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Engineer's Certification 
 
I hereby certify that the Drainage Report for the design of A Storage Place was prepared by me, 
or under my direct supervision, in accordance with the provisions of the Stormwater Management 
Manual (dated June 14, 2021) for the owners thereof. I understand that the City of Fruita does 
not and will not assume liability for drainage facilities designed by others. 

 
 
 
 
 
 
 
 
 
 
 
 
Craig Rothluebber, P.E. 
State of Colorado Reg. No. 51352 
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Developer’s Certification 

 
 
 I, _________________________________ hereby certify that the drainage facilities for 
the A Storage Place shall be constructed according to the design presented in this report. 
I understand that the City of Fruita reviews drainage plans but cannot, on behalf of the 
A Storage Place Self Storage guarantee that the preliminary drainage design review will 
absolve A Storage Place Self Storage and/or their successors and/or assigns of future 
liability for improper design.  
 

 
(Name of Developer) 

 

(Authorized Signature) 

 

(Date) 
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I. Introduction 

A. Background 

The purpose of this Drainage Report is to identify pre-development and post-development 
drainage conditions for the proposed A Storage Place development. This report identifies 
the following items with respect to the site: 

• existing drainage patterns and issues 

• developed drainage patterns 

• potential drainage issues resulting from development 

• solutions to the potential drainage issues 

• design of the various elements of the storm drain system for the site 

• stormwater water quality requirements 

• post construction BMP’s 
 

B. Project Location 

The proposed project site is located along the north side of Highway 6 & 50 between 19 
½ Road and 20 Road in Fruita, Colorado. The current project address is 1960 US-6&50, 
Fruita, CO (Parcel No. 2697-271-02-005). In more legal terms, the project site is located 
in Section 22, Township 1 North, Range 2 West of the Ute Meridian, Mesa County, 
Colorado. Refer to Figure 1 for the General Location Map. 

Access to the site will be from Highway 6 and 50 at the existing entrance to the property. 
The surrounding area contains a mix of commercial and industrial land uses. The 
proposed project site is zoned for Commercial uses, along with the parcels located directly 
to the west and east of the site.  

C. Project Description 

The current project parcel (Parcel No. 2697-271-02-005) is approximately 5.00 acres 
which consists of commercial uses for a self-storage facility. A portion of this self-storage 
facility currently existing on the adjacent property to the east as well (Parcel No. 2697-
271-02-006) and is approximately 2.24 acres. This drainage report analyses the total 
parcel area for these two parcels as there is an existing detention pond located on the 
adjacent parcel that collects stormwater runoff for both parcels. The area routed to the 
existing detention pond totals approximately 7.66 acres. As part of this project this 
detention pond will be extended and modified in order to meet the requirements of the 
new development. 

According to the NRCS web site, the soils present at the site consist entirely of Sagers 
Silty Clay Loam (0-2% slopes). Sagers is classified as Hydrologic Soil Group C. Group C 
soils have slower infiltration rates than Groups A and B Soils. NRCS Soil information is 
included in Appendix A. 

The proposed development is located entirely within the Hunter Wash Major Drainage 
Basin. Hunter Wash drains to the Colorado River approximately 0.5 miles south of the 
site. A graphical representation of the project boundary in relation to the major drainage 
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basins is provided in Figure 2. There are no mapped FEMA Floodplains within or adjacent 
to the project site. A FEMA FIRM Map for the area is available in Appendix A.  

D. Previous Investigations 

No previous investigations involving the project parcel are known to exist. 

II. Drainage System Description 

A. Existing Drainage Conditions 

Existing topography at the site consistently slopes from northwest to southeast with typical 
grades between 0.5% and 1.5%. The existing detention pond is located in the southeast 
corner of the adjacent parcel that collects runoff from the project site and conveys flows 
offsite to the south. Proposed grading from the site will follow the existing conditions and 
have runoff sheet flow through the site and be collected in the driveways to be routed to 
the existing pond. 

Runoff generated from the site discharges at the southeast corner of the parcel into an 
existing detention pond and is routed to the storm drain system along Highway 6 & 50. 
This storm drain carries flow to the south and eventually discharges into the Colorado 
River. Refer to Figure 3 for a layout and of the existing sub-basins covering the proposed 
project site. Table 1 provides a summary of the existing sub-basins that were analyzed 
for this project. It should be noted that a historic basin (EX1 Historic) was also analyzed 
to ensure that release rates from the pond are within the Mesa County SWMM 
requirements. 

Table 1: Existing Sub-Basins 

Sub-Basin     
ID 

Sub-
Basin 
Area 

Imperv. 
Existing Sub-Basin Peak 

Runoff Rates (cfs) 

(acres) (%) 2-Year 10-Year 100-Year 

EX1 (Historic) 7.660 2% 0.03 0.90 6.40 

EX1 7.660 47% 1.59 3.98 11.95 
 

B. Master Drainage Plan 

No “Master Drainage Plan” is known to exist for the subject property. 

C. Offsite Tributary Area 

Existing topography at the site slopes generally from northwest to southeast. The 
Independent Ranchman’s Ditch is located directly to the north of the project parcel and 
there is a ridge along the western property boundaries. As such, there are no offsite flows 
that enter the site from the north or the west. Analysis of these flows is provided in the 
existing and proposed conditions for the project.  
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D. Proposed Drainage System Description 

The proposed project will include lot grading, concrete drive aisles, storage buildings, 
fencing, landscaping, and modification of the existing detention pond. Runoff from the 
developed areas will sheet flow to the concrete drive aisles. Once runoff is collected in the 
driveway section, runoff will concentrate and be conveyed through the site to the 
stormwater pond at the southeast corner of the development. Proposed grading for this 
project follows the existing topography of the site and is made up of one contributing basin 
that is tributary to the proposed detention pond. Refer to Figure 4 for the proposed sub-
basin layout and more detailed basin information. Table 2 provides a summary of the 
proposed sub-basin that was analyzed for this project. 

Table 2: Proposed Sub-Basins 

Sub-
Basin     

ID 

Sub-
Basin 
Area 

Imperv. 
Proposed Sub-Basin Peak 

Runoff Rates (cfs) 

(acres) (%) 2-Year 10-Year 100-Year 

PR1 7.66 56% 2.02 4.73 13.13 
 

Water quality calculations and design stage storage information for the pond are provided 
in Appendix B. Refer to Figure 4 for the proposed sub-basin layout and more detailed 
basin information.  

The proposed detention pond is a permanent stormwater solution that requires the existing 
pond to be enlarged and the existing outlet structure to be modified in order to treat the 
WQCV. The pond has been designed to hold the water quality capture volume (WQCV) 
and 100-year storm event for the combined two parcels that make up the A Storage Place 
Self Storage. The detention pond design information for this filing is shown in Table 3. 

Table 3: Water Surface Elevation and Volume Summary 

Event WSEL 
Volume              

(cubic ft) 
Peak Q  

(cfs) 

Top of Pond 4520.90 19,166 - 

100-Year Storm 4520.80 18,165 1.60 

Top of Structure 4520.00 11,369 - 

Minor Storm Weir 4519.50 7,623 - 

10-Year Storm 4519.47 7,318 0.09 

WQCV 4519.31 6,273 0.05 

Bottom of Pond 4517.70 0 - 

Bottom of Structure 4517.70 - - 

Top of Pond 4520.90 19,166 - 
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Table 3 demonstrates that the proposed detention pond has sufficient volume to hold the 
WQCV, the 10-year, and 100-year design storm runoff from the developed area. The 
SWMM requires that the detention pond collects and holds the 100-year storm volume 
and releases these storms at a rate less than the historical rates.  

SWMM requirements dictate that the pond must drain within 48 hours of all storm events 
up to and including the 100-year storm event. Pond drain time calculations are provided 
in Appendix C. Table 4 provides the existing and proposed discharge rates for the 
development. It should be noted that the release rates from the existing pond are 
unknown, as there is no information available from a pervious drainage report. 

Table 4: Project Discharge Rates 

Design 

Point ID* 

Design Point 

Condition 

Design Point 

Location 

Peak Flow at Design Point 

2-year     

Storm         

(cfs) 

10-year     

Storm         

(cfs) 

100-year     

Storm         

(cfs)  
EX1 

(Historic) Existing 

Historic Release 

Rates 0.03 0.90 6.40 
 

EX1 Existing Pond Discharge - - - 
 

PR1 Proposed Pond Discharge 0.05 0.09 1.60  

E. Drainage Facility Maintenance 

Ownership and maintenance of the proposed drainage improvements within public ROW 
shall be by the City of Fruita. All storm drain, the detention pond, and other drainage 
facilities within Property Owner’s Association tracts and easements and will be owned and 
maintained by the Property Owner’s Association.  

Inspection of the drainage facility and associated BMP’s shall be as per the City’s 
stormwater pollution prevention Ordinance No. 3824 and Sections 28.16.120 and 
28.64.130 of the Stormwater Management Manual (SWMM).  

The developed drainage for the site has been designed to minimize maintenance. 
Anticipated maintenance includes periodic (1-2 times per year and as needed after major 
storm events) clearing of debris from v-pans, drains, and trash racks. Periodic sediment 
removal from the pond may also be required. The removal frequency will vary depending 
on the sediment removal loading through the system to the detention pond, but it is unlikely 
sediment removal would be required more often than once every 5 to 10 years.  
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III. Drainage Analysis and Design Criteria 

A. Regulations 

The policy, design criteria, design constraints, methods of analysis, recommendations, 
and conclusions presented in this report are in conformance with standard engineering 
practice and the Stormwater Management Manual (dated June 14, 2021). 

B. Development Criteria 

No drainage constraints were noted for this project. 

C. Hydrologic Criteria 

The hydrologic design criteria presented in this report are in conformance with standard 
engineering practice and the Stormwater Management Manual (dated June 14, 2021), 
except as noted within the report.  

D. Hydraulic Criteria 

The hydraulic design criteria presented in this report are in conformance with standard 
engineering practice and the Stormwater Management Manual (dated June 14, 2021), 
except as noted within the report. 

E. Variance from Criteria 

No variances from the SWMM are requested for this project. 

F. Calculation Methodology 

The Rational was used to estimate the basin runoff while the MHFD Detention Pond 
Design Spreadsheet was used to calculate pond sizing and outlet structure configuration. 
As there are no proposed storm drain system within the project site no storm drain routing 
was performed.  

G. Calculation and Modeling Results  

Analysis of the developed site drainage conditions are included in the Appendix and 
highlighted below.  

• All design storms used for this project had a rainfall duration of 1-hour as required 
for Rational Method calculations. The 100-year 1-hour rainfall value used was 1.34 
inches and the 10-year 1-hour rainfall value used was 0.34 inches. The 100-year and 
10-year rainfall values used are the values provided in Table 28.24.040(a) of the 
SWMM. 

• Two existing sub-basins, and one proposed sub-basin was analyzed for this 
project. Design storm peak flows for each of the project’s sub-basins are shown on 
Figures 3 and 4. 

• Street capacities were checked based on the 100-year 24-hour peak flow rates 
generated for each sub-basin and design points shown on Figure 4. There are no 
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issues with Street Conveyance Capacity for drive aisles, see attached driveway 
capacity worksheet included in Appendix G. 

• Riprap protection for the slope of the pond at inflow points have been sized per the 
formulas in the SWMM. Calculations for the riprap sizing are included in Appendix G. 

IV. Post Construction Stormwater Management 

A. Stormwater Quality Control Measures 

The detention pond for the project site has been designed to hold the 100-year storm 
event, including the WQCV, without overtopping. The detention pond will adequately drain 
the pond within SWMM requirements which iss below the historic release rates for all 
design storms.  

B. Stormwater Quality Calculations 

The WQCV was determined based on the percent imperviousness of the proposed 
development for this filing. WQCV was calculated using the MHFD Detention Pond Design 
Spreadsheet. WQCV calculations are provided in Appendix C of this report.  

V. Conclusions  

A. Compliance with Manual 

The policy, design criteria, design constraints, methods of analysis, recommendations, 
and conclusions presented in this report are in conformance with standard engineering 
practice and the Stormwater Management Manual (dated Jun 14, 2021).  

B. Design Effectiveness 

This design will be very effective for controlling runoff from this site and will provide 
stormwater quality measures. 

C. Areas in Flood Hazard Zone 

There are no areas within the proposed project site that are classified as Flood Hazard 
Zones. There are no floodplains within the project area. 

D. Variances from Manual 

No variances from the manual are requested for this project. 

VI. References 

1. Stormwater Management Manual, WRC Engineering under the direction of Mesa County 
Colorado, June 14, 2021. 

2. City of GJ GIS Website, City Map (gjcity.org) 

3. Mesa County Colorado GIS Website, https://gis.mesacounty.us/ . 
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4. Natural Resources Conservation Service National Cooperative Soils Survey Website, 
http://websoilsurvey.nrcs.usda.gov/app/WebSoilSurvey.aspx . 

5. FEMA Flood Map Service Center website, https://msc.fema.gov/portal . 

6. Drainage Criteria Manual, Urban Drainage and Flood Control District, Volumes 1, 2, & 3; 
Denver, Colorado 2001.
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Hydrologic Soil Group

Map unit symbol Map unit name Rating Acres in AOI Percent of AOI

BcS Sagers silty clay loam, 
saline, 0 to 2 percent 
slopes

C 7.7 100.0%

Totals for Area of Interest 7.7 100.0%

Description

Hydrologic soil groups are based on estimates of runoff potential. Soils are 
assigned to one of four groups according to the rate of water infiltration when the 
soils are not protected by vegetation, are thoroughly wet, and receive 
precipitation from long-duration storms.

The soils in the United States are assigned to four groups (A, B, C, and D) and 
three dual classes (A/D, B/D, and C/D). The groups are defined as follows:

Group A. Soils having a high infiltration rate (low runoff potential) when 
thoroughly wet. These consist mainly of deep, well drained to excessively 
drained sands or gravelly sands. These soils have a high rate of water 
transmission.

Group B. Soils having a moderate infiltration rate when thoroughly wet. These 
consist chiefly of moderately deep or deep, moderately well drained or well 
drained soils that have moderately fine texture to moderately coarse texture. 
These soils have a moderate rate of water transmission.

Group C. Soils having a slow infiltration rate when thoroughly wet. These consist 
chiefly of soils having a layer that impedes the downward movement of water or 
soils of moderately fine texture or fine texture. These soils have a slow rate of 
water transmission.

Group D. Soils having a very slow infiltration rate (high runoff potential) when 
thoroughly wet. These consist chiefly of clays that have a high shrink-swell 
potential, soils that have a high water table, soils that have a claypan or clay 
layer at or near the surface, and soils that are shallow over nearly impervious 
material. These soils have a very slow rate of water transmission.

If a soil is assigned to a dual hydrologic group (A/D, B/D, or C/D), the first letter is 
for drained areas and the second is for undrained areas. Only the soils that in 
their natural condition are in group D are assigned to dual classes.

Rating Options

Aggregation Method: Dominant Condition
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The soil surveys that comprise your AOI were mapped at 
1:24,000.

Warning: Soil Map may not be valid at this scale.

Enlargement of maps beyond the scale of mapping can cause 
misunderstanding of the detail of mapping and accuracy of soil 
line placement. The maps do not show the small areas of 
contrasting soils that could have been shown at a more detailed 
scale.

Please rely on the bar scale on each map sheet for map 
measurements.

Source of Map: Natural Resources Conservation Service
Web Soil Survey URL: 
Coordinate System: Web Mercator (EPSG:3857)

Maps from the Web Soil Survey are based on the Web Mercator 
projection, which preserves direction and shape but distorts 
distance and area. A projection that preserves area, such as the 
Albers equal-area conic projection, should be used if more 
accurate calculations of distance or area are required.

This product is generated from the USDA-NRCS certified data 
as of the version date(s) listed below.

Soil Survey Area: Mesa County Area, Colorado
Survey Area Data: Version 13, Sep 6, 2022

Soil map units are labeled (as space allows) for map scales 
1:50,000 or larger.

Date(s) aerial images were photographed: Jun 24, 2020—Jul 
8, 2020

The orthophoto or other base map on which the soil lines were 
compiled and digitized probably differs from the background 
imagery displayed on these maps. As a result, some minor 
shifting of map unit boundaries may be evident.
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K Factor, Whole Soil

Map unit symbol Map unit name Rating Acres in AOI Percent of AOI

BcS Sagers silty clay loam, 
saline, 0 to 2 percent 
slopes

.43 7.7 100.0%

Totals for Area of Interest 7.7 100.0%

Description

Erosion factor K indicates the susceptibility of a soil to sheet and rill erosion by 
water. Factor K is one of six factors used in the Universal Soil Loss Equation 
(USLE) and the Revised Universal Soil Loss Equation (RUSLE) to predict the 
average annual rate of soil loss by sheet and rill erosion in tons per acre per 
year. The estimates are based primarily on percentage of silt, sand, and organic 
matter and on soil structure and saturated hydraulic conductivity (Ksat). Values of 
K range from 0.02 to 0.69. Other factors being equal, the higher the value, the 
more susceptible the soil is to sheet and rill erosion by water.

"Erosion factor Kw (whole soil)" indicates the erodibility of the whole soil. The 
estimates are modified by the presence of rock fragments.

Factor K does not apply to organic horizons and is not reported for those layers.

Rating Options

Aggregation Method: Dominant Condition

Component Percent Cutoff: None Specified 

Tie-break Rule: Higher

Layer Options (Horizon Aggregation Method): Surface Layer (Not applicable)

K Factor, Whole Soil—Mesa County Area, Colorado A Storage Place

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey

12/21/2022
Page 3 of 3



 

APPENDIX B 

Hydrology Calculations 

1. Rainfall Duration Curve, Composite Impervious, Time of 
Concentration, Rational Method Runoff Calculations 



= FORMULA CELLS

= USER INPUT CELLS

PROJECT:

JOB NO.:
CALC. BY: �

DATE:

� �

Minutes

5

10

20

30

40

50

60

120

Equation 5-1 I=(28.5*P1)/(10+Td)
^0.786

I = rainfall intensity (inches per hour) 

P1 = 1-hour point rainfall depth (inches) 

Td = storm duration (minutes) 

Reference:

1) Urban Drainage and Flood Control District - Urban Storm Drainage Criteria Manual Volume 1, 2017

2) NOAA Atlas 14, Volume 8, Version 2

http://hdsc.nws.noaa.gov/hdsc/pfds/pfds_map_cont.html?bkmrk=co

0.34

4.55

3.63

2.64

2.10

1.76

1.53

1.15

0.92

0.67

0.53

0.45

0.39

0.34

Grand Valley Area

Project Location

P1: 1-hour Rainfall Depths (inches)

A Storage Place

2056-001
CTR

12/20/2022

IDF Rainfall Data

2-Year

Minor Storm Major Storm
Td 100-Year

1.34

0.830.21

1.35



PROJECT:

JOB NO.:

CALC. BY:

DATE:

Impervious Percentages - from Urban Drainage Table 6-3

Asphalt 100% 2%

Concrete 90% 0%

Roofs 90% 0%

Gravel 40% 0%

SOIL TYPE: C or D � (use equation from Table 6-4) = FORMULA CELLS

= USER INPUT CELLS

Basin Area (ac) Imp. C2 C5 C10 C100 Asphalt Concrete Roofs Gravel Lawns Land Use 6 Land Use 7 Land Use 8

EX1 (Historic) 7.66 2.0% 0.01 0.05 0.15 0.49 0.00 0.00 0.00 0.00 7.66

EX1 7.66 46.8% 0.35 0.42 0.48 0.68 0.98 0.00 0.88 4.47 1.33

PR1 7.66 56% 0.43 0.49 0.55 0.71 0.82 1.05 1.61 2.64 1.54

Weighted Impervious and C Values Areas (ac)

Lawns

Land Use 6

Land Use 7

Land Use 8

COMPOSITE IMPERVIOUSNESS

A Storage Place

2056-001

CTR

COMPOSITE C VALUES - PROP
12/22/2022

2056-001 Rational Method.xlsx



Project: A Storage Place

Job No.: 2056-001

Calculated By: Checked By: xxxxxxxxxx

Date: 1/0/1900

FINAL REMARKS

tc

Basin i C5 AREA LENGTH SLOPE ti LENGTH SLOPE VEL. tt COMP. TOT. LENGTH So

Ac Ft % Min Ft % FPS Min tc Ft % Min Min

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16)

EX1 (Historic) 0.02 0.05 7.66 300 1.5 28.69 716 10 0.8 0.9 13.8 42.5 1,016 0.97 44.2 42.5

EX1 0.47 0.42 7.66 300 1.5 18.63 716 20 0.8 1.7 6.9 25.5 1,016 0.97 29.1 25.5

PR1 0.56 0.49 7.66 300 1.5 16.55 754 20 0.8 1.7 7.3 23.8 1,054 0.96 27.1 23.8

Equation 6-3 ti=((0.395(1.1-C5)SQRT(L))/(So^0.33))

Equation 6-5 tc=(26-17i)+(Lt/(60(14i+9)SQRT(So))) = FORMULA CELLS

= USER INPUT CELLS

NRCS Conveyance Factor K Table - Cv Value

20Paved Areas and Shallow Paved Swales

Short Pasture and Lawns

Nearly Bare Ground

Grassed Waterway

7

10

15

Heavy Meadow 2.5

Tillage/Field 5

INITIAL/OVERLAND

TIME (ti)

CTR

DATA

SUB-BASIN

STANDARD FORM SF-2

tc (Equation 6-5)

TIME OF CONCENTRATION SUMMARY

tc  CHECK

(URBANIZED BASINS)

TRAVEL TIME

(tt)

Cv

TOC
12/22/2022

2056-001 Rational Method.xlsx



Calculated By: Project: A Storage Place

Date: Job No.: 2056-001

Checked By: Design Storm: 2-Year
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= USER INPUT CELLS

D
E

S
IG

N
 

P
O

IN
T

A
R

E
A

 

D
E

S
IG

N

A
R

E
A

  
  

  
  

  
  

(A
C

)

R
U

N
O

F
F

 

C
O

E
F

F

 t
c
  
  
  
  
  
  
  
  
  
  

(M
IN

)

C
 *

 A
  

  
  

  
  

  
  

  
  

  
 

(A
C

)

I 
  

  
  

  
  

  
 

(I
N

/H
R

)

Q
  

  
  

  
  

  
  

  

(C
F

S
)

t c
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

(M
IN

)

S
 (

C
 *

 A
) 

  
  

  
  

  
  

  

(C
A

)

I 
  

  
  

  
  

  
  

  
  

  
  

(I
N

/H
R

)

Q
  

  
  

  
  

  
  

  
  

  
  

 

(C
F

S
)

S
L

O
P

E
  

  
  

  
  

  

(%
)

S
T

R
E

E
T

 

F
L

O
W

D
E

S
IG

N
  

  
  

  
 

F
L

O
W

 (
C

F
S

)

S
L

O
P

E
  

  
  

  
 

(%
)

P
IP

E
  

D
IA

M
. 

(I
N

.)

  (2)   (3)   (4)   (5)   (6)   (7)   (8)   (9)   (10)   (11)   (12)   (13)   (14)   (15)   (16)   (17)   (18)   (19)   (20)   (21) (22)

EX1 (Historic) 7.66 0.01 42.5 0.08 0.43 0.03 Pre-Development Flow

EX1 EX-1 7.66 0.35 25.5 2.71 0.59 1.59 Existing Development Flow

PR1 PR-1 7.66 0.43 23.8 3.32 0.61 2.02 Post Development Flow
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Calculated By: Project: A Storage Place

Date: Job No.: 2056-001

Checked By: Design Storm: 10-Year

= FORMULA CELLS

= USER INPUT CELLS
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  (2)   (3)   (4)   (5)   (6)   (7)   (8)   (9)   (10)   (11)   (12)   (13)   (14)   (15)   (16)   (17)   (18)   (19)   (20)   (21) (22)

EX1 (Historic) 7.66 0.15 42.5 1.12 0.80 0.90 Pre-Development Flow

EX1 EX-1 7.66 0.48 25.5 3.67 1.09 3.98 Existing Development Flow

PR1 PR-1 7.66 0.55 23.8 4.19 1.13 4.73 Post Development Flow
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Calculated By: Project: A Storage Place

Date: Job No.: 2056-001

Checked By: Design Storm: 100-Year

= FORMULA CELLS

= USER INPUT CELLS
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  (2)   (3)   (4)   (5)   (6)   (7)   (8)   (9)   (10)   (11)   (12)   (13)   (14)   (15)   (16)   (17)   (18)   (19)   (20)   (21) (22)

EX1 (Historic) 7.66 0.49 42.5 3.77 1.70 6.40 Pre-Development Flow

EX1 EX-1 7.66 0.68 25.5 5.18 2.31 11.95 Existing Development Flow

PR1 PR-1 7.66 0.71 23.8 5.47 2.40 13.13 Post Development Flow
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APPENDIX C 
Detention Pond Calculations  

1. Mile High Flood District (MHFD) Detention Basin Design 
Spreadsheet 

 

  



Project:

Basin ID:

Depth Increment = ft

Watershed Information Top of Micropool -- 0.00 -- -- -- 0 0.000

Selected BMP Type = EDB -- 0.10 -- -- -- 89 0.002 4 0.000

Watershed Area = 7.66 acres -- 0.20 -- -- -- 354 0.008 27 0.001

Watershed Length = 750 ft -- 0.30 -- -- -- 797 0.018 84 0.002

Watershed Length to Centroid = 350 ft -- 0.40 -- -- -- 1,382 0.032 193 0.004

Watershed Slope = 0.008 ft/ft -- 0.50 -- -- -- 2,080 0.048 366 0.008

Watershed Imperviousness = 56.10% percent -- 0.60 -- -- -- 2,886 0.066 614 0.014

Percentage Hydrologic Soil Group A = 0.0% percent -- 0.70 -- -- -- 3,737 0.086 946 0.022

Percentage Hydrologic Soil Group B = 0.0% percent -- 0.80 -- -- -- 4,468 0.103 1,311 0.030

Percentage Hydrologic Soil Groups C/D = 100.0% percent -- 0.90 -- -- -- 5,042 0.116 1,781 0.041

Target WQCV Drain Time = 40.0 hours -- 1.00 -- -- -- 5,539 0.127 2,305 0.053

Location for 1-hr Rainfall Depths = User Input -- 1.10 -- -- -- 5,962 0.137 2,876 0.066

-- 1.20 -- -- -- 6,284 0.144 3,548 0.081

-- 1.30 -- -- -- 6,527 0.150 4,188 0.096

Optional User Overrides -- 1.40 -- -- -- 6,659 0.153 4,848 0.111

Water Quality Capture Volume (WQCV) = 0.143 acre-feet acre-feet -- 1.50 -- -- -- 6,793 0.156 5,520 0.127

Excess Urban Runoff Volume (EURV) = 0.410 acre-feet acre-feet -- 1.60 -- -- -- 6,926 0.159 6,206 0.142

2-yr Runoff Volume (P1 = 0.34 in.) = 0.085 acre-feet 0.34 inches -- 1.70 -- -- -- 7,060 0.162 6,905 0.159

5-yr Runoff Volume (P1 = 0.49 in.) = 0.136 acre-feet 0.49 inches -- 1.80 -- -- -- 7,194 0.165 7,618 0.175

10-yr Runoff Volume (P1 = 0.63 in.) = 0.183 acre-feet 0.63 inches -- 1.90 -- -- -- 7,329 0.168 8,344 0.192

25-yr Runoff Volume (P1 = 0.85 in.) = 0.279 acre-feet 0.85 inches -- 2.00 -- -- -- 7,464 0.171 9,084 0.209

50-yr Runoff Volume (P1 = 1.07 in.) = 0.398 acre-feet 1.07 inches -- 2.10 -- -- -- 7,600 0.174 9,837 0.226

100-yr Runoff Volume (P1 = 1.34 in.) = 0.577 acre-feet 1.34 inches -- 2.20 -- -- -- 7,736 0.178 10,604 0.243

500-yr Runoff Volume (P1 = 1.59 in.) = 0.733 acre-feet 1.59 inches -- 2.30 -- -- -- 7,872 0.181 11,384 0.261

Approximate 2-yr Detention Volume = 0.104 acre-feet -- 2.40 -- -- -- 8,009 0.184 12,178 0.280

Approximate 5-yr Detention Volume = 0.173 acre-feet -- 2.50 -- -- -- 8,146 0.187 12,986 0.298

Approximate 10-yr Detention Volume = 0.218 acre-feet -- 2.60 -- -- -- 8,284 0.190 13,808 0.317

Approximate 25-yr Detention Volume = 0.276 acre-feet -- 2.70 -- -- -- 8,458 0.194 14,645 0.336

Approximate 50-yr Detention Volume = 0.319 acre-feet -- 2.80 -- -- -- 8,630 0.198 15,499 0.356

Approximate 100-yr Detention Volume = 0.399 acre-feet -- 2.90 -- -- -- 8,823 0.203 16,372 0.376

-- 3.00 -- -- -- 9,007 0.207 17,263 0.396

Define Zones and Basin Geometry -- 3.10 -- -- -- 9,352 0.215 18,181 0.417

Zone 1 Volume (WQCV) = 0.143 acre-feet -- 3.20 -- -- -- 9,993 0.229 19,149 0.440

Zone 2 Volume (10-year - Zone 1) = 0.075 acre-feet -- -- -- --

Zone 3 Volume (100-year - Zones 1 & 2) = 0.181 acre-feet -- -- -- --

Total Detention Basin Volume = 0.399 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 (WISV) = 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 -- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

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)

2056-001 - A Storage Place

A Storage Place Pond

MHFD-Detention, Version 4.06 (July 2022)

Volume 

(ft 3)

Volume 

(ac-ft)

Area 

(acre)

After providing required inputs above including 1-hour rainfall

depths, click 'Run CUHP' to generate runoff hydrographs using 

the embedded Colorado Urban Hydrograph Procedure.

Example Zone Configuration (Retention Pond)

2056-001 MHFD-Detention_v4-06.xlsm, Basin 12/21/2022, 12:31 PM



  Project:

  Basin ID:

Estimated Estimated

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

Zone 1 (WQCV) 1.61 0.143 Orifice Plate

Zone 2 (10-year) 2.06 0.075 Circular Orifice

Zone 3 (100-year) 3.02 0.181 Weir&Pipe (Restrict)

Total (all zones) 0.399

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 ft
2

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

Centroid of Lowest Orifice = 0.00 ft (relative to basin bottom at Stage = 0 ft) WQ Orifice Area per Row = 5.208E-03 ft
2

Depth at top of Zone using Orifice Plate = 1.61 ft (relative to basin bottom at Stage = 0 ft) Elliptical Half-Width = N/A feet

Orifice Plate: Orifice Vertical Spacing = 6.40 inches Elliptical Slot Centroid = N/A feet

Orifice Plate: Orifice Area per Row = 0.75 sq. inches (diameter = 15/16 inch) Elliptical Slot Area = N/A ft
2

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 0.54 1.07

Orifice Area (sq. inches) 0.75 0.75 0.75

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

Zone 2 Circular Not Selected Zone 2 Circular Not Selected

Invert of Vertical Orifice = 1.61 N/A ft (relative to basin bottom at Stage = 0 ft) Vertical Orifice Area = 0.00 N/A ft
2

Depth at top of Zone using Vertical Orifice = 2.06 N/A ft (relative to basin bottom at Stage = 0 ft) Vertical Orifice Centroid = 0.04 N/A feet

Vertical Orifice Diameter = 0.94 N/A inches

User Input:  Overflow Weir (Dropbox with Flat or Sloped Grate and Outlet Pipe OR Rectangular/Trapezoidal Weir and No Outlet Pipe) Calculated Parameters for Overflow Weir

grate Zone 3 Weir Not Selected Zone 3 Weir Not Selected

Overflow Weir Front Edge Height, Ho = 1.80 N/A ft (relative to basin bottom at Stage = 0 ft) Height of Grate Upper Edge, Ht = 1.80 N/A feet

Overflow Weir Front Edge Length = 2.50 N/A feet Overflow Weir Slope Length = 2.00 N/A feet

Overflow Weir Grate Slope = 0.00 N/A H:V Grate Open Area / 100-yr Orifice Area = 20.14 N/A

Horiz. Length of Weir Sides = 2.00 N/A feet Overflow Grate Open Area w/o Debris = 3.96 N/A ft
2

Overflow Grate Type = Close Mesh Grate N/A Overflow Grate Open Area w/ Debris = 3.96 N/A ft
2

Debris Clogging % = 0% 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

Zone 3 Restrictor Not Selected Zone 3 Restrictor Not Selected

Depth to Invert of Outlet Pipe = 0.00 N/A ft (distance below basin bottom at Stage = 0 ft) Outlet Orifice Area = 0.20 N/A ft
2

Outlet Pipe Diameter = 6.00 N/A inches Outlet Orifice Centroid = 0.25 N/A feet

Restrictor Plate Height Above Pipe Invert = 6.00 inches Half-Central Angle of Restrictor Plate on Pipe = 3.14 N/A radians

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

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

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

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

Freeboard above Max Water Surface = feet Basin Volume at Top of Freeboard = acre-ft

Max Ponding Depth of Target Storage Volume = 3.10 feet Discharge at Top of Freeboard = cfs

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) = N/A N/A 0.34 0.49 0.63 0.85 1.07 1.34 1.59

CUHP Runoff Volume (acre-ft) = 0.143 0.410 0.085 0.136 0.183 0.279 0.398 0.577 0.733

Inflow Hydrograph Volume (acre-ft) = N/A N/A 0.085 0.136 0.183 0.279 0.398 0.577 0.733

CUHP Predevelopment Peak Q (cfs) = N/A N/A 0.00 0.00 0.02 0.09 1.05 2.89 4.40

OPTIONAL Override Predevelopment Peak Q (cfs) = N/A N/A

Predevelopment Unit Peak Flow, q (cfs/acre) = N/A N/A 0.0 0.0 0.0 0.0 0.1 0.4 0.6

Peak Inflow Q (cfs) = N/A N/A 1.1 1.8 2.4 4.1 6.0 9.0 11.5

Peak Outflow Q (cfs) = 0.1 1.6 0.05 0.07 0.09 1.23 1.37 1.60 1.62

Structure Controlling Flow = Plate Outlet Plate 1 Plate Plate Vertical Orifice 1 Outlet Plate 1 Outlet Plate 1 Outlet Plate 1 N/A

Max Velocity through Grate 1 (fps) = N/A 0.36 N/A N/A N/A 0.3 0.3 0.4 0.4

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) = 38 40 30 38 44 43 41 40 39

Time to Drain 99% of Inflow Volume (hours) = 40 45 32 40 47 47 46 46 46

Maximum Ponding Depth (ft) = 1.61 3.07 1.17 1.49 1.77 1.94 2.35 3.10 3.20

Area at Maximum Ponding Depth (acres) = 0.16 0.21 0.14 0.16 0.16 0.17 0.18 0.21 0.23

Maximum Volume Stored (acre-ft) = 0.144 0.411 0.076 0.124 0.168 0.197 0.270 0.417 0.440

The user can override the default CUHP hydrographs and runoff volumes by entering new values in the Inflow Hydrographs table (Columns W through AF).

DETENTION BASIN OUTLET STRUCTURE DESIGN
MHFD-Detention, Version 4.06 (July 2022)

2056-001 - A Storage Place

A Storage Place Pond

Example Zone Configuration (Retention Pond)
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COUNTA for Basin Tab = 1 Ao Dia WQ Plate Type Vert Orifice 1Vert 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 = 1 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) 4 1 5yr, <72hr 0

Count_Weir1 = 1 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 162

Count_OutletPipe2 = 0 0.50(diameter = 13/16 inch) 2 Year 118

COUNTA_2 (Standard FSD Setup)= 1 0.58(diameter = 7/8 inch) EURV 308

Hidden Parameters & Calculations 0.67(diameter = 15/16 inch) 5 Year 150

MaxPondDepth_Error? FALSE 0.76 (diameter = 1 inch) 10 Year 178 Spillway Depth

Cd_Broad-Crested Weir 3.00 0.86(diameter = 1-1/16 inches) 25 Year 195

WQ Plate Flow at 100yr depth = 0.12 0.97(diameter = 1-1/8 inches) 50 Year 236

CLOG #1= 100% 1.08(diameter = 1-3/16 inches) 100 Year 311 1 Z1_Boolean

n*Cdw #1 = 0.62 1.20(diameter = 1-1/4 inches) 500 Year 321 1 Z2_Boolean

n*Cdo #1 = 0.96 1.32(diameter = 1-5/16 inches) Zone3_Pulldown Message 1 Z3_Boolean

Overflow Weir #1 Angle = 0.000 1.45(diameter = 1-3/8 inches) 1 Opening Message

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

n*Cdw #2 = N/A 1.73(diameter = 1-1/2 inches) Outlet Boolean Outlet Rank Total (1 to 4)

n*Cdo #2 = N/A 1.88(diameter = 1-9/16 inches) Vertical Orifice 1 1 1 2

Overflow Weir #2 Angle = N/A 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 1 2 0 Max Depth

VertOrifice1 Q at 100yr depth = 0.03 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 2 0 Freeboard

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

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

CountA_3 (EURV & 100yr) = 1 3.09(diameter = 2 inches) FALSE Time Interval

CountA_4 (100yr Only) = 1 3.29(use rectangular openings) Button Visibility Boolean

COUNTA_5 (FSD Weir Only)= 0 0 WQCV Underdrain

COUNTA_6 (EURV Weir Only)= 1 1 WQCV Plate

0 EURV-WQCV Plate

Outlet1_Pulldown_Boolean 0 EURV-WQCV VertOriice

Outlet2_Pulldown_Boolean 0 Outlet 90% Qpeak

Outlet3_Pulldown_Boolean 0 Outlet Undetained

0 Weir Only 90% Qpeak

0 Five Year Ratio Plate

0 Five Year Ratio VertOrifice

EURV_draintime_user

Spillway Options

Offset

Overlapping

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

minimum bound 0.00 0 0

maximum bound 4.00 20,000 10

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

minimum bound

maximum bound

MHFD-Detention, Version 4.06 (July 2022)
DETENTION BASIN OUTLET STRUCTURE DESIGN
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Outflow Hydrograph Workbook Filename:

Inflow Hydrographs

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

SOURCE CUHP CUHP CUHP CUHP CUHP CUHP CUHP CUHP CUHP

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]

5.00  min 0:00:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0:05:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0:10:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0:15:00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.14 0.34

0:20:00 0.00 0.00 0.03 0.42 0.75 0.48 0.84 1.12 1.49

0:25:00 0.00 0.00 0.80 1.48 2.10 1.59 2.21 2.71 3.47

0:30:00 0.00 0.00 1.13 1.83 2.44 3.50 4.91 6.96 9.22

0:35:00 0.00 0.00 1.10 1.71 2.25 4.07 5.94 8.97 11.53

0:40:00 0.00 0.00 1.02 1.54 2.02 4.00 5.98 8.83 11.24

0:45:00 0.00 0.00 0.91 1.39 1.83 3.60 5.36 8.15 10.32

0:50:00 0.00 0.00 0.81 1.26 1.62 3.28 4.87 7.35 9.31

0:55:00 0.00 0.00 0.72 1.11 1.43 2.82 4.16 6.42 8.14

1:00:00 0.00 0.00 0.65 1.00 1.31 2.43 3.55 5.61 7.12

1:05:00 0.00 0.00 0.61 0.93 1.23 2.16 3.12 5.05 6.43

1:10:00 0.00 0.00 0.55 0.88 1.16 1.90 2.70 4.24 5.39

1:15:00 0.00 0.00 0.50 0.80 1.09 1.67 2.34 3.54 4.49

1:20:00 0.00 0.00 0.44 0.71 0.98 1.43 1.97 2.85 3.60

1:25:00 0.00 0.00 0.39 0.62 0.83 1.20 1.64 2.26 2.83

1:30:00 0.00 0.00 0.35 0.55 0.72 0.98 1.31 1.74 2.16

1:35:00 0.00 0.00 0.32 0.52 0.65 0.80 1.06 1.34 1.65

1:40:00 0.00 0.00 0.31 0.46 0.61 0.70 0.90 1.11 1.36

1:45:00 0.00 0.00 0.30 0.42 0.58 0.63 0.81 0.96 1.17

1:50:00 0.00 0.00 0.30 0.40 0.56 0.59 0.75 0.85 1.04

1:55:00 0.00 0.00 0.26 0.37 0.53 0.56 0.71 0.78 0.94

2:00:00 0.00 0.00 0.23 0.35 0.49 0.54 0.68 0.74 0.88

2:05:00 0.00 0.00 0.18 0.27 0.38 0.42 0.52 0.55 0.66

2:10:00 0.00 0.00 0.14 0.20 0.28 0.31 0.39 0.41 0.48

2:15:00 0.00 0.00 0.10 0.15 0.21 0.23 0.29 0.30 0.36

2:20:00 0.00 0.00 0.08 0.11 0.16 0.17 0.22 0.23 0.27

2:25:00 0.00 0.00 0.06 0.08 0.11 0.13 0.16 0.17 0.20

2:30:00 0.00 0.00 0.04 0.06 0.08 0.09 0.11 0.12 0.14

2:35:00 0.00 0.00 0.03 0.04 0.06 0.07 0.08 0.09 0.10

2:40:00 0.00 0.00 0.02 0.03 0.04 0.05 0.06 0.06 0.07

2:45:00 0.00 0.00 0.01 0.02 0.03 0.03 0.04 0.04 0.05

2:50:00 0.00 0.00 0.01 0.01 0.02 0.02 0.02 0.02 0.03

2:55:00 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.01

3:00:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:05:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:10:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:15:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:20:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:25:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:30:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:35:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:40:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:45:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:50:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:55:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:00:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:05:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:10:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:15:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:20:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:25:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:30:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:35:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:40:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:45:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:50:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:55:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:00:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:05:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:15:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:20:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:25:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:30:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:35:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:40:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:45:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:50:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:55:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

6:00:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

DETENTION BASIN OUTLET STRUCTURE DESIGN
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APPENDIX D 
Street and Riprap Sizing 

1. Street Flow Capacity 
2. Riprap Sizing 

  



Channel Report

Hydraflow Express Extension for Autodesk® Civil 3D® by Autodesk, Inc. Wednesday, Dec 21 2022

Driveway Capacity

User-defined
Invert Elev (ft) =  4521.36
Slope (%) =  0.50
N-Value =  0.013

Calculations
Compute by: Known Q
Known Q (cfs) =  13.10

(Sta, El, n)-(Sta, El, n)...
( 0.00, 4521.86)-(12.50, 4521.36, 0.013)-(25.00, 4521.86, 0.013)

Highlighted
Depth (ft) =  0.43
Q (cfs) =  13.10
Area (sqft) =  4.63
Velocity (ft/s) =  2.83
Wetted Perim (ft) =  21.53
Crit Depth, Yc (ft) =  0.45
Top Width (ft) =  21.51
EGL (ft) =  0.55

-5 0 5 10 15 20 25 30

Elev (ft) Depth (ft)
Section

4521.00 -0.36

4521.25 -0.11

4521.50 0.14

4521.75 0.39

4522.00 0.64

Sta (ft)



A Storage Place

RIP-RAP CHANNEL LINING SIZING

REQUIRED INFORMATION:

V = 1.7 ft/sec Mean Channel Velocity

S = 0.33 ft/ft Longitudinal Channel Slope

SS = 2.7 Specific Gravity of Rock (Unitless)

Eq. 824 SWMM

D50= 0.05 Feet

0.59 Inches 3 Inch

Riprap

6 Inch VL

9 Inch L

12 Inch M

18 Inch H

24 Inch VH

D50

Check on Rock Size for Riprap

�
50

=0.05�2"S0.34" 

crothluebber
Callout
Use 6": Minimum Riprap Sizing



 

APPENDIX E 
SWMM Checklists 

1. Drainage Report Checklist 
2. Drainage Plan Checklist 
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