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Newmarket Square Addition is a 67 acre commercial development in Northwest
Wichita, Kansas. The drainage plan, supporting computations and data required
for platting are presented herein. The analysis made is based on the available
site data which includes the following: 1" = 100’ topographic map with 2' contours
of the site and adjacent areas; Sedgwick County Soil Survey Map; Wichita West,
Kansas Quadrangle Topographic Map and references noted herein.

Hydrology

The proposed plat lies in the S.E. 1/4, Section 6, T27S, R1W. The existing
fandscape is a grass farm and is quite flat with poor drainage. A pond along the
west edge of the plat will store drainage from nearly two-thirds of the total area
being platted. Due to economics, the pond system will serve to detain nearly
100% of storm water runoff from a 105 acre area for a 100 year storm.
Approximately half of the drainage area from lots abutting 21st Street and Maize
Road (lots 2-8) will drain to connections made to future storm sewers or
proposed street inlets.

A hydrologic model for the pond has been designed to establish minimum
openings for specific lots affected by head developed in the pond. Minimum
opening on other lots not near the pond is a function of storm sewer overflow
locations for each locality and will be governed by the individual grading plans for
each parcel.

Future development has been considered in analyzing the detention pond basin.
West of the pond will be single family developments and north of the pond will be
a mixture of land uses ranging from multi-family to office parks. In residential
areas, the minor storm has a recurrence interval of two years and in commercial
areas it has a recurrence interval of five years. The major storm evaluated has a
recurrence interval of one hundred years. The Rational Method has been used
to determine runoff quantities for all storm sewer systems that serve the
development in accordance with the reference materials. Runoff coefficients
were estimated based on tables presented in the Design Aids section. A
minimum time of concentration of 15 minutes has been assumed.
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Inlet Design

Curb-deep flow is tolerable for the minor storm and each inlet has been checked
to ensure street flooding and inlet capacity is appropriately sized for the minor
storm. A “cascade effect” has been designed to provide a drainage release point
in the event of system failure for the storm sewer system. Future storm sewer
systems directed toward the pond should be designed for the minor storm but
owners and designers should consider the amount of parking lot flooding
tolerable and the time it will take for it to drain out. (See Table herein) In any
case, all inlets should be cascaded in the event of pipe or inlet blockage with an
overland outlet.

Inlet capacities were determined by the methods described in the reference
materials using Chart #12 in the Design Aids section. It has been assumed that
1/4 in./ft. street cross-slopes, City of Wichita 6-5/8" standard curb and gutter and
Type 1A street inlets will be used throughout. City of Wichita standard grate
inlets have been assumed for all area inlet drains. Minimum walk grade has
been assumed to be 0.5 feet above top of curb unless otherwise noted.

Pipe Design

Storm sewers are designed for the minor storm, with major storm overflows to be
routed through easements and rights-of-way to an appropriate_ outlet.

Hydraulic computation for the storm sewer pipe systems was performed using
PEC's STORM computer program. This program uses Manning's Equation to
calculate friction losses for pipes flowing full. Minor losses are computed by
momentum principles at each structure. All pipes were assumed to be reinforced
concrete with a Manning’s “n” factor of 0.013. The hydraulic grade line has been
checked to ensure that it is at least one foot below the top of curb elevations for
the minor storm in all cases.

To simplify the analysis it has been assumed that time of concentration is
identical for both pipe flow and street flow for both major and minor storms: a
conservative estimate since pipe velocities generally exceed gutter velocities.

All channels have been sized using major storm discharges (Q100) and FEMA's
QUICK-2 computer program. This program uses Manning's equation for open
channel flow to calculate a normal depth by iteration, given a channel cross-
section and discharge. All major storm overflows have also been sized using
QUICK-2.
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Hydraulic Models for Detention

This plan incorporates a pond for the purposes of aesthetic, borrow and storm
water detention. The pond was analyzed using a 100 year-18 hour storm.
Runoff and storage requirements were computed using the NRCS (formeriy
SCS) unit hydrograph procedure utilizing the Curve Number method. For control
structures, the energy/momentum, weir and orifice equations were used to
develop a stage-discharge curve in accordance with the reference materials.
Reservoir routing is computed using the Puls Inventory Method to get 5, 10, 25,
50 & 100 year peak water surface elevations.

The pond was analyzed using the unit hydrograph procedure utilizing the curve
number method and the inventory method for routing. For control structures,
energy/momentum, weir and orifice equations were used to develop a stage-
discharge curve.

The pond model used for this development is found in the Pond Design section
of this document. The pond is of critical importance to this development as a
considerable amount of fill material will be required for site development. Also,
the pond will have an impact on parking lot grading and inlet elevations. Refer to
the tables below for options availble for site development and parking drainage
factors.

Storm Event & 10 25 50 100
Pond High-water  163.10 163.50 163.80 164.30 164.60
or Inlet Elevation

Time to Drain 30 Hours 24 Hours 16 Hours 8 Hours 0 Hours
Parking Lot to

Inlet Tops

The pond itself will take 60 hours or 2.5 days to drain back down to the normal
water surface elevation of 161.50 after a 100 year-18 hour storm of 7.3 inches
through a 24" pipe.

Pond depth is also an important issue as it will be governed by the needed fill to
develop the site. Based on a 2:1 slope below the static pool and an average
elevation of 163.0 on the natural ground excavation quantities can be expected
to be as follows:

Pond Depth (ft) 15 12 10 8
Yield (Cu. Yds) 400,100 320,100 266,750 213,400

It should be expected that fills up to 8' could be experience near the east line of
basin 3A.
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Design Aids

This section includes material used to assist in designing the drainage system.
A 1"=100’ scale drainage plan map is enclosed in the pocket.

References

Interim Drainage and Storm Sewer Policy for Design Criteria and
Documentation, City of Wichita, July 1987, Guideline for the hydrologic and
hydraulic computations.

Design of Urban Highway Drainage - The State of the Ar,
Reitz & Jens, Inc., April 1980.

Drainage of Highway Pavements, Hydraulic Engineering Circular #12 by Tye
Engineering, Inc., March 1984.

Fundamentals of Hydraulic Engineering, A.L. Prasuhn, 1987

Urban Hydrology for Small Watersheds, Technical Release No. 55,
Engineering Division, Soil Conservation Service, U.S. Department of
Agriculture, Washington, D.C., Jan. 1975, Rev. 1986

Rational Formula Revisited, Ronald L. Rossmiller, lowa State Univ.

Proceedings of the Conference of Storm Water Detention Facilities, Planning,
Design, Operation, and Maintenance, American Society of Civil Engineers, 1982

Open Channel Flow, F.M. Henderson, 1966

Storm Water Management, Martin P. Wanielista, & Yousef A. Yousef, 1993

Hydraulic Design of Highway Culverts (HDS #5), Federal Highway
Administration, September 1985 (Formerly HEC-5)

Managing Floodplain Development in Approximate Zone A Areas - A guide for
Obtaining and Developing Base (100-Year) Flood Elevations, Federal
Emergency Management Agency, July 1995

Drainage Plan for Aberdeen 2nd Addition, Poe & Associates, Inc.,1997.
(Layout Only; No calculations ayai!able.)
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NEWMARKET SQUARE

STORM WATER SEWER - SYSTEM 300
PROFESSIONAL ENGINEERING CONSULTANTS, P.A.
WICHITA, KS.

POM B/28/97

FILE : O:\1997\97763\NM5.STM

k% %

3 3 O (3

¥k W3 3k e e e o e e vk e ol o e e e o sk o e e sk ke e ol 99 o o el e e e e de ke e de e o

Tributary Area
e e s e e e vk ke ke e e e e e e e v o e e skl sk e i ok e e e e e e ke ke e ke e e R e dedede e

=

Node to C Area Slope Length TC(O)} I(0) Q(0)
Node (Ac) (€3] (Ft) (Min) (In/Hr) (CFS)
e e ki i i sk -k e i i i e ok vk vk ke e e e e e e e e o e e e e e e e v e e e i e e e e e e e e A e
g:] 300 301 .00 .00 .00 .0 550.00 46 16.00
301 302 .00 .00 .00 .0 .00 .00 .00
I:} 302 310 .00 .00 .00 .0 .00 .00 .00
310 320 .00 .00 .0O .0 15.00 4.5 4.04
ﬂ:} 320 330 .00 .00 .00 0 15.00 4.56 4.72
330 340 .00 .00 .00 .0 15.00 4.56 3.44
B 340 350 .00 .00 .00 .0 15.00 4.56 6.00
350 399 .00 .00 .00 .0 15.00 4,56 7.75
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Input File: mms.stm

HYDROLOGY* * *

o e gk e ok ke o ol ok e v o e A o v e ke ke e

Hydrology Summation
e e e e i i e 2 o e e e e e v e e e e e e ke e
TC 1 Q Sum Q
(Min) (In/Hr) (CFS) (CFS)

e e e e e ok o ok ol e e e o e ke Al e W A R W

550.00 46 16.00 16.00
550.3%9 46 .00 16.00
552.75 46 .00 16.00
553.40 4b 400 16.40
553.98 46 47 16.88
555.02 .45 34 17.22
555.26 45 .60 17.82
557.44 .45 7 18.59

e e e o ol v e e ke ke e e e e de e s e de o o e e ok ok

Date: 08-28-1997
Time; 21:12:21

$torm Frequency =  5-Year

Fededevie v ek de vk e v e e e e e A R A R A T e e R AR R R e ek ek ol

Conduit Data
P e ¢ e e e e ke e e e e e e Y vie Y v Ve v v v o v o i o e iy e de e e e e e e e e e e ke ok
Size Velocity Length TT  TT+TC
(Ft/Sec) (Ft) (Min) (Min)

ke o e e e de o e g e sk ol o o oo e e ok R e o e e o e e el e

24n 5.09 120.00 -39 550.39
24 5.09 720.00 2.36 552.75
24" 5.09 200.00 .65 553.40
241 5.22 180.00 .57 553.98
30 3.46 215.00 1.04 555.02
30" 3.51  50.00 .24 555.26
36" 2.52 330.00 2.18 557.44
36M 2.63 250.00 1.58 559.02
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Date: 08-28-1997
Time: 21:12:21
Input File: nms.stm
NEWMARKET SQUARE
STORM WATER SEWER - SYSTEM 300
PROFESSICNAL ENGINEERING CONSULTANTS, P.A.
WICHITA, XS.
PDM 8/2B/97
FILE : O:\1997\97763\NMS.STM
Storm Frequency = 5-Year

* ¥ * HYYDRAULICS* * *

G0 S s R S G s
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[:L Node Hyd-Slope Friction Bend Transition Manhole Deflection Junction Total Hyd-Gl Desired Diff.
{Ft/Ft) (Ft) (Ft) (Ft) (Ft) (Ft) (Ft) (Ft) Elevation Elevation (Ft)
e e o o e g e d e e Je e v v v v g v vl A e e e i e e o e o e e e v i i v e v ke ok ke ke e o e o ko ke o o o e o ok v ol vl ol e ke e gt ok e ok e ok e e o o o ol e e e e o e R e e A i e e s e e ke etk ek koA R R A A A AR AR A Ak
300 .00426 5115 .0000 .0000 .0000 .000D . 0000 5115 165.3135  163.8000  -1.51
{:} 30 . 00426 3.0688 . 0000 .0000 L0201 L1363 L0213 3.2466  164.8020 165.0000 .20
302 .00426 .B524 0000 .0000 .0201 L2014 L0213 1.0953  161.5555  163.5000 1.94
[:B 310 .00448 . 8064 .0000 .0021 .00G0 .oooo .0632 8716 160.4601 163.8000 3.34
320 00144 3101 .0000 0480 0000 .0000 -.1988 1593 159.5885  163.8000  4.21
{:} 330 .00150 L0751 .0000 .0008 .0000 .0000 .0225 L0983 159.4292  163.8000 4 .37
340 .000561 .2006 .0000 .0185 .0000 .0000 -.0752 L1639 159.3309 163.8000 4.47
{:] 350 . 00066 1654 .0000 .000% .0000 .0000 .0207 L1870 159.1870  163.8000 4.61
399 .00000 .qooo .0000 .0000 .oooo .0000 .0000 .0000 159.0000 165.0000 6.00
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Quick - 2
CHANNEL CAPACITY
Trapezoidal Channel

INPUT VARIABLES

A\
1 A\
Depth ]_ \
| 5.0
\
Base Width

Slope

‘n = 0.035

10.0
0.0015

OUTPUT VARIABLES

Depth (ft) 1.50
Discharge (cfs) 44.2
velocity (ft/s) 1.6%
Top Width (ft) 25.0
froude No. 0.29
Flow Type: SUBCRITICAL

' éﬂ’)ﬁzéﬁdﬁq (> /00 yr- .}h')rm)
VL ow CHANN EC
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— Site Characteristics

Pond Hydrology

Design Storm =

Custom Storm (SCS Type |l Storm)

Project : Newmarket Square Location : Wichita, KS
Project#: 36-97763-3104 Legal Description  SE 1/4, Sec.6, 7275, R1W
Basin Area = 105.0 Acres Abbr. SCS Soil Class

Hydrolegic Soil Group #N/A

Time of Concentration
() Assumed Tc

(@ Calculated Tc

Pre-Dev. Tc = 128.0 min Post-Dev. Tc = 21.5 min
Pre-Dev. Intensity = 2.37 infhr Post-Dev. Intensity = 6.33 inthr
24 Hour Precipitation = 7.8 Inches
— Pre-Developed Land Use — Post-Developed Land Use
L || | +
(O Cultivated (O Cultivated
(O Pasture () Pasture
(O urban () Urban
Rational 'C' = 0.44 Rational 'C’' = 0.79
SCS'CN' = 76 SCS'CN' = 90
— Peak Flowrates
Rational SCS TR-55
Post-Developed Q = 522 CFS Post-Developed Q = 6.60 In.
Pre-Developed Q= 110 CES Pre-Developed Q= 5.03 In.
IncreasedQ= 412  CFS Increased Q = 1.57 In.

— Maximum Qutflow Criteria

{®) User Defined

Max. Cutflow =
() Limit Q to

(O Peak Pre-Developed Q

1 cfs per Acre

— Hydrograph Routing Method

(® SCS Hydrograph Routing*
(O simplified Storage Routing
(O FAA - Mass Inflow Method

75 CcFs .
(O Rational Hydrograph Routing

*Pond Routing calculated using Puls Inventory Method

NMSPOND.XLS

Pand Design Macro V 5.1

8/28/97
4:30 PM
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Project : Newmarket Square

SCS Type Il Storm

Location :

Wichita, KS

100 year, 18.0 Hour Storm of 7.30 inches

- 3 1 T LR P R R

2o T A A R e EE LR R EREE Y
@ X .
R P T e R
= ' '
AE" 5.0 b Feee P RY A Fe===ccpesmameefh o=y,
=2 ' . .
- 40 4------ ettt LA S :' """" :' """"""" Ll
2 . .
=2 30 S+ - emmmmprs===- L e === P Frr----g-===- Lol
= A i '
% 2_0 b il S L :- ------ :- ------ F----regm==--- [l
a ' . .
= 10 i i Y - [ :' ---------- L

0.0 - | i : : E

[ o) L) [ [
(&) (N} oD
[a] [ 9
Time since storm began, minutes
1 g m e e m e mmm——————em————e--——--

ity, inches/haur

g

inten

NMSPOND.XLS

360 720 108

Time since storm began, minutes

Pond Design Macro V5.1

0 0

8/26/97
322PM
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NMSPCND.XLS

Composite Runoff Coefficients

Project : Newmarket Square
— Pre-Developed L.and Use
Ground Cover SCS Soil Class | CN 'C' |% of Area
1 |Grass Farm- SG (C) poor B 74 | 0.35 37%
2 |Grass Farm- SG (C) poor C 82 | 0.54 5%
3 |Grass Farm- SG (C) poor D 85 | 0.62 30%
4 |Open Space- M&W poor B 62 | 0.25 17%
5 |Open Space- M&W poor D 81 | 0.52 11%
Composite Coefficients 76 044 100%
~ Post-Developed Land Use
Ground Cover SCS Soil Class | CN 'C' (% of Area
1 |Light Commercial B/C 92 1080 36%
2 |Light Commercial D 94 |0.82 23%
3 [1/4 Ac. Single Family B 75 {081 16%
4 i1/4 Ac. Single Family D 87 | 0.76 12%
5 |Lake- Impervious B/D 98 | 0.93 13%
Composite Coefficients 90 0.79 100%

Pond Design Macro V5.1

8/26/97
1:16 PM
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Tc Method

Project: Newmarket Square

— Pre-Developed

Development Factor = 1.00
Hydraulic Length to Catch Point = 4450 Ft
Average Slope to Catch Point = 0.30 %
Average Manning 'n" = 0.050
Estimated Impervious Area = 10 %

Method |Tc (min)] I (in/hr) | Use
FAA 118.0 | 2.49 O
Kerby 413 4.58 'S
Kirpich 471 4.26 O
Modified SCS Lag| 128.0 | 2.37 ®

Design Storm Intensity = 2.37 infhr

— Post-Developed

Development Factor = 0.90
Hydraulic Length to Catch Point = 2050 Ft
Average Slope to Catch Point = 1.00 %
Average Manning 'n' = 0.030
Estimated Impervious Area = 67.0 %

Method |Tc (min)| I (in/hr) | Use
FAA 25.6 5.83 O
Kerby 87.0 3.00 O
Kirpich 16.3 7.12 O
Modified SCS Lag| 21.5 6.33 ®

Design Storm Intensity = 6.33 in/hr

* Development Factor accounts for usban considerations
not analyzed in calculation for SCS Lag Time
such as basin shape. D.F. * L
1.0 = Before Development.
.90 = Urban Neighborhood
.80 = Urban Concentrated

B/26/97
NMSPOND.XLS Pond Design Macro V5.1 1:22 PM
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SCS Hydrographs

Ref: Urban Hydrology for Small Watersheds, TR-55 (1975)

Project - Newmarket Square

Location : Wichita, KS
100 year,1080 minute Storm of 7.30 inches

COMPOSITE HYDROGRAPH RESULTS: Before After
Total Runoff, in. 457 6.11
Peak Discharge, cfs 109 486
Volume of Runoff, Acre-ft 40.0 534
Volume req'd storage -—--—-—-- 346 ac-ft

NMSPOND.XLS

DISCHARGE, ¢

500

1,507,872 cu. ft.

Before and After Hydrographs
by SCS Hydrograph Method

450 -
400 -
350 -
300
250 -
200 -
150 -
100 -

50 -

0 360 720 1080

TIME SINCE STORM BEGAN , min

BEFORE - = = AFTER

Pond Design Macro V5.1

8/26/97
1:24 PM
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Project: Newmarket Square

Pond ID: Lake

Reservoir Characteristics

Stage-Storage Relationship

Discharge Contro
(@ Weir, Orifice or Pipe

(O Channe!

Select one option to continue.

Stage-Storage and Stage-Area Curves

20.00

4 18.00

- 16.00

- 14.00

-12.00

- 10.00

+ 8.00

1 6.00

-} 4.00

1 2.00

0.00

Top of Bank Elevation = 165

Bank Slope (X:1) = 4

Design Surface Area {ac) = 15

Starting Water Surface Elevation = 161.5

Pond Depth (ft) = 15

— Pond Type

(O Detention Pond {Dry) (® Retention Pond {Wet)
Elevation Surf. area Incr. Vol. Acc. Vol
feet acres ac-ft ac-ft
161.5 15.00 0.00 0.00
162.0 15.15 7.54 7.54 180
162.5 15.30 7.61 15.15
163.0 1545 7.69 22.84 160
163.5 15.60 7.76 30.60
164.0 15.75 7.84 38.44 140 -
164.5 15.90 7.91 46.35 _
165.0 16.06 7.99 54.34 T 120 -
165.5 16.21 8.07 62.41 ©
166.0 16.37 8.14 70.55 é'“ 100 -
166.5 16.52 8.22 78.77 =
167.0 16.68 8.30 87.07 = 8.
167.5 16.83 8.38 95.45 =
168.0 16.99 8.46 103.91 = 60 -
168.5 17.15 8.54 112.44 g
169.0 17.31 8.61 121.06 40 .
169.5 17.47 8.69 129.75
170.0 17.63 B77 138.53
170.5 17.79 8.86 147.38 20 -
171.0 17.95 8.94 156.32
171.5 18.12 9.02 165.34 0
172.0 18.28 9.10 174.43 160
172.5 18.44 9.18 183.62
173.0 18.61 9.26 192.88
173.5 18.77 9.35 202,22
174.0 18.94 9.43 211.65
NMSPOND.XLS Pond Design Macro V5.1
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Stage-Discharge Relationship

Project : Newmarket Square
Pond ID: Lake

Standpipe Characteristics

Pipe Characteristics *

Target Discharge (cfs)= 75

Overflow Characteristics

Weir Contral Q=CLH" * Inlet Control Simulated Weir/Qrifice Welr Control Q=CLH"*
Weir Coefficient = 0 Orifice Coeflicient = 0.67 Weir Coefficient = 3
inlet Perimeter (ft) = 20 Pipe Diameter (in) = 24 Overflow Length (&t} = 20
Infet Top Elev. (DW.S)Y= 1615 Upstream Flow Line Elev. = 161.5 QOverflow Elevation = 164.6
Orifice Controf Q=CA(2gH)* * Outlet Controt Energy Equation * For circular pipes only.
Orifice Coefficient = 0.00 * Starting T.W. Elevation. = 159 ¥ Use 25 Year H.W. of receiving body.
Orifice Area (ﬂ2 = 25 Qutiat Flow Line Elev. = 168.8
(Assumes 40% Blockage) Pipe Length (ft) = 208C
Slope of Pipe (%) = .13
To use for culvert analysis Manning ‘n' for pipe = 0,012
only enter 0 for coefficients. Entrance Loss Coef. = 0.5
Standpipe Pipe Pipe Pond Outflow
W.S. Elevation | Weir | Orifice Centrol Infet Outlet Control  |Velocity |Overflow [Outflow  [Velocity
161.5 0. 0.0 0.0 0.0 33 0.0 c.0 0.0 0.0 00
162.0 0.0 0.0 0.0 13 G4 13 G4 0.0 1.3 04
162.5 c.0 0.0 0.0 41 g8 4.1 132 0.0 4.1 1.3
163.C¢ 00 0.0 0.0 B.0 £0.5 B.0 26 0o 8.0 2.6
163.5 Q0 0.0 0.0 13.0 1.4 111 a5 0.0 111 35
164.0 0.0 0.0 0.0 207 n".a 1.7 a7 0.0 117 a7
1845 Q.0 0.0 0.0 239 12.3 12.3 39 0.0 123 39
1650 0.0 0.0 0.0 26.7 12.8 12.8 4.1 16.2 280 8.9
1655 0.0 o0 0.0 29.3 13.3 133 42 51.2 846 206
166.0 0.0 00 0.0 38 13.9 139 4.4 99.4 113.2 26.0
166.5 0.0 00 0.0 328 14.3 143 4.6 1571 1715 54.6
167.0 0.0 0.0 0.0 35.8 14.8 14.8 4.7 2231 2379 757
1675 0.0 0.0 0.0 378 15.3 153 49 296.3 31186 99.2
168.0 0.0 0.0 Q.0 39.6 15.7 15.7 5.0 376.2 391.9 124.7
168.5 0.0 0.0 0.0 41.4 16.1 16.1 5.1 462.1 4783 152.2
169.0 eX4] 0.0 0.0 431 16.6 16.6 53 5538 570.3 1815
169.5 00 0.0 0.0 44.7 7.0 17.0 5.4 650.8 667 8 2126
1700 0.0 0.0 0.0 46.3 17.4 17.4 55 7529 7703 2452
1705 0.0 0.0 0.0 478 17.8 17.8 57 859.9 8776 2794
17190 0.0 0g 0.0 492 181 181 5.8 971.5 989.6 350
1715 0.0 0.0 0.0 50.7 18.5 185 59 1087.5 1106.0 3521
172.0 0.0 C.0 0.0 521 189 188 6.0 1207.8 1228.7 380.5
172.5 0.0 00 0.0 53.4 19.2 19.2 6.1 1332.3 1351.5 430.2
173.0 00 0.0 o0.c 547 19.6 196 6.2 1460.7 14803 471.2
1735 0.0 0.0 0.c 56.0 19.8 19.9 6.3 15931 1613.0 513.4
174.0 0.0 0.0 6.0 57.3 203 203 B.5 1729.2 1749.5 556.9
Stage-Discharge Relationship
Rating Curve Results
500 - -
A50 fem-mcmaeaaa s P L LT --------------- N
X 1 S ., ............... [EREEEEEREREEEEE
o710 I S A e
£ 300 . S S .
,;, Dy s B S S S L T
£ 200 -
150 -
100 1
50 -
0
161.0

Stage (Elevation}, feet

o Primary

o Pipe

x Overflow

= Outfllow

Pond Design Macro V5.1
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Summary of Calculations

Project : Newmarket Square . Location : YVichita, KS
Project #: 36-97763-3104 Legal Description SE 1/4, Sec.6, T275, R1W
Design Storm Characteristics: Hydrology
Storm duration, hours 18 Area acres 105 Before After
Return period, years 100 Average land slope % 0.30 1.00
Storm depth, inches 7.30 Hydraulic length, ft. 4450 2050
Time Increment ¢] Time of Concentration, min 128 21
Discharge, cfs 109 486
Design Criteria
Storage Volume Reguired, cu. ft. (ac-ff) 1,507 872 34.62
Maximum allowable outflow, cfs 75
Pond Design * Pond ID: Lake Retention Pond
Storage Volume Designed, cu. ft. {(ac-ft) 2,110,015 4844 Peak Design Discharge, cfs 16
Design Volume at H.W., cu. ft (ac-ft) 2,168,389 49.78 Peak Time, min 1098
Static Water Elevation 161.5 High Water Elevation 164.6
Top of Bank Elevation 165 Peak Time, min 1092
Overflow Elevation 164.6
Culvert Structure Flow line at Pond 161.5
Outlet Elevation Pipe 158.8 Reduction in Discharge 78%
Manning's 'n' for Pipe 0.012
* 8CS Hydrograph Routing only.
Pond Inflow and Outflow Hydrographs ~
Water Surface Elevation vs. Time *
500 - 165.0
[}
1
8 e e I L L T T
" | 164.5
T e
1
350 :l. _____________________________________ 4 164.0
§
L}
T T . . . B R R R L L D e e e e e e e e e e e e e e aaaneemen~
;00 ' + 163.5%
250 -+ R R R PR PP PEPPRPEPEPEPS =
= ' | 3
00 b e e e e R 163.0
* ]
18O frmmrrrese e vo-- - R R R 1 162.5
r 1
110 I S e S e R
I i B R R SO | 162.0
T R T gz
[ I SO S P el i T N ..-. ----- : 161.5
0 100 200 300 400 500 600 700 800 900 1000
= = = Inflow =———0utilow w”“‘%‘f]’é\f\}%lgﬁﬁ’scharge' ‘Water Elevation
8/28/97
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'URRENT DATE:

07-31-1997 FILE DATE: 8/27/97
CURRENT TIME: 19:25:44 FILE NAME: NMS
{] FHWA CULVERT ANALYSIS
HY-8, VERSION 3.2
{j ol SITE DATA CULVERT SHAPE, MATERIAL, INLET
U ,
L INLET OQUTLET CULVERT | BARRELS
[: \Y ELEV. ELEV. LENGTH SHAPE HW_ SPAN RISE MANNING INLET
(FT) (FT) (FT) MATERIAL (FT) (FT) n TYPE
1 161.50 158.80 2060.00 1 rcp [4t170 150 1.50 .012 CONVENTIONAL
{1 2 161.50 158.80 2060.00 1 RCp &40 2 0o 2.00 .012 CONVENTIONAL
3 161.50 158.80 2060.00 1 RCP 64506 2.50 2.50 .012 CONVENTIONAL
4 161.50 159.80 1150.00 1 RCP 476 1.50 1.50 .012 CONVENTIONAL
[ i Y 161.50 159.80 1150.00 1 RCP If-bb 2,00 2.00 .012 CONVENTIONAL
L‘ 6 161.50 159.80 1150.00 1 RcP it44e 2.50 2.50 .012  CONVENTIONAL
D‘l Vel 92 (5880 zoewo oo [ (430 .00 3.0 ol U ‘
SUMMARY OF CULVERT FLOWS (CFS) FILE: NMS DATE: 8/27/97
(]ELEV (FT) TOTAL 1 2 3 4 5 6 ROADWAY ITR
161.50 0 0 0 0 0 0 0 0 0
162.19 13 2 2 2 2 2 2 0 5
162.51 25 3 4 5 3 4 5 0 2
[] 162.81 38 4 6 8 4 6 8 0 3
163.15 50 4 9 12 5 9 12 0 4
163.65 63 5 10 16 5 10 17 0 6
[} 164.66 75 5 11 18 6 12 20 1 3
164.85 88 5 11 19 6 13 21 11 4
165.00 100 5 11 19 6 13 22 23 4
165.12 113 6 11 20 7 13 22 34 3
[] 165.23 125 6 11 20 7 13 22 45 3
164.60 73 5 11 18 6 12 20 OVERTOPPING
SUMMARY OF ITERATIVE SOLUTION ERRORS FILE: NMS DATE: 8/27/97
D HEAD HEAD TOTAL FLOW % FLOW
ELEV(FT) ERROR(FT) FLOW(CFS) ERROR(CFS) ERROR
161.50 0.00 0 0 0.00
[} 162.19 -0.00 13 0 0.17
162.51 -0.00 25 0 0.03
162.81 0.00 38 -0 -0.46
[J 163.15 0.00 50 -0 _0.31
163.65 0.01 63 -0 -0.26
164.66 1.00 75 0 0.43
164.85 -0.01 88 1 0.93
(] 165.00 -0.00 100 0 0.37
165.12 -0.01 113 1 0.78
[} 165.23 -0.01 125 1 0.63
<1l> TOLERANCE (FT) 0.010 <2> TOLERANCE (%) = 1.000




(} 2
CURRENT DATE: 07-31-1997 FILE DATE: 8/27/97
[TURRENT TIME: 19:25:44 FILE NAME: NMS
CULVERT # 1
[] PERFORMANCE CURVE FOR 1 BARREL(S)
0 HWE TWE icH OCH FLOW CCE FCE TCE VO
[](cfs) (ft) (£t) (ft) (ft) TYPE (ft) (ft) (ft) (fps)
0 161.50 159.00 0.00 -2.50 O-NF 0.00 161.50 0.00 0.00
2 162.18  159.00 0.68 -1.23 4-FF 0.00 0.00 0.00 3.44
[] 3 162.47 159.00 0.97 -0.02 4-FF 0.00 0.00 0.00 4.11
4 162.81 159.00 1.16 1.31 4-FF 0.00 0.00 0.00 5.50
4 163.14  159.00 1.20 1.64 4-FF 0.00 0.00 0.00 5.79
5 163.65 159.00 1.25 2.15 4-FF 0.00 0.00 0.00 6.22
[] 5  164.65 159.00 1.35 3.15 4-FF 0.00 0.00 0.00 7.00
5 164.85 159.00 1.37 3.35 4-FF 0.00 0.00 0.00 7.14
5 164.99  159.00 1.38 3.49 4-FF 0.00 0.00 0.00 7.25
[] 6 165.11 159.00 1.39 3.61 A4-FF 0.00 0.00 0.00 7.33
6 165.22  159.00 1.40 3.72 4-FF 0.00 0.00 0.00 7.41
[] El. inlet face invert 161.50 ft El. outlet invert 158.80 ft
El. inlet throat invert 0.00 £t El. inlet crest .00 £t
D‘k**** SITE DATA ARKKk CULVERT INVERT KEkRERAIAAEAERKNER
INLET STATION (FT) 0.00
[] INLET ELEVATION (FT) 161.50
OUTLET STATION (FT) 2060.00
OUTLET ELEVATION (FT) 158.80
NUMBER OF BARRELS 1.00
[} SLOPE (V-FT/H-FT) 0.0013
CULVERT LENGTH ALONG SLOPE (FT) 2060.00
Gk*-k** CULVERT DATA SUMMARY FRERAAXEFAE LA EF I E AL A*hERik
BARREL SHAPE CIRCULAR
BARREL DIAMETER 1.50 FT
BARREI, MATERIAL CONCRETE
BARREL MANNING'S N  0.012
INLET TYPE CONVENTIONAL
INLET EDGE AND WALL SQUARE EDGE WITH HEADWALL
INLET DEPRESSION NONE

o o 3 . 3
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éCURRENT DATE: 07-31-1997 FILE DATE: 8/27/97
(jURRENT TIME: 19:25:44 FILE NAME: NMS
CULVERT # 2
[] PERFORMANCE CURVE FOR 1 BARREL(S)
Q HWE TWE ICH OCH FLOW CCE FCE TCE vO
(cfs) (ft) (ft) (ft) (ft) TYPE (ft) (£ft) (ft) {fps)
0 161.50 159.00 0.00 -2.50 O0-NF 0.00 161.50 0.00 0.00
2 162.18 159.00 Q.68 -1.30 4-FF 0.00 0.00 0.00 3.44
[] 4 162.50 159.00 1.00 -0.68 4-FF 0.00 0.00 0.00 4.18
6 162.81 159,00 1.31 0.28 4-FF 0.00 0.00 0.00 4.76
9 163.14 159.00 1.57 1.64 4-FF 0.00 0.00 0.00 6.46
10 163.65 159.00 1.65 2.15 4-FF 0.00 0.00 0.00 7.00
{] 11 164.65 159.00 1.79 3.15 4-FF 0.00 0.00 0.00 7.96
11 164.84 159.00 1.82 3.34 4-FF 0.00 0.00 0.00 8.12
11 165.00 159.00 1.84 3.50 4-FF 0.00 0.00 0.00 8.26
[] 11 165.12 159.00 1.85 3.62 4-FF 0.00 0.00 0.00 8.36
11 165.23 159.00 1.86 3.73 4-FF 0.00 0.00 0.00 8.46
El. inlet face invert 161.50 ft El. outlet invert 158.80 ft
El. inlet throat invert 0.00 £t El. inlet crest 0.00 £t

INLET STATION (FT)

O S S R N

INLET ELEVATION (FT)
OUTLET STATION (FT)
OUTLET ELEVATION
NUMBER OF BARRELS
SLOPE (V-FT/H-FT)
CULVERT LENGTH ALONG SLOPE (FT)

BARREL DIAMETER

BARREL MATERIAL
BARREIL MANNING'S N
INLET TYPE

INLET EDGE AND WALL
INLET DEPRESSION

(FT)

CIRCULAR
2.00 FT
CONCRETE

0.012

CONVENTIONAL
SQUARE EDGE WITH HEADWALL

NONE

1
20
1

2060.

0.
61,
60.
58.

1.

0.

[;**** SITE DATA ##%%%% CULVERT INVERT #*##*&kkkkikkik

00
50
00
80
00
0013
00

ckk*% CULVERT DATA SUMMARY #**®kkkkhkkdkkkhhrhhhkhrdk
BARREL SHAPE

o o 3 3 C3 3 3
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CURRENT DATE
CURRENT TIME

!

: 07-31-1997
: 19:25:44

FILE DATE:

B/27/97

FILE NAME: NMS

CULVERT # 3

Q
(cfs) {
0 161.
2 162.
[] 5 162
8  162.
12 163.

16 163.

18 l64

19 l64.
19 165.

El.
El.

HWE
ft)
50
19
.52
82
15
65
.65
85
00
12
.23

PERFORMANCE CURVE FOR

(

159.
159.

159
159

159.

159
159

159,
159.

159

159.

TWE
ft)
00
G0
.00
.00
00
.00
.00
00
00
.00
00

ICH
(ft)
.00
.69
.02
.32
.65
.02
.21
.24
.27
.29
.31

MMONNNNEFERRECO

inlet face invert
inlet throat invert

(

-2.

|
s Ralel o

OCH
ft)
50
.13
.79
.24
.62

2.15

.15
.35
.50
.62
.73

.50
.00

1 BARREL(S)

FLOW
TYPE
O-NF
4-FF
4-FF
4-FF
4-FF
4-FF
4-FF
4-FF
4-FF
4-FF
4-FF

ft
ft

El.
E1l,

CCE
(ft)
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

CO0OO0OO0OOOOO0

outlet invert

(

l6l.

OO OCOOOO

FCE
ft)
50
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

inlet crest

TCE VO
(ft) (fps)
0.00 0.00
0.00 3.40
0.00 4.15
0.00 4.78
0.00 5.36
0.00 7.47
0.00 8.60
0.00 8.80
0.00 8.96
0.00 9.08
0.00 9.19
158.80 ft
0.00 ft

U
S
i
i

Ax%xk% SITE DATA ****% CULVERT INVERT #®*&*kkkkkrkhrks
INLET STATION (FT)

INLET ELEVATION (FT)
OQUTLET STATION (FT)
OUTLET ELEVATION
NUMBER OF BARRELS
SLOPE (V-FT/H-FT)
CULVERT LENGTH ALONG SLOPE (FT)

(FT)

CIRCULAR
2.50 FT
CONCRETE

0.012

CONVENTIONAL
SQUARE EDGE WITH HEADWALL

NONE

1
20
1

20

0
61.
60.
58.

1

G.
60.

.00

50
00
g0

.00

0013
00

#%%% CULVERT DATA SUMMARY **kkkkkkkhdxrkhrhkhhhhhs
BARREL SHAFPE
BARREL DIAMETER
BARREL MATERIAL
BARREL MANNING'S N
INLET TYPE
INLET EDGE AND WALL
INLET DEPRESSION

i
J
t
J
|
]
J
D
i
]



i

CURRENT DATE
CURRENT TIME

: 07-31-1997
: 19:25:44

FILE DATE:

8/27/97

FILE NAME: NMS

CULVERT # 4

(

i
i
(] et
i
U

164

NI U R WN O

El.

]
[: El.

161.
162.
162.
162.
163.
163.
164.

164.
165.
165.

EWE
£t)
50
18
50
81
14
64
65
.84
99
11
23

PERFORMANCE CURVE FOR

(
159

159
159

159.

159

159.
159.
159.
159,

159

159.

TWE
£t)
.00
.00
.00
00
.00
00
00
00
00
.00
00

ICH
(ft)
.00
.68
.00
.20
.26
.34
.49
.52
.54
.55
.57

HERERPRRREHERERHOD

inlet face invert
inlet throat invert

(

-1.

-0

WWWwWwwNRFR PO

[
=2}
-

OCH
ft)
70
.43
.41
.31
.64
.14
.15
.34
.49
.61
.73

.50
.00

1 BARREL(S)

FLOW
TYPE
0-NF
4-FF
4-FF
4-FF
4-FF
4-FF
4-FF
4-FF
4-FF
4-FF
4-FF

ft
ft

El.
EL.

CCE
(ft)
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

COOOOOCOCOOOOoOOO

outlet invert

(

161.

COOO0OCCOOOO0

FCE
ft)
50
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

inlet crest

TCE VO
(ft) (fps)
0.00 0.00
0.00 3.45
0.00 4.17
0.00 5.62
0.00 6.08
0.00 6.72
0.00 7.86
0.00 8.05
0.00 8.21
0.00 8.32
0.00 8.44
159.80 ft
0.00 ft

SLOPE (V-FT/H-FT)
CULVERT LENGTH ALONG SLOPE (FT)

1
11
1

11

0.
61.
50.
59.

1

0.
50.

[***** SITE DATA #*#%%#%% CULVERT INVERT #*%*%&*kkkkkki*k
INLET STATION (FT)
[ INLET ELEVATION (FT)
OUTLET STATION (FT)
OUTLET ELEVATION (FT)
[] NUMBER OF BARRELS

00
50
00
80

.00

0015
00

[}**** CULVERT DATA SUMMARY #A*AXKAKRKARAAAFAKNARAAAAK
CIRCULAR

1.50 FT
CONCRETE

BARREL SHAPE
BARREL DIAMETER
BARREL MATERIAL
BARREL MANNING'S N
INLET TYPE

INLET EDGE AND WALL
INLET DEPRESSION

0.012

CONVENTIONAL
SQUARE EDGE WITH HEADWALL

NONE

J
J
]
J
J
]
i
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CURRENT DATE:
CURRENT TIME:

07-31-1997
19:25:44

FILE DATE:

8/27/97

FILE NAME: NMS

CULVERT # 5

0N
wn

OO N O~

(
161
162
162

162.
163.
163.
164.
164.
164.
165.

165

El.
El.

HWE
ft)
.50
.20
.50
81
14
65
65
84
99
11
.23

PERFORMANCE CURVE FOR

(

159,
159.
159.
159.

159

159.

159

159.

159

159.
159.

TWE
ft)
00
00
00
00
.00
00
.00
00
.00
00
GO

ICH
(ft)
.00
.70
.00
.31
.62
.74
.95
.99
.01
.04
.06

B BB e = e e = = OO

inlet face invert
inlet throat invert

(
-1

-0.

WWWwWwwh R OO

=
O
o

OCH
ft)
.70
35
.05
.65
.64
.15
.15
.34
.49
.61
.73

.50
.00

1 BARREL(S)

FLOW
TYPE
0-NF
4-FF
4-FF
4-FF
4-FF
4-FF
4-FF
4-FF
4-FF
4-FF
4-FF

ft
ft

El.
El.

CCE
(ft)
0.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

OO0 OCOO0OO

outlet invert

(

161.

ODOOCOOCOO0OO0O

FCE
ft)
50
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

inlet crest

TCE VO
(ft)  (fps)
0.00 0.00
0.00 3.47
0.00 4.18
0.00 4.76
0.00 6.75
0.00 7.58
0.00 9.03
0.00 9.28
0.00 9.47
0.00 9.62
0.00 9.77
159.80 ft
0.00 ft

(O 3 O 3 o o,

kk¥*kk SITE DATA ***%* CULVERT INVERT #**k&*xkkkahkhkki
INLET STATION (FT)

1 3

kkkkA

)

INLET ELEVATION (FT)
QUTLET STATION (FT)
OUTLET ELEVATION (FT)

NUMBER OF BARRELS
SLOPE (V-FT/H-FT)
CULVERT LENGTH ALONG SLOFPE (FT)

1
11
1

11

0.
61.
50.
59.

1.

0.
50.

00
50
00
80
00
0015
00

CULVERT DATA SUMMARY ##&*kkkkdkkkhkdhhihhhkikihhhksk
CIRCULAR

2.00 FT
CONCRETE

BARREL SHAPE

BARREL DIAMETER
BARREL MATERIAL
BARREL MANNING'S N
INLET TYPE

INLET EDGE AND WALL

INLET DEPRESSION

0.012

CONVENTIONAL
SQUARE EDGE WITH HEADWALL

NONE

o 3 3 .3, 3 3



— 3, .0

CURRENT DATE:
CURRENT TIME:

07-31-1997
19:25:44

FILE DATE: 8/27/97

FILE NAME: NMS

CULVERT # 6

i
(cfs) {

0 161,

[] 2 162
5 162.
8 162,

[i 12 163.
17 163.
20 164.
21 164,

E 22 165
22 165.
22 165

I

[

HWE
ft)
50
.19
52
82
15
65
65
85
.00
12
.23

PERFORMANCE CURVE FOR

(
159

159,
159.
159.
159,
159,
159.
159.
159.

159
159

TWE
ft)
.00
00
00
00
00
00
0o
00
00
.00
.00

ICH
(ft)
.00
.69
.02
.32
.65
.08
.36
.41
.45
.48
.51

NNNMNMMOMNNRE2,ROO

inlet face invert

El. inlet throat invert

OCH
(ft)
-1.70
-0.16
.09
.46
.01
.15
.15
.35
-50
.62
.73

WWwwwNrRroo

et
h
—t

.50
.00

(=]

1 BARREL(S)

FLOW
TYPE
O-NF
4-FF
4-FF
4-FF
4-FF
4-FF
4-FF
4-FF
4-FF
4-FF
4-FF

ft
ft

El.
El.

CCE
(ft)
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

CO0O0OoOCOoCOOO

outlet invert

(

l61.

CO0OO0OO0OCOoOO0OO

FCE
ft)
50
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

inlet crest

TCE VO
(ft)  (fp
0.00 0
0.00 3
0.00 4
0.00 4
0.00 5
0.00 7
0.00 9
0.00 9
0.00 10.
0.00 10
0.00 10.
159.80 ft

0.00 ft

s)

.00
.40
.15
.78
.36
.82
.52
.83

06

.23

40

kkkkk SITE DATA #**#%% CULVERT INVERT **k&#hdkdhdhitds
INLET STATION (FT)

INLET ELEVATION {(FT)
OUTLET STATION (FT)

NUMBER OF BARRELS
SLOPE (V-FT/H-FT)
CULVERT LENGTH ALONG SLOPE (FT)

[] OUTLET ELEVATION (FT)

1
i1
1

11

0.
61.
50.
59,

1

0.
50.

00
50
00
80

.00

0015
0o

*Wx%% CULVERT DATA SUMMARY AAEIARRARI AR IR AR AR Ak A kdn
CIRCULAR

2.50 FT
CONCRETE

BARREL SHAPE
BARREL DIAMETER
BARREL MATERIAL
BARREL MANNING'S N
INLET TYPE

INLET EDGE AND WALL
INLET DEPRESSION

0.012

CONVENTIONAL
SQUARE EDGE WITH HEADWALT,

NONE

o O C3 3 O 0o .3



ELRRENT DATE: 07-31-1997 FILE DATE:
CURRENT TIME: 19:25:44 FILE NAME:

i

8/27/97
NMS

TAILWATER

CONSTANT WATER SURFACE ELEVATION

ROADWAY OVERTOPPING DATA

[] 159.00

WEIR COEFFICIENT 3.00
EMBANKMENT TOP WIDTH (FT) 100.00
CREST LENGTH (FT) 30.00
OVERTOPPING CREST ELEVATION (FT) 164.60
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J
J
J
J
J
]
)
J
J
I
J
]




DURATION
IN MINUTES
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2-YR
5.57
5.32
5.09
4.89
4,70
4.52
4.36
4.21
4,08
3.95
3.83
- 3.72

3.61"

3.51
3.42

3.33

3.25
3.17
3.10
3.03
2.96
2.90
2.84
2.78
2,72
2.67
2.62

2.57

2.52
2.48

2.44

2.39
2.35
2.32
2.28
2.24
2.21

2.18
2.14
2.1

2.08

ATTACHMENT A
DRAINAGE CRITERIA MANMUAL
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RAINFALL INTENSITY TABLE FOR SEDGWICK tOUNTY, KANSAS

25-YR

8.52

8.16

7.84
7.55
7.28
7.04
6.81
6.60
6.41
6.23
6.06
5.90
5.75
5.61
5.47
5.35
5.23
5.12
5,01
4.91
4,81
4,72
4.63
4.55
4.47
4.39
4,32
4.25

Lo G G ) LD Lo o
L[] L] - . L] -
~d
[ea}

3.57

The following tabulation contains rainfall intensity in inches
per hour as derived from ESSA Weather Bureau Technical Paper
40 Modified to NWS Hydro-35, 1977 During First Hour

N}

OHEC WD, WONPAPMNNOYWOYOo— WO

50-YR 100-YR
9,48 10.32
9,09 9.89
8.74 9.50
8.42 9.15
8.13 8.83
7.86 5.54
7.61 8.27
7.38 8.02
7.17 7.79
6.97 7.57
6.78 7.37
6.60 7.18
6.44 7.00
6.29 6.84
6.14 6.68
6.00 6.53
5.87 6.39
5.75 6.2
5.63 6.1
5.52 6.0
5.4] 5.9
5.31 5.7
5.21 5.6
5.12 5.5
5.03 5.4
4.94 5.4
4.86 5.3
4.79 5.2
4.71 5.1
4,63 5.0
4.56 - 5,0
4.50 " X9
4.43 4.8
4,37 4.7
4.3 4,7
4.25 4.6
419 4.6
—4.13 4.5
4,08 4.4
4,03 4,43
3.98 4,38

1D



ATTACHMENT A CONTINUED

. Page 2
DURATION
IN MINUTES 1-YR
46 1.70
47 1.67
48 1.66
49 1.64
50 1.61
51 1.59
52 1.56
53 1.54
54 1.52
55 1.50
56 1.47
57 1.45
58 1.43
63 1.42
60 1.40
61 1.38
62 1.36
63 1.34
64 1.33
65 1.31
66 1.30
67 1.28
68 1.26
69 1.25
70 1.24
71 1.22
72 1.21
73 1.20
74 1.18
75 1.17
76 ° 1.16
77 1.15
78 1.13
79 1.12
80 1.11
81 1.10
82 1.09
83 1.08
84 1.07
85 1.06
86 1.05
87 1.04
88 1.03
8y 1.02
30 1.01
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10-YR

2.97
2.93
2,90
2.86
2.83
2.79
2.76
2.73
2.70
2.67
2.64
2.61
2.59
2.56
2.53
2.51
2.48
2.46
2.44
2.41
2.39.

2.37

2.35
2.33
2.31
2.28
2.26
2.25
2.23
2.21
2.19
2.17
2.15

25-YR

3.48
3.44
3.35
3.35
3.32
3.28
3.24
3.20
3.17
3.14
3.10
3.07
. 3.04
3.0
2.98
2.95
2,92
2.89
2.86
2.84
2.81
2.79
2.76
2.74
2.7
2,69
2.67
2.64
2.63
2.61
2.58
2.55
2.53
2.50
2.48
2.46
2.43
2.41
2.39
2.37
2.34
2.32
2.30
2.28
2.26

50-YR

3.93
3.88




£} ATTACHMENT A CONTINUED
Page 3
- DURATION RETURN PERIODS OF
[} IN MINUTES 1-YR 2-YR - 5-YR 10-YR 25-YR 50-YR 100-YR
9] 1.00 1.23 1.65 1.92 2.24 2.57 2.86
[} 92 1.00 1.22 -1.63 1.90 2.22 2.55 2.83
93 0.99 1.21 1.62 1.89 2.20 2.53 2.81
94 0.98 1.20 1.61 1.87 2.19 2.51 2.79
95 0.97 1.19 1.59 1.85 2.17 2.49 2.76
[] 96 0.96 1.18 1.58 1.84 2.15 2.46 2.74
i 0.96 1.7 1.57 1.82 2.13 2.44 2.72
98 0.95 1.16 1.56 1.81 2.12 2.42 2.70
[] 99 0.94" 1.15 1.54 1.80 2.10 2.41 2.67
100 0.93 1.14 1.53 1.78 2.08 2.39 2.65
101 0.93 1.13 1.52 1.77 2.07 2,39 2.65
{] 102 0.92 1.13 1.51 1.75 o 2.05 2.35 2.61
| 103 0.91 1.12 1.50 1.74 2.04 2.33 2.59
104 0.90 1.11 1.49 1.73 2.02 2.31 2,57
105 0.90 1.10 1.47 1.72 2.01 2.30 2.55
[] 106 0.89 1.09 1.46 1.70 1.99 2.28 2.54
L . 107 0.88 1.09 1.45 1.69 1.98 2.26 2.52
o 108 0.88 1.08 1.44 1.68 1.96 2.25 2.50
[] 109 0.87 1.07 1.43 1.67 1.95 2,23 2.48
< 110 0.87 1.06 1.42 1.65 1.93 2.21 2.46
111 0.86 1.06 1.41 1.64 1.92 2.20 2.45
112 0.85 1.05  1.40 1.63 1.9 2.18 2.43
[] 113 0.85 1.04 1.39 1.62 1.89 2.17 2.41
114 0.84 1.03 1.38 1.61 1.88 2.15 2.40
115 0.84 1.03 1.37 1.60 1.87 2.14 2.38
{] . 116 0.83 - 1.02 1.36 1.59 1.86 2.12 2.36
117 0.82 1.01 1.36 1.58 1.84 2.11 2.35
118 0.82 1.01 ~ 1.35 1.57 1.83 2.09 2.33
{] 119 0.81 1.00 1.34 1.56 1.82 2.08 2.32
120. 0.81 0.99 1.33 1.55 1.81 2.07 2.30
[l DURATION - RETURN PERIODS OF
IN HOUKS 1-YR 2-YR - 5-YR 10-YR 25-YR 50-YR 100-YR
[} 2 0.81 0.99 1.33 1.55 1.81 2.07 2.30
‘ 3 0.59 0.72 0.97 1.13 1.32 1.51 168
4 0.47 0.58 0.78 0.91 1.06 1.21 1.35
5 0.40 0.49 0.66 0.77 0.89 1.02 1.14
[] 6 0.35 0.42 0.57 0.67 0.78 0.89 0.99
g 0.28 0.34 0.46 0.53 0.62 0.71 0.79
10 0.23 0.29 ~  0.39 0.45 0.52 0.60 0.67
[}, 12 0.20 0.25 0.33 0.39 0.45  ._0.52 0.58
: 18 0.15 0.18 0.24 0.28 0.33 0.38 0.42
24 0.12 0.15 0.20 0,23~ 0.27 0. 31 0.34
[] 0014S
P

qﬂ 4%



Exmgr
T 1

SOIL LEGEND

sYMBOL HYPROLOGIC NAME
Geoup R
Aa B Albion—Shatlabarger sandy l6ams, 1 ic 4 peccent slopes
Ab B Albion and Shellabarger sandy loams, T Lo 13 percent sigpes
Ba < Blanket srib10am, 0 10 | percent sfopes ~
Bb o Blanket selt loam, 1 1o 3 percent siopes
Ca B Canaduan fine sandy loam
Cb B Canadian—Waldeck line sandy lcams
Ce » Carwile line sandy loam .
Cd B Clark—0sl clay 10311.\:, 1 1o 4 percent slopes
Ce [ Clime silly ¢lay, 3 lo & percent slopes
Ea 8 Etandco 5ilt loam _
Eb B Elandeo sill 1o3m, sccasionally looded
Ec B Elandce silt loam, (réquently (loosed
Fa 18 Facaum loam, 0 to | percent slopes - .
Fh B Fatoum toam, 1 to 3 percent slopes ’ -
Fc B Facrem |oam, sandy substeatum, O to | percent slopes
 Ga D -Goessel silly clay, 0 1o 1 parcent slopes
Gy D Geassel silly ¢lay, 1 1o 2 percenl slopes
1a D ) \rwin silty chay (ozm, 1 to 3 percent slopes
e D ltwin silty clay loam, 3 10 6 percent slepes
1e D Irwin sifity clay loam, 2 1o 6 percent slopes, ercded
) Fod Leghe lcam
Lb A Liagoln soils
Ma B Milan loam, 1 to 3 percent slopes
Mb B Milan loam, 3 10 6 percent slopes
Hc [EY Hilan clay 1oam, 2 1o 6 percent slopes, ecoded
Na B Ha:zea fine sandy 1oam -
Q¢ |»] Owens clfay loam, 1 1o 3 percent stopcs
0d o Owens—Rock oulcrop complex, 310 10 percent slopes
Pa Py '
. Po o] Plevna fine sandy loam
"':’;%ﬂ Pc A Pratt leamy fine sand, undulaling
vV Ps A Prant=Tivoli compiex, rolfing N
U Ra D Reafrow silty clay foam, 1 4o 3 percenl siopes
. fb D Renlrew silly clay toam, 3 1o § percent siopes -
Rec D Fentrovi~Owens clay foams, 1 10 4 percens slopes . .
' R4 D. Résehilf silty clay, t Lo 3 percent slopes
- ottt Sa g Sheltabacger sandy loam, 1 1o 3 percent slopes
5b B Shefiabarger sandy loam, 3 ta 6 percent slopes
' s Sc g Shellabarger sandy loam, 3 1¢ 6 percent slopes, sroded
3 T D - Tabler sifly ciay 10am
. Tb D Tabte:—Drummond comples
g ’ a B Urban tzand—Canadian complex
: Uh B Urbza lana~Elandce complex - .
P ue g Usban land—Farnum complex, 01073 percent stopes R
i U > Uiban land—Irwin complex, 1 1o 3 percent slopes
D Ue pu Uckan land—=Tabler complex
. - Va Hi] Vanoss stit loam, 0 1a 1 percent slopes
N Vb =4 Vanoss sull foam, 1 to 3 percent slopes
Ve B Yaness stlt loam, 3 to b peicent slopes
D vd 8 Vanoss sill loam, 3 12 6 percent stopes, eroded .
’ Ve D Vernon sandy leam, 110 3 percent slopex . P
. ‘ \'] D Yernon sandy foam, 3 to 6 parcent slopes
e Wi o~ Watdeck sandy toim
D Wo D Taunky silt foam

J
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Table I.

fly develo
Cover Description

Runoff Curve

d urban areas (vegetation es ahblished,

Numbers for Selected Areas For Antecedent Moisture Condition Il
(for la=0.2*S) Selected Conditions Only - Repro

duced from USDA, SCS (1986)

{
l C T Meadow
Woods

i
i

Average % Curve numbers for
Cover Type Impervious hydrologic soil group -
Hydrologic Condition Area A B [ D
Open space (lawns, parks,golf courses, cemateries, etc)
Poor condition {grass cover < 50%) 68 79 85 89
Fair condition (grass cover 50 to 75%) 49 69 79 84
Good condition (grass cover > 75%) 39 61 74 80
Impervious areas: ‘
Paved parking lots, roofs, driveways, etc.
{excluding right-of-way) 98 a8 o8 98
Streets and roads:
Paved: curbs and storm sewers (excluding right-of-way) a8 a8 98 a8
Paved: open ditches {including right-of-way) 83 89 92 23
Graval (including right-of-way) 76 85 89 91
Dirt (inciuding right-of-way} 72 a2 87 89
Urban districts:
Commercial and business 85 96 26 26 96
Industrial 72 81 88 9 a3
Residential districts by average lot size: .
1/8-acre or less {townhouses} 65 77 85 80 92
1/4-acre : as 61 75 83 87
1/3-acre 30 57 72 81 86
1/2-acre 25 54 70 80 85
1-acre 20 51 68 79 84
2-acre 12 46 65 77 82
Rural areas Cover
Hydrologic  Hydrologic Soil Group
Land Use Treatment or Practice Condition A B C W]
Fallow Straight row ——— 77 86 g1 g4
Row crops Straight row poor 72 a1 88 91
Straight row goad 67 78 85 89
Contoured poor 70 79 84 83
Contoured goaod 65 75 82 86
Cantoured and terraced poor 66 74 80 82
Contoured and terraced good 62 A 78 81
Small grain Straight row poar 65 76 84 88
Straight row good 63 75 83 87
Contoured poor 63 74 82 8%
—== Contoured. goaod 61 73 81 84
Contoured and terraced poor 61 72 79 82
Contoured and terraced goaod B9 70 78 81
Pasture or rangse poor 68 79 88 89
fair 49 69 79 84
good gg 81 74 80
good 5 71 78
poor 45 62766 7777# 83> ¥
fair 48 60 73 79
good 25 55 70 77
Farmsteads 53 74 82 86
Roads (dirt, including right-of-way) — 72 82 87 89
thard surface, including right of way) -— 74 84 80 g2

1



DRAINAGE CRITERIA

CITY OF WICHITA, KANSAS

ATTACHMENT D’

RECO!MENGED RUMOFF COEFFICIENTS FOR RATIOMAL METHOD

AND PERCENT IMPERVIOUS FOR UNIT HYDRUGRAPH METHOD

Land Use or

Surface Characteristics

1 3 3O

Business;:
Dovintown Areas
Heighborhood Areas

Residential:
Single Family (Soil Group D)

1/8 Acre
1/4 Acre
1/3 Acre
1/2 Acre
3/4 Acre
1 Acre

Multi-Family (Soil Group D)

Multi-Unit (detached)
Multi-Unit {attached)
Apartments

Single Family {Soil Group C)

1/8 Acre
1/4 Acre
1/3 Acre
1/2 Acre
3/4 MAcre
1 Acre

Multi-Family (Soil Group C)

Multi-Unit (detached}
Hulti-Unit (attached)
Apartrients

Single-Family (Soil Group B)

1/8 Acre
1/4 Acre
1/3 Acre
1/2 Acre
3/4 Acre
1 Acre

Multi-Fai0ily (Snil Group B)

mMulti-tnit {detached)
Hulti-Unit (attached)
Apartinents

Percent Frequency

Impervious 2 5 10 100
95 0.84 0.85 0.87 0.91
70 0.68 0.69 0.73 0.80
50 0.57 0.61 0.66 0.79
38 0.50- 0.54 0.62 0.76
30 20.46 0.50 0.59 0.73
25 0.42 0.4% 0.56 0.72
22 0.42 0.46 0.55 0.71
20 0.41 0.45 0.54 0.71
60 0.62 0.66 - 0.72 0.82
65 0.64 0.68 0.73 0.83
75 0.70 0.73 0.79 0.86
50 0.55 0.58 0.64 0.73
34 0.48 0.53 0.57 0.68
30 0.43 0.46 0.53 0.65
25 G.40 0.43 0.50 0.63
22 0.39 0.42 0.49 0.62
. 20 0.37 0.40 0.48 0.61
60 0.60 0.63 0.69 0.77
65 0.63 0.66 0.71 0.79
75 0.68 0.72 0.77 0.83
50 0.52 0.54 0.59 0.67
38 0.44 . 0.46 0.52 .61
30 0.39 0.41 0.47 057
25 0.36 0.38 0.44 0.54
22 . 0.34 0.36 0.42 0.52
20 0.33 0.35 0.40 0.57
60 0.58 0.60 865 0.72
65 0.61 0.64 0.68 0.75
75 t.67 0.70 0.74 0.80
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1 .3 .3

]
D

‘ace Characteristics

Land Use or

Single Family (Soil Group A)
1/8 Acre

1/4 Acre

1/3 Acre

1/2 Acre

3/4 Acre

1 Acre

Mu]ti;Family (Soil Group A)

(o .3 3 3 O

Multi-Unit (detached)
Multi-Unit (attached)
Apariments

Industrial:
Light Areas
Heavy Areas

.P]aygrounds:

Schoaols:

Railroad Yard Areas:

f-Undeve]oped Urban Areas:

Offsite Flow Analysis
(when Yand use not defined)

Streets:
Paved
Gravel
Drive, Parking Lots and Walks:

Roofs:

Urban Lawn Areas (See Note No. 1 below):

Soil Group A
Slope less than 1%
Slope 1% to 4%
Slope more than 4%

Soil Group B
Stope less than 1%
Siope 1% to 4%
Slope more than 4%

Soil Group C
Slope less than 1%
Siope 1% to 4% -
Stope more than 4%

Percént
Impervious

70
80

15
40
30

45

99
00

96
S0

00
00
00

00
00
00

00
00
00

Frequency .

Z 5 10 100
0.47 0.50 0.54 0.60
0.39 0.41 0.45 0.52
0.33 0.35 0.39 0.47
0.30 0.31 0.35 0.44
0.28 0.29 0.33 0.47
0.26 0.28 0.32 0.40
0.55 0.57 0.61 0.67
0.58 0.60 0.64 0.70
0.65 0.68 0.72 0.77
0.68 0.69 0.73 0.80
0.74 0.76 0.79 0.84
0.33 0.35 0.42 0.55
0.49 0.61 0.56 0.66
0.43 0.45 0.50 0.62
0.52 0.54 0.59 0.68
0.87 0.88 0.90 0.93
0.24 0.26 0.33 0.48
0.87 0.87 0.88 0.89
0.80 0.85 0.90 0.93
0.08 0.09 0.13 0.23
0.12 0.13 0.17 0.27
0.16 0.17 0.21 0.31
0.16 0.18 0.24 0.37
0.20 0.22 0.28 0.41
0.24 0.26 0.32 0.45
0.24 0.27 0.35 0.51
0.26 0.29 037 0.53
0.28 0.3} 0.39 0.65



,[J _ Land Use or Percent Frequency L
) "ace Characteristics Impervious 2 2 a0 TG0
S0il Group D . _ .

U STope Tess than 1% 00 0.28 0.33 0.43 0.63

Stope 1% to 4% 00 0.30 0.35 0.45 0.65

Slope more than 4% 00 0.32 0.37 0.47 0.67

Note No. 1: Coefficients shown in the above table are for pervious open space
areas with thick turf which includes pervious areas in parks and cemeteries.
Coefficients shown above must be increased 0.02 for use with agricultural
pasture areas. Coefficients shown above must be reduced by 0.04 for use with
agricultural cultivated areas. Group A soils are well-drained, coarse textured
sands with high infiltration rates. Group B soils.are moderately well-drained,
moderately coarse textured soils with moderate infiltration rates. Group C
s0ils are moderately poor-drained, moderately fine textured soils with slow

infiltration rates. Group D soils are poor-drained, fine textured soils with
very slow infiltration rates. '

GENERAL NOTE: These Rational Formula Coefficients may not be valid for basins
320 acres or larger. ’
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RATIO z/n

10000
8000

- 6000
— 5000

— 4000

= 3000
2000
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TURNING LINE
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2. For shallow

3. To determine

[_I'_l'l T [ T IIIIH]IIII[I

-
o

Equation: Q = 056 (-2} s% d%

n is roughness coefficient in Man-
ning formula appropriate to' material
in bottom of channel

Z is reciprocal of cross slope

Reference: H. R. B. proceedings 1946,
page 150, equation (14)
Example (see dashed lines)

. Given:s = 003 o = 1200 — 100
z =24 n= [—
iy — 50
d = 0.22 — 30 .
o -
Find: Q = 20CFS. t 20__5:.
————————————— PE10 =
::_'____:.__ OE 5 Lo
Iiad T —_— < — 3 £
m=n Il
CEs =
[— =
< —.3 <
L—2 T
Qr O
9 — . R
“Eo0s O
INSTRUCTIONS — o3 W
1. Connect z/n ratio with slope - '02 %
(s) and connect discharge (Q) - '
with depth (d). These two lines L 01 o

must intersect at turning line
for complete solution.

v-shaped channel “J =—— =
as shown use nomograph ;{
withz = T_ d

d

discharge Q,, in
portion of channel
having width x: .
determine depth d for total discharge in
entire section a. Then use nomograph
to determine

Q,,. in section b for depth.

d=d- (1) ® I

4. To determine discharge in d
composite section: -
follow instruction 3. To
obtain discharge in
section a at = —dr
assumed depth d: obtain Zald-d)
Q, for slope ration Z,, and
depth d1, then OT = Qa . Qb

N
S

R
SR
(o3}

l
o)
@

]
f

Illllll

— .01

— .001

DEPTH AT CURB OR DEEPEST POINT (d) IN FT.

I

T T T [IIIIIIIIIIIIIIIHIIIHHI

I lll|iil|i|||iill|llllliﬁl[

.

[

|

I

PTOT

l

1.0

.20

.10

02




3 CJ 3 3 33 3

T ”1}/<<<
] <
<< S
S
0.2
—0O.1
- 008
- 0.06
0.04
'C'\\ SX
N, ~0.01
= 0.02
— \\ B
S ko002
—0.0!
- 0.008 15
:0.006 | 0\.03
- 0.004 -
i - 0.06
L 0.08
—=0.002 t 0.1
L 0.00I
b= T ~
~ |
S
W
T
P W 'll— TS .
Qw EQS
Sy
S

TURNING LINE

. .67 L0 .
Q =0;516 SX SOSTZ 67

“-EXAMPLE: GIVEN:
N=0016; S,=003
$2004; T=6FT
FIND:
Q =2.4 FTYsS

Qn=0038 FTIs

T(FT)

30-1

20 -

an (FT3/s)

— -

-
-
—
-

——
-
——

CHART 3. Flow in triangular gutter sections.

2 -

I} For V-Shape, use the nornogru—ph with
Sx=SxSx2 /{8y + Sx2)

2) To determinedischarge in gutter with
composite cross siopes,
Ts and Sy. Then, use CHART 4 to
find Eo. The total discharge is
Q=Qg¢/(1-Eo}, and Qw=Q-Qg.

find Qs using

-

0.8 H
0.6

0.4

0.2
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TABLE 6
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Although the friction slope Sf appears as a second order term in the expres-
sion for ‘C” the resulting discharge is not sensitive to this term. Table 4.11 shows
the difference (%) in discharge computed using the Kutter equation compared
with that obtained by Manning. The table gives the relationship between the
diameter (D) and the hydraulic radius (R) assuming full flow in a circular pipe.
The values in Table 4.11 are also valid for noncircular pipes flowing partially

full.
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Alignment chart for energy loss in pipes, for Manning's formula.
Note: Use chart for flow computations, H, =S

Figure 4.8 Nomograph for sclution of Manning’s formula.
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Table 1.—Marining roughniéss cosflcients, #i 1

Manning's
| 8 Clooed conduiis: % range !
Concrete pipo___.__ 0.011-0.013
?tod -metal plpe or pipe-ar
l 2;i H-In. eormaauon ga;eted p!pe)' 0.054
lafn or uu{ .
Pared Inver (unsc values Are for 25 and 50 percont
of clrcumference paved):
Flow full depth 0.031-0.018
2) Flow 0.8 depth 0.02{-0.016
F!ow D6 depih. .. eeeenececcnaimcnn s caaen 0,019-0, 013
28 hﬁy In. corrngatlon (814 Botted). o moem oo oee .. 0,03
.C. Vitritied clay plps.. 0.012-0.014
D. Cast-iron pipe, uancoated - .- 0.013
E. Btee] plps, . 0.000-0.011.
F. Brick . 0.014-0.017
@, Mongclithic concrate: .
l. Wood forms, rough y Q.015-0.017
Wood forms, smootkh. 0.012-0.014
8. Bteel forms 0.013-0.013
H. Oemented robble masonry walls: ]
. Concrets ﬂoo:‘ and top.... 0.017-0.023
2. Natural floo; . 0.010-0.025
1. Laminated ueatnd wood. : : 0.015-0.017
D J, Vitrifled cl.ny liner plates . 0,018
. Open ehannels, lined 4 (strnlght nunemont) i
A. Conexets, with gurfaces a3 tad
1. Formed, no fluish £.012-0. OIT
. 3, Trowel Anfsh 0.013-0.014
3 Float finish__ 0.013-0, 015
. Float finish, soma gravel on botbom . e e e e eieenee 0.015-0. 017
5. GQunlte, oodsectlon-. . 0.018-0.010
8. Ounite, wavy saction, 0.018-0, 022
B. Conerets, bottom flcat nnl.shed, sides a3 indieated:
1. Dressed stons in morter - 0.018-0.017
) 3. Random stons tn mortar. 0.017-0.020
e 3. Cement rubble mesonry.__. . 0.020-0. 025
. 4 Cement robhls muom-y. plastered ... 0 016-0. 020
. 5. Pry rubbls (rll)rap ane
©. Gravel bottom, sides a3 indicated:

Formed concrete. oo oonoo
2. Random stone in mortar

3, Dry rubble {riprap) el 0.030.033
D. Briok. e il ccceem—na eam 0.014-0.017
E, Asphalt:

1. Bmooth. . _____ ... c— 0.013

2. Rough. ... __ .-

F. Wood, plane
G. Concerste-lined excavated rock: .
1 Geodeeetlon.... .. ... Q. 017-0. 020

. 022-0. 027

I, O intl‘n clunnola, exunvalef' {atralght nllnement.' nataral
A, Enrth uniforin sectlon;

1. Clean, recently comploted
2. Clean, after weetherfng---

-

- 0.018-0.018
0.018-0. 020

3. With short grasd, few weeds 0. 022-0.027
4. In gravelly soll, unuorm nectlon, clean.... eawe 0.022-0.025
B. Earth, falzly uniform sect! L.
1. No vege'-"'m 0.022-0. 025
2. Grasy, some weeds__ 0.025-0. 030
%, Dense weeds or u:{uatlo plants In deep channels. ... €.030-0.035
4. 8ldes clean, grave 0.026-0, 030
5. Bides elean, cobble bottom... .o oo, 0.030-C, 040
0. llna excavated or dredged: .
etatlon. ... 0.028-0.033
D L[ght h on banks. ., 0.035-0,050
1 Baaed on dealgn section.eoe comnas 0.035
nsed on sctusl mean section:
Bmeoth and nniform —— == 0.035-0.040
b Jagged and frr .- 0,040-0.045
E. Chanuels not mafntained, weads and brush uncut:
1. Dense weeds, high as flow dep 0.08-0.12
2. Olean bottom, brush on sides_._ 0. 05-0.08
. Clean bottom, brush on aidss, hi; 0.07-0.11
by Denss brush, high BtAE8. oo —— o me e oo oenens 0.10-0.14

iv. }ligluuy channels and swales with maintatned regeiailon ¢°

vi_

gaﬂlum shown are for veloclttes ol 2and 6 1.p.s.); .
th of ﬂow up tﬁ_o Ié ocok b o h;%ﬂ'
entucky bluegrass, buffalograss:
a Mow ”3 ..... : 0.07-0. 045
" i& d £th chu.- 0.00-0.05
ood & d1
; Length ut !2 lnc.hm

3
S

0.
Langth about 24 0.30-0.15
: mlr;n":tnh ?:'Syt 12 lnch 0.14-0.08
8. abou 3. . 14-0.
B.p "m“‘:‘ ‘3‘%";‘ Bt 0.30.13
epih of Bow 0.7-1.6 [on
E xentucky bluecrds buﬂnlogrm
[ Mow Inches____ 0.06-0.035
b, Length 4tobinches . _______ ... . ______ .. 0.06-0.04
2. Good stand, any fr: )
a. Length about 12 inches 0.13-0.07
th sbout 24 inches 0.20-0.10
&, Fair stand, any T .
I Length about 12 inches, 0.10-0.08
b. Length about 24 tnchea 0.17-0.09
S&ui and erpeéaawiy gutlers: .
A. Concrete gutiter, Iroweled finish 0.012
B. s halt avement:
1. toxture. ... 0.013
2 Rouzh tosture. . 0.018
. Ooncrote gutter with asphalt pavement:
1. Smooth - 0.013
b c,oRa T 0.015
. Ooncrete pavemen .
{ongrete pasenit: ) . 0.OM
. L Btoom finish, 0.018
E. For gutters with amall slope, whare udlmont may aocn- L
tatilate, Increate above values of A DY . cevreernmcanunn 0.002
Nilgral glream channels:h
A, Mln;ar streams? (sur!m wldth &t flood stage Jess than 104
1. Falrly regular scctlon
n Bome grass and weeda Little or no brush___________ 0.030-0. 036
Den.se owth of weed.s depth of flow materlaliy
Er an weed height_._____
¢. Bome weads, light bru.sh on banks
d. Bome weeds, heavy brush on banks
8. Bomo weeds, dense willows on banks. . X
f. For trees within channel, with branclies sobmerged | . ..
. _at high stage, Increasa all above values by....... 0.01-0.08
4. Iriegular sect[om with Puo , 8 ht channal mesnder; . . .,
i incruuo values ;[van nls-88bout. e 0.01-0.0¢
4, Mountain uttmma. no v etatlon ln channe!, banks
usually stee brush slong b sub-
mergad at h g'h stase L
Botiom of gravel, cobbles, a.nd lur boulders ....... 0.04-0.05
b Bottom of cohbles, with large boulders. ... 0.06-0.07
B. Flood plalns (adjacent to natural stream)

L. Pasture, no brush:

s. Bhort grass . - 0.030-0.035

b. Hl h grass. ...t | JR— F A 0.035-0.05
2, Cultlvnbed arces: ) .

a. No crop. . - 0.03-0.04.

“b. Mature tow etops. 0. 035-0. (45
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8. Heavy nta.nd otﬂr ber, a fow down trees, 1itile under-
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b Flood doptht branchas 0.12-0.18

C. Major utreama rtwu width at flood stage toore than

100 t.): Roug ess ogofficient Is usually less than for

miner streams of simliar dascription on account of less

effective resistance offered by Irregular banka or vege-

tatlon o banks. Values of n may be somewhat re.

duced. Follow recommendation in publfeation glited 5

il posslble. The value of n for larger streams of most
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HYDROLOGIC STUDY FOR

PRACHT WETLAND

SEDGWICK COUNTY, KANSAS

FEBRUARY 1994



PREFACE

This report documents the hydrological analysis of the Pracht Wetland;
locally known as Cadillac Lake. The study was conducted for various parties who
are interested in the wetland's management. The parties include landowners and
county, city, state, and federal agencies. Pracht Wetland is located in Sedgwick
County, Kansas adjacent to the City of Wichita. The wetland is essentially
bordered on the west by Maize Road and on the north by 28th Street. Residential
subdivisions border the wetland to the south with future residential development
anticipated for the croplands to the east.

Soil Conservation Service (SCS) maps, aerial photographs, topographic
surveys, and the United States Geological Survey (USGS) topographic maps were
used to establish the parameters in determining the "Cadillac Lake" hydrologic
model. The parameters were then used in the HEC-1 model to determine the
peak flows and the maximum water surface elevations for 2, 5, 10, and 100-year,
B-hour storm frequencies. Table 1 shows the peak inflows and outfiows, and
water surface elevation for each frequency event.

Event Frequency  Peak Inflow (cfs) Peak Outflow {cfs) Max, Water Elev.
2 149 96 1347.52
5 348 119 1348.26
10 492 134 1348.73
100 934 221 1350.15

Table 1. Summary of Hydrologic Analysis

Outflows occur through 2 - 36 inch RCP culverts into the Chadsworth
development to the south. Overland outflows also begin to occur prior to elevation
1350.15; however, this analysis assumes that overland flows are contained and
outflow is limited through the culverts.
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INTRODUCTION

The hydrologic study of the Pracht Wetland was performed in order to
establish a basis for the design, development, preservation, and management of
the wetland for recreation, environmental education, and other potential uses. The
project is headed by the Precht Wetland Task Force which was formed in June of
1992. The Precht Wetland Task Force includes landowners and county, city,
state, and federal agencies.

INVESTIGATION and ANALYSIS

The HEC-1 computer model was used to analyze the hydrologic response
of Cadillac Lake to the 2, 5, 10, and 100-year, 6-hour storm frequencies. Analysis
included determination of the watershed area (2050 acres), SCS soil types (54%
B, 16% C and 30%D), and water surface elevation versus both area and storage
volume. Table 2 shows the peak inflow, peak outflow, and water surface elevation
for each frequency.

Event Frequency  Peak Inflow (cfs) Peak Outflow (cfs) Max. Water Elev.
2 149 96 1347.52
5 348 119 1348.26
10 492 134 1348.73
100 934 221 1350.15

Table 2. Summary of Hydrologic Analysis 6 how QW k,

The analysis began with a topographic map prepared from an aerial
photograph taken April 26, 1993. The storage volume and surface area of the
lake was determined for the NW quarter, Section 5, R27 W1. The map was drawn
to a scale of 1 inch equal 100 feet, with a contour interval of 2 feet. Unfortunately,
this contour interval did not permit the standard method of finding areas within
each closed contour. Instead, ground control "shots" were assumed
representative of the surrounding 22,500 sq. ft. after noting that ground control for
the aerial survey had been established on a 150 foot grid. The same assumption
is used when estimating average precipitation depth by the Theissan network
method. Where ground control was missing, surrounding shots were used to



estimate the missing data. The topographic map used in this analysis can be
found in Appendix A,

Both surface area and storage volume were determined at 0.1 foot
intervals. The resulting values are shown in Table 3. Although Table 3 indicates
surface elevations exceeding 1350, water will begin to flow off of the quarter
section at lesser elevations.

Elevation Surface Area Volume Elevation Surface Area Volume
(NGVD) (acres) (acre-ft) (NGVD) (acres) (acre-ft)
1346.1 *0 *0 1348.8 126.0 161.1
1346.2 1.5 0.2 1348.9 129.1 174.0
1346.3 38 0.5 1342.0 129.6 187.0
1346.4 46 1.0 1349.1 1307 200.0
1346.5 7.7 1.8 13492 1327 213.3
1346.6 9.3 27 1349.3 135.3 226.9
1346.7 114 3.8 1349.4 136.4 2405
1346.8 15.0 53 1349.5 137.4 2542
1346.9 18.1 71 1349.6 140.0 268.2
1347.0 217 9.3 13497 141.0 282.3
1347 .1 253 11.8 1349.8 141.0 296.4
1347.2 26.9 14.5 1348.9 141.0 3105
1347.3 294 17.5 1350.0 142.0 324.7
13474 38.7 21.3 1350.1 142.6 33%8.0
13475 54.8 26.8 1350.2 1436 353.4
1347.6 68.2 3386 1350.3 144.6 367.8
13477 749 411 1350.4 145.1 382.3
1347.8 83.7 495 1350.5 145.7 396.9
1347.9 87.8 58.3 1350.6 146.2 411.5
1348.0 93.0 67.6 1350.7 146.2 426.1
1348.1 100.2 776 1350.8 146.2 440.8
1348.2 111.1 88.7 1350.9 147.7 455.5
1348.3 115.2 100.2 1351.0 148.2 470.4
1348.4 117.8 112.0 13511 148.2 4852
1348.5 118.8 123.9 1351.2 148.8 500.1
1348.6 121.9 136.1 1351.3 148.8 514.9

1348.7 124.5 148.5

*Does not include areas inundated by water at time aerial photos were taken.
Table 3. Data from Topographic Map



For the purpose of this analysis, flow off-site was assumed to be restricted to 2 -
36 inch RCP. culverts located at the southern border of the wetland. Volumes
below the water surface elevations shown on the topographic map are not
included in the calculated volume values in Table 3. Areas do include the existing
pond water surface areas. Numerous ponds were present when the aerial
photographs were taken. Pool water levels were as low as 1346.1 and as high as
1347 4.

The watershed was delineated on a USGS 7 1/2 minute topographic map
with a contour interval of & feet. The watershed is located in parts of Sections 29,
30, 31 and 32 of R26 W1; Section 36 of R26 W2; and Sections 4, 5 and 8, R27
W1. Total area of the watershed was estimated to be 2,050 acres.

The SCS soils maps for Sedgwick County were consulted to determine the
soil types existing in the watershed. The watershed is primarily agricultural land,
but includes the City of Maize. The soil types and the corresponding hydrologic
classifications are shown in Table 4. A copy of the soils map is located in
Appendix C. The watershed was transferred approximately from the USGS 7 1/2
minute topographic map and the fraction of each soil type within the watershed
was found. A composite SCS Curve Number of 80 was determined based on
agricultural land use.

Soil Description Hydrologic Type
Blanket Siit Loam, 0-1% slope

Blanket Silt Loam, 1-3% slope

Carwile Fine Sandy Loam

Farnum Loam, 0-1% slope

Farnum Loam, 1-3% slope

Milan Loam, 1-3% slope

Shellabarger Sandy Loam, 1-3% slope
Tabler Silty Clay

Vanuss Silt Loam, 0-1% slope

Vanuss Silt Loam, 1-3% slope
Waurika Silt Loam D

Table 4. Hydrologic Classification of Soils in Watershed

0O mwmoOoOWmwWm®OooOo

The primary inflow into the Pracht Wetland occurs through a 36-inch RCP
from the west side of Maize Road. A storage volume upstream from the pipe was



determined from a topographic map and the flow was routed through the storage
using the 36-inch RCP culvert. Other sources of inflow, mostly overland flow,
were also considered in the analysis.

Analysis of outflow from the Pracht Wetland was limited to the two 36-inch
RCP into the Chadsworth development. The HY8 program model was used to
derive a rating curve for the two pipes, including flow over the roadway. Results of
the rating curve analysis are indicted on the following page in Table 5.

Water Surface Elevation Total Flow (cfs) Flow Over Roadway (cfs)
1344 45 0 0

1346.08 45 0

1347.01 90 0

1347.83 135 0

1349.68 180 0

1350.67 225 24

1350.79 250 46

1351.05 315 104

Table 5. Rating Curve for 2 - 36-inch RCP Culverts

SUMMARY

The study was limited to the quarter section intended to become wetlands
and to approximately 40 acres on the west side of Maize Road. The HEC-1 model
considered the area west of Maize Road as one sub-watershed and the area to
the east of Maize Road as another sub-watershed. The model assumes that
water is available for outflow as soon as it enters the wetlands area. This may not
be true, however, as there are numerous pot holds which must fill before the water
wends to the outlet. | Input, output, and hydrographs generated by HEC-1 can be
found in Appendices D and E.

Finally, the results of the study are only as good as the topographic data.
As described earlier, there were not enough contour lines on the map to use the
standard approach for determining storage volumes. The method used to

determine the storage volumes produced the most accurate resuits attainable with
the available data.
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August 14, 1997

Baughman Company, P.A.
315 Ellis :
Wichita, KS 67211

P ROFESSIONAL

Attention: Mr. Jeff Bradley ' g NGINEERING
ONSULTANTS

Reference:  21st & Maize Drainage PROFESSIONAL ASSOCIATION

COW # 472-76-245-81815
COW # 472-76-245-82191
COW # 472-76-245-82273
COW # 472-76-245-82366
COW # 472-76-245-82615
PEC # 36-57763-3104

Dear Mr. Bradley:

Thank you for being so cooperative in providing information about the hydrology near
21st and Maize Road. As discussed in our conversation on August 13, 1997, PEC will
make the following assumptions for the 7'x3’ RCB and subsequent extension of the 8'x3’
RCB along 21st Street in lieu of more definitive information.

1. The pre-developed flow rate and associated pre-developed drainage basin at
the upstream end of the 7'x3’ RCB will control the size of our proposed
detention pond on the Cramner Property.

2. The pre-developed 25 year flow rate from the drainage area northwest of the
reference intersection has been considered in the culvert extension and
will cause the 7'x3" culvert to flow with a hydraulic grade line of 161.72 city
datum or top of the culvert.

3. The area used for the proposed 30" PVC storm sewer in Maize Road is
consistent with strip development.

If you have any additional information to aid in our analysis, questions or comments
please contact our office at your convenience at (316) 262-2691.

Very truly yours,

P SIONAL ENGINEERING CONSULTANTS, P.A.

2 WD

Paul D. Miller, I'E.
Design Engineer
Land Development Division

DIRECTORS: / DE. MALTBIE. PE. /[ WH KEUINER PE / R.O PLETCHER PE / MD. SCHOMAKER PE. [ G.D. SCHOCK PE : SNﬂf::lI:fP]EKQSAS 67202

JH. BAILEY, PE., PH.D. / D.. NORION. PE. / BE REMSBERG. PE. / G GREENWOOD, PE. / D.FE. HAGER PE. [£316) 262-2691
ASSOCIATE DIRECTORS: [ G.L, ADAMS, PE. / MW BERRY, P.E TEAX (316} 262-3003



O OO O OO OO OO Ca o hhOCOes oo da.dm

August 29, 1997

City of Wichita
455 N. Main
Wichita, KS 67211

P roressionat
E neineerinG
C onsuLtants
Reference:  21st & Maize Drainage PROFESSIONAL ASSCCIATION

Attention: Mr. Larry Schaler

COW # 472-76-245-81815
COW # 472-76-245-82191
COW # 472-76-245-82273
. COW # 472-76-245-82366
COW # 472-76-245-82615
PEC # 36-97763-3104

Dear Mr. Schaler:

As discussed in our telephone conversation on August 29, 1997 about 21st and Maize
Road, please lower the flow line on the 18" PVC SWS at Sta 7+00.2 of Line #7 to an
elevation of 160.45. This change will put the pipe on 0.5% grade for 59" and aid in
draining the existing church nearby as future development occurs between there and
Maize Road along 21st Street.

If you have any questions or comments please contact our office at your convenience at
(316) 262-2691.

Very truly yours,

P ESSIONAL ENGINEERING CONSULTANTS, P.A.

Paul D. Miller, 1.E.
Design Engineer
Land Development Division

303 S. TOPEKA
DIRECTORS: / D.E. MALTBIE, P. W.H. KELTNER, PE. . PLETCHER, PE. / MD, s} E.
CTORS: / E / PE. / RD.PLETCHER, PE / MD. SCHOMAKER PE / G.D.SCHOCK PE WICHITA, KANSAS 67202

JH. BAILEY, PE., PHD. / DL NORTON, PE. / B.E REMSBERG, PE. / G.K. GREENWOOCD, PE. / D.E HAGER PE. (318) 262-2691
ASSOCIATE DIRECTORS: / G.L ADAMS, PE. [ MMW. BERRY, P.E, FAX (316) 262-3003



8 /(/t%/ /Vireter gimlzé - Leanlag e g////a?%/‘?

D@ /Z%;mx-@;ztf DLTCET - 7)55 ’

D = /%a/)? /D/)ﬂ,sg ﬁ /@//M/ﬁ EJr - ~ 02 - of
| AC Zo-772z2( -2

(] % _éc",;?a K=)0Ffs

5) 77eD 2%’ Rch %&fa Y

. FRony. &7 /Zﬁ 8 15)
G 2o T0078 24

D4 /&ZAC (Q = /T fs

3

/“ %7
/\/W EXTNDED ﬁ)@ e /,’ 7‘19 /zmzéer Rty potel
//O /7:15({"‘-) /}/ J?“/ '-"'._’r ';17; é;";?, ,r‘ / @ //,77/////{/ 5/./
r)L A s f’/ 74 (/L TR ) For sl 2o

#/) Lestspy “fmnxf Fog 777’c € {C/W 7 v okl “7
V77 te Lo (Peror Mo, |
#Z) 56/“/,@/ Swh ﬁﬁwy e Addes ste

703" Lox S A Py (s Coprciry

7[5 \?}«u?; w{rﬂf’ffq;"]f" ._:,\;;[F _
e AFPFETS ge 20m4 Suck

0 THE #75//4.1@ GIACE  (rE

Are  oNENvey] , BECruss MO mo/gfﬂfwucm

Aop by uf/m. 15 ) ALIBLE O THE Prgeoen
(D207 é%r z' ﬂ,uoue/&’?" EXT@\/W@A/
#5)%%@ DA o2 75 g s
//%/ /f/ﬂ//f/z/y 14 A Dy MPE

V22 @wf% &w@ Debutte e Mo d tso=.

OO OO ;O O, 4o @ oco oo



U

5///97

Dﬂ) D @%W ) 8y Sthuses
4/1/»%(/5/ 5 G ﬁ IMULATIVE — ORAIN A&

J

AEAS | Flowrpn=

Mo CAPAL /7755

- D7 (2 K/wﬁ PeToF " A TE Balp WORKING Sourrs.
/4/(‘52‘4@:) @5// CQ/@C?/// ’ DEfoZJP??@A/
w15 | e | 209 W 5@6@ 245" (as2E)
| @*%L Z,? G 7 /\/C /7. ad
/. 70 | 1% /2.6 - /Z O froy, /%4%%1(/(/
067 |27 | 44 | 7 -
/1969 4.1 » B s 2E
Ve = MA/ 7=
2.0 (5.7 | 24. 5 /& C%Mg% CGJZWZ}C
z = H'/@A?/ 4’61&{5; r{%/%(zx[@ @ A/( af C@g'if?@#ﬂ 2 onl

Z‘f"” PV(”/ M /;1‘ ComU{:J/’

6"4»(0% = .o/ >
&= Z?‘/V eo ]
XR=9,% s 2 ot=
DAY 7 -

Wit AEAD
N PUEE a7 mic€is



U

BT

04) Conr’ zomy op 4tr @ Commee Atdtron

AREh (7)

R £

A

O pipreel

D//-‘/é
U /6%
b /90
Ul 292
j_*e"

auinet W

Dz’, Ll 67

%M@/%
D; 40% “

DQJ 6&/ _ [92{4{/&
= 2| 09-Y4.6%

&s ()
(2
(7
5.7
A
[ 5

55,2

GE PR
- / 7: @é He

3

3 C3 3 O .1 o ¢ o

i %f 5%77/]2/7?7 o=

/
Jas

oo

ShreT Eew
/S

7
2. 8
267

N i
DIEET

5

SN ED

e 24! PO ()
PAX Cﬁfxra‘/’y

-/

s 2E g P O

! - A -~ - ' .
(f{f//[ o %&2’; ;:rg.«z:r?:;?’/’é /& f;"fff

{‘(;;ﬁ‘?/ /s ’ /J’/’;C(,/Q
Tot frao Mane s
MR Pl A /’"7
@ e
pe=.o/ S5=¢,07

W= 532 yoozey = /), )

NS s
/g r Alled S/

it A ewy
& aCET rpsomnds

S s, }A/%Q TX>DT Acp
éy -

| % End C%/A/ﬁ

THe DRANACE 4R eA B o /7 Acrs

2) MGG g3E Bkuraz. EFrecr s
ENCOSNLG 722 Frow

/

o2 NS

APy Hlavir_ 19207 7 (IHCEETRE  f72dc. e/

s ;
ot NS
o

toss )

DECREAS/ M ey, THE ALl 52,201 E o A TRy

7.0 5



)(%W&v%%@v = f - &/ﬁ27ﬂ%¢
Q/V@Z/ ES7 w877 5/’/&?/%//;/}« Y= 7’/5 Lh

n
0y —0p 0 =

i //‘/ zt VZ 74,(/5 // 25’/@/

- %”‘//’} LA o ( WY fLecd R

U

o 2 | Flin) LR MINET 64:;//4/
e 70T O HE T2 ers e

plowy o
Z) e DHEVWITEL. Feond ex2’ ecp CipUmon
P A To st erep G0t e
D BE ETBaED O /r/if Y7IIEED
/7 P DreecrzD Jonarp D,

Site  pue ot gt g e g e < Qs
ALorlyg  IALE  EasD

I

ﬁ) /pﬂL)//(Qf ’_://;(/4/7 /;L//é., AT EASTTRE ég:&/&f}f*{
g/é /‘?/JfZF PRIY 7D % LER e e LT

A5 ‘ oD
/ﬂ,/p/u/; Z/-"f /W/// Z/J7xz//;j /,f)

J

i

J

J

J

0 - Blessk, (&ﬁm%@) |
] 4} %/f%/ N N
i v 25 e ._)fi;/ i w37 g
J Y ond 733 e,

J
i

ﬁ) ///f( SN LlbsE zﬁ/L/ LI Ee iz E pd 5)
Ao BEBIS Fe wmpl | pp EEvsarends

/?0/77_’%/ /4%/9/ on/  serrer ////;/j /2@47 o, Ao



] D
5) @,{’ 2’ /QG@ plo= 712 5‘/(/77/97
,ﬂ/é ,ﬁex /f,; P QWJ;/ -

9% e

M)) e e Bt a fgf}ﬁwﬁ f/wggyw/@
. ; EX T L :
/220 ST &A57 enl gl 4, g s

J iy
CQ/X & /%)49 / /[ j://)&/z j;fé (:75 WMP@ M’%ﬁ/fy (25,
- &F Loip 25) == Eotres 72 = Fyunt /,
= Q L= 396 M é//

D |
/’45/’\/ WHE  OF L AL //2/4¢ o
5w ow 7
. N N fhants
0% - A |
i #/) e 2isn/ /e ?““ JAs ynﬁ ‘%y
N7 LEAST T 75 A /E&/y
J W Benly #ppep NE 70
D 50/3/7/ /1/;//(// JEVEL P RIENT
] 74’/7~ﬁ0 — 2t = 29 feses
D DRI d ik /
LA,
£ ALE
i
U
U
i
U
i

co (ng)@%/ S 26 4 es



/5) ﬁm/mwz@«/ @{é /205 EXPoNonf é//% ’%7

fﬁ‘ VYD DA Ay o 2z ”
fets /5 20 gres
Lﬂ/ VKEENT DA o ! |

2t n ot p o+ @-+ v+ 5= 22

- . A

1 G5 |

(WW) f

i3 ﬂ4 n T4 |
(Kpnirlee W%] ' (ﬁgym jesr) 'i

A 7 I%W’

prar 7

/J
Z Qf o (2
)r W?’/T)

X Loy ey SECT7N,
/@ﬂﬁ(m{ﬁ&, v LNty  EX7n 7700

C!C]CDDC]CJE:]CDDC:!_ED

ﬂ/l/m/;/zeb fﬁmdé)z, Site As e 75 c/s |

AL ARSS THRos Y /1’65 D, Ther ’/@Jf
L / ( laveg 2 @/ /&(4/ /%&/5?9 AT gt o~ ) 3@ g
Gy, /%&M/Aaée Wth  over ﬁme ditected frnwosre

0 Obwse tite ownl { 212 St amprcus

N
T Aliegze gy ’4@%2%@ 8 by cticpste 9o,
EAod., SHHE  fegumphonl as ol (D ecar Q. _
)']PQTA/A/ (0% of The /019 i Sterm ¢ ﬁfﬁc/wﬂhf mm;/z SNAC Py
Mg Dewrl of Tipwntb. PP 6 (Mipener <Tsenl comieimy o IEUGASE S

E:t::]f::ncj?o



W A ko e

o
Y R

oo ':HE_R \

. v ] e
SURFACE WATER DRAINAGE EASEKMENT - ! P

WHEREAS, Cranmer Grass Farms, Inc. is the owner of Tract 1, -
described as follows: !

That part of the S.E. 1/4 ¢of the S.E. 1/4 of Section 8,
T.27 5., R.1 W, of the 6th P.M., Sedgwlck County,
Kansas lying North and West of CRANMER ADDITION,
Sedgwick County, Kansas.

ARD WHEREAS, Northwest Christian Church, a Corporation, ias
the owner of land belng platted aa NORTHWEST CHRISTIAK CHURCH
ADDITION, Sedgwick County, Kaneas, eald platted land hereinafter
referred to as Tract 2, belng deacribed as follows:

Beginning at the S.E. corner of the W. 1/2 of the S.E.
i/4 of Sec. 6, T.27 S., R.1 W. of the 6th P.M.,
Sedgwick County, Kansas; thence West along the South
line of sald §.E. 1/4 wlth an assumed bearing of $. 889
377 1" M., a dietance of 427.00°; thence N 000 Ol 44"
W., parallel with the East line of the W. 1/2 of esaid
5.8. 1/4, a distance of 552.86°; thence S. 88¢ 49 02"
H.., parallel with the North line of sald S5.E. 1/4, a
dlatance of 23.00°; thence N. 000 Q1" 44" W., a dist-
anca of 520.00°; thence N. 889 489° 02" E., parallel
#ith the Horth line of said S.E. 1/4, a distance of
450.00° to a point in the East llne of the W. 1/2 of
said S.E. 1/4: thence S. 009 01° 44" E., a dletance of
1071:45° to the point of beginning, except the South
B0.00" thereof.

AND WHEREAS, tha natural drainage of surfacs watar pranantly
ia from Tract 2 across part of Tract 1, and eald owner of Tract 1
doos not wish to disturb the directlion of sald natural dralnage.

NOW THEREFORE, Iin conoideration of One Dollar (31.00' and
other good and valuable consideration, the receipt of which le
horeby acknowledged, the owner of Tract 1 does hereby grant an
easemont for surface water drainage from Tract 2 acrcas Tract 1
aleng tho present established natural drainage way., which saso-
ment shaltl run with the land and ehall be bindlng upon the
ouccancore, aselgne, helre, adminiotratore and exmscutore of saild
owner, but may be torminated at any time by putual recordablae
inatrumen®. exovutod by the parties who are at the time of term-
inatlon, the cwners of the afore described real proporiy.
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