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IN
T

R
O

D
U

C
T

IO
N

:

The follow
ing report presents the prelim

inary
design and analysis of the 

storm
w

ater m
anagem

ent for N
orthstarR

ealty
on Saw

m
ill R

oad &
 Em

erald Parkw
ay

in 
D

ublin, O
hio.  D

etention for the site is provided through the use
of pervious pavem

ent 
w

ith
underground storage in stone voids along w

ith pipe storage and som
e detention in 

bio-retention cells.
The storage shall be governed by the release rates set forth by the 

C
ity of D

ublin M
aster D

rainage Plan.

The totalarea for the proposed project is approxim
ately 3.02

acres, w
hich the 

m
ajority of this area (2.88

acres) shall drain into the proposed w
ater quality and detention 

system
.

A
 portion of the site (Ex. Private D

rive to the south) w
ill not be included as it 

w
as designed to flow

 to the adjacent site retention pond. W
ater quality shall be handled 

w
ithin the proposed detention facility

per O
hio EPA

 and C
ity of D

ublin requirem
ents.  

H
Y

D
R

O
L

O
G

IC
 A

N
A

L
Y

SIS:

A
ll hydrologic param

eters w
ere determ

ined using m
ethodology described in the 

C
ity of D

ublin Storm
w

ater M
anagem

ent D
esign M

anual, dated June
2013.  B

oth Pre-
D

evelopm
ent and Post-D

evelopm
ent runoff and peak discharge am

ounts w
ere calculated 

through H
ydroC

A
D

 version 9.10 softw
are.

The M
aster D

rainage Plan for the C
ity of D

ublin w
as used in order to com

pute 
allow

able release rates for the proposed im
provem

ents.  This site is part of the tw
o 

w
atersheds; The H

ard R
oad W

atershed (SubA
rea 1005) and The B

illingsley C
reek 

W
atershed (SubA

rea 370).

A
ll proposed drainage w

ill be directed to the B
illingsley C

reek W
atershed 

(Existing 24” storm
 sew

er along Saw
m

ill R
oad) due the highly restrictive requirem

ents of 
the H

ard R
oad W

atershed.  The release ratesw
ill be lim

ited to only the B
illingsley rate 

requirem
ents even though part of the H

ard R
oad W

atershed w
ill be tributary.  The 

storage shall be governed by the release of the 1 year-allow
able release rate

to the critical 
storm

, storm
s less frequent than the critical storm

 shall be released at a rate lim
ited to that 

storm
s allow

able rate.

PR
E

-D
E

V
E

L
O

PE
D

C
O

N
D

IT
IO

N
S:

The pre-developed condition of the site consists of an open site w
ith

ground cover 
vegetation,grasses and severalsparse tree clusters.  The areas around the site are 
developed suburban com

m
ercial and residential uses.

The site is relatively flat in nature 
w

ith a high point near the southw
est portion of the site delineating the tw

o w
atersheds.



C
urrently the site is divided into tw

o tributary dividesper the M
aster D

rainage 
Study.  O

ne portion of the site is tributary to the B
illingsley C

reek W
atershed, sub-basin 

num
ber 370.  The other portion istributary to the H

ard R
oad W

atershed, sub-basin 
num

ber 1005.  A
 total of 2.35

acres of the overall site is tributary to the B
illingsley C

reek 
W

atershed.  The rem
aining 0.67

acres is tributary to the H
ard R

oad W
atershed.

PO
ST

-D
E

V
E

L
O

PE
D

C
O

N
D

IT
IO

N
S:

The post developed condition for the
site w

ill consist of a
proposed building, 

asphalt and pervious pavem
ent parking.  The existing

access drive
to the south w

as not 
included as tributary to the proposed site.  The developed

area ofthe site is approxim
ately 

2.88 acres.  A
pproxim

ately 0.14 acresof the 3.02 acre site (m
ostly along the Saw

m
ill 

R
oad) w

ill go undetained, how
ever, a portion of the site (drive from

 Em
erald Parkw

ay) is 
outside the property line but included.  These tw

o areas w
ere estim

ated to essentially be 
equal and cancel each other.

The outlet flow
 rates w

ill be controlled based upon the C
ity of D

ublin’s M
aster

Storm
 W

ater M
anagem

ent Plan.  A
critical storm

 w
as determ

ined for the site by 
com

paring pre to post 1 year, 24 hour storm
 runoff volum

es and the increase
created by

the post developed condition
(See calculation below

).  This project createsa 188%
increase in the 1 year, 24-hour volum

e.  A
ccording to the storm

 w
ater regulations, this 

m
eans the critical storm

 event is a 25-year storm
.  A

ll events m
ore frequentand equal to

the 25-year storm
 m

ust release atthe 1-year pre-developed rate that is determ
ined by the 

m
aster drainage study.  

The 2.35
acres of area tributary to the B

illingsley
w

atershed w
as used to establish 

an
allow

able release rate per acre perthe M
aster D

rainage Plan.  There w
ill be a change 

in the w
atershed areas from

 the H
ard R

oad W
atershed to the B

illingsley C
reek W

atershed 
as a result of this developm

ent, but w
ith no increase in controlled

rate to the B
illingsley 

C
reek W

atershed.  The detention
w

ill be sized to release the runoff according
to the 

M
aster D

rainage Plan.
B

y lim
iting the release rate in this m

anner, the design intent is 
that the proposed developm

ent does not create adverse conditions to
the B

illingsley 
C

reek W
atershed beyond w

hat is provided
in the M

aster D
rainage Plan.

There
w

ill 
instead be a decrease in tributary area to the H

ard R
oad w

atershed w
ith no increase

to the 
B

illingsley w
atershed, in term

s of runoff from
 this site.

Tables have been provided below
 sum

m
arizing the prelim

inary results of storm
 

w
ater m

anagem
ent and calculations for the project.  Table 1 describes the com

parative 
release rates for pre and post developed storm

s as w
ell as the allow

able release rates 
based upon the critical storm

 and pond level inform
ation for each respective storm

.  
Table 2 is intended to show

 the capacity of the pond above the norm
alw

ater surface 



elevation.  Table 3 is intended to show
 how

 the 2.35
acres relates to the M

aster D
rainage 

Plan release rates allow
able per acre of area.

C
ritical Storm

 C
alculation:

The critical storm
 is determ

ined by com
paring the increase in runoff volum

e of 
the 1-year 24-hour rainfall event from

 the pre-developed condition to that of the post-
developed.  

Pre-D
evelopm

ent 1-Y
ear Storm

 Event:
0.118

af
Post-D

evelopm
ent 1-Y

ear Storm
 Event:

0.340
af

((0.340
af –

0.118
af) / 0.118

af) x 100%
 = 188%

(25
year critical storm

)

T
able 1

–
Storm

w
ater M

anagem
ent Sum

m
ary T

able

1 year
2 year

5 year
10 year

25 year
50 year

100 year
Predev. Q

 (cfs)
1.89

2.84
4.32

5.60
7.49

9.09
10.81

Postdev. Q
 (cfs)

5.20
6.60

8.59
10.21

12.48
14.36

16.32
A

llow
able 

R
elease (cfs)*

1.88
1.88

1.88
1.88

1.88
6.35

7.99

A
ctual R

elease 
(cfs)

1.21
1.34

1.51
1.64

1.81
1.99

2.08

Ponding Elev.
903.40’

903.76’
904.29’

904.74’
905.40’

906.16’
906.59’

Storage
(cf)@

Elev.
4,398

6,119
8,675

10,842
13,988

16,636
19,572

Storage
D

epth
1.90’

2.26’
2.79’

3.24’
3.90’

4.66’
5.09’

*See table 3
for release rate sum

m
ary and assum

ptions.

T
able 2

-Pond Storage E
levation-V

olum
e T

able

E
levation

T
otal Storage 

Provided (cf)
901.50

0
902.50

119
903.50

4,508
904.50

8.901
905.50

13,293
906.50

17,718
906.90

20,447



T
able 3

–
A

llow
able R

elease R
ate T

abulation
(B

illingsley W
atershed)

(2.35 A
c.)

Storm
 

E
vent

cfs/A
cre 

A
llow

able

Site 
A

llow
able 

cfs/A
cre

1 year
0.8

1.88
2 year

1.0
2.35

5 year
1.3

3.06
10 year

1.5
3.53

25 year
2.0

4.70
50 year

2.7
6.35

100 year
3.4

7.99

R
unoffshall be controlled

w
ith an orifice plate placed inside an

outletstructure 
w

hich w
ill drain

into the existing storm
 sew

er system
 along

Saw
m

ill R
oad.

A
 circular

orifice, currently calculated at 6” diam
eter, at Elev. 901.50

isto control the 1 through 100 
year events.  In the event the orifice

fails,the overflow
 is designed to pass over curb 

inlets located along the edges of pavem
ent w

ith a top of curb elevation set at Elev. 
906.75.

W
A

T
E

R
 Q

U
A

L
IT

Y
:

W
ater quality storage and treatm

ent shall be provided by
various bio-retention 

cells located throughoutthe site.
B

io-retention is sized perthe O
hio EPA

 w
ater quality 

guidelines.
C

alculations for w
ater quality are found in A

ppendix B
).

Pervious pavem
ent 

is provided for storage as w
ell as addition sedim

ent control for the site w
ith a draw

dow
n 

tim
e contingent on outlet control and existing soils.See detailsof bio-retention and 

pervious pavem
enton Sheet6 ofthe FinalD

evelopm
ent Plan.

SU
M

M
A

R
Y

:

The developed site is controlled at one location via a 6” orifice and uses a 
com

bination of pervious pavem
ent w

ith stone voids underneath along w
ith pipe storage 

and above ground storage.
The release rate is per the B

illingsley C
reek W

atershed 
restrictions provided from

 the C
ity of D

ublin Storm
w

ater M
aster Plan.  A

 sm
all portion 

of the H
ard R

oad W
atershed w

ill drain to the B
illingsley C

reek W
atershed as a result of 

this developm
ent but the detention system

 w
ill still be regulated per the allow

able 
B

illingsley C
reek W

atershed restrictions.
Further details regarding the detailed design of the entire storm

 w
ater 

m
anagem

ent system
 w

ill be provided w
hen the engineering of the developm

ent area is 
com

plete.  A
dditional details can

be provided as required for the C
ity of D

ublin 
Engineering staff to determ

ine if the proposed system
 is acceptable and m

eets D
ublin 

C
ity C

ode.



A
PPE

N
D

IX
 A

H
ydroC

A
D

 R
E

PO
R

T



1S

B
illingsley P

re D
ev

2S

B
illingsley P

ost

3P

B
illingsley S

torage

D
rainage D

iagram
 for B

illingsly Prelim
 D

rainage
P

repared by E
.P

. Ferris &
 A

ssociates,  P
rinted 4/15/2015

H
ydroC

A
D

®
 9.10  s/n 05053  ©

 2010 H
ydroC

A
D

 S
oftw

are S
olutions LLC

S
ubcat

R
each

P
ond

Link



B
illingsly Prelim

 D
rainage

  P
rinted  4/15/2015

P
repared by E

.P
. Ferris &

 A
ssociates

P
age 2

H
ydroC

A
D

®
 9.10  s/n 05053  ©

 2010 H
ydroC

A
D

 S
oftw

are S
olutions LLC

A
rea Listing (all nodes)

A
rea

(acres)
C

N
D

escription
(subcatchm

ent-num
bers)

2.350
78

P
re-developed C

onditions  (1S
)

2.880
92

P
ost-D

eveloped  (2S
)



Type II 24-hr 1-Y
ear  R

ainfall=2.20"
B

illingsly Prelim
 D

rainage
  P

rinted  4/15/2015
P

repared by E
.P

. Ferris &
 A

ssociates
P

age 3
H

ydroC
A

D
®

 9.10  s/n 05053  ©
 2010 H

ydroC
A

D
 S

oftw
are S

olutions LLC

Sum
m

ary for Subcatchm
ent 1S: B

illingsley Pre D
ev

R
unoff

=
1.89 cfs @

 
12.05 hrs,  V

olum
e=

0.118 af,  D
epth=

0.60"

R
unoff by S

C
S

 TR
-20 m

ethod, U
H

=S
C

S
, Tim

e S
pan= 2.00-30.00 hrs, dt= 0.05 hrs

Type II 24-hr 1-Y
ear  R

ainfall=2.20"

A
rea (ac)

C
N

D
escription

*
2.350

78
P

re-developed C
onditions

2.350
100.00%

 P
ervious A

rea

Tc
Length

S
lope

V
elocity

C
apacity

D
escription

(m
in)

(feet)
(ft/ft)

(ft/sec)
(cfs)

12.0
D

irect Entry, ToC
 A

ssum
ed

Subcatchm
ent 1S: B

illingsley Pre D
ev

R
unoff

H
ydrograph

Tim
e  (hours)

30
29

28
27

26
25

24
23

22
21

20
19

18
17

16
15

14
13

12
11

10
9

8
7

6
5

4
3

2

Flow  (cfs)

210

Type II 24-hr 1-Year
R

ainfall=2.20"
R

unoff A
rea=2.350 ac

R
unoff Volum

e=0.118 af
R

unoff D
epth=0.60"

Tc=12.0 m
in

C
N

=78

1.89 cfs



Type II 24-hr 1-Y
ear  R

ainfall=2.20"
B

illingsly Prelim
 D

rainage
  P

rinted  4/15/2015
P

repared by E
.P

. Ferris &
 A

ssociates
P

age 4
H

ydroC
A

D
®

 9.10  s/n 05053  ©
 2010 H

ydroC
A

D
 S

oftw
are S

olutions LLC

Sum
m

ary for Subcatchm
ent 2S: B

illingsley Post

R
unoff

=
5.20 cfs @

 
12.07 hrs,  V

olum
e=

0.340 af,  D
epth=

1.42"

R
unoff by S

C
S

 TR
-20 m

ethod, U
H

=S
C

S
, Tim

e S
pan= 2.00-30.00 hrs, dt= 0.05 hrs

Type II 24-hr 1-Y
ear  R

ainfall=2.20"

A
rea (ac)

C
N

D
escription

*
2.880

92
P

ost-D
eveloped

2.880
100.00%

 P
ervious A

rea

Tc
Length

S
lope

V
elocity

C
apacity

D
escription

(m
in)

(feet)
(ft/ft)

(ft/sec)
(cfs)

15.0
D

irect Entry, Tc Post A
ssum

ed M
inim

um

Subcatchm
ent 2S: B

illingsley Post

R
unoff

H
ydrograph

Tim
e  (hours)

30
29

28
27

26
25

24
23

22
21

20
19

18
17

16
15

14
13

12
11

10
9

8
7

6
5

4
3

2

Flow  (cfs)

543210

Type II 24-hr 1-Year
R

ainfall=2.20"
R

unoff A
rea=2.880 ac

R
unoff Volum

e=0.340 af
R

unoff D
epth=1.42"

Tc=15.0 m
in

C
N

=92

5.20 cfs



Type II 24-hr 1-Y
ear  R

ainfall=2.20"
B

illingsly Prelim
 D

rainage
  P

rinted  4/15/2015
P

repared by E
.P

. Ferris &
 A

ssociates
P

age 5
H

ydroC
A

D
®

 9.10  s/n 05053  ©
 2010 H

ydroC
A

D
 S

oftw
are S

olutions LLC

Sum
m

ary for Pond 3P: B
illingsley Storage

Inflow
 A

rea =
2.880 ac,

0.00%
 Im

pervious,  Inflow
 D

epth = 
1.42"    for  1-Y

ear event
Inflow

=
5.20 cfs @

 
12.07 hrs,  V

olum
e=

0.340 af
O

utflow
=

1.21 cfs @
 

12.39 hrs,  V
olum

e=
0.340 af,  A

tten= 77%
,  Lag= 19.6 m

in
P

rim
ary

=
1.21 cfs @

 
12.39 hrs,  V

olum
e=

0.340 af

R
outing by S

tor-Ind m
ethod, Tim

e S
pan= 2.00-30.00 hrs, dt= 0.05 hrs

P
eak E

lev= 903.40' @
 12.39 hrs   S

urf.A
rea= 11,497 sf   S

torage= 4,398 cf

P
lug-Flow

 detention tim
e= 24.2 m

in calculated for 0.340 af (100%
 of inflow

)
C

enter-of-M
ass det. tim

e= 24.1 m
in ( 841.4 - 817.3 )

V
olum

e
Invert

A
vail.S

torage
S

torage D
escription

#1
902.50'

14,323 cf
Pervious Pvm

nt (Prism
atic)  Listed below

 (R
ecalc)

#2
906.00'

6,800 cf
C

ustom
 Stage D

ata (Prism
atic)  Listed below

 (R
ecalc)

#3
901.50'

1,252 cf
15.0" D

 x 1,020.0'L Pipe Storage S= 0.0040 '/'
22,375 cf

Total A
vailable S

torage

E
levation

S
urf.A

rea
V

oids
Inc.S

tore
C

um
.S

tore
(feet)

(sq-ft)
(%

)
(cubic-feet)

(cubic-feet)
902.50

11,190
0.0

0
0

905.70
11,190

40.0
14,323

14,323

E
levation

S
urf.A

rea
Inc.S

tore
C

um
.S

tore
(feet)

(sq-ft)
(cubic-feet)

(cubic-feet)
906.00

6,800
0

0
907.00

6,800
6,800

6,800

D
evice

R
outing     

Invert
O

utlet D
evices

#1
P

rim
ary

901.50'
6.0" Vert. O

rifice/G
rate

 C
= 0.600

Prim
ary O

utFlow   M
ax=1.21 cfs @

 12.39 hrs  H
W

=903.40'   (Free D
ischarge)

1=O
rifice/G

rate   (O
rifice C

ontrols 1.21 cfs @
 6.18 fps)



Type II 24-hr 1-Y
ear  R

ainfall=2.20"
B

illingsly Prelim
 D

rainage
  P

rinted  4/15/2015
P

repared by E
.P

. Ferris &
 A

ssociates
P

age 6
H

ydroC
A

D
®

 9.10  s/n 05053  ©
 2010 H

ydroC
A

D
 S

oftw
are S

olutions LLC

Pond 3P: B
illingsley Storage

Inflow
P

rim
ary

H
ydrograph

Tim
e  (hours)

30
29

28
27

26
25

24
23

22
21

20
19

18
17

16
15

14
13

12
11

10
9

8
7

6
5

4
3

2

Flow  (cfs)

543210

Inflow
 A

rea=2.880 ac
Peak Elev=903.40'

Storage=4,398 cf

5.20 cfs

1.21 cfs

Pond 3P: B
illingsley Storage

P
rim

ary

Stage-D
ischarge

D
ischarge  (cfs)

2
1

0

Elevation  (feet)

907

906

905

904

903

902

 O
rifice/G

rate 



Type II 24-hr 2-Y
ear  R

ainfall=2.63"
B

illingsly Prelim
 D

rainage
  P

rinted  4/15/2015
P

repared by E
.P

. Ferris &
 A

ssociates
P

age 7
H

ydroC
A

D
®

 9.10  s/n 05053  ©
 2010 H

ydroC
A

D
 S

oftw
are S

olutions LLC

Sum
m

ary for Subcatchm
ent 1S: B

illingsley Pre D
ev

R
unoff

=
2.84 cfs @

 
12.05 hrs,  V

olum
e=

0.171 af,  D
epth=

0.87"

R
unoff by S

C
S

 TR
-20 m

ethod, U
H

=S
C

S
, Tim

e S
pan= 2.00-30.00 hrs, dt= 0.05 hrs

Type II 24-hr 2-Y
ear  R

ainfall=2.63"

A
rea (ac)

C
N

D
escription

*
2.350

78
P

re-developed C
onditions

2.350
100.00%

 P
ervious A

rea

Tc
Length

S
lope

V
elocity

C
apacity

D
escription

(m
in)

(feet)
(ft/ft)

(ft/sec)
(cfs)

12.0
D

irect Entry, ToC
 A

ssum
ed

Subcatchm
ent 1S: B

illingsley Pre D
ev

R
unoff

H
ydrograph

Tim
e  (hours)

30
29

28
27

26
25

24
23

22
21

20
19

18
17

16
15

14
13

12
11

10
9

8
7

6
5

4
3

2

Flow  (cfs)

3210

Type II 24-hr 2-Year
R

ainfall=2.63"
R

unoff A
rea=2.350 ac

R
unoff Volum

e=0.171 af
R

unoff D
epth=0.87"

Tc=12.0 m
in

C
N

=78

2.84 cfs



Type II 24-hr 2-Y
ear  R

ainfall=2.63"
B

illingsly Prelim
 D
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  P

rinted  4/15/2015
P

repared by E
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. Ferris &
 A
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P

age 8
H

ydroC
A

D
®

 9.10  s/n 05053  ©
 2010 H

ydroC
A

D
 S

oftw
are S

olutions LLC

Sum
m

ary for Subcatchm
ent 2S: B

illingsley Post

R
unoff

=
6.60 cfs @

 
12.07 hrs,  V

olum
e=

0.435 af,  D
epth=

1.81"

R
unoff by S

C
S

 TR
-20 m

ethod, U
H

=S
C

S
, Tim

e S
pan= 2.00-30.00 hrs, dt= 0.05 hrs

Type II 24-hr 2-Y
ear  R

ainfall=2.63"

A
rea (ac)

C
N

D
escription

*
2.880

92
P

ost-D
eveloped

2.880
100.00%

 P
ervious A

rea

Tc
Length

S
lope

V
elocity

C
apacity

D
escription

(m
in)

(feet)
(ft/ft)

(ft/sec)
(cfs)

15.0
D

irect Entry, Tc Post A
ssum

ed M
inim

um

Subcatchm
ent 2S: B

illingsley Post

R
unoff

H
ydrograph

Tim
e  (hours)

30
29

28
27

26
25

24
23

22
21

20
19

18
17

16
15

14
13

12
11

10
9

8
7

6
5

4
3

2

Flow  (cfs)

76543210

Type II 24-hr 2-Year
R

ainfall=2.63"
R

unoff A
rea=2.880 ac

R
unoff Volum

e=0.435 af
R

unoff D
epth=1.81"

Tc=15.0 m
in

C
N

=92

6.60 cfs



Type II 24-hr 2-Y
ear  R

ainfall=2.63"
B

illingsly Prelim
 D

rainage
  P

rinted  4/15/2015
P

repared by E
.P

. Ferris &
 A

ssociates
P

age 9
H
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A

D
®
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Sum
m

ary for Pond 3P: B
illingsley Storage

Inflow
 A

rea =
2.880 ac,

0.00%
 Im

pervious,  Inflow
 D

epth = 
1.81"    for  2-Y

ear event
Inflow

=
6.60 cfs @

 
12.07 hrs,  V

olum
e=

0.435 af
O

utflow
=

1.34 cfs @
 

12.43 hrs,  V
olum

e=
0.435 af,  A

tten= 80%
,  Lag= 21.8 m

in
P

rim
ary

=
1.34 cfs @

 
12.43 hrs,  V

olum
e=

0.435 af

R
outing by S

tor-Ind m
ethod, Tim

e S
pan= 2.00-30.00 hrs, dt= 0.05 hrs

P
eak E

lev= 903.76' @
 12.43 hrs   S

urf.A
rea= 11,497 sf   S

torage= 6,119 cf

P
lug-Flow

 detention tim
e= 32.2 m

in calculated for 0.435 af (100%
 of inflow

)
C

enter-of-M
ass det. tim

e= 32.1 m
in ( 842.4 - 810.3 )

V
olum

e
Invert

A
vail.S

torage
S

torage D
escription

#1
902.50'

14,323 cf
Pervious Pvm

nt (Prism
atic)  Listed below

 (R
ecalc)

#2
906.00'

6,800 cf
C

ustom
 Stage D

ata (Prism
atic)  Listed below

 (R
ecalc)

#3
901.50'

1,252 cf
15.0" D

 x 1,020.0'L Pipe Storage S= 0.0040 '/'
22,375 cf

Total A
vailable S

torage

E
levation

S
urf.A

rea
V

oids
Inc.S

tore
C

um
.S

tore
(feet)

(sq-ft)
(%

)
(cubic-feet)

(cubic-feet)
902.50

11,190
0.0

0
0

905.70
11,190

40.0
14,323

14,323

E
levation

S
urf.A

rea
Inc.S

tore
C

um
.S

tore
(feet)

(sq-ft)
(cubic-feet)

(cubic-feet)
906.00

6,800
0

0
907.00

6,800
6,800

6,800

D
evice

R
outing     

Invert
O

utlet D
evices

#1
P

rim
ary

901.50'
6.0" Vert. O

rifice/G
rate

 C
= 0.600

Prim
ary O

utFlow   M
ax=1.34 cfs @

 12.43 hrs  H
W

=903.75'   (Free D
ischarge)

1=O
rifice/G

rate   (O
rifice C

ontrols 1.34 cfs @
 6.82 fps)
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Pond 3P: B
illingsley Storage

Inflow
P

rim
ary

H
ydrograph

Tim
e  (hours)

30
29

28
27

26
25

24
23

22
21

20
19

18
17

16
15

14
13

12
11

10
9

8
7

6
5

4
3

2

Flow  (cfs)

76543210

Inflow
 A

rea=2.880 ac
Peak Elev=903.76'

Storage=6,119 cf

6.60 cfs

1.34 cfs

Pond 3P: B
illingsley Storage

P
rim

ary

Stage-D
ischarge

D
ischarge  (cfs)

2
1

0

Elevation  (feet)

907

906

905

904

903

902

 O
rifice/G

rate 
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B
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P

repared by E
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P

age 11
H
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A

D
®

 9.10  s/n 05053  ©
 2010 H

ydroC
A

D
 S

oftw
are S
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Sum
m

ary for Subcatchm
ent 1S: B

illingsley Pre D
ev

R
unoff

=
4.32 cfs @

 
12.04 hrs,  V

olum
e=

0.255 af,  D
epth=

1.30"

R
unoff by S

C
S

 TR
-20 m

ethod, U
H

=S
C

S
, Tim

e S
pan= 2.00-30.00 hrs, dt= 0.05 hrs

Type II 24-hr 5-Y
ear  R

ainfall=3.24"

A
rea (ac)

C
N

D
escription

*
2.350

78
P

re-developed C
onditions

2.350
100.00%

 P
ervious A

rea

Tc
Length

S
lope

V
elocity

C
apacity

D
escription

(m
in)

(feet)
(ft/ft)

(ft/sec)
(cfs)

12.0
D

irect Entry, ToC
 A

ssum
ed

Subcatchm
ent 1S: B

illingsley Pre D
ev

R
unoff

H
ydrograph

Tim
e  (hours)

30
29

28
27

26
25

24
23

22
21

20
19

18
17

16
15

14
13

12
11

10
9

8
7

6
5

4
3

2

Flow  (cfs)

43210

Type II 24-hr 5-Year
R

ainfall=3.24"
R

unoff A
rea=2.350 ac

R
unoff Volum

e=0.255 af
R

unoff D
epth=1.30"

Tc=12.0 m
in

C
N

=78

4.32 cfs
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ainfall=3.24"
B
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  P
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P

repared by E
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 A
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P

age 12
H
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Sum
m

ary for Subcatchm
ent 2S: B

illingsley Post

R
unoff

=
8.59 cfs @

 
12.06 hrs,  V

olum
e=

0.573 af,  D
epth=

2.39"

R
unoff by S

C
S

 TR
-20 m

ethod, U
H

=S
C

S
, Tim

e S
pan= 2.00-30.00 hrs, dt= 0.05 hrs

Type II 24-hr 5-Y
ear  R

ainfall=3.24"

A
rea (ac)

C
N

D
escription

*
2.880

92
P

ost-D
eveloped

2.880
100.00%

 P
ervious A

rea

Tc
Length

S
lope

V
elocity

C
apacity

D
escription

(m
in)

(feet)
(ft/ft)

(ft/sec)
(cfs)

15.0
D

irect Entry, Tc Post A
ssum

ed M
inim

um

Subcatchm
ent 2S: B

illingsley Post

R
unoff

H
ydrograph

Tim
e  (hours)

30
29

28
27

26
25

24
23

22
21

20
19

18
17

16
15

14
13

12
11

10
9

8
7

6
5

4
3

2

Flow  (cfs)

9876543210

Type II 24-hr 5-Year
R

ainfall=3.24"
R

unoff A
rea=2.880 ac

R
unoff Volum

e=0.573 af
R

unoff D
epth=2.39"

Tc=15.0 m
in

C
N

=92

8.59 cfs



Type II 24-hr 5-Y
ear  R

ainfall=3.24"
B

illingsly Prelim
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rainage
  P

rinted  4/15/2015
P

repared by E
.P

. Ferris &
 A

ssociates
P

age 13
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Sum
m

ary for Pond 3P: B
illingsley Storage

Inflow
 A

rea =
2.880 ac,

0.00%
 Im

pervious,  Inflow
 D

epth = 
2.39"    for  5-Y

ear event
Inflow

=
8.59 cfs @

 
12.06 hrs,  V

olum
e=

0.573 af
O

utflow
=

1.51 cfs @
 

12.47 hrs,  V
olum

e=
0.573 af,  A

tten= 82%
,  Lag= 24.4 m

in
P

rim
ary

=
1.51 cfs @

 
12.47 hrs,  V

olum
e=

0.573 af

R
outing by S

tor-Ind m
ethod, Tim

e S
pan= 2.00-30.00 hrs, dt= 0.05 hrs

P
eak E

lev= 904.29' @
 12.47 hrs   S

urf.A
rea= 11,497 sf   S

torage= 8,675 cf

P
lug-Flow

 detention tim
e= 42.8 m

in calculated for 0.572 af (100%
 of inflow

)
C

enter-of-M
ass det. tim

e= 42.7 m
in ( 845.2 - 802.5 )

V
olum

e
Invert

A
vail.S

torage
S

torage D
escription

#1
902.50'

14,323 cf
Pervious Pvm

nt (Prism
atic)  Listed below

 (R
ecalc)

#2
906.00'

6,800 cf
C

ustom
 Stage D

ata (Prism
atic)  Listed below

 (R
ecalc)

#3
901.50'

1,252 cf
15.0" D

 x 1,020.0'L Pipe Storage S= 0.0040 '/'
22,375 cf

Total A
vailable S

torage

E
levation

S
urf.A

rea
V

oids
Inc.S

tore
C

um
.S

tore
(feet)

(sq-ft)
(%

)
(cubic-feet)

(cubic-feet)
902.50

11,190
0.0

0
0

905.70
11,190

40.0
14,323

14,323

E
levation

S
urf.A

rea
Inc.S

tore
C

um
.S

tore
(feet)

(sq-ft)
(cubic-feet)

(cubic-feet)
906.00

6,800
0

0
907.00

6,800
6,800

6,800

D
evice

R
outing     

Invert
O

utlet D
evices

#1
P

rim
ary

901.50'
6.0" Vert. O

rifice/G
rate

 C
= 0.600

Prim
ary O

utFlow   M
ax=1.51 cfs @

 12.47 hrs  H
W

=904.29'   (Free D
ischarge)

1=O
rifice/G

rate   (O
rifice C

ontrols 1.51 cfs @
 7.67 fps)
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Pond 3P: B
illingsley Storage

Inflow
P

rim
ary

H
ydrograph

Tim
e  (hours)

30
29

28
27

26
25

24
23

22
21

20
19

18
17

16
15

14
13

12
11

10
9

8
7

6
5

4
3

2

Flow  (cfs)

9876543210

Inflow
 A

rea=2.880 ac
Peak Elev=904.29'

Storage=8,675 cf

8.59 cfs

1.51 cfs

Pond 3P: B
illingsley Storage

P
rim

ary

Stage-D
ischarge

D
ischarge  (cfs)

2
1

0

Elevation  (feet)

907

906

905

904

903

902

 O
rifice/G

rate 
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B
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  P
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P
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P
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H
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Sum
m

ary for Subcatchm
ent 1S: B

illingsley Pre D
ev

R
unoff

=
5.60 cfs @

 
12.04 hrs,  V

olum
e=

0.329 af,  D
epth=

1.68"

R
unoff by S

C
S

 TR
-20 m

ethod, U
H

=S
C

S
, Tim

e S
pan= 2.00-30.00 hrs, dt= 0.05 hrs

Type II 24-hr 10-Y
ear  R

ainfall=3.74"

A
rea (ac)

C
N

D
escription

*
2.350

78
P

re-developed C
onditions

2.350
100.00%

 P
ervious A

rea

Tc
Length

S
lope

V
elocity

C
apacity

D
escription

(m
in)

(feet)
(ft/ft)

(ft/sec)
(cfs)

12.0
D

irect Entry, ToC
 A

ssum
ed

Subcatchm
ent 1S: B

illingsley Pre D
ev

R
unoff

H
ydrograph

Tim
e  (hours)

30
29

28
27

26
25

24
23

22
21

20
19

18
17

16
15

14
13

12
11

10
9

8
7

6
5

4
3

2

Flow  (cfs)

6543210

Type II 24-hr 10-Year
R

ainfall=3.74"
R

unoff A
rea=2.350 ac

R
unoff Volum

e=0.329 af
R

unoff D
epth=1.68"

Tc=12.0 m
in

C
N

=78

5.60 cfs
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  P

rinted  4/15/2015
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Sum
m

ary for Subcatchm
ent 2S: B

illingsley Post

R
unoff

=
10.21 cfs @

 
12.06 hrs,  V

olum
e=

0.688 af,  D
epth=

2.87"

R
unoff by S

C
S

 TR
-20 m

ethod, U
H

=S
C

S
, Tim

e S
pan= 2.00-30.00 hrs, dt= 0.05 hrs

Type II 24-hr 10-Y
ear  R

ainfall=3.74"

A
rea (ac)

C
N

D
escription

*
2.880

92
P

ost-D
eveloped

2.880
100.00%

 P
ervious A

rea

Tc
Length

S
lope

V
elocity

C
apacity

D
escription

(m
in)

(feet)
(ft/ft)

(ft/sec)
(cfs)

15.0
D

irect Entry, Tc Post A
ssum

ed M
inim

um

Subcatchm
ent 2S: B

illingsley Post

R
unoff

H
ydrograph

Tim
e  (hours)

30
29

28
27

26
25

24
23

22
21

20
19

18
17

16
15

14
13

12
11

10
9

8
7

6
5

4
3

2

Flow  (cfs)

11109876543210

Type II 24-hr 10-Year
R

ainfall=3.74"
R

unoff A
rea=2.880 ac

R
unoff Volum

e=0.688 af
R

unoff D
epth=2.87"

Tc=15.0 m
in

C
N

=92

10.21 cfs



Type II 24-hr 10-Y
ear  R

ainfall=3.74"
B

illingsly Prelim
 D

rainage
  P

rinted  4/15/2015
P

repared by E
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. Ferris &
 A

ssociates
P

age 17
H
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A

D
®

 9.10  s/n 05053  ©
 2010 H

ydroC
A

D
 S

oftw
are S

olutions LLC

Sum
m

ary for Pond 3P: B
illingsley Storage

Inflow
 A

rea =
2.880 ac,

0.00%
 Im

pervious,  Inflow
 D

epth = 
2.87"    for  10-Y

ear event
Inflow

=
10.21 cfs @

 
12.06 hrs,  V

olum
e=

0.688 af
O

utflow
=

1.64 cfs @
 

12.50 hrs,  V
olum

e=
0.688 af,  A

tten= 84%
,  Lag= 26.2 m

in
P

rim
ary

=
1.64 cfs @

 
12.50 hrs,  V

olum
e=

0.688 af

R
outing by S

tor-Ind m
ethod, Tim

e S
pan= 2.00-30.00 hrs, dt= 0.05 hrs

P
eak E

lev= 904.74' @
 12.50 hrs   S

urf.A
rea= 11,497 sf   S

torage= 10,842 cf

P
lug-Flow

 detention tim
e= 50.9 m

in calculated for 0.687 af (100%
 of inflow

)
C

enter-of-M
ass det. tim

e= 50.8 m
in ( 848.2 - 797.4 )

V
olum

e
Invert

A
vail.S

torage
S

torage D
escription

#1
902.50'

14,323 cf
Pervious Pvm

nt (Prism
atic)  Listed below

 (R
ecalc)

#2
906.00'

6,800 cf
C

ustom
 Stage D

ata (Prism
atic)  Listed below

 (R
ecalc)

#3
901.50'

1,252 cf
15.0" D

 x 1,020.0'L Pipe Storage S= 0.0040 '/'
22,375 cf

Total A
vailable S

torage

E
levation

S
urf.A

rea
V

oids
Inc.S

tore
C

um
.S

tore
(feet)

(sq-ft)
(%

)
(cubic-feet)

(cubic-feet)
902.50

11,190
0.0

0
0

905.70
11,190

40.0
14,323

14,323

E
levation

S
urf.A

rea
Inc.S

tore
C

um
.S

tore
(feet)

(sq-ft)
(cubic-feet)

(cubic-feet)
906.00

6,800
0

0
907.00

6,800
6,800

6,800

D
evice

R
outing     

Invert
O

utlet D
evices

#1
P

rim
ary

901.50'
6.0" Vert. O

rifice/G
rate

 C
= 0.600

Prim
ary O

utFlow   M
ax=1.64 cfs @

 12.50 hrs  H
W

=904.74'   (Free D
ischarge)

1=O
rifice/G

rate   (O
rifice C

ontrols 1.64 cfs @
 8.33 fps)



Type II 24-hr 10-Y
ear  R
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B
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  P

rinted  4/15/2015
P
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P
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Pond 3P: B
illingsley Storage

Inflow
P

rim
ary

H
ydrograph

Tim
e  (hours)

30
29

28
27

26
25

24
23

22
21

20
19

18
17

16
15

14
13

12
11

10
9

8
7

6
5

4
3

2

Flow  (cfs)

11109876543210

Inflow
 A

rea=2.880 ac
Peak Elev=904.74'
Storage=10,842 cf

10.21 cfs

1.64 cfs

Pond 3P: B
illingsley Storage

P
rim

ary

Stage-D
ischarge

D
ischarge  (cfs)

2
1

0

Elevation  (feet)

907

906

905

904

903

902

 O
rifice/G

rate 



Type II 24-hr 25-Y
ear  R

ainfall=4.44"
B

illingsly Prelim
 D

rainage
  P

rinted  4/15/2015
P

repared by E
.P

. Ferris &
 A

ssociates
P

age 19
H

ydroC
A

D
®

 9.10  s/n 05053  ©
 2010 H

ydroC
A

D
 S

oftw
are S

olutions LLC

Sum
m

ary for Subcatchm
ent 1S: B

illingsley Pre D
ev

R
unoff

=
7.49 cfs @

 
12.04 hrs,  V

olum
e=

0.439 af,  D
epth=

2.24"

R
unoff by S

C
S

 TR
-20 m

ethod, U
H

=S
C

S
, Tim

e S
pan= 2.00-30.00 hrs, dt= 0.05 hrs

Type II 24-hr 25-Y
ear  R

ainfall=4.44"

A
rea (ac)

C
N

D
escription

*
2.350

78
P

re-developed C
onditions

2.350
100.00%

 P
ervious A

rea

Tc
Length

S
lope

V
elocity

C
apacity

D
escription

(m
in)

(feet)
(ft/ft)

(ft/sec)
(cfs)

12.0
D

irect Entry, ToC
 A

ssum
ed

Subcatchm
ent 1S: B

illingsley Pre D
ev

R
unoff

H
ydrograph

Tim
e  (hours)

30
29

28
27

26
25

24
23

22
21

20
19

18
17

16
15

14
13

12
11

10
9

8
7

6
5

4
3

2

Flow  (cfs)

876543210

Type II 24-hr 25-Year
R

ainfall=4.44"
R

unoff A
rea=2.350 ac

R
unoff Volum

e=0.439 af
R

unoff D
epth=2.24"

Tc=12.0 m
in

C
N

=78

7.49 cfs



Type II 24-hr 25-Y
ear  R

ainfall=4.44"
B

illingsly Prelim
 D

rainage
  P

rinted  4/15/2015
P

repared by E
.P

. Ferris &
 A

ssociates
P

age 20
H

ydroC
A

D
®

 9.10  s/n 05053  ©
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ydroC
A

D
 S

oftw
are S

olutions LLC

Sum
m

ary for Subcatchm
ent 2S: B

illingsley Post

R
unoff

=
12.48 cfs @

 
12.06 hrs,  V

olum
e=

0.851 af,  D
epth=

3.54"

R
unoff by S

C
S

 TR
-20 m

ethod, U
H

=S
C

S
, Tim

e S
pan= 2.00-30.00 hrs, dt= 0.05 hrs

Type II 24-hr 25-Y
ear  R

ainfall=4.44"

A
rea (ac)

C
N

D
escription

*
2.880

92
P

ost-D
eveloped

2.880
100.00%

 P
ervious A

rea

Tc
Length

S
lope

V
elocity

C
apacity

D
escription

(m
in)

(feet)
(ft/ft)

(ft/sec)
(cfs)

15.0
D

irect Entry, Tc Post A
ssum

ed M
inim

um

Subcatchm
ent 2S: B

illingsley Post

R
unoff

H
ydrograph

Tim
e  (hours)

30
29

28
27

26
25

24
23

22
21

20
19

18
17

16
15

14
13

12
11

10
9

8
7

6
5

4
3

2

Flow  (cfs)

131211109876543210

Type II 24-hr 25-Year
R

ainfall=4.44"
R

unoff A
rea=2.880 ac

R
unoff Volum

e=0.851 af
R

unoff D
epth=3.54"

Tc=15.0 m
in

C
N

=92

12.48 cfs



Type II 24-hr 25-Y
ear  R

ainfall=4.44"
B

illingsly Prelim
 D

rainage
  P

rinted  4/15/2015
P

repared by E
.P

. Ferris &
 A

ssociates
P

age 21
H

ydroC
A

D
®

 9.10  s/n 05053  ©
 2010 H

ydroC
A

D
 S

oftw
are S

olutions LLC

Sum
m

ary for Pond 3P: B
illingsley Storage

Inflow
 A

rea =
2.880 ac,

0.00%
 Im

pervious,  Inflow
 D

epth = 
3.54"    for  25-Y

ear event
Inflow

=
12.48 cfs @

 
12.06 hrs,  V

olum
e=

0.851 af
O

utflow
=

1.81 cfs @
 

12.54 hrs,  V
olum

e=
0.851 af,  A

tten= 86%
,  Lag= 28.3 m

in
P

rim
ary

=
1.81 cfs @

 
12.54 hrs,  V

olum
e=

0.851 af

R
outing by S

tor-Ind m
ethod, Tim

e S
pan= 2.00-30.00 hrs, dt= 0.05 hrs

P
eak E

lev= 905.40' @
 12.54 hrs   S

urf.A
rea= 11,497 sf   S

torage= 13,988 cf

P
lug-Flow

 detention tim
e= 61.8 m

in calculated for 0.849 af (100%
 of inflow

)
C

enter-of-M
ass det. tim

e= 61.7 m
in ( 853.2 - 791.6 )

V
olum

e
Invert

A
vail.S

torage
S

torage D
escription

#1
902.50'

14,323 cf
Pervious Pvm

nt (Prism
atic)  Listed below

 (R
ecalc)

#2
906.00'

6,800 cf
C

ustom
 Stage D

ata (Prism
atic)  Listed below

 (R
ecalc)

#3
901.50'

1,252 cf
15.0" D

 x 1,020.0'L Pipe Storage S= 0.0040 '/'
22,375 cf

Total A
vailable S

torage

E
levation

S
urf.A

rea
V

oids
Inc.S

tore
C

um
.S

tore
(feet)

(sq-ft)
(%

)
(cubic-feet)

(cubic-feet)
902.50

11,190
0.0

0
0

905.70
11,190

40.0
14,323

14,323

E
levation

S
urf.A

rea
Inc.S

tore
C

um
.S

tore
(feet)

(sq-ft)
(cubic-feet)

(cubic-feet)
906.00

6,800
0

0
907.00

6,800
6,800

6,800

D
evice

R
outing     

Invert
O

utlet D
evices

#1
P

rim
ary

901.50'
6.0" Vert. O

rifice/G
rate

 C
= 0.600

Prim
ary O

utFlow   M
ax=1.81 cfs @

 12.54 hrs  H
W

=905.40'   (Free D
ischarge)

1=O
rifice/G

rate   (O
rifice C

ontrols 1.81 cfs @
 9.20 fps)



Type II 24-hr 25-Y
ear  R

ainfall=4.44"
B

illingsly Prelim
 D

rainage
  P

rinted  4/15/2015
P

repared by E
.P

. Ferris &
 A

ssociates
P

age 22
H

ydroC
A

D
®
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ydroC
A

D
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are S

olutions LLC

Pond 3P: B
illingsley Storage

Inflow
P

rim
ary

H
ydrograph

Tim
e  (hours)

30
29

28
27

26
25

24
23

22
21

20
19

18
17

16
15

14
13

12
11

10
9

8
7

6
5

4
3

2

Flow  (cfs)

131211109876543210

Inflow
 A

rea=2.880 ac
Peak Elev=905.40'
Storage=13,988 cf

12.48 cfs

1.81 cfs

Pond 3P: B
illingsley Storage

P
rim

ary

Stage-D
ischarge

D
ischarge  (cfs)

2
1

0

Elevation  (feet)

907

906

905

904

903

902

 O
rifice/G

rate 



Type II 24-hr 50-Y
ear  R

ainfall=5.02"
B

illingsly Prelim
 D

rainage
  P

rinted  4/15/2015
P

repared by E
.P

. Ferris &
 A

ssociates
P

age 23
H

ydroC
A

D
®

 9.10  s/n 05053  ©
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ydroC
A

D
 S

oftw
are S

olutions LLC

Sum
m

ary for Subcatchm
ent 1S: B

illingsley Pre D
ev

R
unoff

=
9.09 cfs @

 
12.04 hrs,  V

olum
e=

0.534 af,  D
epth=

2.73"

R
unoff by S

C
S

 TR
-20 m

ethod, U
H

=S
C

S
, Tim

e S
pan= 2.00-30.00 hrs, dt= 0.05 hrs

Type II 24-hr 50-Y
ear  R

ainfall=5.02"

A
rea (ac)

C
N

D
escription

*
2.350

78
P

re-developed C
onditions

2.350
100.00%

 P
ervious A

rea

Tc
Length

S
lope

V
elocity

C
apacity

D
escription

(m
in)

(feet)
(ft/ft)

(ft/sec)
(cfs)

12.0
D

irect Entry, ToC
 A

ssum
ed

Subcatchm
ent 1S: B

illingsley Pre D
ev

R
unoff

H
ydrograph

Tim
e  (hours)

30
29

28
27

26
25

24
23

22
21

20
19

18
17

16
15

14
13

12
11

10
9

8
7

6
5

4
3

2

Flow  (cfs)

109876543210

Type II 24-hr 50-Year
R

ainfall=5.02"
R

unoff A
rea=2.350 ac

R
unoff Volum

e=0.534 af
R

unoff D
epth=2.73"

Tc=12.0 m
in

C
N

=78

9.09 cfs



Type II 24-hr 50-Y
ear  R

ainfall=5.02"
B

illingsly Prelim
 D

rainage
  P

rinted  4/15/2015
P

repared by E
.P

. Ferris &
 A

ssociates
P

age 24
H

ydroC
A

D
®
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Sum
m

ary for Subcatchm
ent 2S: B

illingsley Post

R
unoff

=
14.36 cfs @

 
12.06 hrs,  V

olum
e=

0.986 af,  D
epth=

4.11"

R
unoff by S

C
S

 TR
-20 m

ethod, U
H

=S
C

S
, Tim

e S
pan= 2.00-30.00 hrs, dt= 0.05 hrs

Type II 24-hr 50-Y
ear  R

ainfall=5.02"

A
rea (ac)

C
N

D
escription

*
2.880

92
P

ost-D
eveloped

2.880
100.00%

 P
ervious A

rea

Tc
Length

S
lope

V
elocity

C
apacity

D
escription

(m
in)

(feet)
(ft/ft)

(ft/sec)
(cfs)

15.0
D

irect Entry, Tc Post A
ssum

ed M
inim

um

Subcatchm
ent 2S: B

illingsley Post

R
unoff

H
ydrograph

Tim
e  (hours)

30
29

28
27

26
25

24
23

22
21

20
19

18
17

16
15

14
13

12
11

10
9

8
7

6
5

4
3

2

Flow  (cfs)

161514131211109876543210

Type II 24-hr 50-Year
R

ainfall=5.02"
R

unoff A
rea=2.880 ac

R
unoff Volum

e=0.986 af
R

unoff D
epth=4.11"

Tc=15.0 m
in

C
N

=92

14.36 cfs



Type II 24-hr 50-Y
ear  R

ainfall=5.02"
B

illingsly Prelim
 D

rainage
  P

rinted  4/15/2015
P

repared by E
.P

. Ferris &
 A

ssociates
P

age 25
H

ydroC
A

D
®
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A

D
 S
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Sum
m

ary for Pond 3P: B
illingsley Storage

Inflow
 A

rea =
2.880 ac,

0.00%
 Im

pervious,  Inflow
 D

epth = 
4.11"    for  50-Y

ear event
Inflow

=
14.36 cfs @

 
12.06 hrs,  V

olum
e=

0.986 af
O

utflow
=

1.99 cfs @
 

12.55 hrs,  V
olum

e=
0.986 af,  A

tten= 86%
,  Lag= 29.3 m

in
P

rim
ary

=
1.99 cfs @

 
12.55 hrs,  V

olum
e=

0.986 af

R
outing by S

tor-Ind m
ethod, Tim

e S
pan= 2.00-30.00 hrs, dt= 0.05 hrs

P
eak E

lev= 906.16' @
 12.55 hrs   S

urf.A
rea= 18,157 sf   S

torage= 16,636 cf

P
lug-Flow

 detention tim
e= 69.7 m

in calculated for 0.984 af (100%
 of inflow

)
C

enter-of-M
ass det. tim

e= 69.6 m
in ( 857.2 - 787.6 )

V
olum

e
Invert

A
vail.S

torage
S

torage D
escription

#1
902.50'

14,323 cf
Pervious Pvm

nt (Prism
atic)  Listed below

 (R
ecalc)

#2
906.00'

6,800 cf
C

ustom
 Stage D

ata (Prism
atic)  Listed below

 (R
ecalc)

#3
901.50'

1,252 cf
15.0" D

 x 1,020.0'L Pipe Storage S= 0.0040 '/'
22,375 cf

Total A
vailable S

torage

E
levation

S
urf.A

rea
V

oids
Inc.S

tore
C

um
.S

tore
(feet)

(sq-ft)
(%

)
(cubic-feet)

(cubic-feet)
902.50

11,190
0.0

0
0

905.70
11,190

40.0
14,323

14,323

E
levation

S
urf.A

rea
Inc.S

tore
C

um
.S

tore
(feet)

(sq-ft)
(cubic-feet)

(cubic-feet)
906.00

6,800
0

0
907.00

6,800
6,800

6,800

D
evice

R
outing     

Invert
O

utlet D
evices

#1
P

rim
ary

901.50'
6.0" Vert. O

rifice/G
rate

 C
= 0.600

Prim
ary O

utFlow   M
ax=1.99 cfs @

 12.55 hrs  H
W

=906.16'   (Free D
ischarge)

1=O
rifice/G

rate   (O
rifice C

ontrols 1.99 cfs @
 10.11 fps)



Type II 24-hr 50-Y
ear  R

ainfall=5.02"
B

illingsly Prelim
 D

rainage
  P

rinted  4/15/2015
P

repared by E
.P

. Ferris &
 A

ssociates
P

age 26
H

ydroC
A

D
®

 9.10  s/n 05053  ©
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ydroC
A

D
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are S

olutions LLC

Pond 3P: B
illingsley Storage

Inflow
P

rim
ary

H
ydrograph

Tim
e  (hours)

30
29

28
27

26
25

24
23

22
21

20
19

18
17

16
15

14
13

12
11

10
9

8
7

6
5

4
3

2

Flow  (cfs)

161514131211109876543210

Inflow
 A

rea=2.880 ac
Peak Elev=906.16'
Storage=16,636 cf

14.36 cfs

1.99 cfs

Pond 3P: B
illingsley Storage

P
rim

ary

Stage-D
ischarge

D
ischarge  (cfs)

2
1

0

Elevation  (feet)

907

906

905

904

903

902

 O
rifice/G

rate 



Type II 24-hr 100-Y
ear  R

ainfall=5.63"
B

illingsly Prelim
 D

rainage
  P

rinted  4/15/2015
P

repared by E
.P

. Ferris &
 A

ssociates
P

age 27
H

ydroC
A

D
®

 9.10  s/n 05053  ©
 2010 H

ydroC
A

D
 S

oftw
are S

olutions LLC

Sum
m

ary for Subcatchm
ent 1S: B

illingsley Pre D
ev

R
unoff

=
10.81 cfs @

 
12.04 hrs,  V

olum
e=

0.637 af,  D
epth=

3.25"

R
unoff by S

C
S

 TR
-20 m

ethod, U
H

=S
C

S
, Tim

e S
pan= 2.00-30.00 hrs, dt= 0.05 hrs

Type II 24-hr 100-Y
ear  R

ainfall=5.63"

A
rea (ac)

C
N

D
escription

*
2.350

78
P

re-developed C
onditions

2.350
100.00%

 P
ervious A

rea

Tc
Length

S
lope

V
elocity

C
apacity

D
escription

(m
in)

(feet)
(ft/ft)

(ft/sec)
(cfs)

12.0
D

irect Entry, ToC
 A

ssum
ed

Subcatchm
ent 1S: B

illingsley Pre D
ev

R
unoff

H
ydrograph

Tim
e  (hours)

30
29

28
27

26
25

24
23

22
21

20
19

18
17

16
15

14
13

12
11

10
9

8
7

6
5

4
3

2

Flow  (cfs)

1211109876543210

Type II 24-hr 100-Year
R

ainfall=5.63"
R

unoff A
rea=2.350 ac

R
unoff Volum

e=0.637 af
R

unoff D
epth=3.25"

Tc=12.0 m
in

C
N

=78

10.81 cfs



Type II 24-hr 100-Y
ear  R

ainfall=5.63"
B

illingsly Prelim
 D

rainage
  P

rinted  4/15/2015
P

repared by E
.P

. Ferris &
 A

ssociates
P

age 28
H

ydroC
A

D
®
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Sum
m

ary for Subcatchm
ent 2S: B

illingsley Post

R
unoff

=
16.32 cfs @

 
12.06 hrs,  V

olum
e=

1.129 af,  D
epth=

4.71"

R
unoff by S

C
S

 TR
-20 m

ethod, U
H

=S
C

S
, Tim

e S
pan= 2.00-30.00 hrs, dt= 0.05 hrs

Type II 24-hr 100-Y
ear  R

ainfall=5.63"

A
rea (ac)

C
N

D
escription

*
2.880

92
P

ost-D
eveloped

2.880
100.00%

 P
ervious A

rea

Tc
Length

S
lope

V
elocity

C
apacity

D
escription

(m
in)

(feet)
(ft/ft)

(ft/sec)
(cfs)

15.0
D

irect Entry, Tc Post A
ssum

ed M
inim

um

Subcatchm
ent 2S: B

illingsley Post

R
unoff

H
ydrograph

Tim
e  (hours)

30
29

28
27

26
25

24
23

22
21

20
19

18
17

16
15

14
13

12
11

10
9

8
7

6
5

4
3

2

Flow  (cfs)

1817161514131211109876543210

Type II 24-hr 100-Year
R

ainfall=5.63"
R

unoff A
rea=2.880 ac

R
unoff Volum

e=1.129 af
R

unoff D
epth=4.71"

Tc=15.0 m
in

C
N

=92

16.32 cfs



Type II 24-hr 100-Y
ear  R

ainfall=5.63"
B

illingsly Prelim
 D

rainage
  P

rinted  4/15/2015
P

repared by E
.P

. Ferris &
 A

ssociates
P

age 29
H

ydroC
A

D
®
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Sum
m

ary for Pond 3P: B
illingsley Storage

Inflow
 A

rea =
2.880 ac,

0.00%
 Im

pervious,  Inflow
 D

epth = 
4.71"    for  100-Y

ear event
Inflow

=
16.32 cfs @

 
12.06 hrs,  V

olum
e=

1.129 af
O

utflow
=

2.08 cfs @
 

12.58 hrs,  V
olum

e=
1.129 af,  A

tten= 87%
,  Lag= 31.1 m

in
P

rim
ary

=
2.08 cfs @

 
12.58 hrs,  V

olum
e=

1.129 af

R
outing by S

tor-Ind m
ethod, Tim

e S
pan= 2.00-30.00 hrs, dt= 0.05 hrs

P
eak E

lev= 906.59' @
 12.58 hrs   S

urf.A
rea= 18,032 sf   S

torage= 19,572 cf

P
lug-Flow

 detention tim
e= 78.6 m

in calculated for 1.127 af (100%
 of inflow

)
C

enter-of-M
ass det. tim

e= 78.4 m
in ( 862.4 - 784.0 )

V
olum

e
Invert

A
vail.S

torage
S

torage D
escription

#1
902.50'

14,323 cf
Pervious Pvm

nt (Prism
atic)  Listed below

 (R
ecalc)

#2
906.00'

6,800 cf
C

ustom
 Stage D

ata (Prism
atic)  Listed below

 (R
ecalc)

#3
901.50'

1,252 cf
15.0" D

 x 1,020.0'L Pipe Storage S= 0.0040 '/'
22,375 cf

Total A
vailable S

torage

E
levation

S
urf.A

rea
V

oids
Inc.S

tore
C

um
.S

tore
(feet)

(sq-ft)
(%

)
(cubic-feet)

(cubic-feet)
902.50

11,190
0.0

0
0

905.70
11,190

40.0
14,323

14,323

E
levation

S
urf.A

rea
Inc.S

tore
C

um
.S

tore
(feet)

(sq-ft)
(cubic-feet)

(cubic-feet)
906.00

6,800
0

0
907.00

6,800
6,800

6,800

D
evice

R
outing     

Invert
O

utlet D
evices

#1
P

rim
ary

901.50'
6.0" Vert. O

rifice/G
rate

 C
= 0.600

Prim
ary O

utFlow   M
ax=2.08 cfs @

 12.58 hrs  H
W

=906.59'   (Free D
ischarge)

1=O
rifice/G

rate   (O
rifice C

ontrols 2.08 cfs @
 10.59 fps)



Type II 24-hr 100-Y
ear  R

ainfall=5.63"
B
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.P
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P
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Flow  (cfs)

1817161514131211109876543210

Inflow
 A

rea=2.880 ac
Peak Elev=906.59'
Storage=19,572 cf

16.32 cfs

2.08 cfs

Pond 3P: B
illingsley Storage

P
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D
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2
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W
A

TE
R

 Q
U

A
LITY C

A
LC

U
LA

TIO
N

S

E. P. FER
R

IS and ASSO
C

IATES IN
C

.
D

ublin/Em
erald Pkw

y
880 K

ing Avenue
D

ublin, O
hio

C
olum

bus, O
hio 43212

614-299-2999
Prepared BM

JO
614-299-2992 (Fax)

C
hecked:

S
W

G

D
ate:

-
Project:

1081.01

W
ater Q

uality C
alculation - P

er O
hio E

P
A

 requirem
ents

W
Q

v = C
 x P

 x (A
/12)

C
 - S

ee Table 1 or calculate using form
ula

Table 1 C
 V

alues:
P

 - precepitation depth (usually 0.75)
Industrial/C

om
m

ercial
0.8

A
 - A

rea draining to B
M

P
 in A

cres
H

igh D
ensity residential (>8dw

/ac)
0.5

M
edium

 D
ensity res. (4 to 8 dw

/ac)
0.4

Low
 D

ensity res (<4 dw
/ac)

0.3
C

:
0.8

O
pen S

pace and R
ecreation A

rea
0.2

P
:

0.75
0.75 is O

E
P

A
A

:
2.88

A
cres

Form
ula:

125453
S

q-Ft
C

=0.858i 3 - 0.78i 2 +0.774i +0.04

W
Q

v:
0.144

acre-ft
6273

cubic feet
R

E
Q

U
IR

E
D

 for treatm
ent of disturbed area

1255
cubic feet of sedim

ent volum
e

V
alue for 'i':

0.95
W

Q
v 

Total:
7527

C
 = 

0.806978
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M
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C
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S

W
G

D
ate:

1/20/2015
Project:
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W
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A
S
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lanting S
oil B
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W
Q

v
W

ater Q
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olum
e R

equired (A
cre-Ft) 

d
D

epth of the P
lanting S

oil (ft) - m
in of 4'

T
D

raw
ndow
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ours - 40 hours for O
hio E

P
A

K
P

erm
eability of the planting soil w

ithin the soil bed (ft/s) - 1.2x10
-5 ft/sec (m

in.), w
hich is equal to 0.5 in/hr

h
A

verage depth of w
ater above filter bed (ft)

U
sually 1/2 the m

axim
um

 depth above the bed - 12" is m
ax. depth, so 0.5ft is typically used

Inputs:
W

Q
v

7527
C

u. Ft.
0.172796

A
cre-Ft

d
4

ft
T
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K
0.000012

ft/sec
0.5184

in/hr
h

1
ft

A
rea:

0.13333
A

cre
5807.87

S
q. Ft.

R
equired area to treat W

Q
v

A
rea P

rovided:
6315

S
q. Ft.

)]
(

3600
[

)
(

d
h

T
K

d
W

Q
A
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          STORM SEWER COMPUTATIONS

File: Proposed Storm Calcs.xls
Storm Sewer Calculation Sheet 1 of 1

PROJECT: DATE:

BY: 2 5

CI-12 CB-11 0.20 0.20 0.80 0.16 0.16 10 0.6 10 3.42 0.55 906.10 3.00 1.83 0.00 1.83 4.63 0.74 903.28
12 0.013 0.40 2.86 2.25 100.9 903.10 902.70 0.170 0.25 0.0318 0.0004 0.0436

CB-11 CI-10 0.18 0.38 0.80 0.14 0.30 10 0.8 10.6 3.42 1.04 906.50 3.80 2.36 0.00 2.36 4.63 1.41 903.20
15 0.013 0.31 2.95 3.62 127.7 902.70 902.30 0.190 0.25 0.0339 0.0005 0.0606

CI-10 CI-9 0.58 0.96 0.80 0.46 0.77 10 0.5 11.4 3.34 2.57 907.00 4.70 3.26 0.00 3.26 4.52 3.47 903.11
15 0.013 0.38 3.26 4.00 78.5 902.30 902.00 0.190 0.25 0.0413 0.0029 0.2267

CI-9 CB-8 0.15 1.11 0.80 0.12 0.89 10 0.4 11.9 3.34 2.97 907.20 5.20 3.76 0.00 3.76 4.52 4.01 902.84
15 0.013 0.42 3.43 4.21 75.8 902.00 901.68 0.190 0.25 0.0457 0.0039 0.2926

CB-8 MH-2 0.24 1.35 0.80 0.19 1.08 10 0.3 12.3 3.26 3.52 906.50 4.82 3.38 0.00 3.38 4.42 4.77 902.50
15 0.013 0.42 3.44 4.22 42.4 901.68 901.50 0.190 0.25 0.0459 0.0055 0.2312

MH-2 902.23

CB-7 CI-6 0.57 0.57 0.80 0.46 0.46 10 0.8 10 3.42 1.56 905.50 1.96 0.79 0.00 0.79 4.63 2.11 904.52
12 0.013 0.40 2.89 2.27 126.6 903.54 903.03 0.170 0.25 0.0324 0.0035 0.4446

CI-6 CI-5 0.16 0.73 0.80 0.13 0.58 10 0.3 10.8 3.42 2.00 906.85 3.55 2.11 0.00 2.11 4.63 2.70 904.04
15 0.013 0.74 4.54 5.57 81.0 903.30 902.70 0.190 0.25 0.0801 0.0018 0.1419

CI-5 CI-4 0.24 0.97 0.80 0.19 0.78 10 0.5 11.1 3.34 2.59 906.25 3.55 2.11 0.00 2.11 4.52 3.51 903.82
15 0.013 0.40 3.32 4.08 88.3 902.70 902.35 0.190 0.25 0.0429 0.0029 0.2603

CI-4 CI-3 0.28 1.25 0.80 0.22 1.00 10 0.7 11.6 3.34 3.34 906.25 3.90 2.46 0.00 2.46 4.52 4.52 903.52
15 0.013 0.40 3.34 4.10 135.0 902.35 901.81 0.190 0.25 0.0433 0.0049 0.6610

CI-3 MH-2 0.28 1.53 0.80 0.22 1.22 10 0.4 12.3 3.26 3.99 906.25 4.44 3.00 0.00 3.00 4.42 5.41 902.82
15 0.013 0.40 3.33 4.08 78.0 901.81 901.50 0.190 0.25 0.0430 0.0070 0.5464

MH-2 902.23

MH-2 MH-1 0.00 2.88 0.80 0.00 2.30 10 0.4 12.6 3.26 1.88 909.00 7.50 6.33 0.00 6.33 4.42 1.88 902.23
12 0.013 0.44 3.01 2.37 68.4 901.50 901.20 0.170 0.25 0.0352 0.0028 0.1905

MH-1 902.00

                                            Equals the Allowable Release Rate through the 25 yr. Storm

CHECKED BY: CONSULTANT:SWG

Total 
Acres

"C"
Incre.
C x A

To Inlet
Ti min

MH or CB
No.

OutletSta.
Incre. 
Acres

Cover
(subgrade

)

pvmt
thickness

Invert
Lo end

T/C
Friction 
Loss, Hf

(ft)

Pipe
Length

Invert
Up end

Frictional 
Slope, Sf

(ft)

Rainfall 
Intensity

(in/hr)

Flow, QHGL

(cfs)

Minor Loss 
Coeff.

K

04/15/15

In Pipe
Tp min

Total
Tc min

V
ft/sec

HGL 
Elevation

Req.
CFS

Pipe Size
(Inches)

"n"
Value

Slope
%

Minor 
losses, Hm

(ft)

Northstar Realty

DESIGN/CHECK STORM:E.P. FERRIS & ASSOCIATES

Depth
(invert)

Cover
(surface)

pipe
thickness

Rainfall 
Intensity

(in/hr)

MJO

Q
CFS

Sum
C x A
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PRE-DEVELOPED TRIBUTARY MAP

CITY OF DUBLIN, FRANKLIN COUNTY, OHIO

FINAL DEVELOPMENT PLAN
NORTHSTAR REALTY

Billingsley Creek Tributary
             Area 2.35 Ac.

Predeveloped To Detention
Tributary Area 2.88 Ac.



DEVELOPED TRIBUTARY MAP

CITY OF DUBLIN, FRANKLIN COUNTY, OHIO

FINAL DEVELOPMENT PLAN
NORTHSTAR REALTY

Billingsley Creek Tributary Area
                2.35 Acres

Developed Total Tributary Area
To Detention 2.88 Acres Hard Road Tributary Area



DEVELOPED TRIBUTARY MAP

CITY OF DUBLIN, FRANKLIN COUNTY, OHIO

FINAL DEVELOPMENT PLAN
NORTHSTAR REALTY STORM SEWER


