| Summary of Drainage Analyses
. Upper Fourmile Creek Near
i K-96 and Greenwich Road

|
»  Summer/fall 1996 Lin conjunction with planning for Greenwich Business Park (now
the Target Superstore area) and Regency Park (commercial area south of Stryker
Soccer Field complex), MKEC evaluated watershed studies by others. These studies
had provided the baS|s for sizing drainage facilities at K-96 and under 21 Street just
west of Greenwrch Road. Flow rates from others’ analyses appeared to be unusually
low, and prompted MKEC to complete a detailed evaluation of the Fourmile Creek
watershed above 217 Street.
r  MKEC Report Frndrngs
= The calculated 100-year peak flow rate at 21* Street should be ~1,800 cfs
rather than|~1,080 cfs. The higher peak flow rate MKEC calculated
corresponded closely to adjusted flow rates used by FEMA for detailed
flioodplain evaluation for Fourmile Creek south of 21* Street.
= Hydrologic calculations for the culverts under K-96 from Webb to just east of
Greenwictj used an unusual method. This method yielded peak flow rates
roughly half those calculated using standard methods. Culverts at K-96 were
conseguently under-sized.
= Because the K-96 drainage facilities are undersized, significant flow can be
expected through the bridge under K-96 at Greenwich during the 100-year
event, even under pre-development conditions.
= FEMA floodplain regulations were not considered during K-96 design and
constructron Regulated floodplains north of K-96 were cut off from the
Fourmile Creek channel south of K-96. Floodplain maps were not modified.
= Preliminary Report Recommendations:
» Increase de5|gn flows to the then-proposed 21* Street culvert (just west of
Greenwrch) from 1,080 cfs to 1,800 cfs.
« Establish standard methods for drainage calculations.
= Construct detention upstream from K-96 to prevent flows through the K-
06/Greenwvich bridge during the 100-year event.

= November 1996 T The MKEC report findings were presented to the City and County,
as well as to the affected private sector community (engineering and development).
= (Cityand County Decisions:
= Keep 21% Street culvert design flows at 1,080 cfs.
=  Require the private sector to provide detention as development occurs to
protect property north of 21° Street.

s Stryker Soccer CoJmptex/Regency Park Drainage (~1999)
= MKEC plannlng and design adhered to City and County detention decision as well
as the prevroqs MKEC report. The development included extensive detention in
the soccer ﬁel‘ds as well as in the Regency Park plat.
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= As part of the general watershed plan, MKEC developed specific detention
recommendations for the southeast corner of Jabara Airport. A separate report
regarding detention at Jabara was prepared and submitted to the City. Detention
at Jabara has not been constructed.

1

=  Greenwich Road l%terchange (~2000)

=  MKEC's north ramp design matched the capacity of culverts under K-96. No
measures were taken to address 100- -year flows from Jabara Airport or from areas
east of Greenwich that would pass under K-96 through the Greenwich Road
bridge.

» The project realigned a small part of the upper Fourmile Creek channel just south
of the hlghway} to pass through the RCB under the walking/oicycle rail.

= The detention faohty at Regency Lakes Residential was modified to discharge
north toward the designed channel (instead of south toward the center of the
commercial parcel (now Target)) under 100-year flow conditions.

= The culvert under the walking/oicycle trail south of K-96 was sized to
accommodate the higher MKEC peak flow rates (~1,800 cfs) calculated in 1996.

»  Target Superstore Complex Design (~2002)
= Appropriateness of the MKEC higher discharge at the 21* Street culvert is
acknowledged Two new barrels are added to the culvert under 21% Street in
conjunction with Target construction to accommodate the new design
conditions.
= Culverts through the new commercial development are sized to accommodate
the higher design flows.

= Remaining Issues
= Peak flows from Jabara Airport may cause failure of the detention facilities east of
the airport and north of K-96 during the 100-year event. Overflow would pass
through the Greenvwch Road briddge.

»  Peak flows to the 9-6x3 RCB culvert under K-96 east of Greenwich (MKEC 100-
vear Peak Q = 51 5 cfs) will exceed culvert capacity (—220 cfs). Full
development in this watershed is expected. Under pre-developed conditions a
significant pomon of the 100-year and smaller events is expected to pass through
the Greenvwch Road bridge.

= Facilites dessgned in conjunction with Greenwich Road improvements should carry some
part of the 100 -vear discharge through the Greenwich Road bridge to the constructed
channe! at the Torth end of the Target development.
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Hydrograph Return Period Recap Page 1
Hyd. } Hydrograph : Inflow Peak Qutilow (cfs) Hydrograph
No. type Hyd(s) description

{origin) 1-¥Yr 2Yr | 3-¥r 5-¥r 10-Yr 25-Yr 50-Yr 100-Yr
1 3CS Runoff | - | e 68.86 | - | - e 17575 | 207.29 | 235.04 | Jabara Airport
2 SCS Runoff | - [ s ‘24.76 --------------------- 59.95 70.16 79.11 | West Soccer Fields
3 8CS Runoff | -—----  § - 2395 | e | e | - 45.94 52.11 57.49 | Westlot9
4 Combine 1,2,3 [ - 7348 | oeeeem | s [ e 185.31 [ 21853 | 247.76 | To 6x3 @ K-96 Sta 443400
5 Diversion? 4 ] e 7348 | - | e | e 115.00 | 115.00 | 115.00 | Flow Under K-96 @ 443+00
33 Diversion2 4 ——— 000 § -} e b e 70.31 | 103.53 | 132.76 ] Bypass to Regency Park
7 SCS Runoff | -eemee | - 2460 | - | e [ e 62.59 73.78 83.65 | East Soccer Fields
8 Reservoir 7| - 778 | e | e ] e 11.11% 11,72 12.26 | East Soccer Fid Det
9 SCS Runoff | ------- e 80.51 b -em b e | s 154.86 | 175.72 | 193.92 | North Regency Park
10 Combine 89 | - 183.32 --------------------- 160.25 | 182.11 | 200.92 | North Reg Pk Det Inflow
11 Reservoir 1o | - ! 8.04 el I 12.68 13.83 14.81 Regency Park North Det
12 SCS Runoff | - | - 167.36 --------------------- 129.77 | 147.28 | 162,56 | South Regency Park
13 Combine 6, 11, 12 J71.23 --------------------- 178.21 | 224.4%1 | 284.96 | South Reg Pk Det Inflow
14 Reservoir 13 | 4014 | e | e | e 87.34 | 102.03 | 115.28 ! Regency Park South Det’
15 Diversiont 14 | - J‘40.14 --------------------- 75.00 75.00 75.00 | Flow Under K-96 @ 460+10
16 Diversion2 14 | - i 000 | - | e | e 12.34 27.03 40.28 Bypass to Greenwich Underpass
17 | SCSRunof | e | oo 17303 | e | e | e 394.98 | 458,91 | 51508 | East Greenwich
18 Diversion1 17 | - 1‘73.03 --------------------- 221.00 | 221.00 } 221.00 Flow Under K-86 @ 470450
19 Diversion2 17 | - j 000 | - | e | e 173.98 | 237.91 | 294.08 ; Bypass to Greenwich Underpass
20 Combine 16,19 | - {\ 000 | smemm B emeeem - 185.03 | 261.43 -327.88 To Greenwich Underpass
|
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Run date: 05-18-2004

Proj. file: GreenwichK-96North.gpw
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Hydrograph Summalry Report

.Page 1
Hyd. | Hydrograph| Peak Time Time to Volume Inflow Maximum Maximum Hydrograph
No. type flow interval peak hyd(s) elevation storage description
(origin) {cfs) {min} ,(min) (acft) {tt) {acft)
i

1 SCS Runoff | 207.29 6 , 768 41.486 e I Jabara Airport
2 SCS Runoff | 70.16 6 720 4,986 e B e West Soccer Fields
3 SCS Runoff | 52.11 6 720 3.962 e I T B West Lot @
4 Comtine 218.53 6 762 50.434 1,23 | e To 6x3 @ K-96 Sta 443+00
5 Diversion 115.00 6 714 40.631 L e Flow Under K-G6 @ 443400
6 Diversion2 103.53 6 762 9.804 4 | e b e Bypass o Regency Park
7 SCS Runoff | 73.78 6 762 13.394 - s East Soccer Fields
8 Reservoir 1.72 <] 852 13.394 7 194,57 6.971 East Soccer Fld Det
9 SCS Runoff | 175.72 6 726 17.443 e e S North Regency Park
10 Combine 182.11 6 726 30.837 B9 ] -] e North Reg Pk Det Inflow
1" Reservoir 13.83 6 1188 30.837 10 188.57 14.832 Regency Park North Det
12 SCS Runoff | 147.28 6 732 18.005 T R B South Regency Park
13 Combine 224 41 8 726 58.646 611,12 | -} South Reg Pk Det Inflow
14 Reservoir 102.03 8 786 £8.646 13 185.18 10.428 Regency Park South Det
15 Diversion 75.00 6 738 55.603 2L S e A Flow Under K-96 @ 460+10
16 Diversion2 27.03 6 786 3.043 - Bypass to Greenwich Underpass
17 SCS Runoff | 458.H1 & 762 92.702 T e I East Greenwich
18 Diversion1 221.00 6 1732 74.530 17 L e e Flow Under K-96 @ 470450
19 Diversicn?2 237.91 6 762 18.173 17 - | Bypass 1o Greenwich Underpass
20 Combine 261.43 6 768 21.218 16,19 | -] - To Greenwich Underpass
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Proj. file: GreenwichK—96NortF.gp

w Return Period: 50 yr

Run date: 05-18-2004
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Hydrograph Summaer Report

Hyd. | Hydrograph| Peak Time Time to Volume Inflow Maximum Maximum Hydrograph
No. type flow interval peak hyd(s}) elevation storage description
{origin) {cfs) {min} (min}) (actt) (fY) (acft)

1 SCS Runoft | 235.04 & 768 47127 | e e Jabara Airport
2 SCS Runeff | 79.11 6 { 720 5.644 - —— | West Soccer Fields
3 SCS Runoff | 57.49 6 ; 720 4.394 e e e West Lot 9
4 Combine 24776 6 | 762 57.164 1,23 | ] e To 6x3 @ K-96 Sta 443400
5 Diversioni 11500 6 714 43.707 4 e SR Fiow Under K-96 @ 443400
6 Diversion2 132.76 B 762 13.457 4 | e e Bypass to Regency Park
7 SCS Runoff | 83.65 6 756 15.215 e e East Soccer Fields
8 Reservoir 12.26 6 864 15.215 7 194.79 8.126 East Soccer Fld Det
9 SCS Runoff | 193,92 6 726 19.343 R B North Regency Park
10 Combine 200.92 8 726 34.558 89 | - | e MNorth Reg Pk Det inflow
1 Reservoir 14.81 6 1188 34.557 10 188.93 16.360 Regency Park North Det
12 SCS Ruroff | 162.56 6 732 19.965 T e B Soulh Regency Park
13 Combine 264.96 G i726 67.980 6, 11,12 | wmem [ e South Reg Pk Det Inflow
14 Reservoir 115,28 6 j 792 67.980 13 185.84 13.403 Regency Park South Det
15 Diversion?i 75.00 8 : 738 62.378 14 | e | Flow Under K-96 @ 460+10
16 Diversion2 40.28 6 © 792 5.602 14 | e Bypass lo Greenwich Underpass
17 SCS Runcff | 515.08 8 ; 762 104.354 —— e e East Greenwich
18 Diversion1 221.00 51 726 80.244 17 | e e Flow Under K-96 @ 470+50
19 Diversion2 294.08 6 762 24.1;10 17 | e e Bypass o Greenwich Underpass
20 Combine 327.88 6 | 768 29.";;1 1.. 16,"19 ------------ To Greenwich Underpass
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Proj. file: GreenwichK—QGNortJh.gpw Return Period: 100 yr

Run date: 05-18-2004
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Summary of Drainage Calculations for K-96 from Sta 43

From KboT Co

6+31.33 1o Sta. 543+00
nstruction Pians Proj. No. g¢-
Dated 1991

87 K-4434-01

(Calculated)
Station D.A, ac L in/hr

SCs Hydrologic Soil Group

“D" (Urban Lawn areas, Slope < 1%)

Regression Equation Results, Sta 443+00
Source

Q100, cfs
USGS WIR 00-4079

E.

1



AH (034vdIdd SNYId

o2 72 4Pl Re - - : ‘ ' z
. ’ Enl st g R L A IUBGESN | NOUG s A R - m.
L] &4 /8- 31va SIMA €8F'0 14 9£ZGS'Z  10IM0¥d 40 HIONIT 55049 . e ® O % S33u 5o
SIUAW 0000 14 000 ) SNOILIOY - . ] . h i
RTINS SIUN 0000 13 COO SNOILd30X3 RFRIIS SRS Mo 3903H g

R p—— S3N €8v 0 14 80i55°C Qvod 40 HION3IT L3N T, I ayvng & i
AV SITUN 0000 L3 0G0 © $30GI¥G 40 HLONI L3N H & 0

. SIUW £8FO 14 9T7IG8°Z  C L2Ir0dd 40 HIONIT 13N - SLIAIN NOILONYLSNGD $ ¥

WD ALNNGD AOMIATS e . Iy, TN AIHSNMOL s

20 321440 3HL NI 0374 _ LI

I — AVM 30 1HDIY (I

. e INT AIAUNS B

R 2277 aiva 4 e ww SOVOuIVY B v
SHINGISSINHGD ALNNOD 40 QUYOR NYWHIVHD . : R JON3S JYm . m #
V\;S:@WVU&. 4 M ONOHJITIL ® ¥IMOd BNOD g “_a

. . n 3104 HIMOd : 5

e 10-2S¥9-) 48-96 'ON IJD4Arodd Lo | | ' RO |

] é4/05/€ iva : SNIISTTYNOILNIANOD
HIFNIONG >.—Z1_Du\mxz0_$ INBN4 30 HOL3341Q T ‘, ) )
Id "SHY3dS 0 QAva > '
_ SVSNVM ALNAOD MIIMODJAIS 13 08 sw0z 10903

. . N4 SS8212Y JO [04}L0D !

‘AINCUI IV . i ydw o/ A i

) k . %G i A,\

! ‘ %05 q . ¥

: L : : — %€ AHG i

SYSNYX 'YLIHDM : . : osz'oz Lav o
ON'SINYLTNSNOD ONIMIINIOND SYSNWH-— WA - | . . ‘ g
o ) NOILVYNOISIO NI2IS3a 5

' : r_

i
LV
, {
! : ‘SpDOJSDIS |0 Lo
. I :o:aEum:oo:m:o._ﬁve_touua.owﬁ.xc#
m m m &% m ~m w @ u — .oc,azecoaocmoEssmm:x

qAS0d0dd A0 TTIAOMd ANV NVId
, o
{

SYSIYS 0] XSpUj SO} T'ON 199yS 89S

IVIS OL 10N

~ dVA ALINIDIA
\\!»I.IJJI}
e B N N
A Eisai
;
;

S
Ul
z
ﬁzﬁ

gl
T
TS

EI

i

i "uulﬂ

R’

>

[

I

b

ONIAIGVIN INIWIAVA ANV ONINIDIS
W . ONId33S
IONION4

ONIAVH9

INAWIAVL J134ONOD

-¢19) G/ T "ON 1D03rodd

—M 1S
x v TyL .
2
“Js I .w IE wa
g E
A ,L/w v
S 193084 Llll-\

I

SMAOM DITAN AINNOD MOIMHAIS

oS T 6661 (She
E13ms] on ]
Twio) f1ams | BYH DN 1330Hd u.




7

= A

bl

0 :u.am EE_ ﬁxm A8 HwyHO|

Am m e 030 :a— X m 18 @iIE K

SWLNY A TTERIDW

oMl CSENYLIWISHOD  OMHTIHEONT  SWiNvX—-Om

QD HDMDAISS (SCB-€19) GL | ON 12 0Hd

FONVHIHILNI HOMNIZLD ¥ 96—
dVN HNOLNOD

NOIVIHOJSNYEL 40 (NJNLHVJH) SYSHYA

!

: = wa
el Las
s

- n
"
P prp—- 1 5

~ort e

2 I's ! H
! - . : ! MH Asd N

1
K

i L

 Sapy——
G

AT
' Tt
R
i | 1.}
Jigd -
v it
EREHIE
L] ol _H?,
e v a4
oK
P w‘w
Eba I
3 e
[PRRTEVEREE: NN | e
TS m"a_ “__” .
Iy
m_v —n.__

[ TN LN
I79E sl 30 A gy Boo

| A

.

Iy

W

| o xsicla
| 4o o) <

4

€61 1L j666L (5Ca-719) 6/ 1 SeSHNYR| L
0N
s133ns| om .
LA 3
w101 | 13w ON puuﬁoml uvi <usu.ﬂ

eadtd P e lsT )
m@u (7). NLENT T

HER] __.-..m...—._..uv.
R E

’ n... l=lal .
aLTeied

duwioy Al—-SN uRseg

Lo =t T3WOs

N gracshH . \

= : .
IBEASRRLNUERERES v‘_‘”_u______-.dﬂ «J—J_.
mﬁ.ﬁn\) |4 A

,.,.m_m.w_x.‘mmm_\. ‘v

AR

{

e

. Tesig) 18 &ﬁ%@ﬁ
sk @ B AL e;&tm: g

_

T:r..:_(. hig
1 A

f _.u i
I R

/ !
! )

.wbw /1 Nmz

\\ -

- .mua %9 &
{11

{ S
4

\

__w. w0, &3l F
A

AL RN
=

poortprpr73d (M91530) 3

157 = gyt

dwzotu Fs Ssoy0
wagpAr SniddAUIRAG = 1O

Frm7asYg MALMULSNO Ty ¥ 3
wiy et Halld =3

3ZY ‘SLZL v 03S ¥/ IS

EEU IO
uzi ouwil g

G'L9C 1l

g9ty 6pocL 002 o .
aLidst .
£ 069 yieg1
\ BN o0t = 1 WIS

S

NEERTNY

s

.6 U

I
sy K110

7

C— 5 gy

ey

AT ADIRORL Y A DBOHGN TEALTY

P

T




k

-4z

~Qr“

IZA

& 7 RN

:uzw—

t.a*

Sm_ A8 e ¥HG

an — FT] c._x::um

m.._._ 18 MSX

SYGNY A VEIHDM

OHI SINYITINSNGD  ONIMIINENI  SYSNYXI-Om

‘03 AOmM20Is

(GEB-C19) S | "ON L23r0dd

JONVHOHILNI HOMNIIYO % 96X

NOUVIHOJSNYYL JO INJALYVIQ SYSNyA

dviR HNOLNCD

=oulT WO IRE

\
i

ik
w..,,."_" I
eIl

- r--'___; -
=+ t
e — —

{and A % )
Sy neli g Anaalingg
.

7

- S MY IS
T /F,.I»EEFEEFEJ“PFEIFF

U

s IZZ

|

o o i —

L
A

e =300

AT

ey A
T
TS|

it

AL

el
..

S

$o2E

—::ﬁ—_____:___:___—-:—

HERN S ST

N Tersr

~
SRS LEARERN RN EEEE DL

—_—

= \\.\\\\um

MY tsu3

-
-

———

PR TP T

/- "
SOSUDY gy JO0 10,4 A abay

2y 'sizl

¥ '03S ¥/1 35

1S ued G GE U £ JATAURUHG AN OBOBGN AL | “

<

>

A2 MU %

rd

rereed
il K10

Zs

1
ety g o | § 2981 “
POl A A gy [ ‘ ]

| S R s99c1  O0Z o oc !
N ) . ) auice 06961 o !
& . (o ) ; VUS|
, RV I N i o _
| e ey 'seey v ;03S A/L BN | ; I
I L ; ' r ! i )
_ W.Al ..i .\... 3 | ’ ! S -
| x ] N ST
{ 00Z 004 o oot 1 . . “
.
-3 , — '™ ™ | i
cot b o Jessl]  (see-c19) 6/ 1 SuSHYM) L . oo1 =1 AW gl ¥ .“
o
S13MS] ON - . !
Yk ON 133r0dd ALYLS 23y
IICL | 13IHS . YMH
I




(5£€9-€19) 521 SYSNVH

ON 13370Hd nvLS




g L
LR iy Supyays ) oy

[Ty 4 T

'\f'f.ﬁ:';r\r

(5ca-£19) 51 SYSNYY

Si3dHs] -
IVI0L

‘ON 123r0Hd avis

_“m m

Lis

O

o ,(_..




Gl

— - — =12 g *
— 1 e ik — T oF e o S f s ot - - - g ] - -
T ] '

e

e P

o

=

R W Yo W

{5ce-£19) G£ 1

SYSNYAH

S13IHS

‘ON 123r0ud

AvIS

Ivi01




™ A S L AR e e

R

Tt

(6s8-€19) 52 | SYSNY X

‘ON 12300dd vis




£5!

(5C9-19) 54 i

.._
SYSHNY A

INRE

w01

ON 123r0Y¥d

AvLS




