
ALABAMA 
DEPARTMENT OF ENVIRONMENTAL MANAGEMENT 

 

SOLID   WASTE   DISPOSAL 
FACILITY   PERMIT 

 
 
PERMITTEE: Escambia County Environmental Corporation 
  
FACILITY NAME: Timberlands Sanitary Landfill 
 
FACILITY LOCATION: Sections 5 and 6, Township 3 North, Range 9 East, and located in Escambia 

County, Alabama.  The total permitted area is approximately 246.23 acres 
with 134.33 acres approved for disposal. 

PERMIT NUMBER:    27-08 
 
PERMIT TYPE: Municipal Solid Waste Landfill 
 
WASTE APPROVED FOR DISPOSAL: Non-hazardous, non-infectious, putrescible and non-putrescible wastes 

including but not limited to household garbage, industrial waste, 
construction and demolition debris, commercial waste, appliances, tires, 
trees, limbs, stumps, sludge, paper and other similar type materials.  
Special waste approved by ADEM may also be accepted.  

 
APPROVED WASTE VOLUME: Maximum Average Daily Volume of waste is 2500 tons per day 
 
APPROVED SERVICE AREA: Autauga, Baldwin, Butler, Choctaw, Clarke, Coffee, Conecuh, Covington, 

Crenshaw, Dale, Dallas, Elmore, Escambia, Geneva, Henry, Houston, 
Lowndes, Marengo, Mobile, Monroe, Montgomery, Perry, Pike, 
Washington, and Wilcox Counties in the State of Alabama; Bay, Escambia, 
Okaloosa, Santa Rosa, and Walton Counties in the State of Florida; George, 
Hancock, Harrison, Jackson, and Stone Counties in the State of Mississippi 

 
In accordance with and subject to the provisions of the Alabama Solid Wastes & Recyclable Materials Management Act, as 
amended, Code of Alabama 1975, §§ 22-27-1 to 22-27-27 ("SWRMMA"), the Alabama Environmental Management Act, as 
amended, Code of Alabama 1975, §§ 22-22A-1 to 22-22A-15, and rules and regulations adopted thereunder, and subject further to 
the conditions set forth in this permit, the Permittee is hereby authorized to dispose of the above-described solid wastes at the 
above-described facility location. 
 
ISSUANCE DATE:    ????????????????? 
 
EFFECTIVE DATE:    ????????????????? 
 
EXPIRATION DATE:    ????????????????? 
 
 
 
 
 
 
 
 
        ______________________________________________ 
        Alabama Department of Environmental Management 
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ALABAMA DEPARTMENT OF ENVIRONMENTAL MANAGEMENT 
SOLID WASTE PERMIT 

 
 
 
Permittee: Escambia County Environmental Corporation 
 P. O. Box 899 
 Greenville, Alabama  36037 
  
Landfill Name: Timberlands Sanitary Landfill 
 
Landfill Location: Sections 5 and 6, Township 3 North, Range 9 East on Highway 41 in Escambia County, 

Alabama 
 
 
Permit Number: 27-08 
 
Landfill Type: Municipal Solid Waste 
 
 
 
Pursuant to the Alabama Solid Wastes and Recyclable Materials Management Act, Code of Alabama 1975, §§ 22-
27-1, et seq., as amended, and attendant regulations promulgated thereunder by the Alabama Department of 
Environmental Management (ADEM), this permit is issued to Escambia County Environmental Corporation 
(hereinafter called the Permittee), to operate a solid waste disposal facility, known as the Timberlands Sanitary 
Landfill. 
 
The Permittee must comply with all terms and conditions of this permit.  This permit consists of the conditions set 
forth herein (including those in any attachments), and the applicable regulations contained in Chapters 335-13-1 
through 335-13-16 of the ADEM Administrative Code (hereinafter referred to as the "ADEM Admin. Code").  
Rules cited are set forth in this document for the purpose of Permittee reference.  Any Rule that is cited incorrectly 
in this document does not constitute grounds for noncompliance on the part of the Permittee.  Applicable ADEM 
Administrative Codes are those that are in effect on the date of issuance of this permit or any revisions approved 
after permit issuance. 
 
This permit is based on the information submitted to the Department on March 19, 2019, for permit renewal and 
modification and known as the Permit Application, and as amended, (hereby incorporated by reference and 
hereinafter referred to as the Application).  Any inaccuracies found in this information could lead to the termination 
or modification of this permit and potential enforcement action.  The Permittee must inform the Department of any 
deviation from or changes in the information in the Application that would affect the Permittee's ability to comply 
with the applicable ADEM Admin. Code or permit conditions. 
 
This permit is effective as of ??????????????????, and shall remain in effect until ????????????????, unless 
suspended or revoked. 
 
 
 
 
 
 
 
 
___________________________________________    __________________ 
Alabama Department of Environmental Management              Date Signed 
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 SECTION I.  STANDARD CONDITIONS. 
 
A. Effect of Permit 
 
 The Permittee is allowed to dispose of nonhazardous solid waste in accordance with the conditions of this 

permit and ADEM Admin. Code Div. 13.  Issuance of this permit does not convey property rights of any sort 
or an exclusive privilege, nor does it authorize the injury to persons or property, the invasion of other private 
rights, or the infringement of state or local laws or regulations.  Except for actions brought under Code of 
Alabama 1975, §§22-27-1, et seq., as amended, compliance with the conditions of this permit shall be 
deemed to be compliance with applicable requirements in effect as of the date of issuance of this permit and 
future revisions. 

 
B. Permit Actions 
 
 This permit may be suspended, revoked or modified for cause.  The filing of a request for a permit 

modification or the notification of planned changes or anticipated noncompliance on the part of the Permittee, 
and the suspension or revocation does not stay the applicability or enforceability of permit condition. 

 
C. Severability 
 
 The provisions of this permit are severable, and if a provision of this permit, or the application of a provision 

of this permit to any circumstance, is held invalid, the application of such provision to other circumstances, 
and the remainder of this permit, shall not be affected thereby. 

 
D. Definitions 
 
 For the purpose of this permit, terms used herein shall have the same meaning as those in ADEM Admin. 

Code Div. 13, unless this permit specifically provides otherwise; where terms are not otherwise defined, the 
meaning associated with such terms shall be as defined by a standard dictionary reference or the generally 
accepted scientific or industrial meaning of the term. 
 
1. "EPA" means the United States Environmental Protection Agency. 

 
2. "Permit Application" means all permit application forms, design plans, operational plans, closure 

plans, technical data, reports, specifications, plats, geological and hydrological reports, and other 
materials which are submitted to the Department in pursuit of a solid waste disposal permit. 

 
E. Duties and Requirements 
 

1. Duty to Comply 
 
 The Permittee must comply with all conditions of this permit except to the extent and for the duration 

such noncompliance is authorized by a variance granted by the Department.  A permit noncompliance, 
other than noncompliance authorized by a variance, constitutes a violation of Code of Alabama 1975, 
§§22-27-1 et seq., as amended, and is grounds for enforcement action, permit suspension, revocation, 
modification, and/or denial of a permit renewal application.  

 
2. Duty to Reapply 
 
 If the Permittee wishes to continue an activity regulated by this permit after the expiration date of this 

permit, the Permittee must apply for and obtain a new permit.  The renewal application must be 
submitted to the Department at least 180 days before this permit expires. 

 
 
 
 



 

Page 3 of 17 – Permit No. 27-08 

3. Permit Expiration 
 
 This permit and all conditions therein will remain in effect beyond the permit's expiration date if the 

Permittee has submitted a timely, complete application as required by Section I.E.2., and, through no 
fault of the Permittee, the Department has not made a final decision regarding the renewal application. 

 
4. Need to Halt or Reduce Activity Not A Defense 
 
 It shall not be a defense for the Permittee in an enforcement action that it would have been necessary to 

halt or reduce the permitted activity to maintain compliance with the conditions of this permit. 
 
5. Duty to Mitigate 
 
 In the event of noncompliance with this permit, the Permittee shall take all reasonable steps to 

minimize releases to the environment, and shall carry out such measures as are reasonable to prevent 
significant adverse impacts on human health or the environment. 

 
6. Proper Operation and Maintenance 
 
 The Permittee shall at all times properly operate and maintain all facilities and systems of control (and 

related appurtenances) that are installed or used by the Permittee to achieve compliance with the 
conditions of this permit.  

 
7. Duty to Provide Information 
 
 If requested, the Permittee shall furnish to the Department, within a reasonable time, the information 

that the Department may reasonably need to determine whether cause exists for denying, suspending, 
revoking, or modifying this permit, or to determine compliance with this permit.  If requested, the 
Permittee shall also furnish the Department with copies of records kept as a requirement of this permit. 

 
8. Inspection and Entry 
 
 Upon presentation of credentials and other documents as may be required by law, the Permittee shall 

allow the employees of the Department or their authorized representative to: 
 

a. Enter at reasonable times the Permittee's premises where the regulated facility or activity is 
located or conducted, or where records must be kept under the conditions of this permit. 

 
b. Have access to and copy, at reasonable times, the records that must be kept under the conditions 

of this permit. 
 
c. Inspect, at reasonable times, the facilities, equipment (including monitoring and control 

equipment), practices, or operations regulated or required under this permit. 
 
d. Sample or monitor, at reasonable times, the substances or parameters at a location for the 

purposes of assuring permit compliance or as otherwise authorized by Code of Alabama 1975, 
§§22-27-1 et seq.  

 
9. Monitoring, Corrective Actions, and Records 

 
a. Samples and measurements taken for the purpose of monitoring or corrective action shall be 

representative of the monitored activity.  The methods used to obtain representative samples to 
be analyzed must be the appropriate method from Chapter 335-13-4 or the methods as specified 
in the Application attached hereto and incorporated by reference.  Laboratory methods must be 
those specified in Standard Methods for the Examination of Water and Wastewater (American 
Public Health Association, latest edition), Methods for Chemical Analysis of Water and Wastes 
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(EPA-600/4-79-020), Test Methods for Evaluating Solid Waste, Physical/Chemical Methods 
(EPA Publication SW-846, latest edition), other appropriate EPA methods, or as specified in the 
Application.  All field tests must be conducted using approved EPA test kits and procedures. 

 
b. The Permittee shall retain records, at the location specified in Section I.I., of all monitoring, or 

corrective action information, including all calibration and maintenance records, copies of all 
reports and records required by this permit, and records of all data used to complete the 
application for this permit for a period of at least three years from the date of the sample, 
measurement, report or record or for periods elsewhere specified in this permit.  These periods 
may be extended by the request of the Department at any time and are automatically extended 
during the course of an unresolved enforcement action regarding this facility. 

 
c. Records of monitoring and corrective action information shall include. 

 
i. The exact place, date, and time of sampling or measurement. 
 
ii. The individual(s) and company who performed the sampling or measurements. 
 
iii. The date(s) analyses were performed. 
 
iv. The individual(s) and company who performed the analyses. 
 
v. The analytical techniques or methods used. 
 
vi. The results of such analyses. 

 
d. The Permittee shall submit all monitoring and corrective action results at the interval specified 

elsewhere in this permit. 
 

10. Reporting Planned Changes 
 
 The Permittee shall notify the Department, in the form of a request for permit modification, at least 90 

days prior to a change in the permitted service area, increase in the waste received, or change in the 
design or operating procedure as described in this permit, including planned changes in the permitted 
facility or activity which may result in noncompliance with permit requirements. 

 
11. Transfer of Permit 
 
 This permit may be transferred to a new owner or operator.  All requests for transfer of permits shall be 

in writing and shall be submitted on forms provided by the Department.  Before transferring ownership 
or operation of the facility during its operating life, the Permittee shall notify the new owner or 
operator in writing of the requirements of this permit. 

 
12.  Certification of Construction 
 
 The Permittee may not commence disposal of waste in a new cell or phase until the Permittee has 

submitted to the Department, by certified mail or hand delivery, a letter signed by both the Permittee 
and a professional engineer certifying that the facility has been constructed in compliance with the 
permit.  The Department must inspect the constructed cells or phases before the owner or operator can 
commence waste disposal unless the Permittee is notified that the Department will waive the 
inspection. 
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13. Compliance Schedules 
 
 Reports of compliance or noncompliance with or progress reports on interim and final requirements 

contained in a compliance schedule required and approved by the Department shall be submitted no 
later than 14 days following each schedule date. 

 
14. Other Noncompliance 
 
 The Permittee shall report all instances of noncompliance with the permit at the time monitoring 

reports are submitted. 
 
15. Other Information 
 
 If the Permittee becomes aware that information required by the Application was not submitted or was 

incorrect in the Application or in a report to the Department, the Permittee shall promptly submit such 
facts or information.  In addition, upon request, the Permittee shall furnish to the Department, within a 
reasonable time, information related to compliance with the permit. 

 
F. Design and Operation of Facility 
 
 The Permittee shall maintain and operate the facility to minimize the possibility of a fire, explosion, or an 

unplanned sudden or nonsudden release of contaminants (including leachate and explosive gases) to air, soil, 
groundwater, or surface water, which could threaten human health or the environment. 

 
G. Inspection Requirements 
 

1. The Permittee shall comply with all requirements set forth under ADEM Admin. Code Div. 13. 
 
2. The Permittee shall conduct random inspections of incoming loads. 
 
3. Records of all inspections shall be included in the operating record. 

 
H. Recordkeeping and Reporting 
 

1. The Permittee shall maintain a written operating record at the location specified in Section I.I.  The 
operating record shall include: 

 
a. Documentation of inspection and maintenance activities. 
 
b. Daily Volume reports.  
 
c. Personnel training documents and records.  
  
d. Solid/Hazardous Waste Determination Forms for Industrial Wastes, and the associated 

Department disposal approval correspondence for special wastes, industrial wastes, etc.  
 
e. Groundwater monitoring records. 
 
f. Explosive gas monitoring records. 
 
g. Surface water and leachate monitoring records.  Monitoring is subject to applicable conditions 

of Section VII. of the permit. 
 
h. Copies of this Permit and the Application.  
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i. Copies of all variances granted by the Department, including copies of all approvals of special 
operating conditions (such as approvals for open burning,). 

 
2. Quarterly Volume Report 
 
 Beginning with the effective date of this permit, the Permittee shall submit, within thirty (30) days 

after the end of each calendar quarter, a report summarizing the daily waste receipts for the previous 
(just ended) quarter.  Copies of the quarterly reports shall be maintained in the operating record. 

 
3. Monitoring and Corrective Action Reports 
 
 The Permittee shall submit reports on all monitoring and corrective activities conducted pursuant to the 

requirements of this permit, including, but not limited to, groundwater, surface water, explosive gas 
and leachate monitoring.  The groundwater monitoring shall be conducted in March and September of 
each year and the reports shall be submitted at least semi-annually.  The reports should contain all 
monitoring results and conclusions from samples and measurements conducted during the sampling 
period.  Explosive gas monitoring must be submitted on a quarterly basis, and the reports should be 
submitted to the Department and placed in the operating record within 30 days of the monitoring event.  
Copies of the semi-annual groundwater and quarterly explosive gas monitoring reports shall be 
maintained in the operating record. 

 
4. Availability, Retention, and Disposition of Records 

 
a. All records, including plans, required under this permit or ADEM Admin. Code Div. 13 must be 

furnished upon request, and made available at reasonable times for inspection by an officer, 
employee, or representative of the Department. 

 
b. All records, including plans, required under this permit or ADEM Admin. Code Div. 13 shall be 

retained by the Permittee for a period of at least three years.  The retention period for all records 
is extended automatically during the course of an unresolved enforcement action regarding the 
facility, or as requested by the Department. 

 
c. A copy of records of waste disposal locations and quantities must be submitted to the 

Department and local land authority upon closure of the facility. 
 
I. Documents to be Maintained by the Permittee 
 
 The Permittee shall maintain, at the landfill, the following documents and amendments, revisions and 

modifications to these documents until an engineer certifies closure. 
 

1. Operating record.   
 
2. Closure Plan. 
 

J. Mailing Location 
 
 All reports, notifications, or other submissions which are required by this permit should be sent via signed 

mail (i.e. certified mail, express mail delivery service, etc.) or hand delivered to: 
 

1. Mailing Address 
 
 Chief, Solid Waste Branch 
 Alabama Department of Environmental Management 
 P.O. Box 301463 
 Montgomery, AL 36130-1463 
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2. Physical Address 
 
 Chief, Solid Waste Branch 
 Alabama Department of Environmental Management 
 1400 Coliseum Blvd. 
 Montgomery, Alabama  36110-2400 
 

K. Signatory Requirement 
 
 All applications, reports or information required by this permit, or otherwise submitted to the Department, 

shall be signed and certified by the owner as follows: 
 

1. If an individual, by the applicant. 
 
2. If a city, county, or other municipality or governmental entity, by the ranking elected official, or by a 

duly authorized representative of that person. 
 
3. If a corporation, organization, or other legal entity, by a principal executive officer, of at least the level 

of Vice President, or by a duly authorized representative of that person. 
 

L. Confidential Information 
 
 The Permittee may claim information submitted as confidential if the information is protected as per Rule 

335-1-1-.06(2).  
 
M. State Laws and Regulations 
 
 Nothing in this permit shall be construed to preclude the initiation of a legal action or to relieve the Permittee 

from the responsibilities, liabilities, or penalties established pursuant to an applicable state law or regulation. 
 

SECTION II.  GENERAL OPERATING CONDITIONS. 
 
A. Operation of Facility 
 
 The Permittee shall operate and maintain the disposal facility consistent with the Application, this permit, and 

ADEM Admin. Code Div. 13. 
 
B. Open Burning 
 
 The Permittee shall not allow open burning without prior written approval from the Department and other 

appropriate agencies.  A burn request should be submitted in writing to the Department outlining why that 
burn request should be granted.  This request should include, but not be limited to, specifically what areas 
will be utilized, types of waste to be burned, the projected starting and completion dates for the project, and 
the projected days and hours of operation.  The approval, if granted, shall be included in the operating record. 
 

C. Prevention of Unauthorized Disposal 
 
 The Permittee shall follow the approved procedures for the detecting and preventing the disposal of free 

liquids, regulated hazardous waste, PCB's, and medical waste at the facility. 
 
D. Unauthorized Discharge 
 
 The Permittee shall operate the disposal facility in such a manner that there will be no water pollution or 

unauthorized discharge.  A discharge from the disposal facility or practice thereof may require a National 
Pollutant Discharge Elimination System permit under the Alabama Water Pollution Control Act. 
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E. Industrial and Medical Waste Disposal 
 
 The Permittee shall dispose of industrial process waste as required by ADEM Admin. Code Div. 13. The 

Permittee, prior to disposal of industrial waste and/or medical waste, shall obtain from each generator a 
written certification that the material to be disposed does not contain free liquids, regulated hazardous wastes, 
regulated medical waste, or regulated PCB wastes and as per Rule 335-13-4-.21 (c). All the additional 
requirements listed in the Rule should also need to be addressed by the permittee. 

 
F. Boundary Markers 
 
 The Permittee shall ensure that the facility is identified with a sufficient number of permanent boundary 

markers that are at least visible from one marker to the next. 
 
G. Certified Operator 
 

The Permittee shall be required to have an operator certified by the Department on-site during hours of 
operation, in accordance with the requirements of ADEM Admin. Code 335-13-12. 

 

SECTION III.  SPECIFIC MSW LANDFILL REQUIREMENTS. 
 
A. Waste Identification and Management 
 

1. Subject to the terms of this permit, the Permittee may dispose of the nonhazardous solid wastes listed 
in Section III.B.  Disposal of other waste streams is prohibited, except waste that is granted a 
temporary or one-time waiver by the Director. 

 
2. The permitted facility boundary for the Timberlands Sanitary Landfill is approximately 246.23 acres, 

with a solid waste boundary for the municipal solid waste disposal area of 134.33 acres. 
 
3. The maximum average daily volume of waste disposed at the facility, as contained in the permit 

application and approved by the Escambia County Commission, shall not exceed 2500 tons per day.  
Should the average daily volume exceed for two or more consecutive reporting quarters this value by 
20% or 100 tons/day, whichever is less, the permittee shall be required to modify the permit in 
accordance with Rule 335-13-5-.06(2)(a)5. An increase in maximum average daily volume shall not be 
approved by the Department unless the permittee has received local approval for the increased 
maximum average daily volume.  The average daily volume shall be computed as specified by Rule 
335-13-5-.06(2)(a)5.(i). 

 
B. Waste Streams 
 
 The Permittee may accept for disposal nonhazardous solid wastes, noninfectious putrescible and 

nonputrescible wastes including but not limited to household garbage, industrial waste, construction and 
demolition debris, commercial waste, appliances, tires, trees, limbs, stumps, sludge, paper and other similar 
type materials.  Special waste approved by the Department may also be accepted. 

 
C. Service Area 
 
 The service area for this landfill, as contained in the permit application and approved by the Escambia County 

Commission, is Autauga, Baldwin, Butler, Choctaw, Clarke, Coffee, Conecuh, Covington, Crenshaw, Dale, 
Dallas, Elmore, Escambia, Geneva, Henry, Houston, Lowndes, Marengo, Mobile, Monroe, Montgomery, 
Perry, Pike, Washington and Wilcox Counties in the State of Alabama; Bay, Escambia, Okaloosa, Santa 
Rosa, and Walton Counties in the State of Florida; Jackson, George, Harrison, Stone and Hancock Counties 
in the State of Mississippi. 
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D. Special Waste 
 
 The Permittee may dispose of special wastes in accordance with ADEM Admin. Code Div. 13. 
 

1. Asbestos Waste.  The Permittee shall dispose of asbestos waste in accordance with Rule 335-13-4-.26. 
 
2. Foundry Sand.  The Permittee shall dispose of foundry waste in accordance with Rule 335-13-4-.26. 
 
3. Petroleum Contaminated Waste.  The Permittee shall dispose of petroleum contaminated waste in 

accordance with Rule 335-13-4-.26. 
 
4. Municipal Solid Waste Ash.  The Permittee shall dispose of municipal solid waste ash in accordance 

with Rule 335-13-4-.26. 
 
E. Liner Requirements 
 
 The Permittee shall install a composite liner system for the municipal solid waste disposal area as described 

in the Application.  The Permittee shall be required to construct either option 1 liner section or option 2 liner 
sections.  Option 1 liner section shall consist of a two foot compacted clay liner with a permeability of 1x10-7 
cm/sec overlain with a 60 mil HDPE geomembrane liner.  Option 2 liner sections shall consist of 1 foot of 
compacted clay with a permeability of 1x10-5 cm/sec overlain with geosynthetic clay liner overlain with a 60 
mil HDPE geomembrane liner.  The Permittee shall be required to construct either option 1 
drainage/protective soil layer or option 2 drainage/protective soil layers.  Option 1 drainage/protective layer 
shall consist of one foot drainage layer with a permeability of 2x10-2 cm/sec overlain with a protective soil 
cover with a permeability of 1x10-4.  Option 2 drainage/protective soil layer consists of a geocomposite 
drainage layer overlain with 1 foot drainage/protective soil layer with a permeability of 1x10-4 cm/sec.  The 
Permittee shall be required to notify the department in writing which options will be utilized during 
construction.  The base of the composite liner system shall be a minimum of five (5) feet above the temporal 
fluctuation of the groundwater table. 

  
The Permittee was granted approval for the revised base grade plan, for cells 7, 8, 9 and 10 of the landfill.  
The revised base grade plan is depicted on sheet M-4 of the application for the major modification submitted 
on April 28, 2006. As part of the modification the permittee is required to install a new groundwater 
monitoring well at due south of former boring B-5. 
 
The Permittee is allowed to use on-site protective cover soils in the place of sand on the base liner side slopes 
only. The on-site protective cover soil will be placed directly over the geocomposite. 

 
F Septic Tank Pumpings and Sewage Sludge 
 
 The Permittee shall not dispose of septic tank pumpings and/or sewage sludge unless specifically approved in 

writing by the Department. 
 
G. Large Dead Animals and Highly Putrescible Wastes 
 
 The Permittee shall handle the disposal of large dead animals and/or highly putrescible waste as required by 

Rule 335-13-4-.22(1)(j).  Disposal is allowed only in the municipal solid waste disposal area. 
 
H. Cover Requirements 
 
 The Permittee shall cover all wastes as required by ADEM Admin. Code Div. 13.  Alternate Daily Cover 

(ADC) consisting of shredder fluff and contaminated soils is approved for use.  The ADC shall pass the paint 
filter test, be non-hazardous and receive the Department’s approval for disposal prior to acceptance.  If an 
ADC is being used, the Permittee shall be required to cover each Friday with a minimum of six inches of 
compacted soil. 
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I. Waste Compaction 
 
 All waste shall be thoroughly compacted with adequate landfill equipment before the daily or weekly cover is 

applied.  A completed daily cell shall not exceed eight feet in vertical thickness measured perpendicular to the 
slope of the preceding cell. A completed daily cell is allowed to be 15 feet in vertical thickness. (See Section 
X.2.) 

 
J. Daily Cells 
  
 All waste shall be confined to an area as small as possible and spread to a depth not exceeding two feet prior 

to compaction, and such compaction shall be accomplished on a face slope not to exceed 4 to 1or as otherwise 
approved by the Department. 

 
K. Security 
 
 The Permittee shall provide artificial and/or natural barriers, which prevent entry of unauthorized vehicular 

traffic to the facility. 
 
L. All Weather Access Roads 
 
 The Permittee shall provide an all-weather access road to the dumping face that is wide enough to allow 

passage of collection vehicles. 
 
M. Adverse Weather Disposal 
 
 The Permittee shall provide for disposal activities in adverse weather conditions. 
 
N. Personnel 
 
 The Permittee shall maintain adequate personnel to ensure continued and smooth operation of the facility. 
 
O. Equipment 
 
 The Permittee shall provide the landfill equipment as required by Rule 335-13-4-.22(1)(f). 
 
P. Environmental Monitoring and Treatment Structures 
 
 The Permittee shall provide protection and proper maintenance of environmental monitoring and treatment 

structures. 
 
Q. Vector Control 
 
 The Permittee shall provide for vector control as required by ADEM Admin. Code Div. 13. 
 
R. Bulk or Noncontainerized Liquid Waste 
 
 The Permittee shall not dispose of bulk or noncontainerized liquid waste, or containers capable of holding 

liquids, unless the conditions of Rule 335-13-4-.22(1)(k) are met. 
 
S. Empty Containers 
 
 The Permittee shall render empty containers larger than normally found in household waste unsuitable for 

holding liquids prior to delivery to the landfill unit unless otherwise approved by the Department. 
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T. Other Requirements 
 
 The Department may enhance or reduce the requirements for operating and maintaining the landfill as 

deemed necessary by the Land Division. 
 
U. Other Permits 
 
 The Permittee shall operate the landfill according to this and other applicable permits. 
 
V. Scavenging and Salvaging Operations 
 
 The Permittee shall prevent scavenging and salvaging operations, except as part of a controlled recycling 

effort. 
 
W. Signs 
 
 The Permittee shall provide a sign outlining instructions for use of the site.  The sign shall be posted and have 

the information required by Rule 335-13-4-.22(1)(i). 
  
X. Litter Control 
 
 The Permittee shall control litter. 
 
Y. Fire Control 
 
 The Permittee shall provide fire control measures. 

 

SECTION IV.  GROUNDWATER MONITORING REQUIREMENTS. 
 
A. The Permittee shall install and/or maintain a groundwater monitoring system, as specified below. 
 

1. The permittee shall maintain the groundwater monitoring wells and piezometers identified in Table 1 
at the locations specified in the Application, and any other groundwater monitoring wells which are 
added during the active life and the post closure care period. 

 
2. The Permittee shall maintain groundwater monitoring well UGW-1 as the background groundwater 

monitoring well for the entire facility. 
 
3. The Permittee shall install and maintain additional groundwater monitoring wells as necessary to 

assess changes in the rate and extent of a plume of contamination or as otherwise deemed necessary to 
maintain compliance with the ADEM Admin. Code Div. 13. 

 
4. Prior to installing additional groundwater monitoring wells, the Permittee shall submit a report to the 

Department with a permit modification request specifying the design, location and installation of 
additional monitoring wells.  This report shall be submitted within ninety (90) days prior to the 
installation which, at a minimum, shall include. 

 
a. Well construction techniques including proposed casing depths, proposed total depth, and 

proposed screened interval of well(s); 
 
b. Well development method(s); 
 
c. A complete analysis of well construction materials; 
 
d. A schedule of implementation for construction; and 
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e. Provisions for determining the lithologic characteristics, hydraulic conductivity and grain-size 
distribution for the applicable aquifer unit(s) at the location of the new well(s). 

 
5. The Permittee is approved for inter-well method for statistical analysis. 

 
B. Groundwater Monitoring Requirements 
 

1. The Permittee shall determine the groundwater surface elevation at each monitoring well and 
piezometer identified in Table 1 each time the well or piezometer is sampled and at least semi-annually 
throughout the active life and post-closure care period. 

 
2. The Permittee shall determine the groundwater flow rate and direction in the first zone of saturation at 

least annually or each time groundwater is sampled and submit as required by ADEM Admin. Code 
Div. 13. 

 
3. Prior to the initial receipt of waste at the facility, the Permittee shall sample, and analyze for the 

parameters listed in Appendix I of Chapter 335-13-4-.27, in all monitoring wells identified in Section 
IV.A.2. to establish background water quality and/or as directed by Rules 335-13-4-.27(2)(j) and 335-
13-4-.27(2)(a)(1).  The records and results of this sampling and analysis activity shall be submitted to 
the Department, within sixty (60) days of the date of sampling. 

 
4. The Permittee shall sample, and analyze all monitoring wells identified in Table 1 for the parameters 

listed in Appendix I of Chapter 335-13-4-.27(3), on a semi-annual basis throughout the active life of 
the facility and the post-closure care period in accordance with Chapter 335-13-4-.27(3).  Sampling 
shall be conducted during March and September of each year, beginning with the effective date of this 
permit. The records and results of this sampling and analysis activity shall be submitted to the 
Department, within ninety (90) days of the date of sampling. Groundwater monitoring shall be 
conducted according to the groundwater monitoring plan submitted June 17, 2020. 

 
5. In addition to the requirements of Sections IV., B.1., B.2., B.3. and B.4., the Permittee shall record 

water levels, mean sea level elevation measuring point, depth to water, and the results of field tests for 
pH and specific conductance at the time of sampling for each well. 

 
C. Sampling and Analysis Procedures 
 
 The Permittee shall use the following techniques and procedures when obtaining and analyzing samples from 

the groundwater monitoring wells described in Section IV.A. to provide a reliable indication of the quality of 
the groundwater. 
 
1. Samples shall be collected, preserved, and shipped (when shipped off-site for analysis) in accordance 

with the procedures specified in the Application.  Monitoring wells shall be bailed, pumped or micro-
purged in accordance with the approved GWSAP to remove an adequate quantity of well water to 
allow sampling.  Slow recharge wells shall be bailed until dry.  Wells shall be allowed to recharge 
prior to sampling. 

 
2. Samples shall be analyzed according to the procedures specified of the Application, Standard Methods 

for the Examination of Water and Wastewater (American Public Health Association, latest edition), 
Methods for Chemical Analysis of Water and Wastes (EPA-600/4-79-020), Test Methods for 
Evaluating Solid Waste, Physical/Chemical Methods (EPA Publication SW-846, latest edition), or 
other appropriate methods approved by this Department.  All field tests must be conducted using 
approved EPA test kits and procedures. 

 
3. Samples shall be tracked and controlled using the chain-of-custody and QA/QC procedures specified 

of the Application. 
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D. Recordkeeping and Reporting Requirements 
 

1. Recording of Results 
 
 For each sample and/or measurement taken pursuant to the requirements of this permit, the Permittee 

shall record the information required by Section I.E.9.c. 
 

2. Recordkeeping 
 
 Records and results of all groundwater monitoring, sampling, and analysis activities conducted 

pursuant to the requirements of this permit shall be included in the operating record required by 
Section I.I.1. 

 
E. Permit Modification 
 
 If the Permittee or the Department determines that the groundwater monitoring system no longer satisfies the 

requirements of Rule 335-13-4-.14 or Section IV.A. of this permit, the Permittee must, within 90 days, submit 
an application for a permit modification to make necessary and/or appropriate changes to the system.  

 
 

TABLE 1 
GROUNDWATER MONITORING WELLS. 

 
Monitoring  Top of Casing Part 

Well Number (feet  msl) Monitoring 
 

UGW-1    234.38   Cells 1 thru 10 
GW-4    232.52   Cells 1 thru 6 
GW-5    217.21   Cells 1 thru 6 
GW-6    222.00   Cells 1 thru 6 
GW-7    214.60   Cells 1 thru 6 
GW-8    215.76   Cells 1 thru 6 
GW-1    224.47   Cells 7 thru 10B 
GW-2    291.91   Cells 7 thru 10B 
GW-3    313.06   Cells 7 thru 10B 
GW-9    234.85   Cells 7 thru 10B 
GW-10    232.33   Cells 7 thru 10B 
 

 
 

SECTION V.  GAS MONITORING REQUIREMENTS. 
 
A. The permittee shall design, construct, and operate the facility so as to control and monitor the generation and 

emission of explosive gases (such as methane), and so as to prevent said gases from collecting in, or around 
structures at concentrations exceeding the limits imposed by this permit. 

 
B. Systems and Equipment 
 
 The Permittee shall provide, install, and maintain gas monitoring and/or recovery systems and equipment.  
 
C. Concentration Limits 
 
 The Permittee shall prevent explosive gases from exceeding: 
 

1. The lower explosive limit at the facility boundary. 
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2.  Twenty-five percent (25%) of the lower explosive limit in a facility structure other than those which 
are components of the gas control and/or recovery system. 

 
D. Explosive Gas Monitoring 
 

1. The Permittee shall monitor explosive gases at the facility.  The gas monitoring program shall monitor 
explosive gas concentrations in the atmosphere, in the soil, and inside all structures at the facility, 
including but not limited to buildings, under bridges, and at other locations which are conducive to gas 
accumulation.  Gas monitoring data shall be included in the operating record and be made available to 
the Department during inspections and at other times upon request.  

 
2. The Permittee shall conduct the gas monitoring at least once in each quarter.  The Permittee shall 

submit a report to the Department within thirty (30) days after each monitoring event documenting the 
levels of explosive gases measured at the facility. 

 
3. In the event that explosive gas levels exceed the limits specified in this permit, the Permittee shall: 
 

a. Immediately take all necessary steps to ensure immediate protection of human health and 
property. 

 
b. Immediately notify the Department of the explosive gas levels detected and the immediate steps 

taken to protect human health and property. 
 
c. Within twenty (20) days, submit to the Department for approval a remedial plan for the 

explosive gas releases.  This plan shall describe the nature and extent of the problem and the 
proposed remedy.  The plan shall be implemented upon approval by the Department, but within 
sixty (60) days of detection.  Within the sixty (60) days the plan shall be placed in the operating 
record of the facility and the Department notified that the plan has been implemented. 

 
4. Monitoring points for the measurement of explosive gas concentrations in the soil and/or atmosphere 

shall be located along the landfill boundaries and shall be spaced no more than 300 feet apart.  In areas 
where the landfill boundary is within 1000 feet of a structure, the monitoring points shall be not more 
than 100 feet apart. 

 

SECTION VI.  MUNICIPAL SOLID WASTE LANDFILL AIR EMISSIONS. 
 
This landfill may be subject to ADEM Admin. Code Division 3 and the Federal Clean Air Act.  Contact the ADEM 
Air Division for applicable requirements and permits. 

 

SECTION VII.  LEACHATE AND SURFACE WATER MANAGEMENT REQUIREMENTS. 
 
The Permittee must collect and dispose of the leachate that is generated at the facility, and the leachate must be 
recirculated into the landfill through injection or onto the working face and intermediate cover of the landfill surface 
so as not to run-off, or managed at a facility permitted to treat leachate.  The Permittee shall install a leachate 
collection system designed to maintain less than 12 inches (30 cm) depth of leachate over the liner.   
 
Timberland Landfill is permitted to construct and operate an on-site biological leachate treatment system.  The on-
site leachate treatment system is consisting of a series of constructed wetlands.  The constructed wetlands will 
utilize both a horizontal surface flow wetland system and two parallel vertical flow wetland biofilter system 
(WBS) units, all of which will be double-lined with a 30 mil PVC primary liner underlain with geo composite 
and 60 mil HDPE geomembrane or with geo composite between two 60 mil HDPE geomembranes. 
 
The treated leachate will be either: (i) discharged to a nearby stream; or (ii) returned to an existing on-site leachate 
storage tanks if the effluent does not meet discharge standards. The discharge of the treated leachate from the 
constructed wetland is monitored through the NPDES permit issued by ADEM’s Industrial Water Section. 
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Timberland Landfill is also permitted to simplify the piping layout in Cell No. 9 to maximize the volume of leachate 
that can be treated using the constructed wetlands. The leachate collecting pipes in Cell 10 and other future cells, 
the leachate collection stone shall be sized such that no more than 5% of the stones are smaller than 3/8 of an 
inch and no more than 5% of the stones are larger than 2 inches in the longest direction with 0% larger than 3 inches. 
Further, gravel for this work shall consist of hard, strong, durable, non-carbonate particles which are free of any 
metals, roots, trees, stumps, concrete, construction debris, other organic matter, deleterious materials or 
coatings. The stone shall be rounded and shall exhibit less than 15% carbonate content by weight when tested 
according to ASTM D 3042 (or later revision thereof). In the event that crushed or angular stone is utilized, an 
additional layer of geotextile shall cushion the stone if a geocomposite is not present immediately under the leachate 
collection corridor. 
 
If Timberland Landfill is required to transport leachate to offsite prior to initial disposal, the permittee shall provide 
the Department with a letter from the receiving publicly or privately owned treatment works, approving the 
acceptance of the leachate.  Discharges to publicly or privately owned treatment works may be subject to the 
requirements of the ADEM Water Division’s State Indirect Discharge (SID) Program.  The permittee shall construct 
and maintain run-on and run-off control structures.  Surface water discharges from drainage control structures shall 
be permitted through the ADEM Water Division’s National Pollutant Discharge Elimination System (NPDES) 
Program. 
 
The Permittee has reconfigured Pond 3B to facilitate the construction of the pond without relocating the existing 
landfill gas flare station. The reconfigured design will discharge to the same tributary as did the previous design. 
The Permittee has redesigned Pond 5 to size the outlet structure to eliminate the need for re-routing the tributary into 
which the pond discharges. The reconfigured design will discharge into the same tributary as did the previous 
design, and avoids disturbance of 380 linear feet of the tributary that is currently permitted. 
 
The Permittee revised the Leachate Collection Plan to dedicate an area onsite for 2 additional leachate storage tanks 
to be constructed in the future. The location of the additional leachate storage tanks will be in the currently permitted 
leachate tank storage area. 

 

SECTION VIII.  CLOSURE AND POST- CLOSURE REQUIREMENTS. 
 

The Permittee shall close the landfill and perform post-closure care of the landfill in accordance with ADEM 
Admin. Code Div. 13. 
 
A. Final Cover 
 

The landfill shall be closed in accordance with the approved application and ADEM Admin. Code Div. 13.  
The final cover shall consist of 18 inch thick layer of cohesive clay soil with a hydraulic conductivity of 
1×10-5 cm/sec or less, 40 mil LLDPE textured geomembrane, geotextile filter fabric, 12 inch sand layer and 6 
inches of top soil. The permittee is approved for two alternate final covers. The first alternate final cover shall 
consist of an 18 inch soil infiltration layer with a hydraulic conductivity of 1×10-5 cm/sec or less, 40 mil 
LLDPE textured geomembrane, geocomposite drainage layer, and 18 inch layer of protective soil. The second 
alternate final cover shall consist of an12 inch infiltration layer with a hydraulic conductivity of 1 x 10-5 
cm/sec or less, 50 mil HDPE drainage structured geomembrane, and 18 in layer of protective soil. The final 
cover grading plan has been revised to show 2-foot contour interval and tack-on stormwater diversion berms. 

 
 
 
 
 
B. Vegetative Cover 
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 The Permittee shall establish a vegetative or other appropriate cover within 90 days after completion of final 
grading requirements in the Application.  Preparation of a vegetative cover shall include, but not be limited 
to, the placement of seed, fertilizer, mulch, and water. 

 
C. Notice of Intent 
 
 The Permittee shall place in the operating record and notify the Department of their intent to close the landfill 

prior to beginning closure.  
 
D. Completion of Closure Activities 
 
 The Permittee must complete closure activities of each landfill unit in accordance with the Closure Plan 

within 180 days of the last known receipt of waste. 
 
E. Certification of Closure 
 
 Following closure of each unit, the Permittee must submit to the Department a certification, signed by an 

engineer, verifying the closure has been completed according to the Closure Plan. 
 
F. Post-Closure Care Period 
 
 Post-closure care activities shall be conducted after closure of each unit throughout the life of this permit and 

continuing for a period of thirty (30) years following closure of the facility.  The Department may shorten or 
extend the post-closure care period applicable to the solid waste disposal facility.  The Permittee shall reapply 
in order to fulfill the post-closure care requirements of this permit. 

 
G. Post-Closure Maintenance 
 
 The Permittee shall provide post closure maintenance of the facility to include regularly scheduled 

inspections.  This shall include maintenance of the cover, vegetation, monitoring devices and pollution 
control equipment and correction of other deficiencies that may be observed by the Department.  Monitoring 
requirements shall continue throughout the post closure period as determined by the Department unless all 
waste is removed and no unpermitted discharge to waters of the State have occurred.  

 
H. Post-Closure Use of Property 
 
 The Permittee shall ensure that post closure use of the property never be allowed to disturb the integrity of the 

final cover, liner, or other components of the containment system.  This shall preclude the growing of deep-
rooted vegetation on the closed area. 

 
I. Certification of Post-Closure 
 
 Following post-closure of each unit, the Permittee must submit to the Department a certification, signed by an 

engineer, verifying the post-closure has been completed according to the Post-Closure Plan. 
 
J. Notice in Deed to Property 
 
 The Permittee shall record a notation onto the land deed containing the property utilized for disposal within 

90 days after permit expiration, revocation or when closure requirements are achieved as determined by the 
Department as stated in the Application.  This notation shall state that the land has been used as a solid waste 
disposal facility, the name of the Permittee, type of disposal activity, location of the disposal facility and 
beginning and closure dates of the disposal activity.   

 
 
K. Recording Instrument 
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 The Permittee shall submit a certified copy of the recording instrument to the Department within 120 days 
after permit expiration, revocation, or as directed by the Department as described in the Application. 

 
L. Removal of Waste 
 
 If the Permittee or other person(s) wishes to remove waste, waste residues, the liner, or any contaminated 

soils, the owner must request and receive prior approval from the Department. 
 

SECTION IX.  FINANCIAL ASSURANCE 
 
A. The Permittee shall maintain detailed written cost estimates, in current dollars, at the landfill office and on 

file with the Department in accordance with ADEM Admin. Code 335-13-4-.28. 
 
B. All cost estimates must be updated annually as required by ADEM Admin Code 335-13-4-.28. 
 
C. The Permittee must place a copy of the financial assurance mechanism along with other items required by 

ADEM Admin. Code 335-13-4-28. into the landfill operating record and submitted to the Department before 
the initial receipt of waste in the case of closure, post-closure care, or no later than 120 days after corrective 
action remedy has been selected. 

 
D. The financial assurance mechanisms must ensure that funds will be available in a timely fashion when 

needed. 
 
E. The financial assurance mechanisms must be legally valid, binding, and enforceable under state and federal 

law. 
 
F. The Permittee shall demonstrate continuous compliance with ADEM Admin. Code 335-13-4-28. by 

providing documentation of financial assurance in at least the amount that equals or exceeds the cost estimate.  
Changes in the financial assurance mechanism must be approved by the Department. 

 
G. The Permittee shall increase the closure, post-closure or corrective action cost estimates and the amount of 

financial assurance if changes in the closure, post-closure or correction action plans or landfill conditions 
increase the maximum cost. 

 
H. The Permittee may reduce the amount of financial assurance by submitting justification and a revised 

estimate to the Department for approval. 
 

SECTION X.  VARIANCES. 
 
1. The Permittee is granted a variance to Rule 335-13-4-.20(2)(c)2. requiring the maximum final grade of the final 

cover system shall not exceed 4 to 1.  The maximum final slope of 3.5 to 1 shall be allowed along the toe of the 
slope in cell 1 and cell 3-B.  The final slope above the 243-foot elevation shall be 4 to 1 in cell 1 and cell 3-B.  
The final slopes in the remaining cells shall not exceed 4 to 1. 
 

2. The Permittee is granted a variance to Rule 335-13-4-.22(1)(c) requiring a daily completed cell shall not exceed 
8 feet in vertical thickness measured perpendicular to the slope of the preceding cell.  The Permittee shall be 
allowed a vertical thickness of 15 feet. (See Section III.I.) 

 
Any variance granted by the Department may be terminated by the Department whenever the Department finds, 
after notice and opportunity for hearing, that the petitioner is in violation of any requirement, condition, schedule, 
limitation or any other provision of the variance, or that operation under the variance does not meet the minimum 
requirements established by state and federal laws and regulations or is unreasonably threatening the public health. 
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Phase 2A (Future Interim Site Conditions).  “Phase 2A” of the project represents a future interim (pre-
final) condition expected to exist after waste filling has progressed westward (see Figure 2).  As shown in 
Figure 2, for this condition the eastern half of the landfill is configured to final grades, and the western 
half of the landfill that exists at the time of this phase is at interim grades.  For this phase, it is assumed 
that all of the stormwater improvements recommended for Phase 1 are in-place.  The eastern side of the 
site is modeled as being fully vegetated (representative of final cover conditions), and the western side of 
the site is modeled as being unvegetated.  The reason this phase was analyzed was to assess whether the 
interim slopes and unvegetated conditions produced more critical rates of runoff for sizing of the 
perimeter features (ditches, culverts, and ponds). 

Phase 2B (Future Final Site Conditions).  “Phase 2B” of the project represents the condition when the 
landfill is constructed to final grades.  However, two cases were evaluated – one with only partial 
vegetation on the western side of the site (representing the interim case before final cover is established), 
and one with the entire site fully vegetated under final conditions.  The purpose for including this phase 
was to obtain runoff rates for “near-final” and final conditions, to evaluate whether they produced critical 
runoff rates for sizing of the perimeter features (ditches, culverts, and ponds). 

OVERVIEW OF ANALYSIS APPROACH 

A calculation package containing detailed hydrologic/hydraulic (H&H) modeling of the landfill under the 
interim and final conditions represented by the aforementioned phases is attached to this memorandum.  
Refer to the calculation package for a detailed discussion on the design storms, analysis methods, selected 
parameters, reference or justification for the selections, results, and other key assumptions.  Highlights of 
the approach and methodology are noted below. 

• For each analysis case, Geosyntec conducted H&H modeling to compute peak design discharges 
and hydrographs from the various drainage areas at the site using the SCS Curve Number method 
outlined by the U.S. Department of Agriculture (USDA) document Urban Hydrology for Small 
Watersheds, Technical Release 55 (TR-55).  The specialty engineering software HydroCAD 10.0 
was used to perform the TR-55 modeling.   

• The modeling results were used to size the perimeter ditches and pond inlet culverts.  Manning’s 
equation was used to size the ditches and obtain the information needed to recommend channel 
lining material.  Federal Highway Administration (FHWA) methods from their Hydraulic Design 
of Energy Dissipators for Culverts and Channels: Hydraulic Engineering Circular No. 14, as 
coded in their software program commonly referred to as “HY-8” were used to design the 
culverts at the inlets to the ponds. 

• The H&H model was used to route storms into and through the storm water ponds to check and 
design pond outlet riser structures and overflow spillways based on the detention capability of 
each pond and the hydraulic features of the outlets. 

• These calculations were repeated for each phase and analysis case to determine the critical 
(governing) condition that produced the highest flow rates or otherwise controlling the design 
sizing of each given perimeter drainage feature. 

o For interim conditions, the 25-year, 24-hour storm event was modeled. 
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o For final conditions, the 100-year, 24-hour storm event was also modeled. 
• The reason for analyzing multiple phases and different storm events was to attempt to account for 

a wider variety of conditions that may govern the design.  For example, in some situations the 
interim (temporary) drainage area to a given set of drainage features is greater than the final 
drainage area.  Similarly, the “bare ground” runoff conditions for interim slopes that are not yet 
vegetated may produce larger flows in a given set of drainage features for a 25-year storm event 
than would be produced for a larger (100-year) storm event under long-term final vegetated 
conditions. 

RESULTS 

The attached calculation package presents the complete results of the various analysis cases through a 
series of tables providing key design information including the following: 

• H&H modeling input values (flow lengths, slopes, drainage areas, % vegetative cover, curve 
numbers, etc.); 

• calculated peak discharges by drainage area; 
• ditch sizing (with flow rates, channel dimensions, slopes, flow depths, tractive stresses, and 

channel lining materials); 
• culvert analysis and sizing (controlling cases, culvert diameter and length, slope, inlet and outlet 

elevations); and 
• pond analysis and design (pond geometry and capacity, riser structure features, outlet culvert 

features, inflow and outflow rates, peak water elevations, etc.). 

MASTER PLAN 

The SWMMP is presented on Figures 1 through 3.  The information presented on the figures is as 
follows. 

• Figure 1 – Final Conditions.  This figure shows the site layout under final buildout of the landfill.  
It defines all perimeter features (ditch reaches, culverts, and ponds), and delineates the final 
drainage areas.  The table on Figure 1 identifies the phase of work when each feature should be 
constructed, the status of installation, and a reference of where detailed information on each 
drainage feature can be found. 

• Figure 2 – Phase 2A.  This figure shows the site layout under a future interim (pre-final) 
conditions representative of the next planned progression of waste filling.  These conditions were 
considered in analysis scenarios to determine whether the interim conditions govern the design 
(sizing) of various drainage features.  The figure presents tabulated information on the ditches 
and culverts that are recommended for installation when the landfill filling progression reaches 
this condition. 

• Figure 3 – Phase 2B.  This figure shows the site layout under a future condition where waste 
filling is complete.  These conditions were considered in analysis scenarios before final closure of 
all landfill areas, and after final closure - to determine which scenario governed the design 
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(sizing) of various drainage features.  The figure presents tabulated information on the ditches, 
culverts, and pond that are recommended for installation when the landfill filling progression 
reaches this condition. 

 

*  *  *  *  * 
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1. TERRACON POND DRAWING REFER TO THE 8/6/14
TERRACON "STORMWATER POND PLAN (CONTRACT
DRAWINGS FOR CELL 10B)"

2. TERRACON SW DRAWING REFERS TO THE 6/3/14
TERRACON "STORMWATER DRAINAGE PLAN DRAWINGS
(PERMIT RENEWAL PLANS WITH MINOR MODS)"

3. GEOSYNTEC DRAWINGS REFER TO THE 5/11/2016
GEOSYNTEC "INTERIM STORM WATER MANAGEMENT
IMPROVEMENTS (CONSTRUCTION DRAWINGS)"

NOTES:

PHASE # PERMANENT DRAINAGE FEATURES STATUS REFERENCE

PREVIOUS
WORK

POND 6 COMPLETE TERRACON POND DWG 7

DITCH D.1 TO D.4 COMPLETE TERRACON SW DWG 8

PHASE 1A

FOREBAY COMPLETE GEOSYNTEC DWG 12

POND 1 COMPLETE GEOSYNTEC DWG 12

POND 2 COMPLETE GEOSYNTEC DWG 13

POND 3 COMPLETE GEOSYNTEC DWG 14

DITCH G.1 TO J.3 COMPLETE GEOSYNTEC DWG 3

CULVERT C-1 , C-2 , C-3 , C-5 COMPLETE GEOSYNTEC DWG 12

CULVERT C-4 COMPLETE GEOSYNTEC DWG 13

PHASE 1B
POND 4 UPGRADES PENDING GEOSYNTEC DWG 15

DITCH K.2 TO K.1 PENDING GEOSYNTEC DWG 3

PHASE 2A
DITCH L.1 TO M.1 , E.1 TO F.2 FUTURE FIGURE 2

CULVERT C-6 , C-9 , C-10 FUTURE FIGURE 2

PHASE 2B

POND 5 FUTURE FIGURE 3

DITCH A.3 TO C.1 FUTURE FIGURE 3

CULVERT C-7, C-8 FUTURE FIGURE 3
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NOTES:

3. ALL SEGMENTS HAVE A BASE WIDTH OF 2 FT AND 3:1 SIDESLOPES.

4. SEGMENT FOLLOW DIMENSIONS AND LINING SPECIFICATIONS PRESENTED

IN DWG 8 OF THE 6/3/14 TERRACON "STORMWATER DRAINAGE PLAN

DRAWINGS (PERMIT RENEWAL PLANS WITH MINOR MODS)".

1. USE ADS N-12 WT PIPE, OR EQUAL.

2. INSTALLED ALONGSIDE EXISTING 48" CULVERT.

PHASE 2A DITCH SCHEDULE

LOCATION DITCH SEGMENT LENGTH (FT) DEPTH (FT) LINING

POND 4

L.1 310 3 GRASS WITH CLASS 5.A TRM

L.2 460 1 GRASS WITH CLASS 5.A TRM

M.1 180 1 GRASS WITH CLASS 5.A TRM

POND 6 E.1-E.2 [4] 430 2 VEGETATION / ECM

POND 3 F.1-F.2 [4] 380 2 VEGETATION / ECM

PHASE 2A CULVERT SCHEDULE

LOCATION DESIGNATION TYPE LENGTH (FT)

POND 4 C-6 TWO 36" CORRUGATED HDPE[1] (SMOOTH INTERIOR) 50

POND 6 C-9 ONE 30" CORRUGATED HDPE[1][2] (SMOOTH INTERIOR) 95

POND 3 C-10 ONE 36" CORRUGATED HDPE[1] (SMOOTH INTERIOR) 100
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2. ALL SEGMENTS HAVE A BASE WIDTH OF 2 FT AND 3:1 SIDESLOPES.

3. ALL SEGMENTS FOLLOW DIMENSIONS AND LINING SPECIFICATIONS

PRESENTED IN DWG 8 OF THE 6/3/14 TERRACON "STORMWATER DRAINAGE

PLAN DRAWINGS (PERMIT RENEWAL PLANS WITH MINOR MODS)".

NOTES:

PHASE 2B CULVERT SCHEDULE

LOCATION DESIGNATION TYPE LENGTH (FT)

POND 4 C-7 TWO 42" CORRUGATED HDPE[1] (SMOOTH INTERIOR) 105

POND 5 C-8 ONE 42" CORRUGATED HDPE[1] (SMOOTH INTERIOR) 100

PHASE 2B DITCH SCHEDULE

LOCATION DITCH SEGMENT LENGTH (FT) DEPTH (FT) LINING

POND 4
A.2-A.3 860 3 ALDOT CLASS 2 RIPRAP

A.1-A.2 650 2 VEGETATION / ECM

POND 5
B.1-B.2 680 2 VEGETATION / ECM

C.1-C.2 510 2 VEGETATION / ECM

POND 5 FEATURES

POND GEOMETRY AND FEATURES

(A) EMBANKMENT CREST ELEVATION (MIN) (FT, MSL) 258

(B) EMERGENCY SPILLWAY ELEVATION (FT, MSL) 257

(C) EMERGENCY SPILLWAY BOTTOM WIDTH (FT) 20.0

(D) EMERGENCY SPILLWAY DEPTH (FT) 1.0

(E) EMERGENCY SPILLWAY SLOPE 3:1

RISER STRUCTURE

(F) RISER DIAMETER (IN) 48

(G) TOP OF RISER (FT, MSL) 254.5

(H) NORMAL POOL ORIFICE INVERT (FT, MSL) 253

(I) DEWATERING ORIFICE INVERT (FT, MSL) 252

(J) REQUIRED BALLAST DEPTH (MIN) (FT) 2.5

OUTLET CULVERT

(K) OUTLET CULVERT DIAMETER (IN) ≥ 24

(L) OUTLET CULVERT INLET INVERT ELEVATION (FT, MSL) 252

(M) OUTLET CULVERT OUTLET INVERT ELEVATION (FT, MSL) 251

PONDING ELEVATION FOR STORM FREQUENCY

(N) NORMAL POOL ELEVATION (FT, MSL) 253

(O) 25-YEAR STORM EVENT (FT, MSL) 257.0

(P) 100-YEAR STORM EVENT (FT, MSL) 257.5
1. USE ADS N-12 WT PIPE, OR EQUAL.
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Figure 1) that shows the landfill final cover grading plan and layout/identification of the 
perimeter surface water management system features.  Key features of the landfill surface 
water management system for final closure conditions are described below. 
 

• The final cover system ground surface will be vegetated with grass, and will have 
sideslopes inclined at four horizontal to one vertical (4H:1V) in-between drainage 
terraces. 

• The final cover sideslopes have drainage terraces spaced approximately every 20 
feet vertically, and with typical drainage profile slopes typically at about two (2) 
percent. 

• The drainage terraces will convey water to downdrain pipes spaced periodically 
around each landfill area. 

• Downdrain pipes will outlet into either perimeter drainage ditches, or will directly 
outlet into storm water ponds. 

• Drainage ditches (with segments designated as Ditches A through M) will convey 
water to periodic low points where culvert pipes will be situated to carry flow 
underneath the perimeter road and into storm water ponds. 

• Storm water ponds (designated as Ponds 1 through 6) are positioned around the 
perimeter of the landfill.  The ponds will receive runoff from the contributing 
upstream drainage areas of the landfill and will attenuate outflows through riser 
pipes at each pond outlet (as well as emergency spillway channels) before surface 
water is discharged off-site downstream from each pond. 

 
Overview of Development Phases 

Phase 1 (2015-2016 Site Conditions).  “Phase 1” of the project was a previously-
completed assessment of site conditions as they existed in 2015-2016.  During this phase, 
Geosyntec evaluated the conditions and functionality of the existing stormwater 
management system and developed construction documents (drawings and 
specifications) for the design of interim stormwater management improvements around 



 
 

 Page 3 of  
        
Written by: A. Brewster Date: 01/05/2017 Reviewed by: Klenzendorf Date: 01/17/2017 
        
Client: Republic Project: Timberlands Landfill Project No.: GK5913 Task No.: 02 
        

 

GK5913-02/ Phase 2 Stormwater Management System Improvements 
   

essentially the eastern half of the landfill perimeter (drainage areas contributing to Ponds 
1-3).  The Phase 1 analysis considered two ground cover cases for the landfill slopes: a 
short-term condition (existing grades and partial vegetation & bare ground conditions); 
and a long-term condition (final grades and fully vegetated).  The outcome of Phase 1 
was a design of short-term measures aimed at providing immediate stormwater 
management improvements, as reflected on Geosyntec’s set of construction drawings 
titled “Interim Storm Water Management Improvements”, dated May 2016.  Many of 
these improvements were installed in 2016, with the remainder scheduled to be installed 
in 2017.  Phase 1 involved design/re-design and construction of the following perimeter 
surface water management system components: 
 

• Ditches G through K (perimeter ditches that convey flow to Ponds 1 and 2); 
• Culverts C-1 through C-5 (culverts that convey flow to Ponds 1 and 2); 
• Forebay to Pond 1; 
• Ponds 1 through 3 updated pond features (re-establish base grades, install baffles; 

install new outlet riser structures, principal spillway pipes, and emergency 
spillways); and 

• Pond 4 (re-establish base grades, install baffles). 
 
Phase 2A (Future Interim Site Conditions).  “Phase 2A” of the project represents a future 
interim (pre-final) condition expected to exist after waste filling has progressed westward 
(see Figure 2).  As shown in Figure 2, for this condition the eastern half of the landfill is 
configured to final grades, and the western half of the landfill that exists at the time of 
this phase is at interim grades.  For this phase, it is assumed that all of the stormwater 
improvements recommended for Phase 1 are in-place.  The eastern side of the site is 
modeled as being fully vegetated (representative of final cover conditions), and the 
western side of the site is modeled as being unvegetated.  The reason this phase was 
analyzed was to assess whether the interim slopes and unvegetated conditions produced 
more critical rates of runoff for sizing of the perimeter features (ditches, culverts, and 
ponds).  Phase 2A will involve installation of the following perimeter surface water 
management system features: 
 

• Ditches L and M (perimeter ditches that convey flow to Pond 4); 
• Ditches E and F (perimeter ditches that convey flow to Ponds 3 and 6, 

respectively); and 
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• Culverts C-6, C-9, and C-10 (which convey flow to Ponds 4, 6, and 3, 
respectively). 

 
Phase 2B (Future Final Site Conditions).  “Phase 2B” of the project represents the 
condition when the landfill is constructed to final grades.  However, two cases were 
evaluated – one with only partial vegetation on the western side of the site (representing 
the interim case before final cover is established), and one with the entire site fully 
vegetated under final conditions.  The purpose for including this phase was to obtain 
runoff rates for “near-final” and final conditions, to evaluate whether they produced 
critical runoff rates for sizing of the perimeter features (ditches, culverts, and ponds).  
Phase 2A will involve installation of the following perimeter surface water management 
system features: 
 

• Ditch A (perimeter ditch that conveys flow to Pond 4); 
• Ditches B and C (perimeter ditches that convey flow to new Pond 5); 
• Culverts C-7 and C-8 (which convey flow to Ponds 4 and 5, respectively); and 
• Pond 5 (new pond; with associated outlet riser structure, principal spillway pipe, 

and emergency spillway). 
 

SUMMARY OF ANALYSIS CASES 

As mentioned, Phase 2 was subdivided into two sub-phases:  Phase 2A and Phase 2B.  To 
evaluate the critical condition governing the design/sizing of each specific surface water 
management system features, H&H analyses were performed for four (4) cases as 
described below. 
 

• Case 1 (Figure 1).  This case considers current site conditions (landfill grades and 
vegetative cover) based on 2016 aerial topography, to check whether existing 
drainage features associated with Ponds 3, 4, and 6 (i.e., temporary inlet culverts 
to the ponds, pond capacity, pond outlet features) can handle the predicted short-
term peak flows.  

 
• Case 2 (Figure 2).  This case corresponds to the completion of waste filling of 

Phase 2A.  As such, it considers interim conditions, with the southwest portion of 
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the landfill (referred to as “Area 1” on Figure 2) filled to final grades but 
unvegetated, and the northwest portion of the interim landfill (referred to as “Area 
2” on Figure 2) is still at the same grades as in Case 1 and unvegetated.  The 
eastern half of the landfill is considered to be at final grades and fully vegetated.  
Proposed and existing permanent culverts and ditches in areas at final grades are 
checked and designed.  The existing pond inlet culvert not yet at final grades 
(Pond 4 inlet only) is re-checked to ensure upgrades are not needed prior to being 
replaced with the designed permanent pond inlet culvert.   

 
• Case 3 (Figure 3) considers interim conditions in which all landfill areas are at 

final grades and only Landfill Area 2 is unvegetated (bare ground).  In Case 3, all 
temporary features are removed.  Proposed and existing permanent inlet culverts 
and ditches are designed and checked against Case 2 (when applicable) to 
determine the worst-case condition.  

 
• Case 4 (Figure 3) considers final conditions (fully vegetated landfill slopes at final 

landfill grades).  Proposed and existing permanent culverts and ditches are 
designed and checked against Case 3 and Case 2 (when applicable) to determine 
the worst-case condition. 

 
The reason for the above cases is that interim conditions (with corresponding areas of 
bare ground, and temporary drainage areas) may be more critical (governing case) for 
sizing of the various drainage features.  Note that existing Ponds 3, 4, and 6 are checked 
for Cases 1 through 4, as the four different vegetation and grading conditions results in 
four different flow profiles.  Pond 5 is a future pond that will be constructed as part of 
Phase 2B, and therefore is checked for Cases 3 and 4 and sized accordingly.  

METHODOLOGY 

Hydrologic Modeling 
 
The specialty engineering software HydroCAD 10.0 (HydroCAD, 2011) was used to 
perform hydrologic modeling of storm water runoff produced by hypothetical design 
precipitation events for the various analysis cases for selected.  Using HydroCAD, peak 
design discharges and hydrographs were computed using the SCS Curve Number method 
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outlined by the U.S. Department of Agriculture (USDA) document Urban Hydrology for 
Small Watersheds, Technical Release 55 (TR-55) (USDA, 1986).  Hydrographs generated 
within the computer program are routed through a user-specified network of reaches and 
ponds using documented hydraulic routing techniques, summarized below. 

• Precipitation-specifications were selected using published frequency-based 
hypothetical precipitation events (i.e., design rainfall or storm events).  For these 
analyses, the following hypothetical precipitation events were evaluated: the 25-
year (4% annual chance), 24-hour duration event (herein referred to as the 25-
year, 24-hour event) and the 100-year (1% annual chance), 24-hour duration event 
(herein referred to as the 100-year, 24-hour event). 

• Water loss models are used to estimate the volume of runoff given the 
precipitation and properties of the watershed.  For these analyses, the Soil 
Conservation Service (SCS) Curve Number Loss Model was used (USDA, 1986). 

• Direct runoff transform models can be used to account for overland flow, storage, 
and energy losses as surface water runs off a watershed and into the drainage 
channels.  For these analyses, the SCS Unit Hydrograph Model was used. 

• Hydraulic routing models account for storage and energy flux as surface water 
flows through drainage ditches.  For these analyses, the Kinematic Wave method 
was used for reach routing and an Outflow Curve method was used for routing 
through ponds (since the outlet structure has a complex design with a combination 
of orifices, weirs, and culverts).   

 
Hydraulic Analysis and Design 
 
Principles of open channel flow using Manning’s equation (Chow, 1959) were used to 
size the perimeter ditches based on the peak flows derived from the HydroCAD 
hydrologic modeling.  Manning’s Equation in its general form is expressed as: 

       2
1

3
249.1

oSAR
n

Q =  

  where: Q = discharge (cfs); 
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   n = manning’s roughness coefficient; 

   A = area of cross-section of flow (ft2); 

   P = wetted perimeter (ft); 

   R  = hydraulic radius (ft) = A/P; and 

   S0  = longitudinal slope (ft/ft). 

Tractive stresses, as well as flow velocities resulting from peak flows, were calculated to 
select the type of channel lining that would be necessary to prevent erosion of the drainage 
features.  The average tractive stress for a given depth of flow in a channel is calculated 
by: 
    RSwo γτ =  

  where: τo  = average tractive stress (lb/ft2); 

   γw  = unit weight of water (lb/ft3); 

   R  = hydraulic radius (ft); and 

   S  = channel slope (ft/ft). 

 
Federal Highway Administration (FHWA) methods from their Hydraulic Design of 
Energy Dissipators for Culverts and Channels: Hydraulic Engineering Circular No. 14, 
[FHWA (2006) and NHI (2011)] as coded in their “HY-8” software program were used 
to design the culverts at the inlets to the ponds.  The performance of each culvert is 
modeled and assessed based on boundary conditions of the structure, culvert 
configuration, peak flow criteria, and tailwater levels.  The tailwater levels were selected 
based on the computed water depth in the downstream feature predicted at the time the 
culvert is predicted to experience peak flows for the respective design rainfall events. 
 
HydroCAD was used to develop outflow curves for the pond riser structures, outlet 
culverts, and overflow (emergency) spillways.  HydroCAD allows for complex outlet 
structures and models the structure using orifice and weir equations.   

DESIGN CRITERIA 

The design criteria adopted for these calculations are as follows: 
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• Perimeter Ditches.  The perimeter ditches have been designed to convey the peak 

flows from the 25-year, 24-hour rainfall event, while maintaining at least 0.5-ft of 
freeboard.  Additionally, perimeter ditches have been sized with the capacity to 
convey the 100-year, 24-hour rainfall event without overtopping.  Tractive 
stresses and velocities for peak flows during the 100-year, 24-hour rainfall event 
have been computed and channel linings have been selected to withstand the 
predicted tractive stresses.   

 
• Culverts (at Pond inlets).  Inlet culverts have been designed to ensure that one (1) 

foot of headwater freeboard is maintained during the 25-year event and that the 
100-year event is fully contained. 

 
• Ponds.  The permanent ponds (Ponds 1 through 6) have been designed to detain 

both the 25-year, 24-hour storm and the 100-year, 24-hour storm.  More 
specifically, Ponds 1 through 6 have been designed to pass the 25-year, 24-hour 
storm through the principal spillway (i.e., without engaging the emergency 
spillway) and maintaining at least a 1-ft freeboard in the ponds.  Ponds 1 through 
6 have also been designed to pass the 100-year, 24-hour event (i.e., through the 
principal and emergency spillway) without overtopping the pond berms. 
 

DESIGN PARAMETERS 

Estimation of Contributing Drainage Areas 

The watershed areas for each basin or reach are broken into subareas (subcatchments).  
Each subcatchment is routed to a particular reach or basin.  Each subcatchment is assigned 
a curve number based on soil type and representing the type of ground cover for each 
analysis case, and a time of travel associated with it (discussed subsequently). 
 
Figures 1, 2, and 3 of this calculation package provide drawings showing delineation of 
the contributing drainage areas for each of the surface water management system 
components for Cases 1 through 4.  From these delineations, “nodal network diagrams” 
(the interconnected sequence of flow into and through the various slopes, reaches, and 
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drainage features) were developed and input into the HydroCAD model.  The nodal 
network diagrams for each case are presented with the HydroCAD output in the 
appendices of this calculation package. 
 
Rainfall Information 
 
The design rainfall distribution for the site is selected from the rainfall distribution map 
of the United States (USDA, 1986).  The site is located in an area categorized by Soil 
Conservation Service (SCS) Type III Rainfall Distribution.  This rainfall distribution is 
used as input to the hydrologic model and is converted into a runoff hydrograph. 
 
The 2-year, 25-year, and 100-year rainfall depths for a 24-hour storm event utilized for 
analyses were obtained from the National Weather Service Technical Paper No. 40: 
Rainfall Frequency Atlas of the United States for Durations from 30 Minutes to 24 Hours 
and Return Periods from 1 to 100 Years, (USDOC, 1961) for the site location in Escambia 
County, Alabama.  A 2-year, 24-hour rainfall depth is used in the hydrologic model to 
estimate travel times for sheet flow conditions for the times of concentration (discussed 
subsequently) for each subarea.  Then, rainfall depths of 9.6 inches and 12.1 inches were 
selected for 25-year, 24-hour and 100-year, 24-hour rainfall events, respectively. 
 
Table 1 of this calculation package presents a summary of the design rainfall events, as 
well as the main design criteria used for the design of the various drainage features. 
 
Estimation of Basin Curve Numbers, CN 

Figures 1, 2, and 3 also identify the assumed ground cover conditions on the landfill 
slopes for the various analysis cases.  Table 2 details the ground cover assumptions (e.g., 
vegetated, bare ground) for the analysis cases.  To select curve numbers for use in the 
HydroCAD model, the ground cover conditions along with published soils data for 
Escambia County, Alabama [USDA (2015)] were evaluated.  To select soil types, the 
landfill site was superimposed on the Escambia County soils map, and hydrologic soil 
groups (HSG) were identified based on the predominant surficial soil types in the area.  
The resulting types and percentages of ground cover are used to select Basin Curve 
Numbers, CN, using recommendations for TR-55 from USDA (1986). 
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Estimation of Time of Concentration, Tc, for SCS Curve Number Method 
 
The time of concentration is defined as the time for runoff to flow from the most 
hydraulically remote point of the drainage area to the point under investigation.  The time 
of concentration (Tc) is a summation of sheet flow travel time, shallow concentrated flow 
travel time, and channel flow (open and pipe) travel time.  The method to estimate the 
sheet flow travel time was obtained using the TR-55 method (USDA, 1986).  Manning’s 
kinematic solution is used for estimating travel time for sheet flow for flow distances less 
than 300 ft (USDA, 1986): 
 

   

( )
4.05.0

242

8.0007.0
SP

nLTt
−

=  

 
where:  Tt  = travel time for overland sheet flow (hr); 
   n  = Manning’s roughness coefficient; 
   L  = flow length (ft); 
  P2-24  = 2-year, 24-hour rainfall (in.); and 
   S  = slope of hydraulic grade line (land slope, ft/ft). 
 
For the undeveloped contributing areas, shallow concentrated flow will occur after the 
allowable 300 ft of sheet flow but prior to open channel flow.  The travel time for shallow 
concentrated flow is estimated using the Upland Method (USDA, 1986) as described 
above.  Manning’s roughness coefficients are calculated based assumptions of the 
percentage of short grass cover and bare soil cover along the path of the sheet flow, 
detailed in Table 2.  Based on the designed conveyance system, runoff will be converted 
from sheet flow to side-slope open channel flow or downdrain pipe channel flow 
relatively quickly, typically before shallow concentrated flow can develop (shallow 
concentrated flow is only encountered in Basin 4c for Case 1).  The Upland Method 
(USDA, 1986) is used to estimate the shallow concentrated flow velocities, where 
applicable, using the equation below. 
 
   SKV v=  
 
where:  V = average velocity (ft/sec), 
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   Kv = shallow concentrated flow velocity factor (ft/sec) based on surface 
type, and 

   S = land slope (ft/ft). 
 
A velocity factor of Kv = 7.0 ft/sec was selected for undeveloped areas based on a short 
grass pasture surface description.  The land slopes were estimated from the existing 
conditions topographic shown for Case 1. 
 
The method selected to estimate the shallow concentrated flow and open channel flow 
travel time is based on guidance provided in TR-55 (USDA, 1986).  Travel time for 
shallow concentrated flow and open channel flow is estimated by dividing the longest 
drainage path by the velocity of runoff: 
 

   





=

60
1

V
LTt  

 
where:  Tt  = travel time (min); 
   L  = flow length (ft); and 
   V  = average velocity (ft/sec). 
 
The shallow concentrated flow velocities are defined above. The open channel and 
downdrain pipe channel flow velocities are estimated using Manning’s equation based on 
guidance provided in TR-55 (USDA, 1986).  The average flow velocities were 
determined for bank-full elevation as: 
 

   
2

1
3

249.1 SR
n

V h=  

 
where:  V = average velocity (ft/sec); 
   n  = Manning’s roughness coefficient; 
   Rh  = hydraulic radius (ft) = A/P; 
   A  = cross sectional area (ft2); 
   P = wetted perimeter (ft); and 
   S  = slope of hydraulic grade line (channel slope, ft/ft). 
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A minimum time of concentration of 6 minutes is used to calculate the rainfall intensity 
as recommended by the TR-55 method, because small areas with exceedingly short times 
of concentration could result in design rainfall intensities that are unrealistically high 
(USDA, 1986). 
 
Table 3 presents the selected flow lengths and slopes used for the time of concentration 
calculations. 
 
Calculated Drainage Areas 

Table 4 provides the calculated area, in acres, for each of the drainage areas 
(subcatchments) labeled on Figures 1, 2, and 3. 
 
Pond Stage-Storage Relationships 
 
The pond layouts (grading plans) were used to develop stage-storage relationships for 
each pond.  For each pond height increment (elevation increment), the plan area was 
measured.  From this, a stage-storage curves were developed, providing the volume of 
storage available in the pond based on the variation in water elevation.  This information, 
along with the outlet structure characteristics, were input into the HydroCAD model, for 
use in routing hydrographs into and out of the ponds. 

COMPUTATIONS 

Using the methods, design criteria, and parameters described above, the analysis 
computations were performed. 
 

• The HydroCAD modeling runs were conducted for each analysis case.  The 
hydrographs generated provide the peak discharge rates for each drainage area.   

o To obtain the design discharge for a specific ditch or inlet culvert in the 
surface water management system, the peak discharges for each drainage 
area upstream of the point were added at the point of interest.  This technique 
slightly overestimates peak discharge because peak flows from upstream 
drainage areas will likely combine downstream at different times.  However, 
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this technique is conservative and appropriate for design given the small 
drainage areas and short times of concentration. 

o HydroCAD modeling runs provided inflow and outflow hydrographs at the 
ponds, which was used to check and design pond outlet riser structures (Pond 
3, 5, 6), outlet culverts (Pond 4), and emergency spillways (Pond 3, 5, 6). 

o Note that the conditions upstream from existing culverts EC-7 (existing inlet 
culvert for Pond 4 during Case 1) and EC-9 (existing inlet culvert for Pond 6 
during Case 1 and 2) were more representative of temporary ponds.  
Accordingly, both features were also modeled as detention pond culverts in 
HydroCAD using inflow and outflow hydrographs. 

• To evaluate/design the perimeter ditches, the peak discharges computed by 
HydroCAD, along with the channel configuration, dimensions, and slopes, were 
input into Manning’s Equation to check whether the ditch size met the design 
criteria (and adjust the size as needed to comply with the criteria).  After this, the 
channel lining was selected using the tractive stress approach and based on the 
shear stress resistance of various potential channel lining materials. 
 

• To evaluate the culverts at the inlets to the ponds (with the exception of EC-7 and 
EC-9 as discussed above), the peak discharge rates computed by HydroCAD, 
along with the culvert characteristics, were input into the HY-8 model.  From 
this, the culvert sizes needed to adequately convey the flows in compliance with 
the design criteria were selected. 

 
• The HydroCAD model also routed the design storms through the ponds for the 

various design cases.  For each case, the results were checked for compliance 
with the design criteria, and the outlet structures were adjusted accordingly using 
an iterative approach, until they resulted in a satisfactory design.  
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RESULTS 

Overview 

Results of the modeling computations and resulting design/sizing of drainage features are 
presented in the tables and appendices included with this calculation package.  More 
specifically, these results are provided as outlined below. 
 

• Table 5 presents the calculated peak discharges computed by HydroCAD at each 
drainage area for the various design storms and analysis cases. 

• Table 6 provides the characteristics of the pond outlet structures, as well as other 
relevant assumptions regarding the HydroCAD analysis of the ponds. 

• Table 7 presents the results of the pond analysis and design.  This includes key 
information on the various pond components (elevation of outlet features, etc.). 

• Table 8 provides a summary of the design criteria and relevant assumptions used 
for the HY-8 analysis of the culverts. 

• Table 9 presents the results of the culvert analysis and design.  This includes key 
information on the culverts (pipe type, diameter, lengths, slopes, etc.). 

• Table 10 provides a summary of the design criteria and relevant assumptions used 
for the ditch design. 

• Table 11 presents the results of the ditch analysis and design.  This includes key 
information on each ditch (channel dimensions, slope, channel lining, etc.). 

• Appendices 1 through 4 provide the modeling output and other backup 
documentation on the computations, as follows: 

o output files for the HydroCAD modeling are provided in Appendix 1; 

o computation sheets for the Manning’s Equation ditch sizing are compiled 
in Appendix 2; 
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o output files for the HY-8 modeling are provided in Appendix 3. 

 
Assumptions and references for the HydroCAD input are summarized in Table 6.  Design 
and analysis of the pond features is summarized in Table 7.   

Discussion of Results 

Ponds 3 and 6 are calculated to convey the 25-year and 100-year stormwater events 
without reaching the spillway features.  The proposed Pond 5 spillway is designed to only 
flow during the 100-year event.  Pond 4 does not have a spillway feature and is calculated 
to convey the 100-year storm with a substantial amount (minimum seven feet) of 
freeboard.  Temp Pond 4 (upstream from EC-7) was found to convey the 25-year event 
during applicable interim Cases 1 and 2. Temp Pond 6 (upstream from EC-9) was found 
to convey the 25-year event during applicable interim Case 1.   
 
The perimeter ditch segments previously installed (D.1 through D.4) per Terracon 
(2014a) and proposed ditch segments per Terracon (2014a) are calculated to maintain 1 
foot or greater freeboard during the 25-year event, fully convey the 100-year event, and 
have adequate liner specifications.  Ditch segments L.1, L.2, and M.1 were designed to 
maintain 0.5 feet or greater freeboard during the 25-year event, fully convey the 100-year 
event, and use grass lining with Class 5.A TRM erosion mat. 
 
Temporary inlet culverts at Ponds 3 and 4 were determined to convey the 25-year event 
with one foot of freeboard.  Permanent inlet culverts for Pond 3, 4, and 5 were designed 
to maintain one foot or greater freeboard during the 25-year event and fully convey the 
100-yr event.  Although the inlet culvert for Pond 6 conveys the 25-year event for interim 
Case 1, it requires that a 30-inch diameter inlet culvert be installed alongside the existing 
48-inch diameter inlet culvert to maintain one foot or greater freeboard during the 25-
year event and convey the 100-yr event. 
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Table 1: Design Rainfall Events and Criteria 
 

 
 

Value
Design 

Case

-- ALL
9.6 in ALL
0.0 ft ALL
0.5 ft ALL
1.0 ft ALL

-- 4
12.1 in 4
0.0 ft 4

2 lb/ft2 ALL
6 lb/ft2 4

Temp Pond Freeboard Constraint: Must collect and control the 24-hour, 25 year storm ADEM (2005) 335-13-4-.17 (2)

DESIGN EVENTS                                                                                         
(input for HydroCAD using SCS Notes Reference

25 yr 24 hr Event SCS Type III 24-hr, For intermediate and final conditions USDA (1986)

100 yr 24 hr Event SCS Type III 24-hr, For final conditions USDA (1986)

Design Rainfall: For Escambia county USDOC (1961)

Ditch Freeboard Constraint: Must collect and control the 24-hour, 25 year storm ADEM (2005) 335-13-4-.17 (2)

Maximum Permissible Shear Stress: For Grass with Class 5.A TRM and ALDOT Class 2/3 Riprap ASWCC (2003)

Design Rainfall: For Escambia county USDOC (1961)
Freeboard Constraint (All): Must collect and control the 24-hour, 25 year storm ADEM (2005) 335-13-4-.17 (2)

ASWCC (2003), Tensar (2016)For vegetation with SC150 Erosion Control BlanketMaximum Permissible Shear Stress:

 Pond & Culvert Freeboard Constraint: Must collect and control the 24-hour, 25 year storm ADEM (2005) 335-13-4-.17 (2)
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Table 2: Assumptions for HydroCAD Inputs – Basin Runoff Area, CN, and Tc 

 

 

Value
Design 

Case

-- -
See Table 4 1

See Table 4 2

See Table 4 3 , 4

Pond Acreage: See Table 4 ALL

-- ALL

See Table 4 1[1]

See Table 4 2[1]

See Table 4 3[1] Figure 3

74 4
98 1 , 2

-- min ALL

-- ft/ft 1

-- ft/ft 2 , 3 , 4

< 300 ft ALL

-- ALL

See Table 4 1[1]

See Table 4 2[1]

See Table 4 3[1] Figure 3

0.136 4
5.40 in ALL
-- ft/s 1 , 2

-- 1

-- 2 , 3 , 4

Velocity Factor (shallow): Assume fully unpaved USDA (1986) Fig. 3-1

[1] The aggregate percentage of grass cover is determined on a subbasin by subbasin basis.

Intermediate Acreage:

Aggregate value based on percentage of short grass cover (n= 0.15) and bare 
soil cover (n= 0.011) along the path of the sheet flow USDA (1986) Table 3-1

Channel Type (channel):
Assume 18" dia CMP (n= 0.20) where piping is clearly marked; assume 1.5' v-
ditch with straight, weathered earth channel (n= 0.22) at 3:1 elsewhere

Terracon (2014a)                                                    
Chow (1959)

Channel Type (channel):
Assume 18" dia CMP (n= 0.20) where piping is clearly marked; assume 
nominally-sized straight, weathered earth channel (n= 0.22) with dimensions 
approximated from Geosyntec (2016) DWG 3       

Geosyntec (2016) DWG 3                             
Chow (1959)

P2 (sheet): 24-hour, 2-year storm event for Escambia County USDOC (1961)
Assume 90% short grass cover (n= 0.15) and 10% bare soil cover (n= 0.011) Figure 3

Manning's Number, n (sheet):

Assume 30% short grass cover in Area 2; assume 90% cover elsewhere

RUNOFF CALCULATIONS                                                                
(input for HydroCAD using SCS Notes Reference

Assume 90% short grass cover everywhere (i.e. good cover) Figure 3

Basin Curve Number, CN

Assume impermeable water surface for Temp Pond 4 and Temp Pond 6 areas Figure 1

Additional acreage is added directly to each respective pond based on the difference 
between the total pond subbasin area and the final permitted basin acreage

Terracon (2014a)

Basin Runoff Area - USDA (1986)
Existing Acreage: Based on existing contours; assume no regrading Geosyntec (2016) DWG 3

Slope (sheet, shallow, channel): Average slope across the flow length for each respective sheet, shallow, and 
channel flow section.

Geosyntec (2016) DWG 3

Slope (sheet, shallow, channel): Average slope across the flow length for each respective sheet, shallow, and 
channel flow section.

Terracon (2014a)                                                    
Chow (1959)

Flow Length (sheet): Assume to become shallow concentrated flow after 300 ft USDA (1986) Ch.3

Figure 1, Google (2015)
Figure 2

Figure 1, Google (2015)
Figure 2

Approximated from the existing percentage of grass cover at site
Assume 30% short grass cover in Areas 1 and 2; assume 90% cover elsewhere
Assume 30% short grass cover in Area 2; assume 90% cover elsewhere

Approximated from the existing percentage of grass cover at site
Assume 30% short grass cover in Areas 1 and 2; assume 90% cover elsewhere

Time of Concentration, Tc Calculated for each subbasin USDA (1986) Ch.3

Based on final contours; assume Area 2 is at base grades, intersecting final 
contours at a 3:1 slope. 

Geosyntec (2016) DWG 3                     
Terracon (2014a)  

Final Acreage: Based on final contours; assume no regrading Terracon (2014a)

Assume pasture, grassland, or range on Type C* soil (where values of 86, 79, 
and 74 represent poor, fair, and good cover conditions, respectively). USDA 
(2015) surves indicates site is composed of Type A, B, and C soil; 
conservatively assume all landfill cover is Type C soil.

USDA (1986) Table 2-2c                            
USDA (2015)
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Table 3: HydroCAD Inputs – Flow Lengths and Slopes for Tc Calculation 
 

  

3c 1 190 0.17 344 0.02 192 0.20 454 0.01
3c 2 , 3 , 4 80 0.25 245 0.02 655 0.24
3a 2 , 3 , 4 85 0.25
3b 2 , 3 , 4 85 0.25

4a 2 , 3 , 4 18 0.25
4b.1 1 243 0.15 477 0.02
4b.1 2 , 3 , 4 187 0.08 200 0.02 813 0.25
4b.2 2 , 3 , 4 47 0.25
4c 1 300 0.08 984 0.03 404 0.16
4c 2 113 0.09 691 0.04 256 0.10
4c 3 , 4 107 0.19 301 0.02 594 0.24
4d 3 , 4 83 0.24 427 0.02 89 0.24
4e 3 , 4 71 0.25

5a 3 , 4 81 0.25
5b 3 , 4 102 0.20 462 0.02 437 0.22
5c 3 , 4 95 0.25

6a 3 , 4 37 0.25
6b 2 200 0.18 517 0.06 471 0.02
6b 3 , 4 81 0.25 318 0.02 438 0.24
6c 1 192 0.22 1346 0.04 88 0.18
6c 2 , 3 , 4 180 0.08 113 0.02 726 0.24
6d 2 , 3 , 4 80 0.25 306 0.02 189 0.18
6e 2 , 3 , 4 79 0.25

[2] Tcmin (6 minutes) is assumed for all pond basin areas

BASIN CASE #
Slope 
(ft/ft)

Length 
(ft)

Slope 
(ft/ft)

Overland Sheet 
Flow

Side Slope Drainage 
Terrace Flow

Downdrain 
Channel/Pipe Flow

Open Channel Flow

Length 
(ft)

Slope 
(ft/ft)

Length 
(ft)

Slope 
(ft/ft)

Length 
(ft)

[1] Shallow concentrated flow was only encountered for Basin 4c, Case 1, with a velocity factor of 7, 
Path Length of 96 ft, and slope of 0.22.
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Table 4: HydroCAD Inputs – Basin Runoff Area, Basin Curve Number, CN, and Manning’s Number, n 
 

Case 1 Case 2 Case 3 Case 4 Case 1 Case 2 Case 3 Case 4 Case 1 Case 2 Case 3 Case 4 Case 1 Case 2 Case 3 Case 4
3a 0.59 0.59 0.59 0.3 0.9 0.9 86 44 74 0.05 0.14 0.14
3b 0.40 0.40 0.40 0.3 0.9 0.9 86 74 74 0.05 0.14 0.14
3c 7.70 5.76 5.76 5.76 0.44 0.3 0.9 0.9 86 86 74 74 0.14 0.05 0.14 0.14

Pond 3 1.04 1.04 1.04 1.04 0.0 0.0 0.0 0.0 98 98 98 98

4a 0.33 0.33 0.33 0.9 0.9 0.9 74 74 74 0.14 0.14 0.14
4b.1 3.11 12.33 15.83 15.83 0.11 0.9 0.82 0.9 86 74 74 74 0.01 0.14 0.14 0.14
4b.2 0.47 0.47 0.47 0.9 0.9 0.9 74 74 74 0.14 0.14 0.14
4c 37.68 32.54 10.68 10.68 0.46 0.3 0.3 0.9 86.9 87.1 86 74 0.01 0.05 0.05 0.14
4d 6.40 6.40 0.3 0.9 86 74 0.05 0.14
4e 0.87 0.87 0.3 0.9 86 74 0.05 0.14

Pond 4 2.20 2.20 2.20 2.20 0.0 0.0 0.0 0.0 98 98 98 98

5a 1.49 1.49 0.3 0.9 86 74 0.05 0.14
5b 7.37 7.37 0.3 0.9 86 74 0.05 0.14
5c 1.32 1.32 0.3 0.9 86 74 0.05 0.14

Pond 5 1.06 1.06 0.0 0.0 98 98

6a 0.31 0.31 0.56 0.9 79 74 0.14 0.14
6b 9.79 6.38 6.38 0.3 0.60 0.9 86 79 74 0.05 0.14 0.14
6c 31.96 7.97 12.08 12.08 0.45 0.3 0.88 0.9 86.5 86 74 74 0.14 0.05 0.14 0.14
6d 3.84 3.84 3.84 0.3 0.9 0.9 86 74 74 0.05 0.14 0.14
6e 0.93 0.93 0.93 0.3 0.9 0.9 86 74 74 0.05 0.14 0.14

Pond 6 3.07 3.07 3.07 3.07 0.0 0.0 0.0 0.0 98 98 98 98

Manning's Number, n (sheet flow) Basin Area (acre) % Of Vegetative Cover Basin Curve Number, CN
BASIN
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Table 5: Results – Calculated Peak Basin Discharges 
 

 
 

Table 6: Key Assumptions for Pond Analysis and Design 
 

 
 

  

100-Year, 24-Hr 
Flow (cfs)

Case 1 Case 2 Case 3 Case 4 Case 4
3a 5 4 4 6
3b 4 3 3 4
3c 67 50 43 43 58

Pond 3 13 13 13 13 16

4a 2 2 2 3
4b.1 27 86 111 111 150
4b.2 3 3 3 5
4c 333 288 94 79 107
4d 56 47 64
4e 8 6 9

Pond 4 27 27 27 27 33

5a 13 11 15
5b 65 55 74
5c 12 10 13

Pond 5 21 21 27

6a 2 2 3
6b 86 51 47 64
6c 280 70 86 86 116
6d 34 28 28 38
6e 8 7 7 9

Pond 6 44 44 44 44 55

 25-Year, 24-Hr Flow (cfs)
BASIN

Value
Design 
Phase

-- acre ALL

-- ALL
36" Half-Round CMP Grate:    --[1]

3" Normal Pool Valve: --
Riser Slits:    --[1]

HDPE Outlet Pipe (indluding Pond 4):
--

[1] Assume a discharge coefficient of 0.60 for all orifices.

Stage-Storage:
Storage area of ponds and temp ponds was surveyed in 1' stages using 
AutoCAD-calculated 2-dimensional areas

Standpipe installed in Pond 6 was used as the basis Pond 3 and Pond 5
Grate with 0.5" orifices; 6 rows by 32 columns at 3" spacing
3" CPP, projecting, no headwall (n= 0.013, Ke= 0.90, So= 0)
Four 24.7" by 6.0" rectangular orifices

Notes Reference
Geosyntec (2016) DWG 3              
Terracon (2014a)                    
Terracon (2014b)

POND OUTLET FEATURE DESIGN                                                           
(input for HydroCAD using SCS 

Standpipe Features

Terracon (2014a)
ALL

CPP, projecting, no headwall (n= 0.013, Ke= 0.90) of varying diameters. 
Includes Pond 4, Temp Pond 4, and Temp Pond 6.
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Table 7: Results – Pond Analysis and Design 
 

1. embankment crest elevation (min) (ft, msl) 219 238 240 258 226 224
2. emergency spillway elevation (ft, msl) 218 - - 257 - 221
3. emergency spillway bottom elevation (ft) 20 - - 20 - 20
4. emergency spillway depth (ft) 2 - - 1 - 3
5. emergency spillway slope 3:1 - 3:1 - 3:1
6. emergency spillway material type RIPRAP - - RIPRAP - RIPRAP

7. riser diameter (in) 48 - - 48 - 48
8. top of riser (ft, msl) 216.5 - - 254.5 - 219.5
9. normal pool orifice invert (ft, msl) 212 - - 253 - 215
10. dewatering orifice invert (ft, msl) 211 - - 252 - 214
11. required ballast depth (min) (ft) 2.5 - - 2.5 - 2.5

12. outlet culvert diameter (in) NOTE 1 24 (two) 36 ≥ 24 48 36
13. outlet culvert inlet invert elevation (ft, msl) 211 232 225 252 217.4 214
14. outlet culvert outlet invert elevation (ft, msl) 210 230 224 251 215 213.5
15. normal pool elevation (ft, msl) 212 232 225 253 220 215

16. controlling case Case 1 Case 1 Case 3 Case 3 Case 1 [3]
17. peak stormwater elevation (ft, msl) 216.8 238.2[4] 231.5 257.0 224.4 221.1
18. peak inflow (cfs) 79 333 298 111 282 241
19. peak outflow (cfs) 4 54 60 24 139 11

21. peak stormwater elevation (ft, msl) 216.8 - 232.8 257.5 - 220.4
22. peak inflow (cfs) 84 - 368 129 - 284
23. peak outflow (cfs) 4 - 68 27 - 16

                storage attributing to EC-9 during Case 1

     [C]     Refers to Terracon (2014b)
     [B]     Refers to Terracon (2014a)

WOST-CASE 25-YEAR STORM EVENT

     [4]     Temp Pond 4 peak stormwater elevation is within acceptable limits of the crest elevation survey resolution.

     [A]     Refers to Geosyntec (2016)

POND 6ITEM

DETENTION PONDS

POND GEOMETRY AND FEATURES

TEMP 
POND 4[1]

(_) References
DWG 
14[A]

  

DWG 
15[A] DWG 15[A]

TEMP 
POND 6[2]POND 3 POND 4 POND 5

     [3]     Peak inflow and outflow occurred in Case 2. Peak stormwater elevation occurred in Case 1.

DWG 8[B] DWG 7[C]DWG 3[A] 

DWG 7[C]

OUTLET CULVERT

                storage attributing to EC-7 during Case 1 and Case 2
     [1]     The inlet feature in Pond 4 (EC-7) was modeled as a detention pond (Temp Pond 4) to account for the 

CASE 4, 100-YEAR STORM EVENT

RISER STRUCTURE

     [2]     The inlet feature in Pond 6 (EC-9) was modeled as a detention pond (Temp Pond 6) to account for the 
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Table 8: Key Assumptions for Inlet Culvert Analysis and Design 
 

 
 

Table 9: Results – Inlet Culvert Analysis and Design  
 

Value
Design 
Phase

-- ALL
-- ALL

-- cfs ALLDesign Flow, Q: Based on combined subbasin Flows from HydroCAD HydroCAD (2011) , Table 5

Culvert Material: Corrugated HDPE, smooth interior (n= 0.013) HydroCAD (2011)
Inlet Configuration: Beveled edge (1:1) -

Notes ReferenceCulvert Inlet Design (Input for HY-8)

Culvert 
Designation

Reference
Culvert 

Location
Attributing 
Subbasins

Culvert Type
Applicable 

Cases
Controlling 

case[3]
Culvert 

Length (ft)
Slope (%)

Roadway 
Crest 

Elevation

Inlet Invert 
Elevation (ft, 

msl)

Outlet Invert 
Elevation             
(ft, msl)

EC-6 DWG 15[A] Pond 4 4b.1 Existing 30" HDPE 1 1 50 4.0 244.0 239.5 237.5

EC-10 DWG 14[A] Pond 3 3c
Existing, not provided              
(Assume ≥ 30" HDPE)

1 1 55 3.6 230.0 220.0 218.0

C-6 DWG 15[A] Pond 4 4a , 4b.1 , 4b.2 Two 36" Corrugated HDPE[1] 2 , 3 , 4 4 50 2.0 244.0 237.0 236.0
C-7 DWG 15[A] Pond 4 4c , 4d , 4e Two 42" Corrugated HDPE[1] 3 , 4 3 105 11.4 248.0 242.0 230.0
C-8 DWG 8[B] Pond 5 5a , 5b , 5c One 42" Corrugated HDPE[1] 3 , 4 3 100 9.0 284.0 277.0 268.0
C-9 DWG 7[C] Pond 6 6a,6b,6c,6d,6e One 30" Corrugated HDPE[1][2] 2 , 3 , 4 2 95 1.7 226.9 216.6 215.0

C-10 DWG 14[A] Pond 3 3a , 3b , 3c One 36" Corrugated HDPE[1] 2 , 3 , 4 2 100 6.0 230.0 224.0 218.0

EXISTING INLET CULVERTS

PROPOSED INLET CULVERTS

[A]     Refers to Geosyntec (2016)
[B]     Refers to Terracon (2014a)
[C]     Refers to Terracon (2014b)

[1]  Assumes ADS N-12 WT pipe with smooth interior, or equal
[2]  Installed alongside existing 48" culvert (EC-10)
[3]  Cases 1, 2, and 3 are analyzed for the 25-yr event. case 4 (final site conditions) is analyzed for both the 25-yr and 100-yr events. 
[4]  Existing inlet culverts EC-7 and EC-9 were modeled as detention ponds (see table 3)
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Table 9 (cont.): Results – Inlet Culvert Analysis and Design 
 

 
 

Table 10: Key Assumptions for Ditch Analysis and Design 
 

Culvert 
Designation

25-yr, 24-hr                      
Peak Flow, Q 

(cfs)

25-yr, 24-hr                           
Tailwater (ft)

25-yr, 24-hr              
Headwater 

(ft)

25-yr, 24-hr                   
Freeboard (ft)

100-yr, 24-hr                        
Peak Flow, Q 

(cfs)[3]

100-yr, 24-hr                              
Tailwater 

(ft)[3]

100-yr, 24-hr                                    
Headwater 

(ft)

100-yr, 24-hr                         
Freeboard (ft)

EC-6 27 229.72 242.4 1.6 N/A N/A N/A N/A
EC-10 67 216.75 229.0 1.0 N/A N/A N/A N/A

C-6 117 231.0 241.7 2.3 158 232.8 243.9 0.11
C-7 157 231.5 246.8 1.2 180 232.8 247.6 0.42
C-8 89 257.0 282.6 1.4 102 257.5 283.6 0.36
C-9 197 220.0 224.5 2.4 231 220.4 226.4 0.55

C-10 59 216.7 228.7 1.3 68 216.8 229.5 0.47

EXISTING INLET CULVERTS

PROPOSED INLET CULVERTS

[1]  Assumes ADS N-12 WT pipe with smooth interior, or equal
[2]  Installed alongside existing 48" culvert (EC-10)
[3]  Cases 1, 2, and 3 are analyzed for the 25-yr event. case 4 (final site conditions) is analyzed for both the 25-yr and 100-yr events. 
[4]  Existing inlet culverts EC-7 and EC-9 were modeled as detention ponds (see table 3)

[A]     Refers to Geosyntec (2016)
[B]     Refers to Terracon (2014a)
[C]     Refers to Terracon (2014b)

Value
Design 
Phase

-- cfs ALL

0.027 ALL

0.078 ALL

-- ft/ft ALL

Manning's Roughness Coefficient, n: For all new channels and permitted channels with Vegetation/ECM and Class 
5.A TRM lining, assume excavated earth with short grass 

Terracon (2014a)                                                    
Chow (1959)

DITCH SIZING                                                                
(input for Manning's Equation)

Longitudinal Slope, So: Based on final contours Terracon (2014a)

Notes Reference

Peak Flow, Q: Based on HydroCAD subcatchment peak discharges HydroCAD (2011)

Manning's Roughness Coefficient, n: For all all permitted channels with rip-rap lining
Terracon (2014a)                                              
Chow (1959)
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Table 11: Results – Ditch Analysis and Design 
 

 

F.1 F.2 L.1[1] L.2[1] M.1[1] A.2-A.3 A.1-A.2 B.1-B.2 C.1-C.2 D.1-D.2 D.2-D.3 D.3-D.4 E.1-E.2

Case 2 Case 2 Case 4 Case 4 Case 4 Case 3 Case 3 Case 3 Case 3 Case 4 Case 2 Case 2 Case 2
5.2 3.5 113.1 2.4 3.5 63.7 7.6 13.1 11.6 2.5 85.8 155.7 8.2

5.9 4.0 152.8 3.3 4.7 72.7 8.7 14.9 13.2 3.1 66.9 183.4 9.3
2 2 2 2 2 2 2 2 2 2 2 2 2
3 3 3 3 3 3 3 3 3 3 3 3 3

3 3 3 3 3 3 3 3 3 3 3 3 3
2 2 3 1 1 3 2 2 2 2 3 4 2
14 14 20 8 8 20 14 14 14 14 20 26 14

0.027 0.027 0.027 0.027 0.027 0.078 0.027 0.027 0.027 0.027 0.078 0.078 0.027
0.009 0.009 0.017 0.017 0.017 0.049 0.041 0.039 0.011 0.045 0.045 0.050 0.009

1.46 1.56 1.06 0.69 0.63 1.10 1.56 1.41 1.23 1.77 0.81 1.24 1.33

0.54 0.44 1.94 0.31 0.37 1.90 0.44 0.59 0.77 0.23 2.19 2.76 0.67

0.54 0.44 1.94 0.31 0.37 1.90 0.44 0.59 0.77 0.23 2.19 2.76 0.67

0.20 0.44 1.11 0.24 0.28 3.17 0.79 0.94 0.32 0.51 3.35 4.54 0.25
[2] [2] [3] [3] [3] [4] [2] [2] [2] [2] [4] [5] [2]

[2]   American Green SC150 Erosion Control Mat with vegetation,  or equivalent; See Terracon (2014a) DWG 8

[4]   ALDOT Class 2 Riprap, or equivalent; See Terracon (2014a) DWG 8

Attributing Subbasins: 4b.1  + 4a 4a 4b.2 4d + 4e

Peak Discharge, Q100 (cfs):

25-yr Freeboard (ft):

y25 (ft):

Channel Depth, Y (ft):

Left Side Slope, Z1(hor: 1 vert):

Right Side Slope, Z2 (hor: 1 vert):

BASIN 5 BASIN 6

5a 5c 6a 6b + 6a
6c + 6b + 

6a
6e

[5]   ALDOT Class 3 Riprap, or equivalent; See Terracon (2014a) DWG 8

100-yr Avg. Tractive Stress,τ0  (lb/ft2)

[1]    All ditch sections (besides L.1, L.2, and M.1)  follow dimensions and liner specifications presented in Terracon (2014a)  DWG 8
         (permit renewal plans with minor mods)." Sections L.1, L.2, and M.1 were lined and dimensioned to be consistent with the Terracon specifications.

[3]   Grass with Class 5.A TRM

Channel Lining Selection:

Bottom Width, B (ft):

BASIN 3 BASIN 4

Ditch Designation:

25-yr Worst-Case Design Condition:

Input Parameters

Output Parameters & Lining

3a 3b

Longitudinal Channel Slope, So (ft/ft):

4e

y100 (ft):

Top Width, T (ft):

Peak Discharge, Q25 (cfs):

Manning's Roughness Coeff., n:
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Appendix 1 
HydroCAD Output – Case 1



Basin 3

Basin 4

CASE 1: Initial
 Conditions

Basin 6

59S

Basin 3c

73S

4b.1

74S

4c

92S

Pond 4 Drainage Area

94S

Pond 3 Drainage Area

101S

Pond 6 Drainage Area

102S

6c

60P

Pond 3

69P

Pond 4

78P

EC-6

92P

Temp Pond 4 (EC-7)

103P

Pond 6

104P

Temp Pond 6 (EC-9)

Routing Diagram for [2.1]  Final Model_Phase 2 (Case 1)
Prepared by {enter your company name here},  Printed 1/18/2017

HydroCAD® 10.00-15  s/n 02233  © 2015 HydroCAD Software Solutions LLC

Subcat Reach Pond Link
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Basin 3

Basin 4

CASE 1: Initial
 Conditions

Basin 6

59S

Basin 3c

73S

4b.1

74S

4c

92S

Pond 4 Drainage Area

94S

Pond 3 Drainage Area

101S

Pond 6 Drainage Area

102S

6c

60P

Pond 3

69P

Pond 4

78P

EC-6

92P

Temp Pond 4 (EC-7)

103P

Pond 6

104P

Temp Pond 6 (EC-9)

Routing Diagram for [2.1]  Final Model_Phase 2 (Case 1)
Prepared by {enter your company name here},  Printed 1/18/2017

HydroCAD® 10.00-15  s/n 02233  © 2015 HydroCAD Software Solutions LLC

Subcat Reach Pond Link
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[2.1]  Final Model_Phase 2 (Case 1)
  Printed  1/18/2017Prepared by {enter your company name here}

Page 2HydroCAD® 10.00-15  s/n 02233  © 2015 HydroCAD Software Solutions LLC

Area Listing (all nodes)

Area
(acres)

CN Description
(subcatchment-numbers)

10.807 86 Pasture/grassland/range, Good, HSG C  (59S, 73S)
69.636 87 Pasture/grassland/range, Good, HSG C  (74S, 102S)

8.822 98 Water Surface, HSG A  (92S, 94S, 101S)
89.265 88 TOTAL AREA
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[2.1]  Final Model_Phase 2 (Case 1)
  Printed  1/18/2017Prepared by {enter your company name here}

Page 3HydroCAD® 10.00-15  s/n 02233  © 2015 HydroCAD Software Solutions LLC

Soil Listing (all nodes)

Area
(acres)

Soil
Group

Subcatchment
Numbers

8.822 HSG A 92S, 94S, 101S
0.000 HSG B

80.443 HSG C 59S, 73S, 74S, 102S
0.000 HSG D
0.000 Other

89.265 TOTAL AREA
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[2.1]  Final Model_Phase 2 (Case 1)
  Printed  1/18/2017Prepared by {enter your company name here}

Page 4HydroCAD® 10.00-15  s/n 02233  © 2015 HydroCAD Software Solutions LLC

Ground Covers (all nodes)

HSG-A
(acres)

HSG-B
(acres)

HSG-C
(acres)

HSG-D
(acres)

Other
(acres)

Total
(acres)

Ground
Cover

Subcatchment
Numbers

0.000 0.000 80.443 0.000 0.000 80.443 Pasture/grassland/range, Good 59S
, 
73S
, 
74S
, 
102
S

8.822 0.000 0.000 0.000 0.000 8.822 Water Surface 92S
, 
94S
, 
101
S

8.822 0.000 80.443 0.000 0.000 89.265 TOTAL AREA
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[2.1]  Final Model_Phase 2 (Case 1)
  Printed  1/18/2017Prepared by {enter your company name here}

Page 5HydroCAD® 10.00-15  s/n 02233  © 2015 HydroCAD Software Solutions LLC

Pipe Listing (all nodes)

Line# Node
Number

In-Invert
(feet)

Out-Invert
(feet)

Length
(feet)

Slope
(ft/ft)

n Diam/Width
(inches)

Height
(inches)

Inside-Fill
(inches)

1 59S 0.00 0.00 192.0 0.2187 0.020 18.0 0.0 0.0
2 74S 0.00 0.00 404.0 0.1609 0.020 18.0 0.0 0.0
3 102S 0.00 0.00 88.0 0.1818 0.020 18.0 0.0 0.0
4 60P 211.00 210.00 100.0 0.0100 0.013 12.0 0.0 0.0
5 69P 225.00 224.00 108.0 0.0093 0.013 36.0 0.0 0.0
6 92P 232.00 230.00 113.0 0.0177 0.013 24.0 0.0 0.0
7 103P 214.00 213.50 100.0 0.0050 0.013 24.0 0.0 0.0
8 104P 217.14 215.00 92.0 0.0233 0.012 48.0 0.0 0.0
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Type III 24-hr  25 yr 24 hr Rainfall=9.60"[2.1]  Final Model_Phase 2 (Case 1)
  Printed  1/18/2017Prepared by {enter your company name here}

Page 6HydroCAD® 10.00-15  s/n 02233  © 2015 HydroCAD Software Solutions LLC

Time span=0.00-48.00 hrs, dt=0.01 hrs, 4801 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

Reach routing by Dyn-Stor-Ind method  -  Pond routing by Dyn-Stor-Ind method

Runoff Area=7.700 ac   0.00% Impervious   Runoff Depth=7.89"Subcatchment 59S: Basin 3c
   Flow Length=1,180'   Tc=6.4 min   CN=86   Runoff=66.55 cfs  5.062 af

Runoff Area=3.107 ac   0.00% Impervious   Runoff Depth=7.89"Subcatchment 73S: 4b.1
   Flow Length=720'   Tc=6.0 min   CN=86   Runoff=27.23 cfs  2.043 af

Runoff Area=37.676 ac   0.00% Impervious   Runoff Depth=8.01"Subcatchment 74S: 4c
   Flow Length=1,784'   Tc=6.0 min   CN=87   Runoff=333.47 cfs  25.160 af

Runoff Area=2.810 ac   100.00% Impervious   Runoff Depth=9.36"Subcatchment 92S: Pond 4 Drainage Area
   Tc=6.0 min   CN=98   Runoff=26.50 cfs  2.192 af

Runoff Area=1.359 ac   100.00% Impervious   Runoff Depth=9.36"Subcatchment 94S: Pond 3 Drainage Area
   Tc=6.0 min   CN=98   Runoff=12.82 cfs  1.060 af

Runoff Area=4.653 ac   100.00% Impervious   Runoff Depth=9.36"Subcatchment 101S: Pond 6 Drainage Area
   Tc=6.0 min   CN=98   Runoff=43.89 cfs  3.629 af

Runoff Area=31.960 ac   0.00% Impervious   Runoff Depth=8.01"Subcatchment 102S: 6c
   Flow Length=1,773'   Tc=6.1 min   CN=87   Runoff=281.89 cfs  21.343 af

Peak Elev=216.75'  Storage=4.520 af   Inflow=79.34 cfs  6.122 afPond 60P: Pond 3
   Outflow=3.91 cfs  2.716 af

Peak Elev=229.72'  Storage=6.291 af   Inflow=98.80 cfs  29.393 afPond 69P: Pond 4
36.0"  Round Culvert  n=0.013  L=108.0'  S=0.0093 '/'   Outflow=48.19 cfs  29.285 af

   Inflow=27.23 cfs  2.043 afPond 78P: EC-6
   Primary=27.23 cfs  2.043 af

Peak Elev=238.15'  Storage=8.982 af   Inflow=333.47 cfs  25.160 afPond 92P: Temp Pond 4 (EC-7)
24.0"  Round Culvert x 2.00  n=0.013  L=113.0'  S=0.0177 '/'   Outflow=54.19 cfs  25.159 af

Peak Elev=221.06'  Storage=16.432 af   Inflow=172.83 cfs  24.972 afPond 103P: Pond 6
   Outflow=24.28 cfs  13.376 af

Peak Elev=224.43'  Storage=2.239 af   Inflow=281.89 cfs  21.343 afPond 104P: Temp Pond 6 (EC-9)
48.0"  Round Culvert  n=0.012  L=92.0'  S=0.0233 '/'   Outflow=139.13 cfs  21.343 af

Total Runoff Area = 89.265 ac   Runoff Volume = 60.490 af   Average Runoff Depth = 8.13"
90.12% Pervious = 80.443 ac     9.88% Impervious = 8.822 ac
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Type III 24-hr  25 yr 24 hr Rainfall=9.60"[2.1]  Final Model_Phase 2 (Case 1)
  Printed  1/18/2017Prepared by {enter your company name here}

Page 7HydroCAD® 10.00-15  s/n 02233  © 2015 HydroCAD Software Solutions LLC

Summary for Subcatchment 59S: Basin 3c

Runoff = 66.55 cfs @ 12.09 hrs,  Volume= 5.062 af,  Depth= 7.89"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  25 yr 24 hr Rainfall=9.60"

Area (ac) CN Description
* 7.700 86 Pasture/grassland/range, Good, HSG C

7.700 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 190 0.1684 0.64 Sheet Flow, 
   n= 0.136   P2= 5.40"

0.5 344 0.0203 11.71 583.19 Channel Flow, SSDT Flow
Area= 49.8 sf  Perim= 37.1'  r= 1.34'
n= 0.022  Earth, clean & straight

0.2 192 0.2187 18.07 31.93 Pipe Channel, DDP Flow
18.0"  Round  Area= 1.8 sf  Perim= 4.7'  r= 0.38'
n= 0.020  

0.7 454 0.0110 10.74 437.17 Channel Flow, 
Area= 40.7 sf  Perim= 21.8'  r= 1.87'
n= 0.022  Earth, clean & straight

6.4 1,180 Total

Subcatchment 59S: Basin 3c

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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Type III 24-hr
25 yr 24 hr Rainfall=9.60"

Runoff Area=7.700 ac
Runoff Volume=5.062 af

Runoff Depth=7.89"
Flow Length=1,180'

Tc=6.4 min
CN=86

66.55 cfs
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Type III 24-hr  25 yr 24 hr Rainfall=9.60"[2.1]  Final Model_Phase 2 (Case 1)
  Printed  1/18/2017Prepared by {enter your company name here}

Page 8HydroCAD® 10.00-15  s/n 02233  © 2015 HydroCAD Software Solutions LLC

Summary for Subcatchment 73S: 4b.1

Runoff = 27.23 cfs @ 12.08 hrs,  Volume= 2.043 af,  Depth= 7.89"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  25 yr 24 hr Rainfall=9.60"

Area (ac) CN Description
* 3.107 86 Pasture/grassland/range, Good, HSG C

3.107 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

0.9 243 0.1484 4.76 Sheet Flow, 
   n= 0.011   P2= 5.40"

0.8 477 0.0210 9.73 307.37 Channel Flow, SSDT Flow
Area= 31.6 sf  Perim= 31.9'  r= 0.99'
n= 0.022  Earth, clean & straight

1.7 720 Total,  Increased to minimum Tc = 6.0 min

Subcatchment 73S: 4b.1

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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Type III 24-hr
25 yr 24 hr Rainfall=9.60"

Runoff Area=3.107 ac
Runoff Volume=2.043 af

Runoff Depth=7.89"
Flow Length=720'

Tc=6.0 min
CN=86

27.23 cfs
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Type III 24-hr  25 yr 24 hr Rainfall=9.60"[2.1]  Final Model_Phase 2 (Case 1)
  Printed  1/18/2017Prepared by {enter your company name here}

Page 9HydroCAD® 10.00-15  s/n 02233  © 2015 HydroCAD Software Solutions LLC

Summary for Subcatchment 74S: 4c

Runoff = 333.47 cfs @ 12.08 hrs,  Volume= 25.160 af,  Depth= 8.01"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  25 yr 24 hr Rainfall=9.60"

Area (ac) CN Description
* 37.676 87 Pasture/grassland/range, Good, HSG C

37.676 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

1.3 300 0.0783 3.84 Sheet Flow, 
   n= 0.011   P2= 5.40"

2.4 984 0.0250 6.73 86.12 Channel Flow, SSDT Flow
Area= 12.8 sf  Perim= 25.6'  r= 0.50'
n= 0.022  Earth, clean & straight

0.4 404 0.1609 15.50 27.39 Pipe Channel, DDP Flow
18.0"  Round  Area= 1.8 sf  Perim= 4.7'  r= 0.38'
n= 0.020  

0.5 96 0.2187 3.27 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

4.6 1,784 Total,  Increased to minimum Tc = 6.0 min

Subcatchment 74S: 4c

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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Type III 24-hr
25 yr 24 hr Rainfall=9.60"

Runoff Area=37.676 ac
Runoff Volume=25.160 af

Runoff Depth=8.01"
Flow Length=1,784'

Tc=6.0 min
CN=87

333.47 cfs
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Summary for Subcatchment 92S: Pond 4 Drainage Area

Runoff = 26.50 cfs @ 12.08 hrs,  Volume= 2.192 af,  Depth= 9.36"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  25 yr 24 hr Rainfall=9.60"

Area (ac) CN Description
2.810 98 Water Surface, HSG A
2.810 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

6.0 Direct Entry, 

Subcatchment 92S: Pond 4 Drainage Area

Runoff
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Time  (hours)
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Type III 24-hr
25 yr 24 hr Rainfall=9.60"

Runoff Area=2.810 ac
Runoff Volume=2.192 af

Runoff Depth=9.36"
Tc=6.0 min

CN=98

26.50 cfs
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Summary for Subcatchment 94S: Pond 3 Drainage Area

Runoff = 12.82 cfs @ 12.08 hrs,  Volume= 1.060 af,  Depth= 9.36"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  25 yr 24 hr Rainfall=9.60"

Area (ac) CN Description
1.359 98 Water Surface, HSG A
1.359 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

6.0 Direct Entry, 

Subcatchment 94S: Pond 3 Drainage Area

Runoff
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Type III 24-hr
25 yr 24 hr Rainfall=9.60"

Runoff Area=1.359 ac
Runoff Volume=1.060 af

Runoff Depth=9.36"
Tc=6.0 min

CN=98

12.82 cfs
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Summary for Subcatchment 101S: Pond 6 Drainage Area

Runoff = 43.89 cfs @ 12.08 hrs,  Volume= 3.629 af,  Depth= 9.36"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  25 yr 24 hr Rainfall=9.60"

Area (ac) CN Description
4.653 98 Water Surface, HSG A
4.653 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

6.0 Direct Entry, 

Subcatchment 101S: Pond 6 Drainage Area

Runoff

Hydrograph

Time  (hours)
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Type III 24-hr
25 yr 24 hr Rainfall=9.60"

Runoff Area=4.653 ac
Runoff Volume=3.629 af

Runoff Depth=9.36"
Tc=6.0 min

CN=98

43.89 cfs
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Summary for Subcatchment 102S: 6c

Runoff = 281.89 cfs @ 12.09 hrs,  Volume= 21.343 af,  Depth= 8.01"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  25 yr 24 hr Rainfall=9.60"

Area (ac) CN Description
* 31.960 87 Pasture/grassland/range, Good, HSG C

31.960 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

4.5 192 0.2187 0.71 Sheet Flow, 
   n= 0.136   P2= 5.40"

1.5 1,493 0.0576 16.09 429.62 Channel Flow, SSDT Flow
Area= 26.7 sf  Perim= 27.0'  r= 0.99'
n= 0.022  Earth, clean & straight

0.1 88 0.1818 16.47 29.11 Pipe Channel, DDP Flow
18.0"  Round  Area= 1.8 sf  Perim= 4.7'  r= 0.38'
n= 0.020  

6.1 1,773 Total

Subcatchment 102S: 6c
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Type III 24-hr
25 yr 24 hr Rainfall=9.60"

Runoff Area=31.960 ac
Runoff Volume=21.343 af

Runoff Depth=8.01"
Flow Length=1,773'

Tc=6.1 min
CN=87

281.89 cfs
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Summary for Pond 60P: Pond 3

Inflow Area = 9.059 ac, 15.00% Impervious,  Inflow Depth = 8.11"    for  25 yr 24 hr event
Inflow = 79.34 cfs @ 12.09 hrs,  Volume= 6.122 af
Outflow = 3.91 cfs @ 14.38 hrs,  Volume= 2.716 af,  Atten= 95%,  Lag= 137.4 min
Primary = 3.91 cfs @ 14.38 hrs,  Volume= 2.716 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Peak Elev= 216.75' @ 14.38 hrs   Surf.Area= 0.919 ac   Storage= 4.520 af

Plug-Flow detention time= 758.2 min calculated for 2.716 af (44% of inflow)
Center-of-Mass det. time= 630.4 min ( 1,405.2 - 774.8 )

Volume Invert Avail.Storage Storage Description
#1 211.00' 6.719 af Custom Stage Data (Prismatic) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (acres) (acre-feet) (acre-feet)

211.00 0.634 0.000 0.000
212.00 0.728 0.681 0.681
214.00 0.777 1.505 2.186
215.00 0.827 0.802 2.988
216.00 0.879 0.853 3.841
217.00 0.932 0.906 4.746
218.00 0.986 0.959 5.705
219.00 1.042 1.014 6.719

Device Routing     Invert Outlet Devices
#1 Device 2 211.00' 0.5" Vert. grate (36" half-circle) X 32.00 columns   

X 6 rows with 3.0" cc spacing C= 0.600   
#2 Device 4 212.00' 3.0" Vert. 3" Pipe    C= 0.600   
#3 Device 4 216.50' 24.7" W x 6.0" H Vert. riser slits X 4.00    C= 0.600   
#4 Primary 211.00' 12.0"  Round 12" culvert   

L= 100.0'   CMP, projecting, no headwall,  Ke= 0.900   
Inlet / Outlet Invert= 211.00' / 210.00'   S= 0.0100 '/'   Cc= 0.900   
n= 0.013  Corrugated PE, smooth interior,  Flow Area= 0.79 sf   

#5 Primary 217.50' 143.1 deg x 20.0' long x 1.50' rise Sharp-Crested Vee/Trap Weir   
Cv= 2.47 (C= 3.09)   

Primary OutFlow  Max=3.91 cfs @ 14.38 hrs  HW=216.75'   (Free Discharge)
4=12" culvert  (Passes 3.91 cfs of 6.74 cfs potential flow)

2=3" Pipe  (Orifice Controls 0.51 cfs @ 10.36 fps)
1=grate (36" half-circle)  (Passes 0.51 cfs of 2.73 cfs potential flow)

3=riser slits  (Orifice Controls 3.40 cfs @ 1.62 fps)
5=Sharp-Crested Vee/Trap Weir  ( Controls 0.00 cfs)
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Pond 60P: Pond 3
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Inflow Area=9.059 ac
Peak Elev=216.75'

Storage=4.520 af

79.34 cfs

3.91 cfs
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Summary for Pond 69P: Pond 4

Inflow Area = 43.593 ac, 6.45% Impervious,  Inflow Depth = 8.09"    for  25 yr 24 hr event
Inflow = 98.80 cfs @ 12.09 hrs,  Volume= 29.393 af
Outflow = 48.19 cfs @ 14.26 hrs,  Volume= 29.285 af,  Atten= 51%,  Lag= 130.0 min
Primary = 48.19 cfs @ 14.26 hrs,  Volume= 29.285 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Peak Elev= 229.72' @ 14.26 hrs   Surf.Area= 1.510 ac   Storage= 6.291 af

Plug-Flow detention time= 107.3 min calculated for 29.285 af (100% of inflow)
Center-of-Mass det. time= 104.6 min ( 940.7 - 836.1 )

Volume Invert Avail.Storage Storage Description
#1 225.00' 21.581 af Custom Stage Data (Prismatic) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (acres) (acre-feet) (acre-feet)

225.00 1.164 0.000 0.000
226.00 1.234 1.199 1.199
227.00 1.306 1.270 2.469
228.00 1.380 1.343 3.812
229.00 1.455 1.418 5.230
230.00 1.532 1.493 6.723
231.00 1.610 1.571 8.294
232.00 1.690 1.650 9.944
233.00 1.771 1.730 11.674
234.00 1.853 1.812 13.486
235.00 1.937 1.895 15.381
236.00 2.023 1.980 17.361
237.00 2.109 2.066 19.427
238.00 2.198 2.153 21.581

Device Routing     Invert Outlet Devices
#1 Primary 225.00' 36.0"  Round 36" culvert   

L= 108.0'   CMP, projecting, no headwall,  Ke= 0.900   
Inlet / Outlet Invert= 225.00' / 224.00'   S= 0.0093 '/'   Cc= 0.900   
n= 0.013  Corrugated PE, smooth interior,  Flow Area= 7.07 sf   

Primary OutFlow  Max=48.19 cfs @ 14.26 hrs  HW=229.72'   (Free Discharge)
1=36" culvert  (Inlet Controls 48.19 cfs @ 6.82 fps)
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Pond 69P: Pond 4
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Inflow Area=43.593 ac
Peak Elev=229.72'

Storage=6.291 af
36.0"

Round Culvert
n=0.013
L=108.0'

S=0.0093 '/'

98.80 cfs

48.19 cfs
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Summary for Pond 78P: EC-6

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 3.107 ac, 0.00% Impervious,  Inflow Depth = 7.89"    for  25 yr 24 hr event
Inflow = 27.23 cfs @ 12.08 hrs,  Volume= 2.043 af
Primary = 27.23 cfs @ 12.08 hrs,  Volume= 2.043 af,  Atten= 0%,  Lag= 0.0 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs

Pond 78P: EC-6
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Inflow Area=3.107 ac
27.23 cfs

27.23 cfs
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Summary for Pond 92P: Temp Pond 4 (EC-7)

Inflow Area = 37.676 ac, 0.00% Impervious,  Inflow Depth = 8.01"    for  25 yr 24 hr event
Inflow = 333.47 cfs @ 12.08 hrs,  Volume= 25.160 af
Outflow = 54.19 cfs @ 12.56 hrs,  Volume= 25.159 af,  Atten= 84%,  Lag= 28.2 min
Primary = 54.19 cfs @ 12.56 hrs,  Volume= 25.159 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Peak Elev= 238.15' @ 12.56 hrs   Surf.Area= 2.526 ac   Storage= 8.982 af

Plug-Flow detention time= 69.8 min calculated for 25.159 af (100% of inflow)
Center-of-Mass det. time= 69.7 min ( 849.0 - 779.3 )

Volume Invert Avail.Storage Storage Description
#1 232.00' 14.078 af Custom Stage Data (Prismatic) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (acres) (acre-feet) (acre-feet)

232.00 0.183 0.000 0.000
234.00 0.994 1.177 1.177
236.00 1.975 2.969 4.146
238.00 2.490 4.465 8.611
240.00 2.977 5.467 14.078

Device Routing     Invert Outlet Devices
#1 Primary 232.00' 24.0"  Round 36" culvert X 2.00   

L= 113.0'   CMP, projecting, no headwall,  Ke= 0.900   
Inlet / Outlet Invert= 232.00' / 230.00'   S= 0.0177 '/'   Cc= 0.900   
n= 0.013  Corrugated PE, smooth interior,  Flow Area= 3.14 sf   

Primary OutFlow  Max=54.19 cfs @ 12.56 hrs  HW=238.15'  TW=228.92'   (Dynamic Tailwater)
1=36" culvert  (Inlet Controls 54.19 cfs @ 8.62 fps)
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Pond 92P: Temp Pond 4 (EC-7)
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Inflow Area=37.676 ac
Peak Elev=238.15'

Storage=8.982 af
24.0"

Round Culvert x 2.00
n=0.013
L=113.0'

S=0.0177 '/'

333.47 cfs

54.19 cfs
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Summary for Pond 103P: Pond 6

Inflow Area = 36.613 ac, 12.71% Impervious,  Inflow Depth = 8.18"    for  25 yr 24 hr event
Inflow = 172.83 cfs @ 12.11 hrs,  Volume= 24.972 af
Outflow = 24.28 cfs @ 13.23 hrs,  Volume= 13.376 af,  Atten= 86%,  Lag= 67.2 min
Primary = 24.28 cfs @ 13.23 hrs,  Volume= 13.376 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Peak Elev= 221.06' @ 13.23 hrs   Surf.Area= 2.724 ac   Storage= 16.432 af

Plug-Flow detention time= 417.6 min calculated for 13.376 af (54% of inflow)
Center-of-Mass det. time= 302.7 min ( 1,080.2 - 777.5 )

Volume Invert Avail.Storage Storage Description
#1 214.00' 24.939 af Custom Stage Data (Prismatic) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (acres) (acre-feet) (acre-feet)

214.00 1.929 0.000 0.000
216.00 2.159 4.088 4.088
218.00 2.377 4.536 8.624
220.00 2.599 4.976 13.600
222.00 2.834 5.433 19.033
224.00 3.072 5.906 24.939

Device Routing     Invert Outlet Devices
#1 Device 2 214.00' 0.5" Vert. grate (36" half-circle) X 32.00 columns   

X 6 rows with 3.0" cc spacing C= 0.600   
#2 Device 4 215.00' 3.0" Vert. 3" Pipe    C= 0.600   
#3 Device 4 219.50' 24.7" W x 6.0" H Vert. riser slits X 4.00    C= 0.600   
#4 Primary 214.00' 24.0"  Round 24" culvert   

L= 100.0'   CMP, projecting, no headwall,  Ke= 0.900   
Inlet / Outlet Invert= 214.00' / 213.50'   S= 0.0050 '/'   Cc= 0.900   
n= 0.013  Corrugated PE, smooth interior,  Flow Area= 3.14 sf   

#5 Primary 221.00' 157.4 deg x 20.0' long x 3.00' rise Sharp-Crested Vee/Trap Weir   
Cv= 2.47 (C= 3.09)   

Primary OutFlow  Max=24.28 cfs @ 13.23 hrs  HW=221.06'   (Free Discharge)
4=24" culvert  (Passes 23.26 cfs of 29.41 cfs potential flow)

2=3" Pipe  (Orifice Controls 0.58 cfs @ 11.73 fps)
1=grate (36" half-circle)  (Passes 0.58 cfs of 3.09 cfs potential flow)

3=riser slits  (Orifice Controls 22.69 cfs @ 5.51 fps)
5=Sharp-Crested Vee/Trap Weir  (Weir Controls 1.02 cfs @ 0.78 fps)
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Pond 103P: Pond 6
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Inflow Area=36.613 ac
Peak Elev=221.06'
Storage=16.432 af
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24.28 cfs
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Summary for Pond 104P: Temp Pond 6 (EC-9)

Inflow Area = 31.960 ac, 0.00% Impervious,  Inflow Depth = 8.01"    for  25 yr 24 hr event
Inflow = 281.89 cfs @ 12.09 hrs,  Volume= 21.343 af
Outflow = 139.13 cfs @ 12.23 hrs,  Volume= 21.343 af,  Atten= 51%,  Lag= 8.9 min
Primary = 139.13 cfs @ 12.23 hrs,  Volume= 21.343 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Peak Elev= 224.43' @ 12.23 hrs   Surf.Area= 1.089 ac   Storage= 2.239 af

Plug-Flow detention time= (not calculated: outflow precedes inflow)
Center-of-Mass det. time= 4.6 min ( 784.0 - 779.4 )

Volume Invert Avail.Storage Storage Description
#1 220.00' 4.242 af Custom Stage Data (Prismatic) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (acres) (acre-feet) (acre-feet)

220.00 0.040 0.000 0.000
222.00 0.383 0.423 0.423
224.00 0.989 1.372 1.795
226.00 1.458 2.447 4.242

Device Routing     Invert Outlet Devices
#1 Primary 217.14' 48.0"  Round 3-36" HDPE   

L= 92.0'   CPP, square edge headwall,  Ke= 0.500   
Inlet / Outlet Invert= 217.14' / 215.00'   S= 0.0233 '/'   Cc= 0.900   
n= 0.012  Concrete pipe, finished,  Flow Area= 12.57 sf   

Primary OutFlow  Max=139.12 cfs @ 12.23 hrs  HW=224.43'  TW=219.09'   (Dynamic Tailwater)
1=3-36" HDPE  (Inlet Controls 139.12 cfs @ 11.07 fps)
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Pond 104P: Temp Pond 6 (EC-9)
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Inflow Area=31.960 ac
Peak Elev=224.43'

Storage=2.239 af
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Round Culvert
n=0.012
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Routing Diagram for [2.2]  Final Model_Phase 2 (Case 2)
Prepared by {enter your company name here},  Printed 1/18/2017
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Subcat Reach Pond Link
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Area Listing (all nodes)

Area
(acres)

CN Description
(subcatchment-numbers)

13.128 74 Pasture/grassland/range, Good, HSG C  (72S, 73S, 102S)
32.540 87 Pasture/grassland/range, Good, HSG C  (74S)
29.279 86 Pasture/grassland/range, Good, HSG C  (93S, 94S, 95S, 97S, 98S, 99S, 100S)
8.822 98 Water Surface, HSG A  (92S, 96S, 101S)

83.769 86 TOTAL AREA
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Soil Listing (all nodes)

Area
(acres)

Soil
Group

Subcatchment
Numbers

8.822 HSG A 92S, 96S, 101S
0.000 HSG B

74.947 HSG C 72S, 73S, 74S, 93S, 94S, 95S, 97S, 98S, 99S, 100S, 102S
0.000 HSG D
0.000 Other

83.769 TOTAL AREA
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Ground Covers (all nodes)

HSG-A
(acres)

HSG-B
(acres)

HSG-C
(acres)

HSG-D
(acres)

Other
(acres)

Total
(acres)

Ground
Cover

Subcatchment
Numbers

0.000 0.000 74.947 0.000 0.000 74.947 Pasture/grassland/range, Good 72S
, 
73S
, 
74S
, 
93S
, 
94S
, 
95S
, 
97S
, 
98S
, 
99S
, 
100
S, 
102
S

8.822 0.000 0.000 0.000 0.000 8.822 Water Surface 92S
, 
96S
, 
101
S

8.822 0.000 74.947 0.000 0.000 83.769 TOTAL AREA
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Pipe Listing (all nodes)

Line# Node
Number

In-Invert
(feet)

Out-Invert
(feet)

Length
(feet)

Slope
(ft/ft)

n Diam/Width
(inches)

Height
(inches)

Inside-Fill
(inches)

1 73S 0.00 0.00 813.0 0.2424 0.020 18.0 0.0 0.0
2 74S 0.00 0.00 256.0 0.1953 0.020 18.0 0.0 0.0
3 95S 0.00 0.00 655.0 0.2366 0.020 18.0 0.0 0.0
4 97S 0.00 0.00 726.0 0.2449 0.020 18.0 0.0 0.0
5 98S 0.00 0.00 189.0 0.1793 0.020 18.0 0.0 0.0
6 60P 211.00 210.00 100.0 0.0100 0.013 12.0 0.0 0.0
7 65P 214.00 213.50 100.0 0.0050 0.013 24.0 0.0 0.0
8 69P 225.00 224.00 108.0 0.0093 0.013 36.0 0.0 0.0
9 92P 232.00 230.00 113.0 0.0177 0.013 24.0 0.0 0.0
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Time span=0.00-48.00 hrs, dt=0.01 hrs, 4801 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

Reach routing by Dyn-Stor-Ind method  -  Pond routing by Dyn-Stor-Ind method

Runoff Area=0.328 ac   0.00% Impervious   Runoff Depth=6.38"Subcatchment 72S: 4a
   Flow Length=18'   Slope=0.2500 '/'   Tc=6.0 min   CN=74   Runoff=2.43 cfs  0.174 af

Runoff Area=12.330 ac   0.00% Impervious   Runoff Depth=6.38"Subcatchment 73S: 4b.1
   Flow Length=1,200'   Tc=7.7 min   CN=74   Runoff=86.23 cfs  6.554 af

Runoff Area=32.540 ac   0.00% Impervious   Runoff Depth=8.01"Subcatchment 74S: 4c
   Flow Length=1,060'   Tc=6.0 min   CN=87   Runoff=288.01 cfs  21.731 af

Runoff Area=2.810 ac   100.00% Impervious   Runoff Depth=9.36"Subcatchment 92S: Pond 4 Drainage Area
   Tc=6.0 min   CN=98   Runoff=26.50 cfs  2.192 af

Runoff Area=0.400 ac   0.00% Impervious   Runoff Depth=7.89"Subcatchment 93S: 3b
   Flow Length=80'   Slope=0.2500 '/'   Tc=6.0 min   CN=86   Runoff=3.51 cfs  0.263 af

Runoff Area=0.590 ac   0.00% Impervious   Runoff Depth=7.89"Subcatchment 94S: 3a
   Flow Length=85'   Slope=0.2500 '/'   Tc=6.0 min   CN=86   Runoff=5.17 cfs  0.388 af

Runoff Area=5.760 ac   0.00% Impervious   Runoff Depth=7.89"Subcatchment 95S: 3c
   Flow Length=980'   Tc=6.0 min   CN=86   Runoff=50.48 cfs  3.787 af

Runoff Area=1.359 ac   100.00% Impervious   Runoff Depth=9.36"Subcatchment 96S: Pond 3 Drainage Area
   Tc=6.0 min   CN=98   Runoff=12.82 cfs  1.060 af

Runoff Area=7.970 ac   0.00% Impervious   Runoff Depth=7.89"Subcatchment 97S: 6c
   Flow Length=1,019'   Tc=6.0 min   CN=86   Runoff=69.85 cfs  5.240 af

Runoff Area=3.837 ac   0.00% Impervious   Runoff Depth=7.89"Subcatchment 98S: 6d
   Flow Length=575'   Tc=6.0 min   CN=86   Runoff=33.63 cfs  2.523 af

Runoff Area=9.790 ac   0.00% Impervious   Runoff Depth=7.89"Subcatchment 99S: 6b
   Flow Length=1,188'   Tc=6.0 min   CN=86   Runoff=85.80 cfs  6.437 af

Runoff Area=0.932 ac   0.00% Impervious   Runoff Depth=7.89"Subcatchment 100S: 6e
   Flow Length=79'   Slope=0.2500 '/'   Tc=6.0 min   CN=86   Runoff=8.17 cfs  0.613 af

Runoff Area=4.653 ac   100.00% Impervious   Runoff Depth=9.36"Subcatchment 101S: Pond 6 Drainage Area
   Tc=6.0 min   CN=98   Runoff=43.89 cfs  3.629 af

Runoff Area=0.470 ac   0.00% Impervious   Runoff Depth=6.38"Subcatchment 102S: 4b.2
   Flow Length=47'   Slope=0.2500 '/'   Tc=6.0 min   CN=74   Runoff=3.48 cfs  0.250 af

Avg. Flow Depth=1.43'   Max Vel=5.75 fps   Inflow=85.80 cfs  6.437 afReach 102R: D.2 - D.3
n=0.027   L=230.0'   S=0.0100 '/'   Capacity=242.37 cfs   Outflow=85.41 cfs  6.437 af

Peak Elev=216.66'  Storage=4.434 af   Inflow=71.98 cfs  5.498 afPond 60P: Pond 3
   Outflow=2.22 cfs  2.096 af
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Peak Elev=220.04'  Storage=13.696 af   Inflow=240.66 cfs  18.441 afPond 65P: Pond 6
   Outflow=10.73 cfs  6.864 af

Peak Elev=230.51'  Storage=7.507 af   Inflow=161.06 cfs  30.898 afPond 69P: Pond 4
36.0"  Round Culvert  n=0.013  L=108.0'  S=0.0093 '/'   Outflow=53.77 cfs  30.790 af

   Inflow=91.95 cfs  6.978 afPond 78P: C-6
   Primary=91.95 cfs  6.978 af

Peak Elev=237.54'  Storage=7.504 af   Inflow=288.01 cfs  21.731 afPond 92P: Temp Pond 4 (EC-7)
24.0"  Round Culvert x 2.00  n=0.013  L=113.0'  S=0.0177 '/'   Outflow=50.92 cfs  21.729 af

   Inflow=59.16 cfs  4.438 afPond 93P: C-10
   Primary=59.16 cfs  4.438 af

   Inflow=196.83 cfs  14.812 afPond 101P: C-9
   Primary=196.83 cfs  14.812 af

Total Runoff Area = 83.769 ac   Runoff Volume = 54.839 af   Average Runoff Depth = 7.86"
89.47% Pervious = 74.947 ac     10.53% Impervious = 8.822 ac
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Summary for Subcatchment 72S: 4a

Runoff = 2.43 cfs @ 12.09 hrs,  Volume= 0.174 af,  Depth= 6.38"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  25 yr 24 hr Rainfall=9.60"

Area (ac) CN Description
0.328 74 Pasture/grassland/range, Good, HSG C
0.328 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

0.6 18 0.2500 0.47 Sheet Flow, 
   n= 0.136   P2= 5.40"

0.6 18 Total,  Increased to minimum Tc = 6.0 min

Subcatchment 72S: 4a

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420

Fl
ow

  (
cf

s)

2

1

0

Type III 24-hr
25 yr 24 hr Rainfall=9.60"

Runoff Area=0.328 ac
Runoff Volume=0.174 af

Runoff Depth=6.38"
Flow Length=18'
Slope=0.2500 '/'

Tc=6.0 min
CN=74

2.43 cfs
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Summary for Subcatchment 73S: 4b.1

Runoff = 86.23 cfs @ 12.11 hrs,  Volume= 6.554 af,  Depth= 6.38"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  25 yr 24 hr Rainfall=9.60"

Area (ac) CN Description
12.330 74 Pasture/grassland/range, Good, HSG C
12.330 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

6.6 187 0.0802 0.47 Sheet Flow, 
   n= 0.136   P2= 5.40"

0.4 200 0.0200 7.57 50.71 Channel Flow, SSDT Flow
Area= 6.7 sf  Perim= 9.5'  r= 0.71'
n= 0.022  Earth, clean & straight

0.7 813 0.2424 19.02 33.62 Pipe Channel, DDP Flow
18.0"  Round  Area= 1.8 sf  Perim= 4.7'  r= 0.38'
n= 0.020  

7.7 1,200 Total

Subcatchment 73S: 4b.1

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420

Fl
ow

  (
cf
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Type III 24-hr
25 yr 24 hr Rainfall=9.60"

Runoff Area=12.330 ac
Runoff Volume=6.554 af

Runoff Depth=6.38"
Flow Length=1,200'

Tc=7.7 min
CN=74

86.23 cfs
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Summary for Subcatchment 74S: 4c

Runoff = 288.01 cfs @ 12.08 hrs,  Volume= 21.731 af,  Depth= 8.01"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  25 yr 24 hr Rainfall=9.60"

Area (ac) CN Description
* 32.540 87 Pasture/grassland/range, Good, HSG C

32.540 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

1.5 113 0.1770 1.25 Sheet Flow, 
   n= 0.053   P2= 5.40"

0.6 691 0.0724 18.10 602.80 Channel Flow, SSDT Flow
Area= 33.3 sf  Perim= 33.5'  r= 0.99'
n= 0.022  Earth, clean & straight

0.2 256 0.1953 17.08 30.17 Pipe Channel, DDP Flow
18.0"  Round  Area= 1.8 sf  Perim= 4.7'  r= 0.38'
n= 0.020  

2.3 1,060 Total,  Increased to minimum Tc = 6.0 min

Subcatchment 74S: 4c

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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Type III 24-hr
25 yr 24 hr Rainfall=9.60"

Runoff Area=32.540 ac
Runoff Volume=21.731 af

Runoff Depth=8.01"
Flow Length=1,060'

Tc=6.0 min
CN=87

288.01 cfs
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Summary for Subcatchment 92S: Pond 4 Drainage Area

Runoff = 26.50 cfs @ 12.08 hrs,  Volume= 2.192 af,  Depth= 9.36"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  25 yr 24 hr Rainfall=9.60"

Area (ac) CN Description
2.810 98 Water Surface, HSG A
2.810 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

6.0 Direct Entry, 

Subcatchment 92S: Pond 4 Drainage Area

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420

Fl
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Type III 24-hr
25 yr 24 hr Rainfall=9.60"

Runoff Area=2.810 ac
Runoff Volume=2.192 af

Runoff Depth=9.36"
Tc=6.0 min

CN=98

26.50 cfs
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Summary for Subcatchment 93S: 3b

Runoff = 3.51 cfs @ 12.08 hrs,  Volume= 0.263 af,  Depth= 7.89"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  25 yr 24 hr Rainfall=9.60"

Area (ac) CN Description
* 0.400 86 Pasture/grassland/range, Good, HSG C

0.400 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

1.0 80 0.2500 1.33 Sheet Flow, 
   n= 0.053   P2= 5.40"

1.0 80 Total,  Increased to minimum Tc = 6.0 min

Subcatchment 93S: 3b

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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Type III 24-hr
25 yr 24 hr Rainfall=9.60"

Runoff Area=0.400 ac
Runoff Volume=0.263 af

Runoff Depth=7.89"
Flow Length=80'
Slope=0.2500 '/'

Tc=6.0 min
CN=86

3.51 cfs
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Summary for Subcatchment 94S: 3a

Runoff = 5.17 cfs @ 12.08 hrs,  Volume= 0.388 af,  Depth= 7.89"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  25 yr 24 hr Rainfall=9.60"

Area (ac) CN Description
* 0.590 86 Pasture/grassland/range, Good, HSG C

0.590 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

1.0 85 0.2500 1.35 Sheet Flow, 
   n= 0.053   P2= 5.40"

1.0 85 Total,  Increased to minimum Tc = 6.0 min

Subcatchment 94S: 3a

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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Type III 24-hr
25 yr 24 hr Rainfall=9.60"

Runoff Area=0.590 ac
Runoff Volume=0.388 af

Runoff Depth=7.89"
Flow Length=85'
Slope=0.2500 '/'

Tc=6.0 min
CN=86

5.17 cfs
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Summary for Subcatchment 95S: 3c

Runoff = 50.48 cfs @ 12.08 hrs,  Volume= 3.787 af,  Depth= 7.89"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  25 yr 24 hr Rainfall=9.60"

Area (ac) CN Description
* 5.760 86 Pasture/grassland/range, Good, HSG C

5.760 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

1.0 80 0.2500 1.33 Sheet Flow, 
   n= 0.053   P2= 5.40"

0.5 245 0.0204 7.64 51.21 Channel Flow, SSDT Flow
Area= 6.7 sf  Perim= 9.5'  r= 0.71'
n= 0.022  Earth, clean & straight

0.6 655 0.2366 18.79 33.21 Pipe Channel, DDP Flow
18.0"  Round  Area= 1.8 sf  Perim= 4.7'  r= 0.38'
n= 0.020  

2.1 980 Total,  Increased to minimum Tc = 6.0 min

Subcatchment 95S: 3c

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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Type III 24-hr
25 yr 24 hr Rainfall=9.60"

Runoff Area=5.760 ac
Runoff Volume=3.787 af

Runoff Depth=7.89"
Flow Length=980'

Tc=6.0 min
CN=86

50.48 cfs
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Summary for Subcatchment 96S: Pond 3 Drainage Area

Runoff = 12.82 cfs @ 12.08 hrs,  Volume= 1.060 af,  Depth= 9.36"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  25 yr 24 hr Rainfall=9.60"

Area (ac) CN Description
1.359 98 Water Surface, HSG A
1.359 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

6.0 Direct Entry, 

Subcatchment 96S: Pond 3 Drainage Area

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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Type III 24-hr
25 yr 24 hr Rainfall=9.60"

Runoff Area=1.359 ac
Runoff Volume=1.060 af

Runoff Depth=9.36"
Tc=6.0 min

CN=98

12.82 cfs
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Summary for Subcatchment 97S: 6c

Runoff = 69.85 cfs @ 12.08 hrs,  Volume= 5.240 af,  Depth= 7.89"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  25 yr 24 hr Rainfall=9.60"

Area (ac) CN Description
* 7.970 86 Pasture/grassland/range, Good, HSG C

7.970 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

3.0 180 0.0833 1.01 Sheet Flow, 
   n= 0.053   P2= 5.40"

0.2 113 0.0199 7.55 50.58 Channel Flow, SSDT Flow
Area= 6.7 sf  Perim= 9.5'  r= 0.71'
n= 0.022  Earth, clean & straight

0.6 726 0.2449 19.12 33.79 Pipe Channel, DDP Flow
18.0"  Round  Area= 1.8 sf  Perim= 4.7'  r= 0.38'
n= 0.020  

3.8 1,019 Total,  Increased to minimum Tc = 6.0 min

Subcatchment 97S: 6c

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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Type III 24-hr
25 yr 24 hr Rainfall=9.60"

Runoff Area=7.970 ac
Runoff Volume=5.240 af

Runoff Depth=7.89"
Flow Length=1,019'

Tc=6.0 min
CN=86

69.85 cfs
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Summary for Subcatchment 98S: 6d

Runoff = 33.63 cfs @ 12.08 hrs,  Volume= 2.523 af,  Depth= 7.89"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  25 yr 24 hr Rainfall=9.60"

Area (ac) CN Description
* 3.837 86 Pasture/grassland/range, Good, HSG C

3.837 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

1.0 80 0.2500 1.33 Sheet Flow, 
   n= 0.053   P2= 5.40"

0.7 306 0.0200 7.57 50.71 Channel Flow, SSDT Flow
Area= 6.7 sf  Perim= 9.5'  r= 0.71'
n= 0.022  Earth, clean & straight

0.2 189 0.1793 16.36 28.91 Pipe Channel, DDP Flow
18.0"  Round  Area= 1.8 sf  Perim= 4.7'  r= 0.38'
n= 0.020  

1.9 575 Total,  Increased to minimum Tc = 6.0 min

Subcatchment 98S: 6d
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Type III 24-hr
25 yr 24 hr Rainfall=9.60"

Runoff Area=3.837 ac
Runoff Volume=2.523 af

Runoff Depth=7.89"
Flow Length=575'

Tc=6.0 min
CN=86

33.63 cfs
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Summary for Subcatchment 99S: 6b

Runoff = 85.80 cfs @ 12.08 hrs,  Volume= 6.437 af,  Depth= 7.89"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  25 yr 24 hr Rainfall=9.60"

Area (ac) CN Description
* 9.790 86 Pasture/grassland/range, Good, HSG C

9.790 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

1.8 200 0.3500 1.83 Sheet Flow, 
   n= 0.053   P2= 5.40"

0.5 517 0.1160 18.23 122.12 Channel Flow, SSDT Flow
Area= 6.7 sf  Perim= 9.5'  r= 0.71'
n= 0.022  Earth, clean & straight

0.9 471 0.0420 8.72 201.44 Channel Flow, 
Area= 23.1 sf  Perim= 46.2'  r= 0.50'
n= 0.022  Earth, clean & straight

3.2 1,188 Total,  Increased to minimum Tc = 6.0 min

Subcatchment 99S: 6b
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Type III 24-hr
25 yr 24 hr Rainfall=9.60"

Runoff Area=9.790 ac
Runoff Volume=6.437 af

Runoff Depth=7.89"
Flow Length=1,188'

Tc=6.0 min
CN=86

85.80 cfs
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Summary for Subcatchment 100S: 6e

Runoff = 8.17 cfs @ 12.08 hrs,  Volume= 0.613 af,  Depth= 7.89"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  25 yr 24 hr Rainfall=9.60"

Area (ac) CN Description
* 0.932 86 Pasture/grassland/range, Good, HSG C

0.932 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

1.0 79 0.2500 1.33 Sheet Flow, 
   n= 0.053   P2= 5.40"

1.0 79 Total,  Increased to minimum Tc = 6.0 min

Subcatchment 100S: 6e

Runoff
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Time  (hours)
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Type III 24-hr
25 yr 24 hr Rainfall=9.60"

Runoff Area=0.932 ac
Runoff Volume=0.613 af

Runoff Depth=7.89"
Flow Length=79'
Slope=0.2500 '/'

Tc=6.0 min
CN=86

8.17 cfs
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Summary for Subcatchment 101S: Pond 6 Drainage Area

Runoff = 43.89 cfs @ 12.08 hrs,  Volume= 3.629 af,  Depth= 9.36"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  25 yr 24 hr Rainfall=9.60"

Area (ac) CN Description
4.653 98 Water Surface, HSG A
4.653 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

6.0 Direct Entry, 

Subcatchment 101S: Pond 6 Drainage Area
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Type III 24-hr
25 yr 24 hr Rainfall=9.60"

Runoff Area=4.653 ac
Runoff Volume=3.629 af

Runoff Depth=9.36"
Tc=6.0 min

CN=98

43.89 cfs
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Summary for Subcatchment 102S: 4b.2

Runoff = 3.48 cfs @ 12.09 hrs,  Volume= 0.250 af,  Depth= 6.38"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  25 yr 24 hr Rainfall=9.60"

Area (ac) CN Description
0.470 74 Pasture/grassland/range, Good, HSG C
0.470 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

1.4 47 0.2500 0.56 Sheet Flow, 
   n= 0.136   P2= 5.40"

1.4 47 Total,  Increased to minimum Tc = 6.0 min

Subcatchment 102S: 4b.2
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Type III 24-hr
25 yr 24 hr Rainfall=9.60"

Runoff Area=0.470 ac
Runoff Volume=0.250 af

Runoff Depth=6.38"
Flow Length=47'
Slope=0.2500 '/'

Tc=6.0 min
CN=74

3.48 cfs
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Summary for Reach 102R: D.2 - D.3

Inflow Area = 9.790 ac, 0.00% Impervious,  Inflow Depth = 7.89"    for  25 yr 24 hr event
Inflow = 85.80 cfs @ 12.08 hrs,  Volume= 6.437 af
Outflow = 85.41 cfs @ 12.09 hrs,  Volume= 6.437 af,  Atten= 0%,  Lag= 0.5 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Max. Velocity= 5.75 fps,  Min. Travel Time= 0.7 min
Avg. Velocity = 1.55 fps,  Avg. Travel Time= 2.5 min

Peak Storage= 3,416 cf @ 12.09 hrs
Average Depth at Peak Storage= 1.43'
Bank-Full Depth= 2.50'  Flow Area= 31.3 sf,  Capacity= 242.37 cfs

7.50'  x  2.50'  deep channel,  n= 0.027
Side Slope Z-value= 2.0 '/'   Top Width= 17.50'
Length= 230.0'   Slope= 0.0100 '/'
Inlet Invert= 226.09',  Outlet Invert= 223.79'

Reach 102R: D.2 - D.3
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Inflow Area=9.790 ac
Avg. Flow Depth=1.43'

Max Vel=5.75 fps
n=0.027
L=230.0'

S=0.0100 '/'
Capacity=242.37 cfs

85.80 cfs
85.41 cfs
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Summary for Pond 60P: Pond 3

Inflow Area = 8.109 ac, 16.76% Impervious,  Inflow Depth = 8.14"    for  25 yr 24 hr event
Inflow = 71.98 cfs @ 12.08 hrs,  Volume= 5.498 af
Outflow = 2.22 cfs @ 15.84 hrs,  Volume= 2.096 af,  Atten= 97%,  Lag= 225.2 min
Primary = 2.22 cfs @ 15.84 hrs,  Volume= 2.096 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Peak Elev= 216.66' @ 15.84 hrs   Surf.Area= 0.914 ac   Storage= 4.434 af

Plug-Flow detention time= 916.9 min calculated for 2.095 af (38% of inflow)
Center-of-Mass det. time= 775.8 min ( 1,549.5 - 773.7 )

Volume Invert Avail.Storage Storage Description
#1 211.00' 6.719 af Custom Stage Data (Prismatic) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (acres) (acre-feet) (acre-feet)

211.00 0.634 0.000 0.000
212.00 0.728 0.681 0.681
214.00 0.777 1.505 2.186
215.00 0.827 0.802 2.988
216.00 0.879 0.853 3.841
217.00 0.932 0.906 4.746
218.00 0.986 0.959 5.705
219.00 1.042 1.014 6.719

Device Routing     Invert Outlet Devices
#1 Device 2 211.00' 0.5" Vert. grate (36" half-circle) X 32.00 columns   

X 6 rows with 3.0" cc spacing C= 0.600   
#2 Device 4 212.00' 3.0" Vert. 3" Pipe    C= 0.600   
#3 Device 4 216.50' 24.7" W x 6.0" H Vert. riser slits X 4.00    C= 0.600   
#4 Primary 211.00' 12.0"  Round 12" culvert   

L= 100.0'   CMP, projecting, no headwall,  Ke= 0.900   
Inlet / Outlet Invert= 211.00' / 210.00'   S= 0.0100 '/'   Cc= 0.900   
n= 0.013  Corrugated PE, smooth interior,  Flow Area= 0.79 sf   

#5 Primary 217.50' 143.1 deg x 20.0' long x 1.50' rise Sharp-Crested Vee/Trap Weir   
Cv= 2.47 (C= 3.09)   

Primary OutFlow  Max=2.22 cfs @ 15.84 hrs  HW=216.66'   (Free Discharge)
4=12" culvert  (Passes 2.22 cfs of 6.68 cfs potential flow)

2=3" Pipe  (Orifice Controls 0.50 cfs @ 10.26 fps)
1=grate (36" half-circle)  (Passes 0.50 cfs of 2.71 cfs potential flow)

3=riser slits  (Orifice Controls 1.72 cfs @ 1.29 fps)
5=Sharp-Crested Vee/Trap Weir  ( Controls 0.00 cfs)
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Pond 60P: Pond 3
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Inflow Area=8.109 ac
Peak Elev=216.66'

Storage=4.434 af

71.98 cfs

2.22 cfs
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Summary for Pond 65P: Pond 6

Inflow Area = 27.182 ac, 17.12% Impervious,  Inflow Depth = 8.14"    for  25 yr 24 hr event
Inflow = 240.66 cfs @ 12.09 hrs,  Volume= 18.441 af
Outflow = 10.73 cfs @ 14.72 hrs,  Volume= 6.864 af,  Atten= 96%,  Lag= 158.1 min
Primary = 10.73 cfs @ 14.72 hrs,  Volume= 6.864 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Peak Elev= 220.04' @ 14.72 hrs   Surf.Area= 2.603 ac   Storage= 13.696 af

Plug-Flow detention time= 579.4 min calculated for 6.862 af (37% of inflow)
Center-of-Mass det. time= 436.1 min ( 1,210.2 - 774.0 )

Volume Invert Avail.Storage Storage Description
#1 214.00' 24.939 af Custom Stage Data (Prismatic) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (acres) (acre-feet) (acre-feet)

214.00 1.929 0.000 0.000
216.00 2.159 4.088 4.088
218.00 2.377 4.536 8.624
220.00 2.599 4.976 13.600
222.00 2.834 5.433 19.033
224.00 3.072 5.906 24.939

Device Routing     Invert Outlet Devices
#1 Device 2 214.00' 0.5" Vert. grate (36" half-circle) X 32.00 columns   

X 6 rows with 3.0" cc spacing C= 0.600   
#2 Device 4 215.00' 3.0" Vert. 3" Pipe    C= 0.600   
#3 Device 4 219.50' 24.7" W x 6.0" H Vert. riser slits X 4.00    C= 0.600   
#4 Primary 214.00' 24.0"  Round 24" culvert   

L= 100.0'   CMP, projecting, no headwall,  Ke= 0.900   
Inlet / Outlet Invert= 214.00' / 213.50'   S= 0.0050 '/'   Cc= 0.900   
n= 0.013  Corrugated PE, smooth interior,  Flow Area= 3.14 sf   

#5 Primary 221.00' 157.4 deg x 20.0' long x 3.00' rise Sharp-Crested Vee/Trap Weir   
Cv= 2.47 (C= 3.09)   

Primary OutFlow  Max=10.73 cfs @ 14.72 hrs  HW=220.04'   (Free Discharge)
4=24" culvert  (Passes 10.73 cfs of 26.80 cfs potential flow)

2=3" Pipe  (Orifice Controls 0.52 cfs @ 10.67 fps)
1=grate (36" half-circle)  (Passes 0.52 cfs of 2.82 cfs potential flow)

3=riser slits  (Orifice Controls 10.21 cfs @ 2.48 fps)
5=Sharp-Crested Vee/Trap Weir  ( Controls 0.00 cfs)
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Pond 65P: Pond 6
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Inflow Area=27.182 ac
Peak Elev=220.04'
Storage=13.696 af

240.66 cfs

10.73 cfs
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Summary for Pond 69P: Pond 4

Inflow Area = 48.478 ac, 5.80% Impervious,  Inflow Depth = 7.65"    for  25 yr 24 hr event
Inflow = 161.06 cfs @ 12.11 hrs,  Volume= 30.898 af
Outflow = 53.77 cfs @ 13.65 hrs,  Volume= 30.790 af,  Atten= 67%,  Lag= 92.6 min
Primary = 53.77 cfs @ 13.65 hrs,  Volume= 30.790 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Peak Elev= 230.51' @ 13.65 hrs   Surf.Area= 1.571 ac   Storage= 7.507 af

Plug-Flow detention time= 109.3 min calculated for 30.784 af (100% of inflow)
Center-of-Mass det. time= 107.0 min ( 934.7 - 827.7 )

Volume Invert Avail.Storage Storage Description
#1 225.00' 21.581 af Custom Stage Data (Prismatic) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (acres) (acre-feet) (acre-feet)

225.00 1.164 0.000 0.000
226.00 1.234 1.199 1.199
227.00 1.306 1.270 2.469
228.00 1.380 1.343 3.812
229.00 1.455 1.418 5.230
230.00 1.532 1.493 6.723
231.00 1.610 1.571 8.294
232.00 1.690 1.650 9.944
233.00 1.771 1.730 11.674
234.00 1.853 1.812 13.486
235.00 1.937 1.895 15.381
236.00 2.023 1.980 17.361
237.00 2.109 2.066 19.427
238.00 2.198 2.153 21.581

Device Routing     Invert Outlet Devices
#1 Primary 225.00' 36.0"  Round 36" culvert   

L= 108.0'   CMP, projecting, no headwall,  Ke= 0.900   
Inlet / Outlet Invert= 225.00' / 224.00'   S= 0.0093 '/'   Cc= 0.900   
n= 0.013  Corrugated PE, smooth interior,  Flow Area= 7.07 sf   

Primary OutFlow  Max=53.77 cfs @ 13.65 hrs  HW=230.51'   (Free Discharge)
1=36" culvert  (Inlet Controls 53.77 cfs @ 7.61 fps)

Page No. 85



Type III 24-hr  25 yr 24 hr Rainfall=9.60"[2.2]  Final Model_Phase 2 (Case 2)
  Printed  1/18/2017Prepared by {enter your company name here}

Page 28HydroCAD® 10.00-15  s/n 02233  © 2015 HydroCAD Software Solutions LLC

Pond 69P: Pond 4
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Inflow Area=48.478 ac
Peak Elev=230.51'

Storage=7.507 af
36.0"

Round Culvert
n=0.013
L=108.0'

S=0.0093 '/'

161.06 cfs

53.77 cfs
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Summary for Pond 78P: C-6

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 13.128 ac, 0.00% Impervious,  Inflow Depth = 6.38"    for  25 yr 24 hr event
Inflow = 91.95 cfs @ 12.11 hrs,  Volume= 6.978 af
Primary = 91.95 cfs @ 12.11 hrs,  Volume= 6.978 af,  Atten= 0%,  Lag= 0.0 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs

Pond 78P: C-6
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Inflow Area=13.128 ac
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Summary for Pond 92P: Temp Pond 4 (EC-7)

Inflow Area = 32.540 ac, 0.00% Impervious,  Inflow Depth = 8.01"    for  25 yr 24 hr event
Inflow = 288.01 cfs @ 12.08 hrs,  Volume= 21.731 af
Outflow = 50.92 cfs @ 12.54 hrs,  Volume= 21.729 af,  Atten= 82%,  Lag= 27.2 min
Primary = 50.92 cfs @ 12.54 hrs,  Volume= 21.729 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Peak Elev= 237.54' @ 12.54 hrs   Surf.Area= 2.373 ac   Storage= 7.504 af

Plug-Flow detention time= 63.0 min calculated for 21.729 af (100% of inflow)
Center-of-Mass det. time= 62.9 min ( 842.2 - 779.3 )

Volume Invert Avail.Storage Storage Description
#1 232.00' 14.078 af Custom Stage Data (Prismatic) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (acres) (acre-feet) (acre-feet)

232.00 0.183 0.000 0.000
234.00 0.994 1.177 1.177
236.00 1.975 2.969 4.146
238.00 2.490 4.465 8.611
240.00 2.977 5.467 14.078

Device Routing     Invert Outlet Devices
#1 Primary 232.00' 24.0"  Round 36" culvert X 2.00   

L= 113.0'   CMP, projecting, no headwall,  Ke= 0.900   
Inlet / Outlet Invert= 232.00' / 230.00'   S= 0.0177 '/'   Cc= 0.900   
n= 0.013  Corrugated PE, smooth interior,  Flow Area= 3.14 sf   

Primary OutFlow  Max=50.92 cfs @ 12.54 hrs  HW=237.54'  TW=230.05'   (Dynamic Tailwater)
1=36" culvert  (Inlet Controls 50.92 cfs @ 8.10 fps)
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Pond 92P: Temp Pond 4 (EC-7)
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Inflow Area=32.540 ac
Peak Elev=237.54'

Storage=7.504 af
24.0"

Round Culvert x 2.00
n=0.013
L=113.0'

S=0.0177 '/'
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Summary for Pond 93P: C-10

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 6.750 ac, 0.00% Impervious,  Inflow Depth = 7.89"    for  25 yr 24 hr event
Inflow = 59.16 cfs @ 12.08 hrs,  Volume= 4.438 af
Primary = 59.16 cfs @ 12.08 hrs,  Volume= 4.438 af,  Atten= 0%,  Lag= 0.0 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs

Pond 93P: C-10
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Summary for Pond 101P: C-9

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 22.529 ac, 0.00% Impervious,  Inflow Depth = 7.89"    for  25 yr 24 hr event
Inflow = 196.83 cfs @ 12.09 hrs,  Volume= 14.812 af
Primary = 196.83 cfs @ 12.09 hrs,  Volume= 14.812 af,  Atten= 0%,  Lag= 0.0 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs

Pond 101P: C-9

Inflow
Primary

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420

Fl
ow

  (
cf

s)
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100
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70
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10

0

Inflow Area=22.529 ac
196.83 cfs

196.83 cfs
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Appendix 1 
HydroCAD Output – Case 3



Basin 3

Basin 4

Basin 5

Basin 6

CASE 3

63S

6a

72S

4a

73S

4b.1

74S

4c

75S

4d

76S

4e

83S

5b
91S

5c92S

5a

93S

3b94S

3a

95S

3c

96S

Pond 3 Drainage Area

97S

6c

98S

6d
99S

6b 100S

6e

101S

Pond 6 Drainage Area

102S

4b.2

103S

Pond 4 Drainage Area

104S

Pond 6 Drainage Area

102R

D.2 - D.3

60P

Pond 3

65P

Pond 6

69P

Pond 4

78P

C-6

80P

C-7

87P

C-8

90P

Pond 5

93P

C-10

101P

C-9

Routing Diagram for [2.3]  Final Model_Phase 2 (Case 3)
Prepared by {enter your company name here},  Printed 1/18/2017

HydroCAD® 10.00-15  s/n 02233  © 2015 HydroCAD Software Solutions LLC

Subcat Reach Pond Link
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[2.3]  Final Model_Phase 2 (Case 3)
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Area Listing (all nodes)

Area
(acres)

CN Description
(subcatchment-numbers)

6.686 79 Pasture/grassland/range, Good, HSG C  (63S, 99S)
40.227 74 Pasture/grassland/range, Good, HSG C  (72S, 73S, 93S, 94S, 95S, 97S, 98S, 100S, 

102S)
28.123 86 Pasture/grassland/range, Good, HSG C  (74S, 75S, 76S, 83S, 91S, 92S)
11.100 98 Water Surface, HSG A  (96S, 101S, 103S, 104S)
86.136 81 TOTAL AREA
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Soil Listing (all nodes)

Area
(acres)

Soil
Group

Subcatchment
Numbers

11.100 HSG A 96S, 101S, 103S, 104S
0.000 HSG B

75.036 HSG C 63S, 72S, 73S, 74S, 75S, 76S, 83S, 91S, 92S, 93S, 94S, 95S, 97S, 98S, 99S, 
100S, 102S

0.000 HSG D
0.000 Other

86.136 TOTAL AREA
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[2.3]  Final Model_Phase 2 (Case 3)
  Printed  1/18/2017Prepared by {enter your company name here}

Page 4HydroCAD® 10.00-15  s/n 02233  © 2015 HydroCAD Software Solutions LLC

Ground Covers (all nodes)

HSG-A
(acres)

HSG-B
(acres)

HSG-C
(acres)

HSG-D
(acres)

Other
(acres)

Total
(acres)

Ground
Cover

Subcatchment
Numbers

0.000 0.000 75.036 0.000 0.000 75.036 Pasture/grassland/range, Good 63S
, 
72S
, 
73S
, 
74S
, 
75S
, 
76S
, 
83S
, 
91S
, 
92S
, 
93S
, 
94S
, 
95S
, 
97S
, 
98S
, 
99S
, 
100
S, 
102
S

11.100 0.000 0.000 0.000 0.000 11.100 Water Surface 96S
, 
101
S, 
103
S, 
104
S
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[2.3]  Final Model_Phase 2 (Case 3)
  Printed  1/18/2017Prepared by {enter your company name here}
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Ground Covers (all nodes) (continued)

HSG-A
(acres)

HSG-B
(acres)

HSG-C
(acres)

HSG-D
(acres)

Other
(acres)

Total
(acres)

Ground
Cover

Subcatchment
Numbers

11.100 0.000 75.036 0.000 0.000 86.136 TOTAL AREA
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Pipe Listing (all nodes)

Line# Node
Number

In-Invert
(feet)

Out-Invert
(feet)

Length
(feet)

Slope
(ft/ft)

n Diam/Width
(inches)

Height
(inches)

Inside-Fill
(inches)

1 73S 0.00 0.00 813.0 0.2424 0.020 18.0 0.0 0.0
2 74S 0.00 0.00 594.0 0.2424 0.020 18.0 0.0 0.0
3 75S 0.00 0.00 540.0 0.1954 0.020 18.0 0.0 0.0
4 83S 0.00 0.00 437.0 0.2194 0.020 18.0 0.0 0.0
5 91S 0.00 0.00 594.0 0.2424 0.020 18.0 0.0 0.0
6 95S 0.00 0.00 655.0 0.2366 0.020 18.0 0.0 0.0
7 97S 0.00 0.00 726.0 0.2449 0.020 18.0 0.0 0.0
8 98S 0.00 0.00 189.0 0.1793 0.020 18.0 0.0 0.0
9 99S 0.00 0.00 438.0 0.2457 0.020 18.0 0.0 0.0

10 60P 211.00 210.00 100.0 0.0100 0.013 12.0 0.0 0.0
11 65P 214.00 213.50 100.0 0.0050 0.013 24.0 0.0 0.0
12 69P 225.00 224.00 108.0 0.0093 0.013 36.0 0.0 0.0
13 90P 252.00 251.00 80.0 0.0125 0.013 24.0 0.0 0.0
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Type III 24-hr  25 yr 24 hr Rainfall=9.60"[2.3]  Final Model_Phase 2 (Case 3)
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Time span=0.00-48.00 hrs, dt=0.01 hrs, 4801 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

Reach routing by Stor-Ind+Trans method  -  Pond routing by Stor-Ind method

Runoff Area=0.306 ac   0.00% Impervious   Runoff Depth=7.01"Subcatchment 63S: 6a
   Flow Length=37'   Slope=0.2500 '/'   Tc=6.0 min   CN=79   Runoff=2.46 cfs  0.179 af

Runoff Area=0.328 ac   0.00% Impervious   Runoff Depth=6.38"Subcatchment 72S: 4a
   Flow Length=18'   Slope=0.2500 '/'   Tc=6.0 min   CN=74   Runoff=2.43 cfs  0.174 af

Runoff Area=15.830 ac   0.00% Impervious   Runoff Depth=6.38"Subcatchment 73S: 4b.1
   Flow Length=1,200'   Tc=7.7 min   CN=74   Runoff=110.71 cfs  8.414 af

Runoff Area=10.679 ac   0.00% Impervious   Runoff Depth=7.89"Subcatchment 74S: 4c
   Flow Length=1,002'   Tc=6.0 min   CN=86   Runoff=93.59 cfs  7.021 af

Runoff Area=6.396 ac   0.00% Impervious   Runoff Depth=7.89"Subcatchment 75S: 4d
   Flow Length=831'   Tc=6.0 min   CN=86   Runoff=56.06 cfs  4.205 af

Runoff Area=0.866 ac   0.00% Impervious   Runoff Depth=7.89"Subcatchment 76S: 4e
   Flow Length=71'   Slope=0.2500 '/'   Tc=6.0 min   CN=86   Runoff=7.59 cfs  0.569 af

Runoff Area=7.368 ac   0.00% Impervious   Runoff Depth=7.89"Subcatchment 83S: 5b
   Flow Length=1,001'   Tc=6.0 min   CN=86   Runoff=64.58 cfs  4.844 af

Runoff Area=1.322 ac   0.00% Impervious   Runoff Depth=7.89"Subcatchment 91S: 5c
   Flow Length=1,002'   Tc=6.0 min   CN=86   Runoff=11.59 cfs  0.869 af

Runoff Area=1.492 ac   0.00% Impervious   Runoff Depth=7.89"Subcatchment 92S: 5a
   Flow Length=81'   Slope=0.2500 '/'   Tc=6.0 min   CN=86   Runoff=13.08 cfs  0.981 af

Runoff Area=0.400 ac   0.00% Impervious   Runoff Depth=6.38"Subcatchment 93S: 3b
   Flow Length=80'   Slope=0.2500 '/'   Tc=6.0 min   CN=74   Runoff=2.97 cfs  0.213 af

Runoff Area=0.590 ac   0.00% Impervious   Runoff Depth=6.38"Subcatchment 94S: 3a
   Flow Length=85'   Slope=0.2500 '/'   Tc=6.0 min   CN=74   Runoff=4.37 cfs  0.314 af

Runoff Area=5.760 ac   0.00% Impervious   Runoff Depth=6.38"Subcatchment 95S: 3c
   Flow Length=980'   Tc=6.0 min   CN=74   Runoff=42.71 cfs  3.062 af

Runoff Area=1.359 ac   100.00% Impervious   Runoff Depth=9.36"Subcatchment 96S: Pond 3 Drainage Area
   Tc=6.0 min   CN=98   Runoff=12.82 cfs  1.060 af

Runoff Area=12.080 ac   0.00% Impervious   Runoff Depth=6.38"Subcatchment 97S: 6c
   Flow Length=1,019'   Tc=7.1 min   CN=74   Runoff=86.19 cfs  6.421 af

Runoff Area=3.837 ac   0.00% Impervious   Runoff Depth=6.38"Subcatchment 98S: 6d
   Flow Length=575'   Tc=6.0 min   CN=74   Runoff=28.45 cfs  2.040 af

Runoff Area=6.380 ac   0.00% Impervious   Runoff Depth=7.01"Subcatchment 99S: 6b
   Flow Length=837'   Tc=6.0 min   CN=79   Runoff=51.29 cfs  3.728 af
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Type III 24-hr  25 yr 24 hr Rainfall=9.60"[2.3]  Final Model_Phase 2 (Case 3)
  Printed  1/18/2017Prepared by {enter your company name here}
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Runoff Area=0.932 ac   0.00% Impervious   Runoff Depth=6.38"Subcatchment 100S: 6e
   Flow Length=79'   Slope=0.2500 '/'   Tc=6.0 min   CN=74   Runoff=6.91 cfs  0.495 af

Runoff Area=4.653 ac   100.00% Impervious   Runoff Depth=9.36"Subcatchment 101S: Pond 6 Drainage Area
   Tc=6.0 min   CN=98   Runoff=43.89 cfs  3.629 af

Runoff Area=0.470 ac   0.00% Impervious   Runoff Depth=6.38"Subcatchment 102S: 4b.2
   Flow Length=47'   Slope=0.2500 '/'   Tc=6.0 min   CN=74   Runoff=3.48 cfs  0.250 af

Runoff Area=2.810 ac   100.00% Impervious   Runoff Depth=9.36"Subcatchment 103S: Pond 4 Drainage Area
   Tc=6.0 min   CN=98   Runoff=26.50 cfs  2.192 af

Runoff Area=2.278 ac   100.00% Impervious   Runoff Depth=9.36"Subcatchment 104S: Pond 6 Drainage Area
   Tc=6.0 min   CN=98   Runoff=21.49 cfs  1.777 af

Avg. Flow Depth=1.10'   Max Vel=4.98 fps   Inflow=53.75 cfs  3.907 afReach 102R: D.2 - D.3
n=0.027   L=230.0'   S=0.0100 '/'   Capacity=242.37 cfs   Outflow=53.34 cfs  3.907 af

Peak Elev=216.38'  Storage=4.183 af   Inflow=62.86 cfs  4.648 afPond 60P: Pond 3
   Outflow=0.49 cfs  1.366 af

Peak Elev=219.87'  Storage=13.261 af   Inflow=217.34 cfs  16.492 afPond 65P: Pond 6
   Outflow=6.48 cfs  4.934 af

Peak Elev=231.51'  Storage=9.128 af   Inflow=297.64 cfs  22.826 afPond 69P: Pond 4
36.0"  Round Culvert  n=0.013  L=108.0'  S=0.0093 '/'   Outflow=60.15 cfs  22.736 af

   Inflow=116.43 cfs  8.838 afPond 78P: C-6
   Primary=116.43 cfs  8.838 af

   Inflow=157.24 cfs  11.796 afPond 80P: C-7
   Primary=157.24 cfs  11.796 af

   Inflow=89.24 cfs  6.694 afPond 87P: C-8
   Primary=89.24 cfs  6.694 af

Peak Elev=257.04'  Storage=4.289 af   Inflow=110.72 cfs  8.471 afPond 90P: Pond 5
   Outflow=24.00 cfs  6.978 af

   Inflow=50.05 cfs  3.588 afPond 93P: C-10
   Primary=50.05 cfs  3.588 af

   Inflow=174.19 cfs  12.863 afPond 101P: C-9
   Primary=174.19 cfs  12.863 af

Total Runoff Area = 86.136 ac   Runoff Volume = 52.437 af   Average Runoff Depth = 7.31"
87.11% Pervious = 75.036 ac     12.89% Impervious = 11.100 ac
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Summary for Subcatchment 63S: 6a

Runoff = 2.46 cfs @ 12.09 hrs,  Volume= 0.179 af,  Depth= 7.01"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  25 yr 24 hr Rainfall=9.60"

Area (ac) CN Description
* 0.306 79 Pasture/grassland/range, Good, HSG C

0.306 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

1.1 37 0.2500 0.54 Sheet Flow, 
   n= 0.136   P2= 5.40"

1.1 37 Total,  Increased to minimum Tc = 6.0 min

Subcatchment 63S: 6a

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420

Fl
ow

  (
cf

s)

2

1

0

Type III 24-hr
25 yr 24 hr Rainfall=9.60"

Runoff Area=0.306 ac
Runoff Volume=0.179 af

Runoff Depth=7.01"
Flow Length=37'
Slope=0.2500 '/'

Tc=6.0 min
CN=79

2.46 cfs
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Summary for Subcatchment 72S: 4a

Runoff = 2.43 cfs @ 12.09 hrs,  Volume= 0.174 af,  Depth= 6.38"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  25 yr 24 hr Rainfall=9.60"

Area (ac) CN Description
0.328 74 Pasture/grassland/range, Good, HSG C
0.328 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

0.6 18 0.2500 0.47 Sheet Flow, 
   n= 0.136   P2= 5.40"

0.6 18 Total,  Increased to minimum Tc = 6.0 min

Subcatchment 72S: 4a

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420

Fl
ow

  (
cf

s)

2

1

0

Type III 24-hr
25 yr 24 hr Rainfall=9.60"

Runoff Area=0.328 ac
Runoff Volume=0.174 af

Runoff Depth=6.38"
Flow Length=18'
Slope=0.2500 '/'

Tc=6.0 min
CN=74

2.43 cfs
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Summary for Subcatchment 73S: 4b.1

Runoff = 110.71 cfs @ 12.11 hrs,  Volume= 8.414 af,  Depth= 6.38"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  25 yr 24 hr Rainfall=9.60"

Area (ac) CN Description
15.830 74 Pasture/grassland/range, Good, HSG C
15.830 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

6.6 187 0.0802 0.47 Sheet Flow, 
   n= 0.136   P2= 5.40"

0.4 200 0.0200 7.57 50.71 Channel Flow, SSDT Flow
Area= 6.7 sf  Perim= 9.5'  r= 0.71'
n= 0.022  Earth, clean & straight

0.7 813 0.2424 19.02 33.62 Pipe Channel, DDP Flow
18.0"  Round  Area= 1.8 sf  Perim= 4.7'  r= 0.38'
n= 0.020  

7.7 1,200 Total

Subcatchment 73S: 4b.1

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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Type III 24-hr
25 yr 24 hr Rainfall=9.60"

Runoff Area=15.830 ac
Runoff Volume=8.414 af

Runoff Depth=6.38"
Flow Length=1,200'

Tc=7.7 min
CN=74

110.71 cfs
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Summary for Subcatchment 74S: 4c

Runoff = 93.59 cfs @ 12.08 hrs,  Volume= 7.021 af,  Depth= 7.89"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  25 yr 24 hr Rainfall=9.60"

Area (ac) CN Description
* 10.679 86 Pasture/grassland/range, Good, HSG C

10.679 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

1.4 107 0.1878 1.26 Sheet Flow, 
   n= 0.053   P2= 5.40"

0.7 301 0.0200 7.57 50.71 Channel Flow, SSDT Flow
Area= 6.7 sf  Perim= 9.5'  r= 0.71'
n= 0.022  Earth, clean & straight

0.5 594 0.2424 19.02 33.62 Pipe Channel, DDP Flow
18.0"  Round  Area= 1.8 sf  Perim= 4.7'  r= 0.38'
n= 0.020  

2.6 1,002 Total,  Increased to minimum Tc = 6.0 min

Subcatchment 74S: 4c

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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Type III 24-hr
25 yr 24 hr Rainfall=9.60"

Runoff Area=10.679 ac
Runoff Volume=7.021 af

Runoff Depth=7.89"
Flow Length=1,002'

Tc=6.0 min
CN=86

93.59 cfs
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Summary for Subcatchment 75S: 4d

Runoff = 56.06 cfs @ 12.08 hrs,  Volume= 4.205 af,  Depth= 7.89"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  25 yr 24 hr Rainfall=9.60"

Area (ac) CN Description
* 6.396 86 Pasture/grassland/range, Good, HSG C

6.396 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

1.5 67 0.0598 0.73 Sheet Flow, 
   n= 0.053   P2= 5.40"

0.5 224 0.0200 7.57 50.71 Channel Flow, SSDT Flow
Area= 6.7 sf  Perim= 9.5'  r= 0.71'
n= 0.022  Earth, clean & straight

0.5 540 0.1954 17.08 30.18 Pipe Channel, DDP Flow
18.0"  Round  Area= 1.8 sf  Perim= 4.7'  r= 0.38'
n= 0.020  

2.5 831 Total,  Increased to minimum Tc = 6.0 min

Subcatchment 75S: 4d

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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Type III 24-hr
25 yr 24 hr Rainfall=9.60"

Runoff Area=6.396 ac
Runoff Volume=4.205 af

Runoff Depth=7.89"
Flow Length=831'

Tc=6.0 min
CN=86

56.06 cfs
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Summary for Subcatchment 76S: 4e

Runoff = 7.59 cfs @ 12.08 hrs,  Volume= 0.569 af,  Depth= 7.89"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  25 yr 24 hr Rainfall=9.60"

Area (ac) CN Description
* 0.866 86 Pasture/grassland/range, Good, HSG C

0.866 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

0.9 71 0.2500 1.25 Sheet Flow, 
   n= 0.056   P2= 5.40"

0.9 71 Total,  Increased to minimum Tc = 6.0 min

Subcatchment 76S: 4e

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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Type III 24-hr
25 yr 24 hr Rainfall=9.60"

Runoff Area=0.866 ac
Runoff Volume=0.569 af

Runoff Depth=7.89"
Flow Length=71'
Slope=0.2500 '/'

Tc=6.0 min
CN=86

7.59 cfs
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Summary for Subcatchment 83S: 5b

Runoff = 64.58 cfs @ 12.08 hrs,  Volume= 4.844 af,  Depth= 7.89"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  25 yr 24 hr Rainfall=9.60"

Area (ac) CN Description
* 7.368 86 Pasture/grassland/range, Good, HSG C

7.368 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

1.3 102 0.1961 1.27 Sheet Flow, 
   n= 0.053   P2= 5.40"

1.0 462 0.0200 7.57 50.71 Channel Flow, SSDT Flow
Area= 6.7 sf  Perim= 9.5'  r= 0.71'
n= 0.022  Earth, clean & straight

0.4 437 0.2194 18.10 31.98 Pipe Channel, DDP Flow
18.0"  Round  Area= 1.8 sf  Perim= 4.7'  r= 0.38'
n= 0.020  

2.7 1,001 Total,  Increased to minimum Tc = 6.0 min

Subcatchment 83S: 5b

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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Type III 24-hr
25 yr 24 hr Rainfall=9.60"

Runoff Area=7.368 ac
Runoff Volume=4.844 af

Runoff Depth=7.89"
Flow Length=1,001'

Tc=6.0 min
CN=86

64.58 cfs
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Summary for Subcatchment 91S: 5c

Runoff = 11.59 cfs @ 12.08 hrs,  Volume= 0.869 af,  Depth= 7.89"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  25 yr 24 hr Rainfall=9.60"

Area (ac) CN Description
* 1.322 86 Pasture/grassland/range, Good, HSG C

1.322 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

1.4 107 0.1878 1.26 Sheet Flow, 
   n= 0.053   P2= 5.40"

0.7 301 0.0200 7.57 50.71 Channel Flow, SSDT Flow
Area= 6.7 sf  Perim= 9.5'  r= 0.71'
n= 0.022  Earth, clean & straight

0.5 594 0.2424 19.02 33.62 Pipe Channel, DDP Flow
18.0"  Round  Area= 1.8 sf  Perim= 4.7'  r= 0.38'
n= 0.020  

2.6 1,002 Total,  Increased to minimum Tc = 6.0 min

Subcatchment 91S: 5c

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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Type III 24-hr
25 yr 24 hr Rainfall=9.60"

Runoff Area=1.322 ac
Runoff Volume=0.869 af

Runoff Depth=7.89"
Flow Length=1,002'

Tc=6.0 min
CN=86

11.59 cfs

Page No. 108



Type III 24-hr  25 yr 24 hr Rainfall=9.60"[2.3]  Final Model_Phase 2 (Case 3)
  Printed  1/18/2017Prepared by {enter your company name here}

Page 17HydroCAD® 10.00-15  s/n 02233  © 2015 HydroCAD Software Solutions LLC

Summary for Subcatchment 92S: 5a

Runoff = 13.08 cfs @ 12.08 hrs,  Volume= 0.981 af,  Depth= 7.89"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  25 yr 24 hr Rainfall=9.60"

Area (ac) CN Description
* 1.492 86 Pasture/grassland/range, Good, HSG C

1.492 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

1.0 81 0.2500 1.34 Sheet Flow, 
   n= 0.053   P2= 5.40"

1.0 81 Total,  Increased to minimum Tc = 6.0 min

Subcatchment 92S: 5a

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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Type III 24-hr
25 yr 24 hr Rainfall=9.60"

Runoff Area=1.492 ac
Runoff Volume=0.981 af

Runoff Depth=7.89"
Flow Length=81'
Slope=0.2500 '/'

Tc=6.0 min
CN=86

13.08 cfs
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Summary for Subcatchment 93S: 3b

Runoff = 2.97 cfs @ 12.09 hrs,  Volume= 0.213 af,  Depth= 6.38"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  25 yr 24 hr Rainfall=9.60"

Area (ac) CN Description
* 0.400 74 Pasture/grassland/range, Good, HSG C

0.400 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

2.1 80 0.2500 0.63 Sheet Flow, 
   n= 0.136   P2= 5.40"

2.1 80 Total,  Increased to minimum Tc = 6.0 min

Subcatchment 93S: 3b

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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Type III 24-hr
25 yr 24 hr Rainfall=9.60"

Runoff Area=0.400 ac
Runoff Volume=0.213 af

Runoff Depth=6.38"
Flow Length=80'
Slope=0.2500 '/'

Tc=6.0 min
CN=74

2.97 cfs
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Summary for Subcatchment 94S: 3a

Runoff = 4.37 cfs @ 12.09 hrs,  Volume= 0.314 af,  Depth= 6.38"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  25 yr 24 hr Rainfall=9.60"

Area (ac) CN Description
* 0.590 74 Pasture/grassland/range, Good, HSG C

0.590 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

2.2 85 0.2500 0.64 Sheet Flow, 
   n= 0.136   P2= 5.40"

2.2 85 Total,  Increased to minimum Tc = 6.0 min

Subcatchment 94S: 3a

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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Type III 24-hr
25 yr 24 hr Rainfall=9.60"

Runoff Area=0.590 ac
Runoff Volume=0.314 af

Runoff Depth=6.38"
Flow Length=85'
Slope=0.2500 '/'

Tc=6.0 min
CN=74

4.37 cfs
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Summary for Subcatchment 95S: 3c

Runoff = 42.71 cfs @ 12.09 hrs,  Volume= 3.062 af,  Depth= 6.38"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  25 yr 24 hr Rainfall=9.60"

Area (ac) CN Description
* 5.760 74 Pasture/grassland/range, Good, HSG C

5.760 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

2.1 80 0.2500 0.63 Sheet Flow, 
   n= 0.136   P2= 5.40"

0.5 245 0.0204 7.64 51.21 Channel Flow, SSDT Flow
Area= 6.7 sf  Perim= 9.5'  r= 0.71'
n= 0.022  Earth, clean & straight

0.6 655 0.2366 18.79 33.21 Pipe Channel, DDP Flow
18.0"  Round  Area= 1.8 sf  Perim= 4.7'  r= 0.38'
n= 0.020  

3.2 980 Total,  Increased to minimum Tc = 6.0 min

Subcatchment 95S: 3c

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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Type III 24-hr
25 yr 24 hr Rainfall=9.60"

Runoff Area=5.760 ac
Runoff Volume=3.062 af

Runoff Depth=6.38"
Flow Length=980'

Tc=6.0 min
CN=74

42.71 cfs
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Summary for Subcatchment 96S: Pond 3 Drainage Area

Runoff = 12.82 cfs @ 12.08 hrs,  Volume= 1.060 af,  Depth= 9.36"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  25 yr 24 hr Rainfall=9.60"

Area (ac) CN Description
1.359 98 Water Surface, HSG A
1.359 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

6.0 Direct Entry, 

Subcatchment 96S: Pond 3 Drainage Area

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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Type III 24-hr
25 yr 24 hr Rainfall=9.60"

Runoff Area=1.359 ac
Runoff Volume=1.060 af

Runoff Depth=9.36"
Tc=6.0 min

CN=98

12.82 cfs
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Summary for Subcatchment 97S: 6c

Runoff = 86.19 cfs @ 12.10 hrs,  Volume= 6.421 af,  Depth= 6.38"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  25 yr 24 hr Rainfall=9.60"

Area (ac) CN Description
12.080 74 Pasture/grassland/range, Good, HSG C
12.080 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

6.3 180 0.0833 0.48 Sheet Flow, 
   n= 0.136   P2= 5.40"

0.2 113 0.0199 7.55 50.58 Channel Flow, SSDT Flow
Area= 6.7 sf  Perim= 9.5'  r= 0.71'
n= 0.022  Earth, clean & straight

0.6 726 0.2449 19.12 33.79 Pipe Channel, DDP Flow
18.0"  Round  Area= 1.8 sf  Perim= 4.7'  r= 0.38'
n= 0.020  

7.1 1,019 Total

Subcatchment 97S: 6c

Runoff

Hydrograph

Time  (hours)
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Type III 24-hr
25 yr 24 hr Rainfall=9.60"

Runoff Area=12.080 ac
Runoff Volume=6.421 af

Runoff Depth=6.38"
Flow Length=1,019'

Tc=7.1 min
CN=74

86.19 cfs
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Summary for Subcatchment 98S: 6d

Runoff = 28.45 cfs @ 12.09 hrs,  Volume= 2.040 af,  Depth= 6.38"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  25 yr 24 hr Rainfall=9.60"

Area (ac) CN Description
3.837 74 Pasture/grassland/range, Good, HSG C
3.837 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

2.1 80 0.2500 0.63 Sheet Flow, 
   n= 0.136   P2= 5.40"

0.7 306 0.0200 7.57 50.71 Channel Flow, SSDT Flow
Area= 6.7 sf  Perim= 9.5'  r= 0.71'
n= 0.022  Earth, clean & straight

0.2 189 0.1793 16.36 28.91 Pipe Channel, DDP Flow
18.0"  Round  Area= 1.8 sf  Perim= 4.7'  r= 0.38'
n= 0.020  

3.0 575 Total,  Increased to minimum Tc = 6.0 min

Subcatchment 98S: 6d

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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Type III 24-hr
25 yr 24 hr Rainfall=9.60"

Runoff Area=3.837 ac
Runoff Volume=2.040 af

Runoff Depth=6.38"
Flow Length=575'

Tc=6.0 min
CN=74

28.45 cfs
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Summary for Subcatchment 99S: 6b

Runoff = 51.29 cfs @ 12.09 hrs,  Volume= 3.728 af,  Depth= 7.01"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  25 yr 24 hr Rainfall=9.60"

Area (ac) CN Description
* 6.380 79 Pasture/grassland/range, Good, HSG C

6.380 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

2.2 81 0.2480 0.63 Sheet Flow, 
   n= 0.136   P2= 5.40"

0.7 318 0.0200 7.57 50.71 Channel Flow, SSDT Flow
Area= 6.7 sf  Perim= 9.5'  r= 0.71'
n= 0.022  Earth, clean & straight

0.4 438 0.2457 19.15 33.84 Pipe Channel, DDP Flow
18.0"  Round  Area= 1.8 sf  Perim= 4.7'  r= 0.38'
n= 0.020  

3.3 837 Total,  Increased to minimum Tc = 6.0 min

Subcatchment 99S: 6b

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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Type III 24-hr
25 yr 24 hr Rainfall=9.60"

Runoff Area=6.380 ac
Runoff Volume=3.728 af

Runoff Depth=7.01"
Flow Length=837'

Tc=6.0 min
CN=79

51.29 cfs
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Summary for Subcatchment 100S: 6e

Runoff = 6.91 cfs @ 12.09 hrs,  Volume= 0.495 af,  Depth= 6.38"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  25 yr 24 hr Rainfall=9.60"

Area (ac) CN Description
0.932 74 Pasture/grassland/range, Good, HSG C
0.932 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

2.1 79 0.2500 0.63 Sheet Flow, 
   n= 0.136   P2= 5.40"

2.1 79 Total,  Increased to minimum Tc = 6.0 min

Subcatchment 100S: 6e

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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Type III 24-hr
25 yr 24 hr Rainfall=9.60"

Runoff Area=0.932 ac
Runoff Volume=0.495 af

Runoff Depth=6.38"
Flow Length=79'
Slope=0.2500 '/'

Tc=6.0 min
CN=74

6.91 cfs
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Summary for Subcatchment 101S: Pond 6 Drainage Area

Runoff = 43.89 cfs @ 12.08 hrs,  Volume= 3.629 af,  Depth= 9.36"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  25 yr 24 hr Rainfall=9.60"

Area (ac) CN Description
4.653 98 Water Surface, HSG A
4.653 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

6.0 Direct Entry, 

Subcatchment 101S: Pond 6 Drainage Area

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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Type III 24-hr
25 yr 24 hr Rainfall=9.60"

Runoff Area=4.653 ac
Runoff Volume=3.629 af

Runoff Depth=9.36"
Tc=6.0 min

CN=98

43.89 cfs
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Summary for Subcatchment 102S: 4b.2

Runoff = 3.48 cfs @ 12.09 hrs,  Volume= 0.250 af,  Depth= 6.38"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  25 yr 24 hr Rainfall=9.60"

Area (ac) CN Description
0.470 74 Pasture/grassland/range, Good, HSG C
0.470 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

1.4 47 0.2500 0.56 Sheet Flow, 
   n= 0.136   P2= 5.40"

1.4 47 Total,  Increased to minimum Tc = 6.0 min

Subcatchment 102S: 4b.2

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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Type III 24-hr
25 yr 24 hr Rainfall=9.60"

Runoff Area=0.470 ac
Runoff Volume=0.250 af

Runoff Depth=6.38"
Flow Length=47'
Slope=0.2500 '/'

Tc=6.0 min
CN=74

3.48 cfs
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Summary for Subcatchment 103S: Pond 4 Drainage Area

Runoff = 26.50 cfs @ 12.08 hrs,  Volume= 2.192 af,  Depth= 9.36"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  25 yr 24 hr Rainfall=9.60"

Area (ac) CN Description
2.810 98 Water Surface, HSG A
2.810 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

6.0 Direct Entry, 

Subcatchment 103S: Pond 4 Drainage Area

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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Type III 24-hr
25 yr 24 hr Rainfall=9.60"

Runoff Area=2.810 ac
Runoff Volume=2.192 af

Runoff Depth=9.36"
Tc=6.0 min

CN=98

26.50 cfs
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Summary for Subcatchment 104S: Pond 6 Drainage Area

Runoff = 21.49 cfs @ 12.08 hrs,  Volume= 1.777 af,  Depth= 9.36"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  25 yr 24 hr Rainfall=9.60"

Area (ac) CN Description
2.278 98 Water Surface, HSG A
2.278 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

6.0 Direct Entry, 

Subcatchment 104S: Pond 6 Drainage Area

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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Type III 24-hr
25 yr 24 hr Rainfall=9.60"

Runoff Area=2.278 ac
Runoff Volume=1.777 af

Runoff Depth=9.36"
Tc=6.0 min

CN=98

21.49 cfs
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Summary for Reach 102R: D.2 - D.3

Inflow Area = 6.686 ac, 0.00% Impervious,  Inflow Depth = 7.01"    for  25 yr 24 hr event
Inflow = 53.75 cfs @ 12.09 hrs,  Volume= 3.907 af
Outflow = 53.34 cfs @ 12.11 hrs,  Volume= 3.907 af,  Atten= 1%,  Lag= 1.3 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Max. Velocity= 4.98 fps,  Min. Travel Time= 0.8 min
Avg. Velocity = 1.33 fps,  Avg. Travel Time= 2.9 min

Peak Storage= 2,465 cf @ 12.09 hrs
Average Depth at Peak Storage= 1.10'
Bank-Full Depth= 2.50'  Flow Area= 31.3 sf,  Capacity= 242.37 cfs

7.50'  x  2.50'  deep channel,  n= 0.027
Side Slope Z-value= 2.0 '/'   Top Width= 17.50'
Length= 230.0'   Slope= 0.0100 '/'
Inlet Invert= 226.09',  Outlet Invert= 223.79'

Reach 102R: D.2 - D.3
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Avg. Flow Depth=1.10'

Max Vel=4.98 fps
n=0.027
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Summary for Pond 60P: Pond 3

Inflow Area = 8.109 ac, 16.76% Impervious,  Inflow Depth = 6.88"    for  25 yr 24 hr event
Inflow = 62.86 cfs @ 12.09 hrs,  Volume= 4.648 af
Outflow = 0.49 cfs @ 24.06 hrs,  Volume= 1.366 af,  Atten= 99%,  Lag= 718.4 min
Primary = 0.49 cfs @ 24.06 hrs,  Volume= 1.366 af

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Peak Elev= 216.38' @ 24.06 hrs   Surf.Area= 0.899 ac   Storage= 4.183 af

Plug-Flow detention time= 1,149.9 min calculated for 1.366 af (29% of inflow)
Center-of-Mass det. time= 995.4 min ( 1,788.4 - 793.0 )

Volume Invert Avail.Storage Storage Description
#1 211.00' 6.719 af Custom Stage Data (Prismatic) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (acres) (acre-feet) (acre-feet)

211.00 0.634 0.000 0.000
212.00 0.728 0.681 0.681
214.00 0.777 1.505 2.186
215.00 0.827 0.802 2.988
216.00 0.879 0.853 3.841
217.00 0.932 0.906 4.746
218.00 0.986 0.959 5.705
219.00 1.042 1.014 6.719

Device Routing     Invert Outlet Devices
#1 Device 2 211.00' 0.5" Vert. grate (36" half-circle) X 32.00 columns   

X 6 rows with 3.0" cc spacing C= 0.600   
#2 Device 4 212.00' 3.0" Vert. 3" Pipe    C= 0.600   
#3 Device 4 216.50' 24.7" W x 6.0" H Vert. riser slits X 4.00    C= 0.600   
#4 Primary 211.00' 12.0"  Round 12" culvert   

L= 100.0'   CMP, projecting, no headwall,  Ke= 0.900   
Inlet / Outlet Invert= 211.00' / 210.00'   S= 0.0100 '/'   Cc= 0.900   
n= 0.013  Corrugated PE, smooth interior,  Flow Area= 0.79 sf   

#5 Primary 217.50' 143.1 deg x 20.0' long x 1.50' rise Sharp-Crested Vee/Trap Weir   
Cv= 2.47 (C= 3.09)   

Primary OutFlow  Max=0.49 cfs @ 24.06 hrs  HW=216.38'   (Free Discharge)
4=12" culvert  (Passes 0.49 cfs of 6.51 cfs potential flow)

2=3" Pipe  (Orifice Controls 0.49 cfs @ 9.94 fps)
1=grate (36" half-circle)  (Passes 0.49 cfs of 2.62 cfs potential flow)

3=riser slits  ( Controls 0.00 cfs)
5=Sharp-Crested Vee/Trap Weir  ( Controls 0.00 cfs)
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Pond 60P: Pond 3
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Summary for Pond 65P: Pond 6

Inflow Area = 28.188 ac, 16.51% Impervious,  Inflow Depth = 7.02"    for  25 yr 24 hr event
Inflow = 217.34 cfs @ 12.10 hrs,  Volume= 16.492 af
Outflow = 6.48 cfs @ 16.19 hrs,  Volume= 4.934 af,  Atten= 97%,  Lag= 245.9 min
Primary = 6.48 cfs @ 16.19 hrs,  Volume= 4.934 af

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Peak Elev= 219.87' @ 16.19 hrs   Surf.Area= 2.584 ac   Storage= 13.261 af

Plug-Flow detention time= 699.3 min calculated for 4.933 af (30% of inflow)
Center-of-Mass det. time= 545.6 min ( 1,337.7 - 792.1 )

Volume Invert Avail.Storage Storage Description
#1 214.00' 24.939 af Custom Stage Data (Prismatic) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (acres) (acre-feet) (acre-feet)

214.00 1.929 0.000 0.000
216.00 2.159 4.088 4.088
218.00 2.377 4.536 8.624
220.00 2.599 4.976 13.600
222.00 2.834 5.433 19.033
224.00 3.072 5.906 24.939

Device Routing     Invert Outlet Devices
#1 Device 2 214.00' 0.5" Vert. grate (36" half-circle) X 32.00 columns   

X 6 rows with 3.0" cc spacing C= 0.600   
#2 Device 4 215.00' 3.0" Vert. 3" Pipe    C= 0.600   
#3 Device 4 219.50' 24.7" W x 6.0" H Vert. riser slits X 4.00    C= 0.600   
#4 Primary 214.00' 24.0"  Round 24" culvert   

L= 100.0'   CMP, projecting, no headwall,  Ke= 0.900   
Inlet / Outlet Invert= 214.00' / 213.50'   S= 0.0050 '/'   Cc= 0.900   
n= 0.013  Corrugated PE, smooth interior,  Flow Area= 3.14 sf   

#5 Primary 221.00' 157.4 deg x 20.0' long x 3.00' rise Sharp-Crested Vee/Trap Weir   
Cv= 2.47 (C= 3.09)   

Primary OutFlow  Max=6.44 cfs @ 16.19 hrs  HW=219.87'   (Free Discharge)
4=24" culvert  (Passes 6.44 cfs of 26.35 cfs potential flow)

2=3" Pipe  (Orifice Controls 0.51 cfs @ 10.49 fps)
1=grate (36" half-circle)  (Passes 0.51 cfs of 2.77 cfs potential flow)

3=riser slits  (Orifice Controls 5.93 cfs @ 1.95 fps)
5=Sharp-Crested Vee/Trap Weir  ( Controls 0.00 cfs)
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Pond 65P: Pond 6
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Summary for Pond 69P: Pond 4

Inflow Area = 37.379 ac, 7.52% Impervious,  Inflow Depth = 7.33"    for  25 yr 24 hr event
Inflow = 297.64 cfs @ 12.09 hrs,  Volume= 22.826 af
Outflow = 60.15 cfs @ 12.53 hrs,  Volume= 22.736 af,  Atten= 80%,  Lag= 26.4 min
Primary = 60.15 cfs @ 12.53 hrs,  Volume= 22.736 af

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Peak Elev= 231.51' @ 12.53 hrs   Surf.Area= 1.651 ac   Storage= 9.128 af

Plug-Flow detention time= 117.1 min calculated for 22.736 af (100% of inflow)
Center-of-Mass det. time= 114.6 min ( 903.4 - 788.9 )

Volume Invert Avail.Storage Storage Description
#1 225.00' 21.581 af Custom Stage Data (Prismatic) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (acres) (acre-feet) (acre-feet)

225.00 1.164 0.000 0.000
226.00 1.234 1.199 1.199
227.00 1.306 1.270 2.469
228.00 1.380 1.343 3.812
229.00 1.455 1.418 5.230
230.00 1.532 1.493 6.723
231.00 1.610 1.571 8.294
232.00 1.690 1.650 9.944
233.00 1.771 1.730 11.674
234.00 1.853 1.812 13.486
235.00 1.937 1.895 15.381
236.00 2.023 1.980 17.361
237.00 2.109 2.066 19.427
238.00 2.198 2.153 21.581

Device Routing     Invert Outlet Devices
#1 Primary 225.00' 36.0"  Round 36" culvert   

L= 108.0'   CMP, projecting, no headwall,  Ke= 0.900   
Inlet / Outlet Invert= 225.00' / 224.00'   S= 0.0093 '/'   Cc= 0.900   
n= 0.013  Corrugated PE, smooth interior,  Flow Area= 7.07 sf   

Primary OutFlow  Max=60.15 cfs @ 12.53 hrs  HW=231.51'   (Free Discharge)
1=36" culvert  (Inlet Controls 60.15 cfs @ 8.51 fps)
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Pond 69P: Pond 4
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Summary for Pond 78P: C-6

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 16.628 ac, 0.00% Impervious,  Inflow Depth = 6.38"    for  25 yr 24 hr event
Inflow = 116.43 cfs @ 12.11 hrs,  Volume= 8.838 af
Primary = 116.43 cfs @ 12.11 hrs,  Volume= 8.838 af,  Atten= 0%,  Lag= 0.0 min

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs

Pond 78P: C-6
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Summary for Pond 80P: C-7

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 17.941 ac, 0.00% Impervious,  Inflow Depth = 7.89"    for  25 yr 24 hr event
Inflow = 157.24 cfs @ 12.08 hrs,  Volume= 11.796 af
Primary = 157.24 cfs @ 12.08 hrs,  Volume= 11.796 af,  Atten= 0%,  Lag= 0.0 min

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs

Pond 80P: C-7
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Summary for Pond 87P: C-8

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 10.182 ac, 0.00% Impervious,  Inflow Depth = 7.89"    for  25 yr 24 hr event
Inflow = 89.24 cfs @ 12.08 hrs,  Volume= 6.694 af
Primary = 89.24 cfs @ 12.08 hrs,  Volume= 6.694 af,  Atten= 0%,  Lag= 0.0 min

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs

Pond 87P: C-8
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Summary for Pond 90P: Pond 5

Inflow Area = 12.460 ac, 18.28% Impervious,  Inflow Depth = 8.16"    for  25 yr 24 hr event
Inflow = 110.72 cfs @ 12.08 hrs,  Volume= 8.471 af
Outflow = 24.00 cfs @ 12.49 hrs,  Volume= 6.978 af,  Atten= 78%,  Lag= 24.6 min
Primary = 24.00 cfs @ 12.49 hrs,  Volume= 6.978 af

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Peak Elev= 257.04' @ 12.49 hrs   Surf.Area= 1.003 ac   Storage= 4.289 af

Plug-Flow detention time= 263.0 min calculated for 6.977 af (82% of inflow)
Center-of-Mass det. time= 192.6 min ( 965.6 - 772.9 )

Volume Invert Avail.Storage Storage Description
#1 252.00' 5.284 af Custom Stage Data (Prismatic) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (acres) (acre-feet) (acre-feet)

252.00 0.706 0.000 0.000
254.00 0.819 1.525 1.525
256.00 0.938 1.757 3.282
258.00 1.064 2.002 5.284

Device Routing     Invert Outlet Devices
#1 Device 2 252.00' 0.5" Vert. grate (36" half-circle) X 32.00 columns   

X 6 rows with 3.0" cc spacing C= 0.600   
#2 Device 4 253.00' 3.0" Vert. 3" Pipe    C= 0.600   
#3 Device 4 254.50' 24.7" W x 6.0" H Vert. riser slits X 4.00    C= 0.600   
#4 Primary 252.00' 24.0"  Round 24" culvert   

L= 80.0'   CMP, projecting, no headwall,  Ke= 0.900   
Inlet / Outlet Invert= 252.00' / 251.00'   S= 0.0125 '/'   Cc= 0.900   
n= 0.013  Corrugated PE, smooth interior,  Flow Area= 3.14 sf   

#5 Primary 257.00' 143.1 deg x 1.00' rise Sharp-Crested Vee/Trap Weir   
Cv= 2.47 (C= 3.09)   

Primary OutFlow  Max=24.00 cfs @ 12.49 hrs  HW=257.04'   (Free Discharge)
4=24" culvert  (Inlet Controls 24.00 cfs @ 7.64 fps)

2=3" Pipe  (Passes < 0.47 cfs potential flow)
1=grate (36" half-circle)  (Passes < 2.52 cfs potential flow)

3=riser slits  (Passes < 29.96 cfs potential flow)
5=Sharp-Crested Vee/Trap Weir  (Weir Controls 0.00 cfs @ 0.48 fps)
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Pond 90P: Pond 5
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Summary for Pond 93P: C-10

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 6.750 ac, 0.00% Impervious,  Inflow Depth = 6.38"    for  25 yr 24 hr event
Inflow = 50.05 cfs @ 12.09 hrs,  Volume= 3.588 af
Primary = 50.05 cfs @ 12.09 hrs,  Volume= 3.588 af,  Atten= 0%,  Lag= 0.0 min

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs

Pond 93P: C-10

Inflow
Primary

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420

Fl
ow

  (
cf

s)

55

50

45

40

35

30

25

20

15

10

5

0

Inflow Area=6.750 ac
50.05 cfs

50.05 cfs

Page No. 134



Type III 24-hr  25 yr 24 hr Rainfall=9.60"[2.3]  Final Model_Phase 2 (Case 3)
  Printed  1/18/2017Prepared by {enter your company name here}

Page 43HydroCAD® 10.00-15  s/n 02233  © 2015 HydroCAD Software Solutions LLC

Summary for Pond 101P: C-9

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 23.535 ac, 0.00% Impervious,  Inflow Depth = 6.56"    for  25 yr 24 hr event
Inflow = 174.19 cfs @ 12.10 hrs,  Volume= 12.863 af
Primary = 174.19 cfs @ 12.10 hrs,  Volume= 12.863 af,  Atten= 0%,  Lag= 0.0 min

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
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HydroCAD Output – Case 4
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Routing Diagram for [2.4]  Final Model_Phase 2 (Case 4)
Prepared by {enter your company name here},  Printed 1/18/2017
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Subcat Reach Pond Link
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Area Listing (all nodes)

Area
(acres)

CN Description
(subcatchment-numbers)

75.039 74 Pasture/grassland/range, Good, HSG C  (63S, 72S, 73S, 74S, 75S, 76S, 83S, 91S, 
92S, 93S, 94S, 95S, 97S, 98S, 99S, 100S, 102S)

11.100 98 Water Surface, HSG A  (96S, 101S, 103S, 104S)
86.139 77 TOTAL AREA
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Soil Listing (all nodes)

Area
(acres)

Soil
Group

Subcatchment
Numbers

11.100 HSG A 96S, 101S, 103S, 104S
0.000 HSG B

75.039 HSG C 63S, 72S, 73S, 74S, 75S, 76S, 83S, 91S, 92S, 93S, 94S, 95S, 97S, 98S, 99S, 
100S, 102S

0.000 HSG D
0.000 Other

86.139 TOTAL AREA
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Ground Covers (all nodes)

HSG-A
(acres)

HSG-B
(acres)

HSG-C
(acres)

HSG-D
(acres)

Other
(acres)

Total
(acres)

Ground
Cover

Subcatchment
Numbers

0.000 0.000 75.039 0.000 0.000 75.039 Pasture/grassland/range, Good 63S
, 
72S
, 
73S
, 
74S
, 
75S
, 
76S
, 
83S
, 
91S
, 
92S
, 
93S
, 
94S
, 
95S
, 
97S
, 
98S
, 
99S
, 
100
S, 
102
S

11.100 0.000 0.000 0.000 0.000 11.100 Water Surface 96S
, 
101
S, 
103
S, 
104
S
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Ground Covers (all nodes) (continued)

HSG-A
(acres)

HSG-B
(acres)

HSG-C
(acres)

HSG-D
(acres)

Other
(acres)

Total
(acres)

Ground
Cover

Subcatchment
Numbers

11.100 0.000 75.039 0.000 0.000 86.139 TOTAL AREA
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Pipe Listing (all nodes)

Line# Node
Number

In-Invert
(feet)

Out-Invert
(feet)

Length
(feet)

Slope
(ft/ft)

n Diam/Width
(inches)

Height
(inches)

Inside-Fill
(inches)

1 73S 0.00 0.00 813.0 0.2424 0.020 18.0 0.0 0.0
2 74S 0.00 0.00 594.0 0.2424 0.020 18.0 0.0 0.0
3 75S 0.00 0.00 540.0 0.1950 0.020 18.0 0.0 0.0
4 83S 0.00 0.00 437.0 0.2194 0.020 18.0 0.0 0.0
5 91S 0.00 0.00 594.0 0.2424 0.020 18.0 0.0 0.0
6 95S 0.00 0.00 655.0 0.2366 0.020 18.0 0.0 0.0
7 97S 0.00 0.00 726.0 0.2449 0.020 18.0 0.0 0.0
8 98S 0.00 0.00 189.0 0.1793 0.020 18.0 0.0 0.0
9 99S 0.00 0.00 438.0 0.2457 0.020 18.0 0.0 0.0

10 60P 211.00 210.00 100.0 0.0100 0.013 12.0 0.0 0.0
11 65P 214.00 213.50 100.0 0.0050 0.013 24.0 0.0 0.0
12 69P 225.00 224.00 108.0 0.0093 0.013 36.0 0.0 0.0
13 105P 252.00 251.00 80.0 0.0125 0.013 24.0 0.0 0.0
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Time span=0.00-48.00 hrs, dt=0.01 hrs, 4801 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

Reach routing by Stor-Ind+Trans method  -  Pond routing by Stor-Ind method

Runoff Area=0.306 ac   0.00% Impervious   Runoff Depth=6.38"Subcatchment 63S: 6a
   Flow Length=37'   Slope=0.2500 '/'   Tc=6.0 min   CN=74   Runoff=2.27 cfs  0.163 af

Runoff Area=0.328 ac   0.00% Impervious   Runoff Depth=6.38"Subcatchment 72S: 4a
   Flow Length=18'   Slope=0.2500 '/'   Tc=6.0 min   CN=74   Runoff=2.43 cfs  0.174 af

Runoff Area=15.830 ac   0.00% Impervious   Runoff Depth=6.38"Subcatchment 73S: 4b.1
   Flow Length=1,200'   Tc=7.7 min   CN=74   Runoff=110.71 cfs  8.414 af

Runoff Area=10.679 ac   0.00% Impervious   Runoff Depth=6.38"Subcatchment 74S: 4c
   Flow Length=1,002'   Tc=6.0 min   CN=74   Runoff=79.18 cfs  5.676 af

Runoff Area=6.396 ac   0.00% Impervious   Runoff Depth=6.38"Subcatchment 75S: 4d
   Flow Length=831'   Tc=6.0 min   CN=74   Runoff=47.43 cfs  3.400 af

Runoff Area=0.866 ac   0.00% Impervious   Runoff Depth=6.38"Subcatchment 76S: 4e
   Flow Length=71'   Slope=0.2500 '/'   Tc=6.0 min   CN=74   Runoff=6.42 cfs  0.460 af

Runoff Area=7.368 ac   0.00% Impervious   Runoff Depth=6.38"Subcatchment 83S: 5b
   Flow Length=1,001'   Tc=6.0 min   CN=74   Runoff=54.63 cfs  3.916 af

Runoff Area=1.322 ac   0.00% Impervious   Runoff Depth=6.38"Subcatchment 91S: 5c
   Flow Length=1,002'   Tc=6.0 min   CN=74   Runoff=9.80 cfs  0.703 af

Runoff Area=1.492 ac   0.00% Impervious   Runoff Depth=6.38"Subcatchment 92S: 5a
   Flow Length=81'   Slope=0.2500 '/'   Tc=6.0 min   CN=74   Runoff=11.06 cfs  0.793 af

Runoff Area=0.400 ac   0.00% Impervious   Runoff Depth=6.38"Subcatchment 93S: 3b
   Flow Length=80'   Slope=0.2500 '/'   Tc=6.0 min   CN=74   Runoff=2.97 cfs  0.213 af

Runoff Area=0.590 ac   0.00% Impervious   Runoff Depth=6.38"Subcatchment 94S: 3a
   Flow Length=85'   Slope=0.2500 '/'   Tc=6.0 min   CN=74   Runoff=4.37 cfs  0.314 af

Runoff Area=5.760 ac   0.00% Impervious   Runoff Depth=6.38"Subcatchment 95S: 3c
   Flow Length=980'   Tc=6.0 min   CN=74   Runoff=42.71 cfs  3.062 af

Runoff Area=1.359 ac   100.00% Impervious   Runoff Depth=9.36"Subcatchment 96S: Pond 3 Drainage Area
   Tc=6.0 min   CN=98   Runoff=12.82 cfs  1.060 af

Runoff Area=12.083 ac   0.00% Impervious   Runoff Depth=6.38"Subcatchment 97S: 6c
   Flow Length=1,019'   Tc=7.1 min   CN=74   Runoff=86.21 cfs  6.423 af

Runoff Area=3.837 ac   0.00% Impervious   Runoff Depth=6.38"Subcatchment 98S: 6d
   Flow Length=575'   Tc=6.0 min   CN=74   Runoff=28.45 cfs  2.040 af

Runoff Area=6.380 ac   0.00% Impervious   Runoff Depth=6.38"Subcatchment 99S: 6b
   Flow Length=837'   Tc=6.0 min   CN=74   Runoff=47.31 cfs  3.391 af
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Runoff Area=0.932 ac   0.00% Impervious   Runoff Depth=6.38"Subcatchment 100S: 6e
   Flow Length=79'   Slope=0.2500 '/'   Tc=6.0 min   CN=74   Runoff=6.91 cfs  0.495 af

Runoff Area=4.653 ac   100.00% Impervious   Runoff Depth=9.36"Subcatchment 101S: Pond 6 Drainage Area
   Tc=6.0 min   CN=98   Runoff=43.89 cfs  3.629 af

Runoff Area=0.470 ac   0.00% Impervious   Runoff Depth=6.38"Subcatchment 102S: 4b.2
   Flow Length=47'   Slope=0.2500 '/'   Tc=6.0 min   CN=74   Runoff=3.48 cfs  0.250 af

Runoff Area=2.810 ac   100.00% Impervious   Runoff Depth=9.36"Subcatchment 103S: Pond 4 Drainage Area
   Tc=6.0 min   CN=98   Runoff=26.50 cfs  2.192 af

Runoff Area=2.278 ac   100.00% Impervious   Runoff Depth=9.36"Subcatchment 104S: Pond 6 Drainage Area
   Tc=6.0 min   CN=98   Runoff=21.49 cfs  1.777 af

Avg. Flow Depth=1.05'   Max Vel=4.86 fps   Inflow=49.58 cfs  3.554 afReach 102R: D.2 - D.3
n=0.027   L=230.0'   S=0.0100 '/'   Capacity=242.37 cfs   Outflow=49.18 cfs  3.554 af

Peak Elev=216.38'  Storage=4.183 af   Inflow=62.86 cfs  4.648 afPond 60P: Pond 3
   Outflow=0.49 cfs  1.366 af

Peak Elev=219.84'  Storage=13.180 af   Inflow=213.09 cfs  16.140 afPond 65P: Pond 6
   Outflow=5.75 cfs  4.582 af

Peak Elev=230.96'  Storage=8.237 af   Inflow=273.91 cfs  20.566 afPond 69P: Pond 4
36.0"  Round Culvert  n=0.013  L=108.0'  S=0.0093 '/'   Outflow=56.77 cfs  20.477 af

   Inflow=116.43 cfs  8.838 afPond 78P: C-6
   Primary=116.43 cfs  8.838 af

   Inflow=75.50 cfs  5.412 afPond 87P: C-8
   Primary=75.50 cfs  5.412 af

   Inflow=50.05 cfs  3.588 afPond 93P: C-10
   Primary=50.05 cfs  3.588 af

   Inflow=169.97 cfs  12.511 afPond 101P: C-9
   Primary=169.97 cfs  12.511 af

Peak Elev=256.29'  Storage=3.554 af   Inflow=96.97 cfs  7.189 afPond 105P: Pond 5
   Outflow=21.65 cfs  5.697 af

   Inflow=133.03 cfs  9.536 afPond 106P: C-7
   Primary=133.03 cfs  9.536 af

Total Runoff Area = 86.139 ac   Runoff Volume = 48.544 af   Average Runoff Depth = 6.76"
87.11% Pervious = 75.039 ac     12.89% Impervious = 11.100 ac
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Summary for Subcatchment 63S: 6a

Runoff = 2.27 cfs @ 12.09 hrs,  Volume= 0.163 af,  Depth= 6.38"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  25 yr 24 hr Rainfall=9.60"

Area (ac) CN Description
* 0.306 74 Pasture/grassland/range, Good, HSG C

0.306 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

1.1 37 0.2500 0.54 Sheet Flow, 
   n= 0.136   P2= 5.40"

1.1 37 Total,  Increased to minimum Tc = 6.0 min

Subcatchment 63S: 6a

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420

Fl
ow

  (
cf

s)

2

1

0

Type III 24-hr
25 yr 24 hr Rainfall=9.60"

Runoff Area=0.306 ac
Runoff Volume=0.163 af

Runoff Depth=6.38"
Flow Length=37'
Slope=0.2500 '/'

Tc=6.0 min
CN=74

2.27 cfs
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Summary for Subcatchment 72S: 4a

Runoff = 2.43 cfs @ 12.09 hrs,  Volume= 0.174 af,  Depth= 6.38"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  25 yr 24 hr Rainfall=9.60"

Area (ac) CN Description
0.328 74 Pasture/grassland/range, Good, HSG C
0.328 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

0.6 18 0.2500 0.47 Sheet Flow, 
   n= 0.136   P2= 5.40"

0.6 18 Total,  Increased to minimum Tc = 6.0 min

Subcatchment 72S: 4a

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420

Fl
ow

  (
cf

s)

2

1

0

Type III 24-hr
25 yr 24 hr Rainfall=9.60"

Runoff Area=0.328 ac
Runoff Volume=0.174 af

Runoff Depth=6.38"
Flow Length=18'
Slope=0.2500 '/'

Tc=6.0 min
CN=74

2.43 cfs
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Summary for Subcatchment 73S: 4b.1

Runoff = 110.71 cfs @ 12.11 hrs,  Volume= 8.414 af,  Depth= 6.38"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  25 yr 24 hr Rainfall=9.60"

Area (ac) CN Description
15.830 74 Pasture/grassland/range, Good, HSG C
15.830 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

6.6 187 0.0802 0.47 Sheet Flow, 
   n= 0.136   P2= 5.40"

0.4 200 0.0200 7.57 50.71 Channel Flow, SSDT Flow
Area= 6.7 sf  Perim= 9.5'  r= 0.71'
n= 0.022  Earth, clean & straight

0.7 813 0.2424 19.02 33.62 Pipe Channel, DDP Flow
18.0"  Round  Area= 1.8 sf  Perim= 4.7'  r= 0.38'
n= 0.020  

7.7 1,200 Total

Subcatchment 73S: 4b.1

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420

Fl
ow

  (
cf

s)

120
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Type III 24-hr
25 yr 24 hr Rainfall=9.60"

Runoff Area=15.830 ac
Runoff Volume=8.414 af

Runoff Depth=6.38"
Flow Length=1,200'

Tc=7.7 min
CN=74

110.71 cfs
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Summary for Subcatchment 74S: 4c

Runoff = 79.18 cfs @ 12.09 hrs,  Volume= 5.676 af,  Depth= 6.38"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  25 yr 24 hr Rainfall=9.60"

Area (ac) CN Description
* 10.679 74 Pasture/grassland/range, Good, HSG C

10.679 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

3.0 107 0.1878 0.59 Sheet Flow, 
   n= 0.136   P2= 5.40"

0.7 301 0.0200 7.57 50.71 Channel Flow, SSDT Flow
Area= 6.7 sf  Perim= 9.5'  r= 0.71'
n= 0.022  Earth, clean & straight

0.5 594 0.2424 19.02 33.62 Pipe Channel, DDP Flow
18.0"  Round  Area= 1.8 sf  Perim= 4.7'  r= 0.38'
n= 0.020  

4.2 1,002 Total,  Increased to minimum Tc = 6.0 min

Subcatchment 74S: 4c

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420

Fl
ow

  (
cf

s)
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Type III 24-hr
25 yr 24 hr Rainfall=9.60"

Runoff Area=10.679 ac
Runoff Volume=5.676 af

Runoff Depth=6.38"
Flow Length=1,002'

Tc=6.0 min
CN=74

79.18 cfs
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Summary for Subcatchment 75S: 4d

Runoff = 47.43 cfs @ 12.09 hrs,  Volume= 3.400 af,  Depth= 6.38"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  25 yr 24 hr Rainfall=9.60"

Area (ac) CN Description
* 6.396 74 Pasture/grassland/range, Good, HSG C

6.396 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

3.3 67 0.0598 0.34 Sheet Flow, 
   n= 0.136   P2= 5.40"

0.5 224 0.0200 7.57 50.71 Channel Flow, SSDT Flow
Area= 6.7 sf  Perim= 9.5'  r= 0.71'
n= 0.022  Earth, clean & straight

0.5 540 0.1950 17.06 30.15 Pipe Channel, DDP Flow
18.0"  Round  Area= 1.8 sf  Perim= 4.7'  r= 0.38'
n= 0.020  

4.3 831 Total,  Increased to minimum Tc = 6.0 min

Subcatchment 75S: 4d

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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Type III 24-hr
25 yr 24 hr Rainfall=9.60"

Runoff Area=6.396 ac
Runoff Volume=3.400 af

Runoff Depth=6.38"
Flow Length=831'

Tc=6.0 min
CN=74

47.43 cfs
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Summary for Subcatchment 76S: 4e

Runoff = 6.42 cfs @ 12.09 hrs,  Volume= 0.460 af,  Depth= 6.38"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  25 yr 24 hr Rainfall=9.60"

Area (ac) CN Description
* 0.866 74 Pasture/grassland/range, Good, HSG C

0.866 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

1.9 71 0.2500 0.61 Sheet Flow, 
   n= 0.136   P2= 5.40"

1.9 71 Total,  Increased to minimum Tc = 6.0 min

Subcatchment 76S: 4e

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420

Fl
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Type III 24-hr
25 yr 24 hr Rainfall=9.60"

Runoff Area=0.866 ac
Runoff Volume=0.460 af

Runoff Depth=6.38"
Flow Length=71'
Slope=0.2500 '/'

Tc=6.0 min
CN=74

6.42 cfs
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Summary for Subcatchment 83S: 5b

Runoff = 54.63 cfs @ 12.09 hrs,  Volume= 3.916 af,  Depth= 6.38"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  25 yr 24 hr Rainfall=9.60"

Area (ac) CN Description
* 7.368 74 Pasture/grassland/range, Good, HSG C

7.368 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

2.8 102 0.1961 0.60 Sheet Flow, 
   n= 0.136   P2= 5.40"

1.0 462 0.0200 7.57 50.71 Channel Flow, SSDT Flow
Area= 6.7 sf  Perim= 9.5'  r= 0.71'
n= 0.022  Earth, clean & straight

0.4 437 0.2194 18.10 31.98 Pipe Channel, DDP Flow
18.0"  Round  Area= 1.8 sf  Perim= 4.7'  r= 0.38'
n= 0.020  

4.2 1,001 Total,  Increased to minimum Tc = 6.0 min

Subcatchment 83S: 5b

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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Type III 24-hr
25 yr 24 hr Rainfall=9.60"

Runoff Area=7.368 ac
Runoff Volume=3.916 af

Runoff Depth=6.38"
Flow Length=1,001'

Tc=6.0 min
CN=74

54.63 cfs
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Summary for Subcatchment 91S: 5c

Runoff = 9.80 cfs @ 12.09 hrs,  Volume= 0.703 af,  Depth= 6.38"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  25 yr 24 hr Rainfall=9.60"

Area (ac) CN Description
* 1.322 74 Pasture/grassland/range, Good, HSG C

1.322 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

3.0 107 0.1878 0.59 Sheet Flow, 
   n= 0.136   P2= 5.40"

0.7 301 0.0200 7.57 50.71 Channel Flow, SSDT Flow
Area= 6.7 sf  Perim= 9.5'  r= 0.71'
n= 0.022  Earth, clean & straight

0.5 594 0.2424 19.02 33.62 Pipe Channel, DDP Flow
18.0"  Round  Area= 1.8 sf  Perim= 4.7'  r= 0.38'
n= 0.020  

4.2 1,002 Total,  Increased to minimum Tc = 6.0 min

Subcatchment 91S: 5c

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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Type III 24-hr
25 yr 24 hr Rainfall=9.60"

Runoff Area=1.322 ac
Runoff Volume=0.703 af

Runoff Depth=6.38"
Flow Length=1,002'

Tc=6.0 min
CN=74

9.80 cfs
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Summary for Subcatchment 92S: 5a

Runoff = 11.06 cfs @ 12.09 hrs,  Volume= 0.793 af,  Depth= 6.38"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  25 yr 24 hr Rainfall=9.60"

Area (ac) CN Description
* 1.492 74 Pasture/grassland/range, Good, HSG C

1.492 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

2.1 81 0.2500 0.63 Sheet Flow, 
   n= 0.136   P2= 5.40"

2.1 81 Total,  Increased to minimum Tc = 6.0 min

Subcatchment 92S: 5a

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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Type III 24-hr
25 yr 24 hr Rainfall=9.60"

Runoff Area=1.492 ac
Runoff Volume=0.793 af

Runoff Depth=6.38"
Flow Length=81'
Slope=0.2500 '/'

Tc=6.0 min
CN=74

11.06 cfs
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Summary for Subcatchment 93S: 3b

Runoff = 2.97 cfs @ 12.09 hrs,  Volume= 0.213 af,  Depth= 6.38"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  25 yr 24 hr Rainfall=9.60"

Area (ac) CN Description
* 0.400 74 Pasture/grassland/range, Good, HSG C

0.400 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

2.1 80 0.2500 0.63 Sheet Flow, 
   n= 0.136   P2= 5.40"

2.1 80 Total,  Increased to minimum Tc = 6.0 min

Subcatchment 93S: 3b

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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Type III 24-hr
25 yr 24 hr Rainfall=9.60"

Runoff Area=0.400 ac
Runoff Volume=0.213 af

Runoff Depth=6.38"
Flow Length=80'
Slope=0.2500 '/'

Tc=6.0 min
CN=74

2.97 cfs
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Summary for Subcatchment 94S: 3a

Runoff = 4.37 cfs @ 12.09 hrs,  Volume= 0.314 af,  Depth= 6.38"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  25 yr 24 hr Rainfall=9.60"

Area (ac) CN Description
* 0.590 74 Pasture/grassland/range, Good, HSG C

0.590 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

2.2 85 0.2500 0.64 Sheet Flow, 
   n= 0.136   P2= 5.40"

2.2 85 Total,  Increased to minimum Tc = 6.0 min

Subcatchment 94S: 3a

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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Type III 24-hr
25 yr 24 hr Rainfall=9.60"

Runoff Area=0.590 ac
Runoff Volume=0.314 af

Runoff Depth=6.38"
Flow Length=85'
Slope=0.2500 '/'

Tc=6.0 min
CN=74

4.37 cfs
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Summary for Subcatchment 95S: 3c

Runoff = 42.71 cfs @ 12.09 hrs,  Volume= 3.062 af,  Depth= 6.38"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  25 yr 24 hr Rainfall=9.60"

Area (ac) CN Description
* 5.760 74 Pasture/grassland/range, Good, HSG C

5.760 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

2.1 80 0.2500 0.63 Sheet Flow, 
   n= 0.136   P2= 5.40"

0.5 245 0.0204 7.64 51.21 Channel Flow, SSDT Flow
Area= 6.7 sf  Perim= 9.5'  r= 0.71'
n= 0.022  Earth, clean & straight

0.6 655 0.2366 18.79 33.21 Pipe Channel, DDP Flow
18.0"  Round  Area= 1.8 sf  Perim= 4.7'  r= 0.38'
n= 0.020  

3.2 980 Total,  Increased to minimum Tc = 6.0 min

Subcatchment 95S: 3c

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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Type III 24-hr
25 yr 24 hr Rainfall=9.60"

Runoff Area=5.760 ac
Runoff Volume=3.062 af

Runoff Depth=6.38"
Flow Length=980'

Tc=6.0 min
CN=74

42.71 cfs
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Summary for Subcatchment 96S: Pond 3 Drainage Area

Runoff = 12.82 cfs @ 12.08 hrs,  Volume= 1.060 af,  Depth= 9.36"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  25 yr 24 hr Rainfall=9.60"

Area (ac) CN Description
1.359 98 Water Surface, HSG A
1.359 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

6.0 Direct Entry, 

Subcatchment 96S: Pond 3 Drainage Area

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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Type III 24-hr
25 yr 24 hr Rainfall=9.60"

Runoff Area=1.359 ac
Runoff Volume=1.060 af

Runoff Depth=9.36"
Tc=6.0 min

CN=98

12.82 cfs
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Summary for Subcatchment 97S: 6c

Runoff = 86.21 cfs @ 12.10 hrs,  Volume= 6.423 af,  Depth= 6.38"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  25 yr 24 hr Rainfall=9.60"

Area (ac) CN Description
12.083 74 Pasture/grassland/range, Good, HSG C
12.083 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

6.3 180 0.0833 0.48 Sheet Flow, 
   n= 0.136   P2= 5.40"

0.2 113 0.0199 7.55 50.58 Channel Flow, SSDT Flow
Area= 6.7 sf  Perim= 9.5'  r= 0.71'
n= 0.022  Earth, clean & straight

0.6 726 0.2449 19.12 33.79 Pipe Channel, DDP Flow
18.0"  Round  Area= 1.8 sf  Perim= 4.7'  r= 0.38'
n= 0.020  

7.1 1,019 Total

Subcatchment 97S: 6c

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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Type III 24-hr
25 yr 24 hr Rainfall=9.60"

Runoff Area=12.083 ac
Runoff Volume=6.423 af

Runoff Depth=6.38"
Flow Length=1,019'

Tc=7.1 min
CN=74

86.21 cfs
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Summary for Subcatchment 98S: 6d

Runoff = 28.45 cfs @ 12.09 hrs,  Volume= 2.040 af,  Depth= 6.38"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  25 yr 24 hr Rainfall=9.60"

Area (ac) CN Description
3.837 74 Pasture/grassland/range, Good, HSG C
3.837 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

2.1 80 0.2500 0.63 Sheet Flow, 
   n= 0.136   P2= 5.40"

0.7 306 0.0200 7.57 50.71 Channel Flow, SSDT Flow
Area= 6.7 sf  Perim= 9.5'  r= 0.71'
n= 0.022  Earth, clean & straight

0.2 189 0.1793 16.36 28.91 Pipe Channel, DDP Flow
18.0"  Round  Area= 1.8 sf  Perim= 4.7'  r= 0.38'
n= 0.020  

3.0 575 Total,  Increased to minimum Tc = 6.0 min

Subcatchment 98S: 6d

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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Type III 24-hr
25 yr 24 hr Rainfall=9.60"

Runoff Area=3.837 ac
Runoff Volume=2.040 af

Runoff Depth=6.38"
Flow Length=575'

Tc=6.0 min
CN=74

28.45 cfs
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Summary for Subcatchment 99S: 6b

Runoff = 47.31 cfs @ 12.09 hrs,  Volume= 3.391 af,  Depth= 6.38"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  25 yr 24 hr Rainfall=9.60"

Area (ac) CN Description
* 6.380 74 Pasture/grassland/range, Good, HSG C

6.380 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

2.2 81 0.2480 0.63 Sheet Flow, 
   n= 0.136   P2= 5.40"

0.7 318 0.0200 7.57 50.71 Channel Flow, SSDT Flow
Area= 6.7 sf  Perim= 9.5'  r= 0.71'
n= 0.022  Earth, clean & straight

0.4 438 0.2457 19.15 33.84 Pipe Channel, DDP Flow
18.0"  Round  Area= 1.8 sf  Perim= 4.7'  r= 0.38'
n= 0.020  

3.3 837 Total,  Increased to minimum Tc = 6.0 min

Subcatchment 99S: 6b

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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Type III 24-hr
25 yr 24 hr Rainfall=9.60"

Runoff Area=6.380 ac
Runoff Volume=3.391 af

Runoff Depth=6.38"
Flow Length=837'

Tc=6.0 min
CN=74

47.31 cfs
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Summary for Subcatchment 100S: 6e

Runoff = 6.91 cfs @ 12.09 hrs,  Volume= 0.495 af,  Depth= 6.38"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  25 yr 24 hr Rainfall=9.60"

Area (ac) CN Description
0.932 74 Pasture/grassland/range, Good, HSG C
0.932 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

2.1 79 0.2500 0.63 Sheet Flow, 
   n= 0.136   P2= 5.40"

2.1 79 Total,  Increased to minimum Tc = 6.0 min

Subcatchment 100S: 6e

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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Type III 24-hr
25 yr 24 hr Rainfall=9.60"

Runoff Area=0.932 ac
Runoff Volume=0.495 af

Runoff Depth=6.38"
Flow Length=79'
Slope=0.2500 '/'

Tc=6.0 min
CN=74

6.91 cfs
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Summary for Subcatchment 101S: Pond 6 Drainage Area

Runoff = 43.89 cfs @ 12.08 hrs,  Volume= 3.629 af,  Depth= 9.36"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  25 yr 24 hr Rainfall=9.60"

Area (ac) CN Description
4.653 98 Water Surface, HSG A
4.653 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

6.0 Direct Entry, 

Subcatchment 101S: Pond 6 Drainage Area

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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Type III 24-hr
25 yr 24 hr Rainfall=9.60"

Runoff Area=4.653 ac
Runoff Volume=3.629 af

Runoff Depth=9.36"
Tc=6.0 min

CN=98

43.89 cfs
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Summary for Subcatchment 102S: 4b.2

Runoff = 3.48 cfs @ 12.09 hrs,  Volume= 0.250 af,  Depth= 6.38"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  25 yr 24 hr Rainfall=9.60"

Area (ac) CN Description
0.470 74 Pasture/grassland/range, Good, HSG C
0.470 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

1.4 47 0.2500 0.56 Sheet Flow, 
   n= 0.136   P2= 5.40"

1.4 47 Total,  Increased to minimum Tc = 6.0 min

Subcatchment 102S: 4b.2

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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Type III 24-hr
25 yr 24 hr Rainfall=9.60"

Runoff Area=0.470 ac
Runoff Volume=0.250 af

Runoff Depth=6.38"
Flow Length=47'
Slope=0.2500 '/'

Tc=6.0 min
CN=74

3.48 cfs
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Summary for Subcatchment 103S: Pond 4 Drainage Area

Runoff = 26.50 cfs @ 12.08 hrs,  Volume= 2.192 af,  Depth= 9.36"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  25 yr 24 hr Rainfall=9.60"

Area (ac) CN Description
2.810 98 Water Surface, HSG A
2.810 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

6.0 Direct Entry, 

Subcatchment 103S: Pond 4 Drainage Area

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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Type III 24-hr
25 yr 24 hr Rainfall=9.60"

Runoff Area=2.810 ac
Runoff Volume=2.192 af

Runoff Depth=9.36"
Tc=6.0 min

CN=98

26.50 cfs
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Summary for Subcatchment 104S: Pond 6 Drainage Area

Runoff = 21.49 cfs @ 12.08 hrs,  Volume= 1.777 af,  Depth= 9.36"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  25 yr 24 hr Rainfall=9.60"

Area (ac) CN Description
2.278 98 Water Surface, HSG A
2.278 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

6.0 Direct Entry, 

Subcatchment 104S: Pond 6 Drainage Area

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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Type III 24-hr
25 yr 24 hr Rainfall=9.60"

Runoff Area=2.278 ac
Runoff Volume=1.777 af

Runoff Depth=9.36"
Tc=6.0 min

CN=98

21.49 cfs

Page No. 165



Type III 24-hr  25 yr 24 hr Rainfall=9.60"[2.4]  Final Model_Phase 2 (Case 4)
  Printed  1/18/2017Prepared by {enter your company name here}

Page 30HydroCAD® 10.00-15  s/n 02233  © 2015 HydroCAD Software Solutions LLC

Summary for Reach 102R: D.2 - D.3

Inflow Area = 6.686 ac, 0.00% Impervious,  Inflow Depth = 6.38"    for  25 yr 24 hr event
Inflow = 49.58 cfs @ 12.09 hrs,  Volume= 3.554 af
Outflow = 49.18 cfs @ 12.11 hrs,  Volume= 3.554 af,  Atten= 1%,  Lag= 1.3 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Max. Velocity= 4.86 fps,  Min. Travel Time= 0.8 min
Avg. Velocity = 1.32 fps,  Avg. Travel Time= 2.9 min

Peak Storage= 2,331 cf @ 12.10 hrs
Average Depth at Peak Storage= 1.05'
Bank-Full Depth= 2.50'  Flow Area= 31.3 sf,  Capacity= 242.37 cfs

7.50'  x  2.50'  deep channel,  n= 0.027
Side Slope Z-value= 2.0 '/'   Top Width= 17.50'
Length= 230.0'   Slope= 0.0100 '/'
Inlet Invert= 226.09',  Outlet Invert= 223.79'

Reach 102R: D.2 - D.3

Inflow
Outflow

Hydrograph

Time  (hours)
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Inflow Area=6.686 ac
Avg. Flow Depth=1.05'

Max Vel=4.86 fps
n=0.027
L=230.0'

S=0.0100 '/'
Capacity=242.37 cfs

49.58 cfs
49.18 cfs
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Summary for Pond 60P: Pond 3

Inflow Area = 8.109 ac, 16.76% Impervious,  Inflow Depth = 6.88"    for  25 yr 24 hr event
Inflow = 62.86 cfs @ 12.09 hrs,  Volume= 4.648 af
Outflow = 0.49 cfs @ 24.06 hrs,  Volume= 1.366 af,  Atten= 99%,  Lag= 718.4 min
Primary = 0.49 cfs @ 24.06 hrs,  Volume= 1.366 af

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Peak Elev= 216.38' @ 24.06 hrs   Surf.Area= 0.899 ac   Storage= 4.183 af

Plug-Flow detention time= 1,149.9 min calculated for 1.366 af (29% of inflow)
Center-of-Mass det. time= 995.4 min ( 1,788.4 - 793.0 )

Volume Invert Avail.Storage Storage Description
#1 211.00' 6.719 af Custom Stage Data (Prismatic) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (acres) (acre-feet) (acre-feet)

211.00 0.634 0.000 0.000
212.00 0.728 0.681 0.681
214.00 0.777 1.505 2.186
215.00 0.827 0.802 2.988
216.00 0.879 0.853 3.841
217.00 0.932 0.906 4.746
218.00 0.986 0.959 5.705
219.00 1.042 1.014 6.719

Device Routing     Invert Outlet Devices
#1 Device 2 211.00' 0.5" Vert. grate (36" half-circle) X 32.00 columns   

X 6 rows with 3.0" cc spacing C= 0.600   
#2 Device 4 212.00' 3.0" Vert. 3" Pipe    C= 0.600   
#3 Device 4 216.50' 24.7" W x 6.0" H Vert. riser slits X 4.00    C= 0.600   
#4 Primary 211.00' 12.0"  Round 12" culvert   

L= 100.0'   CMP, projecting, no headwall,  Ke= 0.900   
Inlet / Outlet Invert= 211.00' / 210.00'   S= 0.0100 '/'   Cc= 0.900   
n= 0.013  Corrugated PE, smooth interior,  Flow Area= 0.79 sf   

#5 Primary 217.50' 143.1 deg x 20.0' long x 1.50' rise Sharp-Crested Vee/Trap Weir   
Cv= 2.47 (C= 3.09)   

Primary OutFlow  Max=0.49 cfs @ 24.06 hrs  HW=216.38'   (Free Discharge)
4=12" culvert  (Passes 0.49 cfs of 6.51 cfs potential flow)

2=3" Pipe  (Orifice Controls 0.49 cfs @ 9.94 fps)
1=grate (36" half-circle)  (Passes 0.49 cfs of 2.62 cfs potential flow)

3=riser slits  ( Controls 0.00 cfs)
5=Sharp-Crested Vee/Trap Weir  ( Controls 0.00 cfs)
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Pond 60P: Pond 3

Inflow
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Hydrograph

Time  (hours)
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Inflow Area=8.109 ac
Peak Elev=216.38'

Storage=4.183 af

62.86 cfs

0.49 cfs
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Summary for Pond 65P: Pond 6

Inflow Area = 28.191 ac, 16.51% Impervious,  Inflow Depth = 6.87"    for  25 yr 24 hr event
Inflow = 213.09 cfs @ 12.10 hrs,  Volume= 16.140 af
Outflow = 5.75 cfs @ 16.74 hrs,  Volume= 4.582 af,  Atten= 97%,  Lag= 278.6 min
Primary = 5.75 cfs @ 16.74 hrs,  Volume= 4.582 af

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Peak Elev= 219.84' @ 16.74 hrs   Surf.Area= 2.581 ac   Storage= 13.180 af

Plug-Flow detention time= 729.5 min calculated for 4.582 af (28% of inflow)
Center-of-Mass det. time= 572.1 min ( 1,366.3 - 794.2 )

Volume Invert Avail.Storage Storage Description
#1 214.00' 24.939 af Custom Stage Data (Prismatic) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (acres) (acre-feet) (acre-feet)

214.00 1.929 0.000 0.000
216.00 2.159 4.088 4.088
218.00 2.377 4.536 8.624
220.00 2.599 4.976 13.600
222.00 2.834 5.433 19.033
224.00 3.072 5.906 24.939

Device Routing     Invert Outlet Devices
#1 Device 2 214.00' 0.5" Vert. grate (36" half-circle) X 32.00 columns   

X 6 rows with 3.0" cc spacing C= 0.600   
#2 Device 4 215.00' 3.0" Vert. 3" Pipe    C= 0.600   
#3 Device 4 219.50' 24.7" W x 6.0" H Vert. riser slits X 4.00    C= 0.600   
#4 Primary 214.00' 24.0"  Round 24" culvert   

L= 100.0'   CMP, projecting, no headwall,  Ke= 0.900   
Inlet / Outlet Invert= 214.00' / 213.50'   S= 0.0050 '/'   Cc= 0.900   
n= 0.013  Corrugated PE, smooth interior,  Flow Area= 3.14 sf   

#5 Primary 221.00' 157.4 deg x 20.0' long x 3.00' rise Sharp-Crested Vee/Trap Weir   
Cv= 2.47 (C= 3.09)   

Primary OutFlow  Max=5.71 cfs @ 16.74 hrs  HW=219.84'   (Free Discharge)
4=24" culvert  (Passes 5.71 cfs of 26.27 cfs potential flow)

2=3" Pipe  (Orifice Controls 0.51 cfs @ 10.45 fps)
1=grate (36" half-circle)  (Passes 0.51 cfs of 2.76 cfs potential flow)

3=riser slits  (Orifice Controls 5.19 cfs @ 1.87 fps)
5=Sharp-Crested Vee/Trap Weir  ( Controls 0.00 cfs)
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Pond 65P: Pond 6

Inflow
Primary

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420

Fl
ow

  (
cf

s)

230
220
210
200
190
180
170
160
150
140
130
120
110
100

90
80
70
60
50
40
30
20
10

0

Inflow Area=28.191 ac
Peak Elev=219.84'
Storage=13.180 af

213.09 cfs

5.75 cfs

Page No. 170



Type III 24-hr  25 yr 24 hr Rainfall=9.60"[2.4]  Final Model_Phase 2 (Case 4)
  Printed  1/18/2017Prepared by {enter your company name here}

Page 35HydroCAD® 10.00-15  s/n 02233  © 2015 HydroCAD Software Solutions LLC

Summary for Pond 69P: Pond 4

Inflow Area = 37.379 ac, 7.52% Impervious,  Inflow Depth = 6.60"    for  25 yr 24 hr event
Inflow = 273.91 cfs @ 12.09 hrs,  Volume= 20.566 af
Outflow = 56.77 cfs @ 12.53 hrs,  Volume= 20.477 af,  Atten= 79%,  Lag= 26.4 min
Primary = 56.77 cfs @ 12.53 hrs,  Volume= 20.477 af

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Peak Elev= 230.96' @ 12.53 hrs   Surf.Area= 1.607 ac   Storage= 8.237 af

Plug-Flow detention time= 117.2 min calculated for 20.477 af (100% of inflow)
Center-of-Mass det. time= 114.4 min ( 916.6 - 802.1 )

Volume Invert Avail.Storage Storage Description
#1 225.00' 21.581 af Custom Stage Data (Prismatic) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (acres) (acre-feet) (acre-feet)

225.00 1.164 0.000 0.000
226.00 1.234 1.199 1.199
227.00 1.306 1.270 2.469
228.00 1.380 1.343 3.812
229.00 1.455 1.418 5.230
230.00 1.532 1.493 6.723
231.00 1.610 1.571 8.294
232.00 1.690 1.650 9.944
233.00 1.771 1.730 11.674
234.00 1.853 1.812 13.486
235.00 1.937 1.895 15.381
236.00 2.023 1.980 17.361
237.00 2.109 2.066 19.427
238.00 2.198 2.153 21.581

Device Routing     Invert Outlet Devices
#1 Primary 225.00' 36.0"  Round 36" culvert   

L= 108.0'   CMP, projecting, no headwall,  Ke= 0.900   
Inlet / Outlet Invert= 225.00' / 224.00'   S= 0.0093 '/'   Cc= 0.900   
n= 0.013  Corrugated PE, smooth interior,  Flow Area= 7.07 sf   

Primary OutFlow  Max=56.77 cfs @ 12.53 hrs  HW=230.96'   (Free Discharge)
1=36" culvert  (Inlet Controls 56.77 cfs @ 8.03 fps)
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Pond 69P: Pond 4
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Summary for Pond 78P: C-6

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 16.628 ac, 0.00% Impervious,  Inflow Depth = 6.38"    for  25 yr 24 hr event
Inflow = 116.43 cfs @ 12.11 hrs,  Volume= 8.838 af
Primary = 116.43 cfs @ 12.11 hrs,  Volume= 8.838 af,  Atten= 0%,  Lag= 0.0 min

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs

Pond 78P: C-6
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Summary for Pond 87P: C-8

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 10.182 ac, 0.00% Impervious,  Inflow Depth = 6.38"    for  25 yr 24 hr event
Inflow = 75.50 cfs @ 12.09 hrs,  Volume= 5.412 af
Primary = 75.50 cfs @ 12.09 hrs,  Volume= 5.412 af,  Atten= 0%,  Lag= 0.0 min

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs

Pond 87P: C-8
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Summary for Pond 93P: C-10

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 6.750 ac, 0.00% Impervious,  Inflow Depth = 6.38"    for  25 yr 24 hr event
Inflow = 50.05 cfs @ 12.09 hrs,  Volume= 3.588 af
Primary = 50.05 cfs @ 12.09 hrs,  Volume= 3.588 af,  Atten= 0%,  Lag= 0.0 min

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs

Pond 93P: C-10
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Summary for Pond 101P: C-9

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 23.538 ac, 0.00% Impervious,  Inflow Depth = 6.38"    for  25 yr 24 hr event
Inflow = 169.97 cfs @ 12.10 hrs,  Volume= 12.511 af
Primary = 169.97 cfs @ 12.10 hrs,  Volume= 12.511 af,  Atten= 0%,  Lag= 0.0 min

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
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Summary for Pond 105P: Pond 5

Inflow Area = 12.460 ac, 18.28% Impervious,  Inflow Depth = 6.92"    for  25 yr 24 hr event
Inflow = 96.97 cfs @ 12.09 hrs,  Volume= 7.189 af
Outflow = 21.65 cfs @ 12.50 hrs,  Volume= 5.697 af,  Atten= 78%,  Lag= 24.7 min
Primary = 21.65 cfs @ 12.50 hrs,  Volume= 5.697 af

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Peak Elev= 256.29' @ 12.50 hrs   Surf.Area= 0.956 ac   Storage= 3.554 af

Plug-Flow detention time= 284.7 min calculated for 5.695 af (79% of inflow)
Center-of-Mass det. time= 206.3 min ( 998.0 - 791.7 )

Volume Invert Avail.Storage Storage Description
#1 252.00' 5.284 af Custom Stage Data (Prismatic) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (acres) (acre-feet) (acre-feet)

252.00 0.706 0.000 0.000
254.00 0.819 1.525 1.525
256.00 0.938 1.757 3.282
258.00 1.064 2.002 5.284

Device Routing     Invert Outlet Devices
#1 Device 2 252.00' 0.5" Vert. grate (36" half-circle) X 32.00 columns   

X 6 rows with 3.0" cc spacing C= 0.600   
#2 Device 4 253.00' 3.0" Vert. 3" Pipe    C= 0.600   
#3 Device 4 254.50' 24.7" W x 6.0" H Vert. riser slits X 4.00    C= 0.600   
#4 Primary 252.00' 24.0"  Round 24" culvert   

L= 80.0'   CMP, projecting, no headwall,  Ke= 0.900   
Inlet / Outlet Invert= 252.00' / 251.00'   S= 0.0125 '/'   Cc= 0.900   
n= 0.013  Corrugated PE, smooth interior,  Flow Area= 3.14 sf   

#5 Primary 257.00' 143.1 deg x 1.00' rise Sharp-Crested Vee/Trap Weir   
Cv= 2.47 (C= 3.09)   

Primary OutFlow  Max=21.65 cfs @ 12.50 hrs  HW=256.29'   (Free Discharge)
4=24" culvert  (Inlet Controls 21.65 cfs @ 6.89 fps)

2=3" Pipe  (Passes < 0.42 cfs potential flow)
1=grate (36" half-circle)  (Passes < 2.27 cfs potential flow)

3=riser slits  (Passes < 24.55 cfs potential flow)
5=Sharp-Crested Vee/Trap Weir  ( Controls 0.00 cfs)
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Pond 105P: Pond 5
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Summary for Pond 106P: C-7

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 17.941 ac, 0.00% Impervious,  Inflow Depth = 6.38"    for  25 yr 24 hr event
Inflow = 133.03 cfs @ 12.09 hrs,  Volume= 9.536 af
Primary = 133.03 cfs @ 12.09 hrs,  Volume= 9.536 af,  Atten= 0%,  Lag= 0.0 min

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs

Pond 106P: C-7

Inflow
Primary

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420

Fl
ow

  (
cf

s)

140

130

120

110

100

90

80

70

60

50

40

30

20

10

0

Inflow Area=17.941 ac
133.03 cfs

133.03 cfs

Page No. 179



Type III 24-hr  100 yr 24 hr Rainfall=12.10"[2.4]  Final Model_Phase 2 (Case 4)
  Printed  1/18/2017Prepared by {enter your company name here}

Page 44HydroCAD® 10.00-15  s/n 02233  © 2015 HydroCAD Software Solutions LLC

Time span=0.00-48.00 hrs, dt=0.01 hrs, 4801 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

Reach routing by Stor-Ind+Trans method  -  Pond routing by Stor-Ind method

Runoff Area=0.306 ac   0.00% Impervious   Runoff Depth=8.71"Subcatchment 63S: 6a
   Flow Length=37'   Slope=0.2500 '/'   Tc=6.0 min   CN=74   Runoff=3.06 cfs  0.222 af

Runoff Area=0.328 ac   0.00% Impervious   Runoff Depth=8.71"Subcatchment 72S: 4a
   Flow Length=18'   Slope=0.2500 '/'   Tc=6.0 min   CN=74   Runoff=3.28 cfs  0.238 af

Runoff Area=15.830 ac   0.00% Impervious   Runoff Depth=8.71"Subcatchment 73S: 4b.1
   Flow Length=1,200'   Tc=7.7 min   CN=74   Runoff=149.56 cfs  11.492 af

Runoff Area=10.679 ac   0.00% Impervious   Runoff Depth=8.71"Subcatchment 74S: 4c
   Flow Length=1,002'   Tc=6.0 min   CN=74   Runoff=106.93 cfs  7.753 af

Runoff Area=6.396 ac   0.00% Impervious   Runoff Depth=8.71"Subcatchment 75S: 4d
   Flow Length=831'   Tc=6.0 min   CN=74   Runoff=64.05 cfs  4.643 af

Runoff Area=0.866 ac   0.00% Impervious   Runoff Depth=8.71"Subcatchment 76S: 4e
   Flow Length=71'   Slope=0.2500 '/'   Tc=6.0 min   CN=74   Runoff=8.67 cfs  0.629 af

Runoff Area=7.368 ac   0.00% Impervious   Runoff Depth=8.71"Subcatchment 83S: 5b
   Flow Length=1,001'   Tc=6.0 min   CN=74   Runoff=73.78 cfs  5.349 af

Runoff Area=1.322 ac   0.00% Impervious   Runoff Depth=8.71"Subcatchment 91S: 5c
   Flow Length=1,002'   Tc=6.0 min   CN=74   Runoff=13.24 cfs  0.960 af

Runoff Area=1.492 ac   0.00% Impervious   Runoff Depth=8.71"Subcatchment 92S: 5a
   Flow Length=81'   Slope=0.2500 '/'   Tc=6.0 min   CN=74   Runoff=14.94 cfs  1.083 af

Runoff Area=0.400 ac   0.00% Impervious   Runoff Depth=8.71"Subcatchment 93S: 3b
   Flow Length=80'   Slope=0.2500 '/'   Tc=6.0 min   CN=74   Runoff=4.01 cfs  0.290 af

Runoff Area=0.590 ac   0.00% Impervious   Runoff Depth=8.71"Subcatchment 94S: 3a
   Flow Length=85'   Slope=0.2500 '/'   Tc=6.0 min   CN=74   Runoff=5.91 cfs  0.428 af

Runoff Area=5.760 ac   0.00% Impervious   Runoff Depth=8.71"Subcatchment 95S: 3c
   Flow Length=980'   Tc=6.0 min   CN=74   Runoff=57.68 cfs  4.182 af

Runoff Area=1.359 ac   100.00% Impervious   Runoff Depth=11.86"Subcatchment 96S: Pond 3 Drainage Area
   Tc=6.0 min   CN=98   Runoff=16.17 cfs  1.343 af

Runoff Area=12.083 ac   0.00% Impervious   Runoff Depth=8.71"Subcatchment 97S: 6c
   Flow Length=1,019'   Tc=7.1 min   CN=74   Runoff=116.45 cfs  8.772 af

Runoff Area=3.837 ac   0.00% Impervious   Runoff Depth=8.71"Subcatchment 98S: 6d
   Flow Length=575'   Tc=6.0 min   CN=74   Runoff=38.42 cfs  2.786 af

Runoff Area=6.380 ac   0.00% Impervious   Runoff Depth=8.71"Subcatchment 99S: 6b
   Flow Length=837'   Tc=6.0 min   CN=74   Runoff=63.89 cfs  4.632 af
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Runoff Area=0.932 ac   0.00% Impervious   Runoff Depth=8.71"Subcatchment 100S: 6e
   Flow Length=79'   Slope=0.2500 '/'   Tc=6.0 min   CN=74   Runoff=9.33 cfs  0.677 af

Runoff Area=4.653 ac   100.00% Impervious   Runoff Depth=11.86"Subcatchment 101S: Pond 6 Drainage 
   Tc=6.0 min   CN=98   Runoff=55.35 cfs  4.598 af

Runoff Area=0.470 ac   0.00% Impervious   Runoff Depth=8.71"Subcatchment 102S: 4b.2
   Flow Length=47'   Slope=0.2500 '/'   Tc=6.0 min   CN=74   Runoff=4.71 cfs  0.341 af

Runoff Area=2.810 ac   100.00% Impervious   Runoff Depth=11.86"Subcatchment 103S: Pond 4 Drainage 
   Tc=6.0 min   CN=98   Runoff=33.43 cfs  2.777 af

Runoff Area=2.278 ac   100.00% Impervious   Runoff Depth=11.86"Subcatchment 104S: Pond 6 Drainage 
   Tc=6.0 min   CN=98   Runoff=27.10 cfs  2.251 af

Avg. Flow Depth=1.25'   Max Vel=5.33 fps   Inflow=66.95 cfs  4.854 afReach 102R: D.2 - D.3
n=0.027   L=230.0'   S=0.0100 '/'   Capacity=242.37 cfs   Outflow=66.51 cfs  4.854 af

Peak Elev=216.77'  Storage=4.531 af   Inflow=83.75 cfs  6.243 afPond 60P: Pond 3
   Outflow=4.17 cfs  2.837 af

Peak Elev=220.39'  Storage=14.628 af   Inflow=284.35 cfs  21.686 afPond 65P: Pond 6
   Outflow=16.32 cfs  10.112 af

Peak Elev=232.82'  Storage=11.349 af   Inflow=367.70 cfs  27.873 afPond 69P: Pond 4
36.0"  Round Culvert  n=0.013  L=108.0'  S=0.0093 '/'   Outflow=67.52 cfs  27.782 af

   Inflow=157.28 cfs  12.072 afPond 78P: C-6
   Primary=157.28 cfs  12.072 af

   Inflow=101.96 cfs  7.392 afPond 87P: C-8
   Primary=101.96 cfs  7.392 af

   Inflow=67.59 cfs  4.900 afPond 93P: C-10
   Primary=67.59 cfs  4.900 af

   Inflow=229.82 cfs  17.088 afPond 101P: C-9
   Primary=229.82 cfs  17.088 af

Peak Elev=257.49'  Storage=4.748 af   Inflow=129.04 cfs  9.643 afPond 105P: Pond 5
   Outflow=26.55 cfs  8.147 af

   Inflow=179.65 cfs  13.025 afPond 106P: C-7
   Primary=179.65 cfs  13.025 af

Total Runoff Area = 86.139 ac   Runoff Volume = 65.445 af   Average Runoff Depth = 9.12"
87.11% Pervious = 75.039 ac     12.89% Impervious = 11.100 ac
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Summary for Subcatchment 63S: 6a

Runoff = 3.06 cfs @ 12.09 hrs,  Volume= 0.222 af,  Depth= 8.71"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  100 yr 24 hr Rainfall=12.10"

Area (ac) CN Description
* 0.306 74 Pasture/grassland/range, Good, HSG C

0.306 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

1.1 37 0.2500 0.54 Sheet Flow, 
   n= 0.136   P2= 5.40"

1.1 37 Total,  Increased to minimum Tc = 6.0 min

Subcatchment 63S: 6a

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420

Fl
ow

  (
cf

s)

3

2

1

0

Type III 24-hr
100 yr 24 hr Rainfall=12.10"

Runoff Area=0.306 ac
Runoff Volume=0.222 af

Runoff Depth=8.71"
Flow Length=37'
Slope=0.2500 '/'
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Summary for Subcatchment 72S: 4a

Runoff = 3.28 cfs @ 12.09 hrs,  Volume= 0.238 af,  Depth= 8.71"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  100 yr 24 hr Rainfall=12.10"

Area (ac) CN Description
0.328 74 Pasture/grassland/range, Good, HSG C
0.328 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

0.6 18 0.2500 0.47 Sheet Flow, 
   n= 0.136   P2= 5.40"

0.6 18 Total,  Increased to minimum Tc = 6.0 min

Subcatchment 72S: 4a

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420

Fl
ow

  (
cf

s)
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0

Type III 24-hr
100 yr 24 hr Rainfall=12.10"

Runoff Area=0.328 ac
Runoff Volume=0.238 af

Runoff Depth=8.71"
Flow Length=18'
Slope=0.2500 '/'

Tc=6.0 min
CN=74

3.28 cfs
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Summary for Subcatchment 73S: 4b.1

Runoff = 149.56 cfs @ 12.11 hrs,  Volume= 11.492 af,  Depth= 8.71"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  100 yr 24 hr Rainfall=12.10"

Area (ac) CN Description
15.830 74 Pasture/grassland/range, Good, HSG C
15.830 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

6.6 187 0.0802 0.47 Sheet Flow, 
   n= 0.136   P2= 5.40"

0.4 200 0.0200 7.57 50.71 Channel Flow, SSDT Flow
Area= 6.7 sf  Perim= 9.5'  r= 0.71'
n= 0.022  Earth, clean & straight

0.7 813 0.2424 19.02 33.62 Pipe Channel, DDP Flow
18.0"  Round  Area= 1.8 sf  Perim= 4.7'  r= 0.38'
n= 0.020  

7.7 1,200 Total

Subcatchment 73S: 4b.1

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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Type III 24-hr
100 yr 24 hr Rainfall=12.10"

Runoff Area=15.830 ac
Runoff Volume=11.492 af

Runoff Depth=8.71"
Flow Length=1,200'

Tc=7.7 min
CN=74

149.56 cfs
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Summary for Subcatchment 74S: 4c

Runoff = 106.93 cfs @ 12.09 hrs,  Volume= 7.753 af,  Depth= 8.71"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  100 yr 24 hr Rainfall=12.10"

Area (ac) CN Description
* 10.679 74 Pasture/grassland/range, Good, HSG C

10.679 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

3.0 107 0.1878 0.59 Sheet Flow, 
   n= 0.136   P2= 5.40"

0.7 301 0.0200 7.57 50.71 Channel Flow, SSDT Flow
Area= 6.7 sf  Perim= 9.5'  r= 0.71'
n= 0.022  Earth, clean & straight

0.5 594 0.2424 19.02 33.62 Pipe Channel, DDP Flow
18.0"  Round  Area= 1.8 sf  Perim= 4.7'  r= 0.38'
n= 0.020  

4.2 1,002 Total,  Increased to minimum Tc = 6.0 min

Subcatchment 74S: 4c

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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Type III 24-hr
100 yr 24 hr Rainfall=12.10"

Runoff Area=10.679 ac
Runoff Volume=7.753 af

Runoff Depth=8.71"
Flow Length=1,002'

Tc=6.0 min
CN=74

106.93 cfs
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Summary for Subcatchment 75S: 4d

Runoff = 64.05 cfs @ 12.09 hrs,  Volume= 4.643 af,  Depth= 8.71"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  100 yr 24 hr Rainfall=12.10"

Area (ac) CN Description
* 6.396 74 Pasture/grassland/range, Good, HSG C

6.396 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

3.3 67 0.0598 0.34 Sheet Flow, 
   n= 0.136   P2= 5.40"

0.5 224 0.0200 7.57 50.71 Channel Flow, SSDT Flow
Area= 6.7 sf  Perim= 9.5'  r= 0.71'
n= 0.022  Earth, clean & straight

0.5 540 0.1950 17.06 30.15 Pipe Channel, DDP Flow
18.0"  Round  Area= 1.8 sf  Perim= 4.7'  r= 0.38'
n= 0.020  

4.3 831 Total,  Increased to minimum Tc = 6.0 min

Subcatchment 75S: 4d

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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Type III 24-hr
100 yr 24 hr Rainfall=12.10"

Runoff Area=6.396 ac
Runoff Volume=4.643 af

Runoff Depth=8.71"
Flow Length=831'

Tc=6.0 min
CN=74

64.05 cfs

Page No. 186



Type III 24-hr  100 yr 24 hr Rainfall=12.10"[2.4]  Final Model_Phase 2 (Case 4)
  Printed  1/18/2017Prepared by {enter your company name here}

Page 51HydroCAD® 10.00-15  s/n 02233  © 2015 HydroCAD Software Solutions LLC

Summary for Subcatchment 76S: 4e

Runoff = 8.67 cfs @ 12.09 hrs,  Volume= 0.629 af,  Depth= 8.71"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  100 yr 24 hr Rainfall=12.10"

Area (ac) CN Description
* 0.866 74 Pasture/grassland/range, Good, HSG C

0.866 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

1.9 71 0.2500 0.61 Sheet Flow, 
   n= 0.136   P2= 5.40"

1.9 71 Total,  Increased to minimum Tc = 6.0 min

Subcatchment 76S: 4e

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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Type III 24-hr
100 yr 24 hr Rainfall=12.10"

Runoff Area=0.866 ac
Runoff Volume=0.629 af

Runoff Depth=8.71"
Flow Length=71'
Slope=0.2500 '/'

Tc=6.0 min
CN=74

8.67 cfs
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Summary for Subcatchment 83S: 5b

Runoff = 73.78 cfs @ 12.09 hrs,  Volume= 5.349 af,  Depth= 8.71"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  100 yr 24 hr Rainfall=12.10"

Area (ac) CN Description
* 7.368 74 Pasture/grassland/range, Good, HSG C

7.368 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

2.8 102 0.1961 0.60 Sheet Flow, 
   n= 0.136   P2= 5.40"

1.0 462 0.0200 7.57 50.71 Channel Flow, SSDT Flow
Area= 6.7 sf  Perim= 9.5'  r= 0.71'
n= 0.022  Earth, clean & straight

0.4 437 0.2194 18.10 31.98 Pipe Channel, DDP Flow
18.0"  Round  Area= 1.8 sf  Perim= 4.7'  r= 0.38'
n= 0.020  

4.2 1,001 Total,  Increased to minimum Tc = 6.0 min

Subcatchment 83S: 5b

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420

Fl
ow

  (
cf

s)

80

75

70

65

60

55

50

45

40

35

30

25

20

15

10

5

0

Type III 24-hr
100 yr 24 hr Rainfall=12.10"

Runoff Area=7.368 ac
Runoff Volume=5.349 af

Runoff Depth=8.71"
Flow Length=1,001'

Tc=6.0 min
CN=74

73.78 cfs
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Summary for Subcatchment 91S: 5c

Runoff = 13.24 cfs @ 12.09 hrs,  Volume= 0.960 af,  Depth= 8.71"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  100 yr 24 hr Rainfall=12.10"

Area (ac) CN Description
* 1.322 74 Pasture/grassland/range, Good, HSG C

1.322 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

3.0 107 0.1878 0.59 Sheet Flow, 
   n= 0.136   P2= 5.40"

0.7 301 0.0200 7.57 50.71 Channel Flow, SSDT Flow
Area= 6.7 sf  Perim= 9.5'  r= 0.71'
n= 0.022  Earth, clean & straight

0.5 594 0.2424 19.02 33.62 Pipe Channel, DDP Flow
18.0"  Round  Area= 1.8 sf  Perim= 4.7'  r= 0.38'
n= 0.020  

4.2 1,002 Total,  Increased to minimum Tc = 6.0 min

Subcatchment 91S: 5c

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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Type III 24-hr
100 yr 24 hr Rainfall=12.10"

Runoff Area=1.322 ac
Runoff Volume=0.960 af

Runoff Depth=8.71"
Flow Length=1,002'

Tc=6.0 min
CN=74

13.24 cfs
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Summary for Subcatchment 92S: 5a

Runoff = 14.94 cfs @ 12.09 hrs,  Volume= 1.083 af,  Depth= 8.71"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  100 yr 24 hr Rainfall=12.10"

Area (ac) CN Description
* 1.492 74 Pasture/grassland/range, Good, HSG C

1.492 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

2.1 81 0.2500 0.63 Sheet Flow, 
   n= 0.136   P2= 5.40"

2.1 81 Total,  Increased to minimum Tc = 6.0 min

Subcatchment 92S: 5a

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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Type III 24-hr
100 yr 24 hr Rainfall=12.10"

Runoff Area=1.492 ac
Runoff Volume=1.083 af

Runoff Depth=8.71"
Flow Length=81'
Slope=0.2500 '/'

Tc=6.0 min
CN=74

14.94 cfs

Page No. 190



Type III 24-hr  100 yr 24 hr Rainfall=12.10"[2.4]  Final Model_Phase 2 (Case 4)
  Printed  1/18/2017Prepared by {enter your company name here}

Page 55HydroCAD® 10.00-15  s/n 02233  © 2015 HydroCAD Software Solutions LLC

Summary for Subcatchment 93S: 3b

Runoff = 4.01 cfs @ 12.09 hrs,  Volume= 0.290 af,  Depth= 8.71"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  100 yr 24 hr Rainfall=12.10"

Area (ac) CN Description
* 0.400 74 Pasture/grassland/range, Good, HSG C

0.400 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

2.1 80 0.2500 0.63 Sheet Flow, 
   n= 0.136   P2= 5.40"

2.1 80 Total,  Increased to minimum Tc = 6.0 min

Subcatchment 93S: 3b

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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Type III 24-hr
100 yr 24 hr Rainfall=12.10"

Runoff Area=0.400 ac
Runoff Volume=0.290 af

Runoff Depth=8.71"
Flow Length=80'
Slope=0.2500 '/'

Tc=6.0 min
CN=74

4.01 cfs
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Summary for Subcatchment 94S: 3a

Runoff = 5.91 cfs @ 12.09 hrs,  Volume= 0.428 af,  Depth= 8.71"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  100 yr 24 hr Rainfall=12.10"

Area (ac) CN Description
* 0.590 74 Pasture/grassland/range, Good, HSG C

0.590 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

2.2 85 0.2500 0.64 Sheet Flow, 
   n= 0.136   P2= 5.40"

2.2 85 Total,  Increased to minimum Tc = 6.0 min

Subcatchment 94S: 3a

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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Type III 24-hr
100 yr 24 hr Rainfall=12.10"

Runoff Area=0.590 ac
Runoff Volume=0.428 af

Runoff Depth=8.71"
Flow Length=85'
Slope=0.2500 '/'

Tc=6.0 min
CN=74

5.91 cfs
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Summary for Subcatchment 95S: 3c

Runoff = 57.68 cfs @ 12.09 hrs,  Volume= 4.182 af,  Depth= 8.71"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  100 yr 24 hr Rainfall=12.10"

Area (ac) CN Description
* 5.760 74 Pasture/grassland/range, Good, HSG C

5.760 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

2.1 80 0.2500 0.63 Sheet Flow, 
   n= 0.136   P2= 5.40"

0.5 245 0.0204 7.64 51.21 Channel Flow, SSDT Flow
Area= 6.7 sf  Perim= 9.5'  r= 0.71'
n= 0.022  Earth, clean & straight

0.6 655 0.2366 18.79 33.21 Pipe Channel, DDP Flow
18.0"  Round  Area= 1.8 sf  Perim= 4.7'  r= 0.38'
n= 0.020  

3.2 980 Total,  Increased to minimum Tc = 6.0 min

Subcatchment 95S: 3c

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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Type III 24-hr
100 yr 24 hr Rainfall=12.10"

Runoff Area=5.760 ac
Runoff Volume=4.182 af

Runoff Depth=8.71"
Flow Length=980'

Tc=6.0 min
CN=74

57.68 cfs
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Summary for Subcatchment 96S: Pond 3 Drainage Area

Runoff = 16.17 cfs @ 12.08 hrs,  Volume= 1.343 af,  Depth=11.86"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  100 yr 24 hr Rainfall=12.10"

Area (ac) CN Description
1.359 98 Water Surface, HSG A
1.359 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

6.0 Direct Entry, 

Subcatchment 96S: Pond 3 Drainage Area

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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Type III 24-hr
100 yr 24 hr Rainfall=12.10"

Runoff Area=1.359 ac
Runoff Volume=1.343 af

Runoff Depth=11.86"
Tc=6.0 min

CN=98

16.17 cfs
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Summary for Subcatchment 97S: 6c

Runoff = 116.45 cfs @ 12.10 hrs,  Volume= 8.772 af,  Depth= 8.71"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  100 yr 24 hr Rainfall=12.10"

Area (ac) CN Description
12.083 74 Pasture/grassland/range, Good, HSG C
12.083 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

6.3 180 0.0833 0.48 Sheet Flow, 
   n= 0.136   P2= 5.40"

0.2 113 0.0199 7.55 50.58 Channel Flow, SSDT Flow
Area= 6.7 sf  Perim= 9.5'  r= 0.71'
n= 0.022  Earth, clean & straight

0.6 726 0.2449 19.12 33.79 Pipe Channel, DDP Flow
18.0"  Round  Area= 1.8 sf  Perim= 4.7'  r= 0.38'
n= 0.020  

7.1 1,019 Total

Subcatchment 97S: 6c
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Time  (hours)
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Type III 24-hr
100 yr 24 hr Rainfall=12.10"

Runoff Area=12.083 ac
Runoff Volume=8.772 af

Runoff Depth=8.71"
Flow Length=1,019'

Tc=7.1 min
CN=74

116.45 cfs
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Summary for Subcatchment 98S: 6d

Runoff = 38.42 cfs @ 12.09 hrs,  Volume= 2.786 af,  Depth= 8.71"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  100 yr 24 hr Rainfall=12.10"

Area (ac) CN Description
3.837 74 Pasture/grassland/range, Good, HSG C
3.837 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

2.1 80 0.2500 0.63 Sheet Flow, 
   n= 0.136   P2= 5.40"

0.7 306 0.0200 7.57 50.71 Channel Flow, SSDT Flow
Area= 6.7 sf  Perim= 9.5'  r= 0.71'
n= 0.022  Earth, clean & straight

0.2 189 0.1793 16.36 28.91 Pipe Channel, DDP Flow
18.0"  Round  Area= 1.8 sf  Perim= 4.7'  r= 0.38'
n= 0.020  

3.0 575 Total,  Increased to minimum Tc = 6.0 min

Subcatchment 98S: 6d

Runoff

Hydrograph

Time  (hours)
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Type III 24-hr
100 yr 24 hr Rainfall=12.10"

Runoff Area=3.837 ac
Runoff Volume=2.786 af

Runoff Depth=8.71"
Flow Length=575'

Tc=6.0 min
CN=74

38.42 cfs
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Summary for Subcatchment 99S: 6b

Runoff = 63.89 cfs @ 12.09 hrs,  Volume= 4.632 af,  Depth= 8.71"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  100 yr 24 hr Rainfall=12.10"

Area (ac) CN Description
* 6.380 74 Pasture/grassland/range, Good, HSG C

6.380 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

2.2 81 0.2480 0.63 Sheet Flow, 
   n= 0.136   P2= 5.40"

0.7 318 0.0200 7.57 50.71 Channel Flow, SSDT Flow
Area= 6.7 sf  Perim= 9.5'  r= 0.71'
n= 0.022  Earth, clean & straight

0.4 438 0.2457 19.15 33.84 Pipe Channel, DDP Flow
18.0"  Round  Area= 1.8 sf  Perim= 4.7'  r= 0.38'
n= 0.020  

3.3 837 Total,  Increased to minimum Tc = 6.0 min

Subcatchment 99S: 6b
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Type III 24-hr
100 yr 24 hr Rainfall=12.10"

Runoff Area=6.380 ac
Runoff Volume=4.632 af

Runoff Depth=8.71"
Flow Length=837'

Tc=6.0 min
CN=74

63.89 cfs
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Summary for Subcatchment 100S: 6e

Runoff = 9.33 cfs @ 12.09 hrs,  Volume= 0.677 af,  Depth= 8.71"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  100 yr 24 hr Rainfall=12.10"

Area (ac) CN Description
0.932 74 Pasture/grassland/range, Good, HSG C
0.932 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

2.1 79 0.2500 0.63 Sheet Flow, 
   n= 0.136   P2= 5.40"

2.1 79 Total,  Increased to minimum Tc = 6.0 min

Subcatchment 100S: 6e

Runoff

Hydrograph
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Type III 24-hr
100 yr 24 hr Rainfall=12.10"

Runoff Area=0.932 ac
Runoff Volume=0.677 af

Runoff Depth=8.71"
Flow Length=79'
Slope=0.2500 '/'

Tc=6.0 min
CN=74

9.33 cfs
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Summary for Subcatchment 101S: Pond 6 Drainage Area

Runoff = 55.35 cfs @ 12.08 hrs,  Volume= 4.598 af,  Depth=11.86"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  100 yr 24 hr Rainfall=12.10"

Area (ac) CN Description
4.653 98 Water Surface, HSG A
4.653 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

6.0 Direct Entry, 

Subcatchment 101S: Pond 6 Drainage Area

Runoff

Hydrograph

Time  (hours)
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Type III 24-hr
100 yr 24 hr Rainfall=12.10"

Runoff Area=4.653 ac
Runoff Volume=4.598 af

Runoff Depth=11.86"
Tc=6.0 min

CN=98

55.35 cfs
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Summary for Subcatchment 102S: 4b.2

Runoff = 4.71 cfs @ 12.09 hrs,  Volume= 0.341 af,  Depth= 8.71"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  100 yr 24 hr Rainfall=12.10"

Area (ac) CN Description
0.470 74 Pasture/grassland/range, Good, HSG C
0.470 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

1.4 47 0.2500 0.56 Sheet Flow, 
   n= 0.136   P2= 5.40"

1.4 47 Total,  Increased to minimum Tc = 6.0 min

Subcatchment 102S: 4b.2

Runoff

Hydrograph

Time  (hours)
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Type III 24-hr
100 yr 24 hr Rainfall=12.10"

Runoff Area=0.470 ac
Runoff Volume=0.341 af

Runoff Depth=8.71"
Flow Length=47'
Slope=0.2500 '/'

Tc=6.0 min
CN=74

4.71 cfs
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Summary for Subcatchment 103S: Pond 4 Drainage Area

Runoff = 33.43 cfs @ 12.08 hrs,  Volume= 2.777 af,  Depth=11.86"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  100 yr 24 hr Rainfall=12.10"

Area (ac) CN Description
2.810 98 Water Surface, HSG A
2.810 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

6.0 Direct Entry, 

Subcatchment 103S: Pond 4 Drainage Area

Runoff

Hydrograph

Time  (hours)
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Type III 24-hr
100 yr 24 hr Rainfall=12.10"

Runoff Area=2.810 ac
Runoff Volume=2.777 af

Runoff Depth=11.86"
Tc=6.0 min

CN=98

33.43 cfs
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Summary for Subcatchment 104S: Pond 6 Drainage Area

Runoff = 27.10 cfs @ 12.08 hrs,  Volume= 2.251 af,  Depth=11.86"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  100 yr 24 hr Rainfall=12.10"

Area (ac) CN Description
2.278 98 Water Surface, HSG A
2.278 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

6.0 Direct Entry, 

Subcatchment 104S: Pond 6 Drainage Area

Runoff

Hydrograph

Time  (hours)
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Type III 24-hr
100 yr 24 hr Rainfall=12.10"

Runoff Area=2.278 ac
Runoff Volume=2.251 af

Runoff Depth=11.86"
Tc=6.0 min

CN=98

27.10 cfs
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Summary for Reach 102R: D.2 - D.3

Inflow Area = 6.686 ac, 0.00% Impervious,  Inflow Depth = 8.71"    for  100 yr 24 hr event
Inflow = 66.95 cfs @ 12.09 hrs,  Volume= 4.854 af
Outflow = 66.51 cfs @ 12.11 hrs,  Volume= 4.854 af,  Atten= 1%,  Lag= 1.2 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Max. Velocity= 5.33 fps,  Min. Travel Time= 0.7 min
Avg. Velocity = 1.44 fps,  Avg. Travel Time= 2.7 min

Peak Storage= 2,871 cf @ 12.09 hrs
Average Depth at Peak Storage= 1.25'
Bank-Full Depth= 2.50'  Flow Area= 31.3 sf,  Capacity= 242.37 cfs

7.50'  x  2.50'  deep channel,  n= 0.027
Side Slope Z-value= 2.0 '/'   Top Width= 17.50'
Length= 230.0'   Slope= 0.0100 '/'
Inlet Invert= 226.09',  Outlet Invert= 223.79'

Reach 102R: D.2 - D.3

Inflow
Outflow

Hydrograph

Time  (hours)
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Inflow Area=6.686 ac
Avg. Flow Depth=1.25'

Max Vel=5.33 fps
n=0.027
L=230.0'

S=0.0100 '/'
Capacity=242.37 cfs

66.95 cfs
66.51 cfs
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Summary for Pond 60P: Pond 3

Inflow Area = 8.109 ac, 16.76% Impervious,  Inflow Depth = 9.24"    for  100 yr 24 hr event
Inflow = 83.75 cfs @ 12.09 hrs,  Volume= 6.243 af
Outflow = 4.17 cfs @ 14.45 hrs,  Volume= 2.837 af,  Atten= 95%,  Lag= 141.7 min
Primary = 4.17 cfs @ 14.45 hrs,  Volume= 2.837 af

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Peak Elev= 216.77' @ 14.45 hrs   Surf.Area= 0.920 ac   Storage= 4.531 af

Plug-Flow detention time= 730.1 min calculated for 2.836 af (45% of inflow)
Center-of-Mass det. time= 606.2 min ( 1,392.7 - 786.5 )

Volume Invert Avail.Storage Storage Description
#1 211.00' 6.719 af Custom Stage Data (Prismatic) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (acres) (acre-feet) (acre-feet)

211.00 0.634 0.000 0.000
212.00 0.728 0.681 0.681
214.00 0.777 1.505 2.186
215.00 0.827 0.802 2.988
216.00 0.879 0.853 3.841
217.00 0.932 0.906 4.746
218.00 0.986 0.959 5.705
219.00 1.042 1.014 6.719

Device Routing     Invert Outlet Devices
#1 Device 2 211.00' 0.5" Vert. grate (36" half-circle) X 32.00 columns   

X 6 rows with 3.0" cc spacing C= 0.600   
#2 Device 4 212.00' 3.0" Vert. 3" Pipe    C= 0.600   
#3 Device 4 216.50' 24.7" W x 6.0" H Vert. riser slits X 4.00    C= 0.600   
#4 Primary 211.00' 12.0"  Round 12" culvert   

L= 100.0'   CMP, projecting, no headwall,  Ke= 0.900   
Inlet / Outlet Invert= 211.00' / 210.00'   S= 0.0100 '/'   Cc= 0.900   
n= 0.013  Corrugated PE, smooth interior,  Flow Area= 0.79 sf   

#5 Primary 217.50' 143.1 deg x 20.0' long x 1.50' rise Sharp-Crested Vee/Trap Weir   
Cv= 2.47 (C= 3.09)   

Primary OutFlow  Max=4.16 cfs @ 14.45 hrs  HW=216.77'   (Free Discharge)
4=12" culvert  (Passes 4.16 cfs of 6.74 cfs potential flow)

2=3" Pipe  (Orifice Controls 0.51 cfs @ 10.37 fps)
1=grate (36" half-circle)  (Passes 0.51 cfs of 2.74 cfs potential flow)

3=riser slits  (Orifice Controls 3.65 cfs @ 1.66 fps)
5=Sharp-Crested Vee/Trap Weir  ( Controls 0.00 cfs)
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Pond 60P: Pond 3
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Inflow Area=8.109 ac
Peak Elev=216.77'

Storage=4.531 af

83.75 cfs

4.17 cfs
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Summary for Pond 65P: Pond 6

Inflow Area = 28.191 ac, 16.51% Impervious,  Inflow Depth = 9.23"    for  100 yr 24 hr event
Inflow = 284.35 cfs @ 12.10 hrs,  Volume= 21.686 af
Outflow = 16.32 cfs @ 14.03 hrs,  Volume= 10.112 af,  Atten= 94%,  Lag= 116.3 min
Primary = 16.32 cfs @ 14.03 hrs,  Volume= 10.112 af

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Peak Elev= 220.39' @ 14.03 hrs   Surf.Area= 2.645 ac   Storage= 14.628 af

Plug-Flow detention time= 464.0 min calculated for 10.110 af (47% of inflow)
Center-of-Mass det. time= 341.8 min ( 1,129.5 - 787.7 )

Volume Invert Avail.Storage Storage Description
#1 214.00' 24.939 af Custom Stage Data (Prismatic) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (acres) (acre-feet) (acre-feet)

214.00 1.929 0.000 0.000
216.00 2.159 4.088 4.088
218.00 2.377 4.536 8.624
220.00 2.599 4.976 13.600
222.00 2.834 5.433 19.033
224.00 3.072 5.906 24.939

Device Routing     Invert Outlet Devices
#1 Device 2 214.00' 0.5" Vert. grate (36" half-circle) X 32.00 columns   

X 6 rows with 3.0" cc spacing C= 0.600   
#2 Device 4 215.00' 3.0" Vert. 3" Pipe    C= 0.600   
#3 Device 4 219.50' 24.7" W x 6.0" H Vert. riser slits X 4.00    C= 0.600   
#4 Primary 214.00' 24.0"  Round 24" culvert   

L= 100.0'   CMP, projecting, no headwall,  Ke= 0.900   
Inlet / Outlet Invert= 214.00' / 213.50'   S= 0.0050 '/'   Cc= 0.900   
n= 0.013  Corrugated PE, smooth interior,  Flow Area= 3.14 sf   

#5 Primary 221.00' 157.4 deg x 20.0' long x 3.00' rise Sharp-Crested Vee/Trap Weir   
Cv= 2.47 (C= 3.09)   

Primary OutFlow  Max=16.32 cfs @ 14.03 hrs  HW=220.39'   (Free Discharge)
4=24" culvert  (Passes 16.32 cfs of 27.73 cfs potential flow)

2=3" Pipe  (Orifice Controls 0.54 cfs @ 11.05 fps)
1=grate (36" half-circle)  (Passes 0.54 cfs of 2.91 cfs potential flow)

3=riser slits  (Orifice Controls 15.78 cfs @ 3.83 fps)
5=Sharp-Crested Vee/Trap Weir  ( Controls 0.00 cfs)
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Pond 65P: Pond 6
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Inflow Area=28.191 ac
Peak Elev=220.39'
Storage=14.628 af

284.35 cfs

16.32 cfs
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Summary for Pond 69P: Pond 4

Inflow Area = 37.379 ac, 7.52% Impervious,  Inflow Depth = 8.95"    for  100 yr 24 hr event
Inflow = 367.70 cfs @ 12.09 hrs,  Volume= 27.873 af
Outflow = 67.52 cfs @ 12.56 hrs,  Volume= 27.782 af,  Atten= 82%,  Lag= 27.7 min
Primary = 67.52 cfs @ 12.56 hrs,  Volume= 27.782 af

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Peak Elev= 232.82' @ 12.56 hrs   Surf.Area= 1.756 ac   Storage= 11.349 af

Plug-Flow detention time= 116.5 min calculated for 27.776 af (100% of inflow)
Center-of-Mass det. time= 114.6 min ( 909.1 - 794.5 )

Volume Invert Avail.Storage Storage Description
#1 225.00' 21.581 af Custom Stage Data (Prismatic) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (acres) (acre-feet) (acre-feet)

225.00 1.164 0.000 0.000
226.00 1.234 1.199 1.199
227.00 1.306 1.270 2.469
228.00 1.380 1.343 3.812
229.00 1.455 1.418 5.230
230.00 1.532 1.493 6.723
231.00 1.610 1.571 8.294
232.00 1.690 1.650 9.944
233.00 1.771 1.730 11.674
234.00 1.853 1.812 13.486
235.00 1.937 1.895 15.381
236.00 2.023 1.980 17.361
237.00 2.109 2.066 19.427
238.00 2.198 2.153 21.581

Device Routing     Invert Outlet Devices
#1 Primary 225.00' 36.0"  Round 36" culvert   

L= 108.0'   CMP, projecting, no headwall,  Ke= 0.900   
Inlet / Outlet Invert= 225.00' / 224.00'   S= 0.0093 '/'   Cc= 0.900   
n= 0.013  Corrugated PE, smooth interior,  Flow Area= 7.07 sf   

Primary OutFlow  Max=67.52 cfs @ 12.56 hrs  HW=232.82'   (Free Discharge)
1=36" culvert  (Inlet Controls 67.52 cfs @ 9.55 fps)
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Pond 69P: Pond 4
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Inflow Area=37.379 ac
Peak Elev=232.82'
Storage=11.349 af

36.0"
Round Culvert

n=0.013
L=108.0'

S=0.0093 '/'

367.70 cfs

67.52 cfs
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Summary for Pond 78P: C-6

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 16.628 ac, 0.00% Impervious,  Inflow Depth = 8.71"    for  100 yr 24 hr event
Inflow = 157.28 cfs @ 12.11 hrs,  Volume= 12.072 af
Primary = 157.28 cfs @ 12.11 hrs,  Volume= 12.072 af,  Atten= 0%,  Lag= 0.0 min

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs

Pond 78P: C-6
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Summary for Pond 87P: C-8

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 10.182 ac, 0.00% Impervious,  Inflow Depth = 8.71"    for  100 yr 24 hr event
Inflow = 101.96 cfs @ 12.09 hrs,  Volume= 7.392 af
Primary = 101.96 cfs @ 12.09 hrs,  Volume= 7.392 af,  Atten= 0%,  Lag= 0.0 min

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs

Pond 87P: C-8
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Inflow Area=10.182 ac
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Summary for Pond 93P: C-10

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 6.750 ac, 0.00% Impervious,  Inflow Depth = 8.71"    for  100 yr 24 hr event
Inflow = 67.59 cfs @ 12.09 hrs,  Volume= 4.900 af
Primary = 67.59 cfs @ 12.09 hrs,  Volume= 4.900 af,  Atten= 0%,  Lag= 0.0 min

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs

Pond 93P: C-10
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Inflow Area=6.750 ac
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Summary for Pond 101P: C-9

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 23.538 ac, 0.00% Impervious,  Inflow Depth = 8.71"    for  100 yr 24 hr event
Inflow = 229.82 cfs @ 12.10 hrs,  Volume= 17.088 af
Primary = 229.82 cfs @ 12.10 hrs,  Volume= 17.088 af,  Atten= 0%,  Lag= 0.0 min

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
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Inflow Area=23.538 ac
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Summary for Pond 105P: Pond 5

Inflow Area = 12.460 ac, 18.28% Impervious,  Inflow Depth = 9.29"    for  100 yr 24 hr event
Inflow = 129.04 cfs @ 12.09 hrs,  Volume= 9.643 af
Outflow = 26.55 cfs @ 12.51 hrs,  Volume= 8.147 af,  Atten= 79%,  Lag= 25.6 min
Primary = 26.55 cfs @ 12.51 hrs,  Volume= 8.147 af

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Peak Elev= 257.49' @ 12.51 hrs   Surf.Area= 1.032 ac   Storage= 4.748 af

Plug-Flow detention time= 241.3 min calculated for 8.147 af (84% of inflow)
Center-of-Mass det. time= 175.3 min ( 960.6 - 785.4 )

Volume Invert Avail.Storage Storage Description
#1 252.00' 5.284 af Custom Stage Data (Prismatic) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (acres) (acre-feet) (acre-feet)

252.00 0.706 0.000 0.000
254.00 0.819 1.525 1.525
256.00 0.938 1.757 3.282
258.00 1.064 2.002 5.284

Device Routing     Invert Outlet Devices
#1 Device 2 252.00' 0.5" Vert. grate (36" half-circle) X 32.00 columns   

X 6 rows with 3.0" cc spacing C= 0.600   
#2 Device 4 253.00' 3.0" Vert. 3" Pipe    C= 0.600   
#3 Device 4 254.50' 24.7" W x 6.0" H Vert. riser slits X 4.00    C= 0.600   
#4 Primary 252.00' 24.0"  Round 24" culvert   

L= 80.0'   CMP, projecting, no headwall,  Ke= 0.900   
Inlet / Outlet Invert= 252.00' / 251.00'   S= 0.0125 '/'   Cc= 0.900   
n= 0.013  Corrugated PE, smooth interior,  Flow Area= 3.14 sf   

#5 Primary 257.00' 143.1 deg x 1.00' rise Sharp-Crested Vee/Trap Weir   
Cv= 2.47 (C= 3.09)   

Primary OutFlow  Max=26.54 cfs @ 12.51 hrs  HW=257.49'   (Free Discharge)
4=24" culvert  (Inlet Controls 25.30 cfs @ 8.05 fps)

2=3" Pipe  (Passes < 0.49 cfs potential flow)
1=grate (36" half-circle)  (Passes < 2.66 cfs potential flow)

3=riser slits  (Passes < 32.79 cfs potential flow)
5=Sharp-Crested Vee/Trap Weir  (Weir Controls 1.24 cfs @ 1.73 fps)
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Pond 105P: Pond 5
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Summary for Pond 106P: C-7

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 17.941 ac, 0.00% Impervious,  Inflow Depth = 8.71"    for  100 yr 24 hr event
Inflow = 179.65 cfs @ 12.09 hrs,  Volume= 13.025 af
Primary = 179.65 cfs @ 12.09 hrs,  Volume= 13.025 af,  Atten= 0%,  Lag= 0.0 min

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs

Pond 106P: C-7
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Appendix 2 
Manning’s Equation Ditch Sizing Computations



Design/Check: Trapezoidal/Triangular Channel
Methodology: Manning's Equation
Project: IESI Travis County Landfill Expansion
Ditch ID: F.1 Design 

Peak Discharge, Q25 = 5.17 cfs (25-yr Event)
Peak Discharge, Q100 = 5.91 cfs (100-yr Event)

Bottom Width, B = 2.00  ft
Left Side Slope, Z1 = 3.00  horizontal :1 vertical

Right Side Slope, Z2 = 3.00  horizontal :1 vertical
Channel Depth, Y = 2.00 ft

Top Width, T = 14.00 ft
Manning's Roughness Coeff., n = 0.03
Longitudinal Channel Slope, So = 0.01  ft/ft

Depth Area Wetted Hydraulic Average Discharge Avg. Tractive Comments
of Flow of Flow Perimeter Radius Velocity (Flow Rate) Stress

Y A P R=A/P V Q=AV τ0

ft ft2 ft ft ft/s ft3/s lb/ft2

0.01 0.02 2.06 0.01 0.24 0.0 0.01
0.11 0.25 2.69 0.09 1.09 0.3 0.05
0.21 0.55 3.32 0.17 1.59 0.9 0.09
0.31 0.90 3.95 0.23 1.97 1.8 0.13
0.41 1.32 4.58 0.29 2.29 3.0 0.16
0.51 1.79 5.21 0.34 2.58 4.6 0.20
0.61 2.32 5.84 0.40 2.85 6.6 0.23
0.71 2.91 6.47 0.45 3.09 9.0 0.26
0.81 3.56 7.10 0.50 3.33 11.8 0.29
0.91 4.27 7.73 0.55 3.55 15.2 0.31
1.01 5.04 8.36 0.60 3.76 19.0 0.34
1.10 5.87 8.99 0.65 3.97 23.3 0.37
1.20 6.76 9.61 0.70 4.16 28.1 0.40
1.30 7.70 10.24 0.75 4.36 33.6 0.43
1.40 8.71 10.87 0.80 4.55 39.6 0.46
1.50 9.78 11.50 0.85 4.73 46.2 0.48
1.60 10.90 12.13 0.90 4.91 53.5 0.51
1.70 12.09 12.76 0.95 5.08 61.4 0.54
1.80 13.33 13.39 1.00 5.25 70.1 0.57
1.90 14.64 14.02 1.04 5.42 79.4 0.59
2.00 16.00 14.65 1.09 5.59 89.4 0.62

0.54 1.93 5.39 0.36 2.66 5.13 0.20 Q (25-yr Event)
0.57 2.13 5.62 0.38 2.76 5.86 0.22 Q (100-yr Event)
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Design/Check: Trapezoidal/Triangular Channel
Methodology: Manning's Equation
Project: IESI Travis County Landfill Expansion
Ditch ID: F.2 Design 

Peak Discharge, Q25 = 3.51 cfs (25-yr Event)
Peak Discharge, Q100 = 4.01 cfs (100-yr Event)

Bottom Width, B = 2.00  ft
Left Side Slope, Z1 = 3.00  horizontal :1 vertical

Right Side Slope, Z2 = 3.00  horizontal :1 vertical
Channel Depth, Y = 2.00 ft

Top Width, T = 14.00 ft
Manning's Roughness Coeff., n = 0.03
Longitudinal Channel Slope, So = 0.01  ft/ft

Depth Area Wetted Hydraulic Average Discharge Avg. Tractive Comments
of Flow of Flow Perimeter Radius Velocity (Flow Rate) Stress

Y A P R=A/P V Q=AV τ0

ft ft2 ft ft ft/s ft3/s lb/ft2

0.01 0.02 2.06 0.01 0.24 0.0 0.01
0.11 0.25 2.69 0.09 1.09 0.3 0.05
0.21 0.55 3.32 0.17 1.59 0.9 0.09
0.31 0.90 3.95 0.23 1.97 1.8 0.13
0.41 1.32 4.58 0.29 2.29 3.0 0.16
0.51 1.79 5.21 0.34 2.58 4.6 0.20
0.61 2.32 5.84 0.40 2.85 6.6 0.23
0.71 2.91 6.47 0.45 3.09 9.0 0.26
0.81 3.56 7.10 0.50 3.33 11.8 0.29
0.91 4.27 7.73 0.55 3.55 15.2 0.31
1.01 5.04 8.36 0.60 3.76 19.0 0.34
1.10 5.87 8.99 0.65 3.97 23.3 0.37
1.20 6.76 9.61 0.70 4.16 28.1 0.40
1.30 7.70 10.24 0.75 4.36 33.6 0.43
1.40 8.71 10.87 0.80 4.55 39.6 0.46
1.50 9.78 11.50 0.85 4.73 46.2 0.48
1.60 10.90 12.13 0.90 4.91 53.5 0.51
1.70 12.09 12.76 0.95 5.08 61.4 0.54
1.80 13.33 13.39 1.00 5.25 70.1 0.57
1.90 14.64 14.02 1.04 5.42 79.4 0.59
2.00 16.00 14.65 1.09 5.59 89.4 0.62

0.44 1.45 4.77 0.30 2.39 3.47 0.17 Q (25-yr Event)
0.47 1.60 4.97 0.32 2.48 3.97 0.18 Q (100-yr Event)
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Design/Check: Trapezoidal/Triangular Channel
Methodology: Manning's Equation
Project: IESI Travis County Landfill Expansion
Ditch ID: L.1 Design 

Peak Discharge, Q25 = 113.14 cfs (25-yr Event)
Peak Discharge, Q100 = 152.84 cfs (100-yr Event)

Bottom Width, B = 2.00  ft
Left Side Slope, Z1 = 3.00  horizontal :1 vertical

Right Side Slope, Z2 = 3.00  horizontal :1 vertical
Channel Depth, Y = 3.00 ft

Top Width, T = 20.00 ft
Manning's Roughness Coeff., n = 0.03
Longitudinal Channel Slope, So = 0.02  ft/ft

Depth Area Wetted Hydraulic Average Discharge Avg. Tractive Comments
of Flow of Flow Perimeter Radius Velocity (Flow Rate) Stress

Y A P R=A/P V Q=AV τ0

ft ft2 ft ft ft/s ft3/s lb/ft2

0.01 0.02 2.06 0.01 0.33 0.0 0.01
0.16 0.40 3.01 0.13 1.85 0.7 0.14
0.31 0.90 3.95 0.23 2.67 2.4 0.24
0.46 1.55 4.90 0.32 3.31 5.1 0.33
0.61 2.32 5.85 0.40 3.86 9.0 0.42
0.76 3.24 6.79 0.48 4.36 14.1 0.50
0.91 4.28 7.74 0.55 4.82 20.6 0.58
1.06 5.46 8.68 0.63 5.25 28.7 0.66
1.21 6.78 9.63 0.70 5.65 38.3 0.74
1.36 8.22 10.57 0.78 6.04 49.7 0.81
1.51 9.81 11.52 0.85 6.42 62.9 0.89
1.65 11.52 12.46 0.92 6.78 78.1 0.97
1.80 13.37 13.41 1.00 7.13 95.4 1.04
1.95 15.36 14.36 1.07 7.48 114.8 1.12
2.10 17.47 15.30 1.14 7.81 136.4 1.20
2.25 19.73 16.25 1.21 8.13 160.5 1.27
2.40 22.11 17.19 1.29 8.45 186.9 1.35
2.55 24.63 18.14 1.36 8.77 215.9 1.42
2.70 27.29 19.08 1.43 9.07 247.6 1.50
2.85 30.08 20.03 1.50 9.37 281.9 1.57
3.00 33.00 20.97 1.57 9.67 319.1 1.65

1.94 15.18 14.27 1.06 7.45 113.05 1.11 Q (25-yr Event)
2.21 19.00 15.95 1.19 8.03 152.58 1.25 Q (100-yr Event)
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Design/Check: Trapezoidal/Triangular Channel
Methodology: Manning's Equation
Project: IESI Travis County Landfill Expansion
Ditch ID: L.2 Design 

Peak Discharge, Q25 = 2.43 cfs (25-yr Event)
Peak Discharge, Q100 = 3.28 cfs (100-yr Event)

Bottom Width, B = 2.00  ft
Left Side Slope, Z1 = 3.00  horizontal :1 vertical

Right Side Slope, Z2 = 3.00  horizontal :1 vertical
Channel Depth, Y = 1.00 ft

Top Width, T = 8.00 ft
Manning's Roughness Coeff., n = 0.03
Longitudinal Channel Slope, So = 0.02  ft/ft

Depth Area Wetted Hydraulic Average Discharge Avg. Tractive Comments
of Flow of Flow Perimeter Radius Velocity (Flow Rate) Stress

Y A P R=A/P V Q=AV τ0

ft ft2 ft ft ft/s ft3/s lb/ft2

0.01 0.02 2.06 0.01 0.33 0.0 0.01
0.06 0.13 2.38 0.05 1.03 0.1 0.06
0.11 0.25 2.69 0.09 1.48 0.4 0.10
0.16 0.39 3.00 0.13 1.84 0.7 0.14
0.21 0.55 3.32 0.16 2.15 1.2 0.17
0.26 0.71 3.63 0.20 2.42 1.7 0.21
0.31 0.90 3.94 0.23 2.66 2.4 0.24
0.36 1.09 4.25 0.26 2.89 3.2 0.27
0.41 1.31 4.57 0.29 3.10 4.1 0.30
0.46 1.53 4.88 0.31 3.30 5.1 0.33
0.51 1.78 5.19 0.34 3.49 6.2 0.36
0.55 2.03 5.51 0.37 3.67 7.5 0.39
0.60 2.30 5.82 0.40 3.85 8.9 0.41
0.65 2.59 6.13 0.42 4.02 10.4 0.44
0.70 2.89 6.45 0.45 4.18 12.1 0.47
0.75 3.20 6.76 0.47 4.34 13.9 0.50
0.80 3.53 7.07 0.50 4.50 15.9 0.52
0.85 3.88 7.39 0.53 4.65 18.0 0.55
0.90 4.24 7.70 0.55 4.80 20.3 0.58
0.95 4.61 8.01 0.58 4.94 22.8 0.60
1.00 5.00 8.32 0.60 5.09 25.4 0.63

0.31 0.91 3.96 0.23 2.68 2.43 0.24 Q (25-yr Event)
0.36 1.12 4.30 0.26 2.92 3.27 0.27 Q (100-yr Event)
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Design/Check: Trapezoidal/Triangular Channel
Methodology: Manning's Equation
Project: IESI Travis County Landfill Expansion
Ditch ID: M.1 Design 

Peak Discharge, Q25 = 3.48 cfs (25-yr Event)
Peak Discharge, Q100 = 4.71 cfs (100-yr Event)

Bottom Width, B = 2.00  ft
Left Side Slope, Z1 = 3.00  horizontal :1 vertical

Right Side Slope, Z2 = 3.00  horizontal :1 vertical
Channel Depth, Y = 1.00 ft

Top Width, T = 8.00 ft
Manning's Roughness Coeff., n = 0.03
Longitudinal Channel Slope, So = 0.02  ft/ft

Depth Area Wetted Hydraulic Average Discharge Avg. Tractive Comments
of Flow of Flow Perimeter Radius Velocity (Flow Rate) Stress

Y A P R=A/P V Q=AV τ0

ft ft2 ft ft ft/s ft3/s lb/ft2

0.01 0.02 2.06 0.01 0.33 0.0 0.01
0.06 0.13 2.38 0.05 1.03 0.1 0.06
0.11 0.25 2.69 0.09 1.48 0.4 0.10
0.16 0.39 3.00 0.13 1.84 0.7 0.14
0.21 0.55 3.32 0.16 2.15 1.2 0.17
0.26 0.71 3.63 0.20 2.42 1.7 0.21
0.31 0.90 3.94 0.23 2.66 2.4 0.24
0.36 1.09 4.25 0.26 2.89 3.2 0.27
0.41 1.31 4.57 0.29 3.10 4.1 0.30
0.46 1.53 4.88 0.31 3.30 5.1 0.33
0.51 1.78 5.19 0.34 3.49 6.2 0.36
0.55 2.03 5.51 0.37 3.67 7.5 0.39
0.60 2.30 5.82 0.40 3.85 8.9 0.41
0.65 2.59 6.13 0.42 4.02 10.4 0.44
0.70 2.89 6.45 0.45 4.18 12.1 0.47
0.75 3.20 6.76 0.47 4.34 13.9 0.50
0.80 3.53 7.07 0.50 4.50 15.9 0.52
0.85 3.88 7.39 0.53 4.65 18.0 0.55
0.90 4.24 7.70 0.55 4.80 20.3 0.58
0.95 4.61 8.01 0.58 4.94 22.8 0.60
1.00 5.00 8.32 0.60 5.09 25.4 0.63

0.37 1.17 4.37 0.27 2.97 3.47 0.28 Q (25-yr Event)
0.44 1.45 4.77 0.30 3.23 4.70 0.32 Q (100-yr Event)
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Design/Check: Trapezoidal/Triangular Channel
Methodology: Manning's Equation
Project: IESI Travis County Landfill Expansion
Ditch ID: A.2-A.3 Design 

Peak Discharge, Q25 = 63.65 cfs (25-yr Event)
Peak Discharge, Q100 = 72.72 cfs (100-yr Event)

Bottom Width, B = 2.00  ft
Left Side Slope, Z1 = 3.00  horizontal :1 vertical

Right Side Slope, Z2 = 3.00  horizontal :1 vertical
Channel Depth, Y = 3.00 ft

Top Width, T = 20.00 ft
Manning's Roughness Coeff., n = 0.08
Longitudinal Channel Slope, So = 0.05  ft/ft

Depth Area Wetted Hydraulic Average Discharge Avg. Tractive Comments
of Flow of Flow Perimeter Radius Velocity (Flow Rate) Stress

Y A P R=A/P V Q=AV τ0

ft ft2 ft ft ft/s ft3/s lb/ft2

0.01 0.02 2.06 0.01 0.19 0.0 0.03
0.16 0.40 3.01 0.13 1.09 0.4 0.40
0.31 0.90 3.95 0.23 1.58 1.4 0.69
0.46 1.55 4.90 0.32 1.95 3.0 0.96
0.61 2.32 5.85 0.40 2.28 5.3 1.21
0.76 3.24 6.79 0.48 2.57 8.3 1.45
0.91 4.28 7.74 0.55 2.84 12.2 1.68
1.06 5.46 8.68 0.63 3.09 16.9 1.91
1.21 6.78 9.63 0.70 3.33 22.6 2.14
1.36 8.22 10.57 0.78 3.56 29.3 2.36
1.51 9.81 11.52 0.85 3.78 37.1 2.58
1.65 11.52 12.46 0.92 4.00 46.1 2.81
1.80 13.37 13.41 1.00 4.21 56.2 3.03
1.95 15.36 14.36 1.07 4.41 67.7 3.25
2.10 17.47 15.30 1.14 4.60 80.4 3.47
2.25 19.73 16.25 1.21 4.80 94.6 3.69
2.40 22.11 17.19 1.29 4.98 110.2 3.90
2.55 24.63 18.14 1.36 5.17 127.3 4.12
2.70 27.29 19.08 1.43 5.35 146.0 4.34
2.85 30.08 20.03 1.50 5.53 166.2 4.56
3.00 33.00 20.97 1.57 5.70 188.1 4.78

1.90 14.64 14.02 1.04 4.34 63.50 3.17 Q (25-yr Event)
2.01 16.18 14.73 1.10 4.49 72.56 3.33 Q (100-yr Event)
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Design/Check: Trapezoidal/Triangular Channel
Methodology: Manning's Equation
Project: IESI Travis County Landfill Expansion
Ditch ID: A.1-A.2 Design 

Peak Discharge, Q25 = 7.59 cfs (25-yr Event)
Peak Discharge, Q100 = 8.67 cfs (100-yr Event)

Bottom Width, B = 2.00  ft
Left Side Slope, Z1 = 3.00  horizontal :1 vertical

Right Side Slope, Z2 = 3.00  horizontal :1 vertical
Channel Depth, Y = 2.00 ft

Top Width, T = 14.00 ft
Manning's Roughness Coeff., n = 0.03
Longitudinal Channel Slope, So = 0.04  ft/ft

Depth Area Wetted Hydraulic Average Discharge Avg. Tractive Comments
of Flow of Flow Perimeter Radius Velocity (Flow Rate) Stress

Y A P R=A/P V Q=AV τ0

ft ft2 ft ft ft/s ft3/s lb/ft2

0.01 0.02 2.06 0.01 0.51 0.0 0.03
0.11 0.25 2.69 0.09 2.33 0.6 0.24
0.21 0.55 3.32 0.17 3.38 1.9 0.43
0.31 0.90 3.95 0.23 4.19 3.8 0.59
0.41 1.32 4.58 0.29 4.88 6.4 0.74
0.51 1.79 5.21 0.34 5.50 9.8 0.89
0.61 2.32 5.84 0.40 6.06 14.1 1.02
0.71 2.91 6.47 0.45 6.59 19.2 1.16
0.81 3.56 7.10 0.50 7.08 25.2 1.29
0.91 4.27 7.73 0.55 7.56 32.3 1.43
1.01 5.04 8.36 0.60 8.01 40.4 1.56
1.10 5.87 8.99 0.65 8.45 49.6 1.69
1.20 6.76 9.61 0.70 8.87 59.9 1.81
1.30 7.70 10.24 0.75 9.28 71.5 1.94
1.40 8.71 10.87 0.80 9.68 84.3 2.07
1.50 9.78 11.50 0.85 10.07 98.5 2.19
1.60 10.90 12.13 0.90 10.45 113.9 2.32
1.70 12.09 12.76 0.95 10.82 130.8 2.44
1.80 13.33 13.39 1.00 11.19 149.2 2.57
1.90 14.64 14.02 1.04 11.55 169.0 2.69
2.00 16.00 14.65 1.09 11.90 190.4 2.82

0.44 1.47 4.80 0.31 5.10 7.50 0.79 Q (25-yr Event)
0.47 1.62 5.00 0.32 5.30 8.58 0.84 Q (100-yr Event)
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Design/Check: Trapezoidal/Triangular Channel
Methodology: Manning's Equation
Project: IESI Travis County Landfill Expansion
Ditch ID: B.1-B.2 Design 

Peak Discharge, Q25 = 13.08 cfs (25-yr Event)
Peak Discharge, Q100 = 14.94 cfs (100-yr Event)

Bottom Width, B = 2.00  ft
Left Side Slope, Z1 = 3.00  horizontal :1 vertical

Right Side Slope, Z2 = 3.00  horizontal :1 vertical
Channel Depth, Y = 2.00 ft

Top Width, T = 14.00 ft
Manning's Roughness Coeff., n = 0.03
Longitudinal Channel Slope, So = 0.04  ft/ft

Depth Area Wetted Hydraulic Average Discharge Avg. Tractive Comments
of Flow of Flow Perimeter Radius Velocity (Flow Rate) Stress

Y A P R=A/P V Q=AV τ0

ft ft2 ft ft ft/s ft3/s lb/ft2

0.01 0.02 2.06 0.01 0.50 0.0 0.02
0.11 0.25 2.69 0.09 2.25 0.6 0.23
0.21 0.55 3.32 0.17 3.27 1.8 0.40
0.31 0.90 3.95 0.23 4.06 3.7 0.55
0.41 1.32 4.58 0.29 4.73 6.2 0.69
0.51 1.79 5.21 0.34 5.32 9.5 0.83
0.61 2.32 5.84 0.40 5.87 13.6 0.96
0.71 2.91 6.47 0.45 6.38 18.6 1.09
0.81 3.56 7.10 0.50 6.86 24.4 1.21
0.91 4.27 7.73 0.55 7.31 31.2 1.34
1.01 5.04 8.36 0.60 7.75 39.1 1.46
1.10 5.87 8.99 0.65 8.17 48.0 1.58
1.20 6.76 9.61 0.70 8.58 58.0 1.70
1.30 7.70 10.24 0.75 8.98 69.2 1.82
1.40 8.71 10.87 0.80 9.37 81.6 1.94
1.50 9.78 11.50 0.85 9.74 95.3 2.05
1.60 10.90 12.13 0.90 10.11 110.3 2.17
1.70 12.09 12.76 0.95 10.47 126.6 2.29
1.80 13.33 13.39 1.00 10.83 144.4 2.41
1.90 14.64 14.02 1.04 11.18 163.6 2.52
2.00 16.00 14.65 1.09 11.52 184.3 2.64

0.59 2.25 5.76 0.39 5.80 13.03 0.94 Q (25-yr Event)
0.63 2.47 6.01 0.41 6.01 14.85 0.99 Q (100-yr Event)
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Design/Check: Trapezoidal/Triangular Channel
Methodology: Manning's Equation
Project: IESI Travis County Landfill Expansion
Ditch ID: C.1-C.2 Design 

Peak Discharge, Q25 = 11.59 cfs (25-yr Event)
Peak Discharge, Q100 = 13.24 cfs (100-yr Event)

Bottom Width, B = 2.00  ft
Left Side Slope, Z1 = 3.00  horizontal :1 vertical

Right Side Slope, Z2 = 3.00  horizontal :1 vertical
Channel Depth, Y = 2.00 ft

Top Width, T = 14.00 ft
Manning's Roughness Coeff., n = 0.03
Longitudinal Channel Slope, So = 0.01  ft/ft

Depth Area Wetted Hydraulic Average Discharge Avg. Tractive Comments
of Flow of Flow Perimeter Radius Velocity (Flow Rate) Stress

Y A P R=A/P V Q=AV τ0

ft ft2 ft ft ft/s ft3/s lb/ft2

0.01 0.02 2.06 0.01 0.26 0.0 0.01
0.11 0.25 2.69 0.09 1.18 0.3 0.06
0.21 0.55 3.32 0.17 1.71 0.9 0.11
0.31 0.90 3.95 0.23 2.12 1.9 0.15
0.41 1.32 4.58 0.29 2.47 3.2 0.19
0.51 1.79 5.21 0.34 2.78 5.0 0.23
0.61 2.32 5.84 0.40 3.06 7.1 0.26
0.71 2.91 6.47 0.45 3.33 9.7 0.30
0.81 3.56 7.10 0.50 3.58 12.7 0.33
0.91 4.27 7.73 0.55 3.82 16.3 0.36
1.01 5.04 8.36 0.60 4.05 20.4 0.40
1.10 5.87 8.99 0.65 4.27 25.0 0.43
1.20 6.76 9.61 0.70 4.48 30.3 0.46
1.30 7.70 10.24 0.75 4.69 36.1 0.50
1.40 8.71 10.87 0.80 4.89 42.6 0.53
1.50 9.78 11.50 0.85 5.09 49.7 0.56
1.60 10.90 12.13 0.90 5.28 57.6 0.59
1.70 12.09 12.76 0.95 5.47 66.1 0.62
1.80 13.33 13.39 1.00 5.65 75.4 0.66
1.90 14.64 14.02 1.04 5.83 85.4 0.69
2.00 16.00 14.65 1.09 6.01 96.2 0.72

0.77 3.31 6.86 0.48 3.49 11.53 0.32 Q (25-yr Event)
0.82 3.66 7.19 0.51 3.61 13.21 0.34 Q (100-yr Event)
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Design/Check: Trapezoidal/Triangular Channel
Methodology: Manning's Equation
Project: IESI Travis County Landfill Expansion
Ditch ID: D.1-D.2 Design 

Peak Discharge, Q25 = 2.46 cfs (25-yr Event)
Peak Discharge, Q100 = 3.06 cfs (100-yr Event)

Bottom Width, B = 2.00  ft
Left Side Slope, Z1 = 3.00  horizontal :1 vertical

Right Side Slope, Z2 = 3.00  horizontal :1 vertical
Channel Depth, Y = 2.00 ft

Top Width, T = 14.00 ft
Manning's Roughness Coeff., n = 0.03
Longitudinal Channel Slope, So = 0.05  ft/ft

Depth Area Wetted Hydraulic Average Discharge Avg. Tractive Comments
of Flow of Flow Perimeter Radius Velocity (Flow Rate) Stress

Y A P R=A/P V Q=AV τ0

ft ft2 ft ft ft/s ft3/s lb/ft2

0.01 0.02 2.06 0.01 0.54 0.0 0.03
0.11 0.25 2.69 0.09 2.44 0.6 0.27
0.21 0.55 3.32 0.17 3.54 1.9 0.47
0.31 0.90 3.95 0.23 4.39 4.0 0.65
0.41 1.32 4.58 0.29 5.11 6.7 0.81
0.51 1.79 5.21 0.34 5.76 10.3 0.97
0.61 2.32 5.84 0.40 6.35 14.7 1.12
0.71 2.91 6.47 0.45 6.90 20.1 1.27
0.81 3.56 7.10 0.50 7.42 26.4 1.42
0.91 4.27 7.73 0.55 7.91 33.8 1.56
1.01 5.04 8.36 0.60 8.39 42.3 1.71
1.10 5.87 8.99 0.65 8.84 51.9 1.85
1.20 6.76 9.61 0.70 9.29 62.7 1.99
1.30 7.70 10.24 0.75 9.72 74.9 2.13
1.40 8.71 10.87 0.80 10.13 88.3 2.27
1.50 9.78 11.50 0.85 10.54 103.1 2.40
1.60 10.90 12.13 0.90 10.94 119.3 2.54
1.70 12.09 12.76 0.95 11.33 137.0 2.68
1.80 13.33 13.39 1.00 11.72 156.2 2.82
1.90 14.64 14.02 1.04 12.09 177.0 2.95
2.00 16.00 14.65 1.09 12.46 199.4 3.09

0.23 0.63 3.48 0.18 3.77 2.39 0.51 Q (25-yr Event)
0.26 0.74 3.67 0.20 4.03 2.97 0.57 Q (100-yr Event)
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Design/Check: Trapezoidal/Triangular Channel
Methodology: Manning's Equation
Project: IESI Travis County Landfill Expansion
Ditch ID: D.2-D.3 Design 

Peak Discharge, Q25 = 85.80 cfs (25-yr Event)
Peak Discharge, Q100 = 66.94 cfs (100-yr Event)

Bottom Width, B = 2.00  ft
Left Side Slope, Z1 = 3.00  horizontal :1 vertical

Right Side Slope, Z2 = 3.00  horizontal :1 vertical
Channel Depth, Y = 3.00 ft

Top Width, T = 20.00 ft
Manning's Roughness Coeff., n = 0.08
Longitudinal Channel Slope, So = 0.05  ft/ft

Depth Area Wetted Hydraulic Average Discharge Avg. Tractive Comments
of Flow of Flow Perimeter Radius Velocity (Flow Rate) Stress

Y A P R=A/P V Q=AV τ0

ft ft2 ft ft ft/s ft3/s lb/ft2

0.01 0.02 2.06 0.01 0.19 0.0 0.03
0.16 0.40 3.01 0.13 1.05 0.4 0.37
0.31 0.90 3.95 0.23 1.52 1.4 0.65
0.46 1.55 4.90 0.32 1.89 2.9 0.89
0.61 2.32 5.85 0.40 2.20 5.1 1.12
0.76 3.24 6.79 0.48 2.48 8.0 1.35
0.91 4.28 7.74 0.55 2.74 11.7 1.57
1.06 5.46 8.68 0.63 2.99 16.3 1.78
1.21 6.78 9.63 0.70 3.22 21.8 1.99
1.36 8.22 10.57 0.78 3.44 28.3 2.20
1.51 9.81 11.52 0.85 3.65 35.8 2.41
1.65 11.52 12.46 0.92 3.86 44.5 2.61
1.80 13.37 13.41 1.00 4.06 54.3 2.82
1.95 15.36 14.36 1.07 4.25 65.3 3.03
2.10 17.47 15.30 1.14 4.44 77.6 3.23
2.25 19.73 16.25 1.21 4.63 91.3 3.43
2.40 22.11 17.19 1.29 4.81 106.4 3.64
2.55 24.63 18.14 1.36 4.99 122.9 3.84
2.70 27.29 19.08 1.43 5.16 140.9 4.04
2.85 30.08 20.03 1.50 5.33 160.4 4.25
3.00 33.00 20.97 1.57 5.50 181.6 4.45

2.19 18.80 15.86 1.19 4.55 85.64 3.35 Q (25-yr Event)
1.97 15.63 14.48 1.08 4.28 66.87 3.05 Q (100-yr Event)
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Design/Check: Trapezoidal/Triangular Channel
Methodology: Manning's Equation
Project: IESI Travis County Landfill Expansion
Ditch ID: D.3-D.4 Design 

Peak Discharge, Q25 = 155.65 cfs (25-yr Event)
Peak Discharge, Q100 = 183.39 cfs (100-yr Event)

Bottom Width, B = 2.00  ft
Left Side Slope, Z1 = 3.00  horizontal :1 vertical

Right Side Slope, Z2 = 3.00  horizontal :1 vertical
Channel Depth, Y = 4.00 ft

Top Width, T = 26.00 ft
Manning's Roughness Coeff., n = 0.08
Longitudinal Channel Slope, So = 0.05  ft/ft

Depth Area Wetted Hydraulic Average Discharge Avg. Tractive Comments
of Flow of Flow Perimeter Radius Velocity (Flow Rate) Stress

Y A P R=A/P V Q=AV τ0

ft ft2 ft ft ft/s ft3/s lb/ft2

0.01 0.02 2.06 0.01 0.20 0.0 0.03
0.21 0.55 3.32 0.17 1.29 0.7 0.52
0.41 1.32 4.59 0.29 1.86 2.5 0.90
0.61 2.33 5.85 0.40 2.31 5.4 1.24
0.81 3.57 7.11 0.50 2.70 9.6 1.56
1.01 5.06 8.37 0.60 3.05 15.4 1.88
1.21 6.78 9.63 0.70 3.38 22.9 2.19
1.41 8.75 10.90 0.80 3.68 32.2 2.50
1.61 10.95 12.16 0.90 3.98 43.6 2.80
1.81 13.39 13.42 1.00 4.26 57.0 3.11
2.01 16.07 14.68 1.09 4.53 72.8 3.41
2.20 18.99 15.94 1.19 4.79 91.0 3.71
2.40 22.15 17.20 1.29 5.05 111.8 4.01
2.60 25.54 18.47 1.38 5.30 135.3 4.30
2.80 29.18 19.73 1.48 5.54 161.6 4.60
3.00 33.05 20.99 1.57 5.77 190.8 4.90
3.20 37.16 22.25 1.67 6.01 223.2 5.20
3.40 41.51 23.51 1.77 6.23 258.7 5.49
3.60 46.10 24.77 1.86 6.46 297.6 5.79
3.80 50.93 26.04 1.96 6.67 339.9 6.09
4.00 56.00 27.30 2.05 6.89 385.8 6.38

2.76 28.34 19.44 1.46 5.48 155.40 4.54 Q (25-yr Event)
2.95 32.04 20.67 1.55 5.71 183.10 4.82 Q (100-yr Event)
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Design/Check: Trapezoidal/Triangular Channel
Methodology: Manning's Equation
Project: IESI Travis County Landfill Expansion
Ditch ID: E.1-E.2 Design 

Peak Discharge, Q25 = 8.17 cfs (25-yr Event)
Peak Discharge, Q100 = 9.33 cfs (100-yr Event)

Bottom Width, B = 2.00  ft
Left Side Slope, Z1 = 3.00  horizontal :1 vertical

Right Side Slope, Z2 = 3.00  horizontal :1 vertical
Channel Depth, Y = 2.00 ft

Top Width, T = 14.00 ft
Manning's Roughness Coeff., n = 0.03
Longitudinal Channel Slope, So = 0.01  ft/ft

Depth Area Wetted Hydraulic Average Discharge Avg. Tractive Comments
of Flow of Flow Perimeter Radius Velocity (Flow Rate) Stress

Y A P R=A/P V Q=AV τ0

ft ft2 ft ft ft/s ft3/s lb/ft2

0.01 0.02 2.06 0.01 0.24 0.0 0.01
0.11 0.25 2.69 0.09 1.09 0.3 0.05
0.21 0.55 3.32 0.17 1.59 0.9 0.09
0.31 0.90 3.95 0.23 1.97 1.8 0.13
0.41 1.32 4.58 0.29 2.29 3.0 0.16
0.51 1.79 5.21 0.34 2.58 4.6 0.20
0.61 2.32 5.84 0.40 2.85 6.6 0.23
0.71 2.91 6.47 0.45 3.09 9.0 0.26
0.81 3.56 7.10 0.50 3.33 11.8 0.29
0.91 4.27 7.73 0.55 3.55 15.2 0.31
1.01 5.04 8.36 0.60 3.76 19.0 0.34
1.10 5.87 8.99 0.65 3.97 23.3 0.37
1.20 6.76 9.61 0.70 4.16 28.1 0.40
1.30 7.70 10.24 0.75 4.36 33.6 0.43
1.40 8.71 10.87 0.80 4.55 39.6 0.46
1.50 9.78 11.50 0.85 4.73 46.2 0.48
1.60 10.90 12.13 0.90 4.91 53.5 0.51
1.70 12.09 12.76 0.95 5.08 61.4 0.54
1.80 13.33 13.39 1.00 5.25 70.1 0.57
1.90 14.64 14.02 1.04 5.42 79.4 0.59
2.00 16.00 14.65 1.09 5.59 89.4 0.62

0.67 2.70 6.25 0.43 3.01 8.12 0.25 Q (25-yr Event)
0.72 2.98 6.54 0.46 3.12 9.31 0.26 Q (100-yr Event)
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Appendix 3 
HY-8 Output – Cases 1 through 4 



HY-8 Culvert Analysis Report

Crossing Discharge Data

Discharge Selection Method: Specify Minimum, Design, and Maximum Flow
Minimum Flow: 1 cfs
Design Flow: 27.23 cfs
Maximum Flow: 27.23 cfs
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Table 1 - Summary of Culvert Flows at Crossing: EC-6, 25-yr (Case 1)
Headwater Elevation 

(ft)
Total Discharge (cfs)  Discharge (cfs) Roadway Discharge 

(cfs)
Iterations

239.93 1.00 1.00 0.00 1
240.33 3.62 3.62 0.00 1
240.60 6.25 6.25 0.00 1
240.85 8.87 8.87 0.00 1
241.10 11.49 11.49 0.00 1
241.32 14.12 14.12 0.00 1
241.53 16.74 16.74 0.00 1
241.73 19.36 19.36 0.00 1
241.93 21.98 21.98 0.00 1
242.14 24.61 24.61 0.00 1
242.36 27.23 27.23 0.00 1
244.00 41.91 41.91 0.00 Overtopping
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Rating Curve Plot for Crossing: EC-6, 25-yr (Case 1)
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Table 2 - Culvert Summary Table: 
Total 

Discharge 
(cfs)

Culvert 
Discharge 

(cfs)

Headwater 
Elevation (ft)

Inlet Control 
Depth (ft)

Outlet 
Control 

Depth (ft)

Flow 
Type

Normal 
Depth (ft)

Critical 
Depth (ft)

Outlet Depth 
(ft)

Tailwater 
Depth (ft)

Outlet 
Velocity 

(ft/s)

Tailwater 
Velocity 

(ft/s)

1.00 1.00 239.93 0.426 0.0* 1-S2n 0.188 0.321 0.196 9.720 5.412 0.000
3.62 3.62 240.33 0.830 0.0* 1-S2n 0.347 0.622 0.366 9.720 7.939 0.000
6.25 6.25 240.60 1.105 0.0* 1-S2n 0.454 0.825 0.483 9.720 9.093 0.000
8.87 8.87 240.85 1.354 0.0* 1-S2n 0.539 0.987 0.586 9.720 9.758 0.000
11.49 11.49 241.10 1.600 0.0* 1-S2n 0.615 1.136 0.678 9.720 10.319 0.000
14.12 14.12 241.32 1.821 0.0* 1-S2n 0.682 1.265 0.759 9.720 10.813 0.000
16.74 16.74 241.53 2.027 0.0* 1-S2n 0.745 1.378 0.835 9.720 11.243 0.000
19.36 19.36 241.73 2.227 0.0* 1-S2n 0.804 1.488 0.912 9.720 11.537 0.000
21.98 21.98 241.93 2.429 0.202 1-S2n 0.860 1.591 0.982 9.720 11.861 0.000
24.61 24.61 242.14 2.640 0.450 5-S2n 0.913 1.685 1.051 9.720 12.138 0.000
27.23 27.23 242.36 2.863 0.713 5-S2n 0.965 1.777 1.117 9.720 12.397 0.000
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* Full Flow Headwater elevation is below inlet invert.
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********************************************************************************

Straight Culvert

Inlet Elevation (invert): 239.50 ft,    Outlet Elevation (invert): 237.50 ft

Culvert Length: 50.04 ft,    Culvert Slope: 0.0400

********************************************************************************
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Culvert Performance Curve Plot: 
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Water Surface Profile Plot for Culvert: 

Culvert Data Summary - 

Barrel Shape:  Circular
Barrel Diameter:  2.50 ft
Barrel Material:  Smooth HDPE
Embedment:  0.00 in
Barrel Manning's n:  0.0130
Culvert Type:  Straight
Inlet Configuration:  Square Edge with Headwall
Inlet Depression:  None
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Table 3 - Downstream Channel Rating Curve (Crossing: EC-6, 25-yr (Case 1))

Flow (cfs) Water Surface Elev (ft) Depth (ft)

1.00 229.72 9.72
3.62 229.72 9.72
6.25 229.72 9.72
8.87 229.72 9.72
11.49 229.72 9.72
14.12 229.72 9.72
16.74 229.72 9.72
19.36 229.72 9.72
21.98 229.72 9.72
24.61 229.72 9.72
27.23 229.72 9.72
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Tailwater Channel Data - EC-6, 25-yr (Case 1)

Tailwater Channel Option:  Enter Constant Tailwater Elevation
Constant Tailwater Elevation:  229.72 ft

Roadway Data for Crossing: EC-6, 25-yr (Case 1)

Roadway Profile Shape:  Constant Roadway Elevation
Crest Length:  20.00 ft
Crest Elevation:  244.00 ft
Roadway Surface:  Paved
Roadway Top Width:  20.00 ft
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Crossing Discharge Data

Discharge Selection Method: Specify Minimum, Design, and Maximum Flow
Minimum Flow: 1 cfs
Design Flow: 116.6 cfs
Maximum Flow: 116.6 cfs
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Table 4 - Summary of Culvert Flows at Crossing: C-6, 25-yr (case 4)
Headwater Elevation 

(ft)
Total Discharge (cfs)  Discharge (cfs) Roadway Discharge 

(cfs)
Iterations

237.29 1.00 1.00 0.00 1
238.07 12.56 12.56 0.00 1
238.52 24.12 24.12 0.00 1
238.95 35.68 35.68 0.00 1
239.31 47.24 47.24 0.00 1
239.65 58.80 58.80 0.00 1
239.99 70.36 70.36 0.00 1
240.35 81.92 81.92 0.00 1
240.74 93.48 93.48 0.00 1
241.18 105.04 105.04 0.00 1
241.68 116.60 116.60 0.00 1
244.00 158.96 158.96 0.00 Overtopping
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Rating Curve Plot for Crossing: C-6, 25-yr (case 4)
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Table 5 - Culvert Summary Table: 
Total 

Discharge 
(cfs)

Culvert 
Discharge 

(cfs)

Headwater 
Elevation (ft)

Inlet Control 
Depth (ft)

Outlet 
Control 

Depth (ft)

Flow 
Type

Normal 
Depth (ft)

Critical 
Depth (ft)

Outlet Depth 
(ft)

Tailwater 
Depth (ft)

Outlet 
Velocity 

(ft/s)

Tailwater 
Velocity 

(ft/s)

1.00 1.00 237.29 0.291 0.0* 1-S2n 0.176 0.214 0.176 11.150 2.955 0.000
12.56 12.56 238.07 1.070 0.307 1-S2n 0.605 0.784 0.630 11.150 5.618 0.000
24.12 24.12 238.52 1.518 0.682 1-S2n 0.841 1.098 0.887 11.150 6.669 0.000
35.68 35.68 238.95 1.945 1.035 1-S2n 1.031 1.352 1.098 11.150 7.354 0.000
47.24 47.24 239.31 2.312 1.386 1-S2n 1.200 1.564 1.285 11.150 7.890 0.000
58.80 58.80 239.65 2.652 1.751 1-S2n 1.357 1.751 1.459 11.150 8.339 0.000
70.36 70.36 239.99 2.990 2.139 1-S2n 1.507 1.924 1.622 11.150 8.736 0.000
81.92 81.92 240.35 3.349 2.552 5-S2n 1.654 2.082 1.778 11.150 9.098 0.000
93.48 93.48 240.74 3.743 2.987 5-S2n 1.801 2.224 1.931 11.150 9.435 0.000
105.04 105.04 241.18 4.185 3.771 5-S2n 1.952 2.353 2.081 11.150 9.754 0.000
116.60 116.60 241.68 4.681 4.199 5-S2n 2.114 2.468 2.235 11.150 10.054 0.000
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* Full Flow Headwater elevation is below inlet invert.
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********************************************************************************

Straight Culvert

Inlet Elevation (invert): 237.00 ft,    Outlet Elevation (invert): 236.50 ft

Culvert Length: 50.00 ft,    Culvert Slope: 0.0100

********************************************************************************
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Culvert Performance Curve Plot: 
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Water Surface Profile Plot for Culvert: 

Culvert Data Summary - 

Barrel Shape:  Circular
Barrel Diameter:  3.00 ft
Barrel Material:  Smooth HDPE
Embedment:  0.00 in
Barrel Manning's n:  0.0130
Culvert Type:  Straight
Inlet Configuration:  Square Edge with Headwall
Inlet Depression:  None
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Table 6 - Downstream Channel Rating Curve (Crossing: C-6, 25-yr (case 4))

Flow (cfs) Water Surface Elev (ft) Depth (ft)

1.00 231.15 11.15
12.56 231.15 11.15
24.12 231.15 11.15
35.68 231.15 11.15
47.24 231.15 11.15
58.80 231.15 11.15
70.36 231.15 11.15
81.92 231.15 11.15
93.48 231.15 11.15
105.04 231.15 11.15
116.60 231.15 11.15
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Tailwater Channel Data - C-6, 25-yr (case 4)

Tailwater Channel Option:  Enter Constant Tailwater Elevation
Constant Tailwater Elevation:  231.15 ft

Roadway Data for Crossing: C-6, 25-yr (case 4)

Roadway Profile Shape:  Constant Roadway Elevation
Crest Length:  20.00 ft
Crest Elevation:  244.00 ft
Roadway Surface:  Paved
Roadway Top Width:  20.00 ft
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Crossing Discharge Data

Discharge Selection Method: Specify Minimum, Design, and Maximum Flow
Minimum Flow: 1 cfs
Design Flow: 157.18 cfs
Maximum Flow: 157.18 cfs
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Table 7 - Summary of Culvert Flows at Crossing: C-6, 100-yr (Case 4)
Headwater Elevation 

(ft)
Total Discharge (cfs)  Discharge (cfs) Roadway Discharge 

(cfs)
Iterations

237.29 1.00 1.00 0.00 1
238.24 16.62 16.62 0.00 1
238.83 32.24 32.24 0.00 1
239.33 47.85 47.85 0.00 1
239.79 63.47 63.47 0.00 1
240.26 79.09 79.09 0.00 1
240.79 94.71 94.71 0.00 1
241.40 110.33 110.33 0.00 1
242.12 125.94 125.94 0.00 1
242.95 141.56 141.56 0.00 1
243.89 157.18 157.18 0.00 1
244.00 158.96 158.96 0.00 Overtopping
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Rating Curve Plot for Crossing: C-6, 100-yr (Case 4)
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Table 8 - Culvert Summary Table: 
Total 

Discharge 
(cfs)

Culvert 
Discharge 

(cfs)

Headwater 
Elevation (ft)

Inlet Control 
Depth (ft)

Outlet 
Control 

Depth (ft)

Flow 
Type

Normal 
Depth (ft)

Critical 
Depth (ft)

Outlet Depth 
(ft)

Tailwater 
Depth (ft)

Outlet 
Velocity 

(ft/s)

Tailwater 
Velocity 

(ft/s)

1.00 1.00 237.29 0.291 0.0* 1-S2n 0.176 0.214 0.176 12.820 2.955 0.000
16.62 16.62 238.24 1.241 0.445 1-S2n 0.696 0.905 0.727 12.820 6.063 0.000
32.24 32.24 238.83 1.826 0.930 1-S2n 0.977 1.280 1.038 12.820 7.172 0.000
47.85 47.85 239.33 2.331 1.405 1-S2n 1.208 1.574 1.295 12.820 7.916 0.000
63.47 63.47 239.79 2.787 1.907 1-S2n 1.418 1.825 1.526 12.820 8.504 0.000
79.09 79.09 240.26 3.258 2.449 5-S2n 1.618 2.045 1.741 12.820 9.010 0.000
94.71 94.71 240.79 3.788 3.034 5-S2n 1.817 2.238 1.947 12.820 9.469 0.000
110.33 110.33 241.40 4.405 3.962 5-S2n 2.024 2.407 2.151 12.820 9.894 0.000
125.94 125.94 242.12 5.124 4.567 5-S2n 2.258 2.551 2.365 12.820 10.279 0.000
141.56 141.56 242.95 5.952 5.313 7-M2c 3.000 2.668 2.668 12.820 10.658 0.000
157.18 157.18 243.89 6.887 5.933 7-M2c 3.000 2.757 2.757 12.820 11.560 0.000
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* Full Flow Headwater elevation is below inlet invert.
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********************************************************************************

Straight Culvert

Inlet Elevation (invert): 237.00 ft,    Outlet Elevation (invert): 236.50 ft

Culvert Length: 50.00 ft,    Culvert Slope: 0.0100

********************************************************************************
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Culvert Performance Curve Plot: 
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Water Surface Profile Plot for Culvert: 

Culvert Data Summary - 

Barrel Shape:  Circular
Barrel Diameter:  3.00 ft
Barrel Material:  Smooth HDPE
Embedment:  0.00 in
Barrel Manning's n:  0.0130
Culvert Type:  Straight
Inlet Configuration:  Square Edge with Headwall
Inlet Depression:  None
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Table 9 - Downstream Channel Rating Curve (Crossing: C-6, 100-yr (Case 4))

Flow (cfs) Water Surface Elev (ft) Depth (ft)

1.00 232.82 12.82
16.62 232.82 12.82
32.24 232.82 12.82
47.85 232.82 12.82
63.47 232.82 12.82
79.09 232.82 12.82
94.71 232.82 12.82
110.33 232.82 12.82
125.94 232.82 12.82
141.56 232.82 12.82
157.18 232.82 12.82
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Tailwater Channel Data - C-6, 100-yr (Case 4)

Tailwater Channel Option:  Enter Constant Tailwater Elevation
Constant Tailwater Elevation:  232.82 ft

Roadway Data for Crossing: C-6, 100-yr (Case 4)

Roadway Profile Shape:  Constant Roadway Elevation
Crest Length:  20.00 ft
Crest Elevation:  244.00 ft
Roadway Surface:  Paved
Roadway Top Width:  20.00 ft
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Crossing Discharge Data

Discharge Selection Method: Specify Minimum, Design, and Maximum Flow
Minimum Flow: 1 cfs
Design Flow: 157.2 cfs
Maximum Flow: 157.2 cfs
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Table 10 - Summary of Culvert Flows at Crossing: C-7 25-yr (Case 3)
Headwater Elevation 

(ft)
Total Discharge (cfs)  Discharge (cfs) Roadway Discharge 

(cfs)
Iterations

242.26 1.00 1.00 0.00 1
243.09 16.62 16.62 0.00 1
243.55 32.24 32.24 0.00 1
243.96 47.86 47.86 0.00 1
244.37 63.48 63.48 0.00 1
244.74 79.10 79.10 0.00 1
245.10 94.72 94.72 0.00 1
245.47 110.34 110.34 0.00 1
245.87 125.96 125.96 0.00 1
246.31 141.58 141.58 0.00 1
246.79 157.20 157.20 0.00 1
248.00 190.27 190.27 0.00 Overtopping
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Rating Curve Plot for Crossing: C-7 25-yr (Case 3)
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Table 11 - Culvert Summary Table: 
Total 

Discharge 
(cfs)

Culvert 
Discharge 

(cfs)

Headwater 
Elevation (ft)

Inlet Control 
Depth (ft)

Outlet 
Control 

Depth (ft)

Flow 
Type

Normal 
Depth (ft)

Critical 
Depth (ft)

Outlet Depth 
(ft)

Tailwater 
Depth (ft)

Outlet 
Velocity 

(ft/s)

Tailwater 
Velocity 

(ft/s)

1.00 1.00 242.26 0.261 0.0* 1-JS1t 0.095 0.204 1.510 6.510 0.122 0.000
16.62 16.62 243.09 1.089 0.0* 1-S2n 0.366 0.866 0.374 6.510 14.531 0.000
32.24 32.24 243.55 1.546 0.0* 1-S2n 0.503 1.221 0.503 6.510 18.218 0.000
47.86 47.86 243.96 1.961 0.0* 1-S2n 0.611 1.501 0.611 6.510 20.444 0.000
63.48 63.48 244.37 2.370 0.0* 1-S2n 0.702 1.743 0.748 6.510 20.337 0.000
79.10 79.10 244.74 2.742 0.0* 1-S2n 0.784 1.952 0.849 6.510 21.207 0.000
94.72 94.72 245.10 3.102 0.0* 1-S2n 0.858 2.145 0.939 6.510 22.021 0.000
110.34 110.34 245.47 3.472 0.0* 1-S2n 0.927 2.319 1.022 6.510 22.791 0.000
125.96 125.96 245.87 3.869 0.0* 5-S2n 0.993 2.485 1.108 6.510 23.257 0.000
141.58 141.58 246.31 4.305 0.0* 5-S2n 1.054 2.633 1.184 6.510 23.852 0.000
157.20 157.20 246.79 4.790 0.0* 5-S2n 1.113 2.768 1.263 6.510 24.265 0.000
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* Full Flow Headwater elevation is below inlet invert.
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********************************************************************************

Straight Culvert

Inlet Elevation (invert): 242.00 ft,    Outlet Elevation (invert): 230.00 ft

Culvert Length: 105.68 ft,    Culvert Slope: 0.1143

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

Page No. 267



Culvert Performance Curve Plot: 
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Water Surface Profile Plot for Culvert: 

Culvert Data Summary - 

Barrel Shape:  Circular
Barrel Diameter:  3.50 ft
Barrel Material:  Smooth HDPE
Embedment:  0.00 in
Barrel Manning's n:  0.0130
Culvert Type:  Straight
Inlet Configuration:  Square Edge with Headwall
Inlet Depression:  None
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Table 12 - Downstream Channel Rating Curve (Crossing: C-7 25-yr (Case 3))

Flow (cfs) Water Surface Elev (ft) Depth (ft)

1.00 231.51 6.51
16.62 231.51 6.51
32.24 231.51 6.51
47.86 231.51 6.51
63.48 231.51 6.51
79.10 231.51 6.51
94.72 231.51 6.51
110.34 231.51 6.51
125.96 231.51 6.51
141.58 231.51 6.51
157.20 231.51 6.51
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Tailwater Channel Data - C-7 25-yr (Case 3)

Tailwater Channel Option:  Enter Constant Tailwater Elevation
Constant Tailwater Elevation:  231.51 ft

Roadway Data for Crossing: C-7 25-yr (Case 3)

Roadway Profile Shape:  Constant Roadway Elevation
Crest Length:  20.00 ft
Crest Elevation:  248.00 ft
Roadway Surface:  Paved
Roadway Top Width:  20.00 ft
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Crossing Discharge Data

Discharge Selection Method: Specify Minimum, Design, and Maximum Flow
Minimum Flow: 1 cfs
Design Flow: 179.7 cfs
Maximum Flow: 179.7 cfs
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Table 13 - Summary of Culvert Flows at Crossing: C-7 100-yr (Case 4)
Headwater Elevation 

(ft)
Total Discharge (cfs)  Discharge (cfs) Roadway Discharge 

(cfs)
Iterations

242.26 1.00 1.00 0.00 1
243.17 18.87 18.87 0.00 1
243.66 36.74 36.74 0.00 1
244.14 54.61 54.61 0.00 1
244.59 72.48 72.48 0.00 1
245.00 90.35 90.35 0.00 1
245.42 108.22 108.22 0.00 1
245.87 126.09 126.09 0.00 1
246.38 143.96 143.96 0.00 1
246.94 161.83 161.83 0.00 1
247.58 179.70 179.70 0.00 1
248.00 190.28 190.28 0.00 Overtopping
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Rating Curve Plot for Crossing: C-7 100-yr (Case 4)

Page No. 274



Table 14 - Culvert Summary Table: 
Total 

Discharge 
(cfs)

Culvert 
Discharge 

(cfs)

Headwater 
Elevation (ft)

Inlet Control 
Depth (ft)

Outlet 
Control 

Depth (ft)

Flow 
Type

Normal 
Depth (ft)

Critical 
Depth (ft)

Outlet Depth 
(ft)

Tailwater 
Depth (ft)

Outlet 
Velocity 

(ft/s)

Tailwater 
Velocity 

(ft/s)

1.00 1.00 242.26 0.261 0.0* 1-JS1t 0.095 0.204 2.820 7.820 0.059 0.000
18.87 18.87 243.17 1.165 0.0* 1-S2n 0.388 0.926 0.388 7.820 15.734 0.000
36.74 36.74 243.66 1.658 0.0* 1-S2n 0.538 1.305 0.556 7.820 18.045 0.000
54.61 54.61 244.14 2.144 0.0* 1-S2n 0.652 1.611 0.701 7.820 19.154 0.000
72.48 72.48 244.59 2.587 0.0* 1-S2n 0.750 1.864 0.810 7.820 20.714 0.000
90.35 90.35 245.00 3.001 0.0* 1-S2n 0.838 2.094 0.915 7.820 21.755 0.000
108.22 108.22 245.42 3.420 0.0* 1-S2n 0.918 2.297 1.013 7.820 22.604 0.000
126.09 126.09 245.87 3.872 0.0* 5-S2n 0.993 2.486 1.108 7.820 23.264 0.000
143.96 143.96 246.38 4.376 0.0* 5-S2n 1.064 2.654 1.198 7.820 23.881 0.000
161.83 161.83 246.94 4.944 0.0* 5-S2n 1.130 2.806 1.287 7.820 24.361 0.000
179.70 179.70 247.58 5.585 0.0* 5-S2n 1.195 2.939 1.371 7.820 24.828 0.000
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* Full Flow Headwater elevation is below inlet invert.
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********************************************************************************

Straight Culvert

Inlet Elevation (invert): 242.00 ft,    Outlet Elevation (invert): 230.00 ft

Culvert Length: 105.68 ft,    Culvert Slope: 0.1143

********************************************************************************
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Culvert Performance Curve Plot: 
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Water Surface Profile Plot for Culvert: 

Culvert Data Summary - 

Barrel Shape:  Circular
Barrel Diameter:  3.50 ft
Barrel Material:  Smooth HDPE
Embedment:  0.00 in
Barrel Manning's n:  0.0130
Culvert Type:  Straight
Inlet Configuration:  Square Edge with Headwall
Inlet Depression:  None
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Table 15 - Downstream Channel Rating Curve (Crossing: C-7 100-yr (Case 4))

Flow (cfs) Water Surface Elev (ft) Depth (ft)

1.00 232.82 7.82
18.87 232.82 7.82
36.74 232.82 7.82
54.61 232.82 7.82
72.48 232.82 7.82
90.35 232.82 7.82
108.22 232.82 7.82
126.09 232.82 7.82
143.96 232.82 7.82
161.83 232.82 7.82
179.70 232.82 7.82
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Tailwater Channel Data - C-7 100-yr (Case 4)

Tailwater Channel Option:  Enter Constant Tailwater Elevation
Constant Tailwater Elevation:  232.82 ft

Roadway Data for Crossing: C-7 100-yr (Case 4)

Roadway Profile Shape:  Constant Roadway Elevation
Crest Length:  20.00 ft
Crest Elevation:  248.00 ft
Roadway Surface:  Paved
Roadway Top Width:  20.00 ft
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Crossing Discharge Data

Discharge Selection Method: Specify Minimum, Design, and Maximum Flow
Minimum Flow: 1 cfs
Design Flow: 89.3 cfs
Maximum Flow: 89.3 cfs
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Table 16 - Summary of Culvert Flows at Crossing: C-8 25-yr (Case 3)
Headwater Elevation 

(ft)
Total Discharge (cfs)  Discharge (cfs) Roadway Discharge 

(cfs)
Iterations

277.38 1.00 1.00 0.00 1
278.22 9.83 9.83 0.00 1
278.72 18.66 18.66 0.00 1
279.22 27.49 27.49 0.00 1
279.65 36.32 36.32 0.00 1
280.06 45.15 45.15 0.00 1
280.48 53.98 53.98 0.00 1
280.92 62.81 62.81 0.00 1
281.42 71.64 71.64 0.00 1
281.98 80.47 80.47 0.00 1
282.61 89.30 89.30 0.00 1
284.00 105.99 105.99 0.00 Overtopping
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Rating Curve Plot for Crossing: C-8 25-yr (Case 3)
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Table 17 - Culvert Summary Table: 
Total 

Discharge 
(cfs)

Culvert 
Discharge 

(cfs)

Headwater 
Elevation (ft)

Inlet Control 
Depth (ft)

Outlet 
Control 

Depth (ft)

Flow 
Type

Normal 
Depth (ft)

Critical 
Depth (ft)

Outlet Depth 
(ft)

Tailwater 
Depth (ft)

Outlet 
Velocity 

(ft/s)

Tailwater 
Velocity 

(ft/s)

1.00 1.00 277.38 0.380 0.0* 1-S2n 0.140 0.293 0.140 5.040 7.170 0.000
9.83 9.83 278.22 1.224 0.0* 1-S2n 0.434 0.945 0.434 5.040 13.751 0.000
18.66 18.66 278.72 1.719 0.0* 1-S2n 0.593 1.316 0.593 5.040 16.638 0.000
27.49 27.49 279.22 2.217 0.0* 1-S2n 0.719 1.617 0.766 5.040 17.049 0.000
36.32 36.32 279.65 2.654 0.0* 1-S2n 0.826 1.866 0.889 5.040 18.214 0.000
45.15 45.15 280.06 3.063 0.0* 1-S2n 0.922 2.093 0.999 5.040 19.236 0.000
53.98 53.98 280.48 3.477 0.0* 1-S2n 1.010 2.294 1.109 5.040 19.908 0.000
62.81 62.81 280.92 3.923 0.0* 5-S2n 1.093 2.481 1.213 5.040 20.497 0.000
71.64 71.64 281.42 4.418 0.0* 5-S2n 1.172 2.648 1.310 5.040 21.048 0.000
80.47 80.47 281.98 4.977 0.0* 5-S2n 1.246 2.799 1.404 5.040 21.540 0.000
89.30 89.30 282.61 5.606 0.0* 5-S2n 1.318 2.932 1.498 5.040 21.948 0.000
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* Full Flow Headwater elevation is below inlet invert.
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********************************************************************************

Straight Culvert

Inlet Elevation (invert): 277.00 ft,    Outlet Elevation (invert): 268.00 ft

Culvert Length: 115.35 ft,    Culvert Slope: 0.0783

********************************************************************************
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Culvert Performance Curve Plot: 
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Water Surface Profile Plot for Culvert: 

Culvert Data Summary - 

Barrel Shape:  Circular
Barrel Diameter:  3.50 ft
Barrel Material:  Smooth HDPE
Embedment:  0.00 in
Barrel Manning's n:  0.0130
Culvert Type:  Straight
Inlet Configuration:  Square Edge with Headwall
Inlet Depression:  None
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Table 18 - Downstream Channel Rating Curve (Crossing: C-8 25-yr (Case 3))

Flow (cfs) Water Surface Elev (ft) Depth (ft)

1.00 257.04 5.04
9.83 257.04 5.04
18.66 257.04 5.04
27.49 257.04 5.04
36.32 257.04 5.04
45.15 257.04 5.04
53.98 257.04 5.04
62.81 257.04 5.04
71.64 257.04 5.04
80.47 257.04 5.04
89.30 257.04 5.04
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Tailwater Channel Data - C-8 25-yr (Case 3)

Tailwater Channel Option:  Enter Constant Tailwater Elevation
Constant Tailwater Elevation:  257.04 ft

Roadway Data for Crossing: C-8 25-yr (Case 3)

Roadway Profile Shape:  Constant Roadway Elevation
Crest Length:  20.00 ft
Crest Elevation:  284.00 ft
Roadway Surface:  Paved
Roadway Top Width:  20.00 ft
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Crossing Discharge Data

Discharge Selection Method: Specify Minimum, Design, and Maximum Flow
Minimum Flow: 1 cfs
Design Flow: 102 cfs
Maximum Flow: 102 cfs
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Table 19 - Summary of Culvert Flows at Crossing: C-8 100-yr (Case 4)
Headwater Elevation 

(ft)
Total Discharge (cfs)  Discharge (cfs) Roadway Discharge 

(cfs)
Iterations

277.38 1.00 1.00 0.00 1
278.30 11.10 11.10 0.00 1
278.87 21.20 21.20 0.00 1
279.41 31.30 31.30 0.00 1
279.89 41.40 41.40 0.00 1
280.36 51.50 51.50 0.00 1
280.86 61.60 61.60 0.00 1
281.42 71.70 71.70 0.00 1
282.07 81.80 81.80 0.00 1
282.81 91.90 91.90 0.00 1
283.64 102.00 102.00 0.00 1
284.00 106.00 106.00 0.00 Overtopping
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Rating Curve Plot for Crossing: C-8 100-yr (Case 4)
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Table 20 - Culvert Summary Table: 
Total 

Discharge 
(cfs)

Culvert 
Discharge 

(cfs)

Headwater 
Elevation (ft)

Inlet Control 
Depth (ft)

Outlet 
Control 

Depth (ft)

Flow 
Type

Normal 
Depth (ft)

Critical 
Depth (ft)

Outlet Depth 
(ft)

Tailwater 
Depth (ft)

Outlet 
Velocity 

(ft/s)

Tailwater 
Velocity 

(ft/s)

1.00 1.00 277.38 0.380 0.0* 1-S2n 0.140 0.293 0.140 5.490 7.170 0.000
11.10 11.10 278.30 1.304 0.0* 1-S2n 0.461 1.007 0.495 5.490 12.979 0.000
21.20 21.20 278.87 1.867 0.0* 1-S2n 0.632 1.409 0.632 5.490 17.253 0.000
31.30 31.30 279.41 2.411 0.0* 1-S2n 0.766 1.730 0.822 5.490 17.517 0.000
41.40 41.40 279.89 2.890 0.0* 1-S2n 0.882 1.999 0.949 5.490 18.925 0.000
51.50 51.50 280.36 3.359 0.0* 1-S2n 0.987 2.239 1.080 5.490 19.684 0.000
61.60 61.60 280.86 3.859 0.0* 5-S2n 1.083 2.457 1.198 5.490 20.434 0.000
71.70 71.70 281.42 4.422 0.0* 5-S2n 1.172 2.649 1.310 5.490 21.053 0.000
81.80 81.80 282.07 5.067 0.0* 5-S2n 1.258 2.820 1.418 5.490 21.616 0.000
91.90 91.90 282.81 5.805 0.0* 5-S2n 1.339 2.967 1.524 5.490 22.091 0.000
102.00 102.00 283.64 6.642 0.0* 5-S2n 1.418 3.090 1.627 5.490 22.522 0.000
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* Full Flow Headwater elevation is below inlet invert.
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********************************************************************************

Straight Culvert

Inlet Elevation (invert): 277.00 ft,    Outlet Elevation (invert): 268.00 ft

Culvert Length: 115.35 ft,    Culvert Slope: 0.0783

********************************************************************************
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Culvert Performance Curve Plot: 
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Water Surface Profile Plot for Culvert: 

Culvert Data Summary - 

Barrel Shape:  Circular
Barrel Diameter:  3.50 ft
Barrel Material:  Smooth HDPE
Embedment:  0.00 in
Barrel Manning's n:  0.0130
Culvert Type:  Straight
Inlet Configuration:  Square Edge with Headwall
Inlet Depression:  None
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Table 21 - Downstream Channel Rating Curve (Crossing: C-8 100-yr (Case 4))

Flow (cfs) Water Surface Elev (ft) Depth (ft)

1.00 257.49 5.49
11.10 257.49 5.49
21.20 257.49 5.49
31.30 257.49 5.49
41.40 257.49 5.49
51.50 257.49 5.49
61.60 257.49 5.49
71.70 257.49 5.49
81.80 257.49 5.49
91.90 257.49 5.49
102.00 257.49 5.49
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Tailwater Channel Data - C-8 100-yr (Case 4)

Tailwater Channel Option:  Enter Constant Tailwater Elevation
Constant Tailwater Elevation:  257.49 ft

Roadway Data for Crossing: C-8 100-yr (Case 4)

Roadway Profile Shape:  Constant Roadway Elevation
Crest Length:  20.00 ft
Crest Elevation:  284.00 ft
Roadway Surface:  Paved
Roadway Top Width:  20.00 ft
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Crossing Discharge Data

Discharge Selection Method: Specify Minimum, Design, and Maximum Flow
Minimum Flow: 1 cfs
Design Flow: 197.45 cfs
Maximum Flow: 197.45 cfs
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Table 22 - Summary of Culvert Flows at Crossing: C-9 25-yr (Case 2)
Headwater 
Elevation (ft)

Total Discharge 
(cfs)

48 Discharge (cfs) 30 Discharge (cfs) Roadway 
Discharge (cfs)

Iterations

220.22 1.00 0.97 0.51 0.00 6
220.27 20.65 15.32 5.49 0.00 8
220.39 40.29 29.68 10.66 0.00 6
220.60 59.94 44.14 15.82 0.00 5
220.89 79.58 58.67 20.97 0.00 4
221.26 99.22 73.15 26.10 0.00 4
221.71 118.87 87.69 31.22 0.00 4
222.24 138.51 102.16 36.33 0.00 4
222.72 158.16 117.77 40.41 0.00 7
223.54 177.81 131.19 46.63 0.00 3
224.48 197.45 144.68 52.77 0.00 3
226.90 240.67 174.56 66.12 0.00 Overtopping
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Rating Curve Plot for Crossing: C-9 25-yr (Case 2)
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Table 23 - Culvert Summary Table: 48
Total 

Discharge 
(cfs)

Culvert 
Discharge 

(cfs)

Headwater 
Elevation (ft)

Inlet Control 
Depth (ft)

Outlet 
Control 

Depth (ft)

Flow 
Type

Normal 
Depth (ft)

Critical 
Depth (ft)

Outlet Depth 
(ft)

Tailwater 
Depth (ft)

Outlet 
Velocity 

(ft/s)

Tailwater 
Velocity 

(ft/s)

1.00 0.97 220.22 0.375 3.620 1-S1f 0.201 0.278 4.000 6.220 0.077 0.000
20.65 15.32 220.27 1.554 3.666 1-S1f 0.753 1.144 4.000 6.220 1.219 0.000
40.29 29.68 220.39 2.260 3.793 1-S1f 1.050 1.613 4.000 6.220 2.362 0.000
59.94 44.14 220.60 2.897 4.003 1-S1f 1.289 1.987 4.000 6.220 3.513 0.000
79.58 58.67 220.89 3.458 4.293 1-S1f 1.500 2.302 4.000 6.220 4.669 0.000
99.22 73.15 221.26 4.009 4.660 1-S1f 1.694 2.582 4.000 6.220 5.821 0.000
118.87 87.69 221.71 4.606 5.110 1-S1f 1.878 2.835 4.000 6.220 6.978 0.000
138.51 102.16 222.24 5.277 5.637 4-FFf 2.056 3.058 4.000 6.220 8.130 0.000
158.16 117.77 222.72 6.116 3.620 5-JS1f 2.245 3.268 4.000 6.220 9.372 0.000
177.81 131.19 223.54 6.943 3.620 5-JS1f 2.408 3.422 4.000 6.220 10.439 0.000
197.45 144.68 224.48 7.877 7.666 5-JS1f 2.576 3.552 4.000 6.220 11.513 0.000
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********************************************************************************

Straight Culvert

Inlet Elevation (invert): 216.60 ft,    Outlet Elevation (invert): 215.00 ft

Culvert Length: 95.01 ft,    Culvert Slope: 0.0168

********************************************************************************
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Culvert Performance Curve Plot: 48
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Water Surface Profile Plot for Culvert: 48

Culvert Data Summary - 48

Barrel Shape:  Circular
Barrel Diameter:  4.00 ft
Barrel Material:  Smooth HDPE
Embedment:  0.00 in
Barrel Manning's n:  0.0130
Culvert Type:  Straight
Inlet Configuration:  Square Edge with Headwall
Inlet Depression:  None
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Table 24 - Culvert Summary Table: 30
Total 

Discharge 
(cfs)

Culvert 
Discharge 

(cfs)

Headwater 
Elevation (ft)

Inlet Control 
Depth (ft)

Outlet 
Control 

Depth (ft)

Flow 
Type

Normal 
Depth (ft)

Critical 
Depth (ft)

Outlet Depth 
(ft)

Tailwater 
Depth (ft)

Outlet 
Velocity 

(ft/s)

Tailwater 
Velocity 

(ft/s)

1.00 0.51 220.22 0.314 3.620 4-FFf 0.166 0.226 2.500 6.220 0.105 0.000
20.65 5.49 220.27 1.051 3.666 4-FFf 0.527 0.771 2.500 6.220 1.119 0.000
40.29 10.66 220.39 1.554 3.793 4-FFf 0.738 1.091 2.500 6.220 2.171 0.000
59.94 15.82 220.60 1.985 4.002 4-FFf 0.909 1.340 2.500 6.220 3.223 0.000
79.58 20.97 220.89 2.380 4.292 4-FFf 1.061 1.553 2.500 6.220 4.273 0.000
99.22 26.10 221.26 2.794 4.661 4-FFf 1.203 1.736 2.500 6.220 5.317 0.000
118.87 31.22 221.71 3.265 5.109 4-FFf 1.339 1.901 2.500 6.220 6.360 0.000
138.51 36.33 222.24 3.818 5.637 4-FFf 1.475 2.041 2.500 6.220 7.401 0.000
158.16 40.41 222.72 4.326 6.115 4-FFf 1.585 2.137 2.500 6.220 8.233 0.000
177.81 46.63 223.54 5.219 6.943 4-FFf 1.764 2.252 2.500 6.220 9.500 0.000
197.45 52.77 224.48 6.236 7.876 4-FFf 1.974 2.334 2.500 6.220 10.751 0.000
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********************************************************************************

Straight Culvert

Inlet Elevation (invert): 216.60 ft,    Outlet Elevation (invert): 215.00 ft

Culvert Length: 95.01 ft,    Culvert Slope: 0.0168

********************************************************************************
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Culvert Performance Curve Plot: 30
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Water Surface Profile Plot for Culvert: 30

Culvert Data Summary - 30

Barrel Shape:  Circular
Barrel Diameter:  2.50 ft
Barrel Material:  Smooth HDPE
Embedment:  0.00 in
Barrel Manning's n:  0.0130
Culvert Type:  Straight
Inlet Configuration:  Square Edge with Headwall
Inlet Depression:  None
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Table 25 - Downstream Channel Rating Curve (Crossing: C-9 25-yr (Case 2))

Flow (cfs) Water Surface Elev (ft) Depth (ft)

1.00 220.22 6.22
20.65 220.22 6.22
40.29 220.22 6.22
59.94 220.22 6.22
79.58 220.22 6.22
99.22 220.22 6.22
118.87 220.22 6.22
138.51 220.22 6.22
158.16 220.22 6.22
177.81 220.22 6.22
197.45 220.22 6.22
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Tailwater Channel Data - C-9 25-yr (Case 2)

Tailwater Channel Option:  Enter Constant Tailwater Elevation
Constant Tailwater Elevation:  220.22 ft

Roadway Data for Crossing: C-9 25-yr (Case 2)

Roadway Profile Shape:  Constant Roadway Elevation
Crest Length:  20.00 ft
Crest Elevation:  226.90 ft
Roadway Surface:  Paved
Roadway Top Width:  20.00 ft
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Crossing Discharge Data

Discharge Selection Method: Specify Minimum, Design, and Maximum Flow
Minimum Flow: 1 cfs
Design Flow: 231.14 cfs
Maximum Flow: 231.14 cfs
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Table 26 - Summary of Culvert Flows at Crossing: C-9 100-yr (Case 4)
Headwater 
Elevation (ft)

Total Discharge 
(cfs)

48 Discharge (cfs) 30 Discharge (cfs) Roadway 
Discharge (cfs)

Iterations

220.39 1.00 0.98 0.53 0.00 6
220.45 24.01 17.78 6.41 0.00 8
220.62 47.03 34.62 12.45 0.00 6
220.91 70.04 51.55 18.51 0.00 5
221.30 93.06 68.55 24.57 0.00 4
221.80 116.07 85.45 30.62 0.00 5
222.32 139.08 110.76 35.85 0.00 14
222.91 162.10 121.15 40.96 0.00 7
223.91 185.11 136.72 48.39 0.00 2
225.06 208.13 152.42 55.70 0.00 4
226.35 231.14 168.22 62.92 0.00 6
226.90 240.33 174.55 65.78 0.00 Overtopping
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Rating Curve Plot for Crossing: C-9 100-yr (Case 4)
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Table 27 - Culvert Summary Table: 48
Total 

Discharge 
(cfs)

Culvert 
Discharge 

(cfs)

Headwater 
Elevation (ft)

Inlet Control 
Depth (ft)

Outlet 
Control 

Depth (ft)

Flow 
Type

Normal 
Depth (ft)

Critical 
Depth (ft)

Outlet Depth 
(ft)

Tailwater 
Depth (ft)

Outlet 
Velocity 

(ft/s)

Tailwater 
Velocity 

(ft/s)

1.00 0.98 220.39 0.376 3.790 1-S1f 0.202 0.278 4.000 6.390 0.078 0.000
24.01 17.78 220.45 1.682 3.852 1-S1f 0.812 1.233 4.000 6.390 1.415 0.000
47.03 34.62 220.62 2.491 4.023 1-S1f 1.136 1.749 4.000 6.390 2.755 0.000
70.04 51.55 220.91 3.188 4.306 1-S1f 1.399 2.151 4.000 6.390 4.103 0.000
93.06 68.55 221.30 3.832 4.698 4-FFf 1.634 2.497 4.000 6.390 5.455 0.000
116.07 85.45 221.80 4.509 5.201 4-FFf 1.850 2.799 4.000 6.390 6.800 0.000
139.08 110.76 222.32 5.724 3.790 5-S2n 2.160 3.177 2.421 6.390 13.507 0.000
162.10 121.15 222.91 6.315 3.790 5-JS1f 2.286 3.309 4.000 6.390 9.641 0.000
185.11 136.72 223.91 7.313 3.790 5-JS1f 2.476 3.479 4.000 6.390 10.880 0.000
208.13 152.42 225.06 8.459 8.280 5-JS1f 2.676 3.614 4.000 6.390 12.129 0.000
231.14 168.22 226.35 9.746 9.259 5-JS1f 2.893 3.718 4.000 6.390 13.386 0.000
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********************************************************************************

Straight Culvert

Inlet Elevation (invert): 216.60 ft,    Outlet Elevation (invert): 215.00 ft

Culvert Length: 95.01 ft,    Culvert Slope: 0.0168

********************************************************************************
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Culvert Performance Curve Plot: 48
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Water Surface Profile Plot for Culvert: 48

Culvert Data Summary - 48

Barrel Shape:  Circular
Barrel Diameter:  4.00 ft
Barrel Material:  Smooth HDPE
Embedment:  0.00 in
Barrel Manning's n:  0.0130
Culvert Type:  Straight
Inlet Configuration:  Square Edge with Headwall
Inlet Depression:  None
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Table 28 - Culvert Summary Table: 30
Total 

Discharge 
(cfs)

Culvert 
Discharge 

(cfs)

Headwater 
Elevation (ft)

Inlet Control 
Depth (ft)

Outlet 
Control 

Depth (ft)

Flow 
Type

Normal 
Depth (ft)

Critical 
Depth (ft)

Outlet Depth 
(ft)

Tailwater 
Depth (ft)

Outlet 
Velocity 

(ft/s)

Tailwater 
Velocity 

(ft/s)

1.00 0.53 220.39 0.319 3.790 4-FFf 0.167 0.230 2.500 6.390 0.108 0.000
24.01 6.41 220.45 1.141 3.852 4-FFf 0.564 0.836 2.500 6.390 1.306 0.000
47.03 12.45 220.62 1.711 4.023 4-FFf 0.791 1.185 2.500 6.390 2.536 0.000
70.04 18.51 220.91 2.191 4.305 4-FFf 0.978 1.454 2.500 6.390 3.772 0.000
93.06 24.57 221.30 2.664 4.698 4-FFf 1.147 1.684 2.500 6.390 5.004 0.000
116.07 30.62 221.80 3.206 5.201 4-FFf 1.306 1.884 2.500 6.390 6.239 0.000
139.08 35.85 222.32 3.761 5.723 4-FFf 1.442 2.029 2.500 6.390 7.303 0.000
162.10 40.96 222.91 4.398 6.314 4-FFf 1.576 2.148 2.500 6.390 8.344 0.000
185.11 48.39 223.91 5.496 7.313 4-FFf 1.787 2.279 2.500 6.390 9.858 0.000
208.13 55.70 225.06 6.765 8.458 4-FFf 2.500 2.364 2.500 6.390 11.348 0.000
231.14 62.92 226.35 8.226 9.746 4-FFf 2.500 2.256 2.500 6.390 12.817 0.000
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********************************************************************************

Straight Culvert

Inlet Elevation (invert): 216.60 ft,    Outlet Elevation (invert): 215.00 ft

Culvert Length: 91.01 ft,    Culvert Slope: 0.0176

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

Page No. 323



Culvert Performance Curve Plot: 30
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Water Surface Profile Plot for Culvert: 30

Culvert Data Summary - 30

Barrel Shape:  Circular
Barrel Diameter:  2.50 ft
Barrel Material:  Smooth HDPE
Embedment:  0.00 in
Barrel Manning's n:  0.0130
Culvert Type:  Straight
Inlet Configuration:  Square Edge with Headwall
Inlet Depression:  None
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Table 29 - Downstream Channel Rating Curve (Crossing: C-9 100-yr (Case 4))

Flow (cfs) Water Surface Elev (ft) Depth (ft)

1.00 220.39 6.39
24.01 220.39 6.39
47.03 220.39 6.39
70.04 220.39 6.39
93.06 220.39 6.39
116.07 220.39 6.39
139.08 220.39 6.39
162.10 220.39 6.39
185.11 220.39 6.39
208.13 220.39 6.39
231.14 220.39 6.39
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Tailwater Channel Data - C-9 100-yr (Case 4)

Tailwater Channel Option:  Enter Constant Tailwater Elevation
Constant Tailwater Elevation:  220.39 ft

Roadway Data for Crossing: C-9 100-yr (Case 4)

Roadway Profile Shape:  Constant Roadway Elevation
Crest Length:  20.00 ft
Crest Elevation:  226.90 ft
Roadway Surface:  Paved
Roadway Top Width:  20.00 ft
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Crossing Discharge Data

Discharge Selection Method: Specify Minimum, Design, and Maximum Flow
Minimum Flow: 1 cfs
Design Flow: 66.6 cfs
Maximum Flow: 66.6 cfs
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Table 30 - Summary of Culvert Flows at Crossing: EC-10 25-yr (Case 1)
Headwater Elevation 

(ft)
Total Discharge (cfs)  Discharge (cfs) Roadway Discharge 

(cfs)
Iterations

220.43 1.00 1.00 0.00 1
221.22 7.56 7.56 0.00 1
221.82 14.12 14.12 0.00 1
222.33 20.68 20.68 0.00 1
222.86 27.24 27.24 0.00 1
223.51 33.80 33.80 0.00 1
224.29 40.36 40.36 0.00 1
225.24 46.92 46.92 0.00 1
226.33 53.48 53.48 0.00 1
227.57 60.04 60.04 0.00 1
229.03 66.60 66.60 0.00 1
230.00 70.63 70.63 0.00 Overtopping
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Rating Curve Plot for Crossing: EC-10 25-yr (Case 1)
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Table 31 - Culvert Summary Table: 
Total 

Discharge 
(cfs)

Culvert 
Discharge 

(cfs)

Headwater 
Elevation (ft)

Inlet Control 
Depth (ft)

Outlet 
Control 

Depth (ft)

Flow 
Type

Normal 
Depth (ft)

Critical 
Depth (ft)

Outlet Depth 
(ft)

Tailwater 
Depth (ft)

Outlet 
Velocity 

(ft/s)

Tailwater 
Velocity 

(ft/s)

1.00 1.00 220.43 0.426 0.0* 1-S2n 0.189 0.321 0.196 5.750 5.395 0.000
7.56 7.56 221.22 1.225 0.0* 1-S2n 0.501 0.909 0.536 5.750 9.465 0.000
14.12 14.12 221.82 1.822 0.0* 1-S2n 0.686 1.265 0.761 5.750 10.784 0.000
20.68 20.68 222.33 2.329 0.085 1-S2n 0.837 1.542 0.948 5.750 11.698 0.000
27.24 27.24 222.86 2.865 0.719 5-S2n 0.971 1.777 1.120 5.750 12.365 0.000
33.80 33.80 223.51 3.505 1.686 5-S2n 1.094 1.975 1.277 5.750 12.966 0.000
40.36 40.36 224.29 4.291 2.384 5-S2n 1.212 2.136 1.428 5.750 13.495 0.000
46.92 46.92 225.24 5.235 3.170 5-S2n 1.327 2.256 1.570 5.750 14.027 0.000
53.48 53.48 226.33 6.333 4.048 5-S2n 1.441 2.342 1.704 5.750 14.575 0.000
60.04 60.04 227.57 7.573 4.999 5-S2n 1.556 2.353 1.832 5.750 15.150 0.000
66.60 66.60 229.03 9.031 6.093 5-S2n 1.676 2.434 1.957 5.750 15.751 0.000
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* Full Flow Headwater elevation is below inlet invert.
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********************************************************************************

Straight Culvert

Inlet Elevation (invert): 220.00 ft,    Outlet Elevation (invert): 218.00 ft

Culvert Length: 51.04 ft,    Culvert Slope: 0.0392

********************************************************************************
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Culvert Performance Curve Plot: 
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Water Surface Profile Plot for Culvert: 

Culvert Data Summary - 

Barrel Shape:  Circular
Barrel Diameter:  2.50 ft
Barrel Material:  Smooth HDPE
Embedment:  0.00 in
Barrel Manning's n:  0.0130
Culvert Type:  Straight
Inlet Configuration:  Square Edge with Headwall
Inlet Depression:  None
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Table 32 - Downstream Channel Rating Curve (Crossing: EC-10 25-yr (Case 1))

Flow (cfs) Water Surface Elev (ft) Depth (ft)

1.00 216.75 5.75
7.56 216.75 5.75
14.12 216.75 5.75
20.68 216.75 5.75
27.24 216.75 5.75
33.80 216.75 5.75
40.36 216.75 5.75
46.92 216.75 5.75
53.48 216.75 5.75
60.04 216.75 5.75
66.60 216.75 5.75
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Tailwater Channel Data - EC-10 25-yr (Case 1)

Tailwater Channel Option:  Enter Constant Tailwater Elevation
Constant Tailwater Elevation:  216.75 ft

Roadway Data for Crossing: EC-10 25-yr (Case 1)

Roadway Profile Shape:  Constant Roadway Elevation
Crest Length:  20.00 ft
Crest Elevation:  230.00 ft
Roadway Surface:  Paved
Roadway Top Width:  20.00 ft
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Crossing Discharge Data

Discharge Selection Method: Specify Minimum, Design, and Maximum Flow
Minimum Flow: 1 cfs
Design Flow: 59.2 cfs
Maximum Flow: 59.2 cfs
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Table 33 - Summary of Culvert Flows at Crossing: C-10 25-yr (Case 2)
Headwater Elevation 

(ft)
Total Discharge (cfs)  Discharge (cfs) Roadway Discharge 

(cfs)
Iterations

224.40 1.00 1.00 0.00 1
225.08 6.82 6.82 0.00 1
225.49 12.64 12.64 0.00 1
225.91 18.46 18.46 0.00 1
226.28 24.28 24.28 0.00 1
226.62 30.10 30.10 0.00 1
226.96 35.92 35.92 0.00 1
227.32 41.74 41.74 0.00 1
227.73 47.56 47.56 0.00 1
228.18 53.38 53.38 0.00 1
228.69 59.20 59.20 0.00 1
230.00 71.86 71.86 0.00 Overtopping
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Rating Curve Plot for Crossing: C-10 25-yr (Case 2)
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Table 34 - Culvert Summary Table: 
Total 

Discharge 
(cfs)

Culvert 
Discharge 

(cfs)

Headwater 
Elevation (ft)

Inlet Control 
Depth (ft)

Outlet 
Control 

Depth (ft)

Flow 
Type

Normal 
Depth (ft)

Critical 
Depth (ft)

Outlet Depth 
(ft)

Tailwater 
Depth (ft)

Outlet 
Velocity 

(ft/s)

Tailwater 
Velocity 

(ft/s)

1.00 1.00 224.40 0.399 0.0* 1-S2n 0.162 0.303 0.162 5.660 6.579 0.000
6.82 6.82 225.08 1.075 0.0* 1-S2n 0.405 0.819 0.417 5.660 11.115 0.000
12.64 12.64 225.49 1.493 0.0* 1-S2n 0.549 1.126 0.549 5.660 13.761 0.000
18.46 18.46 225.91 1.912 0.0* 1-S2n 0.662 1.376 0.708 5.660 13.975 0.000
24.28 24.28 226.28 2.277 0.0* 1-S2n 0.760 1.586 0.818 5.660 15.024 0.000
30.10 30.10 226.62 2.617 0.0* 1-S2n 0.849 1.772 0.918 5.660 15.842 0.000
35.92 35.92 226.96 2.960 0.0* 1-S2n 0.930 1.944 1.016 5.660 16.447 0.000
41.74 41.74 227.32 3.325 0.0* 5-S2n 1.006 2.102 1.105 5.660 17.051 0.000
47.56 47.56 227.73 3.728 0.0* 5-S2n 1.079 2.243 1.195 5.660 17.511 0.000
53.38 53.38 228.18 4.180 0.0* 5-S2n 1.148 2.371 1.283 5.660 17.873 0.000
59.20 59.20 228.69 4.688 0.0* 5-S2n 1.215 2.485 1.368 5.660 18.233 0.000
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* Full Flow Headwater elevation is below inlet invert.
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********************************************************************************

Straight Culvert

Inlet Elevation (invert): 224.00 ft,    Outlet Elevation (invert): 218.00 ft

Culvert Length: 100.18 ft,    Culvert Slope: 0.0600

********************************************************************************
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Culvert Performance Curve Plot: 

Page No. 344



Water Surface Profile Plot for Culvert: 

Culvert Data Summary - 

Barrel Shape:  Circular
Barrel Diameter:  3.00 ft
Barrel Material:  Smooth HDPE
Embedment:  0.00 in
Barrel Manning's n:  0.0130
Culvert Type:  Straight
Inlet Configuration:  Square Edge with Headwall
Inlet Depression:  None
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Table 35 - Downstream Channel Rating Curve (Crossing: C-10 25-yr (Case 2))

Flow (cfs) Water Surface Elev (ft) Depth (ft)

1.00 216.66 5.66
6.82 216.66 5.66
12.64 216.66 5.66
18.46 216.66 5.66
24.28 216.66 5.66
30.10 216.66 5.66
35.92 216.66 5.66
41.74 216.66 5.66
47.56 216.66 5.66
53.38 216.66 5.66
59.20 216.66 5.66
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Tailwater Channel Data - C-10 25-yr (Case 2)

Tailwater Channel Option:  Enter Constant Tailwater Elevation
Constant Tailwater Elevation:  216.66 ft

Roadway Data for Crossing: C-10 25-yr (Case 2)

Roadway Profile Shape:  Constant Roadway Elevation
Crest Length:  20.00 ft
Crest Elevation:  230.00 ft
Roadway Surface:  Paved
Roadway Top Width:  20.00 ft
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Crossing Discharge Data

Discharge Selection Method: Specify Minimum, Design, and Maximum Flow
Minimum Flow: 1 cfs
Design Flow: 67.6 cfs
Maximum Flow: 67.6 cfs
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Table 36 - Summary of Culvert Flows at Crossing: C-10 100-yr (Case 4)
Headwater Elevation 

(ft)
Total Discharge (cfs)  Discharge (cfs) Roadway Discharge 

(cfs)
Iterations

224.40 1.00 1.00 0.00 1
225.14 7.66 7.66 0.00 1
225.62 14.32 14.32 0.00 1
226.07 20.98 20.98 0.00 1
226.47 27.64 27.64 0.00 1
226.86 34.30 34.30 0.00 1
227.27 40.96 40.96 0.00 1
227.73 47.62 47.62 0.00 1
228.25 54.28 54.28 0.00 1
228.85 60.94 60.94 0.00 1
229.53 67.60 67.60 0.00 1
230.00 71.86 71.86 0.00 Overtopping
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Rating Curve Plot for Crossing: C-10 100-yr (Case 4)
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Table 37 - Culvert Summary Table: 
Total 

Discharge 
(cfs)

Culvert 
Discharge 

(cfs)

Headwater 
Elevation (ft)

Inlet Control 
Depth (ft)

Outlet 
Control 

Depth (ft)

Flow 
Type

Normal 
Depth (ft)

Critical 
Depth (ft)

Outlet Depth 
(ft)

Tailwater 
Depth (ft)

Outlet 
Velocity 

(ft/s)

Tailwater 
Velocity 

(ft/s)

1.00 1.00 224.40 0.399 0.0* 1-S2n 0.162 0.303 0.162 5.770 6.579 0.000
7.66 7.66 225.14 1.142 0.0* 1-S2n 0.429 0.867 0.429 5.770 12.019 0.000
14.32 14.32 225.62 1.620 0.0* 1-S2n 0.583 1.200 0.613 5.770 13.292 0.000
20.98 20.98 226.07 2.075 0.0* 1-S2n 0.706 1.472 0.758 5.770 14.421 0.000
27.64 27.64 226.47 2.474 0.0* 1-S2n 0.812 1.697 0.878 5.770 15.489 0.000
34.30 34.30 226.86 2.863 0.0* 1-S2n 0.908 1.899 0.990 5.770 16.276 0.000
40.96 40.96 227.27 3.274 0.0* 5-S2n 0.996 2.082 1.095 5.770 16.938 0.000
47.62 47.62 227.73 3.732 0.0* 5-S2n 1.080 2.245 1.195 5.770 17.518 0.000
54.28 54.28 228.25 4.255 0.0* 5-S2n 1.159 2.390 1.295 5.770 17.952 0.000
60.94 60.94 228.85 4.851 0.0* 5-S2n 1.235 2.516 1.393 5.770 18.341 0.000
67.60 67.60 229.53 5.526 0.0* 5-S2n 1.309 2.624 1.484 5.770 18.757 0.000
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* Full Flow Headwater elevation is below inlet invert.
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********************************************************************************

Straight Culvert

Inlet Elevation (invert): 224.00 ft,    Outlet Elevation (invert): 218.00 ft

Culvert Length: 100.18 ft,    Culvert Slope: 0.0600

********************************************************************************
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Culvert Performance Curve Plot: 
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Water Surface Profile Plot for Culvert: 

Culvert Data Summary - 

Barrel Shape:  Circular
Barrel Diameter:  3.00 ft
Barrel Material:  Smooth HDPE
Embedment:  0.00 in
Barrel Manning's n:  0.0130
Culvert Type:  Straight
Inlet Configuration:  Square Edge with Headwall
Inlet Depression:  None
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Table 38 - Downstream Channel Rating Curve (Crossing: C-10 100-yr (Case 4))

Flow (cfs) Water Surface Elev (ft) Depth (ft)

1.00 216.77 5.77
7.66 216.77 5.77
14.32 216.77 5.77
20.98 216.77 5.77
27.64 216.77 5.77
34.30 216.77 5.77
40.96 216.77 5.77
47.62 216.77 5.77
54.28 216.77 5.77
60.94 216.77 5.77
67.60 216.77 5.77
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Tailwater Channel Data - C-10 100-yr (Case 4)

Tailwater Channel Option:  Enter Constant Tailwater Elevation
Constant Tailwater Elevation:  216.77 ft

Roadway Data for Crossing: C-10 100-yr (Case 4)

Roadway Profile Shape:  Constant Roadway Elevation
Crest Length:  20.00 ft
Crest Elevation:  230.00 ft
Roadway Surface:  Paved
Roadway Top Width:  20.00 ft
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