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COPIES TO: ATTN: DATE:
M.E. Lindebak, P.E., FROM: Michael W. Berry, P.E.
Attn: C.L. Gipson, P.E. REFERENCE: Storm Sewer Design Computations

PLEASE ADVISE IMMEDIATELY OF ANY MISCONCEPTIONS OR OMISSIONS YOU BELIEVE TO BE CONTAINED HEREIN.

Attached hereto are the computations for the referenced project.

The publication "Interim Drainage and Storm Sewer Policy for Design Criteria
and Documentation, City of Wichita," as revised 4/15/86, was used as the
reference for the hydrologic and hydraulic computations. This publications is
hereinafter referred to as the "Design Manual." '

Manual #1, as referenced herein, refers to "Design of Urban Highway Drainage -
The State of the Art," by Reitz & Jens, Inc., April, 1980. Manual #2 refers
to "Drainage of Highway Pavements, Hydraulic Engineering Circular #12," by Tye
Engineering, Inc., March, 1984,

HYDROLOGY METHODS

The rational method was used for hydrologic analysis. Runoff coefficients
were based on the table provided in Attachment D, of the Design Manual. The
average lot in this development is 1/6 Ac; thus, the average of the 1/8 and

1/4-Ac values was used for C.

The time of concentration for overland flow was determined by either the
velocities given in Attachment E, of the Design Manual, or by the Kinematic
Wave Theory, as presented in Section 4.1.3, of Manual #2. Time of travel in
street gutters was determined by the method used in Section 4.1.3, of Manual
#2. The minimum time of concentration for design purposes was taken to be
fifteen minutes.

The two-year design storm was used to size inlets. In all cases, a check was
made that the 100-year runoff was confined to the right-of-way.
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HYDRAULIC DESIGN

For each inlet, street flooding and inlet capacity was checked for the minor
storm. Conveyance in the street was based on the modified Manning Eq:

Q = 0.56 (Sy)5/3(T)8/3vS/n (Eq. 4, Manual #2)

It was assumed that t;, for street flow, was equal to t., for pipe flow. This
is a conservative assumption, as pipe velocities generally exceed gutter
velocities.

For local streets, curb-deep flow is tolerable for the minor storm. For
collectors, a single eight-foot center lane should remain unflooded for the
minor storm,

Inlet capacities were determined by the methods presented in Manual #2, using
chart 12. Al1l inlets are sump inlets.

In this analysis, City of Wichita Type 1A Inlets, 3/8 in/ft street
cross-slope, and 6-5/8" Std. curb and gutter were assumed to be utilized.

As noted in the memo dated 8/19/86, the available outfall pipe has limited
capacity. Pipe hydraulics were computed for the l-year recurrence interval
under current design criteria. Greater storms will cascade through a series
of crests and sumps to the Thirteenth Street right-of-way. All crests are
designed to be lower than the top of curb elevation at the nearest upstream
sump.

Hydraulic computations for the pipe system was performed using PEC's Storm
Program. This program uses Manning's Equation to calculate friction losses in
pipes flowing full. Minor losses are accounted for using conservation of
momentum principles. It is desirable to keep the hydraulic grade line
approximately one-foot below the top of curb elevations.

MAJOR STORM OVERFLOW

For each subarea, a check was made for conveyance capacity of the major
storm. To simplify analysis, the following assumptions were made:

1. The time of concentration is identical for both the major and minor
storm. .

2. The pipe system capacity during the major storm is assumed to be the
same as during the minor storm. This is a conservative assumption,
because increased ponding during the major storm event will increase the
available head on the inlet/pipe system, thus increasing the capacity.
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3. The street conveyance was analyzed using only the street width. Depths
above the curb up to the walk grade were used, but the conveyance of the
parking was neglected. In general, the parking area conveyance is quite
small, due to the relatively higher n factor. Again, Eq. 4, of Manual
#2, was used.

OFF-SITE BASIN

The area immediately west of this project is scheduled to be replatted.
Detailed analysis of subareas was not possible due to the change in street
alignments. The basin was analyzed as an entire unit, assuming the street
alignment shown on the enclosed drainage map. Single family density with 1/6
acre lots was assumed.

DESIGN AIDS

A11 charts, graphs, tables, and nomographics used in the design are reprinted
herein,

DRAINAGE MAP

41 1 1 1 41 C4J1 4, 49 -4 -4 49 -t4a /| s0g g /| /|| =2

A 1"=100' scale drainage map is included.

MWB/mkm
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DESIGN DIVISIC:
Fromor: To. __File : __|PROJECT NO. _32-86349-1
i::,‘:“:::: . _|PROJECT: Echo Hills Phase 11
—— Storm Sewer
COPIES TO: ATTN: DATE: _8/19/86
Michael E. Lindebak, P.E., FROM: _ Michael W. Berry, P.E. /¢¢y£5’""
Attn: Carl Gipson, P.E. REFERENCE: Design Concept Discussion

PLEASE ADVISE IMMEDIATELY OF ANY MISCONCEPTIONS OR OMISSIONS YOU BELIEVE TO BE CONTAINED HEREIN.

A meeting to discuss design concepts for the above-referenced project was held
at the offices of the City Engineer on 8/16/86. In attendance were the
following:

Vicky Huang ) Gary Schock )
C.0.H. ) -~ PEC, P.A.
Carl Gipson ) Mike Berry )

The storm sewer systems built as part of Briarwood Estates and of the
Thirteenth Street Improvements are smaller than those shown on the approved
Drainage Plan at the time of platting. Research determined that the 30"
diameter outfall provided at 13th and Parkridge was based on revised hydro-
logic computations. These revised computations used the FAA formula for over-
land flow to determine the time of concentration for the uppermost basin, and
was discussed and approved by City Staff prior to April 1981.

The €ity of Wichita issued the "Interim Drainage and Storm Sewer Policy for
Design Criteria and Documentation," on 4/15/86. The hydrologic design method-
ology presented therein indicates that the existing 30" diameter outfall pipe
is inadequate for conveyance of the two-year design storm.

Sfter‘a lenthy discussion, it Qas dgreed that the following approach should
e taken:

1.  The existing 30" diameter outfall should be extended to the west end of
the current project, and will extend in the future to the intersection of
Judith & Nantucket.

2. §treet grades will be designed to provide positive drainage across crests
into Thirteenth Street right-of-way without curb overtopping.

1 91 4 o 41 41 4 4J 4J —4J =243 /439 C-J =44 4d /g
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3.

The justifications and ramification

1‘
2.

Inlet capacity should be sufficiently large to utilize the full capacity

of the outfall.

s of this approach are as follows:

The outfall provided will be utilized to jts maximum capacity.

on, the two-year design storm cannot be con-
system. The recurrence interval for the storm

By current design criteri
e- and two-year storms.

veyed in the underground
sewer system would fall between the on

not overtop the street curbs due to street grade

The two-year storm will

design.
tretch of Thirteenth Street will be subjected to somewhat greater
d by the current criterion.

A short s
flooding than permitte

and/or more frequent
The storm sewer system serving Thirteenth Street was designed to accomo-
date overflows from Echo Hills in excess of the capacity of the Echo Hills
system. For recurrence intervals between two and 100 years, no signifi-
cant changes will be made from that shown on the approved Drainage Plan.

© MWB/mkm
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[ate: (8-21-1934
Time: (7130345

Input Files ivrGiZostm

2

ECHY HILLS PHASE 2 5.5
30" DIA QUTFALL LINE = 1-YEAR —— r=0.012
B 31208

PETTTETE TR PEN EPTEPTLIT LT ERLETTTETTET ITTLFELL ST LTSS T ES
Tribotary Area
ey E S e s TETE TR R L FI TS TSI IT SIS

Node o L Area Store Lensth TC(O) (0} G()
Node {Ac) (%) (Ft} (Min} (In/Hr) {CrS)

R R R R R R R
910 880 0.47 22,00 0,00 0.0 20,00 2,72 23.30
700 330 9,51 5,90 0,00 0.0 21,00 2,67 7,40
380 870 0,32 2,70 0.00 0.0 16,00 2,96 3.%0
340 270 0,49 L70 0,00 0,0 1500 2,08 2,40
870 820 0,32 1.30 0,00 0.0 .00 2,01 1,40
440 530 0.4% 1,70 0,00 0.6 153,00 3.04 2,40
a0 339 0,52 0,90 0,00 0.0 15060 2.04 1,40

FEREREE RS R LR R R R E AR R SR R R R E AR R R SRR R R REFR RS

Storm Frequency = 1-Year

EEEEREE R AR R AR SRR RHEEE  FEEFEFERE R R R R R R
Hydroisey Summation Conduit Dafa
FHEEFEERE AR R R SRR EAREPEIF  FHEEEE RS R R R R R R AR R R R R 8

TC I it Sum i Size Velocity Lenath TT T7+1C
(Min) (Infrr) (CFS) (CFS) (Ft/2ec)  (Ft)  (fin) (Kin)

FREREFFSEEREFHR R E RS RRERRRER R R R R R R SRR R

20,00 2,72 25,50 25.90 30" 519 375000 1,20 21,20
21,00 2,67 7.0 7.4 ia" 4,19 41,00 0,16 2116
21,20 2,466 3,49 36,39 30" 7.41 341,00 077 ‘21.97
15,00 3,04 2,40 2,40 13" 1,96 B83.00 0.71 1571
20,97 262 0.1 39.30 30" .01 80,00 0.17 22,14
15,00 304 2,40 2.40 15" 1,96 44,00 0,37 15,37
2,18 281 120 42,59 30 3.3 132.00 0,30 22,44
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Datet. 08~21-1934
Time!: 07130143
Input File:r IvrQ1Z.sim '

ECHO HILLS PHAST 2 5.6.3
3" DIA QUTFALL LINE =— 1-YEAR -— n=0,012 ' -
Mwd 3720736 -
Storm Freguency = 1-Year
¥ ¥ ¥ HYDRAULICS® ¥ #
FEEREFRRERERERFE BT R R S A S SRS A B S S R E R B RS R R B H AR S B R R R R R R E R R E R LR E R FE RS E R R R R F R F G54
Node Hyi-Slepe  Friction Eend Transitien Manhele  Deflection  Junction Total Hyd-i1 Desired Diff.
(Ft/Ft) {Ft) {Ft) (Ft) {Ft) {Ft) {Ft) {Ft) Elevation Elevation (Ft)
FHEE I R S S I I I I S B R R R B I B B H R R B IR B 5
910 (. 00227 1.2350 0.0000 0, 0000 0.0000 0,0000 0.0000 1,2350  157.0266  140,00600 2,97
200 {1.00423 0,1734  0,0000 0, 0000 0, 0000 0, 0000 0, 0000 G, 1734 155,9650  134,5000 0,53
780 0.00671 2,2269 0 0.0000 0.0634 0,0000 0,0000 0.8932 23,2256 155,7916  156.5000 0,71
840 0.00113 D.0776  0.0000 £, 0000 0. 0000 0.0000 0, 0000 0.0976  152.4633  136.4300  3.82
=70 0,00722 0,6297  0.0000 0.0142 0.0000 0.3156 0.3239 1.,2796  1532.5662 154,1000 3.33
240 G, 00113 05,0513 0,0000 G, 0000 0, 0000 0.0000 0,0000 0.0918  151,3334  15E,5R00 4,25
350 0,00919 1.4314  0.0000 0.0173 0. 0000 0,0334 0.3522 1.8%66  151.2866  199,3300 4,29
X {0, 00000 0,0000  0.0000 0.9000 00000 {1, 0000 3.0000 0,0000  149,4000  195,1900 5,79

B R B S S R T & R B e S R S R R E s e SR LTSS T ST SR I LR LTI T S S 232 28 8 L AL L]
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Table 3.
of triangular gutter.

Spread at average velocity in a reach

CHART 2. Velocity in triangular gutter sections.
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T 2) To determinedischarge in gutter with o2

Qs - Ts and Sy. Then, use CHART 4 to
Sx find Eo. The total discharge is
S‘ﬂ Q=OS/(I - EO), and szo"'Qs-

composite cross slopes,

find Qs using

CHART 3. Flow in trianguiar gutter sections.
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TABLE 7.—Recommended Manning's Roughness Coefficients for Overland
Flow ’

Residue rate Value
Cover or treatment (ton/acre) recommended Range
(1) 2 3 (4)
Concrete or asphalt® ) 0.011 0.01-0.013
Bare sand® 0.01 0.010-0.016
Graveled surface? 0.02 0.012-0.03
Bare clay-loam (eroded)® : 0.02 0.012-0.033
Fallow—no residue 0.05 0.006-0.16
Chisel plow o <1/4 0.07 0.006-0.17
<1/4-1 0.18 0.07-0.34
1-3 0.30 0.19-0.47 -
: >3 0.40 0.34-0.46
Disk/harrow <1/4 0.08 0.008-0.41
1/4-1 0.16 0.10-0.25
1-3 0.25 0.14-0.53
>3 0.30 —
No tilt <1/4 0.04 0.03-0.07
N 1/4-1 0.07 0.01-0.13
1-3 0.30 0.16-0.47
Moldboard plow (Fall) 0.06 0.02-0.10
Coulter 0.10 0.05-0.13
Range (natural) 0.13 0.01-0.32
Range (clipped) 0.10 0.02-0.24
Grass (bluegrass sod) 0.45 0.39-0.63
Short grass prairie* .. 0.15 0.10-0.20
Dense grass® 0.24 0.17-0.30
Bermuda grass® 0.41 © 0.30-0.48

‘From Woolhiser, Ref. 26. *
"Weeping lovegrass, bluegrass, buffalo grass, blue gramma grass, native grass
mix (OK), alfalfa, lespedeza (from Palmer, Ref. 18).

for conditions greatly different from the field experiments. These data
should be valid for so-called sheet flow or shallow-depth overland flow
that match the conditions in the experimental plots. Channelized flow
was present in many of the experimental runs, especially where tillage
marks were present or when rilling had -occurred. Channelization was
not so obvious when the residue rates were greater than 1/4 ton per
acre (5.6 metric ton/ha) (G. R. Foster, personal communication).

The depth of calculated flow should not become too large. On long
flow planes, the routing models may calculate depths that may be un-
realistically large. The users must be aware of this and limit the flow
plane lengths. It appears that excessive depths would not be encoun-
tered if the slope lergths are on the order of 150-300 ft (50-100 m).

These roughness values include the effect of rain drop impact, which
tends to increase the effective roughness. The rainfall intensities used
in these erosion plots are fairly high, ranging from 2-4 in./hr (50-100
mm/h). The effective roughness will probably be less than these values
if no rainfall is considered to be falling.
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From "Roughness Coefficients for Routing Surface Runoff,“
by Edwin T. Engman, Journal of Irrigation and Drainage
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£9/12Z. L16€2 02L82 26282 592 166 Z€1 Ve8I X 4Gy . .
10691 Z1€81 | 4661 | S1612 e 818 0z1 pS1X %96 :
_ovozt 069€T | - O¥6P1 0EY91 ne. 099 801 8ET x 8,75
Zlle ... zi86 |- 0LL01 05811 261 L'16 96 FARENY
gevs T | 9508 68.8 8596 Lt Sy 06 SITx lgg
EEES |- VBLS 01€9 169 VR 9ve 8 20T % 2y .
695€ £98¢ 612y 19t Se'1 952 2L 88X g -
€612 9/£2 2652 1682 €Tt FAlA 09 T€Lx §i 08L1€ | 096vE 1 000°¢€ 00T°€TT 22!
9491 €841 SH6T oviz 101 £p1 s g9x Qo o .
vrzt SIET sevl T BLST - 06'0 Y11 -8y %85 X G 0/€8e DICIE. s8¢ 08°€01 8¢l
998  8¢6 £201 - Gz1t - 080 88 2y BA1G X1, 1§ 00252 02412 052 ££0°G6 2€1
. : o :
995 £19 699 9€L 890 v'9 9¢ HEY X 8492 09222 08bbz 297 06699 021
6E€ 89¢ 107 vy 950 . vy o€ *AOE X 2722
(81 €02 12e m% S0 8¢ vz 8T x 8l 0v561 00512 0052 0r5'8. 0zt
Lzt LE1 0ST- 9€'0 A4 154 9z X 2,51 . o
8 16 00t ot . 0£0 91 8l 22 % Zig 0v0£1 0681 sLee 288°0L vil
05 vS 65 59 1Y I st BIx 11 09Lp1 0€291 0522 L1989, 801
‘0 U| Zl00:u]| [100=u | OIOO=u | (3934) (1994 . {saydu)) (sayau)) : .
€100 , GO | o | e 0/921 Op6El mﬁw mﬁ.wm 201
J1nesphH ealy senain azig adig 08201 06811 000°¢ 99¢°09 96
d v jusjeanby
Dl = uxvx @w =10 j0anjep arewixoiddy rone 806 5866 6/8'1 0Lt 06
Le0osv . )
‘ 2d1d HOHY ILIHONOD o 65 v0€8 Omﬁ mwv.mm 8.
. s3NIVA 1N3ID144300 MOTd Tnd < _ 5619 5189 TAR £81°€E 8/
: _ : : G 318V 005 056 0051 v12'82 2
196€ Y9 SIET 86162 99
e LLOE 58c€ 0521 SE9°61 09
OvE0E 001€€ 00%9€ 8962 9811 IZa 081 X 911 {20002 526z 1552 czI p06°CI .
098€2 02092 0£982 002 266 21 991 X 901 | aommym—| ) M
06v81 08102 06122 19v'2 028 0zl 151 %26 |°° 8691 £981 0001 996¢1 8y
05191 02921 08€61 . oveZ oL vil £V X 26 6811 80€1 G680 1296 A
0L6£1 ovest 0491 g1z v'99 . 801 9€l x (8 88 198 \ :
08611 0L0€1 08evl 1602 265 201 821 x 28 050 6301 % .
06101 | . OrlII 0zzz1 L96'1 v'es 96 121 % 4L vZ9 : :
858 59£6 00£01 Sv8'l 19y 06 €11 x 2L . WMM MWMN MMM.@ €t
oviL 064 0958 tzer | rov v8 901 x 89 . .« 0¢
9585 88€9 £20L 8651 9ve 8¢ 86 % €9 99¢ oy 2950 9L6°€ It/
veLY v915 | . 0896 - Sl S62 2L 16 x 85 192 62 005" . ,
£64€ Y60y - £0SY 26E'1 8ve 99 €8 X E5 mo Nz.m b
otsz vLIE 16v€ 622’1 502 09 9.'x 8¢ (81 90¢ LEY0 S0Ye ¢4
9612 S6€2 - 6£92- | 9011 991 g 89 x £V bz1 L£1 . .
6961 L0L1 881 6960 62l 8y 09 x 8¢ ] ) ﬂkm‘o Si 81
9511 0921 98€1 680 FA) A7 €6 X ¢ 5'9L '8 AR L2l Gl
8v6 9£01 ovit 2180 838 6¢ 6v x 2¢ ey oy 0520 S8.°0 A
9vL 018 168 9€L'0 vL 9¢ Sp X 62 . i _ .
. : 86z v'82 8020 S¥5°0 01
L09 299 82( 989'0 £9 133 v x L2 ) . _ _
9Sv L6y LYS £19°0 s (013 8€ X vC erl 861 910 6V€0 8
6€€ 89€ .50v 950 1R% L2 vE X 22 b3
252 viz 10¢ 06%°0 £€ vZ 0€ X 61 ¢ u ! T100=U | 0100=U (1999) (1034 (sayou)
91l Scl BEI {980 81 81 EC Xyl snipey aienbg) | Jajawelq
2100=v | 1100=u| 0100=u | @334 (1994 (saudup) | (sayaul) dlnespAy ealy adld
snipey asenbg) 1313uerq (3A) ¥ XS Wwﬂlﬂ =10 JO anjep ] v a
JunespAn eary oY (IH)S XY
= HXYX :‘ =19 J0 anjep | v juateanby | azig adid
“ 8y srewnoiddy| . Idid LIHINOD HYINOHID
B 3did 3L3HONOD TVIILdITIA . A $3NTIVA LIN3AIDI44300 MO1d T11nd
m.u:._%\, »zm_o_.tmoo Mo1d 1Ind i ,...L...v 3avl 0au) INaC ( 05 o £ 318

AT ke

e—‘n

Tdid LaON?D) NOAIWY -,

. TVIINVIN NOISHA Tdid JLTdONOD IWWoU4




