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Professional Engineer’s Certification 
The Run-on and Run-off Control System Plan for the Conemaugh Station Ash/Refuse Disposal Site was 

prepared by GAI Consultants, Inc. (GAI). The Plan was based on certain information that, other than 
for information GAI originally prepared, GAI has relied on but not independently verified. Therefore, 

this Professional Engineer’s Certification is limited to the information available to GAI at the time the 

Plan was written. On the basis of and subject to the foregoing, it is my professional opinion as a 
Professional Engineer licensed in the Commonwealth of Pennsylvania, that the Plan has been prepared 

in accordance with good and accepted engineering practices as exercised by other engineers practicing 
in the same discipline(s), under similar circumstances and at the time and in the same locale. It is my 

professional opinion that the Plan was prepared consistent with the requirements of Section 257.81 of 

the United States Environmental Protection Agency’s “Disposal of Coal Combustion Residuals from 
Electric Utilities,” published in the Federal Register on April 17, 2015 with an effective date of October 

19, 2015. 

The use of the words “certification” and/or “certify” in this document shall be interpreted and 

construed as a Statement of Professional Opinion and is not and shall not be interpreted or construed 

as a guarantee, warranty, or legal opinion. 

 

 
 

  
_________________________________ 

Kent C. Cockley, P.E. 

Vice President 
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1 
Sept. 

2021 

Comprehensive review 

and as-needed 
revisions per CCR Rule, 

Section 257.81(c)(4) 
requirements (review of 

plan required every five 

years) 

Remove GenOn/NRG, 
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and current conditions 
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GAI Consultants 

 



Coal Combustion Residuals Landfill Run-on and Run-off Control System Plan 
Conemaugh Generating Station  

Conemaugh Station Ash/Refuse Disposal Site, New Florence, Pennsylvania 
Page 1 

 

C151611.02, Task 001 / October 2016 (Rev. 01, September 2021)  

1.0 Introduction 
The Conemaugh Generating Station is a steam electric generating station located along the 

Conemaugh River in West Wheatfield Township, Indiana County, Pennsylvania (PA). The station 
consists of two 850-megawatt (nominal net maximum load) coal-fired units. The station commenced 

operation in 1970. 

The Conemaugh Station Ash/Refuse Disposal Site (disposal site) is permitted under PA Department 
of Environmental Protection (DEP) Solid Waste Permit No. 300876 and receives Coal Combustion 

Residuals (CCR) generated by the Conemaugh Generating Station. The disposal site is divided into 
three stages: Stages I (closed), II (currently active), and III (Stage IIIA is currently active; additional 

areas in Stage III may be developed to receive future CCR). 

Stage I is approximately 160 acres and is located in the northern-most limits of the disposal site. 
Stage I started receiving CCR in 1970 and was closed in 1987 with cover/topsoil and vegetated. Stage 

II covers approximately 120 lined acres and is located directly south of Stage I, closer to the 
Conemaugh Generating Station. Stage III could ultimately cover approximately 110 lined acres; 

approximately 25 acres of Stage III were developed in 2017-2018 as part of Construction Phase IIIA.  
When the ultimate development is reached, the northern side of Stage III will abut a portion of Stage 

II.  Stage III will terminate approximately 600 feet north of the existing Ash Disposal Site Leachate 

Surge Pond (Surge Pond) when ultimate development is complete. The CCR placed on the disposal site 

consists mostly of bottom ash, fly ash, pyrites, and Flue Gas Desulfurization (FGD) by-product. 

2.0 Run-on and Run-off Control System Plan 
This Run-on and Run-off Control System Plan (RRCSP) (§257.81) sets forth the techniques that are 

utilized to minimize stormwater run-on, and divert and collect stormwater run-off during operation 
of the disposal site. The purpose of the Run-on and Run-off Control System is to limit flow of 

stormwater run-on from a 24-hour, 25-year storm onto the active portion of the disposal site; and to 
divert and collect run-off from the soil-covered and vegetated portions and the active portions of the 

disposal site (resulting from a 24-hour, 25-year storm) during operation. Stormwater controls at the 

disposal site consist of the following: 

 Temporary/permanent stormwater diversion and collection channels; 

 Culverts; 

 Slope Drains; and 

 Stormwater Equalization (Surge) Pond (existing). 

All surface run-on along the perimeter of the closed Stage I area is discharged into a stormwater 

diversion channel that is separated from the run-off from the active areas of Stages II and III. The 

surface run-on along the perimeter of Stage II and the Stage III area is or will be conveyed to 

diversion channels that are directed to unnamed tributaries of the Conemaugh River. 

The run-off to be diverted for Stage II and Stage III includes stormwater run-off from the closed 
(vegetated) Stage I portion of the disposal site and stormwater run-off from closed (soil covered and 

vegetated) areas of Stage II. 

The run-off to be collected will include stormwater run-off from the active portion of Stage II prior to 
burial by the Stage III area, some stormwater run-off from soil-covered and vegetated portions of 

Stage II not buried by Stage III, and the active portion of Stage III during its development. All run-off 
from the active portion of Stage II and the Stage III area is conveyed to the existing Surge Pond that 

is located to the south of the disposal site for subsequent treatment. 



Coal Combustion Residuals Landfill Run-on and Run-off Control System Plan 
Conemaugh Generating Station  

Conemaugh Station Ash/Refuse Disposal Site, New Florence, Pennsylvania 
Page 2 

 

C151611.02, Task 001 / October 2016 (Rev. 01, September 2021)  

2.1 Stormwater Run-on Control 

Stormwater run-on to the disposal site is controlled via the installation of diversion features. 

Disposal site control features consist of diversion channels and culverts. 

All run-on diversion channels designed for Stage II development are designed for the 24-hour, 

100-year storm event. Temporary run-on diversion channels for Stage III development are 
designed for the 24-hour, 25-year storm and permanent run-on diversion channels are 

designed for the 24-hour, 100-year storm event. The culverts are designed based on the 
design of the receiving channel. Therefore, all run-on diversion channels and culverts have 

been designed to meet Section 257.81 of the Federal CCR Rule. 

 Run-on Channel and Culvert Design 

2.1.1.1 Existing Stage I and II Features 

Refer to Drawing No. 42-E-0209 (sheets 1 and 2) and Appendix A (Stage II Form I 

Calculations) for information concerning the Stage I and Stage II run-on diversion channels. 

Diversion channels are located on the east and west sides of Stage II to prevent stormwater 
from entering the collection channels and the existing Surge Pond. Stormwater from north of 

the site and from revegetated Stage I and Stage II areas is diverted through three culverts 

that cross underneath Clay Pike Road, which is located to the west of the landfill. A Type H 
channel and a Type A channel discharge to the northernmost culvert (a six-foot by 12-foot 

concrete box culvert). Two separate Type A channels discharge to either a 30-inch diameter 

corrugated metal pipe (CMP), or a 48-inch diameter CMP. 

A Type F channel and a Type H channel, located to the north of the above-mentioned culverts, 

divert additional run-on from the west side of the site while Type B, C, and K channels divert 
stormwater run-on from the east side of the site. These features discharge to the West 

Diversion Channel and the East Diversion Channel, respectively, and prevent run-on from 

entering the collection channels and the existing Surge Pond. 

2.1.1.2 During Development of Stage III 

The existing and proposed run-on control drainage features for the Stage III area are designed 

for the peak flow from either a 24-hour, 25-year storm event or a 24-hour, 100-year storm 

event. Each diversion channel was sized to handle the 24-hour, 25-year peak flow. The 
permanent drainage features were sized for a 24-hour, 100-year peak flow and compared to 

the design for the 25-year storm event. The deepest resulting channel flow depth was then 
selected. The Stage III construction was planned to take place in five intermediate phases 

referred to as Stages IIIA, IIIB, IIIC, IIID, and IIIE.  Temporary channels and culverts 

designed for the intermediate phases were designed for the 24-hour, 25-year storm. Refer to 
Drawing 728-1182 for diversion channel layout during the intermediate phases. As noted 

above, construction of Stage IIIA was completed in 2018; this area has been lined and the 
designed channels constructed.  Below is a list of the permanent and temporary features 

included in the Stage III development design.  The intermediate phases of Stage III will be 

built as necessary to support Station operations. 

Temporary Run-on Features 

 Stage IIIA 

• Culvert 6A conveys the flow from the existing Eastern Diversion Channel to the 
southeast of Stage III and north of the Surge Pond – Drawing No. 728-1181 and 

Appendix B (Stage III Form I Calculations). 
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• Culvert 4 (downstream of permanent Type T channel) conveys run-on from the Type T 

channel to a temporary Type XX channel – Drawing No. 728-1182 and Appendix B. 

 Stage IIIB 

• Channel WD1 will divert run-on water from the west side of the site to the existing 

West Haul Road Diversion Channel – Drawing No. 728-1182 and Appendix B. 

 Stage IIIC 

• Channel WD2 (to be constructed upstream from WD1) will convey the run-on from the 
western perimeter of the disposal site to the existing West Haul Road Diversion 

Channel – Drawing No. 728-1182 and Appendix B. 

Permanent Run-on Features 

 Stage IIIA 

• Type T channel diverts run-on from the east side of the site away from the working 

area to ultimately discharge to the existing East Diversion Channel – Drawing Nos. 

728-1181 and 728-1182 and Appendix B. 

• Type AA channel diverts run-on from the east side of the site away from the working 

area to ultimately discharge to the East Valley Stream – Drawing Nos. 728-1181 and 

728-1182 and Appendix B. 

• Culvert 1C conveys flow from the Type AA channel to the East Valley Stream– Drawing 

Nos. 728-1181 and 728-1182 and Appendix B. 

 Stage IIIC 

• Type A channel will divert run-on and run-off from soil-covered and vegetated areas 
from the western highpoint of the working area to the Type B channel for discharge 

through an existing culvert and the existing Stage II Western Diversion Channel for 
ultimate discharge into an unnamed tributary to the Conemaugh River – Drawing Nos. 

728-1181 and 728-1182 and Appendix B. 

• Type B channel will divert run-on and run-off from soil-covered and vegetated areas 

from the western side of the working area to an existing culvert and the existing Stage 
II Western Diversion Channel for discharge into an unnamed tributary to the 

Conemaugh River – Drawing Nos. 728-1181 and 728-1182 and Appendix B. 

 Stage IIID 

• Type X channel (downstream of extended permanent diversion Type T) will 

convey run-on from the eastern perimeter of the disposal site to Culvert 5 – 

Drawing Nos. 728-1181 and 728-1182 and Appendix B. 

• Culvert 5 (downstream of Type X channel) will convey run-on from the Type X channel 

to the Type XX channel – Drawing Nos. 728-1181 and 728-1182 and Appendix B. 

• Type XX channel (downstream of Culvert 5) will convey the flow from Culvert 5 to 

the existing Eastern Diversion Channel – Drawing Nos. 728-1181 and 728-1182 and 

Appendix B. 

 Stage IIIE/Final Landfill Configuration 

• Type M channel will convey run-on to the existing West Haul Road Diversion Channel – 

Drawing No. 728-1181 and Appendix B. 
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• Culvert 6A will be removed and replaced with Culvert 6B – Drawing No. 728-1181 and 

Appendix B. 

Upon Stage III closure, all slopes and benches will be vegetated, so the perimeter collection 

channels will be diverted into the existing diversion channels. 

2.2 Stormwater Run-off Control 

Stormwater run-off from soil-covered and vegetated areas is diverted around the active areas of the 

site. Stormwater run-off from active areas is collected and treated prior to off-site discharge through a 
National Pollutant Discharge Elimination System (NPDES)-licensed outfall. All run-off will be managed 

by run-off controls, such as diversion or collection channels, slope drains, culverts, and the existing 
Surge Pond. All features are sized to accommodate the volume of water from at least a 24-hour, 25-

year storm event. 

 Run-off Channel and Slope Drain Design 

2.2.1.1 Existing Stage I and II Features 

All run-off channels and slope drains were designed to manage the 24-hour, 100-year storm 
event which exceeds the amount of flow expected from the 24-hour, 25-year storm event. 

Refer to Drawing No. 42-E-0209 (sheets 1 and 2) and Appendix A for the Stage I and Stage II 

run-off channels. 

Stormwater from north of the site and from revegetated Stage I and Stage II areas is diverted 

through three culverts that cross underneath Clay Pike Road, which is located to the west of 
the landfill. A Type H channel and a Type A channel discharge to the northernmost culvert (a 

six-foot by 12-foot concrete box culvert). Two separate Type A channels discharge to either a 
30-inch diameter corrugated metal pipe (CMP), or a 48-inch diameter CMP. A drainage swale 

was included on the revegetated top of Stage II to divert run-off from soil-covered and 

vegetated areas into the existing western diversion channels. 

Run-off channels are located along the Stage II haul road and on the east side of Stage II. 

They are identified as the Haul Road Channel and East Collector, respectively, and they collect 
run-off from the active portion of Stage II. The East Collector receives flow from Types AA, BB, 

CC, R, and D collection channels. Both run-off channels extend into the Stage IIIA collector 
channels and discharge into the fabric-formed concrete-lined Main Collector Channel that flows 

into to the Surge Pond. Once in the Surge Pond, the effluent is sent to the disposal site 

wastewater treatment plant. 

Benches constructed on the completed disposal site face collect stormwater from the slopes. 

The benches discharge to either perimeter run-off channels or the fabric-formed slope drains. 
A berm is constructed at the leading edge of the active bench face to direct run-off from the 

active areas drains directly to nearby run-off channels. 

2.2.1.2 During Development of Stage III Area 

The existing and proposed run-off control drainage features for the Stage III area are 

designed for the peak flow from either a 24-hour, 25-year storm event or a 24-hour, 100-year 
storm event. Each run-off channel was sized to handle the 24-hour, 25-year peak flow. The 

permanent run-off features were sized for a 24-hour, 100-year peak flow and compared to the 
design for the 25-year storm event. The deepest resulting channel flow depth was then 

selected. As previously stated, the Stage III construction was planned to take place in five 

intermediate phases referred to as Stages IIIA, IIIB, IIIC, IIID, and IIIE. Temporary run-off 
channels and culverts designed for the intermediate phases were designed for the 24-hour, 25-

year storm. Refer to Drawing 728-1182 for the run-off channel layout during the intermediate 
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phases. As previously stated, construction of Stage IIIA was completed in 2018; this area has 

been lined and the designed channels constructed.  Below is a list of the permanent and 
temporary features for the Stage III development design.  The intermediate phases of Stage 

III will be built as necessary to support Station operations. 

Temporary Run-off Features 

 Stage IIIA 

• Channel HR1 conveys run-off from the haul road to Culvert 1 – Drawing No. 728-1182 

and Appendix B. 

• Channel WC1 conveys run-off from the western side of the landfill to Culvert 1 and 
continues from the culvert to the Main Collector Channel which flows to the Surge 

Pond – Drawing No. 728-1182 and Appendix B. 

• Channel WC2 conveys upstream run-off from the western side of the landfill to 

channel WC1 – Drawing No. 728-1182 and Appendix B. 

 Stage IIIB 

• Channel WC3 will convey run-off from the western side of development to channel 

WC1 – Drawing No. 728-1182 and Appendix B. 

• Channel WC4 will convey run-off from the western side of development to channel 

WC3 – Drawing No. 728-1182 and Appendix B. 

 Stage IIIC 

• Channel HR2 will convey run-off from eastern side of the haul road to Channel HR1 – 

Drawing No. 728-1182 and Appendix B. 

• Channel HR3 will convey run-off from the western side of the haul road to the Type Q 

channel – Drawing No. 728-1182 and Appendix B. 

• Slope drain, SD2, will drain the south-western portion of the benched areas to 

temporary channel WC5 – Drawing No. 728-1182 and Appendix B. 

• Channel WC5 will convey run-off from the western side of the development upstream 

of Channel WC3 – Drawing No. 728-1182 and Appendix B. 

 Stage IIID 

• Culvert 7-T will convey flow along the western perimeter of the development area and 
discharge to a dissipater basin before being discharged to the Main Collector Channel – 

Drawing 728-1182 and Appendix B. 

• Channel WC7 will be placed downstream of Culvert 1 – Drawing 728-1181 and 

Appendix B. 

Permanent Run-off Features 

 Stage IIIA 

• A Type Q channel was built along the eastern perimeter, running parallel to the 
Type AA run-on diversion channel for ultimate discharge to Existing Main Site 

Collector Channel – Drawing Nos. 728-1181 and 728-1182 and Appendix B. 

• Type U channel was built downstream of the Type Q channel – Drawing 

Nos. 728-1181 and 728-1182 and Appendix B. 
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• Slope drain, SD1, conveys run-off from the eastern benched area to the Type U 

channel – Drawing Nos. 728-1181 and 728-1182 and Appendix B. 

 Stage IIIC 

• Type L channel will collect run-off from the high point and along the western side 
of the development area to Channel WC5– Drawing Nos. 728-1181 and 728-1182 and 

Appendix B. 

• Slope drain SD4 will divert run-off from the uppermost western portion of the 
vegetated benched area to the Type B diversion channel – Drawing Nos. 728-1181 

and 728-1182 and Appendix B. 

• Type A channel will divert run-on and run-off from soil-covered and vegetated areas 

from the western highpoint of the working area to the Type B channel for discharge 
through an existing culvert and the existing Stage II Western Diversion Channel for 

ultimate discharge into an unnamed tributary to the Conemaugh River – Drawing Nos. 

728-1181 and 728-1182 and Appendix B. 

• Type B channel will divert run-on and run-off from soil-covered and vegetated areas 

from the western side of the working area to an existing culvert and the existing Stage 

II Western Diversion channel for discharge into an unnamed tributary to the 

Conemaugh River – Drawing Nos. 728-1181 and 728-1182 and Appendix B. 

 Stage IIID 

• Type U channel will be modified to discharge to a dissipater basin – Drawing Nos. 728-

1181 and 728-1182 and Appendix B.  

• Type W channel will be constructed south of the development area and discharge 

directly to the Main Collector Channel – Drawing Nos. 728-1181 and 728-1182 and 

Appendix B. 

• Type NN channel will convey flow from Culvert 7-T to discharge to a dissipater basin – 

Drawing Nos. 728-1181 and 728-1182 and Appendix B. 

 Stage IIIE 

• Type LL channel will convey run-off from the southwestern portions of the 

development area to the Type N channel– Drawing No. 728-1181 and Appendix B. 

• Type N channel will convey run-off from southern portion of development area 

through Culvert 2 for ultimate discharge to a dissipater basin Drawing No. 728-1181 

and Appendix B. 

• Channel HR5 will convey run-off north-west along the haul road to Channel HR4 – 

Drawing No. 728-1181 and Appendix B. 

• Culvert 2 will convey run-off from the Type N channel to the Type NN channel – 

Drawing No. 728-1181 and Appendix B. 

• Culvert 3 will convey flow across the haul road – Drawing No. 728-1181 and Appendix 

B. 

• Slope Drain SD3 will drain the south-western benched area to the Type N channel – 

Drawing No. 728-1181 and Appendix B. 

 Stormwater Equalization Pond Design 
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The existing stormwater equalization pond (i.e. Surge Pond) is permitted by PADEP under 

Water Quality Management Permit No. 3284211, NPDES Permit No. PA0005011, and Bureau of 
Dams and Waterway Management Permit No. D32-083. The Surge Pond is designed to store 

the run-off from two 24-hour, 10-year storm events separated by a 24-hour dry period from 
the maximum drainage area of 393 acres considering the outflow to the treatment plant. The 

Pond’s principal outlet is to the Disposal Site Treatment Plant and has a capacity to handle the 

peak inflow from a 24-hour, 100-year storm which meets the requirements in Section 257.81 
of the CCR Rule. The existing Surge Pond was designed in accordance with applicable State 

and Local Erosion and Sediment Control Regulations. 

2.3 Plan Amendment 

The initial RRCSP can be amended (257.81(c)(2)) at any time, and must be amended whenever there 

is a change in conditions that would substantially affect the written plan. In addition, a plan must be 
prepared every 5 years (257.81(c)(4)).  Revision 1 (September 2021) of this RRCSP was created by 

reviewing the initial RRCSP and updating relevant portions accordingly to reflect current conditions at 

the disposal site.  The RRCSP must be included into the facilities operating record (257.105(g)(3)). 
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APPENDIX A 

Stage II Form I Calculations
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APPENDIX B 

Stage III Form I Calculations 
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1.0 INTRODUCTION 
 
The existing and proposed drainage features for Stage III at the Conemaugh Station Ash/Refuse Disposal 
Site are to be designed for the peak flow from either a 25-year 24-hour storm event or a 100-yr 24-hour 
storm event.  Stage III will be constructed in five (5) intermediate phases, or sub-stages, during landfill 
development.  The five Stage lll phases are called Phase A, B, C, D, and E, herein. Temporary channels 
and culverts that are to be constructed during the intermediate phases are designed for the 25-year 24-
hour storm event.  The permanent culverts and perimeter channels which are constructed during the 
intermediate landfill phasing are designed for either the intermediate phase which produces the largest 25-
yr peak flow, or for the final vegetated condition using the 100-yr peak flow, whichever is greatest. Since 
the 25-year storm is the design event for PaDEP Solid Waste, all features are to be sized for the 25-
yr peak flow with a minimum freeboard of 25% of the flow depth or 6 inches, whichever is greatest. 
Features designed for the 100-yr peak flow are to be compared to the 25-yr peak flow plus 
freeboard, and the deepest resulting channel will be used. 
 
The following calculations present the culverts and portions of the channels which will be constructed as 
part of a particular Stage lll phase, and by doing so, the culverts and channels are designed to 
accommodate a range of slopes and peak flows.  Site hydrology was analyzed for all intermediate phases 
of construction in order to determine the maximum flows used to design each channel and culvert. 
 
The channels were analyzed using the computer program Hydraflow Hydrographs 2004 (Hydraflow), and 
the outputs are included in later sections.  A separate drainage network was developed for each 
construction phase within Hydraflow to acquire a true representation of the watershed and resulting peak 
flows. Input and output values from the program are summarized in this calculation set.   
 
The permanent perimeter channels were previously designed in Form I of the May 1997 Major Permit 
Modification (1997 Permit Modification), and approved November 4, 1998.  The same naming convention 
of these channels is used in the Stage III design, where possible.  However, the naming convention of all 
temporary and permanent channels in this calculation set does not follow that of the 1997 Permit 
Modification.  Therefore the calculations within this calculation set will state the relationship between the 
naming convention used in this calculation set and in the 1997 Permit Modification (for permanent 
channels only).  The proposed concrete channel linings in the 1997 Permit Modification are to be replaced 
with concrete-filled, Uniform Section Mat (USM) channel linings.  The capacities of the original designs 
(now using USM) were then analyzed, verified, and modified if needed. 
 
The culverts were analyzed using the Federal Highway Administration computer program HY-8. The 
locations of culverts are included on the plan drawings provided with this permit modification package. For 
these locations, estimates were made of the ground surface elevations at culvert inlet and outlet locations. 
These elevations, in conjunction with the required cover over the culvert to maintain structural integrity, the 
pipe diameter, and the requirements of headwater and tailwater depths, were used to provide the inlet and 
outlet invert elevations. In some instances, the required inlet and outlet elevations necessitate special 
structures or construction measures in order to meet the elevations of inlet or outlet points. These 
measures might include the steepening of the upstream channel in order to provide extra headwater depth 
at the culvert, or the installation of culvert inlet drop structures as noted in the calculations. 
 
The Stage III Development Plan and Phasing drawings can be used to locate and identify the channels 
and culverts, primarily Drawings E-728-1181 and E-728-1182
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2.0 HYDROLOGY INPUT DATA 
 
2.1 PRECIPITATION 
 
The April, 2013 precipitation data (below) is the same as for the 2013 Chapter 105/Section 404 Joint 
Permit Application for the Conemaugh Stage III Expansion Stream Relocation and Wetlands Mitigation 
Project, and was used throughout the Hydraflow software analysis for this major permit modification 
application. 

 
 

The curve number values below are from Form I, Appendix I-1-A of the 1997 Permit Modification. 
 

Woods 70

Revegetated Top 75

Revegetated Bench 78

Pasture 80

Active Surface 85  
Date: March 11, 2014 I-1-F.4



 

 
SUBJECT   FORM I - HYDROLOGIC AND HYDRAULIC CALCULATIONS  

      CONEMAUGH DISPOSAL SITE (STAGE III) PERMIT MODIFICATION                            

BY KMB2  DATE 3/11/2014 PROJ. NO. C130770.00  

 

CHKD. BY   JLM  DATE  3/11/2014            SHEET NO.    5  OF  135 

 

2.2 WATERSHED DELINEATION AND COMPOSITE CURVE NUMBERS 
 
2.2.1 PHASE A  (called Stage lllA on drawings) 

Woods Revegetated Top Revegetated Bench Pasture Active Surface TOTAL CN

0.00 0.00 1.18 0.00 2.76 3.94 83

Woods Revegetated Top Revegetated Bench Pasture Active Surface TOTAL CN

0.00 0.00 18.84 0.00 0.00 18.84 78

Woods Revegetated Top Revegetated Bench Pasture Active Surface TOTAL CN

0.00 0.00 0.00 0.00 3.94 3.94 85

Woods Revegetated Top Revegetated Bench Pasture Active Surface TOTAL CN

0.00 0.00 0.00 0.00 21.12 21.12 85

Woods Revegetated Top Revegetated Bench Pasture Active Surface TOTAL CN

0.00 0.00 7.52 0.00 8.78 16.30 82

Woods Revegetated Top Revegetated Bench Pasture Active Surface TOTAL CN

1.29 0.00 0.00 0.00 0.00 1.29 70

Woods Revegetated Top Revegetated Bench Pasture Active Surface TOTAL CN

2.52 0.00 0.00 0.00 0.00 2.52 70

PHASE A (A pile Active - Bottom 3 benches of Stage II Pile Vegetated)

EC1

Area (Ac)

R/D

Area (Ac)

ED1

Area (Ac)

Area (Ac)

WC1/2

Z/Y/E

Area (Ac)

ED2

Area (Ac)

HR1

Area (Ac)
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2.2.2 PHASE B  (called Stage lllB on drawings) 

Woods Revegetated Top Revegetated Bench Pasture Active Surface TOTAL CN

0.00 0.00 0.00 0.00 6.42 6.42 85

Woods Revegetated Top Revegetated Bench Pasture Active Surface TOTAL CN

0.00 0.00 6.93 0.00 0.00 6.93 78

Woods Revegetated Top Revegetated Bench Pasture Active Surface TOTAL CN

0.00 0.00 0.00 0.00 6.60 6.60 85

Woods Revegetated Top Revegetated Bench Pasture Active Surface TOTAL CN

0.00 0.00 23.18 0.00 42.69 65.87 83

Woods Revegetated Top Revegetated Bench Pasture Active Surface TOTAL CN

22.26 0.00 0.00 2.47 0.00 24.73 71

Woods Revegetated Top Revegetated Bench Pasture Active Surface TOTAL CN

1.29 0.00 0.00 0.00 0.00 1.29 70

Woods Revegetated Top Revegetated Bench Pasture Active Surface TOTAL CN

2.36 0.00 0.00 0.00 0.00 2.36 70

ED2

Area (Ac)

PHASE B (Vegetated Phase A portion - Stage II fully Vegetated)

WC3

Area (Ac)

Z/Y/E

Area (Ac)

ED1

Area (Ac)

HR1

Area (Ac)

EC1

Area (Ac)

WD1

Area (Ac)
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2.2.3 PHASE C  (called Stage lllC on drawings) 

Woods Revegetated Top Revegetated Bench Pasture Active Surface TOTAL CN

1.53 0.00 0.00 0.00 0.00 1.53 70

Woods Revegetated Top Revegetated Bench Pasture Active Surface TOTAL CN

0.00 0.00 0.00 0.00 8.60 8.60 85

Woods Revegetated Top Revegetated Bench Pasture Active Surface TOTAL CN

0.00 0.00 4.92 0.00 7.45 12.37 82

Woods Revegetated Top Revegetated Bench Pasture Active Surface TOTAL CN

0.00 0.00 17.44 0.00 1.12 18.56 78

Woods Revegetated Top Revegetated Bench Pasture Active Surface TOTAL CN

0.00 0.00 2.12 0.00 8.77 10.89 84

Woods Revegetated Top Revegetated Bench Pasture Active Surface TOTAL CN

0.00 0.00 0.00 0.00 1.44 1.44 85

Woods Revegetated Top Revegetated Bench Pasture Active Surface TOTAL CN

0.00 0.00 0.00 0.00 14.02 14.02 85

Woods Revegetated Top Revegetated Bench Pasture Active Surface TOTAL CN

0.00 0.00 0.94 0.00 3.56 4.50 84

Woods Revegetated Top Revegetated Bench Pasture Active Surface TOTAL CN

0.00 0.00 11.89 0.00 0.00 11.89 78

Woods Revegetated Top Revegetated Bench Pasture Active Surface TOTAL CN

6.34 0.00 0.00 0.00 0.00 6.34 70

Woods Revegetated Top Revegetated Bench Pasture Active Surface TOTAL CN

3.41 0.00 0.00 0.00 0.00 3.41 70

Woods Revegetated Top Revegetated Bench Pasture Active Surface TOTAL CN

1.29 0.00 0.00 0.00 0.00 1.29 70

Woods Revegetated Top Revegetated Bench Pasture Active Surface TOTAL CN

2.36 0.00 0.00 0.00 0.00 2.36 70

WC5

Area (Ac)

EC1

Area (Ac)

ED1

Area (Ac)

HR1

Area (Ac)

HR2

Area (Ac)

HR3

Area (Ac)

WD2/1

Area (Ac)

ED2

Area (Ac)

SD2

Area (Ac)

PHASE C (Vegetated Phase B portion)

WC6

Area (Ac)

SD4

Area (Ac)

WD4

Area (Ac)

SD1

Area (Ac)
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2.2.4 PHASE D  (called Stage lllD on drawings) 

Woods Revegetated Top Revegetated Bench Pasture Active Surface TOTAL CN

1.53 0.00 0.00 0.00 0.00 1.53 70

Woods Revegetated Top Revegetated Bench Pasture Active Surface TOTAL CN

0.00 0.00 0.00 0.00 8.60 8.60 85

Woods Revegetated Top Revegetated Bench Pasture Active Surface TOTAL CN

0.00 0.00 11.14 0.00 1.23 12.37 79

Woods Revegetated Top Revegetated Bench Pasture Active Surface TOTAL CN

0.00 0.00 0.00 1.92 1.28 3.20 82

Woods Revegetated Top Revegetated Bench Pasture Active Surface TOTAL CN

0.00 0.00 15.80 0.00 1.06 16.87 78

Woods Revegetated Top Revegetated Bench Pasture Active Surface TOTAL CN

0.00 0.00 0.00 0.00 19.12 19.12 85

Woods Revegetated Top Revegetated Bench Pasture Active Surface TOTAL CN

0.00 0.00 0.00 0.00 0.42 0.42 85

Woods Revegetated Top Revegetated Bench Pasture Active Surface TOTAL CN

0.00 0.00 6.30 0.00 4.59 10.89 81

Woods Revegetated Top Revegetated Bench Pasture Active Surface TOTAL CN

0.00 0.00 1.25 0.00 0.19 1.44 79

Woods Revegetated Top Revegetated Bench Pasture Active Surface TOTAL CN

0.00 0.00 1.19 0.00 12.83 14.02 84

Woods Revegetated Top Revegetated Bench Pasture Active Surface TOTAL CN

0.00 0.00 3.39 0.00 1.11 4.50 80

Woods Revegetated Top Revegetated Bench Pasture Active Surface TOTAL CN
0.00 0.00 11.89 0.00 0.00 11.89 78

Woods Revegetated Top Revegetated Bench Pasture Active Surface TOTAL CN

6.34 0.00 0.00 0.00 0.00 6.34 70

Woods Revegetated Top Revegetated Bench Pasture Active Surface TOTAL CN

3.41 0.00 0.00 0.00 0.00 3.41 70

Woods Revegetated Top Revegetated Bench Pasture Active Surface TOTAL CN

1.14 0.00 0.00 0.00 0.00 1.14 70

Woods Revegetated Top Revegetated Bench Pasture Active Surface TOTAL CN

2.36 0.00 0.00 0.00 0.00 2.36 70

Woods Revegetated Top Revegetated Bench Pasture Active Surface TOTAL CN

2.09 0.00 0.00 0.00 0.00 2.09 70

Area (Ac)

WC7

Area (Ac)

PHASE D (Vegetate Phase C further upslope)

WC6

SD2

HR1

Area (Ac)

HR2

Area (Ac)

HR3

Area (Ac)

ED3

Area (Ac)

Area (Ac)

ED2

Area (Ac)

SD1

Area (Ac)

Area (Ac)

WC5

Area (Ac)

EC1

Area (Ac)

ED1

SD4

Area (Ac)

WD4

Area (Ac)

EC3

Area (Ac)

EC2

Area (Ac)

WD2/1

Area (Ac)
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2.2.5 PHASE E (WORST CASE) 

Woods Revegetated Top Revegetated Bench Pasture Active Surface TOTAL CN

1.53 0.00 0.00 0.00 0.00 1.53 70

Woods Revegetated Top Revegetated Bench Pasture Active Surface TOTAL CN

0.00 0.00 8.60 0.00 0.00 8.60 78

Woods Revegetated Top Revegetated Bench Pasture Active Surface TOTAL CN

0.00 0.00 0.00 0.00 12.60 12.60 85

Woods Revegetated Top Revegetated Bench Pasture Active Surface TOTAL CN

0.00 0.00 1.27 0.00 11.76 13.03 84

Woods Revegetated Top Revegetated Bench Pasture Active Surface TOTAL CN

0.00 0.00 16.43 0.00 0.00 16.43 78

Woods Revegetated Top Revegetated Bench Pasture Active Surface TOTAL CN

0.00 0.00 6.01 0.00 5.15 11.17 81

Woods Revegetated Top Revegetated Bench Pasture Active Surface TOTAL CN

0.00 0.00 0.00 0.00 5.83 5.83 85

Woods Revegetated Top Revegetated Bench Pasture Active Surface TOTAL CN

0.00 0.00 0.82 0.00 3.18 4.00 84

Woods Revegetated Top Revegetated Bench Pasture Active Surface TOTAL CN

0.00 0.00 9.96 0.00 0.00 9.96 78

Woods Revegetated Top Revegetated Bench Pasture Active Surface TOTAL CN

0.00 0.00 11.89 0.00 0.00 11.89 78

Woods Revegetated Top Revegetated Bench Pasture Active Surface TOTAL CN

0.00 0.00 22.01 0.00 6.70 28.71 80

Woods Revegetated Top Revegetated Bench Pasture Active Surface TOTAL CN

0.00 0.00 5.69 0.00 0.00 5.69 78

Woods Revegetated Top Revegetated Bench Pasture Active Surface TOTAL CN

0.00 0.00 0.42 0.00 0.00 0.42 78

Woods Revegetated Top Revegetated Bench Pasture Active Surface TOTAL CN

1.14 0.00 0.00 0.00 0.00 1.14 70

Woods Revegetated Top Revegetated Bench Pasture Active Surface TOTAL CN

2.36 0.00 0.00 0.00 0.00 2.36 70

Woods Revegetated Top Revegetated Bench Pasture Active Surface TOTAL CN

2.09 0.00 0.00 0.00 0.00 2.09 70

Woods Revegetated Top Revegetated Bench Pasture Active Surface TOTAL CN

8.56 0.00 0.00 0.00 0.00 8.56 70

Woods Revegetated Top Revegetated Bench Pasture Active Surface TOTAL CN

3.41 0.00 0.00 0.00 0.00 3.41 70

ED1

Area (Ac)

ED2

Area (Ac)

HR4

Area (Ac)

SD1 /     

Culvert 3

Area (Ac)

SD1

Area (Ac)

WD3

Area (Ac)

EC2

Area (Ac)

SD3

Area (Ac)

WC8

Area (Ac)

HR5

Area (Ac)

ED3

Area (Ac)

SD4

Area (Ac)

WC9

Area (Ac)

Area (Ac)

EC1

Area (Ac)

SD2

Area (Ac)

WD4

Area (Ac)

EC3

Area (Ac)

PHASE E (Largest Active Top)

WC6
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2.2.6 PHASE E (FULLY VEGETATED) 

Woods Revegetated Top Revegetated Bench Pasture Active Surface TOTAL CN

1.53 0.00 0.00 0.00 0.00 1.53 70

Woods Revegetated Top Revegetated Bench Pasture Active Surface TOTAL CN

0.00 0.00 1.08 0.00 0.00 1.08 78

Woods Revegetated Top Revegetated Bench Pasture Active Surface TOTAL CN

0.00 0.00 18.23 0.00 0.00 18.23 78

Woods Revegetated Top Revegetated Bench Pasture Active Surface TOTAL CN

0.00 0.00 16.43 0.00 0.00 16.43 78

Woods Revegetated Top Revegetated Bench Pasture Active Surface TOTAL CN

0.00 0.00 0.00 0.00 2.28 2.28 85

Woods Revegetated Top Revegetated Bench Pasture Active Surface TOTAL CN

0.00 0.00 0.00 0.00 5.83 5.83 85

Woods Revegetated Top Revegetated Bench Pasture Active Surface TOTAL CN

0.00 0.00 15.95 0.00 0.00 15.95 78

Woods Revegetated Top Revegetated Bench Pasture Active Surface TOTAL CN

0.00 0.00 9.96 0.00 0.00 9.96 78

Woods Revegetated Top Revegetated Bench Pasture Active Surface TOTAL CN

0.00 0.00 11.89 0.00 0.00 11.89 78

Woods Revegetated Top Revegetated Bench Pasture Active Surface TOTAL CN

0.00 0.00 27.38 0.00 0.00 27.38 78

Woods Revegetated Top Revegetated Bench Pasture Active Surface TOTAL CN

0.00 0.00 5.69 0.00 0.00 5.69 78

Woods Revegetated Top Revegetated Bench Pasture Active Surface TOTAL CN

0.00 0.00 0.42 0.00 0.00 0.42 78

Woods Revegetated Top Revegetated Bench Pasture Active Surface TOTAL CN

1.14 0.00 0.00 0.00 0.00 1.14 70

Woods Revegetated Top Revegetated Bench Pasture Active Surface TOTAL CN

2.36 0.00 0.00 0.00 0.00 2.36 70

Woods Revegetated Top Revegetated Bench Pasture Active Surface TOTAL CN

2.09 0.00 0.00 0.00 0.00 2.09 70

Woods Revegetated Top Revegetated Bench Pasture Active Surface TOTAL CN

8.56 0.00 0.00 0.00 0.00 8.56 70

Woods Revegetated Top Revegetated Bench Pasture Active Surface TOTAL CN

3.41 0.00 0.00 0.00 0.00 3.41 70

ED1

Area (Ac)

EC2

Area (Ac)

SD1 /          

Culvert 3

Area (Ac)

Area (Ac)

ED3

Area (Ac)

SD1

ED2

Area (Ac)

SD4

Area (Ac)

Area (Ac)

WC8

Area (Ac)

WD3

Area (Ac)

HR5

Area (Ac)

HR4

Area (Ac)

EC1

Area (Ac)

PHASE E (Fully Vegetated)

WC6

Area (Ac)

WC9

Area (Ac)

SD3

WD4

Area (Ac)

EC3

Area (Ac)
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2.3 TIME OF CONCENTRATION 
 
2.3.1 PHASE A  

 

WC1/2

0.0833 hrs

5.00 min

HR1

0.0833 hrs

5.00 min

EC1

Segment ID 1

Active Top

0.011

100 ft

2.59 in

0.01 ft/ft

0.0359 hrs

Segment ID 2

Unpaved

16.1435

1193 ft

0.01 ft/ft

1.27 ft/sec

0.2610 hrs

0.0359

0.2610

0.2969 hrs

17.81 min

Time of Concentration, Tc…………………………………………….

Sheet Flow Tt………………………………………………………….
Shallow Concentrated Flow Tt……………………………………….
Channel Flow Tt……………………………………………………….
Time of Concentration, Tc…………………………………………….

Time of Concentration

Surface Description Coefficient, C……..….………………………..
Flow Length, L…………………………………………………………
Watercourse Slope, s……………………….……….…......……….
Average Velocity, V = C*s0.5………………….……………………..
Travel Time, Tt = (L) / (3600*V)………………………………………

Flow Length, L…………………………………………………………
Two-year 24-hour Rainfall, P2…………………………….….………
Land Slope, s………………………………………………...……….
Travel Time, Tt = (0.007*(n*L)0.8) / (P2

0.5*s0.4)……………………..

Shallow Concentrated Flow

Surface Description (Paved / Unpaved)…………………………….

PHASE A (A pile Active - Bottom 3 benches of Stage II Pile Vegetated)

Sheet Flow

Surface Description (Table 3-1)……………………………………..
Manning's Roughness Coefficient, n (table 3-1)…………………..

Time of Concentration, Tc…………………………………………….

* Minimum Time of concentration of 5 minutes was used

* Minimum Time of concentration of 5 minutes was used
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Z/Y/E

Segment ID 1

Rec. Bench

0.15

21 ft

2.59 in

0.57 ft/ft

0.0136 hrs

Segment ID Rec. Bench

0

1

10 Note 1

10.0

20.10

0.50

0.011

0.045

2.17 ft/sec

1844 ft

0.2366 hrs

0.0136

0.2366

0.2502 hrs

15.01 min

Note 1: Side slope shown averages the two slopes (20H:1V & 2H:1V)

Travel Time, Tt = (L) / (3600*V)………………………………………

Time of Concentration

Sheet Flow Tt………………………………………………………….
Shallow Concentrated Flow Tt……………………………………….
Channel Flow Tt……………………………………………………….
Time of Concentration, Tc…………………………………………….

Wetted Perimeter, pw = b + (2*d)*(z2 + 1)0.5……………………….
Hydraulic Radius, r = a / pw………………………………………….
Channel Slope, s………………………………………………………
Manning's Roughness Coefficient, n…………..……………………
Average Velocity, V = (1.49*r2/3*s1/2) / (n)………………………….
Flow Length, L…………………………………………………………

Channel Flow

Section Base, b……………………………………………………….
Section Depth, d………………………………………………………
Section Side Slope, z………………………………………………..
Cross Sectional Flow Area, a = b*d + z*d2………………………..

Land Slope, s………………………………………………...……….
Travel Time, Tt = (0.007*(n*L)0.8) / (P2

0.5*s0.4)……………………..

Sheet Flow

Two-year 24-hour Rainfall, P2…………………………….….………

Surface Description (Table 3-1)……………………………………..
Manning's Roughness Coefficient, n (table 3-1)…………………..
Flow Length, L…………………………………………………………

PHASE A (A pile Active - Bottom 3 benches of Stage II Pile Vegetated)
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R/D

Segment ID 1

Rec. Bench

0.15

32 ft

2.59 in

0.50 ft/ft

0.0201 hrs

Segment ID Rec. Bench

0

1

10 Note 1

10.0

20.10

0.50

0.010

0.045 (assumed)

2.08 ft/sec

918 ft

0.1227 hrs

0.0201

0.1227

0.1428 hrs

8.57 min

ED1

0.0833 hrs

5.00 min
Time of Concentration, Tc…………………………………………….

* Minimum Time of concentration of 5 minutes was used

Note 1: Side slope shown averages the two slopes (20H:1V & 2H:1V)

Channel Flow Tt……………………………………………………….
Time of Concentration, Tc…………………………………………….

Two-year 24-hour Rainfall, P2…………………………….….………

Average Velocity, V = (1.49*r2/3*s1/2) / (n)………………………….
Flow Length, L…………………………………………………………
Travel Time, Tt = (L) / (3600*V)………………………………………

Time of Concentration

Sheet Flow Tt………………………………………………………….
Shallow Concentrated Flow Tt……………………………………….

Section Side Slope, z………………………………………………..
Cross Sectional Flow Area, a = b*d + z*d2………………………..
Wetted Perimeter, pw = b + (2*d)*(z2 + 1)0.5……………………….
Hydraulic Radius, r = a / pw………………………………………….
Channel Slope, s………………………………………………………
Manning's Roughness Coefficient, n…………..……………………

Channel Flow

Section Base, b……………………………………………………….
Section Depth, d………………………………………………………

Land Slope, s………………………………………………...……….
Travel Time, Tt = (0.007*(n*L)0.8) / (P2

0.5*s0.4)……………………..

Sheet Flow

Surface Description (Table 3-1)……………………………………..
Manning's Roughness Coefficient, n (table 3-1)…………………..
Flow Length, L…………………………………………………………

PHASE A (A pile Active - Bottom 3 benches of Stage II Pile Vegetated)
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ED2

Segment ID 1

Woods

0.4

42 ft

2.59 in

0.17 ft/ft

0.0851 hrs

Segment ID 2 3

Unpaved Unpaved

16.1435 16.1435

43 203 ft

0.35 0.14 ft/ft

9.53 6.00 ft/sec

0.0013 0.0094 hrs

Segment ID Interface

0

1

2

2.0

4.47

0.45

0.010

0.03 (assumed)

2.90 ft/sec

734 ft

hrs

0.0851

0.0107

0.0958 hrs

5.75 min

Manning's Roughness Coefficient, n…………..……………………
Average Velocity, V = (1.49*r2/3*s1/2) / (n)………………………….

Time of Concentration

Sheet Flow Tt………………………………………………………….
Shallow Concentrated Flow Tt……………………………………….
Channel Flow Tt……………………………………………………….
Time of Concentration, Tc…………………………………………….

Sheet Flow

Manning's Roughness Coefficient, n (table 3-1)…………………..
Flow Length, L…………………………………………………………
Two-year 24-hour Rainfall, P2…………………………….….………
Land Slope, s………………………………………………...……….

Shallow Concentrated Flow

Surface Description Coefficient, C……..….………………………..
Flow Length, L…………………………………………………………
Watercourse Slope, s……………………….……….…......……….

Hydraulic Radius, r = a / pw………………………………………….

Flow Length, L…………………………………………………………
Travel Time, Tt = (L) / (3600*V)………………………………………

Channel Slope, s………………………………………………………

PHASE A (A pile Active - Bottom 3 benches of Stage II Pile Vegetated)

Wetted Perimeter, pw = b + (2*d)*(z2 + 1)0.5……………………….

Section Base, b……………………………………………………….
Section Depth, d………………………………………………………
Section Side Slope, z………………………………………………..
Cross Sectional Flow Area, a = b*d + z*d2………………………..

Surface Description (Paved / Unpaved)…………………………….

Travel Time, Tt = (L) / (3600*V)………………………………………

Surface Description (Table 3-1)……………………………………..

Travel Time, Tt = (0.007*(n*L)0.8) / (P2
0.5*s0.4)……………………..

Average Velocity, V = C*s0.5………………….……………………..

Channel Flow
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2.3.2 PHASE B 

 

WC3

Segment ID 1

Act. Bench

0.011

18 ft

2.59 in

0.50 ft/ft

0.0016 hrs

Segment ID Act. Bench

0

1

10 Note 1

10.0

20.10

0.50

0.010

0.03 (assumed)

3.12 ft/sec

929 ft

0.0828 hrs

0.0016

0.0828

0.0843 hrs

5.06 min

Shallow Concentrated Flow Tt……………………………………….
Channel Flow Tt……………………………………………………….

Time of Concentration, Tc…………………………………………….

Channel Flow

Section Base, b……………………………………………………….
Section Depth, d………………………………………………………
Section Side Slope, z………………………………………………..
Cross Sectional Flow Area, a = b*d + z*d2………………………..
Wetted Perimeter, pw = b + (2*d)*(z2 + 1)0.5……………………….
Hydraulic Radius, r = a / pw………………………………………….
Channel Slope, s………………………………………………………
Manning's Roughness Coefficient, n…………..……………………
Average Velocity, V = (1.49*r2/3*s1/2) / (n)………………………….
Flow Length, L…………………………………………………………
Travel Time, Tt = (L) / (3600*V)………………………………………

PHASE B (Vegetated Phase A portion - Stage II Vegetated)

Sheet Flow

Surface Description (Table 3-1)……………………………………..
Manning's Roughness Coefficient, n (table 3-1)…………………..
Flow Length, L…………………………………………………………
Two-year 24-hour Rainfall, P2…………………………….….………
Land Slope, s………………………………………………...……….
Travel Time, Tt = (0.007*(n*L)0.8) / (P2

0.5*s0.4)……………………..

Time of Concentration

Sheet Flow Tt………………………………………………………….

Note 1: Side slope shown averages the two slopes (20H:1V & 2H:1V)  
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Z/Y/E

Segment ID 1

Rec. Bench

0.15

21 ft

2.59 in

0.57 ft/ft

0.0136 hrs

Segment ID Rec. Bench

0

1

10 Note 1

10.0

20.10

0.50

0.011

0.045

2.17 ft/sec

1844 ft

0.2366 hrs

0.0136

0.2366

0.2502 hrs

15.01 min

Manning's Roughness Coefficient, n…………..……………………
Average Velocity, V = (1.49*r2/3*s1/2) / (n)………………………….
Flow Length, L…………………………………………………………

Sheet Flow

Surface Description (Table 3-1)……………………………………..
Manning's Roughness Coefficient, n (table 3-1)…………………..
Flow Length, L…………………………………………………………
Two-year 24-hour Rainfall, P2…………………………….….………
Land Slope, s………………………………………………...……….
Travel Time, Tt = (0.007*(n*L)0.8) / (P2

0.5*s0.4)……………………..

Channel Flow

Section Base, b……………………………………………………….

PHASE B (Vegetated Phase A portion - Stage II Vegetated)

Travel Time, Tt = (L) / (3600*V)………………………………………

Time of Concentration

Sheet Flow Tt………………………………………………………….
Shallow Concentrated Flow Tt……………………………………….
Channel Flow Tt……………………………………………………….
Time of Concentration, Tc…………………………………………….

Note 1: Side slope shown averages the two slopes (20H:1V & 2H:1V)

Section Depth, d………………………………………………………
Section Side Slope, z………………………………………………..
Cross Sectional Flow Area, a = b*d + z*d2………………………..
Wetted Perimeter, pw = b + (2*d)*(z2 + 1)0.5……………………….
Hydraulic Radius, r = a / pw………………………………………….

Channel Slope, s………………………………………………………
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HR1

Segment ID 1

Act. Bench

0.011

29 ft

2.59 in

0.50 ft/ft

0.0023 hrs

Segment ID Act. Bench

0

1

10

10.0

20.10

0.50

0.010

0.03 (assumed)

3.12 ft/sec

666 ft

0.0593 hrs

0.0023

0.0593

0.0616 hrs

3.70 min

* Minimum Time of concentration of 5 minutes was used

Hydraulic Radius, r = a / pw………………………………………….
Channel Slope, s………………………………………………………
Manning's Roughness Coefficient, n…………..……………………
Average Velocity, V = (1.49*r2/3*s1/2) / (n)………………………….
Flow Length, L…………………………………………………………
Travel Time, Tt = (L) / (3600*V)………………………………………

Time of Concentration

Sheet Flow Tt………………………………………………………….
Shallow Concentrated Flow Tt……………………………………….
Channel Flow Tt……………………………………………………….

Time of Concentration, Tc…………………………………………….

Cross Sectional Flow Area, a = b*d + z*d2………………………..
Wetted Perimeter, pw = b + (2*d)*(z2 + 1)0.5……………………….

Manning's Roughness Coefficient, n (table 3-1)…………………..
Flow Length, L…………………………………………………………

Two-year 24-hour Rainfall, P2…………………………….….………
Land Slope, s………………………………………………...……….
Travel Time, Tt = (0.007*(n*L)0.8) / (P2

0.5*s0.4)……………………..

PHASE B (Vegetated Phase A portion - Stage II Vegetated)

Channel Flow

Section Base, b……………………………………………………….
Section Depth, d………………………………………………………
Section Side Slope, z………………………………………………..

Sheet Flow

Surface Description (Table 3-1)……………………………………..
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EC1

Segment ID 1

Active Top

0.011

100 ft

2.59 in

0.01 ft/ft

0.0296 hrs

Segment ID 2

Unpaved

16.1435

1128 ft

0.01 ft/ft

1.27 ft/sec

0.2468 hrs

Segment ID Interface

0

1

2

2.0

4.47

0.45

0.010

0.03 (assumed)

2.90 ft/sec

734 ft

0.0702 hrs

0.0296

0.2468

0.0702

0.3466 hrs

20.79 min

Wetted Perimeter, pw = b + (2*d)*(z2 + 1)0.5……………………….
Hydraulic Radius, r = a / pw………………………………………….
Channel Slope, s………………………………………………………

Time of Concentration, Tc…………………………………………….

Section Side Slope, z………………………………………………..
Cross Sectional Flow Area, a = b*d + z*d2………………………..

Channel Flow Tt……………………………………………………….

Sheet Flow Tt………………………………………………………….
Shallow Concentrated Flow Tt……………………………………….

Manning's Roughness Coefficient, n…………..……………………
Average Velocity, V = (1.49*r2/3*s1/2) / (n)………………………….
Flow Length, L…………………………………………………………
Travel Time, Tt = (L) / (3600*V)………………………………………

Time of Concentration

Travel Time, Tt = (L) / (3600*V)………………………………………

Channel Flow

Section Base, b……………………………………………………….
Section Depth, d………………………………………………………

Shallow Concentrated Flow

Surface Description (Paved / Unpaved)…………………………….
Surface Description Coefficient, C……..….………………………..
Flow Length, L…………………………………………………………
Watercourse Slope, s……………………….……….…......……….
Average Velocity, V = C*s0.5………………….……………………..

Surface Description (Table 3-1)……………………………………..
Manning's Roughness Coefficient, n (table 3-1)…………………..
Flow Length, L…………………………………………………………
Two-year 24-hour Rainfall, P2…………………………….….………
Land Slope, s………………………………………………...……….
Travel Time, Tt = (0.007*(n*L)0.8) / (P2

0.5*s0.4)……………………..

Sheet Flow

PHASE B (Vegetated Phase A portion - Stage II Vegetated)
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WD1

Segment ID 1

Woods

0.4

70 ft

2.59 in

0.01 ft/ft

0.3946 hrs

Segment ID 2 3

Unpaved Unpaved

16.1435 16.1435

132 220 ft

0.12 0.38 ft/ft

5.62 9.98 ft/sec

0.0065 0.0061 hrs

0.3946

0.0127

0.4073 hrs

24.44 min
Time of Concentration, Tc…………………………………………….

Time of Concentration

Sheet Flow Tt………………………………………………………….

Travel Time, Tt = (0.007*(n*L)0.8) / (P2
0.5*s0.4)……………………..

Shallow Concentrated Flow

Surface Description (Paved / Unpaved)…………………………….
Surface Description Coefficient, C……..….………………………..

Surface Description (Table 3-1)……………………………………..
Manning's Roughness Coefficient, n (table 3-1)…………………..
Flow Length, L…………………………………………………………

Shallow Concentrated Flow Tt……………………………………….
Channel Flow Tt……………………………………………………….

Average Velocity, V = C*s0.5………………….……………………..
Travel Time, Tt = (L) / (3600*V)………………………………………

Flow Length, L…………………………………………………………
Watercourse Slope, s……………………….……….…......……….

Sheet Flow

Two-year 24-hour Rainfall, P2…………………………….….………
Land Slope, s………………………………………………...……….

PHASE B (Vegetated Phase A portion - Stage II Vegetated)
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ED1

0.0833 hrs

5.00 min

ED2

Segment ID 1

Woods

0.4

42 ft

2.59 in

0.17 ft/ft

0.0851 hrs

Segment ID 2 3

Unpaved Unpaved

16.1435 16.1435

43 203 ft

0.35 0.14 ft/ft

9.53 6.00 ft/sec

0.0013 0.0094 hrs

0.0851

0.0107

0.0958 hrs

5.75 min

Channel Flow Tt……………………………………………………….

Time of Concentration

Shallow Concentrated Flow Tt……………………………………….
Sheet Flow Tt………………………………………………………….

Time of Concentration, Tc…………………………………………….

Land Slope, s………………………………………………...……….
Travel Time, Tt = (0.007*(n*L)0.8) / (P2

0.5*s0.4)……………………..

Travel Time, Tt = (L) / (3600*V)………………………………………

Shallow Concentrated Flow

Surface Description (Paved / Unpaved)…………………………….
Surface Description Coefficient, C……..….………………………..
Flow Length, L…………………………………………………………
Watercourse Slope, s……………………….……….…......……….
Average Velocity, V = C*s0.5………………….……………………..

Flow Length, L…………………………………………………………
Two-year 24-hour Rainfall, P2…………………………….….………

Manning's Roughness Coefficient, n (table 3-1)…………………..

Sheet Flow

Surface Description (Table 3-1)……………………………………..

Time of Concentration, Tc…………………………………………….

* Minimum Time of concentration of 5 minutes was used

PHASE B (Vegetated Phase A portion - Stage II Vegetated)
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2.3.3 PHASE C 

 

WC6

Segment ID 1

Woods

0.4

100 ft

2.59 in

0.03 ft/ft

0.3383 hrs

Segment ID 2

Unpaved

16.1435

17 ft

0.09 ft/ft

4.80 ft/sec

0.0010 hrs

0.3383

0.0010

0.3392 hrs

20.35 min

Watercourse Slope, s……………………….……….…......……….
Average Velocity, V = C*s0.5………………….……………………..
Travel Time, Tt = (L) / (3600*V)………………………………………

Land Slope, s………………………………………………...……….
Travel Time, Tt = (0.007*(n*L)0.8) / (P2

0.5*s0.4)……………………..

Shallow Concentrated Flow

Surface Description (Paved / Unpaved)…………………………….
Surface Description Coefficient, C……..….………………………..
Flow Length, L…………………………………………………………

PHASE C (Vegetated Phase B portion)

Sheet Flow

Surface Description (Table 3-1)……………………………………..
Manning's Roughness Coefficient, n (table 3-1)…………………..
Flow Length, L…………………………………………………………
Two-year 24-hour Rainfall, P2…………………………….….………

Channel Flow Tt……………………………………………………….

Time of Concentration, Tc…………………………………………….

Time of Concentration

Sheet Flow Tt………………………………………………………….
Shallow Concentrated Flow Tt……………………………………….
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SD2

Segment ID 1

Act. Bench

0.011

25 ft

2.59 in

0.50 ft/ft

0.0020 hrs

Segment ID Act. Bench

0

1

10 Note 1

10.0

20.10

0.50

0.010

0.03 (assumed)

3.12 ft/sec

1102 ft

0.0982 hrs

0.0020

0.0982

0.1002 hrs

6.01 min

Sheet Flow

Surface Description (Table 3-1)……………………………………..
Manning's Roughness Coefficient, n (table 3-1)…………………..
Flow Length, L…………………………………………………………

PHASE C (Vegetated Phase B portion)

Section Side Slope, z………………………………………………..
Cross Sectional Flow Area, a = b*d + z*d2………………………..
Wetted Perimeter, pw = b + (2*d)*(z2 + 1)0.5……………………….
Hydraulic Radius, r = a / pw………………………………………….

Channel Slope, s………………………………………………………
Manning's Roughness Coefficient, n…………..……………………

Two-year 24-hour Rainfall, P2…………………………….….………
Land Slope, s………………………………………………...……….
Travel Time, Tt = (0.007*(n*L)0.8) / (P2

0.5*s0.4)……………………..

Channel Flow

Section Base, b……………………………………………………….
Section Depth, d………………………………………………………

Channel Flow Tt……………………………………………………….
Time of Concentration, Tc…………………………………………….

Note 1: Side slope shown averages the two slopes (20H:1V & 2H:1V)

Average Velocity, V = (1.49*r2/3*s1/2) / (n)………………………….
Flow Length, L…………………………………………………………
Travel Time, Tt = (L) / (3600*V)………………………………………

Time of Concentration

Sheet Flow Tt………………………………………………………….
Shallow Concentrated Flow Tt……………………………………….
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WC5

Segment ID 1

Rec. Bench

0.15

27 ft

2.59 in

0.50 ft/ft

0.0176 hrs

Segment ID Rec. Bench

0

1

10 Note 1

10.0

20.10

0.50

0.010

0.045 (assumed)

2.08 ft/sec

711 ft

0.0950 hrs

0.0176

0.0950

0.1126 hrs

6.75 min

Travel Time, Tt = (0.007*(n*L)0.8) / (P2
0.5*s0.4)……………………..

Channel Flow

Section Base, b……………………………………………………….
Section Depth, d………………………………………………………
Section Side Slope, z………………………………………………..
Cross Sectional Flow Area, a = b*d + z*d2………………………..

Sheet Flow

Surface Description (Table 3-1)……………………………………..
Manning's Roughness Coefficient, n (table 3-1)…………………..
Flow Length, L…………………………………………………………

Note 1: Side slope shown averages the two slopes (20H:1V & 2H:1V)

Two-year 24-hour Rainfall, P2…………………………….….………
Land Slope, s………………………………………………...……….

Travel Time, Tt = (L) / (3600*V)………………………………………

Time of Concentration

Sheet Flow Tt………………………………………………………….
Shallow Concentrated Flow Tt……………………………………….
Channel Flow Tt……………………………………………………….
Time of Concentration, Tc…………………………………………….

Wetted Perimeter, pw = b + (2*d)*(z2 + 1)0.5……………………….
Hydraulic Radius, r = a / pw………………………………………….
Channel Slope, s………………………………………………………
Manning's Roughness Coefficient, n…………..……………………
Average Velocity, V = (1.49*r2/3*s1/2) / (n)………………………….
Flow Length, L…………………………………………………………

PHASE C (Vegetated Phase B portion)
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EC1

Segment ID 1

Rec. Bench

0.15

41 ft

2.59 in

0.50 ft/ft

0.0245 hrs

Segment ID Rec. Bench

0

1

10 Note 1

10.0

20.10

0.50

0.010

0.045 (assumed)

2.08 ft/sec

909 ft

0.1215 hrs

0.0245

0.1215

0.1460 hrs

8.76 min

PHASE C (Vegetated Phase B portion)

Flow Length, L…………………………………………………………

Channel Flow

Section Base, b……………………………………………………….

Wetted Perimeter, pw = b + (2*d)*(z2 + 1)0.5……………………….

Shallow Concentrated Flow Tt……………………………………….
Channel Flow Tt……………………………………………………….
Time of Concentration, Tc…………………………………………….

Manning's Roughness Coefficient, n (table 3-1)…………………..
Flow Length, L…………………………………………………………
Two-year 24-hour Rainfall, P2…………………………….….………
Land Slope, s………………………………………………...……….

Travel Time, Tt = (0.007*(n*L)0.8) / (P2
0.5*s0.4)……………………..

Hydraulic Radius, r = a / pw………………………………………….
Channel Slope, s………………………………………………………

Section Depth, d………………………………………………………
Section Side Slope, z………………………………………………..
Cross Sectional Flow Area, a = b*d + z*d2………………………..

Average Velocity, V = (1.49*r2/3*s1/2) / (n)………………………….

Travel Time, Tt = (L) / (3600*V)………………………………………

Time of Concentration

Sheet Flow Tt………………………………………………………….

Sheet Flow

Surface Description (Table 3-1)……………………………………..

Manning's Roughness Coefficient, n…………..……………………

Note 1: Side slope shown averages the two slopes (20H:1V & 2H:1V)  
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HR1

Segment ID 1

Rec. Bench

0.15

26 ft

2.59 in

0.50 ft/ft

0.0170 hrs

Segment ID Rec. Bench

0

1

10 Note 1

10.0

20.10

0.50

0.010

0.045 (assumed)

2.08 ft/sec

678 ft

0.0906 hrs

0.0170

0.0906

0.1076 hrs

6.46 min

HR2

0.0833 hrs

5.00 min

PHASE C (Vegetated Phase B portion)

Channel Flow Tt……………………………………………………….
Time of Concentration, Tc…………………………………………….

Time of Concentration, Tc…………………………………………….

* Minimum Time of concentration of 5 minutes was used

Note 1: Side slope shown averages the two slopes (20H:1V & 2H:1V)

Time of Concentration

Sheet Flow Tt………………………………………………………….
Shallow Concentrated Flow Tt……………………………………….

Channel Flow

Cross Sectional Flow Area, a = b*d + z*d2………………………..
Wetted Perimeter, pw = b + (2*d)*(z2 + 1)0.5……………………….
Hydraulic Radius, r = a / pw………………………………………….

Flow Length, L…………………………………………………………
Travel Time, Tt = (L) / (3600*V)………………………………………

Channel Slope, s………………………………………………………
Manning's Roughness Coefficient, n…………..……………………
Average Velocity, V = (1.49*r2/3*s1/2) / (n)………………………….

Section Depth, d………………………………………………………
Section Base, b……………………………………………………….

Section Side Slope, z………………………………………………..

Sheet Flow

Surface Description (Table 3-1)……………………………………..
Manning's Roughness Coefficient, n (table 3-1)…………………..

Two-year 24-hour Rainfall, P2…………………………….….………
Land Slope, s………………………………………………...……….
Travel Time, Tt = (0.007*(n*L)0.8) / (P2

0.5*s0.4)……………………..

Flow Length, L…………………………………………………………
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HR3

Segment ID 1

Act. Bench

0.011

28 ft

2.59 in

0.50 ft/ft

0.0022 hrs

Segment ID Act. Bench

0

1

10 Note 1

10.0

20.10

0.50

0.010

0.03 (assumed)

3.12 ft/sec

1412 ft

0.1258 hrs

0.0022

0.1258

0.1280 hrs

7.68 min

SD1

0.0833 hrs

5.00 min

PHASE C (Vegetated Phase B portion)

Section Depth, d………………………………………………………

Hydraulic Radius, r = a / pw………………………………………….
Channel Slope, s………………………………………………………

Flow Length, L…………………………………………………………
Travel Time, Tt = (L) / (3600*V)………………………………………

Sheet Flow

Land Slope, s………………………………………………...……….
Travel Time, Tt = (0.007*(n*L)0.8) / (P2

0.5*s0.4)……………………..

Time of Concentration, Tc…………………………………………….

* Minimum Time of concentration of 5 minutes was used

Sheet Flow Tt………………………………………………………….
Shallow Concentrated Flow Tt……………………………………….
Channel Flow Tt……………………………………………………….
Time of Concentration, Tc…………………………………………….

Section Side Slope, z………………………………………………..
Cross Sectional Flow Area, a = b*d + z*d2………………………..
Wetted Perimeter, pw = b + (2*d)*(z2 + 1)0.5……………………….

Manning's Roughness Coefficient, n…………..……………………
Average Velocity, V = (1.49*r2/3*s1/2) / (n)………………………….

Time of Concentration

Channel Flow

Section Base, b……………………………………………………….

Surface Description (Table 3-1)……………………………………..
Manning's Roughness Coefficient, n (table 3-1)…………………..
Flow Length, L…………………………………………………………
Two-year 24-hour Rainfall, P2…………………………….….………

Note 1: Side slope shown averages the two slopes (20H:1V & 2H:1V)
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SD4

Segment ID 1

Rec. Bench

0.15

26 ft

2.59 in

0.50 ft/ft

0.0170 hrs

Segment ID Rec. Bench

0

1

10 Note 1

10.0

20.10

0.50

0.010

0.045 (assumed)

2.08 ft/sec

1503 ft

0.2008 hrs

0.0170

0.2008

0.2179 hrs

13.07 min

Section Side Slope, z………………………………………………..

Sheet Flow Tt………………………………………………………….
Shallow Concentrated Flow Tt……………………………………….
Channel Flow Tt……………………………………………………….
Time of Concentration, Tc…………………………………………….

Note 1:  Side slope shown averages the two slopes (20H:1V & 2H:1V)

Cross Sectional Flow Area, a = b*d + z*d2………………………..
Wetted Perimeter, pw = b + (2*d)*(z2 + 1)0.5……………………….
Hydraulic Radius, r = a / pw………………………………………….
Channel Slope, s………………………………………………………
Manning's Roughness Coefficient, n…………..……………………
Average Velocity, V = (1.49*r2/3*s1/2) / (n)………………………….
Flow Length, L…………………………………………………………
Travel Time, Tt = (L) / (3600*V)………………………………………

Time of Concentration

Channel Flow

Section Base, b……………………………………………………….
Section Depth, d………………………………………………………

PHASE C (Vegetated Phase B portion)

Sheet Flow

Surface Description (Table 3-1)……………………………………..
Manning's Roughness Coefficient, n (table 3-1)…………………..
Flow Length, L…………………………………………………………
Two-year 24-hour Rainfall, P2…………………………….….………
Land Slope, s………………………………………………...……….
Travel Time, Tt = (0.007*(n*L)0.8) / (P2

0.5*s0.4)……………………..
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WD2/1

Segment ID 1

Woods

0.4

70 ft

2.59 in

0.01 ft/ft

0.3946 hrs

Segment ID 2 3

Unpaved Unpaved

16.1435 16.1435

132 220 ft

0.12 0.38 ft/ft

5.62 9.98 ft/sec

0.0065 0.0061 hrs

0.3946

0.0127

0.0000

0.4073 hrs

24.44 min

Shallow Concentrated Flow

Surface Description (Table 3-1)……………………………………..
Manning's Roughness Coefficient, n (table 3-1)…………………..

Sheet Flow

Surface Description Coefficient, C……..….………………………..
Flow Length, L…………………………………………………………
Watercourse Slope, s……………………….……….…......……….
Average Velocity, V = C*s0.5………………….……………………..
Travel Time, Tt = (L) / (3600*V)………………………………………

Flow Length, L…………………………………………………………
Two-year 24-hour Rainfall, P2…………………………….….………

Surface Description (Paved / Unpaved)…………………………….

Land Slope, s………………………………………………...……….
Travel Time, Tt = (0.007*(n*L)0.8) / (P2

0.5*s0.4)……………………..

Sheet Flow Tt………………………………………………………….
Shallow Concentrated Flow Tt……………………………………….
Channel Flow Tt……………………………………………………….

PHASE C (Vegetated Phase B portion)

Time of Concentration, Tc…………………………………………….

Time of Concentration
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WD4

Sheet Flow

Segment ID 1

Woods

0.4

70 ft

2.59 in

0.04 ft/ft

0.2205 hrs

Shallow Concentrated Flow

Segment ID 2

Unpaved

16.1435

156 ft

0.14 ft/ft

6.06 ft/sec

0.0071 hrs

Time of Concentration

0.2205

0.0071

0.2276 hrs

13.66 min

Surface Description (Table 3-1)……………………………………..
Manning's Roughness Coefficient, n (table 3-1)…………………..
Flow Length, L…………………………………………………………
Two-year 24-hour Rainfall, P2…………………………….….………
Land Slope, s………………………………………………...……….
Travel Time, Tt = (0.007*(n*L)0.8) / (P2

0.5*s0.4)……………………..

PHASE C (Vegetated Phase B portion)

Surface Description (Paved / Unpaved)…………………………….
Surface Description Coefficient, C……..….………………………..
Flow Length, L…………………………………………………………
Watercourse Slope, s……………………….……….…......……….
Average Velocity, V = C*s0.5………………….……………………..
Travel Time, Tt = (L) / (3600*V)………………………………………

Sheet Flow Tt………………………………………………………….
Shallow Concentrated Flow Tt……………………………………….
Channel Flow Tt……………………………………………………….
Time of Concentration, Tc…………………………………………….
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ED1

0.0833 hrs

5.00 min

ED2

Segment ID 1

Woods

0.4

42 ft

2.59 in

0.17 ft/ft

0.0851 hrs

Segment ID 2 3

Unpaved Unpaved

0.010

0.03 (assumed)

2.90 ft/sec

734 ft

hrs

0.0851

0.0107

0.0958 hrs

5.75 min

Sheet Flow Tt………………………………………………………….
Shallow Concentrated Flow Tt……………………………………….
Channel Flow Tt……………………………………………………….
Time of Concentration, Tc…………………………………………….

Time of Concentration, Tc…………………………………………….

* Minimum Time of concentration of 5 minutes was used

Sheet Flow

Manning's Roughness Coefficient, n (table 3-1)…………………..
Flow Length, L…………………………………………………………
Two-year 24-hour Rainfall, P2…………………………….….………
Land Slope, s………………………………………………...……….

Shallow Concentrated Flow

Surface Description (Paved / Unpaved)…………………………….

Surface Description (Table 3-1)……………………………………..

Travel Time, Tt = (0.007*(n*L)0.8) / (P2
0.5*s0.4)……………………..

PHASE C (Vegetated Phase B portion)

Time of Concentration

Flow Length, L…………………………………………………………
Travel Time, Tt = (L) / (3600*V)………………………………………

Channel Slope, s………………………………………………………
Manning's Roughness Coefficient, n…………..……………………
Average Velocity, V = (1.49*r2/3*s1/2) / (n)………………………….
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2.3.4 PHASE D 

 

WC6

Segment ID 1

Woods

0.4

100 ft

2.59 in

0.03 ft/ft

0.3383 hrs

Segment ID 2

Unpaved

16.1435

17 ft

0.09 ft/ft

4.80 ft/sec

0.0010 hrs

0.3383

0.0010

0.3392 hrs

20.35 min

Land Slope, s………………………………………………...……….
Travel Time, Tt = (0.007*(n*L)0.8) / (P2

0.5*s0.4)……………………..

Shallow Concentrated Flow

Surface Description (Paved / Unpaved)…………………………….
Surface Description Coefficient, C……..….………………………..
Flow Length, L…………………………………………………………

PHASE D (Vegetate Phase C further upslope)

Sheet Flow

Surface Description (Table 3-1)……………………………………..
Manning's Roughness Coefficient, n (table 3-1)…………………..
Flow Length, L…………………………………………………………
Two-year 24-hour Rainfall, P2…………………………….….………

Watercourse Slope, s……………………….……….…......……….
Average Velocity, V = C*s0.5………………….……………………..
Travel Time, Tt = (L) / (3600*V)………………………………………

Channel Flow Tt……………………………………………………….

Time of Concentration, Tc…………………………………………….

Time of Concentration

Sheet Flow Tt………………………………………………………….
Shallow Concentrated Flow Tt……………………………………….
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SD2

Segment ID 1

Act. Bench

0.011

25 ft

2.59 in

0.50 ft/ft

0.0020 hrs

Segment ID Act. Bench

0

1

10 Note 1

10.0

20.10

0.50

0.010

0.03 (assumed)

3.12 ft/sec

1102 ft

0.0982 hrs

0.0020

0.0982

0.1002 hrs

6.01 min

Channel Flow Tt……………………………………………………….
Time of Concentration, Tc…………………………………………….

Note 1: Side slope shown averages the two slopes (20H:1V & 2H:1V)

Average Velocity, V = (1.49*r2/3*s1/2) / (n)………………………….
Flow Length, L…………………………………………………………
Travel Time, Tt = (L) / (3600*V)………………………………………

Time of Concentration

Sheet Flow Tt………………………………………………………….
Shallow Concentrated Flow Tt……………………………………….

Section Side Slope, z………………………………………………..
Cross Sectional Flow Area, a = b*d + z*d2………………………..
Wetted Perimeter, pw = b + (2*d)*(z2 + 1)0.5……………………….
Hydraulic Radius, r = a / pw………………………………………….

Channel Slope, s………………………………………………………
Manning's Roughness Coefficient, n…………..……………………

Two-year 24-hour Rainfall, P2…………………………….….………
Land Slope, s………………………………………………...……….
Travel Time, Tt = (0.007*(n*L)0.8) / (P2

0.5*s0.4)……………………..

Channel Flow

Section Base, b……………………………………………………….
Section Depth, d………………………………………………………

Sheet Flow

Surface Description (Table 3-1)……………………………………..
Manning's Roughness Coefficient, n (table 3-1)…………………..
Flow Length, L…………………………………………………………

PHASE D (Vegetate Phase C further upslope)
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WC5

Segment ID 1

Rec. Bench

0.15

29 ft

2.59 in

0.50 ft/ft

0.0186 hrs

Segment ID Rec. Bench

0

1

10 Note 1

10.0

20.10

0.50

0.010

0.045 (assumed)

2.08 ft/sec

1048 ft

0.1400 hrs

0.0186

0.1400

0.1586 hrs

9.52 min

WC7

0.0833 hrs

5.00 min

Sheet Flow

Surface Description (Table 3-1)……………………………………..
Manning's Roughness Coefficient, n (table 3-1)…………………..

PHASE D (Vegetate Phase C further upslope)

Section Depth, d………………………………………………………
Section Side Slope, z………………………………………………..
Cross Sectional Flow Area, a = b*d + z*d2………………………..
Wetted Perimeter, pw = b + (2*d)*(z2 + 1)0.5……………………….
Hydraulic Radius, r = a / pw………………………………………….
Channel Slope, s………………………………………………………

Flow Length, L…………………………………………………………

Two-year 24-hour Rainfall, P2…………………………….….………
Land Slope, s………………………………………………...……….
Travel Time, Tt = (0.007*(n*L)0.8) / (P2

0.5*s0.4)……………………..

Channel Flow

Section Base, b……………………………………………………….

Sheet Flow Tt………………………………………………………….
Shallow Concentrated Flow Tt……………………………………….
Channel Flow Tt……………………………………………………….
Time of Concentration, Tc…………………………………………….

Manning's Roughness Coefficient, n…………..……………………
Average Velocity, V = (1.49*r2/3*s1/2) / (n)………………………….
Flow Length, L…………………………………………………………
Travel Time, Tt = (L) / (3600*V)………………………………………

Time of Concentration

Note 1: Side slope shown averages the two slopes (20H:1V & 2H:1V)

Time of Concentration, Tc…………………………………………….

* Minimum Time of concentration of 5 minutes was used  
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EC1

Segment ID 1

Rec. Bench

0.15

41 ft

2.59 in

0.50 ft/ft

0.0245 hrs

Segment ID Rec. Bench

0

1

10 Note 1

10.0

20.10

0.50

0.010

0.045 (assumed)

2.08 ft/sec

909 ft

0.1215 hrs

0.0245

0.1215

0.1460 hrs

8.76 min

Channel Flow Tt……………………………………………………….
Time of Concentration, Tc…………………………………………….

Note 1: Side slope shown averages the two slopes (20H:1V & 2H:1V)

Time of Concentration

Sheet Flow Tt………………………………………………………….
Shallow Concentrated Flow Tt……………………………………….

Average Velocity, V = (1.49*r2/3*s1/2) / (n)………………………….
Flow Length, L…………………………………………………………
Travel Time, Tt = (L) / (3600*V)………………………………………

Hydraulic Radius, r = a / pw………………………………………….
Channel Slope, s………………………………………………………
Manning's Roughness Coefficient, n…………..……………………

Section Side Slope, z………………………………………………..
Cross Sectional Flow Area, a = b*d + z*d2………………………..
Wetted Perimeter, pw = b + (2*d)*(z2 + 1)0.5……………………….

Channel Flow

Section Base, b……………………………………………………….
Section Depth, d………………………………………………………

Land Slope, s………………………………………………...……….

Travel Time, Tt = (0.007*(n*L)0.8) / (P2
0.5*s0.4)……………………..

Manning's Roughness Coefficient, n (table 3-1)…………………..
Flow Length, L…………………………………………………………
Two-year 24-hour Rainfall, P2…………………………….….………

Sheet Flow

Surface Description (Table 3-1)……………………………………..

PHASE D (Vegetate Phase C further upslope)
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EC2

Segment ID 1

Act. Top

0.011

100 ft

2.59 in

0.02 ft/ft

0.0224 hrs

Segment ID 2 3

Unpaved Unpaved

16.1435 16.1435

528 14 ft

0.02 0.50 ft/ft

2.28 11.42 ft/sec

0.0642 0.0003 hrs

0.0224

0.0646

0.0870 hrs

5.22 min

EC3

0.0833 hrs

5.00 min

Sheet Flow

Shallow Concentrated Flow

Surface Description (Paved / Unpaved)…………………………….
Surface Description Coefficient, C……..….………………………..
Flow Length, L…………………………………………………………
Watercourse Slope, s……………………….……….…......……….
Average Velocity, V = C*s0.5………………….……………………..

Surface Description (Table 3-1)……………………………………..
Manning's Roughness Coefficient, n (table 3-1)…………………..
Flow Length, L…………………………………………………………
Two-year 24-hour Rainfall, P2…………………………….….………
Land Slope, s………………………………………………...……….

Time of Concentration

Sheet Flow Tt………………………………………………………….
Shallow Concentrated Flow Tt……………………………………….
Channel Flow Tt……………………………………………………….
Time of Concentration, Tc…………………………………………….

PHASE D (Vegetate Phase C further upslope)

Travel Time, Tt = (0.007*(n*L)0.8) / (P2
0.5*s0.4)……………………..

Travel Time, Tt = (L) / (3600*V)………………………………………

Time of Concentration, Tc…………………………………………….

* Minimum Time of concentration of 5 minutes was used  
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HR1

Segment ID 1

Rec. Bench

0.15

90 ft

2.59 in

0.18 ft/ft

0.0696 hrs

Segment ID Rec. Bench

0

1

10 Note 1

10.0

20.10

0.50

0.010

0.045 (assumed)

2.08 ft/sec

980 ft

0.1309 hrs

0.0696

0.1309

0.2006 hrs

12.03 min

PHASE D (Vegetate Phase C further upslope)

Time of Concentration, Tc…………………………………………….

Note 1: Side slope shown averages the two slopes (20H:1V & 2H:1V)

Flow Length, L…………………………………………………………
Travel Time, Tt = (L) / (3600*V)………………………………………

Time of Concentration

Sheet Flow Tt………………………………………………………….
Shallow Concentrated Flow Tt……………………………………….
Channel Flow Tt……………………………………………………….

Cross Sectional Flow Area, a = b*d + z*d2………………………..
Wetted Perimeter, pw = b + (2*d)*(z2 + 1)0.5……………………….
Hydraulic Radius, r = a / pw………………………………………….
Channel Slope, s………………………………………………………
Manning's Roughness Coefficient, n…………..……………………
Average Velocity, V = (1.49*r2/3*s1/2) / (n)………………………….

Channel Flow

Section Base, b……………………………………………………….
Section Depth, d………………………………………………………
Section Side Slope, z………………………………………………..

Travel Time, Tt = (0.007*(n*L)0.8) / (P2
0.5*s0.4)……………………..

Sheet Flow

Surface Description (Table 3-1)……………………………………..
Manning's Roughness Coefficient, n (table 3-1)…………………..
Flow Length, L…………………………………………………………
Two-year 24-hour Rainfall, P2…………………………….….………
Land Slope, s………………………………………………...……….
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HR2

Segment ID 1

Rec. Bench

0.15

27 ft

2.59 in

0.50 ft/ft

0.0176 hrs

Segment ID Rec. Bench

0

1

10 Note 1

10.0

20.10

0.50

0.010

0.045 (assumed)

2.08 ft/sec

712 ft

0.0951 hrs

0.0176

0.0951

0.1127 hrs

6.76 min

PHASE D (Vegetate Phase C further upslope)

Sheet Flow Tt………………………………………………………….
Shallow Concentrated Flow Tt……………………………………….
Channel Flow Tt……………………………………………………….
Time of Concentration, Tc…………………………………………….

Channel Slope, s………………………………………………………
Manning's Roughness Coefficient, n…………..……………………
Average Velocity, V = (1.49*r2/3*s1/2) / (n)………………………….
Flow Length, L…………………………………………………………
Travel Time, Tt = (L) / (3600*V)………………………………………

Time of Concentration

Note 1: Side slope shown averages the two slopes (20H:1V & 2H:1V)

Section Base, b……………………………………………………….
Section Depth, d………………………………………………………
Section Side Slope, z………………………………………………..
Cross Sectional Flow Area, a = b*d + z*d2………………………..
Wetted Perimeter, pw = b + (2*d)*(z2 + 1)0.5……………………….
Hydraulic Radius, r = a / pw………………………………………….

Channel Flow

Flow Length, L…………………………………………………………
Two-year 24-hour Rainfall, P2…………………………….….………
Land Slope, s………………………………………………...……….
Travel Time, Tt = (0.007*(n*L)0.8) / (P2

0.5*s0.4)……………………..

Sheet Flow

Surface Description (Table 3-1)……………………………………..
Manning's Roughness Coefficient, n (table 3-1)…………………..
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HR3

Segment ID 1

Act. Bench

0.011

28 ft

2.59 in

0.50 ft/ft

0.0022 hrs

Segment ID Act. Bench

0

1

10 Note 1

10.0

20.10

0.50

0.010

0.03 (assumed)

3.12 ft/sec

1412 ft

0.1258 hrs

0.0022

0.1258

0.1280 hrs

7.68 min

SD1

0.0833 hrs

5.00 min

PHASE D (Vegetate Phase C further upslope)

Time of Concentration, Tc…………………………………………….

* Minimum Time of concentration of 5 minutes was used

Travel Time, Tt = (L) / (3600*V)………………………………………

Time of Concentration

Sheet Flow Tt………………………………………………………….
Shallow Concentrated Flow Tt……………………………………….
Channel Flow Tt……………………………………………………….
Time of Concentration, Tc…………………………………………….

Note 1: Side slope shown averages the two slopes (20H:1V & 2H:1V)

Wetted Perimeter, pw = b + (2*d)*(z2 + 1)0.5……………………….
Hydraulic Radius, r = a / pw………………………………………….
Channel Slope, s………………………………………………………
Manning's Roughness Coefficient, n…………..……………………
Average Velocity, V = (1.49*r2/3*s1/2) / (n)………………………….
Flow Length, L…………………………………………………………

Channel Flow

Section Base, b……………………………………………………….
Section Depth, d………………………………………………………
Section Side Slope, z………………………………………………..
Cross Sectional Flow Area, a = b*d + z*d2………………………..

Surface Description (Table 3-1)……………………………………..
Manning's Roughness Coefficient, n (table 3-1)…………………..
Flow Length, L…………………………………………………………
Two-year 24-hour Rainfall, P2…………………………….….………
Land Slope, s………………………………………………...……….
Travel Time, Tt = (0.007*(n*L)0.8) / (P2

0.5*s0.4)……………………..

Sheet Flow
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SD4

Segment ID 1

Rec. Bench

0.15

26 ft

2.59 in

0.50 ft/ft

0.0170 hrs

Segment ID Rec. Bench

0

1

10 Note 1

10.0

20.10

0.50

0.010

0.045 (assumed)

2.08 ft/sec

1503 ft

0.2008 hrs

0.0170

0.2008

0.2179 hrs

13.07 min

PHASE D (Vegetate Phase C further upslope)

Sheet Flow

Surface Description (Table 3-1)……………………………………..
Manning's Roughness Coefficient, n (table 3-1)…………………..
Flow Length, L…………………………………………………………
Two-year 24-hour Rainfall, P2…………………………….….………
Land Slope, s………………………………………………...……….
Travel Time, Tt = (0.007*(n*L)0.8) / (P2

0.5*s0.4)……………………..

Channel Flow

Section Base, b……………………………………………………….

Travel Time, Tt = (L) / (3600*V)………………………………………

Time of Concentration

Sheet Flow Tt………………………………………………………….
Shallow Concentrated Flow Tt……………………………………….
Channel Flow Tt……………………………………………………….
Time of Concentration, Tc…………………………………………….

Note 1:  Side slope shown averages the two slopes (20H:1V & 2H:1V)

Section Depth, d………………………………………………………
Section Side Slope, z………………………………………………..
Cross Sectional Flow Area, a = b*d + z*d2………………………..
Wetted Perimeter, pw = b + (2*d)*(z2 + 1)0.5……………………….
Hydraulic Radius, r = a / pw………………………………………….
Channel Slope, s………………………………………………………
Manning's Roughness Coefficient, n…………..……………………
Average Velocity, V = (1.49*r2/3*s1/2) / (n)………………………….
Flow Length, L…………………………………………………………
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WD2/1

Segment ID 1

Woods

0.4

70 ft

2.59 in

0.01 ft/ft

0.3946 hrs

Segment ID 2 3

Unpaved Unpaved

16.1435 16.1435

132 220 ft

0.12 0.38 ft/ft

5.62 9.98 ft/sec

0.0065 0.0061 hrs

0.3946

0.0127

0.0000

0.4073 hrs

24.44 min

Sheet Flow

Surface Description (Table 3-1)……………………………………..
Manning's Roughness Coefficient, n (table 3-1)…………………..
Flow Length, L…………………………………………………………
Two-year 24-hour Rainfall, P2…………………………….….………

Watercourse Slope, s……………………….……….…......……….
Average Velocity, V = C*s0.5………………….……………………..
Travel Time, Tt = (L) / (3600*V)………………………………………

Land Slope, s………………………………………………...……….
Travel Time, Tt = (0.007*(n*L)0.8) / (P2

0.5*s0.4)……………………..

Shallow Concentrated Flow

Surface Description (Paved / Unpaved)…………………………….
Surface Description Coefficient, C……..….………………………..
Flow Length, L…………………………………………………………

Shallow Concentrated Flow Tt……………………………………….
Channel Flow Tt……………………………………………………….
Time of Concentration, Tc…………………………………………….

Time of Concentration

Sheet Flow Tt………………………………………………………….

PHASE D (Vegetate Phase C further upslope)
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WD4

Sheet Flow

Segment ID 1

Woods

0.4

70 ft

2.59 in

0.04 ft/ft

0.2205 hrs

Shallow Concentrated Flow

Segment ID 2

Unpaved

16.1435

156 ft

0.14 ft/ft

6.06 ft/sec

0.0071 hrs

Time of Concentration

0.2205

0.0071

0.2276 hrs

13.66 min

PHASE D (Vegetate Phase C further upslope)

Surface Description (Table 3-1)……………………………………..
Manning's Roughness Coefficient, n (table 3-1)…………………..
Flow Length, L…………………………………………………………
Two-year 24-hour Rainfall, P2…………………………….….………
Land Slope, s………………………………………………...……….
Travel Time, Tt = (0.007*(n*L)0.8) / (P2

0.5*s0.4)……………………..

Surface Description (Paved / Unpaved)…………………………….
Surface Description Coefficient, C……..….………………………..
Flow Length, L…………………………………………………………
Watercourse Slope, s……………………….……….…......……….
Average Velocity, V = C*s0.5………………….……………………..
Travel Time, Tt = (L) / (3600*V)………………………………………

Sheet Flow Tt………………………………………………………….
Shallow Concentrated Flow Tt……………………………………….
Channel Flow Tt……………………………………………………….
Time of Concentration, Tc…………………………………………….
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ED1

0.0833 hrs

5.00 min

ED2

Segment ID 1

Woods

0.4

42 ft

2.59 in

0.17 ft/ft

0.0851 hrs

Segment ID 2 3

Unpaved Unpaved

16.1435 16.1435

43 203 ft

0.35 0.14 ft/ft

9.53 6.00 ft/sec

0.0013 0.0094 hrs

0.0851

0.0107

0.0958 hrs

5.75 min

Time of Concentration, Tc…………………………………………….

* Minimum Time of concentration of 5 minutes was used

Sheet Flow Tt………………………………………………………….
Shallow Concentrated Flow Tt……………………………………….
Channel Flow Tt……………………………………………………….
Time of Concentration, Tc…………………………………………….

Time of Concentration

Surface Description Coefficient, C……..….………………………..
Flow Length, L…………………………………………………………
Watercourse Slope, s……………………….……….…......……….
Average Velocity, V = C*s0.5………………….……………………..
Travel Time, Tt = (L) / (3600*V)………………………………………

Flow Length, L…………………………………………………………
Two-year 24-hour Rainfall, P2…………………………….….………
Land Slope, s………………………………………………...……….
Travel Time, Tt = (0.007*(n*L)0.8) / (P2

0.5*s0.4)……………………..

Shallow Concentrated Flow

Surface Description (Paved / Unpaved)…………………………….

Sheet Flow

Surface Description (Table 3-1)……………………………………..
Manning's Roughness Coefficient, n (table 3-1)…………………..

PHASE D (Vegetate Phase C further upslope)
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ED3

Segment ID 1

Woods

0.4

100 ft

2.59 in

0.10 ft/ft

0.2090 hrs

Segment ID 2

Unpaved

16.1435

20 ft

0.10 ft/ft

5.11 ft/sec

0.0011 hrs

0.2090

0.0011

0.2101 hrs

12.60 min

Travel Time, Tt = (0.007*(n*L)0.8) / (P2
0.5*s0.4)……………………..

Shallow Concentrated Flow

Surface Description (Paved / Unpaved)…………………………….
Surface Description Coefficient, C……..….………………………..
Flow Length, L…………………………………………………………
Watercourse Slope, s……………………….……….…......……….

Sheet Flow

Surface Description (Table 3-1)……………………………………..
Manning's Roughness Coefficient, n (table 3-1)…………………..
Flow Length, L…………………………………………………………
Two-year 24-hour Rainfall, P2…………………………….….………
Land Slope, s………………………………………………...……….

PHASE D (Vegetate Phase C further upslope)

Time of Concentration, Tc…………………………………………….

Time of Concentration

Sheet Flow Tt………………………………………………………….
Shallow Concentrated Flow Tt……………………………………….
Channel Flow Tt……………………………………………………….

Average Velocity, V = C*s0.5………………….……………………..
Travel Time, Tt = (L) / (3600*V)………………………………………

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Date: March 11, 2014 I-1-F.43



 

 
SUBJECT   FORM I - HYDROLOGIC AND HYDRAULIC CALCULATIONS  

      CONEMAUGH DISPOSAL SITE (STAGE III) PERMIT MODIFICATION                            

BY KMB2  DATE 3/11/2014 PROJ. NO. C130770.00  

 

CHKD. BY   JLM  DATE  3/11/2014            SHEET NO.    44  OF  135 

 

2.3.5 PHASE E (WORST CASE) 

 

WC6

Segment ID 1

Woods

0.4

100 ft

2.59 in

0.03 ft/ft

0.3383 hrs

Segment ID 2

Unpaved

16.1435

17 ft

0.09 ft/ft

4.80 ft/sec

0.0010 hrs

0.3383

0.0010

0.3392 hrs

20.35 min

Channel Flow Tt……………………………………………………….

Time of Concentration, Tc…………………………………………….

Time of Concentration

Sheet Flow Tt………………………………………………………….
Shallow Concentrated Flow Tt……………………………………….

Watercourse Slope, s……………………….……….…......……….
Average Velocity, V = C*s0.5………………….……………………..
Travel Time, Tt = (L) / (3600*V)………………………………………

Land Slope, s………………………………………………...……….
Travel Time, Tt = (0.007*(n*L)0.8) / (P2

0.5*s0.4)……………………..

Shallow Concentrated Flow

Surface Description (Paved / Unpaved)…………………………….
Surface Description Coefficient, C……..….………………………..
Flow Length, L…………………………………………………………

PHASE E (Largest Active Top)

Sheet Flow

Surface Description (Table 3-1)……………………………………..
Manning's Roughness Coefficient, n (table 3-1)…………………..
Flow Length, L…………………………………………………………
Two-year 24-hour Rainfall, P2…………………………….….………
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SD2

Segment ID 1

Rec. Bench

0.15

25 ft

2.59 in

0.50 ft/ft

0.0165 hrs

Segment ID Rec. Bench

0

1

10 Note 1

10.0

20.10

0.50

0.010

0.045 (assumed)

2.08 ft/sec

1102 ft

0.1472 hrs

0.0165

0.1472

0.1638 hrs

9.83 min

Channel Flow Tt……………………………………………………….

Channel Slope, s………………………………………………………
Manning's Roughness Coefficient, n…………..……………………

Shallow Concentrated Flow Tt……………………………………….

Average Velocity, V = (1.49*r2/3*s1/2) / (n)………………………….
Flow Length, L…………………………………………………………

Time of Concentration

Time of Concentration, Tc…………………………………………….

Sheet Flow

Surface Description (Table 3-1)……………………………………..
Manning's Roughness Coefficient, n (table 3-1)…………………..
Flow Length, L…………………………………………………………
Two-year 24-hour Rainfall, P2…………………………….….………
Land Slope, s………………………………………………...……….
Travel Time, Tt = (0.007*(n*L)0.8) / (P2

0.5*s0.4)……………………..

Channel Flow

Section Base, b……………………………………………………….
Section Depth, d………………………………………………………
Section Side Slope, z………………………………………………..
Cross Sectional Flow Area, a = b*d + z*d2………………………..
Wetted Perimeter, pw = b + (2*d)*(z2 + 1)0.5……………………….
Hydraulic Radius, r = a / pw………………………………………….

Travel Time, Tt = (L) / (3600*V)………………………………………

Sheet Flow Tt………………………………………………………….

Note 1: Side slope shown averages the two slopes (20H:1V & 2H:1V)

PHASE E (Largest Active Top)
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