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C ONSULTANTS
Mr. James Beckett, P.E., Manager | PROFESSIONAL ASSOCIATION

Plant Engineering Department
Beech Aircraft Corporation
9709 East Central

Wichita, Kansas 67206

Attention: Joe Freemen, P.E.

Reference: Hydrologic/Hydraulic Study
Plant IV Area

Dear Mr. Beckett:
The Hydrologic/Hydraulic Study of the Plant IV Area has been completed.

In order to reduce stormwater discharge rates to the downstream area, we
recommend utilization of three sites for detention:

1. The radar range access road detention area, which was recently
completed.
2. An area lying between Plant IV and Greenwich Road. By installing

a reducer and 18" CMP end section at the inlet end of the existing
36-inch CMP culvert, the storage area available at this location may be
fully utilized.

3. The area near Beech Corporation's south property line where it
abuts the former David's facilities. This location 1ies downstream of
the first two facilities and will work in conjunction with them. The
Chelsea Brooke Addition Drainage Plan assumes a maximum discharge
flowrate from your property of 36 cfs for the 100-year design event. The
structure required to attain this-reduction would be an earthen berm with
a 24-inch outlet. With a design water surface of 1359 MSL, the berm
should be constructed to elevation 1360 MSL to provide one foot of
freeboard. We propose to soften the harsh lines of this type of
structure by varying both the vertical profile and the side slopes to
produce an "earth sculpture" effect.

Transmitted herewith is the set of construction drawings (4 sheets)
which has been prepared to construct Items 2 and 3, above. Estimated
construction quantities are included on the plans.

Two (2) copies of the hydrologic/hydraulic computations are also being
transmitted.

1440 EAST ENGLISH
WICHITA, KANSAS 67211
(316) 262-2691
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By copy of this letter, we are transmitting two (2) copies of the
computations to the office of the City Engineer, Wichita, Kansas.

If you have any questions or require further assistance, please do not
hesitate to call.

Very truTy yours,

PROFESSIONAL ENGINEERING CONSULTANTS, P.A.

D et ol 7d). Ler

Michael W. Berry, P.E. | o
Design Engineer

attachments
xc: PMichael E. Lindebak, P.E., City Engineer,
Attn: Chris Breitenstein, P.E., w/2 attachments.
Carl Chuzy Company, Attn: Jeffrey S. Greenberg, w/0 attachments.

MWB/mkm
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INTRODUCTION

O 1 o 1 4 oo ., .o ./, .}, a3 a4

This reporf was prepared to present the results of a study undertaken to

investigate the feasibility of provision of detention faci]ities for a site
owned by Beech Aircraft Corporation. The site lies in the East 1/2 of
Séction 21, T27S, R2E, in Sedgwick County, Kansas, ihhediate]y upstream of
David's East Addition and the proposed Chelsea Brooke Addition. Reference is
made to the report entitled “Drainage Plan and Suppbrting Calculations,
Chelsea Brooke Addition, Wichita, Sedgwick County, Kansas," dated April 16,
1985.

There are two existing and one proposed detention basin Tocations on the
site. The recently constructed embankment and culvert for the Radar Range
Facility access road was designed to act as a detention facility. A study of
this site was prepared for the Chelsea Brooke drainage plan. The second

existing site utilizes the roadway embankment and culvert for the Plant IV

entrance from Greenwich Road.

The proposed site would be created by construction of an earthen berm along
the south Beech property line with a small conduit to restrict the flow. The
Chelsea Brooke Drainage Plan assumed that the 100-year design discharge from
Drainage Area No. 1 (Beech property) would be restricted to no more than 36
cfs. Existing culverts at both Kellogg (US 54) and the Kansas Turnpike
(I-35) are inadequate for present conditions in the watershed. Reduction of
the flowrate would benefit downstream 1landowners by reducing the potential

damage in an area which has had recurrent flooding problems in the past.

Page Al of 4



" HYDROLOGIC ANALYSIS METHODOLOGY

‘The hydfo]ogy techniques used in this réport’parallel those used in the -

Che]éea Brooke'Drainage,Plan, (Referencé #1.) Times of concentration were

evaluated Qsing‘the Soil Conservation Service (SCS) Modified Curve Number

Methqd as presented in Technical Release #55. (Referénce #2.) Rossmiller's
"Runoff Coefficient was used in conjunction with the Rational Formula for

' computation of the design discharges. (See Reference #3.) The SCS Graphical

Method was also used to determine a comparétive design flowrate, but these
values were not used. The SCS Tabular Method Hydrograph was reduced to
dimensionless coefficients and then used to create a synthetic hydrograph for
each subarea. The 100-yeaf storm was used as the design event.

HYDRAULIC ANALYSIS METHODOLOGY

For each detention basin, stage-storage relationships were.established using
planimetered areas on a 1 in = 100 ft scale contour map. The stage-discharge
curves were developed using nomographs for culvert capacfty in Hydraulic
Engineering Circular No 5. (Reference #4.) Based on this information, the
runoff hydrograph was routed through the "reservoir" using the Modified Puls

Method. (See Appendix.)

ALTERNATIVES INVESTIGATED

1 431 o O O a0 a3 3

The Radar Range Access Road site was studied in detail in Reference #l. In
that report, the drainage area was taken to be 75 acres with an assumed

impervious area of 20%. Based on the more detailed information used in this

Page A2 of 4
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report, the drainage area was taken to be 56.9 écres, with approximately 26%

~imperviousness. Thus, the inflow hydrograph was modified and re-routed

throdgh the reservoir. Detailed computations are included in Section B.

The Plant IV Entrance Road currently has a 36" CMP entrance culvert. The
runoff hydrograph was routed through this site, and the results indicated
that little detention effect is currently taking place, but that freeboard is

available.

To effect some detention benefit, smaller pipe sizes were considered:
30-inch, 24-inch, and 18-inch. For an effective reduction in flowrate and
greatest utilization of the available detention volume, an 18-inch pipe is
recommended. Since the theoretical 18-inch CMP operates in inlet control
throughout the range of discharges experienced, this modification can be made
by installing an 18-inch end section and reducer on the inlet end of the
existing CMP culvert, without replacing the entire pipe. Computations for

this basin are given in Section C.

Outflow hydrographs from the above two facilities were combined with the
runoff hydrograph from the Tower part of the watershed to generate the inflow
hydrograph for the_]ower detention basin. This basin was conceptualized as a
berm with maximum top elevation of 1360 and a 6:1 slope on the north face.
Stage-discharge and reservoir routing computations were made for 36~inch,

30-inch, and 24-inch outfalls.

The 24-inch outfall limited the discharge rate to 32 cfs at a maximum design
water surface of 1359.0 MSL. Since the culvert operates in inlet control

throughout its operating range, either RCP or CMP pipe may be used. A

Page A3 of 4
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24-inch CMP was selected to-mihimize cost. In the final design process, both

~the top elevation and the berm s]opes were varied to provide a pleasing

earth- scu]ptur1ng effect Section 4 contains comp]ete calculations for this

basin.

RECOMMENDATIONS

| Signifieant detention volumes on this site are available at three locations.

By construction of an earthen berm}South of Plant IV and by modifying the
existing culvert under fhe Plant IV entrance the maximum potential volume can
be ut111zed to reduce the 100-year des1gn flowrate to the maximum target
value of 36 cfs. Th1s would be consistent with presumptions made in

development of the Chelsea Brooke Drainage Plan for the ultimate conditions.

Page A4 of 4
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( URBAN HYDROLOGY FOR SMALL WATERSHEDS (TR-55)
3 : PEAK DISCHARGE WORKSHEET .
¥y FOR GRAPHICAL (TC) METHOD (FIGURE. 5-2) ’ ’ o
o : o _ {
[ - Project BEEC“ Papap SITE By % Date (ﬂ/% 45
o Demwnnen Basid Checked Date
D Steps = Peak Discharge Computation for up to 3 storms:’ Type II , Duration _24 hours.
: : &, :
1, Data: Watershed Condition = 2[9/:, [MP ( (45‘5 CD'\ J') (present or future).
T . Drainage Area (DA) = 5é:q " acres. Ave. Watersﬂed Slope (S) = 2\ 50 Z.
D’ 2 Ponding and Swampy areas (PND) = T acres, % of DA
Impervious Area (IMP) = 1503 acres, _2(p 2 of DA
Total Hydraulic Length (HL) = 20650 feet
D Hydraulic Length Modified -(HLM) = ’ feet, 20 % of HL
U ist Storm | 2nd Storm | 3rd Storm
2. Rainfall Frequency (F) 6 50 (OO yrs
U 3. Rainfall Depth (P) 4.5 7.0 7.8 {nches
4. Runoff Curve Number - (CN) = 55
l:] See other side for computation
5. Runoff Depth Q) ] ‘O
Use P, CN, and Table 2-1. i 2 'q 5' 2(’ b Z
N . i !
! :
D 6. Time of Concentration (TC) = 0'4[ hrs. | :
See other side | _|Veélocity Method ! 1 : :
for computations? Lag-CN Method - E : . h !
D (check one) J |__{other 1 X i ;
. ' I . . '
7. Unit Peak Discharge (q) ; ’ : h
Use Tc and Figure 53-2 ; : 560 : csm/incl of Q
. i ]
D ! I| X : 1
! , ; !
8. Drainage Area | DA(acres)’]|_[_96 4 = ‘
[640(ac/sm) 660 | 0.0839 sq. miles
D . ! X 1
*9, Ponding and Swampy Area Peak Factor —
Only use %Z PND, F and Table E-3;
when PND is spreadout in watershed 1 ! i
D and not related to T  flow path. ] ! = i ;
10, Peak Discharge Area Factor
D wvhere qp- Steps #5x 7 x 8 x 9 l60 27‘ 3l0
*If the adjustment is not applicable, Dt . A
E enter a Factor of 1.0. CRogugR T = Lo,
A =427 W5 B Yoo 7 ?;(a
E (TR NOTICE 55-A, September 1981) C&=0 4%
g = = 1 f
Q=105 95,193 o
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URBAN HYDROLOGY FOR SMALL WATERSHEDS (TR-55)
PEAK DISCHARGE WORKSHEET
FOR GRAPHICAL (T ) METHOD (FIGURE 5—2)

MB

Checked

By

Date 0/24/56

Date

project BEECH Surfacg Deamser
Piane 4 Eutravet

where qp = Steps #5 x 7 x 8 x 9

*1f the adjustment is not applicable,
enter a Factor of 1.0.

Steps = Peak Discharge Computation for up to 3 storms: Type _II , Duration _24  hours.
1, Data: Watershed Condition = FW*’MI'{; Ma)(. An’rl'cc\pahJ " (present or future).
s . Drainage Area (DA) = 12.. acres. Ave. Watershed Slope (8) = Z.
Ponding and Swampy areas (PND) = —— acres, - 7 of DA
‘Impervious Area (IMP) = l. 6 acres, Z20. % of DA
Total Hydraulic Length (HL) = \5p0 feet
Hydraulic Length Modified (HLM) = L — feet, () % of HL
1st Storm | 2nd Storm | 3rd Storm
2. Ramfa.ll Frequency (F) 6 50 low yrs.
3. Rainfall Depth (P) B 4.5 70 7.8 inchas
4. Runoff Curve Number (CN) = gsg: s= .qo
See other side for computation
5. Runoff Depth (Q) =8 .
Use P, CN, and Table 2-1. “’“gz 2./¢4 2.9 | inches
| e Z s
6. Time of Concenttatiov (T ) = Q KQ hrs. ‘-—-— usé) : :
See other side ° Velocity Method [l ;
for computations} ag-CN Method - ! : ! !
(check one) J Other : I X { '
§ | ; R ]
7. Unit Peak Discharge (q) ; :
Use T_ and Figure 5-2 ; | 540 . csm/inc}lx of Q
! ! ; : '
| ! X : i
‘8. Drainage Area [° DA(acres) lth =
'[640(30/51!1) 640 0 00202 sq. miles
T :
. ! ; :
*9, Ponding and Swampy Area Peak Factor
Only use % PND, F and Table E-3; /‘ [ [.O / o
vwhen PND is spreadout in watershed 1 ! i
and not related to T  flow path. ] 1 = ! ;
10. Peak Discharge Area Factor «— For T, ;
y 30/5 56' / 64’-4’ cfs nﬁ Dn/.y

Fossiiniie /Vr'?‘//z:ﬁ

w; 40?#7/,4/ 4,, £ LlS g .4,

o< 7 04 m/lw'

/ir
] F‘ ,_aﬂi_/ Cfr.imo_i (‘/Pp 05/
(TR NOTICE 55-A, September 1981)&5 g {fff”, \pr z 39, @\ onn . m
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TR~55 GRAPHICAL (TC) METHOD, PEAK DISCHARGE WORKSHEET (CONT.)

Steps from other side

et s 1125 e e et .

4, Runoff Curve Number (CN)
Hydrologic Land Use Description CN % or Area Product !
Soil Group Include Treatment, Practice & Condition |(Table 2-2) (dcres) - (3)x(4)
(Appendix B) (Table 2-2) 3) %) (5)
P Pasture 8o B8O
D lm P ag 20%
Totals =
CN (weighted) = total col. 5 [ :|‘ ) use CN = 84’

total col. 4

5. Time of Concentration (Tc)

(a) Velocity Method

Select computation method,

(a) is recommended.

1/ Length Velocity |Travel Timd
Reach Description of Flow = (ft.) (ft/sec) (scc.)
3) (4) 3) (&
Pasture, overland . [.5% dope [1500  [0.85 | 244 |min
-l-/Use Figure 3.1 for overland flow portion of travel time. Totals = sec.
T = Total Travel Time (sec.) _ - %
c 3,600 (sec./hr.) 3,600 0. hrs.
(b) Lag-CN Method t’
(1) Unadjusted Lag (L) f .
Use HL, S, CN, and Figure 3-3, 0'? hrs.
*(2) Hydraulic Length Modified Lag Factor /, O d{’oi&
Use Z HLM, CN, and Figure 3-4. v e e
*(3) Impervious Area Lag Factor
Use X IMP, CN, and Figure 3-5. 0‘ %‘6
(4) Constant (Tc = 1.67L) 1.67
- >
(5) Time of Concentration ('Ic) 0‘ % hes.
where T, = (1)x(2)x(3)x(4)
(TR NOTICE 55-A, September 1981)
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E . ’ ..

: . s ey = :
( URBAN HYDROLOGY FOR SMALL WATERSHEDS (TR-55) ) v p 3 '446
, PEAK DISCHARGE WORKSHEET g4

FOR GRAPHICAL (Tc) METHOD (FIGURE 5-2)

Project SD()‘IH Dﬁﬁhsﬂou Lasin
Cervrig. Basw

pate Ll 21[R5

Date

.By Wb

Checked

Peak Discharge Computation for up to 3 storms: Type II , Duration 24 hours.

Ul \mp (1965 Cond.)
Ave. Watersﬁed Slope (S) = ln6 Z.

acres, = % of DA

acres, fi % of DA

: {0 feet

Steps -

1, Data: Watershed Condition

(present or future).

acres.
qmm—

Drainage Area (DA) = 57
Ponding and Swampy areas (PND)

"Impervious Area (IMP)
Total Hydraulic Length (HL)

Hydraulic Length Modified (HIM) = __ O feet, O % of HL
1st Storm | 2nd Storm | 3rd Storm
2. Rainfall Frequency (F) 5 5@ IOO yrs.
3. Rainfall Depth (P) o 4.5 7,0 1.8 {oches
4. Runoff Curve Number (CN) = z‘L g"'.- Z,ZO
See other side for computation
5. Runoff Depth (Q) R
Use P, CN, and Table 2-1. | 2.¢3 | 4.9] 5:67 inches
! ! :
6. Time of Concentration (Tc) = @,3q hrs.z : : :
See other side ° Veéloeity Method ! ! ; :
for computations? Lag-CN Method ! ! ' . !
(check one) J I__lother i X i ;
. L : ) :
7. Unit Peak Discharge (q) { :
Use T_ and Figure 5-2 I 540 i csm/inch of Q
! ] X : 1
o H ! I
8. Drainage Area {- DA(acres) | _ Y = )
640 (ac/sm) €0 | | 0.0518 sq. miles
I J X ; E
*9, Ponding and Swampy Area Peak Factor
Only use % PND, F and Table E-3; L.2 .o e
when PND is spreadout in watershed i i H
and not related to TC flow path. 1 ! = ! :
10. Peak Discharge Area Factor s F,,r T L n[ﬁ
where q_ = Steps #5 x 1 x 8 x 9 qo \¢7 ma cfs or Tofs-D J
Roseuivee Flvninp
*If the adjustment is not applicable, N -'-l .,,4 . s .
enter a Factor of 1.0. 5 =3 dens (265 g 7'48'
N
- 2 !
(\AS Rl \/'c—'(;’ {;;t:)g 0.44 O 048
- e ¥ X
e s ; -
(TR NOTICE 55-A, September 1981)° 58 C{S Qe [08cfs
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TR-55 GRAPHICAL (Tc) METHOD, PEAK DISCHARGE WORKSHEET (CONT.)

Steps from other side

4. Runoff Curve Number (CN)
Hydrologic Land Use Description CN % or Area Product '
Soil Group Include Treatment, Practice & Condition |(Table 2-2) (4cres) (3)x(4)
(Appendix B) (Table 2-2) (3) %) (5)
D fostule . & 9
™ ' -
p g 1é Z|
Totals =
. total col. 5 = . _ -~
CN (weighted) total col & [ ] 3 use CN = 54
5. Time of Concentration (Tc) Select computation method, (a) is recommended.
(a) Velocity Method
1/ Length Velocity |Travel Timd
Reach Description of Flow =~ (ft.) (ft/sec) (800~
3 (4) (3) = @
{ - . vl .
lOQ"J/ P/"ft»'f/,/’."_, l.o '/19 1"/:”}\‘ O C]‘ ‘8 Ewwn
1/
~ Use Figure 3.1 for overland flow portion of travel time. Totals = sec,
Total Travel Time (sec.)
Te 3,600 (sec./hr.) [ 3,600 :] = 03/ hrs.
(b) Lag—CN Method .
S:=2.20
(1) Unadjusted Lag (L) .
Use HL, S, CN, and Figure 3-3. 0. 24‘ hrs.
X
*(2) Hydraulic Length Modified Lag Factor WTs)
Use Z HLM, CN, and Figure 3-4,
. X
*(3) Impervious Area Laég Factor OQ7 i
Use % IMP, CN, and Figure 3-5.
X
(4) Constant (Tc = 1.,67L) 1.67

(5) Time of Concentration ('Ic)
where Tc = (1)x(2)x(3)x(4)

(TR NOTICE 55-A, September 1981)

= 24 iy}

/ Ust,
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'~ MODIFIED PULS RESERVOIR ROUTiNG

D.>E I ".v-

Our design procedure uses the linear reservoir flood routing'method; We .

assume that our reservoir can be represented by the simple hydrologic budget
equation i i v , _ A

IAt - OAt =AS | (2)

In our design, the reservoir is assumed to be initially empty, with
outflow equal to zero. Discharge occurs only thru a principal spillway, which
is a pipe through the embankment. Assuming that the rate of inflow is
constant and the rate of outflow is constant for a short time increment t

1
I= - (I + I,
o= +0 )
> ot " Oat

AS =S =Sy

With the above substitutions, equation (2) becomes

_};_(It + I, 0At - 2 ot+0. )ALt =s

Z t+AL 5 t+At teAt T St
(I, +I,,..)-0,-0. . = 2 (g - 5.)
t ¥ Lot t 7 et T o Srar T 5t
(T + T + Si-0) = Buar v o, 3
At At

We will use equation (3) in developing our flood routing table.

The inflow hydrograph, stage-storage curve, and stage-discharge curve must
be known. From these, a 25/ t+0 vs.0 curve is generated. Then, the values
for the routing table may be computed as outlined below:

Col. (1): Time, increment, hours

Col. (2): The inflow hydrograph ordinate for time t

Col. (3): The value of I from Col (2) in this row + from Col. (2) of next
row -

Col. (5): (5) = [(3) from previous row + (4) previous row]

Col. (6): Outflow, 0, corresponding to 2S/At + 0 on this row. The value
is read from the 2S/At + 0 vs. 0 curve. (This col. is blank in
row 1)

Col. (4): (4) = (5) - 2 x (6)
[25/At - 0 = 2S/At + 0 ~ 20]

Col. (7): The stage h corresponding to value of 0 in Col. (6) is read from

the stage-discharge curve.
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