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SECTION I

INTRODUCTION

Purpose: The purpose of this report is to outline the design parameters used in the
development of Wilderness and Woodspring Detention Reservoirs in the Tall Grass

"Golf Course. These reservoirs are two of seven reservoirs that will be used to

control runoff such that there will be no net increase of stormwater runoff from
development of the basin. The basin was considered to be that portion of the
drainage area above 21st Street.

The purpose of this report is also to insure that any reservoir construction meets
dam safety requirements. The calculations for the National Dam Safety
Requirements will be required only when the storage volume between the top of thé
structure and the existing channel flowline exceeds 30 acre feet. The Division of
Water Resources (DWR) does not review reservoir plans when the volume is less than
30 acre feet and does not require consideration of the Probable Maximum
Precipitation (PMP) events. After initial studies, the volume of both lakes were set
at less than 30 acre feet.

B. Scope: The scope of the study involves the foHowing major tasks:

1. Develop existing and future runoff hydrographs for the 100 year 6 hour storm
eVent. ‘ |

2. Through the use of reservoir routing,. determine the maximum water surface
elevations in the detention reservoirs for the 100 year 6 hour storm. '

3. Develop a proposed grading plan and spillway design for each detention
reservoir. '



f SECTION I

| DESIGN METHODOLOGY

A. Design Criteriaz The following criteria were utilized in the development of the
\ \g | detention reservoir:

| 1. The net increase in peak runoff due to development for the 100 year 6 hour
o } | - ‘ storm event would be zero for the total basin above 21st Street.

. 2. The detention structure would be able to pass the 100 year 6 hour storm.

\ L ' B. Hydrology Computation Methods: Runoff volumes and peak flows were calculated
| through the use of SCS (Soil Conservation Service) procedures. ‘

Runoff volumes were detemﬁined through the use of SCS Hydrolbgic Soil Groupings
re and appropriate runoff curve numbers (CN) for the drainage basin under

‘  consideration. Runoff volume was also distributed over the storm duration in
accordance with SCS recommendations.

~ Time of ‘concentration (Te) was determined by basin characteristics and through the
{ R use of the Kirpich Nomograph

3 .385

Te = (IIﬁQL ) : L = Length of Basin (miles)-

H = Elevation Difference in Basin (feet)
Unit hydr‘ographs were developed and summed for the 100 year storm. Computer
! ‘ ‘ calculations utilizing SCS Soil Group Numbers, CN, Te, drainage basin areas, etec.
were performed to develop hydrographs and to provide the inflow hydrographs for
{ l . routing purposes. The following formula was utilized in the computations:

- I 484 AR
I v
B where A = Area in square miles , .
( ] R = Total runoff in inches (1 inch for unit hydrograph)
Tp = Time in hours from start of rise to peak rate



SECTION I

COMPUTATIONS

A. Drainage Arees: The total drainage area into the Woodspring Detention Reservoir
is 209.9 acres. The drainage area into Wilderness is 190.3 acres.

B. Soil Complex Number (CN):  Discussion with the local SCS office in Wichita
indicated the basin to contain 25% soil type B and 75% soil type D. From Ref. 1,
p. 19 the existing condition of "Meadow: good condition" would produce a CN value
of:

CN = 0.25(58) + 0.75(78) = 73

Future CN values were obtained by dividing the basin into 8 sub-basins according to
futur’e"planned development. These are shown on Figure 1. These areas were then
used to develop a ecomposite CN value. The calculations for this are shown in the
following table.

DEVELOPMENT OF SOIL COMPLEX NUMBER

Area % Total Combined CN

A:I? Future Development (Acres) Area CN* (% Area x CN)
1  Light Industrial 35.2 16.8 92 15.5
2 Resident/ial - 1/4 Acre Lots 43.9 20.9 84 17.6
3  Light Industrial 14.7 7.0 92 6.4
4  Residential - 1/4 Acre Lots = 41.3 19.7 84 16.5
5  Residential - 1/4 Acre Lots  21.3 10.2 84 8.6
~ 6 Residential - 1/2 Acre Lots - 20.0 9.5 81 B {
7  Light Industrial - 13.9 6.6 92 6.1
8 Residential - 1/2 Acre Lots 19.6 9.3 81 7.5
Total CN 85.9

* From Ref. 1 (Ave. 25% soil type B and 75% soil type D)
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C. Hydrographs and Detention Reservoir: To produce the required detention, each of
the reservoirs was designed to serve a dual purpose of flood control and to serve as a
recreational lake. The lakes, as designed, would maintain a normal pool and would
attenuate the 100 year 6 hour design storm to compénsate for the additional
development.

In order to meet landscaping and storage requirements, the general shape of each of
the lakes varies considerably from that of existing contours. A 4 foot wide notch in
the concrete dam will be provided to maintain the normal water pool elevation in
each reservoir while the top of the dams will serve as the emergency spillways.

The following ecomputations and parameters were utilized in the development of the
design hydrographs, routing, and dam design. '

General Procedure from Ref. 2, p. 76-83

Dréinage Area - Wilderness = 190.3 Acres = 0.297 sq.mi.
Woodspring = 209.9 Acres = 0.328 sq.mi.

From Ref. 3, Fig. 2-3

100 Yr, 6 hr. rainfall for 10 square miles

P =5,9"
6 Hr. Rainfall Distributed by the House
(See Graph C, Fig. 2-6, Ref. 3)
' 100 yr. - 6 hr.

Hour % Accum. Rainfall Ine. Rainfall

1 .08 0.5 0.5

2 .22 1.3 0.8

3 .70 4.1 2.8

4 .84 5.0 0.9
5 .93 5.5 0.5

6 1.00 5.9 _ 0.4
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Wilderness Lake
Storage and Outflow Vs. Elevation

Accumulated
Elev Storage Outflow
Ft. Ac.Ft. CFS
202.00 - 0.00 0.00 Normal Pool
202.50 2.31 4.59
203.00 4.62 - 12.65
203.50 . 7.20 22.64
204.00 - 9.77 33.91
204.50 12.71 . 46.07
205.00 15.64 58.83
205.50 . 19.08 71.95
206.00 22.51 85.25 Top of Structure
206.50 26.65 193.60
207.00 30.79 404.90
207.50 35.72 697.00
208.00 40.64 . . 1064.80

Woodspring Lake
Storage and Outflow Vs. Elevation

Accumulated

Elev. Storage Outflow

Ft. Ac.Ft. .CFS
198.00 0.00 0.00 Normal Pool
198.50 , 1.30 4,59
199.00 5.59 - 12.65
199.50 - 4.06 ' 22.64
200.00 5.52 33.91
200.50 7.18 : 46.07
201.00 - 8.83 58.83
201.50 10.70 , 71.95 T
202.00 12.57 85.25 Top of Structure
202.50 14.68 -175.90
203.00 16.78 354.90
203.50 19.16 : 605.30
204.00 21.53 923.50
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Hydrolograph and Elevation Information

Wilderness  Woodspring

Existing 100 yr. (cfs) 326 352
Future Routed 100 yr. (cfs) 316 265

* Future 100 yr. Elevation 206.8 202.7
‘Normal Pool Elevation 202.0 198.0
Top of Structure | 206.0 202.0

Miscellaneous Information

Spillway V Opening 4'x 4 4x4
Spillway (Upper Segment)  Width 106 95!
| - Side Slopes  4:1 41
Flood Storage - ’ ’ |

(100 yr.-6 hr.) Ac.Ft. 29.05 16.40
Storage of Top of ' |

Structure : Ac.Ft. 22.51 13.19

Individual hydrographs were developed by computer and the printout data are shown
in Appendix A. The existing inflow hydrographs are based on the present
undeveloped state of the drainage basin. The design inflow hydrographs are based on
the future development of the entire basin. The routed outflow hydrograph from
Wbodspring.indieates the effect of the proposed detention reservoir 6n the design
inflow hydrographs. The 100 year 6 hour design peak inflow of efs for the total basin
was reduced via stoi'age to a efs peak on the reservoir outflow hydrograph. This is
less than the calculated existing undeveloped peak inflow of efs, therefore, the
detention reservoirs will function to prevent any inerease in peak rundff rates from
the basin due to development. ‘
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HYDROGRAPH FROM RAINFALL AND WATERSHED DATA
| WILDERMESS LAKE 100 YEAR STORM EXISTING CONDITIONS FINAL

WATERSHED DATA

AREA (SQeMIs)

= 0297
LENGTH (Mle) = . 072
HEIGHT (FTe) = 31.00
CURVE NUMBER = 73600
TIME OF CONCENTRATION{COMPUTED IF MNOT GIVEN)= . Qo473 HRe
RAINFALL DATA
- TIME (HRS.) TOTAL ACCUMe.
o RAINFALL (INe)
1.00 050
2400 1.30
3,00 4410
4,00 500
5.00 - 550
6.00 5490

AUTPUT HYDROGRAPH==PLOTTING INTERVAL 0«25 HRSe

--————-o-——--—_—————---—c-_-—_.-—.-u——-—.———-——.-——-—--—_-.——--

TIME (HRS.) DISCHARGE Q
CFsS

0e25 0.0
050 - 00
Ce?7% 0.0

©1.00 060
1625 : 060
1.50 . 160
1¢75 ' 8e0
200 219
225 7408
2¢50 1774
2675 27073

(3400 32507
. 3625 - 28604
3450 18746
375 13467
4000 13161
4e25 - - 1153
4650 " 8569
4,75 774
5600 . 17606
5025 7205
5650 f 658 '
575 6208
600 58¢5
625 ] . 1162
5450 - 840

6675 )
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HYDROGRAPH FROM RAINFALL AND WATERSHED DATA

WILDERNESS LAKE 100 YR STORM DEVELOPED NP?02 TOP206 4 NOTCH L 90 FINAL

WATERSHED DATA

AQEA (SQoMIo')’-‘- 00297
- LENGTH (MIe) = 0e72
. HEIGHT (FTe) = "'31.00
CURVE NUMBER = 8590
i) TIME OF CONCENTRATION(CCMPUTED IF NOT GIVEN)= 06473 HRe
| .
. 'RAINFALL DATA
{}) -------------
lt TIME (HRSa) TOTAL ACCUMs
' RAINFALL (INe)
yl_ 1.00 . 0650
A 2400 1630
3600 4elO
o , 4,00 5000
11' 5600 5650
‘ 600 5690

iw , . OUTPUT HYDROGRAPH==PLCTTING INTERVAL 0625 HRSo

- T - — A - SOE - A . o G SN e it D G e it O Bk T Seab W S AT s NS X T RS am . €

TIME (HRSe) DISCHARGE Q

y[ . CFS -
. 0625 1646
. 050 1563
j; ‘ 0e75 - o 665
= 100 38
' 1625 1761
ﬁ[ © 1650 3964
f : 175 6001
2.00 80ab

i 2425 17062
i l ; 2¢50 . 32040
h 2.75 4187
= : . 2600 - 651eT
- 3425 37441
L 3450 23602
: 3¢75 165a1

, t 4400 15865
i 4425 13801
| 4e50 10608

[ 4475 912
R | 5400 . 8949
- 5¢25 - ‘ 84e7
| v 5050 ,"_ 7606
;[ o 5,75 7267
L . 6,00 67e5
= 6425 o 3509
. 650 9¢2

o . 6475 \ 0.0



QUTFLOW HYDROGRAPH FROM STORAGE AND QUILET DATA

| WILDERNESS LAKE

B ELEV,
f] FTe

: 202400
kq ‘ 20250
1 203,00
203450

. 204400
1[ 204450
205600

- 205650
i{ 206000
- 206650
o 207.00
E 207450
. 208600

100 YR STORM DEVELOPED NP202 TOP206 4 NOTCH L 90 FINAL

ST
A

ORAGE
CoFTe

000
2031
bob?2
720
977
12.71
1564
19.08
22651
26465

30679

35072
4064

STORAGE AND QUTFLOW VSe ELEVATION

W S S DS S W . S W, W S . D e s S i o A WS M OO o S U R N WS A O s S RS U0

CUTFLOW
CFs

0 CO
4659
12.65
22664
33,91
46607

58483 .

71695
85625
193060
404090
697600
1064.80

DISCHARGE y STORAGE s AND ELEVATION VS TIME

320602
L1Be74

374418
236679
165415
158450
138415
106085

91429

451076

89.93 |

BbeT2
76261

7277

67655
35,96
9427
0.00

Ty
| E T v o o o e o e s s s S e S e S o S o o o S a8 [
|

Q=0UT ST
CFS A

78663
23080

316420
25580

193.03
177.68
159,96
136089
117637
10570 .
9672
88027
Bb4eb7
83635
79669
T4a26
Tholb

ORAGE
CoFTe

0.CO
0033
0«65

" 0.75

0.80
1o11
187
300
Lol
7662
13.48
20080
2737
29205

27486

26662
2604
25636
24altB
23773
2329
2294
27662
22636
2702
2107
19.67
1967

ELEVe
FTo

202,00
202407

202614

202616
202617
202024
202049
2026565
202096
203.58
2040673
205875
206e58

20679,

206664

206649
206642
206434
206423
2C6e14
206409
20605
206401
2C5.97
205692
205679
205458

- 205458



:HYDROGRAPH'FROM RAINFALL AND WATERSHED DATA
WOODSPRING LAKE  ENTIRE BASIN EXISTING CONDITIONS FINAL

WATERSHED DATA

AREA (SQ.MIQ)= 00328
LENGTH (MIe) = . 0680
HEIGHT (FTe) = 350,00
CURVE NUMBER = 73.00
TIME OF CONCENTRATION(CUVPUTED IF NOT GIVEN)= 06510 HRe
RAINFALL DATA
TIME (HRS.! TOTAL ACCUMe
' " RAINFALL (INe)

100 0650

2000 1630

3,00 4610

4,00 500

5000 5650

600 5690

OUTPUT HYDROGRAPH==PLOTTING INTEXRVAL 0Qe25 HRSs

TIME (HRSe) DISCHARGE Q

: CFS

0e25 0.0
0050 ] ' 0,0
0e75 0e0
1000 . 00
1e28 ’ 0.0
150 lel
175 ' 860
2,00 o 2207
. 2825 i 7608
2450 18207
2675 28509
3,00 352473

<3625 372104
3650 22007
3,75 1576
4600 : 1t4ael
Lod5 . 1294
450 10266
4075 87@3
5,00 . Blheb
525 : 80¢6
550 i 7365
575 £9e7
6600  59.3
€628 5163
6450 1969

675 | 3.0



WOODSPRING LAKE NO

WATERSHED PATA

AREA (5Q.MI)
LENGTH (MI,)
HEIGHT (FTe)
CURVE NUMBER

nowonon

4 100 YR STORM DEVELOPED

0.03i
0e25
"'20.00
85690

| HYNDROGRAPH FROM RAINFALL AND WATERSHED DATA

In put H ydfog"‘*?k

TIME OF CONCENTRATION(COMPUTED IF NOT GIVEN)=

RAINFALL DATA

TIME (HRS.)

1,00
2.00
3400
4600
- 500
6600

TOTAL ACCUM.

RAINFALL (INs)

0650
130
4010
500
5050
5690

OUTPUT HYDROGRAPH==PLOTTING INTERVAL 0.25 HRS

TIME (HRS,)

0625
0e50
0e75
1,00
125
1.50
1¢75
2:00
2025
2¢50
275
3.00
3625
3650
3675
4,00
4425
4Le50
475
500
5425
5¢50
5475
600
6625

DISCHARGE Q
CFsS

0.0
0.0
0.Q
1e2
4ol
63
79
906
3706
L4466
4800
490 4
1766
1645
16.6
167
9.6
9673
9e3
9¢3
Teb
Te5
Te5
8a6
19.5

@buT

wiiderness

De66
1o29
1.50
159
2621
3,71
702 -
12014
24051
4944
78463
230680
316,20
255080
193,03
177.68
159696
136489
117637
10570
56472
88627
B4tasb7
83.35
7969
The26
Tbe2b

Q W
Woedsprwy

Qo7
1e3
le5
28

. 663
100
1459
21la7
6201
9460
12606
280,2
333.8
27269
20946
19404
10G.6
14662
1267

. 11560

10403
95,8 .
92¢2
920
99el
7462

0.0

RARFAAREA F INAL

00165 HRQ



 HYDROGRAPH FROM RAINFALL AND WATERSHED DATA

WOODSPRING LAKE 100 YEAR STORM DEVEL INPUT HYDROGRAPH NP198 T202 N4 L75

WATERSHED DATA

AREA (SQeMIa)
LENGTH (M1s)
HEIGHT (FTe)
CURVE NUMBER

TIME OF CONCENTRATION(COMPUTED

RAINFALL DATA

O R - W 0 08 e R S O U

TIME {(HRS,)

100
2400
3600
44,00
5600
600

00328
0.97
35400
85490

TOTAL ACCUMe
RAINFALL (INe)
050
1630
4610
5,00
550
590

[F NOT GIVEN)=

QUTPUT HYDROGRAPH==PLOTTING INTERVAL 0e25 HRSe

S - IR U S . S G S o WD A D G Gme S SR e i S A o et et T S S G e (e €U S T WD ey e S W T S W o WS A S waw GO

TIME (HRSe)

- Qe25
050
0s75
1.00
'1025
1450
le78
200
2025
250
2675
3.00
3625
3650
3:75
4400
4625
4,50
4o75
500
5825
5450
5075
6400
6¢25
6650
6675

DISCHARGE Q
CFS

Qe?
le3
le5
208
663
100
1409
21a7
6261l
9400
12666
280e2
333.8
2720673
20Ge6
1944
109:6
14602
12647
1150
10443
95.8
9262
92,0
9961
T4e2
0«0

06637 HRe



OUTFLOW HYDROGRAPH FROM STORAGE AND OUTLET DATA

WOODSPRING LAKE 100 YEAR STORM

STORAGE AND CUTFLOW VSe ELEV

-—a———--——-—.—...—--—--—-———-_.._--.-———o-——-—-—----u

ELEV,
FTe

198400
198650
199,00
195650
200600
200650
201400
201450
202,00
202450

203,00 .

203450
204400

ST
A

CRAGE
CoFTe

De00
1.38
2076
“he32
587
7661
Fe34

11.27 .

13.19
15.3¢4
17.48
19.98
22448

ATION

GUTFLO
- CFS§

0«00
4059
1265
22464
3351
46407
58.83
71695
8525
175,90
354490

‘N

605630

923650

DISCHAHGthTORAGtoAND ELEVATION VS TIWt

27230
209:60

333,80

194,40 .

109.60
146620
12670

115,00,

10460730

95480 -

92620
92400
99,19
Thelh

De00

162469

G=0UT ' STORAGE
CFS ACeFTe
000 Q000
Q.04 0e01
012 003
0622 " 0606
0e39 Qell
078 - 0e23
le39 Qetl
2ad9 068
3058 1,07
9656 223

19.78 3¢87

46325 5293

67483 1066

211643 1576
265,16 1640
211.31 15476,
194655 15056
13929 ldeds?
143677 l4e57
133697 lao3a
123630 14009
11?089 13.84
1b3089 13063

98.37 1350

96624 13e45

39459 13,53

163653 1504

156072

DEVEL INPUT HYDROGRAPH NP198 T204% N& L75

ELEVe

FTe

198000
198,00
198401
198402
198404
198.08
198615
198,24
198639
198+80
199635
200401
201634
20259

202074

202459
202455
20229
202632
202626
202620
202615
202410
202607
202006

202.07
2026473
202442






