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OLIVER E. WATTS, PE-LS 
OLIVER E. WATTS, CONSULTING ENGINEER, INC. 

CIVIL ENGINEERING AND SURVEYING 
614 ELKTON DRIVE 

COLORADO SPRINGS, COLORADO 80907 
(719) 593-0173 

fax (719) 265-9660 
olliewatts@aol.com 

Celebrating over 43 years in business 
 
 
April 14, 2022 
 
El Paso County Planning and Community Development 
2880 International Circle 
Colorado Springs, CO 80910 
 
ATTN:  Jennifer Irvine, P.E. 
 
SUBJECT:  Final Drainage Plan and Report 
                    Building at 8140 and 8150 Cessna Drive 
 
Transmitted herewith for your review and approval is the drainage plan and report for the 
proposed 8140 and 8150 Cessna Drive in El Paso County.  This report will accompany the 
development plan submittal. It has been revised per the County review of 9-21-22 and our 
clarification meetings with County staff on 10-6-21 and 3-21-22. 
 
Please contact me if I may provide any further information.   
 
Oliver E. Watts, Consulting Engineer, Inc. 
 
 
 
 
BY: _______________________________ 
     Oliver E. Watts, President 
      
Encl: 
 Drainage Report 4 pages 
 Computations, 8 Pages 
 FEMA Panel No. 08041C0554 G 
 SCS Soils Map and Interpretation Sheet 
 Backup Information, 6 sheets 
 Existing Conditions Drainage Map, Dwg 20-5498-04 
 Drainage Plan, Dwg 20-5498-05 

signatures on page 4
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4. LOCATION AND DESCRIPTION:   
The proposed building is located at 8140 and 8150 Cessna Drive. The legal description is Lot 7, 
Block 1, Meadow Lake Airport Filing No. 2; being in Section 4, Township 13 South, Range 64 
West of the 6th P.M., in El Paso County.  The site is3.262 acres total. It is proposed that an airport 
hanger, along with parking lot and sidewalks be constructed on the east portion of the property. 
Approximately 2.292 acres of the site will undergo construction, excavation and grading. The 
details of the proposal are shown on the enclosed drainage plan. Parking area, driveway and 
sidewalks will be asphalt, and the remaining area outside the building will be landscaped.  The 
property is in the Sand Creek drainage basin.  The lot is currently undeveloped in a range land 
condition; approximately 85% of the lot is covered with native grasses. 
 
5. FLOOD PLAIN STATEMENT: 
This subdivision is not within the limits of a flood plain or flood hazard area, according to FEMA 
map panel number 08041C0554 G, dated December 7, 2018, a copy of which is enclosed for 
reference. 
 
6. METHOD AND CRITERIA: 
The method used for all computations is that specified in the City-County Drainage Criteria 
Manual, using the rational method for areas of the size of the development.  All computations are 
enclosed for reference and review. 
 
The soils in the subdivision have been mapped by the local USDA/SCS office, and a soils map and 
interpretation sheet are enclosed for reference.  All soils in this area are of the Perrypark complex, 
being in hydrologic group "B". 
 
7. DESCRIPTION OF RUNOFF: 
EXISTING DRAINAGE CONDITIONS 
The site is located as shown on the enclosed drainage plans in the Meadow Lake Airport of El Paso 
County.  The natural basin consists of basins A through C on the enclosed existing drainage 
conditions map that discharges 0.57 cfs (5-year runoff) / 4.12 cfs (100-year runoff) historically, as 
shown on the existing conditions drainage plan.  No offsite basins runoff into this development. 
 
PROPOSED DRAINAGE CONDITIONS 
The area will be graded to conform to the existing topography shown on the drainage plan, routing 
all runoff into a lot area at the southeast portion of the construction site.  No clearing will be 
necessary within the construction site. 
 
Runoff will be routed southeasterly along airport taxiways to a northerly taxiway where storm 
sewers will pick up the runoff from respective basins and direct it to the proposed full spectrum 
detention pond located in the southeast corner of the lot, in accordance with County criteria, since 
the total disturbed area is over 1 acre.  The total runoff into the pond will be 2.9 cfs / 7.7 cfs.   As 
shown on the enclosed computation sheet the 100 year storage required is 0.248 acre feet, which 
occurs at a  depth of 4.13’. 
 
Runoff is directed (sheet flow) by grading down the traffic runways to the storm sewer shown on 
the drainage plan and routed to the detention pond. 
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The outfall storm sewer will be routed to the existing drainage channel along side of the main entry 
taxiway as shown on the enclosed drainage plan, considered the suitable outfall for the site.  228.16 
LF of 18” CMP is proposed for an outfall storm sewer, discharging into the existing channel along 
Cessna Drive. 
 
FOUR STEP PROCESS 
The following process has been followed to minimize adverse impacts of urbanization 
 
Step1 Employ Runoff Reduction Practices – The extent of impervious materials is minimized 
consistent with the objectives of the facility.  No curb and gutter or other items that might 
concentrate runoff are proposed.  Standard BMP’s are provided as shown on the grading and 
erosion control plan; Vehicle tracking control, stockpile and staging area protection, and a 
concrete washout basin.  Silt fence is not used as requested by the Airport, as it is considered a 
hazard to taxiing aircraft – instead drainage berms and swales are used as indicated by the 
finish topography and identified on the erosion control plan. 

 
Step 1: Employ Runoff Reduction Practices 

To reduce runoff peaks and volumes from urbanizing areas, employ a practice generally termed 
“minimizing directly connected impervious areas” (MDCIA). The principal behind MDCIA is twofold -- 
to reduce impervious areas and to route runoff from impervious surfaces over grassy areas to slow 
down runoff and promote infiltration. The benefits are less runoff, less stormwater pollution, and less 
cost for drainage infrastructure. There are several approaches to reduce the effective imperviousness of 
a development site: 

Reduced Pavement Area 

Sometimes, creative site layout can reduce the extent of paved areas including parking, thereby saving 
on initial capital cost of pavement and then saving on pavement maintenance, repair, and replacement 
over time. 

Grass Swales 

The use of grass swales instead of storm sewers slows down runoff, promotes infiltration, and also 
reducing effective imperviousness. It also may reduce the size and cost of downstream storm sewers 
and detention. 

Implementing these approaches on a new development site is discussed further in the DCM2 section 
titled Employing Runoff Reduction Techniques. This section provides a procedure for estimating a 
reduced imperviousness based on the use of grass buffers and swales. The latter three of the approaches 
for reducing imperviousness are structural BMPs and are described in detail in Section 4.2 of DCM2 
(New Development BMP Fact sheets): 

Grass Buffer. 
Grass Swale. 
Modular Block Porous Pavement (or Stabilized-Grass Porous Pavement). 
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Step 2 Stabilize Drainageways –The development of this project does not create Drainageways 
and is not anticipated to have any negative effects on downstream Drainageways.  Grass swales 
along the north and south sides of the building are minimized and slopes are minimized, and they 
will outfall onto the proposed parking lot which will direct the flows to inlets and eventually the 
detention pond.  Runoff across the asphalt pavement will not be concentrated along the said 
swales. 

 
Step 2: Stabilize Drainageways 

Drainageway, natural and manmade, erosion can be a major source of sediment and associated 
constituents, such as phosphorus. Natural Drainageways are often subject to bed and bank erosion 
when urbanizing areas increase the frequency, rate, and volume of runoff. Therefore, Drainageways 
are required to be stabilized. One of three basic methods of stabilization may be selected. 

Constructed Grass, Riprap, or Concrete-Lined Channel 

These methods of channel stabilization have been in practice for some time. The water quality benefit 
associated with these channels is the reduction of severe bed and bank erosion that can occur in the 
absence of a stabilized channel. On the other hand, the hard-lined low flow channels that are often 
used do not offer much in the way of water quality enhancement or wetland habitat. The use of riprap 
or concrete lined flood conveyance channels is not recommended, unless hydraulic or physical 
conditions require such an alternative. A grass lined channel is recommended along the north line of 
Basin A. 

 
Step 3 Provide Water Quality Capture Volume – The limit of disturbance for the proposed 
construction is 2.292 acres, therefore water quality / water detention provisions are required and 
necessary. Therefore the full spectrum detention pond is proposed. 

 
Step 3: Provide Water Quality Capture Volume (WQCV) 

All sites defined as "New Development and Significant Redevelopment" and all sites requiring 
stormwater quantity detention, as listed above in the Section I.7.1B, shall address stormwater quality by 
providing the WQCV. One or more of six types of water quality basins, each draining slowly to provide 
for long-term settling of sediment particles, may be selected. Information on selecting and configuring 
one or more of these WQCV facilities at a site is provided in the section providing Water Quality 
Capture Volume (WQCV).  An Extended Detention Basin is recommended for this installation. 
 
Step 4 Consider Need for Industrial and Commercial BMP's – This submittal provides a final 
grading and erosion control plans with BMP’s in place. The proposed project will use (dirt) 
berms, a vehicle tracking control pad, and concrete washout area, reseeding and landscaping to 
mitigate the potential for erosion across the site.  The proposed BMP’s are considered fully 
adequate. 
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8. COST ESTIMATE: 
All facilities are private. 

Item No. Description Quantity Unit Cost  Cost 

 1 Firebaugh Grated Inlet   2 ea $  1500.00  $ 3,000.00 

 2 18” CMP storm sewer  364 lf  35.00  12,740.00 

 3 Detention Pond  900 CY  6.00  5,400.00 

4 Outlet Structure 1 Ea 3000.00 3000.00 

 Subtotal Construction Cost    $ 24,140.00 

 Engineering  10%  2,414.00 

 Total Estimated Cost    $26,554.00 
 
 
9. FEES: 
No subdivision is required, therefore fees are not due. 
 
10. SUMMARY 
The proposed building at this address provides a minimum encroachment in an attractive natural 
setting in order to aid in the operation of the Meadow Lake Airport. There will be no adverse 
effects on downstream or surrounding properties. 
 
The drainage analysis has been prepared in accordance with the current El Paso County Drainage 
Criteria Manuel. Supporting information and calculations are included in this report.  
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MAJOR 
BASIN 

SUB 
BASIN 

AREA BASIN Tc 
MIN 

I 
in./hr. 

SOIL 
GRP 

DEV. 
TYPE 

C FLOW 
5-ry         100-yr 

RETURN 
PERIOD 
-years- PLANIM 

READ 
ACRES LENGTH 

-FT.- 
HEIGHT 

-FT.- 
qp 

-CFS- 
qp 

-CFS- 

HISTORIC A-C COGO 2.943 300 6 25   A R/L 0.08 0.35   5 100 
   V=0.7 +220 4 +5           
      30 2.4 4.0     0.57 4.12   
                 
                 
                 
                 
                 
                 
                 
                 
                 
                 
                 
                 
                 
                 
                 
                 

HYDROLOGICAL COMPUTATION – BASIC DATA 
PROJ:  8140 CESSNA          BY:  O.E. WATTS 
RATIONAL METHOD                        DATE: 7/9/21 
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STREET AND STORM SEWER CALCULATIONS 
 
 
 
 

STREET LOCATION DISTANCE 
-ft.- 

ELEVATION 
& SLOPE 

TOTAL 
RUNOFF 

-cfs- 
5-yr./100-yr 

STREET FLOW 
 / CAPACITY 

-cfs- 
5-yr./100-yr 

PIPE 
FLOW 

-cfs- 

TYPE PIPE, CATCH 
 BASIN & SLOPE % 

PRIVATE 
 

C  31.61/30.11 1.3/3.5  3.5 FIREBAUGH GRATE 

  130.37 0.67%   3.5 12” PVC S=0.67% V=4.45 

 B  30.70/29.20    FIREBAUGH GRATE 

  31.24  2.2/5.9  5.9 12” PVC V=7.5 

 C  28 OUT    OUTLET STRUCTURE 

  228.16 2.63%   5.9 12” PVC, 1.62% MIN. 

 OF DITCH  22     

        

 SPILLWAY  d=dc   5.9 B=10’ D=1’ Z=4:1  d=0.33’ 

        

        

        

        

        

STREET AND STORM SEWER CALCULATIONS 
PROJECT:   8140 CESSNA              BY:  O.E. WATTS 
                                                          DATE: 7/9/21 

OLIVER E. WATTS, CONSULTING ENGINEER, INC. 
614 ELKTON DRIVE COLORADO SPRINGS, CO 80907 
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MAJOR 
BASIN 

SUB 
BASIN 

AREA BASIN Tc 
MIN 

I 
in./hr. 

SOIL 
GRP 

DEV. 
TYPE 

C FLOW 
5-ry         100-yr 

RETURN 
PERIOD 
-years- PLANIM 

READ 
ACRES LENGTH 

-FT.- 
HEIGHT 

-FT.- 
qp 

-CFS- 
qp 

-CFS- 

DEVELOPED A COGO 0.196 300 5 12   A ROOF 0.73 0.81   5 100 
ULTIMATE  V=1.1 0.062 +150 2.5 +2    A.C. 0.90 0.96     

   0.434       R/L 0.08 0.36     
   0.692   14 3.4 2.8  MIX 0.338 0.535 0.8 1.8   
                 
 B COGO 0.124 300 6 6.0   A ROOF 0.73 0.81     
  V=2.0 0.198 +1580 1.8 +1.5    A.C. 0.90 0.96     
   0.568       R/L 0.08 0.35     
   0.890   7.5 4.6 7.8  MIX 0.352 0.550 1.4 3.8   
                 
 C COGO 0.150 300 5 20.7   A ROOF 0.73 0.81     
  V=2.0 0.279 +165 +1.65 +0.1    A.C. 0.90 0.96     
   0.932   20.8    R/L 0.08 0.365     
   1.361    3.0 4.9  MIX 0.320 0.523 1.3 3.4   
                 
 +B  0.890 +136.37 V=4.05 +0.5           
 TOTAL  2.251   21.3 2.9 4.9  MIX 0.333 0.536 2.2 5.9   
 +A  0.692 +31.24 V=7.64 +0.1     0.338 0.535     
 TOTAL  2.943   24.4 2.9 4.9  MIX 0.334 0.536 2.9 7.7   
           46% IMP     

HYDROLOGICAL COMPUTATION – BASIC DATA 
PROJ:  8140 CESSNA          BY:  O.E. WATTS 
RATIONAL METHOD                        DATE: 7/9/21  3-16-22 

 
OLIVER E. WATTS, CONSULTING ENGINEER, INC. 

614 ELKTON DRIVE COLORADO SPRINGS, CO 80907 

PAGE 2 
OF  
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Project:

Basin ID:

Depth Increment = ft

Required Volume Calculation Top of Micropool -- 0.00 -- -- -- 1,010 0.023

Selected BMP Type = EDB -- 1.00 -- -- -- 1,673 0.038 1,333 0.031

Watershed Area = 2.94 acres -- 2.00 -- -- -- 2,436 0.056 3,313 0.076

Watershed Length = 610 ft -- 3.00 -- -- -- 3,300 0.076 6,213 0.143

Watershed Slope = 0.016 ft/ft -- 4.00 -- -- -- 4,265 0.098 9,930 0.228

Watershed Imperviousness = 46.00% percent -- 5.00 -- -- -- 5,330 0.122 14,438 0.331

Percentage Hydrologic Soil Group A = 100.0% percent -- -- -- --

Percentage Hydrologic Soil Group B = 0.0% percent -- -- -- --

Percentage Hydrologic Soil Groups C/D = 0.0% percent -- -- -- --

Desired WQCV Drain Time = 40.0 hours -- -- -- --

Location for 1-hr Rainfall Depths = -- -- -- --

Water Quality Capture Volume (WQCV) = 0.048 acre-feet -- -- -- --

Excess Urban Runoff Volume (EURV) = 0.152 acre-feet -- -- -- --

2-yr Runoff Volume (P1 = 1.19 in.) = 0.104 acre-feet 1.19 inches -- -- -- --

5-yr Runoff Volume (P1 = 1.5 in.) = 0.137 acre-feet 1.50 inches -- -- -- --

10-yr Runoff Volume (P1 = 1.75 in.) = 0.169 acre-feet 1.75 inches -- -- -- --

25-yr Runoff Volume (P1 = 2 in.) = 0.212 acre-feet 2.00 inches -- -- -- --

50-yr Runoff Volume (P1 = 2.25 in.) = 0.269 acre-feet 2.25 inches -- -- -- --

100-yr Runoff Volume (P1 = 2.52 in.) = 0.337 acre-feet 2.52 inches -- -- -- --

500-yr Runoff Volume (P1 = 3.41 in.) = 0.536 acre-feet 3.41 inches -- -- -- --

Approximate 2-yr Detention Volume = 0.098 acre-feet -- -- -- --

Approximate 5-yr Detention Volume = 0.129 acre-feet -- -- -- --

Approximate 10-yr Detention Volume = 0.158 acre-feet -- -- -- --

Approximate 25-yr Detention Volume = 0.194 acre-feet -- -- -- --

Approximate 50-yr Detention Volume = 0.218 acre-feet -- -- -- --

Approximate 100-yr Detention Volume = 0.248 acre-feet -- -- -- --

-- -- -- --

Stage-Storage Calculation -- -- -- --

Zone 1 Volume (WQCV) = 0.048 acre-feet -- -- -- --

Zone 2 Volume (EURV - Zone 1) = 0.104 acre-feet -- -- -- --

Zone 3 Volume (100-year - Zones 1 & 2) = 0.095 acre-feet -- -- -- --

Total Detention Basin Volume = 0.248 acre-feet -- -- -- --

Initial Surcharge Volume (ISV) = user ft^3 -- -- -- --

Initial Surcharge Depth (ISD) = user ft -- -- -- --

Total Available Detention Depth (Htotal) = user ft -- -- -- --

Depth of Trickle Channel (HTC) = user ft -- -- -- --

Slope of Trickle Channel (STC) = user ft/ft -- -- -- --

Slopes of Main Basin Sides (Smain) = user H:V -- -- -- --

Basin Length-to-Width Ratio (RL/W) = user -- -- -- --

-- -- -- --

Initial Surcharge Area (AISV) = user ft^2 -- -- -- --

Surcharge Volume Length (LISV) = user ft -- -- -- --

Surcharge Volume Width (W ISV) = user ft -- -- -- --

Depth of Basin Floor (HFLOOR) = user ft -- -- -- --

Length of Basin Floor (LFLOOR) = user ft -- -- -- --

Width of Basin Floor (WFLOOR) = user ft -- -- -- --

Area of Basin Floor (AFLOOR) = user ft^2 -- -- -- --

Volume of Basin Floor (VFLOOR) = user ft^3 -- -- -- --

Depth of Main Basin (HMAIN) = user ft -- -- -- --

Length of Main Basin (LMAIN) = user ft -- -- -- --

Width of Main Basin (WMAIN) = user ft -- -- -- --

Area of Main Basin (AMAIN) = user ft^2 -- -- -- --

Volume of Main Basin (VMAIN) = user ft^3 -- -- -- --

Calculated Total Basin Volume (Vtotal) = user acre-feet -- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

Optional User Override

1-hr Precipitation

Volume 

(ft^3)

Volume 

(ac-ft)

Area 

(acre)

DETENTION BASIN STAGE-STORAGE TABLE BUILDER

Optional 

Override 

Area (ft^2)

Length 

(ft)

Optional 

Override 

Stage (ft)

Stage

(ft)

Stage - Storage

Description

Area 

(ft^2)

Width 

(ft)

8140 Cessna Drive

7-14-22 PRIVATE EDB

UD-Detention, Version 3.07 (February 2017)

Example Zone Configuration (Retention Pond) 

4-14-22  UD-Detention_v3.0.xlsm, Basin 4/29/2022, 11:56 AM



1 User Defined Stage-Area Boolean for Message

1 Equal Stage-Area Inputs Watershed L:W

1 CountA

0 Calc_S_TC

H_FLOOR

L_FLOOR_OTHER

0.00 ISV 0.00 ISV

0.00 Floor 0.00 Floor

1.42 Zone 1 (WQCV) 1.42 Zone 1 (WQCV)

3.13 Zone 2 (EURV) 3.13 Zone 2 (EURV)

4.21 Zone 3 (100-year) 4.21 Zone 3 (100-year)

DETENTION BASIN STAGE-STORAGE TABLE BUILDER

UD-Detention, Version 3.07 (February 2017)
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  Project:

  Basin ID:

Stage (ft) Zone Volume (ac-ft) Outlet Type

Zone 1 (WQCV) 1.42 0.048 Orifice Plate

Zone 2 (EURV) 3.13 0.104 Orifice Plate

Zone 3 (100-year) 4.21 0.095 Not Utilized

0.248 Total

User Input: Orifice at Underdrain Outlet (typically used to drain WQCV in a Filtration BMP) Calculated Parameters for Underdrain

Underdrain Orifice Invert Depth = N/A ft (distance below the filtration media surface) Underdrain Orifice Area = N/A ft2

Underdrain Orifice Diameter = N/A inches Underdrain Orifice Centroid = N/A feet

User Input:  Orifice Plate with one or more orifices or Elliptical Slot Weir (typically used to drain WQCV and/or EURV in a sedimentation BMP) Calculated Parameters for Plate

Invert of Lowest Orifice = 0.00 ft (relative to basin bottom at Stage = 0 ft) WQ Orifice Area per Row = N/A ft2

Depth at top of Zone using Orifice Plate = 3.13 ft (relative to basin bottom at Stage = 0 ft) Elliptical Half-Width = N/A feet

Orifice Plate: Orifice Vertical Spacing = 12.50 inches Elliptical Slot Centroid = N/A feet

Orifice Plate: Orifice Area per Row = N/A inches Elliptical Slot Area = N/A ft2

User Input:  Stage and Total Area of Each Orifice Row (numbered from lowest to highest)

Row 1 (required) Row 2 (optional) Row 3 (optional) Row 4 (optional) Row 5 (optional) Row 6 (optional) Row 7 (optional) Row 8 (optional)

Stage of Orifice Centroid (ft) 0.00 1.04 2.09

Orifice Area (sq. inches) 2.00 2.00 2.00

Row 9 (optional) Row 10 (optional) Row 11 (optional) Row 12 (optional) Row 13 (optional) Row 14 (optional) Row 15 (optional) Row 16 (optional)

Stage of Orifice Centroid (ft)

Orifice Area (sq. inches)

User Input:  Vertical Orifice (Circular or Rectangular) Calculated Parameters for Vertical Orifice

Not Selected Not Selected Not Selected Not Selected

Invert of Vertical Orifice = 0.00 n/a ft (relative to basin bottom at Stage = 0 ft) Vertical Orifice Area = N/A N/A ft2

Depth at top of Zone using Vertical Orifice = N/A N/A ft (relative to basin bottom at Stage = 0 ft) Vertical Orifice Centroid = N/A N/A feet

Vertical Orifice Diameter = N/A N/A inches

User Input:  Overflow Weir (Dropbox) and Grate (Flat or Sloped) Calculated Parameters for Overflow Weir

Not Selected Not Selected Not Selected Not Selected

Overflow Weir Front Edge Height, Ho = N/A N/A ft (relative to basin bottom at Stage = 0 ft) Height of Grate Upper Edge, Ht = N/A N/A feet

Overflow Weir Front Edge Length = N/A N/A feet Over Flow Weir Slope Length = N/A N/A feet

Overflow Weir Slope = N/A N/A H:V (enter zero for flat grate) Grate Open Area / 100-yr Orifice Area = N/A N/A should be > 4

Horiz. Length of Weir Sides = N/A N/A feet Overflow Grate Open Area w/o Debris = N/A N/A ft2

Overflow Grate Open Area % = N/A N/A %, grate open area/total area Overflow Grate Open Area w/ Debris = N/A N/A ft2

Debris Clogging % = N/A N/A %

User Input: Outlet Pipe w/ Flow Restriction Plate (Circular Orifice, Restrictor Plate, or Rectangular Orifice) Calculated Parameters for Outlet Pipe w/ Flow Restriction Plate

Not Selected Not Selected Not Selected Not Selected

Depth to Invert of Outlet Pipe = 0.00 N/A ft (distance below basin bottom at Stage = 0 ft) Outlet Orifice Area = 1.77 N/A ft2

Circular Orifice Diameter = 18.00 N/A inches Outlet Orifice Centroid = 0.75 N/A feet

Half-Central Angle of Restrictor Plate on Pipe = N/A N/A radians

User Input: Emergency Spillway (Rectangular or Trapezoidal) Calculated Parameters for Spillway

Spillway Invert Stage= 4.21 ft (relative to basin bottom at Stage = 0 ft) Spillway Design Flow Depth= 0.28 feet

Spillway Crest Length = 10.00 feet Stage at Top of Freeboard = 4.99 feet

Spillway End Slopes = 4.00 H:V Basin Area at Top of Freeboard = 0.11 acres

Freeboard above Max Water Surface = 0.50 feet

Routed Hydrograph Results

Design Storm Return Period = WQCV EURV 2 Year 5 Year 10 Year 25 Year 50 Year 100 Year 500 Year

One-Hour Rainfall Depth (in) = 0.53 1.07 1.19 1.50 1.75 2.00 2.25 2.52 3.41

Calculated Runoff Volume (acre-ft) = 0.048 0.152 0.104 0.137 0.169 0.212 0.269 0.337 0.536

OPTIONAL Override Runoff Volume (acre-ft) =

Inflow Hydrograph Volume (acre-ft) = 0.048 0.152 0.103 0.136 0.168 0.212 0.268 0.336 0.535

Predevelopment Unit Peak Flow, q (cfs/acre) = 0.00 0.00 0.00 0.00 0.01 0.02 0.16 0.39 0.98

Predevelopment Peak Q (cfs) = 0.0 0.0 0.0 0.0 0.0 0.1 0.5 1.1 2.9

Peak Inflow Q (cfs) = 0.7 2.2 1.5 2.0 2.5 3.1 3.9 4.9 7.7

Peak Outflow Q (cfs) = 0.1 0.3 0.2 0.2 0.3 0.3 0.3 1.4 5.4

Ratio Peak Outflow to Predevelopment Q = N/A N/A N/A 19.0 9.3 4.8 0.7 1.2 1.9

Structure Controlling Flow = Plate Plate Plate Plate Plate Plate Plate Spillway Spillway

Max Velocity through Grate 1 (fps) = N/A N/A N/A N/A N/A N/A N/A N/A N/A

Max Velocity through Grate 2 (fps) = N/A N/A N/A N/A N/A N/A N/A N/A N/A

Time to Drain 97% of Inflow Volume (hours) = 11 16 15 16 17 18 19 19 18

Time to Drain 99% of Inflow Volume (hours) = 12 18 16 17 18 20 21 22 21

Maximum Ponding Depth (ft) = 1.16 2.72 2.11 2.53 2.90 3.37 3.94 4.32 4.50

Area at Maximum Ponding Depth (acres) = 0.04 0.07 0.06 0.07 0.08 0.08 0.09 0.10 0.10

Maximum Volume Stored (acre-ft) = 0.037 0.122 0.082 0.108 0.135 0.173 0.222 0.258 0.276
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Example Zone Configuration (Retention Pond) 



COUNTA for Basin Tab = 1 Ao Dia WQ Plate Type Vert Orifice 1 Vert Orifice 2

Count_Underdrain = 0 0.11(diameter = 3/8 inch) 2 2 1

Count_WQPlate = 1 0.14(diameter = 7/16 inch)

Count_VertOrifice1 = 0 0.18(diameter = 1/2 inch) Outlet Plate 1 Outlet Plate 2 Drain Time Message Boolean

Count_VertOrifice2 = 0 0.24(diameter = 9/16 inch) 2 1 5yr, <72hr 0

Count_Weir1 = 0 0.29(diameter = 5/8 inch) >5yr, <120hr 0

Count_Weir2 = 0 0.36(diameter = 11/16 inch) Max Depth Row

Count_OutletPipe1 = 1 0.42(diameter = 3/4 inch) WQCV 116 Watershed Constraint Check

Count_OutletPipe2 = 0 0.50(diameter = 13/16 inch) 2 Year 212 Slope 0.016

COUNTA_2 (Standard FSD Setup)= 0 0.58(diameter = 7/8 inch) EURV 273 Shape 2.91

MaxPondDepth_Error? FALSE 0.67(diameter = 15/16 inch) 5 Year 254

Hidden Parameters & Calculations 0.76 (diameter = 1 inch) 10 Year 291 Spillway Depth

0.86(diameter = 1-1/16 inches) 25 Year 338 0.28

WQ Plate Flow at 100yr depth = 0.36 0.97(diameter = 1-1/8 inches) 50 Year 395

CLOG #1= #VALUE! 1.08(diameter = 1-3/16 inches) 100 Year 433 1 Z1_Boolean

Cdw #1 = #VALUE! 1.20(diameter = 1-1/4 inches) 500 Year 451 1 Z2_Boolean

Cdo #1 = #VALUE! 1.32(diameter = 1-5/16 inches) Zone3_Pulldown Message 1 Z3_Boolean

Overflow Weir #1 Angle = #VALUE! 1.45(diameter = 1-3/8 inches) 1 Opening Message

CLOG #2= #VALUE! 1.59(diameter = 1-7/16 inches) Draintime Running

Cdw #2 = #VALUE! 1.73(diameter = 1-1/2 inches) Outlet Boolean Outlet Rank Total (1 to 4)

Cdo #2 = #VALUE! 1.88(diameter = 1-9/16 inches) Vertical Orifice 1 0 0 0

Overflow Weir #2 Angle = #VALUE! 2.03(diameter = 1-5/8 inches) Vertical Orifice 2 0 0 Boolean

Underdrain Q at 100yr depth = 0.00 2.20(diameter = 1-11/16 inches) Overflow Weir 1 0 0 0 Max Depth

VertOrifice1 Q at 100yr depth = 0.00 2.36(diameter = 1-3/4 inches) Overflow Weir 2 0 0 0 500yr Depth

VertOrifice2 Q at 100yr depth = 0.00 2.54(diameter = 1-13/16 inches) Outlet Pipe 1 1 0 0 Freeboard

EURV_draintime_user = 2.72(diameter = 1-7/8 inches) Outlet Pipe 2 0 0 1 Spillway

Count_User_Hydrographs 0 2.90(diameter = 1-15/16 inches) 0 Spillway Length

CountA_3 (EURV & 100yr) = 0 3.09(diameter = 2 inches) Button Visibility Boolean FALSE Time Interval

CountA_4 (100yr Only) = 0 3.29(use rectangular openings) 1 Button_Trigger

0 Underdrain

1 WQCV Plate

0 EURV-WQCV Plate

0 EURV-WQCV VertOrifice

0 Outlet 90% Qpeak

0 Outlet Undetained

S-A-V-D Chart Axis Override X-axis Left Y-Axis Right Y-Axis

minimum bound

maximum bound
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Outflow Hydrograph Workbook Filename:

Storm Inflow Hydrographs

The user can override the calculated inflow hydrographs from this workbook with inflow hydrographs developed in a separate program.

SOURCE WORKBOOK WORKBOOK WORKBOOK WORKBOOK WORKBOOK WORKBOOK WORKBOOK WORKBOOK WORKBOOK

Time Interval TIME WQCV [cfs] EURV [cfs] 2 Year [cfs] 5 Year [cfs] 10 Year [cfs] 25 Year [cfs] 50 Year [cfs] 100 Year [cfs] 500 Year [cfs]

5.79  min 0:00:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0:05:47 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Hydrograph 0:11:35 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Constant 0:17:22 0.03 0.10 0.07 0.09 0.11 0.14 0.18 0.22 0.34

0.863 0:23:10 0.09 0.27 0.18 0.24 0.30 0.37 0.47 0.58 0.92

0:28:57 0.22 0.69 0.47 0.62 0.76 0.96 1.21 1.50 2.36

0:34:44 0.61 1.90 1.31 1.70 2.10 2.63 3.31 4.12 6.50

0:40:32 0.71 2.22 1.52 1.98 2.45 3.08 3.89 4.85 7.69

0:46:19 0.67 2.11 1.44 1.88 2.33 2.93 3.70 4.62 7.34

0:52:07 0.61 1.91 1.31 1.71 2.12 2.67 3.37 4.20 6.68

0:57:54 0.53 1.70 1.16 1.52 1.88 2.37 2.99 3.74 5.96

1:03:41 0.45 1.45 0.98 1.29 1.61 2.03 2.57 3.22 5.14

1:09:29 0.40 1.27 0.86 1.13 1.40 1.77 2.24 2.81 4.48

1:15:16 0.36 1.15 0.78 1.02 1.27 1.60 2.03 2.54 4.06

1:21:04 0.29 0.93 0.63 0.83 1.03 1.31 1.66 2.08 3.34

1:26:51 0.23 0.75 0.51 0.67 0.83 1.06 1.35 1.69 2.73

1:32:38 0.17 0.56 0.38 0.50 0.63 0.80 1.02 1.29 2.09

1:38:26 0.12 0.41 0.27 0.36 0.45 0.58 0.75 0.95 1.55

1:44:13 0.09 0.30 0.20 0.27 0.33 0.43 0.55 0.69 1.13

1:50:01 0.07 0.24 0.16 0.21 0.26 0.33 0.43 0.54 0.87

1:55:48 0.06 0.20 0.13 0.17 0.22 0.28 0.35 0.44 0.72

2:01:35 0.05 0.17 0.11 0.15 0.19 0.24 0.30 0.38 0.61

2:07:23 0.04 0.15 0.10 0.13 0.16 0.21 0.26 0.33 0.54

2:13:10 0.04 0.13 0.09 0.12 0.15 0.19 0.24 0.30 0.48

2:18:58 0.04 0.12 0.08 0.11 0.14 0.17 0.22 0.28 0.45

2:24:45 0.03 0.09 0.06 0.08 0.10 0.13 0.16 0.20 0.33

2:30:32 0.02 0.07 0.04 0.06 0.07 0.09 0.12 0.15 0.24

2:36:20 0.01 0.05 0.03 0.04 0.05 0.07 0.09 0.11 0.18

2:42:07 0.01 0.04 0.02 0.03 0.04 0.05 0.06 0.08 0.13

2:47:55 0.01 0.02 0.02 0.02 0.03 0.04 0.04 0.06 0.09

2:53:42 0.01 0.02 0.01 0.02 0.02 0.02 0.03 0.04 0.07

2:59:29 0.00 0.01 0.01 0.01 0.01 0.02 0.02 0.03 0.05

3:05:17 0.00 0.01 0.00 0.01 0.01 0.01 0.01 0.02 0.03

3:11:04 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.02

3:16:52 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01

3:22:39 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:28:26 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:34:14 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:40:01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:45:49 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:51:36 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:57:23 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:03:11 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:08:58 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:14:46 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:20:33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:26:20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:32:08 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:37:55 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:43:43 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:49:30 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:55:17 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:01:05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:06:52 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:12:40 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:18:27 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:24:14 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:30:02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:35:49 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:41:37 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:47:24 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:53:11 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:58:59 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

6:04:46 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

6:10:34 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

6:16:21 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

6:22:08 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

6:27:56 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

6:33:43 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

6:39:31 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

6:45:18 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

6:51:05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

6:56:53 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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