SURFACE WATER MANAGEMENT PROJECT DESIGN EXAMPLES



DESIGN EXAMPLE
FOR
* AN AGRICULTURAL SITE



(N,

AGRICULTURAL SITE

.

e
o
L

ANIT ALY3dOY¥d

nouno

NLINYLS
T04LNOD

dWNnd @

aN3ID37

- AYG/°NI ¢ =

(ov 08s)
a1314 37189vL393A

AYA/(°NI ¥/€)

(2v 09)
¥I0AY3STY

|

uﬂqﬂﬂmmo

Figure D-A-1

D-A-1



Given

A, Proposed Acreages

1. Total ~ 640 ac
2. Re&érvo1r = 60 ac
3. Llaterals = 40 ac

4. Yedetable Field= 540 ac
B. Elevations
1. Laterals extend from elevation 60’ (bed) to 64’ NGVD (banks).
2. Field extends from elevations 64’ to 68 NGVD.
-3, Lield control elevation is 60 NGVD.
" 4. Reservoir control elevation is 65’ NGVD, to maintain wetlands.
C. Off-site areas contribute sheetflow runoff to the site. The off-site
" vunoff will be routed around the site via perimeter swales. (Toes of
the berms are set back at least 50 feet from the property line; berms
have a top width of 5 feet; have external sideslopes of 2.5H:1V, and
interior sideslopes of 3H:1V for ease of maintenance.)

D. Discharge off-site will continue to be by sheetflow, to preserve
natural conditions.

E. Natural depth to water table = 4.0 ft
F. A pumping rate of 4 in./day (97.6 cfs) from the field is proposed.

Pump capacity: 43,800 gpm = 97.6 cfs
Pump.schedule on ' off
1 - 43800 gpm 61.5" NGVD 60.0° NGVD

G. Postdevelopment discharge allowed = 20 cfs = 3/4 inch per day.
NOTE: Discharge allowed can be determined two ways:
1. Predevelopment = postdevelopment
2. Receiving body discharge criteria if they have been established.
H. 25-year 3-day design storm rainfall = 7.0 in. x 1.369 = 9.5 in.
Treat the systems as two basins: '

1. Basin 1 (field) routed into Basin 2
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IT.

Computations
A. Field
1,

2.

Basin 2 {reservoir) routed to receiving body,

Compute Pervious/Impervious (P/I).

540 acre field

40 acre laterals (to be assumed impervious)
%1 = (40 ac/580 ac) x 100% = 7%
% = (540 ac/580 ac) x 100% = 93%.

Compute Soil Storage and SCS Curve Number.

d.

b.

Average depth to water table = 4.0 ft.

from
in the soil column

10.9 inches of moisture can be stored
beneath pervious areas.

Ground storage under pervious areas

= 10.9 in. x (1 f8/12 1n.) x 540 ac

= 490.5 ac-ft.

Equivalent soil storage, $

= (490.5 aé-ft x {
= 10.2 in,

SCS curve number,
= 1000/{S + 10)

= 1000/(10.2 + 10)
= 5§0.

12 1n./1 f))/580 ac

CN
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3. Compute Open Surface Stage versus Storage
a. Laterals store between elevations 60’ and 64’ NGVD

Typtcal lateral cross-section

le205]
P vam—
60° '

40 acres of laterals at top of bank

b. - Developed field area stores linearly between elevation 64’
and 68’ NGVD. _

— 68' NGVD
—— 64" NGVD
I,. : 540 ac _' -
Storage
. Stage - Laterals Site : Total
(ft,NGVD) " (ac-ft) : (ac-ft) . (ac-ft)
60 _ 0 0
61 0.5(10ac)(1ft) = 5 0
62 0.5(20ac) (2ft) = 20 0 20
63 0.5(30ac)(3ft) = 45 0 - 45
64 0.5(40ac){4ft) = 80 . 0 : © 80
65 80 + 40ac{1ft) =120  0.5(540ac)({I1x1ft)/4) =~ 67.5 188
66 80 + 40ac(2ft) =160  0.5(540ac)((2x2ft)/4) = 270 - 430
67 80 + 40ac(3ft) =200  0.5(540ac)((3x3ft)/4) = 607.5 808
68 80 + 40ac(4ft) =240 0.5(540ac)((4x4ft)/4) = 1080 1320
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B.

4. Flood Route the Design Storm
25-year 3-day event
(See the five pages titled "Example Grove," at end of this
example)
Maximum Stage in field = 63.6" NGVD.
Reservoir
1. 5 =0.01 in. {District computer program will not accept zero.)
2. Since the reservoir will be used to mitigate for the loss of
some wetTands, 1 foot of water will be maintained in parts of
the reservoir at elevation 64.0° NGVD, Storage will then start
at the control elevation, 65.0° NGVD.
697 NGVD
— 65" NGVD
}.__Jﬂ!.as_._.4
Stage Storage
(ft,NGVD) (ac-ft)
65 0
66 60
67 ' 120
68 180
69 240
3. Allowable Discharge
20 cfs was determined by pre- versus postdevelopment.
4. MWeir crest elevation required. |

a. First inch of runoff
b. Volume = 1 in. x (1 ft/12 1n.) x 640 ac = 53.3 ac-ft. From

the table in B.2., above, the weir crest should be set at
elevation 65.9° NGVD, so that 53.3 ac-ft are detained.
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Compute weir length
a. Rainfall from the 25-year 3-day storm is 9 inches. Using

the S value calculated for the field,

o y
-0 (P-0.28)" _ -

runoff = (. (P +0.85) 3.2 in.
b. Volume of runoff 7

= 3.2 in. x {1 ft/12 in.) x 640 ac

= 171 ac-ft, or a reservoir stage of elevation 67.9° NGVD
(table in B.2.), or 2 ft above-the proposed weir crest.

¢. The maximum design head is 2.0 feet.
Q = 3.13tHM5 |
L = 20 cfs/(3.13 x (2)!°%) = 2.3 feet

Water quality control device should be designed to discharge an
amount (Q) equal to 1/2 inch in 24 hours.

53.3 ac-ft/2 = 26.7 ac-ft in 24 hours, or about 13 cfs
Q=2.5x (tan (8/2)) x (H)z's, or

o =2 x tan"! (0.492 x Q/(H)%%) |
6 =2 x tan’} (0.492 x 26.7/(0.9)%")
= 172 degrees
L
0.9 ft
172°
tan (8/2) = (X/2)/0.9

X =2 x (0.9 ft x tan (172/2))
X = 25.7 ft - will not fit into weir.
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Try an orifice
Q=4.8xax (K
where ¢ = discharge, cfs
A = area of orifice, sq ft
H'='head above notch centroid, ft
therefbre; Q = 20 cfs*
~A=05xbxh
assume h = 2 ft

Notch centroid will be 2/3 of h above notch invert, or 1.3 ft
above elevation 65.0° NGVD, or at elevation 66.3° NGVD.

H = 67.9° NGVD - 66.3" NGVD
- 1.6 ft
Q=4.8xAaxH"S
= 4.8 x (0.5 x b x h) x HO-S
therefore, |
b = Q/(4.8 x 0.5 x h x (H)°°5)
20 cfs/(4.8 x 0.5 x 2 ft x (1.6 £t)°-5)
20 cfs/6.05
= 3.3 ft.

*(NOTE: The orifice was designed using the more restrictive
condition created by the allowable discharge criteria rather
than the water quality rate.)

Therefore, the structure is 1-2.0 ft high by 3.3 ft wide '
triangular orifice with an invert at elevation 65.0° NGVD. Only
an orifice is used since the allowable discharge is low and the
lake size is preferred to be left unchanged, so a V-notch is
impractical. The proposed control structure will be
considerably smaller than what is required to meet the detention
requirements for water quality. Therefore, discharge at :
elevation 67.0° NGVD will be considerably less than 0.5 inch in
24 hours. - :
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3.3 ft

= . -

— _ ET1. 67.0' NGVD

2 ft

80

E1. 65.0' NGVD

Stage-discharge values for this control structure are given in
the computer printouts at the end of this example. The o
structure should be properiy baffled, to reduce the possibility
of clogging. The outfall pipe should be large enough so that

_the peak design storm discharge is not limited by culvert
controil.

Check the routed design storm discharge.

a.
b.

C.

The design storm is the 25-year 3-day event.

The one-day rainfall amount is given to be 7 inches,

The three-day rainfall amount

= (one-day amount) x 1.359

=7 in. x 1.359

= 9,51 inghés of rainfall.

The page at the back of this example entitled "Santa
Barbara Program-Project Name: Example Grove", along with
the four sheets which follow it, are the results of
calculations of pumping rainfall runoff into the reservoir.
(Notice, on the final sheet, that the peak water surface
elevation in the field was 63.57' NGVD.)

The pages which begin with the one entitled "Santa Barbara
Program-Project Name: Reservoir" are the routings of the
pumped inflow, plus the rainfall on the reservoir.

i.  On the last sheet, the peak design storm discharge is

Tisted as 20.6 cfs. Flows in excess of 20 c¢fs occur
from hours 77.5 to 82.0, or for a period of 4.5 hours,
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9.

a.

it.

and never exceed 20.6 cfs. This is deemed acceptable,
since the allowed rate of 20 cfs was based on 3/4 in,
per day.

Also on the last sheet, the peak design storm
elevation is listed as 68.01°' NGVD. District
recommended criteria are that, in the absence of a
detaited dam structural safety analysis, the maximum
above-grade stored depth of water shall be 4.0 feet.
Since the average grade in the reservoir is 65' NGVD,
which is just 3 feet less than the design storm peak,

the above-grade water depth is_adequate.

i. District recommended criteria on freebocard are 3 feet

above the stored routed design storm.

Since the routed design storm peaks at elevation 68.0"
NGVD, -

the top of the reservoir berms should be no lower than
elevation 71.0' NGVD.

- Overflow Stfucture

Criteria

i.

Sii.

AR

iv.

For gravity filled impoundments, no separate overflow
structure is required, because the inflow structure
will allow reservoir and field stages to be the same.

The weir crest shall be set at the peak e]evat1on of
the routed 25-year 3-day storm.

‘The weir crest length shall be adequate to pass the

peak of:

" the sum of the volume of the 100-year 34day storm

falling on the reservoir surface plus the inflow pump
hydrograph for the same event, minus the routed. '
discharge control structure outflow, with not more
than 6 inches of head on the overflow structure weir
crest.

A simp]e culvert, or culverts, extending through the

reservoir side, and with inverts at the design storm

peak stage are not acceptable, because of the danger
of ergsion of the reservoir dike.

There are at least two acceptable overflow structure
designs.

[. A non-adjustable shaft spillway.
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vi.

vii.

viii.

II. A properly designed and built non-adjustable
sharp- or broad- crested weir in the reservoir
dike.

Sodded earthen berms are not acceptable as overflow
structures.

The inflow pump system shall be the same as that used
for designing the control structure.

Other proposed designs should be discussed with
District staff as early in the design process as

~ possible.

Design calculations

i.

ii.

i,

jv.

vi.

Treat the system as two basins: Basin 1 (field)
routed into Basin 2 (reservoir). :

Basin 1 (field) pumps shall turn on at elevation 61.5°
NGVD, and turn off at elevation 60.0°' NGVD.

- (Other methods of calculating the pumped flow

hydrograph into the reservoir - for the purposes of
computing the overflow weir length - may be submitted
by the applicant for District staff consideration.)

The stage-storage information for Basin 2 (reservoir)
is unchanged from that previously calculated.

After some preliminary Ca1cu1at1qns try a 70-foot long
broad crested weir.

The weir crest is set at the peak elevation of the 25-
year 72-hour routed storm, in this case 68.0' NGVD, to
the nearest tenth of a foot.

The stage-discharge calculatiofs Iog the overflow weir
are based on the equation ¢ = CLH™"

where:

Q

discharge, cfs

¢ = weif coefficient, 3.00 for this broad-crested weir
L = weir length, in this case: 70.0 ft |
H = head on the weir, ft; which s not to exceed

0.5 ft
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vii.

viii.

The computer model utilized for analyzing the

.overflow structure contains a method for determining

flows over the sharp-crested control structure weir
which is sliightly different from the method which was

.used in the design of the control structure. As a

result, computed control structure flows will vary
slightiy between the two analyses, but the variance is
negligible. Also, because the model calculation
method will not work if the pump cut-off elevation is
exactly equal to the Towest site storage elevation,
the pump cut-off elevation is 60.03, instead of 60.0.

The pages which begin "Santa Barbara - Project Name:
Agricultural Example, Reservo" are selected from the
hydrograph of the design event for the reservoir
overflow structure. They show the results of routing
the pumped inflow ("Structure 1") plus the 100-year
12-hour rainfall on the reservoir, out of the
combination of the control (“Structure 2") and
overflow ("Structure 3") structures.

The last page contains a summary of peak stage and
discharges. Peak discharges occur at elevation 68.5'
NGVD, which is 0.5 foot (6 inches) higher than the
crest of the overfliow structure. Therefore,

the trial overflow structure is adequate.

A sketch of the proposed overflow structure is on the

-next page. A complete design would include, among

other things, proper attention to erosion control
around the overflow weir, and energy dissipation
devices downstream of it.
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Figure D-A-2
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WEIR LENGTH 0 FT.

WEIR ELEVATION 70 FT. NGVD
WEIR COEFFICIENT 3.13
TYPE OF BLEEDER SLOT = TRIANGLAR ORIFICE o
* INVERT ELEV. 65 FT. NGVD S ‘
ICE HEIGHT 2 FT. A
UntFICE BASE WIDTH 3.3 FT. =
WEIR FLOW IN CFS
STAGE WEIR BLEEDER TOTAL
65.00 0.00 0.00 0.00
65.10 0.00 0.01 0.01
65.20 0.00 0.04 0.04
65.30 0.00 0.11 0.11
65.40 0.00 0.23 0.23
65.50 0.00 0.41 0.41
65.60 0.00 0.64 . 0.66
65.70 0.00 0.94 0.94
65.80 0.00 ©1.31 1.31
65.90 0.00 1.76 1.76
66.00 0.00 2.29 2.29
66.10 0.00 - 2.91 2.91
66.20 0.00 3.62 3,62
66.30 0.00 4.42 4,42
06.40 0.00 5,32 5,32
66.50 0.00 6.32 6.32
66.60 0.00 7.43 7.43
66.70 0.00 8.64 8.64
66.80 0.00 9.97 9.97
4 9 0.00 11.41 11.41
3 0.00 12.98 12.98
10 0.00 13.92 13.92
l.20 0.00 14.80 14.80
67.30 0.00 15.63 15.63
67.40 0.00 16.41 16.41
67.50 0.00 17.17 17.17
67.60 0.00 17.89 17.89
67.70 0.00 18.58 18.58
67.80 0.00 19.25 19.25
67.90 0.00 19.89 19.89
68.00 0.00 20.52 20.52
68.10 0.00 21.12 21,12
68.20 0.00 21.71 21.71
68.30 0.00 22.29 22.29
68.40 0.00 22.85 22.85
68.50 ~0.00 23.39 23.39
68.60 0.00 23.93 23.93
68.70 0.00 24.45 24.45
66.80 0.00 24.96 24.96
68.90 0.00 25.46 25.46
69.00 0.00 25.95 25.95
69.10 0.00 26.43 26.43
69.20 0.00 26.91 26.91
69.30 ©0.00 27.37 21.37
69.40 0.00 27.83 27.83
69.50 0.00 28.28 28.28
o9 0.00 28.72 28.72
) 0.00 29.16 29.16
80 0.00 29.59 29.59
.90 0.00 30.01 30.01,
70.0N 0n.M an 434”*_—;0—431_[}3/-\-13
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o <oy B Tl hantamerr L R TTPES

S 60 ACKES

GR OUND STDRAGE T 10,20 INCHES

TERHINATIDN DISCHARGE
¢ CUNCEN 3

i RET URN FREQUENCY
.RAINFALL DURATION . o ¢
24=HOUR RAINFALL . o 1
7 REE RYDROGRAPH
fENCE o

TEE 00 YEARS

TUTRGROVEL
LS INCREMEN.-L

3-DAY
7.00 INCHES

i STAGE = STORAGE
@ {AF}
i
- }Qﬁ .....
5.00
20,00
¥ 45,00
: 80.00
65400 188.00 N
_PUNP  PUMP ON  PUMP OFF PUMP _  PUNP |
ND . ELEVATION ELEVATION DISCHAhGE TDESCRIPTION
CFEET) {FEET) (GPM)
1 61450 60,00 43800;5371"'438Q0 GPH PuMP
------- "R ESERVODIR ===~
RAIN ACCUM, BASIN ACCUM, ACCUM, INSTANT AVERAGE
TIME FALL RUNOFF DISCHGE INFLOW VOLUME OQUTFLOW DISCHGE DISCHGE STAGE
" {HR) tINY} (IN} {(CES) (XF) (KFY' [AFY  H{CFS) (CFS) {FT)
.00 « 00 +00 # 0 '“}ﬁwdul;; W0 L.O' «Q «0 60.00
+50 02 +00 0 2 0 + 0 «0 «0 60.00C
1.00 + 04 .00 .0 « 0 0 « 0 «0 50,00
T 1.800 J0b » 00 W0 ) ETTTTT T .0 0 WO 60,00
2000 009 «00 O -0 : 00. 0 «0 60,00
"Z2.50 0 L1170 .00 0 O o WO .0 .0 60,00
: 3.00 +13 + 00 0 «0 «0 o 0 « 0 0 6£0.0C
5\ 3-50 015 000 QO 00 .0 00 |0 10 L{)O-DG
T E 00T Wi W00 .0 M I " I WO «0 «0 60,00
4050 alq » 00 0 .0 0 .0 60.00
Jff"ﬁ{bo‘“ 21 .00 7'“}0'” G ey o0 W0 60.00
C Ba%0 o23 +00 - .0 o0 « 0 +0 60.00
v 6,00 .26 « 00 +0 .0 .0 0 0 0 60,00
“ﬁfﬂb.ﬁd L2800 Jehd T V.U""“”"" " (1 0 W0 0 60.00C
z . 7-00 030 00 - 0 «0 00 60,00



- 17400 o 72 « 00

------ RESERVODIR=-=~~-

RAIN ACCUM,. 5ASIN ACCUM, ACCUM. INSTANT AVERAGE
CTIME  PALE WDROEF- D ISCHOE 7 TRETUND PE L
(HR}  (IN}- - TCFS

7.50 .32 .00
8.00 .34 .00
.50 36 L0
9.00 .38  ,00
9.50  L,40 .

13.00 43 00
10.50 «45 « 00
11.00 "7
11.50 « 49 00
12.00 «51 .00

12,50 .53 .00
13.00 .55 .00
13450 ST 007
14,00 .60 .00
14450 .62 400

15.00 .64  L00
15.50 «Hb «0Q0
16,00 .68 .00
16.50 70 .00

17.50 «75 +00
18,00 77 «00
18.50 « 79 .00
16.n0 £ 81 +00
19.50 + 83 « 00

20,00 «85 200 o0 +0 « 0 « 0 +0 60.00
20.50 «87 « 00 «0 «0 «0 «0 0 60,00
21.00 «39 + 00 0 T T TE ] «0 «0° 760,00
- 21450 92 «00 «0 « 0 .0 +0 0 60.00
22.00 . G4 «Q0 0 o0 + 0 .0 «0 60,00
22-50 096 000 : 0 IO 0 -0 00 '-O 60000
23.00 « 98 + 00 + 0 - o0 « 0 + 0 « 0 0 60,00
23.50 1.00 + 00 O 0T TR T T .0 T, 0 07 60,00
24.00 1.02 .00 o0 .0 W0 .0 W0 «0 60,00
24.50 1.05 +00 +0 o 0 ' IMQ : 0 P ¢ 0 60.00
2509 1.08 «00 «0 o0 20 0 . 0 0 60.00
25.50 1412 « 00 . «0 0 « 0 0 560,00
26,00 1.15 + 00 R 0 « 0 060,00
26450 1.18 + 00 «0 »0 +O 0 60,00
27.00 1,21 +0C «0 «0 «0 +0 Abupeo
27450 la24 + 00 ) o0 «0 60.00
28,00 1l.27 «00 »0 « 0 «0 60,00
8.50 1.30 .00 Y 0T 07750, 08
'9.00  1.33 + 00 o0 o0 $0.00




P

RAIN ACCUM. BASIN  ACCUM.
EUL RUNOGFE DISCRGE INFROW

{

RESERVDOIR
INSTANT AVERAGE
UNE TUTELOW 0T SUHEE Gf SCAGE
£) - (AFY.  (CFS)

«0
o0

0

+ 0

A..o-. . P

(CF5)

o0
o0

0

+«0

0

.0

O
7«0

.0

" a0

«0
.0

~ .0

+0
+0

« 2
«0
+ 0
«0
o0

o0
«0
0
o0
]

o0
.0
«0
«0
o0

.0

+0
«0
+0
«0

«0
«0
»0
« 0
« 0

« 0
0
.0

W0

STAGE
{FT)

60.00
650.00
50.00
60.00
60.00

60,00
t0.00
60,00
60.00
60.00

65C. 30
6C.0C
60,00
60.00
60.00

60.00
60,00
60.00
60.00
60.00

650,00
60.00
50.00
£0.00
60.00

£0.00
60.00
60.00
60.01
A0.01

60,02
60.03
50,04
60,05
60.06

60,07
60,04
60,11
b0.12
60.15

60.17
60.19
504,22
60,25



- - - - - RESERVOIR-=--+«-

RAIN ACCUM. BASIN ACCUM, ACCUM. INSTANT AVERAGE
TIME  FALL RUNORE DISCHEE™ 1 % W BTSIHGE B1SCHE
(HR)  (IN)  (IN) (CFS§

5150 2.78 +05 60429 -

446 1
52,00 2.83 06 5.1 1 60 33
52450 2,88 .06 89 "607 3
. 23.50 3,02 489 . BsO

54,00 3,09 10 «Q 60,54
54,50 3,18 +11 -0 60462
F5100 33N TRl
55,50 3.37 .16 5, " 80482
56,00 3.47 .15 17, 10 60105
56.50 3,488 + 20 «0 61.03
57.00 3,71 23 «0 61.09
57.50 3.8 8T T ¥y 3 :ﬂ""’ETWXE
53,00 4.00 «32 90 61023
55.50 4.11“_"137_ .D ﬁl 31
59,00 4,40 /) 45.2 12.1 ) 0 Bl.42
3%450  4.75 «57 £51.0 14.3 48.8 61,55
60,00 7.11 168 20814 g ig g, 97.67TB1N5%
R0.50 7.62 1,97 344,.5 3i.3 —'} 97:6 B61.84
41.00 7.88 2013 326{0“ 7_&53; S : Q?nb_ 62425

4150 8,08 2.2% 289.2 579 . 7.6 62.62
62.00 B.24 2.34 253.0 6941 . 7.6 62.95
92.50 8.36 27%7 219,00 7 TUBLETT 24,27 97,6 7763014
53,00 B.46 2,48 188.4 874 Zﬁ B 28,2 97.6 63,28
54.00 8.67 2.61 144.3 100.9 64 .6 36.3 97.6 63.47
94.50 8.74 2,65 126.1 106.5 66.1 40.4 97. 6 F7.6 63,52
65.00 8.80 7Z.69 10BETTTTTIYLLY UTUUBERS T 44,4 TG 6 97.6 63,56
55.50 8.86 2.73 94,8 115.5 6741 48,4 87.6 9T7+6 63,57
h6,00 5,93 277 84.2 119.2 66.8 5244 G746 976 63.57
26.50 8,99 2,82 76,1 122,.5 b6l 6.4 97.6 7.6 63,55
67400 9.05 2.886 69.7 125.5 65.0 63.5 97.6 7.6 63,53
657.50 9411 2,90 64.9 128,3 43,87 64,5 97.6 97.6 83.50
“68.00 9,18 2,94 61.1 130.9 6244 68,5 97.6 FT+6 63.46
58.50 9,22 2.97 5644 133.,3 6047 7246 87.6 9T.6 63742
69430 9,26 2.9% 51.1 135.6 58.9 7647 976 7.6 63,37
659,50 9.30 3,02 46.9 137.86 56.9 30.7 97.6 7.6 63,31
70,00 9.35 13,05 43,7 13905 TTTRNLE 84,7 97,6 97.6 "63.25
70.530 9,39 3,08 41.2 141.2 5245 88.7 37.6 7.6 63,19
71,70 9,43 3,10 " 39,2 142,9 50,1 92.8 = 97,6 97.6 63,12
7150 94,47 3,13 37.8 144,5 4747 96,8 97.6 97.6 63.05
T2.00 9.51 3,16 3646 . 1l46.0 45,2 100.8 97.6 97.6 H52.98
50 9,51 3,16 32.1 147.4°  TURITE T 10448 97.6 1.6 $2.87

3.00 9.51 3.16 25.0 14846 397 108.9% 97.6 97.6 62,76
- D-A-17 |



—————— RESERVOIR=-=-==~

CRAIN ACCUM. BASIN ACCUM, ACCUM. INSTANT AVERAGE
TIME  FALL RUNOFF NDISCHGE INFLOW ~  VOLUME™ OUTFLOW DISCHGE DISCHGE STAGE
{HRY  (INY  LIND (CPS) (AP) (AF) (AE) (CES) (CFS) (F1)
73,50 9.51 3,16 19.4 149.5 3646 112.9 97.6 97.6 H?.62
74,00 9.51 3.16  15.1 15042 33.3 116.9 97.6 97.6 62.52
T4.5077.9.51  3.16 1.8  '150,8  F° 29,8 j21.0 . G7.6 97.6 62.38
9 3.16 9.1 151.2° ©0125.0 97.6 97,6 62.2%
75-5°;;9~51,“3ii§m_,.:iﬂil. 15156 m;;lzq 1 97.6 97.6 62,09
76.00 9.51 3.16 545 15148 1847 133.1 7.6 37.6 61.94
1md16 <50 9.51 3.16 4¢3 0152.0 14,9 . 137.1 97.6 - 97.6 61.605
BYLO00TEL 3106 3.3 T 14127 97,60 9746 61040
-_77 50 9.51 3,16 246 1452 9746 97.6 61,14
_~K§1E§;;gzﬁ}",%wlé_“.' 2.0 _149.2  97.6  9T7.6 60.86
78450 9,51 3.16 15342 .0 43.8 5G.84
di .
: ‘ T
jm“‘“'ﬁxifﬁﬁﬁ‘srﬁce WES “€3.57 FEET AT 75050 AR
i MAXIMUM DISCHARGE WAS G7.6 CFS AT 59.50 HDURS
:é e T B et e e S
4| S PUMPING HISTORY
,‘_‘_,'1 e e e s , RN ) - ‘ e iemii e e e R
4. puMp 1 "ON " AT 59,50 HOURS
W PuUMP 1. "OFF" AT 78,50 HOURS S
H : o
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S ANT A B ARS®ARA PROGRAM

JJECT NAME , , . o t RESERVOIR =
REVIEWER & 4 o o o o ¢ - L
PROJECT AREA & 4 o o & 60,00 ACRES 7
GROUND STORAGE & o o ¢ +01 INCHES
TERMINATION DISCHARGE : 10 00 CFS
TIME OF CONCENTRATION 1 : S -
TIME STEP « o s o o & &
DISTRIBUTION TYPE , . ¢
FETURN FREQUENCY o o ¢
QAINFALL DURATION o o ¢ 3-=DAY
24=HOUR RAINFALL o . = 7.00 INCHES
INFLOW MYDROGRAPH v . @ GROVEL" LAGSED: =
REPORTING SEQUENCE . @ INCREHEN?&t

STAGE STOIRAGE DISCHAEGE' R S

(FT) (AF) (CFS)
e . S
66.00 60,00
67400 120,00
68.00 180.00 -
69400 240,00
RAIN ACCUM. BASIN ACCUM, ACCUM. INSTANT AVERAGE

TIME FALL RUNOFF DISCHGE INFLDH VOLUME DUTFLDN DISCHGE DISCHGE STAGE

(HR) {fNTﬁﬁTfﬂiﬁ'"ICFS} i”T?T'” S
.OO .. , 0..0 .......... s OO— [, .' 0 R N s .0 [P .6.....65.. 00 7
+«50 002 001 o5 00 .0 65.00

1.00 04 +03 1.5 0 «0 «0 65.00

1450 «06 - 405 2.1 Tl TR TS0 65,00

2.00 «09 07 2.8 M «0 20 65,00

2.50 I1 .10 2457 WO TV T T 0TS, 00

3.00 »13 .12 245 ' 65.01

3050 015 014 2-6

4.0D 17T W1E T AT

4.50 .19 «18 2eb

5.00 .21 .20 2.6

5.50 23 22, 2.6

6.30 26 24 . 2e6

6450 28 7 L27 C 246

1.00 «30 29 2.6

1;4”";" B R 0 B5.02

7.50 232 W31 2.6 leg 77T -

8.00 +34 «33 2.6 1e5 1.5 .0 .1 1 55,02
2,50 .36 «35 2.6 1.6 1.6 .0 o1 .1 65.03
3,00 387 .37 -2 DR PN & AT TTUOTEeTET A TG BB 03
9-50 u"O .39 2-6 108 !:I_

65403




';”'”;QQ e

_ RAIN ACCUM. BASIN
TiME FALL RUNOFF DISCHGE
(HR) [INY C(IN) (GFS)

10.00 43 o4l 246
10,50 .45 .44 2.6
11.00 o7 + 46 2eb
11.50 RS « 48 246
12,00 .51 .50 2.6
12.50 53 52 2eb
13,00 .55 .54 .26
13,507 .57 .56 246
14.00 «80 «58 26
14,50 .62 - .61 2.6
15.00 L «63 2.6
15,50 .66 .65 246
16400 N1 57 2e5
16.50 «70 «69 246
17.00 .72 .71 2.6
75 « 73
CeTT w752
79 .78 :
“81 .80 -
‘_83 e ¥ 82 -
«85 + B4
«87 .86
~S1T00 VRS .88 246
.‘-)2 «90 .
0 Sk .92 .
96 «95
$97

5 1404
% 25.00 1,08 1.07
d 25,50 1,12 1.10
o 2680 1418 1513
LL26450  Te18 T 1.17 0 L 3.7
S 121, 1420 8
i o Lédl. 120 e 3
g 2T+50 1.24 1,23
1 28,00 1.27 1.26
'| h 0 1.29
-‘-i N 1032
- -1.35
A
5 30,00 1.39  1.38
30,50 1.43 1l.41
TTURY LGB0, Takb ledd
31.50 1449 1.48

...... RESERVOIR

ACCUM. ACCUM. INSTANT AVERAGE
INELOW 7 VBLUME GUTFLOW DISCHGE DISCHGE
(AF)Y. . CAF). {AFY: ~ {CFS) (CFS)

1.9 1.9 o0 1 ol
240 2.0 . «0 el o1
2«1 2+1 W0 1 ol
2.2 242 «0 el el
2.3 2.3 29 el o1
) 2ol «0 o1 ol
2.5 25 0 ! 1
247 2e6 . el .1 .1
2.8 T2eT ol el s 1
29 . .2+8 . el o1 o1
3'0 2'9 Il Il .l
3.1 3,0 E2 S| .1
32 . = vl +1 el
3.3 3.2 el o 1 ol
34 3.3 a0 1
el o1 ol
el W1 .1
el T el o1
.o" 01 nl.
o 1'“ o_l el
01 Il 01
ol el ’ 02
Y- o2 .?
.2 !2 2
el a2 .l
|2 '2
.2 !2
T "2
2 2
g} o2
. 2
2 o2

PE A
lz ‘12
.2 702
2 2
I2 .2
27T T L2
02 02
o2 o2
.2 02
o2 - 2
B «3 3
03 B 3 3

STAGE
{FT)

65.03
55403
65.03
69.04
55,04

65.04
65.04
65.04
65.04
65.05

65.0%
65.05
65,05
65.05
65.05

65.06
65.06
65.06
H5.06
65,006

65.06
65.07
65.07
65.07

65,07

65,07
65.07

65.08
65.06
65.08

65.06
62,08
65.06
69.09
65,09

65.09
685410
65.10
65.10
65.10

65.11
55.11
65.11
65.11



TIME
(HR )

32.00
32.50
33.90
33.50
34.00

34,50
35,00
35,50
316.00
36,50

37.00
37.50
318,00
38,50
39,00

40.00
40,50
41.00
%1450

42,00
42.50
43,00
43,50

44,00

44,50
43.00

45,507
46,00

46,50

47,00
47.50
48,00
48,50
49,00

49,50
50.00
50.50
51.00
51450

52.00
52,50
53.00
53.50

RAIN ACCUM, BASIN
FALL RUNOFF DISCHGE:

(IN)  CIN)  (CFS)

1.52 1.51 3.8
155 1.54 3.8
1.58 1.57 3.8
l.61 1.60 3.8
1.64 1.63 3.8
1.67 1.66 3.8
1.71 1,69 3.8
1474 1.72 3.8
1.77 1.76 3.8
1.80 1,79 3.8
1.3 1,82
1.86 1.85%
1.89 "1.88
1.92 1.91
1.95 1.%94
1.98 1.97
2.02 2.00
2,057 2,04
2.08 2.07
2,11 2.10
2e1% 2413
2+17 24,16
220208 T
2+23 2422
2026 2.25
2.30 2.28
2.33 2.31
24367720355
2.39 . 2,38
2442 2441
2445 2444
2+48 2ol 7
25T 2050
2+9%:. 2454
2.58 2.57
2.62 2.61
2465 2abh
2470 TR T
2+T7T4 2.73
2.78 2.77
2.83 2.82
2.88 2.87
295 298 7

3.02  3.01

------ RESERVOIRS--=

ACCUM, ACCUM. INSTANT AVERAGE
CINFUOW VORDWE QUTFLOW OISCHGE DISCHMGE
{aFy - HRF) (AF) (CFS) {CFS)
.3 o3 o3
ltf 03 l3
.3 .3 T .3
A o3 .3
o3 3 .3
. b .3 .3
l" I3 I3
v b [} 3 .::-. 3
vh «3 +3
Ve .3 o3




-.4
-
-
2
L)

3409

3,18
3.27

3.37

347

3.58
3.71

3485
4,00
C hel7

4.40
4475

7,11

7.62

. 7.88

8.08
B.24

"Be36
0 8446
857

867
B8.74

8480

8.86

8493

8.99
G.05
9.11
7.18

- 9.22

9.26
9.30

L 9a35 7 9
o 9 39

.47
9.51
BT
9451
745L

9.51
9.51

GIBL G

7451

RAIN ACCUM,
R - "k F“

3.46

BASIN

[U—

fo BEN I B
‘e & % & =

e
WA

N AT
e w wle
TR e e SO0

ACCUM,

14.9 13.9 1.0

15,2 14,2 1.0 Y
15.6  l4.b 1.0 o6
1641 15.0 1.1 .6
16.5. . 1544 1.1 .6
17.1 15.9 1.2 b
17.6 l16.4 1.2 b
18.2 7 17,0 1,2 o6
1B.9 1t.7 1.2 o7
19,6, 18.4 1.2 .7
2044 1%.72 l.2 o7
23.6 2243 1.3 «8
3047 7 2943 Tes 1.0
40.4 49,0 l.4 1.3
49.6 4749 1.5 17
56. 54.6 1.5 2.0
1.6 Z2e2
1.7 2.7,
1.9 3.6
2.0 bets

B0.8 8.6 22 D

85.3 2e4 6

TB9LB T CETT .0

9442 3.0 7.

9845 L33 e
102.9 3.7 8.9
107.2 4,0 F.6
1,877 10 He5TT 1043
115t9 449 11.0
120,73 5.4 1147
124.5 118.7 5.8 12.4
128.8 12244 beb 13.0
133, T”*"MIZFTIW'"'”"TIB T 13,5
13743 745 14.0
14143 Bal  14.4
"145.8 137.1 8.7 14,9
150 0 140.7 9.3 15.3
1642
166.5 154.,5 12.0 17.1
170 5 157 8 12,7 17.5
' ' W F T 1749
1843

RESERVDIR

INSTANT AVERAGE

CFS)

9

N O N

DEUNE THUTFLOW DIRCHGE "DISCHGE

- (CF3Y

5
5
"o B

b

b
b
o6
o6

o7
o7

o7

W NN
- & » - = .
QN e

~ = O
e e e . ®
Q-0 @

12.0
12,7
13,3
13.7
14,2

14,6

‘15.1

1640
16,0

16.6
1743
AT AT
18.1

T5¢5

e e

STAGE =
(FT)

65,23
65.23
65424
65.25
65.25

65.26
65.27
65.28
65.29
65,30

65.31
654,35
65.57
65.72

65495
56,04
6612
5620

664,27
66434

b6.41

66468

56455

hb.62
6bb6.68
6b.75
66.61
66.38

66.94
67.00

67.07
"67.13

b?.lq

67.25
67.31

TET L3
67.43

hT7.48

67.54
67460

b7 .65
67,71



: - - =-===RESERVODIR=-=-==-

. RAIN ACCUM, BASIN ACCUM. ACCUM, INSTANT AVERAGE -
TIME FALL RUNOFF DISCHGE 7P e OW DISTRGE DISCHGE T"STABE
(HR)  CINY  CIM) (CFSY . & ~ {CFSY.  (CFS)  tETY. -

76,00 9.51 9,50 .0 18,7  18.5 67,76
76£.50  9.51 9,50 0 19.1 18.9 67.81
T7.00 "9.51 9,50 w0 A9 5 193 H7.87
77.50 9451 9,50 .0 19.9 19.7 67.92
78,00 9,51 9,50 #0 -20.3 20.1 67,98
78.50 9.51 9.50 .0 20.6 . 20.4 68.01
79.00 9.51 9,50 .0 2046 20.6 68401
79.50 9.51 9,50 «0  200.8 T 180,07 20.8 2048 2045 '68.00
80,00 9451 9450 N 200.8 ' 20.4 20,4 67.99
80450 9451 9450 . W0 200.8 203 2043 67.97
B1.00 9.51L 9.50 +Q 200.8 2042 2042 67.96
Bl.50 9.51 9.50 .0 200.8 20,1 2041 67.94
82,00 9,51 §.50 07T 200,87 T C 20,0 20.0 67.93
B2.50 9.51 9.50 .0 200.8 19.9 19.9 67.92
83.00 9.51 9,50 .0 20048 19.8 19.8  67.90
83.50 9.51 9.50 .0 200.8 19.7 19.7 67.89
B4.00 9,51 9,50 .0 200.8 19.6 19.6 67.88
34,50 6,51 9,50 «0 200.8 ~ Y 1%.5 19,5 67.86
85.00 9,51 9,50 - 0 200.8 7350 19.4 19.4 67.85
35,50 9451 9.50 0 200.8 0.2 - = -19.3 19.3 67.84
46400 9,51 9.50 .0 200.8 19.2 19,2 67,82
87.00 9,51 9,50 0 TT200.8 T390 7 1907 BT.RO
87.50 9.51 9.50 © .0 - 20048 1849 18,9 '67.78
88.00. 9,51 9.50 0 20048 | 1 34,6 18,8 1848 67.77
38.50 9,51 9.50 .0 200,8 165,5 3543 18,7 18.7 67.76
89,00 9.51 9,50 .0 200.8 164.7 36.1 18.6 1846 67474
89.50 9.51 9,50 O 20087 &3 T 369 1845 18,5 67.73
90.50 .9.51 '9.50 0 20048 . 16244 3844 1843 - 1843 6771
91.00 9.51 9,50 0 200,8 161.6 39.2 1842 1843 67.69
91.50 9.51 . 9,50 .0 200.8 160.,9 319.9 18.1 1842 67.68
92.00 9,51 9.%0 Y SR 1 7Y - ; L RTVE T TS0 BN T T
92450 9.51 9,50 0 200.8° - 4l.4 0 17.9 18.0 " 67.66
23.00° 9.51 9.50 £0 7 200,88 15B.7 . 4241 17.8 1749 67,64
93,50 9.51 9,50 .0 200.8 157.9 . 42.9 17.7 17.8 67463
94.00 9,51 - 9,50 0 200.8 157,2 43.6 17.7 177 67462
F4.50 9,51 9,50 C W07 200, TTIIRETE T OREVE T UIVLE 0 LTVETT 86
35,00 9.51 9,50 + 0 200.8 - 185,86 45,0 1745 17.5 67460
96,00 9.51 9,50 «0 200.8 154,3 1743 67.57
6,50 9.51 9.50 .0 200.8
T.00 9.51 9,50 .07 Z00TE

37+50 9:51 9.50 .0 f- 200.8




e RESERVOIR~=--~--
RAIN ACCUM, BASIN  ACCUM, ACCUM. INSTANT AVERAGE
RUNGFF "DISCHBE 04 1] [GTFLON DISTHGE ‘DYSCHGE STAGE
F}:  ACFS)  (CFSY  (FT)

.0 16,9 17.0 &67.52
.0 16. 8 16.9 067.51
Y 16.8 ‘1648 67450
W0 16.7 16.7 67.49
L lbe6 1646 67,48
1100.50 9.51 9.50 .0 52.8 1645 16.5 67.47
4101.00 9,51 9,50 .0 53,4 lé.4 1645 67,46
¥ 102 .50°795%1 9.50 N R S4.1 7 16.3 L1644 67444
H11°2~Q°' 9e51° 9450 W0 200.8 ... L4640 5448 16.3 163 67443
A 102450 9451 9,50 . W0 2008 - 14543 3545 16.2 lo6.2 67.42
R - .
1103,00 9451 9.50 W0 200,.8 144,7 561 16.1 - 1641 67441
103450 9.51 9.50 .0 200.8 144,0 5648 1640 16.0 - 67440
. 104450 9451 9.50 .0 200.8 142.7 5841 15,8  15.9 67.38
Y 105000 9.51 3.50 «0 200.8 1"200 58.8 15.8 15.8 67.37
105.50 9.51 9.50 . 0 200.8 16l.4 59.4 15.7 15.7 67.35
107.00 9«51 9.50 - &0 200.8 ° 136,5 b1.3 15.4  15.5 67.32
107.50 9.51 9.50 «0 200.8 138.8 62.0 1544 154 67.31
108.50 9.51 . 9,50 .0 200.8 137.6 . 63,2 15.2 15.2 67.29
109,00 9.51 9.50 0. 20048 13649 6349 1541 1542 H7.28
- 109.50 9451 9450 e 0 200.8 - 136,13 - TP 1540 15.1 67.27
110.00 9.51 9.%50 : W0 - 200.8 135.7 6541 15.0 . 15.0 AT.26
110450 . 9.51 9,50 .0 . 200.8 135.1 65.7 14.9 14,9 67.25
111,00  9.51 9.50 0 200.8 134,5 6hed 1l4.8. 148 67,24
TIT .50 9.51 9.50 .0 20048 713349 0 6649 14,7 1448 67.23
G 112,00 6451 9.50 .0 . 200.8 133.2 - 67.6 14.7 lé.7 67.22
wi 112450 9451 9.50 .0 200.8.  132.6 6842 l4s6 | 14,6 67,21
113.00 9,51 9.50 +0 200,.8 132.0 68.8 14.5 14.5 - 67,20
113.50 9.51 9,50 , W0 200.8 131,64 69.4 1444 14.5 ©7.19
- 114.50 $451 .9.50 . #0 200.8  130.3 70.9 14.3 14,3 67417
7 115,00 9.51 9,50 W0 200.8 S 129.7 7i.1 14.2 C14.2 B7.16
- 115.50 9,51 9.50 . 0 200.8 129.1 1.7 - 14.1 l4e2 67415
116,00 9,51 - 9.50 B ¢! 200.8 '128.5 7243 14,1 léel 67,14
;116450 94,51 9.50 S 20008 7 I2TL9TT T T249 7 14,0 1%.0 67413
C 1 117.00  9.51  9.50 . o0 200.8 . 127:3 73.5 C13.6 14,0 H7.12
“;117-50 9.51 9-50 . 0 200-8 . 125.8 ; - 74-0 ’ 13.8 13.9 -b?-llr
5 118,00 9451 9.50 . 0 200.8 126.2 7446 13,8 13.8 67.10
4 118450 9,51 9,50 o0 200.8 12546 75.2 . 13.7  13.7 67.09
SY19,09  G.51 §.50 h o0 200.8" ™ 12541 757 136 - 13,7 67,08
. 119,50 9.51 9450 W0 200.8 o 124, 5 © 7643 13.6 13.6 67.08

D-A-24



------ RESFRVOIR=--=----~
) RAIN ACCUM. BASIN ACCUM. ACCUM. INSTANT AVERAGE
- TIME  FALL RUNOFF DISCHGE ~ "INFLOV " VIUGWE. “JUTFLOW DISTHGE OISTHGE ~STABE

{(HRY  (INY  {IN) {CFS) {AF) < (AF) {CFS) {CFS) (FT)
120,00 3.51 9,50 ) 200.8 76.9 13.5 13.5 67.07
12050 9.51 9,50 0 200.8 77 ek 13.4 13.5 67,06
121,00 6.51 9.50 T L0 T 200,88 7 STTBJH 1944 1344 767.05
121450 9451  9.50 .0 200.8 CT84% 0 1343 13.3 67.04
122,00 9.51 9.50 .0 200.8 7941 1342 13.3 67,03
122.50 9.51 9.50 .0 200.8 79.6 13.1 " 13.2 67.02.
123.00 G.51 9,50 0 200.8 BU.1 13.1 13.1 67.01

- 123,50 9.51  §.50 0 7 200.8 80.7 13.0 13,0 67.00
124.00 9451 9450 W0 200.8 fl.2 12.9 13.0 66,99
1764.59  9.51 9,50 0 200.8 81.8 12.8 12.9 66.98
125.00 9,51 9.50 0 200,8 8243 12.7 - 12.8 66,94
125,50 9.51 9.%0 ) 200.8 82.8 12.6 12.7 66497
126,00 9.1 9,50 O 20008 83,3 1248 12.6 66498
126450 9.51 9.50 + 0 200.8 83.8 12.5 12.5 66495
127.00 49.51 . %9.50 .0 200.8 B4eh 12.4 124 66.94
127.50 9.51 9.50 .0 200,8 84,9 12,3 12.3 66.93
128,00 9,51 9,50 .0 200.8 85.4 12.2 12.2 66.92
128,50 9.51 9.50 + 0 200.8 685.9 12.1 12.1 66,92
129,00 9,51  9.50 +0 200.8 864 12.0 12.1 66.91
129.50 9.51 9,50 .0 200.8 86.9 11.9 12,0 664,90

L0400 9.51 9,50 .0 200.8 874 “11.8 11.9 66,89
130.50 9.51 3.50 .0 200.8 B7.8 11.7 11.8 66488
131.00 9,51 9,50 0 200.,8  1IZ.5 T B84Y ‘11.7 11.7 66.87
131.%0 9.51 9.50 .0 200.8 112.0 85.8 11.6 11.6 66.87
132,00 9.51 9.50. .0  200.8 111.5 8G.3 11.5 "11.5 6&6,86
132,50 9.51 9.50 .0 200.8 111.0 89.8 11.4 11.4 66,85
133,00 9,%1 9,40 .0 200.8 110.6 - 90,2 11.3 1l1e4 66484
133-50 9-51 9150 -0 20008 110-1 90.7 11-2 11!3 : 66-8"1

T 134,00 9.51 9.50 W0 200.86 109.6 91.2 11.2 11.2 66.83
134,50 9,51 9,50 W0 200.8 109.2 91.b 11.1 11.1 &6.82
'135.00 9.51 9,50 .0 200.8 108.7 92.1 11,0 11.0 66.81

- 135.50 9,%1  9.50 .0 200.8 108,13 92,5 10.9 10.9 66.80
136,00 9.51 9,50 07 200.B° T 10T.R 0 93,0 ‘10,8 10.9 &66.80
136,50 9.51 9.50 .0 200.8 107+4 93.4 10.7 10.8 66.79
137.00 9,851 9.50 ) 200.8 106.9 93,9 10.7 10.7 66,78
137.50 §.51 9.50 W0 200.8 106.,5 94,3 10.6 10.6 66,77
138.00 9.51 9,50 «0 200.8 106,1 94,7 10.5 10.6 66,77
138,50 G.51 9,50 W0 200,80 LOBVET T 95,7 "I & 10.5 585.76
139,00 9,51 9.5%0 .0 200.48 105.2 9546 1044 10.4 66475
139,50 9,51  9.50 +0 200.8 1 104.8 96,0 10.3 1043 66,75
140,00 9.51 9.50 .0 200.8 104.4 6.4 10.2 10.2 66,74

T 0.50 9,51 9.50 W0 7 200.8 103.9 96.9 10.1 10.2 66.73

1.00 9.51 9.50 .0 200,87 T1033% 7T 97.3 TEHel 7 10WY T 66,73

14150 9451 9.50 «0 - -200.8 103,11 Q7.7 10.0 '10.0 bH.72



e RESERVIOIRS=-=-~--
_RAIN ACCUM. BASIN ACCUM. ACCUM. INSTANT AVERAGE
; DIs C O INELOWT TV BKE __%TFLHW"&TSCHGE DISCHGE  STAGE

{CFSY  (FT)

T A . ant T

e e e R TIR [ S sSSP (- IE B R Jra——




L
¢ [ WISV GL 2 NiSvd vg oL 0*89 70084 o . € e
£ NIsVE OL ¢ wlswd o . : ; P
® 379v1 dwid 33% 1 -
N NUILYA313 NOIL19¥A313 A313/73dAL 7 . {14) (z) . DN _
® 1a3ANI TIvE  L43ANI Uv¥3IH  HA9N3T ¥I3m 15332 al3am  HLONID  $S3INHONOE  43L3WVIG  3¢015 13huLs e
- - I EL] ) ‘ ) 3dld : R
| —4
: - . . . A
- NUTLIVWEUANT 33012N8LS I9UVHISEU ST
. .
o o _ 0Q°00€ 00" 0L
_ B o ) o e _ oty AN 69
E ) T T ¢ T T - .IOIQOQWH o DQ-D.G TooTTme
e: 00° 021 00°L9
B o e B ... 09°09 . o@*se
: “uo* 00°%59
e e , SRR T L% NN £ ¥} I |
ELL E LA 39vI¥
S53HINI 20%6 = TIVINIVY MAOM~»Z AYO-E — NOILN@I¥153Q TIVINIVA SHY34 00001 - ADNINOIMS zmahwx
SAN0N 0§* = NOILVIANIINGD 30 NIl SHNOH 00°2 = d31S wznpog..-
e . —— . — - e - - Cma e — — L — L —_ - ki ———n A e — ——— .. fa— A m i = ma - m
CSIHONI X' T-T39Ve0LS OnALES ‘$3d3v 00°0F - ¥IWY __m
REPE LSV R RS PO LSS N NISYE soseetdsdsisdbsnnsisns Q I.m.
e o _ e _00°0EY |m@uo S
00°33t 00769 v
00°03 00*99. Te
e 00°Sy __00°€9 =
. 60°02 v0*e9 T Ta
00°s . 00°T9 g
e e B L 1k MR- ol . UL
t3v) (1) . T
SO S S B — .. _39WBils agvis | %
$IHINT 00°6 '~ 1IVINIVE HAOH=»2 A¥G~E - NOILNGIVLSIO 1Iv4NLYY :
o Tmrmrmr T e SENDH oo.w.... = NDXLVHINIINGT 30 IR 77T T T T TTTTSAAUN EeTE < Tagis IwlL T T ,
o |
. - S o  S3IMINL owu@— - 39Y401S ONNGED . _$3¥dV o0D*Owg - v3av
Teiarknanssiant R 1 NISvS a.,:o:i!.:.;_:ro»:.._: -
]

§4200°0T  J4 8330034 SI 2 NISYE ¥04 39W¥HISIO 3HL NIHA 31314k0D ST ONILNODW IWL .

. 1 ~ 343940N 123P0ad i ¢
NIVA t * ¢t d43AIIAIR ¢

o T ‘ o Y T UL £ T JEF R I qnw.aqazkmmu~au‘ Thoe o e v 3WYN LFACGHET T
_4
v AV B AV @ Y INTY S
L



L
.
®
@
, -®
9119 A I
00°09 00° -
—————— - e e e o
o L
. < ;@
- B CONOR-E3) 30V 1S~ TaRIBMIT S
| - e
- - T I LY AT ONTATIOTN IITS AT =
. _ @

4 1 00*003EY €0° 09 0519 1 ®

w
I

- ’ ] SNISYO T TWISYE T T T wday T T (EEH T U NIEEs
WGd3 398VHISIM NGILYAIZ NOI1¥YA313  *ON

w
LS
-
(=]
—

i B _ - ] - . __ s3suwwasia GWAd 440 ¢Mfid  ND dWNd  dund T
o e 370vL dNd
e e _ 3w@njanals NI 93001NI 303318 ON
9°49 0°59 I*08 YN oW "™ HOLON=A
e T T e T T e - T T S s mmen = = s = i U LS NT A3 TINT 4303378 O I S e

- TaRIR=L47 " COWanN=I4T ~ (930Y ~ T (RIIF ~ (OASN=1IT) (ST} R
NOTLYA213 NONVAIT NOILYAZY3  HLOQIA 40 3dAl "GN
L ‘ 64 133ANL 319Ny V3w L43ANT 3313MVI0 ¥203318  1304LS
o ST s HOLON=A S F PR §T1 T :

NGILVWHCANT 3302318

i



»J14 ON 2 1 0009 Q0" 0° u* 0 ) 3 1 T 0wl
3
.. MO ON nt ¢ . %0°s9 00* €€ 6 9 A2 E_ . L
230337 £ 2 7 s0'59 00" A3 E'% 9 g 2 F y
o ) B N CA9N"L3 00°09 SI 39viS 3ILISH40
. . ha .
%014 ON 2 4 00° 09 00" 0* o 0* P 1 1 021 Py
A1 ON 1 2 yo'g9  00° £ €°s g 5 -z € o)
o w3033N@_ €.z . %0%s9 o %0* . Ik €€ 5. . .58 .z S
S GA9N°L4 00°09 SI 39¥LS LI5S0 @
RGTd o F 1 00°0Q% no* [ 1 o 0°* g o T 1 %61
g . - e
AD73 ON 1 ] £0°59 00° n..m t°c v (3 _ 'z € _Lu
w3333 € F £0°59 00* gt £°€ ye v . 2 2 %
e e e e R - T ; GAON T2 00<6F S1 39¥Is 31718430 =
‘ |
AG14 ON z 1 90°09 00° 0* 0* 0 - ve 1 -1 0*9 7
i . TS
: . T Te
__MG14 ON 1 2 20°§9 ou* €°f £°E £ £ ~2 &
#3033 18 t 2 26°69 00° £°E g°E £ A F 2 o
: - U |
- _ L OAIN"L13 0399 SI 3I9VAS 3118340 e .
_ 2
ACd AN 2 1 00*0% co* o 0 0* € 1 1 09 Sng
AD13 ON 1 2 '10°59 . 00* €€ £°€ 2° 2" 2 £ e
8303174 - z __10*ss o0~ £°€ €€ 2 2 2 2 N
GASN*L3 DO°39 SI 399vL1S 3LISIH0 Y
. AQ13 ON B I 00° 09 %0 o° o T T a¢ - P YT Y T oy
. .
= S CPR *Eai s SRR AR LY T IR LA AL £°€ B S I G S -
e ¥303378 3 2 10°59 q0° 2°€ £°¢ 1 T F 2
.,. T s T T o T T QASRYLAT00°A9 ST 39VIS 3ArS440
-~ . AQ13 ON 2 Tt 0009  on* 0 o 'L 1 X 0'e
LN ..
S 1 z 00*69 0o* 0 o 0 o* 2 £ :
£ 2 w0*§9 09° i ) e o 2 2 .
@ 2 L 0009 00" o* 0* 0" 0* T 4 o K |
® TedLNG) (14) (53)) (5431 15423 153HINI {$3HINT) o oN ST a4
EETPReIIT - J 5 gL wlad 3991s 39dVHISIT Hava2JddAH 330NN EEDLLE] 1ivinivd NEivd Jdid JWil
*iwvianl F4udile *ANVEISNE JATLVYTNIAND CAAILY a2
'@ t
1d0cad ABVAWHNS
® ‘



®
— . . S ‘ SRR - — e e ey
:
b
- - —— - —— - - —_ -— ——— e e i e —— — e — I.i‘v‘

glélfiléiéi %

sl
1
j

\

-
8]
N

QA9N*1lt 00*09 SI 39¥15 3115440

IS ER T R R | Te0°0Y  00¢ [ R o* oo B G S T 0t02

®

®

®

L

\IU..uu N ) |.. " H?f: . Nl lil:lbl@:l.lmnalL ..°..°|m.|..l.:.\t M .|ﬂ.rﬂ T TT T R + | .n.‘u....<\x|[‘i‘|i. - ‘CO‘Q..H:II.! T T T T T
43033174 B - 2 80°59 {1+ 2 . £°t E'% 0ot 01 2 2 .
®

®

®

®

St T T T e ST e I-..l..niwﬂ-ﬂm.lao..ouanlmu\nmdﬁﬁw “3115340

 AO1d ON_ 2 1 00°09  99° .. e 0 o ceeloo_er v oo oy et
s ON 1 2 Lo*ss _ 00° € 6° s LR
g 3 T et e 2

Lol e ———— - .m.,.m
430331

: € €
FAY AU BT TUTEvE € e T

JASN*13 00°09 SI 3991§ 3115240

W _

AdA3 ON ) 2 L4 00°09 one B o g* 6° 1 1 0*91

30°69 00* 333 £°F g* g z

» AL ON , €
90°%9  00° g€ E*€ 8 2" z 2

23333714

o e
™A

GAONC®13 matAg ST 39VIS 115440 ®|




{

@ FOl4 ON 1 ¢ REE-TH N iy @ 12 12 z 3 q
) 23333 S E 2 2159 £o° By gy R A A 'z Z A
: ‘ OA9N®13 00°09 ST 39VLS 31IS430
T ORIV DN T E T T earseT Teer T TR T T T e T T e e T TTTOTSE T T
5 . ch
ki KGY4 0N 1 2 31749 90 acy %1 0°7 F 3 I
4303313 € 2 91°59 zo* ey 61 02 z- 2 = q
- : sr
e Ty e - e - T GAON*La 00%09 ST 35ViS 3118940 =
: |
‘M4 ON 2 % _00*09 Qo L o 0 or 0*2 1 t o*2¢ o
_ RO ON 1 2 #1469 09° gLy . gy 31 81 2 £ o
333318 € Z ¥Yi°e9 20° (347 vy (R GRS 2 ¢ v}
. i)
- . QA9N*13 00°09 ST 3991S 3118430 o
. : 23
RG34 ON ] 1 00° 39 00* ¥ 0* o* 21 1. L ¢ 0%0¢ |wi q
25
S - ; . _ —_ . — . e
MO14 ON 1 2 ET*%9 0o* gy By 9°1 91 2 € g
& 4363313 £ 2 €1°59 10°* R 8y 91 9°1 2 2 "
T . i &
@ g GAIN®13 00%09 SI 39viS 3LIS40 [Hq
= . a
e AGT3 ON z T 657 ng* R i ot — R T 1 T [ T
. s
® ...g&a
- A0S ON 1 e Z1°e9 00° Y °y et o1 F £ 7
® ¥303378 £ 2 21°69 1o ey 8*y 61 61 2 2 S o
H 15T
’ A - GAON"E3 0009 ST 3avis JIISH0 =
. ‘ B
. AUTF ON _..2 I _____pntog 00" " 9 o* s°t 1t 1 092 “.x.,n
AgI3 O8N 1 2 11°69 90° . £ g€ E*1 £°1 .z 3 m
#3033 £ Z 11°g9 1o* §°€ £°¢ €1 el F Z" L
’ it
e e e - ... GA9N®13 00°09 SI 39¥1§ 3il5i40 <4
R0Y4 ON 2 1 0009 20° . 1 o* o* £t 1 1 0¥
MD13 OGN 1 2 e1°59 09 34 2'1 2t 2 £
4303318 € 2 otgy  1lo° ) ___ g'g A T 1 T 2z 2 ) T
@GA9NTL3 00°09 I 39¥iS 3ILISIA0 < ¢
mo13 UN 2 X AR on* s L o* o v T L L :u
1 |
mul4 ON I ¢ 60°59 - €€ £'E 11 11 2 €
43333149 3 < 6059 on* E*E [ 11 11 4 4 q
{
TudLNgd 114} (542) (332} {53)) {SIHINTD (3 3HINT ) ON ON {3H)
34t iNals Lt Hid4 39vls 394vHIS1Q Hd?d 20 ddAH 43UNNd J40NN2 FIvdnivy wisvg 3dl¢ IAIL
: ‘invisai Jauw *EnTLSND INILT WD CEYSLARLDS) |



L)

® ¢ o ¢ o ¢ o

1

*
(b

TELE
¥303319

L
o

05°39
05°89

B IR B R

g*2t 4 £

o.
2c2t 2 3

fvid

GB"EL ®

¥L°EZ

dulld

- 909

QA9N*Ld 00°C9 SI J9viS 3IL1S340 .,n.

65°16

J* TR T TTeN Y T et T TR TSI T

al3n
43033718

ddijd Z T

0§°a9

05”9

»I°13

Jool atejojm

N LA LF3 S —grrt T T L
o el 22t [ 2

Iql
°.

s8'tl

YL*E2 - ®

1-..1.1....% T e TTUADNTLa 00°0F SI 39WES uIsIsnT T

65°L6 AT 0° I 5 2°21 1 B/ 0r21t hd




® 4343314 € é 20°49 2602 o* 0 2ren EXFL ¢ Lz
i T e e - TTGASNSLS 0009 TS 33vLS 3LESA4D
®
ﬁ W . . M0 On 2 v 6019 o0 e e 1’s - eret v v ersat.
ﬁ o . _
A ___di3A 1 2 80°39 W'y o et z*2t 2°21 2 £
| o 3303319 € F B0%a9  Ze°t2 o o° i 4 34 z —2
° .
e - e — GAON®L3 00°07 SI 39VLS 3115440 o
o AGI3 ON z t £0°19  00° o* o T's FIT I 1 T 0921 &
® TEL) 1 z 91%99  0&°€T 0* a* 2ozl ze2t C2 3
¥303378 € 2. 919 za'L2 o 0* 2e21 22t z 2
i : TR
® ) GAIN*L3 00°N9 SI 39Vv1S 3118340 H
. . e e N _m
o TTTRGIION 1 1 16°09 00* [ 0° 1% 2TET 1 1 TTRY w
o _ ¥
77777 Tarak o T z 62°89 66°T¢ B 1 [ L £ § A —eveT T T T T e T
®: 3303319 € 2 62°89 %522 0 o* 2e2t 2°zt z . 2
. . GRSW LI 0009 ST J5VIS TITSII0 i
° BE
_mO13 0N 2 3 81°09 _ 00* o 0° 1°s 22t SR SR A1)
o g
- e _ SUNOH 2L°T2T LV wdd0w T oWNd
313A T 7 61°89  28°L1 o 0" FAFa 1734 2 £
® ¥3d3378 £ 2 61°89  Q0°*22 o° 0° ezt 22 z H
.‘.. a T - - - i TOASNFII BY 05 SITagvig IR15340 =
B " dund z T SET9 egtes_ 0 0" 1°s 22T L T__ et
e - _SENOH $9°6L1 1V u NOw T dWAd _ i
¥13A 1 A8 9z°89  Le°L2 0* o° o FRF3 2 € B
o 4303319 € 2 92*89 0922 0° 0* zezt 2e2t 2 2 T
.L T e - QASN* I3 D609 ~ ST 39VISILISI0
S ... MOId ON 2. T ___lerlg __ont ..ot . . .S __.oo@ge2U Y T ofatl ¢
g .
) SI3A 1 2. _ %%°89 .  €9°t% o* or 22t o zrar 2 € R
o 4303378 £ 2 #9839 E£4°EZ o* 0* w21 z°2t z 2 :
o o . ‘ GAON®13 00°09 SI 39v1S 3115440
9 : mU1d UGN F] 1 £5*09 0O 0 0- 1'¢ 22t 1 T 0'911 ¥
® sdnuH 35511 Pn wIa3la T dhHd
®
Walndd t1d) {342} 1532) {S30 (SAHINT) CESAHINT} ud un [§-L3}
Fulondls Lk AJd 4 29V 13 42349405119 Iuﬂuccmnhl FIUNNY EFTLRE] TIVINIVY LERRA:] Jdla Adll
. TANYLSN] 130N "LANVLSNI FALLYTIANND IALLY VWD i




®
@
. A
. ®
O PP U b 1 1 SRS 7 S Lmo
- 3611 27¢2 T T T Ty
. . .29 9 L6 1 m.
i T, T T T T o . - TTNVIGH S TEAMNRLAT TN [SE L] _ =
e . : AT . 40 - - % 39v4S - -, 30 394YHIS 1A *0ON 2 )
i - e . : SWIg . Wvad i CINLL - dvad  3u0LoNdLs =
: . - T;
v M21d ON T . 2 L8°99 00°* . 0* 0* ze2t 2*21 z € o
. a303318 E -2 . 18°99 20%°01 o I L 22t 2°2t 2z 2 _ w
SR X GAIN®id 00°09 SI 39viS 3iLSdd0 H @
: ) ; ) _ -
’ LI'REN T 2 T 60°1s  00° et 0* 1°¢ z°et L LSRN ) g
L . ﬂdw &Imn.
- oo . T - [] T L] - T e $IT g - - T L]
RQ1d ON 1 2 06°99 00 o ] 22t . ever & e —~ @
4303318 £ 2 0699 0%'01 9° - o* A} 4 o 2eat 2 z .. BEe
e i e - _ Y
TASNTLF 0009 ST J9VIS JITSd40 iy
. Pmld DN z___ % . 60°19 . _00° . o* 0° s _ 2-zt 11 0°aLt ,.m..
. . ' : N e .
‘ e
¥ o omoyon__ 1 2 £6°99 o0° o o0* _orrer ~.eey 2 u;
. 4393319 t 2 t6°99 1801 0 0 e TTEE 2
A e e ; — e e GAIN13 00°0% g
Auld ON 2 14 60°19 00° _ .0°* 0 1*s 2zt 1 X
ADTd aN 1 2 © 96°99 09" o . 9 22t oooeeat F € ®
.- da033ng LS S L ol L R 1 3k 1 S o . _.  e* o Eet ozrel z I
QA9N*14 00709 S1 39vL1S 3115440 o
’ M2d ON e T Te0*i9 o - LI L A DLV S T S i Sl 'L ;
“AU1s ON S T ee*ed 00t T or T T e T vigery T T T TTsev T 2T TUTES 3
¥303318 B z . 86°99 0Lt 0 0° ze21 2*zt 2 z . N )
4 A , S ‘ - o _ ‘9
IDIANDD (1) 1343) (523} 1S40 1S3IHINL) (S3HINDY un an [R-1}) ! .
3dN1idls 73} wld3 39vLs 394¥HISIC HAY390UGAH FAUNNGE 430N IIv4NIvaA NISvd 3dId Il “.

y _ . . R e TAWWASNL L J40NNY . CLNYLSNI AT IVINKND ANTLVINND I e



DESIGN EXAMPLE
FOR
A MAJOR IMPOUNDMENT



AGRICULTURAL SITE WITH MAJOR IMPOUNDMENT
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Given

A. Proposed Land Use

1. Total =z 2560 ac
2.  Reservoir = 300 ac
3. Lateral Canals = 60 ac
4. Sod Farm | = 2200 ac

B. A large mobile home park is immediately adjacent to the west boundary
of the sod farm.

C. Elevations
1. . Laterals extend from elevation 18' (bed) to 22 NGVD (banks).

2. Developed farm site grading varies from elevation 22' to 25' NGVD.
3. Farm control elevation is 20' NGVD.
4.  Reservoir control elevation s 23' NGVD to maintain wetlands.

0. Off-site areas contribute sheetflow runoff to the site. The off-site
runoff will be routed around the site via perimeter swales. Discharge
off-site will continue to be sheetflow, to simulate pre-development
natural conditions. (Toes of the perimeter berms are set back at least
50 feet from the property line; berms have a top width of 5 feet; have:
external sideslopes of 2.5H:1V, and intertor sideslopes of 3H:1V for
ease of maintenance.)

E. Farm discharge will be routed through a control structure, culvert, and
spreader swale to the adjacent receiving body.

F. Natural depth to water table is 2.0 ft.

G. A pumping rate of 4 in./day (380 cfs) from the farm to the detention
-+ area is proposed. ‘ '

Pump capacity: 4 @ 42,636 gpm = 95 cfs; or 170,544 gpm = 380 cfs
Pump schedule: On at 21.5' NGVD, off at 20.0' NGVD '

" H.  Post development discharge allowed = 81 cfs = 3/4 in. per day.
- NOTE: Discharge allowed can be determined two ways:
1. Predeve]opment = postdevelopment

2. Receiving body discharge criteria if they have been established.
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[. 25?year 3-day design storm rainfall = g.g in. x 1,359 = 10.9 in,
Treat the Systems as two basins:
1. B;sin 1 (farm) routed into Basin 2 (reservoir) .
2. Basin 2 (reservoir) routed to receiving body.
IT. Computations
A. Farm
1.  Compute Pervious/Impervious (P/1)

2200 ac farm (pervious)
60 ac laterals (assumed impervious for soil storage calfculations)

% = (60 ac/2260 ac) x 100 = 2.7%
%P = (2200 ac/2260 ac) x 100 = 97.3%.

2. Compute Soil Storage and SC$ Curve Number
' a.  Average depth to water table = 2.0 ft

b, From Basis of Review, 2.5 inches of moisture can be stored in
the soil column beneath pervious areas,

¢. Ground storage under pervious areas
: 2.5 in. x (1 ft/12 in.) x 2200 ac
458 ac-ft,

d. Equivalent soi) storage, §

458 ac-ft x ((12 in./1 ft)/2260 ac)
2.4 in.

@. 3CS curve number, CN

1000/(s + 10)
1000/(2.4 + 10)
81

it h oy

3. Compute Open Surface Stage versus Storage _
a.  Laterals store betwsen elevations 20' and 22' NGVD

Typicay lateral cross section 50 ft

| 22' NGVD —

18" NGVD e
60 acres of laterals at top of bank
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Stage
(ft,NGVD)

20
21
22
23
24
25

b. Developed farm area stores 1inearly between elevations 22!
and -25' NGVD. .

- 25" HGVD

I.F 2200 ac 22' NGVD
Storage
Laterals Site | Total
(ac~-ft) ' (ac-ft) {ac-ft)
0 o 0 0
({30 ac + 45 ac)/2)(1 ft) 0 : 37.5
{(30 ac + 60 ac)/2)(2 ft) 0 . _ 90.0
90 + 60 ac(1 ft) 0.5(2200 ac){(1x1 ft)/3) 516.67
90 + 60 ac(2 ft) 0.5(2200 ac)((2x2 ft)/3) 1676.67
90 + 60 ac(3 ft) 0.5(2200 ac)((3x3 ft)/3) 3570.00
4. Flood Route the Design Storm |
25-year 3-day event
(See the selected pages titied "Santa Barbara Project Name: Ag
Maj Impound" at end of this example)
Maximum stage in farm (Basin 1) = 23.1' NGVD.
Reservoir
1. §$=0.01 in. (District computer program will not accept zero.)
2. Since the reservoir will be used to mitigate for the Toss of some

wetlands, 1 foot of water will be maintained in parts of the
reservoir at elevation 22.0' NGVD. Storage will then start at the
control elevation, 23.0' NGVD.

D-B-4



Stage 300-acre Reservoir Storage

(ft,NGYD) (ac-ft)
23 S 0
24 300
25 600
26 900
27 o 1200
28 _ 1500
29 © 1800
30 . 2100
31 . 2400
32 _ - 2700
33 : . -3000
34 : , 3300
35 ‘ 3600
36 .. 3900
37 , ‘ 4200

Allowable Discharge

81 cfs was determined by pre- versus pastdevelopment.

Weir crest elevation required

a.

b.

First inch of runoff

Volume = 1 in. x (1 ft/12 in.) x 2560 ac = 213 ac-ft. From
the reservoir storage calculation (B.2), the weir crest
should be set at elevation 23.7' NGVD, so that 213 ac~ft are
detained. ,

Compute weir length

a.

Rainfall from the 25-year 3-day storm is 10.9 ‘inches. Using
the S value calculated for the sod farm, .

: 2
runoff = Q = (: - g:gg = 8.5 in.

Volume of runoff

= 8.5 in. x (1 ft/12 in.) x 2560 ac

= 1813 ac-ft, or a reservoir stage of elevation 29' NGVD (per
reservoir stage storage table), or 5.3 ft. above the proposed
weir crest.

The maximum design head is 5.3 feet.

Q = 3.13415

L =81 ¢fs/(3.13 x (5.3 ft)-5) = 2.1 ¢
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Water quality control device should be designed to discharge an
amount (Q) equal to 1/2 inch in 24 hours.

213 ac-ft/2 = 107 ac-ft in 24 hours, or about 54 cfs.
(1 cfs = 1,9835 ac~ft per 24 hrs.)
Q= 2.5 x (tan (8/2)) x (H)?5 op
8 =2 x tan"! (0.492 x q/(n)25)
8= 2 x tan"" (0.492 x 107 ac-ft/(0.7 ft)2-3)
= 179 degrees
— X )
ET. 23.7' NGvD
179° 0.7 ft
E1. 23.0" NGVD
tan (8/2) = (x/2)/0.7 ft
X=2x 0.7 ft x (tan (179°/2))
X = 160 ft - will not fit into weir,

Try a triangular orifice

Q=4.8xax (H)05

where Q = discharge, cfs
A = area of ortfice, sq ft
H = head above orifice centroid, ft
therefore, Q = 81 cfs [see * on next page)
A=05xbxh
assume h=3ft

Orifice centroid will be 2/3 of h above orifice invert, or 2.0 ft
above elevation 23.0' NGVD, or at elevation 25.0' NGVYD.

H =29.0' NGVD - 25.0' NGVD
= 4.0 ft
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= 4.8 x A x KO3

Q= ,
= 4.8x (0.5 x b X h) x ()05
 théréfore, .
= Q/(4.8 x 0.5 x h x (H)2:5)

b

81 cfs/(4.8 x 0.5 x 3 ft x (4.0 f£)0-5)
81 cfs/14.4

5.6 ft.

*(NOTE: The orifice was designed using the more restrictive
condition created by the allowable discharge eriteria rather than
the water quality rate.) S

Therefore, the structure is 1-3.0 ft high by 5.6 ft wide
triangular orifice with an invert at elevation 23.0' NGVD. Only
an orifice is used since the allowable discharge is low and the
Take size is preferred to be left unchanged, so a V-notch is
impractical. The Proposed control structure will be considerably
smalier than what is required to meet the detention requirements
for water quality. Therefore, discharge at elevation 26.0' NGVD
will be considerably less than 0.5 inch in 24 hours,

5.6 ft :
== ' _.*-—--El
60
3

. 26.0" NGVD

-ﬁ_--
i ;

Stage-discharge values for this control Structure are given in the
computer printouts at the end of this example. The structure '
should be properly baffled, to reduce the possibility of clogging.
The outfall pipe should be large enough so that the peak design
storm discharge is not limited by culvert control.

. 23.0' NGVD

Check the routed design storm discharge.
a. The design storm is the 25-year 3-day event.

b.  The one-day rainfall amount is given to be 8 inches.
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The three-day rainfall amount

1]

(one-day amount) x 1.359
8 in. x 1.359

10.9 inches of rainfa?].

The pages titled "Santa Barbara Project Name: Ag Maj Impound®
also are the selected results of calculations of pumping
rainfall runoff into the reservoir (Basin 2), plus the
rainfall on the reservoir.

i.

ii.

iii.

On the last sheet, the peak design storm discharge from
the reservoir is listed as 77 cfs. This is deemed
acceptable, since the allowed rate of 81 cfs is based on
3/4 in. per day.

Also on the last sheet, the peak design storm elevation
is listed as 28.6' NGVD. District recommended criteria
are that if the stored depth of water is greater than 4
feet above the surrounding ground, and berm failure
would cause significant damage to the property of others
besides the permittee, the impoundment should be
designed as a major impoundment.

The lowest elevations of the surrounding areas are not
substantially different from the 22' NGVD on the
project, so the 28.6' NGVD stage represents a depth of
water substantially in excess of 4 feet; there is a
mobile home park just west of the farm. Consequently,
this reservoir must be designed as a major impoundment.

(NOTE: A detailed influence line analysis is beyond the
scope of this text. Applicants should seek expert
advice from experienced consultants.

The article “Dam-Breach Flood Wave Models" by Ralph A.
Wurbs, in the January 1987 Journal of Hydraulic
Engineering, Volume 113, Number 1, published by the
American Society of Civil Engineers, contains a
discussion and comparison of several leading dam-breach
flood wave models. Anyone contempliating designing a
major impoundment should contact District staff as early
in the project development process as possibie for
guidance on applicable District criteria and methods of
analysis.)

Freeboard reguirement will be dependent upon the maximum

water depth which is, in turn, dependent upon the design
of the overflow structure.
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9.

Overflow Structure

a.

Criteria

N

ii.

iv.

vi,

viig.

For gravity filled impoundments, no separate overflow
structure is required, because the inflow structure will
allow reservoir and farm stages to be the same,

The weir crest should be set no lower than the peak
elevation of the routed 25-year 3-day storm,

. The minimum freeboard requirement for a given reservoir

and depth of water is three feet, or that required to

The weir crest length shall be adequate to pass the peak -
of:

the sum of the volume of the appropriate storm
(ref. Appendix 6 of Basis of Review) falling on the
control structure outflow.
A simple culvert, or culverts, extending through the
reservoir side, and with inverts at the design storm
peak stage, are not acceptable, because of the danger of
erosion of the reservoir berm.

There'are at least two acceptable overflow structure

~designs,

I. A nen-adjustable shaft spillway.

II. A properly designed and built non-adjustable sharp-
or broad-crested weir in the reservoir berm.

Sodded earthen berms are not acceptable as overfiow
structures.

Other proposed designs should be discussed with District
staff as early in the design process as possible,

Destgn Calculations

i.

ii.

Treat the system as two basins: Basin i (farm) routed
into Basin 2 (reservoir).

Basin 1 (farm) shall be considered to have the pumps
running continuously, '

(Other methods of calculating the pumped flow hydrograph
into the reservoir - for the purposes of computing the

D-B-9



jv.

vi.

vii,

overflow weir length - may be submitted by the appticant
for District staff consideration.)

The pages which begin "Santa Barbara Project Name:
Major Impoundment Example, Reservoir" are selected from
the hydrograph of continuous farm pumping into the
reservoir.

After some preliminary calculations try a 100-foot long
broad crested weir.

The weir crest should be set no Tower than the peak
elevation of the 25-year 72-hour routed storm, in this
case 28.6' NGVD, to the nearest tenth of a foot.

The stage-discharge calculations fog the overflow weir
are based on the equation Q = CLH*

where:
Q = discharge, cfs
€ = weir coefficient, 2.60
L = weir length, in this case: 100.0 ft
" H = head on the weir, ft

Tabulated below are the tota] stage-discharge values for
the reservoir, which are the sum of those previously
generated for the control structure plus the overflow
structure.

Stage Control Overflow Total
(ft,NGVD) (cfs) (cfs) (cfs)
23.0 0.0 0 0.0
24.0 2.6 0 2.6
25.0 14.7 _ 0 14.7
26.0 40.5 0 40.5
27.0 57.2 0 57.2
28.0 70.1 0 70.1
28.6 76.8 0 76.8
29.6 86.8 260.0 346.8
30.6 95.7 735.4 831.1

The pages which begin "Santa Barbara Project Name: Major
Impoundment Example, Reservoir" are the results of
routing continuous pumped inflow plus the 36-inch 72-
hour rainfall into the reservoir, out of the combination
of the control and overflow structures. Peak discharge
occurs at elevation 29.9' NGVD.
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10.

Determining the length and crest elevation of the
overflow weir ig largely an economic and operational
consideration. The length and elevation used in this
example result in approximately the minimum additiona)l
water depth from the Severe storm established in
Appendix 6. [t is conceivable that additional water
depth may be desirable to the permittee. However, it
should be noted that additional depth may sharply
increase both design requirements imposed by the
District and subsequent construction costs,

Freeboard Analysis

a.

Criteria - Minimum freeboard is three feet above maximum
water depth, or that amount required to prevent overtopping
or failure due to hurricane force winds as derived from the
South Florida Building Code, whichever is greater,

Minimum crest elevation is at teast 32.9' NGVD baéed on the
three foot minimum requirement, but may be higher based on
overtopping requirement.

The rise in still water depth on the leeward side of the
reservoir can be calculated using the Zuider Zee Formula:

V x F

% 100 %D
Where: V = Wind velocity, mph

F = Fétch, statute miles

D = Average depth along fetch, feet
Wind velocity per South Florida Building Code is 120 mph,
approximate maximuﬁ_?3EEF_T§‘§5335_577355?73_and average

depth is:
29.9' NGVD - ((22+23)'NGVD/2) = 7.4 ft
Therefore, average increased depth on the leeward side is:

120 mph) x 0.70 mi
1400 x 7.4 ft

S

0.97 ft
Maximum still water depth (Dmax) would be:

.Dmax

7.9 ft + 0.97 ft

8.87 ft

Which represents a surface water elevation of 30.87 NGVD.
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Maximum wave height is given by the equation:
H =0.034 x y1-06 , 0.47
Where: V = Wind velocity, mph
F = Fetch, statute miles
Therefore:

H=0.038 x (120 mph)2-96 , (g7 pi)0-47

n

4.6 ft
Wave run=up on slope = about 1.5 x H

The elevation of the top of the embankment is equal to the
maximum still water depth elevation, plus the wave run-up:

30.87' NGVD + (1.5 x 4.6 ft)
37.8' NGVD

" Freeboard or wind and wave analysis can become very involved,
and a thorough presentation is beyond the scope of this text.
The following referencas are suggested (others may be
acceptable): Brater and King, Handbook of H draulics, Sixth
Edition; Saville, McClendon, and Cochran, “Freeboard
Allowance for Waves in Inland Reservoirs," Journal of the
Waterways and Harbors Division, May, 1962; U.S. Bureau of

Rectamation, Design of Smalil Dams, 1977.

A sketch of the proposed overflow structure is on the next
page. A complete design would include, among other things,
proper attention to erosion control around the overflow weir,
and energy dissipation devices downstream of it. Additional
design requirements may include, but not be limited to, a
site-specific geotechnical investigation; and slope
stability, seepage and dambreak analyses. Paragraphs 1.4.1
and 2.1.1 - 2.1.5, in Appendix 6 to the Basis of Review, also
provide a 1ist of design and information requirements for
major impoundments.
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OVERFLOW STRUCTURE

'Figuré D-B-2
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WEIR LENGTH 100 FT,

WEIR ELEVATION 28.6 FT. NGVD
WEIR COEFFICIENT 2.6

TYPE OF BLEEDER SLoT TRIANGLAR ORIFICE
SLOT INVERT ELgV, 23 FT. NGVD
ORIFICE HEIGHT 3 FT.

ORIFICE RASE WIDTH Se.b FT.

WEIR FLOW IN CFs

STAGE WEIR BlLLEEDER . TOTAL,
========== 3=====‘—"===¥'—'===========.--..-=H=g==5===-=l
23,00 Q.00 - 0.00 0.00
24,00 Q.00 2,60 2,60
25.00 0. 00 14,468 14.48
26.00 - G. 00 40,45 40,45
27.00 Q, 00 57.21 57.21
28.00 0., 00 : 70.07 70,07
28.60 0,00 76.76 76.74
29.460 260,00 86.77 346,77
J0. 60 735.39 ?25.73 831,12
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DESIGN EXAMPLE
FOR
EXFILTRATION TRENCH



I. Given:

A. Proposed acreages

1. Lake = 1 ac
2. Roofs = 5 ac
3. Other paving = B8 ac
4. Green areas ' = 2 a¢
Total = 16 ac
B. Other

1. An existing canal, along one border of the property, will be the -

receiving body
2. The receiving body regulated stage is elevation 8.0’ NGVD.
3. The existing average site grade is about elevation 17’ NGVD.

4. The site soil drains well, Three perco]ation tests yield an
average hydraulic conductivity of

1.2 x 10°% ¢fs/(sq ft - £t of head).
5. Average wet Season vater table elevation 1s 8.25' NGVD.
6. Current zoning is "Commercial".
11.  Désign Criteria
A.  Quality

1. If a wet detention system, then wﬁichever is the greater of
a. The first inch of runoff from the entire site.
b. The amount of 2.5 in. times the percentagé 6f impervious.

2. If a dry detention system, then 75% of the volume requ1red for
wet detention. :

3. If a retention system, then 50% of the volume required.

4. Because the site zoning is “Commercial”, at least 0.5 in. of
retention or dry detention pretreatment shall be prov1ded

D-E-1



5. Any detention system shall be designed to discharge not more
than 0.5 in. of the detained volume per day. A V-shaped
configuration is desirable.

8. Quantity

1. The allowable discharge for the basin in which this proaect is
1ocated is 50 csm for a 25-year 3-day storm.

2. First floors are desired to be no lower than elevation 18.5’
NGVD.

3. Parking areas.

a. Are proposed to range in elevation from 16.0° to 17 5’
NGVD.

b. Shall be at least 2 ft above the control elevation.
III. Computations
A. AQuality
1. . Compute the first inch of runoff from the entire developed site.
=1 in. x 16 ac x 1 ft/12 in.
= 1.3 ac-ft for the first inch of runoff.
2. Compute 2.5 in. times the percentage'of imperviousness.

a. Site area, for water quality pervious/impervious
- calculation only

= Total project - (lake + roof)
= 16 ac - {1 ac + b ac)
= 10 ac site area, for water quality pervious/impervious.

b. Impefvious area, for water qua]ity'pervious/impervious
cafculations only

= {Site area for water quality pervious/impervious) -
pervious

= 10 ac -2 ac

= 8 ac impervious area, for watér quality
pervious/impervious.
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Percentage of imperviousness for water gquality.

i ty x 100%
Site area for water quality

= {8 ac/10 ac) x 100%

= 80% impervious |

For 2.5 in. times the percentage 1mper§10us
= 2.5 in. %.0.80

-.z.gg in, to be treated

Compute volume required for quality detention

fnches to be treated x (totai site - ake)
12,00 in. x (16 ac - 1 ac) x 1 ft/12 in.
2.00 in. x 15 ac x 1 ft/12 in.

= 2.5 ac-ft required detention storage

Since the 2.5 ac-ft are greater than the 1.3 ac-ft computed for
the first inch of runoff, the volume of 2.5 ac-ft controls.
(The system proposed is wet detention, so no volume reductions

 are possible.)

Because this is a project on commercial zoned Tand; 0.5 in. of .
dry retention/detention must be provided.

a.

= 0.5 in. x (total site - lake) _
=0.5in. x (16 ac - 1 ac) x 1 ft/12 in.
= 0.6 _ac-ft required for pretreatment

- Compute credit for placing some system inlets in grassed swales.

Given:

i.  Each inlet in a grassed swale drains about 0'75'acre

"~ ii. A typical grassed swale will consist of an area about

15 ft long and 5 ft wide. The inlet will be
considered a negligible part of the area.

111. No other pervious areas drain into the grassed swale.
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b. Compute ratio of impervious to pervious area.
i. Pervious area
=15 ft x 5 ft
= 75 sq _ft pervious area.
ii. Impervious area
= 0.75 ac x 43,560 sq ft/ac
= 32,670 sq ft impervious area.
iii. Compute Impervious : Pervious ratio
_ ='32,670 sq ft : 75 sq ft
= 436: 1
A ratio of 436:1 results in ligible cred1
6. It is proposed that the dry pretreatment be accomplished totally
by exfiltration trench, and to utiiize the lake for aesthetics
and wet detention. Since the system should be designed to
maintain the water table no more than 6 feet below natural
ground, and the average site grade is at elevation 17’ NGVD, the
control elevation shall be 11.0° NGVD. {Note: existing water
table elevation is 8.25" NGVD.) :
7. Compute volume to be treated in the lake
= Total Qua]ity'Volume - Dry Pretreatment'Vo1ume
= 2.5 ac-ft - 0.6 ac-ft
_ - 1.9 ac-ft to be detained in the lake.
B. ‘irench',. ' ' |
1. Design Criteria

-a. A minimum of 2 ft of paving and backfill will be requ1red
above the trench.

b.  Minimum parkyng area elevation is 16.0 NGVD.
¢. Trench width shall be 3 ft.
d. Since control elevation is 11.0’ NGVD and existing wet

season water table is 8.25" NGVD, assume the water table in
the vicinity of the trench to be at elevation 10.5° NGVD.
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2.

e.

For trench te be considered dry, the water table must be no
higher than the invert of the trench pipe. For this
system, the trench bed will extend down to elevation 11’
NGVD. The pipe invert will be at elevation 12® NGVD.

Compute trench length

a.

2

L = V/(K(Hzﬂ + ZHZDu - Du™ + ZHZDS) + (1.39 x 10°4)HDU)

Length of trench required (feet)

Volume to be exfjltrated (ac-in.)
Trench width (feet)

-~ £ o r~
]

Hydraulic conductivity (cfs/sq ft - ft head)
Depth to water table (feet)

[ X
= M
L} )

Non¥saturated trench depth (feet)
D, = Saturated trench depth (feét)
In this project, L is to be determined

V =0.6 ac-ft = 7.2 ac-in.

W -3 ft

K =1.2 x 1074 cfs/(sq ft - ft of head)

*H2 =5 ft
*Du « 3 ft

D, =0

*H, can ex;end no lower than the trench bottom.

**Du is the entire trench depth, from elevations 11 to 14’
NGVD, because the water table is below the trench bottom.

L= 1.2

1.2x10-4x((5x3)+(2x5x3)r(3X3)+(2x5x0))+((1.39x10'4)x3x3)

= 1,290, say, 1,300 1.f. of trench for dry retention.
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S 16' NGVD
¥
Paving and
A Backfill
. I ' :
ol T — 14'  NGVD
5I
——13* NGYD
| —12'  NGVD
Coarse Rock
! ——11' NGVD
__i_ 10.5"' NGVD
CROSS SECTION OF_PROPOSED EXFILTRATION TRENCH
Figure D-E-1



C.

Other considerations

1.

A weir must be installed at the downstream end of the trench
system, to create true retention. The crest of the weir must be
no lower than the top of the trench pipe.

The proposed lake-trench system should be checked to be certain
it provides adequate storage for road and parking lot
protection, can meet design storm discharge criteria, and can
provide adequate floor protection. This would include a control
structure on the lake discharge route.
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DESIGN EXAMPLE
FOR
FLOOD PLAIN STORAGE COMPENSATION



I.

General

In paragraph 3.2.1.5, Flood Plain Encroachment, 1t is stated "No net
encroachment into the floodplain, between the average wet season water
table and that encompassed by the 100-year event, which will adversely
affect the existing rights of others, will be allowed.” With regard to
runoff storage, this means the volume of useful storage available to the
stream shall not be decreased as a result of the proposed development.

It should be noted that this policy is based on the assumption that flood

plain conveyance can also be maintained, and any additional

considerations, such as wetlands preservation, are not a complicating

factor. -

"Exporter" or “Importer"

A.  To begin the analysis, there are three vaiues which must be computed:
1. Site predeve1opment.100-year 3-day storm runoff volume.

2. Site predevelopment storage available to the basin during the
100-year flood.

3. The difference between items 1 and ? above.

B.  If the difference is positive (runoff volume is larger than available
storage), then the project site is contributing runoff to the basin.
Such a site is called an exporter of basin runoff.

C. Example: A basin runoff volume exporter

Undeveloped Site

100-year 3-day
rainfall runoff volume
=200 ac-ft

l 100-year flood peak

o
‘El_. storage volume = 100 ac-ft
I _

WY wet season water table

Figure D-F-1
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First, check to see if the site is an exporter or importer

(Site predevelopment runoff volume) - (Site predevelopment
storage available to the stream) -

= (200 ac-ft)-(100 ac-ft)
= +_100 ac-ft.

The volume difference is positive; the undeveloped site is
indeed a basin runoff volume exporter.

For a developed project on this exporting site, the volume
exported after development should not exceed that which would -
have been exported from the undeveloped site.

The design below meets that criteria.

Developed Site

R 100-year 3-day R
rainfall runoff volume
= 400 ac-ft

\ 4
300 ac-ft
detained

developed grade

| 100-year
1§ flood peak

storage volume
=essentially
Lero

original grade

W vet season water table |

Figure D-F-2 |
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The 'site meets criteria because the site grading is such that,
while the 100-year 3-day storm runoff volume is 400 ac-ft, the
site is storing 300, s0 the net effect of the project is the
same: 100-ac-ft are contributed to the basin; all else from the
site is stored on-site.

If the difference is negative (runoff volume is less than available
storage), then the project site is accepting runoff from the basin
and is, therefore, an importer of basin runoff..

Example: A basin runoff volume importer

ndevel Si

100-year 3-day
rainfall runoff volume
= 200 ac-ft

100-year
- flood peak

storage volume
=350 ac-~ft

v ~ wet season water table

Figure D-F-3

1. First check to see if the site is an exporter or importer:

(Site predevelopment runoff volume) - (Site predevelopment
storage available to the stream)

= {200 ac-ft) - (350 ac-ft)
= - 150 ac-ft.

The volume difference is negative; the undeveloped site is
indeed a basin runoff volume importer.

D-F-3
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2. Since the 150 ac-ft were available to the basin prior to site

~ development,- 150 ac-ft must be available to the basin .after

development. (Also, as was stated before, any wetlands must be
preserved and flood plain conveyance may not be reduced.)

3. The developed site must then be divided into two parts.

a. One part must be hydraulically contiguous to .the wafer body,

' and must be capable of storing at least the volume available
to the basin prior to development - in this case, 150 ac-ft.

b. The second part can be developed, but must be graded so that
the runoff from the 100-year 3-day rainfall is detained, with
no uncontrolled discharge.

4. The deﬁign below meets that criteria.

Developed Site

100-year 3-day rainfall

runoff volume ) : L
‘\\1(:;‘t developed grade
: | -100-year
h 4
- I gam |

v flood peak

wa——— storage volume
i =150 ac-ft i

100-yr 3-day
rainfall runoff original
volume detained grade

A 4

Uwet season water table |

Figure D-F-4

It is worth noting that in this case, because a substantial amount of
the site had served as.basin storage, some of the site had to remain as
storage area, and the volume of developed-site runoff had to be reduced
accordingly. e o
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Design Example

Undevelgped Site
N
' 100-year flood
s 44 NGVD

\_—,—_—-‘
; Project j Site

Control elev.
= 40' NGVD

Figure D-F-5

Given: _

1. Receiving body Eontro1 elevation = 40° NGVD.-

2. Receiving body 100-year flood elevation = 44’ NGVD.
3. On-site storage at peak of 100-year flood = 96 ac-ft.
4. Thé 100-year 3-day rainfall runoff volume = 32 ac-ft.

Check if the undeveloped site is a basin runoff volume 1mporter or
exporter

(Site predevelopment runoff volume) - (Site predeve1opment'st6rage ,
available to the 1ake) -

= (32 ac-ft) - (96 ac-ft)
= - 64 ac-ft.

Since the difference 1s negative, the undeveloped project site is an

importer.
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Control elev.
_= 40" NGVD

Proposed .

Lake

=

L

Lake

Proposed storage
area - '

Perimeter

) berm
Figure D-F-6

B. Initial Design Parameters

1.
2.
3.

Site is less than 40% impervious.
The computed 100-year 3-day runoff volume is 50 ac-ft.

Site perimeter grading, lot grading, and the proposed lake
configuration are such that 50 ac-ft can be detained above
the control elevation of 40° NGVD before discharge into the
Take via perimeter grade overtopping occurs. - (This is based
on zero discharge.)

C. Design Check

1,

This import site must store at Jeast 64 ac-ft in the proposed

"~ storage area between elevations 40’ and 44’ NGVD. If there

are more than 64 ac-ft, a shifting of the perimeter berm
lakeward - resulting in more developable land - could be

‘warranted,

" If there are less than 64 ac-ft available in the'proposed

storage area, a shifting of the berm land-ward - resulting in
less developable land and changed design parameters --woqu
be necessary.

D-F-6



DESIGN EXAMPLE
FOR
AN INDUSTRIAL SITE






SITE PLAN VIEW
Scale: 1" = 300'

Total Site Area =50.0 ac :

Control Roads and Parking
Q,JﬂStructure - (21.0 ac) .
Lake
(8.0 ac)
Roof
{15.0 ac)
)'(,, Pervious (6.0 ac)

Figure D-I-1
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I. Given:

A. Acreages

1. Total = 50.0 ac
2. Impervious
a. Building (roof) = 15.0 ac
b. Roads and parking = 21.0 ac
3. Lake = 8.0 ac
. 4. Pervious = 6.0 ac
B. Minimum elevations
1. Roads and parkiﬁg = 14.0' NGVD
2. Floors - = 16.5"' NGVD

C. Zoning: "Industrial"

D. Allowable discharge: project is in the C-15 basin, where the peak
dascharge is established by District criteria as 70 csm. No fTows from or onto
off-site areas need to be considered.

E. Water level elevations

1. Wet season water table = 9.0' NGVD
2. Receiving canal water level = 8.5' NGVD

F. Design'storm rainfall amounts
1. Roads ({ 10-year 24-hour event) = 11.0 inf
2. Design . ( 25-year 72-hour event) = 17.5 in.
3. Floors (100-year 72-hour event) = 24.5 in,

I1. Design Criteria |

A. Quality

1. If a wet detention system, then whichever is the greater of

a. The first inch of runoff from the entire site.

b. The amount of 2.5 inches times the percentage of
imperviousness.



III.

2. If a dry detention system, then 75% of the volume required for -
wet detention.

3. If a retention system, then 50% of the volume required.

4. Because the site zoning 1is “Industrial”, at least 0.5 inch of
dry retention or detention pretreatment shall be provided.

5. Any detention system shall be desighed to discharge not more
than 0.5 inch of the detained volume per day. A V-shaped
configuration is desirable, y

B. Quantity

1. Roads

a. Centerlines are desired to be no lower than elevation 14.0'
NGVD. .
b. Shall be at least 2 ft above the control elevation.

2. The allowable discharge for the basin in which this project is
located is 70 csm for a 25-year 3~day storm.

3. First floors are desired to be no lower than elevation 16.5'
NGVD. :

Computations
A.  Quality 7

1. Compute the first inch of runoff from the developed project:
=1 in. x 50.0 ac x (1 ft/12 in.)
= 4,2 ac-ft for the first inch of runoff.

2. Compute 2.5 inches times the percentage of imperviousness:

a. Site area for water quality pervious/impervious
calculations only

Total project - (water surface + roof)

50.0 ac - (8.0 ac + 15.0 ac)

50.0 ac - 23.0 ac

27.0 ac of site area for water quality
pervious/impervious.
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b. Impervious area for water quality pervious/impervious
calcutations only

(Site area for water quality pervious/impervious) -
pervious - :

27.0 ac - 6.0 ac

21.0 ac of impervious area for water quaiity :
pervious/impervious.

-C. Percentage of imperviousness for water quality
= Impervious area for water quality x 100%
Site area for water quality

(21.0 ac/27.0 ac) x 100%

78% impervious.

d. For 2.5 inches times the percentage impervious

1}

2.5 in. x percentage impervious

2.5 in. x 0.78

1.95 in. to be treated.
e. Compute volume required for quality detention

inches to be treated x (total site - 1ake)

1.95 in. x (50.0 ac - 8.0 ac) x (1 ft/12 in.)

1.95 in. x 42.0 ac x (1 ft/12 in.)

6.8 ac-ft required detention storage.

Since the 6.8 ac-ft are greater than the 4.2 ac-ft computed for
the first inch of runoff, the volume of 6.8 ac-ft controls.

(The system proposed is wet detention, so no volume reductions
are possible.)

Compute 0.5 inch of pretreatment (which shall include roof
areas) _

0.5 in. x (total site - lakes)

0.5 in. x (50.0 ac - 8.0 ac) x (1 ft/12 in.)
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0.5 in. x 42.0 ac x (1 f£/12 in.)

1.8 ac-ft required for pretreatment.

This volume is required, regardless of whether dry retention or
detention s wutilized. It can be considered as available
storage for the road, allowable discharge, and minimum floor
storms only 1f it 1is achieved by a detention system, or
exfiltration trench, or if the applicant can demonstrate that
the site has excellent soil percolation rates which will remain
excellent for an indefinite period of time. It will not be -
considered as avatlable for storage if it is based on a
retention system which relies only on natural percolation and
evaporation as the mechanisms for re-achieving a dry state.

For this example, it 1s assumed that dry retention is achieved
through exfiltration trench, the design of which will not be
addressed herein. :

5. Compute required lake volume

Total required detention - pretreatment

6.8 ac-ft - 1.8 ac-ft

5.0 ac-ft required lake volume.
Project surface storage.
1. Assumptions

a. Lake storage begins at a control elevation which ts the
given wet season water table elevation of 9.0' NGVD.

b. Lake storage is vertical over the 8.0 ac of lake surface
area. .

€. Site storage is linear, starting with some reaches of
roadside swales which will be 1 foot lower than the road
centerline. If the minimum road centerline elevation is
14.0' NGVD, the minimum elevation for computing site
storage will then be 1 foot lower, or 13.0' NGVD. (Note:
There may be isolated small areas at lower elevations, but
such spots are not considered to be typical of the general
site grading plan, for runoff-storage purposes.)

Some of the site will be graded as much as 1 foot higher
than the minimum floor, or up to elevation 17.5' NGVD.
Perimeter grading, including road access, will be at least
as high as the peak of the 25-year 72-hour (design) storm.
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Site Storage Dfagrams
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2. Develop project stage-storage curve.

Storage

Stage Lake : Site Project
(ft NGVD) (ac-ft) (ac-Tt) (ac-ft)
9.0 0 0o, 0
10.0 8.0 x 1.0 = 8.0 0o 8.0
11.0 8.0 x 2.0 = 16.0 0 16.0
12.0 8.0 x 3.0 = 24.0 0 24.0
13.0 8.0 x 4.0 = 32.0 0 32.0
14.0 8.0 x 5.0 = 40.0  ((1.0/4.5) x 27.0 ac) x (1.0 f£/2) = 3.0  43.0
15.0 8.0 x 6.0 = 48.0  ((2.0/4.5) x 27.0 ac) x (2.0 ft/2) = 12.0  60.0
16.0 8.0 x 7.0 = 56.0  ((3.0/4.5) x 27.0 ac) x (3.0 ft/2) = 27.0  83.0
16.5* 8.0 x 7.5 = 60.0  ((3.5/4.5) x 27.0 ac) x (3.5 ft/2) = 36.8  96.8

*There is no need to extend the stage-storage curve beyond the minimum
floor elevation, since no flooding higher than that is allowed.
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C. Control structure weir crest.elevation.

1. Set the control structure weir crest high enough to store the
lake volume quantity of 5.0 ac-ft required to meet quality
criteria. '

2. The weir crest should be set no lower than efevation 9.6 NGVD,
according to the stage-storage curve.

D. Size the control structure detention discharge weir,

1.  Assumptions

d.

b.

A V-notch weir is desirable.

The size shé11'be such as to discharge not more than 0.5
inch of the detained volume per day. '

2. Computations

a.

- H

Volume to be discharged per day _

0.5 in. x (total site area - lake)

0.5 in. x (50.0 ac - 8.0 ac) x (1 ft/12 in.)
0.5 in. x 42.0 ac x (1 Ft/12 in.)

= 1,8 ac-ft maximum volume to be discharged per day.
Compute V-notch angle

0 =2 (tan”! ((0.492 VH25))

where:

8 = V-notch angle, degrees

V = Volume to be discharged in 24 hours, ac-ft
= Head on vertex of notch, feet . o

2 tan"! ((0.492 x 1.8 ac-ft)/(0.6 t)2:%
2 tan”! (3.18)

L}

H

2 x' 72.5 degrees _
Say, 145_degrees for a V-notch angle.

[}
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Detention Discharge Weir

e >

El. 9.6'

E1. 9.0'

c. Compute the weir width (L) at elevation 9.6 NGVD
(L/2)/0.6° = tan (145°/2)
L/2 = 0.6” x tan 72.5°
L = 1.2 x tan 72.5°
= 3.8 ft (say, 46_inches) wide weir at elevation 9.6 NGVD.
E. Size the allowable peak discharge weir.

1. Allowable discharge is 70 csm

(70 cfs/sq mi) x project size_

H

(70 cfs/sq mi) x 50.0 ac x {1 sq mi/640 ac)

5.5 cfs (say, 6 cfs) allowable discharge for this project.
2. Determine soil storage for the developed site.

a. Compute impervious for soil storage

= Lakes (100%) = 8.0 ac
+ Buildings (100%) = 15,0 ac
+ Roads and parking (100%) =_21.0 ac

Total 44.0 ac of impervious.

b. Compute pervious acreage

Total acreage - impervious acreage

50.0 ac - 44.0 ac

6.0 ac of pervious.
D-1-10



3..

Determine the maximum possible sta
design storm (25-year 72-hour event).

4,

b.

Compute depth to water table

= Average finished site grade eTevat{oh'- wet season
water table elevation '

= 15" NGVD - 8 NGVD
= 6 feet.

Determine available soil moisture storage,

i, For these typical soils, depth of storage available
through percolation during a 3-day event will be 4

feet .

ii. The pervious areas will have been compacted during
site . development, so a 25% reduction in naturally

occurring void spaces will result.

ii1. From Figyes €-1F-1, soil storage of 8,18 inches will

be available under-pervious areas.
Compute composite site soil moisture storage (S)

= (pervious acres/total site acres) x soil storage
available under pervious areas

= (6.0 ac/50.0 ac) x 8.18 in.

= 1.0 in. of soil storage available over the entire
site. S

Total rainfall (P) was given to be 17.5 inches.
Calculate total. runoff in inches {Q)

= (P - 0.25)%/(P + 0.85) ]

T 17.5 in. + (0.8 x 1.0 in.)

© = (17.3 in.)%/18.3 1n.

= 16.4_in. of total runoff (Q).

D-1-11
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Calculate total runoff volume

= 0 x Project acreage

= 16.4 in. x 50.0 ac x (1 ft/12 in.)

= 68.3 ac-ft of runoff.

The zero-discharge stage of the design storm is taken from

the previously developed - project stage-storage curve
(Figure D-I1-2}, and is 15.4° NGVD.

4. Determine the peak discharge weir dimensions.

a.

The maximum design head would bé 15.47 NGVD - 9.6" NGVD
= 5.8". Try a design head of 5.0 ft for sizing the weir.
Compute weir length.
i. Basic equation is Q = 3.13LH1'5
i1. Rearranged, L = 0/(3.13 x (H)1‘?)

where:

L = weir length, ft .

Q = design discharge, cfs

H = design head on weir, ft
i11. If Q = 6 cfs and H = 5.0 ft, then

L = 6 cfs/(3.13 x (5.0 ft)!-3)

6/(3.13 x 11.2)
6/35.1 )
0.17 ft, say z;ingng§ weir length
This is smaller than the topwidth of the detention

discharge weir. Try using the detention discharge opening
as the entire outflow control structure.

]
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d. Sketch of trial outfall control structure

e 46 1n.

E1. 9.6' NGVD
1459

E1. 9.0' NGVD

e. Check the allowable peak discharge.

i. The allowable discharge rate was previously computed
to be about 6 cfs.

ii. The peak discharge of the routed 25-year 72-hour event
was computed to be 1in excess of 11 cfs, (The
computations are not included.) This is considerably
more than the allowable of 6 cfs, therefore, the trial
outfall structure is not adequate.

f.  Try using a smaller orifice angle. This will result in
discharging less than 0.5 inch of the detained volume per
day, which 1is certainly not in violation of District
criteria.

g. Sketch of proposed outfall control structure.

P. 21 in, _1

110°

— E1, 9,0' NGVD

D-I-13



h.

The control structure shall include a baffle, to intercept
debris before they flow into the rece1V1ng body or ¢log the
discharge weir,

F. Check the proposed minimum building floor elevation.

1.

By definition, the minimum bu11d1ng floor elevation shall be at

~ least as high as the 100-year 72-hour storm zero discharge

runoff.

Compute 100-year 72-hour zero discharge runoff volume.

a.

b.

Total rainfall (P) was given to be 24.5 inches.
Calculate total runoff in inches (Q)

= (P - 0.25)2/(9 + 0.85)

0 0 i
24.5 in. + (0.8 x 1.0 in. )

- (24.3 in.)%/25.3 in.

= 23.3 in. of total runoff (Q).
Calculate total runoff volume

= Q x Project acreage

= 23.3 in. x 50.0 ac x (1 ft/12 in.)
- 7.1 ac-ft of runoff.

From Figure D-I-2, the zero discharge stage of the 100-
year 72-hour storm is 16.5" NGVD.

Since the proposed minimum floor elevation is 16.5" NGVD,

the propesed minimum floor elevation is_adequate.

G. Check the proposed minimum road elevation.

i.

By definition, the minimum voad elevation shall be at Jeast as
high as the routed 10-year 24-hour storm.

At the back of this example is the routed 10-year 24-hour event.
It peaked at elevation 13.35’ NGVD. That is Tower than the

~ proposed minimum road e]evat1on of 14.0" NGVD, therefore

is adequat
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Check the allowable peak discharge.

1. The allowable discharge rate was previously computed to be about
6 cfs, : : :

2. Computation of the peak discharge during the 25-year 72-hour
event is shown on the last sheets of this example. It is about
6 cfs; therefore, o _

the proposed outfall control structure is adequate,

The outfﬁl] pipe to the receiving body should be large enough‘so that
the design storm discharge does not come under culvert control.
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PROJECT NAME

REVIEWER

PROJECT AREA
GROUND STORAGE . . . :
TERMINATION DISCHARGE :

DISTRIBUTION TYPE .
RETURN FREQUENCY

RAINFALL DURATION . . :

24-HOUR RAINFALL .
REPORTING SEQUENCE

STAGE
(FT)

9.00
10.00
11.00
12.00
13.00

14.00
15.00

SUMMARY INFORMATION

MAXIMUM STAGE WAS
MAXIMUM DISCHARGE WAS

SCS PROGRAM -

: Industrial Project

13.35 FEET AT 24.00 HOURS

4.9 CFS AT 24.00 HOURS

D-I-16

...... : SSC
..... 50.00 ACRES
1.00 INCHES
5.00 CFS
. : SFWMD
: 10.00 YEARS
1-DAY
.ot 11.00 INCHES
. + STANDARDIZED
STORAGE  DISCHARGE
(AF) (CFS)
.00 .00
8.00 1.91
16.00 3.12
24.00 3.98
32.00 4.68
43.00 5.29
60.00 5.84
------ RESERVOIR- - - - -
ACCUM. BASIN ACCUM. ACCUM. INSTANT AVERAGE
RUNOFF DISCHGE  INFLOW VOLUME OUTFLOW DISCHGE DISCHGE
(IN)  (CFS) (AF) (AF) (AF)  (CFS}  (CFS)
.00 .0 .0 .0 .0 .0 .0
07 .0 .3 .3 .0 .1 .0
.74 .0 3.1 3.0 1. .7 .3
1.46 .0 6.1 5.8 .3 1.3 1.0
2.03 .0 8.4 8.0 A 1.8 1.6
2.54 .0 10.6 10.1 .5 2.1 2.0
4.13 .0 17.2 16.7 5 2.7 2.4
6.14 .0 25.6 25.0 .6 3.6 3.2
6.93 .0 28.9 28.1 .8 4.3 4.0
7.35 .0 30.6 29.7 .9 4.4 4.4
7.90 .0 32.9 31.6 1.3 4.6 4.5
8.58 .0 35.7 33.6 2.1 4.8 4.7
9.36 .0 39.0 35.3 3.7 4.9 4.8
9.88 .0 41.2 35.9 5.3 4.9 4.9



PROJECT NAME

.....

SCS PROGRAM

: Industrial Project

REVIEWER . . . . . . : SSC
PROJECT AREA . . . . : 50.00 ACRES
GROUND STORAGE . . . : 1.00 INCHES
TERMINATION DISCHARGE : 5.00 CFS
DISTRIBUTION TYPE . . : SFWMD
RETURN FREQUENCY . . : 25.00 YEARS
RAINFALL DURATION . . : 3-DAY
24-HOUR RAINFALL . . : 13.00 INCHES
REPORTING SEQUENCE . : STANDARDIZED
STAGE STORAGE  DISCHARGE
(FT) (AF) (CFS)
9.00 .00 .00
10.00 8.00 1.91
11.00 16.00 3.12
12.00 24.00 3.98
13.00 32.00 4.68
14.00 43.00 5.29
15.00 60.00 - 5.84
------ RESERVOIR---- -
RAIN ACCUM. BASIN ACCUM. ACCUM. INSTANT AVERAGE
TIME FALL RUNOFF DISCHGE  INFLOW  VOLUME OUTFLOW DISCHGE DISCHGE
(HR) (IN}) (IN)  (CFS) (AF) (AF) (AF)  (CFS)  (CFS)
00 .00 .00 .0 .0 .0 .0 .0 .0
4.00 .32 .01 .0 .1 .1 .0 .0 .0
8.00 63 .13 .0 .5 .5 .0 B |
12.060 .95 .32 .0 1.3 1.2 .1 .3 .2
16.00 1.27 .55 .0 2.3 2.1 .2 .5 .4
20.00 1.58 .80 .0 3.3 2.9 .4 T .6
24.00 1.90 1.07 .0 4.5 3.8 .7 .9 .8
28.00 2.36 1.48 .0 6.2 5.1 1.1 1.2 1.1
32.00 2.82 1.90 .0 7.9 6.4 1.5 1.5 1.4
36.00 3.28 2.33 .0 9.7 7.7 2.0 1.8 1.7
40.00 3.74 2.78 .0 11.5 . 8.9 2.6 2.0 1.9
44.00. 4.21 3.21 .0 13.4 10.0 3.4 2.2 2.1
48.00 4.67 3.65 .0 15.2 11.1 4.1 2.4 2.3
52.00 5.25 4.22 .0 17.6 12.6 5.0 2.6 2.5
56.00 6.45 5.39 .0 22.4 16.6 5.8 3.2 2.8
58,00 7.44 6.36 .0 26.5 20.1 6.4 3.5 3.3
59,00 8.16 7.08 .0 29.5 22.8 6.7 3.8 3.7
59.50 8.81 7.72 .0 32.2 25.3 6.9 4.0 3.9
59.75 10.76 9.65 .0 40.2 33.2 7.0 4.4 4.2
60.00 13.19 12.07 .0 50.3 43,2 7.1 5.0 4.7



60.

50 14.14 13.01 .0 54.2 6.9 7.3

------ RESERVOIR

RAIN ACCUM. BASIN ACCUM. ACCUM.

(HR) (IN) (IN)  (CFS) (AF) (AF) (AF)
.00 14.64 13.50 0 56.3 48.7 7.6
.00 15.30 14.16 0 59.0 51.0 8.0
.00 16.11 14.97 0 62.4 53.5 8.9
.00 17.04 15.90 0 66.2 55.5 10.7
.00 17.67 16.52 0 68.8 56.2 12.6
.00 17.67 16.52 0 68.8 52.4 16.4
.00 17.67 16.52 0 68.8 48.8 20.0
.00 17.67 16.52 0 68.8  45.2 23.6
.00 17.67 16.52 0 68.8 41.7 27.1
.00 17.67 16.52 0 68.8 38.3 30.5
.50 17.67 16.52 0 68.8 37.7 31.1

SUMMARY INFORMATION

MAXTMUM STAGE WAS 14.77 FEET AT 72.00 HOURS
MAXIMUM DISCHARGE WAS 5.7 CFS AT 72.00 HOURS
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DESIGN EXAMPLE
FOR
A MULTI-FAMILY RESIDENTIAL SITE



RE 'Given

A.

3. Lakes

Acreage
1. Total = 95.0 ac
2. 'Imbervious

,a.. Buildings {roofs) = 9.3 ac

b. Roads_and parking = 41.7 ac
10.0 ac
34.0 ac

4, Pervious

Minimum elevations

1. . Roads and parking = 9.0’ NGVD
2. Floors = 11.5" NGVD
Design storm allowable discharge has been determined to be 37 cfs.

Water level elevations

1. " Wet season water table = 5.5' NGVD

"~ 2. Receiving body water level has been determined not to affect

“discharge rates.

(Note: Proposed minimum road grade (9.0’ NGVD) is more than 2 ft
above the wet season water table, or control elevation, of 5.5’

- NGVD. This is a criteria which is occasionally overlooked in

initial designs.)
Rainfall amounts (24-hour) _
1. Roads (10-year) = 9.0 inches

2. Design (25-year) = 11.0 inches (this will be adjusted to:a
72-hour event later) :

3. | Floors (100-year) = 14.0 inches {this will be adjusted to a
72-hour event later)
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II. Design Criteria

A, Quality

1.

Since this is proposed as a wet detention system, then
whichever is the greater of:

a. The first inch of runoff from the entire site, or

b. The amount of 2.5 inches times the percentage of

imperviousness.

2. If this residentially-zoned site were discharging'directly into
sensitive receiving waters (example: Outstanding Florida
Waters), then it might have to provide at least 0.5 inch of dry
detention or retention pretreatment. (This will be discussed
later in more detail.) o

3. Any detention system shall be designed to discharge not more
than 0.5 inch of the detained volume per day. A V-shaped
configuration is desirable.

B. - Quantify

1. The allowable peak discharge is 37 cfs during a 25-year 3-day
storm.

2. First floors are desired to be no Tower than elevation 11.5’
NGVD.

3. Roads and parking are desired to be no lower than elevation

9.0” NGVD.

111. Computations

A, Quality

1.

Compute the first inch of runoff from the developed project:

=1 1in. X 95 ac x 1 ft/12 in.
= 7.9 ac-ft for the first inch of runoff

Compute 2.5 inches times the percentage of imperviousness:

a. Site area for water quality pervious/impervious
calculations only:

It

Total project - (water surface + roof)
95 ac - (10 ac + 9.3 ac)
95 ac - 19.3 ac

75.7 ac of site area for water quality
pervious/impervious. :
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LA

Since the 9.8 ac-ft are greater than the 7.9 ac-ft computed for

Impervious area for water'quality pervious/impervious
calculations only

= (Site area for water quality pervious/impervious) -
pervious

= 75.7 ac - 34.0 ac

= 41,7 ac of impervious area for water quality
pervious/impervious

Percentage of imperviousness for water quality:

It

(Impervious area for water quality/Site area for water
quality) x 100%

(41.7 ac/75.7 ac) x 100%

55% impervious
For 2.5 inches times the percentage impervious:

= 2.5 in. x 0,55
= 1,38 in. to be treated.

Compute volume required for water quality detention:

= jnches to be treated x (total site - lakes)
= 1.38 in. x (95 ac - 10 ac) x 1 ft/12 in.
= 9.8 ac-ft required detention storage.

the first inch of runoff, the volume of 9.8 ac-ft controls.

(Note: The system proposed is wet detention, so no vo]ume
reductions are possible.)

Sidelight: Pretreatment

a.

If this project were discharging directly to a sensitive

receiving body, it would have to provide at least 0.5 inch

of dry detention or retention pretreatment, because it is
more than 40% impervious. The receiving bedy is nod a
sensitive one, but the numbers will be computed now,
strictly to illustrate the process.

Compute 0.5 inch of pretreatment

0.5 in. x (total site - lakes)
0.5 in. x (95 ac - 10 ac} x 1 ft/12 in.
3.5 ac-ft required for pretreatment.
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This volume would be required regardless of whether dry
retention or detention were utilized. It would be
considered as available storage for the road, design, and
minimum floor storms if it were a detention system, or
utilized properly-designed exfiltration trench. It would
not be cohsidered as available for storage if it were a
retention system which relied only on natural percolation
and evaporation as the mechanisms for re-achieving a dry
state,

c. Compute the resulting required lake volume:

Total required detention - pretreatment
9.8 ac-ft - 3.5 ac-ft

= 6.3 ac-ft required lake volume.

SCS Curve Number

1.

Even though the control elevation is 5.5’ NGVD, it is assumed
that the wet season water table will vary from 5.5' NGVD at the
lakes to about 7’ at the project boundaries. Consequently an
average water table elevation of 6.25" NGVD wil) be assumed.

The average site finished grades will vary from the lowest
inlets in the parking Tots (9.0’ NGVD), to a little above the
11.5% NGVD floor elevations (say 12’ NGVD). Therefore, average
site grade elevation will be 10.5’ NGVD.

The average depth to water table will be

= average site grade elevation - average water table elevation
= 10.5" NGVD - 6.25” NGVD

= 4.25 ft; 4 ft is the maximum depth of percolation assumed
possible in three days for the soils on this site.

From the soil storage table, assuming the 25% compaction and 4

- ft to the water table, up to 8.18 inches of moisture can be
‘stored in the soil under pervious areas.

Compute available soil storage

storage available x pervious areas
8.18 in. x 34 ac x 1 ft/12 in.
23.2 ac-ft available soil storage onsite.

Convert available soil storage to site-wide moisture storage, S

5 = available soil storage onsite/site area
= {(23.2 ac-ft)/(95 ac)) x (12 in./1 ft)
= 2.93 in, of site-wide soil storage, S
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C..

El.

7.  SCS Curve Number, CN
©CN = 1000/(S + 10)

~ 1000/(2.93 + 10)
= 77: SCS Curve Number

Project surface storage

1. Assumpticns

d.

Lake storage begins at a control elevation which is the
given wet season water table elevation of 5.5° NGVD.

Lake storage is vertical over the 10 acres of lake sdrface
area.

Site storage is linear, starting at the minimum road
elevation of 9.0’ NGVD up through 12.0° NGVD.

Area of developed site grading:

= Total area - (lakes + buildings)
= 95 ac - (10 ac + 9.3 ac)
= 75.7 ac for developed site grading.

2. Stage-Storage Schematic Diagrams

12*

10

6|

4!

Lake Site Grading

— 12’

~=-11.5'

75.7 ac

-+

10 ac
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10,

Stage-storage curve data

storage

Stage
(Ft-NGVD)
5.5 0’
6.5 1°
7.5 2’
8.5 3
9.0 3.5
9.5 8
10.0 4.5’
5 5
11.0  5.5°
11.5 6’

10
10
10
10
10
10
10
10
10
10

Lake
(ac-ft)
ac = 0
ac = 10
ac = 20
ac = 30
ac = 35
ac = 49
ac = 45
ac = 50
ac = 55
ac = 60

i
(ac-ft)

o O O o

0
((0.5/3) x 75.7ac) x (0.5ft/2) = 3.2
((1.0/3) x 75.7ac) x (1.0ft/2) = 12.6
((1.5/3} x 75.7ac) x (1.5ft/2) = 28.4
((2.0/3) x 75.7ac) x (2.0ft/2) = 50.5
((2.5/3) x 75.7ac) x (2.5ft/2) = 78.8

D-M-7
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D. Control structure_weir crest elevation.

1. Set the crest high enough to store the required quality volume
of 9.8 ac-ft. '

2. From the stage-storage curve, the weir crest should be set at

elevation 6.5’ NGVD.

E.  Control structure weir crest length.

1. Runoff from the design storm (25-year 3-day).

a.

Rainfall amount for a three-day event

1-day rainfail x 1.359
11.0 in. x 1.359
14.95 in. rainfall in three days.

Runoff in inches (Q)

Q= (P- (0.2 x5))%/(P+ (0.8 x5))

14.95 in. - (0 93 i
(14.95 in. + (0.8 x 2.93 in.))

(14.95 in. - 0.59 in.)%/(14.95 in. + 2.34 in.)
(14.36 in.)%/17.29 in.
= 11.9 in. of runoff from the 25-year 3-day storm.

Runoff volume

[}

I

= inches of runoff x site area
= 11.9 in. x 95 ac x 1 ft/12 in.

= 94,2 ac-ft runoff volume.

2.  The zero-discharge stage corresponding to 94.2 ac-ft is 10.8’

NGVD.

3. The maximum design head would then be 10.8° NGVD - 6.5’ NGVD =

4.3°,
weir.

Therefore, try a design head of 4.0 ft for sizing the

4. Compute weir length.

a.

b.

Basic equation is Q= 3.13Hl-5,
Rearranged basic equation is L = Q/(3.13 x (H)l's)

where: L = weir length, ft
Q = design discharge, cfs
H = design head on weir, ft

DM-9



F.

c. I1fQ=237cfs.and H =4 ft, then
L = 37 cfs/(3.13 x (¢ £1)10)
= 37/(3.13 x 8.0)
= 37/25.04
= say, 1.5 ft weir length.

Size the control structure detention discharge weir.

1.

Criteria
a. A V-notch {s desirable.
b. A triangular or circular orifice may be necessary.

¢. Size the weir (or orifiégL to discharge no more than 0.5
inch of the detention volume in 24 hours.

Volume to be discharged in the first 24 hours is 0.5 inch of
the required detention o

= 0.5 in. x (tota) site - lakes)

= 0.5 in. x (95 a¢ - 10 ac) x 1 ft/12 in.

= i 5 ag-f;. B '

" Design head

= weir crest elevation - control elevation
= 6.5 NGVD - 5.5' NGVD
) . o

From the "Requ1red'V:Notch Size" design aid in Part C, for a
total head of 1 ft and a desired detention volume of 3.5 ac-ft
to be discharged in 24 hours, an angle of about 120 degrees is

required. .

This would result in a V-notch weir with a width at elevation
6.5’ NGVD greater than the 1.5 ft required for the sharp- .
crested weir. For various reasons, it is deemed unacceptable

:“ to alter other segments of the project until all reasonable

control structure design possibilities have been exhausted.

One approach is to utilize the 1.5-ft long sharp-crested weir
andoa V-notch weir with an angle considerably less than the
120° required to obtain the maximum discharge rate of the
required quality detention volume. This will result in a
maximum discharge rate less than that allowed.

Since the minimum acceptable V-notch invert angle is 20%, the
structure will incorporate that feature.
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In order to avoid culvert contro) of the discharge, the outfall
pipe from the control structuie.to the receiving body is
recommended to be sized so as to pass the allowable design flow
at about one-half of the estimated design head. For this
project, the design head is four feet, so the culvert will be
sized to pass 37 cfs at two feet of head altong about 400 1.f.
of circular concrete pipe flowing full. From the design charts
in Part C, a 30" diameter culvert should be sufficient.

The outfall structure will consist of a baffle, a 20° V-notch
weir, a 1.5 ft tong sharp-crested wetr, and 400 1.f. of RCP
culvert, as shown in Figure D-M-3. _

Values of stage-discharge for the cantrol structure are shown in the
computer printouts at the end of this example.

IV. Check storm stages and discharges.

A.

Minimum building floor elevation.

1.

The rainfall of the 100-year 3-day storm

= (1-day amount) x 1.359

= 14.0 in. X 1.359

= 19,0 in.

Inches of runoff, (

= (P - (0.2 x §))%/(P + (0.8 x §))

= (19.0 ¥n. - (0.2 x 2.93 1n,))?ﬁ(1350 in. + (0.8 x 2.93 in.))

= (19.0 in. - 0.6 1n.)2/(19.0 in. + 2.3 4n.)
= (18.4 in.)%/21.3 in.

= 15.89 in. of runoff.
Volume of runoff B
= (in. of runoff) x (project area)

= 15.89 in. x 95 ac x 1 ft/12 in.
= 125,8 ac-ft required storage (Zero discharge).

From the stage-storage. curve, 125.8 ac-ft corresponds to an
elevation of 11.3’ NG¥D. Since the proposed minimum floor
elevation is 11.5% NGVD,

the proposed minimum floor is acceptable.
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B. Roads versus local criteria

1.

The minimum road grade must be at Teast 2 feet above control
elevation, which is 5.5' NGVD. Since minimum proposed road
elevation is 9.0° NGVD, the criteria is satisfied.

The minimum road grade must also be no lower than the peak of
the 10-year 1-day storm, a local criteria. From the flood
routing of that event, included at the end of this example, a
peak elevation of 9.0° NGVD (to the nearest tenth of a foot)

will occur. Since the proposed minimum road elevation is 9.0’
NGVD,

he r i ble,

C. Allowable peak discharge

1.

The allowable peak discharge is 37 ¢fs. From the flood routing
of that event, included at the end of this example, a peak
discharge of 35.3, say, 35 cfs will occur. Since the routed
peak discharge is less than that allowed,

the proposed outfall structyre design is adeguate.
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WEIR LENGTH. 1.5 FT.

WEIR ELEVATION 6.5 FT. NBVD
WEIR COEFFICIENT - .13
TYPE OF BLEEDER SLOT V-NOTCH
SLOT INVERT ELEV. 5.5 FT. NBVD
NOTCH ANGLE 20 DEG.
#IFE DATA o
DIAMETER 2.5 FT.
LENGTH 400 FT.

N-VALUE - . .012

WEIR FLOW IN CFS

- R FIPE
BTAGE WEIR BLEEDER TOTAL FLOW FlOW
-3 -1 L = -4+ = = -1 N L g e A e MR A e e e e R T L LN LN I I S SR T I E i
C 5.50 0.00 0.00 0.00 : .00 Melx
&6.00 0. 00 0.09 0.09 12.94 9. LOOOOLE-C
G50 .00 . Q.49 0.49 o 18.29 .49
7.00 ‘ 1.46 0.77 Z2.43 22.414 ?.43
7.50 : 4,70 : 0.98 5.68 2%.87 5. &8
8. 00 8.463 _ 1.15 9.78 . 2B8.93 9,78
8.90 13.28 - . 1.29 14,57 31.69 14,57
?.00 18.546 1.42 19.98 34,22 19.98
%, 50 24. 40 ' 1.55 25.95 36.59 S 25,95
10,00 F0.74 1. 64 32.40 - 38.81 . EZLA40
10.50 37.56 1.76 39,32 40,91 39,32
11.00 44,82 1.86 446.48 42,90 42,90
11.50 52. 49 ' 1.9% 54,44 44.81 44,.8°
12.00 60,56 - 2.04 62,60 46.68 44,46
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A . .
multi-family residential
ah ‘

FROJECT NAME |

REVIEWER . . ., ., . &

FRIMECT AREA . ., . . 23.00 ACRES

TUNE STORAGE . . . 2. 93 INCHES
INATION DISCHARGE 10.00 CFS
RIBUTION TYPE . . : SFWMD

RETURN FREGUENCY . ., 10.00 YEARS

HATNFALL DURATION. . - I 1-DAaY

- - - RESERVOIR -
INBTANT AVERAGE

D-M-15

£

s
WO RN NG~ NW

e :
SOEEOL NBN~

(CFS)

Do
L0

.0
M
-1

)
-7

4.2

11.9
16.2

18.4
19.8
19.3
17.2

12.8

24-HOUR RAINFALL . 9.00 INCHES
FEFORTING SEQUENCE . STAMDARDI ZED
STAGE STORAGE  DISCHARGE
(FT) (AF) (CFS)
. B0 N ) =00
6.0 .00 . 09
by O 10.00 ’ - 49
7.00 15.00 2.43
8. 00 25000 .78
9. 00 35. 00 19,98
2.50 43.20 - 29.9%
14. 00 57 .60 . 32.40
10,50 78. 40 I9.32
11.00 105.50 42.90
11.5¢ -138.80 44.81
RATN ACCUM. BASIN . ACCUM, ] ACCUM,
TIME  FALL KUNDFF DISCHGE INFL.OW VOLUME OQUTFLOW DISCHBE DISCHGE
o (IND (IN) - (CFS) {AF) (AF) {AF)
L0000 .00 .00 Lo ! .0 .0
d,00 . L4341 Q0 0 «0 ¢ -0
oo 1,23 12 .0 -9 -2 N
i'f_'?. |.-.“:) 1 -92 n42 . .0 3- 3 3. 3 -0
ril.ﬁm 2.42 .71 .0 S.b 5.6 .0
tL.S0 2.87  1.00 .0 7.9 7.9 0
S5.90 3,43 LD 27.1 27.0 . |
2,50 6.56 4,01 0 31.7 31.1 b
CAE.007 4,90 4,352 .0 34.2 32.9 1.3
18,00 7.36 4.73% s 17.4 34.6 2.8
Ta i 7,92 5 24 L0 41.5 = 35.4 b
L3.00 B.57 5.84 .0 446.2 33.8 12.4
Q40000 9,00 &.24 .0 T 49.4 3.2 18.2
Y.T7E O 9.00 &.24 . 0 49.4 23,2 . 24.2
SUMMARY INFORMATION
AXIMUM STAGE WAS 9.01 FEET AT 16,00 HOURS -
TAX1IMUM DISCHARGE WAS 20,1 CFS AT 14,00 HOURS

5TAGE
(FT

5.50
$5.50
5.58
S5.81
6.02

4.23
6. 469
7.64
8.50
8.73

8.93
9! 01
8.86
8.61
8.02



PROJECT NAME . . .
REVIEWER . . . « »
PROJECT AREA . . .
GROUND STORABE . .

. multi-family residential
- TERMINATION DISCHARGE

ah
9%5. 00 ACRES
2.93 INCHES

B SR NA pi NS mw EF e

10.00 CFS
 DISTRIBUTION TYPE . SFWMD :
RETURN FREQUENCY . 25.00 YEARS
RAINFALL DURATION . . 3I-DAY
24~HOUR RAINFALL . . ¢ 11.00 INCHES
REPORTING SEQUENCE . : STANDARDIZED
STAGE STORAGE  DISCHARGE
(FT) (AF) (CFS)
5.50 .00 .00
6.00 5. 00 .09
6.50 10.00 .49
7.00 15.00 2. 43
8. 00 25.00 9.78
9.00 35.00 - 19.98
9.50 43.20 . 25.95
10.00 57. 60 32. 40
10.50 78.40 39.32
11.00 105.50 2,90

11.50 138.80 44.81
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RAIN

FIME  Falbl
(M) (IN
20 . Q0
SN .27
H. 00 54
12,00 . 830
16,00 1,07
20,00 1,34
24,00 1,61
28.00 2,00
A2, 00 .5
YhHLOD 2,78
40,00 .17
44,00 T
18,00 Z.95
2.00 4,44
36,00 5,44
8. 00 .29
G9.00 4,91
. RAIN
TIME FALL
'R) CIND
599.50  7.44
92.75 9,11
6D, 00 1,16
HO.50 11,97
61,00 12,39
L2000 12,95
A4,.00 135,673
68,00 14,47
72.00 14,95
BO,00 14,95
BR.OO 14,95
BR.7005 14,095
MAX TIMUM

ACCUM. BASIN ACCUM.
RUNOFF DISCHGE INFLOW
C(IND (CFS) (AF)

. OO .0 )
.00 WO L0
. QD ) .0
.01 . O 311
.07 o) 5
LS .0 1.2
) L0 2.1
.44 .0 3.4
X i) 5.4
.94 e 7.4
1.2 L0 . F.b
1,50 o Y419
1.80 ) 14.2
2.19 0 - 7.4
.04 ) 24.1
3,77 ) 27.8
4,32 L0 4.2
ACCUM. BASIN ACCUM.
RUNOFF DISCHGE INFLOW
CIN) (CFS) (AF)
4,82 .0 38.8
&6.34 .0 50, 2
8.28 ) 6%, 4
?.05 .0 71.7
9,45 ) 74.8
9,99 .0 79.1
10,65 s 84.3
11.42 ) 90.4
11.93 L0 94. 4
11,93 .0 94,4
11.93 L0 94, 4
11.93 L0 94 4

STAGE WAS
MAXTMUM DISCHARGE WAS

— e = oam

ACCUM,

(AF) (AfF)
.o ‘ IO
.0 .0
.0 )
1 .0
5 .0
1.2 .0
2.1 .0
5.6 )
5.4 s
7.3 .1
9.3 3
11.4 .5
13.3 .9
15.7 1.7
20.9 3,2
2%. 4 4.4
268.8 =. 4
ACCUM.

VOLUME

(AF) (AF)
32.2 5,9
33.8 6.4
58.7 6.9
&3.4 B.3
65,2 9.6
bbh.6 12,5
63.9 18.4
60,7 29,7
54,1 40.3
6.7 57.7
26.3 68.1
25,2 69.7

SUMMARY INFORMATION
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146.21 FEET AT 62.25 HOURS
3I5.3 CF5 AT 42.25% HOURS

RESERVOI R

INSTANT AVERAGE
VOLUME OUTFLOW DISCHBGE DISCHGE

(CF3)

.0
0
O
« G
0

-0

RESERVOIR

(CF8)

.0
)
.0
O
PRy

INSTANT AVERAGE
QUTFLOW DISCHGE DISCHGE

(CES)

1641
22.0
29.4
3.8
34.7

35.2
33.1
33.4
0.8
21.2

1.1
10.0

(CFS)

14,5
19.0
25.7
32.3
34.3

35.0
I5.2
34.2
2.2

26. %

15.8
10.5

STAGE

{FT)

8.62
F.17
.77
10,10
10.16

10.20
10.19
10.07
.88
?.11

B.13
8.02



DESIGN EXAMPLE
FOR
DISTANCE FROM PUBLIC WATER SUPPLY WELLS



In paragraph 3.2.2.4 of the Basis of Revigw, 1t 1s stated that:

Retention/detention area Jocations shall not reduce hydraulic recharge
distances to public water supply wells in excess of 2 percent ror shall
wet retention/detention areas be closer to public water supply wells

than 300 feet.

Given below is an example of how to incorporate this criteria.

Public Water
jSupply Well

. Proposed
Retention/
Detention

Area

Cased __J'.

Well
Length, L

Uncased
Well Depth

- o ook W ey -
- ey i em o o
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IT.

ITI.

Given 7
A. A public water supply well.
71. Cased a known length, L. 7
| 2. At a known ground surface elevation.

B. A proposed retention/detention area with a proposed maximum depth, p,
measured at Point "A" nearest the well. :

C. A difference, e, in elevation between the well top and Point "A."
D. No aquiclude interference.
Required

A. That D be at least 300 feet.

B. That ¥ be greater than, or equal to, 0.98 of X.

Computations

A. To assure that D be at Teast 300 feet is simply a matter of properly
- positioning the various elements of the project within the site.

B.  Check that Y is greater than, or equal to, 0.98X.
1, Compute distance X.

a. If Point "A" is lower than the well top:
From the trigonometry of a right triangle:

X2 = (L-e)? + D?
s0: X = ((L-e)? + D103

b. If Point "A" is higher than the well top:
From the trigonometry of a right triangle:

(L+e)? + D

so: X = ((Lve)? + DH)03
2. Compute distance Y V

a. If Point "A" is lower than the well top:
From the trigonometry of a right triangle:

2 o (L - (p+en?+D?
so: Y = ((L - (p+ e))2 + 02)0'5
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b. If Point "A" is higher than the well top:
From the frigonometry of a right.triangle:

y2

(L-(p-e)+p?
(L - (p - e))% + 0803
Compute 0.98 of Distance X.

i

so: Y

If ¥ is greater than, or equal to, 0.98X, the retention/detention
depth and location meet the criteria of paragraph 3.2.2.4.

If Y is less than 0.98X, a redesign of the retention/detention
area is required. This could involve - among other things - any,
or all, of the following:

a. Move the area farther from the well.

b. Move the area to a place with different ground elevations.

¢. Design the lake less deep.
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