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HYDROLOGY AND
HYDRAULIC ANALYSIS
FOR

PENSTEMON DETENTION RESERVOIR
. IN -
TALL GRASS GOLF COURSE
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SECTION 1

INTRODUCTION

'Purposé: The purpose of this report is to outline the design parameters used in the

development of Penstemon Detention Reservoir in the Tall Grass Golf Course.
Penstemon Dletention Reservoir is one of seven reservoirs that will be used to
control runoff such that there will be no net increase of stormwater runoff from
developmént of the basin. The basin was considered to be that portion of the

drainage area above 21st Street.

In order to develop the necessary design parameters for Penstemon Detention
Reservoir, it is first necessary to develop a preliminary plan for Reservoir No. 1
north of 29th Street. .It was assumed in the design of the Penstemon Detention
Reservoir that Reservoir No. 1 would be built at some future date.

The purpose of this report is also to insure that ény reservoir construction meets
dam safety requirements. The calculations for the National Dam- Safety
Requirements will be req.uired only when the storage volume between the top of the
structurc and the existing channel flowline exceeds 30 acre feet. The Division of
Water Resources (DWR) does not review reservoir plans when the voiume is less than
30 acre feet and does not require consideration of the Probable Maximum
Precipitation (PMP) events. After initial studies, the volume of the Penstemon
Detention Structtire was set at less than 30 acre feet. Required storage in Lake #1
exceeds 30 éére—feet. Therefore, in fihal studies the PMP event must be conéidered,

dam safety requirements met, and the reservoir reviewed by DWR. .

Scope: The scope of the study involves the following 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. -
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SECTION 11

DESIGN METHODOLOGY

A. Design Criteria: The following criteria were utilized in the deyelopment of the -

detention reservoir: ‘
1. ' The net increase in peak runoff due to development for the 100 year 6 hour
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.

. Hydrology Computation Methods: Runoff voll_xmes and peak flows were calculated

through the use of SCS (Soil Conservation Sérvice) procedures.

Runoff volumes were determined through the use of SCS Hydrologic Soil Groupings
and appr'op’riate runoff curve numbers (CN) for the drainage basin under
consideration. Runbff_, volume was also distributed over the storm duration in
accordance with SCS recommendations.

Time of concentration (Tc) was determined by basin characteristics and through the
use of the Kirpich Nomograph

3 .385 o . . .
Te = (11.9L ) : L = Length of Basin (miles)

"H " H = Elevation Difference in Basin (feet)

_ '_Unit hydrographé were'de\)elop'ed and summed for the 100 year storm. Computer

calculations 'utilizing SCS Soil 'Group Numbers, CN, Te, drainage basin areas, etc.
were performed to develop hydrographs and to provide the inflow hydrographs for
routing purposes. The following formula was utilized in the computations:

_ 484 AR
where A = Areain square miles
R = Total runoff in inches (1 inch for unit hydrograph)
Tp = Time in hours from start of rise to peak rate
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SECTION III

COMPUTATIONS

A. Drainage Areas: The total drainage area into the Penstemon Detention Reservoir is

381 acres. The drainage area into Lake #1 is 234 acres.

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. 5,

p. 19 the existing condition of "Meadow: good condition" would produce a CN value
of:

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

Development of the future CN values was done by dividing'the basin into 3 sub-
basins according to future planned development. These are shown on Figure 1.
These areas were then used to develop a composite CN value. The calculations for.

this are shown in the folloWing table.

DEVELOPMENT OF SOIL COMPLEX NUMBER

Combined CN

Area % Area TFuture Development CN* (% Area x CN)
Lake #1 |
Area 1 235 acres 100 Light Industrial 92 92  _
e ——— - e e T e D, o

e e e e S R

\

Penstemon Lake ,
Area 2 76 acres 52 Light Industrial 92 , 48

Area 3 . 70 acres 48 Residential
: 1/4 Acre Lots 84 40
Total CN 88 .
‘Total Basin ) | _
- Lake #1 235 acres 61.7  as above 92 . 56.8
Penstemon 146 acres 38.3 : as above 88 33.7

Total CN , 90.5

_*Frdm Ref. 5 (Ave. 25% soil .type B and 75% éoil' type D).
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Hydrographs and Detention Reservoiif: To produce the fequired detention, each of
the resefvoirs ‘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.’ The general shape of the lakes varies considerably from that of the

existing contours to meet landscaping‘and storage requirements.

In order to develop an inflow hydrograph for Penstemon Lake, it was necessary to - -
develop preliminary plans for the future lake to be located north of 29th Street.
For "these purposes, an orifice was provided to maintain a normal water pool
eleVation aﬁd a notch in the top of the structure to handle the 100 year 6 hour event.
The PMP event will have to be considered and dam safety requirements met in final

plans for Lake #1 because the planned storage capacity exceeds 30 acre-feet.

To produce the inflow hydrograph for Penstemon Lake, the outflow hydrograph for
Lake #1 was added to the hydrograph developed for the remainder of the basin
drainying into Penstemon. A small orifice in the concrete dam will be provided to
maintain the normal water pool elevation in Penstemon reservoir. The top of the

dam will serve as the emergency spillway.

The following computations and parameters were utilized in the development of the -

designhydrograph_s, routing, and dam design.

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

‘Drainage Area - Lake #1 =285 acres = .367 sq.mi.—

Penstemon = 235 + 146 = 381 acres =.595 sq.mi.
From Ref. 3, Fig. 2-3 ' '

jcl_Oth;Y/x",,‘G;ht:.;raint‘_gll for 10 square miles

-

Pri5.9"'
6 Hr. Rainfall Distributed by the Hour
(See Graph C, Fig. 2-6, Ref. 3)
, : 100 yr. -6 hr.
Hour % . Accum. Rainfall - Inc. 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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Lake #1 ;
Storage and Outflow Vs. Elevation

Accumulatéd

 1II-3

Normal Pool

Top of Structure

Normal Pool

Top of Structure

Elev. Storage Outflow
Ft. Ac.Ft. .CFS
211.00 0.00 0.00
212.00 4.90 4.30
212.50 . 7.40 7.30
213.00 9.80: 7.70
214.00 - 16.40 13.30
215.00 23.00 17.20
216.00 . 31.90 20.30
216.50 .36.30 33.40
217.00 40.70 55.70
218.00 52.10 115.90

(C218:50=——x__ C57.80) 151.90
219.00 63.50 - '190.40
220.00 68.30 274.90

Penstemon Lake
Storage and Outflow Vs. Elevation
Accumulated
Elev. - Storage - QOutflow
Ft. Ac.Ft. - CFS

203.00 - 0.00 0.00
204.00 1.87 4,33
204.50 . 2.92 7.34
205.00 3.97 7.69
206.00 6.56 13.31
206.10 6.91 23.96
206.20 7.27 43.06
206.30 7.62 68.75
206.40 7.97 98.38
206.50 8.33 ©131.93
206.60 8.68 172.06
206.70 9.03 213.09
206.80 9.38 261.90
206.90 9.74 309.69
207.00 10.09 366.84
207.50 12.50 673.41

14.91 1084.65
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Hydrolograph and Elevation Information

1 ] CJ

Penstemon

"~ Lake #1
Existing 100 yr. (efs) 402 <— 594
Future Routed 100 yr. (cfs) 1_’ZD 456
Future 100 yr. Elevation 218.82 207.14
Normal Pool Elevation 211.0 - 203.0
Top of Structure 218.5 206.0
Miscellaneous Information
Lake #1 Penstemon
Spillway Opening 1.5" x 1.5 1.5" x 1.5
' Orifice Orifice
10' x 2.5' |
Notch
Spillway (Upper Segment) Width 200 - 112
’ ' Side Slopes ' ' 4:1
Flood Storage -
(100 yr.-6 hr.) Ac. Ft. 61.46 10.78
Storage to Top of ‘ ‘ o
Structure Ac.Ft. ' 57.80 6.56_

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-

‘Penstemon indicates the effect of the proposed detention reservoir on the de51gn

inflow hydrographs. The 100 year 6 hour design peak inflow of efs for the 'total basin .
was reduced via storage to a efs peak on the reservoir outflow hydrograph. This is
less than the calculated existing undeveloped. peak inflow of efs, therefore, the

’detentlon reservoirs will function to prevent any increase in peak runoff rates from .

the basm due to development

111-4
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| HYCROGRAPH FROM RAINFALL AND WATERSHED DATA

[] GOLF _COURSE LAKE NO 1 100 YEAR ST2iM  EXISTING CONDITIONS

WATERSHED DATA

N AREA (5QeMI4)= 0437
M. _ LENGTH (MI.) = 0479
[T*“’””““”““““HEIGHT (FTa) = 32,00

= 73,00

8 CURVE NUMBER

[Lf RAINFALL DATA

TIME (HRS.) TOTAL ACCUM,

L , RAINFALL (INg)

L 1,000 7 7 0,50 7 T
2400 1.30
3.00 4410

4400 T 5430
5.00 5450
600 5490

[jf ~ OUTPUT HYDROGRAPH==PLOTTING INTERVAL 025 HRS.

T T IME (HR S ) DISCHARGE Q@
: CFs
. T e 002 5 O.o ‘
| _ Ce50 2.0
N 3075 O'O
T 1e00C 0«0
1025 O‘O
1450 1e0
[] S T 1.75 246
ZOOO 22'8
2.25 81'6
[} T 2450 ' 20342
. 2e758 32044
3.00, 601e7 &
- - ) 3,25 37043
[J 3650 : 24947
3,75 17742
o 4400 16346
[J 4e25 14745
: 4450 , 1161
_ {"”mmf"mf“ S Ge75 9845
[} 5400 9543
; 5425 - ’ 91.1
T T 8,50 . B2.2
L 5475 ' 7848 -
[J 6400 777 ™
T 5625 ’ 5773
6¢50C - 2246
[J 6075 145
b
[J s a1
o
I} R

TIME OF CONCENTRATIGN(CQMPQTEPMIF_NQT_GIY@N);H‘M

29 M

04520 HRe



HYDROGRAPH FROM RAINFALL AND WATERSHED DATA
LAKE 19 100 YR STORM DEVELOPED L200 NP211 ORl45X1e5 N10O AT 216 TOP21845
WATERSHED DATA

AREA (SQeMle)= 0¢37

LENGTH (Mls) = 079

HEIGHT (FTs) = 32.00

CURVE NUMBER =~ 92400

TIME OF CONCENTRATION(COMPUTED IF NOT GIVEN)= = 04520 MR,

RAINFALL DATA

TIME (HRS.) TOTAL ACCUM,

RAINFALL (INo)
1,00 0450
2.00 1.30
3.00 4,10
4400 | 5400
54,00 5450
6400 5.90

OUTPUT HYDROGRAPH--PLOTTING INTERVAL 0425 HRSe

TIME (HRS.) ° DXSCHARGE Q
CFS

0025_ 52
0.50 : : Te2
075 13.0 .
1.00 _ 2745
1625 ' 56e1
150 9247
175 ' 12049
2400 13846
24625 25248
2-50 45700'
2475 58549
3400 » - 62Teb6 4—
3.25 52947
359 33846
3.75 230.8
4.00 20849
4e25 1860
4¢50 o 194.6‘
4475 : 121.5
5400 116.8
5425 ) 11140
5450 10046
5;75 ' S449
6400 . 93e4
6425 6944
6450 . ~ 2745

6075* 4e4



OUTFLOW HYDROGRAPH FROM STORAGE AND OUTLET DATA

LAKE ls» 100 YR STORM DEVELOPED L200 NP211 ORI.SXI-S N10 AT 216 TOP218+5

STORAGE AND CUTFLOW VvSs ELEVATION

ELEV,
FT.

211400

212400

ST
A

212450

213.00
214.00
215400
216400
216450
217.00

218.00

219400
220.00

ORAGE
CeFTa

0«00
4490
T7e40
9.80
16440
23.00
31.90
36430

4070

52410
63450
68430

QUTFLO

CFS

0.00
4430
7430
T¢70
13.30
17.20
20430
33440

W

55470 .

115490
190440

274490

DISCHARGE.STORAGE,AND ELEVATION VS TIME

Q=IN
CFs

0.00

5622
7020
13,06
27450

56619

92.74
120499
138,66
252483
457.01
585495
627462

529476 .

338462

230.81
208498
186405
144,65
121451
116.81
111,05
100.69

94490

93,47
69444
27,57

4et9

87499
137463

162479

171.24
175494
177.11

172492

166437
160408

S

153,86

147414
140455

134,63

126440
114431

) 103,47

TORAGE

ACeFTo

- 0e00
0s10
0e25
0451
1,06
2220
4406
6646
9417

14,420

23434

35405

46481

55042

59427

6056

61les28
leds

6082

59.82

58486
57491
56488
55487

54496

53070
5180
494,74

ELEV.
FTe

21100
211.02
211405
211.10
211.21
211444
211.82
212,31
212486
213466
215403,
216435
217.53
218429

. 218662

218474
218.80
218482
218476
218467
218459
218450
218441
218433
218425
218414
217.97
217479



HYDROGRAPH FROM RAINFALL AND WATERSHED DATA

PENSTEMON LAKE ENTIRE DRAINAGE BASIN EXISTING CONDITIONS 100_YR STORﬁ“

WATERSHED DATA

AREA (SQeMl,)=
LENGTH (MI,)
HEIGHT (FT.) =
CURVE NUMBER =
TIME OF»CONCENTRATION(COMPUTED IF NOT GIVEN)=

RAINFALL DATA

TIME (HRS.)

1400
2400
3.00 .
4000
5000'
6400

TIME (HRS,)

0.25
0e50
0e75
1:00
1425
-1e50
1e75
2400
225
250
275
3400
3425
3450
3,75
4400 |
4425
4650
4eT5
5.00
5425
5450
575
6400
6e25
6450
6075
7400
Te25

060
1402
33.00

73.00

TOTAL ACCUM,

’ RAINFALL (XN.)

0.50
1.30
4,10
5.00
550
5490

DISCHARGE Q
CFs

0.0
0«0
0.0
.00
0«0
1e3
9.7
276
9844
24242
41604
5702
59440 +—
48445
367.1
289.0
24768
21140
17945
16042
150.1
14047
132.8
12642
101e7
5844
2446
4¢9
0.0

04690 HR.,




HYDROGRAPH FROM RAINFALL AND WATERSHED DATA
Tuliowd \\A_,‘ coaene ™D Y aAp Ny RN

PENSTEMON LAKE

WATERSHED DATA

AREA (SQeMI.)= 0423
LENGTH (Ml,) = 0.68 .
HEIGHT (FTe) = ' 29,00 T
CURVE NUMBER = 88400
TIME OF CONCENTRATION(COMPUTED [F NOT GIVEN)= 04454 HR,
RAINFALL DATA
TIME (HRS,) TOTAL ACCUM,
, RAINFALL (INe)
T le00 T 0450 7
2.00 1.30
3.00 4.10
4,00 ’ 5400
5400 : 5450
6400 5490
OUTPUT HYDROGRAPH==PLOTTING INTERVAL 0e25 HRSe
—--------f"f""‘-*----?-—-f---- u-OUT"-j}T:‘
"TIME (HRS.) DISCHARGE @ CFS  Penslene
CFS . Folurelole eN 3RV oy
Bas v + 0«00 = Qe
0e25 . 1067 . Ce09 10.80
0e50 Se6 0e22 . 9.80
0675 4.2 Cess G670
1400 : 649 0693 ' 7480
le25 2142 1493 23.10
l.50 4048 31456 44 440
1475 5743 bel? 63450
2.00 72e4 7459 8040
2625 . 15145 llett 162,90
2450 273.8 17422 291.10
2.75 2 29.65 375490
3400 gfzi;ggéiw' 87499 ' 452,60 4—
3.25 296, 137.63 437,30
3,50 » 18044 162479 143,20
3.75 129.6 171424 300.80
4400 125.0 175.94 300.9C
4e25 108.2 177411 285,430
4450 8247 172492 255460
G475, ) 71e5 165427 237090_
5400 " 7046 16CeC8 230479
5625 ) 66e4 - 153,.,3¢ 22Ce30
5450 , 5949 147414+ 2207480
5475 : 57¢1- 140.55 = 197.79
600 S 5242 134463 13489
6¢25 2542 126440 151450
650 ' 52 1le43] 119.52

675 - ‘ 0.0 103 .67 1035




HYDRCGRAPH FRCM RAINFALL AND WATERSHED DATA
PENSTEMON LAKE 100 YEAR STCRM DEVELUREDs INPUT HYDs NP203 TCP206 le5X1e5

WATERSHED DATA

AREA (SOCMI.)= 0+60
LENGTH.‘MI.) = le02
GHT (FTe) = 33.00
CUQVE NUMBER = S0e50
TLM" OF CCNCENTQATION(CCWPUTLD IF NOT GIVEN)= 06690 HR4

RAINFALL DATA

TIME (HRS,) - TCTAL ACCuM,

RAINFALL (IN.)

l.00 ‘ 0650
2400 ° 1430
3400 4410
4400 '_,ouo
5.00 5450

€.00 : 5.90

QUTPUT HYDQOGRAPH—-PLOTTING INTERVAL  0a.25 HRSe

TIMt {HRS.) DISCHARGE Q
CFS

0e25 1048
Ce30 Se8
Ce75 be?
1.00 748
le2s 23.1
1450 _ 44 44
1¢75 6345
2:00 8040
2425 16249
2450 29141
275 3759
3400 45246
3425 432,43

" 3450 ’ 363,2
3,75 3C0.8
44CC 320049
Le25 28543
4e50 - 25546
Ge75 . 237.9
5400 23047
£e25 22043
505Q i 207.0
5475 19747
£4C0 . 183648
5425 15146
6+45C 11945
5675 ) 10345 .

7400 T 0e0




OQTFLOW HYDROGRAPH FRCM STCRAGE AND CUTLET DATA

PEVSTtVOV LAKE 100 YEAR STCRM DEVELGE Pzl INPUT HYDy NP203 TGP206 1e5X145

STORAGE AND QUTFLOW VSe ELEVATION

ELEV, STCRAGE CUTFLCwW
FTe ACWeF T CFs
203,00 : 0400 - 0400
206400 l.87 4433
204450 T 2492 0 Te34 "
205.00 3497 7469
206400 6456 13.31
206410 691 ‘ 23496
206420 7627 43,06
206430  Teb2 58475
206440 7497 98438
206450 8433 131493
206460 8468 172406
206470 9.03" 213,09
206480 : 9.38 261490
206490 Se74 3094569
2C7.00 10.09 366484
207450 _ 124580 573441
1 208.0C 14491 1084 ,65

_—-—————-—-——---—————-_-—-————--——-—_-——

TIME G=IN G=CUuT. STCRAGE ELEV.
OQ\U" UQUU U.UC U.OO X 203.03
0425 10.80 0450 0.21 203411
0e50 S.80 O0eS3 Ced) ) 233421
0e75 4470 1.1l Gat8 203,25 7ﬁ¢vaﬂ£
1.00 7480 let?2 Cebl 203432
1425 27,10 24012 105 203455
1450 44 440 Lat] 1450 - 204401
1.75 63450 7439 2408 2064557 ajbé 7
2,00 804CO 9.01 4458 205,23 o :
2025 162-90 74'070 765 206.32
2450 291410 111,08 9v57 2064973
275 375490 7 12417 207401
3.00 < : Ty _10.78 207414
3425 437,30 416,434 1Cet7 2C7.08 -
34350 - 343,20 314450 9e78 206490
3,75 300.80 297454 9452 2064856
4.0 300490 299424 9665 2C6487 .
La25 293430 - 284451 .55 206484
4e50 . - 2554540 © 254445 9432 206478
4475 237450 241420 ‘ QeZ3 206475
feC0D 230-7? 23748 XYY 2058674
5e75 720470 227475 - 3413 206473
Ee50 207400 12415 Yel4 C 206670
Ce75 197.70 208425 5.93 205463
€400 18¢.87 59410 31 , 206456
£e25 151450 152497 8-‘0‘- 206457
£e5T 119-5 132.:}7 Haei3 . 23 o S




