m 9 @ @ F 9 � �� = n � � F 9 � m  9 ! F � � 9 F � � � 9 F �� = n I � 9 F ! F 9 ! � � F 9 F � � 9  �� = n � m 9 m � � 9 !  � 9 ! @ � 9 ! @



� � � � � � � � � 	 � 
 � � 
 � � � � � � 
 �� � � � � � � � � � � 
 � � � 
 �� � � � � � � � � � � � � � � � � � � � � � � �

� ¤ �

> ( 3 0 , ¤ 9 ¤ 9 � @ - % $ & # . , n " : G G l � % , 1 % ) * # , ' 3 , 0 $ 2 � 5 4 & & ( % ) ? , 5 l , ( B - 0 $ 2 6 $ * # % $ 0 # ( % + , # 5- $ % # . , @ ; � @ ; ( * ' � F F 7 , ( % 5 # $ % & , / , * # 5 9

D ( 5 , ' $ * ' ) 5 6 4 5 5 ) $ * 5 ( * ' 6 $ & & , * # 5 % , 6 , ) / , ' - % $ & % , + 4 0 ( # $ % 7 ( + , * 6 ) , 5 ; ) # 2 ( 5' , # , % & ) * , ' # . ( # # . , , E ) 5 # ) * + 6 $ * ' ) # ) $ * 5 . 7 ' % $ 0 $ + 7 & $ ' , 0 % , < 4 ) % , ' % , / ) 5 ) $ * 5 9C $ * 5 , < 4 , * # ) ( 0 0 7 ; # . , 4 * ) # - 0 $ 2 % ( # , 5 - % $ & # . , n " : G G l ( % , ( - - , 6 # , ' 9 > . , % , / ) 5 , '. 7 ' % $ 0 $ + 7 ) 5 ' ) 5 6 4 5 5 , ' ) * " , 6 # ) $ * ! 9  9 � 9� 4 ( * # ) # 7 6 $ * # % $ 0 - $ % # . , 5 ) # , ) 5 1 % $ 1 $ 5 , ' # $ % , ' 4 6 , 1 $ 5 # A ' , / , 0 $ 1 & , * # 1 , ( B - 0 $ 2 5 # $ 1 % , A' , / , 0 $ 1 & , * # 0 , / , 0 5 9 > ( % + , # - 0 $ 2 5 ( % , 3 ( 5 , ' $ * , E ) 5 # ) * + 6 $ * ' ) # ) $ * 5 . 7 ' % $ 0 $ + ) 6 & $ ' , 0 0 ) * + 9



� � � � � � � � � 	 � 
 � � 
 � � � � � � 
 �� � � � � � � � � � � 
 � � � 
 �� � � � � � � � � � � � � � � � � � � � � � � �

� ¤ �

� % $ 5 ) $ * 6 $ * # % $ 0 # ( % + , # 5 ) * # . , n " : G G l 2 , % , ' , # , % & ) * , ' 4 5 ) * + ( 6 $ * # ) * 4 $ 4 5 & $ ' , 0 # $6 $ & 1 ( % , # . , # $ # ( 0 , E 6 , 5 5 5 . , ( % 5 # % , 5 5 ) * , ( 6 . 2 ( # , % 6 $ 4 % 5 , 9 p # # , * 4 ( # ) $ * 2 ( 5 ) * # % $ ' 4 6 , ' ) *# . , - 4 # 4 % , 1 % , - , % % , ' 0 ( * ' 4 5 , 6 $ * ' ) # ) $ * 4 * # ) 0 ( & ) * ) & 4 & � @ � � % , ' 4 6 # ) $ * � $ - # . ,4 * 6 $ * # % $ 0 0 , ' % 4 * $ - - 5 . , ( % 5 # % , 5 5 2 ( 5 ( 6 . ) , / , ' 9 � % $ 5 ) $ * 6 $ * # % $ 0 ) 5 # 7 1 ) 6 ( 0 0 7 6 $ * # % $ 0 0 , ' 3 7( # # , * 4 ( # ) * + # . , � @ & & % ( ) * - ( 0 0 , / , * # $ / , % � ¤ A ¤ � . $ 4 % 5 9 " ) * 6 , # . , , % $ 5 ) $ * 6 $ * # % $ 0 / $ 0 4 & , 5( * ' % , 0 , ( 5 , % ( # , 5 1 % , 5 , * # , ' ) * # . , n " : G G l ( % , & $ % , 6 $ * 5 , % / ( # ) / , . $ 2 , / , % ; # . , 7 2 , % ,4 5 , ' # $ 5 ) ? , # . , " : G 1 $ * ' 5 9 l $ * ' 5 ) ? ) * + ) 5 5 4 & & ( % ) ? , ' ) * " , 6 # ) $ * ! 9 � 9> ( 3 0 , ¤ 9 ¤ 9 � 3 , 0 $ 2 � , E 6 , % 1 # - % $ & # . , n " : G G l � 5 4 & & ( % ) ? , 5 # . , % , < 4 ) % , ' , E # , * ' , '' , # , * # ) $ * � , % $ 5 ) $ * 6 $ * # % $ 0 � 5 # $ % ( + , ( * ' ' ) 5 6 . ( % + , % ( # , 5 ; 3 7 5 # 4 ' 7 ( % , ( % , ( 6 . ; - $ %5 # $ % & 2 ( # , % & ( * ( + , & , * # ) * # . , p * * , E , ' � ( * ' 5 9

> . , " , 1 # , & 3 , % � F � ! � " I C p + 4 ) ' , 0 ) * , 5 . ( / , ) * ' ) 6 ( # , ' ( % , < 4 ) % , & , * # # $ % , # ( ) * $ % # % , ( #� @ & & $ - % ( ) * - ( 0 0 $ * 5 ) # , 9 > . , � @ & & / $ 0 4 & , 6 $ 4 0 ' 3 , % , ' 4 6 , ' # $ � � 9 @ & & $ % @ & & ) -5 4 - - ) 6 ) , * # 6 $ * 5 # % ( ) * # 5 ; 5 4 6 . ( 5 6 $ . , 5 ) / , 5 $ ) 0 5 ; . ) + . + % $ 4 * ' 2 ( # , % ; $ % , E 6 , 5 5 ) / , 6 $ 5 # 5 ; ( % ,, * 6 $ 4 * # , % , ' 9= # ) 5 1 % $ 1 $ 5 , ' # $ 4 5 , � = n 5 # $ # . , , E # , * # 1 $ 5 5 ) 3 0 , # $ ( 6 . ) , / , # . , ' , 5 ) % , ' 0 , / , 0 $ - / $ 0 4 & ,6 $ * # % $ 0 9 > . % $ 4 + . # . , 4 5 , $ - � = n 5 ; ( 5 ' , 5 6 % ) 3 , ' ) * # . , > I C p � C � C � = n G ( * 4 ( 0 ; 6 % , ' ) #6 $ 4 0 ' ( 0 5 $ 3 , + ) / , * # $ 2 ( % ' 5 ) * - ) 0 # % ( # ) $ * ( * ' 2 ( # , % < 4 ( 0 ) # 7 % , < 4 ) % , & , * # 5 9 > . ) 5 % , 1 $ % #



� � � � � � � � � 	 � 
 � � 
 � � � � � � 
 �� � � � � � � � � � � 
 � � � 
 �� � � � � � � � � � � � � � � � � � � � � � � �

� ¤  

1 % $ / ) ' , 5 ( * $ 4 # 0 ) * , $ - 1 $ # , * # ) ( 0 � = n & , ( 5 4 % , 5 9 � ) * ( 0 ' , # , % & ) * ( # ) $ * $ - � = n # , 6 . * ) < 4 , 5. $ 2 , / , % 5 . $ 4 0 ' 3 , 6 $ & 1 0 , # , ' ( # # . , ' , # ( ) 0 , ' ' , 5 ) + * 5 # ( + , ' 4 , # $ # . , 5 1 , 6 ) - ) 6 * ( # 4 % , $ -& ( * 7 � = n & , ( 5 4 % , 5 9
§ ¨ © ¨ ª « ¨ © © ¬ © ­ ® ¯ ° ¨ ¨ © ± « ² ³ ¬ ´ ³ ´ ² © ­ µ © ¶ · © © ¨ ¸ ¯ ´ ¬ ¨ ¶ ´ ¨ ¹ ¬ © © º » ° ² ¶ ° ¨ ­ ¼ © ² ¶ ½ ¸ ¯ « ² ® ¯ ° ¨ ¨ © ±« ² ¬ © ¾ ¿ « ¬ © ­ « ¨ ´ ¬ ­ © ¬ ¶ ´ ® ´ ¨ À © Á © Â ¶ © ¬ ¨ ° ± Ã ± ´ · ² ² ´ ¿ ¶ ¯ © ¬ ± Á ° ¬ ´ ¿ ¨ ­ ³ ¬ ´ ³ ´ ² © ­ ­ © À © ± ´ ³ Ä © ¨ ¶ ² Å ¶ ´¸ ¯ ´ ¬ ¨ ¶ ´ ¨ ¹ ¬ © © º ¼ © ² ¶ Å ² ´ ¿ ¶ ¯ ´ Ã ¶ ¯ © ² « ¶ © µ ´ ¿ ¨ ­ ° ¬ Á ½ ¸ ¯ © ® ¯ ° ¨ ¨ © ± · « ± ± ¬ © ® © « À © Ã ± ´ · ² Ã ¬ ´ Ä¶ ¯ © Æ Ç È ° ¬ © ° ² Å ° ² · © ± ± ­ « ² ® ¯ ° ¬ ª © Ã ¬ ´ Ä É ´ ¨ ­ ² ¹ ° ¨ ­ Ê ½ ¸ ¯ © ± ´ ® ° ¶ « ´ ¨ ´ Ã ¶ ¯ © ® ¯ ° ¨ ¨ © ± « ²² ¯ ´ · ¨ « ¨ Ë « ª ¿ ¬ © Ì ½ Ì ½Í « À © ¨ ¶ ¯ ° ¶ ¨ ´ Ä ° Î ´ ¬ · ´ ¬ º ² ° ¬ © ­ © ² « ¬ © ­ · « ¶ ¯ « ¨ ¶ ¯ © Æ Ç È ° ¬ © ° ² Å « ¶ « ² ³ ¬ ´ ³ ´ ² © ­ ¶ ´ ­ © ² « ª ¨ ¶ ¯ ©® ¯ ° ¨ ¨ © ± ¶ ´ µ © ± ´ ® ° ¶ © ­ · « ¶ ¯ « ¨ ¶ ¯ © Ï Ð Ä µ ¿ Ã Ã © ¬ ½ ¸ ¯ © ® ¯ ° ¨ ¨ © ± Ä ¿ ² ¶ µ © Ã ¿ ¨ ® ¶ « ´ ¨ ° ± · ¯ « ± © ² ¶ ° µ ± ©¿ ¨ ­ © ¬ ° ¬ ° ¨ ª © ´ Ã Ã ± ´ · ® ´ ¨ ­ « ¶ « ´ ¨ ² ° ¨ ­ ® ´ ¨ ² « ² ¶ ´ Ã ± ´ · Ã ± ´ · ® ¯ ° ¨ ¨ © ± ° ¨ ­ ° À ° ± ± © Á ½ ¸ ¯ © ± ´ ·Ã ± ´ · ® ¯ ° ¨ ¨ © ± ² ¯ ´ ¿ ± ­ µ © ² « Ñ © ­ ¶ ´ ® ´ ¨ À © Á Ã ± ´ · ² Ã ¬ ´ Ä Ã ¬ © ¾ ¿ © ¨ ¶ © À © ¨ ¶ ² ¿ ³ ¶ ´ ° ¨ ­ « ¨ ® ± ¿ ­ « ¨ ª¶ ¯ © Ò Ó Á © ° ¬ ² ¶ ´ ¬ Ä ½ ¸ ¯ © À ° ± ± © Á ² ¯ ´ ¿ ± ­ µ © ° µ ± © ¶ ´ ® ´ ¨ À © Á ¶ ¯ © ± ° ¬ ª © ¬ ´ Ã ¶ ¯ © ¿ ¨ ® ´ ¨ ¶ ¬ ´ ± ± © ­ Ô Ð Ð ÓÁ © ° ¬ Ã ± ´ · ´ ¬ ¶ ¯ © ¸ « Ä Ä « ¨ ² ² ¶ ´ ¬ Ä · « ¶ ¯ Ð ½ Ï Ä À © ¬ ¶ « ® ° ± Ã ¬ © © µ ´ ° ¬ ­ ½ § ¶ Á ³ « ® ° ± ² © ® ¶ « ´ ¨ « ²³ ¬ ´ À « ­ © ­ « ¨ § ³ ³ © ¨ ­ « Â Í ½ Ë ¿ ¬ ¶ ¯ © ¬ ¯ Á ­ ¬ ° ¿ ± « ® ° ¨ ° ± Á ² « ² « ² ³ ¬ ´ À « ­ © ­ « ¨ È © ® ¶ « ´ ¨ Ì ½ Ô Ô ½
¸ ¯ © ³ ¿ ¬ ³ ´ ² © ´ Ã ¶ ¯ « ² ² © ® ¶ « ´ ¨ « ² ¶ ´ ­ © Ä ´ ¨ ² ¶ ¬ ° ¶ © ¶ ¯ ° ¶ ¶ ¯ © ³ ¬ ´ ³ ´ ² © ­ È ¼ Õ ³ ´ ¨ ­ ² ° ¬ © ­ © ² « ª ¨ © ­¶ ´ ³ ¬ ´ À « ­ © ² ¿ Ã Ã « ® « © ¨ ¶ ² ¶ ´ ¬ Ä · ° ¶ © ¬ ¾ ¿ ° ± « ¶ Á Å ¾ ¿ ° ¨ ¶ « ¶ Á Å ° ¨ ­ © ¬ ´ ² « ´ ¨ ® ´ ¨ ¶ ¬ ´ ± « ¨ ° ® ® ´ ¬ ­ ° ¨ ® © · « ¶ ¯¶ ¯ © ¹ « ¶ Á ´ Ã Ö ° ¬ ¬ « © Å × È Ø ¹ § Å Æ Ù ¹ § ° ¨ ­ Õ Ú » ¹ ¹ ¬ © ¾ ¿ « ¬ © Ä © ¨ ¶ ² ½¸ ¯ © È ¼ Õ ³ ´ ¨ ­ ² ¯ ° À © µ © © ¨ ³ ± ° ¨ ¨ © ­ · « ¶ ¯ ¶ ¯ © Ã ´ ± ± ´ · « ¨ ª ´ µ Î © ® ¶ « À © ² « ¨ Ä « ¨ ­ Û

·
» ¨ ² ¿ ¬ © » ¨ ¯ ° ¨ ® © ­ Ü × © À © ± Ô Ý · ° ¶ © ¬ ¾ ¿ ° ± « ¶ Á ³ ¬ ´ ¶ © ® ¶ « ´ ¨ Þ

· ß ² © · ° ¶ © ¬ ¾ ¿ ° ¨ ¶ « ¶ Á ® ´ ¨ ¶ ¬ ´ ± ° ² ³ © ¬ ³ ¬ © Ó ­ © À © ± ´ ³ Ä © ¨ ¶ Ã ± ´ · ¬ ° ¶ © ² Þ
·

» ¨ ² ¿ ¬ © © ¬ ´ ² « ´ ¨ ® ´ ¨ ¶ ¬ ´ ± µ ° ² © ­ ´ ¨ ¸ ° µ ± © à ½ à ½ Ô á ´ Ã ¶ ¯ © â È ¼ Õ Õ É Þ
·

» ¨ ² ¿ ¬ © ³ ¯ ´ ² ³ ¯ ´ ¬ ´ ¿ ² ± ´ ° ­ « ¨ ª ¬ © ­ ¿ ® ¶ « ´ ¨ « ¨ ° ® ® ´ ¬ ­ ° ¨ ® © · « ¶ ¯ ¶ ¯ © ® ¿ ¬ ¬ © ¨ ¶ À © ¬ ² « ´ ¨ ´ Ã¶ ¯ © × È Ø ¹ § ° ¨ ­ Æ Ù ¹ § ª ¿ « ­ © ± « ¨ © ² Þ



ã ä å æ ç è é ê ë ì é í î ï ð ç ñ è ã è ä í òã ç ó é ï ô õ õ é ö é í ÷ ç õ í ëø ù è ò ú û ü ç ê ê ù é ý é ñ é ï å é ê þ ÿ � �

Ô à à

·
§ ® ¯ « © À © · ° ¶ © ¬ µ ° ± ° ¨ ® © ´ µ Î © ® ¶ « À © ² ½¸ ¯ © Ã ´ ± ± ´ · « ¨ ª È ¼ Õ ¶ © ® ¯ ¨ « ¾ ¿ © ² ° ¬ © ³ ¬ ´ ³ ´ ² © ­ ¶ ´ ° ® ¯ « © À © ¶ ¯ © ° µ ´ À © Ä © ¨ ¶ « ´ ¨ © ­ ´ µ Î © ® ¶ « À © ² Û

·
¼ © ¶ ³ ´ ¨ ­ Ã ° ® « ± « ¶ « © ² Þ

·
â ¬ Á ³ ´ ¨ ­ Ã ° ® « ± « ¶ « © ² Þ ° ¨ ­

·
× � â Õ © ° ² ¿ ¬ © ² ½� ¶ ² ¯ ´ ¿ ± ­ µ © ¨ ´ ¶ © ­ ¶ ¯ ° ¶ ¶ ¯ © ³ ¬ ´ ³ ´ ² © ­ ­ ¬ Á ³ ´ ¨ ­ Ã ° ® « ± « ¶ « © ² ° ¬ © ² « ¶ ¿ ° ¶ © ­ · « ¶ ¯ « ¨ ³ ° ¬ º ± ° ¨ ­ ² ´ ¨ ± Á� � � � � � 	 
 � � � 
 � � � � � � � � � � � � � � 	 � 
 � � � � � � � � � � � É ¬ ´ ³ ´ ² © ­ ³ ´ ¨ ­ ± ´ ® ° ¶ « ´ ¨ ² « ¨ ³ ° ¬ º ² ³ ° ® © ² ° ²³ © ¬ ¶ ¯ © ¹ « ¶ Á � ² ± ° ¶ © ² ¶ ­ « ¬ © ® ¶ « À © ² ² ¯ ´ ¿ ± ­ µ © ¬ © À « © · © ­ ° ¨ ­ ® ´ ¨ Ã « ¬ Ä © ­ « ¨ ° ­ « ° ± ´ ª · « ¶ ¯ ¶ ¯ © ¹ « ¶ Á ½È ¶ ´ ¬ Ä · ° ¶ © ¬ ­ ¬ ° « ¨ ° ª © Ã ´ ¬ Ä ° Î ´ ¬ « ¶ Á ´ Ã ¶ ¯ © ­ © À © ± ´ ³ Ä © ¨ ¶ ± ° ¨ ­ ² · « ± ± µ © ² ¿ ³ ³ ´ ¬ ¶ © ­ µ Á ¿ ¶ « ± « Ñ « ¨ ª· © ¶ ³ ´ ¨ ­ ² ° ¨ ­ × � â Ä © ° ² ¿ ¬ © ² ½ Ç ´ · © À © ¬ Å ° Ã © · ± ´ ® ° ¶ « ´ ¨ ² ¯ ° À © µ © © ¨ « ­ © ¨ ¶ « Ã « © ­ Å · ¯ © ¬ ©¶ ¬ ° ­ « ¶ « ´ ¨ ° ± ¾ ¿ ° ± « ¶ Á ° ¨ ­ ¾ ¿ ° ¨ ¶ « ¶ Á ® ´ ¨ ¶ ¬ ´ ± µ Á È ¼ Õ ³ ´ ¨ ­ ² Ã ´ ¬ Ã ¿ ¶ ¿ ¬ © ­ © À © ± ´ ³ Ä © ¨ ¶ ² ® ° ¨ µ ©® ¯ ° ± ± © ¨ ª « ¨ ª ­ ¿ © ¶ ´ ¶ ´ ³ ´ ª ¬ ° ³ ¯ Á ½ § ± ¶ © ¬ ¨ ° ¶ « À © È ¼ Õ ² ´ ± ¿ ¶ « ´ ¨ ² ¿ ® ¯ ° ² ¿ ² © ´ Ã ¿ ¨ ­ © ¬ ª ¬ ´ ¿ ¨ ­² ¶ ´ ¬ ° ª © ² Á ² ¶ © Ä ² Ü ² ¿ ³ © ¬ ³ « ³ © ² ¶ ´ ¬ ° ª © Å µ ´ Â ® ¿ ± À © ¬ ¶ ² ° ¨ ­ © ¶ ® ½ Ý ° ² · © ± ± ° ² ¶ ¯ © ¶ ¬ © ° ¶ Ä © ¨ ¶ ¶ ¬ ° « ¨° ³ ³ ¬ ´ ° ® ¯ Ã ´ ¬ ¾ ¿ ° ± « ¶ Á ® ´ ¨ ¶ ¬ ´ ± ® ° ¨ µ © « Ä ³ ± © Ä © ¨ ¶ © ­ Ã ´ ¬ ° ¬ © ° ² · ¯ © ¬ © ² ¶ ´ ¬ Ä · ° ¶ © ¬ ® ° ¨ ¨ ´ ¶ µ ©­ ¬ ° « ¨ © ­ ¶ ´ È ¼ Õ ³ ´ ¨ ­ ² ½ § ¶ ¶ ¯ © ² © ± ´ ® ° ¶ « ´ ¨ ² × � â ¶ © ® ¯ ¨ « ¾ ¿ © ² ´ ¨ ± Á Ä ° Á µ © ® ´ ¨ ² « ­ © ¬ © ­ Å² ¿ µ Î © ® ¶ ¶ ´ ­ © ² « ª ¨ ° ¨ ­ ° ³ ³ ¬ ´ À ° ± ± « Ä « ¶ ° ¶ « ´ ¨ ² ½ Ë « ª ¿ ¬ © Ì ½ Ô Û È ¼ Õ É ´ ¨ ­ � × � â § ¬ © ° ² ³ ¬ © ² © ¨ ¶ ²¶ ¯ © ± ´ ® ° ¶ « ´ ¨ ² ´ Ã ³ ´ ¶ © ¨ ¶ « ° ± È ¼ Õ ³ ´ ¨ ­ ² ½ Ë ¿ ¬ ¶ ¯ © ¬ ­ « ² ® ¿ ² ² « ´ ¨ ´ Ã × � â Ä © ° ² ¿ ¬ © ² « ² ³ ¬ ´ À « ­ © ­ « ¨È © ® ¶ « ´ ¨ Ì ½ Ô Ï ½¸ ¯ © È ¼ Õ ³ ´ ¨ ­ ² · © ¬ © ² « Ñ © ­ ¶ ´ ³ ¬ ´ À « ­ © ² ¶ ´ ¬ ° ª © ¶ ´ ® ´ ¨ ¶ ¬ ´ ± ³ ´ ² ¶ Ó ­ © À © ± ´ ³ Ä © ¨ ¶ Ã ± ´ · ² ¶ ´ ³ ¬ © Ó­ © À © ± ´ ³ Ä © ¨ ¶ ± © À © ± ² ½ É ¬ © Ó ­ © À © ± ´ ³ Ä © ¨ ¶ ¶ ° ¬ ª © ¶ ¬ © ± © ° ² © ¬ ° ¶ © ² · © ¬ © ­ © ¶ © ¬ Ä « ¨ © ­ ¿ ² « ¨ ª Ù Ç ÏÄ ´ ­ © ± ± « ¨ ª · « ¶ ¯ ¶ ¯ © « ¨ ³ ¿ ¶ ³ ° ¬ ° Ä © ¶ © ¬ ² Ã ¬ ´ Ä ¶ ¯ © â È ¼ Õ Õ É ½¹ ¿ ¬ ¬ © ¨ ¶ È ¼ Õ · © ¶ ³ ´ ¨ ­ ² « Ñ « ¨ ª ­ ´ © ² ¨ ´ ¶ ® ´ ¨ ² « ­ © ¬ ³ ´ ¶ © ¨ ¶ « ° ± ³ ´ ² « ¶ « À © © Ã Ã © ® ¶ ² ´ Ã ¶ ¯ ©³ ¬ ´ ³ ´ ² © ­ × � â Ä © ° ² ¿ ¬ © ² ½ ¸ ¯ © × � â Ä © ° ² ¿ ¬ © ² Ã ´ ¬ ¶ ¯ © ° ¬ © ° ² µ © « ¨ ª ² © ¬ À « ® © ­ µ Á È ¼ Õ · © ¶³ ´ ¨ ­ ² Ä ° Á ³ ¬ ´ À « ­ © ° ­ ­ « ¶ « ´ ¨ ° ± ¾ ¿ ° ± « ¶ Á ± © À © ± Ü Ã ´ ¬ « ¨ ² ¶ ° ¨ ® © Å ¬ © ­ ¿ ® ¶ « ´ ¨ ´ Ã ³ ¯ ´ ² ³ ¯ ´ ¬ ¿ ²± ´ ° ­ « ¨ ª Ý ½ � ¨ ¶ ¯ © Ã ¿ ¶ ¿ ¬ © Å « Ã ¶ ¯ © ° ¬ © ° ¬ © ª ¿ ± ° ¶ ´ ¬ Á ° ¿ ¶ ¯ ´ ¬ « ¶ « © ² · ´ ¿ ± ­ ¬ © ® ´ ª ¨ « Ñ © ¶ ¯ © × � â ² © Ã Ã © ® ¶ ²´ ¨ È ¼ Õ ² « Ñ « ¨ ª Å ¶ ¯ © · © ¶ ³ ´ ¨ ­ ² ® ´ ¿ ± ­ µ © ¬ © ² « Ñ © ­ ° ® ® ´ ¬ ­ « ¨ ª ± Á ½



ã ä å æ ç è é ê ë ì é í î ï ð ç ñ è ã è ä í òã ç ó é ï ô õ õ é ö é í ÷ ç õ í ëø ù è ò ú û ü ç ê ê ù é ý é ñ é ï å é ê þ ÿ � �

Ô à á

� ¶ ² ¯ ´ ¿ ± ­ µ © ¨ ´ ¶ © ­ ¶ ¯ ° ¶ É ´ ¨ ­ ² � ° ¨ ­ Ø Ä ° Á ¨ ´ ¶ µ © ¬ © ¾ ¿ « ¬ © ­ ­ ¿ © ¶ ´ ¶ ¯ © ² Ä ° ± ± ² « Ñ © ´ Ã ¶ ¯ ©® ° ¶ ® ¯ Ä © ¨ ¶ ° ¬ © ° ½ Ö ° ² © ­ ´ ¨ ¶ ¯ © Õ Ú » È ¼ Õ É â Õ ° ¨ ¿ ° ± Å ³ ´ ¨ ­ ² ° ¬ © ª © ¨ © ¬ ° ± ± Á ¨ ´ ¶ ¬ © ¾ ¿ « ¬ © ­Ã ´ ¬ ° ¬ © ° ² ² Ä ° ± ± © ¬ ¶ ¯ ° ¨ á ¯ ° ½ � ¨ ª © ¨ © ¬ ° ± « ¶ « ² ­ « Ã Ã « ® ¿ ± ¶ Ã ´ ¬ ³ ´ ¨ ­ ² ¶ ´ Ä ° « ¨ ¶ ° « ¨ ° ³ © ¬ Ä ° ¨ © ¨ ¶³ ´ ´ ± · « ¶ ¯ ® ° ¶ ® ¯ Ä © ¨ ¶ ° ¬ © ° ² ² Ä ° ± ± © ¬ ¶ ¯ ° ¨ á ¯ ° ½ ¸ ¯ © ® ° ¶ ® ¯ Ä © ¨ ¶ ° ¬ © ° ² Ã ´ ¬ É ´ ¨ ­ ² � ° ¨ ­ Ø Å ° ¬ ©à ½ Ì � ¯ ° ° ¨ ­ á ½ Ï à ¯ ° ¬ © ² ³ © ® ¶ « À © ± Á ½ Ë ¿ ¬ ¶ ¯ © ¬ Ä ´ ¬ © Å ° ± ° ¬ ª © ³ ´ ¬ ¶ « ´ ¨ ´ Ã ¶ ¯ © É ´ ¨ ­ Ø ® ° ¶ ® ¯ Ä © ¨ ¶° ¬ © ° « ² ´ ¨ ¨ ´ ¨ Ó ³ ° ¬ ¶ « ® « ³ ° ¶ « ¨ ª ± ° ¨ ­ ² ½ ¸ ¯ © ¬ © Ã ´ ¬ © Å ° ± ¶ ¯ ´ ¿ ª ¯ ³ ´ ¨ ­ µ ± ´ ® º ² ° ¬ © ² ¯ ´ · ¨ Å ­ ¿ © ¶ ´ ¶ ¯ ©² « Ñ © ´ Ã ¶ ¯ © ® ° ¶ ® ¯ Ä © ¨ ¶ ° ¬ © ° ² É ´ ¨ ­ ² � ° ¨ ­ Ø Å ° ¬ © ± « º © ± Á ¨ ´ ¶ Ã © ° ² « µ ± © ½� ¨ ª © ¨ © ¬ ° ± ¶ ¯ © Ì ° ¨ ­ Ò à ¯ ´ ¿ ¬ È ¹ È ² ¶ ´ ¬ Ä ² ª © ¨ © ¬ ° ± ± Á ¬ © ¾ ¿ « ¬ © ­ ¶ ¯ © ± ° ¬ ª © ² ¶ ³ ´ ¨ ­ À ´ ± ¿ Ä © ² ½¸ ¯ © Ã ´ ± ± ´ · « ¨ ª ¶ ° µ ± © ² ³ ¬ © ² © ¨ ¶ ° ² ¿ Ä Ä ° ¬ Á ´ Ã ³ ° ¬ ° Ä © ¶ © ¬ ² Ã ´ ¬ © ° ® ¯ ³ ¬ ´ ³ ´ ² © ­ È ¼ Õ · © ¶ ³ ´ ¨ ­° ¨ ­ ° ¬ © ´ ¬ ª ° ¨ « Ñ © ­ µ Á · ° ¶ © ¬ ² ¯ © ­ ½ ¸ ¯ © ­ ¬ ° « ¨ ° ª © ° ¬ © ° ² ³ ¬ ´ À « ­ © ­ « ¨ ¶ ¯ © ¶ ° µ ± © ² « ¨ ® ± ¿ ­ © ¶ ¯ ©³ ´ ¨ ­ µ ± ´ ® º ° ¬ © ° ² ½¸ ¯ © È ° ± © Ä × ° ¨ ­ ´ · ¨ © ¬ ² Í ¬ ´ ¿ ³ ¯ ° ² ¬ © ¾ ¿ © ² ¶ © ­ ¶ ¯ ° ¶ ° ­ ­ « ¶ « ´ ¨ ° ± Ã ´ ® ¿ ² µ © ³ ± ° ® © ­ ´ ¨ È ¼ ÕÉ ´ ¨ ­ ² · « ¶ ¯ « ¨ ¶ ¯ © É ¯ ° ² © Ô Å ² ¶ ° ª © Ô ° ¬ © ° Ü É ´ ¨ ­ ² § Å Ö Å ¹ Å â Å » Ô Å » Ò Å Ë Å Í Å Ç Å � Å � Å Ê Å ° ¨ ­ Õ Ý° ² ¶ ¯ ´ ² © ° ¬ © ° ² ° ¬ © Ã ¿ ¬ ¶ ¯ © ¬ ° ± ´ ¨ ª « ¨ ¶ ¯ © ­ © ² « ª ¨ ³ ¬ ´ ® © ² ² ½ É ¬ © ± « Ä « ¨ ° ¬ Á ³ ´ ¨ ­ À ´ ± ¿ Ä ©¬ © ¾ ¿ « ¬ © Ä © ¨ ¶ ² ° ¬ © ³ ¬ ´ À « ­ © ­ Ã ´ ¬ É ´ ¨ ­ ² Æ Å Ú Å É Å � Å Ø Å È Å ß Å Ù Å ° ¨ ­ ¼ ½ ¸ ¯ © Ã ´ ± ± ´ · « ¨ ª² © ® ¶ « ´ ¨ ² ³ ¬ ´ À « ­ © ° µ ¬ « © Ã ² ¿ Ä Ä ° ¬ Á ´ Ã ¶ ¯ © ² © ³ ´ ¨ ­ ² ½ É ¬ © ± « Ä « ¨ ° ¬ Á É ´ ¨ ­ ­ © ² « ª ¨ ­ ¬ ° · « ¨ ª ² ° ¬ ©³ ¬ ´ À « ­ © ­ « ¨ § ³ ³ © ¨ ­ « Â â Ó � ½ É ´ ¨ ­ ± ´ ® ° ¶ « ´ ¨ ² ° ¬ © « ± ± ¿ ² ¶ ¬ ° ¶ © ­ « ¨ Ë « ª ¿ ¬ © Ì ½ Ô ½ Ë « ª ¿ ¬ © Ì ½ á ° ¨ ­Ë « ª ¿ ¬ © Ì ½ Ì ³ ¬ ´ À « ­ © ° ³ ´ ² ¶ Ó ­ © À © ± ´ ³ Ä © ¨ ¶ ­ ¬ ° « ¨ ° ª © ° ¬ © ° ³ ± ° ¨ Å « ± ± ¿ ² ¶ ¬ ° ¶ « ¨ ª ¶ ¯ © ® ° ¶ ® ¯ Ä © ¨ ¶° ¬ © ° ² Ã ´ ¬ ¶ ¯ © ³ ¬ ´ ³ ´ ² © ­ ³ ´ ¨ ­ ² · « ¶ ¯ « ¨ ¶ ¯ © × È Ø ¹ § ° ¨ ­ Æ Ù ¹ § ¬ © ª ¿ ± ° ¶ © ­ ° ¬ © ° ² ½







ã ä å æ ç è é ê ë ì é í î ï ð ç ñ è ã è ä í òã ç ó é ï ô õ õ é ö é í ÷ ç õ í ëø ù è ò ú û ü ç ê ê ù é ý é ñ é ï å é ê þ ÿ � �

Ô à �

¼ « ¶ ¯ ¬ © ª ° ¬ ­ ¶ ´ ¶ ¯ © È ¼ Õ ³ ´ ¨ ­ ² Ü § Å Ö Å ¹ ° ¨ ­ Õ Ý ³ ¬ ´ ³ ´ ² © ­ ´ ¿ ¶ ² « ­ © ´ Ã ¶ ¯ © È ° ± © Ä ± « Ä « ¶ ² Å « ¶² ¯ ´ ¿ ± ­ µ © ¨ ´ ¶ © ­ ¶ ¯ ° ¶ ¶ ¯ © ± ° ¨ ­ ´ · ¨ © ¬ Ü â Í Í ¬ ´ ¿ ³ Ý Ã ´ ¬ ¶ ¯ ° ¶ ­ © À © ± ´ ³ Ä © ¨ ¶ ° ± ² ´ ´ · ¨ ² ¶ ¯ ©° ­ Î ° ® © ¨ ¶ ± ° ¨ ­ ² ± ´ ® ° ¶ © ­ « Ä Ä © ­ « ° ¶ © ± Á ² ´ ¿ ¶ ¯ ´ Ã ¶ ¯ © È ¶ ¿ ­ Á § ¬ © ° ± « Ä « ¶ ² ½ ¸ ¯ © â Í Í ¬ ´ ¿ ³ « ²­ « ¬ © ® ¶ ± Á © ¨ ª ° ª © ­ « ¨ ® ´ Ä Ä ¿ ¨ « ® ° ¶ « ´ ¨ ² · « ¶ ¯ ¶ ¯ © ¸ ´ · ¨ ´ Ã � ¨ ¨ « ² Ã « ± ¬ © ª ° ¬ ­ « ¨ ª ¶ ¯ © ³ ¬ ´ ³ ´ ² © ­² ´ ± ¿ ¶ « ´ ¨ ½ § ­ ­ ¬ © ² ² « ¨ ª ¶ ¯ © ± © ª ° ± ° ¨ ­ ³ ± ° ¨ ¨ « ¨ ª « ² ² ¿ © ² « ² ° ± © ¨ ª ¶ ¯ Á ® ´ ± ± ° µ ´ ¬ ° ¶ « À © ³ ¬ ´ ® © ² ² Ã ´ ¬° ± ± « ¨ À ´ ± À © ­ ³ ° ¬ ¶ « © ² ½ ¸ ¯ © ¬ © Ã ´ ¬ © Å « ¶ · « ± ± µ © Ã ´ ¬ Ä ° ± « Ñ © ­ µ © Á ´ ¨ ­ ¶ ¯ © ³ ¬ © ³ ° ¬ ° ¶ « ´ ¨ ´ Ã ¶ ¯ © È � È¬ © ³ ´ ¬ ¶ ½
� � �  ! � " # $ � # � % & � ' ( ( ) * * + , ) - + . / ) 0 * . 1 ) , . ( * ) 1 .2 3 4 # � 5  6 7 8 $ � # � % 9 ' 0 1 - . * 1 * 1 * 1: # � 3 � ! # ! ; < ; 6 � � " # % 3 = ' + > / * + ? ? > - + * + > ( * ? / > + . / - > + ? *@ A ; # ! B # B � # ; # ! ;  6 ! < ; 6 � � " # % 3 = ' - > 0 1 1 . ? > 1 1 1 ? 1 > ( 1 1 - > 0 + 1 ? 0 > ( 1 1? 1 1 C # � � < ; 6 � 3 < ; 6 � � " #% D # E 7  � # B ' % 3 = ' ? * > * 1 1 ( * > 1 1 1 . 1 > + 1 1 ? / > ( 1 1 . 0 > - 1 1: # � F @ A ; # ! B # B � # ; # ! ;  6 ! G H 6 I% 3 = J 8 ' 1 ) 1 0 ? 1 ) ? 1 / 1 ) 1 / / 1 ) 1 ( , 1 ) 1 , 1K 6 5 # � !  ! " < ; 6 � 3 < L <. / & � < L <. / & � < L <. / & � < L <. / & � < L <. / & �? 1 1 C # � � M � � " # ; D # H # � 8 # D � ; #% 3 = J 8 ' 1 ) - ( - ? ) . + * 1 ) , ? * 1 ) / - * 1 ) * . ?D # E 7  � # B < N O : 6 ! B $ � # � % & � ' ? ) * . P Q R - ) . + P Q R ? ) / - P S R ? ) . / P S R . ) ( / P S RT U V W X Y Z [ X \ ] ^ X ] _ \ ` ] \ X a Z Y b ^ X c _ d _ Y ] ^ e a X \ _ f Y a ^ ] g _ Y fT h V W X Y Z [ X \ ] ^ X ] _ \ ` ] \ X a Z Y i j Z k l ] [ l m d X Y [ ] ^ X ]
� � �  ! � " #$ � # � % & � ' . ? ) * + . , ) 1 * . / ) ? + / ) 0 * ? / ) * - + ) ( / , ? ) 1 12 3 4 # � 5  6 7 8$ � # � % 9 ' 0 1 0 1 0 1 0 1 0 - 0 1 * 1: # � 3 � ! # ! ;< ; 6 � � " #% 3 = ' ( > + / * / > ( - 1 ( > * 1 / , + - . > , 1 ? - 0 ( ? + > + 1 .



n o ` g ] [ X ^ \ m X a p d b ] l [ n [ o a en ] c X d q Y Y X r X a s ] Y a \t _ [ e Z k u ] ^ ^ _ X W X l X d ` X ^ v w x y

? / *

@ A ; # ! B # B� # ; # ! ;  6 !< ; 6 � � " #% 3 = ' + > - 1 1 0 > 0 0 1 0 > . 1 1 ? > . 1 1 / > , + 1 ? > / ? 1 . * > 0 1 1? 1 1 C # � �< ; 6 � 3< ; 6 � � " #% D # E 7  � # B '% 3 = ' ? . > 1 1 1 ? ? > ( 1 1 ? / > - 1 1 . > ( 1 1 * > ? 1 1 . > 0 1 1 0 1 > 1 1 1: # � F@ A ; # ! B # B� # ; # ! ;  6 !G H 6 I % 3 = J 8 ' 1 ) 1 / 1 1 ) 1 / * 1 ) 1 / ( 1 ) 1 1 - 1 ) 1 . , 1 ) 1 ? 1 1 ) ? . -K 6 5 # � !  ! "< ; 6 � 3 < L <. / & � < L < . / & � < L < . / & � < L <. / & � < L <. / & � < L <. / & � < L < . / & �? 1 1 C # � �M � � " # ;D # H # � 8 #D � ; # % 3 = J 8 ' ? ) 1 ? , ? ) ? - - 1 ) / ( , 1 ) ( + , 1 ) , , 0 1 ) / 1 ( ? ) * - /D # E 7  � # B< N Oz H 6 { F $ � # �% & � ' ? ) + / P Q R ? ) 0 ( P Q R ? ) 0 . P Q R 1 ) , . P Q R 1 ) * 1 P S R 1 ) ( . P S R ( ) ? . P Q RT U V W X Y Z [ X \ ] ^ X ] _ \ ` ] \ X a Z Y b ^ X c _ d _ Y ] ^ e a X \ _ f Y a ^ ] g _ Y fT h V W X Y Z [ X \ ] ^ X ] _ \ ` ] \ X a Z Y i j Z k l ] [ l m d X Y [ ] ^ X ]



| }~ ��� ���� �� � �����| � }� �
| �� ��� ������ � ��� �

�� � ��� � ���� �

� ����~ ����� �

������
���

� � � �
� ������

������
������
������
������

��� � ���� ������� �~ ���� ������� �� ����� ���  �� ���� � 

��� � ���� ������� �~ ���� ��¡¢ �� ��� �� ���� ����

��� � ���� ��| £¤¥ ���� ���� ������� ��� �� ���� �� �}� ��� ��� �� �| �� ���� �� � �



Subwatershed Impact Study 

Salem Annexed Lands 

City of Barrie  December 2017 

  152 

Quantity control criteria was based on the pre-development target rates summarized in 

Table 6.9. Quality control is based on an Enhanced level of TSS removal (80%) as 

defined in the 2003 MOE Manual. The extended detention volume and release rate is 

based on Table 4.4.15 of the DSWMMP, which is considered conservative compared to 

MOE guidelines (40m
3
/ha) and NVCA criteria of 25 mm. The pond will discharge into 

Thornton Creek East, and the outlet should be in general conformance with the standard 

detail provided in Appendix D-8. A summary of Pond B design features are provided in 

Table 6.9. Further details are provided in Appendix D. 

6.8.3 SWM Pond C 

SWM Pond C is proposed to be located along the southern site boundary, between 

Thornton Creek East and West, adjacent NHS lands. A portion of the pond is situated 

within the Town of Innisfil, but is located on lands owned by the applicant.  Refer to 

Figure 6.1 for pond locations. 

The proposed catchment for Pond C is approximately 31.11 ha in area and generally 

consists of a residential and institutional land use.  Pond C has been sized to provide 

quality, quantity and erosion control.  

Quantity control criteria was based on the pre-development target rates summarized in 

Table 6.9. Quality control is based on an Enhanced level of TSS removal (80%) as 

defined in the 2003 MOE Manual. The extended detention volume and release rate is 

based on Table 4.4.15 of the DSWMMP, which is considered conservative when 

compared to the MOE guidelines (40m
3
/ha) and NVCA criteria (25 mm). The pond will 

discharge into NHS lands and then a proposed diversion channel as shown in Figure 6.1. 

Ultimately runoff will discharge into Thornton Creek West. The outlet should be in 

general conformance with the standard detail provided in Appendix D-8. A summary of 

Pond C design features are provided in Table 6.9. Further details are provided in 

Appendix D. 



520 521 522 523 524 525 526 527 528 529 530 531 532 533 534 535 536 537 538 539 540 541 542 543 545 546 601 602 603 604 605 606 607 608

64.74 4.33 14.33 9.64 25.47 13.68 15.27 17.34 3.61 3.03 32.61 23.65 9.06 17.72 12.37 61.31 78.34 15.69 65.59 5.94 19.28 8.07 10.49 2.69 3.51 3.62 12.92 75.08 37.95 13.43 15.57 92.85 7.1 3.41

Silty Sand Silty sand Sand/silty Sand/silty Sand/silty Sand/Silty Sand/Silty Silty Sand Silty Sand Sand/Silty Sand/Silty Sand/Silty Sand/silty Sand Sand Sand Sand/silty Sand

Sand/ 

Gravelly 

sand

Sand/ 

Gravelly 

sand

Sand/ silty
Silty Clay/ 

Silty Sand

Silty Clay/ 

Silty Sand
Sand/Silty Sand/silty Sand/silty Silty Clay Sand/silty Sand/silty Sand/silty Sand/gravel Sand/gravel Sand/silty Sand/silty

64.0 65.5 37.1 65.2 63.4 67.8 68.1 68.6 68.0 68.0 60.2 57.9 36.2 60.8 68.7 55.6 51.5 55.3 48.2 38.2 65.2 78.2 78.2 68.0 66.1 68.0 67.6 53.2 53.9 51.9 58.5 37.8 60.7 75.0

81.5 82.5 82.5 82.3 81.0 84.2 84.4 84.7 84.3 84.3 78.5 76.7 55.5 79.0 84.8 74.7 71.1 74.5 68.0 57.8 82.3 90.6 90.6 84.3 83.0 84.3 84.0 72.7 73.3 71.5 77.2 57.2 78.9 88.8

7.0 6.5 8.7 7.4 7.2 6.9 7.0 6.9 7.5 7.0 6.9 8.0 8.8 6.8 6.9 9.8 9.0 8.7 8.4 9.4 8.4 8.4 6.0 7.0 7.3 7.0 6.3 8.8 8.2 7.3 7.3 8.9 7.7 5.6

645 230 287 316 640 258 121 680 271 276 1040 810 832 222 450 1115 1140 121 1048 798 633 426 180 292 412 385 447 675 420 510 214 657 464 125

0.009 0.017 0.035 0.012 0.004 0.023 0.069 0.009 0.035 0.059 0.007 0.008 0.129 0.129 0.021 0.007 0.002 0.182 0.002 0.019 0.009 0.004 0.043 0.053 0.023 0.009 0.008 0.006 0.008 0.017 0.028 0.026 0.017 0.069

73 35 31 46 95 34 16 74 30 26 102 74 100 18 46 145 172 12 167 64 73 77 23 27 43 57 64 83 62 53 29 52 50 16

0.81 0.39 0.35 0.51 1.06 0.38 0.18 0.83 0.33 0.29 1.14 0.83 1.11 0.20 0.52 1.61 1.92 0.13 1.86 0.71 0.81 0.87 0.26 0.31 0.48 0.63 0.71 0.93 0.70 0.59 0.32 0.58 0.56 0.18

2.7 2.7 0.6 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.3 2.3 0.6 2.7 2.7 2.3 0.6 0.6 2.7 0.6 2.7 2.7 2.7 2.7 2.7 2.7 2.7 0.6 0.6 2.7 2.7 2.7 0.6 0.6

0.26 0.35 0.11 0.30 0.17 0.41 0.71 0.26 0.50 0.66 0.19 0.21 0.22 0.97 0.39 0.19 0.02 0.26 0.11 0.08 0.25 0.17 0.56 0.62 0.41 0.25 0.24 0.05 0.05 0.35 0.45 0.43 0.08 0.16

† - Salem Secondary Plan Area,  Hydrogeological Assessment- Part 1 (Existing Conditions) by R.J.Burnside (Feb 2016)

¥ - Upland coefficient for different landuse; List is provided in the Appendix

* - Measured in AutoCAD

¤ - Calculated using Airport Method

� - AMC conversion table and the chart are included in the Appendix

Cu (upland coeff)
�

Velocity (V=Cu (S)
0.5

) 

Area (ha) *

SALEM IMPACT STUDY -EXISTING HYDROLOGY PARAMETERS

Bear & Thornton Creek

PROJECT : 4074

Hydrogeology Report
†

Weighted CN III 
�

Weighted CN II

Time to peak (Tp) 
�

Catchment ID

Initial Abstraction (Ia)

Length (L) *

Slope (S)

Time of Conc (Tc)
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Pre - development Calculation

Project: 4074

ID: 523 Pond C

# of Reaches Height Difference Length (m) Slope Slope ^-.5

1 311.05 0.85 274.00 0.00 17.95

2 310.20 0.08 274.00 0.00 58.52

3 310.12

Total 548.00 76.48

Sw(%) 0.43

* Done using Auto Cad

Equivalent Slope Method*

Formulas

Equivalent Slope Method

Sw=100*(n/Σ(Sn^-.5))^2
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4 Hydrogeological Investigation Results 
4.1 Soil Stratigraphy 
Based on the results of the Geotechnical and Hydrogeological Investigations, a brief description of the 
general subsurface geology at the Site, in order of depth, is summarized in the following sections. The 
borehole logs are provided in Appendix A. Inferred geological cross sections traversing the Site are 
presented in Figures 7A and 7B.  

Topsoil / Ploughed Soil 

A surficial layer of topsoil 50 to 380 mm thick was encountered in all Boreholes.  However, given use of 
the property for agricultural purposes disturbed (ploughed) soil should be expected to typical ploughing 
depths of up to 600 to 800 mm.   

Pavement Structure 

All boreholes advanced within the roadway of Veterans Drive and 5 th Sideroad encountered a pavement 
structure comprised of an asphaltic layer with a thickness ranging from 75 to 200 mm overlying a 200 to 
330 mm thick granular layer and within the road shoulder of Veterans Drive and 5th Sideroad encountered 
a pavement structure comprised of a surficial granular layer approximately 50 to 600 mm with the 
exception of Boreholes 152 and 157.  The borehole advanced within the shoulder of McKay Road West 
encountered a pavement structure comprised of a surficial granular layer approximately 180 to 870 mm. 
The granular layer typically consisted of a sand and grave with trace to some silt. The granular fill is in a 
generally moist condition.  

Sand Fill 

Sand fill underlies the pavement structures in Boreholes 63, 117, 137, 146C, 149A, 150, 151, 152, 153, 
154, 155, 157, 158 and 159.  The fill extends to depths of approximately 0.7 to 3.2 m (~Elevation 306.2 to 
311.3 m).  Typically, the thickness of fill ranged from approximately 0.5 to 2.9 mbgs.  The fill typically 
comprises of brown to reddish brown sand, trace to some silt, trace to some gravel and occasional 
organics were observed.  Moisture contents in the fill ranged from approximately 6 to 28 %.   

Native Soils 

The native soils were intersected below the topsoil or fill at all borehole locations.  The native soils 
comprise sand, silty sand, silty clay, clayey silt, silt, silty sand till, and peat and exist in various 
thicknesses, sequences, degrees of compactness and consistencies depending on location.  Moisture 
contents in the native soils were recorded as follows: 

 Sand/Silty Sand - approximately 1 to 29 %  

 Silty Clay / Clayey Silt  approximately 8 to 22 % 

 Silt  approximately 14 to 20 % 

 Silty Sand Till  approximately 4% to 32 % 
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 Peat  approximately 68 and 260 % 

Silty Sand Till 

The predominant soil deposit at the site was a glacial silty sand till. The till deposit was encountered in 
borehole locations with the exception of boreholes 58, 106, 124, 14A, E27, E28, 150, 152, and154. The till 
contained trace gravel and occasional cobble. The till deposit existed in a compact to very dense state. 

Silty Sand 

In boreholes 99, 104, 108 133 and E44 discontinuous deposit of silty sand was encountered. The deposit 
typically contained trace gravel, trace clay and occasional silt seam.  The deposit existed in a very loose to 
very dense state has moisture content ranging from 7 to 19%. 

Silt  

A discontinuous deposit of silt was encountered across the majority of the Site. The deposit typically 
contained some clay, some sand, trace gravel, and the occasional sand seam. The silt had a hard 
consistency and moisture content ranged from 7 to 24%. 

Silty Clay 

A discontinuous silty clay deposit was encountered along McKay Road West and Veterans Drive roadways. 
The deposit typically contained trace sand and trace gravel.  The deposit existed in a hard consistency and 
had moisture content ranging from 8 to 26%. 

Clayey Silt 

Locally in borehole 103, a discontinuous deposit of clayey silt was encountered. The deposit was generally 
hard, and had moisture content was 14%. 

Peat 

Peat was encountered locally in Boreholes 31 and 76 in the southeastern portion of the site 

Fine to Medium Sand 

Deposits of fine to medium sand were overlaying, underlying and within the silty sand till deposit. The sand 
contains trace to some gravel, and trace to some silt. The deposit is generally in very loose to loose state 
and has a moisture contact ranging from 1 to 11%. 

Water Bearing Sand 

A water bearing sand was interpreted to be typically present in boreholes in Section 1 and 2 of the site.  
No significant wet sand layers were encountered in Section 4 while Section 3, 5 and 6 had a single 
location. 

4.2   Groundwater Elevations and Flow Direction 
Static groundwater level measurements were recorded for all available monitoring wells as part of the 
Hydrogeological Investigation.  A summary of the static water level data as it relates to the elevation survey 
is summarized in Table 1-A (enclosed).   
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The highest groundwater elevation measured in the shallow wells, including the ones installed in a nested 
configuration was 310.48 masl (0.28 mbgs in BH-17 on June 22, 2017). The lowest groundwater measured 
in the noted wells was 300.4 masl (6.1 mbgs in BH-68 on August 18, 2017). 

The highest groundwater elevation measured in the deep wells, including the ones installed in a nested 
configuration was 305.16 masl (7.79 mbgs in BH-151 on August 18, 2017). The lowest groundwater 
measured in the noted wells was 290.1 masl (19.9 mbgs in BH-137 on August 18, 2017). 

Horizontal Groundwater Flow  

Interpreted overburden groundwater flow maps based on the August 2017 monitoring events for the shallow 
and deep wells are presented in Figure 8 and Figure 9, respectively.  The groundwater contour map 
delineated for the shallow water-bearing zone is based on the water level measurements recorded for all 
existing shallow wells, including the ones with a nested configuration installed across the Site; whereas the 
groundwater contour map delineated for the deep water-bearing zone is based on the water level 
measurements recorded for the deep wells installed in a nested configuration.     

Based on the obtained water level measurements, the general direction of groundwater flows in both 
shallow and deep water-bearing zones are inferred to be approximately towards southeast of the Site. The 
general flow directions are consistent with the approximate trend of the creek traversing the centre of the 
Site (Figures 8 and 9) as well.   

Vertical Groundwater Gradients 

Based on the water level measurements completed in the nested wells, the inferred general vertical 
hydraulic gradient is to be approximately downward, towards deeper water-bearing zones..  The downward 
gradient suggests the Site to be in an area of groundwater recharge. 

A summary of the hydraulic gradients observed at each monitoring well location is summarized in Table 1-
A (enclosed).   

It should be noted that the horizontal and vertical groundwater flow directions are subject to seasonal 
variations.  As a result, further monitoring will provide a better understanding of groundwater flows within 
the overburden. 

4.3 Hydraulic Connection between Surface Water Features and 
Groundwater 

A total of four (4) pairs of nested mini-piezometers (MPs) were installed at the Site (Figure 2):  

 One (1) pair of nested MPs (MP1D/S) located on the northern boundary of the northern block, in 
the tributary that intersects the northern block; 

 One (1) pair of nested MPs (MP2D/S) located on the southern boundary of the northern block, in 
the tributary that intersects the northern block near the SWM ponds; 

 One (1) pair of nested MPs (MP4D/S) located on the northern boundary of the southern block, in 
the tributary that intersects the southern block; 

 One (1) pair of nested MPs (MP3D/S) located on the southern boundary of the southern block, in 
the tributary that intersects the southern block; 



EXP Services Inc. 

DG Group 
Hydrogeological Investigation 

Watersand Development, Barrie, Ontario 
BRM-00038305-C0 

October 20, 2017 

12 

A summary of the measured groundwater levels in the MPs is summarized in Table 1-B (enclosed). The 
locations of the MPs are presented in Figures 2A through 2C.   

In should be noted that since groundwater levels in the installed MPs had not be stabilized at the time of 
this report, and as such, the water level measurements for the noted MPs have not been used for contouring 
groundwater table. 

4.4 Hydraulic Conductivity Testing 
Sixteen (16 were completed on sixteen (16) monitoring wells, 
including single and the ones with nested configuration.  The tests were completed to estimate the saturated 
hydraulic conductivity (K) of the water-bearing zones at the well screen intervals.  

The static water level within the monitoring well was measured prior to the start of testing.  In advance of 
performing SWRT, the monitoring well underwent development to remove fine grained sediments 
introduced into the screen following the well construction.  The development process involved purging of 
the monitoring well to induce the flow of fresh formation water through the screen.  The monitoring well was 
later permitted to fully recover prior to performing SWRT.   

Hydraulic conductivity value was calculated from the SWRT data as per the Hvorslev solution included in 
the AQTESOLV Pro Version 4.50.002 software package.  The semi-log plot for drawdown versus time is 
included in Appendix E.   

A summary of the hydraulic conductivity (K) values estimated from the SWRTs are provided in Table 4-1 
below. 
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Table 4-1: Summary of Hydraulic Conductivity Testing  

Monitoring 
Well 

Well 
Depth 
(mbgs) 

Screen Interval 
(mbgs) Soil Formation 

Screened 
Estimated 
Hydraulic 

Conductivity (m/s) from to 
BH-A2 (a) D 16.5 13.5 16.5 Sand 9 x 10-6 
BH-A2 (b) S 5.9 2.9 5.9 Silty Sand Till 2.7 x 10-7 

BH-A3 (a) D 18.3 15.3 18.3 Silt / Sand 4.3 x 10-6 

BH-A3 (b) S 6.1 3.1 6.1 Silty Sand Till 1.7 x 10-6 

BH-C2 (a) D 18.3 15.3 18.3 Silty Sand Till 5.1 x 10-7 

BH-C2 (b) S 7.6 4.6 7.6 Sand / Silty Sand Till 4.2 x 10-6 

BH-C3 (a) D 18.3 15.3 18.3 Sand / Silty Sand Till 3.8 x 10-6 

BH-C3 (b) S 7.6 4.6 7.6 Silty Sand Till 1.9 x 10-6 

BH-17 7.6 4.6 7.6 Silty Sand Till 7.8 x 10-7 

BH-54 6.1 3.1 6.1 Silty Sand Till / Sand 7.3 x 10-6 

BH-62 10.7 7.7 10.7 Silty Sand Till / Sand 4.05 x 10-6 
BH-64 (a) D 17.4 14.4 17.4 Sandy Silty Till / Sand 1.3 x 10-7 

BH-64 (b) S 6.1 3.1 6.1 Sand /Sandy Silt Till 4.0 x 10-6 

BH-68 7.6 4.6 7.6 Silty Sand Till 4.2 x 10-6 

BH-119 10.6 7.6 10.6 Silty Sand Till 4.2 x 10-7 

BH-151 9.1 6.1 9.1 Silty Sand Till / Sand 2.3 x 10-5 

Highest K value estimate for the tested water-bearing zones 2.3 x 10-5 

Geometric mean of the K values estimated for the tested water-bearing zones 2.1 x 10-6 

SWRT provides estimates of K values for the lithologic units in the immediate zone surrounding the well 
screen.  As shown in Table 4-1, the highest K value is estimated to be 2.3 x 10-5 m/s.  Further, the geometric 
mean of the K values for the tested water-bearing zones is estimated to be 2.1 x 10-6 m/s.   

4.5 Groundwater Quality 
To assess the suitability for discharge of pumped groundwater to the City of Barrie Sanitary and Storm 
sewers during dewatering activities, two (2) unfiltered groundwater samples were collected from monitoring 
wells BH-62 and BH-A2-S on August 17, 2017, using low flow sampling. Prior to collecting the water 
samples, approximately three (3) standing well volumes of groundwater were purged from the noted wells.   

The samples were collected unfiltered and placed into pre-cleaned laboratory-supplied vials and/or bottles 
provided with analytical test group specific preservatives, as required.  Dedicated nitrile gloves were used 
during sample handling.  The groundwater samples were submitted to an independent laboratory named 
Maxxam Analytics Inc., in Mississauga, Ontario, for analysis.   

For assessment purposes, the analytical results were compared to the Limits for Sanitary and Storm 
Sewers Discharge of the City of Barrie. A summary of the analytical results and the laboratory Certificate 
of Analysis (CofA) are enclosed in Appendix F.   
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The laboratory CofA showed that all parameters in both collected water samples were detected at the 
concentrations below the sanitary; whereas the concentrations of Total Suspended Solids (TSS) in the 
noted water samples exceeded the Storm limits.  

Table 4-2: Summary of Analytical Results 

Parameter 
City of Barrie Sanitary 
Sewer Discharge Limit 

 

City of Barrie Storm 
Sewer Discharge Limit 

 

Concentration 

BH-62 BH-A2 S 

Total Suspended Solids 
(TSS)  

(mg/L) 

350 15 16 25 

 
Notes:  
 
Bold indicates concentration exceeds the Storm Sewer limits. 
 

It should also be noted that, during construction, it is anticipated that TSS levels and associated 
contaminants (for example Metals), in the pumped groundwater may remain above the by-Law limits.  
Therefore, it is recommended that a suitable treatment method be implemented (filtration or decantation 
facilities and/ or any other applicable treatment system) during construction dewatering activities.   

Further, approval to discharge water to municipal sewer system during construction will be required prior 
to any discharge. 

If treatment systems are considered, the specifications of the treatment system(s) will need to be 
provided/adjusted by the treatment specialist/process engineer during the pre-design and commissioning 
stage of the system. 
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 S C H A E F F E R  &  A S S O C I A T E S  L T D .
 

 Attention: Mr. Ralph Scheunemann, P.Eng. 
  Senior Infrastructure Planning Engineer  
   
Dear Mr. Scheunemann, 
 
RE: InfoWater Modeling Brief 

Water Supply Scheme Update for Salem Secondary Plan 
 Barrie Annexation Lands, City of Barrie  
  
1 Introduction 
 
This Brief has been prepared as per the discussions with the City of Barrie staff, in support of the 

design of the water supply distribution system for the Barrie Salem Secondary Plan Annexation 

(SSP) Lands west of the Highway 400 (any reference to SSP Lands indicate areas west of Hwy 

400). A conceptual municipal water servicing plan for the SSP lands was proposed in the City of 

Barrie Water Storage and Distribution Master Plan for Intensification Areas and Annexed Lands 

(AMEC Report), prepared by AMEC (October 2013). This brief addresses the recent updates to 

the City of Barrie Water Supply fire flow requirements criteria.  

2 Background Documents 
 
The following documents were used for background information and design criteria in the creation 

of this water distribution analysis; 

 Water Storage and Distribution Master Plan, AMEC Environment & Infrastructure, 

dated October 2013, 

 Water Transmission and Distribution Policies and Design Guidelines, City of 

Barrie Engineering Department, dated December 2017, 

 Sanitary Sewage Collection System Policies and Design Guideline, City of Barrie 

Engineering Department, dated October 2017, 

 Design Guidelines for Drinking-Water Systems, Ministry of Environment (MOE), 



dated 2008, 

 City of Barrie Water Storage and Distribution Master Plan Update, Draft Report,

by WSP, dated April 2019,

 Salem Secondary Plan Development Plan, by KLM Planning Partners Inc., dated

April 30, 2019,

 Preliminary Grading Plan, Drawings 4A to 4D, by Schaeffer & Associates Ltd.,

dated November 14, 2017.

3 Existing Conditions 

3.1 Existing Topography and Pressure Districts 

Currently, the City of Barrie has five pressure districts: 

• District 1 (HWL = 281.2 meters above sea level (masl)),

• District 2 North (324.09 masl),

• District 3 North (347 masl),

• District 2 South (308 masl) (PD2S),

• District 3 South (350.2 masl) (PD3S).

The SSP lands fall almost entirely in PD3S, with the eastern border of the Salem property falling 

in PD2S.  The existing topography is known for the site, where the lowest elevation is in the 

northwest corner on the County Road 27 at 296 masl, and the highest is 313.5 masl occurring in 

the central region of the subject land.  In general, the SSP lands have a fall from west to east. 

3.2 Existing Water Supply Infrastructure 

Currently, there are existing water supply infrastructure in the SSP lands: 

 400mmØ main on Essa Road, between Athabaska Road and Koda Street,

 300mmØ main on County Road 27, between Lougheed Road and Mabern Street,

 300mmØ main on Mabern Street, between County Road 27 and Essa Road,

 300mmØ and 200mmØ mains inside the Crisdawn Construction Inc. lands, Bear Creek

Subdivision,

Just north of the SSP lands, still in PD3S, are the two pump stations and the Mapleview reservoir 



storage facility that services the pre-annexation area.  There are also key tie-in points identified, 

all at the border of the SSP land, they consist of:  

 300mmØ main on Dunn Street ending at the southeast cul-de-sac of Dunn,

 200mmØ main on Reid Drive ending at the south end of Reid Drive,

 300mmØ main on Commerce Park Drive ending at the intersection with Veterans Drive,

 300mmØ main on Lockhart Road from Huronia Road to the intersection of Salem Road

and Veterans Drive (Lockhart Road is east of the Highway 400, Salem Road is west of the

Highway 400),

 500mmØ main on Veterans Drive ending at the intersection with Salem Road.

The existing infrastructure will be utilized during this expansion of PD3S. 

4 Water Supply Design Criteria 

The following design criteria will guide the future hydraulic modelling for the SSP land water 

distribution system: 

 Average residential daily demand of 225 liters per capita per day, 28 m3/ha/day for

institutional and commercial land use, and 35 m3/ha/day for general industrial land use;

 Peaking factors per the MOE Design Guidelines for Drinking Water Systems, Chapter 3,

Table 3-1: Peaking factors which bases the peaking factor on the population. Peaking

factors were established for each area (per the development plan by KLM);

 Fire Flow demands of: minimum of 100 l/s for single residential units, minimum of 155 l/s

for townhouse blocks, minimum of 200 l/s for institutional areas, minimum of 283 l/s for

commercial areas, and minimum of 333 l/s for industrial areas. All flows must arrive with

a minimum pressure of 140 kPa (20 psi); Fire Underwriters Survey (FUS) Fire Protection

calculations for required fire flows will be performed in the future when the detailed plans

become available.

 Watermain velocity during the fire flow conditions must be under 5 m/s;

 The allowable pressure range under operating conditions (peak hour – min hour) shall be

within 275 kPa – 700 kPa.

 Hazen-Williams formula was applied for computing the size of watermain pipes. The

actual Hazen-Williams “C” values used in the WaterCAD model are listed in Table 1.



Table 1 Hazen-Williams Coefficients 

Pipe Diameter(mm) 
Hazen-Williams 

Coefficient 

150 100 

200 – 250 110 

300 – 450 120 

600 and larger 130 

5 Proposed Water Distribution System 

The SSP lands are proposed to be serviced along with PD3S. It is proposed to tie-in to the existing 

infrastructure noted above at the locations illustrated schematically in Figures 5.1 to 5.5. 

5.1 Phasing 

The conceptual plan for development involves three phases.  In order to accommodate the phasing 

of construction, the implementation of the watermains will follow a strategic plan to service the 

SSP lands in the interim construction phases. 

5.1.1 Phase 1 (2012 – 2021) 

A 500mmØ watermain, proposed to run south on Veterans Drive from Salem Road to McKay 

Road. A 400mmØ Watermain is proposed to travel west on McKay Road to the originally planned 

200mmØ Reid Drive extension. The Reid Drive extension watermain was changed to 300mmØ 

watermain based on the WSP Master Plan as this will satisfy the updated fire flow criteria if there 

are no interruptions of service on the 500mm Veterans Drive.  

In the northwest area of SSP, a 400mmØ watermain is proposed to tie-in with the existing 

400mmØ Essa Road main and continue south to Salem Road. From Essa Road and Salem Road 

intersection, a 500mmØ is proposed to travel east on Salem to Veterans Drive. These watermains 

are designed to supply the north-western and south – eastern quadrants of the SSP. For more details 

on the servicing strategy of Phase 1 please refer to Figure 5.1 below.  

In case of an interruption of service on the Veterans Drive, the fire flow requirements in Phase 1 

will not be met since McKay Road watermain section to Huronia Drive will not be constructed at 

that point. Therefore, two alternative solutions are presented.  



5.1.2 Phase 1 Alternative A (2012-2021) 

In the Alternative A version of Phase 1 the proposed 300mmØ Reid Drive extension is not going 

to be constructed until a later date. To rectify this a temporary 400mmØ watermain is proposed to 

run alongside the 500mmØ watermain on Veterans Drive from Salem Road to McKay Road to 

serve as a redundant watermain and provide backup in case of interruption of service through the 

500mmØ watermain. In order to reduce headloss in case of interruption of service through the 

500mmØ watermain, three connections between the temporary 400mmØ watermain and 500mmØ 

watermain are proposed. Two interconnections are proposed at the location of future H & H Capital 

connection locations to the Veterans Drive main (proposed Streets “A” and “H” in the H & H 

Capital site), and a third interconnection is proposed halfway between Street “A” and Salem Road. 

This way the headloss is reduced in a case of interruption of service through any of the four sections 

of the 500mmØ watermain from Salem Road to McKay Road. Please refer to Figure 5.2 for the 

Phase 1 Alternative A water supply servicing.  

5.1.3 Phase 1 Alternative B (2012-2021) 

In the Alternative B version of Phase 1 the Reid Drive Extension is upsized to 500mmØ from 

Salem Road to the proposed Street “A”, and 400mm from Street “A” to McKay Road. With this 

alternative watermain sizing all of the fire flow requirements in Phase 1 will be satisfied in the 

case of interruption of service through any section of Veterans Drive 500mmØ watermain. Please 

refer to Figure 5.3 for the presentation of Phase 1 Alternative B water supply servicing. 

Both Phase 1 Alternatives have been analyzed in detail, and Alternative A was proposed to the 

City and was accepted by the City of Barrie.  

5.1.4 Phase 2 (2022 – 2026) 

The aforementioned McKay Road West 400mmØ watermain is proposed to extend further west 

as shown in Figure 5.4.  The McKay Road West extension to Huronia Road was not considered 

for the purpose of this analysis. It is anticipated if this connection is provided the result will be 

improved. As per AMEC Master Plan in this phase of development an additional booster pumping 

station and storage facility are proposed in order to meet the water volume demands for the 

development area.  The location of the new pumping station and storage facility is proposed on 

the south side of Salem Road east of Veterans Drive and west of Highway 400.  The pumping 

station is specified to be supplied by the existing Surface Water Treatment Plant (SWTP) through 



a series of 750mmØ transmission mains.  These transmission mains have been modeled but left 

inactive in the InfoWater model. There is not enough information known at this concept phase to 

properly simulate the pumping configuration or the pressure reduction valves needed to employ 

this configuration. 

Since Alternative A of Phase 1 will be constructed it should remain operational for fire flow 

purposes in this Phase.  

5.1.5 Phase 3 (2027 – 2031) 

The McKay Road 400mmØ watermain is proposed to extend west to the intersection of Essa and 

McKay Road West, thus creating looping of supply mains. The McKay Road West extension to 

Huronia Road was not considered for the purpose of our analysis. It is anticipated if this 

connection is provided the result will be improved. Please refer to Figure 5.5 for the presentation 

of Phase 3 water supply servicing.  

The non-participating land owners have been taken into consideration in the design of the water 

distribution system; with available mains for connection should they choose to develop the land. 

For more detail on phasing please refer to the City of Barrie development phasing plan for the SSP 

area as shown in the Attachment.  

6 Water Supply Analysis 

Hydraulic modelling was performed using InfoWater software to confirm the adequacy of the 

preliminary water supply network design with respect to the watermain sizing and the required fire 

flow. The InfoWater water supply model based on City of Barrie Water Model 2S and 3S, provided 

by the City of Barrie, has been completed in order to analyze SSP water supply. The preliminary 

grading of the SSP was adopted from Preliminary Grading Plan, Drawings 4A to 4D, by Schaeffer 

& Associates Ltd., dated November 14, 2017. The land use, residential unit distribution and unit 

types were adopted from Salem Secondary Plan Development Plan, by KLM Planning Partners 

Inc., dated April 30, 2019. Water supply demand was calculated for each property based on the 

number of units or the land use and area, based on the existing information. If there was no 

information available on the unit types, single family units were assumed. The demand for each 

property was evenly distributed among the model junctions belonging to each property. The 

summary of the water supply demands is presented in the Attachment. There are no detailed plans, 

therefore, the minimum required fire flows were used in the InfoWater model. The fire flow 
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requirement was based on the land use or unit types, if available. The proposed watermain sizing 

is presented in Figure 5.1 to 5.5. 

InfoWater modelling of the proposed water supply system demonstrated that the residential water 

supply demand and fire flow requirements are satisfied in SSP land for each of the construction 

Phases under the assumed boundary conditions and with the proposed watermain sizing. 

7 Conclusion 

The updated City of Barrie fire flow requirement can be met across the Salem Secondary Plan 

lands for each of the construction Phases with the proposed connections to the existing water 

distribution system and the proposed watermain sizing provided Phase 1 Alternative A solution 

on Veterans Drive is constructed. Detailed modeling will be performed in the future when 

more detailed plans become available for each of the construction Phases. We recommend the 

fire flows to be estimated based on the FUS fire flow calculations and Water Supply analysis to 

be done at each development stage. When building information is available, especially 

townhouse blocks, water supply modeling should be checked. Furthermore we strongly 

recommend that the water supply analysis to be checked and refined based on final design of the 

grading plan of each subdivision project. In each subdivision, water age should be analyzed and 

temporary water flushers might be necessary. 

Should you have questions or comments, please do not hesitate to contact the undersigned. 

Respectfully Submitted, 

SCHAEFFERS CONSULTING ENGINEERS 

Bogdan Pavlovic, MESc., EIT  Koryun Shahbikian, LLM, M.Eng., P.Eng., PMP 

Water Resources Analyst    Partner 

April 15, 2020



 
 
 
 
 
 
 
 
 
 

APPENDIX B: STORMWATER MANAGEMENT 
CALCULATIONS 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 

TIMP & XIMP Calculations 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



PROJECT NO.:5184

PROJECT NAME: WATERSAND CONSTRUCTION

LOCATION: CITY OF BARRIE

Land Use Area (ha) C A*C TIMP  A x TIMP XIMP A x XIMP

Residential Detached House (Mix) 7.93 0.62 4.92 0.60 4.76 0.45 3.57

Townhouses 1.06 0.80 0.85 0.86 0.91 0.64 0.68

SWM Pond C Area 2.78 0.55 1.53 0.50 1.39 0.50 1.39

School 2.42 0.75 1.82 0.79 1.90 0.79 1.90

Recreational Centre 8.10 0.75 6.08 0.79 6.36 0.79 6.36

ROW 5.03 0.75 3.77 0.79 3.95 0.79 3.95

External ROW (Mckay Road Drainage) 0.93 0.76 0.71 0.80 0.74 0.80 0.74

Total Area 28.25 0.70 19.66 0.71 20.02 0.66 18.60

* Runoff coefficients are based on detailed calculations and City of Barrie Design Criteria

Runoff Coefficient, TIMP & XIMP calculations for Watersand Construction

SWM POND C‐ Drainage Areas‐Ultimate Condition



 
 
 
 
 
 
 
 
 
 

Erosion Control Calculations 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



PROJECT  NO.:5184
PROJECT NAME: WATERSAND CONSTRUCTION
LOCATION: CITY OF BARRIE

Area Draining to SWM Pond C 28.25 ha
Total Impervious Area (71%) 20.06 ha [28.25 * 0.71]
Cumulative Unitary Storage (From 4.4.15) 8624.73 m3 [20.06 * 430]
Unitary Discarge Rate (From 4.4.15) 0.031 [28.25 * 0.0011]
Peak Outflow 0.047 [0.031 * 1.5]

EROSION CONTROL - SWM POND C



 
 
 
 
 
 
 
 
 
 

Visual OTTHYMO (VO5) Results 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



PROJECT NO.:5184

PROJECT NAME: Watersand Construction

LOCATION: City of Barrie

24Hr SCS 12Hr SCS 6Hr SCS 4Hr Chicago

2 Year 0.186 0.158 0.148 0.102

5 Year 0.353 0.305 0.304 0.201

10 Year 0.481 0.421 0.426 0.281

25 Year 0.658 0.582 0.600 0.396

50 Year 0.799 0.712 0.740 0.484

100 Year 0.946 0.846 0.888 0.583

Allowable Release Rates ‐ SWM Pond C

Storm Event
Pre‐Development Release Rate for SWM Pond C (m3/s)
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================================================================================
=========================== 
   
       V    V   I    SSSSS  U   U    A    L              (v 6.2.2006) 
       V    V   I    SS     U   U   A A   L 
        V  V    I     SS    U   U  AAAAA  L 
        V  V    I      SS   U   U  A   A  L 
         VV     I    SSSSS  UUUUU  A   A  LLLLL 
     
        OOO   TTTTT  TTTTT  H   H  Y   Y  M   M   OOO    TM 
       O   O    T      T    H   H   Y Y   MM MM  O   O 
       O   O    T      T    H   H    Y    M   M  O   O     
        OOO     T      T    H   H    Y    M   M   OOO 
Developed and Distributed by Smart City Water Inc 
Copyright 2007 - 2021 Smart City Water Inc 
All rights reserved. 
   
   
                   *****  D E T A I L E D   O U T P U T ***** 
 
 
  Input   filename: C:\Program Files (x86)\Visual OTTHYMO 6.2\VO2\voin.dat                                                                   
  Output  filename: C:\Users\hliu\AppData\Local\Civica\VH5\b41b348d-2025-43d3-
a266-6b877f48bd3e\86428789-5337-46dd-99eb-5679a8ed772f\scenari 
  Summary filename: C:\Users\hliu\AppData\Local\Civica\VH5\b41b348d-2025-43d3-
a266-6b877f48bd3e\86428789-5337-46dd-99eb-5679a8ed772f\scenari 
 
 
DATE: 06-29-2022                           TIME: 02:23:36        
 
USER:                                                    
 
 
   
COMMENTS: ____________________________________________________________ 
 
   
--------------------------------------------------------------------------------
--------------------------- 
  ************************************************ 
  ** SIMULATION : Run 01                        ** 
  ************************************************ 
   
-------------------- 
| MASS STORM       |    Filename: C:\Users\hliu\AppD                            
|                  |              ata\Local\Temp\                               
|                  |              1bad779e-5246-410c-a42e-3ccee7a1c0de\a3457ff2 
| Ptotal= 55.00 mm |    Comments: SCS II 24H_2YR                           
-------------------- 
                        Duration of storm    = 24.00 hrs 
                        Mass curve time step = 15.00 min 
   
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                 0.25    0.55 |  6.25    1.10 | 12.25    7.92 | 18.25    0.99 
                 0.50    0.55 |  6.50    1.10 | 12.50    7.92 | 18.50    0.99 
                 0.75    0.55 |  6.75    1.10 | 12.75    4.07 | 18.75    0.99 
                 1.00    0.55 |  7.00    1.10 | 13.00    4.07 | 19.00    0.99 
                 1.25    0.55 |  7.25    1.10 | 13.25    0.77 | 19.25    0.99 
                 1.50    0.55 |  7.50    1.10 | 13.50    0.77 | 19.50    0.99 
                 1.75    0.55 |  7.75    1.10 | 13.75    4.51 | 19.75    0.99 
                 2.00    0.99 |  8.00    1.10 | 14.00    4.51 | 20.00    0.99 
                 2.25    0.72 |  8.25    1.49 | 14.25    1.65 | 20.25    0.66 
                 2.50    0.71 |  8.50    1.48 | 14.50    1.65 | 20.50    0.66 
                 2.75    0.72 |  8.75    1.49 | 14.75    1.65 | 20.75    0.66 
                 3.00    0.71 |  9.00    1.49 | 15.00    1.65 | 21.00    0.66 

                 3.25    0.71 |  9.25    1.76 | 15.25    1.65 | 21.25    0.66 
                 3.50    0.71 |  9.50    1.76 | 15.50    1.65 | 21.50    0.66 
                 3.75    0.72 |  9.75    1.98 | 15.75    1.65 | 21.75    0.66 
                 4.00    0.71 | 10.00    1.98 | 16.00    1.65 | 22.00    0.66 
                 4.25    0.88 | 10.25    2.53 | 16.25    0.99 | 22.25    0.66 
                 4.50    0.88 | 10.50    2.53 | 16.50    0.99 | 22.50    0.66 
                 4.75    0.88 | 10.75    3.41 | 16.75    0.99 | 22.75    0.66 
                 5.00    0.88 | 11.00    3.41 | 17.00    0.99 | 23.00    0.66 
                 5.25    0.88 | 11.25    5.28 | 17.25    0.99 | 23.25    0.66 
                 5.50    0.88 | 11.50    5.28 | 17.50    0.99 | 23.50    0.66 
                 5.75    0.88 | 11.75   22.88 | 17.75    0.99 | 23.75    0.66 
                 6.00    0.88 | 12.00   60.72 | 18.00    0.99 | 24.00    0.66 
   
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| NASHYD   (  0136)|   Area    (ha)=  11.95   Curve Number   (CN)= 67.0 
|ID= 1 DT= 5.0 min |   Ia      (mm)=   7.00   # of Linear Res.(N)= 3.00 
--------------------   U.H. Tp(hrs)=   0.84 
  
         NOTE:  RAINFALL WAS TRANSFORMED TO   5.0 MIN. TIME STEP. 
 
   
                               ---- TRANSFORMED HYETOGRAPH ---- 
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                0.083    0.55 | 6.083    1.10 |12.083    7.93 | 18.08    0.99 
                0.167    0.55 | 6.167    1.10 |12.167    7.92 | 18.17    0.99 
                0.250    0.55 | 6.250    1.10 |12.250    7.92 | 18.25    0.99 
                0.333    0.55 | 6.333    1.10 |12.333    7.92 | 18.33    0.99 
                0.417    0.55 | 6.417    1.10 |12.417    7.92 | 18.42    0.99 
                0.500    0.55 | 6.500    1.10 |12.500    7.92 | 18.50    0.99 
                0.583    0.55 | 6.583    1.10 |12.583    4.07 | 18.58    0.99 
                0.667    0.55 | 6.667    1.10 |12.667    4.07 | 18.67    0.99 
                0.750    0.55 | 6.750    1.10 |12.750    4.07 | 18.75    0.99 
                0.833    0.55 | 6.833    1.10 |12.833    4.07 | 18.83    0.99 
                0.917    0.55 | 6.917    1.10 |12.917    4.07 | 18.92    0.99 
                1.000    0.55 | 7.000    1.10 |13.000    4.07 | 19.00    0.99 
                1.083    0.55 | 7.083    1.10 |13.083    0.77 | 19.08    0.99 
                1.167    0.55 | 7.167    1.10 |13.167    0.77 | 19.17    0.99 
                1.250    0.55 | 7.250    1.10 |13.250    0.77 | 19.25    0.99 
                1.333    0.55 | 7.333    1.10 |13.333    0.77 | 19.33    0.99 
                1.417    0.55 | 7.417    1.10 |13.417    0.77 | 19.42    0.99 
                1.500    0.55 | 7.500    1.10 |13.500    0.77 | 19.50    0.99 
                1.583    0.55 | 7.583    1.10 |13.583    4.51 | 19.58    0.99 
                1.667    0.55 | 7.667    1.10 |13.667    4.51 | 19.67    0.99 
                1.750    0.55 | 7.750    1.10 |13.750    4.51 | 19.75    0.99 
                1.833    0.99 | 7.833    1.10 |13.833    4.51 | 19.83    0.99 
                1.917    0.99 | 7.917    1.10 |13.917    4.51 | 19.92    0.99 
                2.000    0.99 | 8.000    1.10 |14.000    4.51 | 20.00    0.99 
                2.083    0.72 | 8.083    1.49 |14.083    1.65 | 20.08    0.66 
                2.167    0.72 | 8.167    1.49 |14.167    1.65 | 20.17    0.66 
                2.250    0.72 | 8.250    1.48 |14.250    1.65 | 20.25    0.66 
                2.333    0.71 | 8.333    1.48 |14.333    1.65 | 20.33    0.66 
                2.417    0.71 | 8.417    1.48 |14.417    1.65 | 20.42    0.66 
                2.500    0.71 | 8.500    1.48 |14.500    1.65 | 20.50    0.66 
                2.583    0.71 | 8.583    1.49 |14.583    1.65 | 20.58    0.66 
                2.667    0.72 | 8.667    1.49 |14.667    1.65 | 20.67    0.66 
                2.750    0.72 | 8.750    1.48 |14.750    1.65 | 20.75    0.66 
                2.833    0.71 | 8.833    1.49 |14.833    1.65 | 20.83    0.66 
                2.917    0.71 | 8.917    1.49 |14.917    1.65 | 20.92    0.66 
                3.000    0.71 | 9.000    1.49 |15.000    1.65 | 21.00    0.66 
                3.083    0.71 | 9.083    1.76 |15.083    1.65 | 21.08    0.66 
                3.167    0.71 | 9.167    1.76 |15.167    1.65 | 21.17    0.66 
                3.250    0.71 | 9.250    1.76 |15.250    1.65 | 21.25    0.66 
                3.333    0.71 | 9.333    1.76 |15.333    1.65 | 21.33    0.66 
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                3.417    0.71 | 9.417    1.76 |15.417    1.65 | 21.42    0.66 
                3.500    0.71 | 9.500    1.76 |15.500    1.65 | 21.50    0.66 
                3.583    0.71 | 9.583    1.98 |15.583    1.65 | 21.58    0.66 
                3.667    0.72 | 9.667    1.98 |15.667    1.65 | 21.67    0.66 
                3.750    0.72 | 9.750    1.98 |15.750    1.65 | 21.75    0.66 
                3.833    0.71 | 9.833    1.98 |15.833    1.65 | 21.83    0.66 
                3.917    0.71 | 9.917    1.98 |15.917    1.65 | 21.92    0.66 
                4.000    0.71 |10.000    1.98 |16.000    1.65 | 22.00    0.66 
                4.083    0.88 |10.083    2.53 |16.083    0.99 | 22.08    0.66 
                4.167    0.88 |10.167    2.53 |16.167    0.99 | 22.17    0.66 
                4.250    0.88 |10.250    2.53 |16.250    0.99 | 22.25    0.66 
                4.333    0.88 |10.333    2.53 |16.333    0.99 | 22.33    0.66 
                4.417    0.88 |10.417    2.53 |16.417    0.99 | 22.42    0.66 
                4.500    0.88 |10.500    2.53 |16.500    0.99 | 22.50    0.66 
                4.583    0.88 |10.583    3.41 |16.583    0.99 | 22.58    0.66 
                4.667    0.88 |10.667    3.41 |16.667    0.99 | 22.67    0.66 
                4.750    0.88 |10.750    3.41 |16.750    0.99 | 22.75    0.66 
                4.833    0.88 |10.833    3.41 |16.833    0.99 | 22.83    0.66 
                4.917    0.88 |10.917    3.41 |16.917    0.99 | 22.92    0.66 
                5.000    0.88 |11.000    3.41 |17.000    0.99 | 23.00    0.66 
                5.083    0.88 |11.083    5.28 |17.083    0.99 | 23.08    0.66 
                5.167    0.88 |11.167    5.28 |17.167    0.99 | 23.17    0.66 
                5.250    0.88 |11.250    5.28 |17.250    0.99 | 23.25    0.66 
                5.333    0.88 |11.333    5.28 |17.333    0.99 | 23.33    0.66 
                5.417    0.88 |11.417    5.28 |17.417    0.99 | 23.42    0.66 
                5.500    0.88 |11.500    5.28 |17.500    0.99 | 23.50    0.66 
                5.583    0.88 |11.583   22.88 |17.583    0.99 | 23.58    0.66 
                5.667    0.88 |11.667   22.88 |17.667    0.99 | 23.67    0.66 
                5.750    0.88 |11.750   22.88 |17.750    0.99 | 23.75    0.66 
                5.833    0.88 |11.833   60.72 |17.833    0.99 | 23.83    0.66 
                5.917    0.88 |11.917   60.72 |17.917    0.99 | 23.92    0.66 
                6.000    0.88 |12.000   60.72 |18.000    0.99 | 24.00    0.66 
   
     Unit Hyd Qpeak  (cms)=   0.543 
  
     PEAK FLOW       (cms)=   0.137 (i) 
     TIME TO PEAK    (hrs)=  12.833 
     RUNOFF VOLUME    (mm)=  13.310 
     TOTAL RAINFALL   (mm)=  55.000 
     RUNOFF COEFFICIENT   =   0.242 
  
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| NASHYD   (  0160)|   Area    (ha)=   3.56   Curve Number   (CN)= 67.0 
|ID= 1 DT= 5.0 min |   Ia      (mm)=   7.00   # of Linear Res.(N)= 3.00 
--------------------   U.H. Tp(hrs)=   0.42 
  
         NOTE:  RAINFALL WAS TRANSFORMED TO   5.0 MIN. TIME STEP. 
 
   
                               ---- TRANSFORMED HYETOGRAPH ---- 
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                0.083    0.55 | 6.083    1.10 |12.083    7.93 | 18.08    0.99 
                0.167    0.55 | 6.167    1.10 |12.167    7.92 | 18.17    0.99 
                0.250    0.55 | 6.250    1.10 |12.250    7.92 | 18.25    0.99 
                0.333    0.55 | 6.333    1.10 |12.333    7.92 | 18.33    0.99 
                0.417    0.55 | 6.417    1.10 |12.417    7.92 | 18.42    0.99 
                0.500    0.55 | 6.500    1.10 |12.500    7.92 | 18.50    0.99 
                0.583    0.55 | 6.583    1.10 |12.583    4.07 | 18.58    0.99 
                0.667    0.55 | 6.667    1.10 |12.667    4.07 | 18.67    0.99 
                0.750    0.55 | 6.750    1.10 |12.750    4.07 | 18.75    0.99 
                0.833    0.55 | 6.833    1.10 |12.833    4.07 | 18.83    0.99 

                0.917    0.55 | 6.917    1.10 |12.917    4.07 | 18.92    0.99 
                1.000    0.55 | 7.000    1.10 |13.000    4.07 | 19.00    0.99 
                1.083    0.55 | 7.083    1.10 |13.083    0.77 | 19.08    0.99 
                1.167    0.55 | 7.167    1.10 |13.167    0.77 | 19.17    0.99 
                1.250    0.55 | 7.250    1.10 |13.250    0.77 | 19.25    0.99 
                1.333    0.55 | 7.333    1.10 |13.333    0.77 | 19.33    0.99 
                1.417    0.55 | 7.417    1.10 |13.417    0.77 | 19.42    0.99 
                1.500    0.55 | 7.500    1.10 |13.500    0.77 | 19.50    0.99 
                1.583    0.55 | 7.583    1.10 |13.583    4.51 | 19.58    0.99 
                1.667    0.55 | 7.667    1.10 |13.667    4.51 | 19.67    0.99 
                1.750    0.55 | 7.750    1.10 |13.750    4.51 | 19.75    0.99 
                1.833    0.99 | 7.833    1.10 |13.833    4.51 | 19.83    0.99 
                1.917    0.99 | 7.917    1.10 |13.917    4.51 | 19.92    0.99 
                2.000    0.99 | 8.000    1.10 |14.000    4.51 | 20.00    0.99 
                2.083    0.72 | 8.083    1.49 |14.083    1.65 | 20.08    0.66 
                2.167    0.72 | 8.167    1.49 |14.167    1.65 | 20.17    0.66 
                2.250    0.72 | 8.250    1.48 |14.250    1.65 | 20.25    0.66 
                2.333    0.71 | 8.333    1.48 |14.333    1.65 | 20.33    0.66 
                2.417    0.71 | 8.417    1.48 |14.417    1.65 | 20.42    0.66 
                2.500    0.71 | 8.500    1.48 |14.500    1.65 | 20.50    0.66 
                2.583    0.71 | 8.583    1.49 |14.583    1.65 | 20.58    0.66 
                2.667    0.72 | 8.667    1.49 |14.667    1.65 | 20.67    0.66 
                2.750    0.72 | 8.750    1.48 |14.750    1.65 | 20.75    0.66 
                2.833    0.71 | 8.833    1.49 |14.833    1.65 | 20.83    0.66 
                2.917    0.71 | 8.917    1.49 |14.917    1.65 | 20.92    0.66 
                3.000    0.71 | 9.000    1.49 |15.000    1.65 | 21.00    0.66 
                3.083    0.71 | 9.083    1.76 |15.083    1.65 | 21.08    0.66 
                3.167    0.71 | 9.167    1.76 |15.167    1.65 | 21.17    0.66 
                3.250    0.71 | 9.250    1.76 |15.250    1.65 | 21.25    0.66 
                3.333    0.71 | 9.333    1.76 |15.333    1.65 | 21.33    0.66 
                3.417    0.71 | 9.417    1.76 |15.417    1.65 | 21.42    0.66 
                3.500    0.71 | 9.500    1.76 |15.500    1.65 | 21.50    0.66 
                3.583    0.71 | 9.583    1.98 |15.583    1.65 | 21.58    0.66 
                3.667    0.72 | 9.667    1.98 |15.667    1.65 | 21.67    0.66 
                3.750    0.72 | 9.750    1.98 |15.750    1.65 | 21.75    0.66 
                3.833    0.71 | 9.833    1.98 |15.833    1.65 | 21.83    0.66 
                3.917    0.71 | 9.917    1.98 |15.917    1.65 | 21.92    0.66 
                4.000    0.71 |10.000    1.98 |16.000    1.65 | 22.00    0.66 
                4.083    0.88 |10.083    2.53 |16.083    0.99 | 22.08    0.66 
                4.167    0.88 |10.167    2.53 |16.167    0.99 | 22.17    0.66 
                4.250    0.88 |10.250    2.53 |16.250    0.99 | 22.25    0.66 
                4.333    0.88 |10.333    2.53 |16.333    0.99 | 22.33    0.66 
                4.417    0.88 |10.417    2.53 |16.417    0.99 | 22.42    0.66 
                4.500    0.88 |10.500    2.53 |16.500    0.99 | 22.50    0.66 
                4.583    0.88 |10.583    3.41 |16.583    0.99 | 22.58    0.66 
                4.667    0.88 |10.667    3.41 |16.667    0.99 | 22.67    0.66 
                4.750    0.88 |10.750    3.41 |16.750    0.99 | 22.75    0.66 
                4.833    0.88 |10.833    3.41 |16.833    0.99 | 22.83    0.66 
                4.917    0.88 |10.917    3.41 |16.917    0.99 | 22.92    0.66 
                5.000    0.88 |11.000    3.41 |17.000    0.99 | 23.00    0.66 
                5.083    0.88 |11.083    5.28 |17.083    0.99 | 23.08    0.66 
                5.167    0.88 |11.167    5.28 |17.167    0.99 | 23.17    0.66 
                5.250    0.88 |11.250    5.28 |17.250    0.99 | 23.25    0.66 
                5.333    0.88 |11.333    5.28 |17.333    0.99 | 23.33    0.66 
                5.417    0.88 |11.417    5.28 |17.417    0.99 | 23.42    0.66 
                5.500    0.88 |11.500    5.28 |17.500    0.99 | 23.50    0.66 
                5.583    0.88 |11.583   22.88 |17.583    0.99 | 23.58    0.66 
                5.667    0.88 |11.667   22.88 |17.667    0.99 | 23.67    0.66 
                5.750    0.88 |11.750   22.88 |17.750    0.99 | 23.75    0.66 
                5.833    0.88 |11.833   60.72 |17.833    0.99 | 23.83    0.66 
                5.917    0.88 |11.917   60.72 |17.917    0.99 | 23.92    0.66 
                6.000    0.88 |12.000   60.72 |18.000    0.99 | 24.00    0.66 
   
     Unit Hyd Qpeak  (cms)=   0.324 
  
     PEAK FLOW       (cms)=   0.067 (i) 
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     TIME TO PEAK    (hrs)=  12.333 
     RUNOFF VOLUME    (mm)=  13.308 
     TOTAL RAINFALL   (mm)=  55.000 
     RUNOFF COEFFICIENT   =   0.242 
  
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
  
-------------------- 
| ADD HYD  (  0161)| 
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V. 
--------------------         (ha)    (cms)    (hrs)     (mm) 
        ID1= 1 (  0136):    11.95   0.137    12.83    13.31 
      + ID2= 2 (  0160):     3.56   0.067    12.33    13.31 
        ==================================================== 
        ID = 3 (  0161):    15.51   0.186    12.58    13.31 
  
     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY. 
------------------------------------------------------------------------------- 
-------------------- 
| MASS STORM       |    Filename: C:\Users\hliu\AppD                            
|                  |              ata\Local\Temp\                               
|                  |              1bad779e-5246-410c-a42e-3ccee7a1c0de\8096a049 
| Ptotal= 42.30 mm |    Comments: SCS II 6H_2YR                            
-------------------- 
                        Duration of storm    =  6.00 hrs 
                        Mass curve time step = 15.00 min 
   
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                 0.25    1.69 |  1.75    4.23 |  3.25    9.31 |  4.75    2.54 
                 0.50    1.69 |  2.00    4.23 |  3.50    9.31 |  5.00    2.54 
                 0.75    2.54 |  2.25    5.08 |  3.75    4.23 |  5.25    1.69 
                 1.00    2.54 |  2.50    5.08 |  4.00    4.23 |  5.50    1.69 
                 1.25    2.54 |  2.75   25.38 |  4.25    3.38 |  5.75    1.69 
                 1.50    2.54 |  3.00   65.99 |  4.50    3.38 |  6.00    1.69 
   
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| NASHYD   (  0162)|   Area    (ha)=   3.56   Curve Number   (CN)= 67.0 
|ID= 1 DT= 5.0 min |   Ia      (mm)=   7.00   # of Linear Res.(N)= 3.00 
--------------------   U.H. Tp(hrs)=   0.42 
  
         NOTE:  RAINFALL WAS TRANSFORMED TO   5.0 MIN. TIME STEP. 
 
   
                               ---- TRANSFORMED HYETOGRAPH ---- 
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                0.083    1.69 | 1.583    4.23 | 3.083    9.31 |  4.58    2.54 
                0.167    1.69 | 1.667    4.23 | 3.167    9.31 |  4.67    2.54 
                0.250    1.69 | 1.750    4.23 | 3.250    9.31 |  4.75    2.54 
                0.333    1.69 | 1.833    4.23 | 3.333    9.31 |  4.83    2.54 
                0.417    1.69 | 1.917    4.23 | 3.417    9.31 |  4.92    2.54 
                0.500    1.69 | 2.000    4.23 | 3.500    9.31 |  5.00    2.54 
                0.583    2.54 | 2.083    5.08 | 3.583    4.23 |  5.08    1.69 
                0.667    2.54 | 2.167    5.08 | 3.667    4.23 |  5.17    1.69 
                0.750    2.54 | 2.250    5.08 | 3.750    4.23 |  5.25    1.69 
                0.833    2.54 | 2.333    5.08 | 3.833    4.23 |  5.33    1.69 
                0.917    2.54 | 2.417    5.08 | 3.917    4.23 |  5.42    1.69 
                1.000    2.54 | 2.500    5.08 | 4.000    4.23 |  5.50    1.69 
                1.083    2.54 | 2.583   25.38 | 4.083    3.38 |  5.58    1.69 
                1.167    2.54 | 2.667   25.38 | 4.167    3.38 |  5.67    1.69 
                1.250    2.54 | 2.750   25.38 | 4.250    3.38 |  5.75    1.69 

                1.333    2.54 | 2.833   65.99 | 4.333    3.38 |  5.83    1.69 
                1.417    2.54 | 2.917   65.99 | 4.417    3.38 |  5.92    1.69 
                1.500    2.54 | 3.000   65.99 | 4.500    3.38 |  6.00    1.69 
   
     Unit Hyd Qpeak  (cms)=   0.324 
  
     PEAK FLOW       (cms)=   0.053 (i) 
     TIME TO PEAK    (hrs)=   3.333 
     RUNOFF VOLUME    (mm)=   7.767 
     TOTAL RAINFALL   (mm)=  42.300 
     RUNOFF COEFFICIENT   =   0.184 
  
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| NASHYD   (  0164)|   Area    (ha)=  11.95   Curve Number   (CN)= 67.0 
|ID= 1 DT= 5.0 min |   Ia      (mm)=   7.00   # of Linear Res.(N)= 3.00 
--------------------   U.H. Tp(hrs)=   0.84 
  
         NOTE:  RAINFALL WAS TRANSFORMED TO   5.0 MIN. TIME STEP. 
 
   
                               ---- TRANSFORMED HYETOGRAPH ---- 
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                0.083    1.69 | 1.583    4.23 | 3.083    9.31 |  4.58    2.54 
                0.167    1.69 | 1.667    4.23 | 3.167    9.31 |  4.67    2.54 
                0.250    1.69 | 1.750    4.23 | 3.250    9.31 |  4.75    2.54 
                0.333    1.69 | 1.833    4.23 | 3.333    9.31 |  4.83    2.54 
                0.417    1.69 | 1.917    4.23 | 3.417    9.31 |  4.92    2.54 
                0.500    1.69 | 2.000    4.23 | 3.500    9.31 |  5.00    2.54 
                0.583    2.54 | 2.083    5.08 | 3.583    4.23 |  5.08    1.69 
                0.667    2.54 | 2.167    5.08 | 3.667    4.23 |  5.17    1.69 
                0.750    2.54 | 2.250    5.08 | 3.750    4.23 |  5.25    1.69 
                0.833    2.54 | 2.333    5.08 | 3.833    4.23 |  5.33    1.69 
                0.917    2.54 | 2.417    5.08 | 3.917    4.23 |  5.42    1.69 
                1.000    2.54 | 2.500    5.08 | 4.000    4.23 |  5.50    1.69 
                1.083    2.54 | 2.583   25.38 | 4.083    3.38 |  5.58    1.69 
                1.167    2.54 | 2.667   25.38 | 4.167    3.38 |  5.67    1.69 
                1.250    2.54 | 2.750   25.38 | 4.250    3.38 |  5.75    1.69 
                1.333    2.54 | 2.833   65.99 | 4.333    3.38 |  5.83    1.69 
                1.417    2.54 | 2.917   65.99 | 4.417    3.38 |  5.92    1.69 
                1.500    2.54 | 3.000   65.99 | 4.500    3.38 |  6.00    1.69 
   
     Unit Hyd Qpeak  (cms)=   0.543 
  
     PEAK FLOW       (cms)=   0.110 (i) 
     TIME TO PEAK    (hrs)=   3.917 
     RUNOFF VOLUME    (mm)=   7.768 
     TOTAL RAINFALL   (mm)=  42.300 
     RUNOFF COEFFICIENT   =   0.184 
  
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
  
-------------------- 
| ADD HYD  (  0163)| 
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V. 
--------------------         (ha)    (cms)    (hrs)     (mm) 
        ID1= 1 (  0162):     3.56   0.053     3.33     7.77 
      + ID2= 2 (  0164):    11.95   0.110     3.92     7.77 
        ==================================================== 
        ID = 3 (  0163):    15.51   0.148     3.67     7.77 
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     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY. 
------------------------------------------------------------------------------- 
-------------------- 
| MASS STORM       |    Filename: C:\Users\hliu\AppD                            
|                  |              ata\Local\Temp\                               
|                  |              1bad779e-5246-410c-a42e-3ccee7a1c0de\f78e34d8 
| Ptotal= 46.70 mm |    Comments: SCS II 12H_2YR                           
-------------------- 
                        Duration of storm    = 12.00 hrs 
                        Mass curve time step = 15.00 min 
   
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                 0.25    1.17 |  3.25    1.87 |  6.25    8.41 |  9.25    1.63 
                 0.50    1.17 |  3.50    1.87 |  6.50    8.41 |  9.50    1.63 
                 0.75    1.17 |  3.75    1.87 |  6.75    3.74 |  9.75    1.63 
                 1.00    1.17 |  4.00    1.87 |  7.00    3.74 | 10.00    1.63 
                 1.25    1.17 |  4.25    2.80 |  7.25    2.80 | 10.25    0.93 
                 1.50    1.17 |  4.50    2.80 |  7.50    2.80 | 10.50    0.93 
                 1.75    1.17 |  4.75    3.74 |  7.75    2.80 | 10.75    0.93 
                 2.00    1.17 |  5.00    3.74 |  8.00    2.80 | 11.00    0.93 
                 2.25    1.40 |  5.25    5.60 |  8.25    1.63 | 11.25    0.93 
                 2.50    1.40 |  5.50    5.60 |  8.50    1.63 | 11.50    0.93 
                 2.75    1.40 |  5.75   22.42 |  8.75    1.63 | 11.75    0.93 
                 3.00    1.40 |  6.00   61.64 |  9.00    1.63 | 12.00    0.93 
   
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| NASHYD   (  0165)|   Area    (ha)=   3.56   Curve Number   (CN)= 67.0 
|ID= 1 DT= 5.0 min |   Ia      (mm)=   7.00   # of Linear Res.(N)= 3.00 
--------------------   U.H. Tp(hrs)=   0.42 
  
         NOTE:  RAINFALL WAS TRANSFORMED TO   5.0 MIN. TIME STEP. 
 
   
                               ---- TRANSFORMED HYETOGRAPH ---- 
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                0.083    1.17 | 3.083    1.87 | 6.083    8.41 |  9.08    1.63 
                0.167    1.17 | 3.167    1.87 | 6.167    8.41 |  9.17    1.63 
                0.250    1.17 | 3.250    1.87 | 6.250    8.41 |  9.25    1.63 
                0.333    1.17 | 3.333    1.87 | 6.333    8.41 |  9.33    1.63 
                0.417    1.17 | 3.417    1.87 | 6.417    8.41 |  9.42    1.63 
                0.500    1.17 | 3.500    1.87 | 6.500    8.41 |  9.50    1.63 
                0.583    1.17 | 3.583    1.87 | 6.583    3.74 |  9.58    1.63 
                0.667    1.17 | 3.667    1.87 | 6.667    3.74 |  9.67    1.63 
                0.750    1.17 | 3.750    1.87 | 6.750    3.74 |  9.75    1.63 
                0.833    1.17 | 3.833    1.87 | 6.833    3.74 |  9.83    1.63 
                0.917    1.17 | 3.917    1.87 | 6.917    3.74 |  9.92    1.63 
                1.000    1.17 | 4.000    1.87 | 7.000    3.74 | 10.00    1.63 
                1.083    1.17 | 4.083    2.80 | 7.083    2.80 | 10.08    0.93 
                1.167    1.17 | 4.167    2.80 | 7.167    2.80 | 10.17    0.93 
                1.250    1.17 | 4.250    2.80 | 7.250    2.80 | 10.25    0.93 
                1.333    1.17 | 4.333    2.80 | 7.333    2.80 | 10.33    0.93 
                1.417    1.17 | 4.417    2.80 | 7.417    2.80 | 10.42    0.93 
                1.500    1.17 | 4.500    2.80 | 7.500    2.80 | 10.50    0.93 
                1.583    1.17 | 4.583    3.74 | 7.583    2.80 | 10.58    0.93 
                1.667    1.17 | 4.667    3.74 | 7.667    2.80 | 10.67    0.93 
                1.750    1.17 | 4.750    3.74 | 7.750    2.80 | 10.75    0.93 
                1.833    1.17 | 4.833    3.74 | 7.833    2.80 | 10.83    0.93 
                1.917    1.17 | 4.917    3.74 | 7.917    2.80 | 10.92    0.93 
                2.000    1.17 | 5.000    3.74 | 8.000    2.80 | 11.00    0.93 
                2.083    1.40 | 5.083    5.60 | 8.083    1.63 | 11.08    0.93 
                2.167    1.40 | 5.167    5.60 | 8.167    1.63 | 11.17    0.93 

                2.250    1.40 | 5.250    5.60 | 8.250    1.63 | 11.25    0.93 
                2.333    1.40 | 5.333    5.60 | 8.333    1.63 | 11.33    0.93 
                2.417    1.40 | 5.417    5.60 | 8.417    1.63 | 11.42    0.93 
                2.500    1.40 | 5.500    5.60 | 8.500    1.63 | 11.50    0.93 
                2.583    1.40 | 5.583   22.42 | 8.583    1.63 | 11.58    0.93 
                2.667    1.40 | 5.667   22.42 | 8.667    1.63 | 11.67    0.93 
                2.750    1.40 | 5.750   22.42 | 8.750    1.63 | 11.75    0.93 
                2.833    1.40 | 5.833   61.64 | 8.833    1.63 | 11.83    0.93 
                2.917    1.40 | 5.917   61.64 | 8.917    1.63 | 11.92    0.93 
                3.000    1.40 | 6.000   61.64 | 9.000    1.63 | 12.00    0.93 
   
     Unit Hyd Qpeak  (cms)=   0.324 
  
     PEAK FLOW       (cms)=   0.057 (i) 
     TIME TO PEAK    (hrs)=   6.333 
     RUNOFF VOLUME    (mm)=   9.562 
     TOTAL RAINFALL   (mm)=  46.700 
     RUNOFF COEFFICIENT   =   0.205 
  
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| NASHYD   (  0167)|   Area    (ha)=  11.95   Curve Number   (CN)= 67.0 
|ID= 1 DT= 5.0 min |   Ia      (mm)=   7.00   # of Linear Res.(N)= 3.00 
--------------------   U.H. Tp(hrs)=   0.84 
  
         NOTE:  RAINFALL WAS TRANSFORMED TO   5.0 MIN. TIME STEP. 
 
   
                               ---- TRANSFORMED HYETOGRAPH ---- 
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                0.083    1.17 | 3.083    1.87 | 6.083    8.41 |  9.08    1.63 
                0.167    1.17 | 3.167    1.87 | 6.167    8.41 |  9.17    1.63 
                0.250    1.17 | 3.250    1.87 | 6.250    8.41 |  9.25    1.63 
                0.333    1.17 | 3.333    1.87 | 6.333    8.41 |  9.33    1.63 
                0.417    1.17 | 3.417    1.87 | 6.417    8.41 |  9.42    1.63 
                0.500    1.17 | 3.500    1.87 | 6.500    8.41 |  9.50    1.63 
                0.583    1.17 | 3.583    1.87 | 6.583    3.74 |  9.58    1.63 
                0.667    1.17 | 3.667    1.87 | 6.667    3.74 |  9.67    1.63 
                0.750    1.17 | 3.750    1.87 | 6.750    3.74 |  9.75    1.63 
                0.833    1.17 | 3.833    1.87 | 6.833    3.74 |  9.83    1.63 
                0.917    1.17 | 3.917    1.87 | 6.917    3.74 |  9.92    1.63 
                1.000    1.17 | 4.000    1.87 | 7.000    3.74 | 10.00    1.63 
                1.083    1.17 | 4.083    2.80 | 7.083    2.80 | 10.08    0.93 
                1.167    1.17 | 4.167    2.80 | 7.167    2.80 | 10.17    0.93 
                1.250    1.17 | 4.250    2.80 | 7.250    2.80 | 10.25    0.93 
                1.333    1.17 | 4.333    2.80 | 7.333    2.80 | 10.33    0.93 
                1.417    1.17 | 4.417    2.80 | 7.417    2.80 | 10.42    0.93 
                1.500    1.17 | 4.500    2.80 | 7.500    2.80 | 10.50    0.93 
                1.583    1.17 | 4.583    3.74 | 7.583    2.80 | 10.58    0.93 
                1.667    1.17 | 4.667    3.74 | 7.667    2.80 | 10.67    0.93 
                1.750    1.17 | 4.750    3.74 | 7.750    2.80 | 10.75    0.93 
                1.833    1.17 | 4.833    3.74 | 7.833    2.80 | 10.83    0.93 
                1.917    1.17 | 4.917    3.74 | 7.917    2.80 | 10.92    0.93 
                2.000    1.17 | 5.000    3.74 | 8.000    2.80 | 11.00    0.93 
                2.083    1.40 | 5.083    5.60 | 8.083    1.63 | 11.08    0.93 
                2.167    1.40 | 5.167    5.60 | 8.167    1.63 | 11.17    0.93 
                2.250    1.40 | 5.250    5.60 | 8.250    1.63 | 11.25    0.93 
                2.333    1.40 | 5.333    5.60 | 8.333    1.63 | 11.33    0.93 
                2.417    1.40 | 5.417    5.60 | 8.417    1.63 | 11.42    0.93 
                2.500    1.40 | 5.500    5.60 | 8.500    1.63 | 11.50    0.93 
                2.583    1.40 | 5.583   22.42 | 8.583    1.63 | 11.58    0.93 
                2.667    1.40 | 5.667   22.42 | 8.667    1.63 | 11.67    0.93 
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                2.750    1.40 | 5.750   22.42 | 8.750    1.63 | 11.75    0.93 
                2.833    1.40 | 5.833   61.64 | 8.833    1.63 | 11.83    0.93 
                2.917    1.40 | 5.917   61.64 | 8.917    1.63 | 11.92    0.93 
                3.000    1.40 | 6.000   61.64 | 9.000    1.63 | 12.00    0.93 
   
     Unit Hyd Qpeak  (cms)=   0.543 
  
     PEAK FLOW       (cms)=   0.116 (i) 
     TIME TO PEAK    (hrs)=   6.833 
     RUNOFF VOLUME    (mm)=   9.563 
     TOTAL RAINFALL   (mm)=  46.700 
     RUNOFF COEFFICIENT   =   0.205 
  
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
  
-------------------- 
| ADD HYD  (  0166)| 
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V. 
--------------------         (ha)    (cms)    (hrs)     (mm) 
        ID1= 1 (  0165):     3.56   0.057     6.33     9.56 
      + ID2= 2 (  0167):    11.95   0.116     6.83     9.56 
        ==================================================== 
        ID = 3 (  0166):    15.51   0.158     6.67     9.56 
  
     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY. 
------------------------------------------------------------------------------- 
-------------------- 
| CHICAGO STORM    |    IDF curve parameters: A= 678.085 
| Ptotal= 36.96 mm |                          B=   4.699 
--------------------                          C=   0.781 
                        used in:   INTENSITY =  A / (t + B)^C 
 
                        Duration of storm  =  4.00 hrs 
                        Storm time step    = 10.00 min 
                        Time to peak ratio =  0.33 
   
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                 0.17    2.47 |  1.17   18.78 |  2.17    5.73 |  3.17    2.93 
                 0.33    2.82 |  1.33   83.11 |  2.33    4.89 |  3.33    2.72 
                 0.50    3.31 |  1.50   24.57 |  2.50    4.28 |  3.50    2.55 
                 0.67    4.05 |  1.67   13.01 |  2.67    3.82 |  3.67    2.39 
                 0.83    5.30 |  1.83    9.01 |  2.83    3.46 |  3.83    2.26 
                 1.00    7.98 |  2.00    6.97 |  3.00    3.17 |  4.00    2.15 
   
   
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| NASHYD   (  0168)|   Area    (ha)=   3.56   Curve Number   (CN)= 67.0 
|ID= 1 DT= 5.0 min |   Ia      (mm)=   7.00   # of Linear Res.(N)= 3.00 
--------------------   U.H. Tp(hrs)=   0.42 
  
         NOTE:  RAINFALL WAS TRANSFORMED TO   5.0 MIN. TIME STEP. 
 
   
                               ---- TRANSFORMED HYETOGRAPH ---- 
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                0.083    2.47 | 1.083   18.78 | 2.083    5.73 |  3.08    2.93 
                0.167    2.47 | 1.167   18.78 | 2.167    5.73 |  3.17    2.93 
                0.250    2.82 | 1.250   83.11 | 2.250    4.89 |  3.25    2.72 
                0.333    2.82 | 1.333   83.11 | 2.333    4.89 |  3.33    2.72 
                0.417    3.31 | 1.417   24.57 | 2.417    4.28 |  3.42    2.55 

                0.500    3.31 | 1.500   24.57 | 2.500    4.28 |  3.50    2.55 
                0.583    4.05 | 1.583   13.01 | 2.583    3.82 |  3.58    2.39 
                0.667    4.05 | 1.667   13.01 | 2.667    3.82 |  3.67    2.39 
                0.750    5.30 | 1.750    9.01 | 2.750    3.46 |  3.75    2.26 
                0.833    5.30 | 1.833    9.01 | 2.833    3.46 |  3.83    2.26 
                0.917    7.98 | 1.917    6.97 | 2.917    3.17 |  3.92    2.15 
                1.000    7.98 | 2.000    6.97 | 3.000    3.17 |  4.00    2.15 
   
     Unit Hyd Qpeak  (cms)=   0.324 
  
     PEAK FLOW       (cms)=   0.035 (i) 
     TIME TO PEAK    (hrs)=   1.833 
     RUNOFF VOLUME    (mm)=   5.786 
     TOTAL RAINFALL   (mm)=  36.955 
     RUNOFF COEFFICIENT   =   0.157 
  
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| NASHYD   (  0170)|   Area    (ha)=  11.95   Curve Number   (CN)= 67.0 
|ID= 1 DT= 5.0 min |   Ia      (mm)=   7.00   # of Linear Res.(N)= 3.00 
--------------------   U.H. Tp(hrs)=   0.84 
  
         NOTE:  RAINFALL WAS TRANSFORMED TO   5.0 MIN. TIME STEP. 
 
   
                               ---- TRANSFORMED HYETOGRAPH ---- 
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                0.083    2.47 | 1.083   18.78 | 2.083    5.73 |  3.08    2.93 
                0.167    2.47 | 1.167   18.78 | 2.167    5.73 |  3.17    2.93 
                0.250    2.82 | 1.250   83.11 | 2.250    4.89 |  3.25    2.72 
                0.333    2.82 | 1.333   83.11 | 2.333    4.89 |  3.33    2.72 
                0.417    3.31 | 1.417   24.57 | 2.417    4.28 |  3.42    2.55 
                0.500    3.31 | 1.500   24.57 | 2.500    4.28 |  3.50    2.55 
                0.583    4.05 | 1.583   13.01 | 2.583    3.82 |  3.58    2.39 
                0.667    4.05 | 1.667   13.01 | 2.667    3.82 |  3.67    2.39 
                0.750    5.30 | 1.750    9.01 | 2.750    3.46 |  3.75    2.26 
                0.833    5.30 | 1.833    9.01 | 2.833    3.46 |  3.83    2.26 
                0.917    7.98 | 1.917    6.97 | 2.917    3.17 |  3.92    2.15 
                1.000    7.98 | 2.000    6.97 | 3.000    3.17 |  4.00    2.15 
   
     Unit Hyd Qpeak  (cms)=   0.543 
  
     PEAK FLOW       (cms)=   0.077 (i) 
     TIME TO PEAK    (hrs)=   2.500 
     RUNOFF VOLUME    (mm)=   5.787 
     TOTAL RAINFALL   (mm)=  36.955 
     RUNOFF COEFFICIENT   =   0.157 
  
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
  
-------------------- 
| ADD HYD  (  0169)| 
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V. 
--------------------         (ha)    (cms)    (hrs)     (mm) 
        ID1= 1 (  0168):     3.56   0.035     1.83     5.79 
      + ID2= 2 (  0170):    11.95   0.077     2.50     5.79 
        ==================================================== 
        ID = 3 (  0169):    15.51   0.102     2.25     5.79 
  
     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY. 
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------------------------------------------------------------------------------- 
================================================================================
=========================== 
   
       V    V   I    SSSSS  U   U    A    L              (v 6.2.2006) 
       V    V   I    SS     U   U   A A   L 
        V  V    I     SS    U   U  AAAAA  L 
        V  V    I      SS   U   U  A   A  L 
         VV     I    SSSSS  UUUUU  A   A  LLLLL 
     
        OOO   TTTTT  TTTTT  H   H  Y   Y  M   M   OOO    TM 
       O   O    T      T    H   H   Y Y   MM MM  O   O 
       O   O    T      T    H   H    Y    M   M  O   O     
        OOO     T      T    H   H    Y    M   M   OOO 
Developed and Distributed by Smart City Water Inc 
Copyright 2007 - 2021 Smart City Water Inc 
All rights reserved. 
   
   
                   *****  D E T A I L E D   O U T P U T ***** 
 
 
  Input   filename: C:\Program Files (x86)\Visual OTTHYMO 6.2\VO2\voin.dat                                                                   
  Output  filename: C:\Users\hliu\AppData\Local\Civica\VH5\b41b348d-2025-43d3-
a266-6b877f48bd3e\4d5f0b49-3c0f-4ce6-9484-cb7238bd57e2\scenari 
  Summary filename: C:\Users\hliu\AppData\Local\Civica\VH5\b41b348d-2025-43d3-
a266-6b877f48bd3e\4d5f0b49-3c0f-4ce6-9484-cb7238bd57e2\scenari 
 
 
DATE: 06-29-2022                           TIME: 02:23:35        
 
USER:                                                    
 
 
   
COMMENTS: ____________________________________________________________ 
 
   
--------------------------------------------------------------------------------
--------------------------- 
  ************************************************ 
  ** SIMULATION : Run 02                        ** 
  ************************************************ 
   
-------------------- 
| MASS STORM       |    Filename: C:\Users\hliu\AppD                            
|                  |              ata\Local\Temp\                               
|                  |              1bad779e-5246-410c-a42e-3ccee7a1c0de\efbc61a7 
| Ptotal= 76.00 mm |    Comments: SCS II 24H_5YR                           
-------------------- 
                        Duration of storm    = 24.00 hrs 
                        Mass curve time step = 15.00 min 
   
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                 0.25    0.76 |  6.25    1.52 | 12.25   10.94 | 18.25    1.37 
                 0.50    0.76 |  6.50    1.52 | 12.50   10.94 | 18.50    1.37 
                 0.75    0.76 |  6.75    1.52 | 12.75    5.62 | 18.75    1.37 
                 1.00    0.76 |  7.00    1.52 | 13.00    5.62 | 19.00    1.37 
                 1.25    0.76 |  7.25    1.52 | 13.25    1.06 | 19.25    1.37 
                 1.50    0.76 |  7.50    1.52 | 13.50    1.06 | 19.50    1.37 
                 1.75    0.76 |  7.75    1.52 | 13.75    6.23 | 19.75    1.37 
                 2.00    1.37 |  8.00    1.52 | 14.00    6.23 | 20.00    1.37 
                 2.25    0.99 |  8.25    2.05 | 14.25    2.28 | 20.25    0.91 
                 2.50    0.99 |  8.50    2.05 | 14.50    2.28 | 20.50    0.91 
                 2.75    0.99 |  8.75    2.05 | 14.75    2.28 | 20.75    0.91 

                 3.00    0.99 |  9.00    2.05 | 15.00    2.28 | 21.00    0.91 
                 3.25    0.99 |  9.25    2.43 | 15.25    2.28 | 21.25    0.91 
                 3.50    0.99 |  9.50    2.43 | 15.50    2.28 | 21.50    0.91 
                 3.75    0.99 |  9.75    2.74 | 15.75    2.28 | 21.75    0.91 
                 4.00    0.99 | 10.00    2.74 | 16.00    2.28 | 22.00    0.91 
                 4.25    1.22 | 10.25    3.50 | 16.25    1.37 | 22.25    0.91 
                 4.50    1.22 | 10.50    3.50 | 16.50    1.37 | 22.50    0.91 
                 4.75    1.22 | 10.75    4.71 | 16.75    1.37 | 22.75    0.91 
                 5.00    1.22 | 11.00    4.71 | 17.00    1.37 | 23.00    0.91 
                 5.25    1.22 | 11.25    7.30 | 17.25    1.37 | 23.25    0.91 
                 5.50    1.22 | 11.50    7.30 | 17.50    1.37 | 23.50    0.91 
                 5.75    1.22 | 11.75   31.62 | 17.75    1.37 | 23.75    0.91 
                 6.00    1.22 | 12.00   83.90 | 18.00    1.37 | 24.00    0.91 
   
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| NASHYD   (  0136)|   Area    (ha)=  11.95   Curve Number   (CN)= 67.0 
|ID= 1 DT= 5.0 min |   Ia      (mm)=   7.00   # of Linear Res.(N)= 3.00 
--------------------   U.H. Tp(hrs)=   0.84 
  
         NOTE:  RAINFALL WAS TRANSFORMED TO   5.0 MIN. TIME STEP. 
 
   
                               ---- TRANSFORMED HYETOGRAPH ---- 
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                0.083    0.76 | 6.083    1.52 |12.083   10.95 | 18.08    1.37 
                0.167    0.76 | 6.167    1.52 |12.167   10.94 | 18.17    1.37 
                0.250    0.76 | 6.250    1.52 |12.250   10.94 | 18.25    1.37 
                0.333    0.76 | 6.333    1.52 |12.333   10.94 | 18.33    1.37 
                0.417    0.76 | 6.417    1.52 |12.417   10.94 | 18.42    1.37 
                0.500    0.76 | 6.500    1.52 |12.500   10.94 | 18.50    1.37 
                0.583    0.76 | 6.583    1.52 |12.583    5.62 | 18.58    1.37 
                0.667    0.76 | 6.667    1.52 |12.667    5.62 | 18.67    1.37 
                0.750    0.76 | 6.750    1.52 |12.750    5.62 | 18.75    1.37 
                0.833    0.76 | 6.833    1.52 |12.833    5.62 | 18.83    1.37 
                0.917    0.76 | 6.917    1.52 |12.917    5.62 | 18.92    1.37 
                1.000    0.76 | 7.000    1.52 |13.000    5.62 | 19.00    1.37 
                1.083    0.76 | 7.083    1.52 |13.083    1.06 | 19.08    1.37 
                1.167    0.76 | 7.167    1.52 |13.167    1.06 | 19.17    1.37 
                1.250    0.76 | 7.250    1.52 |13.250    1.06 | 19.25    1.37 
                1.333    0.76 | 7.333    1.52 |13.333    1.06 | 19.33    1.37 
                1.417    0.76 | 7.417    1.52 |13.417    1.06 | 19.42    1.37 
                1.500    0.76 | 7.500    1.52 |13.500    1.06 | 19.50    1.37 
                1.583    0.76 | 7.583    1.52 |13.583    6.23 | 19.58    1.37 
                1.667    0.76 | 7.667    1.52 |13.667    6.23 | 19.67    1.37 
                1.750    0.76 | 7.750    1.52 |13.750    6.23 | 19.75    1.37 
                1.833    1.37 | 7.833    1.52 |13.833    6.23 | 19.83    1.37 
                1.917    1.37 | 7.917    1.52 |13.917    6.23 | 19.92    1.37 
                2.000    1.37 | 8.000    1.52 |14.000    6.23 | 20.00    1.37 
                2.083    0.99 | 8.083    2.05 |14.083    2.28 | 20.08    0.91 
                2.167    0.99 | 8.167    2.05 |14.167    2.28 | 20.17    0.91 
                2.250    0.99 | 8.250    2.05 |14.250    2.28 | 20.25    0.91 
                2.333    0.99 | 8.333    2.05 |14.333    2.28 | 20.33    0.91 
                2.417    0.99 | 8.417    2.05 |14.417    2.28 | 20.42    0.91 
                2.500    0.99 | 8.500    2.05 |14.500    2.28 | 20.50    0.91 
                2.583    0.99 | 8.583    2.05 |14.583    2.28 | 20.58    0.91 
                2.667    0.99 | 8.667    2.05 |14.667    2.28 | 20.67    0.91 
                2.750    0.99 | 8.750    2.05 |14.750    2.28 | 20.75    0.91 
                2.833    0.99 | 8.833    2.05 |14.833    2.28 | 20.83    0.91 
                2.917    0.99 | 8.917    2.05 |14.917    2.28 | 20.92    0.91 
                3.000    0.99 | 9.000    2.05 |15.000    2.28 | 21.00    0.91 
                3.083    0.99 | 9.083    2.43 |15.083    2.28 | 21.08    0.91 
                3.167    0.99 | 9.167    2.43 |15.167    2.28 | 21.17    0.91 
                3.250    0.99 | 9.250    2.43 |15.250    2.28 | 21.25    0.91 
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                3.333    0.99 | 9.333    2.43 |15.333    2.28 | 21.33    0.91 
                3.417    0.99 | 9.417    2.43 |15.417    2.28 | 21.42    0.91 
                3.500    0.99 | 9.500    2.43 |15.500    2.28 | 21.50    0.91 
                3.583    0.99 | 9.583    2.74 |15.583    2.28 | 21.58    0.91 
                3.667    0.99 | 9.667    2.74 |15.667    2.28 | 21.67    0.91 
                3.750    0.99 | 9.750    2.74 |15.750    2.28 | 21.75    0.91 
                3.833    0.99 | 9.833    2.74 |15.833    2.28 | 21.83    0.91 
                3.917    0.99 | 9.917    2.74 |15.917    2.28 | 21.92    0.91 
                4.000    0.99 |10.000    2.74 |16.000    2.28 | 22.00    0.91 
                4.083    1.22 |10.083    3.50 |16.083    1.37 | 22.08    0.91 
                4.167    1.22 |10.167    3.50 |16.167    1.37 | 22.17    0.91 
                4.250    1.22 |10.250    3.50 |16.250    1.37 | 22.25    0.91 
                4.333    1.22 |10.333    3.50 |16.333    1.37 | 22.33    0.91 
                4.417    1.22 |10.417    3.50 |16.417    1.37 | 22.42    0.91 
                4.500    1.22 |10.500    3.50 |16.500    1.37 | 22.50    0.91 
                4.583    1.22 |10.583    4.71 |16.583    1.37 | 22.58    0.91 
                4.667    1.22 |10.667    4.71 |16.667    1.37 | 22.67    0.91 
                4.750    1.22 |10.750    4.71 |16.750    1.37 | 22.75    0.91 
                4.833    1.22 |10.833    4.71 |16.833    1.37 | 22.83    0.91 
                4.917    1.22 |10.917    4.71 |16.917    1.37 | 22.92    0.91 
                5.000    1.22 |11.000    4.71 |17.000    1.37 | 23.00    0.91 
                5.083    1.22 |11.083    7.30 |17.083    1.37 | 23.08    0.91 
                5.167    1.22 |11.167    7.30 |17.167    1.37 | 23.17    0.91 
                5.250    1.22 |11.250    7.30 |17.250    1.37 | 23.25    0.91 
                5.333    1.22 |11.333    7.30 |17.333    1.37 | 23.33    0.91 
                5.417    1.22 |11.417    7.30 |17.417    1.37 | 23.42    0.91 
                5.500    1.22 |11.500    7.30 |17.500    1.37 | 23.50    0.91 
                5.583    1.22 |11.583   31.61 |17.583    1.37 | 23.58    0.91 
                5.667    1.22 |11.667   31.62 |17.667    1.37 | 23.67    0.91 
                5.750    1.22 |11.750   31.62 |17.750    1.37 | 23.75    0.91 
                5.833    1.22 |11.833   83.90 |17.833    1.37 | 23.83    0.91 
                5.917    1.22 |11.917   83.90 |17.917    1.37 | 23.92    0.91 
                6.000    1.22 |12.000   83.90 |18.000    1.37 | 24.00    0.91 
   
     Unit Hyd Qpeak  (cms)=   0.543 
  
     PEAK FLOW       (cms)=   0.259 (i) 
     TIME TO PEAK    (hrs)=  12.833 
     RUNOFF VOLUME    (mm)=  24.528 
     TOTAL RAINFALL   (mm)=  76.000 
     RUNOFF COEFFICIENT   =   0.323 
  
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| NASHYD   (  0160)|   Area    (ha)=   3.56   Curve Number   (CN)= 67.0 
|ID= 1 DT= 5.0 min |   Ia      (mm)=   7.00   # of Linear Res.(N)= 3.00 
--------------------   U.H. Tp(hrs)=   0.42 
  
         NOTE:  RAINFALL WAS TRANSFORMED TO   5.0 MIN. TIME STEP. 
 
   
                               ---- TRANSFORMED HYETOGRAPH ---- 
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                0.083    0.76 | 6.083    1.52 |12.083   10.95 | 18.08    1.37 
                0.167    0.76 | 6.167    1.52 |12.167   10.94 | 18.17    1.37 
                0.250    0.76 | 6.250    1.52 |12.250   10.94 | 18.25    1.37 
                0.333    0.76 | 6.333    1.52 |12.333   10.94 | 18.33    1.37 
                0.417    0.76 | 6.417    1.52 |12.417   10.94 | 18.42    1.37 
                0.500    0.76 | 6.500    1.52 |12.500   10.94 | 18.50    1.37 
                0.583    0.76 | 6.583    1.52 |12.583    5.62 | 18.58    1.37 
                0.667    0.76 | 6.667    1.52 |12.667    5.62 | 18.67    1.37 
                0.750    0.76 | 6.750    1.52 |12.750    5.62 | 18.75    1.37 

                0.833    0.76 | 6.833    1.52 |12.833    5.62 | 18.83    1.37 
                0.917    0.76 | 6.917    1.52 |12.917    5.62 | 18.92    1.37 
                1.000    0.76 | 7.000    1.52 |13.000    5.62 | 19.00    1.37 
                1.083    0.76 | 7.083    1.52 |13.083    1.06 | 19.08    1.37 
                1.167    0.76 | 7.167    1.52 |13.167    1.06 | 19.17    1.37 
                1.250    0.76 | 7.250    1.52 |13.250    1.06 | 19.25    1.37 
                1.333    0.76 | 7.333    1.52 |13.333    1.06 | 19.33    1.37 
                1.417    0.76 | 7.417    1.52 |13.417    1.06 | 19.42    1.37 
                1.500    0.76 | 7.500    1.52 |13.500    1.06 | 19.50    1.37 
                1.583    0.76 | 7.583    1.52 |13.583    6.23 | 19.58    1.37 
                1.667    0.76 | 7.667    1.52 |13.667    6.23 | 19.67    1.37 
                1.750    0.76 | 7.750    1.52 |13.750    6.23 | 19.75    1.37 
                1.833    1.37 | 7.833    1.52 |13.833    6.23 | 19.83    1.37 
                1.917    1.37 | 7.917    1.52 |13.917    6.23 | 19.92    1.37 
                2.000    1.37 | 8.000    1.52 |14.000    6.23 | 20.00    1.37 
                2.083    0.99 | 8.083    2.05 |14.083    2.28 | 20.08    0.91 
                2.167    0.99 | 8.167    2.05 |14.167    2.28 | 20.17    0.91 
                2.250    0.99 | 8.250    2.05 |14.250    2.28 | 20.25    0.91 
                2.333    0.99 | 8.333    2.05 |14.333    2.28 | 20.33    0.91 
                2.417    0.99 | 8.417    2.05 |14.417    2.28 | 20.42    0.91 
                2.500    0.99 | 8.500    2.05 |14.500    2.28 | 20.50    0.91 
                2.583    0.99 | 8.583    2.05 |14.583    2.28 | 20.58    0.91 
                2.667    0.99 | 8.667    2.05 |14.667    2.28 | 20.67    0.91 
                2.750    0.99 | 8.750    2.05 |14.750    2.28 | 20.75    0.91 
                2.833    0.99 | 8.833    2.05 |14.833    2.28 | 20.83    0.91 
                2.917    0.99 | 8.917    2.05 |14.917    2.28 | 20.92    0.91 
                3.000    0.99 | 9.000    2.05 |15.000    2.28 | 21.00    0.91 
                3.083    0.99 | 9.083    2.43 |15.083    2.28 | 21.08    0.91 
                3.167    0.99 | 9.167    2.43 |15.167    2.28 | 21.17    0.91 
                3.250    0.99 | 9.250    2.43 |15.250    2.28 | 21.25    0.91 
                3.333    0.99 | 9.333    2.43 |15.333    2.28 | 21.33    0.91 
                3.417    0.99 | 9.417    2.43 |15.417    2.28 | 21.42    0.91 
                3.500    0.99 | 9.500    2.43 |15.500    2.28 | 21.50    0.91 
                3.583    0.99 | 9.583    2.74 |15.583    2.28 | 21.58    0.91 
                3.667    0.99 | 9.667    2.74 |15.667    2.28 | 21.67    0.91 
                3.750    0.99 | 9.750    2.74 |15.750    2.28 | 21.75    0.91 
                3.833    0.99 | 9.833    2.74 |15.833    2.28 | 21.83    0.91 
                3.917    0.99 | 9.917    2.74 |15.917    2.28 | 21.92    0.91 
                4.000    0.99 |10.000    2.74 |16.000    2.28 | 22.00    0.91 
                4.083    1.22 |10.083    3.50 |16.083    1.37 | 22.08    0.91 
                4.167    1.22 |10.167    3.50 |16.167    1.37 | 22.17    0.91 
                4.250    1.22 |10.250    3.50 |16.250    1.37 | 22.25    0.91 
                4.333    1.22 |10.333    3.50 |16.333    1.37 | 22.33    0.91 
                4.417    1.22 |10.417    3.50 |16.417    1.37 | 22.42    0.91 
                4.500    1.22 |10.500    3.50 |16.500    1.37 | 22.50    0.91 
                4.583    1.22 |10.583    4.71 |16.583    1.37 | 22.58    0.91 
                4.667    1.22 |10.667    4.71 |16.667    1.37 | 22.67    0.91 
                4.750    1.22 |10.750    4.71 |16.750    1.37 | 22.75    0.91 
                4.833    1.22 |10.833    4.71 |16.833    1.37 | 22.83    0.91 
                4.917    1.22 |10.917    4.71 |16.917    1.37 | 22.92    0.91 
                5.000    1.22 |11.000    4.71 |17.000    1.37 | 23.00    0.91 
                5.083    1.22 |11.083    7.30 |17.083    1.37 | 23.08    0.91 
                5.167    1.22 |11.167    7.30 |17.167    1.37 | 23.17    0.91 
                5.250    1.22 |11.250    7.30 |17.250    1.37 | 23.25    0.91 
                5.333    1.22 |11.333    7.30 |17.333    1.37 | 23.33    0.91 
                5.417    1.22 |11.417    7.30 |17.417    1.37 | 23.42    0.91 
                5.500    1.22 |11.500    7.30 |17.500    1.37 | 23.50    0.91 
                5.583    1.22 |11.583   31.61 |17.583    1.37 | 23.58    0.91 
                5.667    1.22 |11.667   31.62 |17.667    1.37 | 23.67    0.91 
                5.750    1.22 |11.750   31.62 |17.750    1.37 | 23.75    0.91 
                5.833    1.22 |11.833   83.90 |17.833    1.37 | 23.83    0.91 
                5.917    1.22 |11.917   83.90 |17.917    1.37 | 23.92    0.91 
                6.000    1.22 |12.000   83.90 |18.000    1.37 | 24.00    0.91 
   
     Unit Hyd Qpeak  (cms)=   0.324 
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     PEAK FLOW       (cms)=   0.127 (i) 
     TIME TO PEAK    (hrs)=  12.333 
     RUNOFF VOLUME    (mm)=  24.525 
     TOTAL RAINFALL   (mm)=  76.000 
     RUNOFF COEFFICIENT   =   0.323 
  
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
  
-------------------- 
| ADD HYD  (  0161)| 
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V. 
--------------------         (ha)    (cms)    (hrs)     (mm) 
        ID1= 1 (  0136):    11.95   0.259    12.83    24.53 
      + ID2= 2 (  0160):     3.56   0.127    12.33    24.53 
        ==================================================== 
        ID = 3 (  0161):    15.51   0.353    12.58    24.53 
  
     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY. 
------------------------------------------------------------------------------- 
-------------------- 
| MASS STORM       |    Filename: C:\Users\hliu\AppD                            
|                  |              ata\Local\Temp\                               
|                  |              1bad779e-5246-410c-a42e-3ccee7a1c0de\2eedf936 
| Ptotal= 59.50 mm |    Comments: SCS II 6H_5YR                            
-------------------- 
                        Duration of storm    =  6.00 hrs 
                        Mass curve time step = 15.00 min 
   
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                 0.25    2.38 |  1.75    5.95 |  3.25   13.09 |  4.75    3.57 
                 0.50    2.38 |  2.00    5.95 |  3.50   13.09 |  5.00    3.57 
                 0.75    3.57 |  2.25    7.14 |  3.75    5.95 |  5.25    2.38 
                 1.00    3.57 |  2.50    7.14 |  4.00    5.95 |  5.50    2.38 
                 1.25    3.57 |  2.75   35.70 |  4.25    4.76 |  5.75    2.38 
                 1.50    3.57 |  3.00   92.82 |  4.50    4.76 |  6.00    2.38 
   
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| NASHYD   (  0162)|   Area    (ha)=   3.56   Curve Number   (CN)= 67.0 
|ID= 1 DT= 5.0 min |   Ia      (mm)=   7.00   # of Linear Res.(N)= 3.00 
--------------------   U.H. Tp(hrs)=   0.42 
  
         NOTE:  RAINFALL WAS TRANSFORMED TO   5.0 MIN. TIME STEP. 
 
   
                               ---- TRANSFORMED HYETOGRAPH ---- 
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                0.083    2.38 | 1.583    5.95 | 3.083   13.09 |  4.58    3.57 
                0.167    2.38 | 1.667    5.95 | 3.167   13.09 |  4.67    3.57 
                0.250    2.38 | 1.750    5.95 | 3.250   13.09 |  4.75    3.57 
                0.333    2.38 | 1.833    5.95 | 3.333   13.09 |  4.83    3.57 
                0.417    2.38 | 1.917    5.95 | 3.417   13.09 |  4.92    3.57 
                0.500    2.38 | 2.000    5.95 | 3.500   13.09 |  5.00    3.57 
                0.583    3.57 | 2.083    7.14 | 3.583    5.95 |  5.08    2.38 
                0.667    3.57 | 2.167    7.14 | 3.667    5.95 |  5.17    2.38 
                0.750    3.57 | 2.250    7.14 | 3.750    5.95 |  5.25    2.38 
                0.833    3.57 | 2.333    7.14 | 3.833    5.95 |  5.33    2.38 
                0.917    3.57 | 2.417    7.14 | 3.917    5.95 |  5.42    2.38 
                1.000    3.57 | 2.500    7.14 | 4.000    5.95 |  5.50    2.38 
                1.083    3.57 | 2.583   35.70 | 4.083    4.76 |  5.58    2.38 
                1.167    3.57 | 2.667   35.70 | 4.167    4.76 |  5.67    2.38 

                1.250    3.57 | 2.750   35.70 | 4.250    4.76 |  5.75    2.38 
                1.333    3.57 | 2.833   92.82 | 4.333    4.76 |  5.83    2.38 
                1.417    3.57 | 2.917   92.82 | 4.417    4.76 |  5.92    2.38 
                1.500    3.57 | 3.000   92.82 | 4.500    4.76 |  6.00    2.38 
   
     Unit Hyd Qpeak  (cms)=   0.324 
  
     PEAK FLOW       (cms)=   0.110 (i) 
     TIME TO PEAK    (hrs)=   3.333 
     RUNOFF VOLUME    (mm)=  15.517 
     TOTAL RAINFALL   (mm)=  59.500 
     RUNOFF COEFFICIENT   =   0.261 
  
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| NASHYD   (  0164)|   Area    (ha)=  11.95   Curve Number   (CN)= 67.0 
|ID= 1 DT= 5.0 min |   Ia      (mm)=   7.00   # of Linear Res.(N)= 3.00 
--------------------   U.H. Tp(hrs)=   0.84 
  
         NOTE:  RAINFALL WAS TRANSFORMED TO   5.0 MIN. TIME STEP. 
 
   
                               ---- TRANSFORMED HYETOGRAPH ---- 
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                0.083    2.38 | 1.583    5.95 | 3.083   13.09 |  4.58    3.57 
                0.167    2.38 | 1.667    5.95 | 3.167   13.09 |  4.67    3.57 
                0.250    2.38 | 1.750    5.95 | 3.250   13.09 |  4.75    3.57 
                0.333    2.38 | 1.833    5.95 | 3.333   13.09 |  4.83    3.57 
                0.417    2.38 | 1.917    5.95 | 3.417   13.09 |  4.92    3.57 
                0.500    2.38 | 2.000    5.95 | 3.500   13.09 |  5.00    3.57 
                0.583    3.57 | 2.083    7.14 | 3.583    5.95 |  5.08    2.38 
                0.667    3.57 | 2.167    7.14 | 3.667    5.95 |  5.17    2.38 
                0.750    3.57 | 2.250    7.14 | 3.750    5.95 |  5.25    2.38 
                0.833    3.57 | 2.333    7.14 | 3.833    5.95 |  5.33    2.38 
                0.917    3.57 | 2.417    7.14 | 3.917    5.95 |  5.42    2.38 
                1.000    3.57 | 2.500    7.14 | 4.000    5.95 |  5.50    2.38 
                1.083    3.57 | 2.583   35.70 | 4.083    4.76 |  5.58    2.38 
                1.167    3.57 | 2.667   35.70 | 4.167    4.76 |  5.67    2.38 
                1.250    3.57 | 2.750   35.70 | 4.250    4.76 |  5.75    2.38 
                1.333    3.57 | 2.833   92.82 | 4.333    4.76 |  5.83    2.38 
                1.417    3.57 | 2.917   92.82 | 4.417    4.76 |  5.92    2.38 
                1.500    3.57 | 3.000   92.82 | 4.500    4.76 |  6.00    2.38 
   
     Unit Hyd Qpeak  (cms)=   0.543 
  
     PEAK FLOW       (cms)=   0.224 (i) 
     TIME TO PEAK    (hrs)=   3.833 
     RUNOFF VOLUME    (mm)=  15.519 
     TOTAL RAINFALL   (mm)=  59.500 
     RUNOFF COEFFICIENT   =   0.261 
  
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
  
-------------------- 
| ADD HYD  (  0163)| 
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V. 
--------------------         (ha)    (cms)    (hrs)     (mm) 
        ID1= 1 (  0162):     3.56   0.110     3.33    15.52 
      + ID2= 2 (  0164):    11.95   0.224     3.83    15.52 
        ==================================================== 
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        ID = 3 (  0163):    15.51   0.304     3.67    15.52 
  
     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY. 
------------------------------------------------------------------------------- 
-------------------- 
| MASS STORM       |    Filename: C:\Users\hliu\AppD                            
|                  |              ata\Local\Temp\                               
|                  |              1bad779e-5246-410c-a42e-3ccee7a1c0de\1a9544a4 
| Ptotal= 64.30 mm |    Comments: SCS II 12H_5YR                           
-------------------- 
                        Duration of storm    = 12.00 hrs 
                        Mass curve time step = 15.00 min 
   
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                 0.25    1.61 |  3.25    2.57 |  6.25   11.57 |  9.25    2.25 
                 0.50    1.61 |  3.50    2.57 |  6.50   11.57 |  9.50    2.25 
                 0.75    1.61 |  3.75    2.57 |  6.75    5.14 |  9.75    2.25 
                 1.00    1.61 |  4.00    2.57 |  7.00    5.14 | 10.00    2.25 
                 1.25    1.61 |  4.25    3.86 |  7.25    3.86 | 10.25    1.29 
                 1.50    1.61 |  4.50    3.86 |  7.50    3.86 | 10.50    1.29 
                 1.75    1.61 |  4.75    5.14 |  7.75    3.86 | 10.75    1.29 
                 2.00    1.61 |  5.00    5.14 |  8.00    3.86 | 11.00    1.29 
                 2.25    1.93 |  5.25    7.72 |  8.25    2.25 | 11.25    1.29 
                 2.50    1.93 |  5.50    7.72 |  8.50    2.25 | 11.50    1.29 
                 2.75    1.93 |  5.75   30.86 |  8.75    2.25 | 11.75    1.29 
                 3.00    1.93 |  6.00   84.88 |  9.00    2.25 | 12.00    1.29 
   
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| NASHYD   (  0165)|   Area    (ha)=   3.56   Curve Number   (CN)= 67.0 
|ID= 1 DT= 5.0 min |   Ia      (mm)=   7.00   # of Linear Res.(N)= 3.00 
--------------------   U.H. Tp(hrs)=   0.42 
  
         NOTE:  RAINFALL WAS TRANSFORMED TO   5.0 MIN. TIME STEP. 
 
   
                               ---- TRANSFORMED HYETOGRAPH ---- 
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                0.083    1.61 | 3.083    2.57 | 6.083   11.57 |  9.08    2.25 
                0.167    1.61 | 3.167    2.57 | 6.167   11.57 |  9.17    2.25 
                0.250    1.61 | 3.250    2.57 | 6.250   11.57 |  9.25    2.25 
                0.333    1.61 | 3.333    2.57 | 6.333   11.57 |  9.33    2.25 
                0.417    1.61 | 3.417    2.57 | 6.417   11.57 |  9.42    2.25 
                0.500    1.61 | 3.500    2.57 | 6.500   11.57 |  9.50    2.25 
                0.583    1.61 | 3.583    2.57 | 6.583    5.14 |  9.58    2.25 
                0.667    1.61 | 3.667    2.57 | 6.667    5.14 |  9.67    2.25 
                0.750    1.61 | 3.750    2.57 | 6.750    5.14 |  9.75    2.25 
                0.833    1.61 | 3.833    2.57 | 6.833    5.14 |  9.83    2.25 
                0.917    1.61 | 3.917    2.57 | 6.917    5.14 |  9.92    2.25 
                1.000    1.61 | 4.000    2.57 | 7.000    5.14 | 10.00    2.25 
                1.083    1.61 | 4.083    3.86 | 7.083    3.86 | 10.08    1.29 
                1.167    1.61 | 4.167    3.86 | 7.167    3.86 | 10.17    1.29 
                1.250    1.61 | 4.250    3.86 | 7.250    3.86 | 10.25    1.29 
                1.333    1.61 | 4.333    3.86 | 7.333    3.86 | 10.33    1.29 
                1.417    1.61 | 4.417    3.86 | 7.417    3.86 | 10.42    1.29 
                1.500    1.61 | 4.500    3.86 | 7.500    3.86 | 10.50    1.29 
                1.583    1.61 | 4.583    5.14 | 7.583    3.86 | 10.58    1.29 
                1.667    1.61 | 4.667    5.14 | 7.667    3.86 | 10.67    1.29 
                1.750    1.61 | 4.750    5.14 | 7.750    3.86 | 10.75    1.29 
                1.833    1.61 | 4.833    5.14 | 7.833    3.86 | 10.83    1.29 
                1.917    1.61 | 4.917    5.14 | 7.917    3.86 | 10.92    1.29 
                2.000    1.61 | 5.000    5.14 | 8.000    3.86 | 11.00    1.29 
                2.083    1.93 | 5.083    7.72 | 8.083    2.25 | 11.08    1.29 

                2.167    1.93 | 5.167    7.72 | 8.167    2.25 | 11.17    1.29 
                2.250    1.93 | 5.250    7.72 | 8.250    2.25 | 11.25    1.29 
                2.333    1.93 | 5.333    7.72 | 8.333    2.25 | 11.33    1.29 
                2.417    1.93 | 5.417    7.72 | 8.417    2.25 | 11.42    1.29 
                2.500    1.93 | 5.500    7.72 | 8.500    2.25 | 11.50    1.29 
                2.583    1.93 | 5.583   30.86 | 8.583    2.25 | 11.58    1.29 
                2.667    1.93 | 5.667   30.86 | 8.667    2.25 | 11.67    1.29 
                2.750    1.93 | 5.750   30.86 | 8.750    2.25 | 11.75    1.29 
                2.833    1.93 | 5.833   84.88 | 8.833    2.25 | 11.83    1.29 
                2.917    1.93 | 5.917   84.88 | 8.917    2.25 | 11.92    1.29 
                3.000    1.93 | 6.000   84.87 | 9.000    2.25 | 12.00    1.29 
   
     Unit Hyd Qpeak  (cms)=   0.324 
  
     PEAK FLOW       (cms)=   0.110 (i) 
     TIME TO PEAK    (hrs)=   6.333 
     RUNOFF VOLUME    (mm)=  17.998 
     TOTAL RAINFALL   (mm)=  64.300 
     RUNOFF COEFFICIENT   =   0.280 
  
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| NASHYD   (  0167)|   Area    (ha)=  11.95   Curve Number   (CN)= 67.0 
|ID= 1 DT= 5.0 min |   Ia      (mm)=   7.00   # of Linear Res.(N)= 3.00 
--------------------   U.H. Tp(hrs)=   0.84 
  
         NOTE:  RAINFALL WAS TRANSFORMED TO   5.0 MIN. TIME STEP. 
 
   
                               ---- TRANSFORMED HYETOGRAPH ---- 
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                0.083    1.61 | 3.083    2.57 | 6.083   11.57 |  9.08    2.25 
                0.167    1.61 | 3.167    2.57 | 6.167   11.57 |  9.17    2.25 
                0.250    1.61 | 3.250    2.57 | 6.250   11.57 |  9.25    2.25 
                0.333    1.61 | 3.333    2.57 | 6.333   11.57 |  9.33    2.25 
                0.417    1.61 | 3.417    2.57 | 6.417   11.57 |  9.42    2.25 
                0.500    1.61 | 3.500    2.57 | 6.500   11.57 |  9.50    2.25 
                0.583    1.61 | 3.583    2.57 | 6.583    5.14 |  9.58    2.25 
                0.667    1.61 | 3.667    2.57 | 6.667    5.14 |  9.67    2.25 
                0.750    1.61 | 3.750    2.57 | 6.750    5.14 |  9.75    2.25 
                0.833    1.61 | 3.833    2.57 | 6.833    5.14 |  9.83    2.25 
                0.917    1.61 | 3.917    2.57 | 6.917    5.14 |  9.92    2.25 
                1.000    1.61 | 4.000    2.57 | 7.000    5.14 | 10.00    2.25 
                1.083    1.61 | 4.083    3.86 | 7.083    3.86 | 10.08    1.29 
                1.167    1.61 | 4.167    3.86 | 7.167    3.86 | 10.17    1.29 
                1.250    1.61 | 4.250    3.86 | 7.250    3.86 | 10.25    1.29 
                1.333    1.61 | 4.333    3.86 | 7.333    3.86 | 10.33    1.29 
                1.417    1.61 | 4.417    3.86 | 7.417    3.86 | 10.42    1.29 
                1.500    1.61 | 4.500    3.86 | 7.500    3.86 | 10.50    1.29 
                1.583    1.61 | 4.583    5.14 | 7.583    3.86 | 10.58    1.29 
                1.667    1.61 | 4.667    5.14 | 7.667    3.86 | 10.67    1.29 
                1.750    1.61 | 4.750    5.14 | 7.750    3.86 | 10.75    1.29 
                1.833    1.61 | 4.833    5.14 | 7.833    3.86 | 10.83    1.29 
                1.917    1.61 | 4.917    5.14 | 7.917    3.86 | 10.92    1.29 
                2.000    1.61 | 5.000    5.14 | 8.000    3.86 | 11.00    1.29 
                2.083    1.93 | 5.083    7.72 | 8.083    2.25 | 11.08    1.29 
                2.167    1.93 | 5.167    7.72 | 8.167    2.25 | 11.17    1.29 
                2.250    1.93 | 5.250    7.72 | 8.250    2.25 | 11.25    1.29 
                2.333    1.93 | 5.333    7.72 | 8.333    2.25 | 11.33    1.29 
                2.417    1.93 | 5.417    7.72 | 8.417    2.25 | 11.42    1.29 
                2.500    1.93 | 5.500    7.72 | 8.500    2.25 | 11.50    1.29 
                2.583    1.93 | 5.583   30.86 | 8.583    2.25 | 11.58    1.29 



Watersand South Phase 2  
Residential Subdivision      June 2022 

        Page 11 of 32 

                2.667    1.93 | 5.667   30.86 | 8.667    2.25 | 11.67    1.29 
                2.750    1.93 | 5.750   30.86 | 8.750    2.25 | 11.75    1.29 
                2.833    1.93 | 5.833   84.88 | 8.833    2.25 | 11.83    1.29 
                2.917    1.93 | 5.917   84.88 | 8.917    2.25 | 11.92    1.29 
                3.000    1.93 | 6.000   84.87 | 9.000    2.25 | 12.00    1.29 
   
     Unit Hyd Qpeak  (cms)=   0.543 
  
     PEAK FLOW       (cms)=   0.225 (i) 
     TIME TO PEAK    (hrs)=   6.833 
     RUNOFF VOLUME    (mm)=  18.000 
     TOTAL RAINFALL   (mm)=  64.300 
     RUNOFF COEFFICIENT   =   0.280 
  
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
  
-------------------- 
| ADD HYD  (  0166)| 
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V. 
--------------------         (ha)    (cms)    (hrs)     (mm) 
        ID1= 1 (  0165):     3.56   0.110     6.33    18.00 
      + ID2= 2 (  0167):    11.95   0.225     6.83    18.00 
        ==================================================== 
        ID = 3 (  0166):    15.51   0.305     6.58    18.00 
  
     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY. 
------------------------------------------------------------------------------- 
-------------------- 
| CHICAGO STORM    |    IDF curve parameters: A= 853.608 
| Ptotal= 50.52 mm |                          B=   4.699 
--------------------                          C=   0.766 
                        used in:   INTENSITY =  A / (t + B)^C 
 
                        Duration of storm  =  4.00 hrs 
                        Storm time step    = 10.00 min 
                        Time to peak ratio =  0.33 
   
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                 0.17    3.57 |  1.17   25.64 |  2.17    8.12 |  3.17    4.22 
                 0.33    4.07 |  1.33  108.92 |  2.33    6.96 |  3.33    3.93 
                 0.50    4.76 |  1.50   33.31 |  2.50    6.12 |  3.50    3.68 
                 0.67    5.79 |  1.67   17.99 |  2.67    5.48 |  3.67    3.47 
                 0.83    7.53 |  1.83   12.60 |  2.83    4.97 |  3.83    3.28 
                 1.00   11.20 |  2.00    9.82 |  3.00    4.56 |  4.00    3.12 
   
   
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| NASHYD   (  0168)|   Area    (ha)=   3.56   Curve Number   (CN)= 67.0 
|ID= 1 DT= 5.0 min |   Ia      (mm)=   7.00   # of Linear Res.(N)= 3.00 
--------------------   U.H. Tp(hrs)=   0.42 
  
         NOTE:  RAINFALL WAS TRANSFORMED TO   5.0 MIN. TIME STEP. 
 
   
                               ---- TRANSFORMED HYETOGRAPH ---- 
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                0.083    3.57 | 1.083   25.64 | 2.083    8.12 |  3.08    4.22 
                0.167    3.57 | 1.167   25.64 | 2.167    8.12 |  3.17    4.22 
                0.250    4.07 | 1.250  108.92 | 2.250    6.96 |  3.25    3.93 
                0.333    4.07 | 1.333  108.92 | 2.333    6.96 |  3.33    3.93 

                0.417    4.76 | 1.417   33.31 | 2.417    6.12 |  3.42    3.68 
                0.500    4.76 | 1.500   33.31 | 2.500    6.12 |  3.50    3.68 
                0.583    5.79 | 1.583   17.99 | 2.583    5.48 |  3.58    3.47 
                0.667    5.79 | 1.667   17.99 | 2.667    5.48 |  3.67    3.47 
                0.750    7.53 | 1.750   12.60 | 2.750    4.97 |  3.75    3.28 
                0.833    7.53 | 1.833   12.60 | 2.833    4.97 |  3.83    3.28 
                0.917   11.20 | 1.917    9.82 | 2.917    4.56 |  3.92    3.12 
                1.000   11.20 | 2.000    9.82 | 3.000    4.56 |  4.00    3.12 
   
     Unit Hyd Qpeak  (cms)=   0.324 
  
     PEAK FLOW       (cms)=   0.070 (i) 
     TIME TO PEAK    (hrs)=   1.833 
     RUNOFF VOLUME    (mm)=  11.231 
     TOTAL RAINFALL   (mm)=  50.521 
     RUNOFF COEFFICIENT   =   0.222 
  
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| NASHYD   (  0170)|   Area    (ha)=  11.95   Curve Number   (CN)= 67.0 
|ID= 1 DT= 5.0 min |   Ia      (mm)=   7.00   # of Linear Res.(N)= 3.00 
--------------------   U.H. Tp(hrs)=   0.84 
  
         NOTE:  RAINFALL WAS TRANSFORMED TO   5.0 MIN. TIME STEP. 
 
   
                               ---- TRANSFORMED HYETOGRAPH ---- 
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                0.083    3.57 | 1.083   25.64 | 2.083    8.12 |  3.08    4.22 
                0.167    3.57 | 1.167   25.64 | 2.167    8.12 |  3.17    4.22 
                0.250    4.07 | 1.250  108.92 | 2.250    6.96 |  3.25    3.93 
                0.333    4.07 | 1.333  108.92 | 2.333    6.96 |  3.33    3.93 
                0.417    4.76 | 1.417   33.31 | 2.417    6.12 |  3.42    3.68 
                0.500    4.76 | 1.500   33.31 | 2.500    6.12 |  3.50    3.68 
                0.583    5.79 | 1.583   17.99 | 2.583    5.48 |  3.58    3.47 
                0.667    5.79 | 1.667   17.99 | 2.667    5.48 |  3.67    3.47 
                0.750    7.53 | 1.750   12.60 | 2.750    4.97 |  3.75    3.28 
                0.833    7.53 | 1.833   12.60 | 2.833    4.97 |  3.83    3.28 
                0.917   11.20 | 1.917    9.82 | 2.917    4.56 |  3.92    3.12 
                1.000   11.20 | 2.000    9.82 | 3.000    4.56 |  4.00    3.12 
   
     Unit Hyd Qpeak  (cms)=   0.543 
  
     PEAK FLOW       (cms)=   0.151 (i) 
     TIME TO PEAK    (hrs)=   2.417 
     RUNOFF VOLUME    (mm)=  11.232 
     TOTAL RAINFALL   (mm)=  50.521 
     RUNOFF COEFFICIENT   =   0.222 
  
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
  
-------------------- 
| ADD HYD  (  0169)| 
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V. 
--------------------         (ha)    (cms)    (hrs)     (mm) 
        ID1= 1 (  0168):     3.56   0.070     1.83    11.23 
      + ID2= 2 (  0170):    11.95   0.151     2.42    11.23 
        ==================================================== 
        ID = 3 (  0169):    15.51   0.201     2.25    11.23 
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     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY. 
------------------------------------------------------------------------------- 
================================================================================
=========================== 
   
       V    V   I    SSSSS  U   U    A    L              (v 6.2.2006) 
       V    V   I    SS     U   U   A A   L 
        V  V    I     SS    U   U  AAAAA  L 
        V  V    I      SS   U   U  A   A  L 
         VV     I    SSSSS  UUUUU  A   A  LLLLL 
     
        OOO   TTTTT  TTTTT  H   H  Y   Y  M   M   OOO    TM 
       O   O    T      T    H   H   Y Y   MM MM  O   O 
       O   O    T      T    H   H    Y    M   M  O   O     
        OOO     T      T    H   H    Y    M   M   OOO 
Developed and Distributed by Smart City Water Inc 
Copyright 2007 - 2021 Smart City Water Inc 
All rights reserved. 
   
   
                   *****  D E T A I L E D   O U T P U T ***** 
 
 
  Input   filename: C:\Program Files (x86)\Visual OTTHYMO 6.2\VO2\voin.dat                                                                   
  Output  filename: C:\Users\hliu\AppData\Local\Civica\VH5\b41b348d-2025-43d3-
a266-6b877f48bd3e\30225998-ee23-42d7-a072-9d6a8329d3b2\scenari 
  Summary filename: C:\Users\hliu\AppData\Local\Civica\VH5\b41b348d-2025-43d3-
a266-6b877f48bd3e\30225998-ee23-42d7-a072-9d6a8329d3b2\scenari 
 
 
DATE: 06-29-2022                           TIME: 02:23:35        
 
USER:                                                    
 
 
   
COMMENTS: ____________________________________________________________ 
 
   
--------------------------------------------------------------------------------
--------------------------- 
  ************************************************ 
  ** SIMULATION : Run 03                        ** 
  ************************************************ 
   
-------------------- 
| MASS STORM       |    Filename: C:\Users\hliu\AppD                            
|                  |              ata\Local\Temp\                               
|                  |              1bad779e-5246-410c-a42e-3ccee7a1c0de\a719fc83 
| Ptotal= 89.90 mm |    Comments: SCS II 24H_10YR                          
-------------------- 
                        Duration of storm    = 24.00 hrs 
                        Mass curve time step = 15.00 min 
   
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                 0.25    0.90 |  6.25    1.80 | 12.25   12.95 | 18.25    1.62 
                 0.50    0.90 |  6.50    1.80 | 12.50   12.95 | 18.50    1.62 
                 0.75    0.90 |  6.75    1.80 | 12.75    6.65 | 18.75    1.62 
                 1.00    0.90 |  7.00    1.80 | 13.00    6.65 | 19.00    1.62 
                 1.25    0.90 |  7.25    1.80 | 13.25    1.26 | 19.25    1.62 
                 1.50    0.90 |  7.50    1.80 | 13.50    1.26 | 19.50    1.62 
                 1.75    0.90 |  7.75    1.80 | 13.75    7.37 | 19.75    1.62 
                 2.00    1.62 |  8.00    1.80 | 14.00    7.37 | 20.00    1.62 
                 2.25    1.17 |  8.25    2.43 | 14.25    2.70 | 20.25    1.08 
                 2.50    1.17 |  8.50    2.43 | 14.50    2.70 | 20.50    1.08 

                 2.75    1.17 |  8.75    2.43 | 14.75    2.70 | 20.75    1.08 
                 3.00    1.17 |  9.00    2.43 | 15.00    2.70 | 21.00    1.08 
                 3.25    1.17 |  9.25    2.88 | 15.25    2.70 | 21.25    1.08 
                 3.50    1.17 |  9.50    2.88 | 15.50    2.70 | 21.50    1.08 
                 3.75    1.17 |  9.75    3.24 | 15.75    2.70 | 21.75    1.08 
                 4.00    1.17 | 10.00    3.24 | 16.00    2.70 | 22.00    1.08 
                 4.25    1.44 | 10.25    4.14 | 16.25    1.62 | 22.25    1.08 
                 4.50    1.44 | 10.50    4.14 | 16.50    1.62 | 22.50    1.08 
                 4.75    1.44 | 10.75    5.57 | 16.75    1.62 | 22.75    1.08 
                 5.00    1.44 | 11.00    5.57 | 17.00    1.62 | 23.00    1.08 
                 5.25    1.44 | 11.25    8.63 | 17.25    1.62 | 23.25    1.08 
                 5.50    1.44 | 11.50    8.63 | 17.50    1.62 | 23.50    1.08 
                 5.75    1.44 | 11.75   37.40 | 17.75    1.62 | 23.75    1.08 
                 6.00    1.44 | 12.00   99.25 | 18.00    1.62 | 24.00    1.08 
   
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| NASHYD   (  0136)|   Area    (ha)=  11.95   Curve Number   (CN)= 67.0 
|ID= 1 DT= 5.0 min |   Ia      (mm)=   7.00   # of Linear Res.(N)= 3.00 
--------------------   U.H. Tp(hrs)=   0.84 
  
         NOTE:  RAINFALL WAS TRANSFORMED TO   5.0 MIN. TIME STEP. 
 
   
                               ---- TRANSFORMED HYETOGRAPH ---- 
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                0.083    0.90 | 6.083    1.80 |12.083   12.96 | 18.08    1.62 
                0.167    0.90 | 6.167    1.80 |12.167   12.95 | 18.17    1.62 
                0.250    0.90 | 6.250    1.80 |12.250   12.95 | 18.25    1.62 
                0.333    0.90 | 6.333    1.80 |12.333   12.95 | 18.33    1.62 
                0.417    0.90 | 6.417    1.80 |12.417   12.95 | 18.42    1.62 
                0.500    0.90 | 6.500    1.80 |12.500   12.95 | 18.50    1.62 
                0.583    0.90 | 6.583    1.80 |12.583    6.65 | 18.58    1.62 
                0.667    0.90 | 6.667    1.80 |12.667    6.65 | 18.67    1.62 
                0.750    0.90 | 6.750    1.80 |12.750    6.65 | 18.75    1.62 
                0.833    0.90 | 6.833    1.80 |12.833    6.65 | 18.83    1.62 
                0.917    0.90 | 6.917    1.80 |12.917    6.65 | 18.92    1.62 
                1.000    0.90 | 7.000    1.80 |13.000    6.65 | 19.00    1.62 
                1.083    0.90 | 7.083    1.80 |13.083    1.26 | 19.08    1.62 
                1.167    0.90 | 7.167    1.80 |13.167    1.26 | 19.17    1.62 
                1.250    0.90 | 7.250    1.80 |13.250    1.26 | 19.25    1.62 
                1.333    0.90 | 7.333    1.80 |13.333    1.26 | 19.33    1.62 
                1.417    0.90 | 7.417    1.80 |13.417    1.26 | 19.42    1.62 
                1.500    0.90 | 7.500    1.80 |13.500    1.26 | 19.50    1.62 
                1.583    0.90 | 7.583    1.80 |13.583    7.37 | 19.58    1.62 
                1.667    0.90 | 7.667    1.80 |13.667    7.37 | 19.67    1.62 
                1.750    0.90 | 7.750    1.80 |13.750    7.37 | 19.75    1.62 
                1.833    1.62 | 7.833    1.80 |13.833    7.37 | 19.83    1.62 
                1.917    1.62 | 7.917    1.80 |13.917    7.37 | 19.92    1.62 
                2.000    1.62 | 8.000    1.80 |14.000    7.37 | 20.00    1.62 
                2.083    1.17 | 8.083    2.43 |14.083    2.70 | 20.08    1.08 
                2.167    1.17 | 8.167    2.43 |14.167    2.70 | 20.17    1.08 
                2.250    1.17 | 8.250    2.43 |14.250    2.70 | 20.25    1.08 
                2.333    1.17 | 8.333    2.43 |14.333    2.70 | 20.33    1.08 
                2.417    1.17 | 8.417    2.43 |14.417    2.70 | 20.42    1.08 
                2.500    1.17 | 8.500    2.43 |14.500    2.70 | 20.50    1.08 
                2.583    1.17 | 8.583    2.43 |14.583    2.70 | 20.58    1.08 
                2.667    1.17 | 8.667    2.43 |14.667    2.70 | 20.67    1.08 
                2.750    1.17 | 8.750    2.43 |14.750    2.70 | 20.75    1.08 
                2.833    1.17 | 8.833    2.43 |14.833    2.70 | 20.83    1.08 
                2.917    1.17 | 8.917    2.43 |14.917    2.70 | 20.92    1.08 
                3.000    1.17 | 9.000    2.43 |15.000    2.70 | 21.00    1.08 
                3.083    1.17 | 9.083    2.88 |15.083    2.70 | 21.08    1.08 
                3.167    1.17 | 9.167    2.88 |15.167    2.70 | 21.17    1.08 
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                3.250    1.17 | 9.250    2.88 |15.250    2.70 | 21.25    1.08 
                3.333    1.17 | 9.333    2.88 |15.333    2.70 | 21.33    1.08 
                3.417    1.17 | 9.417    2.88 |15.417    2.70 | 21.42    1.08 
                3.500    1.17 | 9.500    2.88 |15.500    2.70 | 21.50    1.08 
                3.583    1.17 | 9.583    3.24 |15.583    2.70 | 21.58    1.08 
                3.667    1.17 | 9.667    3.24 |15.667    2.70 | 21.67    1.08 
                3.750    1.17 | 9.750    3.24 |15.750    2.70 | 21.75    1.08 
                3.833    1.17 | 9.833    3.24 |15.833    2.70 | 21.83    1.08 
                3.917    1.17 | 9.917    3.24 |15.917    2.70 | 21.92    1.08 
                4.000    1.17 |10.000    3.24 |16.000    2.70 | 22.00    1.08 
                4.083    1.44 |10.083    4.14 |16.083    1.62 | 22.08    1.08 
                4.167    1.44 |10.167    4.14 |16.167    1.62 | 22.17    1.08 
                4.250    1.44 |10.250    4.14 |16.250    1.62 | 22.25    1.08 
                4.333    1.44 |10.333    4.14 |16.333    1.62 | 22.33    1.08 
                4.417    1.44 |10.417    4.14 |16.417    1.62 | 22.42    1.08 
                4.500    1.44 |10.500    4.14 |16.500    1.62 | 22.50    1.08 
                4.583    1.44 |10.583    5.57 |16.583    1.62 | 22.58    1.08 
                4.667    1.44 |10.667    5.57 |16.667    1.62 | 22.67    1.08 
                4.750    1.44 |10.750    5.57 |16.750    1.62 | 22.75    1.08 
                4.833    1.44 |10.833    5.57 |16.833    1.62 | 22.83    1.08 
                4.917    1.44 |10.917    5.57 |16.917    1.62 | 22.92    1.08 
                5.000    1.44 |11.000    5.57 |17.000    1.62 | 23.00    1.08 
                5.083    1.44 |11.083    8.63 |17.083    1.62 | 23.08    1.08 
                5.167    1.44 |11.167    8.63 |17.167    1.62 | 23.17    1.08 
                5.250    1.44 |11.250    8.63 |17.250    1.62 | 23.25    1.08 
                5.333    1.44 |11.333    8.63 |17.333    1.62 | 23.33    1.08 
                5.417    1.44 |11.417    8.63 |17.417    1.62 | 23.42    1.08 
                5.500    1.44 |11.500    8.63 |17.500    1.62 | 23.50    1.08 
                5.583    1.44 |11.583   37.40 |17.583    1.62 | 23.58    1.08 
                5.667    1.44 |11.667   37.40 |17.667    1.62 | 23.67    1.08 
                5.750    1.44 |11.750   37.40 |17.750    1.62 | 23.75    1.08 
                5.833    1.44 |11.833   99.24 |17.833    1.62 | 23.83    1.08 
                5.917    1.44 |11.917   99.25 |17.917    1.62 | 23.92    1.08 
                6.000    1.44 |12.000   99.25 |18.000    1.62 | 24.00    1.08 
   
     Unit Hyd Qpeak  (cms)=   0.543 
  
     PEAK FLOW       (cms)=   0.353 (i) 
     TIME TO PEAK    (hrs)=  12.750 
     RUNOFF VOLUME    (mm)=  33.039 
     TOTAL RAINFALL   (mm)=  89.900 
     RUNOFF COEFFICIENT   =   0.368 
  
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| NASHYD   (  0160)|   Area    (ha)=   3.56   Curve Number   (CN)= 67.0 
|ID= 1 DT= 5.0 min |   Ia      (mm)=   7.00   # of Linear Res.(N)= 3.00 
--------------------   U.H. Tp(hrs)=   0.42 
  
         NOTE:  RAINFALL WAS TRANSFORMED TO   5.0 MIN. TIME STEP. 
 
   
                               ---- TRANSFORMED HYETOGRAPH ---- 
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                0.083    0.90 | 6.083    1.80 |12.083   12.96 | 18.08    1.62 
                0.167    0.90 | 6.167    1.80 |12.167   12.95 | 18.17    1.62 
                0.250    0.90 | 6.250    1.80 |12.250   12.95 | 18.25    1.62 
                0.333    0.90 | 6.333    1.80 |12.333   12.95 | 18.33    1.62 
                0.417    0.90 | 6.417    1.80 |12.417   12.95 | 18.42    1.62 
                0.500    0.90 | 6.500    1.80 |12.500   12.95 | 18.50    1.62 
                0.583    0.90 | 6.583    1.80 |12.583    6.65 | 18.58    1.62 
                0.667    0.90 | 6.667    1.80 |12.667    6.65 | 18.67    1.62 

                0.750    0.90 | 6.750    1.80 |12.750    6.65 | 18.75    1.62 
                0.833    0.90 | 6.833    1.80 |12.833    6.65 | 18.83    1.62 
                0.917    0.90 | 6.917    1.80 |12.917    6.65 | 18.92    1.62 
                1.000    0.90 | 7.000    1.80 |13.000    6.65 | 19.00    1.62 
                1.083    0.90 | 7.083    1.80 |13.083    1.26 | 19.08    1.62 
                1.167    0.90 | 7.167    1.80 |13.167    1.26 | 19.17    1.62 
                1.250    0.90 | 7.250    1.80 |13.250    1.26 | 19.25    1.62 
                1.333    0.90 | 7.333    1.80 |13.333    1.26 | 19.33    1.62 
                1.417    0.90 | 7.417    1.80 |13.417    1.26 | 19.42    1.62 
                1.500    0.90 | 7.500    1.80 |13.500    1.26 | 19.50    1.62 
                1.583    0.90 | 7.583    1.80 |13.583    7.37 | 19.58    1.62 
                1.667    0.90 | 7.667    1.80 |13.667    7.37 | 19.67    1.62 
                1.750    0.90 | 7.750    1.80 |13.750    7.37 | 19.75    1.62 
                1.833    1.62 | 7.833    1.80 |13.833    7.37 | 19.83    1.62 
                1.917    1.62 | 7.917    1.80 |13.917    7.37 | 19.92    1.62 
                2.000    1.62 | 8.000    1.80 |14.000    7.37 | 20.00    1.62 
                2.083    1.17 | 8.083    2.43 |14.083    2.70 | 20.08    1.08 
                2.167    1.17 | 8.167    2.43 |14.167    2.70 | 20.17    1.08 
                2.250    1.17 | 8.250    2.43 |14.250    2.70 | 20.25    1.08 
                2.333    1.17 | 8.333    2.43 |14.333    2.70 | 20.33    1.08 
                2.417    1.17 | 8.417    2.43 |14.417    2.70 | 20.42    1.08 
                2.500    1.17 | 8.500    2.43 |14.500    2.70 | 20.50    1.08 
                2.583    1.17 | 8.583    2.43 |14.583    2.70 | 20.58    1.08 
                2.667    1.17 | 8.667    2.43 |14.667    2.70 | 20.67    1.08 
                2.750    1.17 | 8.750    2.43 |14.750    2.70 | 20.75    1.08 
                2.833    1.17 | 8.833    2.43 |14.833    2.70 | 20.83    1.08 
                2.917    1.17 | 8.917    2.43 |14.917    2.70 | 20.92    1.08 
                3.000    1.17 | 9.000    2.43 |15.000    2.70 | 21.00    1.08 
                3.083    1.17 | 9.083    2.88 |15.083    2.70 | 21.08    1.08 
                3.167    1.17 | 9.167    2.88 |15.167    2.70 | 21.17    1.08 
                3.250    1.17 | 9.250    2.88 |15.250    2.70 | 21.25    1.08 
                3.333    1.17 | 9.333    2.88 |15.333    2.70 | 21.33    1.08 
                3.417    1.17 | 9.417    2.88 |15.417    2.70 | 21.42    1.08 
                3.500    1.17 | 9.500    2.88 |15.500    2.70 | 21.50    1.08 
                3.583    1.17 | 9.583    3.24 |15.583    2.70 | 21.58    1.08 
                3.667    1.17 | 9.667    3.24 |15.667    2.70 | 21.67    1.08 
                3.750    1.17 | 9.750    3.24 |15.750    2.70 | 21.75    1.08 
                3.833    1.17 | 9.833    3.24 |15.833    2.70 | 21.83    1.08 
                3.917    1.17 | 9.917    3.24 |15.917    2.70 | 21.92    1.08 
                4.000    1.17 |10.000    3.24 |16.000    2.70 | 22.00    1.08 
                4.083    1.44 |10.083    4.14 |16.083    1.62 | 22.08    1.08 
                4.167    1.44 |10.167    4.14 |16.167    1.62 | 22.17    1.08 
                4.250    1.44 |10.250    4.14 |16.250    1.62 | 22.25    1.08 
                4.333    1.44 |10.333    4.14 |16.333    1.62 | 22.33    1.08 
                4.417    1.44 |10.417    4.14 |16.417    1.62 | 22.42    1.08 
                4.500    1.44 |10.500    4.14 |16.500    1.62 | 22.50    1.08 
                4.583    1.44 |10.583    5.57 |16.583    1.62 | 22.58    1.08 
                4.667    1.44 |10.667    5.57 |16.667    1.62 | 22.67    1.08 
                4.750    1.44 |10.750    5.57 |16.750    1.62 | 22.75    1.08 
                4.833    1.44 |10.833    5.57 |16.833    1.62 | 22.83    1.08 
                4.917    1.44 |10.917    5.57 |16.917    1.62 | 22.92    1.08 
                5.000    1.44 |11.000    5.57 |17.000    1.62 | 23.00    1.08 
                5.083    1.44 |11.083    8.63 |17.083    1.62 | 23.08    1.08 
                5.167    1.44 |11.167    8.63 |17.167    1.62 | 23.17    1.08 
                5.250    1.44 |11.250    8.63 |17.250    1.62 | 23.25    1.08 
                5.333    1.44 |11.333    8.63 |17.333    1.62 | 23.33    1.08 
                5.417    1.44 |11.417    8.63 |17.417    1.62 | 23.42    1.08 
                5.500    1.44 |11.500    8.63 |17.500    1.62 | 23.50    1.08 
                5.583    1.44 |11.583   37.40 |17.583    1.62 | 23.58    1.08 
                5.667    1.44 |11.667   37.40 |17.667    1.62 | 23.67    1.08 
                5.750    1.44 |11.750   37.40 |17.750    1.62 | 23.75    1.08 
                5.833    1.44 |11.833   99.24 |17.833    1.62 | 23.83    1.08 
                5.917    1.44 |11.917   99.25 |17.917    1.62 | 23.92    1.08 
                6.000    1.44 |12.000   99.25 |18.000    1.62 | 24.00    1.08 
   
     Unit Hyd Qpeak  (cms)=   0.324 
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     PEAK FLOW       (cms)=   0.173 (i) 
     TIME TO PEAK    (hrs)=  12.250 
     RUNOFF VOLUME    (mm)=  33.036 
     TOTAL RAINFALL   (mm)=  89.900 
     RUNOFF COEFFICIENT   =   0.367 
  
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
  
-------------------- 
| ADD HYD  (  0161)| 
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V. 
--------------------         (ha)    (cms)    (hrs)     (mm) 
        ID1= 1 (  0136):    11.95   0.353    12.75    33.04 
      + ID2= 2 (  0160):     3.56   0.173    12.25    33.04 
        ==================================================== 
        ID = 3 (  0161):    15.51   0.481    12.58    33.04 
  
     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY. 
------------------------------------------------------------------------------- 
-------------------- 
| MASS STORM       |    Filename: C:\Users\hliu\AppD                            
|                  |              ata\Local\Temp\                               
|                  |              1bad779e-5246-410c-a42e-3ccee7a1c0de\118845a2 
| Ptotal= 70.80 mm |    Comments: SCS II 6H_10YR                           
-------------------- 
                        Duration of storm    =  6.00 hrs 
                        Mass curve time step = 15.00 min 
   
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                 0.25    2.83 |  1.75    7.08 |  3.25   15.58 |  4.75    4.25 
                 0.50    2.83 |  2.00    7.08 |  3.50   15.58 |  5.00    4.25 
                 0.75    4.25 |  2.25    8.50 |  3.75    7.08 |  5.25    2.83 
                 1.00    4.25 |  2.50    8.50 |  4.00    7.08 |  5.50    2.83 
                 1.25    4.25 |  2.75   42.48 |  4.25    5.66 |  5.75    2.83 
                 1.50    4.25 |  3.00  110.45 |  4.50    5.66 |  6.00    2.83 
   
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| NASHYD   (  0162)|   Area    (ha)=   3.56   Curve Number   (CN)= 67.0 
|ID= 1 DT= 5.0 min |   Ia      (mm)=   7.00   # of Linear Res.(N)= 3.00 
--------------------   U.H. Tp(hrs)=   0.42 
  
         NOTE:  RAINFALL WAS TRANSFORMED TO   5.0 MIN. TIME STEP. 
 
   
                               ---- TRANSFORMED HYETOGRAPH ---- 
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                0.083    2.83 | 1.583    7.08 | 3.083   15.58 |  4.58    4.25 
                0.167    2.83 | 1.667    7.08 | 3.167   15.58 |  4.67    4.25 
                0.250    2.83 | 1.750    7.08 | 3.250   15.58 |  4.75    4.25 
                0.333    2.83 | 1.833    7.08 | 3.333   15.58 |  4.83    4.25 
                0.417    2.83 | 1.917    7.08 | 3.417   15.58 |  4.92    4.25 
                0.500    2.83 | 2.000    7.08 | 3.500   15.58 |  5.00    4.25 
                0.583    4.25 | 2.083    8.50 | 3.583    7.08 |  5.08    2.83 
                0.667    4.25 | 2.167    8.50 | 3.667    7.08 |  5.17    2.83 
                0.750    4.25 | 2.250    8.50 | 3.750    7.08 |  5.25    2.83 
                0.833    4.25 | 2.333    8.50 | 3.833    7.08 |  5.33    2.83 
                0.917    4.25 | 2.417    8.50 | 3.917    7.08 |  5.42    2.83 
                1.000    4.25 | 2.500    8.50 | 4.000    7.08 |  5.50    2.83 
                1.083    4.25 | 2.583   42.48 | 4.083    5.66 |  5.58    2.83 

                1.167    4.25 | 2.667   42.48 | 4.167    5.66 |  5.67    2.83 
                1.250    4.25 | 2.750   42.48 | 4.250    5.66 |  5.75    2.83 
                1.333    4.25 | 2.833  110.45 | 4.333    5.66 |  5.83    2.83 
                1.417    4.25 | 2.917  110.45 | 4.417    5.66 |  5.92    2.83 
                1.500    4.25 | 3.000  110.45 | 4.500    5.66 |  6.00    2.83 
   
     Unit Hyd Qpeak  (cms)=   0.324 
  
     PEAK FLOW       (cms)=   0.154 (i) 
     TIME TO PEAK    (hrs)=   3.333 
     RUNOFF VOLUME    (mm)=  21.545 
     TOTAL RAINFALL   (mm)=  70.800 
     RUNOFF COEFFICIENT   =   0.304 
  
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| NASHYD   (  0164)|   Area    (ha)=  11.95   Curve Number   (CN)= 67.0 
|ID= 1 DT= 5.0 min |   Ia      (mm)=   7.00   # of Linear Res.(N)= 3.00 
--------------------   U.H. Tp(hrs)=   0.84 
  
         NOTE:  RAINFALL WAS TRANSFORMED TO   5.0 MIN. TIME STEP. 
 
   
                               ---- TRANSFORMED HYETOGRAPH ---- 
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                0.083    2.83 | 1.583    7.08 | 3.083   15.58 |  4.58    4.25 
                0.167    2.83 | 1.667    7.08 | 3.167   15.58 |  4.67    4.25 
                0.250    2.83 | 1.750    7.08 | 3.250   15.58 |  4.75    4.25 
                0.333    2.83 | 1.833    7.08 | 3.333   15.58 |  4.83    4.25 
                0.417    2.83 | 1.917    7.08 | 3.417   15.58 |  4.92    4.25 
                0.500    2.83 | 2.000    7.08 | 3.500   15.58 |  5.00    4.25 
                0.583    4.25 | 2.083    8.50 | 3.583    7.08 |  5.08    2.83 
                0.667    4.25 | 2.167    8.50 | 3.667    7.08 |  5.17    2.83 
                0.750    4.25 | 2.250    8.50 | 3.750    7.08 |  5.25    2.83 
                0.833    4.25 | 2.333    8.50 | 3.833    7.08 |  5.33    2.83 
                0.917    4.25 | 2.417    8.50 | 3.917    7.08 |  5.42    2.83 
                1.000    4.25 | 2.500    8.50 | 4.000    7.08 |  5.50    2.83 
                1.083    4.25 | 2.583   42.48 | 4.083    5.66 |  5.58    2.83 
                1.167    4.25 | 2.667   42.48 | 4.167    5.66 |  5.67    2.83 
                1.250    4.25 | 2.750   42.48 | 4.250    5.66 |  5.75    2.83 
                1.333    4.25 | 2.833  110.45 | 4.333    5.66 |  5.83    2.83 
                1.417    4.25 | 2.917  110.45 | 4.417    5.66 |  5.92    2.83 
                1.500    4.25 | 3.000  110.45 | 4.500    5.66 |  6.00    2.83 
   
     Unit Hyd Qpeak  (cms)=   0.543 
  
     PEAK FLOW       (cms)=   0.314 (i) 
     TIME TO PEAK    (hrs)=   3.833 
     RUNOFF VOLUME    (mm)=  21.547 
     TOTAL RAINFALL   (mm)=  70.800 
     RUNOFF COEFFICIENT   =   0.304 
  
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
  
-------------------- 
| ADD HYD  (  0163)| 
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V. 
--------------------         (ha)    (cms)    (hrs)     (mm) 
        ID1= 1 (  0162):     3.56   0.154     3.33    21.55 
      + ID2= 2 (  0164):    11.95   0.314     3.83    21.55 
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        ==================================================== 
        ID = 3 (  0163):    15.51   0.426     3.67    21.55 
  
     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY. 
------------------------------------------------------------------------------- 
-------------------- 
| MASS STORM       |    Filename: C:\Users\hliu\AppD                            
|                  |              ata\Local\Temp\                               
|                  |              1bad779e-5246-410c-a42e-3ccee7a1c0de\2450d259 
| Ptotal= 76.00 mm |    Comments: SCS II 12H_10YR                          
-------------------- 
                        Duration of storm    = 12.00 hrs 
                        Mass curve time step = 15.00 min 
   
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                 0.25    1.90 |  3.25    3.04 |  6.25   13.68 |  9.25    2.66 
                 0.50    1.90 |  3.50    3.04 |  6.50   13.68 |  9.50    2.66 
                 0.75    1.90 |  3.75    3.04 |  6.75    6.08 |  9.75    2.66 
                 1.00    1.90 |  4.00    3.04 |  7.00    6.08 | 10.00    2.66 
                 1.25    1.90 |  4.25    4.56 |  7.25    4.56 | 10.25    1.52 
                 1.50    1.90 |  4.50    4.56 |  7.50    4.56 | 10.50    1.52 
                 1.75    1.90 |  4.75    6.08 |  7.75    4.56 | 10.75    1.52 
                 2.00    1.90 |  5.00    6.08 |  8.00    4.56 | 11.00    1.52 
                 2.25    2.28 |  5.25    9.12 |  8.25    2.66 | 11.25    1.52 
                 2.50    2.28 |  5.50    9.12 |  8.50    2.66 | 11.50    1.52 
                 2.75    2.28 |  5.75   36.48 |  8.75    2.66 | 11.75    1.52 
                 3.00    2.28 |  6.00  100.32 |  9.00    2.66 | 12.00    1.52 
   
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| NASHYD   (  0165)|   Area    (ha)=   3.56   Curve Number   (CN)= 67.0 
|ID= 1 DT= 5.0 min |   Ia      (mm)=   7.00   # of Linear Res.(N)= 3.00 
--------------------   U.H. Tp(hrs)=   0.42 
  
         NOTE:  RAINFALL WAS TRANSFORMED TO   5.0 MIN. TIME STEP. 
 
   
                               ---- TRANSFORMED HYETOGRAPH ---- 
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                0.083    1.90 | 3.083    3.04 | 6.083   13.68 |  9.08    2.66 
                0.167    1.90 | 3.167    3.04 | 6.167   13.68 |  9.17    2.66 
                0.250    1.90 | 3.250    3.04 | 6.250   13.68 |  9.25    2.66 
                0.333    1.90 | 3.333    3.04 | 6.333   13.68 |  9.33    2.66 
                0.417    1.90 | 3.417    3.04 | 6.417   13.68 |  9.42    2.66 
                0.500    1.90 | 3.500    3.04 | 6.500   13.68 |  9.50    2.66 
                0.583    1.90 | 3.583    3.04 | 6.583    6.08 |  9.58    2.66 
                0.667    1.90 | 3.667    3.04 | 6.667    6.08 |  9.67    2.66 
                0.750    1.90 | 3.750    3.04 | 6.750    6.08 |  9.75    2.66 
                0.833    1.90 | 3.833    3.04 | 6.833    6.08 |  9.83    2.66 
                0.917    1.90 | 3.917    3.04 | 6.917    6.08 |  9.92    2.66 
                1.000    1.90 | 4.000    3.04 | 7.000    6.08 | 10.00    2.66 
                1.083    1.90 | 4.083    4.56 | 7.083    4.56 | 10.08    1.52 
                1.167    1.90 | 4.167    4.56 | 7.167    4.56 | 10.17    1.52 
                1.250    1.90 | 4.250    4.56 | 7.250    4.56 | 10.25    1.52 
                1.333    1.90 | 4.333    4.56 | 7.333    4.56 | 10.33    1.52 
                1.417    1.90 | 4.417    4.56 | 7.417    4.56 | 10.42    1.52 
                1.500    1.90 | 4.500    4.56 | 7.500    4.56 | 10.50    1.52 
                1.583    1.90 | 4.583    6.08 | 7.583    4.56 | 10.58    1.52 
                1.667    1.90 | 4.667    6.08 | 7.667    4.56 | 10.67    1.52 
                1.750    1.90 | 4.750    6.08 | 7.750    4.56 | 10.75    1.52 
                1.833    1.90 | 4.833    6.08 | 7.833    4.56 | 10.83    1.52 
                1.917    1.90 | 4.917    6.08 | 7.917    4.56 | 10.92    1.52 
                2.000    1.90 | 5.000    6.08 | 8.000    4.56 | 11.00    1.52 

                2.083    2.28 | 5.083    9.12 | 8.083    2.66 | 11.08    1.52 
                2.167    2.28 | 5.167    9.12 | 8.167    2.66 | 11.17    1.52 
                2.250    2.28 | 5.250    9.12 | 8.250    2.66 | 11.25    1.52 
                2.333    2.28 | 5.333    9.12 | 8.333    2.66 | 11.33    1.52 
                2.417    2.28 | 5.417    9.12 | 8.417    2.66 | 11.42    1.52 
                2.500    2.28 | 5.500    9.12 | 8.500    2.66 | 11.50    1.52 
                2.583    2.28 | 5.583   36.48 | 8.583    2.66 | 11.58    1.52 
                2.667    2.28 | 5.667   36.48 | 8.667    2.66 | 11.67    1.52 
                2.750    2.28 | 5.750   36.48 | 8.750    2.66 | 11.75    1.52 
                2.833    2.28 | 5.833  100.32 | 8.833    2.66 | 11.83    1.52 
                2.917    2.28 | 5.917  100.32 | 8.917    2.66 | 11.92    1.52 
                3.000    2.28 | 6.000  100.32 | 9.000    2.66 | 12.00    1.52 
   
     Unit Hyd Qpeak  (cms)=   0.324 
  
     PEAK FLOW       (cms)=   0.152 (i) 
     TIME TO PEAK    (hrs)=   6.333 
     RUNOFF VOLUME    (mm)=  24.525 
     TOTAL RAINFALL   (mm)=  76.000 
     RUNOFF COEFFICIENT   =   0.323 
  
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| NASHYD   (  0167)|   Area    (ha)=  11.95   Curve Number   (CN)= 67.0 
|ID= 1 DT= 5.0 min |   Ia      (mm)=   7.00   # of Linear Res.(N)= 3.00 
--------------------   U.H. Tp(hrs)=   0.84 
  
         NOTE:  RAINFALL WAS TRANSFORMED TO   5.0 MIN. TIME STEP. 
 
   
                               ---- TRANSFORMED HYETOGRAPH ---- 
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                0.083    1.90 | 3.083    3.04 | 6.083   13.68 |  9.08    2.66 
                0.167    1.90 | 3.167    3.04 | 6.167   13.68 |  9.17    2.66 
                0.250    1.90 | 3.250    3.04 | 6.250   13.68 |  9.25    2.66 
                0.333    1.90 | 3.333    3.04 | 6.333   13.68 |  9.33    2.66 
                0.417    1.90 | 3.417    3.04 | 6.417   13.68 |  9.42    2.66 
                0.500    1.90 | 3.500    3.04 | 6.500   13.68 |  9.50    2.66 
                0.583    1.90 | 3.583    3.04 | 6.583    6.08 |  9.58    2.66 
                0.667    1.90 | 3.667    3.04 | 6.667    6.08 |  9.67    2.66 
                0.750    1.90 | 3.750    3.04 | 6.750    6.08 |  9.75    2.66 
                0.833    1.90 | 3.833    3.04 | 6.833    6.08 |  9.83    2.66 
                0.917    1.90 | 3.917    3.04 | 6.917    6.08 |  9.92    2.66 
                1.000    1.90 | 4.000    3.04 | 7.000    6.08 | 10.00    2.66 
                1.083    1.90 | 4.083    4.56 | 7.083    4.56 | 10.08    1.52 
                1.167    1.90 | 4.167    4.56 | 7.167    4.56 | 10.17    1.52 
                1.250    1.90 | 4.250    4.56 | 7.250    4.56 | 10.25    1.52 
                1.333    1.90 | 4.333    4.56 | 7.333    4.56 | 10.33    1.52 
                1.417    1.90 | 4.417    4.56 | 7.417    4.56 | 10.42    1.52 
                1.500    1.90 | 4.500    4.56 | 7.500    4.56 | 10.50    1.52 
                1.583    1.90 | 4.583    6.08 | 7.583    4.56 | 10.58    1.52 
                1.667    1.90 | 4.667    6.08 | 7.667    4.56 | 10.67    1.52 
                1.750    1.90 | 4.750    6.08 | 7.750    4.56 | 10.75    1.52 
                1.833    1.90 | 4.833    6.08 | 7.833    4.56 | 10.83    1.52 
                1.917    1.90 | 4.917    6.08 | 7.917    4.56 | 10.92    1.52 
                2.000    1.90 | 5.000    6.08 | 8.000    4.56 | 11.00    1.52 
                2.083    2.28 | 5.083    9.12 | 8.083    2.66 | 11.08    1.52 
                2.167    2.28 | 5.167    9.12 | 8.167    2.66 | 11.17    1.52 
                2.250    2.28 | 5.250    9.12 | 8.250    2.66 | 11.25    1.52 
                2.333    2.28 | 5.333    9.12 | 8.333    2.66 | 11.33    1.52 
                2.417    2.28 | 5.417    9.12 | 8.417    2.66 | 11.42    1.52 
                2.500    2.28 | 5.500    9.12 | 8.500    2.66 | 11.50    1.52 
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                2.583    2.28 | 5.583   36.48 | 8.583    2.66 | 11.58    1.52 
                2.667    2.28 | 5.667   36.48 | 8.667    2.66 | 11.67    1.52 
                2.750    2.28 | 5.750   36.48 | 8.750    2.66 | 11.75    1.52 
                2.833    2.28 | 5.833  100.32 | 8.833    2.66 | 11.83    1.52 
                2.917    2.28 | 5.917  100.32 | 8.917    2.66 | 11.92    1.52 
                3.000    2.28 | 6.000  100.32 | 9.000    2.66 | 12.00    1.52 
   
     Unit Hyd Qpeak  (cms)=   0.543 
  
     PEAK FLOW       (cms)=   0.310 (i) 
     TIME TO PEAK    (hrs)=   6.833 
     RUNOFF VOLUME    (mm)=  24.528 
     TOTAL RAINFALL   (mm)=  76.000 
     RUNOFF COEFFICIENT   =   0.323 
  
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
  
-------------------- 
| ADD HYD  (  0166)| 
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V. 
--------------------         (ha)    (cms)    (hrs)     (mm) 
        ID1= 1 (  0165):     3.56   0.152     6.33    24.53 
      + ID2= 2 (  0167):    11.95   0.310     6.83    24.53 
        ==================================================== 
        ID = 3 (  0166):    15.51   0.421     6.58    24.53 
  
     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY. 
------------------------------------------------------------------------------- 
-------------------- 
| CHICAGO STORM    |    IDF curve parameters: A= 975.865 
| Ptotal= 59.69 mm |                          B=   4.699 
--------------------                          C=   0.760 
                        used in:   INTENSITY =  A / (t + B)^C 
 
                        Duration of storm  =  4.00 hrs 
                        Storm time step    = 10.00 min 
                        Time to peak ratio =  0.33 
   
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                 0.17    4.32 |  1.17   30.27 |  2.17    9.72 |  3.17    5.09 
                 0.33    4.91 |  1.33  126.55 |  2.33    8.35 |  3.33    4.74 
                 0.50    5.73 |  1.50   39.22 |  2.50    7.35 |  3.50    4.45 
                 0.67    6.96 |  1.67   21.35 |  2.67    6.59 |  3.67    4.19 
                 0.83    9.03 |  1.83   15.01 |  2.83    5.99 |  3.83    3.97 
                 1.00   13.36 |  2.00   11.74 |  3.00    5.50 |  4.00    3.77 
   
   
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| NASHYD   (  0168)|   Area    (ha)=   3.56   Curve Number   (CN)= 67.0 
|ID= 1 DT= 5.0 min |   Ia      (mm)=   7.00   # of Linear Res.(N)= 3.00 
--------------------   U.H. Tp(hrs)=   0.42 
  
         NOTE:  RAINFALL WAS TRANSFORMED TO   5.0 MIN. TIME STEP. 
 
   
                               ---- TRANSFORMED HYETOGRAPH ---- 
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                0.083    4.32 | 1.083   30.27 | 2.083    9.72 |  3.08    5.09 
                0.167    4.32 | 1.167   30.27 | 2.167    9.72 |  3.17    5.09 
                0.250    4.91 | 1.250  126.55 | 2.250    8.35 |  3.25    4.74 

                0.333    4.91 | 1.333  126.55 | 2.333    8.35 |  3.33    4.74 
                0.417    5.73 | 1.417   39.22 | 2.417    7.35 |  3.42    4.45 
                0.500    5.73 | 1.500   39.22 | 2.500    7.35 |  3.50    4.45 
                0.583    6.96 | 1.583   21.35 | 2.583    6.59 |  3.58    4.19 
                0.667    6.96 | 1.667   21.35 | 2.667    6.59 |  3.67    4.19 
                0.750    9.03 | 1.750   15.01 | 2.750    5.99 |  3.75    3.97 
                0.833    9.03 | 1.833   15.01 | 2.833    5.99 |  3.83    3.97 
                0.917   13.36 | 1.917   11.74 | 2.917    5.50 |  3.92    3.77 
                1.000   13.36 | 2.000   11.74 | 3.000    5.50 |  4.00    3.77 
   
     Unit Hyd Qpeak  (cms)=   0.324 
  
     PEAK FLOW       (cms)=   0.098 (i) 
     TIME TO PEAK    (hrs)=   1.833 
     RUNOFF VOLUME    (mm)=  15.615 
     TOTAL RAINFALL   (mm)=  59.695 
     RUNOFF COEFFICIENT   =   0.262 
  
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| NASHYD   (  0170)|   Area    (ha)=  11.95   Curve Number   (CN)= 67.0 
|ID= 1 DT= 5.0 min |   Ia      (mm)=   7.00   # of Linear Res.(N)= 3.00 
--------------------   U.H. Tp(hrs)=   0.84 
  
         NOTE:  RAINFALL WAS TRANSFORMED TO   5.0 MIN. TIME STEP. 
 
   
                               ---- TRANSFORMED HYETOGRAPH ---- 
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                0.083    4.32 | 1.083   30.27 | 2.083    9.72 |  3.08    5.09 
                0.167    4.32 | 1.167   30.27 | 2.167    9.72 |  3.17    5.09 
                0.250    4.91 | 1.250  126.55 | 2.250    8.35 |  3.25    4.74 
                0.333    4.91 | 1.333  126.55 | 2.333    8.35 |  3.33    4.74 
                0.417    5.73 | 1.417   39.22 | 2.417    7.35 |  3.42    4.45 
                0.500    5.73 | 1.500   39.22 | 2.500    7.35 |  3.50    4.45 
                0.583    6.96 | 1.583   21.35 | 2.583    6.59 |  3.58    4.19 
                0.667    6.96 | 1.667   21.35 | 2.667    6.59 |  3.67    4.19 
                0.750    9.03 | 1.750   15.01 | 2.750    5.99 |  3.75    3.97 
                0.833    9.03 | 1.833   15.01 | 2.833    5.99 |  3.83    3.97 
                0.917   13.36 | 1.917   11.74 | 2.917    5.50 |  3.92    3.77 
                1.000   13.36 | 2.000   11.74 | 3.000    5.50 |  4.00    3.77 
   
     Unit Hyd Qpeak  (cms)=   0.543 
  
     PEAK FLOW       (cms)=   0.211 (i) 
     TIME TO PEAK    (hrs)=   2.417 
     RUNOFF VOLUME    (mm)=  15.617 
     TOTAL RAINFALL   (mm)=  59.695 
     RUNOFF COEFFICIENT   =   0.262 
  
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
  
-------------------- 
| ADD HYD  (  0169)| 
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V. 
--------------------         (ha)    (cms)    (hrs)     (mm) 
        ID1= 1 (  0168):     3.56   0.098     1.83    15.62 
      + ID2= 2 (  0170):    11.95   0.211     2.42    15.62 
        ==================================================== 
        ID = 3 (  0169):    15.51   0.281     2.25    15.62 
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     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY. 
------------------------------------------------------------------------------- 
================================================================================
=========================== 
   
       V    V   I    SSSSS  U   U    A    L              (v 6.2.2006) 
       V    V   I    SS     U   U   A A   L 
        V  V    I     SS    U   U  AAAAA  L 
        V  V    I      SS   U   U  A   A  L 
         VV     I    SSSSS  UUUUU  A   A  LLLLL 
     
        OOO   TTTTT  TTTTT  H   H  Y   Y  M   M   OOO    TM 
       O   O    T      T    H   H   Y Y   MM MM  O   O 
       O   O    T      T    H   H    Y    M   M  O   O     
        OOO     T      T    H   H    Y    M   M   OOO 
Developed and Distributed by Smart City Water Inc 
Copyright 2007 - 2021 Smart City Water Inc 
All rights reserved. 
   
   
                   *****  D E T A I L E D   O U T P U T ***** 
 
 
  Input   filename: C:\Program Files (x86)\Visual OTTHYMO 6.2\VO2\voin.dat                                                                   
  Output  filename: C:\Users\hliu\AppData\Local\Civica\VH5\b41b348d-2025-43d3-
a266-6b877f48bd3e\8de9ca2e-8186-4509-9a7d-c6b246141711\scenari 
  Summary filename: C:\Users\hliu\AppData\Local\Civica\VH5\b41b348d-2025-43d3-
a266-6b877f48bd3e\8de9ca2e-8186-4509-9a7d-c6b246141711\scenari 
 
 
DATE: 06-29-2022                           TIME: 02:23:36        
 
USER:                                                    
 
 
   
COMMENTS: ____________________________________________________________ 
 
   
--------------------------------------------------------------------------------
--------------------------- 
  ************************************************ 
  ** SIMULATION : Run 04                        ** 
  ************************************************ 
   
-------------------- 
| MASS STORM       |    Filename: C:\Users\hliu\AppD                            
|                  |              ata\Local\Temp\                               
|                  |              1bad779e-5246-410c-a42e-3ccee7a1c0de\6d7a2231 
| Ptotal=107.50 mm |    Comments: Mass 24-Hour SCS Type II Design Storm    
-------------------- 
                        Duration of storm    = 24.00 hrs 
                        Mass curve time step = 15.00 min 
   
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                 0.25    1.08 |  6.25    2.15 | 12.25   15.48 | 18.25    1.93 
                 0.50    1.08 |  6.50    2.15 | 12.50   15.48 | 18.50    1.94 
                 0.75    1.08 |  6.75    2.15 | 12.75    7.95 | 18.75    1.93 
                 1.00    1.08 |  7.00    2.15 | 13.00    7.96 | 19.00    1.94 
                 1.25    1.08 |  7.25    2.15 | 13.25    1.50 | 19.25    1.93 
                 1.50    1.07 |  7.50    2.15 | 13.50    1.50 | 19.50    1.94 
                 1.75    1.08 |  7.75    2.15 | 13.75    8.82 | 19.75    1.93 
                 2.00    1.93 |  8.00    2.15 | 14.00    8.82 | 20.00    1.94 
                 2.25    1.40 |  8.25    2.90 | 14.25    3.22 | 20.25    1.29 

                 2.50    1.40 |  8.50    2.90 | 14.50    3.22 | 20.50    1.29 
                 2.75    1.40 |  8.75    2.90 | 14.75    3.22 | 20.75    1.29 
                 3.00    1.40 |  9.00    2.90 | 15.00    3.23 | 21.00    1.29 
                 3.25    1.40 |  9.25    3.44 | 15.25    3.22 | 21.25    1.29 
                 3.50    1.40 |  9.50    3.44 | 15.50    3.22 | 21.50    1.29 
                 3.75    1.40 |  9.75    3.87 | 15.75    3.22 | 21.75    1.29 
                 4.00    1.40 | 10.00    3.87 | 16.00    3.22 | 22.00    1.29 
                 4.25    1.72 | 10.25    4.95 | 16.25    1.94 | 22.25    1.29 
                 4.50    1.72 | 10.50    4.95 | 16.50    1.93 | 22.50    1.29 
                 4.75    1.72 | 10.75    6.67 | 16.75    1.93 | 22.75    1.29 
                 5.00    1.72 | 11.00    6.66 | 17.00    1.94 | 23.00    1.29 
                 5.25    1.72 | 11.25   10.32 | 17.25    1.93 | 23.25    1.29 
                 5.50    1.72 | 11.50   10.32 | 17.50    1.94 | 23.50    1.29 
                 5.75    1.72 | 11.75   44.72 | 17.75    1.93 | 23.75    1.29 
                 6.00    1.72 | 12.00  118.68 | 18.00    1.94 | 24.00    1.29 
   
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| NASHYD   (  0136)|   Area    (ha)=  11.95   Curve Number   (CN)= 67.0 
|ID= 1 DT= 5.0 min |   Ia      (mm)=   7.00   # of Linear Res.(N)= 3.00 
--------------------   U.H. Tp(hrs)=   0.84 
  
         NOTE:  RAINFALL WAS TRANSFORMED TO   5.0 MIN. TIME STEP. 
 
   
                               ---- TRANSFORMED HYETOGRAPH ---- 
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                0.083    1.08 | 6.083    2.15 |12.083   15.49 | 18.08    1.94 
                0.167    1.08 | 6.167    2.15 |12.167   15.48 | 18.17    1.93 
                0.250    1.08 | 6.250    2.15 |12.250   15.48 | 18.25    1.93 
                0.333    1.08 | 6.333    2.15 |12.333   15.48 | 18.33    1.94 
                0.417    1.08 | 6.417    2.15 |12.417   15.48 | 18.42    1.94 
                0.500    1.08 | 6.500    2.15 |12.500   15.48 | 18.50    1.94 
                0.583    1.08 | 6.583    2.15 |12.583    7.96 | 18.58    1.94 
                0.667    1.08 | 6.667    2.15 |12.667    7.95 | 18.67    1.93 
                0.750    1.08 | 6.750    2.15 |12.750    7.95 | 18.75    1.93 
                0.833    1.07 | 6.833    2.15 |12.833    7.95 | 18.83    1.94 
                0.917    1.08 | 6.917    2.15 |12.917    7.96 | 18.92    1.94 
                1.000    1.08 | 7.000    2.15 |13.000    7.96 | 19.00    1.94 
                1.083    1.07 | 7.083    2.15 |13.083    1.51 | 19.08    1.94 
                1.167    1.08 | 7.167    2.15 |13.167    1.50 | 19.17    1.93 
                1.250    1.08 | 7.250    2.15 |13.250    1.50 | 19.25    1.93 
                1.333    1.08 | 7.333    2.15 |13.333    1.50 | 19.33    1.94 
                1.417    1.07 | 7.417    2.15 |13.417    1.50 | 19.42    1.94 
                1.500    1.08 | 7.500    2.15 |13.500    1.50 | 19.50    1.94 
                1.583    1.08 | 7.583    2.15 |13.583    8.81 | 19.58    1.93 
                1.667    1.08 | 7.667    2.15 |13.667    8.82 | 19.67    1.93 
                1.750    1.08 | 7.750    2.15 |13.750    8.82 | 19.75    1.94 
                1.833    1.93 | 7.833    2.15 |13.833    8.81 | 19.83    1.94 
                1.917    1.93 | 7.917    2.15 |13.917    8.82 | 19.92    1.94 
                2.000    1.93 | 8.000    2.15 |14.000    8.82 | 20.00    1.93 
                2.083    1.40 | 8.083    2.90 |14.083    3.23 | 20.08    1.29 
                2.167    1.40 | 8.167    2.90 |14.167    3.22 | 20.17    1.29 
                2.250    1.40 | 8.250    2.90 |14.250    3.22 | 20.25    1.29 
                2.333    1.40 | 8.333    2.90 |14.333    3.22 | 20.33    1.29 
                2.417    1.40 | 8.417    2.90 |14.417    3.22 | 20.42    1.29 
                2.500    1.40 | 8.500    2.90 |14.500    3.22 | 20.50    1.29 
                2.583    1.40 | 8.583    2.90 |14.583    3.22 | 20.58    1.29 
                2.667    1.40 | 8.667    2.90 |14.667    3.22 | 20.67    1.29 
                2.750    1.40 | 8.750    2.90 |14.750    3.22 | 20.75    1.29 
                2.833    1.40 | 8.833    2.90 |14.833    3.23 | 20.83    1.29 
                2.917    1.40 | 8.917    2.90 |14.917    3.23 | 20.92    1.29 
                3.000    1.40 | 9.000    2.90 |15.000    3.23 | 21.00    1.29 
                3.083    1.40 | 9.083    3.44 |15.083    3.22 | 21.08    1.29 
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                3.167    1.40 | 9.167    3.44 |15.167    3.22 | 21.17    1.29 
                3.250    1.40 | 9.250    3.44 |15.250    3.22 | 21.25    1.29 
                3.333    1.40 | 9.333    3.44 |15.333    3.22 | 21.33    1.29 
                3.417    1.40 | 9.417    3.44 |15.417    3.22 | 21.42    1.29 
                3.500    1.40 | 9.500    3.44 |15.500    3.22 | 21.50    1.29 
                3.583    1.40 | 9.583    3.87 |15.583    3.22 | 21.58    1.29 
                3.667    1.40 | 9.667    3.87 |15.667    3.22 | 21.67    1.29 
                3.750    1.40 | 9.750    3.87 |15.750    3.22 | 21.75    1.29 
                3.833    1.40 | 9.833    3.87 |15.833    3.22 | 21.83    1.29 
                3.917    1.40 | 9.917    3.87 |15.917    3.22 | 21.92    1.29 
                4.000    1.40 |10.000    3.87 |16.000    3.22 | 22.00    1.29 
                4.083    1.72 |10.083    4.94 |16.083    1.94 | 22.08    1.29 
                4.167    1.72 |10.167    4.95 |16.167    1.94 | 22.17    1.29 
                4.250    1.72 |10.250    4.95 |16.250    1.94 | 22.25    1.29 
                4.333    1.72 |10.333    4.94 |16.333    1.94 | 22.33    1.29 
                4.417    1.72 |10.417    4.95 |16.417    1.93 | 22.42    1.29 
                4.500    1.72 |10.500    4.95 |16.500    1.93 | 22.50    1.29 
                4.583    1.72 |10.583    6.66 |16.583    1.94 | 22.58    1.29 
                4.667    1.72 |10.667    6.67 |16.667    1.93 | 22.67    1.29 
                4.750    1.72 |10.750    6.67 |16.750    1.93 | 22.75    1.29 
                4.833    1.72 |10.833    6.66 |16.833    1.94 | 22.83    1.29 
                4.917    1.72 |10.917    6.66 |16.917    1.94 | 22.92    1.29 
                5.000    1.72 |11.000    6.66 |17.000    1.94 | 23.00    1.29 
                5.083    1.72 |11.083   10.32 |17.083    1.94 | 23.08    1.29 
                5.167    1.72 |11.167   10.32 |17.167    1.93 | 23.17    1.29 
                5.250    1.72 |11.250   10.32 |17.250    1.93 | 23.25    1.29 
                5.333    1.72 |11.333   10.32 |17.333    1.94 | 23.33    1.29 
                5.417    1.72 |11.417   10.32 |17.417    1.94 | 23.42    1.29 
                5.500    1.72 |11.500   10.32 |17.500    1.94 | 23.50    1.29 
                5.583    1.72 |11.583   44.72 |17.583    1.94 | 23.58    1.29 
                5.667    1.72 |11.667   44.72 |17.667    1.93 | 23.67    1.29 
                5.750    1.72 |11.750   44.72 |17.750    1.93 | 23.75    1.29 
                5.833    1.72 |11.833  118.67 |17.833    1.94 | 23.83    1.29 
                5.917    1.72 |11.917  118.68 |17.917    1.94 | 23.92    1.29 
                6.000    1.72 |12.000  118.68 |18.000    1.94 | 24.00    1.29 
   
     Unit Hyd Qpeak  (cms)=   0.543 
  
     PEAK FLOW       (cms)=   0.484 (i) 
     TIME TO PEAK    (hrs)=  12.750 
     RUNOFF VOLUME    (mm)=  44.769 
     TOTAL RAINFALL   (mm)= 107.500 
     RUNOFF COEFFICIENT   =   0.416 
  
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| NASHYD   (  0160)|   Area    (ha)=   3.56   Curve Number   (CN)= 67.0 
|ID= 1 DT= 5.0 min |   Ia      (mm)=   7.00   # of Linear Res.(N)= 3.00 
--------------------   U.H. Tp(hrs)=   0.42 
  
         NOTE:  RAINFALL WAS TRANSFORMED TO   5.0 MIN. TIME STEP. 
 
   
                               ---- TRANSFORMED HYETOGRAPH ---- 
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                0.083    1.08 | 6.083    2.15 |12.083   15.49 | 18.08    1.94 
                0.167    1.08 | 6.167    2.15 |12.167   15.48 | 18.17    1.93 
                0.250    1.08 | 6.250    2.15 |12.250   15.48 | 18.25    1.93 
                0.333    1.08 | 6.333    2.15 |12.333   15.48 | 18.33    1.94 
                0.417    1.08 | 6.417    2.15 |12.417   15.48 | 18.42    1.94 
                0.500    1.08 | 6.500    2.15 |12.500   15.48 | 18.50    1.94 
                0.583    1.08 | 6.583    2.15 |12.583    7.96 | 18.58    1.94 

                0.667    1.08 | 6.667    2.15 |12.667    7.95 | 18.67    1.93 
                0.750    1.08 | 6.750    2.15 |12.750    7.95 | 18.75    1.93 
                0.833    1.07 | 6.833    2.15 |12.833    7.95 | 18.83    1.94 
                0.917    1.08 | 6.917    2.15 |12.917    7.96 | 18.92    1.94 
                1.000    1.08 | 7.000    2.15 |13.000    7.96 | 19.00    1.94 
                1.083    1.07 | 7.083    2.15 |13.083    1.51 | 19.08    1.94 
                1.167    1.08 | 7.167    2.15 |13.167    1.50 | 19.17    1.93 
                1.250    1.08 | 7.250    2.15 |13.250    1.50 | 19.25    1.93 
                1.333    1.08 | 7.333    2.15 |13.333    1.50 | 19.33    1.94 
                1.417    1.07 | 7.417    2.15 |13.417    1.50 | 19.42    1.94 
                1.500    1.08 | 7.500    2.15 |13.500    1.50 | 19.50    1.94 
                1.583    1.08 | 7.583    2.15 |13.583    8.81 | 19.58    1.93 
                1.667    1.08 | 7.667    2.15 |13.667    8.82 | 19.67    1.93 
                1.750    1.08 | 7.750    2.15 |13.750    8.82 | 19.75    1.94 
                1.833    1.93 | 7.833    2.15 |13.833    8.81 | 19.83    1.94 
                1.917    1.93 | 7.917    2.15 |13.917    8.82 | 19.92    1.94 
                2.000    1.93 | 8.000    2.15 |14.000    8.82 | 20.00    1.93 
                2.083    1.40 | 8.083    2.90 |14.083    3.23 | 20.08    1.29 
                2.167    1.40 | 8.167    2.90 |14.167    3.22 | 20.17    1.29 
                2.250    1.40 | 8.250    2.90 |14.250    3.22 | 20.25    1.29 
                2.333    1.40 | 8.333    2.90 |14.333    3.22 | 20.33    1.29 
                2.417    1.40 | 8.417    2.90 |14.417    3.22 | 20.42    1.29 
                2.500    1.40 | 8.500    2.90 |14.500    3.22 | 20.50    1.29 
                2.583    1.40 | 8.583    2.90 |14.583    3.22 | 20.58    1.29 
                2.667    1.40 | 8.667    2.90 |14.667    3.22 | 20.67    1.29 
                2.750    1.40 | 8.750    2.90 |14.750    3.22 | 20.75    1.29 
                2.833    1.40 | 8.833    2.90 |14.833    3.23 | 20.83    1.29 
                2.917    1.40 | 8.917    2.90 |14.917    3.23 | 20.92    1.29 
                3.000    1.40 | 9.000    2.90 |15.000    3.23 | 21.00    1.29 
                3.083    1.40 | 9.083    3.44 |15.083    3.22 | 21.08    1.29 
                3.167    1.40 | 9.167    3.44 |15.167    3.22 | 21.17    1.29 
                3.250    1.40 | 9.250    3.44 |15.250    3.22 | 21.25    1.29 
                3.333    1.40 | 9.333    3.44 |15.333    3.22 | 21.33    1.29 
                3.417    1.40 | 9.417    3.44 |15.417    3.22 | 21.42    1.29 
                3.500    1.40 | 9.500    3.44 |15.500    3.22 | 21.50    1.29 
                3.583    1.40 | 9.583    3.87 |15.583    3.22 | 21.58    1.29 
                3.667    1.40 | 9.667    3.87 |15.667    3.22 | 21.67    1.29 
                3.750    1.40 | 9.750    3.87 |15.750    3.22 | 21.75    1.29 
                3.833    1.40 | 9.833    3.87 |15.833    3.22 | 21.83    1.29 
                3.917    1.40 | 9.917    3.87 |15.917    3.22 | 21.92    1.29 
                4.000    1.40 |10.000    3.87 |16.000    3.22 | 22.00    1.29 
                4.083    1.72 |10.083    4.94 |16.083    1.94 | 22.08    1.29 
                4.167    1.72 |10.167    4.95 |16.167    1.94 | 22.17    1.29 
                4.250    1.72 |10.250    4.95 |16.250    1.94 | 22.25    1.29 
                4.333    1.72 |10.333    4.94 |16.333    1.94 | 22.33    1.29 
                4.417    1.72 |10.417    4.95 |16.417    1.93 | 22.42    1.29 
                4.500    1.72 |10.500    4.95 |16.500    1.93 | 22.50    1.29 
                4.583    1.72 |10.583    6.66 |16.583    1.94 | 22.58    1.29 
                4.667    1.72 |10.667    6.67 |16.667    1.93 | 22.67    1.29 
                4.750    1.72 |10.750    6.67 |16.750    1.93 | 22.75    1.29 
                4.833    1.72 |10.833    6.66 |16.833    1.94 | 22.83    1.29 
                4.917    1.72 |10.917    6.66 |16.917    1.94 | 22.92    1.29 
                5.000    1.72 |11.000    6.66 |17.000    1.94 | 23.00    1.29 
                5.083    1.72 |11.083   10.32 |17.083    1.94 | 23.08    1.29 
                5.167    1.72 |11.167   10.32 |17.167    1.93 | 23.17    1.29 
                5.250    1.72 |11.250   10.32 |17.250    1.93 | 23.25    1.29 
                5.333    1.72 |11.333   10.32 |17.333    1.94 | 23.33    1.29 
                5.417    1.72 |11.417   10.32 |17.417    1.94 | 23.42    1.29 
                5.500    1.72 |11.500   10.32 |17.500    1.94 | 23.50    1.29 
                5.583    1.72 |11.583   44.72 |17.583    1.94 | 23.58    1.29 
                5.667    1.72 |11.667   44.72 |17.667    1.93 | 23.67    1.29 
                5.750    1.72 |11.750   44.72 |17.750    1.93 | 23.75    1.29 
                5.833    1.72 |11.833  118.67 |17.833    1.94 | 23.83    1.29 
                5.917    1.72 |11.917  118.68 |17.917    1.94 | 23.92    1.29 
                6.000    1.72 |12.000  118.68 |18.000    1.94 | 24.00    1.29 
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     Unit Hyd Qpeak  (cms)=   0.324 
  
     PEAK FLOW       (cms)=   0.236 (i) 
     TIME TO PEAK    (hrs)=  12.250 
     RUNOFF VOLUME    (mm)=  44.765 
     TOTAL RAINFALL   (mm)= 107.500 
     RUNOFF COEFFICIENT   =   0.416 
  
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
  
-------------------- 
| ADD HYD  (  0161)| 
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V. 
--------------------         (ha)    (cms)    (hrs)     (mm) 
        ID1= 1 (  0136):    11.95   0.484    12.75    44.77 
      + ID2= 2 (  0160):     3.56   0.236    12.25    44.77 
        ==================================================== 
        ID = 3 (  0161):    15.51   0.658    12.58    44.77 
  
     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY. 
------------------------------------------------------------------------------- 
-------------------- 
| MASS STORM       |    Filename: C:\Users\hliu\AppD                            
|                  |              ata\Local\Temp\                               
|                  |              1bad779e-5246-410c-a42e-3ccee7a1c0de\b7d4aaa8 
| Ptotal= 85.20 mm |    Comments: SCS II 6H_25YR                           
-------------------- 
                        Duration of storm    =  6.00 hrs 
                        Mass curve time step = 15.00 min 
   
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                 0.25    3.41 |  1.75    8.52 |  3.25   18.74 |  4.75    5.11 
                 0.50    3.41 |  2.00    8.52 |  3.50   18.74 |  5.00    5.11 
                 0.75    5.11 |  2.25   10.22 |  3.75    8.52 |  5.25    3.41 
                 1.00    5.11 |  2.50   10.22 |  4.00    8.52 |  5.50    3.41 
                 1.25    5.11 |  2.75   51.12 |  4.25    6.82 |  5.75    3.41 
                 1.50    5.11 |  3.00  132.91 |  4.50    6.82 |  6.00    3.41 
   
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| NASHYD   (  0162)|   Area    (ha)=   3.56   Curve Number   (CN)= 67.0 
|ID= 1 DT= 5.0 min |   Ia      (mm)=   7.00   # of Linear Res.(N)= 3.00 
--------------------   U.H. Tp(hrs)=   0.42 
  
         NOTE:  RAINFALL WAS TRANSFORMED TO   5.0 MIN. TIME STEP. 
 
   
                               ---- TRANSFORMED HYETOGRAPH ---- 
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                0.083    3.41 | 1.583    8.52 | 3.083   18.74 |  4.58    5.11 
                0.167    3.41 | 1.667    8.52 | 3.167   18.74 |  4.67    5.11 
                0.250    3.41 | 1.750    8.52 | 3.250   18.74 |  4.75    5.11 
                0.333    3.41 | 1.833    8.52 | 3.333   18.74 |  4.83    5.11 
                0.417    3.41 | 1.917    8.52 | 3.417   18.74 |  4.92    5.11 
                0.500    3.41 | 2.000    8.52 | 3.500   18.74 |  5.00    5.11 
                0.583    5.11 | 2.083   10.22 | 3.583    8.52 |  5.08    3.41 
                0.667    5.11 | 2.167   10.22 | 3.667    8.52 |  5.17    3.41 
                0.750    5.11 | 2.250   10.22 | 3.750    8.52 |  5.25    3.41 
                0.833    5.11 | 2.333   10.22 | 3.833    8.52 |  5.33    3.41 
                0.917    5.11 | 2.417   10.22 | 3.917    8.52 |  5.42    3.41 
                1.000    5.11 | 2.500   10.22 | 4.000    8.52 |  5.50    3.41 

                1.083    5.11 | 2.583   51.12 | 4.083    6.82 |  5.58    3.41 
                1.167    5.11 | 2.667   51.12 | 4.167    6.82 |  5.67    3.41 
                1.250    5.11 | 2.750   51.12 | 4.250    6.82 |  5.75    3.41 
                1.333    5.11 | 2.833  132.91 | 4.333    6.82 |  5.83    3.41 
                1.417    5.11 | 2.917  132.91 | 4.417    6.82 |  5.92    3.41 
                1.500    5.11 | 3.000  132.91 | 4.500    6.82 |  6.00    3.41 
   
     Unit Hyd Qpeak  (cms)=   0.324 
  
     PEAK FLOW       (cms)=   0.218 (i) 
     TIME TO PEAK    (hrs)=   3.333 
     RUNOFF VOLUME    (mm)=  30.076 
     TOTAL RAINFALL   (mm)=  85.200 
     RUNOFF COEFFICIENT   =   0.353 
  
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| NASHYD   (  0164)|   Area    (ha)=  11.95   Curve Number   (CN)= 67.0 
|ID= 1 DT= 5.0 min |   Ia      (mm)=   7.00   # of Linear Res.(N)= 3.00 
--------------------   U.H. Tp(hrs)=   0.84 
  
         NOTE:  RAINFALL WAS TRANSFORMED TO   5.0 MIN. TIME STEP. 
 
   
                               ---- TRANSFORMED HYETOGRAPH ---- 
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                0.083    3.41 | 1.583    8.52 | 3.083   18.74 |  4.58    5.11 
                0.167    3.41 | 1.667    8.52 | 3.167   18.74 |  4.67    5.11 
                0.250    3.41 | 1.750    8.52 | 3.250   18.74 |  4.75    5.11 
                0.333    3.41 | 1.833    8.52 | 3.333   18.74 |  4.83    5.11 
                0.417    3.41 | 1.917    8.52 | 3.417   18.74 |  4.92    5.11 
                0.500    3.41 | 2.000    8.52 | 3.500   18.74 |  5.00    5.11 
                0.583    5.11 | 2.083   10.22 | 3.583    8.52 |  5.08    3.41 
                0.667    5.11 | 2.167   10.22 | 3.667    8.52 |  5.17    3.41 
                0.750    5.11 | 2.250   10.22 | 3.750    8.52 |  5.25    3.41 
                0.833    5.11 | 2.333   10.22 | 3.833    8.52 |  5.33    3.41 
                0.917    5.11 | 2.417   10.22 | 3.917    8.52 |  5.42    3.41 
                1.000    5.11 | 2.500   10.22 | 4.000    8.52 |  5.50    3.41 
                1.083    5.11 | 2.583   51.12 | 4.083    6.82 |  5.58    3.41 
                1.167    5.11 | 2.667   51.12 | 4.167    6.82 |  5.67    3.41 
                1.250    5.11 | 2.750   51.12 | 4.250    6.82 |  5.75    3.41 
                1.333    5.11 | 2.833  132.91 | 4.333    6.82 |  5.83    3.41 
                1.417    5.11 | 2.917  132.91 | 4.417    6.82 |  5.92    3.41 
                1.500    5.11 | 3.000  132.91 | 4.500    6.82 |  6.00    3.41 
   
     Unit Hyd Qpeak  (cms)=   0.543 
  
     PEAK FLOW       (cms)=   0.443 (i) 
     TIME TO PEAK    (hrs)=   3.833 
     RUNOFF VOLUME    (mm)=  30.079 
     TOTAL RAINFALL   (mm)=  85.200 
     RUNOFF COEFFICIENT   =   0.353 
  
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
  
-------------------- 
| ADD HYD  (  0163)| 
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V. 
--------------------         (ha)    (cms)    (hrs)     (mm) 
        ID1= 1 (  0162):     3.56   0.218     3.33    30.08 
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      + ID2= 2 (  0164):    11.95   0.443     3.83    30.08 
        ==================================================== 
        ID = 3 (  0163):    15.51   0.600     3.67    30.08 
  
     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY. 
------------------------------------------------------------------------------- 
-------------------- 
| MASS STORM       |    Filename: C:\Users\hliu\AppD                            
|                  |              ata\Local\Temp\                               
|                  |              1bad779e-5246-410c-a42e-3ccee7a1c0de\8b21e398 
| Ptotal= 90.70 mm |    Comments: SCS II 12H_25YR                          
-------------------- 
                        Duration of storm    = 12.00 hrs 
                        Mass curve time step = 15.00 min 
   
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                 0.25    2.27 |  3.25    3.63 |  6.25   16.33 |  9.25    3.17 
                 0.50    2.27 |  3.50    3.63 |  6.50   16.33 |  9.50    3.17 
                 0.75    2.27 |  3.75    3.63 |  6.75    7.26 |  9.75    3.17 
                 1.00    2.27 |  4.00    3.63 |  7.00    7.26 | 10.00    3.17 
                 1.25    2.27 |  4.25    5.44 |  7.25    5.44 | 10.25    1.81 
                 1.50    2.27 |  4.50    5.44 |  7.50    5.44 | 10.50    1.81 
                 1.75    2.27 |  4.75    7.26 |  7.75    5.44 | 10.75    1.81 
                 2.00    2.27 |  5.00    7.26 |  8.00    5.44 | 11.00    1.81 
                 2.25    2.72 |  5.25   10.88 |  8.25    3.17 | 11.25    1.81 
                 2.50    2.72 |  5.50   10.88 |  8.50    3.17 | 11.50    1.81 
                 2.75    2.72 |  5.75   43.54 |  8.75    3.17 | 11.75    1.81 
                 3.00    2.72 |  6.00  119.72 |  9.00    3.17 | 12.00    1.81 
   
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| NASHYD   (  0165)|   Area    (ha)=   3.56   Curve Number   (CN)= 67.0 
|ID= 1 DT= 5.0 min |   Ia      (mm)=   7.00   # of Linear Res.(N)= 3.00 
--------------------   U.H. Tp(hrs)=   0.42 
  
         NOTE:  RAINFALL WAS TRANSFORMED TO   5.0 MIN. TIME STEP. 
 
   
                               ---- TRANSFORMED HYETOGRAPH ---- 
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                0.083    2.27 | 3.083    3.63 | 6.083   16.33 |  9.08    3.17 
                0.167    2.27 | 3.167    3.63 | 6.167   16.33 |  9.17    3.17 
                0.250    2.27 | 3.250    3.63 | 6.250   16.33 |  9.25    3.17 
                0.333    2.27 | 3.333    3.63 | 6.333   16.33 |  9.33    3.17 
                0.417    2.27 | 3.417    3.63 | 6.417   16.33 |  9.42    3.17 
                0.500    2.27 | 3.500    3.63 | 6.500   16.33 |  9.50    3.17 
                0.583    2.27 | 3.583    3.63 | 6.583    7.26 |  9.58    3.17 
                0.667    2.27 | 3.667    3.63 | 6.667    7.26 |  9.67    3.17 
                0.750    2.27 | 3.750    3.63 | 6.750    7.26 |  9.75    3.17 
                0.833    2.27 | 3.833    3.63 | 6.833    7.26 |  9.83    3.17 
                0.917    2.27 | 3.917    3.63 | 6.917    7.26 |  9.92    3.17 
                1.000    2.27 | 4.000    3.63 | 7.000    7.26 | 10.00    3.17 
                1.083    2.27 | 4.083    5.44 | 7.083    5.44 | 10.08    1.81 
                1.167    2.27 | 4.167    5.44 | 7.167    5.44 | 10.17    1.81 
                1.250    2.27 | 4.250    5.44 | 7.250    5.44 | 10.25    1.81 
                1.333    2.27 | 4.333    5.44 | 7.333    5.44 | 10.33    1.81 
                1.417    2.27 | 4.417    5.44 | 7.417    5.44 | 10.42    1.81 
                1.500    2.27 | 4.500    5.44 | 7.500    5.44 | 10.50    1.81 
                1.583    2.27 | 4.583    7.26 | 7.583    5.44 | 10.58    1.81 
                1.667    2.27 | 4.667    7.26 | 7.667    5.44 | 10.67    1.81 
                1.750    2.27 | 4.750    7.26 | 7.750    5.44 | 10.75    1.81 
                1.833    2.27 | 4.833    7.26 | 7.833    5.44 | 10.83    1.81 
                1.917    2.27 | 4.917    7.26 | 7.917    5.44 | 10.92    1.81 

                2.000    2.27 | 5.000    7.26 | 8.000    5.44 | 11.00    1.81 
                2.083    2.72 | 5.083   10.88 | 8.083    3.17 | 11.08    1.81 
                2.167    2.72 | 5.167   10.88 | 8.167    3.17 | 11.17    1.81 
                2.250    2.72 | 5.250   10.88 | 8.250    3.17 | 11.25    1.81 
                2.333    2.72 | 5.333   10.88 | 8.333    3.17 | 11.33    1.81 
                2.417    2.72 | 5.417   10.88 | 8.417    3.17 | 11.42    1.81 
                2.500    2.72 | 5.500   10.88 | 8.500    3.17 | 11.50    1.81 
                2.583    2.72 | 5.583   43.54 | 8.583    3.17 | 11.58    1.81 
                2.667    2.72 | 5.667   43.54 | 8.667    3.17 | 11.67    1.81 
                2.750    2.72 | 5.750   43.54 | 8.750    3.17 | 11.75    1.81 
                2.833    2.72 | 5.833  119.72 | 8.833    3.17 | 11.83    1.81 
                2.917    2.72 | 5.917  119.72 | 8.917    3.17 | 11.92    1.81 
                3.000    2.72 | 6.000  119.72 | 9.000    3.17 | 12.00    1.81 
   
     Unit Hyd Qpeak  (cms)=   0.324 
  
     PEAK FLOW       (cms)=   0.209 (i) 
     TIME TO PEAK    (hrs)=   6.333 
     RUNOFF VOLUME    (mm)=  33.548 
     TOTAL RAINFALL   (mm)=  90.700 
     RUNOFF COEFFICIENT   =   0.370 
  
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| NASHYD   (  0167)|   Area    (ha)=  11.95   Curve Number   (CN)= 67.0 
|ID= 1 DT= 5.0 min |   Ia      (mm)=   7.00   # of Linear Res.(N)= 3.00 
--------------------   U.H. Tp(hrs)=   0.84 
  
         NOTE:  RAINFALL WAS TRANSFORMED TO   5.0 MIN. TIME STEP. 
 
   
                               ---- TRANSFORMED HYETOGRAPH ---- 
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                0.083    2.27 | 3.083    3.63 | 6.083   16.33 |  9.08    3.17 
                0.167    2.27 | 3.167    3.63 | 6.167   16.33 |  9.17    3.17 
                0.250    2.27 | 3.250    3.63 | 6.250   16.33 |  9.25    3.17 
                0.333    2.27 | 3.333    3.63 | 6.333   16.33 |  9.33    3.17 
                0.417    2.27 | 3.417    3.63 | 6.417   16.33 |  9.42    3.17 
                0.500    2.27 | 3.500    3.63 | 6.500   16.33 |  9.50    3.17 
                0.583    2.27 | 3.583    3.63 | 6.583    7.26 |  9.58    3.17 
                0.667    2.27 | 3.667    3.63 | 6.667    7.26 |  9.67    3.17 
                0.750    2.27 | 3.750    3.63 | 6.750    7.26 |  9.75    3.17 
                0.833    2.27 | 3.833    3.63 | 6.833    7.26 |  9.83    3.17 
                0.917    2.27 | 3.917    3.63 | 6.917    7.26 |  9.92    3.17 
                1.000    2.27 | 4.000    3.63 | 7.000    7.26 | 10.00    3.17 
                1.083    2.27 | 4.083    5.44 | 7.083    5.44 | 10.08    1.81 
                1.167    2.27 | 4.167    5.44 | 7.167    5.44 | 10.17    1.81 
                1.250    2.27 | 4.250    5.44 | 7.250    5.44 | 10.25    1.81 
                1.333    2.27 | 4.333    5.44 | 7.333    5.44 | 10.33    1.81 
                1.417    2.27 | 4.417    5.44 | 7.417    5.44 | 10.42    1.81 
                1.500    2.27 | 4.500    5.44 | 7.500    5.44 | 10.50    1.81 
                1.583    2.27 | 4.583    7.26 | 7.583    5.44 | 10.58    1.81 
                1.667    2.27 | 4.667    7.26 | 7.667    5.44 | 10.67    1.81 
                1.750    2.27 | 4.750    7.26 | 7.750    5.44 | 10.75    1.81 
                1.833    2.27 | 4.833    7.26 | 7.833    5.44 | 10.83    1.81 
                1.917    2.27 | 4.917    7.26 | 7.917    5.44 | 10.92    1.81 
                2.000    2.27 | 5.000    7.26 | 8.000    5.44 | 11.00    1.81 
                2.083    2.72 | 5.083   10.88 | 8.083    3.17 | 11.08    1.81 
                2.167    2.72 | 5.167   10.88 | 8.167    3.17 | 11.17    1.81 
                2.250    2.72 | 5.250   10.88 | 8.250    3.17 | 11.25    1.81 
                2.333    2.72 | 5.333   10.88 | 8.333    3.17 | 11.33    1.81 
                2.417    2.72 | 5.417   10.88 | 8.417    3.17 | 11.42    1.81 
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                2.500    2.72 | 5.500   10.88 | 8.500    3.17 | 11.50    1.81 
                2.583    2.72 | 5.583   43.54 | 8.583    3.17 | 11.58    1.81 
                2.667    2.72 | 5.667   43.54 | 8.667    3.17 | 11.67    1.81 
                2.750    2.72 | 5.750   43.54 | 8.750    3.17 | 11.75    1.81 
                2.833    2.72 | 5.833  119.72 | 8.833    3.17 | 11.83    1.81 
                2.917    2.72 | 5.917  119.72 | 8.917    3.17 | 11.92    1.81 
                3.000    2.72 | 6.000  119.72 | 9.000    3.17 | 12.00    1.81 
   
     Unit Hyd Qpeak  (cms)=   0.543 
  
     PEAK FLOW       (cms)=   0.428 (i) 
     TIME TO PEAK    (hrs)=   6.833 
     RUNOFF VOLUME    (mm)=  33.551 
     TOTAL RAINFALL   (mm)=  90.700 
     RUNOFF COEFFICIENT   =   0.370 
  
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
  
-------------------- 
| ADD HYD  (  0166)| 
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V. 
--------------------         (ha)    (cms)    (hrs)     (mm) 
        ID1= 1 (  0165):     3.56   0.209     6.33    33.55 
      + ID2= 2 (  0167):    11.95   0.428     6.83    33.55 
        ==================================================== 
        ID = 3 (  0166):    15.51   0.582     6.58    33.55 
  
     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY. 
------------------------------------------------------------------------------- 
-------------------- 
| CHICAGO STORM    |    IDF curve parameters: A=1146.275 
| Ptotal= 71.24 mm |                          B=   4.922 
--------------------                          C=   0.757 
                        used in:   INTENSITY =  A / (t + B)^C 
 
                        Duration of storm  =  4.00 hrs 
                        Storm time step    = 10.00 min 
                        Time to peak ratio =  0.33 
   
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                 0.17    5.22 |  1.17   36.37 |  2.17   11.74 |  3.17    6.15 
                 0.33    5.94 |  1.33  148.15 |  2.33   10.09 |  3.33    5.74 
                 0.50    6.93 |  1.50   47.06 |  2.50    8.89 |  3.50    5.38 
                 0.67    8.42 |  1.67   25.72 |  2.67    7.96 |  3.67    5.08 
                 0.83   10.91 |  1.83   18.11 |  2.83    7.24 |  3.83    4.80 
                 1.00   16.13 |  2.00   14.17 |  3.00    6.65 |  4.00    4.57 
   
   
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| NASHYD   (  0168)|   Area    (ha)=   3.56   Curve Number   (CN)= 67.0 
|ID= 1 DT= 5.0 min |   Ia      (mm)=   7.00   # of Linear Res.(N)= 3.00 
--------------------   U.H. Tp(hrs)=   0.42 
  
         NOTE:  RAINFALL WAS TRANSFORMED TO   5.0 MIN. TIME STEP. 
 
   
                               ---- TRANSFORMED HYETOGRAPH ---- 
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                0.083    5.22 | 1.083   36.37 | 2.083   11.74 |  3.08    6.15 
                0.167    5.22 | 1.167   36.37 | 2.167   11.74 |  3.17    6.15 

                0.250    5.94 | 1.250  148.15 | 2.250   10.09 |  3.25    5.74 
                0.333    5.94 | 1.333  148.15 | 2.333   10.09 |  3.33    5.74 
                0.417    6.93 | 1.417   47.06 | 2.417    8.89 |  3.42    5.38 
                0.500    6.93 | 1.500   47.06 | 2.500    8.89 |  3.50    5.38 
                0.583    8.42 | 1.583   25.72 | 2.583    7.96 |  3.58    5.08 
                0.667    8.42 | 1.667   25.72 | 2.667    7.96 |  3.67    5.08 
                0.750   10.91 | 1.750   18.11 | 2.750    7.24 |  3.75    4.80 
                0.833   10.91 | 1.833   18.11 | 2.833    7.24 |  3.83    4.80 
                0.917   16.13 | 1.917   14.17 | 2.917    6.65 |  3.92    4.57 
                1.000   16.13 | 2.000   14.17 | 3.000    6.65 |  4.00    4.57 
   
     Unit Hyd Qpeak  (cms)=   0.324 
  
     PEAK FLOW       (cms)=   0.139 (i) 
     TIME TO PEAK    (hrs)=   1.833 
     RUNOFF VOLUME    (mm)=  21.790 
     TOTAL RAINFALL   (mm)=  71.236 
     RUNOFF COEFFICIENT   =   0.306 
  
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| NASHYD   (  0170)|   Area    (ha)=  11.95   Curve Number   (CN)= 67.0 
|ID= 1 DT= 5.0 min |   Ia      (mm)=   7.00   # of Linear Res.(N)= 3.00 
--------------------   U.H. Tp(hrs)=   0.84 
  
         NOTE:  RAINFALL WAS TRANSFORMED TO   5.0 MIN. TIME STEP. 
 
   
                               ---- TRANSFORMED HYETOGRAPH ---- 
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                0.083    5.22 | 1.083   36.37 | 2.083   11.74 |  3.08    6.15 
                0.167    5.22 | 1.167   36.37 | 2.167   11.74 |  3.17    6.15 
                0.250    5.94 | 1.250  148.15 | 2.250   10.09 |  3.25    5.74 
                0.333    5.94 | 1.333  148.15 | 2.333   10.09 |  3.33    5.74 
                0.417    6.93 | 1.417   47.06 | 2.417    8.89 |  3.42    5.38 
                0.500    6.93 | 1.500   47.06 | 2.500    8.89 |  3.50    5.38 
                0.583    8.42 | 1.583   25.72 | 2.583    7.96 |  3.58    5.08 
                0.667    8.42 | 1.667   25.72 | 2.667    7.96 |  3.67    5.08 
                0.750   10.91 | 1.750   18.11 | 2.750    7.24 |  3.75    4.80 
                0.833   10.91 | 1.833   18.11 | 2.833    7.24 |  3.83    4.80 
                0.917   16.13 | 1.917   14.17 | 2.917    6.65 |  3.92    4.57 
                1.000   16.13 | 2.000   14.17 | 3.000    6.65 |  4.00    4.57 
   
     Unit Hyd Qpeak  (cms)=   0.543 
  
     PEAK FLOW       (cms)=   0.297 (i) 
     TIME TO PEAK    (hrs)=   2.417 
     RUNOFF VOLUME    (mm)=  21.792 
     TOTAL RAINFALL   (mm)=  71.236 
     RUNOFF COEFFICIENT   =   0.306 
  
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
  
-------------------- 
| ADD HYD  (  0169)| 
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V. 
--------------------         (ha)    (cms)    (hrs)     (mm) 
        ID1= 1 (  0168):     3.56   0.139     1.83    21.79 
      + ID2= 2 (  0170):    11.95   0.297     2.42    21.79 
        ==================================================== 
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        ID = 3 (  0169):    15.51   0.396     2.17    21.79 
  
     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY. 
------------------------------------------------------------------------------- 
================================================================================
=========================== 
   
       V    V   I    SSSSS  U   U    A    L              (v 6.2.2006) 
       V    V   I    SS     U   U   A A   L 
        V  V    I     SS    U   U  AAAAA  L 
        V  V    I      SS   U   U  A   A  L 
         VV     I    SSSSS  UUUUU  A   A  LLLLL 
     
        OOO   TTTTT  TTTTT  H   H  Y   Y  M   M   OOO    TM 
       O   O    T      T    H   H   Y Y   MM MM  O   O 
       O   O    T      T    H   H    Y    M   M  O   O     
        OOO     T      T    H   H    Y    M   M   OOO 
Developed and Distributed by Smart City Water Inc 
Copyright 2007 - 2021 Smart City Water Inc 
All rights reserved. 
   
   
                   *****  D E T A I L E D   O U T P U T ***** 
 
 
  Input   filename: C:\Program Files (x86)\Visual OTTHYMO 6.2\VO2\voin.dat                                                                   
  Output  filename: C:\Users\hliu\AppData\Local\Civica\VH5\b41b348d-2025-43d3-
a266-6b877f48bd3e\eea06c3d-ada8-4e29-92f5-020f9585f137\scenari 
  Summary filename: C:\Users\hliu\AppData\Local\Civica\VH5\b41b348d-2025-43d3-
a266-6b877f48bd3e\eea06c3d-ada8-4e29-92f5-020f9585f137\scenari 
 
 
DATE: 06-29-2022                           TIME: 02:23:37        
 
USER:                                                    
 
 
   
COMMENTS: ____________________________________________________________ 
 
   
--------------------------------------------------------------------------------
--------------------------- 
  ************************************************ 
  ** SIMULATION : Run 05                        ** 
  ************************************************ 
   
-------------------- 
| MASS STORM       |    Filename: C:\Users\hliu\AppD                            
|                  |              ata\Local\Temp\                               
|                  |              1bad779e-5246-410c-a42e-3ccee7a1c0de\62c328ea 
| Ptotal=120.60 mm |    Comments: Mass 24-Hour SCS Type II Design Storm    
-------------------- 
                        Duration of storm    = 24.00 hrs 
                        Mass curve time step = 15.00 min 
   
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                 0.25    1.21 |  6.25    2.41 | 12.25   17.37 | 18.25    2.17 
                 0.50    1.21 |  6.50    2.41 | 12.50   17.37 | 18.50    2.17 
                 0.75    1.21 |  6.75    2.41 | 12.75    8.92 | 18.75    2.17 
                 1.00    1.21 |  7.00    2.41 | 13.00    8.92 | 19.00    2.17 
                 1.25    1.21 |  7.25    2.41 | 13.25    1.69 | 19.25    2.17 
                 1.50    1.21 |  7.50    2.41 | 13.50    1.69 | 19.50    2.17 
                 1.75    1.21 |  7.75    2.41 | 13.75    9.89 | 19.75    2.17 
                 2.00    2.17 |  8.00    2.41 | 14.00    9.89 | 20.00    2.17 

                 2.25    1.57 |  8.25    3.26 | 14.25    3.62 | 20.25    1.45 
                 2.50    1.57 |  8.50    3.26 | 14.50    3.62 | 20.50    1.45 
                 2.75    1.57 |  8.75    3.26 | 14.75    3.62 | 20.75    1.45 
                 3.00    1.57 |  9.00    3.26 | 15.00    3.62 | 21.00    1.45 
                 3.25    1.57 |  9.25    3.86 | 15.25    3.62 | 21.25    1.45 
                 3.50    1.57 |  9.50    3.86 | 15.50    3.62 | 21.50    1.45 
                 3.75    1.57 |  9.75    4.34 | 15.75    3.62 | 21.75    1.45 
                 4.00    1.57 | 10.00    4.34 | 16.00    3.62 | 22.00    1.45 
                 4.25    1.93 | 10.25    5.55 | 16.25    2.17 | 22.25    1.45 
                 4.50    1.93 | 10.50    5.55 | 16.50    2.17 | 22.50    1.45 
                 4.75    1.93 | 10.75    7.48 | 16.75    2.17 | 22.75    1.45 
                 5.00    1.93 | 11.00    7.48 | 17.00    2.17 | 23.00    1.45 
                 5.25    1.93 | 11.25   11.58 | 17.25    2.17 | 23.25    1.45 
                 5.50    1.93 | 11.50   11.58 | 17.50    2.17 | 23.50    1.45 
                 5.75    1.93 | 11.75   50.17 | 17.75    2.17 | 23.75    1.45 
                 6.00    1.93 | 12.00  133.14 | 18.00    2.17 | 24.00    1.45 
   
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| NASHYD   (  0136)|   Area    (ha)=  11.95   Curve Number   (CN)= 67.0 
|ID= 1 DT= 5.0 min |   Ia      (mm)=   7.00   # of Linear Res.(N)= 3.00 
--------------------   U.H. Tp(hrs)=   0.84 
  
         NOTE:  RAINFALL WAS TRANSFORMED TO   5.0 MIN. TIME STEP. 
 
   
                               ---- TRANSFORMED HYETOGRAPH ---- 
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                0.083    1.21 | 6.083    2.41 |12.083   17.38 | 18.08    2.17 
                0.167    1.21 | 6.167    2.41 |12.167   17.37 | 18.17    2.17 
                0.250    1.21 | 6.250    2.41 |12.250   17.37 | 18.25    2.17 
                0.333    1.21 | 6.333    2.41 |12.333   17.37 | 18.33    2.17 
                0.417    1.21 | 6.417    2.41 |12.417   17.37 | 18.42    2.17 
                0.500    1.21 | 6.500    2.41 |12.500   17.37 | 18.50    2.17 
                0.583    1.21 | 6.583    2.41 |12.583    8.93 | 18.58    2.17 
                0.667    1.21 | 6.667    2.41 |12.667    8.92 | 18.67    2.17 
                0.750    1.21 | 6.750    2.41 |12.750    8.92 | 18.75    2.17 
                0.833    1.21 | 6.833    2.41 |12.833    8.92 | 18.83    2.17 
                0.917    1.21 | 6.917    2.41 |12.917    8.92 | 18.92    2.17 
                1.000    1.21 | 7.000    2.41 |13.000    8.92 | 19.00    2.17 
                1.083    1.21 | 7.083    2.41 |13.083    1.69 | 19.08    2.17 
                1.167    1.21 | 7.167    2.41 |13.167    1.69 | 19.17    2.17 
                1.250    1.21 | 7.250    2.41 |13.250    1.69 | 19.25    2.17 
                1.333    1.21 | 7.333    2.41 |13.333    1.69 | 19.33    2.17 
                1.417    1.21 | 7.417    2.41 |13.417    1.69 | 19.42    2.17 
                1.500    1.21 | 7.500    2.41 |13.500    1.69 | 19.50    2.17 
                1.583    1.21 | 7.583    2.41 |13.583    9.89 | 19.58    2.17 
                1.667    1.21 | 7.667    2.41 |13.667    9.89 | 19.67    2.17 
                1.750    1.21 | 7.750    2.41 |13.750    9.89 | 19.75    2.17 
                1.833    2.17 | 7.833    2.41 |13.833    9.89 | 19.83    2.17 
                1.917    2.17 | 7.917    2.41 |13.917    9.89 | 19.92    2.17 
                2.000    2.17 | 8.000    2.41 |14.000    9.89 | 20.00    2.17 
                2.083    1.57 | 8.083    3.26 |14.083    3.62 | 20.08    1.45 
                2.167    1.57 | 8.167    3.26 |14.167    3.62 | 20.17    1.45 
                2.250    1.57 | 8.250    3.26 |14.250    3.62 | 20.25    1.45 
                2.333    1.57 | 8.333    3.26 |14.333    3.62 | 20.33    1.45 
                2.417    1.57 | 8.417    3.26 |14.417    3.62 | 20.42    1.45 
                2.500    1.57 | 8.500    3.26 |14.500    3.62 | 20.50    1.45 
                2.583    1.57 | 8.583    3.26 |14.583    3.62 | 20.58    1.45 
                2.667    1.57 | 8.667    3.26 |14.667    3.62 | 20.67    1.45 
                2.750    1.57 | 8.750    3.26 |14.750    3.62 | 20.75    1.45 
                2.833    1.57 | 8.833    3.26 |14.833    3.62 | 20.83    1.45 
                2.917    1.57 | 8.917    3.26 |14.917    3.62 | 20.92    1.45 
                3.000    1.57 | 9.000    3.26 |15.000    3.62 | 21.00    1.45 
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                3.083    1.57 | 9.083    3.86 |15.083    3.62 | 21.08    1.45 
                3.167    1.57 | 9.167    3.86 |15.167    3.62 | 21.17    1.45 
                3.250    1.57 | 9.250    3.86 |15.250    3.62 | 21.25    1.45 
                3.333    1.57 | 9.333    3.86 |15.333    3.62 | 21.33    1.45 
                3.417    1.57 | 9.417    3.86 |15.417    3.62 | 21.42    1.45 
                3.500    1.57 | 9.500    3.86 |15.500    3.62 | 21.50    1.45 
                3.583    1.57 | 9.583    4.34 |15.583    3.62 | 21.58    1.45 
                3.667    1.57 | 9.667    4.34 |15.667    3.62 | 21.67    1.45 
                3.750    1.57 | 9.750    4.34 |15.750    3.62 | 21.75    1.45 
                3.833    1.57 | 9.833    4.34 |15.833    3.62 | 21.83    1.45 
                3.917    1.57 | 9.917    4.34 |15.917    3.62 | 21.92    1.45 
                4.000    1.57 |10.000    4.34 |16.000    3.62 | 22.00    1.45 
                4.083    1.93 |10.083    5.55 |16.083    2.17 | 22.08    1.45 
                4.167    1.93 |10.167    5.55 |16.167    2.17 | 22.17    1.45 
                4.250    1.93 |10.250    5.55 |16.250    2.17 | 22.25    1.45 
                4.333    1.93 |10.333    5.55 |16.333    2.17 | 22.33    1.45 
                4.417    1.93 |10.417    5.55 |16.417    2.17 | 22.42    1.45 
                4.500    1.93 |10.500    5.55 |16.500    2.17 | 22.50    1.45 
                4.583    1.93 |10.583    7.48 |16.583    2.17 | 22.58    1.45 
                4.667    1.93 |10.667    7.48 |16.667    2.17 | 22.67    1.45 
                4.750    1.93 |10.750    7.48 |16.750    2.17 | 22.75    1.45 
                4.833    1.93 |10.833    7.48 |16.833    2.17 | 22.83    1.45 
                4.917    1.93 |10.917    7.48 |16.917    2.17 | 22.92    1.45 
                5.000    1.93 |11.000    7.48 |17.000    2.17 | 23.00    1.45 
                5.083    1.93 |11.083   11.58 |17.083    2.17 | 23.08    1.45 
                5.167    1.93 |11.167   11.58 |17.167    2.17 | 23.17    1.45 
                5.250    1.93 |11.250   11.58 |17.250    2.17 | 23.25    1.45 
                5.333    1.93 |11.333   11.58 |17.333    2.17 | 23.33    1.45 
                5.417    1.93 |11.417   11.58 |17.417    2.17 | 23.42    1.45 
                5.500    1.93 |11.500   11.58 |17.500    2.17 | 23.50    1.45 
                5.583    1.93 |11.583   50.17 |17.583    2.17 | 23.58    1.45 
                5.667    1.93 |11.667   50.17 |17.667    2.17 | 23.67    1.45 
                5.750    1.93 |11.750   50.17 |17.750    2.17 | 23.75    1.45 
                5.833    1.93 |11.833  133.13 |17.833    2.17 | 23.83    1.45 
                5.917    1.93 |11.917  133.14 |17.917    2.17 | 23.92    1.45 
                6.000    1.93 |12.000  133.14 |18.000    2.17 | 24.00    1.45 
   
     Unit Hyd Qpeak  (cms)=   0.543 
  
     PEAK FLOW       (cms)=   0.587 (i) 
     TIME TO PEAK    (hrs)=  12.750 
     RUNOFF VOLUME    (mm)=  54.062 
     TOTAL RAINFALL   (mm)= 120.600 
     RUNOFF COEFFICIENT   =   0.448 
  
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| NASHYD   (  0160)|   Area    (ha)=   3.56   Curve Number   (CN)= 67.0 
|ID= 1 DT= 5.0 min |   Ia      (mm)=   7.00   # of Linear Res.(N)= 3.00 
--------------------   U.H. Tp(hrs)=   0.42 
  
         NOTE:  RAINFALL WAS TRANSFORMED TO   5.0 MIN. TIME STEP. 
 
   
                               ---- TRANSFORMED HYETOGRAPH ---- 
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                0.083    1.21 | 6.083    2.41 |12.083   17.38 | 18.08    2.17 
                0.167    1.21 | 6.167    2.41 |12.167   17.37 | 18.17    2.17 
                0.250    1.21 | 6.250    2.41 |12.250   17.37 | 18.25    2.17 
                0.333    1.21 | 6.333    2.41 |12.333   17.37 | 18.33    2.17 
                0.417    1.21 | 6.417    2.41 |12.417   17.37 | 18.42    2.17 
                0.500    1.21 | 6.500    2.41 |12.500   17.37 | 18.50    2.17 

                0.583    1.21 | 6.583    2.41 |12.583    8.93 | 18.58    2.17 
                0.667    1.21 | 6.667    2.41 |12.667    8.92 | 18.67    2.17 
                0.750    1.21 | 6.750    2.41 |12.750    8.92 | 18.75    2.17 
                0.833    1.21 | 6.833    2.41 |12.833    8.92 | 18.83    2.17 
                0.917    1.21 | 6.917    2.41 |12.917    8.92 | 18.92    2.17 
                1.000    1.21 | 7.000    2.41 |13.000    8.92 | 19.00    2.17 
                1.083    1.21 | 7.083    2.41 |13.083    1.69 | 19.08    2.17 
                1.167    1.21 | 7.167    2.41 |13.167    1.69 | 19.17    2.17 
                1.250    1.21 | 7.250    2.41 |13.250    1.69 | 19.25    2.17 
                1.333    1.21 | 7.333    2.41 |13.333    1.69 | 19.33    2.17 
                1.417    1.21 | 7.417    2.41 |13.417    1.69 | 19.42    2.17 
                1.500    1.21 | 7.500    2.41 |13.500    1.69 | 19.50    2.17 
                1.583    1.21 | 7.583    2.41 |13.583    9.89 | 19.58    2.17 
                1.667    1.21 | 7.667    2.41 |13.667    9.89 | 19.67    2.17 
                1.750    1.21 | 7.750    2.41 |13.750    9.89 | 19.75    2.17 
                1.833    2.17 | 7.833    2.41 |13.833    9.89 | 19.83    2.17 
                1.917    2.17 | 7.917    2.41 |13.917    9.89 | 19.92    2.17 
                2.000    2.17 | 8.000    2.41 |14.000    9.89 | 20.00    2.17 
                2.083    1.57 | 8.083    3.26 |14.083    3.62 | 20.08    1.45 
                2.167    1.57 | 8.167    3.26 |14.167    3.62 | 20.17    1.45 
                2.250    1.57 | 8.250    3.26 |14.250    3.62 | 20.25    1.45 
                2.333    1.57 | 8.333    3.26 |14.333    3.62 | 20.33    1.45 
                2.417    1.57 | 8.417    3.26 |14.417    3.62 | 20.42    1.45 
                2.500    1.57 | 8.500    3.26 |14.500    3.62 | 20.50    1.45 
                2.583    1.57 | 8.583    3.26 |14.583    3.62 | 20.58    1.45 
                2.667    1.57 | 8.667    3.26 |14.667    3.62 | 20.67    1.45 
                2.750    1.57 | 8.750    3.26 |14.750    3.62 | 20.75    1.45 
                2.833    1.57 | 8.833    3.26 |14.833    3.62 | 20.83    1.45 
                2.917    1.57 | 8.917    3.26 |14.917    3.62 | 20.92    1.45 
                3.000    1.57 | 9.000    3.26 |15.000    3.62 | 21.00    1.45 
                3.083    1.57 | 9.083    3.86 |15.083    3.62 | 21.08    1.45 
                3.167    1.57 | 9.167    3.86 |15.167    3.62 | 21.17    1.45 
                3.250    1.57 | 9.250    3.86 |15.250    3.62 | 21.25    1.45 
                3.333    1.57 | 9.333    3.86 |15.333    3.62 | 21.33    1.45 
                3.417    1.57 | 9.417    3.86 |15.417    3.62 | 21.42    1.45 
                3.500    1.57 | 9.500    3.86 |15.500    3.62 | 21.50    1.45 
                3.583    1.57 | 9.583    4.34 |15.583    3.62 | 21.58    1.45 
                3.667    1.57 | 9.667    4.34 |15.667    3.62 | 21.67    1.45 
                3.750    1.57 | 9.750    4.34 |15.750    3.62 | 21.75    1.45 
                3.833    1.57 | 9.833    4.34 |15.833    3.62 | 21.83    1.45 
                3.917    1.57 | 9.917    4.34 |15.917    3.62 | 21.92    1.45 
                4.000    1.57 |10.000    4.34 |16.000    3.62 | 22.00    1.45 
                4.083    1.93 |10.083    5.55 |16.083    2.17 | 22.08    1.45 
                4.167    1.93 |10.167    5.55 |16.167    2.17 | 22.17    1.45 
                4.250    1.93 |10.250    5.55 |16.250    2.17 | 22.25    1.45 
                4.333    1.93 |10.333    5.55 |16.333    2.17 | 22.33    1.45 
                4.417    1.93 |10.417    5.55 |16.417    2.17 | 22.42    1.45 
                4.500    1.93 |10.500    5.55 |16.500    2.17 | 22.50    1.45 
                4.583    1.93 |10.583    7.48 |16.583    2.17 | 22.58    1.45 
                4.667    1.93 |10.667    7.48 |16.667    2.17 | 22.67    1.45 
                4.750    1.93 |10.750    7.48 |16.750    2.17 | 22.75    1.45 
                4.833    1.93 |10.833    7.48 |16.833    2.17 | 22.83    1.45 
                4.917    1.93 |10.917    7.48 |16.917    2.17 | 22.92    1.45 
                5.000    1.93 |11.000    7.48 |17.000    2.17 | 23.00    1.45 
                5.083    1.93 |11.083   11.58 |17.083    2.17 | 23.08    1.45 
                5.167    1.93 |11.167   11.58 |17.167    2.17 | 23.17    1.45 
                5.250    1.93 |11.250   11.58 |17.250    2.17 | 23.25    1.45 
                5.333    1.93 |11.333   11.58 |17.333    2.17 | 23.33    1.45 
                5.417    1.93 |11.417   11.58 |17.417    2.17 | 23.42    1.45 
                5.500    1.93 |11.500   11.58 |17.500    2.17 | 23.50    1.45 
                5.583    1.93 |11.583   50.17 |17.583    2.17 | 23.58    1.45 
                5.667    1.93 |11.667   50.17 |17.667    2.17 | 23.67    1.45 
                5.750    1.93 |11.750   50.17 |17.750    2.17 | 23.75    1.45 
                5.833    1.93 |11.833  133.13 |17.833    2.17 | 23.83    1.45 
                5.917    1.93 |11.917  133.14 |17.917    2.17 | 23.92    1.45 
                6.000    1.93 |12.000  133.14 |18.000    2.17 | 24.00    1.45 
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     Unit Hyd Qpeak  (cms)=   0.324 
  
     PEAK FLOW       (cms)=   0.287 (i) 
     TIME TO PEAK    (hrs)=  12.250 
     RUNOFF VOLUME    (mm)=  54.057 
     TOTAL RAINFALL   (mm)= 120.600 
     RUNOFF COEFFICIENT   =   0.448 
  
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
  
-------------------- 
| ADD HYD  (  0161)| 
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V. 
--------------------         (ha)    (cms)    (hrs)     (mm) 
        ID1= 1 (  0136):    11.95   0.587    12.75    54.06 
      + ID2= 2 (  0160):     3.56   0.287    12.25    54.06 
        ==================================================== 
        ID = 3 (  0161):    15.51   0.799    12.58    54.06 
  
     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY. 
------------------------------------------------------------------------------- 
-------------------- 
| MASS STORM       |    Filename: C:\Users\hliu\AppD                            
|                  |              ata\Local\Temp\                               
|                  |              1bad779e-5246-410c-a42e-3ccee7a1c0de\c45cd20f 
| Ptotal= 95.90 mm |    Comments: SCS II 6H_50YR                           
-------------------- 
                        Duration of storm    =  6.00 hrs 
                        Mass curve time step = 15.00 min 
   
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                 0.25    3.84 |  1.75    9.59 |  3.25   21.10 |  4.75    5.75 
                 0.50    3.84 |  2.00    9.59 |  3.50   21.10 |  5.00    5.75 
                 0.75    5.75 |  2.25   11.51 |  3.75    9.59 |  5.25    3.84 
                 1.00    5.75 |  2.50   11.51 |  4.00    9.59 |  5.50    3.84 
                 1.25    5.75 |  2.75   57.54 |  4.25    7.67 |  5.75    3.84 
                 1.50    5.75 |  3.00  149.60 |  4.50    7.67 |  6.00    3.84 
   
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| NASHYD   (  0162)|   Area    (ha)=   3.56   Curve Number   (CN)= 67.0 
|ID= 1 DT= 5.0 min |   Ia      (mm)=   7.00   # of Linear Res.(N)= 3.00 
--------------------   U.H. Tp(hrs)=   0.42 
  
         NOTE:  RAINFALL WAS TRANSFORMED TO   5.0 MIN. TIME STEP. 
 
   
                               ---- TRANSFORMED HYETOGRAPH ---- 
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                0.083    3.84 | 1.583    9.59 | 3.083   21.10 |  4.58    5.75 
                0.167    3.84 | 1.667    9.59 | 3.167   21.10 |  4.67    5.75 
                0.250    3.84 | 1.750    9.59 | 3.250   21.10 |  4.75    5.75 
                0.333    3.84 | 1.833    9.59 | 3.333   21.10 |  4.83    5.75 
                0.417    3.84 | 1.917    9.59 | 3.417   21.10 |  4.92    5.75 
                0.500    3.84 | 2.000    9.59 | 3.500   21.10 |  5.00    5.75 
                0.583    5.75 | 2.083   11.51 | 3.583    9.59 |  5.08    3.84 
                0.667    5.75 | 2.167   11.51 | 3.667    9.59 |  5.17    3.84 
                0.750    5.75 | 2.250   11.51 | 3.750    9.59 |  5.25    3.84 
                0.833    5.75 | 2.333   11.51 | 3.833    9.59 |  5.33    3.84 
                0.917    5.75 | 2.417   11.51 | 3.917    9.59 |  5.42    3.84 

                1.000    5.75 | 2.500   11.51 | 4.000    9.59 |  5.50    3.84 
                1.083    5.75 | 2.583   57.54 | 4.083    7.67 |  5.58    3.84 
                1.167    5.75 | 2.667   57.54 | 4.167    7.67 |  5.67    3.84 
                1.250    5.75 | 2.750   57.54 | 4.250    7.67 |  5.75    3.84 
                1.333    5.75 | 2.833  149.60 | 4.333    7.67 |  5.83    3.84 
                1.417    5.75 | 2.917  149.60 | 4.417    7.67 |  5.92    3.84 
                1.500    5.75 | 3.000  149.60 | 4.500    7.67 |  6.00    3.84 
   
     Unit Hyd Qpeak  (cms)=   0.324 
  
     PEAK FLOW       (cms)=   0.269 (i) 
     TIME TO PEAK    (hrs)=   3.333 
     RUNOFF VOLUME    (mm)=  36.926 
     TOTAL RAINFALL   (mm)=  95.900 
     RUNOFF COEFFICIENT   =   0.385 
  
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| NASHYD   (  0164)|   Area    (ha)=  11.95   Curve Number   (CN)= 67.0 
|ID= 1 DT= 5.0 min |   Ia      (mm)=   7.00   # of Linear Res.(N)= 3.00 
--------------------   U.H. Tp(hrs)=   0.84 
  
         NOTE:  RAINFALL WAS TRANSFORMED TO   5.0 MIN. TIME STEP. 
 
   
                               ---- TRANSFORMED HYETOGRAPH ---- 
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                0.083    3.84 | 1.583    9.59 | 3.083   21.10 |  4.58    5.75 
                0.167    3.84 | 1.667    9.59 | 3.167   21.10 |  4.67    5.75 
                0.250    3.84 | 1.750    9.59 | 3.250   21.10 |  4.75    5.75 
                0.333    3.84 | 1.833    9.59 | 3.333   21.10 |  4.83    5.75 
                0.417    3.84 | 1.917    9.59 | 3.417   21.10 |  4.92    5.75 
                0.500    3.84 | 2.000    9.59 | 3.500   21.10 |  5.00    5.75 
                0.583    5.75 | 2.083   11.51 | 3.583    9.59 |  5.08    3.84 
                0.667    5.75 | 2.167   11.51 | 3.667    9.59 |  5.17    3.84 
                0.750    5.75 | 2.250   11.51 | 3.750    9.59 |  5.25    3.84 
                0.833    5.75 | 2.333   11.51 | 3.833    9.59 |  5.33    3.84 
                0.917    5.75 | 2.417   11.51 | 3.917    9.59 |  5.42    3.84 
                1.000    5.75 | 2.500   11.51 | 4.000    9.59 |  5.50    3.84 
                1.083    5.75 | 2.583   57.54 | 4.083    7.67 |  5.58    3.84 
                1.167    5.75 | 2.667   57.54 | 4.167    7.67 |  5.67    3.84 
                1.250    5.75 | 2.750   57.54 | 4.250    7.67 |  5.75    3.84 
                1.333    5.75 | 2.833  149.60 | 4.333    7.67 |  5.83    3.84 
                1.417    5.75 | 2.917  149.60 | 4.417    7.67 |  5.92    3.84 
                1.500    5.75 | 3.000  149.60 | 4.500    7.67 |  6.00    3.84 
   
     Unit Hyd Qpeak  (cms)=   0.543 
  
     PEAK FLOW       (cms)=   0.546 (i) 
     TIME TO PEAK    (hrs)=   3.833 
     RUNOFF VOLUME    (mm)=  36.930 
     TOTAL RAINFALL   (mm)=  95.900 
     RUNOFF COEFFICIENT   =   0.385 
  
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
  
-------------------- 
| ADD HYD  (  0163)| 
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V. 
--------------------         (ha)    (cms)    (hrs)     (mm) 
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        ID1= 1 (  0162):     3.56   0.269     3.33    36.93 
      + ID2= 2 (  0164):    11.95   0.546     3.83    36.93 
        ==================================================== 
        ID = 3 (  0163):    15.51   0.740     3.67    36.93 
  
     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY. 
------------------------------------------------------------------------------- 
-------------------- 
| MASS STORM       |    Filename: C:\Users\hliu\AppD                            
|                  |              ata\Local\Temp\                               
|                  |              1bad779e-5246-410c-a42e-3ccee7a1c0de\cbe81c21 
| Ptotal=101.70 mm |    Comments: SCS II 12H_50YR                          
-------------------- 
                        Duration of storm    = 12.00 hrs 
                        Mass curve time step = 15.00 min 
   
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                 0.25    2.54 |  3.25    4.07 |  6.25   18.31 |  9.25    3.56 
                 0.50    2.54 |  3.50    4.07 |  6.50   18.31 |  9.50    3.56 
                 0.75    2.54 |  3.75    4.07 |  6.75    8.14 |  9.75    3.56 
                 1.00    2.54 |  4.00    4.07 |  7.00    8.14 | 10.00    3.56 
                 1.25    2.54 |  4.25    6.10 |  7.25    6.10 | 10.25    2.03 
                 1.50    2.54 |  4.50    6.10 |  7.50    6.10 | 10.50    2.03 
                 1.75    2.54 |  4.75    8.14 |  7.75    6.10 | 10.75    2.03 
                 2.00    2.54 |  5.00    8.14 |  8.00    6.10 | 11.00    2.03 
                 2.25    3.05 |  5.25   12.20 |  8.25    3.56 | 11.25    2.03 
                 2.50    3.05 |  5.50   12.20 |  8.50    3.56 | 11.50    2.03 
                 2.75    3.05 |  5.75   48.82 |  8.75    3.56 | 11.75    2.03 
                 3.00    3.05 |  6.00  134.24 |  9.00    3.56 | 12.00    2.03 
   
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| NASHYD   (  0165)|   Area    (ha)=   3.56   Curve Number   (CN)= 67.0 
|ID= 1 DT= 5.0 min |   Ia      (mm)=   7.00   # of Linear Res.(N)= 3.00 
--------------------   U.H. Tp(hrs)=   0.42 
  
         NOTE:  RAINFALL WAS TRANSFORMED TO   5.0 MIN. TIME STEP. 
 
   
                               ---- TRANSFORMED HYETOGRAPH ---- 
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                0.083    2.54 | 3.083    4.07 | 6.083   18.31 |  9.08    3.56 
                0.167    2.54 | 3.167    4.07 | 6.167   18.31 |  9.17    3.56 
                0.250    2.54 | 3.250    4.07 | 6.250   18.31 |  9.25    3.56 
                0.333    2.54 | 3.333    4.07 | 6.333   18.31 |  9.33    3.56 
                0.417    2.54 | 3.417    4.07 | 6.417   18.31 |  9.42    3.56 
                0.500    2.54 | 3.500    4.07 | 6.500   18.31 |  9.50    3.56 
                0.583    2.54 | 3.583    4.07 | 6.583    8.14 |  9.58    3.56 
                0.667    2.54 | 3.667    4.07 | 6.667    8.14 |  9.67    3.56 
                0.750    2.54 | 3.750    4.07 | 6.750    8.14 |  9.75    3.56 
                0.833    2.54 | 3.833    4.07 | 6.833    8.14 |  9.83    3.56 
                0.917    2.54 | 3.917    4.07 | 6.917    8.14 |  9.92    3.56 
                1.000    2.54 | 4.000    4.07 | 7.000    8.14 | 10.00    3.56 
                1.083    2.54 | 4.083    6.10 | 7.083    6.10 | 10.08    2.03 
                1.167    2.54 | 4.167    6.10 | 7.167    6.10 | 10.17    2.03 
                1.250    2.54 | 4.250    6.10 | 7.250    6.10 | 10.25    2.03 
                1.333    2.54 | 4.333    6.10 | 7.333    6.10 | 10.33    2.03 
                1.417    2.54 | 4.417    6.10 | 7.417    6.10 | 10.42    2.03 
                1.500    2.54 | 4.500    6.10 | 7.500    6.10 | 10.50    2.03 
                1.583    2.54 | 4.583    8.14 | 7.583    6.10 | 10.58    2.03 
                1.667    2.54 | 4.667    8.14 | 7.667    6.10 | 10.67    2.03 
                1.750    2.54 | 4.750    8.14 | 7.750    6.10 | 10.75    2.03 
                1.833    2.54 | 4.833    8.14 | 7.833    6.10 | 10.83    2.03 

                1.917    2.54 | 4.917    8.14 | 7.917    6.10 | 10.92    2.03 
                2.000    2.54 | 5.000    8.14 | 8.000    6.10 | 11.00    2.03 
                2.083    3.05 | 5.083   12.20 | 8.083    3.56 | 11.08    2.03 
                2.167    3.05 | 5.167   12.20 | 8.167    3.56 | 11.17    2.03 
                2.250    3.05 | 5.250   12.20 | 8.250    3.56 | 11.25    2.03 
                2.333    3.05 | 5.333   12.20 | 8.333    3.56 | 11.33    2.03 
                2.417    3.05 | 5.417   12.20 | 8.417    3.56 | 11.42    2.03 
                2.500    3.05 | 5.500   12.20 | 8.500    3.56 | 11.50    2.03 
                2.583    3.05 | 5.583   48.82 | 8.583    3.56 | 11.58    2.03 
                2.667    3.05 | 5.667   48.82 | 8.667    3.56 | 11.67    2.03 
                2.750    3.05 | 5.750   48.82 | 8.750    3.56 | 11.75    2.03 
                2.833    3.05 | 5.833  134.24 | 8.833    3.56 | 11.83    2.03 
                2.917    3.05 | 5.917  134.24 | 8.917    3.56 | 11.92    2.03 
                3.000    3.05 | 6.000  134.24 | 9.000    3.56 | 12.00    2.03 
   
     Unit Hyd Qpeak  (cms)=   0.324 
  
     PEAK FLOW       (cms)=   0.256 (i) 
     TIME TO PEAK    (hrs)=   6.333 
     RUNOFF VOLUME    (mm)=  40.796 
     TOTAL RAINFALL   (mm)= 101.700 
     RUNOFF COEFFICIENT   =   0.401 
  
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| NASHYD   (  0167)|   Area    (ha)=  11.95   Curve Number   (CN)= 67.0 
|ID= 1 DT= 5.0 min |   Ia      (mm)=   7.00   # of Linear Res.(N)= 3.00 
--------------------   U.H. Tp(hrs)=   0.84 
  
         NOTE:  RAINFALL WAS TRANSFORMED TO   5.0 MIN. TIME STEP. 
 
   
                               ---- TRANSFORMED HYETOGRAPH ---- 
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                0.083    2.54 | 3.083    4.07 | 6.083   18.31 |  9.08    3.56 
                0.167    2.54 | 3.167    4.07 | 6.167   18.31 |  9.17    3.56 
                0.250    2.54 | 3.250    4.07 | 6.250   18.31 |  9.25    3.56 
                0.333    2.54 | 3.333    4.07 | 6.333   18.31 |  9.33    3.56 
                0.417    2.54 | 3.417    4.07 | 6.417   18.31 |  9.42    3.56 
                0.500    2.54 | 3.500    4.07 | 6.500   18.31 |  9.50    3.56 
                0.583    2.54 | 3.583    4.07 | 6.583    8.14 |  9.58    3.56 
                0.667    2.54 | 3.667    4.07 | 6.667    8.14 |  9.67    3.56 
                0.750    2.54 | 3.750    4.07 | 6.750    8.14 |  9.75    3.56 
                0.833    2.54 | 3.833    4.07 | 6.833    8.14 |  9.83    3.56 
                0.917    2.54 | 3.917    4.07 | 6.917    8.14 |  9.92    3.56 
                1.000    2.54 | 4.000    4.07 | 7.000    8.14 | 10.00    3.56 
                1.083    2.54 | 4.083    6.10 | 7.083    6.10 | 10.08    2.03 
                1.167    2.54 | 4.167    6.10 | 7.167    6.10 | 10.17    2.03 
                1.250    2.54 | 4.250    6.10 | 7.250    6.10 | 10.25    2.03 
                1.333    2.54 | 4.333    6.10 | 7.333    6.10 | 10.33    2.03 
                1.417    2.54 | 4.417    6.10 | 7.417    6.10 | 10.42    2.03 
                1.500    2.54 | 4.500    6.10 | 7.500    6.10 | 10.50    2.03 
                1.583    2.54 | 4.583    8.14 | 7.583    6.10 | 10.58    2.03 
                1.667    2.54 | 4.667    8.14 | 7.667    6.10 | 10.67    2.03 
                1.750    2.54 | 4.750    8.14 | 7.750    6.10 | 10.75    2.03 
                1.833    2.54 | 4.833    8.14 | 7.833    6.10 | 10.83    2.03 
                1.917    2.54 | 4.917    8.14 | 7.917    6.10 | 10.92    2.03 
                2.000    2.54 | 5.000    8.14 | 8.000    6.10 | 11.00    2.03 
                2.083    3.05 | 5.083   12.20 | 8.083    3.56 | 11.08    2.03 
                2.167    3.05 | 5.167   12.20 | 8.167    3.56 | 11.17    2.03 
                2.250    3.05 | 5.250   12.20 | 8.250    3.56 | 11.25    2.03 
                2.333    3.05 | 5.333   12.20 | 8.333    3.56 | 11.33    2.03 
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                2.417    3.05 | 5.417   12.20 | 8.417    3.56 | 11.42    2.03 
                2.500    3.05 | 5.500   12.20 | 8.500    3.56 | 11.50    2.03 
                2.583    3.05 | 5.583   48.82 | 8.583    3.56 | 11.58    2.03 
                2.667    3.05 | 5.667   48.82 | 8.667    3.56 | 11.67    2.03 
                2.750    3.05 | 5.750   48.82 | 8.750    3.56 | 11.75    2.03 
                2.833    3.05 | 5.833  134.24 | 8.833    3.56 | 11.83    2.03 
                2.917    3.05 | 5.917  134.24 | 8.917    3.56 | 11.92    2.03 
                3.000    3.05 | 6.000  134.24 | 9.000    3.56 | 12.00    2.03 
   
     Unit Hyd Qpeak  (cms)=   0.543 
  
     PEAK FLOW       (cms)=   0.523 (i) 
     TIME TO PEAK    (hrs)=   6.833 
     RUNOFF VOLUME    (mm)=  40.800 
     TOTAL RAINFALL   (mm)= 101.700 
     RUNOFF COEFFICIENT   =   0.401 
  
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
  
-------------------- 
| ADD HYD  (  0166)| 
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V. 
--------------------         (ha)    (cms)    (hrs)     (mm) 
        ID1= 1 (  0165):     3.56   0.256     6.33    40.80 
      + ID2= 2 (  0167):    11.95   0.523     6.83    40.80 
        ==================================================== 
        ID = 3 (  0166):    15.51   0.712     6.58    40.80 
  
     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY. 
------------------------------------------------------------------------------- 
-------------------- 
| CHICAGO STORM    |    IDF curve parameters: A=1236.152 
| Ptotal= 79.45 mm |                          B=   4.699 
--------------------                          C=   0.751 
                        used in:   INTENSITY =  A / (t + B)^C 
 
                        Duration of storm  =  4.00 hrs 
                        Storm time step    = 10.00 min 
                        Time to peak ratio =  0.33 
   
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                 0.17    5.93 |  1.17   40.22 |  2.17   13.20 |  3.17    6.98 
                 0.33    6.74 |  1.33  164.22 |  2.33   11.37 |  3.33    6.51 
                 0.50    7.85 |  1.50   51.92 |  2.50   10.03 |  3.50    6.11 
                 0.67    9.50 |  1.67   28.58 |  2.67    9.00 |  3.67    5.77 
                 0.83   12.27 |  1.83   20.23 |  2.83    8.19 |  3.83    5.46 
                 1.00   18.04 |  2.00   15.88 |  3.00    7.53 |  4.00    5.19 
   
   
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| NASHYD   (  0168)|   Area    (ha)=   3.56   Curve Number   (CN)= 67.0 
|ID= 1 DT= 5.0 min |   Ia      (mm)=   7.00   # of Linear Res.(N)= 3.00 
--------------------   U.H. Tp(hrs)=   0.42 
  
         NOTE:  RAINFALL WAS TRANSFORMED TO   5.0 MIN. TIME STEP. 
 
   
                               ---- TRANSFORMED HYETOGRAPH ---- 
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                0.083    5.93 | 1.083   40.22 | 2.083   13.20 |  3.08    6.98 

                0.167    5.93 | 1.167   40.22 | 2.167   13.20 |  3.17    6.98 
                0.250    6.74 | 1.250  164.22 | 2.250   11.37 |  3.25    6.51 
                0.333    6.74 | 1.333  164.22 | 2.333   11.37 |  3.33    6.51 
                0.417    7.85 | 1.417   51.92 | 2.417   10.03 |  3.42    6.11 
                0.500    7.85 | 1.500   51.92 | 2.500   10.03 |  3.50    6.11 
                0.583    9.50 | 1.583   28.58 | 2.583    9.00 |  3.58    5.77 
                0.667    9.50 | 1.667   28.58 | 2.667    9.00 |  3.67    5.77 
                0.750   12.27 | 1.750   20.23 | 2.750    8.19 |  3.75    5.46 
                0.833   12.27 | 1.833   20.23 | 2.833    8.19 |  3.83    5.46 
                0.917   18.04 | 1.917   15.88 | 2.917    7.53 |  3.92    5.19 
                1.000   18.04 | 2.000   15.88 | 3.000    7.53 |  4.00    5.19 
   
     Unit Hyd Qpeak  (cms)=   0.324 
  
     PEAK FLOW       (cms)=   0.170 (i) 
     TIME TO PEAK    (hrs)=   1.833 
     RUNOFF VOLUME    (mm)=  26.569 
     TOTAL RAINFALL   (mm)=  79.453 
     RUNOFF COEFFICIENT   =   0.334 
  
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| NASHYD   (  0170)|   Area    (ha)=  11.95   Curve Number   (CN)= 67.0 
|ID= 1 DT= 5.0 min |   Ia      (mm)=   7.00   # of Linear Res.(N)= 3.00 
--------------------   U.H. Tp(hrs)=   0.84 
  
         NOTE:  RAINFALL WAS TRANSFORMED TO   5.0 MIN. TIME STEP. 
 
   
                               ---- TRANSFORMED HYETOGRAPH ---- 
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                0.083    5.93 | 1.083   40.22 | 2.083   13.20 |  3.08    6.98 
                0.167    5.93 | 1.167   40.22 | 2.167   13.20 |  3.17    6.98 
                0.250    6.74 | 1.250  164.22 | 2.250   11.37 |  3.25    6.51 
                0.333    6.74 | 1.333  164.22 | 2.333   11.37 |  3.33    6.51 
                0.417    7.85 | 1.417   51.92 | 2.417   10.03 |  3.42    6.11 
                0.500    7.85 | 1.500   51.92 | 2.500   10.03 |  3.50    6.11 
                0.583    9.50 | 1.583   28.58 | 2.583    9.00 |  3.58    5.77 
                0.667    9.50 | 1.667   28.58 | 2.667    9.00 |  3.67    5.77 
                0.750   12.27 | 1.750   20.23 | 2.750    8.19 |  3.75    5.46 
                0.833   12.27 | 1.833   20.23 | 2.833    8.19 |  3.83    5.46 
                0.917   18.04 | 1.917   15.88 | 2.917    7.53 |  3.92    5.19 
                1.000   18.04 | 2.000   15.88 | 3.000    7.53 |  4.00    5.19 
   
     Unit Hyd Qpeak  (cms)=   0.543 
  
     PEAK FLOW       (cms)=   0.362 (i) 
     TIME TO PEAK    (hrs)=   2.417 
     RUNOFF VOLUME    (mm)=  26.571 
     TOTAL RAINFALL   (mm)=  79.453 
     RUNOFF COEFFICIENT   =   0.334 
  
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
  
-------------------- 
| ADD HYD  (  0169)| 
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V. 
--------------------         (ha)    (cms)    (hrs)     (mm) 
        ID1= 1 (  0168):     3.56   0.170     1.83    26.57 
      + ID2= 2 (  0170):    11.95   0.362     2.42    26.57 
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        ==================================================== 
        ID = 3 (  0169):    15.51   0.484     2.17    26.57 
  
     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY. 
------------------------------------------------------------------------------- 
   
 FINISH 
================================================================================
=========================== 
 
================================================================================
=========================== 
   
       V    V   I    SSSSS  U   U    A    L              (v 6.2.2006) 
       V    V   I    SS     U   U   A A   L 
        V  V    I     SS    U   U  AAAAA  L 
        V  V    I      SS   U   U  A   A  L 
         VV     I    SSSSS  UUUUU  A   A  LLLLL 
     
        OOO   TTTTT  TTTTT  H   H  Y   Y  M   M   OOO    TM 
       O   O    T      T    H   H   Y Y   MM MM  O   O 
       O   O    T      T    H   H    Y    M   M  O   O     
        OOO     T      T    H   H    Y    M   M   OOO 
Developed and Distributed by Smart City Water Inc 
Copyright 2007 - 2021 Smart City Water Inc 
All rights reserved. 
   
   
                   *****  D E T A I L E D   O U T P U T ***** 
 
 
  Input   filename: C:\Program Files (x86)\Visual OTTHYMO 6.2\VO2\voin.dat                                                                   
  Output  filename: C:\Users\hliu\AppData\Local\Civica\VH5\b41b348d-2025-43d3-
a266-6b877f48bd3e\aa578032-ace7-4dcd-91f7-f7489ab775af\scenari 
  Summary filename: C:\Users\hliu\AppData\Local\Civica\VH5\b41b348d-2025-43d3-
a266-6b877f48bd3e\aa578032-ace7-4dcd-91f7-f7489ab775af\scenari 
 
 
DATE: 06-29-2022                           TIME: 02:23:37        
 
USER:                                                    
 
 
   
COMMENTS: ____________________________________________________________ 
 
   
--------------------------------------------------------------------------------
--------------------------- 
  ************************************************ 
  ** SIMULATION : Run 06                        ** 
  ************************************************ 
   
-------------------- 
| MASS STORM       |    Filename: C:\Users\hliu\AppD                            
|                  |              ata\Local\Temp\                               
|                  |              1bad779e-5246-410c-a42e-3ccee7a1c0de\1bad87f9 
| Ptotal=133.60 mm |    Comments: Mass 24-Hour SCS Type II Design Storm    
-------------------- 
                        Duration of storm    = 24.00 hrs 
                        Mass curve time step = 15.00 min 
   
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                 0.25    1.34 |  6.25    2.67 | 12.25   19.24 | 18.25    2.40 
                 0.50    1.34 |  6.50    2.67 | 12.50   19.24 | 18.50    2.40 

                 0.75    1.34 |  6.75    2.67 | 12.75    9.89 | 18.75    2.40 
                 1.00    1.34 |  7.00    2.67 | 13.00    9.89 | 19.00    2.40 
                 1.25    1.34 |  7.25    2.67 | 13.25    1.87 | 19.25    2.40 
                 1.50    1.34 |  7.50    2.67 | 13.50    1.87 | 19.50    2.40 
                 1.75    1.34 |  7.75    2.67 | 13.75   10.96 | 19.75    2.40 
                 2.00    2.40 |  8.00    2.67 | 14.00   10.96 | 20.00    2.40 
                 2.25    1.74 |  8.25    3.61 | 14.25    4.01 | 20.25    1.60 
                 2.50    1.74 |  8.50    3.61 | 14.50    4.01 | 20.50    1.60 
                 2.75    1.74 |  8.75    3.61 | 14.75    4.01 | 20.75    1.60 
                 3.00    1.74 |  9.00    3.61 | 15.00    4.01 | 21.00    1.60 
                 3.25    1.74 |  9.25    4.28 | 15.25    4.01 | 21.25    1.60 
                 3.50    1.74 |  9.50    4.28 | 15.50    4.01 | 21.50    1.60 
                 3.75    1.74 |  9.75    4.81 | 15.75    4.01 | 21.75    1.60 
                 4.00    1.74 | 10.00    4.81 | 16.00    4.01 | 22.00    1.60 
                 4.25    2.14 | 10.25    6.15 | 16.25    2.40 | 22.25    1.60 
                 4.50    2.14 | 10.50    6.15 | 16.50    2.40 | 22.50    1.60 
                 4.75    2.14 | 10.75    8.28 | 16.75    2.40 | 22.75    1.60 
                 5.00    2.14 | 11.00    8.28 | 17.00    2.40 | 23.00    1.60 
                 5.25    2.14 | 11.25   12.83 | 17.25    2.40 | 23.25    1.60 
                 5.50    2.14 | 11.50   12.83 | 17.50    2.40 | 23.50    1.60 
                 5.75    2.14 | 11.75   55.58 | 17.75    2.40 | 23.75    1.60 
                 6.00    2.14 | 12.00  147.49 | 18.00    2.40 | 24.00    1.60 
   
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| NASHYD   (  0136)|   Area    (ha)=  11.95   Curve Number   (CN)= 67.0 
|ID= 1 DT= 5.0 min |   Ia      (mm)=   7.00   # of Linear Res.(N)= 3.00 
--------------------   U.H. Tp(hrs)=   0.84 
  
         NOTE:  RAINFALL WAS TRANSFORMED TO   5.0 MIN. TIME STEP. 
 
   
                               ---- TRANSFORMED HYETOGRAPH ---- 
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                0.083    1.34 | 6.083    2.67 |12.083   19.25 | 18.08    2.40 
                0.167    1.34 | 6.167    2.67 |12.167   19.24 | 18.17    2.40 
                0.250    1.34 | 6.250    2.67 |12.250   19.24 | 18.25    2.40 
                0.333    1.34 | 6.333    2.67 |12.333   19.24 | 18.33    2.40 
                0.417    1.34 | 6.417    2.67 |12.417   19.24 | 18.42    2.40 
                0.500    1.34 | 6.500    2.67 |12.500   19.24 | 18.50    2.40 
                0.583    1.34 | 6.583    2.67 |12.583    9.89 | 18.58    2.40 
                0.667    1.34 | 6.667    2.67 |12.667    9.89 | 18.67    2.40 
                0.750    1.34 | 6.750    2.67 |12.750    9.89 | 18.75    2.40 
                0.833    1.34 | 6.833    2.67 |12.833    9.89 | 18.83    2.40 
                0.917    1.34 | 6.917    2.67 |12.917    9.89 | 18.92    2.40 
                1.000    1.34 | 7.000    2.67 |13.000    9.89 | 19.00    2.40 
                1.083    1.34 | 7.083    2.67 |13.083    1.87 | 19.08    2.40 
                1.167    1.34 | 7.167    2.67 |13.167    1.87 | 19.17    2.40 
                1.250    1.34 | 7.250    2.67 |13.250    1.87 | 19.25    2.40 
                1.333    1.34 | 7.333    2.67 |13.333    1.87 | 19.33    2.40 
                1.417    1.34 | 7.417    2.67 |13.417    1.87 | 19.42    2.40 
                1.500    1.34 | 7.500    2.67 |13.500    1.87 | 19.50    2.40 
                1.583    1.34 | 7.583    2.67 |13.583   10.95 | 19.58    2.40 
                1.667    1.34 | 7.667    2.67 |13.667   10.96 | 19.67    2.40 
                1.750    1.34 | 7.750    2.67 |13.750   10.96 | 19.75    2.40 
                1.833    2.40 | 7.833    2.67 |13.833   10.96 | 19.83    2.40 
                1.917    2.40 | 7.917    2.67 |13.917   10.96 | 19.92    2.40 
                2.000    2.40 | 8.000    2.67 |14.000   10.96 | 20.00    2.40 
                2.083    1.74 | 8.083    3.61 |14.083    4.01 | 20.08    1.60 
                2.167    1.74 | 8.167    3.61 |14.167    4.01 | 20.17    1.60 
                2.250    1.74 | 8.250    3.61 |14.250    4.01 | 20.25    1.60 
                2.333    1.74 | 8.333    3.61 |14.333    4.01 | 20.33    1.60 
                2.417    1.74 | 8.417    3.61 |14.417    4.01 | 20.42    1.60 
                2.500    1.74 | 8.500    3.61 |14.500    4.01 | 20.50    1.60 
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                2.583    1.74 | 8.583    3.61 |14.583    4.01 | 20.58    1.60 
                2.667    1.74 | 8.667    3.61 |14.667    4.01 | 20.67    1.60 
                2.750    1.74 | 8.750    3.61 |14.750    4.01 | 20.75    1.60 
                2.833    1.74 | 8.833    3.61 |14.833    4.01 | 20.83    1.60 
                2.917    1.74 | 8.917    3.61 |14.917    4.01 | 20.92    1.60 
                3.000    1.74 | 9.000    3.61 |15.000    4.01 | 21.00    1.60 
                3.083    1.74 | 9.083    4.28 |15.083    4.01 | 21.08    1.60 
                3.167    1.74 | 9.167    4.28 |15.167    4.01 | 21.17    1.60 
                3.250    1.74 | 9.250    4.28 |15.250    4.01 | 21.25    1.60 
                3.333    1.74 | 9.333    4.28 |15.333    4.01 | 21.33    1.60 
                3.417    1.74 | 9.417    4.28 |15.417    4.01 | 21.42    1.60 
                3.500    1.74 | 9.500    4.28 |15.500    4.01 | 21.50    1.60 
                3.583    1.74 | 9.583    4.81 |15.583    4.01 | 21.58    1.60 
                3.667    1.74 | 9.667    4.81 |15.667    4.01 | 21.67    1.60 
                3.750    1.74 | 9.750    4.81 |15.750    4.01 | 21.75    1.60 
                3.833    1.74 | 9.833    4.81 |15.833    4.01 | 21.83    1.60 
                3.917    1.74 | 9.917    4.81 |15.917    4.01 | 21.92    1.60 
                4.000    1.74 |10.000    4.81 |16.000    4.01 | 22.00    1.60 
                4.083    2.14 |10.083    6.15 |16.083    2.41 | 22.08    1.60 
                4.167    2.14 |10.167    6.15 |16.167    2.40 | 22.17    1.60 
                4.250    2.14 |10.250    6.15 |16.250    2.40 | 22.25    1.60 
                4.333    2.14 |10.333    6.15 |16.333    2.40 | 22.33    1.60 
                4.417    2.14 |10.417    6.15 |16.417    2.40 | 22.42    1.60 
                4.500    2.14 |10.500    6.15 |16.500    2.40 | 22.50    1.60 
                4.583    2.14 |10.583    8.28 |16.583    2.40 | 22.58    1.60 
                4.667    2.14 |10.667    8.28 |16.667    2.40 | 22.67    1.60 
                4.750    2.14 |10.750    8.28 |16.750    2.40 | 22.75    1.60 
                4.833    2.14 |10.833    8.28 |16.833    2.40 | 22.83    1.60 
                4.917    2.14 |10.917    8.28 |16.917    2.40 | 22.92    1.60 
                5.000    2.14 |11.000    8.28 |17.000    2.40 | 23.00    1.60 
                5.083    2.14 |11.083   12.83 |17.083    2.40 | 23.08    1.60 
                5.167    2.14 |11.167   12.83 |17.167    2.40 | 23.17    1.60 
                5.250    2.14 |11.250   12.83 |17.250    2.40 | 23.25    1.60 
                5.333    2.14 |11.333   12.83 |17.333    2.40 | 23.33    1.60 
                5.417    2.14 |11.417   12.83 |17.417    2.40 | 23.42    1.60 
                5.500    2.14 |11.500   12.83 |17.500    2.40 | 23.50    1.60 
                5.583    2.14 |11.583   55.57 |17.583    2.40 | 23.58    1.60 
                5.667    2.14 |11.667   55.58 |17.667    2.40 | 23.67    1.60 
                5.750    2.14 |11.750   55.58 |17.750    2.40 | 23.75    1.60 
                5.833    2.14 |11.833  147.48 |17.833    2.40 | 23.83    1.60 
                5.917    2.14 |11.917  147.49 |17.917    2.40 | 23.92    1.60 
                6.000    2.14 |12.000  147.49 |18.000    2.40 | 24.00    1.60 
   
     Unit Hyd Qpeak  (cms)=   0.543 
  
     PEAK FLOW       (cms)=   0.695 (i) 
     TIME TO PEAK    (hrs)=  12.750 
     RUNOFF VOLUME    (mm)=  63.676 
     TOTAL RAINFALL   (mm)= 133.600 
     RUNOFF COEFFICIENT   =   0.477 
  
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| NASHYD   (  0160)|   Area    (ha)=   3.56   Curve Number   (CN)= 67.0 
|ID= 1 DT= 5.0 min |   Ia      (mm)=   7.00   # of Linear Res.(N)= 3.00 
--------------------   U.H. Tp(hrs)=   0.42 
  
         NOTE:  RAINFALL WAS TRANSFORMED TO   5.0 MIN. TIME STEP. 
 
   
                               ---- TRANSFORMED HYETOGRAPH ---- 
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 

                0.083    1.34 | 6.083    2.67 |12.083   19.25 | 18.08    2.40 
                0.167    1.34 | 6.167    2.67 |12.167   19.24 | 18.17    2.40 
                0.250    1.34 | 6.250    2.67 |12.250   19.24 | 18.25    2.40 
                0.333    1.34 | 6.333    2.67 |12.333   19.24 | 18.33    2.40 
                0.417    1.34 | 6.417    2.67 |12.417   19.24 | 18.42    2.40 
                0.500    1.34 | 6.500    2.67 |12.500   19.24 | 18.50    2.40 
                0.583    1.34 | 6.583    2.67 |12.583    9.89 | 18.58    2.40 
                0.667    1.34 | 6.667    2.67 |12.667    9.89 | 18.67    2.40 
                0.750    1.34 | 6.750    2.67 |12.750    9.89 | 18.75    2.40 
                0.833    1.34 | 6.833    2.67 |12.833    9.89 | 18.83    2.40 
                0.917    1.34 | 6.917    2.67 |12.917    9.89 | 18.92    2.40 
                1.000    1.34 | 7.000    2.67 |13.000    9.89 | 19.00    2.40 
                1.083    1.34 | 7.083    2.67 |13.083    1.87 | 19.08    2.40 
                1.167    1.34 | 7.167    2.67 |13.167    1.87 | 19.17    2.40 
                1.250    1.34 | 7.250    2.67 |13.250    1.87 | 19.25    2.40 
                1.333    1.34 | 7.333    2.67 |13.333    1.87 | 19.33    2.40 
                1.417    1.34 | 7.417    2.67 |13.417    1.87 | 19.42    2.40 
                1.500    1.34 | 7.500    2.67 |13.500    1.87 | 19.50    2.40 
                1.583    1.34 | 7.583    2.67 |13.583   10.95 | 19.58    2.40 
                1.667    1.34 | 7.667    2.67 |13.667   10.96 | 19.67    2.40 
                1.750    1.34 | 7.750    2.67 |13.750   10.96 | 19.75    2.40 
                1.833    2.40 | 7.833    2.67 |13.833   10.96 | 19.83    2.40 
                1.917    2.40 | 7.917    2.67 |13.917   10.96 | 19.92    2.40 
                2.000    2.40 | 8.000    2.67 |14.000   10.96 | 20.00    2.40 
                2.083    1.74 | 8.083    3.61 |14.083    4.01 | 20.08    1.60 
                2.167    1.74 | 8.167    3.61 |14.167    4.01 | 20.17    1.60 
                2.250    1.74 | 8.250    3.61 |14.250    4.01 | 20.25    1.60 
                2.333    1.74 | 8.333    3.61 |14.333    4.01 | 20.33    1.60 
                2.417    1.74 | 8.417    3.61 |14.417    4.01 | 20.42    1.60 
                2.500    1.74 | 8.500    3.61 |14.500    4.01 | 20.50    1.60 
                2.583    1.74 | 8.583    3.61 |14.583    4.01 | 20.58    1.60 
                2.667    1.74 | 8.667    3.61 |14.667    4.01 | 20.67    1.60 
                2.750    1.74 | 8.750    3.61 |14.750    4.01 | 20.75    1.60 
                2.833    1.74 | 8.833    3.61 |14.833    4.01 | 20.83    1.60 
                2.917    1.74 | 8.917    3.61 |14.917    4.01 | 20.92    1.60 
                3.000    1.74 | 9.000    3.61 |15.000    4.01 | 21.00    1.60 
                3.083    1.74 | 9.083    4.28 |15.083    4.01 | 21.08    1.60 
                3.167    1.74 | 9.167    4.28 |15.167    4.01 | 21.17    1.60 
                3.250    1.74 | 9.250    4.28 |15.250    4.01 | 21.25    1.60 
                3.333    1.74 | 9.333    4.28 |15.333    4.01 | 21.33    1.60 
                3.417    1.74 | 9.417    4.28 |15.417    4.01 | 21.42    1.60 
                3.500    1.74 | 9.500    4.28 |15.500    4.01 | 21.50    1.60 
                3.583    1.74 | 9.583    4.81 |15.583    4.01 | 21.58    1.60 
                3.667    1.74 | 9.667    4.81 |15.667    4.01 | 21.67    1.60 
                3.750    1.74 | 9.750    4.81 |15.750    4.01 | 21.75    1.60 
                3.833    1.74 | 9.833    4.81 |15.833    4.01 | 21.83    1.60 
                3.917    1.74 | 9.917    4.81 |15.917    4.01 | 21.92    1.60 
                4.000    1.74 |10.000    4.81 |16.000    4.01 | 22.00    1.60 
                4.083    2.14 |10.083    6.15 |16.083    2.41 | 22.08    1.60 
                4.167    2.14 |10.167    6.15 |16.167    2.40 | 22.17    1.60 
                4.250    2.14 |10.250    6.15 |16.250    2.40 | 22.25    1.60 
                4.333    2.14 |10.333    6.15 |16.333    2.40 | 22.33    1.60 
                4.417    2.14 |10.417    6.15 |16.417    2.40 | 22.42    1.60 
                4.500    2.14 |10.500    6.15 |16.500    2.40 | 22.50    1.60 
                4.583    2.14 |10.583    8.28 |16.583    2.40 | 22.58    1.60 
                4.667    2.14 |10.667    8.28 |16.667    2.40 | 22.67    1.60 
                4.750    2.14 |10.750    8.28 |16.750    2.40 | 22.75    1.60 
                4.833    2.14 |10.833    8.28 |16.833    2.40 | 22.83    1.60 
                4.917    2.14 |10.917    8.28 |16.917    2.40 | 22.92    1.60 
                5.000    2.14 |11.000    8.28 |17.000    2.40 | 23.00    1.60 
                5.083    2.14 |11.083   12.83 |17.083    2.40 | 23.08    1.60 
                5.167    2.14 |11.167   12.83 |17.167    2.40 | 23.17    1.60 
                5.250    2.14 |11.250   12.83 |17.250    2.40 | 23.25    1.60 
                5.333    2.14 |11.333   12.83 |17.333    2.40 | 23.33    1.60 
                5.417    2.14 |11.417   12.83 |17.417    2.40 | 23.42    1.60 
                5.500    2.14 |11.500   12.83 |17.500    2.40 | 23.50    1.60 
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                5.583    2.14 |11.583   55.57 |17.583    2.40 | 23.58    1.60 
                5.667    2.14 |11.667   55.58 |17.667    2.40 | 23.67    1.60 
                5.750    2.14 |11.750   55.58 |17.750    2.40 | 23.75    1.60 
                5.833    2.14 |11.833  147.48 |17.833    2.40 | 23.83    1.60 
                5.917    2.14 |11.917  147.49 |17.917    2.40 | 23.92    1.60 
                6.000    2.14 |12.000  147.49 |18.000    2.40 | 24.00    1.60 
   
     Unit Hyd Qpeak  (cms)=   0.324 
  
     PEAK FLOW       (cms)=   0.340 (i) 
     TIME TO PEAK    (hrs)=  12.250 
     RUNOFF VOLUME    (mm)=  63.670 
     TOTAL RAINFALL   (mm)= 133.600 
     RUNOFF COEFFICIENT   =   0.477 
  
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
  
-------------------- 
| ADD HYD  (  0161)| 
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V. 
--------------------         (ha)    (cms)    (hrs)     (mm) 
        ID1= 1 (  0136):    11.95   0.695    12.75    63.68 
      + ID2= 2 (  0160):     3.56   0.340    12.25    63.67 
        ==================================================== 
        ID = 3 (  0161):    15.51   0.946    12.58    63.67 
  
     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY. 
------------------------------------------------------------------------------- 
-------------------- 
| MASS STORM       |    Filename: C:\Users\hliu\AppD                            
|                  |              ata\Local\Temp\                               
|                  |              1bad779e-5246-410c-a42e-3ccee7a1c0de\06dbffa2 
| Ptotal=106.50 mm |    Comments: SCS II 6H_100YR                          
-------------------- 
                        Duration of storm    =  6.00 hrs 
                        Mass curve time step = 15.00 min 
   
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                 0.25    4.26 |  1.75   10.65 |  3.25   23.43 |  4.75    6.39 
                 0.50    4.26 |  2.00   10.65 |  3.50   23.43 |  5.00    6.39 
                 0.75    6.39 |  2.25   12.78 |  3.75   10.65 |  5.25    4.26 
                 1.00    6.39 |  2.50   12.78 |  4.00   10.65 |  5.50    4.26 
                 1.25    6.39 |  2.75   63.90 |  4.25    8.52 |  5.75    4.26 
                 1.50    6.39 |  3.00  166.14 |  4.50    8.52 |  6.00    4.26 
   
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| NASHYD   (  0162)|   Area    (ha)=   3.56   Curve Number   (CN)= 67.0 
|ID= 1 DT= 5.0 min |   Ia      (mm)=   7.00   # of Linear Res.(N)= 3.00 
--------------------   U.H. Tp(hrs)=   0.42 
  
         NOTE:  RAINFALL WAS TRANSFORMED TO   5.0 MIN. TIME STEP. 
 
   
                               ---- TRANSFORMED HYETOGRAPH ---- 
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                0.083    4.26 | 1.583   10.65 | 3.083   23.43 |  4.58    6.39 
                0.167    4.26 | 1.667   10.65 | 3.167   23.43 |  4.67    6.39 
                0.250    4.26 | 1.750   10.65 | 3.250   23.43 |  4.75    6.39 
                0.333    4.26 | 1.833   10.65 | 3.333   23.43 |  4.83    6.39 
                0.417    4.26 | 1.917   10.65 | 3.417   23.43 |  4.92    6.39 

                0.500    4.26 | 2.000   10.65 | 3.500   23.43 |  5.00    6.39 
                0.583    6.39 | 2.083   12.78 | 3.583   10.65 |  5.08    4.26 
                0.667    6.39 | 2.167   12.78 | 3.667   10.65 |  5.17    4.26 
                0.750    6.39 | 2.250   12.78 | 3.750   10.65 |  5.25    4.26 
                0.833    6.39 | 2.333   12.78 | 3.833   10.65 |  5.33    4.26 
                0.917    6.39 | 2.417   12.78 | 3.917   10.65 |  5.42    4.26 
                1.000    6.39 | 2.500   12.78 | 4.000   10.65 |  5.50    4.26 
                1.083    6.39 | 2.583   63.90 | 4.083    8.52 |  5.58    4.26 
                1.167    6.39 | 2.667   63.90 | 4.167    8.52 |  5.67    4.26 
                1.250    6.39 | 2.750   63.90 | 4.250    8.52 |  5.75    4.26 
                1.333    6.39 | 2.833  166.14 | 4.333    8.52 |  5.83    4.26 
                1.417    6.39 | 2.917  166.14 | 4.417    8.52 |  5.92    4.26 
                1.500    6.39 | 3.000  166.14 | 4.500    8.52 |  6.00    4.26 
   
     Unit Hyd Qpeak  (cms)=   0.324 
  
     PEAK FLOW       (cms)=   0.322 (i) 
     TIME TO PEAK    (hrs)=   3.333 
     RUNOFF VOLUME    (mm)=  44.074 
     TOTAL RAINFALL   (mm)= 106.500 
     RUNOFF COEFFICIENT   =   0.414 
  
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| NASHYD   (  0164)|   Area    (ha)=  11.95   Curve Number   (CN)= 67.0 
|ID= 1 DT= 5.0 min |   Ia      (mm)=   7.00   # of Linear Res.(N)= 3.00 
--------------------   U.H. Tp(hrs)=   0.84 
  
         NOTE:  RAINFALL WAS TRANSFORMED TO   5.0 MIN. TIME STEP. 
 
   
                               ---- TRANSFORMED HYETOGRAPH ---- 
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                0.083    4.26 | 1.583   10.65 | 3.083   23.43 |  4.58    6.39 
                0.167    4.26 | 1.667   10.65 | 3.167   23.43 |  4.67    6.39 
                0.250    4.26 | 1.750   10.65 | 3.250   23.43 |  4.75    6.39 
                0.333    4.26 | 1.833   10.65 | 3.333   23.43 |  4.83    6.39 
                0.417    4.26 | 1.917   10.65 | 3.417   23.43 |  4.92    6.39 
                0.500    4.26 | 2.000   10.65 | 3.500   23.43 |  5.00    6.39 
                0.583    6.39 | 2.083   12.78 | 3.583   10.65 |  5.08    4.26 
                0.667    6.39 | 2.167   12.78 | 3.667   10.65 |  5.17    4.26 
                0.750    6.39 | 2.250   12.78 | 3.750   10.65 |  5.25    4.26 
                0.833    6.39 | 2.333   12.78 | 3.833   10.65 |  5.33    4.26 
                0.917    6.39 | 2.417   12.78 | 3.917   10.65 |  5.42    4.26 
                1.000    6.39 | 2.500   12.78 | 4.000   10.65 |  5.50    4.26 
                1.083    6.39 | 2.583   63.90 | 4.083    8.52 |  5.58    4.26 
                1.167    6.39 | 2.667   63.90 | 4.167    8.52 |  5.67    4.26 
                1.250    6.39 | 2.750   63.90 | 4.250    8.52 |  5.75    4.26 
                1.333    6.39 | 2.833  166.14 | 4.333    8.52 |  5.83    4.26 
                1.417    6.39 | 2.917  166.14 | 4.417    8.52 |  5.92    4.26 
                1.500    6.39 | 3.000  166.14 | 4.500    8.52 |  6.00    4.26 
   
     Unit Hyd Qpeak  (cms)=   0.543 
  
     PEAK FLOW       (cms)=   0.655 (i) 
     TIME TO PEAK    (hrs)=   3.833 
     RUNOFF VOLUME    (mm)=  44.078 
     TOTAL RAINFALL   (mm)= 106.500 
     RUNOFF COEFFICIENT   =   0.414 
  
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
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------------------------------------------------------------------------------- 
  
-------------------- 
| ADD HYD  (  0163)| 
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V. 
--------------------         (ha)    (cms)    (hrs)     (mm) 
        ID1= 1 (  0162):     3.56   0.322     3.33    44.07 
      + ID2= 2 (  0164):    11.95   0.655     3.83    44.08 
        ==================================================== 
        ID = 3 (  0163):    15.51   0.888     3.58    44.08 
  
     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY. 
------------------------------------------------------------------------------- 
-------------------- 
| MASS STORM       |    Filename: C:\Users\hliu\AppD                            
|                  |              ata\Local\Temp\                               
|                  |              1bad779e-5246-410c-a42e-3ccee7a1c0de\b2dbabe9 
| Ptotal=112.50 mm |    Comments: SCS II 12H_100YR                         
-------------------- 
                        Duration of storm    = 12.00 hrs 
                        Mass curve time step = 15.00 min 
   
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                 0.25    2.81 |  3.25    4.50 |  6.25   20.25 |  9.25    3.94 
                 0.50    2.81 |  3.50    4.50 |  6.50   20.25 |  9.50    3.94 
                 0.75    2.81 |  3.75    4.50 |  6.75    9.00 |  9.75    3.94 
                 1.00    2.81 |  4.00    4.50 |  7.00    9.00 | 10.00    3.94 
                 1.25    2.81 |  4.25    6.75 |  7.25    6.75 | 10.25    2.25 
                 1.50    2.81 |  4.50    6.75 |  7.50    6.75 | 10.50    2.25 
                 1.75    2.81 |  4.75    9.00 |  7.75    6.75 | 10.75    2.25 
                 2.00    2.81 |  5.00    9.00 |  8.00    6.75 | 11.00    2.25 
                 2.25    3.38 |  5.25   13.50 |  8.25    3.94 | 11.25    2.25 
                 2.50    3.37 |  5.50   13.50 |  8.50    3.94 | 11.50    2.25 
                 2.75    3.38 |  5.75   54.00 |  8.75    3.94 | 11.75    2.25 
                 3.00    3.38 |  6.00  148.50 |  9.00    3.94 | 12.00    2.25 
   
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| NASHYD   (  0165)|   Area    (ha)=   3.56   Curve Number   (CN)= 67.0 
|ID= 1 DT= 5.0 min |   Ia      (mm)=   7.00   # of Linear Res.(N)= 3.00 
--------------------   U.H. Tp(hrs)=   0.42 
  
         NOTE:  RAINFALL WAS TRANSFORMED TO   5.0 MIN. TIME STEP. 
 
   
                               ---- TRANSFORMED HYETOGRAPH ---- 
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                0.083    2.81 | 3.083    4.50 | 6.083   20.25 |  9.08    3.94 
                0.167    2.81 | 3.167    4.50 | 6.167   20.25 |  9.17    3.94 
                0.250    2.81 | 3.250    4.50 | 6.250   20.25 |  9.25    3.94 
                0.333    2.81 | 3.333    4.50 | 6.333   20.25 |  9.33    3.94 
                0.417    2.81 | 3.417    4.50 | 6.417   20.25 |  9.42    3.94 
                0.500    2.81 | 3.500    4.50 | 6.500   20.25 |  9.50    3.94 
                0.583    2.81 | 3.583    4.50 | 6.583    9.00 |  9.58    3.94 
                0.667    2.81 | 3.667    4.50 | 6.667    9.00 |  9.67    3.94 
                0.750    2.81 | 3.750    4.50 | 6.750    9.00 |  9.75    3.94 
                0.833    2.81 | 3.833    4.50 | 6.833    9.00 |  9.83    3.94 
                0.917    2.81 | 3.917    4.50 | 6.917    9.00 |  9.92    3.94 
                1.000    2.81 | 4.000    4.50 | 7.000    9.00 | 10.00    3.94 
                1.083    2.81 | 4.083    6.75 | 7.083    6.75 | 10.08    2.25 
                1.167    2.81 | 4.167    6.75 | 7.167    6.75 | 10.17    2.25 
                1.250    2.81 | 4.250    6.75 | 7.250    6.75 | 10.25    2.25 
                1.333    2.81 | 4.333    6.75 | 7.333    6.75 | 10.33    2.25 

                1.417    2.81 | 4.417    6.75 | 7.417    6.75 | 10.42    2.25 
                1.500    2.81 | 4.500    6.75 | 7.500    6.75 | 10.50    2.25 
                1.583    2.81 | 4.583    9.00 | 7.583    6.75 | 10.58    2.25 
                1.667    2.81 | 4.667    9.00 | 7.667    6.75 | 10.67    2.25 
                1.750    2.81 | 4.750    9.00 | 7.750    6.75 | 10.75    2.25 
                1.833    2.81 | 4.833    9.00 | 7.833    6.75 | 10.83    2.25 
                1.917    2.81 | 4.917    9.00 | 7.917    6.75 | 10.92    2.25 
                2.000    2.81 | 5.000    9.00 | 8.000    6.75 | 11.00    2.25 
                2.083    3.38 | 5.083   13.50 | 8.083    3.94 | 11.08    2.25 
                2.167    3.38 | 5.167   13.50 | 8.167    3.94 | 11.17    2.25 
                2.250    3.38 | 5.250   13.50 | 8.250    3.94 | 11.25    2.25 
                2.333    3.37 | 5.333   13.50 | 8.333    3.94 | 11.33    2.25 
                2.417    3.37 | 5.417   13.50 | 8.417    3.94 | 11.42    2.25 
                2.500    3.37 | 5.500   13.50 | 8.500    3.94 | 11.50    2.25 
                2.583    3.37 | 5.583   54.00 | 8.583    3.94 | 11.58    2.25 
                2.667    3.38 | 5.667   54.00 | 8.667    3.94 | 11.67    2.25 
                2.750    3.38 | 5.750   54.00 | 8.750    3.94 | 11.75    2.25 
                2.833    3.37 | 5.833  148.50 | 8.833    3.94 | 11.83    2.25 
                2.917    3.38 | 5.917  148.50 | 8.917    3.94 | 11.92    2.25 
                3.000    3.38 | 6.000  148.50 | 9.000    3.94 | 12.00    2.25 
   
     Unit Hyd Qpeak  (cms)=   0.324 
  
     PEAK FLOW       (cms)=   0.304 (i) 
     TIME TO PEAK    (hrs)=   6.333 
     RUNOFF VOLUME    (mm)=  48.260 
     TOTAL RAINFALL   (mm)= 112.500 
     RUNOFF COEFFICIENT   =   0.429 
  
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| NASHYD   (  0167)|   Area    (ha)=  11.95   Curve Number   (CN)= 67.0 
|ID= 1 DT= 5.0 min |   Ia      (mm)=   7.00   # of Linear Res.(N)= 3.00 
--------------------   U.H. Tp(hrs)=   0.84 
  
         NOTE:  RAINFALL WAS TRANSFORMED TO   5.0 MIN. TIME STEP. 
 
   
                               ---- TRANSFORMED HYETOGRAPH ---- 
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                0.083    2.81 | 3.083    4.50 | 6.083   20.25 |  9.08    3.94 
                0.167    2.81 | 3.167    4.50 | 6.167   20.25 |  9.17    3.94 
                0.250    2.81 | 3.250    4.50 | 6.250   20.25 |  9.25    3.94 
                0.333    2.81 | 3.333    4.50 | 6.333   20.25 |  9.33    3.94 
                0.417    2.81 | 3.417    4.50 | 6.417   20.25 |  9.42    3.94 
                0.500    2.81 | 3.500    4.50 | 6.500   20.25 |  9.50    3.94 
                0.583    2.81 | 3.583    4.50 | 6.583    9.00 |  9.58    3.94 
                0.667    2.81 | 3.667    4.50 | 6.667    9.00 |  9.67    3.94 
                0.750    2.81 | 3.750    4.50 | 6.750    9.00 |  9.75    3.94 
                0.833    2.81 | 3.833    4.50 | 6.833    9.00 |  9.83    3.94 
                0.917    2.81 | 3.917    4.50 | 6.917    9.00 |  9.92    3.94 
                1.000    2.81 | 4.000    4.50 | 7.000    9.00 | 10.00    3.94 
                1.083    2.81 | 4.083    6.75 | 7.083    6.75 | 10.08    2.25 
                1.167    2.81 | 4.167    6.75 | 7.167    6.75 | 10.17    2.25 
                1.250    2.81 | 4.250    6.75 | 7.250    6.75 | 10.25    2.25 
                1.333    2.81 | 4.333    6.75 | 7.333    6.75 | 10.33    2.25 
                1.417    2.81 | 4.417    6.75 | 7.417    6.75 | 10.42    2.25 
                1.500    2.81 | 4.500    6.75 | 7.500    6.75 | 10.50    2.25 
                1.583    2.81 | 4.583    9.00 | 7.583    6.75 | 10.58    2.25 
                1.667    2.81 | 4.667    9.00 | 7.667    6.75 | 10.67    2.25 
                1.750    2.81 | 4.750    9.00 | 7.750    6.75 | 10.75    2.25 
                1.833    2.81 | 4.833    9.00 | 7.833    6.75 | 10.83    2.25 
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                1.917    2.81 | 4.917    9.00 | 7.917    6.75 | 10.92    2.25 
                2.000    2.81 | 5.000    9.00 | 8.000    6.75 | 11.00    2.25 
                2.083    3.38 | 5.083   13.50 | 8.083    3.94 | 11.08    2.25 
                2.167    3.38 | 5.167   13.50 | 8.167    3.94 | 11.17    2.25 
                2.250    3.38 | 5.250   13.50 | 8.250    3.94 | 11.25    2.25 
                2.333    3.37 | 5.333   13.50 | 8.333    3.94 | 11.33    2.25 
                2.417    3.37 | 5.417   13.50 | 8.417    3.94 | 11.42    2.25 
                2.500    3.37 | 5.500   13.50 | 8.500    3.94 | 11.50    2.25 
                2.583    3.37 | 5.583   54.00 | 8.583    3.94 | 11.58    2.25 
                2.667    3.38 | 5.667   54.00 | 8.667    3.94 | 11.67    2.25 
                2.750    3.38 | 5.750   54.00 | 8.750    3.94 | 11.75    2.25 
                2.833    3.37 | 5.833  148.50 | 8.833    3.94 | 11.83    2.25 
                2.917    3.38 | 5.917  148.50 | 8.917    3.94 | 11.92    2.25 
                3.000    3.38 | 6.000  148.50 | 9.000    3.94 | 12.00    2.25 
   
     Unit Hyd Qpeak  (cms)=   0.543 
  
     PEAK FLOW       (cms)=   0.621 (i) 
     TIME TO PEAK    (hrs)=   6.750 
     RUNOFF VOLUME    (mm)=  48.265 
     TOTAL RAINFALL   (mm)= 112.500 
     RUNOFF COEFFICIENT   =   0.429 
  
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
  
-------------------- 
| ADD HYD  (  0166)| 
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V. 
--------------------         (ha)    (cms)    (hrs)     (mm) 
        ID1= 1 (  0165):     3.56   0.304     6.33    48.26 
      + ID2= 2 (  0167):    11.95   0.621     6.75    48.27 
        ==================================================== 
        ID = 3 (  0166):    15.51   0.846     6.58    48.26 
  
     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY. 
------------------------------------------------------------------------------- 
-------------------- 
| CHICAGO STORM    |    IDF curve parameters: A=1426.408 
| Ptotal= 87.58 mm |                          B=   5.273 
--------------------                          C=   0.759 
                        used in:   INTENSITY =  A / (t + B)^C 
 
                        Duration of storm  =  4.00 hrs 
                        Storm time step    = 10.00 min 
                        Time to peak ratio =  0.33 
   
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                 0.17    6.41 |  1.17   45.22 |  2.17   14.50 |  3.17    7.56 
                 0.33    7.29 |  1.33  180.15 |  2.33   12.44 |  3.33    7.04 
                 0.50    8.52 |  1.50   58.54 |  2.50   10.94 |  3.50    6.60 
                 0.67   10.36 |  1.67   31.96 |  2.67    9.80 |  3.67    6.22 
                 0.83   13.45 |  1.83   22.45 |  2.83    8.90 |  3.83    5.89 
                 1.00   19.96 |  2.00   17.52 |  3.00    8.16 |  4.00    5.59 
   
   
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| NASHYD   (  0168)|   Area    (ha)=   3.56   Curve Number   (CN)= 67.0 
|ID= 1 DT= 5.0 min |   Ia      (mm)=   7.00   # of Linear Res.(N)= 3.00 
--------------------   U.H. Tp(hrs)=   0.42 
  
         NOTE:  RAINFALL WAS TRANSFORMED TO   5.0 MIN. TIME STEP. 

 
   
                               ---- TRANSFORMED HYETOGRAPH ---- 
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                0.083    6.41 | 1.083   45.22 | 2.083   14.50 |  3.08    7.56 
                0.167    6.41 | 1.167   45.22 | 2.167   14.50 |  3.17    7.56 
                0.250    7.29 | 1.250  180.15 | 2.250   12.44 |  3.25    7.04 
                0.333    7.29 | 1.333  180.15 | 2.333   12.44 |  3.33    7.04 
                0.417    8.52 | 1.417   58.54 | 2.417   10.94 |  3.42    6.60 
                0.500    8.52 | 1.500   58.54 | 2.500   10.94 |  3.50    6.60 
                0.583   10.36 | 1.583   31.96 | 2.583    9.80 |  3.58    6.22 
                0.667   10.36 | 1.667   31.96 | 2.667    9.80 |  3.67    6.22 
                0.750   13.45 | 1.750   22.45 | 2.750    8.90 |  3.75    5.89 
                0.833   13.45 | 1.833   22.45 | 2.833    8.90 |  3.83    5.89 
                0.917   19.96 | 1.917   17.52 | 2.917    8.16 |  3.92    5.59 
                1.000   19.96 | 2.000   17.52 | 3.000    8.16 |  4.00    5.59 
   
     Unit Hyd Qpeak  (cms)=   0.324 
  
     PEAK FLOW       (cms)=   0.205 (i) 
     TIME TO PEAK    (hrs)=   1.833 
     RUNOFF VOLUME    (mm)=  31.565 
     TOTAL RAINFALL   (mm)=  87.580 
     RUNOFF COEFFICIENT   =   0.360 
  
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| NASHYD   (  0170)|   Area    (ha)=  11.95   Curve Number   (CN)= 67.0 
|ID= 1 DT= 5.0 min |   Ia      (mm)=   7.00   # of Linear Res.(N)= 3.00 
--------------------   U.H. Tp(hrs)=   0.84 
  
         NOTE:  RAINFALL WAS TRANSFORMED TO   5.0 MIN. TIME STEP. 
 
   
                               ---- TRANSFORMED HYETOGRAPH ---- 
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                0.083    6.41 | 1.083   45.22 | 2.083   14.50 |  3.08    7.56 
                0.167    6.41 | 1.167   45.22 | 2.167   14.50 |  3.17    7.56 
                0.250    7.29 | 1.250  180.15 | 2.250   12.44 |  3.25    7.04 
                0.333    7.29 | 1.333  180.15 | 2.333   12.44 |  3.33    7.04 
                0.417    8.52 | 1.417   58.54 | 2.417   10.94 |  3.42    6.60 
                0.500    8.52 | 1.500   58.54 | 2.500   10.94 |  3.50    6.60 
                0.583   10.36 | 1.583   31.96 | 2.583    9.80 |  3.58    6.22 
                0.667   10.36 | 1.667   31.96 | 2.667    9.80 |  3.67    6.22 
                0.750   13.45 | 1.750   22.45 | 2.750    8.90 |  3.75    5.89 
                0.833   13.45 | 1.833   22.45 | 2.833    8.90 |  3.83    5.89 
                0.917   19.96 | 1.917   17.52 | 2.917    8.16 |  3.92    5.59 
                1.000   19.96 | 2.000   17.52 | 3.000    8.16 |  4.00    5.59 
   
     Unit Hyd Qpeak  (cms)=   0.543 
  
     PEAK FLOW       (cms)=   0.436 (i) 
     TIME TO PEAK    (hrs)=   2.417 
     RUNOFF VOLUME    (mm)=  31.568 
     TOTAL RAINFALL   (mm)=  87.580 
     RUNOFF COEFFICIENT   =   0.360 
  
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
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-------------------- 
| ADD HYD  (  0169)| 
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V. 
--------------------         (ha)    (cms)    (hrs)     (mm) 
        ID1= 1 (  0168):     3.56   0.205     1.83    31.56 
      + ID2= 2 (  0170):    11.95   0.436     2.42    31.57 
        ==================================================== 
        ID = 3 (  0169):    15.51   0.583     2.17    31.57 
  
     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY. 
------------------------------------------------------------------------------- 
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 2-year to 100-year 6 Hour, 12 Hour, 24 Hour SCS Storm and 4 
Hour Chicago Storm 

Watersand South Residential Subdivision 
Post-Development 

Job #: 2020-5184 Date: June 2022 
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================================================================================
=========================== 
   
       V    V   I    SSSSS  U   U    A    L              (v 6.2.2006) 
       V    V   I    SS     U   U   A A   L 
        V  V    I     SS    U   U  AAAAA  L 
        V  V    I      SS   U   U  A   A  L 
         VV     I    SSSSS  UUUUU  A   A  LLLLL 
     
        OOO   TTTTT  TTTTT  H   H  Y   Y  M   M   OOO    TM 
       O   O    T      T    H   H   Y Y   MM MM  O   O 
       O   O    T      T    H   H    Y    M   M  O   O     
        OOO     T      T    H   H    Y    M   M   OOO 
Developed and Distributed by Smart City Water Inc 
Copyright 2007 - 2021 Smart City Water Inc 
All rights reserved. 
   
   
                   *****  D E T A I L E D   O U T P U T ***** 
 
 
  Input   filename: C:\Program Files (x86)\Visual OTTHYMO 6.2\VO2\voin.dat                                                                   
  Output  filename: C:\Users\hliu\AppData\Local\Civica\VH5\b41b348d-2025-43d3-
a266-6b877f48bd3e\97b41b95-090f-4056-b934-402551086127\scenari 
  Summary filename: C:\Users\hliu\AppData\Local\Civica\VH5\b41b348d-2025-43d3-
a266-6b877f48bd3e\97b41b95-090f-4056-b934-402551086127\scenari 
 
 
DATE: 06-29-2022                           TIME: 02:29:54        
 
USER:                                                    
 
 
   
COMMENTS: ____________________________________________________________ 
 
   
--------------------------------------------------------------------------------
--------------------------- 
  ************************************************ 
  ** SIMULATION : Run 01                        ** 
  ************************************************ 
   
-------------------- 
| MASS STORM       |    Filename: C:\Users\hliu\AppD                            
|                  |              ata\Local\Temp\                               
|                  |              2b7bf0a5-557e-4a78-9392-0a739a5df2b5\a3457ff2 
| Ptotal= 55.00 mm |    Comments: SCS II 24H_2YR                           
-------------------- 
                        Duration of storm    = 24.00 hrs 
                        Mass curve time step = 15.00 min 
   
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                 0.25    0.55 |  6.25    1.10 | 12.25    7.92 | 18.25    0.99 
                 0.50    0.55 |  6.50    1.10 | 12.50    7.92 | 18.50    0.99 
                 0.75    0.55 |  6.75    1.10 | 12.75    4.07 | 18.75    0.99 
                 1.00    0.55 |  7.00    1.10 | 13.00    4.07 | 19.00    0.99 
                 1.25    0.55 |  7.25    1.10 | 13.25    0.77 | 19.25    0.99 
                 1.50    0.55 |  7.50    1.10 | 13.50    0.77 | 19.50    0.99 
                 1.75    0.55 |  7.75    1.10 | 13.75    4.51 | 19.75    0.99 
                 2.00    0.99 |  8.00    1.10 | 14.00    4.51 | 20.00    0.99 
                 2.25    0.72 |  8.25    1.49 | 14.25    1.65 | 20.25    0.66 
                 2.50    0.71 |  8.50    1.48 | 14.50    1.65 | 20.50    0.66 
                 2.75    0.72 |  8.75    1.49 | 14.75    1.65 | 20.75    0.66 
                 3.00    0.71 |  9.00    1.49 | 15.00    1.65 | 21.00    0.66 

                 3.25    0.71 |  9.25    1.76 | 15.25    1.65 | 21.25    0.66 
                 3.50    0.71 |  9.50    1.76 | 15.50    1.65 | 21.50    0.66 
                 3.75    0.72 |  9.75    1.98 | 15.75    1.65 | 21.75    0.66 
                 4.00    0.71 | 10.00    1.98 | 16.00    1.65 | 22.00    0.66 
                 4.25    0.88 | 10.25    2.53 | 16.25    0.99 | 22.25    0.66 
                 4.50    0.88 | 10.50    2.53 | 16.50    0.99 | 22.50    0.66 
                 4.75    0.88 | 10.75    3.41 | 16.75    0.99 | 22.75    0.66 
                 5.00    0.88 | 11.00    3.41 | 17.00    0.99 | 23.00    0.66 
                 5.25    0.88 | 11.25    5.28 | 17.25    0.99 | 23.25    0.66 
                 5.50    0.88 | 11.50    5.28 | 17.50    0.99 | 23.50    0.66 
                 5.75    0.88 | 11.75   22.88 | 17.75    0.99 | 23.75    0.66 
                 6.00    0.88 | 12.00   60.72 | 18.00    0.99 | 24.00    0.66 
   
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| STANDHYD (  0171)|   Area    (ha)=  28.25 
|ID= 1 DT= 5.0 min |   Total Imp(%)=  71.00   Dir. Conn.(%)=  66.00 
-------------------- 
                              IMPERVIOUS    PERVIOUS (i) 
     Surface Area     (ha)=      20.06         8.19 
     Dep. Storage     (mm)=       1.00         1.50 
     Average Slope     (%)=       1.00         2.00 
     Length            (m)=     433.97        40.00 
     Mannings n           =      0.013        0.250 
  
         NOTE:  RAINFALL WAS TRANSFORMED TO   5.0 MIN. TIME STEP. 
 
   
                               ---- TRANSFORMED HYETOGRAPH ---- 
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                0.083    0.55 | 6.083    1.10 |12.083    7.93 | 18.08    0.99 
                0.167    0.55 | 6.167    1.10 |12.167    7.92 | 18.17    0.99 
                0.250    0.55 | 6.250    1.10 |12.250    7.92 | 18.25    0.99 
                0.333    0.55 | 6.333    1.10 |12.333    7.92 | 18.33    0.99 
                0.417    0.55 | 6.417    1.10 |12.417    7.92 | 18.42    0.99 
                0.500    0.55 | 6.500    1.10 |12.500    7.92 | 18.50    0.99 
                0.583    0.55 | 6.583    1.10 |12.583    4.07 | 18.58    0.99 
                0.667    0.55 | 6.667    1.10 |12.667    4.07 | 18.67    0.99 
                0.750    0.55 | 6.750    1.10 |12.750    4.07 | 18.75    0.99 
                0.833    0.55 | 6.833    1.10 |12.833    4.07 | 18.83    0.99 
                0.917    0.55 | 6.917    1.10 |12.917    4.07 | 18.92    0.99 
                1.000    0.55 | 7.000    1.10 |13.000    4.07 | 19.00    0.99 
                1.083    0.55 | 7.083    1.10 |13.083    0.77 | 19.08    0.99 
                1.167    0.55 | 7.167    1.10 |13.167    0.77 | 19.17    0.99 
                1.250    0.55 | 7.250    1.10 |13.250    0.77 | 19.25    0.99 
                1.333    0.55 | 7.333    1.10 |13.333    0.77 | 19.33    0.99 
                1.417    0.55 | 7.417    1.10 |13.417    0.77 | 19.42    0.99 
                1.500    0.55 | 7.500    1.10 |13.500    0.77 | 19.50    0.99 
                1.583    0.55 | 7.583    1.10 |13.583    4.51 | 19.58    0.99 
                1.667    0.55 | 7.667    1.10 |13.667    4.51 | 19.67    0.99 
                1.750    0.55 | 7.750    1.10 |13.750    4.51 | 19.75    0.99 
                1.833    0.99 | 7.833    1.10 |13.833    4.51 | 19.83    0.99 
                1.917    0.99 | 7.917    1.10 |13.917    4.51 | 19.92    0.99 
                2.000    0.99 | 8.000    1.10 |14.000    4.51 | 20.00    0.99 
                2.083    0.72 | 8.083    1.49 |14.083    1.65 | 20.08    0.66 
                2.167    0.72 | 8.167    1.49 |14.167    1.65 | 20.17    0.66 
                2.250    0.72 | 8.250    1.48 |14.250    1.65 | 20.25    0.66 
                2.333    0.71 | 8.333    1.48 |14.333    1.65 | 20.33    0.66 
                2.417    0.71 | 8.417    1.48 |14.417    1.65 | 20.42    0.66 
                2.500    0.71 | 8.500    1.48 |14.500    1.65 | 20.50    0.66 
                2.583    0.71 | 8.583    1.49 |14.583    1.65 | 20.58    0.66 
                2.667    0.72 | 8.667    1.49 |14.667    1.65 | 20.67    0.66 
                2.750    0.72 | 8.750    1.48 |14.750    1.65 | 20.75    0.66 
                2.833    0.71 | 8.833    1.49 |14.833    1.65 | 20.83    0.66 
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                2.917    0.71 | 8.917    1.49 |14.917    1.65 | 20.92    0.66 
                3.000    0.71 | 9.000    1.49 |15.000    1.65 | 21.00    0.66 
                3.083    0.71 | 9.083    1.76 |15.083    1.65 | 21.08    0.66 
                3.167    0.71 | 9.167    1.76 |15.167    1.65 | 21.17    0.66 
                3.250    0.71 | 9.250    1.76 |15.250    1.65 | 21.25    0.66 
                3.333    0.71 | 9.333    1.76 |15.333    1.65 | 21.33    0.66 
                3.417    0.71 | 9.417    1.76 |15.417    1.65 | 21.42    0.66 
                3.500    0.71 | 9.500    1.76 |15.500    1.65 | 21.50    0.66 
                3.583    0.71 | 9.583    1.98 |15.583    1.65 | 21.58    0.66 
                3.667    0.72 | 9.667    1.98 |15.667    1.65 | 21.67    0.66 
                3.750    0.72 | 9.750    1.98 |15.750    1.65 | 21.75    0.66 
                3.833    0.71 | 9.833    1.98 |15.833    1.65 | 21.83    0.66 
                3.917    0.71 | 9.917    1.98 |15.917    1.65 | 21.92    0.66 
                4.000    0.71 |10.000    1.98 |16.000    1.65 | 22.00    0.66 
                4.083    0.88 |10.083    2.53 |16.083    0.99 | 22.08    0.66 
                4.167    0.88 |10.167    2.53 |16.167    0.99 | 22.17    0.66 
                4.250    0.88 |10.250    2.53 |16.250    0.99 | 22.25    0.66 
                4.333    0.88 |10.333    2.53 |16.333    0.99 | 22.33    0.66 
                4.417    0.88 |10.417    2.53 |16.417    0.99 | 22.42    0.66 
                4.500    0.88 |10.500    2.53 |16.500    0.99 | 22.50    0.66 
                4.583    0.88 |10.583    3.41 |16.583    0.99 | 22.58    0.66 
                4.667    0.88 |10.667    3.41 |16.667    0.99 | 22.67    0.66 
                4.750    0.88 |10.750    3.41 |16.750    0.99 | 22.75    0.66 
                4.833    0.88 |10.833    3.41 |16.833    0.99 | 22.83    0.66 
                4.917    0.88 |10.917    3.41 |16.917    0.99 | 22.92    0.66 
                5.000    0.88 |11.000    3.41 |17.000    0.99 | 23.00    0.66 
                5.083    0.88 |11.083    5.28 |17.083    0.99 | 23.08    0.66 
                5.167    0.88 |11.167    5.28 |17.167    0.99 | 23.17    0.66 
                5.250    0.88 |11.250    5.28 |17.250    0.99 | 23.25    0.66 
                5.333    0.88 |11.333    5.28 |17.333    0.99 | 23.33    0.66 
                5.417    0.88 |11.417    5.28 |17.417    0.99 | 23.42    0.66 
                5.500    0.88 |11.500    5.28 |17.500    0.99 | 23.50    0.66 
                5.583    0.88 |11.583   22.88 |17.583    0.99 | 23.58    0.66 
                5.667    0.88 |11.667   22.88 |17.667    0.99 | 23.67    0.66 
                5.750    0.88 |11.750   22.88 |17.750    0.99 | 23.75    0.66 
                5.833    0.88 |11.833   60.72 |17.833    0.99 | 23.83    0.66 
                5.917    0.88 |11.917   60.72 |17.917    0.99 | 23.92    0.66 
                6.000    0.88 |12.000   60.72 |18.000    0.99 | 24.00    0.66 
   
     Max.Eff.Inten.(mm/hr)=      60.72        48.80 
                over (min)       10.00        20.00 
     Storage Coeff.  (min)=       7.52 (ii)   16.93 (ii) 
     Unit Hyd. Tpeak (min)=      10.00        20.00 
     Unit Hyd. peak  (cms)=       0.13         0.06 
                                                           *TOTALS* 
     PEAK FLOW       (cms)=       2.70         0.60          3.143 (iii) 
     TIME TO PEAK    (hrs)=      12.00        12.17          12.00 
     RUNOFF VOLUME    (mm)=      54.00        31.38          46.31 
     TOTAL RAINFALL   (mm)=      55.00        55.00          55.00 
     RUNOFF COEFFICIENT   =       0.98         0.57           0.84 
  
  
       (i) CN PROCEDURE SELECTED FOR PERVIOUS LOSSES: 
            CN*  =  85.0    Ia = Dep. Storage  (Above) 
      (ii) TIME STEP (DT) SHOULD BE SMALLER OR EQUAL 
           THAN THE STORAGE COEFFICIENT. 
     (iii) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
-------------------- 
| RESERVOIR(  0175)|     OVERFLOW IS OFF 
| IN= 2---> OUT= 1 | 
| DT=  5.0 min     |     OUTFLOW    STORAGE   |  OUTFLOW    STORAGE 
--------------------      (cms)     (ha.m.)   |   (cms)     (ha.m.) 
                          0.0000     0.0000   |   0.4810      1.4680 
                          0.0470     0.8600   |   0.6580      1.7540 

                          0.1860     0.9300   |   0.7990      1.9670 
                          0.3530     1.2390   |   0.9460      2.1790 
  
                                AREA     QPEAK     TPEAK       R.V. 
                                (ha)     (cms)     (hrs)       (mm) 
   INFLOW : ID= 2 (  0171)     28.250      3.143     12.00      46.31 
   OUTFLOW: ID= 1 (  0175)     28.250      0.184     14.25      44.46 
  
                   PEAK   FLOW   REDUCTION [Qout/Qin](%)=  5.86 
                   TIME SHIFT OF PEAK FLOW         (min)=135.00 
                   MAXIMUM  STORAGE   USED       (ha.m.)=  0.9295 
  
------------------------------------------------------------------------------- 
-------------------- 
| MASS STORM       |    Filename: C:\Users\hliu\AppD                            
|                  |              ata\Local\Temp\                               
|                  |              2b7bf0a5-557e-4a78-9392-0a739a5df2b5\8096a049 
| Ptotal= 42.30 mm |    Comments: SCS II 6H_2YR                            
-------------------- 
                        Duration of storm    =  6.00 hrs 
                        Mass curve time step = 15.00 min 
   
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                 0.25    1.69 |  1.75    4.23 |  3.25    9.31 |  4.75    2.54 
                 0.50    1.69 |  2.00    4.23 |  3.50    9.31 |  5.00    2.54 
                 0.75    2.54 |  2.25    5.08 |  3.75    4.23 |  5.25    1.69 
                 1.00    2.54 |  2.50    5.08 |  4.00    4.23 |  5.50    1.69 
                 1.25    2.54 |  2.75   25.38 |  4.25    3.38 |  5.75    1.69 
                 1.50    2.54 |  3.00   65.99 |  4.50    3.38 |  6.00    1.69 
   
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| STANDHYD (  0172)|   Area    (ha)=  28.25 
|ID= 1 DT= 5.0 min |   Total Imp(%)=  71.00   Dir. Conn.(%)=  66.00 
-------------------- 
                              IMPERVIOUS    PERVIOUS (i) 
     Surface Area     (ha)=      20.06         8.19 
     Dep. Storage     (mm)=       1.00         1.50 
     Average Slope     (%)=       1.00         2.00 
     Length            (m)=     433.97        40.00 
     Mannings n           =      0.013        0.250 
  
         NOTE:  RAINFALL WAS TRANSFORMED TO   5.0 MIN. TIME STEP. 
 
   
                               ---- TRANSFORMED HYETOGRAPH ---- 
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                0.083    1.69 | 1.583    4.23 | 3.083    9.31 |  4.58    2.54 
                0.167    1.69 | 1.667    4.23 | 3.167    9.31 |  4.67    2.54 
                0.250    1.69 | 1.750    4.23 | 3.250    9.31 |  4.75    2.54 
                0.333    1.69 | 1.833    4.23 | 3.333    9.31 |  4.83    2.54 
                0.417    1.69 | 1.917    4.23 | 3.417    9.31 |  4.92    2.54 
                0.500    1.69 | 2.000    4.23 | 3.500    9.31 |  5.00    2.54 
                0.583    2.54 | 2.083    5.08 | 3.583    4.23 |  5.08    1.69 
                0.667    2.54 | 2.167    5.08 | 3.667    4.23 |  5.17    1.69 
                0.750    2.54 | 2.250    5.08 | 3.750    4.23 |  5.25    1.69 
                0.833    2.54 | 2.333    5.08 | 3.833    4.23 |  5.33    1.69 
                0.917    2.54 | 2.417    5.08 | 3.917    4.23 |  5.42    1.69 
                1.000    2.54 | 2.500    5.08 | 4.000    4.23 |  5.50    1.69 
                1.083    2.54 | 2.583   25.38 | 4.083    3.38 |  5.58    1.69 
                1.167    2.54 | 2.667   25.38 | 4.167    3.38 |  5.67    1.69 
                1.250    2.54 | 2.750   25.38 | 4.250    3.38 |  5.75    1.69 
                1.333    2.54 | 2.833   65.99 | 4.333    3.38 |  5.83    1.69 
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                1.417    2.54 | 2.917   65.99 | 4.417    3.38 |  5.92    1.69 
                1.500    2.54 | 3.000   65.99 | 4.500    3.38 |  6.00    1.69 
   
     Max.Eff.Inten.(mm/hr)=      65.99        48.03 
                over (min)        5.00        20.00 
     Storage Coeff.  (min)=       7.28 (ii)   16.74 (ii) 
     Unit Hyd. Tpeak (min)=       5.00        20.00 
     Unit Hyd. peak  (cms)=       0.17         0.06 
                                                           *TOTALS* 
     PEAK FLOW       (cms)=       3.13         0.56          3.523 (iii) 
     TIME TO PEAK    (hrs)=       3.00         3.17           3.00 
     RUNOFF VOLUME    (mm)=      41.30        21.23          34.48 
     TOTAL RAINFALL   (mm)=      42.30        42.30          42.30 
     RUNOFF COEFFICIENT   =       0.98         0.50           0.82 
  
  
       (i) CN PROCEDURE SELECTED FOR PERVIOUS LOSSES: 
            CN*  =  85.0    Ia = Dep. Storage  (Above) 
      (ii) TIME STEP (DT) SHOULD BE SMALLER OR EQUAL 
           THAN THE STORAGE COEFFICIENT. 
     (iii) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
-------------------- 
| RESERVOIR(  0176)|     OVERFLOW IS OFF 
| IN= 2---> OUT= 1 | 
| DT=  5.0 min     |     OUTFLOW    STORAGE   |  OUTFLOW    STORAGE 
--------------------      (cms)     (ha.m.)   |   (cms)     (ha.m.) 
                          0.0000     0.0000   |   0.4260      1.3670 
                          0.0470     0.8600   |   0.6000      1.6350 
                          0.1480     0.8780   |   0.7400      1.8350 
                          0.3040     1.1570   |   0.8880      2.0360 
  
                                AREA     QPEAK     TPEAK       R.V. 
                                (ha)     (cms)     (hrs)       (mm) 
   INFLOW : ID= 2 (  0172)     28.250      3.523      3.00      34.48 
   OUTFLOW: ID= 1 (  0176)     28.250      0.141      5.25      33.17 
  
                   PEAK   FLOW   REDUCTION [Qout/Qin](%)=  4.00 
                   TIME SHIFT OF PEAK FLOW         (min)=135.00 
                   MAXIMUM  STORAGE   USED       (ha.m.)=  0.8768 
  
------------------------------------------------------------------------------- 
-------------------- 
| MASS STORM       |    Filename: C:\Users\hliu\AppD                            
|                  |              ata\Local\Temp\                               
|                  |              2b7bf0a5-557e-4a78-9392-0a739a5df2b5\f78e34d8 
| Ptotal= 46.70 mm |    Comments: SCS II 12H_2YR                           
-------------------- 
                        Duration of storm    = 12.00 hrs 
                        Mass curve time step = 15.00 min 
   
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                 0.25    1.17 |  3.25    1.87 |  6.25    8.41 |  9.25    1.63 
                 0.50    1.17 |  3.50    1.87 |  6.50    8.41 |  9.50    1.63 
                 0.75    1.17 |  3.75    1.87 |  6.75    3.74 |  9.75    1.63 
                 1.00    1.17 |  4.00    1.87 |  7.00    3.74 | 10.00    1.63 
                 1.25    1.17 |  4.25    2.80 |  7.25    2.80 | 10.25    0.93 
                 1.50    1.17 |  4.50    2.80 |  7.50    2.80 | 10.50    0.93 
                 1.75    1.17 |  4.75    3.74 |  7.75    2.80 | 10.75    0.93 
                 2.00    1.17 |  5.00    3.74 |  8.00    2.80 | 11.00    0.93 
                 2.25    1.40 |  5.25    5.60 |  8.25    1.63 | 11.25    0.93 
                 2.50    1.40 |  5.50    5.60 |  8.50    1.63 | 11.50    0.93 
                 2.75    1.40 |  5.75   22.42 |  8.75    1.63 | 11.75    0.93 
                 3.00    1.40 |  6.00   61.64 |  9.00    1.63 | 12.00    0.93 

   
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| STANDHYD (  0173)|   Area    (ha)=  28.25 
|ID= 1 DT= 5.0 min |   Total Imp(%)=  71.00   Dir. Conn.(%)=  66.00 
-------------------- 
                              IMPERVIOUS    PERVIOUS (i) 
     Surface Area     (ha)=      20.06         8.19 
     Dep. Storage     (mm)=       1.00         1.50 
     Average Slope     (%)=       1.00         2.00 
     Length            (m)=     433.97        40.00 
     Mannings n           =      0.013        0.250 
  
         NOTE:  RAINFALL WAS TRANSFORMED TO   5.0 MIN. TIME STEP. 
 
   
                               ---- TRANSFORMED HYETOGRAPH ---- 
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                0.083    1.17 | 3.083    1.87 | 6.083    8.41 |  9.08    1.63 
                0.167    1.17 | 3.167    1.87 | 6.167    8.41 |  9.17    1.63 
                0.250    1.17 | 3.250    1.87 | 6.250    8.41 |  9.25    1.63 
                0.333    1.17 | 3.333    1.87 | 6.333    8.41 |  9.33    1.63 
                0.417    1.17 | 3.417    1.87 | 6.417    8.41 |  9.42    1.63 
                0.500    1.17 | 3.500    1.87 | 6.500    8.41 |  9.50    1.63 
                0.583    1.17 | 3.583    1.87 | 6.583    3.74 |  9.58    1.63 
                0.667    1.17 | 3.667    1.87 | 6.667    3.74 |  9.67    1.63 
                0.750    1.17 | 3.750    1.87 | 6.750    3.74 |  9.75    1.63 
                0.833    1.17 | 3.833    1.87 | 6.833    3.74 |  9.83    1.63 
                0.917    1.17 | 3.917    1.87 | 6.917    3.74 |  9.92    1.63 
                1.000    1.17 | 4.000    1.87 | 7.000    3.74 | 10.00    1.63 
                1.083    1.17 | 4.083    2.80 | 7.083    2.80 | 10.08    0.93 
                1.167    1.17 | 4.167    2.80 | 7.167    2.80 | 10.17    0.93 
                1.250    1.17 | 4.250    2.80 | 7.250    2.80 | 10.25    0.93 
                1.333    1.17 | 4.333    2.80 | 7.333    2.80 | 10.33    0.93 
                1.417    1.17 | 4.417    2.80 | 7.417    2.80 | 10.42    0.93 
                1.500    1.17 | 4.500    2.80 | 7.500    2.80 | 10.50    0.93 
                1.583    1.17 | 4.583    3.74 | 7.583    2.80 | 10.58    0.93 
                1.667    1.17 | 4.667    3.74 | 7.667    2.80 | 10.67    0.93 
                1.750    1.17 | 4.750    3.74 | 7.750    2.80 | 10.75    0.93 
                1.833    1.17 | 4.833    3.74 | 7.833    2.80 | 10.83    0.93 
                1.917    1.17 | 4.917    3.74 | 7.917    2.80 | 10.92    0.93 
                2.000    1.17 | 5.000    3.74 | 8.000    2.80 | 11.00    0.93 
                2.083    1.40 | 5.083    5.60 | 8.083    1.63 | 11.08    0.93 
                2.167    1.40 | 5.167    5.60 | 8.167    1.63 | 11.17    0.93 
                2.250    1.40 | 5.250    5.60 | 8.250    1.63 | 11.25    0.93 
                2.333    1.40 | 5.333    5.60 | 8.333    1.63 | 11.33    0.93 
                2.417    1.40 | 5.417    5.60 | 8.417    1.63 | 11.42    0.93 
                2.500    1.40 | 5.500    5.60 | 8.500    1.63 | 11.50    0.93 
                2.583    1.40 | 5.583   22.42 | 8.583    1.63 | 11.58    0.93 
                2.667    1.40 | 5.667   22.42 | 8.667    1.63 | 11.67    0.93 
                2.750    1.40 | 5.750   22.42 | 8.750    1.63 | 11.75    0.93 
                2.833    1.40 | 5.833   61.64 | 8.833    1.63 | 11.83    0.93 
                2.917    1.40 | 5.917   61.64 | 8.917    1.63 | 11.92    0.93 
                3.000    1.40 | 6.000   61.64 | 9.000    1.63 | 12.00    0.93 
   
     Max.Eff.Inten.(mm/hr)=      61.64        46.72 
                over (min)        5.00        20.00 
     Storage Coeff.  (min)=       7.48 (ii)   17.05 (ii) 
     Unit Hyd. Tpeak (min)=       5.00        20.00 
     Unit Hyd. peak  (cms)=       0.17         0.06 
                                                           *TOTALS* 
     PEAK FLOW       (cms)=       2.90         0.56          3.301 (iii) 
     TIME TO PEAK    (hrs)=       6.00         6.17           6.00 
     RUNOFF VOLUME    (mm)=      45.70        24.66          38.55 
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     TOTAL RAINFALL   (mm)=      46.70        46.70          46.70 
     RUNOFF COEFFICIENT   =       0.98         0.53           0.83 
  
  
       (i) CN PROCEDURE SELECTED FOR PERVIOUS LOSSES: 
            CN*  =  85.0    Ia = Dep. Storage  (Above) 
      (ii) TIME STEP (DT) SHOULD BE SMALLER OR EQUAL 
           THAN THE STORAGE COEFFICIENT. 
     (iii) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
-------------------- 
| RESERVOIR(  0177)|     OVERFLOW IS OFF 
| IN= 2---> OUT= 1 | 
| DT=  5.0 min     |     OUTFLOW    STORAGE   |  OUTFLOW    STORAGE 
--------------------      (cms)     (ha.m.)   |   (cms)     (ha.m.) 
                          0.0000     0.0000   |   0.4210      1.3480 
                          0.0470     0.8600   |   0.5820      1.6080 
                          0.1580     0.8880   |   0.7120      1.8060 
                          0.3050     1.1460   |   0.8460      1.9980 
  
                                AREA     QPEAK     TPEAK       R.V. 
                                (ha)     (cms)     (hrs)       (mm) 
   INFLOW : ID= 2 (  0173)     28.250      3.301      6.00      38.55 
   OUTFLOW: ID= 1 (  0177)     28.250      0.153      8.17      37.08 
  
                   PEAK   FLOW   REDUCTION [Qout/Qin](%)=  4.62 
                   TIME SHIFT OF PEAK FLOW         (min)=130.00 
                   MAXIMUM  STORAGE   USED       (ha.m.)=  0.8867 
  
------------------------------------------------------------------------------- 
-------------------- 
| CHICAGO STORM    |    IDF curve parameters: A= 678.085 
| Ptotal= 36.96 mm |                          B=   4.699 
--------------------                          C=   0.781 
                        used in:   INTENSITY =  A / (t + B)^C 
 
                        Duration of storm  =  4.00 hrs 
                        Storm time step    = 10.00 min 
                        Time to peak ratio =  0.33 
   
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                 0.17    2.47 |  1.17   18.78 |  2.17    5.73 |  3.17    2.93 
                 0.33    2.82 |  1.33   83.11 |  2.33    4.89 |  3.33    2.72 
                 0.50    3.31 |  1.50   24.57 |  2.50    4.28 |  3.50    2.55 
                 0.67    4.05 |  1.67   13.01 |  2.67    3.82 |  3.67    2.39 
                 0.83    5.30 |  1.83    9.01 |  2.83    3.46 |  3.83    2.26 
                 1.00    7.98 |  2.00    6.97 |  3.00    3.17 |  4.00    2.15 
   
   
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| STANDHYD (  0174)|   Area    (ha)=  28.25 
|ID= 1 DT= 5.0 min |   Total Imp(%)=  71.00   Dir. Conn.(%)=  66.00 
-------------------- 
                              IMPERVIOUS    PERVIOUS (i) 
     Surface Area     (ha)=      20.06         8.19 
     Dep. Storage     (mm)=       1.00         1.50 
     Average Slope     (%)=       1.00         2.00 
     Length            (m)=     433.97        40.00 
     Mannings n           =      0.013        0.250 
  
         NOTE:  RAINFALL WAS TRANSFORMED TO   5.0 MIN. TIME STEP. 
 

   
                               ---- TRANSFORMED HYETOGRAPH ---- 
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                0.083    2.47 | 1.083   18.78 | 2.083    5.73 |  3.08    2.93 
                0.167    2.47 | 1.167   18.78 | 2.167    5.73 |  3.17    2.93 
                0.250    2.82 | 1.250   83.11 | 2.250    4.89 |  3.25    2.72 
                0.333    2.82 | 1.333   83.11 | 2.333    4.89 |  3.33    2.72 
                0.417    3.31 | 1.417   24.57 | 2.417    4.28 |  3.42    2.55 
                0.500    3.31 | 1.500   24.57 | 2.500    4.28 |  3.50    2.55 
                0.583    4.05 | 1.583   13.01 | 2.583    3.82 |  3.58    2.39 
                0.667    4.05 | 1.667   13.01 | 2.667    3.82 |  3.67    2.39 
                0.750    5.30 | 1.750    9.01 | 2.750    3.46 |  3.75    2.26 
                0.833    5.30 | 1.833    9.01 | 2.833    3.46 |  3.83    2.26 
                0.917    7.98 | 1.917    6.97 | 2.917    3.17 |  3.92    2.15 
                1.000    7.98 | 2.000    6.97 | 3.000    3.17 |  4.00    2.15 
   
     Max.Eff.Inten.(mm/hr)=      83.11        42.38 
                over (min)        5.00        20.00 
     Storage Coeff.  (min)=       6.64 (ii)   16.59 (ii) 
     Unit Hyd. Tpeak (min)=       5.00        20.00 
     Unit Hyd. peak  (cms)=       0.18         0.06 
                                                           *TOTALS* 
     PEAK FLOW       (cms)=       3.54         0.45          3.704 (iii) 
     TIME TO PEAK    (hrs)=       1.33         1.58           1.33 
     RUNOFF VOLUME    (mm)=      35.96        17.22          29.59 
     TOTAL RAINFALL   (mm)=      36.96        36.96          36.96 
     RUNOFF COEFFICIENT   =       0.97         0.47           0.80 
  
  
       (i) CN PROCEDURE SELECTED FOR PERVIOUS LOSSES: 
            CN*  =  85.0    Ia = Dep. Storage  (Above) 
      (ii) TIME STEP (DT) SHOULD BE SMALLER OR EQUAL 
           THAN THE STORAGE COEFFICIENT. 
     (iii) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
-------------------- 
| RESERVOIR(  0178)|     OVERFLOW IS OFF 
| IN= 2---> OUT= 1 | 
| DT=  5.0 min     |     OUTFLOW    STORAGE   |  OUTFLOW    STORAGE 
--------------------      (cms)     (ha.m.)   |   (cms)     (ha.m.) 
                          0.0000     0.0000   |   0.2810      1.2030 
                          0.0470     0.8600   |   0.3960      1.4090 
                          0.1020     0.8601   |   0.4840      1.5570 
                          0.2010     1.0400   |   0.5830      1.7020 
  
                                AREA     QPEAK     TPEAK       R.V. 
                                (ha)     (cms)     (hrs)       (mm) 
   INFLOW : ID= 2 (  0174)     28.250      3.704      1.33      29.59 
   OUTFLOW: ID= 1 (  0178)     28.250      0.043      4.25      28.43 
  
                   PEAK   FLOW   REDUCTION [Qout/Qin](%)=  1.17 
                   TIME SHIFT OF PEAK FLOW         (min)=175.00 
                   MAXIMUM  STORAGE   USED       (ha.m.)=  0.7926 
  
------------------------------------------------------------------------------- 
================================================================================
=========================== 
   
       V    V   I    SSSSS  U   U    A    L              (v 6.2.2006) 
       V    V   I    SS     U   U   A A   L 
        V  V    I     SS    U   U  AAAAA  L 
        V  V    I      SS   U   U  A   A  L 
         VV     I    SSSSS  UUUUU  A   A  LLLLL 
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        OOO   TTTTT  TTTTT  H   H  Y   Y  M   M   OOO    TM 
       O   O    T      T    H   H   Y Y   MM MM  O   O 
       O   O    T      T    H   H    Y    M   M  O   O     
        OOO     T      T    H   H    Y    M   M   OOO 
Developed and Distributed by Smart City Water Inc 
Copyright 2007 - 2021 Smart City Water Inc 
All rights reserved. 
   
   
                   *****  D E T A I L E D   O U T P U T ***** 
 
 
  Input   filename: C:\Program Files (x86)\Visual OTTHYMO 6.2\VO2\voin.dat                                                                   
  Output  filename: C:\Users\hliu\AppData\Local\Civica\VH5\b41b348d-2025-43d3-
a266-6b877f48bd3e\a4820c09-e76e-4ee8-b0a9-9640a05c5e2a\scenari 
  Summary filename: C:\Users\hliu\AppData\Local\Civica\VH5\b41b348d-2025-43d3-
a266-6b877f48bd3e\a4820c09-e76e-4ee8-b0a9-9640a05c5e2a\scenari 
 
 
DATE: 06-29-2022                           TIME: 02:29:55        
 
USER:                                                    
 
 
   
COMMENTS: ____________________________________________________________ 
 
   
--------------------------------------------------------------------------------
--------------------------- 
  ************************************************ 
  ** SIMULATION : Run 02                        ** 
  ************************************************ 
   
-------------------- 
| MASS STORM       |    Filename: C:\Users\hliu\AppD                            
|                  |              ata\Local\Temp\                               
|                  |              2b7bf0a5-557e-4a78-9392-0a739a5df2b5\efbc61a7 
| Ptotal= 76.00 mm |    Comments: SCS II 24H_5YR                           
-------------------- 
                        Duration of storm    = 24.00 hrs 
                        Mass curve time step = 15.00 min 
   
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                 0.25    0.76 |  6.25    1.52 | 12.25   10.94 | 18.25    1.37 
                 0.50    0.76 |  6.50    1.52 | 12.50   10.94 | 18.50    1.37 
                 0.75    0.76 |  6.75    1.52 | 12.75    5.62 | 18.75    1.37 
                 1.00    0.76 |  7.00    1.52 | 13.00    5.62 | 19.00    1.37 
                 1.25    0.76 |  7.25    1.52 | 13.25    1.06 | 19.25    1.37 
                 1.50    0.76 |  7.50    1.52 | 13.50    1.06 | 19.50    1.37 
                 1.75    0.76 |  7.75    1.52 | 13.75    6.23 | 19.75    1.37 
                 2.00    1.37 |  8.00    1.52 | 14.00    6.23 | 20.00    1.37 
                 2.25    0.99 |  8.25    2.05 | 14.25    2.28 | 20.25    0.91 
                 2.50    0.99 |  8.50    2.05 | 14.50    2.28 | 20.50    0.91 
                 2.75    0.99 |  8.75    2.05 | 14.75    2.28 | 20.75    0.91 
                 3.00    0.99 |  9.00    2.05 | 15.00    2.28 | 21.00    0.91 
                 3.25    0.99 |  9.25    2.43 | 15.25    2.28 | 21.25    0.91 
                 3.50    0.99 |  9.50    2.43 | 15.50    2.28 | 21.50    0.91 
                 3.75    0.99 |  9.75    2.74 | 15.75    2.28 | 21.75    0.91 
                 4.00    0.99 | 10.00    2.74 | 16.00    2.28 | 22.00    0.91 
                 4.25    1.22 | 10.25    3.50 | 16.25    1.37 | 22.25    0.91 
                 4.50    1.22 | 10.50    3.50 | 16.50    1.37 | 22.50    0.91 
                 4.75    1.22 | 10.75    4.71 | 16.75    1.37 | 22.75    0.91 
                 5.00    1.22 | 11.00    4.71 | 17.00    1.37 | 23.00    0.91 
                 5.25    1.22 | 11.25    7.30 | 17.25    1.37 | 23.25    0.91 

                 5.50    1.22 | 11.50    7.30 | 17.50    1.37 | 23.50    0.91 
                 5.75    1.22 | 11.75   31.62 | 17.75    1.37 | 23.75    0.91 
                 6.00    1.22 | 12.00   83.90 | 18.00    1.37 | 24.00    0.91 
   
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| STANDHYD (  0171)|   Area    (ha)=  28.25 
|ID= 1 DT= 5.0 min |   Total Imp(%)=  71.00   Dir. Conn.(%)=  66.00 
-------------------- 
                              IMPERVIOUS    PERVIOUS (i) 
     Surface Area     (ha)=      20.06         8.19 
     Dep. Storage     (mm)=       1.00         1.50 
     Average Slope     (%)=       1.00         2.00 
     Length            (m)=     433.97        40.00 
     Mannings n           =      0.013        0.250 
  
         NOTE:  RAINFALL WAS TRANSFORMED TO   5.0 MIN. TIME STEP. 
 
   
                               ---- TRANSFORMED HYETOGRAPH ---- 
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                0.083    0.76 | 6.083    1.52 |12.083   10.95 | 18.08    1.37 
                0.167    0.76 | 6.167    1.52 |12.167   10.94 | 18.17    1.37 
                0.250    0.76 | 6.250    1.52 |12.250   10.94 | 18.25    1.37 
                0.333    0.76 | 6.333    1.52 |12.333   10.94 | 18.33    1.37 
                0.417    0.76 | 6.417    1.52 |12.417   10.94 | 18.42    1.37 
                0.500    0.76 | 6.500    1.52 |12.500   10.94 | 18.50    1.37 
                0.583    0.76 | 6.583    1.52 |12.583    5.62 | 18.58    1.37 
                0.667    0.76 | 6.667    1.52 |12.667    5.62 | 18.67    1.37 
                0.750    0.76 | 6.750    1.52 |12.750    5.62 | 18.75    1.37 
                0.833    0.76 | 6.833    1.52 |12.833    5.62 | 18.83    1.37 
                0.917    0.76 | 6.917    1.52 |12.917    5.62 | 18.92    1.37 
                1.000    0.76 | 7.000    1.52 |13.000    5.62 | 19.00    1.37 
                1.083    0.76 | 7.083    1.52 |13.083    1.06 | 19.08    1.37 
                1.167    0.76 | 7.167    1.52 |13.167    1.06 | 19.17    1.37 
                1.250    0.76 | 7.250    1.52 |13.250    1.06 | 19.25    1.37 
                1.333    0.76 | 7.333    1.52 |13.333    1.06 | 19.33    1.37 
                1.417    0.76 | 7.417    1.52 |13.417    1.06 | 19.42    1.37 
                1.500    0.76 | 7.500    1.52 |13.500    1.06 | 19.50    1.37 
                1.583    0.76 | 7.583    1.52 |13.583    6.23 | 19.58    1.37 
                1.667    0.76 | 7.667    1.52 |13.667    6.23 | 19.67    1.37 
                1.750    0.76 | 7.750    1.52 |13.750    6.23 | 19.75    1.37 
                1.833    1.37 | 7.833    1.52 |13.833    6.23 | 19.83    1.37 
                1.917    1.37 | 7.917    1.52 |13.917    6.23 | 19.92    1.37 
                2.000    1.37 | 8.000    1.52 |14.000    6.23 | 20.00    1.37 
                2.083    0.99 | 8.083    2.05 |14.083    2.28 | 20.08    0.91 
                2.167    0.99 | 8.167    2.05 |14.167    2.28 | 20.17    0.91 
                2.250    0.99 | 8.250    2.05 |14.250    2.28 | 20.25    0.91 
                2.333    0.99 | 8.333    2.05 |14.333    2.28 | 20.33    0.91 
                2.417    0.99 | 8.417    2.05 |14.417    2.28 | 20.42    0.91 
                2.500    0.99 | 8.500    2.05 |14.500    2.28 | 20.50    0.91 
                2.583    0.99 | 8.583    2.05 |14.583    2.28 | 20.58    0.91 
                2.667    0.99 | 8.667    2.05 |14.667    2.28 | 20.67    0.91 
                2.750    0.99 | 8.750    2.05 |14.750    2.28 | 20.75    0.91 
                2.833    0.99 | 8.833    2.05 |14.833    2.28 | 20.83    0.91 
                2.917    0.99 | 8.917    2.05 |14.917    2.28 | 20.92    0.91 
                3.000    0.99 | 9.000    2.05 |15.000    2.28 | 21.00    0.91 
                3.083    0.99 | 9.083    2.43 |15.083    2.28 | 21.08    0.91 
                3.167    0.99 | 9.167    2.43 |15.167    2.28 | 21.17    0.91 
                3.250    0.99 | 9.250    2.43 |15.250    2.28 | 21.25    0.91 
                3.333    0.99 | 9.333    2.43 |15.333    2.28 | 21.33    0.91 
                3.417    0.99 | 9.417    2.43 |15.417    2.28 | 21.42    0.91 
                3.500    0.99 | 9.500    2.43 |15.500    2.28 | 21.50    0.91 
                3.583    0.99 | 9.583    2.74 |15.583    2.28 | 21.58    0.91 
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                3.667    0.99 | 9.667    2.74 |15.667    2.28 | 21.67    0.91 
                3.750    0.99 | 9.750    2.74 |15.750    2.28 | 21.75    0.91 
                3.833    0.99 | 9.833    2.74 |15.833    2.28 | 21.83    0.91 
                3.917    0.99 | 9.917    2.74 |15.917    2.28 | 21.92    0.91 
                4.000    0.99 |10.000    2.74 |16.000    2.28 | 22.00    0.91 
                4.083    1.22 |10.083    3.50 |16.083    1.37 | 22.08    0.91 
                4.167    1.22 |10.167    3.50 |16.167    1.37 | 22.17    0.91 
                4.250    1.22 |10.250    3.50 |16.250    1.37 | 22.25    0.91 
                4.333    1.22 |10.333    3.50 |16.333    1.37 | 22.33    0.91 
                4.417    1.22 |10.417    3.50 |16.417    1.37 | 22.42    0.91 
                4.500    1.22 |10.500    3.50 |16.500    1.37 | 22.50    0.91 
                4.583    1.22 |10.583    4.71 |16.583    1.37 | 22.58    0.91 
                4.667    1.22 |10.667    4.71 |16.667    1.37 | 22.67    0.91 
                4.750    1.22 |10.750    4.71 |16.750    1.37 | 22.75    0.91 
                4.833    1.22 |10.833    4.71 |16.833    1.37 | 22.83    0.91 
                4.917    1.22 |10.917    4.71 |16.917    1.37 | 22.92    0.91 
                5.000    1.22 |11.000    4.71 |17.000    1.37 | 23.00    0.91 
                5.083    1.22 |11.083    7.30 |17.083    1.37 | 23.08    0.91 
                5.167    1.22 |11.167    7.30 |17.167    1.37 | 23.17    0.91 
                5.250    1.22 |11.250    7.30 |17.250    1.37 | 23.25    0.91 
                5.333    1.22 |11.333    7.30 |17.333    1.37 | 23.33    0.91 
                5.417    1.22 |11.417    7.30 |17.417    1.37 | 23.42    0.91 
                5.500    1.22 |11.500    7.30 |17.500    1.37 | 23.50    0.91 
                5.583    1.22 |11.583   31.61 |17.583    1.37 | 23.58    0.91 
                5.667    1.22 |11.667   31.62 |17.667    1.37 | 23.67    0.91 
                5.750    1.22 |11.750   31.62 |17.750    1.37 | 23.75    0.91 
                5.833    1.22 |11.833   83.90 |17.833    1.37 | 23.83    0.91 
                5.917    1.22 |11.917   83.90 |17.917    1.37 | 23.92    0.91 
                6.000    1.22 |12.000   83.90 |18.000    1.37 | 24.00    0.91 
   
     Max.Eff.Inten.(mm/hr)=      83.90        75.93 
                over (min)        5.00        15.00 
     Storage Coeff.  (min)=       6.61 (ii)   14.49 (ii) 
     Unit Hyd. Tpeak (min)=       5.00        15.00 
     Unit Hyd. peak  (cms)=       0.18         0.08 
                                                           *TOTALS* 
     PEAK FLOW       (cms)=       4.05         1.06          5.000 (iii) 
     TIME TO PEAK    (hrs)=      12.00        12.08          12.00 
     RUNOFF VOLUME    (mm)=      75.00        49.43          66.31 
     TOTAL RAINFALL   (mm)=      76.00        76.00          76.00 
     RUNOFF COEFFICIENT   =       0.99         0.65           0.87 
  
  
       (i) CN PROCEDURE SELECTED FOR PERVIOUS LOSSES: 
            CN*  =  85.0    Ia = Dep. Storage  (Above) 
      (ii) TIME STEP (DT) SHOULD BE SMALLER OR EQUAL 
           THAN THE STORAGE COEFFICIENT. 
     (iii) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
-------------------- 
| RESERVOIR(  0175)|     OVERFLOW IS OFF 
| IN= 2---> OUT= 1 | 
| DT=  5.0 min     |     OUTFLOW    STORAGE   |  OUTFLOW    STORAGE 
--------------------      (cms)     (ha.m.)   |   (cms)     (ha.m.) 
                          0.0000     0.0000   |   0.4810      1.4680 
                          0.0470     0.8600   |   0.6580      1.7540 
                          0.1860     0.9300   |   0.7990      1.9670 
                          0.3530     1.2390   |   0.9460      2.1790 
  
                                AREA     QPEAK     TPEAK       R.V. 
                                (ha)     (cms)     (hrs)       (mm) 
   INFLOW : ID= 2 (  0171)     28.250      5.000     12.00      66.31 
   OUTFLOW: ID= 1 (  0175)     28.250      0.352     13.08      64.43 
  
                   PEAK   FLOW   REDUCTION [Qout/Qin](%)=  7.05 

                   TIME SHIFT OF PEAK FLOW         (min)= 65.00 
                   MAXIMUM  STORAGE   USED       (ha.m.)=  1.2386 
  
------------------------------------------------------------------------------- 
-------------------- 
| MASS STORM       |    Filename: C:\Users\hliu\AppD                            
|                  |              ata\Local\Temp\                               
|                  |              2b7bf0a5-557e-4a78-9392-0a739a5df2b5\2eedf936 
| Ptotal= 59.50 mm |    Comments: SCS II 6H_5YR                            
-------------------- 
                        Duration of storm    =  6.00 hrs 
                        Mass curve time step = 15.00 min 
   
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                 0.25    2.38 |  1.75    5.95 |  3.25   13.09 |  4.75    3.57 
                 0.50    2.38 |  2.00    5.95 |  3.50   13.09 |  5.00    3.57 
                 0.75    3.57 |  2.25    7.14 |  3.75    5.95 |  5.25    2.38 
                 1.00    3.57 |  2.50    7.14 |  4.00    5.95 |  5.50    2.38 
                 1.25    3.57 |  2.75   35.70 |  4.25    4.76 |  5.75    2.38 
                 1.50    3.57 |  3.00   92.82 |  4.50    4.76 |  6.00    2.38 
   
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| STANDHYD (  0172)|   Area    (ha)=  28.25 
|ID= 1 DT= 5.0 min |   Total Imp(%)=  71.00   Dir. Conn.(%)=  66.00 
-------------------- 
                              IMPERVIOUS    PERVIOUS (i) 
     Surface Area     (ha)=      20.06         8.19 
     Dep. Storage     (mm)=       1.00         1.50 
     Average Slope     (%)=       1.00         2.00 
     Length            (m)=     433.97        40.00 
     Mannings n           =      0.013        0.250 
  
         NOTE:  RAINFALL WAS TRANSFORMED TO   5.0 MIN. TIME STEP. 
 
   
                               ---- TRANSFORMED HYETOGRAPH ---- 
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                0.083    2.38 | 1.583    5.95 | 3.083   13.09 |  4.58    3.57 
                0.167    2.38 | 1.667    5.95 | 3.167   13.09 |  4.67    3.57 
                0.250    2.38 | 1.750    5.95 | 3.250   13.09 |  4.75    3.57 
                0.333    2.38 | 1.833    5.95 | 3.333   13.09 |  4.83    3.57 
                0.417    2.38 | 1.917    5.95 | 3.417   13.09 |  4.92    3.57 
                0.500    2.38 | 2.000    5.95 | 3.500   13.09 |  5.00    3.57 
                0.583    3.57 | 2.083    7.14 | 3.583    5.95 |  5.08    2.38 
                0.667    3.57 | 2.167    7.14 | 3.667    5.95 |  5.17    2.38 
                0.750    3.57 | 2.250    7.14 | 3.750    5.95 |  5.25    2.38 
                0.833    3.57 | 2.333    7.14 | 3.833    5.95 |  5.33    2.38 
                0.917    3.57 | 2.417    7.14 | 3.917    5.95 |  5.42    2.38 
                1.000    3.57 | 2.500    7.14 | 4.000    5.95 |  5.50    2.38 
                1.083    3.57 | 2.583   35.70 | 4.083    4.76 |  5.58    2.38 
                1.167    3.57 | 2.667   35.70 | 4.167    4.76 |  5.67    2.38 
                1.250    3.57 | 2.750   35.70 | 4.250    4.76 |  5.75    2.38 
                1.333    3.57 | 2.833   92.82 | 4.333    4.76 |  5.83    2.38 
                1.417    3.57 | 2.917   92.82 | 4.417    4.76 |  5.92    2.38 
                1.500    3.57 | 3.000   92.82 | 4.500    4.76 |  6.00    2.38 
   
     Max.Eff.Inten.(mm/hr)=      92.82        78.34 
                over (min)        5.00        15.00 
     Storage Coeff.  (min)=       6.35 (ii)   14.13 (ii) 
     Unit Hyd. Tpeak (min)=       5.00        15.00 
     Unit Hyd. peak  (cms)=       0.19         0.08 
                                                           *TOTALS* 
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     PEAK FLOW       (cms)=       4.52         1.06          5.438 (iii) 
     TIME TO PEAK    (hrs)=       3.00         3.08           3.00 
     RUNOFF VOLUME    (mm)=      58.50        35.14          50.56 
     TOTAL RAINFALL   (mm)=      59.50        59.50          59.50 
     RUNOFF COEFFICIENT   =       0.98         0.59           0.85 
  
  
       (i) CN PROCEDURE SELECTED FOR PERVIOUS LOSSES: 
            CN*  =  85.0    Ia = Dep. Storage  (Above) 
      (ii) TIME STEP (DT) SHOULD BE SMALLER OR EQUAL 
           THAN THE STORAGE COEFFICIENT. 
     (iii) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
-------------------- 
| RESERVOIR(  0176)|     OVERFLOW IS OFF 
| IN= 2---> OUT= 1 | 
| DT=  5.0 min     |     OUTFLOW    STORAGE   |  OUTFLOW    STORAGE 
--------------------      (cms)     (ha.m.)   |   (cms)     (ha.m.) 
                          0.0000     0.0000   |   0.4260      1.3670 
                          0.0470     0.8600   |   0.6000      1.6350 
                          0.1480     0.8780   |   0.7400      1.8350 
                          0.3040     1.1570   |   0.8880      2.0360 
  
                                AREA     QPEAK     TPEAK       R.V. 
                                (ha)     (cms)     (hrs)       (mm) 
   INFLOW : ID= 2 (  0172)     28.250      5.438      3.00      50.56 
   OUTFLOW: ID= 1 (  0176)     28.250      0.303      4.67      49.16 
  
                   PEAK   FLOW   REDUCTION [Qout/Qin](%)=  5.58 
                   TIME SHIFT OF PEAK FLOW         (min)=100.00 
                   MAXIMUM  STORAGE   USED       (ha.m.)=  1.1558 
  
------------------------------------------------------------------------------- 
-------------------- 
| MASS STORM       |    Filename: C:\Users\hliu\AppD                            
|                  |              ata\Local\Temp\                               
|                  |              2b7bf0a5-557e-4a78-9392-0a739a5df2b5\1a9544a4 
| Ptotal= 64.30 mm |    Comments: SCS II 12H_5YR                           
-------------------- 
                        Duration of storm    = 12.00 hrs 
                        Mass curve time step = 15.00 min 
   
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                 0.25    1.61 |  3.25    2.57 |  6.25   11.57 |  9.25    2.25 
                 0.50    1.61 |  3.50    2.57 |  6.50   11.57 |  9.50    2.25 
                 0.75    1.61 |  3.75    2.57 |  6.75    5.14 |  9.75    2.25 
                 1.00    1.61 |  4.00    2.57 |  7.00    5.14 | 10.00    2.25 
                 1.25    1.61 |  4.25    3.86 |  7.25    3.86 | 10.25    1.29 
                 1.50    1.61 |  4.50    3.86 |  7.50    3.86 | 10.50    1.29 
                 1.75    1.61 |  4.75    5.14 |  7.75    3.86 | 10.75    1.29 
                 2.00    1.61 |  5.00    5.14 |  8.00    3.86 | 11.00    1.29 
                 2.25    1.93 |  5.25    7.72 |  8.25    2.25 | 11.25    1.29 
                 2.50    1.93 |  5.50    7.72 |  8.50    2.25 | 11.50    1.29 
                 2.75    1.93 |  5.75   30.86 |  8.75    2.25 | 11.75    1.29 
                 3.00    1.93 |  6.00   84.88 |  9.00    2.25 | 12.00    1.29 
   
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| STANDHYD (  0173)|   Area    (ha)=  28.25 
|ID= 1 DT= 5.0 min |   Total Imp(%)=  71.00   Dir. Conn.(%)=  66.00 
-------------------- 
                              IMPERVIOUS    PERVIOUS (i) 
     Surface Area     (ha)=      20.06         8.19 

     Dep. Storage     (mm)=       1.00         1.50 
     Average Slope     (%)=       1.00         2.00 
     Length            (m)=     433.97        40.00 
     Mannings n           =      0.013        0.250 
  
         NOTE:  RAINFALL WAS TRANSFORMED TO   5.0 MIN. TIME STEP. 
 
   
                               ---- TRANSFORMED HYETOGRAPH ---- 
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                0.083    1.61 | 3.083    2.57 | 6.083   11.57 |  9.08    2.25 
                0.167    1.61 | 3.167    2.57 | 6.167   11.57 |  9.17    2.25 
                0.250    1.61 | 3.250    2.57 | 6.250   11.57 |  9.25    2.25 
                0.333    1.61 | 3.333    2.57 | 6.333   11.57 |  9.33    2.25 
                0.417    1.61 | 3.417    2.57 | 6.417   11.57 |  9.42    2.25 
                0.500    1.61 | 3.500    2.57 | 6.500   11.57 |  9.50    2.25 
                0.583    1.61 | 3.583    2.57 | 6.583    5.14 |  9.58    2.25 
                0.667    1.61 | 3.667    2.57 | 6.667    5.14 |  9.67    2.25 
                0.750    1.61 | 3.750    2.57 | 6.750    5.14 |  9.75    2.25 
                0.833    1.61 | 3.833    2.57 | 6.833    5.14 |  9.83    2.25 
                0.917    1.61 | 3.917    2.57 | 6.917    5.14 |  9.92    2.25 
                1.000    1.61 | 4.000    2.57 | 7.000    5.14 | 10.00    2.25 
                1.083    1.61 | 4.083    3.86 | 7.083    3.86 | 10.08    1.29 
                1.167    1.61 | 4.167    3.86 | 7.167    3.86 | 10.17    1.29 
                1.250    1.61 | 4.250    3.86 | 7.250    3.86 | 10.25    1.29 
                1.333    1.61 | 4.333    3.86 | 7.333    3.86 | 10.33    1.29 
                1.417    1.61 | 4.417    3.86 | 7.417    3.86 | 10.42    1.29 
                1.500    1.61 | 4.500    3.86 | 7.500    3.86 | 10.50    1.29 
                1.583    1.61 | 4.583    5.14 | 7.583    3.86 | 10.58    1.29 
                1.667    1.61 | 4.667    5.14 | 7.667    3.86 | 10.67    1.29 
                1.750    1.61 | 4.750    5.14 | 7.750    3.86 | 10.75    1.29 
                1.833    1.61 | 4.833    5.14 | 7.833    3.86 | 10.83    1.29 
                1.917    1.61 | 4.917    5.14 | 7.917    3.86 | 10.92    1.29 
                2.000    1.61 | 5.000    5.14 | 8.000    3.86 | 11.00    1.29 
                2.083    1.93 | 5.083    7.72 | 8.083    2.25 | 11.08    1.29 
                2.167    1.93 | 5.167    7.72 | 8.167    2.25 | 11.17    1.29 
                2.250    1.93 | 5.250    7.72 | 8.250    2.25 | 11.25    1.29 
                2.333    1.93 | 5.333    7.72 | 8.333    2.25 | 11.33    1.29 
                2.417    1.93 | 5.417    7.72 | 8.417    2.25 | 11.42    1.29 
                2.500    1.93 | 5.500    7.72 | 8.500    2.25 | 11.50    1.29 
                2.583    1.93 | 5.583   30.86 | 8.583    2.25 | 11.58    1.29 
                2.667    1.93 | 5.667   30.86 | 8.667    2.25 | 11.67    1.29 
                2.750    1.93 | 5.750   30.86 | 8.750    2.25 | 11.75    1.29 
                2.833    1.93 | 5.833   84.88 | 8.833    2.25 | 11.83    1.29 
                2.917    1.93 | 5.917   84.88 | 8.917    2.25 | 11.92    1.29 
                3.000    1.93 | 6.000   84.87 | 9.000    2.25 | 12.00    1.29 
   
     Max.Eff.Inten.(mm/hr)=      84.88        73.34 
                over (min)        5.00        15.00 
     Storage Coeff.  (min)=       6.58 (ii)   14.57 (ii) 
     Unit Hyd. Tpeak (min)=       5.00        15.00 
     Unit Hyd. peak  (cms)=       0.18         0.08 
                                                           *TOTALS* 
     PEAK FLOW       (cms)=       4.10         1.00          4.976 (iii) 
     TIME TO PEAK    (hrs)=       6.00         6.08           6.00 
     RUNOFF VOLUME    (mm)=      63.30        39.22          55.11 
     TOTAL RAINFALL   (mm)=      64.30        64.30          64.30 
     RUNOFF COEFFICIENT   =       0.98         0.61           0.86 
  
  
       (i) CN PROCEDURE SELECTED FOR PERVIOUS LOSSES: 
            CN*  =  85.0    Ia = Dep. Storage  (Above) 
      (ii) TIME STEP (DT) SHOULD BE SMALLER OR EQUAL 
           THAN THE STORAGE COEFFICIENT. 
     (iii) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
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------------------------------------------------------------------------------- 
-------------------- 
| RESERVOIR(  0177)|     OVERFLOW IS OFF 
| IN= 2---> OUT= 1 | 
| DT=  5.0 min     |     OUTFLOW    STORAGE   |  OUTFLOW    STORAGE 
--------------------      (cms)     (ha.m.)   |   (cms)     (ha.m.) 
                          0.0000     0.0000   |   0.4210      1.3480 
                          0.0470     0.8600   |   0.5820      1.6080 
                          0.1580     0.8880   |   0.7120      1.8060 
                          0.3050     1.1460   |   0.8460      1.9980 
  
                                AREA     QPEAK     TPEAK       R.V. 
                                (ha)     (cms)     (hrs)       (mm) 
   INFLOW : ID= 2 (  0173)     28.250      4.976      6.00      55.11 
   OUTFLOW: ID= 1 (  0177)     28.250      0.304      7.42      53.60 
  
                   PEAK   FLOW   REDUCTION [Qout/Qin](%)=  6.11 
                   TIME SHIFT OF PEAK FLOW         (min)= 85.00 
                   MAXIMUM  STORAGE   USED       (ha.m.)=  1.1444 
  
------------------------------------------------------------------------------- 
-------------------- 
| CHICAGO STORM    |    IDF curve parameters: A= 853.608 
| Ptotal= 50.52 mm |                          B=   4.699 
--------------------                          C=   0.766 
                        used in:   INTENSITY =  A / (t + B)^C 
 
                        Duration of storm  =  4.00 hrs 
                        Storm time step    = 10.00 min 
                        Time to peak ratio =  0.33 
   
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                 0.17    3.57 |  1.17   25.64 |  2.17    8.12 |  3.17    4.22 
                 0.33    4.07 |  1.33  108.92 |  2.33    6.96 |  3.33    3.93 
                 0.50    4.76 |  1.50   33.31 |  2.50    6.12 |  3.50    3.68 
                 0.67    5.79 |  1.67   17.99 |  2.67    5.48 |  3.67    3.47 
                 0.83    7.53 |  1.83   12.60 |  2.83    4.97 |  3.83    3.28 
                 1.00   11.20 |  2.00    9.82 |  3.00    4.56 |  4.00    3.12 
   
   
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| STANDHYD (  0174)|   Area    (ha)=  28.25 
|ID= 1 DT= 5.0 min |   Total Imp(%)=  71.00   Dir. Conn.(%)=  66.00 
-------------------- 
                              IMPERVIOUS    PERVIOUS (i) 
     Surface Area     (ha)=      20.06         8.19 
     Dep. Storage     (mm)=       1.00         1.50 
     Average Slope     (%)=       1.00         2.00 
     Length            (m)=     433.97        40.00 
     Mannings n           =      0.013        0.250 
  
         NOTE:  RAINFALL WAS TRANSFORMED TO   5.0 MIN. TIME STEP. 
 
   
                               ---- TRANSFORMED HYETOGRAPH ---- 
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                0.083    3.57 | 1.083   25.64 | 2.083    8.12 |  3.08    4.22 
                0.167    3.57 | 1.167   25.64 | 2.167    8.12 |  3.17    4.22 
                0.250    4.07 | 1.250  108.92 | 2.250    6.96 |  3.25    3.93 
                0.333    4.07 | 1.333  108.92 | 2.333    6.96 |  3.33    3.93 
                0.417    4.76 | 1.417   33.31 | 2.417    6.12 |  3.42    3.68 

                0.500    4.76 | 1.500   33.31 | 2.500    6.12 |  3.50    3.68 
                0.583    5.79 | 1.583   17.99 | 2.583    5.48 |  3.58    3.47 
                0.667    5.79 | 1.667   17.99 | 2.667    5.48 |  3.67    3.47 
                0.750    7.53 | 1.750   12.60 | 2.750    4.97 |  3.75    3.28 
                0.833    7.53 | 1.833   12.60 | 2.833    4.97 |  3.83    3.28 
                0.917   11.20 | 1.917    9.82 | 2.917    4.56 |  3.92    3.12 
                1.000   11.20 | 2.000    9.82 | 3.000    4.56 |  4.00    3.12 
   
     Max.Eff.Inten.(mm/hr)=     108.92        67.58 
                over (min)        5.00        15.00 
     Storage Coeff.  (min)=       5.96 (ii)   10.86 (ii) 
     Unit Hyd. Tpeak (min)=       5.00        15.00 
     Unit Hyd. peak  (cms)=       0.19         0.09 
                                                           *TOTALS* 
     PEAK FLOW       (cms)=       4.81         0.90          5.303 (iii) 
     TIME TO PEAK    (hrs)=       1.33         1.50           1.33 
     RUNOFF VOLUME    (mm)=      49.52        27.72          42.11 
     TOTAL RAINFALL   (mm)=      50.52        50.52          50.52 
     RUNOFF COEFFICIENT   =       0.98         0.55           0.83 
  
  
       (i) CN PROCEDURE SELECTED FOR PERVIOUS LOSSES: 
            CN*  =  85.0    Ia = Dep. Storage  (Above) 
      (ii) TIME STEP (DT) SHOULD BE SMALLER OR EQUAL 
           THAN THE STORAGE COEFFICIENT. 
     (iii) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
-------------------- 
| RESERVOIR(  0178)|     OVERFLOW IS OFF 
| IN= 2---> OUT= 1 | 
| DT=  5.0 min     |     OUTFLOW    STORAGE   |  OUTFLOW    STORAGE 
--------------------      (cms)     (ha.m.)   |   (cms)     (ha.m.) 
                          0.0000     0.0000   |   0.2810      1.2030 
                          0.0470     0.8600   |   0.3960      1.4090 
                          0.1020     0.8601   |   0.4840      1.5570 
                          0.2010     1.0400   |   0.5830      1.7020 
  
                                AREA     QPEAK     TPEAK       R.V. 
                                (ha)     (cms)     (hrs)       (mm) 
   INFLOW : ID= 2 (  0174)     28.250      5.303      1.33      42.11 
   OUTFLOW: ID= 1 (  0178)     28.250      0.200      4.00      40.78 
  
                   PEAK   FLOW   REDUCTION [Qout/Qin](%)=  3.78 
                   TIME SHIFT OF PEAK FLOW         (min)=160.00 
                   MAXIMUM  STORAGE   USED       (ha.m.)=  1.0395 
  
------------------------------------------------------------------------------- 
   
 FINISH 
================================================================================
=========================== 
 
================================================================================
=========================== 
   
       V    V   I    SSSSS  U   U    A    L              (v 6.2.2006) 
       V    V   I    SS     U   U   A A   L 
        V  V    I     SS    U   U  AAAAA  L 
        V  V    I      SS   U   U  A   A  L 
         VV     I    SSSSS  UUUUU  A   A  LLLLL 
     
        OOO   TTTTT  TTTTT  H   H  Y   Y  M   M   OOO    TM 
       O   O    T      T    H   H   Y Y   MM MM  O   O 
       O   O    T      T    H   H    Y    M   M  O   O     
        OOO     T      T    H   H    Y    M   M   OOO 
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Developed and Distributed by Smart City Water Inc 
Copyright 2007 - 2021 Smart City Water Inc 
All rights reserved. 
   
   
                   *****  D E T A I L E D   O U T P U T ***** 
 
 
  Input   filename: C:\Program Files (x86)\Visual OTTHYMO 6.2\VO2\voin.dat                                                                   
  Output  filename: C:\Users\hliu\AppData\Local\Civica\VH5\b41b348d-2025-43d3-
a266-6b877f48bd3e\071ba1e5-7d9d-4036-8f03-2450afc2974f\scenari 
  Summary filename: C:\Users\hliu\AppData\Local\Civica\VH5\b41b348d-2025-43d3-
a266-6b877f48bd3e\071ba1e5-7d9d-4036-8f03-2450afc2974f\scenari 
 
 
DATE: 06-29-2022                           TIME: 02:29:53        
 
USER:                                                    
 
 
   
COMMENTS: ____________________________________________________________ 
 
   
--------------------------------------------------------------------------------
--------------------------- 
  ************************************************ 
  ** SIMULATION : Run 03                        ** 
  ************************************************ 
   
-------------------- 
| MASS STORM       |    Filename: C:\Users\hliu\AppD                            
|                  |              ata\Local\Temp\                               
|                  |              2b7bf0a5-557e-4a78-9392-0a739a5df2b5\a719fc83 
| Ptotal= 89.90 mm |    Comments: SCS II 24H_10YR                          
-------------------- 
                        Duration of storm    = 24.00 hrs 
                        Mass curve time step = 15.00 min 
   
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                 0.25    0.90 |  6.25    1.80 | 12.25   12.95 | 18.25    1.62 
                 0.50    0.90 |  6.50    1.80 | 12.50   12.95 | 18.50    1.62 
                 0.75    0.90 |  6.75    1.80 | 12.75    6.65 | 18.75    1.62 
                 1.00    0.90 |  7.00    1.80 | 13.00    6.65 | 19.00    1.62 
                 1.25    0.90 |  7.25    1.80 | 13.25    1.26 | 19.25    1.62 
                 1.50    0.90 |  7.50    1.80 | 13.50    1.26 | 19.50    1.62 
                 1.75    0.90 |  7.75    1.80 | 13.75    7.37 | 19.75    1.62 
                 2.00    1.62 |  8.00    1.80 | 14.00    7.37 | 20.00    1.62 
                 2.25    1.17 |  8.25    2.43 | 14.25    2.70 | 20.25    1.08 
                 2.50    1.17 |  8.50    2.43 | 14.50    2.70 | 20.50    1.08 
                 2.75    1.17 |  8.75    2.43 | 14.75    2.70 | 20.75    1.08 
                 3.00    1.17 |  9.00    2.43 | 15.00    2.70 | 21.00    1.08 
                 3.25    1.17 |  9.25    2.88 | 15.25    2.70 | 21.25    1.08 
                 3.50    1.17 |  9.50    2.88 | 15.50    2.70 | 21.50    1.08 
                 3.75    1.17 |  9.75    3.24 | 15.75    2.70 | 21.75    1.08 
                 4.00    1.17 | 10.00    3.24 | 16.00    2.70 | 22.00    1.08 
                 4.25    1.44 | 10.25    4.14 | 16.25    1.62 | 22.25    1.08 
                 4.50    1.44 | 10.50    4.14 | 16.50    1.62 | 22.50    1.08 
                 4.75    1.44 | 10.75    5.57 | 16.75    1.62 | 22.75    1.08 
                 5.00    1.44 | 11.00    5.57 | 17.00    1.62 | 23.00    1.08 
                 5.25    1.44 | 11.25    8.63 | 17.25    1.62 | 23.25    1.08 
                 5.50    1.44 | 11.50    8.63 | 17.50    1.62 | 23.50    1.08 
                 5.75    1.44 | 11.75   37.40 | 17.75    1.62 | 23.75    1.08 
                 6.00    1.44 | 12.00   99.25 | 18.00    1.62 | 24.00    1.08 
   

------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| STANDHYD (  0171)|   Area    (ha)=  28.25 
|ID= 1 DT= 5.0 min |   Total Imp(%)=  71.00   Dir. Conn.(%)=  66.00 
-------------------- 
                              IMPERVIOUS    PERVIOUS (i) 
     Surface Area     (ha)=      20.06         8.19 
     Dep. Storage     (mm)=       1.00         1.50 
     Average Slope     (%)=       1.00         2.00 
     Length            (m)=     433.97        40.00 
     Mannings n           =      0.013        0.250 
  
         NOTE:  RAINFALL WAS TRANSFORMED TO   5.0 MIN. TIME STEP. 
 
   
                               ---- TRANSFORMED HYETOGRAPH ---- 
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                0.083    0.90 | 6.083    1.80 |12.083   12.96 | 18.08    1.62 
                0.167    0.90 | 6.167    1.80 |12.167   12.95 | 18.17    1.62 
                0.250    0.90 | 6.250    1.80 |12.250   12.95 | 18.25    1.62 
                0.333    0.90 | 6.333    1.80 |12.333   12.95 | 18.33    1.62 
                0.417    0.90 | 6.417    1.80 |12.417   12.95 | 18.42    1.62 
                0.500    0.90 | 6.500    1.80 |12.500   12.95 | 18.50    1.62 
                0.583    0.90 | 6.583    1.80 |12.583    6.65 | 18.58    1.62 
                0.667    0.90 | 6.667    1.80 |12.667    6.65 | 18.67    1.62 
                0.750    0.90 | 6.750    1.80 |12.750    6.65 | 18.75    1.62 
                0.833    0.90 | 6.833    1.80 |12.833    6.65 | 18.83    1.62 
                0.917    0.90 | 6.917    1.80 |12.917    6.65 | 18.92    1.62 
                1.000    0.90 | 7.000    1.80 |13.000    6.65 | 19.00    1.62 
                1.083    0.90 | 7.083    1.80 |13.083    1.26 | 19.08    1.62 
                1.167    0.90 | 7.167    1.80 |13.167    1.26 | 19.17    1.62 
                1.250    0.90 | 7.250    1.80 |13.250    1.26 | 19.25    1.62 
                1.333    0.90 | 7.333    1.80 |13.333    1.26 | 19.33    1.62 
                1.417    0.90 | 7.417    1.80 |13.417    1.26 | 19.42    1.62 
                1.500    0.90 | 7.500    1.80 |13.500    1.26 | 19.50    1.62 
                1.583    0.90 | 7.583    1.80 |13.583    7.37 | 19.58    1.62 
                1.667    0.90 | 7.667    1.80 |13.667    7.37 | 19.67    1.62 
                1.750    0.90 | 7.750    1.80 |13.750    7.37 | 19.75    1.62 
                1.833    1.62 | 7.833    1.80 |13.833    7.37 | 19.83    1.62 
                1.917    1.62 | 7.917    1.80 |13.917    7.37 | 19.92    1.62 
                2.000    1.62 | 8.000    1.80 |14.000    7.37 | 20.00    1.62 
                2.083    1.17 | 8.083    2.43 |14.083    2.70 | 20.08    1.08 
                2.167    1.17 | 8.167    2.43 |14.167    2.70 | 20.17    1.08 
                2.250    1.17 | 8.250    2.43 |14.250    2.70 | 20.25    1.08 
                2.333    1.17 | 8.333    2.43 |14.333    2.70 | 20.33    1.08 
                2.417    1.17 | 8.417    2.43 |14.417    2.70 | 20.42    1.08 
                2.500    1.17 | 8.500    2.43 |14.500    2.70 | 20.50    1.08 
                2.583    1.17 | 8.583    2.43 |14.583    2.70 | 20.58    1.08 
                2.667    1.17 | 8.667    2.43 |14.667    2.70 | 20.67    1.08 
                2.750    1.17 | 8.750    2.43 |14.750    2.70 | 20.75    1.08 
                2.833    1.17 | 8.833    2.43 |14.833    2.70 | 20.83    1.08 
                2.917    1.17 | 8.917    2.43 |14.917    2.70 | 20.92    1.08 
                3.000    1.17 | 9.000    2.43 |15.000    2.70 | 21.00    1.08 
                3.083    1.17 | 9.083    2.88 |15.083    2.70 | 21.08    1.08 
                3.167    1.17 | 9.167    2.88 |15.167    2.70 | 21.17    1.08 
                3.250    1.17 | 9.250    2.88 |15.250    2.70 | 21.25    1.08 
                3.333    1.17 | 9.333    2.88 |15.333    2.70 | 21.33    1.08 
                3.417    1.17 | 9.417    2.88 |15.417    2.70 | 21.42    1.08 
                3.500    1.17 | 9.500    2.88 |15.500    2.70 | 21.50    1.08 
                3.583    1.17 | 9.583    3.24 |15.583    2.70 | 21.58    1.08 
                3.667    1.17 | 9.667    3.24 |15.667    2.70 | 21.67    1.08 
                3.750    1.17 | 9.750    3.24 |15.750    2.70 | 21.75    1.08 
                3.833    1.17 | 9.833    3.24 |15.833    2.70 | 21.83    1.08 
                3.917    1.17 | 9.917    3.24 |15.917    2.70 | 21.92    1.08 



Watersand South Phase 2  
Residential Subdivision      June 2022 

        Page 11 of 25 

                4.000    1.17 |10.000    3.24 |16.000    2.70 | 22.00    1.08 
                4.083    1.44 |10.083    4.14 |16.083    1.62 | 22.08    1.08 
                4.167    1.44 |10.167    4.14 |16.167    1.62 | 22.17    1.08 
                4.250    1.44 |10.250    4.14 |16.250    1.62 | 22.25    1.08 
                4.333    1.44 |10.333    4.14 |16.333    1.62 | 22.33    1.08 
                4.417    1.44 |10.417    4.14 |16.417    1.62 | 22.42    1.08 
                4.500    1.44 |10.500    4.14 |16.500    1.62 | 22.50    1.08 
                4.583    1.44 |10.583    5.57 |16.583    1.62 | 22.58    1.08 
                4.667    1.44 |10.667    5.57 |16.667    1.62 | 22.67    1.08 
                4.750    1.44 |10.750    5.57 |16.750    1.62 | 22.75    1.08 
                4.833    1.44 |10.833    5.57 |16.833    1.62 | 22.83    1.08 
                4.917    1.44 |10.917    5.57 |16.917    1.62 | 22.92    1.08 
                5.000    1.44 |11.000    5.57 |17.000    1.62 | 23.00    1.08 
                5.083    1.44 |11.083    8.63 |17.083    1.62 | 23.08    1.08 
                5.167    1.44 |11.167    8.63 |17.167    1.62 | 23.17    1.08 
                5.250    1.44 |11.250    8.63 |17.250    1.62 | 23.25    1.08 
                5.333    1.44 |11.333    8.63 |17.333    1.62 | 23.33    1.08 
                5.417    1.44 |11.417    8.63 |17.417    1.62 | 23.42    1.08 
                5.500    1.44 |11.500    8.63 |17.500    1.62 | 23.50    1.08 
                5.583    1.44 |11.583   37.40 |17.583    1.62 | 23.58    1.08 
                5.667    1.44 |11.667   37.40 |17.667    1.62 | 23.67    1.08 
                5.750    1.44 |11.750   37.40 |17.750    1.62 | 23.75    1.08 
                5.833    1.44 |11.833   99.24 |17.833    1.62 | 23.83    1.08 
                5.917    1.44 |11.917   99.25 |17.917    1.62 | 23.92    1.08 
                6.000    1.44 |12.000   99.25 |18.000    1.62 | 24.00    1.08 
   
     Max.Eff.Inten.(mm/hr)=      99.25        94.35 
                over (min)        5.00        15.00 
     Storage Coeff.  (min)=       6.18 (ii)   13.41 (ii) 
     Unit Hyd. Tpeak (min)=       5.00        15.00 
     Unit Hyd. peak  (cms)=       0.19         0.08 
                                                           *TOTALS* 
     PEAK FLOW       (cms)=       4.85         1.37          6.083 (iii) 
     TIME TO PEAK    (hrs)=      12.00        12.08          12.00 
     RUNOFF VOLUME    (mm)=      88.90        61.91          79.72 
     TOTAL RAINFALL   (mm)=      89.90        89.90          89.90 
     RUNOFF COEFFICIENT   =       0.99         0.69           0.89 
  
  
       (i) CN PROCEDURE SELECTED FOR PERVIOUS LOSSES: 
            CN*  =  85.0    Ia = Dep. Storage  (Above) 
      (ii) TIME STEP (DT) SHOULD BE SMALLER OR EQUAL 
           THAN THE STORAGE COEFFICIENT. 
     (iii) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
-------------------- 
| RESERVOIR(  0175)|     OVERFLOW IS OFF 
| IN= 2---> OUT= 1 | 
| DT=  5.0 min     |     OUTFLOW    STORAGE   |  OUTFLOW    STORAGE 
--------------------      (cms)     (ha.m.)   |   (cms)     (ha.m.) 
                          0.0000     0.0000   |   0.4810      1.4680 
                          0.0470     0.8600   |   0.6580      1.7540 
                          0.1860     0.9300   |   0.7990      1.9670 
                          0.3530     1.2390   |   0.9460      2.1790 
  
                                AREA     QPEAK     TPEAK       R.V. 
                                (ha)     (cms)     (hrs)       (mm) 
   INFLOW : ID= 2 (  0171)     28.250      6.083     12.00      79.72 
   OUTFLOW: ID= 1 (  0175)     28.250      0.480     13.00      77.83 
  
                   PEAK   FLOW   REDUCTION [Qout/Qin](%)=  7.89 
                   TIME SHIFT OF PEAK FLOW         (min)= 60.00 
                   MAXIMUM  STORAGE   USED       (ha.m.)=  1.4668 
  
------------------------------------------------------------------------------- 

-------------------- 
| MASS STORM       |    Filename: C:\Users\hliu\AppD                            
|                  |              ata\Local\Temp\                               
|                  |              2b7bf0a5-557e-4a78-9392-0a739a5df2b5\118845a2 
| Ptotal= 70.80 mm |    Comments: SCS II 6H_10YR                           
-------------------- 
                        Duration of storm    =  6.00 hrs 
                        Mass curve time step = 15.00 min 
   
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                 0.25    2.83 |  1.75    7.08 |  3.25   15.58 |  4.75    4.25 
                 0.50    2.83 |  2.00    7.08 |  3.50   15.58 |  5.00    4.25 
                 0.75    4.25 |  2.25    8.50 |  3.75    7.08 |  5.25    2.83 
                 1.00    4.25 |  2.50    8.50 |  4.00    7.08 |  5.50    2.83 
                 1.25    4.25 |  2.75   42.48 |  4.25    5.66 |  5.75    2.83 
                 1.50    4.25 |  3.00  110.45 |  4.50    5.66 |  6.00    2.83 
   
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| STANDHYD (  0172)|   Area    (ha)=  28.25 
|ID= 1 DT= 5.0 min |   Total Imp(%)=  71.00   Dir. Conn.(%)=  66.00 
-------------------- 
                              IMPERVIOUS    PERVIOUS (i) 
     Surface Area     (ha)=      20.06         8.19 
     Dep. Storage     (mm)=       1.00         1.50 
     Average Slope     (%)=       1.00         2.00 
     Length            (m)=     433.97        40.00 
     Mannings n           =      0.013        0.250 
  
         NOTE:  RAINFALL WAS TRANSFORMED TO   5.0 MIN. TIME STEP. 
 
   
                               ---- TRANSFORMED HYETOGRAPH ---- 
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                0.083    2.83 | 1.583    7.08 | 3.083   15.58 |  4.58    4.25 
                0.167    2.83 | 1.667    7.08 | 3.167   15.58 |  4.67    4.25 
                0.250    2.83 | 1.750    7.08 | 3.250   15.58 |  4.75    4.25 
                0.333    2.83 | 1.833    7.08 | 3.333   15.58 |  4.83    4.25 
                0.417    2.83 | 1.917    7.08 | 3.417   15.58 |  4.92    4.25 
                0.500    2.83 | 2.000    7.08 | 3.500   15.58 |  5.00    4.25 
                0.583    4.25 | 2.083    8.50 | 3.583    7.08 |  5.08    2.83 
                0.667    4.25 | 2.167    8.50 | 3.667    7.08 |  5.17    2.83 
                0.750    4.25 | 2.250    8.50 | 3.750    7.08 |  5.25    2.83 
                0.833    4.25 | 2.333    8.50 | 3.833    7.08 |  5.33    2.83 
                0.917    4.25 | 2.417    8.50 | 3.917    7.08 |  5.42    2.83 
                1.000    4.25 | 2.500    8.50 | 4.000    7.08 |  5.50    2.83 
                1.083    4.25 | 2.583   42.48 | 4.083    5.66 |  5.58    2.83 
                1.167    4.25 | 2.667   42.48 | 4.167    5.66 |  5.67    2.83 
                1.250    4.25 | 2.750   42.48 | 4.250    5.66 |  5.75    2.83 
                1.333    4.25 | 2.833  110.45 | 4.333    5.66 |  5.83    2.83 
                1.417    4.25 | 2.917  110.45 | 4.417    5.66 |  5.92    2.83 
                1.500    4.25 | 3.000  110.45 | 4.500    5.66 |  6.00    2.83 
   
     Max.Eff.Inten.(mm/hr)=     110.45        99.08 
                over (min)        5.00        15.00 
     Storage Coeff.  (min)=       5.92 (ii)   10.80 (ii) 
     Unit Hyd. Tpeak (min)=       5.00        15.00 
     Unit Hyd. peak  (cms)=       0.19         0.09 
                                                           *TOTALS* 
     PEAK FLOW       (cms)=       5.43         1.51          6.779 (iii) 
     TIME TO PEAK    (hrs)=       3.00         3.08           3.00 
     RUNOFF VOLUME    (mm)=      69.80        44.85          61.32 
     TOTAL RAINFALL   (mm)=      70.80        70.80          70.80 
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     RUNOFF COEFFICIENT   =       0.99         0.63           0.87 
  
  
       (i) CN PROCEDURE SELECTED FOR PERVIOUS LOSSES: 
            CN*  =  85.0    Ia = Dep. Storage  (Above) 
      (ii) TIME STEP (DT) SHOULD BE SMALLER OR EQUAL 
           THAN THE STORAGE COEFFICIENT. 
     (iii) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
-------------------- 
| RESERVOIR(  0176)|     OVERFLOW IS OFF 
| IN= 2---> OUT= 1 | 
| DT=  5.0 min     |     OUTFLOW    STORAGE   |  OUTFLOW    STORAGE 
--------------------      (cms)     (ha.m.)   |   (cms)     (ha.m.) 
                          0.0000     0.0000   |   0.4260      1.3670 
                          0.0470     0.8600   |   0.6000      1.6350 
                          0.1480     0.8780   |   0.7400      1.8350 
                          0.3040     1.1570   |   0.8880      2.0360 
  
                                AREA     QPEAK     TPEAK       R.V. 
                                (ha)     (cms)     (hrs)       (mm) 
   INFLOW : ID= 2 (  0172)     28.250      6.779      3.00      61.32 
   OUTFLOW: ID= 1 (  0176)     28.250      0.425      4.50      59.88 
  
                   PEAK   FLOW   REDUCTION [Qout/Qin](%)=  6.26 
                   TIME SHIFT OF PEAK FLOW         (min)= 90.00 
                   MAXIMUM  STORAGE   USED       (ha.m.)=  1.3648 
  
------------------------------------------------------------------------------- 
-------------------- 
| MASS STORM       |    Filename: C:\Users\hliu\AppD                            
|                  |              ata\Local\Temp\                               
|                  |              2b7bf0a5-557e-4a78-9392-0a739a5df2b5\2450d259 
| Ptotal= 76.00 mm |    Comments: SCS II 12H_10YR                          
-------------------- 
                        Duration of storm    = 12.00 hrs 
                        Mass curve time step = 15.00 min 
   
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                 0.25    1.90 |  3.25    3.04 |  6.25   13.68 |  9.25    2.66 
                 0.50    1.90 |  3.50    3.04 |  6.50   13.68 |  9.50    2.66 
                 0.75    1.90 |  3.75    3.04 |  6.75    6.08 |  9.75    2.66 
                 1.00    1.90 |  4.00    3.04 |  7.00    6.08 | 10.00    2.66 
                 1.25    1.90 |  4.25    4.56 |  7.25    4.56 | 10.25    1.52 
                 1.50    1.90 |  4.50    4.56 |  7.50    4.56 | 10.50    1.52 
                 1.75    1.90 |  4.75    6.08 |  7.75    4.56 | 10.75    1.52 
                 2.00    1.90 |  5.00    6.08 |  8.00    4.56 | 11.00    1.52 
                 2.25    2.28 |  5.25    9.12 |  8.25    2.66 | 11.25    1.52 
                 2.50    2.28 |  5.50    9.12 |  8.50    2.66 | 11.50    1.52 
                 2.75    2.28 |  5.75   36.48 |  8.75    2.66 | 11.75    1.52 
                 3.00    2.28 |  6.00  100.32 |  9.00    2.66 | 12.00    1.52 
   
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| STANDHYD (  0173)|   Area    (ha)=  28.25 
|ID= 1 DT= 5.0 min |   Total Imp(%)=  71.00   Dir. Conn.(%)=  66.00 
-------------------- 
                              IMPERVIOUS    PERVIOUS (i) 
     Surface Area     (ha)=      20.06         8.19 
     Dep. Storage     (mm)=       1.00         1.50 
     Average Slope     (%)=       1.00         2.00 
     Length            (m)=     433.97        40.00 
     Mannings n           =      0.013        0.250 

  
         NOTE:  RAINFALL WAS TRANSFORMED TO   5.0 MIN. TIME STEP. 
 
   
                               ---- TRANSFORMED HYETOGRAPH ---- 
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                0.083    1.90 | 3.083    3.04 | 6.083   13.68 |  9.08    2.66 
                0.167    1.90 | 3.167    3.04 | 6.167   13.68 |  9.17    2.66 
                0.250    1.90 | 3.250    3.04 | 6.250   13.68 |  9.25    2.66 
                0.333    1.90 | 3.333    3.04 | 6.333   13.68 |  9.33    2.66 
                0.417    1.90 | 3.417    3.04 | 6.417   13.68 |  9.42    2.66 
                0.500    1.90 | 3.500    3.04 | 6.500   13.68 |  9.50    2.66 
                0.583    1.90 | 3.583    3.04 | 6.583    6.08 |  9.58    2.66 
                0.667    1.90 | 3.667    3.04 | 6.667    6.08 |  9.67    2.66 
                0.750    1.90 | 3.750    3.04 | 6.750    6.08 |  9.75    2.66 
                0.833    1.90 | 3.833    3.04 | 6.833    6.08 |  9.83    2.66 
                0.917    1.90 | 3.917    3.04 | 6.917    6.08 |  9.92    2.66 
                1.000    1.90 | 4.000    3.04 | 7.000    6.08 | 10.00    2.66 
                1.083    1.90 | 4.083    4.56 | 7.083    4.56 | 10.08    1.52 
                1.167    1.90 | 4.167    4.56 | 7.167    4.56 | 10.17    1.52 
                1.250    1.90 | 4.250    4.56 | 7.250    4.56 | 10.25    1.52 
                1.333    1.90 | 4.333    4.56 | 7.333    4.56 | 10.33    1.52 
                1.417    1.90 | 4.417    4.56 | 7.417    4.56 | 10.42    1.52 
                1.500    1.90 | 4.500    4.56 | 7.500    4.56 | 10.50    1.52 
                1.583    1.90 | 4.583    6.08 | 7.583    4.56 | 10.58    1.52 
                1.667    1.90 | 4.667    6.08 | 7.667    4.56 | 10.67    1.52 
                1.750    1.90 | 4.750    6.08 | 7.750    4.56 | 10.75    1.52 
                1.833    1.90 | 4.833    6.08 | 7.833    4.56 | 10.83    1.52 
                1.917    1.90 | 4.917    6.08 | 7.917    4.56 | 10.92    1.52 
                2.000    1.90 | 5.000    6.08 | 8.000    4.56 | 11.00    1.52 
                2.083    2.28 | 5.083    9.12 | 8.083    2.66 | 11.08    1.52 
                2.167    2.28 | 5.167    9.12 | 8.167    2.66 | 11.17    1.52 
                2.250    2.28 | 5.250    9.12 | 8.250    2.66 | 11.25    1.52 
                2.333    2.28 | 5.333    9.12 | 8.333    2.66 | 11.33    1.52 
                2.417    2.28 | 5.417    9.12 | 8.417    2.66 | 11.42    1.52 
                2.500    2.28 | 5.500    9.12 | 8.500    2.66 | 11.50    1.52 
                2.583    2.28 | 5.583   36.48 | 8.583    2.66 | 11.58    1.52 
                2.667    2.28 | 5.667   36.48 | 8.667    2.66 | 11.67    1.52 
                2.750    2.28 | 5.750   36.48 | 8.750    2.66 | 11.75    1.52 
                2.833    2.28 | 5.833  100.32 | 8.833    2.66 | 11.83    1.52 
                2.917    2.28 | 5.917  100.32 | 8.917    2.66 | 11.92    1.52 
                3.000    2.28 | 6.000  100.32 | 9.000    2.66 | 12.00    1.52 
   
     Max.Eff.Inten.(mm/hr)=     100.32        91.65 
                over (min)        5.00        15.00 
     Storage Coeff.  (min)=       6.16 (ii)   13.46 (ii) 
     Unit Hyd. Tpeak (min)=       5.00        15.00 
     Unit Hyd. peak  (cms)=       0.19         0.08 
                                                           *TOTALS* 
     PEAK FLOW       (cms)=       4.90         1.30          6.054 (iii) 
     TIME TO PEAK    (hrs)=       6.00         6.08           6.00 
     RUNOFF VOLUME    (mm)=      75.00        49.43          66.31 
     TOTAL RAINFALL   (mm)=      76.00        76.00          76.00 
     RUNOFF COEFFICIENT   =       0.99         0.65           0.87 
  
  
       (i) CN PROCEDURE SELECTED FOR PERVIOUS LOSSES: 
            CN*  =  85.0    Ia = Dep. Storage  (Above) 
      (ii) TIME STEP (DT) SHOULD BE SMALLER OR EQUAL 
           THAN THE STORAGE COEFFICIENT. 
     (iii) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
-------------------- 
| RESERVOIR(  0177)|     OVERFLOW IS OFF 
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| IN= 2---> OUT= 1 | 
| DT=  5.0 min     |     OUTFLOW    STORAGE   |  OUTFLOW    STORAGE 
--------------------      (cms)     (ha.m.)   |   (cms)     (ha.m.) 
                          0.0000     0.0000   |   0.4210      1.3480 
                          0.0470     0.8600   |   0.5820      1.6080 
                          0.1580     0.8880   |   0.7120      1.8060 
                          0.3050     1.1460   |   0.8460      1.9980 
  
                                AREA     QPEAK     TPEAK       R.V. 
                                (ha)     (cms)     (hrs)       (mm) 
   INFLOW : ID= 2 (  0173)     28.250      6.054      6.00      66.31 
   OUTFLOW: ID= 1 (  0177)     28.250      0.420      7.17      64.75 
  
                   PEAK   FLOW   REDUCTION [Qout/Qin](%)=  6.94 
                   TIME SHIFT OF PEAK FLOW         (min)= 70.00 
                   MAXIMUM  STORAGE   USED       (ha.m.)=  1.3470 
  
------------------------------------------------------------------------------- 
-------------------- 
| CHICAGO STORM    |    IDF curve parameters: A= 975.865 
| Ptotal= 59.69 mm |                          B=   4.699 
--------------------                          C=   0.760 
                        used in:   INTENSITY =  A / (t + B)^C 
 
                        Duration of storm  =  4.00 hrs 
                        Storm time step    = 10.00 min 
                        Time to peak ratio =  0.33 
   
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                 0.17    4.32 |  1.17   30.27 |  2.17    9.72 |  3.17    5.09 
                 0.33    4.91 |  1.33  126.55 |  2.33    8.35 |  3.33    4.74 
                 0.50    5.73 |  1.50   39.22 |  2.50    7.35 |  3.50    4.45 
                 0.67    6.96 |  1.67   21.35 |  2.67    6.59 |  3.67    4.19 
                 0.83    9.03 |  1.83   15.01 |  2.83    5.99 |  3.83    3.97 
                 1.00   13.36 |  2.00   11.74 |  3.00    5.50 |  4.00    3.77 
   
   
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| STANDHYD (  0174)|   Area    (ha)=  28.25 
|ID= 1 DT= 5.0 min |   Total Imp(%)=  71.00   Dir. Conn.(%)=  66.00 
-------------------- 
                              IMPERVIOUS    PERVIOUS (i) 
     Surface Area     (ha)=      20.06         8.19 
     Dep. Storage     (mm)=       1.00         1.50 
     Average Slope     (%)=       1.00         2.00 
     Length            (m)=     433.97        40.00 
     Mannings n           =      0.013        0.250 
  
         NOTE:  RAINFALL WAS TRANSFORMED TO   5.0 MIN. TIME STEP. 
 
   
                               ---- TRANSFORMED HYETOGRAPH ---- 
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                0.083    4.32 | 1.083   30.27 | 2.083    9.72 |  3.08    5.09 
                0.167    4.32 | 1.167   30.27 | 2.167    9.72 |  3.17    5.09 
                0.250    4.91 | 1.250  126.55 | 2.250    8.35 |  3.25    4.74 
                0.333    4.91 | 1.333  126.55 | 2.333    8.35 |  3.33    4.74 
                0.417    5.73 | 1.417   39.22 | 2.417    7.35 |  3.42    4.45 
                0.500    5.73 | 1.500   39.22 | 2.500    7.35 |  3.50    4.45 
                0.583    6.96 | 1.583   21.35 | 2.583    6.59 |  3.58    4.19 
                0.667    6.96 | 1.667   21.35 | 2.667    6.59 |  3.67    4.19 
                0.750    9.03 | 1.750   15.01 | 2.750    5.99 |  3.75    3.97 

                0.833    9.03 | 1.833   15.01 | 2.833    5.99 |  3.83    3.97 
                0.917   13.36 | 1.917   11.74 | 2.917    5.50 |  3.92    3.77 
                1.000   13.36 | 2.000   11.74 | 3.000    5.50 |  4.00    3.77 
   
     Max.Eff.Inten.(mm/hr)=     126.55        86.05 
                over (min)        5.00        15.00 
     Storage Coeff.  (min)=       5.61 (ii)   10.23 (ii) 
     Unit Hyd. Tpeak (min)=       5.00        15.00 
     Unit Hyd. peak  (cms)=       0.20         0.09 
                                                           *TOTALS* 
     PEAK FLOW       (cms)=       5.69         1.17          6.352 (iii) 
     TIME TO PEAK    (hrs)=       1.33         1.50           1.33 
     RUNOFF VOLUME    (mm)=      58.69        35.31          50.74 
     TOTAL RAINFALL   (mm)=      59.69        59.69          59.69 
     RUNOFF COEFFICIENT   =       0.98         0.59           0.85 
  
  
       (i) CN PROCEDURE SELECTED FOR PERVIOUS LOSSES: 
            CN*  =  85.0    Ia = Dep. Storage  (Above) 
      (ii) TIME STEP (DT) SHOULD BE SMALLER OR EQUAL 
           THAN THE STORAGE COEFFICIENT. 
     (iii) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
-------------------- 
| RESERVOIR(  0178)|     OVERFLOW IS OFF 
| IN= 2---> OUT= 1 | 
| DT=  5.0 min     |     OUTFLOW    STORAGE   |  OUTFLOW    STORAGE 
--------------------      (cms)     (ha.m.)   |   (cms)     (ha.m.) 
                          0.0000     0.0000   |   0.2810      1.2030 
                          0.0470     0.8600   |   0.3960      1.4090 
                          0.1020     0.8601   |   0.4840      1.5570 
                          0.2010     1.0400   |   0.5830      1.7020 
  
                                AREA     QPEAK     TPEAK       R.V. 
                                (ha)     (cms)     (hrs)       (mm) 
   INFLOW : ID= 2 (  0174)     28.250      6.352      1.33      50.74 
   OUTFLOW: ID= 1 (  0178)     28.250      0.281      4.00      49.36 
  
                   PEAK   FLOW   REDUCTION [Qout/Qin](%)=  4.42 
                   TIME SHIFT OF PEAK FLOW         (min)=160.00 
                   MAXIMUM  STORAGE   USED       (ha.m.)=  1.2029 
  
------------------------------------------------------------------------------- 
================================================================================
=========================== 
   
       V    V   I    SSSSS  U   U    A    L              (v 6.2.2006) 
       V    V   I    SS     U   U   A A   L 
        V  V    I     SS    U   U  AAAAA  L 
        V  V    I      SS   U   U  A   A  L 
         VV     I    SSSSS  UUUUU  A   A  LLLLL 
     
        OOO   TTTTT  TTTTT  H   H  Y   Y  M   M   OOO    TM 
       O   O    T      T    H   H   Y Y   MM MM  O   O 
       O   O    T      T    H   H    Y    M   M  O   O     
        OOO     T      T    H   H    Y    M   M   OOO 
Developed and Distributed by Smart City Water Inc 
Copyright 2007 - 2021 Smart City Water Inc 
All rights reserved. 
   
   
                   *****  D E T A I L E D   O U T P U T ***** 
 
 
  Input   filename: C:\Program Files (x86)\Visual OTTHYMO 6.2\VO2\voin.dat                                                                   
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  Output  filename: C:\Users\hliu\AppData\Local\Civica\VH5\b41b348d-2025-43d3-
a266-6b877f48bd3e\49943b8a-82fa-4470-aeba-388c45152428\scenari 
  Summary filename: C:\Users\hliu\AppData\Local\Civica\VH5\b41b348d-2025-43d3-
a266-6b877f48bd3e\49943b8a-82fa-4470-aeba-388c45152428\scenari 
 
 
DATE: 06-29-2022                           TIME: 02:29:54        
 
USER:                                                    
 
 
   
COMMENTS: ____________________________________________________________ 
 
   
--------------------------------------------------------------------------------
--------------------------- 
  ************************************************ 
  ** SIMULATION : Run 04                        ** 
  ************************************************ 
   
-------------------- 
| MASS STORM       |    Filename: C:\Users\hliu\AppD                            
|                  |              ata\Local\Temp\                               
|                  |              2b7bf0a5-557e-4a78-9392-0a739a5df2b5\6d7a2231 
| Ptotal=107.50 mm |    Comments: Mass 24-Hour SCS Type II Design Storm    
-------------------- 
                        Duration of storm    = 24.00 hrs 
                        Mass curve time step = 15.00 min 
   
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                 0.25    1.08 |  6.25    2.15 | 12.25   15.48 | 18.25    1.93 
                 0.50    1.08 |  6.50    2.15 | 12.50   15.48 | 18.50    1.94 
                 0.75    1.08 |  6.75    2.15 | 12.75    7.95 | 18.75    1.93 
                 1.00    1.08 |  7.00    2.15 | 13.00    7.96 | 19.00    1.94 
                 1.25    1.08 |  7.25    2.15 | 13.25    1.50 | 19.25    1.93 
                 1.50    1.07 |  7.50    2.15 | 13.50    1.50 | 19.50    1.94 
                 1.75    1.08 |  7.75    2.15 | 13.75    8.82 | 19.75    1.93 
                 2.00    1.93 |  8.00    2.15 | 14.00    8.82 | 20.00    1.94 
                 2.25    1.40 |  8.25    2.90 | 14.25    3.22 | 20.25    1.29 
                 2.50    1.40 |  8.50    2.90 | 14.50    3.22 | 20.50    1.29 
                 2.75    1.40 |  8.75    2.90 | 14.75    3.22 | 20.75    1.29 
                 3.00    1.40 |  9.00    2.90 | 15.00    3.23 | 21.00    1.29 
                 3.25    1.40 |  9.25    3.44 | 15.25    3.22 | 21.25    1.29 
                 3.50    1.40 |  9.50    3.44 | 15.50    3.22 | 21.50    1.29 
                 3.75    1.40 |  9.75    3.87 | 15.75    3.22 | 21.75    1.29 
                 4.00    1.40 | 10.00    3.87 | 16.00    3.22 | 22.00    1.29 
                 4.25    1.72 | 10.25    4.95 | 16.25    1.94 | 22.25    1.29 
                 4.50    1.72 | 10.50    4.95 | 16.50    1.93 | 22.50    1.29 
                 4.75    1.72 | 10.75    6.67 | 16.75    1.93 | 22.75    1.29 
                 5.00    1.72 | 11.00    6.66 | 17.00    1.94 | 23.00    1.29 
                 5.25    1.72 | 11.25   10.32 | 17.25    1.93 | 23.25    1.29 
                 5.50    1.72 | 11.50   10.32 | 17.50    1.94 | 23.50    1.29 
                 5.75    1.72 | 11.75   44.72 | 17.75    1.93 | 23.75    1.29 
                 6.00    1.72 | 12.00  118.68 | 18.00    1.94 | 24.00    1.29 
   
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| STANDHYD (  0171)|   Area    (ha)=  28.25 
|ID= 1 DT= 5.0 min |   Total Imp(%)=  71.00   Dir. Conn.(%)=  66.00 
-------------------- 
                              IMPERVIOUS    PERVIOUS (i) 
     Surface Area     (ha)=      20.06         8.19 
     Dep. Storage     (mm)=       1.00         1.50 

     Average Slope     (%)=       1.00         2.00 
     Length            (m)=     433.97        40.00 
     Mannings n           =      0.013        0.250 
  
         NOTE:  RAINFALL WAS TRANSFORMED TO   5.0 MIN. TIME STEP. 
 
   
                               ---- TRANSFORMED HYETOGRAPH ---- 
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                0.083    1.08 | 6.083    2.15 |12.083   15.49 | 18.08    1.94 
                0.167    1.08 | 6.167    2.15 |12.167   15.48 | 18.17    1.93 
                0.250    1.08 | 6.250    2.15 |12.250   15.48 | 18.25    1.93 
                0.333    1.08 | 6.333    2.15 |12.333   15.48 | 18.33    1.94 
                0.417    1.08 | 6.417    2.15 |12.417   15.48 | 18.42    1.94 
                0.500    1.08 | 6.500    2.15 |12.500   15.48 | 18.50    1.94 
                0.583    1.08 | 6.583    2.15 |12.583    7.96 | 18.58    1.94 
                0.667    1.08 | 6.667    2.15 |12.667    7.95 | 18.67    1.93 
                0.750    1.08 | 6.750    2.15 |12.750    7.95 | 18.75    1.93 
                0.833    1.07 | 6.833    2.15 |12.833    7.95 | 18.83    1.94 
                0.917    1.08 | 6.917    2.15 |12.917    7.96 | 18.92    1.94 
                1.000    1.08 | 7.000    2.15 |13.000    7.96 | 19.00    1.94 
                1.083    1.07 | 7.083    2.15 |13.083    1.51 | 19.08    1.94 
                1.167    1.08 | 7.167    2.15 |13.167    1.50 | 19.17    1.93 
                1.250    1.08 | 7.250    2.15 |13.250    1.50 | 19.25    1.93 
                1.333    1.08 | 7.333    2.15 |13.333    1.50 | 19.33    1.94 
                1.417    1.07 | 7.417    2.15 |13.417    1.50 | 19.42    1.94 
                1.500    1.08 | 7.500    2.15 |13.500    1.50 | 19.50    1.94 
                1.583    1.08 | 7.583    2.15 |13.583    8.81 | 19.58    1.93 
                1.667    1.08 | 7.667    2.15 |13.667    8.82 | 19.67    1.93 
                1.750    1.08 | 7.750    2.15 |13.750    8.82 | 19.75    1.94 
                1.833    1.93 | 7.833    2.15 |13.833    8.81 | 19.83    1.94 
                1.917    1.93 | 7.917    2.15 |13.917    8.82 | 19.92    1.94 
                2.000    1.93 | 8.000    2.15 |14.000    8.82 | 20.00    1.93 
                2.083    1.40 | 8.083    2.90 |14.083    3.23 | 20.08    1.29 
                2.167    1.40 | 8.167    2.90 |14.167    3.22 | 20.17    1.29 
                2.250    1.40 | 8.250    2.90 |14.250    3.22 | 20.25    1.29 
                2.333    1.40 | 8.333    2.90 |14.333    3.22 | 20.33    1.29 
                2.417    1.40 | 8.417    2.90 |14.417    3.22 | 20.42    1.29 
                2.500    1.40 | 8.500    2.90 |14.500    3.22 | 20.50    1.29 
                2.583    1.40 | 8.583    2.90 |14.583    3.22 | 20.58    1.29 
                2.667    1.40 | 8.667    2.90 |14.667    3.22 | 20.67    1.29 
                2.750    1.40 | 8.750    2.90 |14.750    3.22 | 20.75    1.29 
                2.833    1.40 | 8.833    2.90 |14.833    3.23 | 20.83    1.29 
                2.917    1.40 | 8.917    2.90 |14.917    3.23 | 20.92    1.29 
                3.000    1.40 | 9.000    2.90 |15.000    3.23 | 21.00    1.29 
                3.083    1.40 | 9.083    3.44 |15.083    3.22 | 21.08    1.29 
                3.167    1.40 | 9.167    3.44 |15.167    3.22 | 21.17    1.29 
                3.250    1.40 | 9.250    3.44 |15.250    3.22 | 21.25    1.29 
                3.333    1.40 | 9.333    3.44 |15.333    3.22 | 21.33    1.29 
                3.417    1.40 | 9.417    3.44 |15.417    3.22 | 21.42    1.29 
                3.500    1.40 | 9.500    3.44 |15.500    3.22 | 21.50    1.29 
                3.583    1.40 | 9.583    3.87 |15.583    3.22 | 21.58    1.29 
                3.667    1.40 | 9.667    3.87 |15.667    3.22 | 21.67    1.29 
                3.750    1.40 | 9.750    3.87 |15.750    3.22 | 21.75    1.29 
                3.833    1.40 | 9.833    3.87 |15.833    3.22 | 21.83    1.29 
                3.917    1.40 | 9.917    3.87 |15.917    3.22 | 21.92    1.29 
                4.000    1.40 |10.000    3.87 |16.000    3.22 | 22.00    1.29 
                4.083    1.72 |10.083    4.94 |16.083    1.94 | 22.08    1.29 
                4.167    1.72 |10.167    4.95 |16.167    1.94 | 22.17    1.29 
                4.250    1.72 |10.250    4.95 |16.250    1.94 | 22.25    1.29 
                4.333    1.72 |10.333    4.94 |16.333    1.94 | 22.33    1.29 
                4.417    1.72 |10.417    4.95 |16.417    1.93 | 22.42    1.29 
                4.500    1.72 |10.500    4.95 |16.500    1.93 | 22.50    1.29 
                4.583    1.72 |10.583    6.66 |16.583    1.94 | 22.58    1.29 
                4.667    1.72 |10.667    6.67 |16.667    1.93 | 22.67    1.29 
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                4.750    1.72 |10.750    6.67 |16.750    1.93 | 22.75    1.29 
                4.833    1.72 |10.833    6.66 |16.833    1.94 | 22.83    1.29 
                4.917    1.72 |10.917    6.66 |16.917    1.94 | 22.92    1.29 
                5.000    1.72 |11.000    6.66 |17.000    1.94 | 23.00    1.29 
                5.083    1.72 |11.083   10.32 |17.083    1.94 | 23.08    1.29 
                5.167    1.72 |11.167   10.32 |17.167    1.93 | 23.17    1.29 
                5.250    1.72 |11.250   10.32 |17.250    1.93 | 23.25    1.29 
                5.333    1.72 |11.333   10.32 |17.333    1.94 | 23.33    1.29 
                5.417    1.72 |11.417   10.32 |17.417    1.94 | 23.42    1.29 
                5.500    1.72 |11.500   10.32 |17.500    1.94 | 23.50    1.29 
                5.583    1.72 |11.583   44.72 |17.583    1.94 | 23.58    1.29 
                5.667    1.72 |11.667   44.72 |17.667    1.93 | 23.67    1.29 
                5.750    1.72 |11.750   44.72 |17.750    1.93 | 23.75    1.29 
                5.833    1.72 |11.833  118.67 |17.833    1.94 | 23.83    1.29 
                5.917    1.72 |11.917  118.68 |17.917    1.94 | 23.92    1.29 
                6.000    1.72 |12.000  118.68 |18.000    1.94 | 24.00    1.29 
   
     Max.Eff.Inten.(mm/hr)=     118.68       117.89 
                over (min)        5.00        15.00 
     Storage Coeff.  (min)=       5.76 (ii)   10.50 (ii) 
     Unit Hyd. Tpeak (min)=       5.00        15.00 
     Unit Hyd. peak  (cms)=       0.20         0.09 
                                                           *TOTALS* 
     PEAK FLOW       (cms)=       5.85         1.88          7.593 (iii) 
     TIME TO PEAK    (hrs)=      12.00        12.08          12.00 
     RUNOFF VOLUME    (mm)=     106.50        78.11          96.85 
     TOTAL RAINFALL   (mm)=     107.50       107.50         107.50 
     RUNOFF COEFFICIENT   =       0.99         0.73           0.90 
  
  
       (i) CN PROCEDURE SELECTED FOR PERVIOUS LOSSES: 
            CN*  =  85.0    Ia = Dep. Storage  (Above) 
      (ii) TIME STEP (DT) SHOULD BE SMALLER OR EQUAL 
           THAN THE STORAGE COEFFICIENT. 
     (iii) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
-------------------- 
| RESERVOIR(  0175)|     OVERFLOW IS OFF 
| IN= 2---> OUT= 1 | 
| DT=  5.0 min     |     OUTFLOW    STORAGE   |  OUTFLOW    STORAGE 
--------------------      (cms)     (ha.m.)   |   (cms)     (ha.m.) 
                          0.0000     0.0000   |   0.4810      1.4680 
                          0.0470     0.8600   |   0.6580      1.7540 
                          0.1860     0.9300   |   0.7990      1.9670 
                          0.3530     1.2390   |   0.9460      2.1790 
  
                                AREA     QPEAK     TPEAK       R.V. 
                                (ha)     (cms)     (hrs)       (mm) 
   INFLOW : ID= 2 (  0171)     28.250      7.593     12.00      96.85 
   OUTFLOW: ID= 1 (  0175)     28.250      0.657     12.92      94.93 
  
                   PEAK   FLOW   REDUCTION [Qout/Qin](%)=  8.66 
                   TIME SHIFT OF PEAK FLOW         (min)= 55.00 
                   MAXIMUM  STORAGE   USED       (ha.m.)=  1.7530 
  
------------------------------------------------------------------------------- 
-------------------- 
| MASS STORM       |    Filename: C:\Users\hliu\AppD                            
|                  |              ata\Local\Temp\                               
|                  |              2b7bf0a5-557e-4a78-9392-0a739a5df2b5\b7d4aaa8 
| Ptotal= 85.20 mm |    Comments: SCS II 6H_25YR                           
-------------------- 
                        Duration of storm    =  6.00 hrs 
                        Mass curve time step = 15.00 min 
   

                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                 0.25    3.41 |  1.75    8.52 |  3.25   18.74 |  4.75    5.11 
                 0.50    3.41 |  2.00    8.52 |  3.50   18.74 |  5.00    5.11 
                 0.75    5.11 |  2.25   10.22 |  3.75    8.52 |  5.25    3.41 
                 1.00    5.11 |  2.50   10.22 |  4.00    8.52 |  5.50    3.41 
                 1.25    5.11 |  2.75   51.12 |  4.25    6.82 |  5.75    3.41 
                 1.50    5.11 |  3.00  132.91 |  4.50    6.82 |  6.00    3.41 
   
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| STANDHYD (  0172)|   Area    (ha)=  28.25 
|ID= 1 DT= 5.0 min |   Total Imp(%)=  71.00   Dir. Conn.(%)=  66.00 
-------------------- 
                              IMPERVIOUS    PERVIOUS (i) 
     Surface Area     (ha)=      20.06         8.19 
     Dep. Storage     (mm)=       1.00         1.50 
     Average Slope     (%)=       1.00         2.00 
     Length            (m)=     433.97        40.00 
     Mannings n           =      0.013        0.250 
  
         NOTE:  RAINFALL WAS TRANSFORMED TO   5.0 MIN. TIME STEP. 
 
   
                               ---- TRANSFORMED HYETOGRAPH ---- 
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                0.083    3.41 | 1.583    8.52 | 3.083   18.74 |  4.58    5.11 
                0.167    3.41 | 1.667    8.52 | 3.167   18.74 |  4.67    5.11 
                0.250    3.41 | 1.750    8.52 | 3.250   18.74 |  4.75    5.11 
                0.333    3.41 | 1.833    8.52 | 3.333   18.74 |  4.83    5.11 
                0.417    3.41 | 1.917    8.52 | 3.417   18.74 |  4.92    5.11 
                0.500    3.41 | 2.000    8.52 | 3.500   18.74 |  5.00    5.11 
                0.583    5.11 | 2.083   10.22 | 3.583    8.52 |  5.08    3.41 
                0.667    5.11 | 2.167   10.22 | 3.667    8.52 |  5.17    3.41 
                0.750    5.11 | 2.250   10.22 | 3.750    8.52 |  5.25    3.41 
                0.833    5.11 | 2.333   10.22 | 3.833    8.52 |  5.33    3.41 
                0.917    5.11 | 2.417   10.22 | 3.917    8.52 |  5.42    3.41 
                1.000    5.11 | 2.500   10.22 | 4.000    8.52 |  5.50    3.41 
                1.083    5.11 | 2.583   51.12 | 4.083    6.82 |  5.58    3.41 
                1.167    5.11 | 2.667   51.12 | 4.167    6.82 |  5.67    3.41 
                1.250    5.11 | 2.750   51.12 | 4.250    6.82 |  5.75    3.41 
                1.333    5.11 | 2.833  132.91 | 4.333    6.82 |  5.83    3.41 
                1.417    5.11 | 2.917  132.91 | 4.417    6.82 |  5.92    3.41 
                1.500    5.11 | 3.000  132.91 | 4.500    6.82 |  6.00    3.41 
   
     Max.Eff.Inten.(mm/hr)=     132.91       125.99 
                over (min)        5.00        15.00 
     Storage Coeff.  (min)=       5.50 (ii)   10.03 (ii) 
     Unit Hyd. Tpeak (min)=       5.00        15.00 
     Unit Hyd. peak  (cms)=       0.20         0.10 
                                                           *TOTALS* 
     PEAK FLOW       (cms)=       6.60         1.99          8.399 (iii) 
     TIME TO PEAK    (hrs)=       3.00         3.08           3.00 
     RUNOFF VOLUME    (mm)=      84.20        57.65          75.17 
     TOTAL RAINFALL   (mm)=      85.20        85.20          85.20 
     RUNOFF COEFFICIENT   =       0.99         0.68           0.88 
  
  
       (i) CN PROCEDURE SELECTED FOR PERVIOUS LOSSES: 
            CN*  =  85.0    Ia = Dep. Storage  (Above) 
      (ii) TIME STEP (DT) SHOULD BE SMALLER OR EQUAL 
           THAN THE STORAGE COEFFICIENT. 
     (iii) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
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------------------------------------------------------------------------------- 
-------------------- 
| RESERVOIR(  0176)|     OVERFLOW IS OFF 
| IN= 2---> OUT= 1 | 
| DT=  5.0 min     |     OUTFLOW    STORAGE   |  OUTFLOW    STORAGE 
--------------------      (cms)     (ha.m.)   |   (cms)     (ha.m.) 
                          0.0000     0.0000   |   0.4260      1.3670 
                          0.0470     0.8600   |   0.6000      1.6350 
                          0.1480     0.8780   |   0.7400      1.8350 
                          0.3040     1.1570   |   0.8880      2.0360 
  
                                AREA     QPEAK     TPEAK       R.V. 
                                (ha)     (cms)     (hrs)       (mm) 
   INFLOW : ID= 2 (  0172)     28.250      8.399      3.00      75.17 
   OUTFLOW: ID= 1 (  0176)     28.250      0.599      4.08      73.70 
  
                   PEAK   FLOW   REDUCTION [Qout/Qin](%)=  7.13 
                   TIME SHIFT OF PEAK FLOW         (min)= 65.00 
                   MAXIMUM  STORAGE   USED       (ha.m.)=  1.6337 
  
------------------------------------------------------------------------------- 
-------------------- 
| MASS STORM       |    Filename: C:\Users\hliu\AppD                            
|                  |              ata\Local\Temp\                               
|                  |              2b7bf0a5-557e-4a78-9392-0a739a5df2b5\8b21e398 
| Ptotal= 90.70 mm |    Comments: SCS II 12H_25YR                          
-------------------- 
                        Duration of storm    = 12.00 hrs 
                        Mass curve time step = 15.00 min 
   
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                 0.25    2.27 |  3.25    3.63 |  6.25   16.33 |  9.25    3.17 
                 0.50    2.27 |  3.50    3.63 |  6.50   16.33 |  9.50    3.17 
                 0.75    2.27 |  3.75    3.63 |  6.75    7.26 |  9.75    3.17 
                 1.00    2.27 |  4.00    3.63 |  7.00    7.26 | 10.00    3.17 
                 1.25    2.27 |  4.25    5.44 |  7.25    5.44 | 10.25    1.81 
                 1.50    2.27 |  4.50    5.44 |  7.50    5.44 | 10.50    1.81 
                 1.75    2.27 |  4.75    7.26 |  7.75    5.44 | 10.75    1.81 
                 2.00    2.27 |  5.00    7.26 |  8.00    5.44 | 11.00    1.81 
                 2.25    2.72 |  5.25   10.88 |  8.25    3.17 | 11.25    1.81 
                 2.50    2.72 |  5.50   10.88 |  8.50    3.17 | 11.50    1.81 
                 2.75    2.72 |  5.75   43.54 |  8.75    3.17 | 11.75    1.81 
                 3.00    2.72 |  6.00  119.72 |  9.00    3.17 | 12.00    1.81 
   
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| STANDHYD (  0173)|   Area    (ha)=  28.25 
|ID= 1 DT= 5.0 min |   Total Imp(%)=  71.00   Dir. Conn.(%)=  66.00 
-------------------- 
                              IMPERVIOUS    PERVIOUS (i) 
     Surface Area     (ha)=      20.06         8.19 
     Dep. Storage     (mm)=       1.00         1.50 
     Average Slope     (%)=       1.00         2.00 
     Length            (m)=     433.97        40.00 
     Mannings n           =      0.013        0.250 
  
         NOTE:  RAINFALL WAS TRANSFORMED TO   5.0 MIN. TIME STEP. 
 
   
                               ---- TRANSFORMED HYETOGRAPH ---- 
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                0.083    2.27 | 3.083    3.63 | 6.083   16.33 |  9.08    3.17 
                0.167    2.27 | 3.167    3.63 | 6.167   16.33 |  9.17    3.17 

                0.250    2.27 | 3.250    3.63 | 6.250   16.33 |  9.25    3.17 
                0.333    2.27 | 3.333    3.63 | 6.333   16.33 |  9.33    3.17 
                0.417    2.27 | 3.417    3.63 | 6.417   16.33 |  9.42    3.17 
                0.500    2.27 | 3.500    3.63 | 6.500   16.33 |  9.50    3.17 
                0.583    2.27 | 3.583    3.63 | 6.583    7.26 |  9.58    3.17 
                0.667    2.27 | 3.667    3.63 | 6.667    7.26 |  9.67    3.17 
                0.750    2.27 | 3.750    3.63 | 6.750    7.26 |  9.75    3.17 
                0.833    2.27 | 3.833    3.63 | 6.833    7.26 |  9.83    3.17 
                0.917    2.27 | 3.917    3.63 | 6.917    7.26 |  9.92    3.17 
                1.000    2.27 | 4.000    3.63 | 7.000    7.26 | 10.00    3.17 
                1.083    2.27 | 4.083    5.44 | 7.083    5.44 | 10.08    1.81 
                1.167    2.27 | 4.167    5.44 | 7.167    5.44 | 10.17    1.81 
                1.250    2.27 | 4.250    5.44 | 7.250    5.44 | 10.25    1.81 
                1.333    2.27 | 4.333    5.44 | 7.333    5.44 | 10.33    1.81 
                1.417    2.27 | 4.417    5.44 | 7.417    5.44 | 10.42    1.81 
                1.500    2.27 | 4.500    5.44 | 7.500    5.44 | 10.50    1.81 
                1.583    2.27 | 4.583    7.26 | 7.583    5.44 | 10.58    1.81 
                1.667    2.27 | 4.667    7.26 | 7.667    5.44 | 10.67    1.81 
                1.750    2.27 | 4.750    7.26 | 7.750    5.44 | 10.75    1.81 
                1.833    2.27 | 4.833    7.26 | 7.833    5.44 | 10.83    1.81 
                1.917    2.27 | 4.917    7.26 | 7.917    5.44 | 10.92    1.81 
                2.000    2.27 | 5.000    7.26 | 8.000    5.44 | 11.00    1.81 
                2.083    2.72 | 5.083   10.88 | 8.083    3.17 | 11.08    1.81 
                2.167    2.72 | 5.167   10.88 | 8.167    3.17 | 11.17    1.81 
                2.250    2.72 | 5.250   10.88 | 8.250    3.17 | 11.25    1.81 
                2.333    2.72 | 5.333   10.88 | 8.333    3.17 | 11.33    1.81 
                2.417    2.72 | 5.417   10.88 | 8.417    3.17 | 11.42    1.81 
                2.500    2.72 | 5.500   10.88 | 8.500    3.17 | 11.50    1.81 
                2.583    2.72 | 5.583   43.54 | 8.583    3.17 | 11.58    1.81 
                2.667    2.72 | 5.667   43.54 | 8.667    3.17 | 11.67    1.81 
                2.750    2.72 | 5.750   43.54 | 8.750    3.17 | 11.75    1.81 
                2.833    2.72 | 5.833  119.72 | 8.833    3.17 | 11.83    1.81 
                2.917    2.72 | 5.917  119.72 | 8.917    3.17 | 11.92    1.81 
                3.000    2.72 | 6.000  119.72 | 9.000    3.17 | 12.00    1.81 
   
     Max.Eff.Inten.(mm/hr)=     119.72       114.99 
                over (min)        5.00        15.00 
     Storage Coeff.  (min)=       5.74 (ii)   10.46 (ii) 
     Unit Hyd. Tpeak (min)=       5.00        15.00 
     Unit Hyd. peak  (cms)=       0.20         0.09 
                                                           *TOTALS* 
     PEAK FLOW       (cms)=       5.90         1.81          7.552 (iii) 
     TIME TO PEAK    (hrs)=       6.00         6.08           6.00 
     RUNOFF VOLUME    (mm)=      89.70        62.64          80.50 
     TOTAL RAINFALL   (mm)=      90.70        90.70          90.70 
     RUNOFF COEFFICIENT   =       0.99         0.69           0.89 
  
  
       (i) CN PROCEDURE SELECTED FOR PERVIOUS LOSSES: 
            CN*  =  85.0    Ia = Dep. Storage  (Above) 
      (ii) TIME STEP (DT) SHOULD BE SMALLER OR EQUAL 
           THAN THE STORAGE COEFFICIENT. 
     (iii) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
-------------------- 
| RESERVOIR(  0177)|     OVERFLOW IS OFF 
| IN= 2---> OUT= 1 | 
| DT=  5.0 min     |     OUTFLOW    STORAGE   |  OUTFLOW    STORAGE 
--------------------      (cms)     (ha.m.)   |   (cms)     (ha.m.) 
                          0.0000     0.0000   |   0.4210      1.3480 
                          0.0470     0.8600   |   0.5820      1.6080 
                          0.1580     0.8880   |   0.7120      1.8060 
                          0.3050     1.1460   |   0.8460      1.9980 
  
                                AREA     QPEAK     TPEAK       R.V. 
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                                (ha)     (cms)     (hrs)       (mm) 
   INFLOW : ID= 2 (  0173)     28.250      7.552      6.00      80.50 
   OUTFLOW: ID= 1 (  0177)     28.250      0.582      7.00      78.91 
  
                   PEAK   FLOW   REDUCTION [Qout/Qin](%)=  7.70 
                   TIME SHIFT OF PEAK FLOW         (min)= 60.00 
                   MAXIMUM  STORAGE   USED       (ha.m.)=  1.6073 
  
------------------------------------------------------------------------------- 
-------------------- 
| CHICAGO STORM    |    IDF curve parameters: A=1146.275 
| Ptotal= 71.24 mm |                          B=   4.922 
--------------------                          C=   0.757 
                        used in:   INTENSITY =  A / (t + B)^C 
 
                        Duration of storm  =  4.00 hrs 
                        Storm time step    = 10.00 min 
                        Time to peak ratio =  0.33 
   
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                 0.17    5.22 |  1.17   36.37 |  2.17   11.74 |  3.17    6.15 
                 0.33    5.94 |  1.33  148.15 |  2.33   10.09 |  3.33    5.74 
                 0.50    6.93 |  1.50   47.06 |  2.50    8.89 |  3.50    5.38 
                 0.67    8.42 |  1.67   25.72 |  2.67    7.96 |  3.67    5.08 
                 0.83   10.91 |  1.83   18.11 |  2.83    7.24 |  3.83    4.80 
                 1.00   16.13 |  2.00   14.17 |  3.00    6.65 |  4.00    4.57 
   
   
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| STANDHYD (  0174)|   Area    (ha)=  28.25 
|ID= 1 DT= 5.0 min |   Total Imp(%)=  71.00   Dir. Conn.(%)=  66.00 
-------------------- 
                              IMPERVIOUS    PERVIOUS (i) 
     Surface Area     (ha)=      20.06         8.19 
     Dep. Storage     (mm)=       1.00         1.50 
     Average Slope     (%)=       1.00         2.00 
     Length            (m)=     433.97        40.00 
     Mannings n           =      0.013        0.250 
  
         NOTE:  RAINFALL WAS TRANSFORMED TO   5.0 MIN. TIME STEP. 
 
   
                               ---- TRANSFORMED HYETOGRAPH ---- 
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                0.083    5.22 | 1.083   36.37 | 2.083   11.74 |  3.08    6.15 
                0.167    5.22 | 1.167   36.37 | 2.167   11.74 |  3.17    6.15 
                0.250    5.94 | 1.250  148.15 | 2.250   10.09 |  3.25    5.74 
                0.333    5.94 | 1.333  148.15 | 2.333   10.09 |  3.33    5.74 
                0.417    6.93 | 1.417   47.06 | 2.417    8.89 |  3.42    5.38 
                0.500    6.93 | 1.500   47.06 | 2.500    8.89 |  3.50    5.38 
                0.583    8.42 | 1.583   25.72 | 2.583    7.96 |  3.58    5.08 
                0.667    8.42 | 1.667   25.72 | 2.667    7.96 |  3.67    5.08 
                0.750   10.91 | 1.750   18.11 | 2.750    7.24 |  3.75    4.80 
                0.833   10.91 | 1.833   18.11 | 2.833    7.24 |  3.83    4.80 
                0.917   16.13 | 1.917   14.17 | 2.917    6.65 |  3.92    4.57 
                1.000   16.13 | 2.000   14.17 | 3.000    6.65 |  4.00    4.57 
   
     Max.Eff.Inten.(mm/hr)=     148.15       109.90 
                over (min)        5.00        10.00 
     Storage Coeff.  (min)=       5.27 (ii)    9.61 (ii) 
     Unit Hyd. Tpeak (min)=       5.00        10.00 
     Unit Hyd. peak  (cms)=       0.21         0.11 

                                                           *TOTALS* 
     PEAK FLOW       (cms)=       6.78         1.63          8.138 (iii) 
     TIME TO PEAK    (hrs)=       1.33         1.42           1.33 
     RUNOFF VOLUME    (mm)=      70.24        45.23          61.74 
     TOTAL RAINFALL   (mm)=      71.24        71.24          71.24 
     RUNOFF COEFFICIENT   =       0.99         0.64           0.87 
  
  
       (i) CN PROCEDURE SELECTED FOR PERVIOUS LOSSES: 
            CN*  =  85.0    Ia = Dep. Storage  (Above) 
      (ii) TIME STEP (DT) SHOULD BE SMALLER OR EQUAL 
           THAN THE STORAGE COEFFICIENT. 
     (iii) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
-------------------- 
| RESERVOIR(  0178)|     OVERFLOW IS OFF 
| IN= 2---> OUT= 1 | 
| DT=  5.0 min     |     OUTFLOW    STORAGE   |  OUTFLOW    STORAGE 
--------------------      (cms)     (ha.m.)   |   (cms)     (ha.m.) 
                          0.0000     0.0000   |   0.2810      1.2030 
                          0.0470     0.8600   |   0.3960      1.4090 
                          0.1020     0.8601   |   0.4840      1.5570 
                          0.2010     1.0400   |   0.5830      1.7020 
  
                                AREA     QPEAK     TPEAK       R.V. 
                                (ha)     (cms)     (hrs)       (mm) 
   INFLOW : ID= 2 (  0174)     28.250      8.138      1.33      61.74 
   OUTFLOW: ID= 1 (  0178)     28.250      0.396      3.58      60.31 
  
                   PEAK   FLOW   REDUCTION [Qout/Qin](%)=  4.86 
                   TIME SHIFT OF PEAK FLOW         (min)=135.00 
                   MAXIMUM  STORAGE   USED       (ha.m.)=  1.4088 
  
------------------------------------------------------------------------------- 
================================================================================
=========================== 
   
       V    V   I    SSSSS  U   U    A    L              (v 6.2.2006) 
       V    V   I    SS     U   U   A A   L 
        V  V    I     SS    U   U  AAAAA  L 
        V  V    I      SS   U   U  A   A  L 
         VV     I    SSSSS  UUUUU  A   A  LLLLL 
     
        OOO   TTTTT  TTTTT  H   H  Y   Y  M   M   OOO    TM 
       O   O    T      T    H   H   Y Y   MM MM  O   O 
       O   O    T      T    H   H    Y    M   M  O   O     
        OOO     T      T    H   H    Y    M   M   OOO 
Developed and Distributed by Smart City Water Inc 
Copyright 2007 - 2021 Smart City Water Inc 
All rights reserved. 
   
   
                   *****  D E T A I L E D   O U T P U T ***** 
 
 
  Input   filename: C:\Program Files (x86)\Visual OTTHYMO 6.2\VO2\voin.dat                                                                   
  Output  filename: C:\Users\hliu\AppData\Local\Civica\VH5\b41b348d-2025-43d3-
a266-6b877f48bd3e\17944b49-be41-41d4-802c-d1e925b69dcf\scenari 
  Summary filename: C:\Users\hliu\AppData\Local\Civica\VH5\b41b348d-2025-43d3-
a266-6b877f48bd3e\17944b49-be41-41d4-802c-d1e925b69dcf\scenari 
 
 
DATE: 06-29-2022                           TIME: 02:29:54        
 
USER:                                                    
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COMMENTS: ____________________________________________________________ 
 
   
--------------------------------------------------------------------------------
--------------------------- 
  ************************************************ 
  ** SIMULATION : Run 05                        ** 
  ************************************************ 
   
-------------------- 
| MASS STORM       |    Filename: C:\Users\hliu\AppD                            
|                  |              ata\Local\Temp\                               
|                  |              2b7bf0a5-557e-4a78-9392-0a739a5df2b5\62c328ea 
| Ptotal=120.60 mm |    Comments: Mass 24-Hour SCS Type II Design Storm    
-------------------- 
                        Duration of storm    = 24.00 hrs 
                        Mass curve time step = 15.00 min 
   
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                 0.25    1.21 |  6.25    2.41 | 12.25   17.37 | 18.25    2.17 
                 0.50    1.21 |  6.50    2.41 | 12.50   17.37 | 18.50    2.17 
                 0.75    1.21 |  6.75    2.41 | 12.75    8.92 | 18.75    2.17 
                 1.00    1.21 |  7.00    2.41 | 13.00    8.92 | 19.00    2.17 
                 1.25    1.21 |  7.25    2.41 | 13.25    1.69 | 19.25    2.17 
                 1.50    1.21 |  7.50    2.41 | 13.50    1.69 | 19.50    2.17 
                 1.75    1.21 |  7.75    2.41 | 13.75    9.89 | 19.75    2.17 
                 2.00    2.17 |  8.00    2.41 | 14.00    9.89 | 20.00    2.17 
                 2.25    1.57 |  8.25    3.26 | 14.25    3.62 | 20.25    1.45 
                 2.50    1.57 |  8.50    3.26 | 14.50    3.62 | 20.50    1.45 
                 2.75    1.57 |  8.75    3.26 | 14.75    3.62 | 20.75    1.45 
                 3.00    1.57 |  9.00    3.26 | 15.00    3.62 | 21.00    1.45 
                 3.25    1.57 |  9.25    3.86 | 15.25    3.62 | 21.25    1.45 
                 3.50    1.57 |  9.50    3.86 | 15.50    3.62 | 21.50    1.45 
                 3.75    1.57 |  9.75    4.34 | 15.75    3.62 | 21.75    1.45 
                 4.00    1.57 | 10.00    4.34 | 16.00    3.62 | 22.00    1.45 
                 4.25    1.93 | 10.25    5.55 | 16.25    2.17 | 22.25    1.45 
                 4.50    1.93 | 10.50    5.55 | 16.50    2.17 | 22.50    1.45 
                 4.75    1.93 | 10.75    7.48 | 16.75    2.17 | 22.75    1.45 
                 5.00    1.93 | 11.00    7.48 | 17.00    2.17 | 23.00    1.45 
                 5.25    1.93 | 11.25   11.58 | 17.25    2.17 | 23.25    1.45 
                 5.50    1.93 | 11.50   11.58 | 17.50    2.17 | 23.50    1.45 
                 5.75    1.93 | 11.75   50.17 | 17.75    2.17 | 23.75    1.45 
                 6.00    1.93 | 12.00  133.14 | 18.00    2.17 | 24.00    1.45 
   
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| STANDHYD (  0171)|   Area    (ha)=  28.25 
|ID= 1 DT= 5.0 min |   Total Imp(%)=  71.00   Dir. Conn.(%)=  66.00 
-------------------- 
                              IMPERVIOUS    PERVIOUS (i) 
     Surface Area     (ha)=      20.06         8.19 
     Dep. Storage     (mm)=       1.00         1.50 
     Average Slope     (%)=       1.00         2.00 
     Length            (m)=     433.97        40.00 
     Mannings n           =      0.013        0.250 
  
         NOTE:  RAINFALL WAS TRANSFORMED TO   5.0 MIN. TIME STEP. 
 
   
                               ---- TRANSFORMED HYETOGRAPH ---- 
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 

                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                0.083    1.21 | 6.083    2.41 |12.083   17.38 | 18.08    2.17 
                0.167    1.21 | 6.167    2.41 |12.167   17.37 | 18.17    2.17 
                0.250    1.21 | 6.250    2.41 |12.250   17.37 | 18.25    2.17 
                0.333    1.21 | 6.333    2.41 |12.333   17.37 | 18.33    2.17 
                0.417    1.21 | 6.417    2.41 |12.417   17.37 | 18.42    2.17 
                0.500    1.21 | 6.500    2.41 |12.500   17.37 | 18.50    2.17 
                0.583    1.21 | 6.583    2.41 |12.583    8.93 | 18.58    2.17 
                0.667    1.21 | 6.667    2.41 |12.667    8.92 | 18.67    2.17 
                0.750    1.21 | 6.750    2.41 |12.750    8.92 | 18.75    2.17 
                0.833    1.21 | 6.833    2.41 |12.833    8.92 | 18.83    2.17 
                0.917    1.21 | 6.917    2.41 |12.917    8.92 | 18.92    2.17 
                1.000    1.21 | 7.000    2.41 |13.000    8.92 | 19.00    2.17 
                1.083    1.21 | 7.083    2.41 |13.083    1.69 | 19.08    2.17 
                1.167    1.21 | 7.167    2.41 |13.167    1.69 | 19.17    2.17 
                1.250    1.21 | 7.250    2.41 |13.250    1.69 | 19.25    2.17 
                1.333    1.21 | 7.333    2.41 |13.333    1.69 | 19.33    2.17 
                1.417    1.21 | 7.417    2.41 |13.417    1.69 | 19.42    2.17 
                1.500    1.21 | 7.500    2.41 |13.500    1.69 | 19.50    2.17 
                1.583    1.21 | 7.583    2.41 |13.583    9.89 | 19.58    2.17 
                1.667    1.21 | 7.667    2.41 |13.667    9.89 | 19.67    2.17 
                1.750    1.21 | 7.750    2.41 |13.750    9.89 | 19.75    2.17 
                1.833    2.17 | 7.833    2.41 |13.833    9.89 | 19.83    2.17 
                1.917    2.17 | 7.917    2.41 |13.917    9.89 | 19.92    2.17 
                2.000    2.17 | 8.000    2.41 |14.000    9.89 | 20.00    2.17 
                2.083    1.57 | 8.083    3.26 |14.083    3.62 | 20.08    1.45 
                2.167    1.57 | 8.167    3.26 |14.167    3.62 | 20.17    1.45 
                2.250    1.57 | 8.250    3.26 |14.250    3.62 | 20.25    1.45 
                2.333    1.57 | 8.333    3.26 |14.333    3.62 | 20.33    1.45 
                2.417    1.57 | 8.417    3.26 |14.417    3.62 | 20.42    1.45 
                2.500    1.57 | 8.500    3.26 |14.500    3.62 | 20.50    1.45 
                2.583    1.57 | 8.583    3.26 |14.583    3.62 | 20.58    1.45 
                2.667    1.57 | 8.667    3.26 |14.667    3.62 | 20.67    1.45 
                2.750    1.57 | 8.750    3.26 |14.750    3.62 | 20.75    1.45 
                2.833    1.57 | 8.833    3.26 |14.833    3.62 | 20.83    1.45 
                2.917    1.57 | 8.917    3.26 |14.917    3.62 | 20.92    1.45 
                3.000    1.57 | 9.000    3.26 |15.000    3.62 | 21.00    1.45 
                3.083    1.57 | 9.083    3.86 |15.083    3.62 | 21.08    1.45 
                3.167    1.57 | 9.167    3.86 |15.167    3.62 | 21.17    1.45 
                3.250    1.57 | 9.250    3.86 |15.250    3.62 | 21.25    1.45 
                3.333    1.57 | 9.333    3.86 |15.333    3.62 | 21.33    1.45 
                3.417    1.57 | 9.417    3.86 |15.417    3.62 | 21.42    1.45 
                3.500    1.57 | 9.500    3.86 |15.500    3.62 | 21.50    1.45 
                3.583    1.57 | 9.583    4.34 |15.583    3.62 | 21.58    1.45 
                3.667    1.57 | 9.667    4.34 |15.667    3.62 | 21.67    1.45 
                3.750    1.57 | 9.750    4.34 |15.750    3.62 | 21.75    1.45 
                3.833    1.57 | 9.833    4.34 |15.833    3.62 | 21.83    1.45 
                3.917    1.57 | 9.917    4.34 |15.917    3.62 | 21.92    1.45 
                4.000    1.57 |10.000    4.34 |16.000    3.62 | 22.00    1.45 
                4.083    1.93 |10.083    5.55 |16.083    2.17 | 22.08    1.45 
                4.167    1.93 |10.167    5.55 |16.167    2.17 | 22.17    1.45 
                4.250    1.93 |10.250    5.55 |16.250    2.17 | 22.25    1.45 
                4.333    1.93 |10.333    5.55 |16.333    2.17 | 22.33    1.45 
                4.417    1.93 |10.417    5.55 |16.417    2.17 | 22.42    1.45 
                4.500    1.93 |10.500    5.55 |16.500    2.17 | 22.50    1.45 
                4.583    1.93 |10.583    7.48 |16.583    2.17 | 22.58    1.45 
                4.667    1.93 |10.667    7.48 |16.667    2.17 | 22.67    1.45 
                4.750    1.93 |10.750    7.48 |16.750    2.17 | 22.75    1.45 
                4.833    1.93 |10.833    7.48 |16.833    2.17 | 22.83    1.45 
                4.917    1.93 |10.917    7.48 |16.917    2.17 | 22.92    1.45 
                5.000    1.93 |11.000    7.48 |17.000    2.17 | 23.00    1.45 
                5.083    1.93 |11.083   11.58 |17.083    2.17 | 23.08    1.45 
                5.167    1.93 |11.167   11.58 |17.167    2.17 | 23.17    1.45 
                5.250    1.93 |11.250   11.58 |17.250    2.17 | 23.25    1.45 
                5.333    1.93 |11.333   11.58 |17.333    2.17 | 23.33    1.45 
                5.417    1.93 |11.417   11.58 |17.417    2.17 | 23.42    1.45 
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                5.500    1.93 |11.500   11.58 |17.500    2.17 | 23.50    1.45 
                5.583    1.93 |11.583   50.17 |17.583    2.17 | 23.58    1.45 
                5.667    1.93 |11.667   50.17 |17.667    2.17 | 23.67    1.45 
                5.750    1.93 |11.750   50.17 |17.750    2.17 | 23.75    1.45 
                5.833    1.93 |11.833  133.13 |17.833    2.17 | 23.83    1.45 
                5.917    1.93 |11.917  133.14 |17.917    2.17 | 23.92    1.45 
                6.000    1.93 |12.000  133.14 |18.000    2.17 | 24.00    1.45 
   
     Max.Eff.Inten.(mm/hr)=     133.14       135.49 
                over (min)        5.00        15.00 
     Storage Coeff.  (min)=       5.50 (ii)   10.03 (ii) 
     Unit Hyd. Tpeak (min)=       5.00        15.00 
     Unit Hyd. peak  (cms)=       0.20         0.10 
                                                           *TOTALS* 
     PEAK FLOW       (cms)=       6.61         2.20          8.654 (iii) 
     TIME TO PEAK    (hrs)=      12.00        12.08          12.00 
     RUNOFF VOLUME    (mm)=     119.60        90.36         109.66 
     TOTAL RAINFALL   (mm)=     120.60       120.60         120.60 
     RUNOFF COEFFICIENT   =       0.99         0.75           0.91 
  
  
       (i) CN PROCEDURE SELECTED FOR PERVIOUS LOSSES: 
            CN*  =  85.0    Ia = Dep. Storage  (Above) 
      (ii) TIME STEP (DT) SHOULD BE SMALLER OR EQUAL 
           THAN THE STORAGE COEFFICIENT. 
     (iii) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
-------------------- 
| RESERVOIR(  0175)|     OVERFLOW IS OFF 
| IN= 2---> OUT= 1 | 
| DT=  5.0 min     |     OUTFLOW    STORAGE   |  OUTFLOW    STORAGE 
--------------------      (cms)     (ha.m.)   |   (cms)     (ha.m.) 
                          0.0000     0.0000   |   0.4810      1.4680 
                          0.0470     0.8600   |   0.6580      1.7540 
                          0.1860     0.9300   |   0.7990      1.9670 
                          0.3530     1.2390   |   0.9460      2.1790 
  
                                AREA     QPEAK     TPEAK       R.V. 
                                (ha)     (cms)     (hrs)       (mm) 
   INFLOW : ID= 2 (  0171)     28.250      8.654     12.00     109.66 
   OUTFLOW: ID= 1 (  0175)     28.250      0.798     12.83     107.71 
  
                   PEAK   FLOW   REDUCTION [Qout/Qin](%)=  9.22 
                   TIME SHIFT OF PEAK FLOW         (min)= 50.00 
                   MAXIMUM  STORAGE   USED       (ha.m.)=  1.9661 
  
------------------------------------------------------------------------------- 
-------------------- 
| MASS STORM       |    Filename: C:\Users\hliu\AppD                            
|                  |              ata\Local\Temp\                               
|                  |              2b7bf0a5-557e-4a78-9392-0a739a5df2b5\c45cd20f 
| Ptotal= 95.90 mm |    Comments: SCS II 6H_50YR                           
-------------------- 
                        Duration of storm    =  6.00 hrs 
                        Mass curve time step = 15.00 min 
   
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                 0.25    3.84 |  1.75    9.59 |  3.25   21.10 |  4.75    5.75 
                 0.50    3.84 |  2.00    9.59 |  3.50   21.10 |  5.00    5.75 
                 0.75    5.75 |  2.25   11.51 |  3.75    9.59 |  5.25    3.84 
                 1.00    5.75 |  2.50   11.51 |  4.00    9.59 |  5.50    3.84 
                 1.25    5.75 |  2.75   57.54 |  4.25    7.67 |  5.75    3.84 
                 1.50    5.75 |  3.00  149.60 |  4.50    7.67 |  6.00    3.84 
   

------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| STANDHYD (  0172)|   Area    (ha)=  28.25 
|ID= 1 DT= 5.0 min |   Total Imp(%)=  71.00   Dir. Conn.(%)=  66.00 
-------------------- 
                              IMPERVIOUS    PERVIOUS (i) 
     Surface Area     (ha)=      20.06         8.19 
     Dep. Storage     (mm)=       1.00         1.50 
     Average Slope     (%)=       1.00         2.00 
     Length            (m)=     433.97        40.00 
     Mannings n           =      0.013        0.250 
  
         NOTE:  RAINFALL WAS TRANSFORMED TO   5.0 MIN. TIME STEP. 
 
   
                               ---- TRANSFORMED HYETOGRAPH ---- 
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                0.083    3.84 | 1.583    9.59 | 3.083   21.10 |  4.58    5.75 
                0.167    3.84 | 1.667    9.59 | 3.167   21.10 |  4.67    5.75 
                0.250    3.84 | 1.750    9.59 | 3.250   21.10 |  4.75    5.75 
                0.333    3.84 | 1.833    9.59 | 3.333   21.10 |  4.83    5.75 
                0.417    3.84 | 1.917    9.59 | 3.417   21.10 |  4.92    5.75 
                0.500    3.84 | 2.000    9.59 | 3.500   21.10 |  5.00    5.75 
                0.583    5.75 | 2.083   11.51 | 3.583    9.59 |  5.08    3.84 
                0.667    5.75 | 2.167   11.51 | 3.667    9.59 |  5.17    3.84 
                0.750    5.75 | 2.250   11.51 | 3.750    9.59 |  5.25    3.84 
                0.833    5.75 | 2.333   11.51 | 3.833    9.59 |  5.33    3.84 
                0.917    5.75 | 2.417   11.51 | 3.917    9.59 |  5.42    3.84 
                1.000    5.75 | 2.500   11.51 | 4.000    9.59 |  5.50    3.84 
                1.083    5.75 | 2.583   57.54 | 4.083    7.67 |  5.58    3.84 
                1.167    5.75 | 2.667   57.54 | 4.167    7.67 |  5.67    3.84 
                1.250    5.75 | 2.750   57.54 | 4.250    7.67 |  5.75    3.84 
                1.333    5.75 | 2.833  149.60 | 4.333    7.67 |  5.83    3.84 
                1.417    5.75 | 2.917  149.60 | 4.417    7.67 |  5.92    3.84 
                1.500    5.75 | 3.000  149.60 | 4.500    7.67 |  6.00    3.84 
   
     Max.Eff.Inten.(mm/hr)=     149.60       146.18 
                over (min)        5.00        10.00 
     Storage Coeff.  (min)=       5.25 (ii)    9.57 (ii) 
     Unit Hyd. Tpeak (min)=       5.00        10.00 
     Unit Hyd. peak  (cms)=       0.21         0.11 
                                                           *TOTALS* 
     PEAK FLOW       (cms)=       7.47         2.50          9.971 (iii) 
     TIME TO PEAK    (hrs)=       3.00         3.00           3.00 
     RUNOFF VOLUME    (mm)=      94.90        67.39          85.55 
     TOTAL RAINFALL   (mm)=      95.90        95.90          95.90 
     RUNOFF COEFFICIENT   =       0.99         0.70           0.89 
  
  
       (i) CN PROCEDURE SELECTED FOR PERVIOUS LOSSES: 
            CN*  =  85.0    Ia = Dep. Storage  (Above) 
      (ii) TIME STEP (DT) SHOULD BE SMALLER OR EQUAL 
           THAN THE STORAGE COEFFICIENT. 
     (iii) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
-------------------- 
| RESERVOIR(  0176)|     OVERFLOW IS OFF 
| IN= 2---> OUT= 1 | 
| DT=  5.0 min     |     OUTFLOW    STORAGE   |  OUTFLOW    STORAGE 
--------------------      (cms)     (ha.m.)   |   (cms)     (ha.m.) 
                          0.0000     0.0000   |   0.4260      1.3670 
                          0.0470     0.8600   |   0.6000      1.6350 
                          0.1480     0.8780   |   0.7400      1.8350 
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                          0.3040     1.1570   |   0.8880      2.0360 
  
                                AREA     QPEAK     TPEAK       R.V. 
                                (ha)     (cms)     (hrs)       (mm) 
   INFLOW : ID= 2 (  0172)     28.250      9.971      3.00      85.55 
   OUTFLOW: ID= 1 (  0176)     28.250      0.739      4.00      84.05 
  
                   PEAK   FLOW   REDUCTION [Qout/Qin](%)=  7.42 
                   TIME SHIFT OF PEAK FLOW         (min)= 60.00 
                   MAXIMUM  STORAGE   USED       (ha.m.)=  1.8343 
  
------------------------------------------------------------------------------- 
-------------------- 
| MASS STORM       |    Filename: C:\Users\hliu\AppD                            
|                  |              ata\Local\Temp\                               
|                  |              2b7bf0a5-557e-4a78-9392-0a739a5df2b5\cbe81c21 
| Ptotal=101.70 mm |    Comments: SCS II 12H_50YR                          
-------------------- 
                        Duration of storm    = 12.00 hrs 
                        Mass curve time step = 15.00 min 
   
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                 0.25    2.54 |  3.25    4.07 |  6.25   18.31 |  9.25    3.56 
                 0.50    2.54 |  3.50    4.07 |  6.50   18.31 |  9.50    3.56 
                 0.75    2.54 |  3.75    4.07 |  6.75    8.14 |  9.75    3.56 
                 1.00    2.54 |  4.00    4.07 |  7.00    8.14 | 10.00    3.56 
                 1.25    2.54 |  4.25    6.10 |  7.25    6.10 | 10.25    2.03 
                 1.50    2.54 |  4.50    6.10 |  7.50    6.10 | 10.50    2.03 
                 1.75    2.54 |  4.75    8.14 |  7.75    6.10 | 10.75    2.03 
                 2.00    2.54 |  5.00    8.14 |  8.00    6.10 | 11.00    2.03 
                 2.25    3.05 |  5.25   12.20 |  8.25    3.56 | 11.25    2.03 
                 2.50    3.05 |  5.50   12.20 |  8.50    3.56 | 11.50    2.03 
                 2.75    3.05 |  5.75   48.82 |  8.75    3.56 | 11.75    2.03 
                 3.00    3.05 |  6.00  134.24 |  9.00    3.56 | 12.00    2.03 
   
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| STANDHYD (  0173)|   Area    (ha)=  28.25 
|ID= 1 DT= 5.0 min |   Total Imp(%)=  71.00   Dir. Conn.(%)=  66.00 
-------------------- 
                              IMPERVIOUS    PERVIOUS (i) 
     Surface Area     (ha)=      20.06         8.19 
     Dep. Storage     (mm)=       1.00         1.50 
     Average Slope     (%)=       1.00         2.00 
     Length            (m)=     433.97        40.00 
     Mannings n           =      0.013        0.250 
  
         NOTE:  RAINFALL WAS TRANSFORMED TO   5.0 MIN. TIME STEP. 
 
   
                               ---- TRANSFORMED HYETOGRAPH ---- 
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                0.083    2.54 | 3.083    4.07 | 6.083   18.31 |  9.08    3.56 
                0.167    2.54 | 3.167    4.07 | 6.167   18.31 |  9.17    3.56 
                0.250    2.54 | 3.250    4.07 | 6.250   18.31 |  9.25    3.56 
                0.333    2.54 | 3.333    4.07 | 6.333   18.31 |  9.33    3.56 
                0.417    2.54 | 3.417    4.07 | 6.417   18.31 |  9.42    3.56 
                0.500    2.54 | 3.500    4.07 | 6.500   18.31 |  9.50    3.56 
                0.583    2.54 | 3.583    4.07 | 6.583    8.14 |  9.58    3.56 
                0.667    2.54 | 3.667    4.07 | 6.667    8.14 |  9.67    3.56 
                0.750    2.54 | 3.750    4.07 | 6.750    8.14 |  9.75    3.56 
                0.833    2.54 | 3.833    4.07 | 6.833    8.14 |  9.83    3.56 
                0.917    2.54 | 3.917    4.07 | 6.917    8.14 |  9.92    3.56 

                1.000    2.54 | 4.000    4.07 | 7.000    8.14 | 10.00    3.56 
                1.083    2.54 | 4.083    6.10 | 7.083    6.10 | 10.08    2.03 
                1.167    2.54 | 4.167    6.10 | 7.167    6.10 | 10.17    2.03 
                1.250    2.54 | 4.250    6.10 | 7.250    6.10 | 10.25    2.03 
                1.333    2.54 | 4.333    6.10 | 7.333    6.10 | 10.33    2.03 
                1.417    2.54 | 4.417    6.10 | 7.417    6.10 | 10.42    2.03 
                1.500    2.54 | 4.500    6.10 | 7.500    6.10 | 10.50    2.03 
                1.583    2.54 | 4.583    8.14 | 7.583    6.10 | 10.58    2.03 
                1.667    2.54 | 4.667    8.14 | 7.667    6.10 | 10.67    2.03 
                1.750    2.54 | 4.750    8.14 | 7.750    6.10 | 10.75    2.03 
                1.833    2.54 | 4.833    8.14 | 7.833    6.10 | 10.83    2.03 
                1.917    2.54 | 4.917    8.14 | 7.917    6.10 | 10.92    2.03 
                2.000    2.54 | 5.000    8.14 | 8.000    6.10 | 11.00    2.03 
                2.083    3.05 | 5.083   12.20 | 8.083    3.56 | 11.08    2.03 
                2.167    3.05 | 5.167   12.20 | 8.167    3.56 | 11.17    2.03 
                2.250    3.05 | 5.250   12.20 | 8.250    3.56 | 11.25    2.03 
                2.333    3.05 | 5.333   12.20 | 8.333    3.56 | 11.33    2.03 
                2.417    3.05 | 5.417   12.20 | 8.417    3.56 | 11.42    2.03 
                2.500    3.05 | 5.500   12.20 | 8.500    3.56 | 11.50    2.03 
                2.583    3.05 | 5.583   48.82 | 8.583    3.56 | 11.58    2.03 
                2.667    3.05 | 5.667   48.82 | 8.667    3.56 | 11.67    2.03 
                2.750    3.05 | 5.750   48.82 | 8.750    3.56 | 11.75    2.03 
                2.833    3.05 | 5.833  134.24 | 8.833    3.56 | 11.83    2.03 
                2.917    3.05 | 5.917  134.24 | 8.917    3.56 | 11.92    2.03 
                3.000    3.05 | 6.000  134.24 | 9.000    3.56 | 12.00    2.03 
   
     Max.Eff.Inten.(mm/hr)=     134.24       132.59 
                over (min)        5.00        10.00 
     Storage Coeff.  (min)=       5.48 (ii)    9.99 (ii) 
     Unit Hyd. Tpeak (min)=       5.00        10.00 
     Unit Hyd. peak  (cms)=       0.20         0.11 
                                                           *TOTALS* 
     PEAK FLOW       (cms)=       6.66         2.26          8.918 (iii) 
     TIME TO PEAK    (hrs)=       6.00         6.00           6.00 
     RUNOFF VOLUME    (mm)=     100.70        72.73          91.19 
     TOTAL RAINFALL   (mm)=     101.70       101.70         101.70 
     RUNOFF COEFFICIENT   =       0.99         0.72           0.90 
  
  
       (i) CN PROCEDURE SELECTED FOR PERVIOUS LOSSES: 
            CN*  =  85.0    Ia = Dep. Storage  (Above) 
      (ii) TIME STEP (DT) SHOULD BE SMALLER OR EQUAL 
           THAN THE STORAGE COEFFICIENT. 
     (iii) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
-------------------- 
| RESERVOIR(  0177)|     OVERFLOW IS OFF 
| IN= 2---> OUT= 1 | 
| DT=  5.0 min     |     OUTFLOW    STORAGE   |  OUTFLOW    STORAGE 
--------------------      (cms)     (ha.m.)   |   (cms)     (ha.m.) 
                          0.0000     0.0000   |   0.4210      1.3480 
                          0.0470     0.8600   |   0.5820      1.6080 
                          0.1580     0.8880   |   0.7120      1.8060 
                          0.3050     1.1460   |   0.8460      1.9980 
  
                                AREA     QPEAK     TPEAK       R.V. 
                                (ha)     (cms)     (hrs)       (mm) 
   INFLOW : ID= 2 (  0173)     28.250      8.918      6.00      91.19 
   OUTFLOW: ID= 1 (  0177)     28.250      0.711      6.83      89.58 
  
                   PEAK   FLOW   REDUCTION [Qout/Qin](%)=  7.98 
                   TIME SHIFT OF PEAK FLOW         (min)= 50.00 
                   MAXIMUM  STORAGE   USED       (ha.m.)=  1.8053 
  
------------------------------------------------------------------------------- 
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-------------------- 
| CHICAGO STORM    |    IDF curve parameters: A=1236.152 
| Ptotal= 79.45 mm |                          B=   4.699 
--------------------                          C=   0.751 
                        used in:   INTENSITY =  A / (t + B)^C 
 
                        Duration of storm  =  4.00 hrs 
                        Storm time step    = 10.00 min 
                        Time to peak ratio =  0.33 
   
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                 0.17    5.93 |  1.17   40.22 |  2.17   13.20 |  3.17    6.98 
                 0.33    6.74 |  1.33  164.22 |  2.33   11.37 |  3.33    6.51 
                 0.50    7.85 |  1.50   51.92 |  2.50   10.03 |  3.50    6.11 
                 0.67    9.50 |  1.67   28.58 |  2.67    9.00 |  3.67    5.77 
                 0.83   12.27 |  1.83   20.23 |  2.83    8.19 |  3.83    5.46 
                 1.00   18.04 |  2.00   15.88 |  3.00    7.53 |  4.00    5.19 
   
   
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| STANDHYD (  0174)|   Area    (ha)=  28.25 
|ID= 1 DT= 5.0 min |   Total Imp(%)=  71.00   Dir. Conn.(%)=  66.00 
-------------------- 
                              IMPERVIOUS    PERVIOUS (i) 
     Surface Area     (ha)=      20.06         8.19 
     Dep. Storage     (mm)=       1.00         1.50 
     Average Slope     (%)=       1.00         2.00 
     Length            (m)=     433.97        40.00 
     Mannings n           =      0.013        0.250 
  
         NOTE:  RAINFALL WAS TRANSFORMED TO   5.0 MIN. TIME STEP. 
 
   
                               ---- TRANSFORMED HYETOGRAPH ---- 
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                0.083    5.93 | 1.083   40.22 | 2.083   13.20 |  3.08    6.98 
                0.167    5.93 | 1.167   40.22 | 2.167   13.20 |  3.17    6.98 
                0.250    6.74 | 1.250  164.22 | 2.250   11.37 |  3.25    6.51 
                0.333    6.74 | 1.333  164.22 | 2.333   11.37 |  3.33    6.51 
                0.417    7.85 | 1.417   51.92 | 2.417   10.03 |  3.42    6.11 
                0.500    7.85 | 1.500   51.92 | 2.500   10.03 |  3.50    6.11 
                0.583    9.50 | 1.583   28.58 | 2.583    9.00 |  3.58    5.77 
                0.667    9.50 | 1.667   28.58 | 2.667    9.00 |  3.67    5.77 
                0.750   12.27 | 1.750   20.23 | 2.750    8.19 |  3.75    5.46 
                0.833   12.27 | 1.833   20.23 | 2.833    8.19 |  3.83    5.46 
                0.917   18.04 | 1.917   15.88 | 2.917    7.53 |  3.92    5.19 
                1.000   18.04 | 2.000   15.88 | 3.000    7.53 |  4.00    5.19 
   
     Max.Eff.Inten.(mm/hr)=     164.22       127.92 
                over (min)        5.00        10.00 
     Storage Coeff.  (min)=       5.05 (ii)    9.22 (ii) 
     Unit Hyd. Tpeak (min)=       5.00        10.00 
     Unit Hyd. peak  (cms)=       0.21         0.12 
                                                           *TOTALS* 
     PEAK FLOW       (cms)=       7.59         1.92          9.220 (iii) 
     TIME TO PEAK    (hrs)=       1.33         1.42           1.33 
     RUNOFF VOLUME    (mm)=      78.45        52.50          69.63 
     TOTAL RAINFALL   (mm)=      79.45        79.45          79.45 
     RUNOFF COEFFICIENT   =       0.99         0.66           0.88 
  
  
       (i) CN PROCEDURE SELECTED FOR PERVIOUS LOSSES: 

            CN*  =  85.0    Ia = Dep. Storage  (Above) 
      (ii) TIME STEP (DT) SHOULD BE SMALLER OR EQUAL 
           THAN THE STORAGE COEFFICIENT. 
     (iii) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
-------------------- 
| RESERVOIR(  0178)|     OVERFLOW IS OFF 
| IN= 2---> OUT= 1 | 
| DT=  5.0 min     |     OUTFLOW    STORAGE   |  OUTFLOW    STORAGE 
--------------------      (cms)     (ha.m.)   |   (cms)     (ha.m.) 
                          0.0000     0.0000   |   0.2810      1.2030 
                          0.0470     0.8600   |   0.3960      1.4090 
                          0.1020     0.8601   |   0.4840      1.5570 
                          0.2010     1.0400   |   0.5830      1.7020 
  
                                AREA     QPEAK     TPEAK       R.V. 
                                (ha)     (cms)     (hrs)       (mm) 
   INFLOW : ID= 2 (  0174)     28.250      9.220      1.33      69.63 
   OUTFLOW: ID= 1 (  0178)     28.250      0.484      3.42      68.18 
  
                   PEAK   FLOW   REDUCTION [Qout/Qin](%)=  5.25 
                   TIME SHIFT OF PEAK FLOW         (min)=125.00 
                   MAXIMUM  STORAGE   USED       (ha.m.)=  1.5568 
  
------------------------------------------------------------------------------- 
================================================================================
=========================== 
   
       V    V   I    SSSSS  U   U    A    L              (v 6.2.2006) 
       V    V   I    SS     U   U   A A   L 
        V  V    I     SS    U   U  AAAAA  L 
        V  V    I      SS   U   U  A   A  L 
         VV     I    SSSSS  UUUUU  A   A  LLLLL 
     
        OOO   TTTTT  TTTTT  H   H  Y   Y  M   M   OOO    TM 
       O   O    T      T    H   H   Y Y   MM MM  O   O 
       O   O    T      T    H   H    Y    M   M  O   O     
        OOO     T      T    H   H    Y    M   M   OOO 
Developed and Distributed by Smart City Water Inc 
Copyright 2007 - 2021 Smart City Water Inc 
All rights reserved. 
   
   
                   *****  D E T A I L E D   O U T P U T ***** 
 
 
  Input   filename: C:\Program Files (x86)\Visual OTTHYMO 6.2\VO2\voin.dat                                                                   
  Output  filename: C:\Users\hliu\AppData\Local\Civica\VH5\b41b348d-2025-43d3-
a266-6b877f48bd3e\51c45a79-4b64-4154-b166-fd18bb2132c6\scenari 
  Summary filename: C:\Users\hliu\AppData\Local\Civica\VH5\b41b348d-2025-43d3-
a266-6b877f48bd3e\51c45a79-4b64-4154-b166-fd18bb2132c6\scenari 
 
 
DATE: 06-29-2022                           TIME: 02:29:54        
 
USER:                                                    
 
 
   
COMMENTS: ____________________________________________________________ 
 
   
--------------------------------------------------------------------------------
--------------------------- 
  ************************************************ 
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  ** SIMULATION : Run 06                        ** 
  ************************************************ 
   
-------------------- 
| MASS STORM       |    Filename: C:\Users\hliu\AppD                            
|                  |              ata\Local\Temp\                               
|                  |              2b7bf0a5-557e-4a78-9392-0a739a5df2b5\1bad87f9 
| Ptotal=133.60 mm |    Comments: Mass 24-Hour SCS Type II Design Storm    
-------------------- 
                        Duration of storm    = 24.00 hrs 
                        Mass curve time step = 15.00 min 
   
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                 0.25    1.34 |  6.25    2.67 | 12.25   19.24 | 18.25    2.40 
                 0.50    1.34 |  6.50    2.67 | 12.50   19.24 | 18.50    2.40 
                 0.75    1.34 |  6.75    2.67 | 12.75    9.89 | 18.75    2.40 
                 1.00    1.34 |  7.00    2.67 | 13.00    9.89 | 19.00    2.40 
                 1.25    1.34 |  7.25    2.67 | 13.25    1.87 | 19.25    2.40 
                 1.50    1.34 |  7.50    2.67 | 13.50    1.87 | 19.50    2.40 
                 1.75    1.34 |  7.75    2.67 | 13.75   10.96 | 19.75    2.40 
                 2.00    2.40 |  8.00    2.67 | 14.00   10.96 | 20.00    2.40 
                 2.25    1.74 |  8.25    3.61 | 14.25    4.01 | 20.25    1.60 
                 2.50    1.74 |  8.50    3.61 | 14.50    4.01 | 20.50    1.60 
                 2.75    1.74 |  8.75    3.61 | 14.75    4.01 | 20.75    1.60 
                 3.00    1.74 |  9.00    3.61 | 15.00    4.01 | 21.00    1.60 
                 3.25    1.74 |  9.25    4.28 | 15.25    4.01 | 21.25    1.60 
                 3.50    1.74 |  9.50    4.28 | 15.50    4.01 | 21.50    1.60 
                 3.75    1.74 |  9.75    4.81 | 15.75    4.01 | 21.75    1.60 
                 4.00    1.74 | 10.00    4.81 | 16.00    4.01 | 22.00    1.60 
                 4.25    2.14 | 10.25    6.15 | 16.25    2.40 | 22.25    1.60 
                 4.50    2.14 | 10.50    6.15 | 16.50    2.40 | 22.50    1.60 
                 4.75    2.14 | 10.75    8.28 | 16.75    2.40 | 22.75    1.60 
                 5.00    2.14 | 11.00    8.28 | 17.00    2.40 | 23.00    1.60 
                 5.25    2.14 | 11.25   12.83 | 17.25    2.40 | 23.25    1.60 
                 5.50    2.14 | 11.50   12.83 | 17.50    2.40 | 23.50    1.60 
                 5.75    2.14 | 11.75   55.58 | 17.75    2.40 | 23.75    1.60 
                 6.00    2.14 | 12.00  147.49 | 18.00    2.40 | 24.00    1.60 
   
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| STANDHYD (  0171)|   Area    (ha)=  28.25 
|ID= 1 DT= 5.0 min |   Total Imp(%)=  71.00   Dir. Conn.(%)=  66.00 
-------------------- 
                              IMPERVIOUS    PERVIOUS (i) 
     Surface Area     (ha)=      20.06         8.19 
     Dep. Storage     (mm)=       1.00         1.50 
     Average Slope     (%)=       1.00         2.00 
     Length            (m)=     433.97        40.00 
     Mannings n           =      0.013        0.250 
  
         NOTE:  RAINFALL WAS TRANSFORMED TO   5.0 MIN. TIME STEP. 
 
   
                               ---- TRANSFORMED HYETOGRAPH ---- 
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                0.083    1.34 | 6.083    2.67 |12.083   19.25 | 18.08    2.40 
                0.167    1.34 | 6.167    2.67 |12.167   19.24 | 18.17    2.40 
                0.250    1.34 | 6.250    2.67 |12.250   19.24 | 18.25    2.40 
                0.333    1.34 | 6.333    2.67 |12.333   19.24 | 18.33    2.40 
                0.417    1.34 | 6.417    2.67 |12.417   19.24 | 18.42    2.40 
                0.500    1.34 | 6.500    2.67 |12.500   19.24 | 18.50    2.40 
                0.583    1.34 | 6.583    2.67 |12.583    9.89 | 18.58    2.40 
                0.667    1.34 | 6.667    2.67 |12.667    9.89 | 18.67    2.40 

                0.750    1.34 | 6.750    2.67 |12.750    9.89 | 18.75    2.40 
                0.833    1.34 | 6.833    2.67 |12.833    9.89 | 18.83    2.40 
                0.917    1.34 | 6.917    2.67 |12.917    9.89 | 18.92    2.40 
                1.000    1.34 | 7.000    2.67 |13.000    9.89 | 19.00    2.40 
                1.083    1.34 | 7.083    2.67 |13.083    1.87 | 19.08    2.40 
                1.167    1.34 | 7.167    2.67 |13.167    1.87 | 19.17    2.40 
                1.250    1.34 | 7.250    2.67 |13.250    1.87 | 19.25    2.40 
                1.333    1.34 | 7.333    2.67 |13.333    1.87 | 19.33    2.40 
                1.417    1.34 | 7.417    2.67 |13.417    1.87 | 19.42    2.40 
                1.500    1.34 | 7.500    2.67 |13.500    1.87 | 19.50    2.40 
                1.583    1.34 | 7.583    2.67 |13.583   10.95 | 19.58    2.40 
                1.667    1.34 | 7.667    2.67 |13.667   10.96 | 19.67    2.40 
                1.750    1.34 | 7.750    2.67 |13.750   10.96 | 19.75    2.40 
                1.833    2.40 | 7.833    2.67 |13.833   10.96 | 19.83    2.40 
                1.917    2.40 | 7.917    2.67 |13.917   10.96 | 19.92    2.40 
                2.000    2.40 | 8.000    2.67 |14.000   10.96 | 20.00    2.40 
                2.083    1.74 | 8.083    3.61 |14.083    4.01 | 20.08    1.60 
                2.167    1.74 | 8.167    3.61 |14.167    4.01 | 20.17    1.60 
                2.250    1.74 | 8.250    3.61 |14.250    4.01 | 20.25    1.60 
                2.333    1.74 | 8.333    3.61 |14.333    4.01 | 20.33    1.60 
                2.417    1.74 | 8.417    3.61 |14.417    4.01 | 20.42    1.60 
                2.500    1.74 | 8.500    3.61 |14.500    4.01 | 20.50    1.60 
                2.583    1.74 | 8.583    3.61 |14.583    4.01 | 20.58    1.60 
                2.667    1.74 | 8.667    3.61 |14.667    4.01 | 20.67    1.60 
                2.750    1.74 | 8.750    3.61 |14.750    4.01 | 20.75    1.60 
                2.833    1.74 | 8.833    3.61 |14.833    4.01 | 20.83    1.60 
                2.917    1.74 | 8.917    3.61 |14.917    4.01 | 20.92    1.60 
                3.000    1.74 | 9.000    3.61 |15.000    4.01 | 21.00    1.60 
                3.083    1.74 | 9.083    4.28 |15.083    4.01 | 21.08    1.60 
                3.167    1.74 | 9.167    4.28 |15.167    4.01 | 21.17    1.60 
                3.250    1.74 | 9.250    4.28 |15.250    4.01 | 21.25    1.60 
                3.333    1.74 | 9.333    4.28 |15.333    4.01 | 21.33    1.60 
                3.417    1.74 | 9.417    4.28 |15.417    4.01 | 21.42    1.60 
                3.500    1.74 | 9.500    4.28 |15.500    4.01 | 21.50    1.60 
                3.583    1.74 | 9.583    4.81 |15.583    4.01 | 21.58    1.60 
                3.667    1.74 | 9.667    4.81 |15.667    4.01 | 21.67    1.60 
                3.750    1.74 | 9.750    4.81 |15.750    4.01 | 21.75    1.60 
                3.833    1.74 | 9.833    4.81 |15.833    4.01 | 21.83    1.60 
                3.917    1.74 | 9.917    4.81 |15.917    4.01 | 21.92    1.60 
                4.000    1.74 |10.000    4.81 |16.000    4.01 | 22.00    1.60 
                4.083    2.14 |10.083    6.15 |16.083    2.41 | 22.08    1.60 
                4.167    2.14 |10.167    6.15 |16.167    2.40 | 22.17    1.60 
                4.250    2.14 |10.250    6.15 |16.250    2.40 | 22.25    1.60 
                4.333    2.14 |10.333    6.15 |16.333    2.40 | 22.33    1.60 
                4.417    2.14 |10.417    6.15 |16.417    2.40 | 22.42    1.60 
                4.500    2.14 |10.500    6.15 |16.500    2.40 | 22.50    1.60 
                4.583    2.14 |10.583    8.28 |16.583    2.40 | 22.58    1.60 
                4.667    2.14 |10.667    8.28 |16.667    2.40 | 22.67    1.60 
                4.750    2.14 |10.750    8.28 |16.750    2.40 | 22.75    1.60 
                4.833    2.14 |10.833    8.28 |16.833    2.40 | 22.83    1.60 
                4.917    2.14 |10.917    8.28 |16.917    2.40 | 22.92    1.60 
                5.000    2.14 |11.000    8.28 |17.000    2.40 | 23.00    1.60 
                5.083    2.14 |11.083   12.83 |17.083    2.40 | 23.08    1.60 
                5.167    2.14 |11.167   12.83 |17.167    2.40 | 23.17    1.60 
                5.250    2.14 |11.250   12.83 |17.250    2.40 | 23.25    1.60 
                5.333    2.14 |11.333   12.83 |17.333    2.40 | 23.33    1.60 
                5.417    2.14 |11.417   12.83 |17.417    2.40 | 23.42    1.60 
                5.500    2.14 |11.500   12.83 |17.500    2.40 | 23.50    1.60 
                5.583    2.14 |11.583   55.57 |17.583    2.40 | 23.58    1.60 
                5.667    2.14 |11.667   55.58 |17.667    2.40 | 23.67    1.60 
                5.750    2.14 |11.750   55.58 |17.750    2.40 | 23.75    1.60 
                5.833    2.14 |11.833  147.48 |17.833    2.40 | 23.83    1.60 
                5.917    2.14 |11.917  147.49 |17.917    2.40 | 23.92    1.60 
                6.000    2.14 |12.000  147.49 |18.000    2.40 | 24.00    1.60 
   
     Max.Eff.Inten.(mm/hr)=     147.49       152.98 
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                over (min)        5.00        10.00 
     Storage Coeff.  (min)=       5.28 (ii)    9.62 (ii) 
     Unit Hyd. Tpeak (min)=       5.00        10.00 
     Unit Hyd. peak  (cms)=       0.21         0.11 
                                                           *TOTALS* 
     PEAK FLOW       (cms)=       7.35         2.70         10.052 (iii) 
     TIME TO PEAK    (hrs)=      12.00        12.00          12.00 
     RUNOFF VOLUME    (mm)=     132.60       102.66         122.42 
     TOTAL RAINFALL   (mm)=     133.60       133.60         133.60 
     RUNOFF COEFFICIENT   =       0.99         0.77           0.92 
  
  
       (i) CN PROCEDURE SELECTED FOR PERVIOUS LOSSES: 
            CN*  =  85.0    Ia = Dep. Storage  (Above) 
      (ii) TIME STEP (DT) SHOULD BE SMALLER OR EQUAL 
           THAN THE STORAGE COEFFICIENT. 
     (iii) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
-------------------- 
| RESERVOIR(  0175)|     OVERFLOW IS OFF 
| IN= 2---> OUT= 1 | 
| DT=  5.0 min     |     OUTFLOW    STORAGE   |  OUTFLOW    STORAGE 
--------------------      (cms)     (ha.m.)   |   (cms)     (ha.m.) 
                          0.0000     0.0000   |   0.4810      1.4680 
                          0.0470     0.8600   |   0.6580      1.7540 
                          0.1860     0.9300   |   0.7990      1.9670 
                          0.3530     1.2390   |   0.9460      2.1790 
  
                                AREA     QPEAK     TPEAK       R.V. 
                                (ha)     (cms)     (hrs)       (mm) 
   INFLOW : ID= 2 (  0171)     28.250     10.052     12.00     122.42 
   OUTFLOW: ID= 1 (  0175)     28.250      0.945     12.67     120.45 
  
                   PEAK   FLOW   REDUCTION [Qout/Qin](%)=  9.40 
                   TIME SHIFT OF PEAK FLOW         (min)= 40.00 
                   MAXIMUM  STORAGE   USED       (ha.m.)=  2.1782 
  
------------------------------------------------------------------------------- 
-------------------- 
| MASS STORM       |    Filename: C:\Users\hliu\AppD                            
|                  |              ata\Local\Temp\                               
|                  |              2b7bf0a5-557e-4a78-9392-0a739a5df2b5\06dbffa2 
| Ptotal=106.50 mm |    Comments: SCS II 6H_100YR                          
-------------------- 
                        Duration of storm    =  6.00 hrs 
                        Mass curve time step = 15.00 min 
   
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                 0.25    4.26 |  1.75   10.65 |  3.25   23.43 |  4.75    6.39 
                 0.50    4.26 |  2.00   10.65 |  3.50   23.43 |  5.00    6.39 
                 0.75    6.39 |  2.25   12.78 |  3.75   10.65 |  5.25    4.26 
                 1.00    6.39 |  2.50   12.78 |  4.00   10.65 |  5.50    4.26 
                 1.25    6.39 |  2.75   63.90 |  4.25    8.52 |  5.75    4.26 
                 1.50    6.39 |  3.00  166.14 |  4.50    8.52 |  6.00    4.26 
   
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| STANDHYD (  0172)|   Area    (ha)=  28.25 
|ID= 1 DT= 5.0 min |   Total Imp(%)=  71.00   Dir. Conn.(%)=  66.00 
-------------------- 
                              IMPERVIOUS    PERVIOUS (i) 
     Surface Area     (ha)=      20.06         8.19 
     Dep. Storage     (mm)=       1.00         1.50 

     Average Slope     (%)=       1.00         2.00 
     Length            (m)=     433.97        40.00 
     Mannings n           =      0.013        0.250 
  
         NOTE:  RAINFALL WAS TRANSFORMED TO   5.0 MIN. TIME STEP. 
 
   
                               ---- TRANSFORMED HYETOGRAPH ---- 
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                0.083    4.26 | 1.583   10.65 | 3.083   23.43 |  4.58    6.39 
                0.167    4.26 | 1.667   10.65 | 3.167   23.43 |  4.67    6.39 
                0.250    4.26 | 1.750   10.65 | 3.250   23.43 |  4.75    6.39 
                0.333    4.26 | 1.833   10.65 | 3.333   23.43 |  4.83    6.39 
                0.417    4.26 | 1.917   10.65 | 3.417   23.43 |  4.92    6.39 
                0.500    4.26 | 2.000   10.65 | 3.500   23.43 |  5.00    6.39 
                0.583    6.39 | 2.083   12.78 | 3.583   10.65 |  5.08    4.26 
                0.667    6.39 | 2.167   12.78 | 3.667   10.65 |  5.17    4.26 
                0.750    6.39 | 2.250   12.78 | 3.750   10.65 |  5.25    4.26 
                0.833    6.39 | 2.333   12.78 | 3.833   10.65 |  5.33    4.26 
                0.917    6.39 | 2.417   12.78 | 3.917   10.65 |  5.42    4.26 
                1.000    6.39 | 2.500   12.78 | 4.000   10.65 |  5.50    4.26 
                1.083    6.39 | 2.583   63.90 | 4.083    8.52 |  5.58    4.26 
                1.167    6.39 | 2.667   63.90 | 4.167    8.52 |  5.67    4.26 
                1.250    6.39 | 2.750   63.90 | 4.250    8.52 |  5.75    4.26 
                1.333    6.39 | 2.833  166.14 | 4.333    8.52 |  5.83    4.26 
                1.417    6.39 | 2.917  166.14 | 4.417    8.52 |  5.92    4.26 
                1.500    6.39 | 3.000  166.14 | 4.500    8.52 |  6.00    4.26 
   
     Max.Eff.Inten.(mm/hr)=     166.14       166.26 
                over (min)        5.00        10.00 
     Storage Coeff.  (min)=       5.03 (ii)    9.18 (ii) 
     Unit Hyd. Tpeak (min)=       5.00        10.00 
     Unit Hyd. peak  (cms)=       0.21         0.12 
                                                           *TOTALS* 
     PEAK FLOW       (cms)=       8.33         2.91         11.237 (iii) 
     TIME TO PEAK    (hrs)=       3.00         3.00           3.00 
     RUNOFF VOLUME    (mm)=     105.50        77.18          95.87 
     TOTAL RAINFALL   (mm)=     106.50       106.50         106.50 
     RUNOFF COEFFICIENT   =       0.99         0.72           0.90 
  
  
       (i) CN PROCEDURE SELECTED FOR PERVIOUS LOSSES: 
            CN*  =  85.0    Ia = Dep. Storage  (Above) 
      (ii) TIME STEP (DT) SHOULD BE SMALLER OR EQUAL 
           THAN THE STORAGE COEFFICIENT. 
     (iii) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
-------------------- 
| RESERVOIR(  0176)|     OVERFLOW IS OFF 
| IN= 2---> OUT= 1 | 
| DT=  5.0 min     |     OUTFLOW    STORAGE   |  OUTFLOW    STORAGE 
--------------------      (cms)     (ha.m.)   |   (cms)     (ha.m.) 
                          0.0000     0.0000   |   0.4260      1.3670 
                          0.0470     0.8600   |   0.6000      1.6350 
                          0.1480     0.8780   |   0.7400      1.8350 
                          0.3040     1.1570   |   0.8880      2.0360 
  
                                AREA     QPEAK     TPEAK       R.V. 
                                (ha)     (cms)     (hrs)       (mm) 
   INFLOW : ID= 2 (  0172)     28.250     11.237      3.00      95.87 
   OUTFLOW: ID= 1 (  0176)     28.250      0.887      3.83      94.36 
  
                   PEAK   FLOW   REDUCTION [Qout/Qin](%)=  7.90 
                   TIME SHIFT OF PEAK FLOW         (min)= 50.00 
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                   MAXIMUM  STORAGE   USED       (ha.m.)=  2.0350 
  
------------------------------------------------------------------------------- 
-------------------- 
| MASS STORM       |    Filename: C:\Users\hliu\AppD                            
|                  |              ata\Local\Temp\                               
|                  |              2b7bf0a5-557e-4a78-9392-0a739a5df2b5\b2dbabe9 
| Ptotal=112.50 mm |    Comments: SCS II 12H_100YR                         
-------------------- 
                        Duration of storm    = 12.00 hrs 
                        Mass curve time step = 15.00 min 
   
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                 0.25    2.81 |  3.25    4.50 |  6.25   20.25 |  9.25    3.94 
                 0.50    2.81 |  3.50    4.50 |  6.50   20.25 |  9.50    3.94 
                 0.75    2.81 |  3.75    4.50 |  6.75    9.00 |  9.75    3.94 
                 1.00    2.81 |  4.00    4.50 |  7.00    9.00 | 10.00    3.94 
                 1.25    2.81 |  4.25    6.75 |  7.25    6.75 | 10.25    2.25 
                 1.50    2.81 |  4.50    6.75 |  7.50    6.75 | 10.50    2.25 
                 1.75    2.81 |  4.75    9.00 |  7.75    6.75 | 10.75    2.25 
                 2.00    2.81 |  5.00    9.00 |  8.00    6.75 | 11.00    2.25 
                 2.25    3.38 |  5.25   13.50 |  8.25    3.94 | 11.25    2.25 
                 2.50    3.37 |  5.50   13.50 |  8.50    3.94 | 11.50    2.25 
                 2.75    3.38 |  5.75   54.00 |  8.75    3.94 | 11.75    2.25 
                 3.00    3.38 |  6.00  148.50 |  9.00    3.94 | 12.00    2.25 
   
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| STANDHYD (  0173)|   Area    (ha)=  28.25 
|ID= 1 DT= 5.0 min |   Total Imp(%)=  71.00   Dir. Conn.(%)=  66.00 
-------------------- 
                              IMPERVIOUS    PERVIOUS (i) 
     Surface Area     (ha)=      20.06         8.19 
     Dep. Storage     (mm)=       1.00         1.50 
     Average Slope     (%)=       1.00         2.00 
     Length            (m)=     433.97        40.00 
     Mannings n           =      0.013        0.250 
  
         NOTE:  RAINFALL WAS TRANSFORMED TO   5.0 MIN. TIME STEP. 
 
   
                               ---- TRANSFORMED HYETOGRAPH ---- 
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                0.083    2.81 | 3.083    4.50 | 6.083   20.25 |  9.08    3.94 
                0.167    2.81 | 3.167    4.50 | 6.167   20.25 |  9.17    3.94 
                0.250    2.81 | 3.250    4.50 | 6.250   20.25 |  9.25    3.94 
                0.333    2.81 | 3.333    4.50 | 6.333   20.25 |  9.33    3.94 
                0.417    2.81 | 3.417    4.50 | 6.417   20.25 |  9.42    3.94 
                0.500    2.81 | 3.500    4.50 | 6.500   20.25 |  9.50    3.94 
                0.583    2.81 | 3.583    4.50 | 6.583    9.00 |  9.58    3.94 
                0.667    2.81 | 3.667    4.50 | 6.667    9.00 |  9.67    3.94 
                0.750    2.81 | 3.750    4.50 | 6.750    9.00 |  9.75    3.94 
                0.833    2.81 | 3.833    4.50 | 6.833    9.00 |  9.83    3.94 
                0.917    2.81 | 3.917    4.50 | 6.917    9.00 |  9.92    3.94 
                1.000    2.81 | 4.000    4.50 | 7.000    9.00 | 10.00    3.94 
                1.083    2.81 | 4.083    6.75 | 7.083    6.75 | 10.08    2.25 
                1.167    2.81 | 4.167    6.75 | 7.167    6.75 | 10.17    2.25 
                1.250    2.81 | 4.250    6.75 | 7.250    6.75 | 10.25    2.25 
                1.333    2.81 | 4.333    6.75 | 7.333    6.75 | 10.33    2.25 
                1.417    2.81 | 4.417    6.75 | 7.417    6.75 | 10.42    2.25 
                1.500    2.81 | 4.500    6.75 | 7.500    6.75 | 10.50    2.25 
                1.583    2.81 | 4.583    9.00 | 7.583    6.75 | 10.58    2.25 
                1.667    2.81 | 4.667    9.00 | 7.667    6.75 | 10.67    2.25 

                1.750    2.81 | 4.750    9.00 | 7.750    6.75 | 10.75    2.25 
                1.833    2.81 | 4.833    9.00 | 7.833    6.75 | 10.83    2.25 
                1.917    2.81 | 4.917    9.00 | 7.917    6.75 | 10.92    2.25 
                2.000    2.81 | 5.000    9.00 | 8.000    6.75 | 11.00    2.25 
                2.083    3.38 | 5.083   13.50 | 8.083    3.94 | 11.08    2.25 
                2.167    3.38 | 5.167   13.50 | 8.167    3.94 | 11.17    2.25 
                2.250    3.38 | 5.250   13.50 | 8.250    3.94 | 11.25    2.25 
                2.333    3.37 | 5.333   13.50 | 8.333    3.94 | 11.33    2.25 
                2.417    3.37 | 5.417   13.50 | 8.417    3.94 | 11.42    2.25 
                2.500    3.37 | 5.500   13.50 | 8.500    3.94 | 11.50    2.25 
                2.583    3.37 | 5.583   54.00 | 8.583    3.94 | 11.58    2.25 
                2.667    3.38 | 5.667   54.00 | 8.667    3.94 | 11.67    2.25 
                2.750    3.38 | 5.750   54.00 | 8.750    3.94 | 11.75    2.25 
                2.833    3.37 | 5.833  148.50 | 8.833    3.94 | 11.83    2.25 
                2.917    3.38 | 5.917  148.50 | 8.917    3.94 | 11.92    2.25 
                3.000    3.38 | 6.000  148.50 | 9.000    3.94 | 12.00    2.25 
   
     Max.Eff.Inten.(mm/hr)=     148.50       149.92 
                over (min)        5.00        10.00 
     Storage Coeff.  (min)=       5.26 (ii)    9.60 (ii) 
     Unit Hyd. Tpeak (min)=       5.00        10.00 
     Unit Hyd. peak  (cms)=       0.21         0.11 
                                                           *TOTALS* 
     PEAK FLOW       (cms)=       7.40         2.60         10.005 (iii) 
     TIME TO PEAK    (hrs)=       6.00         6.00           6.00 
     RUNOFF VOLUME    (mm)=     111.50        82.77         101.73 
     TOTAL RAINFALL   (mm)=     112.50       112.50         112.50 
     RUNOFF COEFFICIENT   =       0.99         0.74           0.90 
  
  
       (i) CN PROCEDURE SELECTED FOR PERVIOUS LOSSES: 
            CN*  =  85.0    Ia = Dep. Storage  (Above) 
      (ii) TIME STEP (DT) SHOULD BE SMALLER OR EQUAL 
           THAN THE STORAGE COEFFICIENT. 
     (iii) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
-------------------- 
| RESERVOIR(  0177)|     OVERFLOW IS OFF 
| IN= 2---> OUT= 1 | 
| DT=  5.0 min     |     OUTFLOW    STORAGE   |  OUTFLOW    STORAGE 
--------------------      (cms)     (ha.m.)   |   (cms)     (ha.m.) 
                          0.0000     0.0000   |   0.4210      1.3480 
                          0.0470     0.8600   |   0.5820      1.6080 
                          0.1580     0.8880   |   0.7120      1.8060 
                          0.3050     1.1460   |   0.8460      1.9980 
  
                                AREA     QPEAK     TPEAK       R.V. 
                                (ha)     (cms)     (hrs)       (mm) 
   INFLOW : ID= 2 (  0173)     28.250     10.005      6.00     101.73 
   OUTFLOW: ID= 1 (  0177)     28.250      0.845      6.75     100.10 
  
                   PEAK   FLOW   REDUCTION [Qout/Qin](%)=  8.45 
                   TIME SHIFT OF PEAK FLOW         (min)= 45.00 
                   MAXIMUM  STORAGE   USED       (ha.m.)=  1.9970 
  
------------------------------------------------------------------------------- 
-------------------- 
| CHICAGO STORM    |    IDF curve parameters: A=1426.408 
| Ptotal= 87.58 mm |                          B=   5.273 
--------------------                          C=   0.759 
                        used in:   INTENSITY =  A / (t + B)^C 
 
                        Duration of storm  =  4.00 hrs 
                        Storm time step    = 10.00 min 
                        Time to peak ratio =  0.33 
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                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                 0.17    6.41 |  1.17   45.22 |  2.17   14.50 |  3.17    7.56 
                 0.33    7.29 |  1.33  180.15 |  2.33   12.44 |  3.33    7.04 
                 0.50    8.52 |  1.50   58.54 |  2.50   10.94 |  3.50    6.60 
                 0.67   10.36 |  1.67   31.96 |  2.67    9.80 |  3.67    6.22 
                 0.83   13.45 |  1.83   22.45 |  2.83    8.90 |  3.83    5.89 
                 1.00   19.96 |  2.00   17.52 |  3.00    8.16 |  4.00    5.59 
   
   
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| STANDHYD (  0174)|   Area    (ha)=  28.25 
|ID= 1 DT= 5.0 min |   Total Imp(%)=  71.00   Dir. Conn.(%)=  66.00 
-------------------- 
                              IMPERVIOUS    PERVIOUS (i) 
     Surface Area     (ha)=      20.06         8.19 
     Dep. Storage     (mm)=       1.00         1.50 
     Average Slope     (%)=       1.00         2.00 
     Length            (m)=     433.97        40.00 
     Mannings n           =      0.013        0.250 
  
         NOTE:  RAINFALL WAS TRANSFORMED TO   5.0 MIN. TIME STEP. 
 
   
                               ---- TRANSFORMED HYETOGRAPH ---- 
                 TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   mm/hr 
                0.083    6.41 | 1.083   45.22 | 2.083   14.50 |  3.08    7.56 
                0.167    6.41 | 1.167   45.22 | 2.167   14.50 |  3.17    7.56 
                0.250    7.29 | 1.250  180.15 | 2.250   12.44 |  3.25    7.04 
                0.333    7.29 | 1.333  180.15 | 2.333   12.44 |  3.33    7.04 
                0.417    8.52 | 1.417   58.54 | 2.417   10.94 |  3.42    6.60 
                0.500    8.52 | 1.500   58.54 | 2.500   10.94 |  3.50    6.60 
                0.583   10.36 | 1.583   31.96 | 2.583    9.80 |  3.58    6.22 
                0.667   10.36 | 1.667   31.96 | 2.667    9.80 |  3.67    6.22 
                0.750   13.45 | 1.750   22.45 | 2.750    8.90 |  3.75    5.89 
                0.833   13.45 | 1.833   22.45 | 2.833    8.90 |  3.83    5.89 
                0.917   19.96 | 1.917   17.52 | 2.917    8.16 |  3.92    5.59 
                1.000   19.96 | 2.000   17.52 | 3.000    8.16 |  4.00    5.59 
   
     Max.Eff.Inten.(mm/hr)=     180.15       146.15 
                over (min)        5.00        10.00 
     Storage Coeff.  (min)=       4.87 (ii)    8.88 (ii) 
     Unit Hyd. Tpeak (min)=       5.00        10.00 
     Unit Hyd. peak  (cms)=       0.22         0.12 
                                                           *TOTALS* 
     PEAK FLOW       (cms)=       8.41         2.23         10.320 (iii) 
     TIME TO PEAK    (hrs)=       1.33         1.42           1.33 
     RUNOFF VOLUME    (mm)=      86.58        59.81          77.48 
     TOTAL RAINFALL   (mm)=      87.58        87.58          87.58 
     RUNOFF COEFFICIENT   =       0.99         0.68           0.88 
  
***** WARNING: STORAGE COEFF. IS SMALLER THAN TIME STEP! 
  
       (i) CN PROCEDURE SELECTED FOR PERVIOUS LOSSES: 
            CN*  =  85.0    Ia = Dep. Storage  (Above) 
      (ii) TIME STEP (DT) SHOULD BE SMALLER OR EQUAL 
           THAN THE STORAGE COEFFICIENT. 
     (iii) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
-------------------- 
| RESERVOIR(  0178)|     OVERFLOW IS OFF 

| IN= 2---> OUT= 1 | 
| DT=  5.0 min     |     OUTFLOW    STORAGE   |  OUTFLOW    STORAGE 
--------------------      (cms)     (ha.m.)   |   (cms)     (ha.m.) 
                          0.0000     0.0000   |   0.2810      1.2030 
                          0.0470     0.8600   |   0.3960      1.4090 
                          0.1020     0.8601   |   0.4840      1.5570 
                          0.2010     1.0400   |   0.5830      1.7020 
  
                                AREA     QPEAK     TPEAK       R.V. 
                                (ha)     (cms)     (hrs)       (mm) 
   INFLOW : ID= 2 (  0174)     28.250     10.320      1.33      77.48 
   OUTFLOW: ID= 1 (  0178)     28.250      0.583      3.17      76.00 
  
                   PEAK   FLOW   REDUCTION [Qout/Qin](%)=  5.64 
                   TIME SHIFT OF PEAK FLOW         (min)=110.00 
                   MAXIMUM  STORAGE   USED       (ha.m.)=  1.7014 
  
------------------------------------------------------------------------------- 
 



 
 
 
 
 
 
 
 
 
 

Quality and Volume Control Calculations 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Table: Water Quality Storage Requirements Based on Receiving Waters
Protection

Level 0% 35% 55% 70% 85% 100%
Level 1 53 140 190 225 250 275

* For wet ponds, all of the storage, except for 40 m3/ha represents the permanent pool volume.
The 40 m3/ha represents extended detention storage.

Pond C

Input:
71%
28.25 ha

1
Wet Pond

Calculation:
227 m3/ha → 6,422 m3

187 m3/ha → 5,292 m3

40 m3/ha → 1,130 m3
Permanent Pool Volume =

Barrie Annex Lands
WATER QUALITY REQUIREMENT CALCULATIONS

SWM Pond C

Storage Volume (m3/ha) for Impervious Level
SWMP Type

Wet Pond

Estimated Imperviousness =
Area =

Level of Protection:
SWMP Type :

Total Storage Volume Required =

Active Storage Volume =

2022-06-29



Project No.: 5184
Project Name: Watersand Construction
Location: City of Barrie

SWM Pond C - Infiltration Cell

Information:
66%
16.80 ha

25 mm

38 mm/hr
Safety Factor = 2.5

Available Infil. Footprint Area = 2400 m2

Calculation:

2501 m3

Infiltration Flux = 36.48 m3/hr

Infiltration Rate = 0.01 m3/s
68.56 hours

Volume Control Requirement Calculation

Estimated Imperviousness =
Area* =

Retained Storm Event =

Infiltration Rate** =

Volumetric Control Requirement =

Drawdown Time =

*Area excludes School + Rec Centre

**Value resused from Watersand Phase 1, subject 
to change 

2022‐06‐29



PROJECT NO:  WATERSAND CONSTRUCTION
DESCRIPTION:  SWM Pond C

DATE:  19-May-22 PREPARED BY:  Howie Liu

FOREBAY 

FOREBAY SETTLING LENGTH

ref: SWM Planning & Design Manual (MOE, March 2003)

Dist = (rQp / Vs)
1/2 , where Dist = forebay length (m)

r = Length to width ratio of forebay (>2:1)
Qp =  peak flowrate from the pond during design quality storm (m3/s)
Vs  =  settling velocity in the forebay (m/s)

r = 2.0 (2:1)
Qp =  0.047 m3/s (required erosion outflow rate)
Vs  =  0.0003 m/s (based on 150m particles)

Dist = 18 metres

DISPERSION LENGTH

ref: SWM Planning & Design Manual (MOE, March 2003)

D = 8Q / dVf  , where D = length of dispersion (m)
Q =  10 year inlet flowrate (m3/s)
d = depth of permanent pool in forebay (m)

Vf  =  desired velocity in the forebay (m/s)

 Q = 6.779 m3/s (from hydrologic model)
d = 2.00 m

Vf  =  0.5 m/s (MOEE empirical value)

D = 54 m

Forebay Length Required: 54 metres
Forebay Length Provided: 90 metres

SCHAEFFERS
CONSULTING ENGINEERS



 
 
 
 
 
 
 
 
 
 

Water Balance Calculations 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



TABLE 1: WATER BUDGET - PRE DEVELOPMENT
WATER BALANCE/WATER BUDGET ASSESSMENT

Total
Area (m2) 273200 273200
Pervious Area (m2) 273200 273200
Impervious Area (m2) 0 0
Infiltration Factors
Topography Infiltration Factor (Rolling Land)* 0.25
Soil Infiltration Factor  (Silty to Sandy Glacial Till)* 0.3
Land Cover Infiltration Factor (Cultivated Land)* 0.1
MOE Infiltration Factor 0.65

Inputs (per unit area)
Precipitation (mm/year)** 933 933
Total Inputs (mm/year) 933 933

Outputs (mm/year)
Precipitation Surplus 336 336
Net Surplus 336 336
Downspout Disconnection Retention 0 0
Evapotranspiration** 597 597
Roof Evapotranspiration 0 0
Rooftop Runoff Lawn Evaporation 0 0
Total Evapotranspiration 597 597
Infiltration 218 218
Rooftop Infiltration 0 0
Total Infiltration 218 218
Runoff Pervious Area 118 118
Runoff Impervious Area 0 0
Total Runoff 118 118

Total Outputs 933 933
Difference (Inputs - Outputs) 0 0

Input (Volumes - m3/year)

Precipitation 254896 254896

Total Inputs 254896 254896
Outputs (Volumes - m3/year)

Precipitation Surplus 91795 91795
Net Surplus 91795 91795
Downspout Disconnection Retention 0 0
Evapotranspiration 163100 163100
Roof Evapotranspiration 0 0
Rooftop Runoff Lawn Evaporation 0 0
Total Evapotranspiration 163100 163100
Infiltration 59667 59667
Rooftop Infiltration 0 0
Total Infiltration 59667 59667
Runoff Pervious Area 32128 32128
Runoff Impervious Area 0 0
Total Runoff 32128 32128

Total Outputs 254896 254896
Difference (Inputs - Outputs) 0 0

*Data based on MOE
**Precipitation and Evapotranspiration data based on Environment Canada-Barrie WPCC Station (1978-2006)

Project 5184: Watersand Phase 2 - Barrie

Catchment Designation

Site



TABLE 2: WATER BUDGET - POST-DEVELOPMENT WITHOUT MITIGATION -SWM POND C

WATER BALANCE/WATER BUDGET ASSESSMENT

Front Lawn Backyard Roofs Front Porch Rec. Centre 
(79% 

Impervious)

Rec. Centre 
(21% 

Pervious)

Pond              
(50% Impervious)  

Pond             
(50% Pervious)  

Elementary School 
(79% Impervious)

Elementary School 
(21% Pervious)

ROW (79% 
Impervious)

ROW (21% Pervious) Driveways Total

Area (m2) 14589 20830 48241 650 63990 17010 13900 13900 19118 5082 39737 10563 5590 273200

Pervious Area (m2) 14589 20830 0 0 0 17010 0 13900 0 5082 0 10563 0 81974
Impervious Area (m2) 0 0 48241 650 63990 0 13900 0 19118 0 39737 0 5590 191226

Infiltration Factors
Topography Infiltration Factor (Rolling to Flat Land)* 0.25 0.25 N/A N/A N/A 0.25 N/A 0.25 N/A 0.25 N/A 0.25 N/A
Soil Infiltration Factor  (Sandy loam)* 0.3 0.3 N/A N/A N/A 0.3 N/A 0.3 N/A 0.3 N/A 0.3 N/A
Land Cover Infiltration Factor (Cultivated Land)* 0.1 0.1 N/A N/A N/A 0.1 N/A 0.1 N/A 0.1 N/A 0.1 N/A
MOE Infiltration Factor1

0.65 0.65 N/A N/A N/A 0.65 N/A 0.65 N/A 0.65 N/A 0.65 N/A
Inputs (per unit area)

Precipitation (mm/year)** 933 933 933 933 933 933 933 933 933 933 933 933 933 933
Total Inputs (m3/year) 933 933 933 933 933 933 933 933 933 933 933 933 933 933

Outputs (per unit area)
Precipitation Surplus (mm/year) 336 336 840 840 840 336 840 336 840 336 840 336 840 689
Net Surplus (mm/year) 336 336 840 840 840 336 840 336 840 336 840 336 840 689
Downspout Disconnection Retention 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Evapotranspiration (mm/year)*** 597 597 0 93 93 597 93 597 93 597 93 597 93 228
Roof Evapotranspiration (mm/year) 0 0 93 0 0 0 0 0 0 0 0 0 0 16
Rooftop Runoff Lawn Evaporation (mm/year) 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Total Evapotranspiration (mm/yr) 597 597 93 93 93 597 93 597 93 597 93 597 93 244
Infiltration (mm/year) 218 218 0 0 0 218 0 218 0 218 0 218 0 66
Rooftop Infiltration (mm/year) 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Topsoil Amendment Mitigation Infiltration 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Total Infiltration (mm/year) 218 218 0 0 0 218 0 218 0 218 0 218 0 66
Runoff Pervious Area (mm/year) 118 118 0 0 0 118 0 118 0 118 0 118 0 35
Runoff Impervious Area (mm/year) 0 0 840 840 840 0 840 0 840 0 840 0 840 588
Total Runoff (mm/year) 118 118 840 840 840 118 840 118 840 118 840 118 840 623
Total Outputs (mm/year) 933 933 933 933 933 933 933 933 933 933 933 933 933 933
Difference (Inputs - Outputs) 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Input Volumes
Precipitation (m3/year) 13611 19434 45008 607 59703 15870 12969 12969 17837 4742 37075 9855 5216 254896
Total Inputs (m3/year) 13611 19434 45008 607 59703 15870 12969 12969 17837 4742 37075 9855 5216 254896

Outputs (Volumes)
Precipitation Surplus (m3/year) 4902 6999 40508 546 53732 5715 11672 4670 16053 1708 33367 3549 4694 188116

Net Surplus (m3/year) 4902 6999 40508 546 53732 5715 11672 4670 16053 1708 33367 3549 4694 188116
Downspout Disconnection Retention (m3/year) 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Evapotranspiration (m3/year) 8710 12436 0 61 5970 10155 1297 8298 1784 3034 3707 6306 522 62279
Roof Evapotranspiration (m3/year) 0 0 4501 0 0 0 0 0 0 0 0 0 0 4501
Rooftop Runoff Lawn Evaporation (m3/year) 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Total Evapotranspiration (m3/year) 8710 12436 4501 61 5970 10155 1297 8298 1784 3034 3707 6306 522 66780
Infiltration (m3/year) 3186 4549 0 0 0 3715 0 3036 0 1110 0 2307 0 17903
Rooftop Infiltration (m3/year) 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Topsoil Amendment Mitigation Infiltration (m3/year) 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Total Infiltration (m3/year) 3186 4549 0 0 0 3715 0 3036 0 1110 0 2307 0 17903
Runoff Pervious Area (m3/year) 1716 2450 0 0 0 2000 0 1635 0 598 0 1242 0 9640
Runoff Impervious Area (m3/year) 0 0 40508 546 53732 0 11672 0 16053 0 33367 0 4694 160573
Total Runoff (m3/year) 1716 2450 40508 546 53732 2000 11672 1635 16053 598 33367 1242 4694 170213
Total Outputs (m3/year) 13611 19434 45008 607 59703 15870 12969 12969 17837 4742 37075 9855 5216 254896
Difference (Inputs - Outputs) 0 0 0 0 0 0 0 0 0 0 0 0 0 0

* Data based on R.J. Burnside & Associate Ltd.'s Hydrogeology Assessment Repor
** Precipitation data from Environment Canada, located at Barrie WPCC
*** Thornwaite (1948) method used to calcuate Evapotranspiration

Catchment Designation
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TABLE 3: WATER BUDGET - POST-DEVELOPMENT WITH MITIGATION -SWM POND C

WATER BALANCE/WATER BUDGET ASSESSMENT

Front Lawn Backyard Roofs Front Porch Rec. Centre 
(79% 

Impervious)

Rec. Centre 
(21% 

Pervious)

Pond              
(50% Impervious)  

Pond             
(50% Pervious)  

Elementary School 
(79% Impervious)

Elementary School 
(21% Pervious)

ROW (79% 
Impervious)

ROW (21% Pervious) Driveways Total

Area (m2) 14589 20830 48241 650 63990 17010 13900 13900 19118 5082 39737 10563 5590 273200

Pervious Area (m2) 14589 20830 0 0 0 17010 0 13900 0 5082 0 10563 0 81974
Impervious Area (m2) 0 0 48241 650 63990 0 13900 0 19118 0 39737 0 5590 191226

Infiltration Factors
Topography Infiltration Factor (Rolling to Flat Land)* 0.25 0.25 N/A N/A N/A 0.25 N/A 0.25 N/A 0.25 N/A 0.25 N/A
Soil Infiltration Factor  (Sandy loam)* 0.3 0.3 N/A N/A N/A 0.3 N/A 0.3 N/A 0.3 N/A 0.3 N/A
Land Cover Infiltration Factor (Cultivated Land)* 0.1 0.1 N/A N/A N/A 0.1 N/A 0.1 N/A 0.1 N/A 0.1 N/A
MOE Infiltration Factor1

0.65 0.65 N/A N/A N/A 0.65 N/A 0.65 N/A 0.65 N/A 0.65 N/A
Inputs (per unit area)

Precipitation (mm/year)** 933 933 933 933 933 933 933 933 933 933 933 933 933 933
Total Inputs (m3/year) 933 933 933 933 933 933 933 933 933 933 933 933 933 933

Outputs (per unit area)
Precipitation Surplus (mm/year) 336 336 840 840 840 336 840 336 840 336 840 336 840 689
Net Surplus (mm/year) 336 336 840 840 840 336 840 336 840 336 840 336 840 689
Downspout Disconnection Retention 0 0 168 0 0 0 0 0 0 0 0 0 0 30
Evapotranspiration (mm/year)*** 597 597 0 93 93 597 93 597 93 597 93 597 93 228
Roof Evapotranspiration (mm/year) 0 0 93 0 0 0 0 0 0 0 0 0 0 16
Rooftop Runoff Lawn Evaporation (mm/year) 0 0 123 0 0 0 0 0 0 0 0 0 0 22
Total Evapotranspiration (mm/yr) 597 597 216 93 93 597 93 597 93 597 93 597 93 266
Infiltration (mm/year) 218 218 0 0 0 218 0 218 0 218 0 218 0 66
Rooftop Infiltration (mm/year) 0 0 45 0 0 0 0 0 0 0 0 0 0 8
Mitigation Infiltration 117 117 125 125 220 118 125 118 220 118 125 118 125 152
Additional Topsoil 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Total Infiltration (mm/year) 335 335 170 125 220 336 125 336 220 336 125 336 125 225
Runoff Pervious Area (mm/year) 1 1 0 0 0 0 0 0 0 0 0 0 0 0
Runoff Impervious Area (mm/year) 0 0 547 715 620 0 715 0 620 0 715 0 715 442
Total Runoff (mm/year) 1 1 547 715 620 0 715 0 620 0 715 0 715 442
Total Outputs (mm/year) 933 933 933 933 933 933 933 933 933 933 933 933 933 933
Difference (Inputs - Outputs) 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Input Volumes
Precipitation (m3/year) 13611 19434 45008 607 59703 15870 12969 12969 17837 4742 37075 9855 5216 254896
Total Inputs (m3/year) 13611 19434 45008 607 59703 15870 12969 12969 17837 4742 37075 9855 5216 254896

Outputs (Volumes)
Precipitation Surplus (m3/year) 4902 6999 40508 546 53732 5715 11672 4670 16053 1708 33367 3549 4694 188116

Net Surplus (m3/year) 4902 6999 40508 546 53732 5715 11672 4670 16053 1708 33367 3549 4694 188116
Downspout Disconnection Retention (m3/year) 0 0 8102 0 0 0 0 0 0 0 0 0 0 8102
Evapotranspiration (m3/year) 8710 12436 0 61 5970 10155 1297 8298 1784 3034 3707 6306 522 62279
Roof Evapotranspiration (m3/year) 0 0 4501 0 0 0 0 0 0 0 0 0 0 4501
Rooftop Runoff Lawn Evaporation (m3/year) 0 0 5932 0 0 0 0 0 0 0 0 0 0 5932
Total Evapotranspiration (m3/year) 8710 12436 10432 61 5970 10155 1297 8298 1784 3034 3707 6306 522 72711
Infiltration (m3/year) 3186 4549 0 0 0 3715 0 3036 0 1110 0 2307 0 17903
Rooftop Infiltration (m3/year) 0 0 2170 0 0 0 0 0 0 0 0 0 0 2170
Mitigation Infiltration (m3/year) 1707 2437 6030 81 14078 2000 1738 1635 4206 598 4967 1242 699 41417
Additonal Topsoil 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Total Infiltration (m3/year) 4893 6986 8200 81 14078 5715 1738 4670 4206 1708 4967 3549 699 61490
Runoff Pervious Area (m3/year) 9 12 0 0 0 0 0 0 0 0 0 0 0 21
Runoff Impervious Area (m3/year) 0 0 26376 465 39655 0 9934 0 11847 0 28400 0 3995 120673
Total Runoff (m3/year) 9 12 26376 465 39655 0 9934 0 11847 0 28400 0 3995 120694
Total Outputs (m3/year) 13611 19434 45008 607 59703 15870 12969 12969 17837 4742 37075 9855 5216 254896
Difference (Inputs - Outputs) 0 0 0 0 0 0 0 0 0 0 0 0 0 0

* Data based on R.J. Burnside & Associate Ltd.'s Hydrogeology Assessment Repor
** Precipitation data from Environment Canada, located at Barrie WPCC
*** Thornwaite (1948) method used to calcuate Evapotranspiration

Catchment Designation

Site



Water Balance Mitigation Calculations

Pre Development Infiltration = 59,667 m3/year
Post Development Infiltration = 17,903 m3/year

Post to Pre Deficit = 41,764 m3/year

On-site Infiltration (School Block) = 4,804 m3/year
On-site Infiltration (Recreation Centre) = 16,078 m3/year

Infiltration Cell Underneath SWM Pond C = 20,882 m3/year
41,764 m3/year

 Deficit = 0 m3/year

On-site Infiltration (School Block) =
2.42 ha x Annual Precipitation Depth = 4259 m3/year

Required Annual Precpitation Depth to meet deficit = 176 mm/year

A precipitation analysis (rainfall & snowfall) was conducted to estimate an event with sufficient precipitation that produces
an annual runoff volume of 4260 m^3/year (or a total depth of annual rainfall equal to 176mm)

The analysis was performed on daily precipitation data collected from Barrie WPCC Station from 1978 to 2006
by Environment Canada. The data was then arranged into four categories for each year: Total Annual Depth of Precipitation
 from events less than or equal to 5mm, 10mm, 15mm, 20mm, 25mm & 50mm. This yearly data was then used to determine an average annua
precipitation depth. The results of the analysis are summarized in Table A and Figure A

Based on this analysis, it is concluded that precipitation events of depth less than or equal to 5.00 mm
will produce an annual amount of precipitation equal to 220 mm/year

The total On-Site Infiltration at School Block require a volume of 5 mm x 2.42 ha x10 = 121 m3 5.00 mm

On-site Infiltration (Recreation Centre) =
8.10 ha x Annual Precipitation Depth = 12781 m3/year

Required Annual Precpitation Depth to meet deficit = 158 mm/year

A precipitation analysis (rainfall & snowfall) was conducted to estimate an event with sufficient precipitation that produces
an annual runoff volume of 12782 m^3/year (or a total depth of annual rainfall equal to 158mm

The analysis was performed on daily precipitation data collected from Barrie WPCC Station from 1978 to 2006
by Environment Canada. The data was then arranged into four categories for each year: Total Annual Depth of Precipitatio
 from events less than or equal to 5mm, 10mm, 15mm, 20mm, 25mm & 50mm. This yearly data was then used to determine an average annua
precipitation depth. The results of the analysis are summarized in Table A and Figure A

Based on this analysis, it is concluded that precipitation events of depth less than or equal to 5.00 mm
will produce an annual amount of precipitation equal to 220 mm/year

The total required Atlantis Infiltraton Cell within boulevard would require a volume of 5 mm x 8.1 ha x 10 = 405 m3 5.00 mm

Infiltration Cell Underneath SWM Pond C =
16.80 ha x Annual Precipitation Depth = 20882 m3/year

Required Annual Precpitation Depth to meet deficit = 124 mm/year

A precipitation analysis (rainfall & snowfall) was conducted to estimate an event with sufficient precipitation that produces
an annual runoff volume of 20883 m^3/year (or a total depth of annual rainfall equal to 125mm

The analysis was performed on daily precipitation data collected from Barrie WPCC Station from 1978 to 2006
by Environment Canada. The data was then arranged into four categories for each year: Total Annual Depth of Precipitatio
 from events less than or equal to 5mm, 10mm, 15mm, 20mm, 25mm & 50mm. This yearly data was then used to determine an average annua
precipitation depth. The results of the analysis are summarized in Table A and Figure A

Based on this analysis, it is concluded that precipitation events of depth less than or equal to 2.60 mm
will produce an annual amount of precipitation equal to 124 mm/year

The total required Infiltration Tank would require a volume of 2.6 mm x 16.8 ha x10 = 437 m3 2.60 mm

        Mitigation Volume Provided = 



 
 
 
 
 
 
 
 
 
 

Phosphorus Mitigation Calculations 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Development Export Summary
Updated : Sept 2014

False

Development :5184

Pre-Development Phosphorus  Export
Updated : Sept 2014

5184

Landuse

Pload 

(kg/yr)

P coeff 

(kg/ha)Area (ha)

DEVELOPMENT :

Agricultural

Cropland  16.80  2.71Cropland

 16.80  2.71Agricultural Land use Class Total :

 2.71 16.80Development Total :

Page 1 of 16/29/2022

Cropland Site Sediment & Phosphorus Pre-Development Export
Updated : Sept 2014

CalculationConstant / LookupSite Specific InputCOLOUR KEY :

DEVELOPMENT : 5184

CroplandSubArea :

 0.29

 0.20

 120.00 16.80

 0.40

 377.20

 0.02

 0.25

 0.15

 0.01

 0.37

 0.01

 0.16

 2.71

R (rainfall / runoff for Lake Simcoe)

K (soil errodability factor)

NN (determined by slope)

LS (slope length gradient factor)

C (crop management factor)

P (prevention + capture)

Soil Loss (kg/year)

Phosphorus export (kg/ha/yr)

Phosphorus load (kg/yr)

Slope Area (ha)

Surface Slope Gradient (%)

Length of Slope (m)

Cropt Type Factor)

Tillage Type Factor

 16.80

 0.16

 2.71

PRE Developed Area (ha) :

Phosphorus export (kg/ha/yr) :

Phosphorus load (kg/yr) :

Page 1 of 16/29/2022

Page 1 of 46/29/2022



Development :5184

Post-Development Phosphorus  Export
Updated : Sept 2014

5184

Landuse

Pload 

(kg/yr)

P coeff 

(kg/ha)Area (ha)

DEVELOPMENT :

Natural Heritage

Open Water  2.78  0.72 0.26

 2.78  0.72Natural Heritage Land use Class Total :

Urban

Residential  1.06  0.43 0.41

Residential  7.93  3.25 0.41

Transportation  5.03  2.52 0.50

 14.02  6.20Urban Land use Class Total :

 6.92 16.80Development Total :

Page 1 of 16/29/2022

Cropland Site Sediment & Phosphorus Post-Development Export
Updated : Sept 2014

CalculationConstant / LookupSite Specific InputCOLOUR KEY :

DEVELOPMENT : 5184

SubArea :

R (rainfall / runoff for Lake Simcoe)

K (soil errodability factor)

NN (determined by slope)

LS (slope length gradient factor)

C (crop management factor)

P (prevention + capture)

Soil Loss (kg/year)

Phosphorus export (kg/ha/yr)

Phosphorus load (kg/yr)

Slope Area (ha)

Surface Slope Gradient (%)

Length of Slope (m)

Cropt Type Factor)

Tillage Type Factor

PRE Developed Area (ha) :

Phosphorus export (kg/ha/yr) :

Phosphorus load (kg/yr) :

Page 1 of 16/29/2022

Page 2 of 46/29/2022



Development :5184

Post Dev BMP
Updated : Sept 2014

Best Management Practices (BMP) Applied (and Rationale)

P Load  

Reduction 

(kg/yr)

RationaleP

coefficient

Treated 

Area %

Area (ha) P

coefficient

Residential

 7.93  100  0.41 92% of 7.93 ha area of Residential Detached 

House drain to the SWM Pond (63%) and 

Infiltration cell (60%)
User Entry

 2.9992 %

Residential

 1.06  100  0.41 92% of 1.06 ha area of Residential 

Townhouse drain to the SWM Pond (63%) 

and infiltration cell (60%)
User Entry

 0.4092 %

Transportation

 5.03  100  0.50 92% of 5.03 ha area of ROW drain to the 

SWM Pond (63%) and infiltration cell (60%)User Entry

 2.3192 %

Open Water

 2.78  100  0.26 92% of 2.78 ha area of SWM Pond C (63%) 

and infiltration cell (60%)User Entry

 0.6692 %

Page 1 of 16/29/2022

Page 3 of 46/29/2022



Development :5184

Development Area P and BMP Summary
Updated : Sept 2014

Total PreDevelopment Area (ha):

PreDevelopment Area excluding Wetlands (ha):

Total PostDevelopment Area (ha):

Total Area treated by BMP's (ha):

Treated Area total:

Total PostDevelopment Load with BMP's (kg/yr)

Minimum P Load Reduction Required:

Total P Load Reduction with BMP's (kg/yr):

Total PostDevelopment Load (kg/yr):

Total PreDevelopment Load (kg/yr):

Conclusion :

 16.80

 16.80

 16.80

 16.80

 6.36

 4.21

 0.56

No Net Increase in P Load.

 2.71

 6.92

 16.80

Page 1 of 16/29/2022

Post Dev Construction
Updated : Sept 2014

Page 1 of 16/29/2022

Page 4 of 46/29/2022





Project No: 5184

Project Desc: Watersand Phase 2 Residential 

Designed by: S.K

Checked by: S.K

Date: 2022‐05‐02

Average Daily Generation Rate 225 L/cap/day

Infiltration Allowance 0.1 L/s/ha

Residential Population Estimates

Density (pp/unit) Units Population

Singel Detached 3.13 211 661

Townhouses 2.34 55 129

Semi‐detached 1.67 0 0

Total Residential 790

Non‐Residential Population Estimates

Generation rate 

[cum/ha/day] Area (ha)

Average Flow 

[cum/day]

Population 

Equivalent*

Commercial 28 10.520 294.56 1310

Industrial 35 0.000 0.00 0

Total Non‐Ressidential 1310

Sanitary Sewage Flow Summary

Location Population
Average 

Flow [L/s]

Harmon Peaking 

Factor

Peak Daily 

Flow [L/s]
Area [ha]

Infiltration 

[L/s]

Total Daily 

Peak [L/s]

Subject Lands 2100 5.47 3.57 19.52 26.54 2.65 22.17

* Population equivalent is used only for determination of an appropriate peaking factor

Sanitary and Water Servicing Calculation Sheet

Refer to the City of Barrie Design Criteria (2017) for all 

design criteria 





Project No: 5184

Project Desc: Watersand Phase 2 Residential 

Designed by: S.K

Checked by: S.K

Date: 2022‐05‐02

Residential Population Estimates

Density (pp/unit) Units Population

Singel Detached 3.13 211 661

Townhouses 2.34 55 129

Semi‐detached 1.67 0 0

Total Residential 790

Non‐Residential Population Estimates

Generation rate 

[cum/ha/day] Area (ha)

Average Flow 

[cum/day]

Population 

Equivalent*

Commercial 28 10.520 294.56 1310

Industrial 35 0.000 0.00 0

Total Non‐Ressidential 1310

Water Supply Demand Peaking Factors

Max Day Demand 2.5

Peak Hour Demand 3.75

Minimum Hour Demand 0.45

Water Supply Demand Scenarios

Location Average Day [L/s]
Max Day 

[L/s]
Peak Hour [L/s]

Minimum 

Hour [L/s]

Fire Flow 

[L/s]

Max Day + 

Fire Flow 

[L/s]

Subject Lands 5.47 13.67 20.50 2.46 283.00 296.67

Water Servicing Calculation Sheet

* Population equivalent is used only for determination of an appropriate peaking factor
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 WATERSAND RESIDENTIAL SUBDIVISION

PHASE 2  SALEM SECONDARY PLAN AREA

E-mail: 

6 Ronrose Drive, Concord, 
Ontario L4K 4R3

Tel: (905) 738-6100    
Fax: (905) 738-6875

design@schaeffers.com

C O N S U L T I N G  E N G I N E E R S
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