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RENNER & ASSOCIATES LLO.

616 5IXTH STREET, RarPID CITY, SOuUtTH DAKITA 57701
- 605-721-7210 - FaX 605-721-7310
EMaAIL: GARY@RENNERASSOC.COM

The following drainage report was prepared for the proposed addition to the Oglala
Lakota College on Knollwood Drive in Rapid City. A proposed addition to the building
will replace a portion of the asphalt parking lot. Table 1 shows the existing and proposed
impervious area for the lot. Table 2 shows the peak storm flows for the historic, existing,
and proposed sites.

Table 1
Existing & Proposed Impervious Area

, Total % of
1.787 Acre Site (acre) Site
Existing 1.142 | 63.91%
Proposed 1.169 | 65.42%
Table 2
Peak Storm Flow

2YR 10 YR | 100 YR
(CFS) (CFS) (CFS)

Historic 0.53 (.85 1.34
Existing 3.80 515 7.83
Proposed 3.66 5.24 7.96

The peak storm flows and volumes were calculated using Hydraflow Hydrographs by
Intelisolve. This program uses the rational method and a time of concentration, along
with the Rapid City IDF curves to compute peak storm flows and volumes.
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RENNER & ASSOCIATES LLC.

6516 SIXTH BTREET, RarPID CiTY, SOuTH DakaTa 357701
- B605-721-7310 - Fax 605-721-7310
EMAIL: GARY@RENNERASSOC.COM

A Request for Exception to the Drainage Criteria Manual is being submitted with this
report. The site as it exists today makes it unfeasible to construct a detention/treatment
facility. The existing building and asphalt parking lot cover the majority of the lot. The
only useable open area is on the high side of the lot and thus useless for any detention or
treatment. There is also no storm sewer on Knoellwood Dr. and thus no way to drain a
pond on any portion of the lot. The building addition which replaces a portion of the
asphalt parking lot will add an insignificant amount of storm flow to the drainage basin as
it exists today and thus creates no additional adverse affects on any downstream property.

Attached:
1. Drainage Calculations and Raw Data

2. Site Plan
3. Request for Exception
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10EX039

Hydrograph Summary Report

Hydraflow Hydrographs by Intelisolve vg.22

Hyd.i Hydrograph { Peak | Time | Timeto | Hyd. Inflow Maximum Total Hydrograph T
No. type flow |interval] peak volume hyd(s) elevation strge used description
{origin) {cfs) {min} {min} {cuft) {ft) {cuft)

1 Rational 0.533 1 41 1,312 e e s Historic

2 Rational 2,747 1 13 2,142 R Developed-Naorth

3 Rationat 0.888 1 12 640 e R - Developed-South

4 | Combine 3.561 1 13 2,782 2,3 — e Developed-Total Site

5 | Rationa! 2 687 1 13 2,098 - e ——— Existing-North

6 Ratlonal 0.887 1 12 639 nane — - Existing-South

7 Combine 3.500 1 13 2,735 56 | e— e Existing-Total Site

2466 Drainage.gpw

Return Period: 2 Year

Monday, Apr 12, 2010




10EX039

Hydrograph Summary Report

Hydrafiow Hydrographs by Intelisolve v9.22

Hyd.! Hydrograph Peak | Time | Timeto | Hyd. Inflow Maximum Total Hydrograph
No. type flow |interval| peak volume hyd(s) elevation | strge used description
(origin) {cfs) {min) {min) (cuft) (Ft} (cuft}
1 Rationat 0.853 1 41 2,097 - mmen e Historic
2 | Rational 4.045 1 13 3,165 e e - Devefoped-North
3 | Rational 1.308 1 12 942 e e e Developed-Sauth
4 | Combine 5.244 1 13 4,007 2,3 e —an Developed-Total Site
5 Rational 3,957 1 13 3,086 e T Exisfing-North
6 Rational 1.307 1 12 941 — —m—ae e Existing-South
7 Combine 5.184 1 13 4,027 56 ] e e Existing-Total Site

2466 Drainage.gpw Return Period: 10 Year Monday, Apr 12, 2010




10EX039
Hyd ro g ra ph S u m ma ry Re port Hydraflow Hydrographs by Intelisolve v3.22

Hyd.| Hydrograph Peak | Time | Timeto | Hyd. inflow Maximum Total Hydrograph
No. type flow |interval] peak volume hyd{s}) elevation strge used description
{origin) (cfs) (min}) {min) {cuft) {ft) {cuft)

1 Rational 1.337 1 41 3,288 — e e Historic

2 Rational 6.144 1 13 4,792 e ————— Developed-North

3 Rationat 1.983 1 12 1,428 e e Developed-South

4 Combine 7.962 1 13 6,220 2,3 | ———am Developed-Total Site

5 Rational 6.010 1 13 4,688 -— e ——— Existing-North

B Rational 1.981 1 12 1,426 T s Existing-South

7 Combine 7.826 1 13 6,114 5.6 R - Existing-Total Site

2466 Drainage.gpw Return Period: 100 Year Monday, Apr 12, 2010




10EX039

Hydrograph Report

Hydraflow Hydrographs by Intelisclve v9.22

Monday, Apr 12, 2010

Hyd. No. 1

Historic

Hydrograph type = Rational Peak discharge = 0.533 cfs
Storm frequency = 2 yrs Time fo peak = 41 min

Time interval = 1 min Hyd. volume = 1,312 cuft
Drainage area = 1.787 ac Runoff coeff. = 0.2

Intensity = 1.492in/hr Te by TR55 = 41.00 min
IDF Curve = RC IDF CURVE.IDF Asc/Rec limb fact = 1/1

Historic
@ (cfs) Hyd. No. 1 -- 2 Year Q (cfs)
1.00 1.00
0.90 0.90
0.80 0.80
0.70 0.70
0.60 0.80
0.50 /f"\.\ 0.50
0.40 /,r ‘k\ 0.40
0.30 0.30
/ 4 \\
0.20 0.20
Ve \\

0.10 // 0.10
0.00 AN 0.00
0 10 20 30 40 50 60 70 80 90

Time {min)

s Hyd NO, 1
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Hydrograph Report

Hydraflow Hydrographs by Intelisolve v9.22

Monday, Apr 12, 2018

Hyd. No. 1

Historic

Hydrograph type = Rational Peak discharge = 0.853 cfs
Storm frequency = 10 yrs Time to peak = 41 min

Time interval = 1 min Hyd. volume = 2,097 cuft
Drainage area = 1.787 ac Runoff coeff. = 0.2

fntensity = 2.386 in/hr Tc by TR55 = 41.00 min
IDF Curve = RC IDF CURVE.IDF Asc/Rec limb fact = 1/1

Historic
Q (cfs) Hyd. No. 1 -- 10 Year @ (cfs)
1.00 1.00
0.80 0.90
0.80 /j i\\ 0.80
0.70 / Y 0.70
0.60 /f \ 0.60
0.50 f’ o 0.50
K
0.40 /j \ 0.40
0.30 / %\ 0.30
0.20 / K 0.20
0.10 £ »ﬁ\ 0.10
0.00 A 0.00
0 10 20 30 40 50 60 70 80 90
Time (min)

w4y No 1



10EX039

Hydrograph Report

Hydrafiow Hydrographs by Intelisolve v9,22 Monday, Apr 12, 2010
Hyd. No. 1
Historic
Hydrograph type = Rational Peak discharge = 1.337 cfs
Storm frequency = 100 yrs Time to peak = 41 min
Time interval = 1 min Hyd. volume = 3,288 cuft
Drainage area = 1.787 ac Runoff coeff. = 0.2
Intensity = 3.740 inthr _ Tc by TR55 = 41.00 min
IDF Curve = RC IDF CURVE.IDF Asc/Rec limb fact = 1/1

Historic
Q (cfs) Hyd. No. 1 - 100 Year Q (cfs)
2.00 2.00

1.00 / N, 1.00

0.00 N, 0.00
0 10 20 30 40 50 80 70 80 a0

Time {min)

e Hyd N, 1



10EX039
TR55 Tc Worksheet

Hydraflow Hydrographs by Intelisolve v8.22

Hyd. No. 1

Historic

Description A B c Totals
Sheet Flow

Manning's n-value = (.150 0.011 0.011

Flow length {ft) = 300.0 0.0 0.0

Two-year 24-hr precip. (in) = 1.96 0.00 0.00

Land slope (%) = 1.00 0.00 0.00
Travel Time (min) = 39.78 + 0.00 + 0.00 = 39.78
Shallow Concentrated Flow

Flow length (ft) = 91.00 0.00 0.00
Watercourse slope (%) = 1.00 0.00 0.00

Surface description = Unpaved Paved Paved

Average velocity (ft/s) = 1.61 0.00 0.00
Travel Time {min) = 0.94 + 0.00 + 0.00 = 094
Channel Flow

X sectional flow area (sqft) = 0.00 0.00 0.00

Wetted perimeter (ft) = 0.00 0.00 0.00

Channel slope (%) = 0.00 0.00 0.00

Manning's n-value = 0.015 0.015 0.015

Velocity (ft/s) = 0.00 0.00 0.00

Flow length (ft) = 0.0 0.0 0.0
Travel Time {min}) = 0.00 + 0.00 + 0.00 = 0.00

Total Travel TIMe, TC .urrrreiirrereeraessrrensssssmenmserrsassariesassasiansassrersensss 41.00 min



10EX039
Hydrograph Report

Hydraflow Hydrographs by Intelisolve v9.22 ' Monday, Apr 12, 2010
Hyd. No. 7
Existing-Total Site
Hydrograph type = Combine Peak discharge = 3.500 cfs
Storm frequency = 2 yrs Time to peak = 13 min
Time interval = 1 min Hyd. volume = 2,735 cuft
Inflow hyds. =56 Contrib. drain. area= 1.790 ac
Existing-Total Site
Q (cfs) Hyd. No. 7 — 2 Year Q (cfs)
4.00 4,00
N,
A /!
500 VAN 300
\\
Fay b
L X NN
a4 NN o .
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RV awd AN -
St NN
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1.00 V4 AN 1.00
4/ / - /\ \\ ......
/{ / R S el T~
/) A ] - h
/A | o
0.00 = ] 0.00
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10EX039
Hydrograph Report

Hydraflow Hydrographs by Intelisolve v9.22 Monday, Apr 12, 2010

Hyd. No. 7

Existing-Total Site

Hydrograph type = Combine Peak discharge = 5.154 cfs

Storm frequency = 10 yrs Time to peak = 13 min

Time interval = 1 min Hyd. volume = 4,027 cuft

Inflow hyds. =56 Contrib. drain. area= 1.790 ac

Existing-Total Site

Q (cfs) Hyd. No. 7 - 10 Year @ (cfs)

8.00 6.00

5.00 i 5.00

voo I ) T T oo

3.00 N 3.00

2.00 1 B . B — 2.00

1.00 S \X 1.00

0.00 \ 0.00
24 26

Time {min)
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Hydrograph Report

Hydraflow Hydragraphs by Intelisolve v8.22 Monday, Apr 12, 2010
Hyd. No. 7

Existing-Tota! Site

Hydrograph type = Combine Peak discharge = 7.826 cfs
Storm frequency = 100 yrs Time to peak = 13 min

Time interval = 1 min Hyd. volume = 6,114 cuft
Inflow hyds. = 5,6 Contrib. drain. arez= 1.790 ac

Existing-Total Site
Q (cfs) Hyd. No. 7 -~ 100 Year
8.00 8.00

/N

6.00 / 6.00
ZANN
h\\\\\\\\ 400

N

Q (cfs)

4.00

2.00

‘\
0.00 -4 sl 600
19 12 14 16 18 20 22 24 26
Time {min)




10EX039

Hydrograph Report
Hydraflow Hydrographs by Intefisolve v9.22

Hyd. No. &
Existing-North

Hydrograph type
Storm frequency
Time interval
Drainage area
Intensity

IDF Curve

Monday, Apr 12, 2010

2.687 cfs
13 min
2,096 cuft
0.71*
13.00 min
171

Rational Peak discharge

2 yrs Time to peak

1 min Hyd. volume
1,240 ac Runoff coeff.
3.052 in/hr Tc by TR55

RC [DF CURVE.IDF Asc/Rec limb fact

g g
i wn i §

* Composite (Area/C) = [(0.903 x 0.80) + (0 337 x 0.20)] / 1.240

Existing-North

Q {cfs) Hyd. No. 5 — 2 Year Q (cfs)

3.00

3.00

2.00

zmifiiﬁfifﬁ‘f?fifwwifwéﬁpwmmmﬂfffﬁ “““““““

AN T
B N 74 I I I I N |

\ 0.00

Time {min)




10EX039

Hydrograph Report

Hydraflow Hydrographs by Intelisclve v9.22 Monday, Apr 12, 2010
Hyd. No. &

Existing-North

Hydrograph type = Rational Peak discharge = 3.957 cfs
Storm frequency = 10 yrs Time to peak = 13 min

Time interval = 1 min Hyd. volume = 3,086 cuft
Drainage area = 1.240 ac Runoff coeff. = 0.71*
Intensity = 4.494 in/hr Tc by TR55 = 13.00 min
IDF Curve = RC IDF CURVE.IDF Asc/Rec limb fact = 111

* Composite {(Area/C) = [(0.903 x 0.90) + (0.337 x 0.20)] / 1.240

Existing-North

Q (cfs) Hyd. No. 5 -- 10 Year Q(cfs)
4.00 /\ 4.00
A\

- V4NN
N S / \\
3.00 3.00
/. BN
/. N\
/ N
,/ \\
200 2.00
N
AN !
AN
............... e e \
1.00 1.00
Al N
V450 N T R . -
WA \
0.00 0.00
0 2 4 6 8 10 12 14 16 18 20 22 24 26
Time (min)
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Hydrograph Report

Hydraflow Hydrographs by Intelisolve v4.22

Hyd.

No. 5

Existing-North

Hydrograph type
Storm frequency
Time interval
Drainage area
Intensity

IDF Curve

i mantun

Rational
100 yrs
1 min
1.240 ac

6.827 infhr

RC IDF CURVE.IDF

Peak discharge
Time to peak
Hyd. volume
Runoff coeff.
Tc by TR55

Asc/Rec limb fact

Monday, Apr 12, 2010

o n i nn

6.
13 min
4!
0.
13.00 min
1/1

010 cfs

688 cuft
71*

* Compasite {Area/C) = [(0.903 x 0 90) + (0.337 x 0.20)] / 1.240

Existing-North
Q {cfs) Hyd. No. 5 - 100 Year Q (cfs)

7.00 - - — 7.00
6.00 A 1 T 6.00

. N gi...w_?jgg_- ........... N

g e S i s :
5.00 - S 5.00
4.00 4.00
3.00 BN 3.00
2.00 o 2.00
1.00 100
000 T . 000

Time (min)

s Hyd NO. 5



10EX039

TR55 Tc Worksheet
Hydraflow MHydrographs by Intelisolve v9.22

Hyd. No. 5

Existing-North

Description A B c Totals
Sheet Flow

Manning's n-value = 0.150 0.011 0.011

Flow length (ft) = 56.0 186.0 0.0

Two-year 24-hr precip. (in) = 1.96 1.96 0.00

Land slope (%) = 1.60 0.80 0.00

Travel Time (min) = 8.61 + 3.687 + 0.00 = 12.28
Shallow Concentrated Flow

Flow length (ft) = 44.00 72.00 0.00

Watercourse slope (%) = 1.10 0.50 0.00

Surface description = Paved Paved Paved

Average velocity (ft/s) = 2.13 1.44 0.00
Travel Time (min) = 0.34 + 0,83 + 0.00 = 118
Channel Flow

X sectional flow area (sgft) = 0.00 0.00 0.00

Wetted perimeter (ft) = (.00 0.00 0.00

Channel slope (%) = 0.00 0.00 0.00

Manning's n-value = 0.015 0.015 0.015

Velocity (ft/s) = 0.00 0.00 0.00

Flow length (ft) = 0.0 0.0 0.0
Travel Time (min) =000 + 000 + 000 = 0.0

Total Travel TIME, TC nvcrerernesniinnsesssemssesessrsrarssssesssssesssesseseessesssesennn. 13.00 min



10EX039
Hydrograph Report

Hydraflow Hydrographs hy Intelisoive v3 22 Monday, Apr12, 2010
Hyd. No. 6
Existing-South
Hydrograph type = Rational Peak discharge = 0.887 c¢fs
Storm frequency = 2 yrs Time to peak = 12 min
Time interval = 1 min Hyd. volume = 639 cuft
Drainage area = 0.550 ac Runoff coeff. = 0.51*
Intensity = 3.164 in/hr Te by TR55 = 12.00 min
IDF Curve = RC IDF CURVE.IDF Asc/Rec limb fact = 1/1
* Composite (Area/C) = [(0 240 x 0 90) + (0.310 x 0.20)] / 0.550
Existing-South
Q {cfs) Hyd. No. 6 - 2 Year Q (cfs)
1.00 1.00
0.90 0.90

0.80 f;f/\\x\ 0.80
/N

ﬁf %\ 0.70

. / N\
0.50 fffg %x&\
/ N

0.40 %& 0.40

0.30 N\' 0.30
0.20 jf// % 0.20
0.10 fﬁ %% 0.10

jff Kg%\ 0.00

0.00 /
0 2 4 6 8 10 12 14 16 18 20 22 24

Time (min)

0.50




10EX039
Hydrograph Report

Hydraflow Hydrographs by Intelisoive v8,22

Hyd. No. 6
Existing-South

Monday, Apr 12, 2010

Hydrograph type = Rational Peak discharge = 1.307 cfs
Storm frequency = 10yrs Time to peak = 12 min
Time interval = 1 min Hyd. volume = 941 cuft
Drainage area = 0,550 ac Runoff coeff. = 0.51*

Intensity = 4.658 in/hr Te by TR55 = 12.00 min
IDF Curve = RC IDF CURVE.IDF Asc/Rec limb fact = 1/1
* Composite (ArealC) = [(0.240 x 0.90) + {0.310 x 0.20y) / 0,550

Existing-South

Q (cfs) Hyd. No. 6 - 10 Year Q (cfs)

2.00 2.00

1.00 //f \\ 1.00

- // \\
Vv _— M\
0.00 0.00
0 2 4 8 8 10 12 14 18 18 20 22 24
Time (min)
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Hydrograph Report

Hydraflow Hydregraphs by Intelisolve v9,22

Monday, Apr 12, 2010

Hyd. No. 6
Existing-South
Hydrograph type = Rational Peak discharge = 1.981 cfs
Storm frequency = 100 yrs Time to peak = 12 min
Time interval = 1 min Hyd. volume = 1,426 cuft
Drainage area = (.550 ac Runoff coeff. = 051
Intensity = 7.062 in/hr Tc by TR55 = 12.00 min
iDF Curve = RC IDF CURVE.IDF Asc/Rec limb fact = 1/1
* Composite (Area/C) = [(0.240 x 0.90) + {0.310 x (.20)] / 0.550

Existing-South
Q (cfs) Hyd. No. 6 -- 100 Year Q (cfs)

2.00

N

%, R SR—

1.00
f 7 — SR
0.00 J 0.00
0 2 4 6 8 10 12 14 16 18 20 22 24
Time {(min)

wmnnen Hyd No, 6



10EX039
TR55 Tc Worksheet

Hydraflow Hydrographs by Intelisolve v9.22

Hyd. No. 6
Existing-South

Description A B c Totals
Sheet Flow

Manning's n-value = 0.150 0.011 0.011

Flow length (ft) = 101.0 0.0 0.0

Two-year 24-1ir precip. (in) = 1.96 0.00 0.00

Land slope (%) = 2.50 0.00 0.00

Travel Time (min) = 1154 + 000 + 0.00 = 11.54
Shallow Concentrated Flow

Flow length (ft) = 0.00 0.00 0.00
Watercourse slope (%) = 0.00 0.00 0.00

Surface description = Paved Paved Paved

Average velocity (ft/s) = 0.00 0.00 0.00
Travel Time (min) = 0.00 + 000 + 0.00 = 0.00
Channel Flow

X sectional flow area (sqft) = 0.00 0.00 0.00

Wetted perimeter (ft) = 0.00 0.00 0.00

Channel slope (%) = 0.00 0.00 0.00

Manning's n-value = 0.015 0.015 0.015

Velocity (ft/s) = 0.00 0.00 0.00

Flow lengthi (ft) = 0.0 0.0 0.0
Travel Time {min) = 0.00 + 0.00 + 0,00 = 0.00

Total Travel Time, TC .cccvvennenn... GmReRamE NS EeurhaRREREEaneoanranun ey oNer e s rman suenn 12.00 min



10EX039

Hydrograph Report

Hydrafiow Hydrographs by Intelisolve v9.22 Menday, Apr 12, 2010
Hyd. No. 4
Developed-Total Site
Hydrograph type = Combine Peak discharge = 3.561 cfs
Storm frequency = 2yrs Time to peak = 13 min
Time interval = 1 min Hyd. volume = 2,782 cuft
Inflow hyds. =23 Contrib. drain. area= 1.790 ac
Developed-Total Site
Q (cfs) Hyd. No. 4 — 2 Year Q (cfs)
4.00 4.00
3.00 3.00
2.00 2.00
1.00 1.00
0.00 - 0.00
0 2 4 8 8 10 12 14 16 18 20 22 24 26
Time (min)
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Hydrograph Report

Hydraflow Hydrographs by Intelisolve v9.22

Monday, Apr 12, 2010

Hyd. No. 4
Developed-Total Site
Hydrograph type = Combine Peak discharge = 5.244 cfs
Storm frequency = 10 yrs Time to peak = 13 min
Time interval = 1 min Hyd. volume = 4,097 cuft
Inflow hyds. =23 Contrib. drain. area= 1.790 ac
Developed-Total Site
( Q (cfs) Hyd. No. 4 -- 10 Year Q@ (cfs)
6.00 6.00
5.00 N , 5.00
! 4
; 4 N
N A
4.00 AR VANR \ il 4,00
4 M AN
f7 1?// \\ \\
pd y 4 N N
3.00 7 TN 3.00
f . ,/ \\ Y
Y . -
VAR 4 o -
2,00 ff (f AN \ . 2,00
| 1,00
26

Time (min}
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Hydrograph Report

Hydraflow Hydregraphs by Intelisolve v9.22

Hyd. No. 4
Developed-Total Site

Monday, Apr 12, 2010

Hydrograph type = Combine Peak discharge = 7.962 cfs
Storm frequency = 100 yrs Time to peak = 13 min
Time interval = 1 min Hyd. volume = 6,220 cuft
Inflow hyds. =23 Contrib. drain. area= 1.790 ac
‘ Developed-Total Site
Q (cfs) Hyd. No. 4 - 100 Year Q (cfs)
8.00 V’\ 8.00
6.00 // /’\\ 6.00
4.00 4.00
2.00 200
0.00 1= 0.00
12 26
Time (mun)

wmanmne Hyd NO. 4 semmmennm. Hy el NO. 2

e Hycd NO. 3



10EX039

Hydrograph Report

Hydraflow Hydrographs by Intelisolve v8.22 ; Monday, Apr 12, 2010
Hyd. No. 2

Developed-North 5

Hydrograph type = Rational | Peak discharge = 2.747 cfs
Storm frequency = 2 yrs ! Time to peak = 13 min

Time interval = 1 min Hyd. volume = 2,142 cuft
Drainage area = 1.2530 ac ; Runoff coeftf. = 0.72*
Intensity = 3.052 infhr : Tc by TR55 = 13.00 min
IDF Curve = RC IDF CURVE.IDF 5 Asc/Rec limb fact = 1/1

* Composite (Area/C) = [(0.922 x 0.90) + (0.323 x 0.20)] / 1.250

Developed-North

Q (cfs) Hyd. No. 2 -- 2 Year Q (cfs)
3.00 3.00
2,00 - 2.00
1.00 1.00
0.00 0.00

o 2 4 6 8 10 12 14 16 18 20 22 24 28
Time {min)
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Hydrograph Report
Hydraflow Hydrographs by Intelisclve v9.22 Monday, Apr 12, 2010

Hyd. No. 2
Developed-North

Hydrograph type
Storm frequency
Time interval
Drainage area
Intensity

IDF Curve

4.045 cfs
13 min
3,155 cuft
0.72*
13.00 min
11

Rational Peak discharge
10 yrs Time to peak

1 min Hyd. volume
1.250 ac Runoff coeff.
4.494 infhr Tc by TR55

RC IDF CURVE.IDF Asc/Rec limb fact

nn i n s u

ftnnann

* Composite (Area/C) = [(0.922 x 0.90) + (0 323 x 0.20)] / 1 250

Developed-North
Q (cfs) Hyd. No. 2 — 10 Year
5.00 5.00

Q (cfs)

4.00 i 4.00

A AN

2.00 - 7 Y

1.00 . / ‘ | S \’ - 1.00

3.00

0.00

000
0 2 4 6 8 10 12 14 16 18 20 22 24 26

Time (min)



10EX039
Hydrograph Report

Hydraflow Hydrographs by Intelisolve v8.22 Monday, Apt 12, 2010

Hyd. No. 2
Developed-North

6.144 cfs
13 min
4,792 cuft
0.72*
13.00 min
1/1

Rational Peak discharge
100 yrs Time to peak

1 min Hyd. volume
1.250 ac Runoff coeff.
6.827 in/hr Tc by TR55

RC IDF CURVE.IDF Asc/Rec limb fact

Hydrograph type
Storm frequency
Time interval
Drainage area
Intensity

IDF Curve

nmunmnnun
B nannn

* Composite (Area/C) = [(0.922 x 0.80) + (0.323 x 0.20)] / 1.250

Developed-North
Hyd. No. 2 -- 100 Year
7.00 7.00

Q (cfs) Q (cfs)

6.00 6.00

5.00 ~— 5.00
4.00 - 4,00

1.00 1.00

0 2 4 6 8 10 12 14 16 18 20 22 24 26

Time {min)



10EX039
TR55 Tc Worksheet

Hydraflow Hydrographs by Intelisolve v0.22

Hyd. No. 2
Developed-North
Description A B Cc Totals
Sheet Flow
Manning's n-value = 0.150 0.011 0.011
Flow length (ft) = 586.0 186.0 0.0
Two-year 24-hr precip. (in) = 1.96 1.96 0.00
Land slope (%) = 1.60 0.80 0.00
Travel Time {min) = B.61 + 3.67 + 0.00 = 12.28
Shallow Concentrated Flow
Flow length (ft) = 44.00 72.00 0.00
Watercourse slope (%) = 1.10 0.50 0.00
Surface description = Paved Paved Paved
Average velocity (ft/s) = 2.13 1.44 0.00
Travel Time (min) = 0.34 + 0.83 + 0.00 = 1.18
Channel Flow
X sectional flow area (sgft) = 0.00 0.00 0.00
Wetted perimeter (ft) = 0.00 0.00 0.00
Channel slope (%) = 0.00 0.00 0.00
Manning's n-value = (0.015 0.015 0.015
Velocity (ft/s) = 0.00 0.00 0.00
Flow length (ft) = 0.0 0.0 0.0
Travel Time (min) = 0.00 +  0.00 + 0.00 = 0.00

Total Travel TIMe, TC s isn s sm s e e nearasns e snans 13.00 min



10EX039

Hydrograph Report

Hydraflow Hydrographs by Intelisolve v8.22

Monday, Apr 12, 2010

Hyd. No. 3
Developed-South

Hydrograph type = Rational Peak discharge = 0.888 cfs

Storm frequency = 2 yrs Time to peak = 12 min

Time interval = 1 min Hyd. volume = 640 cuft

Drainage area = 0.540 ac Runoff coeff. = (.52*

intensity = 3.164 in/hr Tc by TR55 = 12,00 min

IDF Curve = RC IDF CURVE.IDF Asc/Rec limb fact = 1/1

* Composite (Area/C) = [(0.247 x 0.90) + (0.295 x 0.20)] / 0.540

Developed-South

Q (cfs) Hyd. No. 3 -- 2 Year Q {cfs)
1.00 1,00
0.90 / 0.90
0.80 / \\ 0.80
0.70 // \\ 0.70
0.60 / \ 0.60
0.50 / \ 0.50
0.40 // \ 0.40
0.30 0.30
0.20 / \ 0.20
0.10 / \ 0.10
0.00 0.00

0 2 4 6 8 10 12 14 16 18 20 22 24
Time {min)



10EX039
Hydrograph Report

Hydrafiow Hydrographs by intelisolve v9.22

Hyd. No. 3
Developed-South

Monday, Apr 12, 2010

Hydrograph type = Rational Peak discharge = 1.308 cfs
Storm frequency = 10 yrs Time to peak = 12 min
Time interval = 1 min Hyd. volume = 942 cuft
Drainage area = 0.540 ac Runoff coeff. = 0.52%
Intensity = 4.658 infhr Tc by TR55 = 12.00 min
IDF Curve = RC IDF CURVE.IDF Asc/Rec limb fact = 1/1
* Composite (Area/C) = [(0 247 x 0.90) + (0.295 x 0.20)] / G 540
Developed-South
Q@ (cfs) Hyd. No. 3 -- 10 Year Q(cts)
2.00 2.00
1.00 ’x? %\“ 1.00

AN

™\

0.00

0.00
0 2

smense Hyd NO. 3

10 12 14

16 18 20

24
Time (min)

22
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Hydrograph Report

Hydraflow Hydrographs by Intelisolve v9.22 Monday, Apr 12, 2010
Hyd. No. 3
Developed-South
Hydrograph type = Rational Peak discharge = 1.983 cfs
Storm frequency = 100 yrs Time to peak = 12 min
Time interval = 1 min Hyd. volume . = 1,428 cuft
Drainage area = 0.540 ac Runoff coeff. = 0.52*
Intensity = 7.062 infhr Tc by TR55 = 12.00 min
IDF Curve = RC IDF CURVE.IDF Asc/Rec limb fact = 1/1
* Composite (Area/C) = [(0.247 x 0.90) + (0.295 x 0.20)] / 0.540
Developed-South
 (cfs) Hyd. No. 3 - 100 Year Q(efs)
2.00 2.00
1.00 1.00
0.00 0.00
0 2 4 6 8 10 12 14 16 18 20 22 24
’ Time (min)



10EX039

TR55 Tc Worksheet
Hydraflow Hydrographs by Intelisolve v8.22

Hyd. No. 3
Developed-South
Description A B Cc Totals
Sheet Flow

Manning's n-value = (0.150 0.011 0.011

Flow length (ft) = 101.0 0.0 0.0

Two-year 24-hr precip. (in) = 1.96 0.00 0.00

Land slope (%) = 2.50 0.00 0.00
Travel Time (min) = 1154 + 0.00 + 0.00 = 11.54
Shallow Concentrated Flow

Flow length (ft) = 0.00 0.00 0.00

Watercourse slope (%) = 0.00 0.00 0.00

Surface description = Paved Paved Paved

Average velocity (ft/s) = 0.00 0.00 0.00
Travel Time (min) = 0.00 + 0.00 + 0.00 = 0.00
Channel Flow

X sectional fiow area (sqft) = 0.00 0.00 0.00

Wetted perimeter (ft) = 0.00 0.00 0.00

Channel slope (%} = 0.00 0.00 0.00

Manning's n-value = 0.015 0.015 0.015

Velocity (fi/s} = 0.00 0.00 0.00

Flow length (ft) = 0.0 0.0 0.0
Travel Time (min) = 0.00 + 0.00 + 0.00 = 0.00

Total Travel TIMe, TC .ucicrirrcrrmrmissiinssssaserersassismsnns ssssesassmnnsnssnsssns s nssssssas 12.00 min





