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Tab 0.  Checklist 
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Tab 1.  Project Narrative 

Location 
The subject property is in the City of Wichita, Sedgwick County, Kansas. The proposed 
development is south of Pawnee Road and west of 127th Street North.  The site lies in the 
northeast quarter of Section 3, Township 28 South, Range 2 East.  The USD 259 4th Addition 
borders the site to the west and south.  The plat area is 31.6 acres.  The site is shown on the 
USGS Map, Appendix 1.1.   

Discussion of Development 
The site is currently undeveloped agricultural land and will develop as 11 commercial lots.  Eight 
of the lots are approximately 1.0 acre in size, the 9th lot is 1.7 acres in size and the remaining two 
lots are larger commercial lots that are 7.1 acres and 11.7 acres.  The USD 259 4th Addition south 
of the plat is also being developed for use as a school.  The proposed site is shown on the plat, 
Appendix 1.2.  

Drainage Summary 

Pre-Development 
The site is divided into 3 drainage basins under pre-development conditions.  The southern 
portion of the site drains to the south into the USD 259 4th Addition.  The northwestern portion 
drains to the west and into an existing grassed waterway on the USD 259 4th Addition.  The 
Northeast corner of the site drains into a shallow pond that outlets to the east.  The USD 259 4th 
Addition is currently undeveloped and in the platting process.  The Drainage Report for USD 259 
4th Addition dated May 7, 2010 by Ruggles and Bohm used the pre-development site conditions 
for this site to determine the pre-development flow rates from the USD 259 4th Addition site.  The 
Northeast basin of this site flows into an existing pond.  The pond outlets into a ditch along 127th 
Street North.  The ditch flows through an existing 20”x28” culvert under 127th Street and to the 
north and the east where it crosses through a culvert under Pawnee Road.  Flow from the culvert 
drains to the northeast to an existing 24” CMP and then flows through a field into a pond.   The 
flow paths are shown on the Drainage Patterns Drawing, Appendix 1.3.  Pre-development flow 
rates are shown in Table 1.1.   

Post-Development 
The USD 259 4th Addition Drainage Report dated May 7, 2010 by Ruggles and Bohm accounts 
for developed runoff from this site and provides detention for this site in the proposed detention 
ponds on the school property.  A portion of the drainage basin draining to 127th Street has been 
graded to route the runoff to the school site.  The basin area has been reduced from 19.6 acres to 
10.0 acres.  The detention ponds in the USD 259 4th Addition school site accommodate detention 
for most of developed site.  Additional detention will be provided in the parking lot and in swales 
in Occidental Basin 4 to reduce the peak-flow rates from the smaller storms.  Preliminary lot 
layout and grading are shown in the Preliminary Lot Grading Plan, Appendix 1.3.   

Water quality and channel protection volumes will be provided at the time of development.  The 
site will require 2.7 acre-feet of Water Quality volume and 4.1 acre-feet of Channel Protection 
Volume.   
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Table 1.1. Comparison of Pre and Post-Development Flow Rates 

Description Design Storm Flows (cfs) 

2-Yr 5-Yr 10-Yr 25-Yr 100-Yr 

Pre-Development North Total* 64.6 93.1 110.4 139.4 188.7 

Post-Development North Total* 61.8 81.8 94.3 113.6 146.0 

Pre-Development South Total* 290.3 419.6 499.4 633.3 861.7 

Post-Development South Total* 283.1 401.3 476.0 604.0 825.1 

Pre-Development To 127th Street/Occidental 4 29.6 44.6 54.9 70.9 98.5 

Post-Develop. To 127th Street/Occidental 4 29.3 43.6 54.1 68.3 87.3 

* From USD 259 4th Addition May 7, 2010 Drainage Report by Ruggles and Bohm.   

Best Management Practices 
The site will be seeded or sodded after construction of grading and utilities are complete.  During 
construction curb protection, inlet protection and other erosion protection devices will be used to 
prevent soil from leaving the site.  The site will be seeded and sodded upon completion of 
construction.  Riprap will protect storm sewer outfalls.   
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Appendix 1.1 – USGS Quadrangle Map 
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Appendix 1.2 – Plat 
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Appendix 1.3 – Drainage Patterns 
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Appendix 1.4 – Preliminary Grading Plan 
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Tab 2.  Existing Conditions 

Description 
The site is 31.6 acres of undeveloped ground.  There is currently an existing farm house and barn 
on the site, there is no significant impervious area.  The site is shown on the aerial photograph, 
Appendix 2.1.  The site is shown on the Existing Conditions Map in Appendix 2.2.   

FEMA Floodplains 
The platted area is located in Zone X, areas outside of the 500-year flood, as shown on the 
Sedgwick County Kansas February 2, 2007 Map Number 20173C0390E, Appendix 2.3. The 
Arkansas River is west of the site.  The nearest FEMA floodplains are approximately ½ mile 
southeast of the site. 

Soils 
According to the NRCS (SCS) Sedgwick County Soil Survey, Appendix 2.4, soils on the site are: 

• Irwin silty clay loam, 1 to 3  percent slopes, HSG “D” 

• Clime silty clay, 3 to 7 percent slopes, HSG “C” 

Hydraulic Soil Group “D” was used for calculations for the basins.   

Drainage Calculations 

Runoff Method 
The site was modeled using the SCS Hydrograph Method in Hydraflow Hydrographs, Appendix 
2.5.   

Rainfall 
The rainfall information used is from the Kansas Department of Transportation Rainfall Depth 
Tables for Kansas Counties June 1997.  The rainfall values used are shown in Table 2.1.   

Table 2.1. 24-Hour Rainfall Depths. 

 2-Yr 5-Yr 10-Yr 25-Yr 100-Yr 

Sedgwick 3.50 4.53 5.24 6.24 7.80 

 

Time of Concentration 
Time of concentration was calculated using the TR-55 method.  Calculations are in Appendix 2.5.   

Curve Numbers 
The curve number used for pre-developed conditions is 84.  

Drainage Patterns 
Under existing conditions, the site drains in three directions.  A portion of the site, Occidental 1, 
drains to the northwest into an existing grassed waterway to combine with flows from the school 
site as North Total.  A small portion of the site, Occidental 2 and 3, along the southern boundary 
drains to the south into existing channels on the USD 259 4th Addition to flow to the south as 
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South Total.  The northeast portion of the site and a small portion of the USD 259 property drain 
to the northeast into an existing pond with a surface area of 0.5 acres.  The existing pond has no 
defined outlet structure and overtops the pond edge to flow to the east.  The overtopping is about 
25’ wide when it begins to occur and widens as the water surface elevation increases.  With the 
small surface area of this pond and the large outlet, the volume of detention in this pond is 1.2 
acre feet in the 100-year design event.  Pre-project flow rates to 127th Street account for the 
detention in this pond.  The flow from this area flows to an existing 20”x28” CMP under 127th 
Street, this pipe is the equivalent of a 24” round pipe.  The existing pipe overtops 127th Street with 
a flow rate of approximately 20 cfs.  This culvert is currently not containing the 2-year design 
storm.  The roadway is overtopped during a 2-year design event.  The culvert was analyzed using 
Hydraflow Express by AutoCAD 2009, Appendix 2.6.  Flow from the culvert flows to the northeast 
where it flows through an existing 24” CMP.  It flows through the CMP, through a field, and into an 
existing pond.  Any flow that the 24” CMP does not convey flows to the east and to an existing 
RCB under Pawnee Road and into a detention pond.  The flow paths are shown on the Drainage 
Patterns Drawing, Appendix 1.3.   

Table 2.3.  Pre-Development Flow Rates 

Description Area 
(ac.) 

Tc 
(min.) 

CN Design Storm Flows (cfs) 

2-Yr 5-Yr 10-Yr 25-Yr 100-Yr 

North Total* 39.1 - - 64.6 93.1 110.4 139.4 188.7 

South Total* 275.2 - - 290.3 419.6 499.4 633.3 861.7 

To 127th/Occ. 4 19.6 25.2 84.0 29.6 44.6 54.9 70.9 98.5 

* From USD 259 4th Addition May 7, 2010 Drainage Report by Ruggles and Bohm.   

Utilities 
Existing sanitary sewer has been constructed north of Pawnee Road with the Casa Bella 
Addition.   

Groundwater Elevations 
According to the Kansas Geological Survey Water Well Records, the static water level in the area 
ranges from 19 feet to 30 feet deep.   
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Appendix 2.1 – Aerial Photograph 
 



Wichita, KS   316.684.9600.

BO
NITA

CIR

CASA BELLA STMIC
HE

LLE
ST

WILLOWGREEN ST

TARA FALLS CT

HE
RR

ING
TO

N S
T

WILLOWGREEN CIR

TA
RA

FA
LLS

ST

T A
RA

FA
L LS

ST

TAR
A FALLS

CT

127
TH

 ST

PAWNEE RD

U S D  2 5 9U S D  2 5 9

4 T H  A D D4 T H  A D D

C A S AC A S A

B E L L AB E L L A

A D DA D D

C A S A  B E L L AC A S A  B E L L A

2 N D  A D D2 N D  A D D

1 OF 1

SIERRA POINTE ADDITION

Pa
th:

 J:
\P

ro
jec

ts\
20

14
\1

40
10

10
07

0_
12

7P
aw

_S
ier

ra
 P

oin
te

\5-
Ci

vil
\G

IS
\A

er
ial

 Ex
hib

it.m
xd

 - D
ate

: 2
/10

/2
01

4

KLAJGDJGD
1401010070 2/10/2014

°
0 250 500125

Feet

SEC: 3
TWP: T28S
RNG: R2E

Project Location

AERIAL EXHIBIT

DRAWN BY:

SHEET NO.

©2013
MKEC Engineering
All Rights Reserved

www.mkec.com
 These drawings and their contents,

including, but not limited to, all
concepts, designs, & ideas are the

exclusive property of MKEC
Engineering (MKEC), and may not be
used or reproduced in any way without

the express consent of MKEC. DESIGNED BY: APPROVED BY:

DATE:PROJECT NO.



J:\Projects\2014\1401010070_127Paw_Sierra Pointe\11-Project Management\Permits & Reports\Drainage\Drainage Report_rev_2014-03-05.doc 

Appendix 2.2 – Existing Conditions Map 
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Appendix 2.3 – Flood Insurance Rate Map (FIRM) 
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Appendix 2.4 – Soil Survey 
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4570
Clime silty clay, 3 to 7 percent slopes

C

4674
Irwin silty clay loam, 3 to 7 percent slopes, eroded

D

4671
Irwin silty clay loam, 1 to 3 percent slopes

D

3911
Rosehill silty clay, 1 to 3 percent slopes

D
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Appendix 2.5 – Hydraflow Hydrographs Output 



1 - Pre-Project Occidental 4

2 - Pre-Project to 127th
3 - Post-Project Occidental 4 Undetained 4 - Post-Project Occidental 4 Detained

5 - Swale & Parking Det.

6 - Post-Proj to 127th

1

Watershed Model Schematic
Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2009 by Autodesk, Inc. v6.066

Project: Northeast Drainage - revised with detention.gpw Thursday, Jun 24, 2010

Hyd. Origin Description

Legend

 1 SCS Runoff Pre-Project Occidental 4
 2 Reservoir Pre-Project to 127th
 3 SCS Runoff Post-Project Occidental 4 Undetained
 4 SCS Runoff Post-Project Occidental 4 Detained
 5 Reservoir Swale & Parking Det.
 6 Combine Post-Proj to 127th



Hydrograph Return Period Recap
2

Hyd. Hydrograph Inflow Peak Outflow (cfs) Hydrograph
No. type Hyd(s) description

(origin) 1-Yr 2-Yr 3-Yr 5-Yr 10-Yr 25-Yr 50-Yr 100-Yr

1 SCS Runoff ------ ------- 36.61 ------- 54.55 66.49 84.50 ------- 110.27 Pre-Project Occidental 4

2 Reservoir  1 ------- 29.60 ------- 44.55 54.87 70.85 ------- 98.45 Pre-Project to 127th

3 SCS Runoff ------ ------- 28.36 ------- 37.92 44.13 53.40 ------- 66.59 Post-Project Occidental 4 Undetained

4 SCS Runoff ------ ------- 11.03 ------- 14.75 17.16 20.77 ------- 25.89 Post-Project Occidental 4 Detained

5 Reservoir  4 ------- 4.507 ------- 9.989 13.20 17.64 ------- 23.11 Swale & Parking Det.

6 Combine 3, 5 ------- 29.25 ------- 43.64 54.07 68.32 ------- 87.34 Post-Proj to 127th

Proj. file: Northeast Drainage - revised with detention.gpw Thursday, Jun 24, 2010

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2009 by Autodesk, Inc. v6.066



Hydrograph Summary Report
3

Hyd. Hydrograph Peak Time Time to Hyd. Inflow Maximum Total Hydrograph
No. type flow interval peak volume hyd(s) elevation strge used description

(origin) (cfs) (min) (min) (acft) (ft) (acft)

1 SCS Runoff 36.61 2 728 3.086 ------ ------     ------ Pre-Project Occidental 4

2 Reservoir 29.60 2 736 3.086  1 1351.09 0.475 Pre-Project to 127th

3 SCS Runoff 28.36 2 720 1.806 ------ ------     ------ Post-Project Occidental 4 Undetained

4 SCS Runoff 11.03 2 720 0.702 ------ ------     ------ Post-Project Occidental 4 Detained

5 Reservoir 4.507 2 730 0.699  4 1351.27 0.319 Swale & Parking Det.

6 Combine 29.25 2 720 2.505 3, 5 ------     ------ Post-Proj to 127th

Northeast Drainage - revised with detention.gpwReturn Period: 2 Year Thursday, Jun 24, 2010

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2009 by Autodesk, Inc. v6.066



Hydrograph Summary Report
4

Hyd. Hydrograph Peak Time Time to Hyd. Inflow Maximum Total Hydrograph
No. type flow interval peak volume hyd(s) elevation strge used description

(origin) (cfs) (min) (min) (acft) (ft) (acft)

1 SCS Runoff 54.55 2 728 4.601 ------ ------     ------ Pre-Project Occidental 4

2 Reservoir 44.55 2 736 4.601  1 1351.28 0.680 Pre-Project to 127th

3 SCS Runoff 37.92 2 720 2.459 ------ ------     ------ Post-Project Occidental 4 Undetained

4 SCS Runoff 14.75 2 720 0.956 ------ ------     ------ Post-Project Occidental 4 Detained

5 Reservoir 9.989 2 726 0.953  4 1351.42 0.360 Swale & Parking Det.

6 Combine 43.64 2 722 3.412 3, 5 ------     ------ Post-Proj to 127th

Northeast Drainage - revised with detention.gpwReturn Period: 5 Year Thursday, Jun 24, 2010

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2009 by Autodesk, Inc. v6.066



Hydrograph Summary Report
5

Hyd. Hydrograph Peak Time Time to Hyd. Inflow Maximum Total Hydrograph
No. type flow interval peak volume hyd(s) elevation strge used description

(origin) (cfs) (min) (min) (acft) (ft) (acft)

1 SCS Runoff 66.49 2 728 5.627 ------ ------     ------ Pre-Project Occidental 4

2 Reservoir 54.87 2 736 5.627  1 1351.40 0.809 Pre-Project to 127th

3 SCS Runoff 44.13 2 720 2.888 ------ ------     ------ Post-Project Occidental 4 Undetained

4 SCS Runoff 17.16 2 720 1.123 ------ ------     ------ Post-Project Occidental 4 Detained

5 Reservoir 13.20 2 726 1.119  4 1351.49 0.380 Swale & Parking Det.

6 Combine 54.07 2 722 4.007 3, 5 ------     ------ Post-Proj to 127th

Northeast Drainage - revised with detention.gpwReturn Period: 10 Year Thursday, Jun 24, 2010

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2009 by Autodesk, Inc. v6.066



Hydrograph Summary Report
6

Hyd. Hydrograph Peak Time Time to Hyd. Inflow Maximum Total Hydrograph
No. type flow interval peak volume hyd(s) elevation strge used description

(origin) (cfs) (min) (min) (acft) (ft) (acft)

1 SCS Runoff 84.50 2 728 7.200 ------ ------     ------ Pre-Project Occidental 4

2 Reservoir 70.85 2 734 7.200  1 1351.56 0.992 Pre-Project to 127th

3 SCS Runoff 53.40 2 720 3.533 ------ ------     ------ Post-Project Occidental 4 Undetained

4 SCS Runoff 20.77 2 720 1.374 ------ ------     ------ Post-Project Occidental 4 Detained

5 Reservoir 17.64 2 724 1.370  4 1351.58 0.406 Swale & Parking Det.

6 Combine 68.32 2 722 4.903 3, 5 ------     ------ Post-Proj to 127th

Northeast Drainage - revised with detention.gpwReturn Period: 25 Year Thursday, Jun 24, 2010

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2009 by Autodesk, Inc. v6.066



Hydrograph Summary Report
7

Hyd. Hydrograph Peak Time Time to Hyd. Inflow Maximum Total Hydrograph
No. type flow interval peak volume hyd(s) elevation strge used description

(origin) (cfs) (min) (min) (acft) (ft) (acft)

1 SCS Runoff 110.27 2 728 9.492 ------ ------     ------ Pre-Project Occidental 4

2 Reservoir 98.45 2 734 9.492  1 1351.75 1.20 Pre-Project to 127th

3 SCS Runoff 66.59 2 720 4.456 ------ ------     ------ Post-Project Occidental 4 Undetained

4 SCS Runoff 25.89 2 720 1.733 ------ ------     ------ Post-Project Occidental 4 Detained

5 Reservoir 23.11 2 724 1.729  4 1351.68 0.435 Swale & Parking Det.

6 Combine 87.34 2 720 6.186 3, 5 ------     ------ Post-Proj to 127th

Northeast Drainage - revised with detention.gpwReturn Period: 100 Year Thursday, Jun 24, 2010

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2009 by Autodesk, Inc. v6.066



Hydrograph Report
Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2009 by Autodesk, Inc. v6.066 Thursday, Jun 24, 2010

Hyd. No.  1 
Pre-Project Occidental 4

Hydrograph type =  SCS Runoff Peak discharge =  110.27 cfs
Storm frequency =  100 yrs Time to peak =  12.13 hrs
Time interval =  2  min Hyd. volume =  9.492 acft
Drainage area =  19.600 ac Curve number =  84
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  TR55 Time of conc. (Tc) =  25.20 min
Total precip. =  7.80 in Distribution =  Type II
Storm duration =  24 hrs Shape factor =  484 
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TR55 Tc Worksheet
2

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2009 by Autodesk, Inc. v6.066

Hyd. No.  1 
Pre-Project Occidental 4

Description A B C Totals

Sheet Flow
Manning's n-value =  0.240 0.011 0.011
Flow length (ft) =  100.0 0.0 0.0
Two-year 24-hr precip. (in) =  3.48 3.48 0.00
Land slope (%) =  1.00 0.00 0.00

Travel Time (min) = 18.06 + 0.00 + 0.00 = 18.06

Shallow Concentrated Flow
Flow length (ft) =  850.00 0.00 0.00
Watercourse slope (%) =  1.50 0.00 0.00
Surface description =  Unpaved Paved Paved
Average velocity (ft/s) =  1.98 0.00 0.00

Travel Time (min) = 7.17 + 0.00 + 0.00 = 7.17

Channel Flow
X sectional flow area (sqft) =  0.00 0.00 0.00
Wetted perimeter (ft) =  0.00 0.00 0.00
Channel slope (%) =  0.00 0.00 0.00
Manning's n-value =  0.015 0.015 0.015
Velocity (ft/s) =  0.00 0.00 0.00
Flow length (ft) =  0.0 0.0 0.0

Travel Time (min) = 0.00 + 0.00 + 0.00 = 0.00

Total Travel Time, Tc .............................................................................. 25.20 min



Hydrograph Report
Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2009 by Autodesk, Inc. v6.066 Thursday, Jun 24, 2010

Hyd. No.  2 
Pre-Project to 127th

Hydrograph type =  Reservoir Peak discharge =  98.45 cfs
Storm frequency =  100 yrs Time to peak =  12.23 hrs
Time interval =  2  min Hyd. volume =  9.492 acft
Inflow hyd. No. =  1 - Pre-Project Occidental 4 Max. Elevation =  1351.75 ft
Reservoir name =  Existing Pond Max. Storage =  1.202 acft

Storage Indication method used.
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Pond Report 4

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2009 by Autodesk, Inc. v6.066 Thursday, Jun 24, 2010

Pond No.  1  -  Existing Pond
Pond Data
Contours - User-defined contour areas. Conic method used for volume calculation. Begining Elevation = 1350.50 ft

Stage / Storage Table
Stage (ft) Elevation (ft) Contour area (sqft) Incr. Storage (acft) Total storage (acft)

0.00 1350.50 23,699 0.000 0.000
0.50 1351.00 42,307 0.374 0.374
1.50 1352.00 54,355 1.107 1.480

Culvert / Orifice Structures Weir Structures

[A] [B] [C] [PrfRsr] [A] [B] [C] [D]

Rise (in) =  0.00 0.00 0.00 0.00
Span (in) =  0.00 0.00 0.00 0.00
No. Barrels =  0 0 0 0
Invert El. (ft) =  0.00 0.00 0.00 0.00
Length (ft) =  0.00 0.00 0.00 0.00
Slope (%) =  0.00 0.00 0.00 n/a
N-Value =  .013 .013 .013 n/a
Orifice Coeff. =  0.60 0.60 0.60 0.60
Multi-Stage =  n/a No No No

Crest Len (ft) =  25.00 50.00 Inactive 0.00
Crest El. (ft) =  1350.50 1351.60 1350.50 0.00
Weir Coeff. =  2.60 2.60 4.40 3.33
Weir Type =  Broad Broad 120degV ---
Multi-Stage =  No No No No

Exfil.(in/hr) =  0.000 (by Wet area)
TW Elev. (ft) =  0.00

Note: Culvert/Orifice outflows are analyzed under inlet (ic) and outlet (oc) control.  Weir risers checked for orifice conditions (ic) and submergence (s).

Stage / Storage / Discharge Table
Stage Storage Elevation Clv A Clv B Clv C PrfRsr Wr A Wr B Wr C Wr D Exfil User Total
ft acft ft cfs cfs cfs cfs cfs cfs cfs cfs cfs cfs cfs

0.00 0.000 1350.50 --- --- --- --- 0.00 0.00 --- --- --- --- 0.000
0.05 0.037 1350.55 --- --- --- --- 0.73 0.00 --- --- --- --- 0.728
0.10 0.075 1350.60 --- --- --- --- 2.06 0.00 --- --- --- --- 2.058
0.15 0.112 1350.65 --- --- --- --- 3.78 0.00 --- --- --- --- 3.782
0.20 0.149 1350.70 --- --- --- --- 5.82 0.00 --- --- --- --- 5.822
0.25 0.187 1350.75 --- --- --- --- 8.14 0.00 --- --- --- --- 8.137
0.30 0.224 1350.80 --- --- --- --- 10.70 0.00 --- --- --- --- 10.70
0.35 0.262 1350.85 --- --- --- --- 13.48 0.00 --- --- --- --- 13.48
0.40 0.299 1350.90 --- --- --- --- 16.47 0.00 --- --- --- --- 16.47
0.45 0.336 1350.95 --- --- --- --- 19.65 0.00 --- --- --- --- 19.65
0.50 0.374 1351.00 --- --- --- --- 22.98 0.00 --- --- --- --- 22.98
0.60 0.484 1351.10 --- --- --- --- 30.21 0.00 --- --- --- --- 30.21
0.70 0.595 1351.20 --- --- --- --- 38.06 0.00 --- --- --- --- 38.06
0.80 0.706 1351.30 --- --- --- --- 46.50 0.00 --- --- --- --- 46.50
0.90 0.816 1351.40 --- --- --- --- 55.49 0.00 --- --- --- --- 55.49
1.00 0.927 1351.50 --- --- --- --- 64.99 0.00 --- --- --- --- 64.99
1.10 1.038 1351.60 --- --- --- --- 74.97 0.00 --- --- --- --- 74.97
1.20 1.148 1351.70 --- --- --- --- 85.43 4.10 --- --- --- --- 89.53
1.30 1.259 1351.80 --- --- --- --- 96.32 11.61 --- --- --- --- 107.94
1.40 1.370 1351.90 --- --- --- --- 107.65 21.34 --- --- --- --- 128.99
1.50 1.480 1352.00 --- --- --- --- 119.41 32.89 --- --- --- --- 152.30



Hydrograph Report
Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2009 by Autodesk, Inc. v6.066 Thursday, Jun 24, 2010

Hyd. No.  3 
Post-Project Occidental 4 Undetained

Hydrograph type =  SCS Runoff Peak discharge =  66.59 cfs
Storm frequency =  100 yrs Time to peak =  12.00 hrs
Time interval =  2  min Hyd. volume =  4.456 acft
Drainage area =  7.200 ac Curve number =  95
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  TR55 Time of conc. (Tc) =  10.40 min
Total precip. =  7.80 in Distribution =  Type II
Storm duration =  24 hrs Shape factor =  484 
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TR55 Tc Worksheet
6

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2009 by Autodesk, Inc. v6.066

Hyd. No.  3 
Post-Project Occidental 4 Undetained

Description A B C Totals

Sheet Flow
Manning's n-value =  0.013 0.011 0.011
Flow length (ft) =  150.0 0.0 0.0
Two-year 24-hr precip. (in) =  3.48 0.00 0.00
Land slope (%) =  1.00 0.00 0.00

Travel Time (min) = 2.42 + 0.00 + 0.00 = 2.42

Shallow Concentrated Flow
Flow length (ft) =  750.00 0.00 0.00
Watercourse slope (%) =  0.60 0.00 0.00
Surface description =  Paved Paved Paved
Average velocity (ft/s) =  1.57 0.00 0.00

Travel Time (min) = 7.94 + 0.00 + 0.00 = 7.94

Channel Flow
X sectional flow area (sqft) =  0.00 0.00 0.00
Wetted perimeter (ft) =  0.00 0.00 0.00
Channel slope (%) =  0.00 0.00 0.00
Manning's n-value =  0.015 0.015 0.015
Velocity (ft/s) =  0.00 0.00 0.00
Flow length (ft) =  0.0 0.0 0.0

Travel Time (min) = 0.00 + 0.00 + 0.00 = 0.00

Total Travel Time, Tc .............................................................................. 10.40 min



Hydrograph Report
Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2009 by Autodesk, Inc. v6.066 Thursday, Jun 24, 2010

Hyd. No.  4 
Post-Project Occidental 4 Detained

Hydrograph type =  SCS Runoff Peak discharge =  25.89 cfs
Storm frequency =  100 yrs Time to peak =  12.00 hrs
Time interval =  2  min Hyd. volume =  1.733 acft
Drainage area =  2.800 ac Curve number =  95
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  TR55 Time of conc. (Tc) =  10.40 min
Total precip. =  7.80 in Distribution =  Type II
Storm duration =  24 hrs Shape factor =  484 
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TR55 Tc Worksheet
8

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2009 by Autodesk, Inc. v6.066

Hyd. No.  4 
Post-Project Occidental 4 Detained

Description A B C Totals

Sheet Flow
Manning's n-value =  0.013 0.011 0.011
Flow length (ft) =  150.0 0.0 0.0
Two-year 24-hr precip. (in) =  3.48 0.00 0.00
Land slope (%) =  1.00 0.00 0.00

Travel Time (min) = 2.42 + 0.00 + 0.00 = 2.42

Shallow Concentrated Flow
Flow length (ft) =  750.00 0.00 0.00
Watercourse slope (%) =  0.60 0.00 0.00
Surface description =  Paved Paved Paved
Average velocity (ft/s) =  1.57 0.00 0.00

Travel Time (min) = 7.94 + 0.00 + 0.00 = 7.94

Channel Flow
X sectional flow area (sqft) =  0.00 0.00 0.00
Wetted perimeter (ft) =  0.00 0.00 0.00
Channel slope (%) =  0.00 0.00 0.00
Manning's n-value =  0.015 0.015 0.015
Velocity (ft/s) =  0.00 0.00 0.00
Flow length (ft) =  0.0 0.0 0.0

Travel Time (min) = 0.00 + 0.00 + 0.00 = 0.00

Total Travel Time, Tc .............................................................................. 10.40 min



Hydrograph Report
Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2009 by Autodesk, Inc. v6.066 Thursday, Jun 24, 2010

Hyd. No.  5 
Swale & Parking Det.

Hydrograph type =  Reservoir Peak discharge =  23.11 cfs
Storm frequency =  100 yrs Time to peak =  12.07 hrs
Time interval =  2  min Hyd. volume =  1.729 acft
Inflow hyd. No. =  4 - Post-Project Occidental 4 Detained Max. Elevation =  1351.68 ft
Reservoir name =  Swale & Parking Detention Max. Storage =  0.435 acft

Storage Indication method used.

9

0 2 4 6 8 10 12 14 16 18 20 22 24 26

Q (cfs)

0.00 0.00

4.00 4.00

8.00 8.00

12.00 12.00

16.00 16.00

20.00 20.00

24.00 24.00

28.00 28.00

Q (cfs)

Time (hrs)

Swale & Parking Det.
Hyd. No. 5 -- 100 Year

  Hyd No. 5   Hyd No. 4   Total storage used = 0.435 acft



Pond Report 10

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2009 by Autodesk, Inc. v6.066 Thursday, Jun 24, 2010

Pond No.  3  -  Swale & Parking Detention
Pond Data
Trapezoid - Bottom L x W = 50.0 x 200.0 ft,  Side slope = 3.00:1,  Bottom elev. = 1350.00 ft,  Depth = 2.00 ft

Stage / Storage Table
Stage (ft) Elevation (ft) Contour area (sqft) Incr. Storage (acft) Total storage (acft)

0.00 1350.00 10,000 0.000 0.000
0.20 1350.20 10,301 0.047 0.047
0.40 1350.40 10,606 0.048 0.095
0.60 1350.60 10,913 0.049 0.144
0.80 1350.80 11,223 0.051 0.195
1.00 1351.00 11,536 0.052 0.247
1.20 1351.20 11,852 0.054 0.301
1.40 1351.40 12,171 0.055 0.356
1.60 1351.60 12,492 0.057 0.413
1.80 1351.80 12,817 0.058 0.471
2.00 1352.00 13,144 0.060 0.530

Culvert / Orifice Structures Weir Structures

[A] [B] [C] [PrfRsr] [A] [B] [C] [D]

Rise (in) =  8.00 0.00 0.00 0.00
Span (in) =  8.00 0.00 0.00 0.00
No. Barrels =  1 0 0 0
Invert El. (ft) =  1350.00 0.00 0.00 0.00
Length (ft) =  100.00 0.00 0.00 0.00
Slope (%) =  0.40 0.00 0.00 n/a
N-Value =  .013 .013 .013 n/a
Orifice Coeff. =  0.60 0.60 0.60 0.60
Multi-Stage =  n/a No No No

Crest Len (ft) =  15.00 Inactive 0.00 0.00
Crest El. (ft) =  1351.10 1350.80 0.00 0.00
Weir Coeff. =  3.33 3.33 3.33 3.33
Weir Type =  Rect Rect --- ---
Multi-Stage =  No No No No

Exfil.(in/hr) =  0.000 (by Wet area)
TW Elev. (ft) =  0.00

Note: Culvert/Orifice outflows are analyzed under inlet (ic) and outlet (oc) control.  Weir risers checked for orifice conditions (ic) and submergence (s).

Stage / Storage / Discharge Table
Stage Storage Elevation Clv A Clv B Clv C PrfRsr Wr A Wr B Wr C Wr D Exfil User Total
ft acft ft cfs cfs cfs cfs cfs cfs cfs cfs cfs cfs cfs

0.00 0.000 1350.00 0.00 --- --- --- 0.00 0.00 --- --- --- --- 0.000
0.02 0.005 1350.02 0.00 oc --- --- --- 0.00 0.00 --- --- --- --- 0.001
0.04 0.009 1350.04 0.01 oc --- --- --- 0.00 0.00 --- --- --- --- 0.005
0.06 0.014 1350.06 0.01 oc --- --- --- 0.00 0.00 --- --- --- --- 0.013
0.08 0.019 1350.08 0.02 ic --- --- --- 0.00 0.00 --- --- --- --- 0.023
0.10 0.023 1350.10 0.04 ic --- --- --- 0.00 0.00 --- --- --- --- 0.035
0.12 0.028 1350.12 0.05 ic --- --- --- 0.00 0.00 --- --- --- --- 0.050
0.14 0.033 1350.14 0.07 ic --- --- --- 0.00 0.00 --- --- --- --- 0.068
0.16 0.037 1350.16 0.09 ic --- --- --- 0.00 0.00 --- --- --- --- 0.088
0.18 0.042 1350.18 0.11 ic --- --- --- 0.00 0.00 --- --- --- --- 0.110
0.20 0.047 1350.20 0.13 ic --- --- --- 0.00 0.00 --- --- --- --- 0.134
0.22 0.051 1350.22 0.16 ic --- --- --- 0.00 0.00 --- --- --- --- 0.161
0.24 0.056 1350.24 0.19 ic --- --- --- 0.00 0.00 --- --- --- --- 0.189
0.26 0.061 1350.26 0.22 ic --- --- --- 0.00 0.00 --- --- --- --- 0.219
0.28 0.066 1350.28 0.25 ic --- --- --- 0.00 0.00 --- --- --- --- 0.251
0.30 0.071 1350.30 0.28 ic --- --- --- 0.00 0.00 --- --- --- --- 0.285
0.32 0.075 1350.32 0.32 oc --- --- --- 0.00 0.00 --- --- --- --- 0.318
0.34 0.080 1350.34 0.35 oc --- --- --- 0.00 0.00 --- --- --- --- 0.351
0.36 0.085 1350.36 0.38 oc --- --- --- 0.00 0.00 --- --- --- --- 0.383
0.38 0.090 1350.38 0.42 oc --- --- --- 0.00 0.00 --- --- --- --- 0.416
0.40 0.095 1350.40 0.45 oc --- --- --- 0.00 0.00 --- --- --- --- 0.449
0.42 0.100 1350.42 0.48 oc --- --- --- 0.00 0.00 --- --- --- --- 0.481
0.44 0.104 1350.44 0.51 oc --- --- --- 0.00 0.00 --- --- --- --- 0.513
0.46 0.109 1350.46 0.54 oc --- --- --- 0.00 0.00 --- --- --- --- 0.544
0.48 0.114 1350.48 0.57 oc --- --- --- 0.00 0.00 --- --- --- --- 0.573
0.50 0.119 1350.50 0.60 oc --- --- --- 0.00 0.00 --- --- --- --- 0.601
0.52 0.124 1350.52 0.63 oc --- --- --- 0.00 0.00 --- --- --- --- 0.627
0.54 0.129 1350.54 0.65 oc --- --- --- 0.00 0.00 --- --- --- --- 0.650
0.56 0.134 1350.56 0.67 oc --- --- --- 0.00 0.00 --- --- --- --- 0.672
0.58 0.139 1350.58 0.69 oc --- --- --- 0.00 0.00 --- --- --- --- 0.689
0.60 0.144 1350.60 0.70 oc --- --- --- 0.00 0.00 --- --- --- --- 0.703
0.62 0.149 1350.62 0.71 oc --- --- --- 0.00 0.00 --- --- --- --- 0.712
0.64 0.154 1350.64 0.71 oc --- --- --- 0.00 0.00 --- --- --- --- 0.713

Continues on next page...



11

Swale & Parking Detention
Stage / Storage / Discharge Table
Stage Storage Elevation Clv A Clv B Clv C PrfRsr Wr A Wr B Wr C Wr D Exfil User Total
ft acft ft cfs cfs cfs cfs cfs cfs cfs cfs cfs cfs cfs

0.66 0.159 1350.66 0.70 oc --- --- --- 0.00 0.00 --- --- --- --- 0.700
0.68 0.164 1350.68 0.69 oc --- --- --- 0.00 0.00 --- --- --- --- 0.690
0.70 0.169 1350.70 0.71 oc --- --- --- 0.00 0.00 --- --- --- --- 0.706
0.72 0.174 1350.72 0.72 oc --- --- --- 0.00 0.00 --- --- --- --- 0.723
0.74 0.180 1350.74 0.74 oc --- --- --- 0.00 0.00 --- --- --- --- 0.738
0.76 0.185 1350.76 0.75 oc --- --- --- 0.00 0.00 --- --- --- --- 0.754
0.78 0.190 1350.78 0.77 oc --- --- --- 0.00 0.00 --- --- --- --- 0.769
0.80 0.195 1350.80 0.78 oc --- --- --- 0.00 0.00 --- --- --- --- 0.784
0.82 0.200 1350.82 0.80 oc --- --- --- 0.00 0.00 --- --- --- --- 0.798
0.84 0.205 1350.84 0.81 oc --- --- --- 0.00 0.00 --- --- --- --- 0.813
0.86 0.210 1350.86 0.83 oc --- --- --- 0.00 0.00 --- --- --- --- 0.827
0.88 0.216 1350.88 0.84 oc --- --- --- 0.00 0.00 --- --- --- --- 0.840
0.90 0.221 1350.90 0.85 oc --- --- --- 0.00 0.00 --- --- --- --- 0.854
0.92 0.226 1350.92 0.87 oc --- --- --- 0.00 0.00 --- --- --- --- 0.867
0.94 0.231 1350.94 0.88 oc --- --- --- 0.00 0.00 --- --- --- --- 0.881
0.96 0.237 1350.96 0.89 oc --- --- --- 0.00 0.00 --- --- --- --- 0.894
0.98 0.242 1350.98 0.91 oc --- --- --- 0.00 0.00 --- --- --- --- 0.906
1.00 0.247 1351.00 0.92 oc --- --- --- 0.00 0.00 --- --- --- --- 0.919
1.02 0.252 1351.02 0.93 oc --- --- --- 0.00 0.00 --- --- --- --- 0.931
1.04 0.258 1351.04 0.94 oc --- --- --- 0.00 0.00 --- --- --- --- 0.944
1.06 0.263 1351.06 0.96 oc --- --- --- 0.00 0.00 --- --- --- --- 0.956
1.08 0.269 1351.08 0.97 oc --- --- --- 0.00 0.00 --- --- --- --- 0.968
1.10 0.274 1351.10 0.98 oc --- --- --- 0.00 0.00 --- --- --- --- 0.980
1.12 0.279 1351.12 0.99 oc --- --- --- 0.14 0.00 --- --- --- --- 1.133
1.14 0.285 1351.14 1.00 oc --- --- --- 0.40 0.00 --- --- --- --- 1.403
1.16 0.290 1351.16 1.01 oc --- --- --- 0.74 0.00 --- --- --- --- 1.749
1.18 0.295 1351.18 1.03 oc --- --- --- 1.13 0.00 --- --- --- --- 2.157
1.20 0.301 1351.20 1.04 oc --- --- --- 1.58 0.00 --- --- --- --- 2.616
1.22 0.306 1351.22 1.05 oc --- --- --- 2.08 0.00 --- --- --- --- 3.124
1.24 0.312 1351.24 1.06 oc --- --- --- 2.62 0.00 --- --- --- --- 3.676
1.26 0.317 1351.26 1.07 oc --- --- --- 3.20 0.00 --- --- --- --- 4.267
1.28 0.323 1351.28 1.08 oc --- --- --- 3.82 0.00 --- --- --- --- 4.897
1.30 0.328 1351.30 1.09 oc --- --- --- 4.47 0.00 --- --- --- --- 5.561
1.32 0.334 1351.32 1.10 oc --- --- --- 5.15 0.00 --- --- --- --- 6.255
1.34 0.339 1351.34 1.11 oc --- --- --- 5.87 0.00 --- --- --- --- 6.984
1.36 0.345 1351.36 1.12 oc --- --- --- 6.62 0.00 --- --- --- --- 7.745
1.38 0.350 1351.38 1.13 oc --- --- --- 7.40 0.00 --- --- --- --- 8.534
1.40 0.356 1351.40 1.14 oc --- --- --- 8.21 0.00 --- --- --- --- 9.352
1.42 0.362 1351.42 1.15 oc --- --- --- 9.04 0.00 --- --- --- --- 10.20
1.44 0.367 1351.44 1.16 oc --- --- --- 9.90 0.00 --- --- --- --- 11.06
1.46 0.373 1351.46 1.17 oc --- --- --- 10.79 0.00 --- --- --- --- 11.96
1.48 0.379 1351.48 1.18 oc --- --- --- 11.70 0.00 --- --- --- --- 12.88
1.50 0.384 1351.50 1.19 oc --- --- --- 12.64 0.00 --- --- --- --- 13.83
1.52 0.390 1351.52 1.20 oc --- --- --- 13.60 0.00 --- --- --- --- 14.80
1.54 0.396 1351.54 1.21 oc --- --- --- 14.58 0.00 --- --- --- --- 15.79
1.56 0.401 1351.56 1.22 oc --- --- --- 15.59 0.00 --- --- --- --- 16.81
1.58 0.407 1351.58 1.23 oc --- --- --- 16.61 0.00 --- --- --- --- 17.84
1.60 0.413 1351.60 1.24 oc --- --- --- 17.66 0.00 --- --- --- --- 18.90
1.62 0.418 1351.62 1.25 oc --- --- --- 18.73 0.00 --- --- --- --- 19.98
1.64 0.424 1351.64 1.26 oc --- --- --- 19.82 0.00 --- --- --- --- 21.08
1.66 0.430 1351.66 1.27 oc --- --- --- 20.94 0.00 --- --- --- --- 22.20
1.68 0.436 1351.68 1.28 oc --- --- --- 22.07 0.00 --- --- --- --- 23.34
1.70 0.442 1351.70 1.28 oc --- --- --- 23.21 0.00 --- --- --- --- 24.50
1.72 0.447 1351.72 1.29 oc --- --- --- 24.38 0.00 --- --- --- --- 25.68
1.74 0.453 1351.74 1.30 oc --- --- --- 25.58 0.00 --- --- --- --- 26.88
1.76 0.459 1351.76 1.31 oc --- --- --- 26.78 0.00 --- --- --- --- 28.10
1.78 0.465 1351.78 1.32 oc --- --- --- 28.01 0.00 --- --- --- --- 29.33
1.80 0.471 1351.80 1.33 oc --- --- --- 29.26 0.00 --- --- --- --- 30.59
1.82 0.477 1351.82 1.34 oc --- --- --- 30.51 0.00 --- --- --- --- 31.85
1.84 0.483 1351.84 1.35 oc --- --- --- 31.80 0.00 --- --- --- --- 33.14
1.86 0.488 1351.86 1.35 oc --- --- --- 33.10 0.00 --- --- --- --- 34.45
1.88 0.494 1351.88 1.36 oc --- --- --- 34.41 0.00 --- --- --- --- 35.77
1.90 0.500 1351.90 1.37 oc --- --- --- 35.74 0.00 --- --- --- --- 37.12
1.92 0.506 1351.92 1.38 oc --- --- --- 37.09 0.00 --- --- --- --- 38.47
1.94 0.512 1351.94 1.39 oc --- --- --- 38.45 0.00 --- --- --- --- 39.84
1.96 0.518 1351.96 1.40 oc --- --- --- 39.84 0.00 --- --- --- --- 41.23
1.98 0.524 1351.98 1.40 oc --- --- --- 41.23 0.00 --- --- --- --- 42.64
2.00 0.530 1352.00 1.41 oc --- --- --- 42.65 0.00 --- --- --- --- 44.06

...End



Hydrograph Report
Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2009 by Autodesk, Inc. v6.066 Thursday, Jun 24, 2010

Hyd. No.  6 
Post-Proj to 127th

Hydrograph type =  Combine Peak discharge =  87.34 cfs
Storm frequency =  100 yrs Time to peak =  12.00 hrs
Time interval =  2  min Hyd. volume =  6.186 acft
Inflow hyds. =  3, 5 Contrib. drain. area =  7.200 ac

12
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Post-Proj to 127th
Hyd. No. 6 -- 100 Year

  Hyd No. 6   Hyd No. 3   Hyd No. 5
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Appendix 2.6 – 127th Street Culvert Calculations 



Culvert Report
Hydraflow Express Extension for AutoCAD® Civil 3D® 2009 by Autodesk, Inc. Friday, Jun 11 2010

127th Street Culvert

Invert Elev Dn (ft) =  1344.70
Pipe Length (ft) =  35.00
Slope (%) =  2.00
Invert Elev Up (ft) =  1345.40
Rise (in) =  28.0
Shape =  Ell
Span (in) =  20.0
No. Barrels =  1
n-Value =  0.023
Inlet Edge =  Projecting
Coeff. K,M,c,Y,k =  0.0045, 2, 0.0317, 0.69, 0.5

Embankment
Top Elevation (ft) =  1348.90
Top Width (ft) =  20.00
Crest Width (ft) =  50.00

Calculations
Qmin (cfs) =  0.00
Qmax (cfs) =  120.00
Tailwater Elev (ft) =  Normal

Highlighted
Qtotal (cfs) =  110.00
Qpipe (cfs) =  22.30
Qovertop (cfs) =  87.70
Veloc Dn (ft/s) =  8.57
Veloc Up (ft/s) =  7.30
HGL Dn (ft) =  1346.57
HGL Up (ft) =  1348.04
Hw Elev (ft) =  1349.56
Hw/D (ft) =  1.78
Flow Regime =  Inlet Control



QQQ VelocVeloc DepthDepth HGLHGLHGLHGL

Total Pipe Over Dn Up Dn Up Dn Up Hw Hw/D

(cfs) (cfs) (cfs) (ft/s) (ft/s) (in) (in) (ft) (ft) (ft)

10.00 10.00 0.00 8.68 3.27 11.20 28.00 1345.63 1347.81 1347.89 1.07

20.00 18.23 1.77 8.74 5.97 18.20 28.00 1346.22 1347.91 1348.94 1.52

30.00 18.61 11.39 8.92 6.09 18.20 28.00 1346.22 1347.98 1349.04 1.56

40.00 20.69 19.31 8.49 6.77 21.00 28.00 1346.45 1347.93 1349.16 1.61

50.00 20.96 29.04 8.60 6.86 21.00 28.00 1346.45 1347.97 1349.22 1.64

60.00 21.14 38.86 8.67 6.92 21.00 28.00 1346.45 1348.00 1349.27 1.66

70.00 21.34 48.66 8.76 6.99 21.00 28.00 1346.45 1348.03 1349.32 1.68

80.00 21.49 58.51 8.82 7.04 21.00 28.00 1346.45 1348.05 1349.35 1.69

90.00 21.74 68.26 8.92 7.12 21.00 28.00 1346.45 1348.09 1349.41 1.72

100.00 22.22 77.78 9.12 7.28 21.00 28.00 1346.45 1348.16 1349.54 1.77

110.00 22.30 87.70 8.57 7.30 22.40 28.00 1346.57 1348.04 1349.56 1.78

120.00 22.38 97.62 8.60 7.33 22.40 28.00 1346.57 1348.05 1349.58 1.79

Hydraflow Express - 127th Street Culvert - 06/11/10



Culvert Report
Hydraflow Express Extension for AutoCAD® Civil 3D® 2009 by Autodesk, Inc. Friday, Jun 11 2010

127th Street Culvert

Invert Elev Dn (ft) =  1344.70
Pipe Length (ft) =  35.00
Slope (%) =  2.00
Invert Elev Up (ft) =  1345.40
Rise (in) =  29.0
Shape =  Ell
Span (in) =  45.0
No. Barrels =  2
n-Value =  0.013
Inlet Edge =  Projecting
Coeff. K,M,c,Y,k =  0.0045, 2, 0.0317, 0.69, 0.5

Embankment
Top Elevation (ft) =  1348.90
Top Width (ft) =  20.00
Crest Width (ft) =  50.00

Calculations
Qmin (cfs) =  0.00
Qmax (cfs) =  90.00
Tailwater Elev (ft) =  Normal

Highlighted
Qtotal (cfs) =  90.00
Qpipe (cfs) =  90.00
Qovertop (cfs) =  0.00
Veloc Dn (ft/s) =  7.01
Veloc Up (ft/s) =  7.01
HGL Dn (ft) =  1346.75
HGL Up (ft) =  1347.45
Hw Elev (ft) =  1348.40
Hw/D (ft) =  1.24
Flow Regime =  Inlet Control



QQQ VelocVeloc DepthDepth HGLHGLHGLHGL

Total Pipe Over Dn Up Dn Up Dn Up Hw Hw/D

(cfs) (cfs) (cfs) (ft/s) (ft/s) (in) (in) (ft) (ft) (ft)

10.00 10.00 0.00 2.71 13.01 8.70 2.90 1345.43 1345.64 1347.06 0.69

20.00 20.00 0.00 3.73 3.73 11.60 11.60 1345.67 1346.37 1346.59 0.49

30.00 30.00 0.00 4.21 4.21 14.50 14.50 1345.91 1346.61 1346.90 0.62

40.00 40.00 0.00 4.51 4.51 17.40 17.40 1346.15 1346.85 1347.20 0.75

50.00 50.00 0.00 5.14 5.14 18.85 18.85 1346.27 1346.97 1347.44 0.84

60.00 60.00 0.00 5.69 5.69 20.30 20.30 1346.39 1347.09 1347.67 0.94

70.00 70.00 0.00 6.16 6.16 21.75 21.75 1346.51 1347.21 1347.91 1.04

80.00 80.00 0.00 6.60 6.60 23.20 23.20 1346.63 1347.33 1348.15 1.14

90.00 90.00 0.00 7.01 7.01 24.65 24.65 1346.75 1347.45 1348.40 1.24

Hydraflow Express - 127th Street Culvert - 06/11/10
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Tab 3.  Post-Development Conditions 

Description 
The site is 31.6 acres that will develop for commercial usage.  Eight of the lots are approximately 
1.0 acre in size, the 9th lot is 1.7 acres in size and the remaining two lots are larger commercial 
lots that are 7.1 acres and 11.7 acres.   

Drainage Calculations 

Runoff Method 
The site was modeled using Hydraflow Hydrographs by AutoCAD 2009, Appendix 2.5.  The 
model was originally created for the USD 259 4th Addition Drainage Report..   

Rainfall 
The rainfall information used is from the Kansas Department of Transportation Rainfall Depth 
Tables for Kansas Counties June 1997.  The rainfall values used are shown in Table 3.1.   

Table 3.1. 24-Hour Rainfall Depths. 

 2-Yr 5-Yr 10-Yr 25-Yr 100-Yr 

Sedgwick 3.50 4.53 5.24 6.24 7.80 

Time of Concentration 
Time of concentration was calculated using theTR-55 method.  Calculations are in Appendix 2.5.   

Curve Numbers 
Weighted curve numbers were calculated to represent the land usage of the basins.  A curve 
number of 95 was used to represent the commercial development.  The curve numbers are 
shown in Table 3.2.   

Drainage Patterns 
The site will continue to drain in three directions.  The basin draining to the north (Occidental 1) 
will drain to the proposed detention pond provided in the USD 259 4th Addition.  The dividing line 
between the northeast basin (Occidental 4) and the south basin (Occidental 2 & 3) will be graded 
to route a portion of Occidental 4 to the south and west and into detention ponds provided with 
the USD 259 4th Addition.  The Occidental 4 basin will be reduced from 19.6 acres to 10.0 acres.  
Decreasing the size of the area draining to 127th Street will reduce the peak flow rate to 127th 
Street below pre-development flow rates during larger design storms, but not the smaller design 
storms.  Parking lots and swales will be used to provide an additional 0.4 acre-feet of detention to 
reduce the peak flow rate of the smaller design storms.  The locations of the detention facilities 
and the outlet structures will be determined when the site plan for this area is developed.  Even 
though the peak flow rate to the 127th Street culvert has been decreased from pre-development 
conditions the existing culvert under 127th Street still does not have the capacity to convey the 
flow from the development.  This culvert will be replaced by 2-29”x45” Horizontal Elliptical 
Concrete Pipes (HECP), the equivalent to 2-36” round pipes.  By increasing the pipe sizes 127th 
Street will not overtop during a 100-year design storm.  The pipes were analyzed using Hydraflow 
Express, Appendix 2.6.   

The detention pond provided in the USD 259 4th Addition will be constructed prior to development 
of this site.  If the pond is not in place, temporary detention may need to be provided.   
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Table 3.1.  Post-Development Flow Rates. 

Description Area 
(ac.) 

Tc 
(min.) 

CN Design Storm Flows (cfs) 

2-Yr 5-Yr 10-Yr 25-Yr 100-Yr 

North Total* - - - 61.8 81.8 94.3 113.6 146.0 

South Total* - - - 283.1 401.3 476.0 604.0 825.1 

To 127th/Occ. 4 10.0 10.4 95.0 29.3 43.6 54.1 68.3 87.3 

* From USD 259 4th Addition May 7, 2010 Drainage Report by Ruggles and Bohm.   

Utilities 

Storm Water Sewer 
Proposed storm water sewer will convey runoff from the lots to the proposed detention ponds on 
the USD 259 4th Addition property and to 127th Street.  Storm sewer has been sized to convey the 
5-year design event with overland escape routes for larger design events.  The Storm Water 
Sewer layout is shown on the Drainage and Utility Plan, Appendix 3.1.    Pipe sizing calculations 
were done using Hydraflow Storm Sewers by AutoCAD 2009, Appendix 3.2.  

Water 
The proposed water system will tie into the existing system north of Pawnee Road.  The water 
line will run along the north line of lot 10 and along the back of the remaining lots. 

Sanitary Sewer 
A sanitary sewer line serves the existing residential addition north of Pawnee Road.  A proposed 
sanitary sewer line will connect into this existing line and will flow from south to north, west of the 
west property line of this development.  A line will also be constructed south of Lots 1-9 Block 1 to 
serve the development.   

Minimum Lowest Opening 
Lot 1 Block 1 will have a minimum lowest opening of 1354.5.  Lot 10 Block 1 will have a minimum 
lowest opening of 1357.1.  Lot 11 Block 1 will have a minimum lowest opening of 1356.5.  These 
elevations are 3 feet above the 100-year water surface elevation of the adjacent detention 
facilities. 

Water Quality 
The water quality volume for the site was calculated to be 2.7 acre-feet, Appendix 3.3.  The water 
quality will be provided at the time of development.  The location and method will be determined 
with the final site design.  The calculations will be updated as needed based on the final site 
design.   

Channel Protection 
The channel protection volume for the site was calculated to be 4.1 acre-feet, Appendix 3.3.  The 
water quality will be provided at the time of development.  The location and method will be 
determined with the final site design.  The calculations will be updated as needed based on the 
final site design.   
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Appendix 3.1 – Drainage and Utility Plan 
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Appendix 3.2 – Hydraflow Storm Sewers 
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Hydraflow Storm Sewers Extension for AutoCAD® Civil 3D® 2009 Plan

Project File:  Preliminary Pipe Sizing 6-2010.stm Number of lines: 19 Date:  06-14-2010

Hydraflow Storm Sewers Extension v6.066



Storm Sewer Tabulation Page  1 

Station Len Drng Area Rnoff Area x C Tc Rain Total Cap Vel Pipe Invert Elev HGL Elev Grnd / Rim Elev Line ID
coeff (I) flow full

Line To Incr Total Incr Total Inlet Syst Size Slope Dn Up Dn Up Dn Up
Line

(ft) (ac) (ac) (C) (min) (min) (in/hr) (cfs) (cfs) (ft/s) (in) (%) (ft) (ft) (ft) (ft) (ft) (ft)

1 End 88.411 0.10 8.10 0.87 0.09 7.05 15.0 18.8 4.2 29.80 25.57 6.09 36 0.15 1349.50 1349.63 1351.24 1351.91 1351.50 1353.50 36 RCP

2 1 93.974 1.00 8.00 0.87 0.87 6.96 15.0 18.4 4.3 29.70 25.74 4.20 36 0.15 1349.73 1349.87 1352.73 1352.87 1353.50 1353.50 36 RCP

3 2 117.623 1.50 7.00 0.87 1.31 6.09 15.0 17.8 4.3 26.34 26.09 3.73 36 0.15 1349.97 1350.15 1353.01 1353.15 1353.50 1353.50 36 RCP

4 3 117.623 1.60 5.50 0.87 1.39 4.79 15.0 17.4 4.4 20.94 16.05 4.27 30 0.15 1350.25 1350.43 1353.26 1353.56 1353.50 1354.10 30 RCP

5 4 161.396 1.50 3.90 0.87 1.31 3.39 15.0 16.5 4.5 15.18 18.26 3.09 30 0.20 1350.53 1350.85 1353.71 1353.93 1354.10 1354.80 30 RCP

6 5 150.742 1.40 2.40 0.87 1.22 2.09 15.0 15.7 4.6 9.55 10.09 3.04 24 0.20 1350.95 1351.25 1354.00 1354.27 1354.80 1355.50 24 RCP

7 6 135.454 1.00 1.00 0.87 0.87 0.87 15.0 15.0 4.7 4.06 4.08 3.30 15 0.40 1351.35 1351.89 1354.34 1354.88 1355.50 1356.70 15 RCP

8 End 83.405 0.30 1.70 0.87 0.26 1.48 15.0 18.3 4.3 6.32 6.60 4.68 18 0.40 1350.00 1350.33 1350.96 1351.57 1352.00 1352.00 18 RCP

9 8 179.507 0.30 1.40 0.87 0.26 1.22 15.0 17.3 4.4 5.34 6.65 3.75 18 0.40 1350.43 1351.15 1351.69 1352.18 1352.00 1353.00 18 RCP

10 9 150.034 0.30 1.10 0.87 0.26 0.96 15.0 16.6 4.5 4.27 4.08 3.77 15 0.40 1351.25 1351.85 1352.34 1352.94 1353.00 1353.70 15 RCP

11 10 149.606 0.30 0.80 0.87 0.26 0.70 15.0 16.0 4.5 3.16 2.26 4.02 12 0.40 1351.95 1352.55 1353.05 1354.23 1353.70 1354.60 12 RCP

12 11 149.406 0.50 0.50 0.87 0.44 0.44 15.0 15.0 4.7 2.03 2.26 2.58 12 0.40 1352.65 1353.25 1354.35 1354.84 1354.60 1355.70 12 RCP

13 End 58.687 0.40 1.40 0.87 0.35 1.22 15.0 17.5 4.4 5.32 6.72 4.23 18 0.41 1350.52 1350.76 1351.52 1351.77 1352.00 1352.00 18 RCP

14 13 228.915 0.30 1.00 0.87 0.26 0.87 15.0 16.3 4.5 3.92 4.09 3.56 15 0.40 1350.86 1351.78 1351.99 1352.77 1352.00 1353.80 15 RCP

15 14 154.033 0.20 0.70 0.87 0.17 0.61 15.0 15.5 4.6 2.80 2.26 3.56 12 0.40 1351.88 1352.50 1352.88 1353.83 1353.80 1354.70 12 RCP

16 15 83.906 0.50 0.50 0.87 0.44 0.44 15.0 15.0 4.7 2.03 2.27 2.58 12 0.41 1352.60 1352.94 1353.93 1354.20 1354.70 1355.40 12 RCP

17 End 279.907 1.70 6.00 0.87 1.48 5.22 15.0 15.8 4.6 23.78 25.94 6.10 30 0.40 1348.50 1349.62 1350.29 1351.54 1350.00 1353.20 30 RCP

18 17 153.880 1.40 4.30 0.87 1.22 3.74 15.0 15.4 4.6 17.26 14.36 5.49 24 0.40 1349.72 1350.34 1351.81 1352.71 1353.20 1353.40 24 RCP

19 18 84.059 2.90 2.90 0.87 2.52 2.52 15.0 15.0 4.7 11.76 14.39 3.74 24 0.40 1350.34 1350.68 1352.94 1353.17 1353.40 1353.60 24 RCP

Project File:  Preliminary Pipe Sizing 6-2010.stm Number of lines: 19 Run Date:  06-14-2010

NOTES: Intensity = 64.67 / (Inlet time + 13.40) ^ 0.79;  Return period =  5  Yrs.   ;  c = cir  e = ellip  b = box

Hydraflow Storm Sewers Extension v6.066



Storm Sewer Summary Report Page  1 

Line Line ID Flow Line Line Line Invert Invert Line HGL HGL Minor HGL Dns Junction
No. rate size shape length EL Dn EL Up slope down up loss Junct line Type

(cfs) (in) (ft) (ft) (ft) (%) (ft) (ft) (ft) (ft) No.

1 36 RCP 29.80 36 Cir 88.411 1349.50 1349.63 0.147 1351.24 1351.91 0.40 1352.31 End Curb-Horiz

2 36 RCP 29.70 36 Cir 93.974 1349.73 1349.87 0.149 1352.73 1352.87 0.14 1353.01 1 Curb-Horiz

3 36 RCP 26.34 36 Cir 117.623 1349.97 1350.15 0.153 1353.01 1353.15 0.11 1353.26 2 Curb-Horiz

4 30 RCP 20.94 30 Cir 117.623 1350.25 1350.43 0.153 1353.26* 1353.56* 0.14 1353.71 3 Curb-Horiz

5 30 RCP 15.18 30 Cir 161.396 1350.53 1350.85 0.198 1353.71* 1353.93* 0.07 1354.00 4 Curb-Horiz

6 24 RCP 9.55 24 Cir 150.742 1350.95 1351.25 0.199 1354.00* 1354.27* 0.07 1354.34 5 Curb-Horiz

7 15 RCP 4.06 15 Cir 135.454 1351.35 1351.89 0.399 1354.34* 1354.88* 0.17 1355.05 6 Curb-Horiz

8 18 RCP 6.32 18 Cir 83.405 1350.00 1350.33 0.396 1350.96 1351.57 0.13 1351.69 End Curb-Horiz

9 18 RCP 5.34 18 Cir 179.507 1350.43 1351.15 0.401 1351.69 1352.18 0.13 1352.31 8 Curb-Horiz

10 15 RCP 4.27 15 Cir 150.034 1351.25 1351.85 0.400 1352.34 1352.94 0.11 1353.05 9 Curb-Horiz

11 12 RCP 3.16 12 Cir 149.606 1351.95 1352.55 0.401 1353.05* 1354.23* 0.13 1354.35 10 Curb-Horiz

12 12 RCP 2.03 12 Cir 149.406 1352.65 1353.25 0.402 1354.35* 1354.84* 0.10 1354.94 11 Curb-Horiz

13 18 RCP 5.32 18 Cir 58.687 1350.52 1350.76 0.409 1351.52 1351.77 0.23 1351.99 End Curb-Horiz

14 15 RCP 3.92 15 Cir 228.915 1350.86 1351.78 0.402 1351.99 1352.77 0.11 1352.88 13 Curb-Horiz

15 12 RCP 2.80 12 Cir 154.033 1351.88 1352.50 0.403 1352.88* 1353.83* 0.10 1353.93 14 Curb-Horiz

16 12 RCP 2.03 12 Cir 83.906 1352.60 1352.94 0.405 1353.93* 1354.20* 0.10 1354.31 15 Curb-Horiz

17 30 RCP 23.78 30 Cir 279.907 1348.50 1349.62 0.400 1350.29 1351.54 0.27 1351.81 End Curb-Horiz

18 24 RCP 17.26 24 Cir 153.880 1349.72 1350.34 0.403 1351.81* 1352.71* 0.23 1352.94 17 Curb-Horiz

19 24 RCP 11.76 24 Cir 84.059 1350.34 1350.68 0.405 1352.94* 1353.17* 0.22 1353.39 18 Curb-Horiz

Project File:  Preliminary Pipe Sizing 6-2010.stm Number of lines: 19 Run Date: 06-14-2010

NOTES:  Return period = 5 Yrs.  ; *Surcharged (HGL above crown).

Hydraflow Storm Sewers Extension v6.066
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Appendix 3.3 – Water Quality & Channel Protection 



Land Use
Average % 
Impervious

Area 
(ac) Land Use

Average % 
Impervious

Area 
(ac) Land Use

Average % 
Impervious

Area 
(ac) Land Use

Average % 
Impervious

Area 
(ac)

Commercial and Business 85% Commercial and Business 85% Commercial and Business 85% Commercial and Business 85% 31.6
Industrial 72% Industrial 72% Industrial 72% Industrial 72%
Residential 1/8 acre or less (townhouse) 65% Residential 1/8 acre or less (townhouse) 65% Residential 1/8 acre or less (townhouse) 65% Residential 1/8 acre or less (townhouse) 65%
Residential 1/4 acre 38% Residential 1/4 acre 38% Residential 1/4 acre 38% Residential 1/4 acre 38%
Residential 1/3 acre 30% Residential 1/3 acre 30% Residential 1/3 acre 30% Residential 1/3 acre 30%
Residential 1/2 acre 25% Residential 1/2 acre 25% Residential 1/2 acre 25% Residential 1/2 acre 25%
Residential 1 acre 20% Residential 1 acre 20% Residential 1 acre 20% Residential 1 acre 20%
Residential 2 acres 12% Residential 2 acres 12% Residential 2 acres 12% Residential 2 acres 12%
Impervious Area (acres) 0 Impervious Area (acres) 0 Impervious Area (acres) 0 Impervious Area (acres) 26.86

Land Use CN
Area 
(ac) Land Use CN

Area 
(ac) Land Use CN

Area 
(ac) Land Use CN

Area 
(ac)

Pre-Developed or Undisturbed Pervious 55 Pre-Developed or Undisturbed Pervious 71 Pre-Developed or Undisturbed Pervious 80 Pre-Developed or Undisturbed Pervious 84
Developed or Disturbed Pervious 71 Developed or Disturbed Pervious 80 Developed or Disturbed Pervious 84 Developed or Disturbed Pervious 88 4.7
Impervious 98 0 Impervious 98 Impervious 98 0 Impervious 98 26.9
Composite Curve Number HSG A (CN) 0.0 0 Composite Curve Number HSG B (CN) 0.0 0 Composite Curve Number HSG C (CN) 0.0 0 Composite Curve Number HSG D (CN) 96.5 31.6

96.5
31.6Total Area (A) (acres)

Composite Curve Number (CN)
HSG A HSG B HSG C HSG D

Total Weighted Composite Curve Number (CN)

Curve Number Calculations
Sierra Pointe

Estimate Imperviousness per Land Use
HSG A HSG B HSG C HSG D
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Land Use Area (ac) RV Area (ac) RV Area (ac) RV Area (ac) RV
Undisturbed 0.02 0.03 0.04 0.05 0
Disturbed Pervious 0.15 0.20 0.22 4.7 0.25 4.7
Impervious Cover 0.95 0.95 0.95 26.9 0.95 26.9
Total Area (ac) 0.00 0.00 0.00 31.6 31.6
Volumetric Runoff Coefficient (RV) 0.00 0.00 0.00 0.85 0.85

1.2
2.67
1.02
No

0.80Redevelopment Water Quality Protection Volume (WQV) (ac-ft)

Water Quality Protection Volume (QWV) (in)

A B C D

Sierra Pointe
Water Quality Volume Calculations

Redevelopment

Total 
Area (ac)

Volumentric Runoff Coefficients by Land Use and Hydraulic Soil Group

Rainfall Depth (P) (in)
Water Quality Protection Volume (WQV) (ac-ft)

Hydrologic Soil Group
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Rainfall Depth (P) (in) 2.80
Volumetric Runoff Coefficient (RV) 0.85
Total Area (A) (ac) 31.60
Pond and Swamp Areas (% of Drainage Area) 0.00
Pond & Swamp Adjustment Factors (FP) 1.00
Water Quality Protection Volume (Qwv) (in) 2.37
Curve Number (CN) 96.5
Potential Maximum Abstraction (S) 0.36
Initial Abstraction (Ia) 0.07
Initial Abstraction/Rainfall Depth (Ia/P) 0.03
Time of Concentration (Tc) (min) 10.40
Time of Concentration (Tc) (hr) 0.17
Unit Peak Discharge (qu) (csm/in) (Figure 4-6) 850.00
Water Quality Peak Flow (Qwq)(cfs) 99.40
Rainfall Excess (Q) (in) 2.41
Peak Discharge (Qp) 101.03
Ratio of Outflow to Inflow (q0/qi) (Figure 4-17) 0.03
Ratio of Storage Volume to Runoff Volume (Vs/Vr) 0.64
Channel Protection Volume (CPv) (ac-ft) 4.06
Redevelopment No
Redevelopment Channel Protection Volume (CPv) (ac-ft) 1.22

Channel Protection Volume Calculations
Sierra Pointe
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Tab 4.  Floodplain Submittal 
There are no FEMA floodplains on this site.   
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Tab 5.  Permits 

US Army Corps of Engineers 
There are blue lines on the USGS Quadrangle map on the site.  Therefore no permit will be 
required.   

Kansas Department of Agriculture 
The site does not change any waterways or provide detention, therefore division of water 
resources permits.   

Federal Emergency Agency (FEMA) 
There are no FEMA floodplains on site, therefore no LOMC applications are required. 

Kansas Department of Transportation 
There are no state highways on site.   

Sedgwick County Right-of-way Permit 
Not applicable. 

 

 

 

 

 


	Table of Contents
	Tab 0.  Checklist
	Tab 1.  Project Narrative
	Location
	Discussion of Development
	Drainage Summary
	Pre-Development
	Post-Development

	Best Management Practices

	Appendix 1.1 – USGS Quadrangle Map
	Appendix 1.2 – Plat
	Appendix 1.3 – Drainage Patterns
	Appendix 1.4 – Preliminary Grading Plan
	Tab 2.  Existing Conditions
	Description
	FEMA Floodplains
	Soils
	Drainage Calculations
	Runoff Method
	Rainfall
	Time of Concentration
	Curve Numbers
	Drainage Patterns

	Utilities
	Groundwater Elevations

	Appendix 2.1 – Aerial Photograph
	Appendix 2.2 – Existing Conditions Map
	Appendix 2.3 – Flood Insurance Rate Map (FIRM)
	Appendix 2.4 – Soil Survey
	Appendix 2.5 – Hydraflow Hydrographs Output
	Appendix 2.6 – 127th Street Culvert Calculations
	Tab 3.  Post-Development Conditions
	Description
	Drainage Calculations
	Runoff Method
	Rainfall
	Time of Concentration
	Curve Numbers
	Drainage Patterns

	Utilities
	Storm Water Sewer
	Water
	Sanitary Sewer

	Minimum Lowest Opening
	Water Quality
	Channel Protection

	Appendix 3.1 – Drainage and Utility Plan
	Appendix 3.2 – Hydraflow Storm Sewers
	Appendix 3.3 – Water Quality & Channel Protection
	Tab 4.  Floodplain Submittal
	Tab 5.  Permits
	US Army Corps of Engineers
	Kansas Department of Agriculture
	Federal Emergency Agency (FEMA)
	Kansas Department of Transportation
	Sedgwick County Right-of-way Permit




