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SECTION I 

PURPOSE AND BACKGROUND 

 

 

A. PURPOSE AND SCOPE 

 

This drainage letter and report has been prepared in support of the Security Water District 

Enterprise (“District”) water treatment plant (WTP) building addition improvements.  The 

purpose of this report is to present the findings of a hydrologic evaluation and development 

of stormwater management infrastructure at the WTP site.   

 

The stormwater management plan is to conform with criteria established by El Paso County 

as the local land use authority having jurisdiction.  The construction of the existing WTP was 

accomplished by the United States Air Force by agreement with the U.S. Army Corps of 

Engineers as project manager.  At the beginning of that design and construction effort, the 

federal agencies agreed to comply with and provide submittals consistent with the El Paso 

County stormwater management criteria applicable at that time.  Those submittals were not 

subject to the “approval” of El Paso County.  The file materials submitted are identified as 

File Number AASI192 in the El Paso County Planning and Community Development system 

(EDARP).   

 

B. BACKGROUND 

 

The Security Water District Enterprise currently owns, operates and maintains a water 

treatment plant (WTP) in the unincorporated Security community in central El Paso County, 

Colorado.  The WTP was constructed as a joint project between the District and the United 

States Air Force to address per- and polyfluoroalkyl (PFAS) compounds in the District’s local 

source water supply.  Due to funding constraints, the water treatment plant was built without 

personnel accommodations such as toilet rooms, workspaces, and designated storage areas 

for expendable supplies utilized in the water treatment management, record keeping and 

daily operations.  

 

This project will add to the existing WTP building, providing toilet facilities, maintenance and 

janitorial space, areas for record keeping and technical reference material storage, and 
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improved access for periodic delivery of large quantities of ion exchange media.  The addition 

will include a building with a similar profile, height and geometric configuration as the existing 

WTP building.  The building will be a slab-on grade, pre-engineered metal building with an 

exterior foundation footprint of 51-feet by 40-feet and a projected floor area of 2,040 square 

feet.  

 

As part of the project, hot mix bituminous pavement will replace the existing gravel vehicular 

travel ways within the treatment plant facility.  This site is not accessible to the public and is 

enclosed with a 6-foot-high chain link fence with top treatment to deter intrusion.   
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SECTION II 

GENERAL LOCATION AND DESCRIPTION 

 

 

A. SITE LOCATION 

 

The Security Water District is located in the northwest area of the Security-Widefield region, 

south and west of the municipal limits of Colorado Springs in El Paso County, Colorado.  The 

WTP is located within the Northeast one quarter Southeast one quarter of Section 2, 

Township 15 South, Range 66 West of the Sixth Meridian.  

 

The District’s WTP is located on a parcel of land encompassing 70.041 acres north of the 

Bradley Road and Lincoln Plaza Drive intersection.  This larger parcel of land, owned by the 

District is confined by Bradley Road to the south, Hancock Expressway to the east, Milton 

Proby Parkway to the north, and Academy Boulevard to the west.  The eastern edge of the 

District’s property is constrained by the Fountain Mutual Irrigation Canal and Clearview Loop 

as platted in Clearview Industrial Park Filing No. 1.   

 

Figure II-1 provides an area map showing the generalized project limits, surrounding street 

configurations, topography, drainage features, and irrigation canal and ditches.  The map is 

adapted from a U.S. Geological Survey 7.5 minutes quadrangle.   

 

B. DESCRIPTION OF PROPERTY 

 

The District-owned parcel of land is identified as El Paso County Assessor’s schedule number 

65020-00-138.  The 1.7-acre fenced WTP site contains the treatment plant building, a raw 

water storage tank, and an on-site power generator.  The proposed improvements will not 

change the property’s current land use as the property is already being used for water 

treatment. 

  



G
:\S

EC
U

R
IT

Y\
20

23
-0

53
\1

30
\D

ra
in

ag
e 

R
ep

or
t\F

ig
ur

e 
II-

1.
dw

g,
 8

.5
x1

1,
 5

/8
/2

02
6 

11
:4

6:
19

 A
M

, j
m

s,
 D

W
G

 T
o 

PD
F.

pc
3,

 1
:1

AutoCAD SHX Text
INTERSTATE 25

AutoCAD SHX Text
DISTRICT PROPERTY

AutoCAD SHX Text
SECURITY WATER DISTRICT BOUNDARY

AutoCAD SHX Text
FOUNTAIN MUTUAL IRRIGATION CANAL

AutoCAD SHX Text
DISTRICT PROPERTY

AutoCAD SHX Text
CONSULTING ENGINEERS

AutoCAD SHX Text
GMS, INC.

AutoCAD SHX Text
611 N. WEBER, SUITE 300

AutoCAD SHX Text
COLORADO SPRINGS, COLORADO 80903

AutoCAD SHX Text
FIGURE II-1

AutoCAD SHX Text
LOCATION MAP

AutoCAD SHX Text
SECURITY WATER DISTRICT

AutoCAD SHX Text
MAY 2026

AutoCAD SHX Text
FIGURE II-1.DWG

AutoCAD SHX Text
N

AutoCAD SHX Text
SCALE: 1" = 3,000'

AutoCAD SHX Text
SOURCE: COLORADO SPRINGS, ELSMERE, CHEYENNE MOUNTAIN, AND FOUNTAIN QUADRANGLE MAPS

AutoCAD SHX Text
SOURCE: COLORADO SPRINGS, ELSMERE, CHEYENNE MOUNTAIN, AND FOUNTAIN QUADRANGLE MAPS



J:\SWD\ARPA EPC Funding-Projects\EPC Site Dev Plan\Drainage Report\Report.docx II-3 

C. PHYSIOGRAPHY, TOPOGRAPHY AND VEGETATION 

 

The District’s WTP is located at approximately 5,859 feet AMSL in elevation.  The general 

topography in the area falls from the northeast to the southwest.  No prominent topographic 

features exist within the District’s WTP property.  Figure II-1 shows the general topography 

in and around the District’s WTP.   

 

The area immediately north of the WTP within the District’s ownership is currently leased by 

the District for solar power generation.  The land to the southeast outside the District’s 

ownership is occupied by a self-storage commercial business.  There are no delineated 

wetlands around the WTP site.  The only wetlands associated around the District’s property 

are delineated as riverine and a freshwater pond.  The riverine is the Fountain Mutual 

Irrigation Canal, which flows southeasterly through the majority of the District and just east of 

the District’s property.  The 37-acre delineated freshwater pond mapped in published 

wetlands inventory documents was formerly a portion of a facility commonly referred to as 

the Little Johnson Reservoir.  This reservoir use no longer exists and is replaced by land 

leased for solar power generation.  A smaller 0.5-acre pond exists at the topographic low 

point subject to local runoff conditions. 

 

The Little Johnson Reservoir ceased to be used for irrigation impoundment/storage purposes 

by the Fountain Mutual Irrigation Company approximately 65 to 70 years ago.  The 

topographic geometry remains as it was last used and serves as a permanent detention area 

for local runoff.  The Security Water District has no intention of modifying that historical 

topographic condition and will maintain the runoff from its property on the historic site and 

within the District’s ownership.  Current runoff entering the former Little Johnson Reservoir 

ultimately collects in the smaller 0.5-acre pond located at the low point within the former 

reservoir.  From there, stormwater will either infiltrate into the ground or evaporate into the 

atmosphere.  A bioretention pond is proposed on the southwest corner of the smaller 1.7-

acre property to ensure the WQCV from the improved site will be infiltrated prior to the existing 

pond.  Since use of this reservoir as an irrigation storage facility ceased about 65 years ago, 

it has never been known to overflow from natural precipitation in the local watershed.  The 

District’s WTP is located in the plains/grassland region of Colorado.  Native vegetation 

includes blue grama and buffalo grass, with scattered species such as rabbitbrush, 

sagebrush, yucca, and various wildflowers. 
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D. SOILS 

 

The US Department of Agriculture through the Natural Resources Conservation Service 

(NRCS) has compiled detailed soil information for El Paso County.  This data is available on 

the NRCS’ web soil survey website.  Soil type information within and surrounding the District’s 

WTP is relevant as it relates to constructability within the area and the soil’s ability to convey 

surface water. 

 

The following soils have been identified in the NRCS mapping of the Security WTP area as 

shown on the following Figures II-2A, II-2B and II-2C.  General information is presented in 

terms of the characteristics of these different soil classifications.  None of the identified soils 

are classified as prime farmland.   

 

8 - Blakeland Loamy Sand - 1 to 9% Slopes: 

 

This is the primary soil group within the District’s WTP property, found in the southeastern 

part of the property and extending northwest of the property.  This soil group consists of 

loamy sand; these soils are somewhat excessively drained with a low runoff class.  These 

soils are classified as hydrologic soil group “A”.  Depth to water table is more than 80 inches. 

 

111 – Water: 

 

This group is prevalent in the northwest corner of the District’s 70-acre property.  This group 

is entirely composed of open water with high runoff potential.  The soil survey still depicts the 

former Little Johnson Reservoir, which is no longer in use and remains unfilled except for 

ponding of local runoff in the property’s topographic low point.   

 

E. MAJOR DRAINAGEWAYS 

 

The District’s WTP resides in the Little Johnson Drainage Basin which drains to the Windmill 

Gulch Basin upstream of its confluence with Fountain Creek.  The Security-Widefield area 

generally drains southwest towards Fountain Creek, which is ultimately tributary to the 

Arkansas River.  A minor drainageway near the District’s WTP is the Fountain Mutual 

Irrigation Canal, owned by Fountain Mutual Irrigation Company who supports agricultural 

irrigation uses and water resource management in the surrounding region.  This 20-foot-wide 

canal flows four miles southeast, passing 400 feet east of the District’s WTP, and into Big 

Johnson Reservoir.  The company typically fills the reservoir in the fall and winter, then 

releases water in the spring for downstream irrigation and release to Fountain Creek as  
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replacement water for out-of-priority diversions, usually by pumping of alluvial ground water 

tributary to Fountain Creek.  This canal intercepts storm water runoff from areas to the north 

and east of the District’s property.  That stormwater is released from the irrigation ditch at it’s 

crossing of Windmill Gulch in accordance with the requirements of local water rights 

administration.   

 

F. UTILITIES 

 

There is no additional utility service required to accommodate the building addition.  Gas and 

electric are provided to this site by Colorado Springs Utilities.  Additional energy delivery 

capacity is not required, either as a result of prior planning for the demand of the building 

addition or through analysis of the energy demand over the last five years in accordance with 

the policy of Colorado Springs Utilities.   

 

Wastewater services are provided to this site by Security Sanitation District.  The existing 

waste piping from floor drains in the treatment plant facility will convey wastewater generated 

by the new toilet room, employee accommodations and additional floor drains in the building 

addition.  Potable water is provided to this site by the Security Water District.  The building 

addition provides potable water for handwashing, drinking and sanitary accommodations.  

Potable water delivery to this facility is not required to be enlarged to accommodate the 

building addition.  Communications to facilitate operations are owned, operated, maintained, 

renewed and replaced in accordance with District policy and federal regulation.   
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SECTION III 

BASIN DESCRIPTION AND FLOODPLAIN IMPACTS 

 

A. MAJOR BASIN DESCRIPTION 

 

The Little Johnson / Security Creek Drainage Basin Planning Study was prepared in  

April 1988 for the El Paso County Planning Commission.  This basin study consisted of three 

drainage zones:  (1) area to the north of Canal No. 4 (aka Fountain Mutual Irrigation Canal), 

(2) area between Canal No. 4 and U.S. Highway 85, and (3) area between U.S. Highway 85 

and Fountain Creek.  The report evaluated existing drainage conditions within the basin and 

identified flooding risks due to insufficient stormwater infrastructure and channel capacity.  

The study recommended improvements including channel widening and stabilization, 

construction of detention basins, upgrades to culverts and storm sewer systems, and erosion 

control measures to mitigate flooding and enhance stormwater management with future 

developments.   

 

The considerations for development and associated stormwater infrastructure at the project 

site has not been implemented.  The residential development contemplated in the DBPS has 

not occurred, and, due to the Security Water District’s ownership, the probability of it ever 

occurring is low.  That future development will be responsible for supporting stormwater 

management infrastructures.  The District’s Water Treatment Plant (WTP) is located on a 1.7-

acre fenced area situated in the southeast portion of the District’s larger 70-acre property.  

The following figure provides contour mapping in 2- and 10-foot increments of the District’s 

entire property, generated using LiDAR data from 2018 through the Colorado Hazard Mapping 

and Risk Map Portal maintained by the Colorado Water Conservation Board.  Site specific 

contour mapping of the smaller 1.7-acre lot utilized on-site field survey equipment.  

 

Much of the District’s property was formerly a reservoir, as evidenced by the contour mapping 

around its perimeter.  This sub-basin, comprising the majority of the District’s property, is 

bounded by the Fountain Mutual Irrigation Canal to the north and east, and by the remnants 

of the Little Johnson Reservoir dam embankment to the west and south.  Existing structures 

on the property include solar panels, a water storage tank, the WTP building, and an on-site 

power generator. 
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A description of the major sub-basins that the WTP site is tributary to is identified in the 

following table, Table III-1.  The Security Water District ownership extends over the majority 

of Sub-Basin 2 and includes about 35 to 40 percent of Sub-Basin 1.  In addition to the 

designated 1.7 acre water treatment plant site, an area of approximately one acre is used for 

temporary storage of waste soil and street surfacing material by the District.  When the District 

must repair underground distribution system infrastructure due to failure of pipelines, 

saturated soil is removed from excavation and temporarily stored on the District's property 

near the water treatment plant site.  In addition street surfacing consisting of hot mix asphalt 

(HMA) pavement is required to be removed and is likewise temporarily stored at this site.  

When sufficient quantities are accumulated, it has been the District’s practice in the past to 

pulverize or otherwise recover the HMA for use as aggregate and temporary surfacing of 

excavations and drive surfaces. 

 

The area surrounding this temporary storage area is protected from runoff and erosion with 

low earthen berms and wattles which are periodically maintained.  The District's operations 

require 24/7 access to this site, often at times other than daylight hours.  With these conditions 

for haul truck access, a complete perimeter enclosure of silt fence or other runoff retention 

means is not practical.  However, the District's use of this site over the last 30 years for this 

purpose has proven to be successful in preventing unacceptable erosion or sediment 

transport.  This area is accessed through the secure water treatment site. 
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TABLE III-1 

MAJOR DRAINAGE BASIN CHARACTERISTICS 

SECURITY WATER DISTRICT 

Basin ID Area (ac) Slopes Description 

SUB 1 9.56 5 to 20% 

SUB 1 is located southwest of the District’s fenced WTP 
site, south of the District’s larger 70-acre property.  Flow is 
conveyed to the south and southwest, extending to the low 
point on the north side of Bradley Road.  This sub-basin is 
mostly comprised in adjacent property lots to the southwest 
of the WTP.  The primary ground cover consists of bare 
soil, sparse native grass and asphalt roadways. 

SUB 2 69.62 4 to 9% 

SUB 2 primarily covers the District’s 70-acre property and 
consists mostly of native grasses and shrubs.  Runoff is 
directed by existing topographic conditions to the existing 
retention area within the impoundment area of the Little 
Johnson Reservoir.  

SUB 3 15.57 4 to 12% 

SUB 3 is located to the southeast of the 1.7-acre fenced 
WTP property.  At the present time, there is a graded swale 
adjacent to the south edge of the access road through the 
District’s WTP property.  That graded swale generally 
intercepts runoff from the District’s property naturally flowing 
southerly and directs it to culverts under the District’s access 
road (extension of Lincoln Plaza Drive).  At the present time, 
it is not recognized that any runoff from the District’s property 
enters the adjacent mini storage development (Bradley 
Storage Subdivision).  The Bradley Storage Subdivision is 
completely drained to an on-site detention facility with a 
piped outlet to the roadside ditch along the north side of 
Badley Road.   

 

B. FLOODPLAIN IMPACTS 

There is no FEMA designated floodplain associated with Fountain Mutual Irrigation Canal.  The 

2018 Flood Insurance Rate Maps (FIRM) for the District’s property, produced by Federal 

Emergency Management Agency (FEMA), are shown in the following figure.  These FIRM maps 

indicate that the District’s entire property lies outside of the 100-year floodplains of Fountain 

Creek located approximately 1.5 miles west of the WTP and the Peterson Field Drainageway 

located approximately 1.0 miles north of the WTP. 
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SECTION IV 

HYDROLOGY 

 

A. HYDROLOGIC CRITERIA 

 

This drainage analysis has been prepared in accordance with the current El Paso County 

Drainage Criteria Manual (DCM) and the City of Colorado Springs DCM Volume 1 dated  

May 2014 and revised in January 2021 and Volume 2 revised in December 2020.  The Urban 

Storm Drainage Criteria Manual is referenced when applicable.  Hydrologic calculations were 

performed to determine runoff quantities for the 5-year and 100-year frequency storms for 

existing and developed conditions using the Rational Method as required for basins having 

areas less than 130 acres according to Chapter 6 of the El Paso County DCM Volume 1 

Update.   

 

A variance from the Full Spectrum Detention (FSD) is requested.  Full spectrum detention 

facilities are required in accordance with Section 3.2.1. of Chapter 13 of the City/County DCM 

Volume 1, dated May 2014, effective January 31, 2015.  However, an existing downstream 

regional detention facility on the District’s larger 70-acre property provides detention, or 

retention in this case, for minor and major storm events.  The 2014 City of Colorado Springs 

DCM Volume 1 - “On-Site Detention Requirements When Regional Detention is Provided” 

Policy Verification dated August 2017 and revised September 2017 states if the downstream 

regional detention provides detention for the minor (5-year) and major (100-year) storm 

events, then only the water quality capture volume (WQCV) is required on-site.  The pond on 

the District’s property is sized for minor and major storm events; thus, only the WQCV is 

designed for the proposed improvements.   

 

B. PRECIPITATION DATA 

 

Precipitation data for the Security-Widefield area was taken from the National Oceanic and 

Atmospheric Administration (NOAA) Atlas 14 Precipitation Frequency Server to calculate 

rainfall intensity.  The table below contains the 1-hour point precipitation values in inches for 

the average recurrence intervals in years.  See Appendix A for NOAA Atlas 14 data.   
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TABLE IV-1 

PRECIPITATION DATA 

SECURITY WATER DISTRICT 

Point Precipitation Frequency (in inches) 

Duration 
Average Recurrence Interval (years) 

2 5 10 25 50 100 500 

60-min 1 1.28 1.55 1.96 2.32 2.72 3.78 
 

C. RATIONAL METHOD 

 

A runoff coefficient was established for each of the sub-basins that make up the 1.7-acre 

WTP site and drain to their respective basins.  This component of the hydrologic calculation 

has been developed utilizing the existing land uses and the land surface conditions.   

 

Since all the basins are less than 130 acres, the rational method is used to calculate runoff 

from all the on-site basins.  The rational formula is as follows: 

 

𝑄 = 𝐶 ∙ 𝑖 ∙ 𝐴 
 

Where,  

Q = Peak runoff rate, in cubic feet per second (cfs) 

C = Runoff coefficient representing a ratio of peak runoff rate to average rainfall intensity for 

a duration equal to the runoff time of concentration 

i = average rainfall intensity, in inches per hour (in/hr) 

A = Area of basin, in acres (ac) 

 

D. FOUR STEP PROCESS 

 

The proposed improvements consist of a 51-foot by 40-foot building addition with new asphalt 

travel ways replacing the existing gravel drives.  These improvements will follow the Urban 

Drainage Flood Control District “Four Step Process” to reduce runoff volumes, stabilize 

drainage ways, treat the WQCV, and implement long-term source controls.   
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1. Proposed Runoff Management 

 

The improvements include new asphalt around the perimeter of the existing building and 

the building addition, which will increase the peak stormwater flows for downstream 

users.  These flows will be retained on District property with the addition of grass lined 

swales along the perimeter of the WTP property to redirect the increased flow back to 

the District’s larger 70-acre property.  Newly developed grass swales along the west and 

south sides will direct flow to a culvert, that traverses under the paved road, and 

discharges to the southwest of the property.  A swale to the north and along the east will 

flow into a temporary detention pond, where an overflow concrete crosspan will cross 

the asphalt drive to the south swale.  At the discharge of the swales and culverts, a newly 

constructed bioretention pond, denoted as SWD Pond No. 1, will be placed to the 

southwest of the site to convey the increased flow to the center of the District’s property 

to be captured by the basins low point, which is currently a pond.  SWD Pond No. 1 will 

be sized for the WQCV, and be installed with appropriate medias to infiltrate and 

discharge the WQCV at reduced flows.  The area outside the WTP property consists 

primarily of pervious surfaces such as grass, trees, and shrubs and will retain the 

District’s increased onsite drainage from downstream developments.  SWD Pond No. 1 

will include a spillway for larger storm events to control and direct flows towards the 

District’s 70-acre property.  

 

2. Stabilization of Drainageways 

 

New grass lined swales will redirect runoff from entering any adjacent properties to the 

south.  A newly constructed bioretention pond at the WTP’s main discharge point will 

prevent stormwater runoff from flowing downstream onto adjacent properties.  This pond  

also be utilized as a WQCV to dissipate flows exiting the culvert and slowly release onto 

the District’s larger property.   

 

3. Proposed Water Quality Capture Volume (WQCV) 

 

A new WQCV is proposed through SWD Pond No. 1 designed for partial infiltration. The 

captured runoff is temporarily stored within the ponded surface storage area and allowed 

to infiltrate vertically through the engineered bioretention media, where filtration, 
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adsorption, and biological uptake provide pollutant removal.  The system will include a 

subsurface underdrain to safely convey excess runoff at a controlled, reduced discharge 

rate, while the majority of captured WQCV is intended to infiltrate into the underlying 

soils.  This approach provides stormwater quality treatment through filtration, soil 

contact, and infiltration processes, supporting pollutant removal and reducing runoff 

volumes in accordance with applicable design criteria. 

 

4. Industrial and Commercial Best Management Practices (BMPs) 

 
This report provides a final grading and erosion control plans with BMPs in place.  The 

proposed project will use silt fences, swales, mulching and reseeding to mitigate the 

potential for erosion across the site. 

 

E. EXISTING MINOR SUB-BASIN DRAINAGE CONDITIONS 

 

The focus of this Drainage Report is on the District’s 1.7-acre fenced in property.  The District’s 

WTP is located approximately 400 feet west of the Fountain Mutual Irrigation Canal.  The, 

“Security PFOS / PFOAS Drinking Water Mitigation System Drainage Letter,” was prepared 

for El Paso County in May 2019 by URS Group, Inc. for the original construction of the 

District’s existing water treatment plant.  The report stated that existing drainage patterns 

would be maintained as part of the improvements.  Existing facilities were not analyzed as 

part of the project, and no new drainage infrastructure was constructed as part of the treatment 

plant project.   

 

For the purposes of this analysis, the minor drainage basins were further delineated using on-

site survey using modern methods with 1- and 5- contours.  The WTP site resides on a 

topographical high point; thus, off-site runoff is not a consideration for this report.  The WTP 

site drains to three primary sub-basins as previously denoted.  The sub-basin delineations in 

the WTP site were subdivided to Sub-Basins 1A, 2A, and 3A with Sub-Basin 1A contributing 

to Sub-Basin 1, -2A contributing -2, and -3A contributing to -3.  A description and the peak 

runoff for the 5-year and 100-year storm events are included in the following table.  

Imperviousness was determined using surveyed data.  The peak runoff calculations for the 

existing site are attached in Appendix B along with the tributary area, weighted C coefficients, 

impervious areas, and rain intensity.  Rainfall intensities differ between Sub-Basins 1A and 
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3A compared to Sub-Basin 2A, primarily due to the variations in time of concentration.  Per 

the Mile High Flood District “Calculation of Peak Runoff using Rational Method” worksheet in 

Appendix B and C, rainfall intensity is a factor of 1-hour precipitation depths and time of 

concentrations.  A smaller time of concentration equals a larger rainfall intensity and vice 

versa.  Sub-Basin 1A is significantly smaller than the other sub-basins, resulting in a much 

shorter flow path and a greater rainfall intensity.  The following figure delineates the existing 

sub-basins through the District’s WTP site along with the relevant hydraulic data.   
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TABLE IV-2 

EXISTING MINOR DRAINAGE BASIN CHARACTERISTICS 

SECURITY WATER DISTRICT 

Basin ID 
Area 
(AC) 

Slopes 
(%) 

5-Year Flow 
(Minor Storm) 

(cfs) 

100-Year Flow 
(Major Storm) 

(cfs) 
Description 

SUB 1A 0.003 1 to 3% 0.02 0.04 

SUB 1A is a small portion of land in the 
southwest corner by the entrance to thes 
site.  Runoff is conveyed south along the 
gravel road onto Lincoln Plaza Drive. 
Primary ground cover is the gravel road.   

SUB 2A 0.50 1 to 6% 0.20 0.84 

SUB 2 is the area to the west of the WTP 
building.  Flow is conveyed to the 
southwest, through two existing culverts 
and off the secured WTP site.  The 
primary ground cover consists of the 
metal roofing from the storage tank, 
native grasses, concrete walkways, bare 
soil and gravel drives. 

SUB 3A 1.19 5 to 9% 0.46 1.94 

SUB 3 is the land to the north, east, and 
south of the WTP area.  Runoff flows to 
the south and east.  The primary ground 
cover is native grasses and gravel drives.  
Runoff was historically conveyed to 
adjacent properties.   

 

F. PROPOSED MINOR SUB-BASIN DRAINAGE CONDITIONS 
 

The proposed improvements to the District’s WTP site include a new 51-feet by 40-feet 

building addition, with hot mix bituminous pavement to replace the existing gravel travel ways 

around the treatment complex.  New swales will be included around the perimeter of the 

District’s site to better control and convey stormwater runoff.  A map of the proposed 

improvements is included in the back of this report, denoted Figure IV-2.   

 

The proposed swales will increase the number of sub-basins to seven (7).  Of these seven 

sub-basins, two of the sub-basins will continue to flow onto adjacent properties the same as 

has historically occurred with “undeveloped” hydrologic conditions..  The peak runoff 

calculations for the proposed site are attached in Appendix C along with the tributary area, 

weighted C coefficients, impervious areas, and rain intensity.  The following Figure IV-3 
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delineates the proposed sub-basins through the District’s WTP site along with the relevant 

hydraulic data.  The sub-basins are identified as Design Points (DP), which is the location of 

flow before a hydraulic structure conveys the runoff to other sub-basins.   

 

These improvements aim to redirect flow from draining to adjacent properties and to retain 

the runoff generated within the secured site on District owned property.  Because both 

parcels are under District ownership, directing runoff between them does not constitute an 

offsite discharge concern.  Refer to Figure IV-4 for the flow path of the generated runoff from 

the 1.7-acre water treatment plant to the low point of the District’s larger 70-acre property.  

The terminal destination of runoff is a 0.5-acre pond located at the low point on the District’s 

downstream property.  This pond is designed to retain runoff from the entire contributing 

area, with water dissipating through infiltration and evaporation.  Runoff will not be pumped 

or discharged offsite under the analyzed storm events. 

 

The proposed improvements retain and manage stormwater runoff generated solely from on-

site precipitation and do not intercept, divert, or diminish flows from any natural waterway. 

The Colorado Division of Water Resources (DWR) was contacted to evaluate potential 

impacts to downstream water rights resulting from the proposed improvements.  Existing 

runoff from Basins 1 and 3 currently combine and convey flows along the roadside ditch 

adjacent to Bradley Road, beneath Bradley Road, and toward a low point within a buffalo 

grass area.  This grass area appears to be a topographical low point, where flows appear to 

be detained and infiltrate into the ground.  These basins do not discharge to natural 

waterways.  The proposed bioretention system will provide similar infiltration-based 

stormwater management on District property, consistent with existing site hydrology.  As 

such, no injury to existing water rights is anticipated.  At the time of this report, formal 

confirmation from DWR has not yet been received. 
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TABLE IV-3 

PROPOSED MINOR DRAINAGE BASIN CHARACTERISTICS 

SECURITY WATER DISTRICT 

Proposed 
Design 
Point 
(DP) 

Tributary 
Area 
(AC) 

Slopes 
(%) 

5-Year Flow 
(Minor Storm) 

(cfs) 

100-Year Flow 
(Major Storm) 

(cfs) 
Description 

DP 1A 0.01 2 to 8% 0.00 0.01 

SUB 1A is the area of improvement just to 
the south of the District's property, outside 
of the fenced property line.  These 
improvements include the new asphalt 
drive.  Runoff sheet flows to the 
southwest and off the District's property.  
The primary ground cover consists of 
native grasses, bare soil and an asphalt 
drive. 

DP 2A 0.20 2 to 4% 0.12 0.47 

SUB 2A is the northwest corner of the 
WTP site.  Runoff is conveyed to an 
existing swale that discharges into riprap, 
and onto the District's larger property.  
The primary ground cover is native grass 
and the existing storage tank.   

DP 2B 0.26 1 to 3% 0.58 1.42 

SUB 2B primarily consists of the asphalt 
drive to the east of the WTP building.  
Runoff flows to the south and west  The 
primary ground cover is asphalt.  Runoff 
sheet flows to an enhanced swale along 
the western boundary of the secured site, 
and discharges into the District's new 
WQCV.  

DP 2C 0.35 1 to 4% 0.47 1.32 

SUB 2C consists of the center of the 
District's site.  Runoff sheet flows to the 
south, where a newly developed swale 
conveys the flow to the District's existing 
12-inch culvert.  The primary ground 
cover is native grass, asphalt pavement, 
and the existing metal building.  

DP 2D 0.39 2 to 7% 0.68 1.79 

SUB 2D consists of the southern areas of 
the WTP site.  Runoff sheet flows to the 
south, and channelizes along the 
proposed southern swale and discharges 
at the District's existing 18-inch culvert.  
The primary ground cover is the proposed 
asphalt drives, proposed building 
addition, and vegetated swale. 
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TABLE IV-3, Cont’d 

Proposed 
Design 
Point 
(DP) 

Tributary 
Area 
(AC) 

Slopes 
(%) 

5-Year Flow 
(Minor Storm) 

(cfs) 

100-Year Flow 
(Major Storm) 

(cfs) 
Description 

DP 2E 0.49 1 to 3% 0.78 2.09 

SUB 2E consists of the northern and 
eastern areas of the WTP building.  
Runoff sheet flows off the asphalt drives 
into the newly developed swale.  The 
swale ends at the District's WQCV along 
the east of the WTP building.  Overflow 
discharges across the asphalt drive and 
into the southern swale.   

DP 3A 0.01 8% 0.01 0.03 

SUB 3A is the area of improvement just to 
the south of the District's property, outside 
of the fenced property line.  These 
improvements include the new asphalt 
paved drive.  Runoff sheet flows to the 
southeast and off the District's property.  
The primary ground cover consists of 
native grasses and asphalt drives. 

 

G. EXISTING AND PROPOSED WTP SUB-BASIN COMPARISONS 

 

The existing and proposed improvements have been compared side by side to compare the 

existing versus the proposed discharges to their respective major basins.  The following 

graph displays the minor sub-basin runoffs for both the 5- and 100-year storm events.   
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FIGURE IV-5 

5- AND 100-YEAR RUNOFF COMPARISONS 

SECURITY WATER DISTRICT 

 

 

The figure above shows that the proposed improvements reduce on-site runoff from Sub-

Basins 1 and 3 for both the 5-year and 100-year storm events.  These improvements redirect 

flow toward the District’s larger 70-acre property (Sub-Basin 2).  As a result, the proposed 

improvements do not affect downstream properties, and any increase in runoff due to the 

improvements will be retained on District property.
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SECTION V 

STORMWATER MANAGEMENT FACILITY DESIGN 

 

 

A. CULVERTS 

 

The proposed improvements will leverage existing facilities to optimize construction and 

maintenance costs.  The existing facilities include a 12-inch and 18-inch culverts that traverse 

underneath the gravel drives at the southwest corner of the WTP secured site.  These 

culverts are constructed of corrugated steel pipe (CSP).   

 

The 12-inch CSP culvert is approximately 30 feet in length with a longitudinal slope of 2.0%.  

This culvert traverses underneath the east/west gravel drive that passes through the WTP 

site and onto the larger 70-acre property.  With the newly paved drives, an added 10-feet of 

the 12-inch culvert will be added to the north of the existing culvert to maintain adequate 

slopes and discharges with the new pavement grading.  The 18-inch CSP is approximately 

50 feet in length with a longitudinal slope of 1.1%.  This culvert underlies the north/south 

gravel drive providing primary access to the entrance of the WTP building.  No modifications 

will be made to this culvert.   

 

According to Chapter 9 of the El Paso County DCM Volume 1, culverts will be chosen which 

will not cause damage to adjacent properties for the 100-year storm.  The Urban Drainage 

Criteria Manual (UDCM) Volume 2 Chapter 11 was used to verify the capacity of the existing 

culvert.  The UDCM also recommends that the headwater depth to culvert diameter ratio 

(HW/D) should not exceed 1.5 for the 100-year event peak flow, a minimum pipe diameter of 

15 inches for culverts, and that the culvert must be sloped to provide a minimum outlet pipe 

velocity of 3 feet per second (fps).  The Federal Highway Administration HY-8 Culvert 

Analysis Program was used to analyze the performance of the existing 12-inch and 18-inch 

CSP culverts with the increase in flow rates from the proposed improvements.  Design 

calculations for each culvert can be found in Appendix D.   

 

The results indicate that the existing culverts are adequate to handle the increased flows from 

the impervious areas.  The 12-inch CSP culvert had a HW/D ratio of 0.8 and the 18-inch CSP 

culvert has a HW/D ratio of 1.0.  Outlet velocities were 3.5 fps and 4.8 fps, respectively.  
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Based on the modeling, the flows will not cause overtopping of the roadways.  Thus, these 

culverts are adequate for the increase flows from the improvements.   

 

It is noted that the existing 12-inch culvert is below the recommended size; however, the 

culvert is adequate to convey the required flows from the minor basin.  If the culvert needs to 

be replaced in the future, it can be upsized to the recommended minimum size.   

 

B. SWALES 

 

Swales provide a cost-effective solution to convey stormwater while preventing flooding and 

erosion, and providing some level of water quality control or maintenance.  The UDCM 

Volume 1 Chapter 8 provides some design criteria for determining channel lining, geometry, 

and depth based on flow rate and channel slope.  Where possible, it is recommended that 

channels be designed to provide a minimum of one-foot of freeboard, referring to the distance 

from the top of the water surface to the top of the ditch, for the minor storm event.  However, 

the City/County Swale Freeboard Policy Clarification, dated March 9, 2023 states that no 

freeboard is required for swales less than 18-inches deep.   

 

The proposed minor drainage channels have been sized utilizing Manning’s equation for 

open channel flow, assuming a friction factor (“n”) of 0.030 for grass vegetated channels.  

The proposed channel improvements have generally been designed as grass-lined channels 

designed to convey 100-year flows, with a trapezoidal cross-section, 4:1 maximum side 

slope, freeboard of 1-foot and a minimum slope of 0.5%.  Maximum allowable velocities have 

been evaluated based on the City/County drainage criteria, typically allowing for a maximum 

100-year velocity of 5 feet per second for native grass channels.  The proposed channel 

segments will generally be seeded with native grasses for erosion control.  All the swale flows 

will be conveyed to the WQCV near the southwest extent of the District’s secured WTP site.   

 

For this analysis, the swales were divided and named for the basin it conveys flow from.  The 

proposed improvements have four proposed channels and one existing channel.  The 

analysis also includes the concrete cross pan overflow for the WQCV on the east side of the  

secured site.  Hydraulic calculations were conducted with Federal Highway Administration 

Hydraulic Toolbox.  The hydraulic calculations can be seen in Appendix E, along with the 
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modeling inputs and results.  These calculations show the longitudinal and side slopes, 

velocity, water depth, and freeboard depth for the 5- and 100-year storm events.   

 

All channels meet the 4:1 side slope requirement, except for the swale serving sub-basin 2D 

that has a side slope of 2.5:1 on the pavement side of the swale.  A variance is requested to 

increase the channel’s side slopes serving this basin.  The required side slopes cannot be 

attained due to property ownership constraints.  An erosion control blanket will be provided 

on the portions of the swale that are steeper than 3:1.  Swales serving Sub-Basins 2A, 2B, 

2C and the concrete crosspan overflow are less than 18 inches deep, thus a 1-foot freeboard 

is not required.  Sub-Basins 2D and 2E have freeboard depths of at least two feet.  All other 

criteria satisfy the drainage regulations.   

 

The proposed swales provide more than enough capacity to handle runoff from a 100-year 

storm event.  The WQCV basin at the southwest corner of the District’s WTP property will aid 

in dissipating the higher velocity flows and limit or mitigate downstream erosion on the 

District’s owned property.   

 

C. STORMWATER STORAGE FACILITIES 

 

The 2014 City/County DCM Volume 1 - “On-Site Detention Requirements When Regional 

Detention is Provided” Policy Verification, dated August 2017 and revised September 2017, 

states if the downstream regional detention provides detention for the minor (5-year) and 

major (100-year) storm events, then only the WQCV is required on-site.  The pond on the 

District’s 70-acre property has a surface area of 0.5-acres, providing adequate storage for 

minor and major storm events.  Therefore, only the WQCV is designed for the proposed 

improvements to enhance water quality benefits. 

 

D. WATER QUALITY ENHANCEMENT BEST MANAGEMENT PRACTICES 

 

SWD Pond No. 1 is proposed to provide permanent water quality treatment for runoff 

generated by the proposed site improvements.  The facility has been designed in accordance 

with the criteria outlined in the Mile High Flood District Urban Storm Drainage Criteria Manual 

(USDCM), Volume 3, utilizing the SCM Design Workbook for preliminary sizing and 

configuration.  Detailed SCM design calculations are provided in Appendix F, and supporting 
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detention routing calculations demonstrating compliance with required drain time criteria are 

included in Appendix G.  The proposed SWD Pond No. 1 is sized to capture and treat the 

required Water Quality Capture Volume (WQCV) through a partial infiltration system that 

promotes filtration and infiltration while safely conveying excess treated runoff through an 

underdrain system.  Because increased flows are directed to the District’s downstream 

drainage system, an outlet structure limiting discharge to historic rates is not required.  The 

bioretention facility is therefore designed solely to capture and treat the WQCV.  The total 

required WQCV for the proposed facility is 0.027 acre-feet. 

 

The SWD Pond No. 1 consists of an 18-inch engineered bioretention media layer underlain 

by a 6-inch sand transition layer and washed aggregate drainage layer containing a 4-inch 

factory-slotted Schedule 40 PVC underdrain.  The engineered bioretention media shall 

conform to the gradation and composition requirements of Table BR-3, Chapter 4 of the 

MHFD Urban Storm Drainage Criteria Manual.  The media surface will be seeded with native, 

drought-tolerant grasses adapted to both periodic inundation and dry conditions.  Full 

vegetative cover will promote filtration, prevent erosion, and promote long term treatment 

performances.  

 

The surface media has a proposed elevation at 5851.50.  The underdrain will have an invert 

elevation of 5849.17 feet.  The underdrain outlet is fitted with a single 3/4-inch diameter 

terminal orifice plate to regulate discharge and achieve the required extended detention 

drawdown period.  This underdrain extends approximately 48 feet along the length of the 

pond before transitioning to a solid PVC pipe for daylight discharge.  Detention routing 

confirm that the WQCV fully drains in approximately 13 hours, satisfying MHFD criteria 

requiring a minimum 12-hour drawdown period to provide adequate water quality residence 

time.  Cleanout risers are provided at the upstream underdrain endpoint for inspection and 

maintenance.  The PVC cap at the terminal will be a threaded cap to allow for proper flushing 

of the underdrain.  

 

Overflow from storm events exceeding the WQCV will be safely conveyed over the proposed 

overflow spillway, preventing overtopping of the berms and directing the runoff towards the 

District’s larger property.  Riprap protection, consiting of 6-inch D50 Type M riprap, will be 

installed at the ponds inlet and outlets to prevent scouring and localized erosion.  The spillway 

crest elevation is proposed at 5852.50, which is above the WQCV ponding depth.  The top 
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of the berms adjacent to each side of the spillway will be set at 5853.50 feet to provide a 

minimum of 1 foot of freeboard.  

 

The Contractor will be required to implement Best Management Practices (BMPs) for erosion 

control throughout the construction project.  Silt fences will provide sediment control at the 

toe of disturbed slopes and downgradient from areas disturbed by construction.  Cut slopes 

will be stabilized during excavation and vegetation will be established on disturbed soils as 

soon as possible.   

 

The proposed SWD Pond No. 1 shall be routinely inspected and maintained to preserve long-

term treatment performance and hydraulic function.  Maintenance activities shall include 

semi-annual inspections and additional inspections following major storm events to evaluate 

sediment accumulation, erosion, standing water, vegetation health, and underdrain 

performance.  Accumulated sediment, trash, and debris shall be removed as necessary to 

maintain design storage capacity and proper flow distribution.  The facility shall be maintained 

with full vegetative cover using native drought-tolerant grasses, with bare areas reseeded 

and invasive vegetation removed as needed.  The underdrain assembly shall be periodically 

inspected and flushed to ensure the required 12-hour drawdown time is maintained. 

Temporary irrigation shall be provided during vegetation establishment and removed once 

vegetation is fully established.  

 

E. COST ESTIMATE AND DRAINAGE FEES 

 

The portion of total project construction costs pertinent to temporary and permanent 

stormwater management infrastructure are presented on the El Paso County 2026 Financial 

Assurance Form (FAE).  A preliminary construction cost estimate for SWD Pond No. 1 is 

provided in the following table.  
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TABLE V-1 

SWD POND NO. 1 COST ESTIMATE 

SECURITY WATER DISTRICT 

Item Description Quantity Unit Cost Total Cost 

1. 4-inch Schedule 40 PVC Factory-Slotted Underdrain Pipe 48 LF $        80 $      3,840 

2. 4-inch Schedule 40 solid PVC pipe 52 LF $        60 $      3,120 

3. Engineered Bioretention Media for SWD Pond No. 1 50 CY $      120 $      6,000 

4. Non-woven Geotextile Synthetic Membrane 55 SY $        10 $         550 

5. 6-inch Filter Sand Transition Layer 6 CY $      140 $         840 

6. No. 8 Aggregate Drainage Layer 5 CY $      120 $         600 

7. Concrete Spillway Overflow Structure 2 CY $   1,500 $      3,000 

8. Type M Riprap (6-inch d50) 6 CY $      250 $      1,500 

9. Reclaimed Concrete Access Road 58 SY $        35 $      2,030 

Subtotal Preliminary Cost Estimate $    21,480 

Project Contingencies (at 15%) $      3,520 

Total Preliminary Cost Estimate $    25,000 

 

The total financial assurance amount prepared in accordance with El Paso County 

requirements is $121,625, as documented in the FAE. This estimate includes all site grading 

and earthwork activities, vehicle travel surfaces and shoulders, erosion and sediment control 

measures, and construction of SWD Pond No. 1, including the underdrain system, 

bioretention media, aggregate drainage layer, and associated appurtenances. 

 

Earthwork quantities included in the FAE are based on the calculations presented in Section 

1, Grading and Erosion Control, of the Financial Assurance Estimate. A copy of the 

completed 2026 Financial Assurance Estimate is provided in Appendix H. 

 

No drainage basin fees or bridge fees are applicable to this Site Development Plan. 
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SECTION VI 

CONCLUSIONS AND RECOMMENDATIONS FOR IMPLEMENTATION 

 

 

The proposed improvements to the Security Water District’s WTP will increase the impervious 

areas on the property, thus increasing the on-site runoff volume.  Modifications to the on-site 

drainage patterns will reduce the runoff impact on downstream land.  New drainage facilities, 

designed and constructed in accordance with El Paso County standards, will safely convey 

increased flows to outfalls located on the District’s property.  The proposed stormwater swales 

and water quality facilities have been designed to mitigate the effects of added impervious 

surfaces on flow rates and to meet the County’s stormwater quality requirements.  These flows 

will be directed to the District’s 70-acre site, where a 0.5-acre surface area pond has sufficient 

capacity to retain both the 5-year and 100-year storm events.  Proper maintenance of these 

facilities by the District will ensure their long-term functionality and prevent impacts to downstream 

or adjacent properties.   
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APPENDIX A – PRECIPITATION FREQUENCY DATA SERVER 



NOAA Atlas 14, Volume 8, Version 2
Location name: Colorado Springs, Colorado, USA*

Latitude: 38.772°, Longitude: -104.743°
Elevation: 5858 ft**

* source: ESRI Maps
** source: USGS

POINT PRECIPITATION FREQUENCY ESTIMATES

Sanja Perica, Deborah Martin, Sandra Pavlovic, Ishani Roy, Michael St. Laurent, Carl Trypaluk, Dale
Unruh, Michael Yekta, Geoffery Bonnin

NOAA, National Weather Service, Silver Spring, Maryland

PF_tabular | PF_graphical | Maps_&_aerials

PF tabular
PDS-based point precipitation frequency estimates with 90% confidence intervals (in inches)1

Duration
Average recurrence interval (years)

1 2 5 10 25 50 100 200 500 1000

5-min 0.244
(0.202‑0.298)

0.294
(0.243‑0.360)

0.381
(0.314‑0.468)

0.460
(0.376‑0.567)

0.577
(0.458‑0.749)

0.674
(0.519‑0.886)

0.777
(0.576‑1.05)

0.888
(0.628‑1.24)

1.04
(0.707‑1.50)

1.17
(0.767‑1.69)

10-min 0.357
(0.295‑0.437)

0.430
(0.355‑0.526)

0.558
(0.459‑0.686)

0.673
(0.551‑0.831)

0.845
(0.670‑1.10)

0.987
(0.761‑1.30)

1.14
(0.844‑1.54)

1.30
(0.920‑1.81)

1.53
(1.04‑2.19)

1.71
(1.12‑2.48)

15-min 0.436
(0.360‑0.533)

0.524
(0.433‑0.642)

0.681
(0.560‑0.836)

0.821
(0.672‑1.01)

1.03
(0.817‑1.34)

1.20
(0.928‑1.58)

1.39
(1.03‑1.87)

1.58
(1.12‑2.20)

1.86
(1.26‑2.67)

2.09
(1.37‑3.02)

30-min 0.651
(0.539‑0.797)

0.783
(0.647‑0.958)

1.02
(0.836‑1.25)

1.22
(1.00‑1.51)

1.54
(1.22‑1.99)

1.80
(1.38‑2.36)

2.07
(1.54‑2.80)

2.37
(1.68‑3.29)

2.78
(1.89‑3.99)

3.12
(2.05‑4.52)

60-min 0.853
(0.706‑1.04)

1.00
(0.828‑1.23)

1.28
(1.06‑1.57)

1.55
(1.26‑1.91)

1.96
(1.57‑2.57)

2.32
(1.80‑3.07)

2.72
(2.02‑3.69)

3.15
(2.24‑4.41)

3.78
(2.57‑5.44)

4.30
(2.82‑6.22)

2-hr 1.06
(0.879‑1.28)

1.22
(1.02‑1.49)

1.55
(1.28‑1.89)

1.87
(1.54‑2.29)

2.39
(1.93‑3.13)

2.85
(2.23‑3.76)

3.36
(2.53‑4.56)

3.93
(2.82‑5.49)

4.77
(3.27‑6.84)

5.47
(3.62‑7.87)

3-hr 1.16
(0.967‑1.40)

1.32
(1.10‑1.60)

1.65
(1.38‑2.01)

2.00
(1.65‑2.44)

2.58
(2.10‑3.39)

3.10
(2.44‑4.10)

3.69
(2.80‑5.01)

4.36
(3.15‑6.09)

5.36
(3.70‑7.68)

6.20
(4.12‑8.89)

6-hr 1.32
(1.11‑1.58)

1.48
(1.25‑1.79)

1.85
(1.55‑2.24)

2.24
(1.86‑2.72)

2.90
(2.40‑3.81)

3.52
(2.80‑4.64)

4.22
(3.22‑5.70)

5.02
(3.66‑6.97)

6.22
(4.33‑8.86)

7.23
(4.84‑10.3)

12-hr 1.47
(1.24‑1.75)

1.68
(1.42‑2.00)

2.11
(1.78‑2.53)

2.55
(2.14‑3.07)

3.28
(2.72‑4.26)

3.95
(3.15‑5.15)

4.70
(3.61‑6.29)

5.55
(4.06‑7.63)

6.80
(4.77‑9.62)

7.86
(5.30‑11.1)

24-hr 1.64
(1.40‑1.94)

1.90
(1.62‑2.26)

2.42
(2.05‑2.88)

2.91
(2.46‑3.49)

3.70
(3.07‑4.73)

4.40
(3.52‑5.66)

5.16
(3.98‑6.83)

6.02
(4.43‑8.19)

7.26
(5.12‑10.2)

8.29
(5.64‑11.7)

2-day 1.87
(1.61‑2.20)

2.19
(1.88‑2.58)

2.78
(2.37‑3.29)

3.33
(2.83‑3.96)

4.18
(3.47‑5.26)

4.90
(3.95‑6.24)

5.70
(4.42‑7.45)

6.56
(4.86‑8.84)

7.81
(5.55‑10.8)

8.83
(6.06‑12.3)

3-day 2.04
(1.76‑2.40)

2.40
(2.06‑2.82)

3.04
(2.61‑3.58)

3.63
(3.10‑4.30)

4.53
(3.77‑5.66)

5.29
(4.27‑6.69)

6.11
(4.75‑7.94)

7.00
(5.21‑9.37)

8.27
(5.90‑11.4)

9.30
(6.42‑12.9)

4-day 2.19
(1.89‑2.56)

2.56
(2.22‑3.01)

3.24
(2.79‑3.81)

3.86
(3.30‑4.56)

4.79
(4.00‑5.97)

5.58
(4.52‑7.03)

6.42
(5.01‑8.31)

7.33
(5.47‑9.78)

8.63
(6.17‑11.9)

9.68
(6.70‑13.4)

7-day 2.56
(2.23‑2.99)

2.97
(2.58‑3.46)

3.70
(3.20‑4.32)

4.35
(3.75‑5.12)

5.34
(4.48‑6.60)

6.17
(5.03‑7.72)

7.06
(5.54‑9.07)

8.01
(6.01‑10.6)

9.37
(6.74‑12.8)

10.5
(7.29‑14.4)

10-day 2.89
(2.52‑3.35)

3.32
(2.90‑3.86)

4.09
(3.56‑4.76)

4.78
(4.13‑5.60)

5.81
(4.88‑7.14)

6.67
(5.45‑8.30)

7.58
(5.97‑9.70)

8.56
(6.45‑11.3)

9.95
(7.19‑13.5)

11.1
(7.75‑15.2)

20-day 3.77
(3.32‑4.35)

4.32
(3.80‑4.99)

5.26
(4.61‑6.09)

6.08
(5.29‑7.07)

7.26
(6.12‑8.79)

8.20
(6.74‑10.1)

9.18
(7.27‑11.6)

10.2
(7.74‑13.3)

11.6
(8.46‑15.7)

12.8
(9.01‑17.4)

30-day 4.50
(3.98‑5.17)

5.18
(4.57‑5.95)

6.29
(5.53‑7.25)

7.22
(6.31‑8.37)

8.52
(7.20‑10.2)

9.55
(7.86‑11.7)

10.6
(8.40‑13.3)

11.6
(8.85‑15.1)

13.1
(9.54‑17.5)

14.2
(10.1‑19.3)

45-day 5.45
(4.84‑6.24)

6.28
(5.57‑7.19)

7.61
(6.72‑8.74)

8.70
(7.64‑10.0)

10.2
(8.60‑12.1)

11.3
(9.32‑13.7)

12.4
(9.87‑15.4)

13.5
(10.3‑17.3)

14.9
(10.9‑19.8)

16.0
(11.4‑21.7)

60-day 6.28
(5.59‑7.16)

7.24
(6.44‑8.26)

8.76
(7.76‑10.0)

9.98
(8.80‑11.5)

11.6
(9.82‑13.7)

12.8
(10.6‑15.4)

14.0
(11.1‑17.3)

15.1
(11.5‑19.3)

16.5
(12.1‑21.8)

17.6
(12.6‑23.7)

1 Precipitation frequency (PF) estimates in this table are based on frequency analysis of partial duration series (PDS).
Numbers in parenthesis are PF estimates at lower and upper bounds of the 90% confidence interval. The probability that precipitation frequency estimates
(for a given duration and average recurrence interval) will be greater than the upper bound (or less than the lower bound) is 5%. Estimates at upper
bounds are not checked against probable maximum precipitation (PMP) estimates and may be higher than currently valid PMP values.
Please refer to NOAA Atlas 14 document for more information.
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APPENDIX B – EXISTING SITE HYDRAULIC CALCULATIONS  



Designer:
Company: 2-yr 5-yr 10-yr 25-yr 50-yr 100-yr 500-yr

Date: 1-hour rainfall depth, P1 (in) = 1.00 1.28 1.55 1.96 2.32 2.72 3.78
Project: a b c

Location: Rainfall Intensity Equation Coefficients = 28.50 10.00 0.786

2-yr 5-yr 10-yr 25-yr 50-yr 100-yr 500-yr
Overland 

Flow Length
Li (ft)

U/S 
Elevation

(ft)
(Optional)

D/S 
Elevation

(ft)
(Optional)

Overland 
Flow Slope

Si (ft/ft)

Overland 
Flow Time

ti (min)

Channelized 
Flow Length

Lt (ft)

U/S 
Elevation

(ft)
(Optional)

D/S 
Elevation

(ft)
(Optional)

Channelized 
Flow Slope

St (ft/ft)

NRCS 
Conveyance 

Factor K

Channelized 
Flow 

Velocity
Vt (ft/sec)

Channelized 
Flow Time

tt (min)

Computed
tc (min)

Regional
tc (min)

Selected
tc (min) 2-yr 5-yr 10-yr 25-yr 50-yr 100-yr 500-yr 2-yr 5-yr 10-yr 25-yr 50-yr 100-yr 500-yr

0.52 0.53 0.55 0.58 0.61 0.65 0.70 2.37 2.49 5.00 3.39 4.34 5.26 6.65 7.87 9.23 12.82 0.01 0.02 0.02 0.03 0.03 0.04 0.06

0.16 0.17 0.18 0.21 0.26 0.33 0.43 20.16 21.13 21.13 1.91 2.45 2.96 3.75 4.43 5.20 7.22 0.15 0.20 0.26 0.39 0.58 0.84 1.56

0.15 0.16 0.18 0.20 0.26 0.32 0.43 22.53 23.53 22.16 1.86 2.38 2.89 3.65 4.32 5.07 7.04 0.34 0.46 0.60 0.89 1.32 1.94 3.60

203.95 5858.52 5855.03 0.017 93.742A 0.50

22.16

Cells of this color are for calculated results based on overrides

JMS
GMS Consulting Engineers
5/8/2026
Security Water District
Security-Widefield, CO

Version 2.00 released May 2017

22.06

3A 1.19 A 27.2 105.53 5858.48 5858.00 0.005 89.07 5858.00 5856.06 0.022 10 1.48

5855.03

1.01

5852.60 0.026 10 1.61 0.97A 27.6

0.13530.00 5859.40 5855.35

Rainfall Intensity, I (in/hr)

1.41 0.12 14.37100.0205855.155855.3510.00

Peak Flow, Q (cfs)

Calculation of Peak Runoff using Rational Method

Overland (Initial) Flow Time Channelized (Travel) Flow Time Time of ConcentrationRunoff Coefficient, C

Subcatchment 
Name

Area
(ac)

NRCS 
Hydrologic 
Soil Group

Percent 
Imperviousnes

s

1A 0.01 A 68.8

Select UDFCD location for NOAA Atlas 14 Rainfall Depths from the pulldown list OR enter your own depths obtained from the NOAA website (click this link)

Cells of this color are for required user-input
Cells of this color are for optional override values

I 𝑖𝑛/ℎ𝑟 =
a ∗ Pଵ

b + tୡ
ୡ

t୧ =
0.395 1.1 − Cହ L୧

S୧
଴.ଷଷ

t୲ =
L୲

60K S୲

=  
L୲

60V୲

Computed tୡ = t୧ + t୲

Regional tୡ = 26 − 17i + 
L୲

60 14i + 9 S୲

Selected tୡ = max t୫୧୬୧୫୳୫ , min Computed tୡ , Regional tୡ

 t୫୧୬୧୫୳୫= 5 (urban) 
 t୫୧୬୧୫୳୫= 10 (non-urban)

Q 𝑐𝑓𝑠 = CIA



APPENDIX C – PROPOSED SITE HYDRAULIC CALCULATIONS 



Designer:
Company: 2-yr 5-yr 10-yr 25-yr 50-yr 100-yr 500-yr

Date: 1-hour rainfall depth, P1 (in) = 1.00 1.28 1.55 1.96 2.32 2.72 3.78
Project: a b c

Location: Rainfall Intensity Equation Coefficients = 28.50 10.00 0.786

2-yr 5-yr 10-yr 25-yr 50-yr 100-yr 500-yr
Overland 

Flow Length
Li (ft)

U/S 
Elevation

(ft)
(Optional)

D/S 
Elevation

(ft)
(Optional)

Overland 
Flow Slope

Si (ft/ft)

Overland 
Flow Time

ti (min)

Channelized 
Flow Length

Lt (ft)

U/S 
Elevation

(ft)
(Optional)

D/S 
Elevation

(ft)
(Optional)

Channelized 
Flow Slope

St (ft/ft)

NRCS 
Conveyance 

Factor K

Channelized 
Flow 

Velocity
Vt (ft/sec)

Channelized 
Flow Time

tt (min)

Computed
tc (min)

Regional
tc (min)

Selected
tc (min) 2-yr 5-yr 10-yr 25-yr 50-yr 100-yr 500-yr 2-yr 5-yr 10-yr 25-yr 50-yr 100-yr 500-yr

0.01 0.01 0.01 0.01 0.04 0.13 0.27 6.14 6.14 10.00 2.71 3.46 4.19 5.30 6.28 7.36 10.23 0.00 0.00 0.00 0.00 0.00 0.01 0.03

0.17 0.18 0.19 0.22 0.27 0.34 0.44 9.56 11.16 11.16 2.59 3.31 4.01 5.07 6.00 7.04 9.78 0.09 0.12 0.15 0.22 0.33 0.47 0.86

0.61 0.63 0.64 0.67 0.69 0.72 0.76 7.78 9.18 9.18 2.80 3.58 4.33 5.48 6.49 7.61 10.57 0.44 0.58 0.72 0.95 1.17 1.42 2.08

0.40 0.42 0.44 0.47 0.51 0.55 0.62 11.47 12.13 12.13 2.50 3.20 3.87 4.90 5.80 6.79 9.44 0.35 0.47 0.59 0.81 1.04 1.32 2.05

0.48 0.50 0.51 0.54 0.58 0.62 0.67 6.95 9.69 9.69 2.74 3.51 4.25 5.37 6.36 7.45 10.35 0.51 0.68 0.85 1.14 1.44 1.79 2.72

0.45 0.47 0.48 0.52 0.55 0.59 0.65 8.70 10.54 10.54 2.65 3.39 4.11 5.19 6.15 7.21 10.01 0.59 0.78 0.97 1.31 1.67 2.09 3.21

0.15 0.16 0.17 0.20 0.26 0.32 0.43 3.86 3.86 5.00 3.39 4.34 5.26 6.65 7.87 9.23 12.82 0.01 0.01 0.01 0.01 0.02 0.03 0.05

5856.80Sub-Basin 2E 0.49 A 62.0 89.01

21.42

5858.46 5855.90 0.019 79.91 5855.90 5855.10 0.010

17.55

Sub-Basin 3A 0.01 A 27.0 18.14 5855.26 5854.05 0.067 1.00 5854.05 5854.00 0.050 20 4.47 0.00

5853.00 0.014 20 2.39 1.855858.50 5856.80 0.019 265.12

40.39 5858.46 5857.91 0.014 138.75Sub-Basin 2A 0.20

17.97

17.09

Sub-Basin 2D 0.39 A 65.0 103.84 5858.50 5854.22 0.041 224.38 5854.22 5853.17 0.005 20 1.37 2.73

14.14

Sub-Basin 2C 0.35 A 57.0 133.93

Cells of this color are for calculated results based on overrides

JMS
GMS Consulting Engineers
5/8/2026
Security Water District
Security-Widefield, CO

Version 2.00 released May 2017

20 2.00 0.67

23.53

Sub-Basin 2B 0.26 A 78.0 138.27 5858.36 5855.37 0.022 134.33 5855.37 5854.50 0.006 20 1.61

5857.91

1.39

5857.19 0.005 20 1.44 1.61A 29.0

0.04626.38 5855.26 5854.05

Rainfall Intensity, I (in/hr)

4.47 0.00 25.67200.0505854.005854.051.00

Peak Flow, Q (cfs)

Calculation of Peak Runoff using Rational Method

Overland (Initial) Flow Time Channelized (Travel) Flow Time Time of ConcentrationRunoff Coefficient, C

Subcatchment 
Name

Area
(ac)

NRCS 
Hydrologic 
Soil Group

Percent 
Imperviousnes

s

Sub-Basin 1A 0.01 A 2.0

Select UDFCD location for NOAA Atlas 14 Rainfall Depths from the pulldown list OR enter your own depths obtained from the NOAA website (click this link)

Cells of this color are for required user-input
Cells of this color are for optional override values

I 𝑖𝑛/ℎ𝑟 =
a ∗ Pଵ

b + tୡ
ୡ

t୧ =
0.395 1.1 − Cହ L୧

S୧
଴.ଷଷ

t୲ =
L୲

60K S୲

=  
L୲

60V୲

Computed tୡ = t୧ + t୲

Regional tୡ = 26 − 17i + 
L୲

60 14i + 9 S୲

Selected tୡ = max t୫୧୬୧୫୳୫ , min Computed tୡ , Regional tୡ

 t୫୧୬୧୫୳୫= 5 (urban) 
 t୫୧୬୧୫୳୫= 10 (non-urban)

Q 𝑐𝑓𝑠 = CIA



APPENDIX D – CULVERT HYDRAULIC ANALYSIS 



Overtopping 
Flow Rate 

(cfs)

Outlet Velocty, 
V100 (fps)

Headwater to 
Diameter Ratio 

for Q100

12" CSP 0.019 12 CSP 0.024 2B 1.3 1.6 3.5 0.8

18" CSP 0.011 18 CSP 0.024
2B, 2C 
and 2D

5.2 6.7 4.8 1.0

SECURITY WATER DISTRICT
HYDRAULIC ANALYSIS - HY-8 CULVERTS RESULTS

Culvert ID
Slope 
(ft/ft)

Pipe Size

100-Year 
Storm 
Runoff 
(cfs)

Analyzed with the Federal Highway 
Administration's HY-8 Culvert Hydraulic Analysis 

ProgramPipe 
Material

Manning's 
Roughness 

Coefficient (n)

Flow 
Received 

From Sub-
Basin



HY-8 Culvert Analysis Report 

Table 1 - Project Headwater Table 
Crossing 
Name 

Culvert 
Name 

Discharge 
Names 

Total 
Discharge 
(cfs) 

Culvert 
Discharge 
(cfs) 

Headwater 
Elevation 
(ft) 

Inlet 
Control 
Depth 
(ft) 

Outlet 
Control 
Depth 
(ft) 

HW / D 
(ft) 

Normal 
Depth 
(ft) 

Critical 
Depth 
(ft) 

Outlet 
Depth 
(ft) 

Outlet 
Velocity 
(ft/s) 

12" CSP 12" CSP 100 year 1.32 1.32 5855.94 0.75 0.837 0.84 0.50 0.49 0.49 3.49 
18" CSP 18" CSP 100 year 5.20 5.20 5854.68 1.43 1.509 1.01 1.07 0.88 0.88 4.84 



Crossing Notes 
 

Crossing Input: 12" CSP 
Parameter Value Units 
DISCHARGE DATA   
Discharge Method Recurrence  
Discharge List Define...  
TAILWATER DATA   
Channel Type Triangular Channel  
Side Slope (H:V) 2.000 _:1 
Channel Slope 0.1180 ft/ft 
Manning's n (channel) 0.030  
Channel Invert Elevation 5854.330 ft 
Rating Curve View...  
ROADWAY DATA   
Roadway Profile Shape Irregular  
Irregular Shape Define...  
Roadway Surface Paved  
Top Width 30.000 ft 

Culvert Input: 12" CSP 
Parameter Value Units 
CULVERT DATA   
Name 12" CSP  
Shape Circular  
Material Corrugated Steel  
Diameter 1.000 ft 
Embedment Depth 0.000 in 
Manning's n 0.024  
Culvert Type Straight  
Inlet Configuration Thin Edge Projecting 

(Ke=0.9) 
 

Inlet Depression? No  
SITE DATA   
Site Data Input Option Culvert Invert Data  
Inlet Station 0.000 ft 
Inlet Elevation 5855.100 ft 
Outlet Station 40.120 ft 
Outlet Elevation 5854.330 ft 
Number of Barrels 1  
Computed Culvert Slope 0.019192 ft/ft 

Crossing Discharge Data 
Discharge Selection Method: Recurrence 



Table 2 - Summary of Culvert Flows at crossing: 12" CSP 
Headwater 
Elevation (ft) 

Discharge Names Total Discharge 
(cfs) 

12" CSP 
Discharge (cfs) 

Roadway 
Discharge (cfs) 

Iterations 

5855.51 5 year 0.47 0.47 0.00 1 
5855.94 100 year 1.32 1.32 0.00 1 
5856.02 Overtopping 1.57 1.57 0.00 Overtopping 



Table 3 - Culvert Summary Table: 12" CSP 
Discharge 
Names 

Total 
Discharge 
(cfs) 

Culvert 
Discharge 
(cfs) 

Headwater 
Elevation 
(ft) 

Inlet 
Control 
Depth 
(ft) 

Outlet 
Control 
Depth 
(ft) 

HW 
/ D 
(ft) 

Flow 
Type 

Normal 
Depth 
(ft) 

Critical 
Depth 
(ft) 

Outlet 
Depth 
(ft) 

Tailwater 
Depth 
(ft) 

Outlet 
Velocity 
(ft/s) 

Tailwater 
Velocity 
(ft/s) 

5 year 0.47 0.47 5855.51 0.41 0.0* 0.41 1-
S2n 

0.28 0.28 0.28 0.25 2.57 3.90 

100 year 1.32 1.32 5855.94 0.75 0.837 0.84 2-
M2c 

0.50 0.49 0.49 0.36 3.49 5.05 

Overtopping 2.64 2.06 5856.17 1.01 1.075 1.07 7-
M2c 

0.66 0.61 0.61 0.47 4.08 6.01 

* Full Flow Headwater elevation is below inlet invert. 



Culvert Barrel Data 
Culvert Barrel Type: Straight Culvert 
Inlet Elevation(invert): 5855.10 ft 
Outlet Elevation (invert): 5854.33 ft 
Culvert Length: 40.13 ft 
Culvert Slope: 0.02 ft/ft 

Water Surface Profile Plot for Culvert: 12" CSP 

 

Site Data - 12" CSP 
Site Data Option: Culvert Invert Data 
Inlet Station: 0.00 ft 
Inlet Elevation: 5855.10 ft 
Outlet Station: 40.12 ft 
Outlet Elevation: 5854.33 ft 
Number of Barrels: 1 

Culvert Data Summary - 12" CSP 
Barrel Shape: Circular 
Barrel Diameter: 1.00 ft 
Barrel Material: Corrugated Steel 
Embedment: 0.00 in 
Barrel Manning's n: 0.0240 
Culvert Type: Straight 
Inlet Configuration: Thin Edge Projecting (Ke=0.9) 



Inlet Depression: None 

Tailwater Channel Data for Crossing: 12" CSP 
Tailwater Channel Option: Triangular Channel 
a_side Slope (H:V): 2.00 (_:1) 
Channel Slope: 0.12 ft/ft 
Channel Manning's n: 0.0300 
Channel Invert Elevation: 5854.33 ft 

Table 4 - Downstream Channel Rating Curve (crossing: 12" CSP) 
Roadway Data for crossing: 12" CSP 
Roadway Profile Shape: Irregular Roadway Shape (coordinates) 

Irregular Roadway Cross-Section 
Coord No. Station (ft) Elevation (ft) 
0 0.00 5856.43 
1 15.00 5856.27 
2 30.00 5856.02 
 
Roadway Surface: Paved 
Roadway Top Width: 30.00 ft 

Crossing Notes 
 

Crossing Input: 18" CSP 
Parameter Value Units 
DISCHARGE DATA   
Discharge Method Recurrence  
Discharge List Define...  
TAILWATER DATA   
Channel Type Triangular Channel  
Side Slope (H:V) 2.500 _:1 
Channel Slope 0.0286 ft/ft 
Manning's n (channel) 0.030  
Channel Invert Elevation 5852.600 ft 
Rating Curve View...  
ROADWAY DATA   
Roadway Profile Shape Irregular  
Irregular Shape Define...  
Roadway Surface Paved  
Top Width 25.000 ft 

Culvert Input: 18" CSP 
Parameter Value Units 
CULVERT DATA   
Name 18" CSP  
Shape Circular  



Material Corrugated Steel  
Diameter 1.500 ft 
Embedment Depth 0.000 in 
Manning's n 0.024  
Culvert Type Straight  
Inlet Configuration Thin Edge Projecting 

(Ke=0.9) 
 

Inlet Depression? No  
SITE DATA   
Site Data Input Option Culvert Invert Data  
Inlet Station 0.000 ft 
Inlet Elevation 5853.170 ft 
Outlet Station 50.430 ft 
Outlet Elevation 5852.600 ft 
Number of Barrels 1  
Computed Culvert Slope 0.011303 ft/ft 

Crossing Discharge Data 
Discharge Selection Method: Recurrence 



Table 5 - Summary of Culvert Flows at crossing: 18" CSP 
Headwater 
Elevation 
(ft) 

Discharge 
Names 

Total 
Discharge 
(cfs) 

18" CSP 
Discharge 
(cfs) 

Roadway 
Discharge 
(cfs) 

Iterations 

5853.91 5 year 1.46 1.46 0.00 1 
5854.68 100 year 5.20 5.20 0.00 1 
5854.98 Overtopping 6.71 6.71 0.00 Overtopping 
 



Table 6 - Culvert Summary Table: 18" CSP 
Discharge 
Names 

Total 
Discharge 
(cfs) 

Culvert 
Discharge 
(cfs) 

Headwater 
Elevation 
(ft) 

Inlet 
Control 
Depth 
(ft) 

Outlet 
Control 
Depth 
(ft) 

HW 
/ D 
(ft) 

Flow 
Type 

Normal 
Depth 
(ft) 

Critical 
Depth 
(ft) 

Outlet 
Depth 
(ft) 

Tailwater 
Depth 
(ft) 

Outlet 
Velocity 
(ft/s) 

Tailwater 
Velocity 
(ft/s) 

5 year 1.46 1.46 5853.91 0.67 0.736 0.49 2-
M2c 

0.50 0.45 0.45 0.45 3.24 2.93 

100 year 5.20 5.20 5854.68 1.43 1.509 1.01 7-
M2c 

1.07 0.88 0.88 0.72 4.84 4.03 

Overtopping 10.40 7.90 5855.41 2.04 2.243 1.50 7-
M2c 

1.50 1.09 1.09 0.93 5.75 4.79 



Culvert Barrel Data 
Culvert Barrel Type: Straight Culvert 
Inlet Elevation(invert): 5853.17 ft 
Outlet Elevation (invert): 5852.60 ft 
Culvert Length: 50.43 ft 
Culvert Slope: 0.01 ft/ft 
 

Water Surface Profile Plot for Culvert: 18" CSP 

 

Site Data - 18" CSP 
Site Data Option: Culvert Invert Data 
Inlet Station: 0.00 ft 
Inlet Elevation: 5853.17 ft 
Outlet Station: 50.43 ft 
Outlet Elevation: 5852.60 ft 
Number of Barrels: 1 

Culvert Data Summary - 18" CSP 
Barrel Shape: Circular 
Barrel Diameter: 1.50 ft 
Barrel Material: Corrugated Steel 
Embedment: 0.00 in 
Barrel Manning's n: 0.0240 
Culvert Type: Straight 



Inlet Configuration: Thin Edge Projecting (Ke=0.9) 
Inlet Depression: None 

Tailwater Channel Data for Crossing: 18" CSP 
Tailwater Channel Option: Triangular Channel 
a_side Slope (H:V): 2.50 (_:1) 
Channel Slope: 0.03 ft/ft 
Channel Manning's n: 0.0300 
Channel Invert Elevation: 5852.60 ft 

Table 7 - Downstream Channel Rating Curve (crossing: 18" CSP) 
Flow (cfs) Water 

Surface 
Elev (ft) 

Depth (ft) Velocity 
(ft/s) 

Shear (psf) Froude 
Number 

1.46 5853.05 0.45 2.93 0.80 1.09 
5.20 5853.32 0.72 4.03 1.28 1.18 
 

Roadway Data for crossing: 18" CSP 
Roadway Profile Shape: Irregular Roadway Shape (coordinates) 

Irregular Roadway Cross-Section 
Coord No. Station (ft) Elevation (ft) 
0 0.00 5855.61 
1 15.00 5855.50 
2 25.00 5854.98 
 
Roadway Surface: Paved 
Roadway Top Width: 25.00 ft 



APPENDIX E – SWALES HYDRAULIC ANALYSIS 



Flow, Q 
(cfs)

Velocity, V 
(fps)

Water Depth, D 
(ft)

Flow, Q 
(cfs)

Velocity, V 
(fps)

Water Depth, 
D (ft)

2A 0.005 5 4 0.12 0.60 0.08 0.47 0.92 0.18 8.0 No 0.49 Yes Grass
2B 0.001 4 4 0.58 0.53 0.29 1.42 0.68 0.45 13.6 No 0.68 Yes Grass
2C 0.010 5 7 0.47 1.15 0.15 1.32 1.55 0.25 9.8 No 0.57 Yes Grass
2D 0.005 2.5 20 1.46 1.06 0.39 3.88 1.46 0.45 32.6 Yes 2.27 Yes Grass
2E 0.006 5 20 0.78 1.06 0.21 2.09 1.39 0.34 38.4 Yes 2.86 Yes Grass
2E 0.006 12 15 0.78 2.25 0.16 2.09 2.89 0.23 9.7 No 0.58 Yes Concrete

SECURITY WATER DISTRICT
HYDRAULIC ANALYSIS - HYDRAULIC TOOLBOX SWALES RESULTS

Swale 
Design 
Point

Proposed 
Slope, S 

(ft/ft)

Left Side 
Slope 
(H:1V)

Right Side 
Slope 
(H:1V)

Freeboard 
Depth 

(ft)

Depth of 
Swale
 (in)

Freeboard 
Required?

Minor Event (5-YR) Major Event Capacity (100-YR) Does Ditch 
have 100-YR 

Capacity?
Remarks



Hydraulic Analysis Report 

Project Data 
Project Title: Security Water District – Water Treatment Plant Addition 

Designer: JMS 

Project Date: Thursday, August 21, 2025 

Project Units:  U.S. Customary Units 

Notes: 

Channel Analysis: DP 2A Swale - 100 Year 
Notes:  

Input Parameters 
Channel Type:  Custom Cross Section 

Cross Section Data 
Station (ft Elevation (ft) Manning's n 
0.00 5858.00 0.0300 
3.30 5857.33 0.0300 
5.30 5857.33 0.0300 
10.90 5858.42 ----- 
Longitudinal Slope: 0.0050 ft/ft 

Flow 0.4700 cfs 

Result Parameters 
Depth 0.1771 ft 

Area of Flow 0.5121 ft^2 

Wetted Perimeter 3.8172 ft 

Hydraulic Radius 0.1341 ft 

Average Velocity 0.9178 ft/s 

Top Width 3.7823 ft 

Froude Number:  0.4396  

Critical Depth 0.1087 ft 



Critical Velocity 1.6976 ft/s 

Critical Slope: 0.0296 ft/ft 

Critical Top Width 3.09 ft 

Calculated Max Shear Stress 0.0553 lb/ft^2 

Calculated Avg Shear Stress 0.0419 lb/ft^2 

Composite Manning's n Equation:  Lotter method 

Manning's n:  0.0300  

  





Channel Analysis: DP 2B Swale - 100 Year 
Notes:  

Input Parameters 
Channel Type:  Custom Cross Section 

Cross Section Data 
Station (ft Elevation (ft) Manning's n 
0.00 5854.97 0.0300 
3.88 5854.27 0.0300 
5.88 5854.27 0.0300 
12.80 5855.40 ----- 
Longitudinal Slope: 0.0010 ft/ft 

Flow 1.4200 cfs 

Result Parameters 
Depth 0.4517 ft 

Area of Flow 2.0935 ft^2 

Wetted Perimeter 7.3468 ft 

Hydraulic Radius 0.2850 ft 

Average Velocity 0.6783 ft/s 

Top Width 7.2697 ft 

Froude Number:  0.2227  

Critical Depth 0.2037 ft 

Critical Velocity 2.1861 ft/s 

Critical Slope: 0.0251 ft/ft 

Critical Top Width 4.38 ft 

Calculated Max Shear Stress 0.0282 lb/ft^2 

Calculated Avg Shear Stress 0.0178 lb/ft^2 

Composite Manning's n Equation:  Lotter method 

Manning's n:  0.0300  





Channel Analysis: DP 2C Swale - 100 Year 
Notes:  

Input Parameters 
Channel Type:  Custom Cross Section 

Cross Section Data 
Station (ft Elevation (ft) Manning's n 
0.00 5856.01 0.0300 
4.03 5855.26 0.0300 
6.03 5855.26 0.0300 
13.19 5856.47 ----- 
Longitudinal Slope: 0.0100 ft/ft 

Flow 1.3200 cfs 

Result Parameters 
Depth 0.2497 ft 

Area of Flow 0.8515 ft^2 

Wetted Perimeter 4.8636 ft 

Hydraulic Radius 0.1751 ft 

Average Velocity 1.5502 ft/s 

Top Width 4.8196 ft 

Froude Number:  0.6499  

Critical Depth 0.1965 ft 

Critical Velocity 2.1598 ft/s 

Critical Slope: 0.0253 ft/ft 

Critical Top Width 4.22 ft 

Calculated Max Shear Stress 0.1558 lb/ft^2 

Calculated Avg Shear Stress 0.1092 lb/ft^2 

Composite Manning's n Equation:  Lotter method 

Manning's n:  0.0300  





Channel Analysis: DP 2D Swale - 100 Year 
Notes:  

Input Parameters 
Channel Type:  Custom Cross Section 

Cross Section Data 
Station (ft Elevation (ft) Manning's n 
0.00 5856.00 0.0300 
7.17 5853.28 0.0300 
9.17 5853.28 0.0300 
29.36 5854.65 ----- 
Longitudinal Slope: 0.0050 ft/ft 

Flow 3.8800 cfs 

Result Parameters 
Depth 0.4504 ft 

Area of Flow 2.6626 ft^2 

Wetted Perimeter 9.9221 ft 

Hydraulic Radius 0.2684 ft 

Average Velocity 1.4572 ft/s 

Top Width 9.8243 ft 

Froude Number:  0.4933  

Critical Depth 0.3190 ft 

Critical Velocity 2.5492 ft/s 

Critical Slope: 0.0226 ft/ft 

Critical Top Width 7.54 ft 

Calculated Max Shear Stress 0.1405 lb/ft^2 

Calculated Avg Shear Stress 0.0837 lb/ft^2 

Composite Manning's n Equation:  Lotter method 

Manning's n:  0.0300  





Channel Analysis: DP 2E Swale - 100 Year 
Notes:  

Input Parameters 
Channel Type:  Custom Cross Section 

Cross Section Data 
Station (ft Elevation (ft) Manning's n 
0.00 5857.85 0.0300 
11.00 5854.65 0.0300 
13.00 5854.65 0.0300 
25.82 5855.84 ----- 
Longitudinal Slope: 0.0060 ft/ft 

Flow 2.0900 cfs 

Result Parameters 
Depth 0.3404 ft 

Area of Flow 1.5041 ft^2 

Wetted Perimeter 6.9016 ft 

Hydraulic Radius 0.2179 ft 

Average Velocity 1.3895 ft/s 

Top Width 6.8373 ft 

Froude Number:  0.5221  

Critical Depth 0.2427 ft 

Critical Velocity 2.3115 ft/s 

Critical Slope: 0.0242 ft/ft 

Critical Top Width 5.45 ft 

Calculated Max Shear Stress 0.1274 lb/ft^2 

Calculated Avg Shear Stress 0.0816 lb/ft^2 

Composite Manning's n Equation:  Lotter method 

Manning's n:  0.0300  





Channel Analysis: DP 2E Concrete Cross Pan - 100 Year 
Notes:  

Input Parameters 
Channel Type:  Custom Cross Section 

Cross Section Data 
Station (ft Elevation (ft) Manning's n 
0.00 5855.79 0.0120 
10.00 5854.98 0.0120 
20.00 5855.60 ----- 
Longitudinal Slope: 0.0100 ft/ft 

Flow 2.0900 cfs 

Result Parameters 
Depth 0.2255 ft 

Area of Flow 0.7243 ft^2 

Wetted Perimeter 6.4384 ft 

Hydraulic Radius 0.1125 ft 

Average Velocity 2.8857 ft/s 

Top Width 6.4223 ft 

Froude Number:  1.5143  

Critical Depth 0.2663 ft 

Critical Velocity 2.0705 ft/s 

Critical Slope: 0.0041 ft/ft 

Critical Top Width 7.58 ft 

Calculated Max Shear Stress 0.1407 lb/ft^2 

Calculated Avg Shear Stress 0.0702 lb/ft^2 

Composite Manning's n Equation:  Lotter method 

Manning's n:  0.0120  

  





Channel Analysis: DP 2A Swale - 5 Year 
Notes:  

Input Parameters 
Channel Type:  Custom Cross Section 

Cross Section Data 
Station (ft Elevation (ft) Manning's n 
0.00 5858.00 0.0300 
3.30 5857.33 0.0300 
5.30 5857.33 0.0300 
10.90 5858.42 ----- 
Longitudinal Slope: 0.0050 ft/ft 

Flow 0.1200 cfs 

Result Parameters 
Depth 0.0831 ft 

Area of Flow 0.2009 ft^2 

Wetted Perimeter 2.8524 ft 

Hydraulic Radius 0.0704 ft 

Average Velocity 0.5973 ft/s 

Top Width 2.8360 ft 

Froude Number:  0.3955  

Critical Depth 0.0463 ft 

Critical Velocity 1.1616 ft/s 

Critical Slope: 0.0380 ft/ft 

Critical Top Width 2.47 ft 

Calculated Max Shear Stress 0.0259 lb/ft^2 

Calculated Avg Shear Stress 0.0220 lb/ft^2 

Composite Manning's n Equation:  Lotter method 

Manning's n:  0.0300  





Channel Analysis: DP 2B Swale - 5 Year 
Notes:  

Input Parameters 
Channel Type:  Custom Cross Section 

Cross Section Data 
Station (ft Elevation (ft) Manning's n 
0.00 5854.97 0.0300 
3.88 5854.27 0.0300 
5.88 5854.27 0.0300 
12.80 5855.40 ----- 
Longitudinal Slope: 0.0010 ft/ft 

Flow 0.5800 cfs 

Result Parameters 
Depth 0.2931 ft 

Area of Flow 1.0871 ft^2 

Wetted Perimeter 5.4691 ft 

Hydraulic Radius 0.1988 ft 

Average Velocity 0.5335 ft/s 

Top Width 5.4191 ft 

Froude Number:  0.2099  

Critical Depth 0.1216 ft 

Critical Velocity 1.7613 ft/s 

Critical Slope: 0.0289 ft/ft 

Critical Top Width 3.42 ft 

Calculated Max Shear Stress 0.0183 lb/ft^2 

Calculated Avg Shear Stress 0.0124 lb/ft^2 

Composite Manning's n Equation:  Lotter method 

Manning's n:  0.0300  





Channel Analysis: DP 2C Swale - 5 Year 
Notes:  

Input Parameters 
Channel Type:  Custom Cross Section 

Cross Section Data 
Station (ft Elevation (ft) Manning's n 
0.00 5856.01 0.0300 
4.03 5855.26 0.0300 
6.03 5855.26 0.0300 
13.19 5856.47 ----- 
Longitudinal Slope: 0.0100 ft/ft 

Flow 0.4700 cfs 

Result Parameters 
Depth 0.1451 ft 

Area of Flow 0.4092 ft^2 

Wetted Perimeter 3.6642 ft 

Hydraulic Radius 0.1117 ft 

Average Velocity 1.1486 ft/s 

Top Width 3.6387 ft 

Froude Number:  0.6036  

Critical Depth 0.1076 ft 

Critical Velocity 1.6761 ft/s 

Critical Slope: 0.0298 ft/ft 

Critical Top Width 3.21 ft 

Calculated Max Shear Stress 0.0906 lb/ft^2 

Calculated Avg Shear Stress 0.0697 lb/ft^2 

Composite Manning's n Equation:  Lotter method 

Manning's n:  0.0300  





Channel Analysis: DP 2D Swale - 5 Year 
Notes:  

Input Parameters 
Channel Type:  Custom Cross Section 

Cross Section Data 
Station (ft Elevation (ft) Manning's n 
0.00 5856.00 0.0300 
7.17 5853.28 0.0300 
9.17 5853.28 0.0300 
29.36 5854.65 ----- 
Longitudinal Slope: 0.0050 ft/ft 

Flow 1.4600 cfs 

Result Parameters 
Depth 0.2874 ft 

Area of Flow 1.2924 ft^2 

Wetted Perimeter 7.0558 ft 

Hydraulic Radius 0.1832 ft 

Average Velocity 1.1297 ft/s 

Top Width 6.9933 ft 

Froude Number:  0.4631  

Critical Depth 0.1926 ft 

Critical Velocity 2.0642 ft/s 

Critical Slope: 0.0260 ft/ft 

Critical Top Width 5.35 ft 

Calculated Max Shear Stress 0.0897 lb/ft^2 

Calculated Avg Shear Stress 0.0571 lb/ft^2 

Composite Manning's n Equation:  Lotter method 

Manning's n:  0.0300  





Channel Analysis: DP 2E Swale - 5 Year 
Notes:  

Input Parameters 
Channel Type:  Custom Cross Section 

Cross Section Data 
Station (ft Elevation (ft) Manning's n 
0.00 5857.85 0.0300 
11.00 5854.65 0.0300 
13.00 5854.65 0.0300 
25.82 5855.84 ----- 
Longitudinal Slope: 0.0060 ft/ft 

Flow 0.7800 cfs 

Result Parameters 
Depth 0.2100 ft 

Area of Flow 0.7333 ft^2 

Wetted Perimeter 5.0238 ft 

Hydraulic Radius 0.1460 ft 

Average Velocity 1.0637 ft/s 

Top Width 4.9841 ft 

Froude Number:  0.4887  

Critical Depth 0.1409 ft 

Critical Velocity 1.8446 ft/s 

Critical Slope: 0.0280 ft/ft 

Critical Top Width 4.00 ft 

Calculated Max Shear Stress 0.0786 lb/ft^2 

Calculated Avg Shear Stress 0.0547 lb/ft^2 

Composite Manning's n Equation:  Lotter method 

Manning's n:  0.0300  





Channel Analysis: DP 2E Concrete Cross Pan - 5 Year 
Notes:  

Input Parameters 
Channel Type:  Custom Cross Section 

Cross Section Data 
Station (ft Elevation (ft) Manning's n 
0.00 5855.79 0.0120 
10.00 5854.98 0.0120 
20.00 5855.60 ----- 
Longitudinal Slope: 0.0100 ft/ft 

Flow 0.7800 cfs 

Result Parameters 
Depth 0.1559 ft 

Area of Flow 0.3458 ft^2 

Wetted Perimeter 4.4490 ft 

Hydraulic Radius 0.0777 ft 

Average Velocity 2.2555 ft/s 

Top Width 4.4379 ft 

Froude Number:  1.4239  

Critical Depth 0.1795 ft 

Critical Velocity 1.7001 ft/s 

Critical Slope: 0.0047 ft/ft 

Critical Top Width 5.11 ft 

Calculated Max Shear Stress 0.0973 lb/ft^2 

Calculated Avg Shear Stress 0.0485 lb/ft^2 

Composite Manning's n Equation:  Lotter method 

Manning's n:  0.0120  





Selected Profile: FHWA Profile (read-only) 

Culvert Assessment Profiles 

Culvert Assessment Profile Name: Standard (read-only) 
Maximum Excavation Depth: 20.00 ft 

Maximum Shallow Cover: 4.00 ft 

Maximum Small Pipe Size: 36.00 ft 

Minimum Manned Entry Size: 48.00 in 

Riprap Classes 

Riprap Class Name:CLASS I 

Riprap Class Order:1 
The following values are an 'average' of the size fraction range for the selected riprap class. 

D100: 304.80 mm 

D85: 228.60 mm 

D50: 165.10 mm 

D15: 114.30 mm 

Riprap Class Name:CLASS II 

Riprap Class Order:2 
The following values are an 'average' of the size fraction range for the selected riprap class. 

D100: 457.20 mm 

D85: 330.20 mm 

D50: 241.30 mm 

D15: 177.80 mm 

Riprap Class Name:CLASS III 

Riprap Class Order:3 
The following values are an 'average' of the size fraction range for the selected riprap class. 

D100: 609.60 mm 

D85: 431.80 mm 



D50: 317.50 mm 

D15: 228.60 mm 

Riprap Class Name:CLASS IV 

Riprap Class Order:4 
The following values are an 'average' of the size fraction range for the selected riprap class. 

D100: 762.00 mm 

D85: 533.40 mm 

D50: 393.70 mm 

D15: 266.70 mm 

Riprap Class Name:CLASS V 

Riprap Class Order:5 
The following values are an 'average' of the size fraction range for the selected riprap class. 

D100: 914.40 mm 

D85: 647.70 mm 

D50: 469.90 mm 

D15: 330.20 mm 

Riprap Class Name:CLASS VI 

Riprap Class Order:6 
The following values are an 'average' of the size fraction range for the selected riprap class. 

D100: 1066.80 mm 

D85: 762.00 mm 

D50: 546.10 mm 

D15: 381.00 mm 

Riprap Class Name:CLASS VII 

Riprap Class Order:7 
The following values are an 'average' of the size fraction range for the selected riprap class. 

D100: 1257.30 mm 



D85: 889.00 mm 

D50: 647.70 mm 

D15: 444.50 mm 

Riprap Class Name:CLASS VIII 

Riprap Class Order:8 
The following values are an 'average' of the size fraction range for the selected riprap class. 

D100: 1524.00 mm 

D85: 1079.50 mm 

D50: 800.10 mm 

D15: 558.80 mm 

Riprap Class Name:CLASS IX 

Riprap Class Order:9 
The following values are an 'average' of the size fraction range for the selected riprap class. 

D100: 1828.80 mm 

D85: 1295.40 mm 

D50: 965.20 mm 

D15: 660.40 mm 

Riprap Class Name:CLASS X 

Riprap Class Order:10 
The following values are an 'average' of the size fraction range for the selected riprap class. 

D100: 2133.60 mm 

D85: 1511.30 mm 

D50: 1130.30 mm 

D15: 787.40 mm 



APPENDIX F – SCM BIORETENTION ANALYSIS 



Purpose:

Function:

Compatibility:

Content: The workbook consists of the following worksheets (see flow chart below which describes worksheet interaction):

Site Assessment

Site Layout

SCM Worksheets

Example Site

Worksheet Naming Convention Fact Sheet

SCM _ ID# _Inflows SCM Inflows from Upstream Receiving Pervious Areas (RPA) Including Grass Buffers and Grass Swales T-1

SCM_ID# _HDS_Inflow# Sedimentation Manufactured Treatment Device (Sedimentation MTD) - Hydrodynamic Separator (HDS) T-8

RPA_ID# Receiving Pervious Areas (RPA) Including Grass Buffers and Grass Swales T-1
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BR_ID# Bioretention Systems (BR) T-3

SF_ID# Sand Filters (SF) T-4
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EDB_ID# Extended Detention Basins (EDB) T-6

RP_ID# Retention Ponds (RP) T-7

CWP_ID# Constructed Wetland Ponds (CWP) T-7
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HRBF_ID# Filtration Manufactured Treatment Device (Filtration MTD) - High Rate Biofiltration (HRBF) T-8
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The Site Layout worksheet (required) is the primary hub for evaluating a site and serves as the gateway to all other SCM worksheets listed below. The user 
can define multiple outfalls from the site and then evaluate different MS4 Standards and SCM Types for each outfall. When a user selects an SCM type, a new 
worksheet of that type will be created with the corresponding Outfall ID (ID# ). Water quality results from the SCM worksheet will then be carried back to 
the Site Layout worksheet for that Outfall ID column.  At the bottom of the Site Layout worksheet, all outfalls will be  summed to provide water quality results 
for the entire site.

New SCM worksheets (SCM_ID#), generated from the Site Layout worksheet, allow the user to develop a preliminary design in accordance with MHFD 
criteria provided in Chapter 4 of the USDCM. Two additional worksheets can be generated from within most SCM worksheets to design and account for 
runoff reduction through RPA treatment upstream of the SCM and/or a pretreatment Sedimentation MTD. 

The Site Assessment worksheet (optional) evaluates an entire site with respect to physical characteristics, opportunities for runoff reduction,and suitability for 
infiltration-based SCMs.

This workbook is used as a preliminary SCM site design aid and a tool to demonstrate the proper use of MHFD critiera and the achievement of specific 
treatment thresholds as laid out in the design standards of the MS4 permit. This workbook is not intended to determine compliance with MS4 design 
standards and exclusions, that is the responsiblity of the Engineer and Reviewing Permittee.

This workbook provides the designer with tools to incorporate MHFD Volume 3 Chapter 4 SCM criteria and sizing into the site assessment, site layout, and 
preliminary design; and to calculate the downstream benefits of runoff reduction on WQCV requirements.

This SCM Design workbook is intended to be compatible with MHFD-Detention, which allows the user to develop SCM basin geometries (depth, area, and 
volume), calculate orifice opening dimensions and other outlet structure components for the WQCV event and larger storms, and route storm hydrographs 
through SCMs. User input cells are provided in this workbook for areas, volumes, and outlet dimensions when incorporation of MHFD-Detention results is 
appropriate.

SCM Worksheet Title
Upstream Treatment SCMs

SCMs

www.mhfd.org

STORMWATER CONTROL MEASURE (SCM) DESIGN WORKBOOK

SCM Design, Version 4.02 (June 2025)
Mile High Flood District

Denver, Colorado

The Example Site worksheet includes a demonstration of how the Site Layout worksheet can be applied to a project site.  The example includes 10 different 
outfalls with various paired SCM worksheets including RPA, Rooftop Systems, BR, SF, and EDB.  The example further demonstrates how the RPA worksheet 
can be paired with an EDB worksheet to define upstream runoff reduction for inflows to the EDB.
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Designer:

Company:

Date:

Project:

Location:

1.  Physical Site Characteristics

A) Total Site Area Area = 1.69 acres 73,616 ft2

B) Describe any upstream offsite areas that drain onto site and
     downstream conveyance systems or overland flow paths. 

C) Describe any floodplain/floodway mapping, fluvial hazard zones,
     or geomorphic/geotechnical instabilites that may impact the site.

D) Is the watershed anticipated to be in a phased development NO
     state for a number of years moving forward or are highly
     erosive soils present?  Explain.

E) List any vegetation assessments that have been conducted
      including wetland and aquatic resources delineations.

F) List any assessments of habitat for threatened or
     endangered species and other regulated species.

G) Describe any existing and/or proposed utility mapping for 
     subsurface and/or above-ground utilities that may impact SCMs.

H) Are there receiving water quality concerns such as TMDLs, NO
    303(d) listings, or other pollutant reduction targets? Explain.

I) Describe how community values including context, scale,
    materials, and user experience will be incorporated on site.
    See Chapter 4 for additional gudance. 

J)  Will attenuation of the EURV and/or flood storage (e.g. FSD) NO
     be provided onsite?

This design promotes sustainability through low-maintenance vegetation, local
climate resilience, and improved water quality treatment.

only be sized for the WQCV.  A spillway will be included to direct larger storm- 
Since runoff will be retained on the District's larger property, the bioretention will 

The owner is a water utility provider with water mains, sewer, gas, fiber and 
electrical utility mains. No utilities are located in the proposed location of the 
bioretention pond. 

The treatment plant resides at a topographical high point. No upstream, offsite 
flows travel onsite. 

The site is not located in a designated floodplain. 

There are no delineated wetlands around the WTP site. The only wetland 
associated with the larger District's property is the Fountain Mutual Irrigation

water events to the District's downstream property. 

The proposed bioretention pond aligns with MHFD community values by combining
stormwater treatment with an attractive landscaped feature using native grasses.

Site Assessment
SCM Design, Version 4.02 (June 2025)

JMS

GMS Consulting Engineers

June 22, 2026

Security Water District WTP Building Addition

Security, Colorado

Canal, which flows southeasterly through the majority of the District's service area
and just esat of the property. Water is not proposed to runoff to this location. 

None. 
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Designer:

Company:

Date:

Project:

Location:

Site Assessment
SCM Design, Version 4.02 (June 2025)

JMS

GMS Consulting Engineers

June 22, 2026

Security Water District WTP Building Addition

Security, Colorado

2.  Opportunities for Step 1: Runoff Reduction

A) Describe opportunities for runoff reduction measures that can
     be used on this site to potentially reduce WQCV requirements?   

3.  Suitability for Infiltration-Based SCMs

A) What are the dominant Hydrologic Soil Groups (HSG) for the site? Soils suitable for full infiltration
A/B

B) Provide a description of topsoil texture, agronomic properties,
    and geotechnical soil characterizations.

C) Identify Site Constraints
    i) Is subgrade depth to bedrock < 3 feet? NO
    ii) Is subgrade depth to seasonal high groundwater table < 3 feet? NO

NONE
D) Identify Site Risks
    i) Are expansive/collapsible soils present? NO
    ii) Are highly concentrated pollutant sources present (hotspot)? NO
    iii) Is site located above contaminated soils or groundwater? NO
    iv) Are steep slopes present in proposed SCM locations? (> 3H:1V) NO
    v) Are there other concerns that indicate high risk for infiltration? NO

NONE
E) Describe Exploratory Borings/Pits and Laboratory Tests (Sec. 4.2)
    i) How many borings/pits were drilled/excavated? NBorings/Pits = 3
    ii) Depth of borings/pits below SCM (or proposed grade) surface? DBorings/Pits = 30.00 ft

    iii) Describe laboratory tests performed on soil samples:

F) Preliminary Infiltration System Recommendation

Minimize Directly Connected Impervious Areas (MDCIA): Allow runoff 
from impervious areas to sheet flow through vegetation which slows 
runoff, promotes infiltration, reduces pollutant loads and helps mimic 
predevelopment hydrology.  

The runoff from the improved pavement areas will flow through grass swales 
prior to the bioretention system. 

This is a preliminary recommendation.  Consult with a qualified 
geotechnical engineer when planning an infiltration-based SCM.

Conserve Existing Amenities: Identify portions of site that should be 
protected including mature trees, stream corridors, wetlands, and Type 
A/B soils with high infiltration potential.

Minimize Impacts: Creative site layout and constructing to minimum 
widths can reduce the extent of paved areas.  Concentrate new 
impervious areas over Type C/D soils.  Maintain natural drainage 
patterns and promote sheet flow.

Soils testing was conducted around the site for the proposed WTP improvements. 

downstream properties. 

The NRCS indicates this soil as 8 - Blakeland loam sand.  Infiltration rates

trees are located on the west side of the property, outside the fenced operations 
area. Runoff is directed to the bioretention pond via grass swales. 

Drainage will continue to flow onto the District's larger property to the west and
north. Impacts of the new impervious areas will be minimized to adjacent,

The entire site is located on Type A soil with high infiltration potential. Mature

Full Infiltration Suitable Soils and Low Risk, must verify 
adequate subgrade infiltration rates.

Type A and B Soils

range from 5.95 to 19.98 inches per hour. 
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Designer:

Company:

Date:

Project:

Location:

SITE LAYOUT INFO  (User Input in Blue Cells)
Water Quality Event (WQE) 0.60 inches

Outfall ID 2A

Total Tributary Area (ft2) 73,616
Total Tributary Area (ac) 1.69

Imperviousness (%) 60.2%
MS4 Design Standard WQCV

SCM Type BR
Notes:

OUTFALL RESULTS  
SCM Worksheet Name BR_2A

Untreated Area (ft3) 0

Default WQCV (ft3) 1,162

Optional Override WQCV (ft3) 1,176

WQCV Reduction (ft3) 0

Remaining WQCV (ft3) 1,176
WQCV Reduction (%) 0%

Design WQCV of SCM (ft3) 1,192

Pollutant Removal (ft3) 0

Untreated WQCV (ft3) 0

TOTAL SITE RESULTS  (Sums results from all Outfalls)
Total Site Area 73,616 ft2 1.69 acres

Treated Area 73,616 ft2 1.69 acres
Untreated Area 0 ft2 0.00 acres

Total Site Imperviousness 60.2% %
Default (or Override) WQCV 1,176 ft3 0.027 acre-feet

Remaining WQCV 1,176 ft3 0.027 acre-feet
WQCV Reduction 0% %

Design WQCV 1,192 ft3 0.027 acre-feet
Untreated WQCV 0 ft3 0.000 acre-feet

SCM Design, Version 4.02 (June 2025)

Site Layout

Security Water District Building Addition

JMS

GMS Consulting Engineers

June 22, 2026

Security, Colorado
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Designer:

Company:

Date:

Project:

Location:

Outfall ID:

1. Subsurface Exploration and Infiltration System Selection

A) Identify Site Constraints
    i) Is subgrade depth to bedrock < 3 feet? NO
    ii) Is subgrade depth to seasonal high groundwater table < 3 feet? NO

NONE
B) Identify Site Risks
    i) Are expansive/collapsible soils present? NO
    ii) Are highly concentrated pollutant sources present (hotspot)? NO
    iii) Is site located above contaminated soils or groundwater? NO
    iv) Is SCM located at top of steep slope? (> 3H:1V) NO
    v) Is SCM located adjacent to building, hardscape, or pavement? NO
    vi) Is SCM located above building foundation wall backfill? NO
    vii) Are there other concerns that indicate high risk for infiltration? NO

NONE

C) Preliminary Infiltration/Percolation Tests of underlying soils
    i) Were preliminary infiltration/percolation tests conducted? YES Please describe below
    ii) Preliminary estimate of infiltration rate Fprelim = 5.95 in/hr

D) Final Design Infiltrometer Test
    i) Were infiltrometer tests conducted? NO
    ii) Select type of infiltrometer test performed:
    iii) How many locations were tested? NTests =
    iv) Describe test locations relative to borings/pits

    v) What was the maximum infiltration rate tested? FMax = in/hr
    vi) What was the minimum infiltration rate tested? FMin = in/hr
    vii) Design Infiltration Rate FDesign = 6.00 in/hr

ADEQUATE

E) Recommended Infiltration System

F) Select Infiltration System to use for Design

Suitable Soils and Low Risk, must verify 
adequate subgrade infiltration rates.Full Infiltration

Partial Infiltration

Security, Colorado

2A

The National Resources Conservation Service indicates a type A soil in the area. 
The permeability rate ranges from 5.95 to 19.98 in/hr. A more conservative value
is used. 

Bioretention System (BR)
SCM Design, Version 4.02 (June 2025)

JMS

GMS Consulting Engineers

June 22, 2026

Security Water District Building Addition
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Designer:

Company:

Date:

Project:

Location:

Outfall ID:

Security, Colorado

2A

Bioretention System (BR)
SCM Design, Version 4.02 (June 2025)

JMS

GMS Consulting Engineers

June 22, 2026

Security Water District Building Addition

2. Inlet Design and Pretreatment

A) Is RPA (GB/GS) used for Runoff Reduction upstream of SCM? NO

B) Inflow Points contributing to SCM (max 8)
Inflow Design Point ID 2A

Tributary Area to Inflow Point (ft2) 73,616
Imperviousness above Inflow Point (%) 60.2%

Default WQCV for Inflow Point (ft3) 1,162
Optional Override WQCV for Inflow Point (ft3) 1,176

WQCV Reduction above Inflow Point (ft3) 0
Remaining WQCV at Inflow Point (ft3) 1,176

Will pretreatment be provided with a Sedimentation MTD (HDS) NO
Paired Pretreatment HDS Worksheet Name

Sheet or Concentrated Flow Conc
    

C) Sheet Flow
Select sheet flow inflow feature --

Is Concrete Edger used? --
Spacing between slots, recommend ≤ 2 ft on center (ft) --

Slot Opening Length, recommend 1.5 (in) --
Select type of blind swale used to distribute flow --

Select energy dissipation method for level spreader --
Height of drop, recommend 2 to 3 (in) --

Is concrete mowing strip provided to facilitate maintenance? --

D) Concentrated Flow
Select concentrated flow inflow feature Pipe

Is downspout extension needed to bridge backfill zone? --
Depth of gutter flow line depression for curb opening, recommend 3 (in) --

Curb opening inlet width (ft) --
Height of drop to sediment pad/forebay, recommend ≥ 1 (in) --

Select energy dissipation method for downspouts and/or curb openings. --
Select energy dissipation method for swales, channels, and piped outfalls Riprap

    v) Forebay
Impervious area tributary to concentrated inflow location (ft2) 44,317

Forebay Type (Concrete Sediment Pad sufficient for Imp Area ≤ 2 acre) Pad
Minimum Forebay Volume (ft3) --

Design Forebay Volume (ft3) --
Maximum Forebay Depth (in) --

Design Forebay Depth (in) --
Rectangular Weir Notch Width to Empty Forebay in 5-minutes (in) --

Design Notch Width (in) --
Forebay Drain Time (minutes) --

Provide pretreatment to remove coarse sediment, trash and 
debris.  This is especially critical for roadway runoff to 
bioretention systems.

Define inflow points for all areas tributary to 
the SCM below.
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Designer:

Company:

Date:

Project:

Location:

Outfall ID:

Security, Colorado

2A

Bioretention System (BR)
SCM Design, Version 4.02 (June 2025)

JMS

GMS Consulting Engineers

June 22, 2026

Security Water District Building Addition

3.  Design Storage Volume Inflow Points above should be fully defined before proceeding below

A) Contributing Watershed Area (including bioretention area) Area = 73,616 ft2 Total Tributary Inflow Area (ft2) 73,616
Area = 1.69 ac BR Footprint Area (ft2) 0

B) Imperviousness of Tributary Area i = 60.2% %

C) Default WQCV (or optional Override WQCV) VWQCV Default = 1,162 ft3

VWQCV Override = 1,176 ft3

D) WQCV Reduction resulting from Upstream RPA (GB/GS) WQCV Reduction = 0 ft3

E) Remaining WQCV VWQCV Remaining = 1,176 ft3

4.  Bioretention System Basin Geometry

A) Mimimum Filter Media Surface Area AF Min = 886 ft2

B) Design Filter Media Surface Area AF Design = 1,331 ft2

C) WQCV Ponding Depth (recommend max. 12-inch) DWQCV = 11.00 in

D) Media Surface Slope (typically flat or mild slope < 0.01 ft/ft) SSurface = 0.010 ft / ft

E) Max. Side Slope (Z = 4:1 or flatter, horiz. dist per unit vertical) Z = 4.00 ft / ft
     (Use "0" if bioretention has vertical walls)

F) Media Surface Length-to-Width Ratio RL/W = 2

G) Calculated WQCV (based on AF Design, DWQCV, and Z) VWQCV Calculated = 1,505 ft3

H) Design WQCV (based on actual design geometry) VWQCV Design = 1,192 ft3 Explain difference from Calculated WQCV

I) If basin geometry is irregular, design volume differs, or media
     pore space is being utilized, please provide description.

Calculations based on a MHFD Detention Basin Workbook. Media surface dimensions
 are  48'L x 24'W with a 1' ponding height. 
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Designer:

Company:

Date:

Project:

Location:

Outfall ID:

Security, Colorado

2A

Bioretention System (BR)
SCM Design, Version 4.02 (June 2025)

JMS

GMS Consulting Engineers

June 22, 2026

Security Water District Building Addition

5.  Underdrain System, Impermeable Liner, and Geotextile

A) Are underdrains provided? YES

B) Is a Drain Trench provided consistent with Figure 4-2? YES
    - Trench Bottom Width ≥ 12 inches, Trench Depth ≥ 15 inches
    - Drain gravel satisfies gradation specifications for
       AASHTO M 43 No. 8 coarse aggregate
    - Filter sand above drain gravel satisfies gradation specifications for
       AASHTO M 43 fine aggregate
    - Filter sand depth above drain trench ≥ 6 inches
    - Filter sand extends ≥ 12 inches beyond trench top width

C) Select Factory-Slotted Pipe Size and Material

D) Does the specified pipe material meet the specifications for YES
    slot configurations shown in Table 4-6 and Figure 4-3.

E) Are cleanouts provided for inspection and maintenance? YES

F) Is an impermeable geomembrane liner provided? NO

G) Are details provided regarding sealing at underdrain penetrations
     similar to Figure 4-6?

H) Are geomembrane connections to vertical concrete surfaces
    consistent with Figure 4-7?

I) Do the plans specify thermal welding and air lance testing of joints? 

6.  Bioretention Media

A) Depth of Media (18-inch minimum, 36-inch when trees planted) DMedia = 18.00 in

B) Do construction documents specify media testing requirements? YES

Analyze gradation and nutrient content of media after delivery to the 
site and preferably, prior to placement.

The media will conform to Table BR-3 in Chapter 4 of the Mile High
Flood District Urband Storm Drainage Criteria Manual Volume 3. 

4-inch (ID), Sch 40 PVC

Yes. See attached drawings. 
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Designer:

Company:

Date:

Project:

Location:

Outfall ID:

Security, Colorado

2A

Bioretention System (BR)
SCM Design, Version 4.02 (June 2025)

JMS

GMS Consulting Engineers

June 22, 2026

Security Water District Building Addition

7.  Vegetation

A) Select the method of vegetation planting (pulldown list).
     Consult with vegetation specialist to consider shade, heat
     island effects, application of deicers in the watershed, and
     other site-specific factors.

B) Has a landscape/vegetation management plan been developed? YES

C) Describe vegetation/landscaping considerations:
    - Stability issues (steep slopes, high erosion potential)?
    - Topsoil management (assessment, stockpiling, and placement)?
    - Community benefits with place-making approach?
    - Biodiversity of the site including pollinator species?
    - Environmental stewardship through conservation?
    - Inundation frequency and depth impacts on vegetation?
    - Required maintenance activities and intervals?

8.  Irrigation

A) How will irrigation be provided for vegetation establishment? Temporary

9.  Outlet

A) Underdrain Orifice Diameter for 12-hour drain time 

    i) Underdrain Orifice Invert Depth y = 28.0 in
       (distance from filter media surface to orifice invert)

    ii) Calculated Underdrain Orifice Diameter
        Simplified Equation (when not using MHFD-Detention) Dia. Simplified = 0.77 in
        MHFD-Detention Calculation (if used) Dia. MHFD-Detention = 0.75 in

    iii) Underdrain Orifice Diameter specified on construction plans Orifice Dia. Design = 0.75 in

B) Describe Underdrain Orifice Outlet Configuration.

C) Describe Outlet Structure(s) for events larger than WQCV.
    (full-spectrum detention, overflow spillway, etc.)

10.  Maintenance

A) Has a maintenance plan that includes the following been developed? YES
  - access for restorative and routine maintenance
  - access to forebay/concrete sediment pads
  - types of equipment required
  - plant debris removal
  - do not use for snow storage

Notes:

maintain native grass cover, reseed bare areas ,remove weeds, inspect for clogging 
or erosion, and clean underdrain/orifice as needed to maintain design drainage.

An overflow spillway located above the WQCV ponding depth of 12-inches is 
proposed. 

Inspect semi-annually and after major storm events. Remove sediment and debris,

Place temporary irrigation on top of the bioretention media surface.  
Remove irrigation pipes once vegetation is established to avoid it being 
buried over time.

Irrigation will be provided for the establishment of the grass. 

4-inch Sched 40 PVC factory slotted underdrain placed within washed aggregate 
Consider adding Internal Water Storage (IWS) zone as described in the 
upfront section of Chapter 4. This can reduce nutrient loading from 
outflows.

drainage layer, located beneath 6-inch sand transition layer and 18-inch bioretention
 media. A 3/4-inch orifice will be drilled into a PVC cap where the underdrain
daylights. 

 filtration,  prevent erosion, and support long-term treatment performance.

Mile High Flood District Urband Storm Drainage Criteria Manual Volume 3. 
Table BR-4 provides suggested Native Seed Mix

Bioretention area shall be planted with native, drought-tolerant grasses adapted to
 periodic inundation and dry conditions. Maintain full vegetative cover to promote

Typically costs less than container grown plants 
but more susceptible to being washed away 
during establishment.

Sod-forming native grasses from 
seed

The native seed mix will be in accordance with Table BR-4 in Chapter 4 of the 
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APPENDIX G –BIORETENTION POND SIZING 



Purpose: This workbook aids in the estimation of stormwater detention basin sizing and
outlet routing based on the modified puls routing method for urban watersheds.
Several different SCM types and various outlet configurations can be sized.

Function: 1.  Approximates the stage-area-volume relationship for a detention basin based
     on watershed parameters and basin geometry parameters.  Also evaluates
     existing user-defined basin stage-area relationships.
 
2. Sizes filtration media orifice, outlet orifices, elliptical slots, weirs, trash racks,
    and develops stage-discharge relationships.  Uses the Modified Puls method to
    route a series of hydrographs (i.e., 2-, 5-, 10-, 25-, 50-, 100- and 500-year) and 
    calibrates the peak discharge out of the basin to match the pre-development
    peak discharges for the watershed.

Content:  This workbook consists of the following sheets:

Basin  Tabulates stage-area-volume relationship estimates based on watershed parameters

Outlet Structure  Tabulates a stage-discharge relationship for the user-defined outlet structure (inlet control).

Reference  Provides reference equations and figures.

User Tips and Tools  Provides instructions and video links to assist in using this workbook.  Includes a stage-area calculator.

SCM Zone Images  Provides images of typical SCM zone confirgurations corresponding with Zone pulldown selections.

Acknowledgements: Spreadsheet Development Team:
Ken MacKenzie, P.E., Holly Piza, P.E.
Mile High Flood District

Derek N. Rapp, P.E.
Peak Stormwater Engineering, LLC

Dr. James C.Y. Guo, Ph.D., P.E.
Professor, Department of Civil Engineering, University of Colorado at Denver
 

Comments? Direct all comments regarding this spreadsheet workbook to: MHFD E-Mail
Revisions? Check for revised versions of this or any other workbook at: Downloads

DETENTION BASIN DESIGN WORKBOOK
MHFD-Detention, Version 4.07 (June 2025)

Mile High Flood District
Denver, Colorado
www.mhfd.org
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Project:

Basin ID:

Depth Increment = 0.50 ft

Watershed Information Media Surface -- 0.00 -- -- -- 1,331 0.031

Selected SCM Type = BR -- 0.50 -- -- -- 1,674 0.038 751 0.017

Watershed Area = 1.69 acres Top of WQCV -- 0.75 -- -- -- 1,855 0.043 1,192 0.027

Watershed Length = 716 ft Spillway -- 1.00 -- -- -- 2,035 0.047 1,679 0.039

Watershed Length to Centroid = 300 ft -- 1.50 -- -- -- 2,705 0.062 2,864 0.066

Watershed Slope = 0.008 ft/ft Top of Berm -- 2.00 -- -- -- 3,181 0.073 4,335 0.100

Watershed Imperviousness = 60.20% percent -- -- -- --

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 -- -- -- --

Target WQCV Drain Time = 12.0 hours -- -- -- --

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

-- -- -- --

-- -- -- --

Optional User Overrides -- -- -- --

Water Quality Capture Volume (WQCV) = 0.027 acre-feet acre-feet -- -- -- --

Excess Urban Runoff Volume (EURV) = 0.124 acre-feet acre-feet -- -- -- --

2-yr Runoff Volume (P1 = 1 in.) = 0.075 acre-feet 1.00 inches -- -- -- --

5-yr Runoff Volume (P1 = 1.28 in.) = 0.099 acre-feet 1.28 inches -- -- -- --

10-yr Runoff Volume (P1 = 1.55 in.) = 0.124 acre-feet 1.55 inches -- -- -- --

25-yr Runoff Volume (P1 = 1.96 in.) = 0.169 acre-feet 1.96 inches -- -- -- --

50-yr Runoff Volume (P1 = 2.32 in.) = 0.214 acre-feet 2.32 inches -- -- -- --

100-yr Runoff Volume (P1 = 2.72 in.) = 0.270 acre-feet 2.72 inches -- -- -- --

500-yr Runoff Volume (P1 = 3.78 in.) = 0.417 acre-feet 3.78 inches -- -- -- --

Approximate 2-yr Detention Volume = 0.067 acre-feet -- -- -- --

Approximate 5-yr Detention Volume = 0.090 acre-feet -- -- -- --

Approximate 10-yr Detention Volume = 0.112 acre-feet -- -- -- --

Approximate 25-yr Detention Volume = 0.150 acre-feet -- -- -- --

Approximate 50-yr Detention Volume = 0.175 acre-feet -- -- -- --

Approximate 100-yr Detention Volume = 0.202 acre-feet -- -- -- --

-- -- -- --

Define Zones and Basin Geometry -- -- -- --

Zone 1 Volume (WQCV) = 0.027 acre-feet -- -- -- --

Select Zone 2 Storage Volume (Optional) = acre-feet -- -- -- --

Select Zone 3 Storage Volume (Optional) = acre-feet -- -- -- --

Total Detention Basin Volume = 0.027 acre-feet -- -- -- --

Initial Surcharge Volume (ISV) = N/A ft 3 -- -- -- --

Initial Surcharge Depth (ISD) = N/A ft -- -- -- --

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

Depth of Trickle Channel (HTC) = N/A ft -- -- -- --

Slope of Trickle Channel (STC) = N/A 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)

Security Water District

Bioretention Pond

MHFD-Detention, Version 4.07 (June 2025)

Volume 
(ft 3)

Volume 
(ac-ft)

Area 
(acre)

Total detention 
volume is less than 
100-year volume.

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)

Site Detention Pond Calcs - Bioretention, Basin 6/19/2026, 7:08 PM



1 User Defined Stage-Area Booleans for Message

1 Equal Stage-Area Inputs Watershed L:W

1 CountA Watershed Lc:L

Watershed Slope

0 Calc_S_TC Booleans for CUHP
1 CUHP Inputs Complete

H_FLOOR 1 CUHP Results Calculated

L_FLOOR_OTHER

0.00 ISV 0.00 ISV

0.00 Floor 0.00 Floor

0.74 Zone 1 (WQCV) 0.74 Zone 1 (WQCV)

0.00 Zone 2 0.00 Zone 2

0.00 Zone 3 0.00 Zone 3

DETENTION BASIN STAGE-STORAGE TABLE BUILDER
MHFD-Detention, Version 4.07 (June 2025)

0.000

0.025

0.050

0.075

0.100

0.000

0.020

0.040

0.060

0.080

0.00 0.50 1.00 1.50 2.00

Vo
lu

m
e 

(a
c-

ft
)

Ar
ea

 (a
cr

es
)

Stage (ft.)

Area (acres) Volume (ac-ft)

0

800

1600

2400

3200

0

5

10

15

20

0.00 0.50 1.00 1.50 2.00

Ar
ea

 (s
q.

ft
.)

Le
ng

th
, W

id
th

 (f
t.

)

Stage (ft)

Length (ft) Width (ft) Area (sq.ft.)

Site Detention Pond Calcs - Bioretention, Basin 6/19/2026, 7:08 PM



  Project:

  Basin ID:

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

Zone 1 (WQCV) 0.74 0.027 Filtration Media

Zone 2

Zone 3

Total (all zones) 0.027

User Input: Orifice at Underdrain Outlet (typically used to drain WQCV in a Filtration SCM) Calculated Parameters for Underdrain
Underdrain Orifice Invert Depth = 2.33 ft (distance below the filtration media surface) Underdrain Orifice Area = 0.0 ft2

Underdrain Orifice Diameter = 0.75 inches Underdrain Orifice Centroid = 0.03 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 SCM) Calculated Parameters for Plate
Centroid of Lowest Orifice = 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 = ft (relative to basin bottom at Stage = 0 ft) Elliptical Half-Width = N/A feet
Orifice Plate: Orifice Vertical Spacing = inches Elliptical Slot Centroid = N/A feet

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

User Input:  Stage and Total Area of Each Orifice Row (numbered from lowest to highest)
Row 1 (optional) 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)

Orifice Area (sq. inches)

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 = ft (relative to basin bottom at Stage = 0 ft) Vertical Orifice Area = ft2

Depth at top of Zone using Vertical Orifice = ft (relative to basin bottom at Stage = 0 ft) Vertical Orifice Centroid = feet
Vertical Orifice Diameter = 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 Not Selected Not Selected Not Selected Not Selected

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

Overflow Weir Grate Slope = H:V Grate Open Area / 100-yr Orifice Area =
Horiz. Length of Weir Sides = feet Overflow Grate Open Area w/o Debris = ft2

Overflow Grate Type = Overflow Grate Open Area w/ Debris = ft2

Debris Clogging % = %

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 = ft (distance below basin bottom at Stage = 0 ft) Outlet Orifice Area = ft2

Circular Orifice Diameter = inches Outlet Orifice Centroid = 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= 1.00 ft (relative to basin bottom at Stage = 0 ft) Spillway Design Flow Depth= 0.33 feet

Spillway Crest Length = 4.00 feet Stage at Top of Freeboard = 2.40 feet
Spillway End Slopes = 4.00 H:V Basin Area at Top of Freeboard = 0.07 acres

Freeboard above Max Water Surface = 1.07 feet Basin Volume at Top of Freeboard = 0.10 acre-ft

Max Ponding Depth of Target Storage Volume = 0.75 feet Discharge at Top of Freeboard = 21.63 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 1.00 1.28 1.55 1.96 2.32 2.72 3.78
CUHP Runoff Volume (acre-ft) = 0.027 0.124 0.075 0.099 0.124 0.169 0.214 0.270 0.417

Inflow Hydrograph Volume (acre-ft) = N/A N/A 0.075 0.099 0.124 0.169 0.214 0.270 0.417
CUHP Predevelopment Peak Q (cfs) = N/A N/A 0.0 0.0 0.0 0.2 0.4 0.7 1.6

OPTIONAL Override Predevelopment Peak Q (cfs) = N/A N/A 0.2 0.3 0.4 0.6 1.1 1.8 4.0
Predevelopment Unit Peak Flow, q (cfs/acre) = N/A N/A 0.12 0.17 0.23 0.36 0.63 1.09 2.34

Peak Inflow Q (cfs) = N/A N/A 0.7 0.9 1.2 1.8 2.3 3.0 4.6
Peak Outflow Q (cfs) = 0.0 12.3 0.4 0.6 0.9 1.5 2.1 2.8 4.6

Ratio Peak Outflow to Predevelopment Q = N/A N/A N/A 2.2 2.2 2.5 2.0 1.5 1.2
Structure Controlling Flow = Filtration Media Spillway Spillway Spillway Spillway Spillway Spillway 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) = 13 18 21 21 20 20 19 18 16
Time to Drain 99% of Inflow Volume (hours) = 13 19 22 22 22 21 21 21 20

Maximum Ponding Depth (ft) = 0.75 1.01 1.09 1.13 1.16 1.23 1.27 1.32 1.43
Area at Maximum Ponding Depth (acres) = 0.04 0.05 0.05 0.05 0.05 0.05 0.06 0.06 0.06

Maximum Volume Stored (acre-ft) = 0.027 0.039 0.043 0.044 0.046 0.050 0.052 0.055 0.061

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 4.07 (June 2025)

Security Water District

Bioretention 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 = 1 0.11(diameter = 3/8 inch) 1 1 1

Count_WQPlate = 0 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) 1 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 = 0 0.42(diameter = 3/4 inch) WQCV 76

Count_OutletPipe2 = 0 0.50(diameter = 13/16 inch) 2 Year 110

COUNTA_2 (Standard FSD Setup)= 0 0.58(diameter = 7/8 inch) EURV 102

Hidden Parameters & Calculations 0.67(diameter = 15/16 inch) 5 Year 114

MaxPondDepth_Error? FALSE 0.76 (diameter = 1 inch) 10 Year 117 Spillway Depth

Cd_Broad-Crested Weir 3.00 0.86(diameter = 1-1/16 inches) 25 Year 124 0.33

WQ Plate Flow at 100yr depth = 0.00 0.97(diameter = 1-1/8 inches) 50 Year 128

CLOG #1= 100% 1.08(diameter = 1-3/16 inches) 100 Year 133 1 Z1_Boolean

n*Cdw #1 = 0.00 1.20(diameter = 1-1/4 inches) 500 Year 144 1 Z2_Boolean

n*Cdo #1 = 0.00 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= 100% 1.59(diameter = 1-7/16 inches) Draintime Running

n*Cdw #2 = 0.00 1.73(diameter = 1-1/2 inches) Outlet Boolean Outlet Rank Total (1 to 4)

n*Cdo #2 = 0.00 1.88(diameter = 1-9/16 inches) Vertical Orifice 1 0 0 0

Overflow Weir #2 Angle = 0.000 2.03(diameter = 1-5/8 inches) Vertical Orifice 2 0 0 Boolean

Underdrain Q at 100yr depth = 0.03 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 0 0 1 Freeboard

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) FALSE Time Interval

CountA_4 (100yr Only) = 0 3.29(use rectangular openings) Button Visibility Boolean

COUNTA_5 (FSD Weir Only)= 0 1 WQCV Underdrain

COUNTA_6 (EURV Weir Only)= 0 0 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 10,000 30

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

MHFD-Detention, Version 4.07 (June 2025)
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 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

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

0:10:00 0 0.00 0.00 0.00 0.00 0.00 0.02 0.01 0.07

0:15:00 0 0.00 0.06 0.11 0.15 0.12 0.17 0.18 0.30

0:20:00 0 0.00 0.27 0.37 0.46 0.33 0.41 0.46 0.69

0:25:00 0 0.00 0.59 0.77 0.98 0.70 0.85 0.97 1.50

0:30:00 0 0.00 0.73 0.94 1.18 1.45 1.89 2.28 3.59

0:35:00 0 0.00 0.73 0.94 1.17 1.75 2.27 2.90 4.49

0:40:00 0 0.00 0.71 0.90 1.11 1.80 2.34 2.99 4.63

0:45:00 0 0.00 0.66 0.85 1.05 1.71 2.21 2.90 4.50

0:50:00 0 0.00 0.62 0.80 0.98 1.63 2.10 2.75 4.28

0:55:00 0 0.00 0.58 0.75 0.93 1.51 1.93 2.56 3.99

1:00:00 0 0.00 0.55 0.71 0.88 1.41 1.79 2.39 3.75

1:05:00 0 0.00 0.52 0.68 0.84 1.31 1.67 2.26 3.56

1:10:00 0 0.00 0.48 0.64 0.79 1.21 1.53 2.04 3.21

1:15:00 0 0.00 0.44 0.59 0.75 1.11 1.39 1.84 2.87

1:20:00 0 0.00 0.40 0.54 0.69 0.99 1.25 1.61 2.51

1:25:00 0 0.00 0.38 0.51 0.65 0.90 1.12 1.42 2.20

1:30:00 0 0.00 0.36 0.49 0.61 0.82 1.02 1.27 1.96

1:35:00 0 0.00 0.34 0.47 0.57 0.75 0.94 1.16 1.78

1:40:00 0 0.00 0.33 0.43 0.54 0.70 0.86 1.05 1.61

1:45:00 0 0.00 0.31 0.40 0.51 0.64 0.80 0.96 1.46

1:50:00 0 0.00 0.30 0.37 0.48 0.60 0.73 0.88 1.32

1:55:00 0 0.00 0.27 0.35 0.45 0.55 0.67 0.79 1.19

2:00:00 0 0.00 0.24 0.32 0.41 0.50 0.61 0.71 1.06

2:05:00 0 0.00 0.20 0.26 0.34 0.42 0.51 0.59 0.88

2:10:00 0 0.00 0.16 0.22 0.28 0.34 0.41 0.48 0.70

2:15:00 0 0.00 0.13 0.17 0.22 0.27 0.32 0.37 0.54

2:20:00 0 0.00 0.11 0.14 0.19 0.21 0.25 0.28 0.41

2:25:00 0 0.00 0.09 0.12 0.15 0.17 0.20 0.22 0.32

2:30:00 0 0.00 0.07 0.10 0.13 0.14 0.16 0.17 0.25

2:35:00 0 0.00 0.06 0.08 0.11 0.11 0.13 0.14 0.20

2:40:00 0 0.00 0.05 0.07 0.09 0.09 0.11 0.11 0.16

2:45:00 0 0.00 0.04 0.06 0.07 0.07 0.09 0.09 0.12

2:50:00 0 0.00 0.03 0.05 0.06 0.06 0.07 0.07 0.09

2:55:00 0 0.00 0.03 0.04 0.05 0.05 0.06 0.05 0.07

3:00:00 0 0.00 0.02 0.03 0.04 0.04 0.05 0.04 0.06

3:05:00 0 0.00 0.02 0.02 0.03 0.03 0.04 0.04 0.05

3:10:00 0 0.00 0.01 0.02 0.02 0.02 0.03 0.03 0.04

3:15:00 0 0.00 0.01 0.01 0.02 0.02 0.02 0.02 0.03

3:20:00 0 0.00 0.01 0.01 0.01 0.01 0.02 0.02 0.02

3:25:00 0 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.02

3:30:00 0 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.01

3:35:00 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01

3:40:00 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:45:00 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:50:00 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:55:00 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:00:00 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:05:00 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:10:00 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:15:00 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:20:00 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:25:00 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:30:00 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:35:00 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:40:00 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:45:00 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:50:00 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:55:00 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:00:00 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:05:00 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:10:00 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:15:00 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:20:00 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:25:00 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:30:00 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:35:00 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:40:00 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:45:00 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:50:00 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:55:00 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
6:00:00 0 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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Summary Stage-Area-Volume-Discharge Relationships
The user can create a summary S-A-V-D by entering the desired stage increments and the remainder of the table will populate automatically.
The user should graphically compare the summary S-A-V-D table to the full S-A-V-D table in the chart to confirm it captures all key transition points.

Stage Elevation Area Area Volume Volume
Total

Outflow

[ft] [ft] [ft 2] [acres] [ft 3] [ac-ft] [cfs]

0.00 5851.50 1331 0.031 0 0.000 0.00

0.75 5852.25 1855 0.043 1192 0.027 0.03

1.00 5852.50 2035 0.047 1679 0.039 0.03

2.00 5853.50 3181 0.073 4335 0.100 21.63

DETENTION BASIN OUTLET STRUCTURE DESIGN
MHFD-Detention, Version 4.07 (June 2025)

Stage - Storage
Description

Media Surface

Top of WQCV

Spillway 

Top of Berm

For best results, include the 
stages of all grade slope 
changes (e.g. ISV and 
Floor) from the S-A-V table 
on 
Sheet 'Basin'. 

Also include the inverts of 
all outlets (e.g. vertical 
orifice, overflow grate, and 
spillway, where applicable).

Site Detention Pond Calcs - Bioretention, Outlet Structure 6/19/2026, 7:08 PM



APPENDIX H – 2026 FINANCIAL ASSURANCE ESTIMATE FORM 
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