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Suite 600 
55 King Street 
St. Catharines, ON, Canada  L2R 3H5 
  
  
T: +1 905 687-1771 
F: +1 905 687-1773 
wsp.com 

April 18, 2023 

 

Mr. Ed Lamb 

Waterford Sand & Gravel Ltd. 

70 Ewart Avenue, R. R. #8 

Brantford, ON  N3T 5M1 

 

Re: Response to JART Comments 

Proposed Law Quarry Extension 

WSP Project No. 111-53023-11 

 

Dear Mr. Lamb: 

We are pleased to provide our response to comments on the Level 1 and 2 Water Report 

for the proposed Law Quarry Extension aggregate licence application. 

The Level 1 and 2 Water Study Report (Water Report) prepared by WSP Canada Inc. 

was submitted as part of the ARA Licence Application package in June 2022.  Comments 

related to the Water Report were provided by the Joint Agency Review Team (JART) in 

their correspondence dated January 13, 2023. 

The peer review consultant (Terra-Dynamics Consulting Inc.) and the Niagara Peninsula 

Conservation Authority (NPCA) provided comments that need to be addressed.  

Comments were also received from the Ministry of Transportation (MTO) relating to 

drainage along the Highway 3 corridor. 

A copy of the JART comments (blue text) and our responses are provided below. 

Peer Review Consultant Comments 

1. Hydraulic Conductivity (Permeability) Descriptions and Numerical Groundwater 

Model - The Executive Summary described the Salina bedrock formation, which 

is located below the extraction depth of the quarry, as having the highest 

hydraulic conductivity of the bedrock formations in the vicinity of the Site.  This 

was in contrast to the hydraulic conductivities assigned to the bedrock 

formations used in the predictive groundwater modelling exercise of the Site 

(Appendix H, Table H.4.6 Hydraulic Conductivity Parameter Values), namely 

that the overlying shale/shaley dolostone confining unit of Oatka Member of the 

Bertie Formation is also highly conductive, which is the floor of the existing 

quarry and the proposed floor of the western quarry extension. 

 This will need to be corrected for the revised Level 2 report to indicate that both 

the Salina Formation and the Oatka Member of the Bertie Formation are the 

most hydraulically conductive units in the vicinity of the Site.  This issue is 

resolved once the report has been updated as described above. 

We agree that the wording in the Executive Summary, page iv, second paragraph, line 1 

should be revised to read as follows: 
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“In general, the results of the hydraulic testing suggest that bedrock of the Salina Formation and Oatka Member of 

the Bertie Formation (i.e., the deep aquifer), located below the quarry extraction depth, are the most conductive 

units in the vicinity of the Site, likely as a result of enhanced weathering in these units.” 

This change has been included in the Supplemental Level 1 and 2 Water Study Report (Supplemental Report). 

 

2. Future Water Discharge Volumes from the Existing Quarry and Extension Area - As part of the surface 

water impact assessment, it was described that both the existing quarry, and the western extension 

area, would have a combined discharge increase to the Eagle Marsh Drain of 35% during the baseline 

spring season at a rate of approximately 10,800 m3 per day.  In 2007 and 2008, Terra-Dynamics was 

retained by the Niagara Peninsula Conservation Authority to complete peer review tasks for the 

proposed Reeb Quarry directly south of the Law Quarry.  On February 27, 2008, a meeting took place at 

the Law Quarry to assess the upward migration of groundwater through the quarry floor during frigid 

weather conditions.  Groundwater has an ambient temperature of approximately 10°C and was the only 

water in liquid form on February 27, 2008.  At that time, a flow rate of approximately 10,000 m3/day was 

recorded by Law Quarry staff hence, clarification on the possible understated flow volumes reported in 

the WSP 2022a report was requested of WSP staff.  Through the submission of additional information, 

WSP explained they took over the responsibility of the groundwater monitoring program of the quarry in 

2010 and that the flow meters were all upgraded and a significant decrease in discharge volumes was 

observed after the new, calibrated flow meter was installed at the quarry sump.  Therefore, this issue is 

resolved. 

Acknowledged. 

 

3. Groundwater Modelling of the Potential Dewatering Impacts in the Vicinity of the Law Quarry - 

Groundwater model simulations were presented by WSP on the potential future impacts of (i) the Law 

Quarry (Figure 11, Predicted Drawdown in Deeper Bedrock Units) and (ii) the combined potential 

impacts of the Law Quarry, and the neighbouring Reeb Quarry (Appendix H, Figure H-11, Cumulative 

Impacts at Full Quarry Development – Deeper Bedrock Units), at full quarry or quarries development. 

 Clarification was provided by WSP in both plan view and cross-section simulation drawings indicating 

the drawdown of groundwater in private wells in the immediate vicinity of the quarry or quarries may 

require contingencies of deepening the private wells at the expense of the licensee. 

 These drawings are to be part of the revised Level 2 report.  Potential water well interference from 

quarry dewatering is described in Section 4.3 Well Interference Mitigation Plan.  This issue is resolved 

once the report has been updated as described above. 

We have created model Appendix H Figure H-9A and Figure H-11A which show the model predicted 

groundwater contours for the Law Quarry west extension at full development, and the cumulative full 

development at Law and phase 1 of the Reeb Quarry.  As noted in these figures, there are no groundwater 

contours within the quarry footprints because of the presence of the deeper dewatering sump.  On Figure H-

11A, there are a few contours in the southern portion of the existing quarry because the Reeb quarry sump 

is slightly lower in elevation (i.e., the Reeb quarry sump will underdrain the Law quarry sump at full 

development).  The predicted drawdown shown in Figures H-9 and H-11 varies within the Law Quarry west 

extension footprint because the baseline water table is sloped (higher at the southwestern corner than the 

northeastern corner), as shown in Figure H-8 contours.  In both cases, an upward gradient to the quarry will 
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be present at full development.  The baseline and predicted deep aquifer water tables are also shown in 

section view in Figure H-9B and H-11B. 

These additional figures have been included in the Supplemental Report. 

 

NPCA Comments 

4. The sump discharge of the new quarry will be directed to the existing sump discharge into Eagle Marsh 

Drain.  Section 3.1.2.1 indicates that an evaluation of the flow capacity of the Eagle Marsh Drain was 

undertaken in 2008 to support the Reeb Quarry application and that sufficient capacity existing in the 

watercourse.  The NPCA requests that this supporting documentation be provided for our review as the 

flows from the new quarry into the Eagle Marsh drain are expected to increase by 10,800 m3/day. 

The Water Management Report completed by C.C. Tatham & Associates Ltd. (2008) includes an evaluation of the 

flow capacity within Eagle Marsh Drain (EMD).  A scanned PDF copy of the report will be provided to NPCA 

electronically. 

We note that the total flow increase to EMD is not 10,800 m3/day.  As stated on in Section 3.1.2.1 (page 31) of the 

Water Report, the baseline data for the existing quarry discharge in the spring averages approximately  

8,000 m3/day.  The proposed quarry Extension would increase this discharge by 35%, to 10,800 m3/day.  

Therefore, the additional discharge to EMD above baseline conditions is predicted to be 2,800 m3/day during 

spring conditions. 

It is important to note that the existing sump pump and the discharge rate will not be altered once excavation of 

the Extension lands proceeds; therefore, the current instantaneous discharge flow rate to EMD will not change.  

Rather, the pump will be run for longer periods to account for the increased groundwater inflows and increased 

incident precipitation due to the larger quarry footprint. 

 

5. There is a proposed surface water monitoring program in the Eagle Marsh Drain but no contingency plan 

is provided if the parameters that are being monitored are exceeded.  Exceedance thresholds should be 

provided and a contingency plan should be in place. 

We note that Waterford submitted a pre-consultation letter to the Ministry of the Environment, Conservation and 

Parks (MECP) regarding an Environmental Compliance Approval for Industrial Sewage Works (ECA) for the 

existing quarry discharge in December 2020.  To date, the MECP has not provided a response to the pre-

consultation letter or additional follow-up requests from Waterford. 

The MECP Technical Support Section (TSS) recently provided comments on the Water Report, in which they 

indicate that standard effluent criteria for ECAs related to quarry discharge include TSS (25 mg/L), oil and grease 

(15 mg/L) and pH (between 6.0 and 9.0).  In addition, the MECP suggested that criteria be adopted for 

undissociated hydrogen sulphide based on the quarry discharge results to date.  The Provincial Water Quality 

Objective (PWQO) for undissociated hydrogen sulphide is 0.002 mg/L. 

The MECP noted that elevated concentrations of boron above the PWQO (0.2 mg/L) are observed in the quarry 

discharge; however, concentrations are below the Canadian Water Quality Guideline for the Protection of Aquatic 

Life (CWQG) of 1.5 mg/L.  The MECP noted that “as the CWQG is a more recently developed guideline value it is 

acceptable to use the CWQG for boron in place of the PWQO”.  Therefore, analysis for boron will continue to be 

included in the annual monitoring program; however, we do not believe an ECA effluent criterion for boron is 

warranted. 
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The proposed effluent criteria for the ECA are noted in the table below.  A contingency plan for criteria 

exceedance is shown on attached Figure 1. 

Parameter Proposed Effluent Criteria 

pH (pH units) 6.0 – 9.0 

TSS 25 

Hydrogen Sulphide 
(undissociated) 

0.002 

Total Oil and Grease 15 

 Notes:   Effluent criteria in mg/L unless otherwise noted. 

 

6. The surface water monitoring program should include erosion monitoring and a contingency plan. 

As previously stated in our response to comment 4, the existing sump pump and the discharge rate will not be 

altered once excavation of the Extension lands proceeds; therefore, the current instantaneous discharge flow rate 

to EMD will not change.  The existing sump (which includes a sediment forebay to prevent erosion and minimize 

downstream sedimentation) has operated in the current configuration for decades with no known issues.  

Nevertheless, we propose that the monitoring program for the ECA compliance should include annual inspection 

of the sediment forebay and discharge channel.  The results of the erosion monitoring will be included in the 

annual monitoring report.  Should unacceptable erosion be observed, repairs or modifications to the sediment 

forebay and / or improvements to the discharge channel will be completed in a timely fashion.  This process has 

informally been undertaken at the Site for many years. 

 

7. The quarry proposes to stop all dewatering discharge during rainfall events greater than 25mm in order 

to prevent downstream flooding.  The NPCA is supportive of this. In addition to events greater than 

25mm precipitation events, perhaps quarry discharge operations should cease when the flood gate is 

closed due to high Lake Erie water levels or storm surges.  If this is unrealistic, we understand that 

pumps at the Eagle Marsh flood gate operate if necessary when the gate is closed, an assessment 

should be done to determine if the capacity of these pumps are able to handle the increased discharge 

from quarry operations. 

Again, we note that the existing sump configuration will not be altered once excavation of the Extension lands 

proceeds; therefore, the current instantaneous discharge flow rate to EMD will not change.  The existing sump 

has been operated in the current configuration for decades with no known issues.  We do not believe that it is 

practical or necessary to coordinate quarry discharge to the flood gate operations. 

The Water Management Report (C.C. Tatham & Associates Ltd., 2008), Section 2.0, page 2, notes that when the 

flood gates are closed, the City of Port Colborne operates the pumps at a maximum rate of 61,500 L/min  

(88,560 m3/day). 

 

8. Section 4.1 indicates that well nest MW4 and monitoring wells GLL-7 and GLL-8 are within the zone of 

extraction and will eventually have to be removed.  The NPCA would recommend that new wells be 
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drilled as early as possible prior to decommissioning in order to obtain robust baseline data sets for 

these new wells. 

As shown in Figure 2 of the Water Report, monitoring wells GLL-7 and GLL-8 are situated within the central 

portion of the proposed extraction area.  Their main function was to assess pumping tests for quarry licencing and 

bedrock resource and were not designed to act as perimeter sentry wells.  The western limit of the proposed Law 

Quarry extension already includes three (3) monitoring well nests (MW6, MW9 and MW10), while the southern 

limit of the extension includes an additional two (2) well nests (MW4 and MW12).  Therefore the existing 

monitoring well coverage of the proposed Extension lands is sufficient for groundwater monitoring and no further 

monitoring well nests are required.   

 

9. The NPCA has no issues or comments with the assessment of the hydrogeological regime. 

Acknowledged. 

 

MTO Comments 

10. It is noted that there will be 35% increase in flow to Eagle Marsh Municipal Drain as a result of Quarry 

expansion. This could impact drainage along Highway 3 ditches and cross culverts.   

 The proponent should provide more details including calculations and plans that Highway 3 drainage will 

not be impacted. 

As noted in the Water Management Report (C.C. Tatham & Associates Ltd., 2008), Section 2.2, page 3, the 

conveyance capacity of the EMD culvert under Highway 3 is 3.0 m3/s.  As noted in Appendix D of the Law Quarry 

2021 Annual Permit to Take Water Monitoring Report (WSP, March 2022), the existing sump discharges at an 

average rate of approximately 12,600 L/min (0.21 m3/s), which is equivalent to 7% of the conveyance capacity of 

the culvert.  The existing sump configuration (i.e., the pump and the discharge rate) will not be altered once 

excavation of the Extension lands proceeds; therefore, the current instantaneous discharge flow rate to EMD will 

not change. 

 

11. The MTO doesn't allow any increase in flow for 5, 10, 25, 50 and 100 year storm events to its drainage 

system. One of the proposed outlets is Eagle Marsh Drain. Please indicate all outlets on mosaics along 

with drainage boundaries and major flow directions. 

We can confirm that the quarry discharge flow will not increase from current conditions.  The existing quarry 

discharge configuration, subcatchment areas and flow directions are shown in plan view on attached Figure 2. 

 

12. Please indicate a 14m setback from MTO right-of-way on all Site Plan drawings. 

We interpret this comment to indicate that the 14m setback is to be shown on the ARA Site Plans, rather than the 

figures included in the Water Report. 
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CLOSURE 

We trust that these responses and supporting information are sufficient for your needs.  Please contact us if there 

are any further questions. 

 

Yours truly, 

WSP Canada Inc.  

 

 

 

 

 
Kevin Fitzpatrick, P.Eng. 
Senior Project Engineer, Earth & Environment 

 

Leigh Davis, M.A.Sc., P.Eng. 

Project Engineer, Earth & Environment 

 
 

Attachments: WSP Canada Inc., April 2023.  Proposed Law Quarry Extension Supplemental Level 1 and 2 Water  

  Study Report, prepared for Waterford Sand & Gravel Ltd. 

  C.C. Tatham & Associates Ltd., January 2008.  Township of Wainfleet, Reeb Quarry Water  

  Management Report, prepared for M.A.Q. Aggregates, Inc.  

  Figure 1 – Proposed Quarry Discharge Trigger Mechanism and Contingency Plan 

  Figure 2 – Quarry Discharge Configuration 
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Suite 600 
55 King Street 
St. Catharines, ON, Canada  L2R 3H5 
  
  
T: +1 905 687-1771 
F: +1 905 687-1773 
wsp.com 

April 18, 2023 

 

Mr. Ed Lamb 

Waterford Sand & Gravel Ltd. 

70 Ewart Avenue, R. R. #8 

Brantford, ON  N3T 5M1 

 

Re: Supplemental Level 1 and 2 Water Study Report 

Proposed Law Quarry Extension 

WSP Project No. 111-53023-11 

 

Dear Mr. Lamb: 

We are pleased to provide this Supplemental Level 1 and 2 Water Study Report 

(Supplemental Report) for the proposed Law Quarry Extension aggregate licence 

application by Waterford Sand & Gravel Ltd. (Waterford). 

The initial Level 1 and 2 Water Study Report (Water Report) prepared by WSP Canada 

Inc. (March 2022) was submitted as part of the ARA Licence Application package in June 

2022.  Comments related to the Water Report were provided by the Joint Agency Review 

Team (JART) in their correspondence dated January 13, 2023. 

The purpose of this Supplemental Report is to address comments provided by the JART 

peer review consultant (Terra-Dynamics Consulting Inc.).  Two (2) modifications to the 

Water Report are noted below and are applicable to the original report (appended to this 

technical memorandum). 

Modified Executive Summary 

The wording in the Water Report Executive Summary, page iv, second paragraph, line 1 

should be revised to read as follows: 

“In general, the results of the hydraulic testing suggest that bedrock of the Salina 

Formation and Oatka Member of the Bertie Formation (i.e., the deep aquifer), located 

below the quarry extraction depth, are the most conductive units in the vicinity of the Site, 

likely as a result of enhanced weathering in these units.” 
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Additional Model Report (Appendix H) Figures 

Model report (Appendix H) Figure H-9A and Figure H-11A have been created to show the model 

predicted groundwater contours for the Law Quarry west extension at full development, and the cumulative 

full development at Law Quarry and phase 1 of the Reeb Quarry and are appended to this technical 

memorandum.  As noted in these figures, there are no groundwater contours within the quarry footprints 

because of the sump elevation.  On Figure H-11A, there are a few contours in the southern portion of the 

existing quarry because the Reeb quarry sump is slightly lower in elevation (i.e., the Reeb quarry sump will 

underdrain the Law quarry sump at full development).  The predicted drawdown shown in Figures H-9 and  

H-11 varies within the Law Quarry west extension footprint because the baseline water table is sloped 

(higher at the southwestern corner than the northeastern corner), as shown in Figure H-8 contours.  In both 

cases, there will still be an upward gradient to the quarry at full development.  The baseline and predicted 

deep aquifer water tables are also shown in section view in Figure H-9B and H-11B (appended). 

 

CLOSURE 

We trust that this Supplemental Report is sufficient for your needs.  Please contact us if there are any further 

questions. 

 

Yours truly, 

WSP Canada Inc.  

 

 

 

 

 

Kevin Fitzpatrick, P.Eng. 
Senior Project Engineer, Earth & Environment 

 

Leigh Davis, M.A.Sc., P.Eng. 

Project Engineer, Earth & Environment 

 
 

Attachments: WSP Canada Inc., March 2022.  Law Quarry Extension Level 1 and 2 Water Study Report, prepared for  

  Waterford Sand & Gravel Ltd. 

  Figure H-9A – Predicted Groundwater Contours at Full Quarry Development – Deeper Bedrock Units 

  Figure H-9B – Cross Section A-A’ 

  Figure H-11A – Cumulative Impacts at Full Quarry Development – Deeper Bedrock Units 

  Figure H-11B – Cross Section C-C’ 
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I INTRODUCTION

CC. Tatham and Associates, Ltd (CCTA) is retained by MAQ. Aggregates, Inc. (MAQ) to prepare water
management reports to support applications for Certificate of Approvals (CoA) in accordance with Section
53 of the Ontario Water Resources Act (OWRA). Previously, this work was completed subsequent to
Aggregate Resources Act (ARA) licencing. For the Reeb Quarry, MAQ has retained CCTA to prepare a
water management report to address the plan proposed for surface discharge, in support of the ARA
licence.

1.1 BACKGROUND

The subject site consists of 96.8 ha of undeveloped land bound to the north by Highway 3, to the east and
fl west by Cement Plant Road and Quarrie Road respectively and to the south by a former rail berm. The
U legal description of the site is Part of Lots 2, 3, 4 and 5, Concession 1 in the Township of Wainfleet. The

site is bisected by Bessey Road which runs north/south from Highway 3. Of the total site area, 70 ha is

U proposed to be licensed with 51.2 ha intended for extraction and 18.8 ha surrounding the Eagle Marsh
Drain (EMD) to remain undisturbed. An Existing Features Plan and Operations Plan (Amended January
31, 2008) have been prepared by Azimuth Environmental Consulting (Azimuth) for the site to accompany
the ARA license application.

An initial Water Management Strategy presented in the Azimuth report “Level 2 Hydrogeological
Assessment: Reeb Quarry” (2005) recommended that surface runoff from the quarry and groundwater

n inflow to the quarry floor be discharged to the Eagle Marsh Drain. An alternate solution to construct a

L forcemain that would convey discharge from the site directly to Lake Erie was also considered, but this
proposal was rejected by the Township. In response, a Water Management Strategy was completed by
Azimuth in September, 2007 which detailed a plan to store the water generated on the site either from

[1 runoff or quarry operations in a storage pond and release it at a controlled rate during the summer
Li months. The following report has advanced the results of these past studies through additional analysis

and the water management plan has been revised and presented herein to reflect the latest results. This
report replaces all previous surface water management work and reports for the proposed Reeb Quarry.

1.2 OBJECTIVES

fl The primary objective of this report is to demonstrate that the water to be discharged from the proposed
Li quarry will not adversely impact the EMD and local water resources. This will be accomplished by

evaluating the effect of the land use changes from the quarry operation on the local drainage conditions
and, where necessary, provide solutions to mitigate any adverse impacts. The water management plan
will address the following requirements:

• Determine existing runoff conditions from the site
• Establish the limiting capacity of the site outlet (EMD)
• Prepare annual water balance calculations to determine potential water surplus from the site and

required storage volumes
• Determine required allowable discharge rates and storage volumes for varying quarry operation

conditions
• Prepare an overall water management plan that complies with the appropriate technical

guidelines and the Operations Plan for the site.

2 EXISTING DRAINAGE CONDITIONS

The site is currently covered by a mixture of agricultural land, pasture and forested area. Site soils are
predominantly clay with areas of loam overlying bedrock. Surface water drains overland at slopes of less
than 1% to the EMD, which runs through the property, just east of the proposed limit of the extraction, and
flows from north to south. Bessey Road bisects the site and a 300 mm diameter cross culvert allows

C.C. Tatham & Associates Ltd. 1 January, 2008
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surface flow to drain from the west half of the site across Bessey Road to the east via an intermittent
drainage course that outlets to the EMD. It is noted that this 300mm dia. CSP is currently partially
blocked and has limited conveyance capacity resulting in drainage ponding periodically on the fields on

LI the west side of Bessey Road during significant melt/rainfall events. The EMD enters the sit&afr
crossing Highway 3 via a 3750 x 1600 pipe arch culvert and exits the site at the rail berm vi(2-1450j

fl diameter culverts. Directly downstream of the rail berm is a local feature known as the Clay Pit asmall
lake system that was created from previous clay excavation in the area.

The EMD flows south and then turns east, where it crosses Cement Plant Road and ultimately reaches

U Lake Erie. The total drainage area to the EMD outlet is 1084 ha, with 483 ha of area contributing to the
drain upstream of the Reeb property. Included in the area upstream of the Reeb site is a 136 ha quarry
operated by the Hard Rock Paving Company known as the Law Quarry. The full extent of the EMD and[ its catchment areas is shown in the Existing Conditions Drainage Plan (Drawing DP-1) which is appended
to the report.

Also of note in the existing system, a flood gate was installed at the downstream end of the EMD in 1977
by the City of Port Colborne. The purpose of the flood gate is to protect against storm surges on Lake

Ii Erie in excess of 175.2 m in the summer months and 175.0 in the fall, which have been known to cause
historical flooding problems in the EMD due to backwater effects. When the flood gate is closed flow from
the EMD is pumped over the flood gate to Lake Erie at a reported maximum rate of 61500 L/min (1.02

L m3fs).

2.1 HYDROLOGY
Existing condition peak flow rates for the EMD system were calculated using the OTTHYMO hydrologic
model, with IDF data for St. Catharines distributed as a 4-hour Chicago storm. The catchments were

O
modelled as rural due to the low overall imperviousness of each catchments area. Land cover, soil type
and slope were used as basic inputs to generate model parameters such as Curve Number, time to peak
and initial abstractions. Runoff prediction from the Law Quarry site differs from other catchments as
surface flow generated on the site is controlled and discharged by pump at a maximum rate of 10,000
L/min (0.17 m’Is) 365 days per year and was modelled accordingly.

5
The event based flow results are summarized in the following Table 2.1 and model input parameters and
detailed results are included in Appendix A. The hydrologic analysis was carried out with two purposes in
mind. The first purpose was to use the values as a point of comparison for flow leaving the Reeb site

L under the proposed development condition and the second was to provide an input to the hydraulic model
— to assist n dtermining thpacity of the EMD. With these basic purposes in mind, any basin or

r wetland area storage provided uflffäfW’urdvwnstream of the site (Clay Pits, Cement Plant Lakes) was

Li not considered. As the flow rates downstream of the site are used only for the capacity analysis the
higher predicted flow rate is more conservative in this case and considered acceptable. This method of
analysis is typical when predicting potential flood flows for a drainage system. With the collection of
monitoring data which is now occurring on the system, calibration of these flow estimates can also occur.

C.C. Tatham & Associates Ltd. 2 January, 2008
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Table 2.1
Existing Condition Flow Summary:

Flow Contribution Upstream End or Downstream End @ Cement Plant @ Lake Erie
Storm from Reeb Site Reeb Site of Reeb Site Road (Node 307)
Event (Catchment 103) (Node 301) (Node 304) (Node 306) m3!s

m3Is m3Is m3Is m3is

2-year 0.47 1.78 2.42 3.29 3.97

5-year 0.68 2.46 338 4.61 5.55

10-year 0.86 3.05 4.20 5.74 6.90

25-year 1.14 3.97 5.49 7.54 8.94

50-year 1.37 4.71 6.52 8.97 10.74

100-year 1.62 5.54 7.69 10.60 12.68

2.2 HYDRAULICS

The capacity of the EMD had not previously been determined through hydraulic analysis so a preliminaryr HEC-RAS hydraulic backwater model was set up to assess the EMD conveyance capacity. Survey data
Li gathered by CCTA on December 27, 2007 was used to create the model cross sections, which include

channel and overbank geometry and culvert crossing data. Design storm flow data generated by the
OTTHMYD hydrologic model was then applied to evaluate channel capacity. The water level at Lake

LI Erie, based on Water Survey of Canada water level for data for Lake Erie at Port Colborne, was used as
a starting water surface elevation for the analysis. The mean wat during the highest month of the
year (July) for the duration of the dataset (1911-2006), which is 174.34 m was applied for the initial run.

[9 Higher downstream starting water levels were also considered I analysis up to the storm surge
U elevation of 175.2 m that triggers the closure of the flood gate. Details of this sensitivity analysis are

included in Appendix B. Basically the analysis confirms that good channel capacity is available untU a

O
downstream Lake Erie water elevation of 175.0— 175.2 is reached. After which time, it was found that
the EMD banks are at or just below the 175.2 m elevation in the vicinity of Cement Plant Road through to
the Clay Pits area and the EMD channel does not have conveyance capacity in this instance and the
flood gates are enacted and water is pumped over the flood gate at 1.02 m’/s. This condition does not

[1 occur on a sustained basis and is usually just a result of storm events that create the right wind/wave set
U up condition.

The HEC-RAS model produces water surface elevations for each flow rate that is specified. Based on
this information, it was possible to approximate the capacity of each section of the EMD by selecting the
design storm that produced a water surface elevation closest to the topoLbanof the channel section. It
was determined that the limiting capacity of the EMD is approximatelsA2.10 m3/under regular backwaterr (Lake Erie water level) conditions and occurs at the downstream en?roYthi Reeb site at the rail line

Li crossing. A summary of the HEC-RAS results is provided below in Table 22 and detailed model results
are included in Appendix B.

Table 2.2
Eagle Marsh Drain Conveyance Capacity Summary

Location Conveyance Capacity

Hwy 3 @ upstream end of Site 3.0

Rail Crossing Downstream End of 2.1 —

Site

Cement Plant Road 9.1

-

\ .5
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In February 2005, Azimuth began collecting water level data in the EMD in the vicinity of the site using
two continuous level loggers. One logger was installed at the Highway 3 crossing at the upstream end of
the site and the second at the rail crossing at the downstream end of the site. In November, 2007 a third
logger was installed at the Cement Plant Road crossing. The data collected to date provides useful
information on the flow regimes observed in the system and can be used going forward to calibrate the
models and fine tune the water management plan. A summary of this data is included in Appendix D.

2.3 PROPOSED DISCHARGE REGIME
.

1’ ,>-, 6W • “r ot-i •

Li Based on the above analysis an allowable discharqt’rate was developed for the site. Given the Reeb site
area to be quarried accounts for roughly 10.5% 0/the drainage area of the EMD at the downstream limit
of the site and contributes approximately Q12°7pf the flow during a 2 year storm event an allowable
discharge rate to the EMD in the order of 1012% of the threshold capacity of 2.1 m3/s was selected as a
value that could easily be accommodated by the EMD under regular flow conditions. On this basis the
value of 0.235 ms/s (-P14,000 L/min) was considered a maximum discharge rate for the quarry that couldr be adjusted based on quarry phasing and preceding EMD conditions (either precipitation/melt events or
high Lake Erie water levels).

q Considering the maximum continuous existing discharge from the Law Quarry is 0.167 m3/s and the fact

L that under a worst case downstream water level conditions the maximum flow that can be discharged
over the flood gate at Lake Erie is 1.02 m3/s, half of the maximum allowable discharge of 0.235 m’/s, or
0.115 m3/s, has been chosen as the Phase 1A release rate from the quarry as follows:

• For the months with lower than average runoff (June, July, August, December, January, February) we
are proposing a release rate from the quarry at 0.115 m’/s (7,000 L/min).

• For the months with the higher runoff potential (September, October, November, March, April, May)
we are proposing to reduce this discharge release rate amount to 0.058 m31s (3,500 Llmin).

• To be conservative in determining our required site storage volume, our water balance analysis will
assume that no discharge will occur during precipitation/melt days or on the day following a
precipitation or melt day.

• The release rate can be increased to 0.23 m3/s depending on verification from monitoring that would
occur through Phase 1.

To confirm the suitability of the above noted release rates and required on-site storage volumes to
accommodate these release rates a water balance was generated for the site. The following Section 3.0
presents the results of this water balance in detail.

3 WATER BALANCE

A water balance model was developed to quantify the water surplus that will be generated by the Reeb
Quarry and determine the required on-site storage volumes to ensure water is released from the site in a
manner that will not adversely affect the EMD.

The water balance was set up to calculate daily water surplus depths across the site using daily climate
data from Environment Canada for the Port Colborne meteorological station for the time period between
1965 and 2006. The climate data used in the water balance calculations were mean daily temperature,
rainfall depth and snowfall depth.

The basic equations used in the analysis are as follows:

Surface Water Surplus/Deficit (mm) = Rainfall + Snowmelt — Evaporation - Infiltration

CC. Tatham & Associates Ltd. 4 January, 2008
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Storage Volume (m’) = (Surface Water Surplus/Deficit + Groundwater Inflow - Allowable Release) x
Quarry Area

As can be described with the following definitions:

Rainfall (mm): Precipitation that was recorded to fall as rain.

Snowmelt (mm): Precipitation that falls as snow and melts at a rate increasing with
temperature per the U.S. Army Corps of Engineers relationship (i.e.
depth (mm/day) = 1.54 ((Txl.8)+8) where T is average daily
temperature in °C.

Evaporation (mm): Daily evaporation rates estimated using the Hamon equation and
cross-checked with documented monthly and annual values.

Infiltration (mm): Precipitation that is lost due to infiltration. Note for this analysis it
has been conservatively assumed that infiltration losses are zero.

Storage Volume (m9: Cumulative storage required on-site for given quarried area.

Surface Water Surplus/Deficit (mm): Total water generated in the system of rainfall and snowmelt less
losses due to evaporation.

Groundwater Inflow (m3/yr): Quarry operations will generate a surplus of groundwater. Azimuth
have quantified this value for normal quarry operations for the Phase
1A development at 257,000 m3/year and for the ultimate
development at 640,000 m3/year. It was conservatively assumed
that the groundwater influx would occur at the maximum rate
throughout the lifespan of the quarry and that this volume was evenly
divided over the year. Azimuth has also provided values for
groundwater influx based on high or worst case groundwater inflow
conditions at 804140 m3/year for PhaselA and 2,000,000 m3/year
for the ultimate condition. These worst case inflow values will also
be considered in the analysis.

Quarried Area (Ha): Area of the quarry operation. For this analysis 17 Ha for Phase 1A
and 51.8 Ha for Phase 2 (ultimate condition).

Allowable Release (L/min): The allowable release rate from the storage pond as described in
Section 2.3 at 7,000 [Jmin for summer/winter and 3500 L/min for
spring/fall. No release was allowed on days when rainfall or
snowmelt had occurred or the day after rainfall/snowmelt. The
allowable release rate was assumed to occur at the peak rate on a
constant basis for 24-hours. For the ultimate condition with the high
or worst case groundwater condition, the release rate was increased
to the maximum of 14,000L/min in summer/winter and 7,000 L/min
for spring/fall.

This analysis was run on a daily basis with atmospheric data from 1965 until 2006. The required storage
volume was analyzed and the maximum daily storage volume that occurred over the 41 year water
balance calculation period was documented. The maximum event based storage volume calculated
using the runoff from the 100-year (Regulatory) storm event from the site was added to the water balance

L based storage volume to allow for the highly improbable event that the Regulatory storm were to occur
when the storage volume in the pond was at its maximum. Table 3.1 summarizes the results of the water
balance analysis, while detailed results are provided in Appendix C. Graphs depicting maximum,

CC. Tatham & Associates Ltd. 5 January, 2008
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minimum and average annual storage volume requirements are also attached in Appendix C to show the
volumes as they accumulate/dissipate throughout the year.

Table 3.1
Maximum Required Pond Storage Volume

Required On-site Maximum Storage Volume
Predicted from Water Balance Analysis (m3)Phase

Regular Groundwater Maximum (Worst Case)
Inflow Groundwater Inflow

1A 48337 176438

2 324876 739,835
worst case groundwater condition with the ultimate development has assumed a Higher discharge rate of 7000
LJmin during spring and fall and 14,000 Llmin in summer/winter

4 PROPOSED SITE DEVELOPMENT

The Reeb Quarry is proposed to extract aggregate in several phases over a period of 30 years. Phase 1
is located on the west portion of the site (west of Bessey Road) and extraction will begin in Phase 1A

LI located at the north east corner, and will proceed west to the extraction boundary and then south to
Phase 18. Phase 1 covers 32 ha of the total extraction area of 51.2 ha with Phase 1A consisting of 17 ha
that is scheduled to be extracted over a period of approximately 10 years. When Phase I is complete,

fl extraction will begin in Phase 2, starting in Phase 2A to the south then moving northerly to Phase 2B.
Li The phase limits and direction and depth of excavation are shown on the Operations Plan attached with

this report.

The existing culvert at Bessey Road will be replaced with a 750 mm diameter culvert (or equivalent) to
prevent overtopping of Bessey Road as flows are conveyed from Phase ito Phase 2 and on to the EMD.
The culvert has a capacity of approximately 0.8 m3/s and will convey the flow from the 10-year storm[ event on the Phase 1 lands without overtopping the road. This replacement work would be completed in
conjunction with the road widening that is to occur on Bessey Road to construct the entrances to the
quarry,

As development of the quarry progresses through the defined phases, undisturbed areas will continue to
drain overland to the EMD per existing conditions, whereas all runoff from the active portions of the
quarry will be contained on site and discharged in a controlled manner as proposed.

The proposed strategy for water management is to construct a storage pond in the Phase 18 area that
will be used to appropriately control and release water for the Phase 1A quarry operation. Once quarry

U
operations evolve into Phase 18 and Phase 2 the existing quarried area (Phase 1A) will be used for
storage when Phase 1 has been completely extracted and operations have proceeded to Phase 2, the
entire Phase 1 area can be utilized for storage. The following sections summarize the technical analysis
completed to assist in sizing the necessary storage volumes required for these development scenarios.

5 WATER MANAGEMENT PLAN

The following water management plan provides an actionable approach for control of water generated on
site, considering the results of the analysis presented above.

CC. Tatham & Associates Ltd. 6 January, 2008
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Quantity Control

As determined in the water balance analysis, a storage volume of 48,337 m3 is required for Phase 1A.
based on the highest year in the last 40 years of recorded data. Also from the hydrologic modeling we
have confirmed the volume of water that would be generated from the site during a 100 year storm event
would be 11,924 m3, based on a rainfall depth of 70.14 mm. This volume represents a conservative
buffer that could be incorporated into the pond design to allow for a freeboard should an extreme storm
event happen during the peak storage time calculated. This results in a total storage volume of 60,300 m3
as required for the Phase 1A operation under normal groundwater flow conditions. To meet this
requirement a pond (or ponds) will be constructed to detain surface runoff from the site until it can be
appropriately discharged. As a result, Pond 1 will be constructed at existing ground level prior to the
commencement of Phase IA and will be sized to provide water control for the 17 ha Phase 1A
development. Future Phases can be serviced by a pond (or ponds) constructed in the quarry floor.

For Phase 1A, all runoff from the disturbed areas of the quarry will be routed overland and collected on
site in an identified sump area. Flows to the sump area will be pumped to the pond where they will be
detained until release is allowed as described in Section 2.3. We suggest that to start, the determination
of whether discharge can occur could be set by using the monitoring device in the EMD at the
downstream end of the site. From the data collected to date we suggest a water elevation of 175,15 at
this location could be used as the initial trigger value for release. If water levels at this location are above
175.15 no discharge should occur. If water levels are below 175.15 discharge can occur as prescribed in
Section 2.3. This value should be reviewed as more monitoring data is collected. The maximum pump
rate from the site for Phase IA is 7000 L/min. This pump rate should also be reviewed as quarry
operations proceed based on monitoring results.

For the Phase 2 development the storage can be provided in the Phase 1 quarry floor and the same

n water management strategy as it relates to discharge to the EMD should continue. The Phase 2 storage
volume determined by the water balance analysis is 324,876 m3 and the 100-year volume generated on-
site is 35,912 ma. The total storage required for the ultimate condition that results is 361,000 m3. We
note that we would expect that the on-going monitoring will confirm that the discharge rates could be

fl increased for the future phases to 7000 L./min and 14,000 L/min for the various seasons which would
Li reduce this total storage volume.

Quality Control

The storage pond will also serve as a settling pond to meet water quality control criteria for the site. The
pond will provide an active storage volume sufficient to detain the runoff from the 25-mm storm from ther fully developed site for a minimum of 24-hours, assuming 100% site imperviousness and a corresponding
runoff depth of 25-mm. The required storage volume for Phase 1A is 4250 m3, based on the contributing
area of 17 ha. Water quality storage volumes for all Phases are presented in Table 5.1 below:

Table 5.1
Water Quality Storage Volumes

Phase Required Water Quality Storage Volume (m3)

1A 4250

2 12,800

The volumes provided in the proposed pond more than adequately cover the volumes stipulated as being
required in the above table.

CC. Tatham & Associates Ltd. 7 January, 2008
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6 CONCLUSIONS AND RECOMMENDATIONS

This water management plan has been conceived to address water quality and quantity control
requirements for a proposed Reeb Quarry operation. Currently, runoff from the site drains to the Eagle

fl
Marsh Drain. As development of the quarry proceeds, undisturbed areas will continue to drain as per
existing conditions, while all runoff from the active portions of the quarry will be contained on site and then
released in a controlled manner. The quarry development has been phased, with the first Phase 1A of 17
ha to occur over the first 10 years of operation.

The capacity of the Eagle Marsh Drain, which was previously unknown, was assessed using the HEC
RAS hydraulic model. The limiting capacity of the drain was found to occur at the downstream end of the

n subject site, and corresponds approximately to the 2-year storm flow rate of 2.10 m3/s. The existing
condition event based flow rates were determined using the OTTHYMO hydrologic model. Based on
comparison of existing and proposed flows, it was found that a maximum release rate of 14000 Llnin
(0.23 m3/s) would ensure that no adverse impact to the Drain would occur from the total release rate from
the site under its ultimate development condition.

A water balance analysis was carried out to determine the required storage volume to contain surface

U
water surplus and groundwater inflow to the site, based on allowable discharge timing. The calculated
storage volume required for Phase 1A is 60,300 m3 which also includes an allowance to store the site
runoff from the 1:100 year storm.

U A storage pond is proposed to provide appropriate water quantity control for the Phase 1A site. In
addition, the pond will serve to meet water quality control ne&ds for b sFte;..pLrimarily through the
reduction of suspended solids before discharging surface water to the ,eteiving ãWt%urse. The pond
provides adequate storage to detain runoff from the water quality of 24-
hours

,‘

All of which is respectfully submitted, 3. :.;fL’t

C C TATHAM & ASSOCIATES LTD 34j E? /
gjtzti

Amanda Kellett, B.Sc.Eng. Dan J. Hurley, P. Eng.
ALK:DJHsIh
I.\Wpdocs1O4O53Water Mgmt Reportdoc
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Area#. 101

REEB QUARRY
FILE No 104053

Area = 343.00 ha
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- r3r. -- -- - -

So! FlWtudoq Sol La,d ForesaIWuoclund ) P.aOuAotav.0 P CStamed m,nma.u Avenge
Senes 5o8 Us. I i COd

SproJ G.oap Asuaihu( P&u.r data % COd Jdsm. % C8 flea! 10 Cl dseo % I COd
Wv I 0 Clap 20560 600% 51.45 25.0% - 790 9 7203 38 0% 84.0 72.03 - 33.0% 0 1029 50% 980 04 2
fl 6 Leateto, Sal Loam 3720 ! 400% 34.30 250% 00.0 1 46.02 15 0% 800 48.02 .0% 14.0 6.08 50% 080 700

Am 244% also u 35.0% also. .0% Anq - 5.0%

mod Auo - 100.0%
Toea-koa- 34300 Avg. 78.5

-

- I inS 0? uoncenuauon -

(oemru.btw4aIto. Methoe

Ia .n. m°.e mite COaIIOta S a’auW 15.1 mode 1e 0.02
Path . Walercoarse

Hgsoe(mI . 061

nSn.tsimt 781

LImO . 3100

Slope 04%

rinteolcocc— 12001 ml..

Tu,teo[csnr 2.02 hr..

Pace to peak 113 vOle

Time to peak • 1.34 hours

-.

[-i

-

e,Ccve.Yueo

Oe08rut..s 2

Pr ion vu

5mm

8mm

Feted 10mm
CujIrealed 7 mm

= IF ecu, I Omr,sleIPaulurexOmmI+Ilmperui000 02mm (qCullisoled I ?mm(

the 785mm

1imeofConcenfraUon

Path Walercour

Hmus(mI Peal

Hmln(m) 70.2

Lies) a 3100.0

Slope 0.4%
Woodland Pasture lrooerstas Collided

Velocffdmlsl = 010 0.14 030 0.10

Time of lena. 14481 ml

Tieeeorcono. — 074 lIes

rmelopeak — OOottc

lrmtpeak e 300 ho_as

Time ci Concentration
PbpoeiUotIiod)

_________________

-mJaq..led 08081n mWff oomtfmlmnl It team thu.. 0.40
Path • Watercourse

Hmuximl • 189.2

Hmm (ml a 170.2

LImI 3100.0

Slope = 0.4%

Clay
Pasture 0.00
Woodland 000
Impetuous 0 40
CulOoled 012

Runoff C ecIlicleet • lii

Theotcoec e 228.83 mc

lureotuenc 0 380 mo

rwl.elooco.. 0 lflutlc

Tise to peak • 2.54 trots,

ccrA.IOlIIeee.ocslpc,aee.atu2kvIIOte



REEB QUARRY
FILE No 104053

Area #. 102 Area = 136.00 ha

Sal HidmIoo I Sd Land FoitoodIand La,nPrnstvo Rae R,2c CitOed
Soiws Sal Toatise Us. COO

SqsboI Group flea(hal Peitani Ajea Ok COO Fuea I % COO 7jea % COO kea % TN
FL B LoamorSilLoarn 10900 00.0% 0.00 0.0% 605 000 I 0.0% 600 10800 00.0% 00.0 0.00 00% 74.0 900
Wo D Clay 2120 200% 0.00 0.0% 700 000 0% 04 0 27 28 100.0% 90.0 0.00 0.0% 1 eo.o 900

A95. a 0.0% Aso. 0.0% Avo = 100.0% Aso 0.0%

rolal Aso 100.0%
Total flea lso.oo Avg. 5 98.0

eoiuoncenuatian
- .. {4Y0Wam. M.Ihod)

.aI06nd 0’.. d 51011 csd9core o ..4ae las It .d a 040
Path Watencosse

lOnaslml 109

Hnlolml 1702

Urn) 1000

Slape e 0.7%

Tnao(cc,sc 0171 cnn

ljeeolconc 12 Oils

Tirnelopoak e ZilofIc

Tirnelosealc — 075 hauls

Inpen.ceJs = 2nwoi

Pe n/c us
Laonns 5mm
Pao:c,o 8 elm
Forest to
Csttvaled lrsesi

54 lFotesst a lorot000lPastuces OlonilIlIn,pe r’sus a Zeoml+lCulIosled 7mm)

lA 2.Oomno

PaOi I WnIo,cotj,se

I SOT

Hmhilml 1/07

Urn) • ‘0000

- OTT.
W100b10 Paul/c *16 Ctt,a:ed

VobcoAim%) e 013 0.18 0.52 023

Tnwoloom. 5001 me

rtmeoftonc 001 4,5

Tiu.bap 2flo’Ic

Teoelupoak 0 064 Oot,ata

W’ Time of Concentration
.‘ .r

.0 4 to too ydwutarmfr 001461 is less than 0 40

Pall, o Wolercoorso

Hmaa (nO 109.0

Hrnhi (ml t70.2

L rn) 800.0

0.7%

Loan sq 501

Passe 000
Wosdiard 0.06
hmemm.n 0.40
SCrosies 022

Rc.nsollCse”cecti 1 032

Toss, olcoss 52002 non

Ti meal WIG. 2.01 h’s

TOilets seals 2)3db

Tinsel, peak ° 1.34 hours

cclo.I5inos=ouereoeu.o* 00111500



Area#. 103

REEB QUARRY
FILE No 104053

Area = 70.00 ha

-

‘.me op ‘..UflUUflUOOfl
Inn.W-V8l0.,n Meshed)

-saQoedad to i-at .o4es-i s.’oO 0088, 071 0 ‘mIca eqjet lyC- ac
Pain — Wa:em.sse

Hmae(mI 184

Hyry ml 1755

3(m) 1100

Soryp 0-7%

rneo’ponp 4735 Ito

Tceeylcanc 0.70 hrs

limolo peak 2(3 ella

Time to peak a 0.53 hoiga

Time of Concentration
- (SOS Upisod S8athmdj

PalO WaIe’cyu’oe

Hmaalm( a 040

[(minIm) ‘755

Lml 11000

SS2O 0 07%
Wtod Iwo] Pa Site k°pecve,ta C I yaley

Velccr4mJsl• 013 0.10 0.52 024

TilI001conc 0 0745 0801

Ya,eo(mpc 02 vs

Terotopeak e 273o71c

Time 10 peak 1 00 hours

-3
&: .. -

.

- . . :i13o.oy.y.. --

- a -

.o3.(l-
Sod NI4IOOOOIO So] Land P000okiWood:ay,d ImperAnus a-man Cclvaled Ao.wmqe

Sadmo So4 Te,.aee Use UN
Spebol 0,oup Asoa(ha) Peneent Nea % UN kea % UN Paso % UN Psea % UN

Fl 0 Loam or Sift Loam 24.50 35.0% 6.13 250% I 00.0 Oü 33.0% 600 0.40 2.0% - 050 000 400% 74.0 00.3
We D Clay 0000 400% I 7.00 25.0% I 790 014 33.0% 040 050 2.0% ( 08.0 11.25 400% ( 50.0 835
Jr D I Clay I 0750 I 250% 4.30 [ 25.0% 70.0 5.78 I 33.0% I 040 I 0.35 p 2.0% 00.0 I 700 I 40.0% 1 80.0 r 03.0

Ayq. = 25.0% Ass 33.0% Aya 2.0% Arp. e 40 0%
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Timolopoak 0 2IOoIty

Time 10008k 1.43 ho,jro

cetO-raOlzt.otee,V.le a



Area 4. 104

REEB QUARRY
FILE No 104053

Area 172.00 ha

Lood.Cooer.Valuet

Imre”ioos a 2 mm
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Cultivated 7 mm
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-
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- .
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Runoff Coeffaiuot a 8.00
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Area#. 105

REEB QUARRY
FILE No 104053

Area 19500 ha

•r••.
Iy!4S7fla ‘4O .. 3eWelahted Coava Number
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Sodas Soil Tailors Use p CNSymbol Snoop AreelhelPnrconl Arsa % CN Ama] % CN Area % CM Area % Cr4 Ama % CM
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REEB QUARRY
FILE No 104053

Area #. lOB Area = 138.00 ha

Soil Hoalmalgio So;I Land For.gwoodbral P.5,060.68. Imoaoouo cross Ca%etsd W.lar*illcrd Aw0.
Sodas So;; Tesrom Us. CId

Sombol Gsosp A,na(h.5 P.,sard e. % ON Area II CN Ales 14 CN Ass. 14 ON Nee % CII
Fl S Loam or Sift Loom 0.00 5.0% 1.04 50% 00.0 1.73 25.0% 60.0 I ‘0 25.0% S8.O .08 20.0% 740 I.04 15.9% 60.0 73.1
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Es B 5084 Loam 2070 6.0% 2-Il F 15.0% 00.0 5.10 25.0% 80-0 5.18 200%; 08.0 4.14 200% 74.0 3.11 05.0% 50.0 73.1
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r;mawpnak 000 004,5

I a ,d Cs ores Va l.a
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P4 000 Is
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IA’ IForast I Iomnr)+lP0005ln=Omnrl.llmaaM055 o2mm)+(Cul;ovatod 87mm)

lAo 5.40mm

:..CmtirnatIoe::1
PalS WOll,osn.100

ldsms (ml

745

850.0

Slope 0.0%
Woodlard Ponlare lmsnrrsftooI0008isalld

VahcitolTts) 0 0.04 0.05 0.05 0.07

Time of oono. a 208.56 mis

Tomaolcooo. a 2.4S his

TIme to pea0 201 sIlo

1;malapeak . 222 aISYrO

flT7a0. .mo

- .aIeo.lod In ma satan small naolld06 — laae 0.40
Path

lhnox(ml a 1750

Nnali(( 0 1745

680.0

Slaps a 2.1%

500 Loam
PasIure 0.10

Woodland 000
Imporsioso 040
CulOsaled 021

R00001IConlOl0000 001

Oat, of oar 200 22 mis

Tanrooloo, a 440 Fir

to net 0 203 a IS
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Area#. 107

REEB QUARRY
FILE No 104053

Area = 26.80 ha

4r ,svcl 405Pm err .a oceaae too Cv op.s 0 0.40
Path Va:e,rovse

IOrnac(ml Ill

HnIinlelI 1755

LImO 675

Sloe. a (1%

Tiosolcorc 3650 lam

TOne p1 COlIC 0 0 64 ha

Time to peak o 213 our

Timelopeak 043 hours

Qr51ff!p iofCoui&ntrat1one%
v(ScSUlhodMethd) .

Path Watercourse

HITraalml 770

Hmirn (ml a 15.5

L ImI 675.0

Slop. 0 02%

WeSnd Pause Wrrors40tas Cjrvalod
Ve4oc*54,yflI 0.07 010 3.20 013

Tore of 00cc a 10035 mIll

Tnea(caew a 1.67 fyi

Tonn.lopeak 0 2t3001r

Trnrap,..h e Ill 0.0CM,

. .. . .

Sol Olsdrolaqra Sc4 Laud WalodWeelend Pan%&Rarts knpe’stcna CtEfroaa.d Amayc
Ss Sri rea,e Lie

. ON
Symorl Group Nea(ha) Peecec4 Nsa % ON Nsa % ON Nsa % ON Aisa % ON

Fl B Loam or Silt Loam 908 06.0% 2.35 25 0% r 00.0 3 10 33.0% 69.0 028 3.0% 080 3 75 40.0% 74.0 70 3
Wr D Clay ‘0.7? 400% 2.68 25.0% 790 354 33.0% 84 0 032 3.0% 98.0 4 20 40.0% 66.0 04 6
Jr 13 Clae 6.10 25.0% .66 25.0% 790 2.21 33.0% 84.0 020 3.0% i 06.0 2.68 40.0% i 86.0 846

No. 25.0% Avg a 33.0% Armo 3.0% Avg 5 400%

ToralAci rOlO%
Total Avea 0 20.10 Avg. m 79.7

StdIon
.4 ... 4a

LartCflco

hnoer..aas a 2 mm

Pan,a
Lawns 5 own
Pasture fires
Weland 16mm

7 mm

IA a lloreol 6 lOmmOelPasls,e.anlrela I lmeeromusx2mmlelCullyered r 7mm)

[4= 9.50 mm

Time of Concentration
(Aioport Method)

-osoaaureo 0408 mOron ruroOc040sinel is Iowa than 0.40
Palh Watercourse

Hmao (ml 177.0

Nmtp ‘tnt r 15.5

LIpro 6753

Sop. = 01%

LoamoS, I

Pasture 0.10
Wetland 008
5roercs 040
CeeL%mled 023

RpnolfOoe&Ona a 005

Tinieoloorm = 14633 miap

Tinge of cons o 2.44 hrs

Thneoopaak 2I3o11c

Time 10068k 1.63 hours



REEB QUARRY
FILE No 10453

Area#. 108 Area 17.00 ha

Fl - B Loony or SI Loan, 5.80 35.0% I 0.00 0.0% 00.0 110 20.0%
-

89.0 0.18 3.0% 000 458 71.0% - 14.0 137
Wo D Clay 0.80 40 0% I 0.00 0.0% 700 0 38 20.0% 84.0 020 3.0% 00.0 5 24 72.0% 00.0 00.0

- Jo 0 Clay 4.25 250% I 0-00 0.0% 70.0 0.85 20.0% 840 0.13 3.0% I 03.0 327 77.0% 80-0 80
4.9. 0.0% Aye 20.0% Arm 3.0% Aye 77 0%

Total Aye. - 100.0%
Total Aaoa 12.15 Avg. = 817

-- .---IIme,-mQncenon
.
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Loam Dl 511
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DETAILE3 OUTPUT

Input flenarne: C:\Program Files\Visual OTHYMO v2.0\voin.dat
Output filename: C:\My Documents\104053 Reeb Quarry\Reeb OTTEYMO\?re—

development . cut
Summary filename; C:’5v Docments\1C4053 ReebQuarry\Reeb OTTHYNO\Pre

development . sum

DATE: 24/01/2008 TIME: 3:33:12 P14

USER:

COMMENTS:

*

SIMULATION NUMBER: 1

I READ STORM rilename: C:\My Docucnents\STORES\
I I Owen Sound\CHIC25MN.4HR
I Ptotal= 24.97 mm I Comments: 25 mm 4—hr Chicago storm

TIME RAIN TIME RAIN TIME RAIN I TIME RAIN
hrs nun/hr I hrs mm/hr I hrs rn/hr I hrs mm/hr
.10 1.29 I 1.10 2.81 I 2.1D 13.05 I 3.10 2.04
.20 1.36 I l.2D 3.22 I 2.20 8.44 [ 3.20 1.89
.30 1.44 I 1.30 3.77 I 2.30 6.21 I 3.30 1.76
.40 1.53 p 1.40 4.55 2.40 4.91 3.40 1.65
.50 1.63 1.50 5.77 2.50 4.06 I 3.50 1.55
.60 1.75 I 1.60 7.86 I 2,60 3.47 I 3.60 1.46
.70 1.89 1.70 12.27 2.70 3.03 3.70 1.39
.80 2.06 I 1.80 26.17 I 2.80 2.70 I 3.80 1.3?
.90 2.26 1.90 72.58 I 2.90 2.43 I 3.90 1,26

1.03 2.50 2.00 26.96 I 3.00 2.22 I 4.00 1.20

I CAtS I
I NASHYD (0103) I Area (ha)= 70.00 Curve Number (CN)= 78.4
ID 1 DT= 5.0 mm Ia (mm)— 8.DD It of Linear Res. (N)— 3.00

U

.H. Tp(hrs)= 1.43



NOTE: RAINFALL WAS TRANSFORMED TO 5. 0 WIN. TIME STEP.

PEAK FLOW (OmaN
TIME TO PEAK (hrsN
RUNOFF VOLUME (mm)=
TOTAL RAINFALL (mm)=
RUNOFF COEFFICIENT =

.204 (i)
3.833
3.312

24.971
.133

CALlS I
I NASHYD (0107) I
110= 1 DT 5.0 ruin I

Area )ha)= 26.80 Curve Number (CNN 79.7
Ia (nuaN 9.50 of Linear Res. (MN 3.00
U.N. Tp(hrs}= 1.63

Unit Hyd Queak (OmaN 628

PEAK FLOW (cmsN
TIME TO PEAK (hrs)=
RUNOFF VOLUME (mm)=
TOTAL RAINFALL nuaN
RUNOFF COEFFICIENT

.064 (i)
4.083
2.986

24.971
.120

(i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF AMY.

I ADD HYD (0302)
1 + 2 = 3 AREA QPEAK TPEAK R.V.

(ha)

(oms) (hrs) (mm)
ID1= 1 (0103): 70.00 .204 3.83 3.31

+ 1D2= 2 (0107): 26.80 .064 4.08 2.99

ID 3 (0302): 96.80 .267 3.83 3.22

NOTE: PEAK fLOWS DO NOT INCLUDE SASEFLOWS I? ANY.

I CALlS I
I NASHYD (0108) I
lID’ 1 DT 5.0 mum I

Area (ha)= 17,00 Curve Number CNI= 81.7
Ia (rn;= 9.00 of Linear Res. rcI= 3.00
U.N. Tp(hrs(= 1.00

Unit Hyd Opeak (cms)= .649

——-— TRANSFORMED HYETOGRAPH
TIME RAIN I TIME RAIN TIME RAIN F TIME RAIN
hrs rn/hr I hrs rn/mr I hrs ma/hr i hrs mm/hr

.083 1.29 1.083 2.81 I 2.083 13.05 I 3.08 2.04

.167 1.35 I 1.167 3.14 I 2.167 9.36 I 3.17 1.92

.250 1.41 I 1.250 3.55 I 2.250 7.10 3.25 1,81

.333 1.48 I 1.333 4.C8 I 2.333 5.69 3.33 1.72

.417 1.55 I 1.417 4.79 I 2.417 4.74 I 3.42 1.63

.500 1.63 I 1.500 5.77 I 2.500 4.06 I 3.50 1.55

.583 1.75 I 1.583 786 I 2.583 3.47 I 3,59 1.46
667 1.86 I 1.667 11.39 2.667 3.12 p 3.67 1.40

.750 1.99 1.750 20.61 2.750 2.83 3.75 1.35

.833 2.14 1.833 44.73 I 2.833 2.59 I 3.83 1.30

.917 2.31 1.917 63.46 I 2.917 2.39 I 3.92 1.25
1.000 2.50 I 2.000 26.96 I 3.000 2.22 I 4.00 1.20

Unit Hyd Qpeak (cmsN 1.870

(i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.

PEAK FLOW
TIME TO PEAK

(crnsN .076 (i)
(hrs)= 3.250



RUNOFF VOLUME (zm)= 3.699
TOTAL RAINFALL (rnm)= 24.971
RUNOFF COEFFICIENT = .156

(i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.

I ADD NYU (0303) I
1 + 2 = 3 I AREA QPEAK TPEAK R.V.

(ha)

(ems) (bra) (mm)
JDlr 1 (0302): 96.80 .267 3.83 3.22

— ID2 2 (0108): 17.00 .076 3.25 3.90

ID = 3 (0303): 113.80 .334 3.67 3.32

NOTE: PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.

CALIB I
I NASNYD (0102) I Area (haN 136.00 Curve Number (CNN 98.0
IID 1 DT= 5.0 Thin I Ia (mrn)= 2.00 8 of Linear ResjN)= 3.00

U.N.

Tp(hrs)= 1.34

Unit Hyd Qpeak (cms)= 3.877

PEAK FLOW (critsN 2.501 (ii
TIME TO PEAK (hrs)= 3.333
RUNOFF VOLUME (nrnO= 18.742
TOTAL RAINFALL (mieN 24.97:
RUNOFF COEFFICIENT = .751

(1) PEAK FLOW DOES NOT INCLUDE BASEFLOW F ANY.

DUNYD 0401) I
p Inlet Cap.= .170

I #of Inlets= 1
Total(cmsN .2 I AREA QPEAK TPEAK R.V.

(ha)

(ems) (hrs) (mm)
TOTAL KYD. (ID= 1) 136.00 2.50 3.33 18.74

MAJOR SYS. (10= 2): 115.39 2,33 3.33 18.74
:IINQR SYS. (10= 3): 20.61 .17 1.92 18.74

NOTE: PEAK FLOWS DO NOT INCLUDE 8ASEFLOWS IF ANY.

CALIB I
I NASHYD 0101) I Area (haN 343.00 Curve Number (CN)= 78.5
IID= 1 DT= 5.0 mm Ia (mm)= 7.80 8 of Linear Res. (N)= 3.00

U.H, Tp)hrs)= 2.54

Unit Hyd Qpeak (cms)= 5.158

PEAK FLOW )cmsN .651 (i)
TIME TO PEAK (braN 4.917
RUNOFF VOLUME (mm)= 3.399
TOTAL RA:NFALL )rn.’n)= 24.971
RLNOFF COEFFICIENT = .136

(i) PEAK FLOW DOES NOT INCL7DE BASEFLOW IF ANY.

ADD HYD (0301) I



NOTE: PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.

I ADD HYD (030-I) I
I 1+ 2= 3

ID1 1 (0303)
* ID2 2 (0301):

AREA QPFAK
(ha) (ems)

113.80 .334
363.61 .821

TPEAK R.V.
(hrs) (Lnrc)
3.67 3.32
4.92 4.27

ID = 3 (3301): 477.41 1.089 4.50 4.04

NOTE: PEAK FLOWS DO NO: INCLUDE BASEFLOWS IF ANY.

I CALlS
I NASHYD (0135) I Area (ha)= 195.00 Curve umber (CN)= 68.3

4.30 0 of Linear Res. (N)= 3.00
3.52

Unit Hyd Qpeak (ems)= 2.116

(cms)= .250 (i)
(hrs)= 5.833

(mm)= 3.084
TOTAL RAINFALL (mm)= 24.971
RUNOFF COEFFICIENT .123

(i) PEAK FLOW DOES NOT INCLUDE SASEFLOW IF AllY

I CALlS
I NT’.SEYD (0104)
110 1 DT= 5.0 mm

Area ha)= 172.00
Ia (mm)= 8.00

Curve Number (CN) 70.3
of Linear Res.(N)= 3.00

U.H.

To( hrs = 3.63

Unit Hyd Qpeak {cms)= 1.830

PEAK PLC:’; (cms::=
TZ/E TO PEAK (hrs)=
RUNOFF VCLUNE ac.)
TOTAL RAINFALL (mm)=
RUNOFF COEFFICIENT =

il PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.

ADD HYD (0305) I
I 1+ 2= 3 I

101= 1 (0105)
-I- 102= 2 (0104)

ID = 3 (0305): 367.00

I 1+ 2= 3 I

101= 1 (0401)

AREA QPEAK TPEAK R.V.

+ 102= 2 (0101): 343.00

ID 3 (0301) 363.61

(hal (ems) (hrs)
20.61 .170 1.92

(mm)
18.74

.651 4.92 3.40

.821 4.92 4.27

110= 1 DT= 5.0 ein I Ia

U

.E. Tp(hrs)=

PEAK FLOW
T:NE TO PEAK
RUNOFF VOLUME

.160 (ii
6.083
2.317

24.971
.093

(ha)
195.00
172.00

AREA QPEAK TPEAK R.V.
(ems) (hrs) (mm(
.250
.160

5.83 3.08
6.08 2.32

.409 5.92 2.72

NOTE: PEAK FLOWS DO NOT INCLUDE SASEFLOWS IF ANY.



I ADD HID (03061 I
1 + 2 3 I AREA QPEAK TPEAK R.V.

(ha)

(cms) (hrs) (mm)
ID1 1 (0304) : 417 .41 1.089 4.50 4 04

4 112= 2 (0305): 367.00 .409 5.92 2.72

ID 3 (0306): 844.41 1.436 4.75 3.47

NOTE: PEAK FZOWS DO NOT INCLUDE BASEFLONS IF ANY.

I CALIB I
I NASKYD (0106) I Area (ha)= :36.00 Curve Number (CN) 80.3
110= 1 D 5.0 mm I Ia (rju) 5.40 $ of Linear Res. (N)= 3.00

U.N.

Tphrs)= 2.99

Unit Nyd Qpeak (cms) = 1.763

PEAK FDCW (cms)= .312 (II
TINE TO PEAK )hrs)= 5,333
RUNOFF VOLUME )TTm1) 4.678
TOTAL RAINFALL (nuo) 24.971
RUNOFF COEFFICIENT .187

Ii) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.

I ADD NYD 0307) I
1 + 2 3 I AREA QPEAK TPEAK R.V.

(ha)

(cms) )hrs) (mm)
IO1 1 (0306): 844.41 1.436 4.75 3.47

+ 102= 2 (0106): 138.00 .312 5.33 4.68

ID = 3 (0307): 982.41 1.740 4.92 3.64

NOTE: PEAK PLOWS DO NOT INCLUDE BASEFLOWS IF ANY.

SIMULATION NUMBER: 2
* 4*

I CHICAGO STORM I !DF curve parameters: A= 567.000
I Ptotal= 37.40 mm ) 8= 5.200

C .746
used in: INTENSITY = A / (t + B)C

Duratfon of storr. = 4.00 hrs
Storm time step = 10.00 mm
Time to peak ratio = .33

TNE RAIN I TIME RAIN I TIME RA:N TIME RAIN
hrs a-c/hr I hrs mm/hr I bra mt/hr bra mm/hr
.17 2.86 I 1.17 19.21 I 2Z7 6.35 3.17 3.36
.33 3.25 I 1.33 74.46 I 2.33 5.47 l 3.33 3.14
.50 3.78 1 1.50 24.72 I 2.50 4.83 l 3.50 2.95
.67 4.57 I 1.67 1371 I 2.67 4.33 I 3.67 2.78
.83 5.90 1 1.83 9.72 I 2.83 3.94 I 3.83 2.63

1.00 8.67 I 2.00 7.64 ) 3.00 3.63 I 4.00 2.50

I CALIE I
I NASHYD (0103) I Area (ha)= 70.00 Curve Number (CNN 78.4
110= 1 DT= 5.0 mm I Ia (mm)= 8.00 II of Linear Res.(N)= 3.00



- U.H. Tp(hrs) 1.43

NOTE: RAINFALL WAS TRANSFORNED TO 5.0 MIN. TIME STEP.

TRANSFORMED HYETOGRAPH
TIME RAIN I TIME RAIN I TIME RAIN I TIME RAIN
hrs mm/hr I hrs mm/hr I hrs mm/hr I hrs mn/hr

.083 2.86 1.083 19.21 I 2.083 6.35 I 308 3.36

.167 2.86 1.167 19.21 I 2.167 6.35 I 3.17 3.36

.250 3.25 I 1.250 74.46 I 2250 5,47 3.25 3.14

.333 3.25 I 1.333 74.46 I 2.333 5.47 I 3.33 3.14

.417 3.78 I 1.417 24,72 I 2.417 4.83 I 3.42 2.95

.500 3.78 I 1.500 24,72 2.500 4.83 I 3.50 2.95

.583 4.57 I 1.583 13.71 2.583 4.33 I 3.58 2.78

.667 4.57 I 1.667 13.71 I 2.667 4.33 I 3.67 2.78

.750 5.90 I 1.750 9.72 I 2.750 3.94 375 2.63

.833 5.90 I 1.833 9.72 I 2.833 3.94 I 3.83 2.63

.917 8.67 I 1.917 7.64 I 2,917 3.63 I 3.32 2.50
1.000 8.67 j 2.000 7,64 3.000 3.63 4.00 2.50

Unit Hyd Qoenk (oms) 1.870

PEAK FLOW (crns::.= .473 (1)

711<8 TO PEAK (hrs}= 3.500
RUNOFF VOLUME (mm) 6. 699
TOTAL RAINFALL mz)= 37.402
RUNOFF COEFFICEENI .233

U) PEAK FLOW DOES NOT INCLUDE BASEFLOK IF ANY.

CALIB I
I NASHYD (0107) I Area (ha)= 26.80 Curve Number (CN)’ 79.7
IrD= 1 DT 5.0 ruin I In (rusni 9.50 # of Linear Res.(N)’= 3.00

U.N.

Tprnrs) 1.63

Unit Hyd Qeak (cms)= .628

PEAK FLOW (cms) .161 (i)
TIME TO PEAK (hrsH 3.833
RUNOFF VOLUME ruuN 8.408
TOTAL RAINFALL ruin) 37.402
RUNOFF COEFF:C:EN’r = .225

(1) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.

I ADD HYD (0302)
1 + 2 = 3 I AREA QPEAN TPEAK R.V.

(ha) (urns) (hrs)
ID1 1 (0103): 70.00 .473 3.50 8.70

+ 102= 2 (0107): 26.80 .162 3.83 8.41

ID = 3 (0302): 96.80 .632 3.58 8.62

NOTE: PEAK FLOWS DO NOT INCLUDE 8ASEFLOWS IF ANY.

CALIB I
I NASHYD (0108) I Area (ha)= 17.00 Curve Number (CN)= 81.7
)ID= 1 DT= 5.0 mm Ia (mm)= 8.00 8 of Linear Rca. (N) 3.00

U.H.

Tp(hrs)= 1.00

Unit Hyd Qpeak (cmsV .649

PEAK FLOW (cms)= .165 (i)



I AREA QPEA]< TPEAI< R.V.
(ha) (cms) hrs) (mm)

ID1 1 (0302): 96.80 .632 3.58 0.62
+ ID2 2 (0108): 17.00 .165 2.75 10.02

ID 3 (0303) : 113.80 .778 3.33 8.83

NOTE: PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.

I CALIB
I NASHYD (0102)
jID 1 DT 5.0 mm

Area (ha) 136.00
Ia (rmn)= 2.00

U.

H. Tp(hrs) = 1,34

Unit Hyd Qpeak (crns3= 3.877

Curve Number (CN)= 98.0
of Linear Res.(N)= 3.00

AREA QPEAK TPEAK R.V.
ha) (oms) (hrs) (mm)

136.00 3.71 2.92 30.88

MAJOR SYS. (10= 2): 121.73 3.54 2.92 30.88
MINOR SYS. (10= 3): 14.27 .17 133 30.00

NOTE: PEAK FLOWS DO NOT INCLUDE BASEFLOMS IF ANY.

I CALIB I
NASHYO (0101) I

I1D 1 DT= 5.0 nm J

PEAK FLOW (Cms)=
TIME TO PEAK (hrs)=
RUNOFF VOLUME (ac) =

TOTAL RAiNFAiL (mn(=
RUNOFF COEFF:CIEI4T

1.611 (i)
4.750
8.036

37.402
.236

Curve Number )CN(= 70.5
4 of L:near Res. N)= 3.00

T:ME TO PEAK (hrs)=
RUNOFF VOLUNE (mm) =

TOTAL RAINFALL (mm)=
RUNOFF C0EF2IC:ENT

2.750
10. 018
37.402

.260

(i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.

I ADD NYC (0303)
I 1+ 2= 3

PEAK FLOW (cms)=
TIME TO PEAK )hrs)=
RUNOFF VOLUME (mm)
TOTAL RAINFALL (inm)=
RUNOFF COEFFICIENT =

3.713 UI
2.917

30.001
37.402

.826

)i) PEAK FLOW DOES NO INCLUDE BASEFLUW IF ANY.

I DUNYD (0402)
I Inlet Cap.= .170 I
I #of Inlets= 1 I
I Totai(cms)= .2 I

TOTAL HYD. (1D 1)

Area )ha)=
Ia (nc)=
U.N. Tp(hrs)=

343.00
7 . 80
2 . 54

Unit :-lyd Qpeak )cms)= 5.158

(i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.



I AREA QPEAK TPEAK R.V.
ha) (oms) (hrs) (mm)

IDL 1 (0401): 14.27 .170 1.3] 30.88
+ 102= 2 (0101) 343.00 1.611 4.75 8.84

ID = 3 (0301): 357.27 1.781 4.75 9.72

NOTE: PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.

I AREA QPEAK TPEAF< R.V.
(ha) (czs) (hrs) mm)

ID 1 (0303): 113.80 .778 L33 8.83
+ 1D2 2 0301): 357,27 1.781 4.75 9,72

ID = 3 (0304): 47ZO7 2.423 4.33 9.50

NOTE: PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.

CALlS
I NASHYD (0105)
110= 1 DT= 5.0 mm

Area (haN 195.00
Ia (mm)= 4.30
U.N. Tp(hrs)= 3.52

Curve Number (CNN 68.3
4 of Linear ResjN)= 3.00

PEAK FLOW (CmS)=
TIME TO PEAK )hrs)=
RUNOFF VOLUME (mm)=
TOTAL RAINFALL (mm)=
RUNOFF COEFFICIENT =

.572 (i)
5.667
7.257

37.402
.194

I CALlS I
I NASHYD (0104) I
110= 1 DT= 5.0 mm i

Unit Hyd Opeak (crns)= 1.800

PEAK FLOW (cms)=
TINE TO PEAK )hrs)=
RUNOFF VCL’JHE (mm)
ToTAL RAINFALL (rarn)=
RUNOFF COEFFICIENT =

Curve Number (CN) = 70.3
It of Linear ResjN)= 3.00

(i) PEAK FLOW DOES NOT INCLTDE 3ASEFLOW IF ANY.

ADD HYD (0305) I
1 + 2 = 3 I AREA QPEAK PEAK R.V.

(ha)

Cms) (bra) (mm)
IDI 1 (0105): 195.00 .572 5.67 7.26

+ 102= 2 (0104): 172.00 .425 5.83 6.32

ID = 3 (0305): 367.00 .996 5.75 6.82

I ADO NYD (0301)
I 1+ 2= 3

ADD HYD (0304)
I 1+ 2= 3

Unit Hyd Qpeak (cms)= 2.116

(i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY,

Area (ha)= 172.00
Ia (mrn)= 9.00
‘i.E. Tp(hrs)= 3.65

.425 U)
5.933
6.324

37.402
.169

NOTE: PEAK FLOWS DO NOT INCLUDE SASEFLDWS IF ANY.



I ADD MYD (0306) I
1 + 2 = 3 I AREA QPEAK TPEAK R.V.

(ha) (ems) (hrs) (mm)
101= 1 (0304): 471.07 2.423 4.33 9.50

+ 1D2= 2 (0305): 367.00 .996 5.75 6.82

ID 3 (0306): 839.07 3.289 4.58 8.33

NOTE: PEAK FLOWS DO NOT INCLUDE 8ASEFLOWS IF ANY.

I CALlS I
NASHYD 0106) r Area (ha)= 138,00 Curve Number )CN) 80.3

110= 1 DT= 5.0 mm Ia (mffi) 5.40 II of Linear Rca, )N) 3.00

U.N.

Tm (hrs) 2.99

Unit Hyd Qpeak cmsV 1.763

PEAK ?ZO (cms)= .699 (1)
TE TO PEAK (hrs) 5.083
RUNOFF VOLUME (miuH 10.559
TOTAL RAINFALL mm} 37.102
RUNOFF COEFFICIENT .290

(i) PEAK FLOW DOES NOT INCLUDE 3ASEFZOW IF ANY.

ADD HYD (0307) I
1 + 2 3 I AREA QPEAK TPEAK R.V.

(ha) (ems) (hrs) (mm)
1D1 1 (0306): 838.07 3.289 4.58 8.33

1- 1D2= 2 (0106): 138.00 .699 5.06 10.86

ID = 3 (0307): 976.07 3.972 4.67 8.69

NOTE: PEAK FLOWS DO NOT INCLUDE SASEFLOWS IF ANY.

SIMULATION NUMEER: 3
*

I CHICAGO STORM I lOP curve parameters: A 664.000
I 9:ota1 44.35 nm I 8= 4.700

.744
used in: INTENSITY = A / (t + B) C

Duration of storm = 4.00 bra
Storm time step 10.00 miii
Time to peak ratio .33

TIME RAIN TIME RAIN I TIME RAIN I TINE RAIN
bra rn/hr I bra mm/hr I bra mm/hr I bra mm/hr
.17 3.39 I 1.17 22.42 I 2.17 7.48 I 3.17 3.98
.33 3.85 I 1.33 89.88 I 2.33 6.45 3.33 3.72
.50 4.48 I 1.50 28.86 2.50 5.70 I 3.50 3.50
.67 5.41 I 1.67 16.02 I 2.67 5.12 I 3.67 3.30
.83 6.96 I 1.83 11.39 I 2.93 4.67 I 3.83 3.13

1.00 10.17 2.00 8.98 I 3.00 4.29 I 4.00 2.98

I CALIB I
I NASHYD (0103) I Area (ha)= 70.00 Curve Number (CN) 78.4



(ID 1 DT= 5.0 mm Ia (rnN 8.00 9 of Linear Res.(N)= 3.00

UI-I.

Tp(hrs) 1.43

NOTE: RAINFALL WAS TRANSFORMED TO 5.0 MIN. TIME STEP.

TRANSFORMED HYETOGRAPH
TIME RAIN I TIME RAIN I TIME RAIN I TIME RAIN
hrs rn/hr I hrs rn/hr I hrs rn/hr hrs rn/hr

.083 3.39 I 1.083 22.42 2.083 7.48 I 3.08 3.98

.167 3.39 I 1.167 22.42 I 2.167 7.48 I 3.17 3.98

.250 3.85 I 1.250 89.88 I 2.250 6.45 I 3.25 3.72

.333 3.85 I 1.333 89.88 I 2.333 6.45 I 3.33 3.72

.417 4.48 I 1.417 28.86 I 2.417 5.70 I 3.42 3.50

.500 4.48 I 1.500 28.86 2.500 5.70 I 3.50 3.50

.583 5.41 I 1.583 16.02 I 2.583 5.12 3.58 3.30

.667 5.41 I 1.667 16.02 2.667 5.12 I 3.67 3.30

.750 6.96 1.750 11.39 I 2.750 4.67 I 3.75 3.13

.833 6.96 I 1.833 11.39 I 2.833 4.67 I 3.83 3.13

.917 10.17 I 1.917 8.98 I 2.917 4.29 I 3.92 2.98
1.000 10.17 I 2.000 8.98 I 3.000 4.29 F 4.00 2.98

Unit Hyd Qpeak (cms)= 1.870

PEAK FLOW (cmsH .681 Ii)
TIME TO PEAK (hrsN 3.417
RUNOFF VOLUME (nuiN 12.428
TOTAL RAINFALL (rmn) 44.353
RUNOFF COEFFICIENT = .280

Ci) PEAK FLOW DOES NOT INCLUDE 8ASEFLOW IF ANY.

I CALIB I
I NASHYD (0107) I Area (ha)= 26.80 CurTe Number (CN)= 79.7
IID 1 DT 5.0 mm i Ia (rnV 9.50 ft of Linear Res. (N) 3.00

U.N.

Tp(hrs)= 1.63

Unit Hyd Qpeak (Cms)= .628

PEAK FLOW (Cms)= .235 (i)
TIME TO PEAK (hrs) 3.750
RUNOFF VOLUME (rn)= 12.202
TOTAL RAINFALL (mrn)= 44.353
RUNOFF COEFFICIENT .275

(i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.

ADD HYD (0302) I
1 + 2 3 I AREA QPEAK TPEAK R.V.

(ha) (ems) (hrs) (rn)
ID1 1 (0103): 70.00 .681 3.42 12.43

+ 1D2= 2 (0107) 26.80 .235 3.75 12.20

ID 3 (0302): 96.80 .912 3.50 12.37

NOTE: PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.

I CALlS
I NASHYD (0108) Area (ha)= 17.00 Curve Number (CN)= 81.7
IID 1 DT 5.0 mm ( Ia (mm)= 8.00 ft of Linear Res.(NV 3.00

U.H.

Tp(hrs)= 1.00

Unit Hyd Qpeak (ems)= .649



PEAK FLOW (oms)= .238 (i)
TIME TO PEAK (hrsH 2.750
RUNOFF VOLUI’E (mrnH 14.172
TOTAL RAINFALL (mm)= 44.353
RUNOFF COEFFICIENT .320

(i) PEAK FLOW DOES NOT INCLUDE SASEFLOW IF ANY.

I ADD HID (0303) I
I I + 2 3 AREA QPEAN TPEAK R.V.

(ha)

(cms) (hrs) (ion)
ID1 1 (0302); 96.80 912 3.50 12.37

+ ID2= 2 (01DB): 17.00 .238 2,75 14.17

ID 3 (0303): 113.80 1.121 3.33 12.64

NOTE: PEAK FLOWS DC NOT INCLUDE &ASEFLOWS IF ANY.

I CALIB I
I NASHYD (0102) I Area (haH 136.00 Curve Number (CNH 98.0
IID 1 DT= 5.0 mn I Ia (mm)= 2.00 # of Linear Res. (N)= 3.00

U.N.

ip (bra) = 1.34

Unit Hyd Qpeak (cms)= 3.877

PEAK FLOW (cms)= 4.545 (i)
TIME TO PEAK (hrs)= 2.833
RUNOFF VOLNE (rrnn) 37.735
TOTAL RAINFALL (nisn)= 44.353
RUNOFF COEFFICIENT = . 651

(i) PEAK FLOW DOES NOT INCLUDE BASEFLCW IF’ ANY.

I DUHYD (0401) I
I Inlet Cap.= .170 I
I kof In1ets 1 I
I Tocal(cms)= .2 I AREA QPEAK TPEAK DV.

(ha

Corns) (bra) (Fin)

TOTAL HID. (ID 1); 136.00 4.54 2.83 37.73

MAJOR 5Th. (ID= 2): 123.96 4.37 2.83 37.73
MINOR 5Th. (ID 3); 12.04 .17 1.25 37.73

HOOF; PRAY FLOWS DC NOT INCLUDE BASEFLOWS IF AKY.

I CALIB I
I NASHYD (0101) ( ,rea (haH 343.00 Curve Number (CN)= 78.5
IID= 1 DT 5.0 mm I Ia (wsn)= 7.80 of Linear Res. (NH 3.00

U.K.

Tp(hos)= 2.54

Unit Hyd Qpeak (cmsl= 5.158

PEAK FLOW (cosH 2.295 (i)
TIME TO PEAK (hrsN 4.667
RUNOFF VOLUME (mm)= 12.591
TOTAL RAINFALL (rnm)= 44.353
RUNOFF COEFFICIENT .284

(i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.



I ADD HYD (0301) I
1 + 2 = 3 I AREA QPEAK TPEAK R.V.

(ha) (ems) (hrs) (nun)
ID1 1 (0401); 12.04 .170 1.25 37.73

+ ID2 2 (0101): 343.00 2.295 4.67 12.59

ID = 3 (0301): 355.04 2.465 4.67 13.44

NOTE: PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.

I ADD HYD (0304)
1 + 2 = 3 I AREA OPEAK TPEAK R.V.

(ha) (ems) (hrs) (mm)
1D1 1 (0303) 113.80 1.121 3.33 12.64

+ ID2 2 (0301): 355.04 2.465 4.67 13.44

ID = 3 C304) : 46884 3.380 4.25 13.25

NOTE: PEAK FZONS oc NOT :::CLUDE BASEFLOWS :E

I CALIB
I NASHYD (0105) ) Area (ha)= 195.00 Curve Number (CN) 68.3
IID 1 DT 5.0 mm ) Is [run) 4.30 # of Linear Res. (N::• 3.00

U.K.

Tp(hrs)= 3.52

Unit Hyd Qpeak (cmns) 2.116

PEAK FLCW (cms) .800 (1)
TINS TO PEAK (hrs)= 5.583
RUNOFF VOLUME (mm) 10.157
TOTAL RAINFALL (rnm)= 44.353
RUNOFF COEFFICIENT .229

(1) PEAK FLOW DOES NO: INCLUDE BASEFLOW IF ANY.

CALI3
NASHYD 0104) I Area (ha)= 172.00 Curve Number (CNH 70.3

:0= : DT= 5.0 mm i Ia (mm)= 8.00 of Lir.ear Res. (N(= 3.00

U.K.

Tp(hrs)= 3.65

Unit Hyd Qpeak (Cmsi= 1.800

PEAK FLOW )cnis)= .619 (U
TIWE To PEAK hrU= 5.833
RUNOFF VOLUKE wuu= 9.199
TOTAL RAINFALL (nim(= 44.353
RUNOFF COEFFICIENT = .207

(i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.

I ADD KYD (0305) I
1 + 2 3 I AREA QPEAK TPEAK R.V,

(ha) (ems) (hrs) (nmi(
ID1= 1 (0105): 195.00 .800 5.58 10.16

+ ID2 2 (0104): 172.00 .619 5.83 9.20

ID = 3 (0305): 367.00 1.418 5.67 9.71

NOTE: PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.



I ADD HID (0306) I
1 + 2 = 3 I AREA QPEAK TPEAK R.V.

(ha)

(ems) (hrs) (mm)
ID1= 1 (0304): 468.84 3,380 4.25 13.25

+ 102= 2 (0305): 367.00 1.418 5,67 9.71

ID 3 (0306): 835.84 4. 610 4.58 11.69

NOTE: PEAK FLC:VS DO NOT INCLUDE BASEFLOWS IF ANY.

I CALIB I
I NASRYD (0106) I Area (ha) 138.00 Curve Number (CN) 80.3
IID= 1 DT= 5.0 miD ( Ia (mm)= 5.40 # of Linear RaE. N)= 3.00

‘JR.

Tp(hrs)= 2.99

mit Fiyd Qpeak (cms) 1.763

PEAK FLOW (cns)= .963 U)
TIME TO PEAK (hrs)= 5.083
RNOFF VOLUME run)= 14.984
TOTAL RAINFALL (mm)= 44.353
RUNOFF COEFFICIENT = .338

Ii) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.

ADD HID (0307) I
1 + 2 3 I AREA (SPEAK TPEAK R.V.

(ha)

(ems) (hrs) (mm)
ID1= 1 (0306): 835.84 4,610 4.58 11.69

+ 102= 2 (0106): 138.00 .963 5.08 14.98

ID = 3 (0307): 973.84 5.551 4.67 12.16

NOTE: PEAK FLOWS DO NOT INCLUDE SASEFLOWS IF ANY.

** SIMULATION NUMBER: 4 **

CHICAGO STORM I IDE curve parameters: A= 724.000
I Ptotal= 49,77 en I B 4.300

C=

.739
used in.: INTENSITY = A / )t + BVC

Duration of storm = 4.00 hrs
Storm time step = 10.00 miD
Time to peak ratio .33

TIME RAIN TINE RAIN I TIME RAIN I TIME RAIN
hrs ott/hr hrs iran/hr I hrs rn/hr ( bra mit/hr
.17 3.06 1.17 24.81 ( 2.17 8.40 I 3.17 4.52
.33 4.36 1.33 :01.38 I 2.33 7.26 I 3.33 4.2?
.50 5.07 I 1.50 31.86 I 2.50 6.43 I 3.50 3.97
.67 6.10 I 1.67 :7.79 I 2.67 5.79 I 3.67 3.75
.83 7.82 I 1.83 12.71 2.83 5.28 I 3.83 3.56

1.00 11.37 I 2.00 10.06 3.00 4.86- I 4.00 3.39

CALIB I



I NASHYD (0103) I Area (ha) 70.00 Curve Number (CN) 78.4
IIU 1 DT 5.0 mm i Ia (mH 8.00 II of Linear Res.(N) 3.00

U.N.

Tp(hrs) 1.43

NOTE: RAINFALL WAS TRANSFORHED TO 5.0 MIN. TIME STEP.

TRANSFORMED HYETOGRAPH
TINE RAIN I TIME RAIN I TIME RAIN j TIME RAIN
hrs mm/hr I hrs mm/hr I hrs mm/hr I hrs mm/hr

.083 386 I 1.083 24.81 I 2.083 8.40 I 3.08 4.52

.167 3.86 I 1.167 24.81 I 2.167 8.40 I 3.17 4.52

.250 4.36 I 1.250 101.38 2.250 7.26 3.25 4.22

.333 436 t 1.333 101.38 p 2.333 7.26 [ 3.33 4.22

.417 5.07 I 1.417 31.86 I 2.417 6.43 I 3.42 3.97

.500 5.07 j 1.500 31.86 t 2.500 6.43 3.50 3.97

.583 6.10 I 1.583 17.79 I 2.583 5.79 I 3.58 3.75

.667 6.10 I 1.667 17.79 I 2.667 5.79 I 3.67 3.75

.750 7.32 I 1.750 12.71 I 2.750 5.28 I 3.75 3.56

.833 7.82 1.833 12.71 2.833 5.28 3.83 3.56

.917 11.37 I 1.917 10.06 I 2.917 4.66 I 3.92 3.39
1.000 1li37 2.000 10.06 3000 4.86 I 400 339

Uni Hyd Qpeak (cms) 1.870

PEAK FLOW (cmsv .058 U)
TIME TO PEAR ihrs)= 3.333
RUNOFF VOLUNE (rrLp)= 15.62
TOTAL RAINFALL (mm) 49.769
RUNOFF COEFFICIENT = .314

U) PEAK FLOW DOES NOr NCIUDE BASEFIOW IF ANY.

I CALlS I
I NASHYD (0107) I Area (ha) 26.80 Curve Number (CN) 79.7
IID 1 DT= 5.0 win I Ia (rjr)= 9.50 of Linear Rca. (N)= 3.00

U.N.

Tp(hrs) 1.63

Unit Hyd Opeak crjs) .628

PEAK FLOW (cmS) .299 U)
TIME TO PEAK (hrs)= 3.667
RUNOFF VOLUME (wjii)= 15.449
TOTAL RANFALL (,m)= 49.769
RUNOFF COEFFICIENT .310

(i) PEAK FLOW TOES NOT INCLUDE PASEFIOW IF ANY.

I ADO HYD (0302)
1 + 2 = 3 AREA QPEAK TPEAK R.V.

(ha)

(c[ns) (hrs) (mm)
I01 1 (0103): 70.00 .858 3.33 15.61

t ID2 2 (0107): 26.80 .298 3.67 15.45

ID 3 (0302): 96.80 1.152 3.42 15.57

NOTE: PEAK FLOWS DO NOT 1MCLUDE BASEFLOWS IF ANY.

I CALI8 I
NASHYD (0108) I Area (ha)= 17.00 Curve Number (CN) 81.7

IID= 1 DT= 5.0 mm I Ia (nuu) 8.00 # of Linear Res.(N) 3.00

U.N.

Tp(hrs)= 1.00

Unit Hyd Qpeak (cms) .649



PEAK FLOW (cms)= .299 U)
TIME TO PEAK (hrs(= 2.667
RUNOFF VOLUME )mmN 17.683
TOTAL RAINFALL (nim) 49.769
RUNOFF COEFFICIENT = .355

(I) PEAK FLOW DOES NOT INCLUDE 8ASEFLOW IF ANY.

ADD HYD (0303) I
1 + 2 = 3 I AREA QPEAK TPEAK R.V.

ha) (crns) (hrs) (mm)
101= 1 (0302): 96.80 1.152 3.42 15.57

+ ID2 2 (0108): 17.00 .299 2.67 17.68

ID = 3 (0303): 113.80 1.414 3.25 15.88

NOTE: PEAK F1CS DO NO7 INCLUDE BASEFLOSS IF ANY.

CAL:B
NASHYD (0102) Area (na)= 136.00 Curve Nunber (CNN 98.0

(ID= I DT= 5.0 nun Ta )x-juH 2.00 of Linear Res.(N)= 3.00

U.N.

Tp(hrsl = 1.34

Unit Kyd Qoeak (omaN 3.877

PEAK FLOW (onaN 5.186 (i)
TIME TO PEAK (arsN 2.833
RLNOFF VOLUXE Ix’jn(= 43.093
TOTAL RAINFALL )rsuN 49.769
RUNOFF COEFFICIENT = .866

(i) PEAK FLOM DOES NOT INCLUDE BASEFLOW IF ANY.

DUMYD (0101)
Inlet Cao.= .170
lof Inlets=
Total(crns)= .2 I APEA QPEAK TPEAK R.V.

(ha) oms) Oirs) (mm)
TOTAL HYD. (1D 1): 136.00 5.19 2.63 $3.09

MAJOR SYS. (10= 2): 125.23 5.02 2.83 43.09
MINOR SYS. (ID 3): 1077 .17 1.25 43.09

NOTE: PEAK FLOWS DO NOT INCLUDE BASEFLONS IF ANY.

CALIB
I NASHYD (0101) I Area (ha)= 343.00 Curve NUmber (CNN 78.5
IID 1 DT 5.0 nun I Ia )wjiU= 7.80 II of Linear Res.(NN 3.00

U.H.

Tp(hrs)= 2.54

Unit Hyd Qpeak (cms)= 5.158

PEAK FLOW (omaN 2.878 (i)
TINE TO PEAK (hrs)= 4.667
RUNOFF VOLUME )rnm)= 15.792
TOTAL RAINFALL (mnN 49.769
RUNOFF COEFFICIENT = .317

(1) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.



ADD HYD (0301) I
1 +. 2 3 I AREA QPEAK TPEAK R.V.

(ha)

(cms) (bra) (mm)
ID1 1 (0401): 10.77 .170 1.25 43.09

+ 1D2= 2 (0101): 343.00 2.878 4.67 15.79

ID = 3 (0301): 353.77 3.048 4.67 16.62

NOTE: PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.

I AREA OPEAK TPEAK R.V.
(ha) (cms) (hrs) (m)

1D1 1 (0303): 113.80 1.414 3.25 15.88
+ 1D2= 2 0301): 353.77 3.048 4.67 16.62

ID = 3 (0304): 467.57 4.196 4.25 16.44

NOTE: PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.

I CALIB
I NASHYD (0105)
IID= 1 DT= 5.0 mm

Area cha)= 195.00
Ia (mm) 4.30
U.H. Tp(hrs)= 3.52

Curve Number (CN) 68.3
4 of Linear Res.(N)= 3.00

PEAK FLOW (cms)=
TIME TO PEAK (hrs)=
RUNOFF VOLUME (nim)=
TOTAL RAINFALL (mm)=
RUNOFF COEFFICIENT

5.583
12.656
49. 7 69

.254

I CALIB
I NASHYD (0104)
IID= 1 DT= 5.0 mm

Area (ha)= 172.00
Ta (mm)= 8.00
U.H. Tp(hrs) 3.65

Curve Number (CN)= 70.3
S of Linear Res.(N) 3.00

Unit Hyd Qpeak (cms)= 1.800

PEAK FLOW (cms)=
TIME TO PEAK (hrs)=
RUNOFF VOLUME (mm)=
TOTAL RAINFALL (mm)=
RUNOFF COEFFICIENT =

(i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.

I 1+ 2=3 AREA QPEAK TPEAK R.V.
(ha) (cms) (hrs) (mm)

IDl 1 (0105): 195.00 .997 5.58 12.66
+ ID2 2 (0104): 172.00 .787 5.75 11.70

ID = 3 (0305): 367.00 1.783 5.67 12.21

I ADD HYD (0304)
I 1+ 2 3

Unit Hyd Qpeak (cms)= 2.116

.997 Ii)

(i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY

.787 (i)
5.750

11.703
49. 7 69

.235

I ADD HYD (0305)

NOTE: PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.



I ADD HYD (O30E I
1 + 2 3 I AREA UPEAK TPEAK R.V.

ha::.

urns) (has) (mm)
101= 1 (03C4) : 467.57 4.196 4.25 16.44

+ ID2 2 (0305); 367.00 1.783 5.67 22.21

ID 3 (0306): 834.57 5.739 4.56 14.58

NOTE: PEAK PLOWS DO NOT INCLUDE 8ASEFLOWS IF ANY.

CAL:B I
NASHYD (010€) I Area {ha)= :38.00 Curve Number (CN 80.3

10= 1 DT= 5.0 mm i rnm)= 5.40 of Linear Rca. N; 3.00

U.N.

ip (hrs) 2.99

Unit Hyd Qpeak (cms)= 1.763

PEAK FLOW (crnsN 1.186 (4)
TINE TO PEAK (hrs)= 5.083
RUNOFF VOLUME (imn)= 18.453
TOTAL RAINFALL (mm)= 49.769
RUNOFF COEFFICIENT = .371

(i) PEAK PLOW DOES NOT INCLUDE BASEFLOW IF ANY.

I ADD RYD (0307) I
1 + 2 3 I AREA QPEAK TPEAK R.V.

(ha)

(urns) (has) (mm)
1D1 1 (0306); 834.57 5.738 4,58 14.58

+ ID2 2 (0106): 138.00 1,186 5.08 18.45

ID = 3 (0307): 972.57 6.898 4.67 15.13

NOTE: PEAK PLOWS DO NOT INCLUDE BASEFLOMS IF ANY.

** SIMULATION NUMBER: 5

CHICAGO STORN TOP curve parameters: A= 821.000
Ptotal= 57.74mm ( 8= 4.000

C=

.735
used in: INTENSITY A / (4 + B) C

Duration of storm = 4.00 has
Storm time step 10.00 niH
Time to peak ratio .33

r:ME RAIN I TIME PAIN T:MP RAIN j TIME RAIN
hrs mm/hr I hrs mm/hr has n/hr hrs mm/hr
Z7 4.52 I 1.17 28.47 2.17 9.76 I 3.17 5.28
.33 5.11 I 1.33 118.02 I 2.33 8.45 I 3.33 4.94
.50 5.92 I 1.50 36.50 I 250 7.49 I 3.50 4.65
.67 7.12 I 1.67 20.47 I 2.67 6.75 I 3.67 1.40
.83 9.10 I 1.83 14.70 I 2.83 6.17 I 3.83 4.17

1.00 13.16 I 2.00 11.66 I 3.00 5.69 I 4.00 3.97



I CALlS I
I NASHYD (0103) I Area (ha)= 70.00 Curve Number (CN) 78.4
10= 1 01= 5.0 mm i Ta (mm)= 8.00 It of Linear Res.(N)= 3.00

U.N.

Tp(hrs)= 1.43

NOTE: RAINFALL WAS TRANSFORMED TO 5.0 MIN. TIME STEP.

TRANSFORMED HYETOORAPH -

TIME RAIN I TIME RAIN TIME RAIN I TIME RAIN
hrs mm/hr I hrs ram/hr hrs mm/hr I hrs mm/hr

.083 4.52 I 1.083 28.47 I 2.083 9.76 I 3.08 5.28

.167 4.52 1.167 28.47 I 2.167 9.76 3.17 5.28

.250 5.11 1.250 118.02 2.250 8.45 I 3.25 4.94

.333 5.11 I 1.333 118.02 I 2.333 8.45 I 3.33 4.94

.417 5.92 I 1.417 36.50 2.417 7.49 I 3.42 4.65

.500 5.92 I 1.500 36.50 I 2.500 7.49 I 3.50 4.65

.583 7.12 I 1.583 20.47 I 2.583 6.75 I 3.50 4.40

.667 7.12 I 1.667 20.47 I 2.667 6.75 I 3.67 4.40

.750 9.10 1.750 14.70 I 2.750 617 I 3.75 4.17

.833 9.10 1.033 14.70 I 2.833 6.17 I 3.83 4.17

.917 13.16 1.917 11.66 I 2.917 5.69 [ 3.92 3.97
1.000 13.16 I 2.000 11.66 I 3.000 5.69 I 4.00 3.97

Unit Hyd Qpeak (Cms)= 1.870

PEAK FLOW (cmsV 1.141 (i)
TIME TO PEAK (hrs)= 3.333
RUNOFF VOLUME (oveN 20.668
TOTAL RAINFALL (neoN 57.745
RUNOFF COEFFICIENT = .358

(i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.

I CALIB I
I NASHYD (0107) I Area (ha)= 26.80 Curve Number (CNN 79.7
IID= 1 DT= 5.0 mm I Ta (mm(= 9.50 4 of Linear Res.(N)= 3.00

U.H.

Tp(hrs)= 1.63

Unit Hyd Opeak (cms)= .629

PEAK FLOW (cms)= .399 (i)
TIME TO PEAK (hrs)= 3.667
RUNOFF VOLUME (rnm)= 20.609
TOTAL RAINFALL (mm)= 57.745
RUNOFF COEFFICIENT .357

(i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.

I ADD HYD (0302) I
1 + 2 = 3 I AREA QPEAK TPEAK R.V.

(ha) (cms) (hirs) (mm)
ID1= 1 (0103): 70.00 1.141 3.33 20.67

+ 102= 2 (0107): 26.80 .399 3.67 20.61

ID = 3 (0302): 96.80 1.534 3.42 20.65

NOTE: PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.

CALIB I
NASHYD (0108) I Area (haN 17.00 Curve Number (CNN 81.7

(ID= 1 DT= 5.0 mm Ia (mm)= 8.00 4 of Linear Res.(N)= 3.00

U.N.

Tp)hrs)= 1. DO



Unit Hyd Qpeak (cms)= .649

PEAK FLOW (cmSN .397 (i
TINE TO PEAK (hrs) 2.667
RUNOFF VOLUME (mm)= 23.205
TOTAL RAINFALL (rmn)= 57.745
RUNOFF COEFFICIENT .402

(i) PEAK FLOW DOES NOT INCLUDE BASEFLON F ANY.

ADD HYD (0303) I
1 + 2 3 I AREA QPEAK TPEAK R.V.

(ha) (our) hrs) (mm)
ID1 1 0302): 96.80 1.534 3.42 20.65
ID2 2 (0108): 17.00 .397 2.67 23.20

13 3 (0303): 113.80 1.882 3.25 21.03

NCTE: PEAK FLOWS DO NOT :NCLUDE 3ASEFZOLS IF ANY.

I CALIB I
I NASFIYD (0102) I Area (ha)= 136.00 Curve Number (CN)= 98.0
IID 1 DT 5.0 mm I Ia (mm)= 2.00 II of Linear Res. )N) 3.00

U.N.

Tp(hrsH 1.34

Unit Hyd Qpeak (cms)= 3.877

PEAK FLOW (omEN 6.136 (i)
TIME TO PEAK (hrs)= 2.833
RUNOFF VOLUME )mrn)= 51.002
TOTAL RAINFALL (nmU= 57.745
RUNOFF COEFFICIENT .883

(1) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.

DUHYD (0401) I
Inlet Cap.= .170 I

i ifot Inlets= 1 I
I Total(oms)= .2 I AREA QPEAK TPEAK R.V.

(ha) (oms) (hrs) (mm)
TOTAL HYD.(TD 1): 136.00 6.14 2.83 51.00

MAJOR Sf5. t:u= 2:... 126.65 5.97 2.63 51.00
>I:NOR SYS. (ID 3,. 9.35 Z7 1.17 5100

NOTE: PEAK FOOLS DO NOT INCLUDE BASEFLOWS IF ANY.

I CALlS I
I NASHYD (0101) I Area (ha) 343.00 Curve Number (CNN 78.5
110= 1 01= 5.0 mm 1 Ia nunN 7.60 5 of Linear Res. (N:= 3.00

U.K.

Tp(hrs) 2.54

Unit Nyd Qpeak (cms)= 5.158

PEAK FLOW crasN 3.804 (i)
TIME TO PEAK (hrsN 4.667
RJN0FF VOLUME (mm) = 20.872
TOTAL RAINFALL (maiN 57.745
RUNOFF COEFFICIENT .361

(I) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.



ADD HYD (0301) I
1 + 2 3 I AREA QPEAK TPEAK P.7.

(ha) (ems) (heal (mm)
101= 1 0401): 9.35 .170 1.17 51.00

+ 1D2= 2 (0101): 343.00 3.804 4.67 20.87

It = 3 (030:): 352.35 3.974 4.67 21.67

NOTE: PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.

ADD HYD 0304) I
1 + 2 = 3 I AREA QPEAK TPEAK R.V.

(ha:: )cms( (Drs) (Iruri)
ID1 1 (0303): 1:3.80 1.882 3.25 21.03

* ID2 2 (0301): 352.35 3.974 4.67 21.67

ID = 3 )C334) : 466.15 5.491 4. ].7 21.52

NOTE: PEAK FLOWS DO NOT INCLUDE BASEFLONS IF ANY.

I CALlS I
NASHYD (0105) Area ha) = 195.00 Curve Number (CN)= 68.3

IID= 1 DT= 5.0 raIn I Ia rm)= 4.30 ft of Linear Res. (N( 3.00

U.H.

Tp(hrs) 3.52

Unit Hyd Qpeak (cmsl= 2.16

PEAK FLOW (cms)= 1.313 (i)
TIME TO PEAK (hrs) 5.583
RUNOFF VOLUME (mm)= 16.671
TOTAL RAINFALL (mm)= 57.745
RUNOFF COEFFICIENT .289

(i) PEAK FLOW DOES NOT INCLUDE BASEFLO3 IF ANY.

I DAUB
I NASHYD (0104) I Area (ha)= 172.00 Curve Number (CN) 70.3
IID= 1 DT= 5.0 rain I Ia (,mn)= 8.00 8 of Linear Res. (N) 3.00

OH.

Tp(hrs)= 3.65

Unit Hyd Qpeak (cms)= 1.800

PEAK FLOW Lcms) 1.060 (i)
TIME TO PEAK (hrs)= 5.750
RUNOFF VOLUME (mm)= 15.756
TOTAL RAINFALD (rzm)= 57.745
RUNOFF COEFFICIENT .273

(i) PEAK FLOW DOES NOT INCLUDE 8ASEFLOW IF ANY.

ADD HYO (0305) I
1 • 2 = 3 I AREA QPEAK TFEAK R.V.

(ha)

ems) (Lea) (eve)
1D= 1 (0105): 195.00 1.313 5.58 16.67

+ ID2= 2 (0104): 172.00 1.060 5.75 15.76

ID = 3 (0305): 367.00 2.371 5.67 16.24



NOTE: PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.

ADD HYD (0306) I
1 + 2 3 I AREA QPEAK TPEAK R.V.

(ha)

(cms) (hrs) (nun)
ID1 1 (0304) 466.15 5.491 4.17 21.52

+ 1D2 2 (0305): 367.00 2.371 5.67 16.24

ID = 3 (0306): 833.15 7.539 4.50 19.19

NOTE: PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.

CALIB I
I NASHYD (0106) I Area (ha)= 138.00 Curve Number (CN) 80.3

1D 1 DT= 5.0 mm Ia (m)= 5.40 5 of Linear Res.(N)= 3.00
U.N. Tp(hrs) 2.99

Unit Hyd Qpeak (cms) 1.763

PEAK FLOW (cms)= 1.536 (i)
TIME TO PEAK (hrs)= 5.000
RUNOFF VOLUME (m)= 23.897
TOTAL RAINFALL (m) 57.745
RUNOFF COEFFICIENT = .414

(i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.

j ADD HYD (0307)
1 + 2 3 I AREA QPEAK TPEAK R.V.

(ha)

(cms) (hrs) (mm)
ID1= 1 (0306): 833.15 7.539 4.50 19.19

+ ID2= 2 (0106): 138.00 1.536 5.00 23.90

ID = 3 (0307): 971.15 9.040 4.58 19.86

NOTE: PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.

** SIMULATION NUMBER: 6 **

** * * * * * * ** *** * * *** ** *** * ** * *

I CHICAGO STORM I IDF curve parameters: A= 900.000
I Ptota1’ 63.69 mm I 8= 3.800

.734
used in: INTENSITY A / (t + 8)’C

Duration of storm 4.00 hrs
Storm time step 10.00 mm
Time to peak ratio = .33

TIME RAIN I TIME RAIN TIME RAIN I TINE RAIN
hrs mm/hr I hrs lam/hr I hrs mm/hr I hrs mm/hr
.17 4.99 I 1.17 31.17 I 2.17 10.74 I 3.17 5.83
.33 5.64 I 1.33 131.09 I 2.33 9.31 I 3.33 5.46
.50 6.53 1.50 39.93 I 2.50 8.26 I 3.50 5.13
.67 7.84 I 1.67 22.44 I 2.67 7.45 I 3.67 4.85
.83 10.01 1.83 16.13 I 2.83 6.80 I 3.83 4.61

1.00 14.46 2.00 12.81 I 3.00 6.27 I 4.00 4.39



I CALIB I
NASHYD (0103) I Area (ha)— 70.00 Curve Number )CN)= 78.4

lID— 1 DT— 5.0 mm Ia (mm)— 8.00 8 of Linear ResjN)= 3.00

U.N.

Tp(hrs)— 1.43

NOTE: RAINFALL WAS TRANSFORMED TO 5.0 MIN. TIME STEP.

TRANSFORMED HYETOGRAPH
TIME RAIN I TIME RAIN I TIME RAIN I TIME RAIN
hrs mm/hr I hrs mm/hr I hrs rum/hr I hrs mm/hr

.083 4.99 I 1.083 31.17 2.083 10.74 I 3.08 5.83

.167 4.99 1.167 31.17 I 2.167 10.74 I 3.17 5.83

.250 5.64 I 1.250 131.09 I 2.250 9.31 I 3.25 5.46

.333 5.64 I 1.333 131.09 I 2.333 9.31 I 3.33 5.46

.417 6.53 I 1.417 39.93 I 2.417 8.26 I 3.42 5.13

.500 6.53 I 1.500 39.93 I 2.500 8.26 [ 3.50 5.13

.583 7.84 I 1.583 22.44 p 2.583 7.45 I 3.58 4.85

.667 7.84 I 1.667 22.44 I 2.667 7.45 3.67 4.85

.750 10.01 I 1.750 16.13 I 2.750 6.80 I 3.75 4.61

.833 10.01 I 1.833 16.13 I 2.833 6.80 I 3.83 4.61

.917 14.46 I 1.917 12.81 I 2.917 6.27 p 3.92 1.39
1.000 14.46 I 2.000 12.81 I 3.000 6.27 I 4.00 4.39

Unit Hyd Qpeak (ems)— 1.870

PEAK FLOW (ems)= 1.368 (i)
TIME TO PEAK (hrs)— 3.250
RUNOFF VOLUME (mm)— 24.678
TOTAL RAINFALL (mm)— 63.688
RUNOFF COEFFICIENT = .387

(i) PEAK FLOW DOES NOT INCLUDE SASEFLOW IF ANY.

CALlS I
I NASHYD (0107) I Area (ha)— 26.80 Curve Number )CN) 79.7

ID 1 DT— 5.0 mm I Ia (mm)— 9.50 4 of Linear Res. (N} 3.00

U.H.

Tp(hrs)— 1.63

Unit Hyd Qpeak (ems)— .628

PEAK FLOW (cms)= .480 (i)
TIME TO PEAK (hrs)— 3.583
RUNOFF VOLUME (rnm)= 24.699
TOTAL RAINFALL (mm)— 63.688
RUNOFF COEFFICIENT = .388

(i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.

I ADD HYD (0302) I
1 + 2 = 3 AREA QPEAK TPEAK R.V.

(ha) (ems) (hrs) (mm)
1D1 1 (0103): 70.00 1.368 3.25 24.68

+ ID2= 2 (0107): 26.80 .480 3.58 24.70

ID = 3 (0302); 96.80 1.841 3.33 24.68

NOTE: PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.

I CALIB
I NASHYD (0108) I Area (ha)= 17.00 Curve Number )CN)= 81.7
ID—i DT= 5.0 mm I Ia (mm)— 8.00 4 of Linear Res.(N)= 3.00

U.N.

Tp (hrs)= 1.00



Unit Hyd Qpeak (cms)= .649

PEAK FLOW (cms)= .474 (i)
TIME TO PEAK (hrs) 2.667
RUNOFF VOLUME (nim)= 27.546
TOTAL RAINFALL (m) 63.688
RUNOFF COEFFICIENT = .433

(i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.

I ADD HYD (0303) I
1 + 2 3 I AREA QPEAK TPEAK R.V.

(ha) (ems) (hrs( (mm)
101= 1 (0302): 96.80 1.841 3.33 24.68

+ ID2 108): 17.00 .474 2.67 27.55

ID = 3 (0303): 113.80 2.257 3.17 25.11

NOTE: PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.

I CALlS
I NASHYD (0102) I Area (haH 136.00 Curve Number (CN)= 98.0
110=1 DT= 5.0 mm I Ia (mrn)= 2.00 II of Linear Res.(N)= 3.00

U.N.

Tp)hrs)= 1.34

Unit Hyd Opeak (cms)= 3.877

PEAK FLOW (cms) 6.851 (i)
TINE TO PEAK (hrs(= 2.833
RUNOFF VOLUME (mm(= 56.906
TOTAL RAINFALL (rnrn)= 63.688
RUNOFF COEFFICIENT = .894

(i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.

I OUMYD (0401) I
Inlet Cap.= .170 I
ifof Inlets= 1 I

I Total(cms)= .2 I AREA QPEAK TPEAK R.V.

(ha)

(ems) (hrs) (mm)
TOTAL HYD. (10= 1): 136.00 6.85 2.83 56.91

MAJOR SYS. (ID= 2): 127.48 6.68 2.83 56.91
MINOR SYS. (10= 3): 8.52 .17 1.17 56,91

NOTE: PEAK FLOWS DO NOT INCLUDE EASEFLOWS IF ANY.

I CALlS I
I NASHYD (0101) I Area (ha)= 343.00 Curve Number (CN)= 78.5
IID= 1 DT= 5.0 mm I Ia (mm)= 7.80 It of Linear Res.(N)= 3.00

U.

H. Tp (hrs) 2.51

Unit Hyd Qpeak (cms)= 5.158

PEAK FLOW (ems)= 4.539 (1)
TINE TO PEAK (hrs)= 4.667
RUNOFF VOLUME (mm)= 24.897
TOTAL RAINFALL (mm)= 63.688
RUNOFF COEFFICIENT .391

(i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.



ADD HYD (0301) I
1 + 2 = 3 AREA QPEAK TPEAK R.V.

(ha) (ems) (hrs) (mis)
ID1= 1 (0401): 8.52 .170 1.17 56.91

+ ID2 2 (0101): 343.00 4.539 1.67 24.90

ID 3 0301): 351.52 4.709 4.67 25.67

NOTE: PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.

ADD HYD (0304) I
1 + 2 3 I AREA QPEAK TPEAK R.V.

(ha)

(ems) (hrs) )rnm)
ID1= 1 (0303): 113.80 2.257 3.17 25.11

+ ID2 2 (0301): 351.52 4.7D9 4.67 25.67

ID = 3 (0304) 465.32 6.520 4.17 25.54

NOTE: PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.

I CALlS I
I NASHYD (0105) I Area (haN 195.00 Curve Number (CN)= 68.3
IID 1 DT S.D mm Ia (mN 4.30 If of Linear Res.(N)= 3.00

U.H.

Tp(hrsN 3.52

Unit Hyd Qpeak (cms)= 2.116

PEAK FLOW (ems)= 1.567 (i)
TIME TO PEAK (hrs)= 5.583
RUNOFF VOLUME (mm)= 19.895
TOTAL RAINFALL (m)= 63.688
RUNOFF COEFFICIENT = .312

(i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.

I CALlS
NASHYD (0104) Area (haN 172.00 Curve Number (CNN 70.3

10=1 DT= 5.0 mm ) Ia (min)= 8.00 6 of Linear Res.(NN 3.00

U.H.

Tp(hrs)= 3.65

Unit Hyd Qpeak (cms)= 1.800

PEAK FLOW (omaN 1.280 (i)
TIME TO PEAK (hrs)= 5.750
RUNOFF VOLUME (rmn)= 19.026
TOTAL RAINFALL (mm)= 63.688
RUNOFF COEFFICIENT .299

(i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.

ADD HYD (0305)
I + 2 = 3 AREA QPEAK TPEAK R.V.

(ha) (ems) (hrs) (nan)
ID1= 1 (0105): 195.00 1.567 5.58 19.90

+ 1D2= 2 (0104): 172.00 1.290 5.75 19.03

ID 3 (0305): 367.00 2.845 5.67 19.49



NOTE: PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.

I ADD HYD (0306) I
I + 2 3 I AREA QPEAK TPEAK R.V.

(ha)

(ems) (hrs) (mm)
101= 1 (0304): 465.32 6.520 417 25.54

+ ID2 2 (0305): 367.00 2.845 5.67 19.49

ID = 3 (0306): 832.32 8.973 4.50 22.87

NOTE: PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.

I CALIB I
I NASFY) (0106) I Area (ha 138.00 Curve Number CNH 80.3
I1D I DT= 5.0 Din I Ia (mnu= 5.40 of Linear Res.(N) 3.00

U.N.

Tp hrs) = 2.99

Unit Nyc) Opeak (cms)= 1.763

PEAK FLOW (cms)= 1.811 (i)
TIME TO PEAK (hrs)= 5.000
RUNOFF ‘JOLUME (nur.) 28.171
TOTAL RAINFALL (rn)= 63.688
RUNOFF COEFFICIENT = .442

(1) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.

I ADD HYD (0307)
I 2 = 3 I AREA QPEAK TPEAK R.V.

ha) (ems) (hrs) (trun)
101= 1 (0306): 83232 8.973 4.5C 22.87

+ ID2 2 (0106): 138.00 1.811 5.00 28.17

10 = 3 (0307): 970.32 10.743 4.58 2362

NOTE: PEAK FLOWS DO NOT INCLUDE BASEFLOWS 1? ANY.

** SIMULATION NUMBER: 7

I CHICAGO STORM I IDF Curve parameters: A= 980.000
I Ptotal= 70.14 mm I 3= 3.700

0= .732
used in: INTENSITY = A / (t 8)C

Duratioo of storm = 4.00 hrs
Storm time step = 10.00 mm
Time to peak ratio = .33

TIME RAIN ( TIME RAIN ) TINE RAIN I TIME RAIN
hrs mm/hr I hrs mm/hr I hrs mm/hr I hrs rn/hr
.17 5.52 I 1.17 34.19 I 2.17 11.85 I 3.17 6.45
.33 6.24 I 1.33 144.26 I 2.33 10.28 I 3.33 6.04
.50 7.22 I 1.50 43.76 I 2.50 9.12 I 3.50 5.68
.67 8.67 I 1.67 24.65 I 2.67 8,23 I 3.67 5.37
.83 11.05 I 1.83 17.76 I 2.83 7,52 I 3.83 5.10

1.00 15.93 I 2.00 14.12 I 3.00 6.94 I 4.00 4.86



CALlS
NASHYD (0103) I Area (ha) 70.00 Curve Number (CN)= 78.4

IID= 1 DT= 5.0 mm Ia (m)= 8.00 8 of Linear Res.(N) 3.00

U.H.

Tp(hrs)= 1.43

NOTE: RAINFALL WAS TRANSFORMED TO 5.0 KIN. TIME STEP.

TRANSFORMED HYETOCRAPH
TIME RAIN I TIME RAIN I TIME RAIN TIME RAIN
hrs mm/hr I hrs nun/hr I bra mm/hr I hrs mm/hr

.083 5.52 I 1.083 34.19 I 2.083 11.85 3.08 6.45

.167 5.52 1.167 34.19 I 2.167 11.85 I 3.17 6.45

.250 6.24 I 1.250 144.26 I 2.250 10.28 I 3.25 6.04

.333 6.24 I 1.333 144.26 2.333 10.28 I 3.33 6.04

.4)7 7.22 I 1.417 43.76 2.417 9.12 I 3.42 5.68

.500 7.22 I 1.500 43.76 2.500 9.12 I 3.50 5.68

.583 8.67 I 1.583 24.65 I 2.583 8.23 I 3.58 5.37

.667 8.57 I 1.667 24.65 I 2.66 8.23 5.37

.750 11.05 I 1.750 17.76 I 2.750 7.52 3.75 5.10

.833 11.05 1.833 17.76 I 2.833 7.52 I 3.93 5.10

.917 15.93 1.917 14.12 I 2.9:7 6.94 I 3.92 4.86
1.000 15.93 2.000 14.12 3.000 6.94 I 4.00 4.86

Unit Hyd Opeak (cms)= 1.870

PEAK FLOW (cxs)= 1.625 (U
T:NE TO PEAK (hrs)= 3.25C
RUNOFF VOLUME (m.,)= 29.224
TOTAL RAINFALL (rvn)= 70.137
RUNOFF COEFFICIENT .417

ii) PEAK FLOW DOES NOT INCLUDE SASEFLOM IF AWY.

CALlS
NASHYD (0107) I Area (haN 26.80 Curve Number (CNN 79.7

10=1 Dfl= 5.0 run Ia (nun)= 9.50 of Linear Sea. (Ni= 3.00

U

.H. Ip (hrs)= 1.63

Unit Hyd Opeak icms .628

PEAK FLOW Icms)= .571 (1)
TINE TO PEAK hrsN 3.593
RUNOFF VCLUFE (ncn)= 29.337
TOTAL RAINFALL (mm)= 70.137
RUNOFF COEFFICIE1TU = .4:8

(i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.

I ADD KYD (0302)
1 * 2 3 I AREA QPEAK TPEAK R.’I.

(ha)

(cms) (bra) (mm)
101= 1 (0103): 70.00 1.625 3.25 29.22

+ 102 2 (0107): 26.80 .571 3.58 29.34

ID = 3 (0302 : 96.80 2.188 3.33 29.26

NOTE: PEAK FLOWS 00 NOT INCLUOE BASEFLOWS IF ANY.

I CALlS
NASHYD (01081 I Area (ha)= 17.00 Curve Number (CNN 81.7

ID= 1 DT= 5.0 mm i Ia (mm)= 8.00 8 of Linear ResjN)= 3.00



— U.H. Tp(hrs) 1.00

I ADD HYD (0303) I
1 + 2 = 3 I AREA QPEAK TPEAK R.V.

(ha)

ICmsI (hrs) mm)
101 1 (0302); 96.80 2.188 3.33 29.26

+ 1D2= 2 (0138): 17.00 .562 2.58 32.44

ID = 3 (0303): 113.80 2.681 3.17 29.73

NOTE; PEAN FLOWS DO NOT INO’JDE 3ASEFZCWS IF ANY.

F CALlS I
I NASHYD (0102) I
l1D 1 01= 5.0 mm i

Area (ha)= 136.00
Ia (mm)= 2.00
U.H. Tp(hrs)= 1.34

Curve Number (CN)= 98.0
ft of Linear ResjN)= 3.00

PEAK FLOW (cms)=
TIME TO PEAK (hrs)=
RUNOFF VOLUME (mm)=
TOTAL RAINFALL (mm)=
RUNOFF COEFFICIENT

7.619 (i)
2.833

63.320
70.137

903

DUHYD (0401) I
I Inlet Cap.= .170 I
I #of Inlets= 1 I
I Total(cms)= .2 I

TOTAL HYD.(ID= 1):

VAOOR SYS. (10= 2); 128.21
MINCE 515. (10= 3): 7.79

OPEAK TPEAK R.V.
(cms) (hrs) (mm)
7.62 2.83 63.32

7.45 2,83 63.32
1.09 63.32

NOTE: PEAK FLOWS DO NOT INCLUDE SASEFLOWS F ANY.

I CALlS I
I NASEYD (0101) F
11D 1 DT= 5.0 mm I

Area (ha)= 343.00 Curve Number (CN)= 78.5
Ia (imn)= 7.80 of Linear Res.(N)= 3.00
OH. Tp(hrs) 2.54

FEAK FLOW (oms)=
TIME TO PEAK (hrs)=
RUNOFF VOLUME (mm) =

TOTAL RAINFALL (mm)=
RUNOFF COEFFICIENT

5.372 (1)
4.583

29.460
70,137

.420

Unit Hyd Qpeak (cms)= .649

PEAK FLOW (Cms)=
TINE TO PEAK (hrs)=
RUNOFF VOLUME (mm) =

TOTAL RAINFALL (mm)=
RUNOFF COEFFICIENT =

(i562
2.583

32.437
70. 137

.462

(i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.

Unit Hyd Qpeak (Cms)= 3.877

(i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.

AREA
(ha)

36.00

Unit Hyd Qmeak (crns)= 5.158



(1) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.

ADD NYU 0301) I
1+ 2 3 I AREA OPEAK TPEA:K R.V.

ha) (eros) Ihrs) (nun)
ID1 1 (0401): 7.79 .170 1.08 63.32
102= 2 (0101): 343.00 5.372 4.58 29.46

ID = 3 (0301): 350.79 5.542 4.58 30.21

NOTE: PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.

ADD HID (0304) I
1 * 2 3 I AREA OPEAK TPEAK R.V.

(ha) (ems) (hrs) (urn)
101 1 (0303): 113.80 2.681 3.27 29.73

+ 1D2 2 (0301): 350.79 5.542 4.58 30.21

ID = 3 0304): 464.59 7.686 1.17 30.09

NOTE: PEAK FLOWS DO NOT INCLUDE BASEFLONS IF ANY.

I CALIB I
I NASHYD (0105) I Area (ha)= 195.00 Curve Number (CNN 68.3
110=1 DT 5.0 mm I Ia (mm)= 4.30 It of Linear Res.(N)= 3.00

OH.

Tp)hrsN 3.52

Unit 1-tyd Qpeak (omaN 2.116

PEAK FLOW (cmsN 1.858 (1)
TIME TO PEAK (hrs)= 5.583
RUNOFF VOLUME (run) = 23.592
TOTAL RAINFALL (m)= 70.137
RUNOFF COEFFICIENT .336

(i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.

I CALIB I
I NASHYD 0104) I Area (haN 172.00 Curve Number (CNN 70.3
I1D 1 DT 5.0 mm i Ia (nmN 8.00 of linear Res. (MN 3.00

U.N.

Tohrs)= 3.65

Unit Hyd Qpeak (omaN 1.800

PEAK FLOW (cms)= 1.533 (1)
TIME TO PEAK (hrs)= 5.750
RUNOFF VOLUME m.m= 22.786
TOTAL RAINFALL mrn= 70.137
RUNOFF COEFFICIENT .325

(i( PEAK FLOW DOES NOT INCLUDE SASEFLOW IF ANY.

I ADD HID (0305) I
1 + 2 = 3 I AREA QPEAK TPEAK R.V.

(ha) (ems) (hrs) (run)
ID1 1 (0105): 195.00 1.858 5.58 23.59

+ 1D2 2 (0104): 172.00 1.533 5.75 22.79



I ADD HYD (0306) I
1 + 2 = 3 AREA QPEAK TPEAK R.V.

(ha)

(cms) (Ins) (urn)
ID1= 1 (0304): 464.59 7.686 4.17 30.09

* ID2 2 (0305): 367.00 3.389 5.67 23.21

ID 3 (0306): 831.59 10.604 4.50 27.06

NOTE: PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.

I CALIB I
I NASHYD (0106) I Area
IID 1 DT 5.0 DiD I Ia

U.H.

Unit Hyd Opeak (cms)=

PEAK FLOW (Crns) 2:21 (i)
TIME TO PEAK (hrs) 5.000
RUNOFF VOLUME (rnm)= 32.986
TOTAL RAINFALL (rnn 70.137
RUNOFF COEFF:CJEN: .470

(i) PEAK FLOW DOES NOT INCL7DE BASEFLOW IF ANY.

ADD HYD (0307) I
1 + 2 = 3 I AREA QPEAK IPEAK R.V.

(ha

(orns) (Ins) (mm)
101= 1 (0306): 83.59 10.634 4.50 27.06

+ 102= 2 (0106): :36.-Do 2.121 5.00 32.99

ID 3 (0307): 969.59 12.677 4,58 27.90

NOTE: PEAK FLOWS DO NOT INCLUDE BASEFLONS IF ANY.

F! N IS H

ID = 3 (0305): 367.00 3.389 5.67 23.21

NOTE: PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.

(ha)= 138.00 Curve Number ICN) 80.3
(z’n)= 5.40 of Linear Res. )N) 3.00

Tphrs)= 2.99

1 .763
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HEC-RAS Plan: exisi River: Eanle Marsh Oral Read,: 1
RlvevSlj.I. Mk1ChEI -W.S.Bev V&CI.,l I FlowAsea I Toowldth I Froude#Chl

Iz
ci
£1
[
L
U
U

.‘ ) (m) I (th) •: tin) t’nW I (‘p2) (rn)
4 2 yr 1,78 174.60 175.39 175.40 0.003470 0.43 4.15 6.81 0.18
4 Syr 2.41 174.60 175.52 175.54 0.030503 0.49 5.10 7.70 0.19

? 4 10 yr 3.05 174.60 175.62 175.63 0.000505 0.53 5.91 10,01 0.19
‘ 25 yr 3.98 174,60 175.74 175.76 0.000501 0.58 762 18.08 0.19

. .‘

yr 4.72 174.60 175.64 175.86 0.000410 0.60 9.39 18.83 0,19
5.55 174.60 175,95 175.97 0.000425 0,61 11.54 22,37 0.18

3991 2
,. .‘,

1.78 174.58 175.39 174.65 175.39 0.000440 0.42 4.23 6.80 0.17
3991 5w , 2.47 174.58 175.52 174.92 175.53 0.000478 0.48 5.17 7.61 0.18

‘. , 991 10
- 305 174.58 175.61 174.96 175.63 0.006484 0.52 5.98 9.90 0.19

991 20 3.98 174.58 175.74 175.03 175.76 0.000485 0.58 7.66 18.05 019
3991 %y/” 4.72 174.56 115.84 175.08 *15.55 0.000454 0.60 9.42 ‘6.60 0.19
3991 100w 5.56 174.58 175.95 175.13 175.96 00064151 0.61 1157 22.14 0.18

. I__
- 71’ . . ‘ 1.78 174.53 175.34 174.75 175.34 0.000218 0.31 5-82 10.39 0.12

n,..1ltr 2.47 174.53 175.45 174.81 175.46 0.000247 0.36 7.13 19.82 0.13
“
‘‘ 305 174.53 1 75.53 I 74.84 I 75.54 0.000266 0.40 8.80 23.86 0.14

“
. 3.98 174.53 175.63 I 74.90 1 75.64 0.000278 0.44 11.34 25,77 0.15

‘

4.72 174.53 175.70 174.94 175.11 0.000286 0.47 13.13 26.44 0.15
k ‘‘ 5.56 174.53 175.78 174.99 175.19 0.080282 0.49 15.22 27.19 0.15

-r
—

‘ 1.78 174.51 175.33 174.73 175.34 0.000204 0.31 5.94 10.37 0.12
, 2.47 174.51 175.45 174.79 115.46 0.000233 0.36 7.25 11.79 0.13

‘ 3.06 174.51 175.53 174.83 175.54 8.000253 0.39 8.89 23.71 0.14
. 3.99 174,51 175.63 174.88 175.64 0.000268 0,44 11.41 25.75 0,14

2*-s
4.72 174.51 1 75.70 174.92 I 75.71 0.006277 0.46 13.20 26.41 0*5

. ‘óO?’ 5.55 174.51 175.78 174.97 175.79 0.080274 0.49 15.28 27.17 0.15
i

‘‘

‘ 1.78 174.41 175,33 175.33 0 000337 0.37 4.54 7.93 0.15
936, 5 yr 2.47 174.41 175,44 975.45 0.000393 0.43 5.79 8.50 0.16

3,96 174.41 175,52 175.53 0 000446 0.47 6.44 8.86 0.18wr ‘t SS 5yr 3.98 174.41 175.61 175.63 0 000532 0.54 7.32 9.34 0.20
4 .‘ ‘.4. ‘ Soy,. 4,72 174.41 175.66 175-70 0.000597 0.59 7.95 9,66 0.21

1. - 8036 100yr ‘ 5.55 174.41 175.75 175.771 0003641 0.64 8.71 12.17 0.22
4ir

. “4’ 2.29 174.24 175.25 175.26 0.000098 0,16 15.23 50.35 0.08

.

‘ 3.18 *74.24 175,39 175.39 0.000070 0.16 23.06 69.03 0,07
.. 3.95 17424 175.45 115.47 0.000065 0.11 28.88 80.15 0.07

‘
. 5.18 17424 175.56 175.57 0.000061 0.18 37.61 94.39 0.07

6.13 17424 175.63 175.63 0.000059 0.19 44.31 104.01 0.07
.

. 7.23 174.24 175.71 175,71 0-000055 0.19 53.10 115.41 0,07

‘ “x
.‘ 2Z 174.22 17525 174,56 175.25 0.000090 0.16 5.58 50,16 0,08

,. 3.18 17422 17538 174.61 175.39 0,000066 0.16 23,39 68.89 0.07
3.96 174.fl 178.46 174.66 175.46 0.060062 0.17 29.21 80.02 0.07

‘

‘ i 1432 2Syr 5.16 474.22 175.56 174,71 175.58 0 58 018 3793 04.26 0.0?
58 yr 6.13 174.22 175.63 174.15 17563 0.080057 0.19 4462 103.88 0.07

1’ 100 yr 7.23 174.22 175.71 174.80 175.71 0.000053 0.19 53.41 115.29 0.07

Cit—I

. .

. 2 174.21 175.16 175.16 0.003131 020r 2.70 40.97 0.09
.J’ c” 3.18 7421 175.27 17528 0036113 0.21 *7.97 52.63 0.09

‘x . 3.95 174.21 175.36 175.36 0.000100 022 22.93 61.45 0.09
‘, 5.16 174.21 175.50 175.50 0.000080 0.22 32.16 75.29 0.08

6.13 174.21 175.60 175.60 0.000067 0.22 40.39 85.76 0.07
.y’,

1.’ 7.23 I 74.21 I 75.70 1 75.70 0.000059 0.22 49.47 96.00 0.07

2.29 - 114.14 175.16 —________ 175.16 0.000122 0,19 12,93 40,84 0,09
3.18 174.14 175.21 175,27 0.000107 0.21 18.20 52.43 0.09
3.95 174.14 175.36 175.36 0.000096 0,22 23.15 61.35 0.08

r- 516 I 74.14 ‘*7559 175.50 0.000077 0.22 32.39 75,21 0,08
. “ 4 3410 50 yr 6.13 174 14 175.60 175.60 0000065 0.22 48.62 85,70 0.07
“ ., ,‘ ID lOOyr 723 174.14 175.ID 175.70 0.57 022 49.70 95.94 0.07

75 2*. 3.17 173.80 174.58 174.13 174.60 0.000770 0.57 5.53 8.55 0,23
‘

1475 5 yr .‘ .‘ 4.43 1 73.50 114.73 174.20 1 74.75 0.500810 0.65 6.81 8.99 0.24U 11476 flow
‘ 1475 125 yr

U -J

5.51 173.80 174.85 17425 174,88
7.24 173.80 115.05 — 174.33 175.07 0.000818 0.73 9.87 10.91 0.25

rr 1475 Soyr - - 8.62 17380 17529 174.39 175.22 0.808 074 11.70 16.90 025
14Th I03yr 10.19 173.80 175.36 174.45 175.38 0.000620 0.72 16.50 35.15 0.22

0.69 7,95 9.37 0.24



HEC-RAS Plan: exist River: Eaqie Marsh Drai Reach: I (Conlinue1l

Reach RIver Sta Profile 0 Total Mit Gb El W.S. Elev Grit W.S.- E.G. Elev E.G. Slope - WI Clvii — FlowAse Top Width Frouøe # Chi

(m3ls) (in) (in) (in) (in) (nthn) (xia(s) (m2) (in)

1 1485 2 yr 3.11 113.65 174.58 113.96 174.59 0.000466 0.49 6.43 8.31 0.18

I 1465 5 yr 4.43 I 73.65 I 74.73 I 74.04 I 74.74 0.000547 0.58 7.68 8.75 0,20

1 1465 10 yr 5.51 173.65 174.85 174.10 174.87 0.000576 0.63 8.78 9.13 0.20

I 1465 25 8 1.24 113.65 175.04 174.18 175.01 0.000644 0.68 10.65 10.72 0.22

1 1405 50 yr 8.62 173.65 175.19 174.24 I 75.22 0.000671 0.70 12,44 16.21 0.22

1 1485 lO0c 10.19 173.65 175.35 174.31 175.38 0.000536 0.68 17.17 34.92 0.20

I I 464 Culvert

I 1453 2 yr 3.11 I 13.62 114.51 1 74.52 0.000527 0.51 6.18 8.38 0.19

1 1453 5 yr 4.43 173.62 174.63 174.65 0.000665 0.52 7.18 8.75 0.22

I 1453 10 yr 5.51 I 73.62 1 74.73 I 74.75 0.000728 0.68 8.10 9.07 0.23

I 1453 2Syr 7.24 173.62 174.89 174.92 0.000776 0.76 9.58 9.57 0,24

I 1453 50 yr 8.62 173.62 175.01 175.04 0.000789 0.80 10.95 14.79 0,25

1 1453 IOOyr 10.19 173.62 175.13 175.17 0.000768 0.84 13.55 28.89 0.25

1 1443 2 yr 3.17 173.61 174.50 174.52 0.000491 0.50 6.32 8.41 0.18

I ‘ l44 5 yr 4.43 I 73.61 I 74.62 I 74.64 0.000626 0,61 7.31 8.75 0.21

I__________ 143 10 yr 5.51 I 73.61 I 74.72 174.75 0.000689 0.67 8.22 9.05 0.22

I_________ 4iØt, 25yr 1.24 173.61 114.68 114.91 0.000740 0.75 9.10 9.51 0.24

1 . “ 50 yr 8.62 173.61 175.00 175.03 0.000758 0.79 10.93 12.66 0.24

1 1 l921,..,,,. I 17512 175160000754 0.83 13.32 _?L!

1 3 2 yr 3.86 173.55 174.34 I 73.73 174.34 0.000152 0.28 13.65 I 7.41 0.10

3 5 yr 5.38 I 73.55 — 174.34 I 73.17 I 74.35 0.000294 0.39 I 3.65 1741 0.14
1yr’4

3 10 yr 6.68 I 73.55 174.34 I 73.80 I 74.35 0.000454 0.49 1 3.65 I 7.41 0.18

3 25 yr 8.76 1 73.55 174.34 17385 1 74.36 0.000781 0.64 13.65 1 7.41 0.23

3 50 yr 10.40 173.55 114.34 173.89 174.37 0.001100 0.76 13.65 11.41 0.27

3 100 yr 12.28 173.55 174.34 I 73.92 1 14.38 0.001534 0.90 13.65 17.41 0.321



Reeb Quarry - Eagle Marsh Drain Plan: Existing w normal lake level 30/01/2008
sec 4000 upstream of Hwy 3 crossing
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Reeb Quarry - Eagle Marsh Drain Plan: Existing w normal lake level 30/01/2008
Sec 3991 upstream of H’ 3 crossing
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Reeb Quarry - Eagle Marsh Drain Plan: Existing w normal lake level 30/01/2008
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Reeb Quarry - Eagle Marsh Drain Plan: Existing w normal lake level 30/01/2008
Highway 3 crossing
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Reeb Quarry - Eagle Marsh Drain Plan: Existing w normal rake level 30/01/2008
Sec 3971 downstream ol Hwy 3 crossing
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Reeb Quarry - Eagle Marsh Drain Plan: Existing w normal lake level 30/01/2008

Sec 3961
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Reeb Quarry - Eagle Marsh Drain Plan: Existing w normal lake level 30/01/2008
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Reeb Quarry - Eagle Marsh Drain Plan: Existing w normal lake lever 30/01/2008
sec 3447 upstream of rail berm a dfs end of Reeb Quarry
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Reeb Quarry - Eagle Marsh Drain Plan: Existing w normal lake level 30/01/2008
Sec 3432 upstream of rail berm at dfs end of Reeb Quarry
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Reeb Quarry - Eagle Marsh Drain Plan: Existing w normal lake level 30/01/2008
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Reeb Quarry - Eagle Marsh Drain Plan: Existing w normal lake level 3010112008
sec 3420 downstream of rail berm
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Reeb Quarry - Eagle Marsh Drain Plan: Existing w normal lake level 30101/2008
sec 3410 downstream of rail berm
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Reeb Quarry - Eagle Marsh Drain Plan: Existing w normal lake level 30/01/2008
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Reeb Quarry - Eagle Marsh Drain Plan: Existing w normal lake level 30/01/2008
Sec 1465 upstream of Cement Plant Road
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Reeb Quarry - Eagle Marsh Drain Plan: Existing w normal lake level 30/01/2008
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Reeb Quarry - Eagle Marsh Drain Plan: Existing w normal lake level 30/01/2008
Sec 1453 Downstream of Cement Plant Road
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Reeb Quarry - Eagle Marsh Drain Plan: Existing w normal lake level 30/01/2008
Sec 1443 Downstream of Cement Plant Road
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Reeb Quarry - Eagle Marsh Drain Plan: Existing w norma) lake level 30101/2008
Sec 723 upstream of tide gate @ Lake Erie
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Township of Wainfleet
Reeb Quarry

Water Manacjement Report

Table BI
Eagle Marsh Drain Capacity (m3!s) at Specified Locations Based on Lake Erie Water Levels

Starting Water Surface Elevation (in)Location
174.34 174.6 174.8 175.0 175.2

I Highway 3 3.0 3.0 3.0 3.0 2.7
2 Rail Berm 2.10 2.10 2.10 1.60 0
3 Cement Plant Road 9.1 9.1 14 6.6 0
4 Upstream of flood gate 204 204 204 204 204

at Lake Erie

CC. Tatham & Associates Ltd. January, 2008
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HEC-RAS Plan: 174.341 RlverEageMarsh Dial Reach: 1 Profile: PF 1

S
(

Read. I.I5 3rcfe Q TOtal Mhi Cit El W.S. 8ev Grit W.S. E.G. Elev E.G. Slope Vel Chnl Flow flea Tap WIdth Froude # ChI

(mS/s) (m) (m) (m) (m) (nVm) (rTVa) (m2) (ni)

I 4000 Wi 300 174.60 175.54 175.56 0.000676 0.57 5.25 8.16 0.22

1 3$91 PP 1 300 174.58 175.54 174,96 175.55 0.000650 0.57 5.32 8.02 0.21

I________ Culvert

I . S7I PF I 3.00 ‘74.53 ‘75.44 ‘74.84 175.45 0000393 0.45 6.92 II.6D 0.17

1 &t PF 1 3.00 1 74.51 1 75,43 1 7482 175.44 0.000373 0.45 7.02 ‘1.56 0.16

I ‘ 93S PP 1 3.00 114.41 I 75.42 1 75.43 0.000646 0.54 5.57 8.37 0.21

1 3447 PF I 3.00 174.24 175.33 115.33 0.000094 0.17 19.34 00.87 0.08

1 3432 PE I 3.00 174.22 175.33 174.60 175.33 0.000088 0.17 19.66 60.68 0.08

I__________ 54$1 Culveit

I________ 340 PF 1 3.00 174.21 115.19 115.19 0.000182 0.24 13.88 43.83 0.11

1 3410 PP 1 3.00 174.14 175.19 175.19 0.000172 0.24 14.09 43.65 0.11

1 1475 PP 1 3.00 1 73-80 I 74.55 174.12 I 74.56 0.000830 0.58 5.20 8.43 0.23

1 1465 PF 1 3-00 173-65 17454 17395 174.55 0.000485 0.49 6.11 8.19 0.18

1 1464 Culvert

1 1453 3.00 113.62 174.47 174.48 0.000556 0.51 5.84 8.25 0.19

1 443 3-00 113.61 174.46 174.48 0.000518 0.50 5.98 8.29 0.19

I_________ 123 PF 1 aCID i z.ss 174.34 0.000092 0.22 13.65 17.41 0.08

oak es-’





Cpo.crhj De4.tjrnna+f0 k Eft4D 4 j

ChEl W.S.E]ev CreWS. E.G.Elev E.G Slcpe VdChnj Flowkea

.__._4f .‘ . n Cm) (In) (In) (vi) (mfrr) (mis) “ -

1 4000_4 2,10 174.60 17,40 175-41 C-o..ecta, 050 421 684 0.20
I 2.10 174.58 17539) 17488 175.41 0.0)3592 0.49 tfl 683 0.20
I 3J44s C*hel

i —r t
- 210 174-53 17532 7478 17533 0000328 0.38 &68 10.19 0.15

r -- 4’ 210 174.51 175.32 174.76 175.32 0.000307 0.37 5.77 10.16 0.15
. 9 -

- 2.10 I 74.41 175.30 175.31 0.004520 0,45 467 7.82 0_I 9
fr-i -: 210 17424 17518 I 7518 0.000157 0.18 I 1.96 40.06 0.10

, ‘ 210 174.22 115.18 74.54 175,18 0.030143 0.17 12.27 39.75 0.09
I .r.-’ -

, 342-.s I 2.10 74.21 175.0Th 1/5.09 0.206 0.22 9,90 3325 0.11
4Tu PP 1 2.10 17414 17508 175.09 0.000190 0.21 10.12 3305 0.11

‘M’
‘ PP I 210 173.80 174.45 17400 174.47 0.000652 0.47 4.45 8.16 0.20

I________ 1465 ,. 2.10 173.65 1/4.45 17389 174.46 0.000344 0.39 5,38 7,92 0-15
1 1464 Culvert —

453 210 173.62 174.4l 174.42 0.000354 0.39 5,34 8.06 0.15
443 P - 2.10 173.01 174.40 174.41 0.000326 0,38 5.49 8.12 0,15

1 /23 PP 1 2.10 I/3.55( 174.34 17367 174.34 0.000045 0,15 13.65 17.41 0.06

sLr1ij t.1-kt €i. 47+3+.

HEC•RAS Plan: 174.34 2 Riv.r EaoI. Mwth &M Radt I Profile: PP 1

1.6
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Reeb Quarry- Eagle Marsh Drain Plan: 174.342 24/01/2008
sec 3447 upstream of rail berm a d/s end of Reeb Quarry
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Ck0t Capac-1’j De4tyrnina4ioti ‘ft, EMD i+ Cemm+ Picrn+ Roo&

. QTotal MInChEI W.S.Elev CritW.S. 5.0.61ev EG. &1O - TopWldth Froude#Chl

(m3’s) (m) (m) (ni) (ni) ( (Ill)

9.10 174.60 176.27 175.28 0.900366 0.86 20.23 28.10 0.11
.“‘ 9.10 174.58 176.26 175.32 176.28 0.000345 0.65 20.25 28.10 0.17

c.1.. -.. -
. Culvert

. 9.10 174-53 175.85 175.15 175.87 0.006594 0.74 17.52 37.00 0.22

9.10 114.51 175.84 175.13 175.86 0.006588 0.74 17.43 37.00 0.22

9.10 174.41 175.19 175.84 0.001527 1.01 9.17 15.87 0.34

9.10 174.24 175.71 175,71 0.000088 0.25 52.86 115.11 0.08

I 9.10 114.22 175.71 174.86 175.71 0.085 0.24 53.11 114.93 0.08

1 ,t Cutverl

1 9.10 174.21 175-67 175.67 0.000105 0.29 48.90 93.21 0.09

1 i 9.10 174.14 175.67 175.67 0.000103 0.29 47.06 93.11 0.09

1 PS 1 9,10 173.80 175.19 174.41 175.23 0.000866 0.76 11.60 12.55 0.26

1 p51 9-10 113.65 175-19 17426 I 75.22 0.000751 0.74 12.40 15.92 0.24

1 Culvert

I FF1 9.10 173.62 114.91 175.01 0.000966 0.57 10.48 12.58 0.27

I .. P5 1 9.10 173-61 174.91 175.00 0.000929 0.67 10.51 10.16 0.27

1 723 PS 1 9-10 1 7355 I 74.34 I 73-86 I 74.36 0.000842 0.67 13.65 17.41 0.24

vo4tr el

HEC.RAS RarE 174343 River: Eaqie Marsh Oral Reach: I Profile: PS I

‘Ian °“ (



Reeb Quarry- Eagle Marsh Drain Plan: 174.343 24/01/2008
sec 1475 upstream of Cement Plant Road

+ .035 f .05
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Township of Wainfleet
Reeb Quarry

Water Management Report

APPENDIX C: WATER BALANCE ANALYSIS

L

CC. Tatham & Associates Ltd. January, 2008



[1 Township of Wainfleet
Reeb Quarry

Water Management Report

PHASE IA WATER BALANCE

CC. Tatham & Associates Ltd. January 2008
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Rutorlin a DajOy Wac., Balance. Roth Quarry’ Pin... IA
Climes. Dala 1565-2007
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Running DaIly Water Balance. Ota.b Quarry - Phase IA
Climate Data 1965-2007
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C9na4o [34a 9965-2002

Slopers N. PORT CO_BOR%E
Pros, rscs ONrARO

LaLludo 4288
0.o.lodu .79 25
Elmuabon 175.3
Oslnatolo 6136606
Co MO Id mob limo
IC Idort.fler

Max. Allowable Release: Snrmr.09n1.r

7C30 Jow’
0.123 m°ts

59 29

Groussdwalsrln flow 257325 m’Iyr

Phase lA000riy Area
Moto. Sloraoe Volume

705 m’Idoy
4.95mm

Spring. F.I:
36311 Linto

0.0825 00%
29 63

Idol Tolal Toter
Rats Scow Precip Snowpack

20

Alto on a 0 Ic
Ge Slorege Slorege Release

Surplus Irfiow Volume Volume Volume
(mml leo°O looms

40 1497 218 004 410 415 70200 1030 000
041404210 040 41541571091 0520 00)

- -a a a

-a a -000-
‘IS 705 m sun am

-a a a 200-
- a -ow- -

20) 400 410 0.00 410 413 705.00 em 412
400 100 068 450 enioiom em on

1430
- ‘28 401 4.15 700-00 1020 0.00

IS- —4.79— w —s_n- 0 m_
5449 243 009 431 4.1$ 700.00 0-05 411

‘443 432 000 415 02.44 211500 05.31 cm

430 4.00 000 4-11 5023 1440.20

-019- Sit -

-019- Sit 1MC 231

440 4_In Is-el zs3äi
S04 .282032

400 344
- 000 451 4.11 701.00

_419_ JIlL _4.30.. . .70000 _10I
5.00 4.10 411 701.00

..019.. Sit —4.75— .20000 0919 0 00_
500 4.05 401 70000 0929 000

3200 4 12 900 411 4.15 70900 1920 002

... i0&.. — 9_ .OW. —list.. —200... ._128. fltIS_ Alt .7281. .520.. .J0JL.. 220005. .Ot ..17.1L.

01002401 ISO
020013001 ISO

R44’ a

Il

l1 13

‘O S

lee

6525
..000.. ..SIL ... ASS. 701.00 01

1410.40 Cl
000. 4.11 244 211

-009— —4.75- - t0070

a 455-
_000 410

a -a

-a
005 4.80

-a

000 414 415
‘05 410 024

000 410 1305 40:

450 970
04440 - 000

2011
1200 2.05 537 415 01’ 1771.13 0.00
1(77121 1(04101220.00417 000
1273 329 Dcc 415 1041 2013.13 5005

1200 1 22’ 000 415 411 70500

a 5- — a -

000 410 019 1410.00 -

000 4 11 12.44 2113
040 4)0 4.15

4.10
020
1144..

a
1501

0.00

o CO
sm

97 he

284.33 mIll

48337 rn

Moos
101110 IdDole

3109300
01011300
01021300
01070001 170

Pole ntis I
St 50 m I II

A 0 s a
S000moll

al —0.

800010114
V0 poor

P1000111
(OPel

00 0418

07070020 111

DayItghl
Hoots

Ill,,

0031701001
09070001

311
Ill

- - - - flt — 189- a L a 419- 0C a Iwt

11070001 l01

l
130512001

000
000
0.00
In
In
In
020

2.40 14.00 3 74

In
lou

24

14471300’ loS

—

ILOICOOI

510(090

Cero7susr

-.009-.. -

-ow- a
-ow- a
-ow- a
—909_ 3Ss3

flt
-in- a
-in- a

-Ia— —20.29

-Lw

-Lw

-LA-
9.00.

0

245 1410 772

000

201 400 4.17

20

a
flit

14.0

a
a kiL
a a
a Sit
.530. 411

0

301
0

000 2.20

0.30 1410.00 0.00 020

000

2.2

20

0t a a .220 009_ J 05- fl144... 2U1a a

5t nc a -14- -009- -4

DIG

000

0140

200

000

or

—---9-—

0077

10.4

209

0.00

0312

22_n

s a
0.a
- a
a

0 002

0.00

0709

1420 412

000

-sir

-a

a
220
234

24.6

0 000

20:

7301

....2L... — — D._ — D ..0w-. ._002L.. flJZ.

254

Si

228
AL
At

29

7040

a
-50.00- -a
a .5it
— a

a -119-
a -a
_aa_ .a

1410 000

000

000

2

0422

209

0.00

‘II
S

12.17 4.14

22

2.00

000

0.4

80.20

000

-i- -1-

000

05

22 0 0

3.57

000

7214

a 0
19410 21.0 101 S

240

0.00

2009 C t.
2)4100 203 0 0

7505 0:00

300 404 000 4.00 24.41 4150.11 0.00 2445

7254 000

05400 a
210042205 220 0 0

000 4.11 32.74 1144.08

—

a

‘II,

a’ nit -s- -.

2040)2001 220 0

Sit -009-

aa
27400045 22 03.0 0

Sm
500
.019
219
219
Ia
In
In
.081
In
mm
000
In
000

a
000
002

In
-281
219-
pm..

a -nj- -OA- —0-

a
a
a
ow-
a
a
0.00

7391

30000001
5I005090

a
a
a
a
a
a
a
a
a

224

a
a
a
a

2.04
84

22.
40

a a

Sm

a
a

9— -ow-
5 000

a
.07-0!- Sit
.7219-IlL
.7140-Ifl
fl Ia
a a

Sit
JUL Sit
JUL Ia
a air
JUL lit
nn- In
a In
a ja
a n
a Sit
a a
.2251. In
1207 200
294 0

0042

a

__

22 0 0

0254 000

4411

000 41$

a
a
a

000

0.00

0550 413

‘II,

02 . (IT

000

2000 472104

II 57

040 .fl.

7214

002

au. To-fl..

000 204

0400

000

000

9214

3_In

t

0.00

6284

200

-0.
-U
.0-f
.45

0_tm

4010

1005

411 401 700.00 -

l’s

S209UL 00-
J2a Sit
JUL
JL_ -200- 581.

Sn- S19 AOL
a lit.

an- a a.
an- a alt a a

1.00 232 221 000 410411

17_s 14.0

.flSSaa.
fl a 4t -St 1w- a alt SiCa a

— 00t Sw- fl4 a alt Sit S 28 00C
..A5_ fit. .SU!- ....0w-. flt. .Jt19.. 2.35. .JSL. Sit. L.. .2470&L fin

0- fit a 0w- jt a ast a a np a fl7-00
— a a 28t a a

0.0 0.00 5t. 104 .0581. .1St ..545t. Jit. flI.SS_ 5595.97 500 fl7.2t.
4000 145 770 1775182 410 4412 214027 000

- - — a a -t a AOL a a u a 1451
4502 21 1550 155 140410 07111140010 000



c
r
—

r
r
—

i
r

r
—

-
-

_
_

—
.‘

=
p

.2
1—

fl
;f

l
r-

q
h

I
i

I
Ii

II

5
0
0
0

•
0

_
>

•
>

0
0
0
0
0
0

-
-

•
0

0
-

—
á

0
0

—
0

9
3
-6

0

t
t

2
9
5
t

5
-.

5
±

2
$

8
9

9
2

3
3

9
3

>
9

3
2
8
3
8
!

S
8
$
8
z
2
9
3
2
3
3
8
2
g
5
S

:
3
8
8
3
c

3
_

2
9
8
>

9
3
3
2

>
0

>
0
.

0
0

>
0

>
0
0

0
p

0
p

0
2

0
p

0
p

0
0

0
•

p
..

..
p

p
o
c

3
8
5
3
8
8

8
9

S
8

3
3

9
3

$
8

8
8

9
8

8
8

9
8
3
3
3
3
3
9
S

8
3

8
8

3
s
8

8
a
8

8
9

s
3

3
3

g
g

s
3

0
>

0
0

-
-
p
>

p
p

>
0

-
-
p

-
-
o
0

’
’
’
o

.•
p

2
3
2

8
-

5
9

3
8

3
8
!
3

3
°
S

o
>

5
8

8
9

3
5

-
’
;

8
3
$
8
8
>

8
_

0
0

-

—
_
5
_
3
9
9

>
3

5
3

3
2
9
°

-
8

8
Z

8
8

3
t
3
8

9
$

9
—

-.
3
2
9
8

8
8

8
°
8
8

8
!

::0
:z

:::
::

:::
::.

::
-

-

8
8
8

fl
8
W

&
g
8

8
8

8

0
0
0
0
0
0

—
°
0

•
.

.
8
9

r
r

-
.

8

C> 3 0

3
9

5
3

3
3

0
3

9 9 0 9 0 U

0

=

-
C

-,
-

3
0
0

0 0
o
>

>
k
>

3
>

C
)

o
>

b
o
o
C

C 0 0 3

8
8

C
8

•
3



RtanntnoOatteWat,rSalanceRe.bQeae,ryhrn1*
Climate bala 1965-2007

SalIOn N. POR’ CC_OOR’6

L
Ptooi,ce ONTARIO
Latihude 42.85
L000rluOc -79.25
Eeoalo, 176,3
ClimaTe to (136600
Wj0 denote,
7C lderl:l):ec

Maa Allowaho. Release: Soaonmsr. A, Sodog. Pal

7000 3&0sumq

0.125 m’/a 00625.00%
5520 ore 2065 (Tn

Gi oundwa tea Inflow 257325 nr°Ip

705 m’!day
4.15mm

Phase IA Quarry Area 17 ha
Mn. Storage Volume 284.33 mm

48337

I Salorelod AllewehIe 1
Total Total 101st I Potertial Aclual Varuu, Daylight OW Storage Oloree. Reteene Storage

Mean Rein Snow Precip I Snowpeck Snowmen Snowoolt Presser. Heats Seeplee Inflow Voteme Volume Volume Ceuynmi
Dote 1smptCl (mm) (colt (netll (ttneal (mm) (rem) tkPu) (he) E)oteeu (men) (mm) (mm) Im’) rare) (men)]

WI0300l ‘4 0 20 20 r 7900 0000 000 002 tin pSI 007 410 lie 705.02 5030 000
a’Ia®0I -20 0 8 9 I 8050 000 000 005 010 05 500 419 lii 700.02 5035 000flQepe .4 0 0 50 000 000 053 PIlOTS 090 019 410 70000 5820 000
nI -4 0 0 0 8800 0,00 8,02 003 8W 953 401 415 110 700.00 58.10 000

SeI .5 0 0 0 N00 002 ova 050 8.07 050 gre ate 410 70000 50.35 000



StorageVolume(m3)

M
0oocno

0000
7<90000

00000

‘‘°1t
0

________ ________ ____

II

__

II

____

iiff44]

c@Ia
—%,

I

4<1%
J

_
_

/ %

_
_
_

_____

1,

13



Running Dully Waler Balance. Roeb Ouarnv -Ph.’. IA
Climate Data 1965-2007

SnaSon N- pORr COLOORNE
Province ONTARrO
Latilodo 42 00
LoosgIosdo -70.25
Elovaco 1753
Ci,alolo 0130a*
719/0 Idmosfiw
TC ld14Iifiw

Max. Allowable Reraao,: Om,,oo,r. OMni.r
7060 LImm

0125 ni’is

5929 (TrIO

Groundwater Inflow 157325 °‘r

Phase IA Quarry Are.
Max. Sue-ago Voilme

705 rio’Iday
415

Srio. Fos
35000 Ljnin

0 0625 m’Th
29.65 mm

il-to .0

-40
700101003 -‘13

10a714n3 4

3 -inn

0103)2003 .2
750302003 05
010302003 -125
0l_d1 -Sn
O0001 —1.5

iaos3 •-0 I
i141O7 .35
i7M1fl- -03
i1m33o23I -35
1403030201
l 41
2004030201 a
104000031 01
I—
i0o1O1l S

25m3[ no
1003
11-03010071 2.5
24m7070031 5

2a3nnfl7I 69

3I a
2040020011 7.0

001. 111. Po:,oa 110o
P40 &tmpaok - Rosa—co 005wl1441

JmO Or) In Or)

n_ -400- -004- -

07 2400 014

II- — -004
0 41m em

-0- elm ‘0°

-

lola cm m

-0- -70-04- -03094- -

a -
152- -2004-
070 Sm

-Ox- -2004- -

-OIL

-

a AL a

-

--5002-40-004--

lOt _0.0O

023000 cm 4440

41570500 5520 000

405 00600 5070 -

405 70600 50.10 —- 0
i_- 1340 omlIs 000 2140

, 4S (05 m St

. 4.10 ‘firm 64

S -- £10 50
400 700.06

S 410

4-IS

n.m 11.01 070 002 Ill

- 077 2 i OW -
0271010 110 cm 0,

0a4 1170 000 Cm -

0551174100 010 Cl
030 1130 0.73 cm

0.75 11.40 032 000

40075500 0020
4.75 70700 0020

— a

n- a 94t a

1017 320044 000 2017
2332 300444 O.10_ — 7331_

-3040- a-a

206400 0030 000
alt 70000 0020 000
415700005070 000

— oI575SmS02S_

I aisjm[

t 4i1

t 4UL i100149 2UL

10703 16u97n7 000 11761

6939 00004.00 cm m.a
1035107500.00 cm 101.53
10000 1130400 2005 70.07
01670422437 0.00 03.07
04031000464 -- 0.00

17 ha
104.3] mm

42337

roe

No

200230502

-

02012003 -46

sa2swsJ
Siapo. Dt?.r1

- Ho7o,

40RlOd3SL

, -St
0501 3 1

oon
50-01 _lt
03-0 -7

0 0500 om

Coo

S.jrolj1 0 losOso,

0-0

100,44. 710r004

Vaooi. Voloro

—Sn

— —

im°i a

Srsro:e:
C. ‘ow ow

ik0si b) C 0110nO 000050

sx- a
sx- a
Ia- ±L
ax- U4-
a a

a
a

ax
a

‘38
0.44 9-43

-0

051

0.49 OW 4.’

0.01

0.40 OW 41.

a 44

H -- --

u47 055 014

0.01 0.05 OW

2063 406720

14 0

-a
flL

222L
-a
-a
-a

60_OS

005 047 000 -

419-
403

4,5

a-
5- -4-35_ 30004 _793a

000 27.63-0-2
0.0

is
is
is
is
is
is
is
-as
is
-as
is
is
12
is
55
is
is
as
0-a
is
00.00

405

044 000 I

a
70500

0.74

0.37

-49-

- -

9- 410 -0200- -
040 000 0

0100211001

ax-- a
100- -
ax- a
ax
-0-09— 0.41
lx-
a
a
a
a
a
a
a
a
a
a

0.00
0.00

-4-

—0-
0

0.02 010 000

4.3 0
1.3 0

0.13 0300 017 cm

Ox
0402)3041 0

0020
5020

a
a
a
a
a
a

000
000
.000

00-030143 -00

is

40.00

a -3

In

070720001 -50

070 0.04
is

ba

1040

n

Jt

-5002-
J00L
-50-38-
-50-24-

0.41 0030 0.00 000

4-OS

cm
000

00000

30 40
OW

949Z5 — — — — JLOO_ 0-04_ J0-St J-40.-

014

‘I 00
1714 000

050 040 050 000

.133

5403)2003

0.00

.0

0.47 0001 011 000

a w
ax -249- 00

_t3iZ_ .2770090- 5022 SI4-
1 20 fl --02-22— 004

fl J229- -004
J20104 fl 500

.4 20 a 10-29- 004
400 410 00000 0015 000

9- flH4- 0-04 Sfl fl a 104 ±Ot 4 fl

-03
-05

--0-
-IL
-- :500

140220

0 3060 000 000 040 5070 030 Sm 450 453 15000 0410 tOO

0449 I 014

-2- 38t St a a n30O2- ooz -0-04- 91L 4 04- a 430N a
4 2960 000 004 0.11 1006 0.15 000 415 405 005m 0270 Cm

ID

014

14- i164- 0 sx- a 0019 a nL s24- a a
0 00041 000 000 000 1004 014 000 415451 room 5229 OW

03 I — 030 — 0.34 10.68 070 009 4 15_ —70504— J0-30. 004_

6050
0550

III 70000 0030 0.00

0550

0-co

0.00

0

405 01010 - 6120

0401100 000 0 400

0 - 0000

I -0 — 0 — 000 000 33SL S44_ 004 L0L J)3_ 30.07 249.
a! 0.2 00 0 - - 049 94)3fl
04400003 -55 0 0 0001 000 700 029 11.00 030 000 3J3 .J11L J97174 .JL92-

OW 30.04 004 000 010 000

Ia_-n-

000

54 000 0(0 010 0104 710111 1356

-105
-005

7.002005

040070

cm 052 000

000 455

0

004

0061

I_TO

3770

000

cm 41541500500 10.05

14 I

&oo a Ut a a a
!L a - — a flS9- -504
a a - a J1 -ax- a

‘40 1040 410

000

a
a
a
a
a
a

-,- a

a

a
a
a
a
a

10-10

0.00

0010 1345034 0-00

0307

JUl 1W 410 I

• 000

02.20 092 000 I

70-IT

OW

02.20 105 000

2454
0.00

- a a a

10434 0147 40 0.00

Loa_ — — — o a_ om_ 0W 001.. JZAL S4L 150.

410
II
I,
CI

a i

100.24

.15 1241 000 100 0

I —, 7230





ilL0005010000
ILL0000500
OWL0000000000

-wrw

rw,

r00’

0014000

9994000
‘IL000
5504- 0050
c-r

9051000

w-r
‘I55000

-r
9400

E

41LI

IC00

ISO

LOOt

4001

000

000

000

000
000
0(0

000

004

000

000

000

r

001000

90?
no
000000-

10

01—000

•0

900000

r

Xop,w00/

LoLlOIL

1] 00020!1150j1403045015100040

hALO0000
0/,0U9010

UIWfl0001

4S04002900000:0o50I00IqOM0IIV0011

J0!Ji100pI01
J0j4!0U010lOONM

909901SNewlUllO
£910LO!0710I9

9061-9p90l0001
00000000(001
OINVINOOOU!OOid

ON71001031OdN41040700

VI0009]dMOqO,000000000eIMAortaL1040010000J
t00096[005000500(00

i:i
H

trot
0090090

£0£50000000/£000SIt000£1000OL

‘vrrryrlOOwrrwrrW-rr

000

0000000500090050019400LIt0101

roy

090000210--2000SLY000202
w

w507rorr00r0fl
ww0m00r701
wiT0WW-
rwrr

040’
0401701000£100

400550OtOZSit000

004£04

000000-LOGO
0000ALL000LOPS

00

00

0000000200

000

-cr4--w0nwr0rrw-r410I
rww-cr0-war

Si

0040000000
000

rwwwaaOrrw-r00

900000

OIL

rrw0r0-aa08T4nrwo

OOL

rww1r0-aa09rWWCr

0000004

000

0-li

r—r-rn

‘Li

00t-a-
000cOot0000490)00)00r00-!O-Ofl00094

90

001
Oil

nr-rw‘OrW00r55

0—r-

w000WOVraor5

Li

r
r
r
r
Oil

:-001r90c00C

:W—1H-r

00ywaw10rwwfls

000

4r*rHit

w-IOlrrwaowwa0004_

4)000000000170009GIl40SILIlot000

‘Li

1101000cc:

w

r

00000000

rw

w

0CNit

r

000

Thr

0004029

001900

r

wra

‘Or

w

000

r

Sit

1001001

r

Sic

000

a

a

Si-fr

-00r

5001

Wi

0190

00L

59/i

r

515

iL-fri

r
000

000
001/ILL

Oil;

004

Si-fr

0011011

BOOn

000

0-

000
0040005

-o

OSLO

0050

a

0020000
0113

01)-
cnr

Loll

r

000

-0--

SI0t

010

040

3,-so-000

000

‘Or&rwa00raaWCr
Wiotrwaaa001Cr
WC000-—9O0-0V0010-0Woar1rr0052TWot3————
rrw0na‘Oraa‘Or3C‘O
‘O0-WWW‘Orafl4110‘O
08t&00W000r‘O!ia‘Or0wr000rIrrr-—wIr--‘O:E1E——
iWiC000W000rW010Ur-00°0--br!flT00Z00i0fl1———•t00
‘OU0-woxr,000SI)PlO0rW00WV00C1000Tr
‘Or-‘O00aaa-rr--m-r
‘O00ror,0rrJ‘Or00F000O-‘OCWC103CWU——5TW

W00;0&0;vca‘Oramrwrrw‘O0rCmnC
ar-a‘Oraa-mr
a‘Or-0iii1waa-rr--
••00°GO•t;StOilSIt000000090199000094910——0
a‘Or-00raraan‘Or-:‘O--
7tOr‘Or--WOO.!Y004rr0000002O!tNTtr-0900004‘Oi—1r-W00

000000009Eo0:ho97OIL-09rIr7r0r50’ri1i100)0——0O

wz-—

IflW-- 1————--——
In--- —7
1-----

.——

—E——-——o—- —0—
Y—-——

0i001S

019

OIL

9001

r

070

-i’
-F-

5050

IISi

SI
0050

000

00092
0400

00)
SI

-C

1000

--

-F-

0100

605

OOR

-;-

£9SI

--

r

0900

-vu-

-ir

00£

loll

000

r

000

Or

0000

000COIl

0I

91
0-Si

021100,4010

rot

0!

/050001105

450-

£000400000054

SI

U

U
ci
H
Li
n

0153U

0_DO

/i0

:t

COO-0090/0/5

011

00
00!

0°0--

CLDOOOiI
40

01

00001

SII

000-

0000LI

025’

00054

-

000

9000
-

:-9;o/•Oil

WI00

0,-s

00‘0

010I

00W

5090‘03S.!-nzoSi)
910

000I

:cs0!0.o.510SIP

000I

0900091

‘O)I

001/400085410
0o_:-o.o.0110.00

000400000000071080445otojois
9090000119

-000
.001051590

090I

00010000010

N3TmrrwC-

SI0109000101

0401001900

IC10001/o00

((iso)-(‘404I(0002.03

—,lS!
MO

Ce
021000019/0

000-

9090001105500/

0,00.0001110/0!

00400000

10.00710050

000000
-05E

______

-1(01

______

£040

On
0001050950’—;-095IL000.!idIOII

0000901000403

OLO0000014)101

1010!Iiio0OoI0:OL

L’O’-5009.00.’.

101010000!

tool£0094wnO°Aefls-oo07900

0,020BOlV4Jle00900hPqd

000419000
S/I1J90900

0111(10000
010/’0l/Il0c
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Daily Water Balance, Reeb Quarry - Phase IA
Cliniate Data 69632007
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U Township of Wainfleet
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Water Management Report

PHASE IA WITH WORST CASE GROUNDWATER INFLOW
WATER BALANCE

CC. Tatham & Associates Ltd. January, 2008



StorageVolume(m3)

0-k—
-‘-a

7NJ-0)0I’).ta0)0
0ooo0000000
7oo00000000

70000000000
S000000000000

o—>[-

7

_H

o-

____

0

0€-’

___

(0

___

CD
_v7

2. VC
3 oCD

C’
-

-CD_U
o

o70

V0’y-
=0

IU I

__

0
F

___

4

__

I -

__

IC

o-‘

IICD

I

_

u
U 77_s

_______

I
t_?

II

-S

£1



Running Daily Water Ralago., Reeb Quwev - Phi.. IA with Worst C... C,o’.odw.8r Inline
climate Dala 1065-2007

Slalioo N PORT COLBORNE
Province ONrARFO
Lot/lode 42-60
Lonqilud€ -79-25
tlooalion 1753
Climate Ii 6136606
WMO 1usd/for
TO I/online,

Max. Allowable Release:

Grounthoaler Inflow

Phi is IA Ou a, ry Area
Mao- Sloraoe Volume

Summer, Winier

7000 L/in,n

0125 ni’/s

5029 mm

004,140 m/ul

220312 ma/day
1296mm

17 ha
10371? full

116435 fl

Spm,a, Fell

3500 Umrn

00625 W’S

2965 mm

[

-

J 2R.alo/

- ‘mel oW I Poloosel Aooaa
- veww Gaybyic :00 sloatte 5-0009* Re S08 1010 ‘*9.

sMesa loral Rae Sosa P,.v,ç Snmsoaokl ca”,or 2n,n,in40 P78w,. Hot’S 30,’5h40 5*00 ydom. Vtl,ra Von Carriersr

DaWtn ieornc5 /ir’ /o,mj_, ,00yzL fluaxh, ,JdEaL ,,,L (Cr) in09rL ImmI - im’) iwl
015-/’ / - 0 ,S am °l- l7 oss 002 1106 72702 SC r,0 11 0030
7291”902 11 3 0_ —21-c,,,, ,,S1_L, lot 002 1-00 :241104 9520 ‘Ii -

5-501951 51 / — ,,,,C4 ‘ ,Sn-,, ,,,SOC ,212_ 101- J2W /6010 5)/i 650?
54051952 40 0

— ‘_1031_ ,,St 9*C III JZW ,00so_ J5S
5101661 30 1 — I — 0 095 ,_00_ —110— —0-Z?— Lit din— ,,iL30,, 5360ii 1010__ 000

Cltl6O1 09 I 0— 000 080 -117— SIL, Jjfl, ,,,1flL Sm —i20-
66W002 ii 0 0 0 loin 000 006 540- 527- ,/Zit ,30,W 5021W 2031
Vl061 t 05 06 36 —910— —210— a 20 010 Sit, -210- 1050— 5Z1 —900—
SeLl00220 — - ‘5 Om Gm S,LL,_ 029 021 ,L5-_, 2210— 111- It 200_ 131t
iO’,l 061 I 0 1 2 295 I__Sfl_ ,S00_ ,SA2_,S5Z, ,S00_ Alit A310 ,_5*SC

r o - 4 ,C a i_ oa__ — — sj,, o 47 081 ‘290 - 2561 2395109
101/1002 2 I 2 0 2_ fl_ — Il 059 003 240 ‘210 ,,,,SW,,, Slit,,

i10’/i562 25 II — 70 055 OOi ‘222i 104 8075 ,39fl25 ,,500,,,, Sl15_
491/2162 -_di_ —J———5 ,,,S10,,,, ,afl,_, ,,SW-, — 30 L99 sit AIW. 2±30,, ,1& ,,,55,,,,

— 6,,__ 4 —o —
— 41 044 030 JZ ,SZW, ,2X ,,,St,

: - ,,,,,oSLL,,, t — ‘S — S,3,,, ,,,SS,,,, ,,,,2, — 20 02’ - 500 A210, ,,110&L ,lrn ,,J8t 4012_
751,1201 -70 — 0,,,,,,, j_ ,n_1_ — 61 040 020 AZW S0&L, ,SiflI& ,,J8fl_, ,SW
50101001 -‘19 —

— 05_ j,,, ,,,,Jfl_ — 25 74 020 0 000 23/2911 ,,,i6_, ,500_,
005171162 -100 0__ — — 9 — — 2z__ 76 130 - 000 Al —085,,,

P1000 -7 0-,,,, 00 — ‘O_ flt95_ ,,,Jn_ — 044 52 140 - 000 205 11W 2il fllfl_ ,510_
1002 -4 — 0_ - -

- aa - 4C 0 01 150 1-20 5100 2110 4A1 ,10fl- St
1002’S — ii - - 7- a ,,5_ 050 9 00 55t 217- fl 140e 2404X ,,St ,A±ot
0 - 2 —

— XL ‘,2100_, ,,,a±L,, ,J9-±L,, 0 le 201 23AL 21-W 2110 —521—, 5121,,,
I_J,,_ - — — — — ,Sn-_ ,,,200_ 0 S 00 - 300 0,3 200 JiA?
C - - - - - - a -it a 044 1012 040 090 a a flM n- a

,0 — — — —Sn— — 9,41_ ,,30W SL SW’ 22,W 5168 510*M .,Mar, ,St
t - - - - - - St St a -It fl aw a a 5180 -,iIW- -it

L - - - - aa -at - tot,- a sit a a 2180 A2ilA1 fl -it
—13/- - - - - -510- aa -Pt s-or a a a nnm -&W -it
,_0i-, ,5 — — — — - ,510_ -Sn— ,,S5L_ ,ffia SW a 12fl 1156 - 21 ,SIt -St
—05,- — - - - - - — aa 5&L a a a a -210 fl fl- St

SJ_ - - - - - St aaaa sst a fl 100 fl 5W- -at
— — — — 510_ St ,,,St, 2220-, s-SI, SW’ ALW - 04 11 -St

,_S_ — — — — — 000 000 5j9-_, SW 55,, -32-06, 1 05
- il *fl_ 0W-

S0- — — — — — 510- St 0t ‘St ,225L, SW ,,05,, 5221, - ,2A1 flit fit
— — — — S 5t fW 5t, ,12& SW a ,ALW - 05 7203 2±25_ —at

10- — — — — — ‘—Sn— 009 ,,S20- ,,20a, a a -31,06- - 05 ,SLZL,, -St
se — — — — — ,,,a1L,, “Sn— 16 ‘521- ,oa s-or a flW - 00 ,,,,&t ,,St
a - - - - t st a a sw a a -296M 10t
,,,,,i1- — — — — — — St 00 0/7 ut, 522, 55,, 52W - 00 a1W11 WZO fit

— - - - - - 1t fit 095 540- fl SW a 525 - fti9- 1Al 00t fit
— - - - -1- -it fit &t 541- fl SW SW’ a 210 fl-il 5920 •00

t — - - - -1- it it ,St fin- a in, a a ,209 - - fit fit
.,,S3_ — — 01, fil- S2L,. ,,sa,, fit ,,SAL,,, a SW a a 210 - SWIA — fit

a0- - - - - aa fit ‘St a a a a a M fit fit
- 0_ - fl ‘Sfl- St a ‘Sn- a a w.s a a MM aa

fl - -
-,C a m fit ‘SAl- J2W’ sit a a 5195- 22443/f fit fli

S1 - - - - t -it -221- a -551- a a a a a 22165 -a ‘St
-di- SO - - — -it Sfl -it t SW 525 fl a flAt,

• ,,,,,10,,, 0
— ,,,,,0,,,,, ,,,SW’,, ,,,AMC —521—, ‘SIt,,, ,J10X_, &ot a a ,,5 —000,— ,S2a,,

• —it,,,, 0 — — —0—, —25,,,, ‘,,,s5,,,, —an—, ‘SII, ,nm_, sn_ a a ,sn,,, i ,,,Xa,,, ,,,SM_
2fl2 ,,,5,,,,,,, 0 — — ,,,,t, —210— ,,5t ,,5fl,,,, ‘St fl 10 075 a a nan-, ,2Z ‘2±00— ,,St
2&20682 ,,,,Si_,,,,, 2

—
,,St,, ,n_, ‘200,,,,, ,,,Sfl_, flit,, 116 006 540 _,2jS_, ,22! —010—, ‘SiR,,

11922_Si 2i-,,,, S — ,,,,0-, —510—, ‘,JLIL,, ,,,,2fl_, ‘Sit,, ,iJAI_ Sit a 504±24 —500—,
1403’ 1 -10 0 —0 — ,,200,,, ,,S00_, ‘Sfl—, ,,222t, sir a flUe- ‘fl’S,,, —SW’,
2903/0809 1 C fi 5t A12t, 5t ‘Sfl- 51W’ Sit 1W’ 11-W file - a a
1492’ S C 0 -St -St -in- -sa- 51W’ a a a flit, - a sut,
22122 fli- 0 fl fi a J22C -it St a set a a fin- fl fl 5t
ii- 05 e si a -at -at 521 a a to 512,6 a ,no±ai — 52-it
2403/ 11 -0_ t fi fit -St -it a a SW a a fi50 52025 5t 1610
52522 51 — 7_ ,fl_ fi a fit fit St - US - SW a fl flUe fl fit Sat
01922 ,Si- — - - C -St a fit ‘St - US - SW SW’ a fi10 5122-24 -flt -at

9
— L_ —9- 0 095 non fi40 fiI0- -0154 - 512, SW’ Slit 5202±11 1021-

8000 - fl St -a St - US - SW SW’ 525 a SIOUI fit fit
0200 11 0 - t -it 2072 000 l8 02- - i -222-, 525 fl60 220151 fit fit
95022 0- — 1_, ,,,510_ 1414 000 107 - Ii 56 52- ,25L 525 fit
9201/ t0- 4i — — “it, ,,SZSC ,010 flot 1-4 500— 5200, ,SLOe 520521- fit fiLle
9501’ 11 o ! — — ‘0— ,,i5,,,, “52,70-, ,,,540, 7L,, ys a ,,,54-0t, ,Th0*M 300 —54,02—
0651/ 7- - - I fit 5U1 a a n 25510- Slit Slit, 5116& -St 5642-
1051/ 5t - 7 - - fi fit 5Ue 51L a 6 000 5104 7030 1211112 5t 10t
3152000 -0_ fi - 4 000 000 020 fi5t,,20 206 5100 8023 10019-10 090 5521-

1362/100 -0-0
1lr- --11- -
1003/100 -0-2

20it -t -

1702/101: 10

0 000 ooo 000

-Si
100201051 I 2

028 1104

2002/lOS:

140201001 -l 0

—

09

i — -510,- a a -St a a -220-5520- fl542- 10111-2 fit fit
0 010 ooo 000 910 1202 030 000 1204 52-03 012704 1000 2420

C - - 5 L10 fit a- Sl80 Sit, a ALit flUi 530501- fit 221-
I 0 7-20 1631 710 068 250 000 014 1204 2000 457151 006 2000

‘ - fl itaaaa a a a a si/ia aa
a — 0 1570 000 551- 12±10 007 000 7200 filie 501122- ,5051- —flie
s- - - fi a a- jut, a a Slit a 514496 fit a

owslw a 0 -- - a aaaaa sit, a jzit a 5004i- fit a
2103/1002 0 ,,,,,t 2 270 a a 012 01_i— 030 1105 — 1105 2203 II — 2500 — — 000 —

030 000 1295 07-20 14041 06 2055 07-00

aa

5-i 0

a 0-4

2006 56 0 - -

000
000 000 0-59 1220

10 00 200 0-07 1242
1230

ill 000
1240 065 040

12-25 220211 2500 000

0205
255

22-85 5550-52 006 3201

t a
011 000 000 12-40 000 0-00 1200 7090



Rantoin a Daily Water Balance, Reeb Ouar.v - Phase IA with Worst Case Groundwater Inflow
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p DalI, Wale, Balance. Reeb Otaanv - Phase IA with Worst Case Grosás In&w
ClImate Dala 0088—2007
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Running Daily Water Balance. Rueb Quarry - Phase IA with Worm Case Groundwater In Row
Climate Data 1965-2007
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Running Daily Wan., Balance, Reeb Cows - Phos. IA s.lth Worea en. GO30jinth606.c bfiow
Climate Dana 1565-2007
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Rtjnrsitrn Daily Wattr Balance. Rub Quarry. Pates. IA wilt. Worst
Climate Data 1965-2tt7

Station N; PORT COLBORNE
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Running Daily Water Balorco. Posh Quarry - Phase IA with Worst Case Groundwater Inline,

Climate flats 1065.2097
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Running Daily Water Balance Reeb Quarry - Phase IA web Worst Case Groundwater Inflow
Climate Data 0965-2007
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1] Township of Wainfleet
Reeb Quarry

Water Management Report

PHASE 2 WATER BALANCE

CC. Tatham & Associates Ltd. January, 2008
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Daily Water Balance, Reeb pgry Phase 2
Clm,t, Data 1965-2007
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Bloooiou Pailv Water Balance, Reeb Quarry. Pha.. 2
Climate Dana 1965-2007
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Running Daily Walt, Balance Reeb Qaarry - Phase 2
Climate Data 1908-2007
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Running Daily Waler flalanc.. Re.b Onuny Phase 2
Climate Data 1965-2007
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U Township of Wainfleet
Reeb Quarry

Water Management Report

PHASE 2 WITH WORST CASE GROUNDWATER INFLOW
WATER BALANCE

CC. Tatham & Associates Ltd. January, 2008
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Climate Data 190S-2007
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oe,njno Daily Waler Balance. Pooh Quarry - Phace 2 with Worot Case Groundwater Inflow
Climate Data 1965-27
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Running Daily Waler Balance Ruab Osoeny - Phaoa 2 will, Wor,4 Ca.. Orou,,dwaOo. Inflow
Climate Dana 1965-2007
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Township of Wainfleet
Reeb Quarry

Water ManaQement Report

APPEN DIX 0: EAGLE MARSH DRAIN WATER LEVEL
MONITORING DATA

CC. Tathari, & Associates Ltd. January, 2008
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Area-Velocity Flow Calculations for R-2 (Cement Plant Road Crossing)

Total Flow (m3lsec)
28-Nov-05 0.256
02-Feb-06 0.214
08-Mar-06 0.151
16-Apr-06 N F

11-May-06 0.179
15-Jun-06 0.157
17-Jul-06 0.416

15-Aug-06 0.260
12-Sep-06 0.293
17-Oct-06 0.675
14-Nov-06 0.584
07-Dec-06 0.347
24-May-07 0.450
14-Jun-07 0.207
23-Aug-07 0.2002
12-Sep-07 0.3
03-Oct-07 not moving
07-Nov-07 0.405

Total Flow (L/min)
28-Nov-05 15,356
02-Feb-06 12,858
08-Mar-06 9,061
16-Apr-06

11-May-06 10,710
15-Jun-06 9,392
17-Jul-06 24,959

15-Aug-06 15,570
12-Sep-06 17,550
17-Oct-06 40,500
14-Nov-06 35,064
07-Dec-06 20,844
24-May-07 27,000
14-Jun-07 12,438



Area-Velocity Flow Calculations for R-7 (Hwy 3 Crossing)

Total Flow (m3lsec)
28-Nov-05 0.276
02-Feb-06 0.220
08-Mar-06 0.118
16-Apr-06 0.072

11-May-06 0.062
15-Jun-06 0.024
17-Jul-06 0.065

15-Aug-06 0.096
12-Sep-06 0.158
17-Oct-06 0.563
14-Nov-06 0.189
07-Dec-06 0.188
24-May-07 0.146
14-Jun-07 0.084
23-Aug-07 flooded
12-Sep-07 flooded
03-Oct-07 flooded
07-Nov-07 flooded



Area-Velocity Flow Calculations for R-4B (Rail Berm Crossing)

Concrete culvert

Total Flow (m3isec)
28-Nov-05 0.080
02-Feb-06 0.082
08-Mar-06 0.101
16-Apr-06 0.111

11-May-06 0.062
15-Jun-06 0.057
17-Jul-06 0.089

15-Aug-06 0.101
12-Sep-06 0.230
17-Oct-06 0.898
14-Nov-06 0.198
07-Dec-06 0.315
24-May-07 0.080
14-Jun-07 0.096
23-Aug-07 0.180
12-Sep-07 0.060
03-Oct-07 0.054
07-Nov-07 0.110



SUMP DISCHARGE SAMPLING EVENTA

EVALUATION CRITERIA

1. EVALUATE THRESHOLD EXCEEDANCE
Is there an exceedance of a threshold value?

Threshold Value - maximum of the following evaluators:

a) ECA Effluent Objectives
b) Current upstream result for SW1
c) Adjusted action trigger limit, if available / assessed / appropriate

2. TREND ANALYSIS
Comparison will be made to historical range of sump discharge parameters to
evaluated observable trends.  Should assessment of the data show no
observable adverse trends relative to historic ranges, the contingency plan may
not be triggered.

3. DATA ANALYSIS USING ACCEPTED METHODOLOGIES
The data will be analyzed using accepted methodologies and the appropriate
professional standard of care in order to identify surface water quality impacts.

4. EXTRAORDINARY CIRCUMSTANCES
The Contingency Plan may be triggered by extraordinary circumstances of
suspected sump contamination, including fuel spills, which are not part of routine
monitoring.

Has an exceedance
been identified through

steps 1 to
4 above?

NO

YES

Is result
confirmed?

Confirm analytical results
with Lab

NO

Is this the
second consecutive

exceedance?

YES

YES
1B OR 2B, AS

APPROPRIATE

NO

RE-SAMPLE SUMP DISCHARGE

Is the exceedance
confirmed by
re-sample?

YES
1B OR 2B, AS

APPROPRIATE

NO

A

1B

Recommend modifications to monitoring
program such as increased monitoring
frequency to help assess significance /
magnitude of identified surface water

quality impact

RESUME MODIFIED
MONITORING

PROGRAM

2B

CONTINGENCY PLAN

Investigate possible sources
of exceedance

Assess Impact on
Aquatic Organisms

Adjust Action Trigger Threshold
of the Parameter

A

NO SIGNIFICANT
IMPACT

Assessment may include literature
search on acute / chronic effects,
fish or benthic surveys, or LC50

analysis

Determine Optimal
Mitigation Strategy

UNACCEPTABLE
IMPACT

Implement Mitigation &
Develop Discharge Limit

Possible Mitigation strategies
include:

- alter operating / production
procedure
- construct addional retention pond
- alter pump location / depth in sump
- additional water treatment
technology

RE-SAMPLE SUMP DISCHARGE
TO ASSESS EFFECTIVENESS

A
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QUARRY DISCHARGE
CONFIGURATION
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