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SOUTH FLORIDA WATER MANAGEMENT DISTRICT

Background

» Great deal of hydraulic designs are carried out in support of the Everglades
Restoration Projects. Reduced-scale physical models typically implemented:
reliable but costly.

» Computational Fluid Dynamics (CFD): Evaluate and optimize hydraulic
performance and design of hydraulic structures in Everglades Restoration projects

Governing equations, NS :

Ju;
é’xj_q
pu,) O i du; OJu, 29
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Turbulence model: k-¢ closure
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Commercial CFD-software
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SOUTH FLORIDA WATER MANAGEMENT DISTRICT

Case Study I:

'S333N Spiliway Design, Layout and Impact Assessment

= S333 is a trapezoidal-sill
reinforced concrete
spillway, located at the
intersection of L-29 and
L67 canals | i
Proposed new S333N NE. AR i e
spillway to accommodate it e e L
additional discharge

Pi C
B Everglades

Northeast

Shark River Slough

L-31N'Canal

1-Mile Bridge
E Proposed Bridges

Obijective: Everglades National Park
Determine the layout, the

design, operation criteria, and

impact of a newly proposed

spillway




SOUTH FLORIDA WATER MANAGEMENT DISTRICT

Case Study I:

S333N Spiliway Design, Layout and Impact Assessment

S333N Sizing

) . Ye _ [H-h ' zi i>1 0
S333 Capacity: 1,350 cfs, One gate 29 ftwide G =g | " 12%" ¢,

S333N Proposed Capacity: 1,150 cfs, Two gates each 14 ft wide
S333N Required gate opening: 2 x 6.40 ft at design HW of 9.5 ft-NGVD,
and TW of 9.0 ft-NGVD)

Layout Alternatives




SOUTH FLORIDA WATER MANAGEMENT DISTRICT

Case Study I:

S333N Spiliway Design, Layout and Impact Assessment,

Flow Scenario A: 75% flow from L-67 H=9.5 ft, T=9.0 ft

Q=1875cfs

Q=1875 cfs Near Bed Velocity Contours

Val_mag (fs) Vel_mag (fts)

vorth [ South alt: 1.0-2.0 ft/s
North alt: 1.0-3.0 ft/s

=
Q=625 cfs

Q=625 cfs .
Limestone layer:

scouring not likely

Flow Scenario B: 50% flow from L-67
‘ Q=1250 cfs

Q=1250 cfs

Vel_mag (ftis)

South alt: 1.5-3.2 ft/s
North 82 North alt: 1.8-3.2 ft/s
South J: i :
= oh - Eddy formation
Q=1250 cfs Q=1250 cfs downstream,

Q=2500 cf .
* Flow bias towards east

Place proposed S333N structure north of the existing bank in L-29 Canal
structure S333 at angle 25-30 degrees with S333



SOUTH FLORIDA WATER MANAGEMENT DISTRICT

Case Study I:

'S333N Spiliway Design, Layout and Impact Assessment

Further Analysis

» Extreme scenarios analysis: high flows + low tailwater

H=10.5 ft, T=8.5 ft, H=10.5 ft, T=8.5 ft,
Q355=1,350 cfs, Q3335y=1,150 cfs Q333=1,620 cfs, Q333,=1,380 cfs

Vel_mag(ft/s) Vel_mag(fi/s)

4.00
360

400
3.60
320
2.80
240

200  Near Bed

160
0.0 Velocity
040
0.00

3.20
2.80
240
200
160
1.20
0.80
040

= With the adjusted angle of S333N spillway, flow jets are evenly
distributed at downstream, without any severe potentials of eddy
formation or scouring

» As conditions became extreme, flow jet downstream of the structures
began to oscillates between north and south bank of L-29 Canal



SOUTH FLORIDA WATER MANAGEMENT DISTRICT

Design Optimization

Split Island

o Add split Island
o Add flow deflector
o With/without sheet pile

Split Island




SOUTH FLORIDA WATER MANAGEMENT DISTRICT

Near Bed Flow Field

Max. Near bed velocity 3 ft/s

Qg333n 1150 cfs, Qg355 1350 cfs
HW 10.5 ft, TW 8.5 ft-NGVD

S333N

Split Island

Split island slope (1V:2H)

hear Bed B

Velocity (ft/s)  v.mag 0 04 08 12 16 2 24 28 32 356 4

vel magevey ML [ [T

0.00 0.40 0.80 1.20 1.60 2.00 2.40 2.80 3.20 3.60 4.00

Conceptual |:>
split island

Splitisland (1V:2H)
Sheet pile

vel_mag: O 04 08 12 16 2 24 28 32 36 4




SOUTH FLORIDA WATER MANAGEMENT DISTRICT

Surface Flow Field

Qg333n 1150 cfs, Qg333 1350 cfs
HW 10.5 ft, TW 8.5 ft-NGVD

Split Island

Split island Slope (1V:2H)
B [T [ [T

V_mag. 0 0408 1216 2 24 28 32 36 4

R [ T 7T A
Vel_mag(f's) Surface Level

0.00 0.40 0.80 1.20 1.60 2.00 2.40 2.80 3.20 3.60 4.00 .
Velocity (ft/s)

Conceptual :>

Split island

Splitisland (1V:2H)
Sheet pile

L DI D V.mag 00 04 08 12 16 20 24 28 32 36 40

vel mag: 0 04 08 12 16 2 24 28 32 36 4



SOUTH FLORIDA WATER MANAGEMENT DISTRICT

Case Study I:

S333N Spiliway Design, Layout and Impact Assessment

H=10.5 ft, T=8.5 ft,
Design Improvements Q333=1,350 cfs, Q333=1,150 cfs

» [nstallation of flow deflectors at both end-sills, raised by 1.5-2 ft

» Flow jet travels longer and

Flow Deflector expands slower for energy
(a) dissipation without the flow
Flow deflector
_ Lateral Velocity Profile (ft/s) = Deflector directs the discharge
Without Deflector upwards, reduces near bed
(b) l ‘d _...-—2' -V ‘ velocities
With Defle.ctor | .

Near bed velocities significantly

(c) . ‘% reduce from 4 ft/s to 2.5 ft/s
- [  m ]

Reduces riprap protection
V.mag 00 04 08 12 16 20 24 28 32 36 40 requirements in L-29 canal
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Case Study II:

= §332Band C Pump Stations Refurbishment Design®

S332B Layout Alternatives

= S332B/C pump stations are located
south of Pump Station 331, along
the L-31N canal

= Construction did not adhere to
District standards, meant to be
temporary, Frequent repair works

» Inflow canal leading to the pump is
oriented at 90° with the pump: flow

field biased 1) Move pump Downstream
2) Add vanes
3) Move pump further west

Objective:

Apply CFD model to optimize the
refurbishment of S332B/C Pump
Stations for improving hydrodynamic
performance




SOUTH FLORIDA WATER MANAGEMENT DISTRICT

Case Study II:

S332Band C Pump Stations Refurbishment Design
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SOUTH FLORIDA WATER MANAGEMENT DISTRICT

Case Study II:

Canal bottom @ -10 ft-NGVD
based on as-builts

Forebay extended 50 ft

Slope 1:10 near forebay

4 Diesel pumps (125 cfs

2 Electric ?umps 75 cfs

De\éYétrp CaJap\a{lac_:qe%SO cfs, the
bottom elevation is -12.5 ft NGVD

-12.5 ft-NGVD

NGVD
3 ft-NGVD

0.00 300.00 500.00 {ft)

150.00 450.00

L Diesel pumps

=

atet et teatalelvats < S

s
s SEREREEE o o Sr

=

S

sssna e
AT T ettty

R
R,
o
OB
R

0

o

o
el
Sl
bl
%
ikt

4
0
%

,

%

R
3

e
s
2

s

LR
(R
48

XX

KK
5
S

0
R0
e

XA
K
A
i

a2
Q0
0
s
%
2%
o
o

e
0
i
0
el
e
g
K
%
o
%
5
i
!

0
e
Q)
0
o
Qe
S
0
2
e
oo
oo
X
X
o
S
0
e
X
X
AR
%
s
o
oul
oo
0
2
o
e
o

o
i
s

TR
e
%)
D000
K
5
X
5
%
.
(K

TR
e
S T e

e

R e i

R R RN
E et S et ta et
SR
S S
SRt
e

XAAKK
:
.
.
:
5
K
s
K
o
e

R

o
2
5
o

=
=

2
=

.
&

e
(5
o
o
X
o

T
s
o

4
0
X
%
i
0
e
X
e
o
5
00
X
el
2
o
o

R
o
e
o
o
Al

»
&
(¢

4.

X
5
o

X

o
o
s
o
e
o
2
o
B
o
<
)
"
e
o
o

i

o

%

:
:
:
;
;
KA
i
"
2o
AR
o
A%

2

=

e
3

s
53

%
%
S
%
s
o
0
o
o
:
i
5
&
%
%
o
2
(0
et
%

e
o

%
i
i
(
o
A
s
i
3
o
i
o

5
$
o
o
&
R
o
e
%
e

%
2
0:
KA
s
LR

i
Hon)
%
X
0
L
o
0
N
e
g
o
o
i
2

s3e3s

o
e
e
0
g
%
"
O
R
&
G

oo
e
0%
fo

Qs

o

ozt
2

&
i
X A0
o
)
%
%
oo
o
X
X
o
e
o
o

St
e

0
o
&
o
&
o
&
05X

T

2
e
o
S0
e
At
N0
%
::0"‘
AR
o
RO
e
R,
LAY
G
=
&

X0

!

00000?
A
&
&
X
"
o
G
(%
X
o
R
5
R
o
o
X
o
o
e
3
o
o
%
)

e
%

e
0
X

W

o
s
&
i
s
<

==

00
he
s
5
%
i
5
o
0l
"
e
’V
3
K
R
aaunes
o
&
hll
o’
&
d
"
0
o
KRR
ol
)

o

&
(R

o
o
S
st
5
5
R
o
s
Pt
o
e
X
500
o
s
&
0
e
%
i
A
e
e
S
toitel!
B
R
o
R
(ot
X
o
o
e
e
&
53
o
&
W
u
'
"
X
%
X

108
e
KA
&
%
&
%
XK
&
XX
3
i
e
o
o
&
o
&
0
s
e
&
XX

¢
i
X

..
3
%

%
0:0:00'0"
o
"

o
R
R0
%

R
%

X
o
i
s
3
!

£
(&

0
o
5
"
2
o
o
(8
(X
o
ol

.

o
i
o
X
5
%
0
&
%
G
e
&

o

o
3

X
2%

KX
A0
i
o
A

e

X

5
5
KX
4
s
(5

0

%

KRN

5

s
KA
%

X

2
ol
oo
X
G
i
KA,

KX
e
0
s
2%

o
K

o
%

e
e

)
Sl
%

el
X
O IK AR AA
R
R
SRR
”
¢

o
5%
0
X
!
e
%
K
e
0
5
i3
%
!
!
K
o:,o}
K
e
s
pic
i
e
s
Pk
o
o
e
o
%8
e
o
0
0
X
o
o
k3
i
K,
X
¢
ek

o
&
o
B

L
o
e
0
o8
i
3

A
5
X
|
X
¥

s
0K
i

i
o
(R
5

ki

*.

:
o
K

X

%
A
X
&
(
o

3
R
o
X
)

T
2
i
g

%
0

< s3s

4
i

st

2
X
<X
0

e
i
i
o
o
P
o
A
o
S

=

£
JRen

X4

0

%

X

o
G
3
o
X
'
5
X
&
%
&
el
o
g
o
—_—<

o

ey =
ST
iR i
sTe¥etaeratare STeteTetetaTerarets

3
e
"

%
o
3
0
X
%
I
o
B

=
IIetOan S
e S

R e e e e e ey

3
5
o
3

-
G050

4}

T
R
e
ol
4
]
X
=
i
e
X
o
e
&
b
2
£
o
L
v
i
o
%
o
&

]
5
4
%
v
.
i

X

o

&

4

4

g

i
=

L
&
%
X
L
"

20
%

i

%
i

e

%

0
o
<

n
b
&
i
i
W
X
=l

%
"
o

faii
o

b

b

b

i

X
b

%
b
Ix
i
I
Ix
b4
b
&
05
i
o
o
I

b




SOUTH FLORIDA WATER MANAGEMENT DISTRICT

Case Study II:

1S332Band C Pump Stations Refurbishment Design

Cross Section
Velocity Profile (ft/s)

@ S332B

EXIStI ng V_mag (ft/S) Diesel Pump Electric Pump
eam Velocity Profile (ft/s) Velocity Profile (ft/s)
0.80 Y
Condition 076
072 3 f+-NGVD 3 ft-NGVD
0.68
0.64
Flow biased at bend 0.60
/ .
322 vmee I [ T°0 7 [ [ "M
0'48 (ft/s)  0.00 0.60 1.20 1.80 2.40 3.00 3.60 4.20 4.80 5.40 6.00
0.44

0.40

0.36 @
0.32 Top view @

0.28

0.24
0.20

/' 0.16 @
0.12
Flow biased 0.08
at intake 0.04
0.00

© 3.00 3.20 3.40 3.60 3.80 4.00 4.20 4.40 4.60 4.80 5.00




SOUTH FLORIDA WATER MANAGEMENT DISTRICT

Case Study Ii:

S332B and C Pump Stations Refurbishment Design

Proposed Condition
Simulation with and Without Vanes

Near Bed
Velocity (ft/s) ,

V_mag (ft/s)

Proposed Condition
(Without Vane)

Proposed Condition
(With Vane)

Near Surface
Velocity (ft/s),

Flow distribution

Flow improved at intake

disproportionate at
intake

Flow vane improves pump approach flow distributions
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Case Study Ii:

S332B and C Pump Stations Refurbishment Design

Proposed Condition: Simulation with Vanes and Trash Rack

V_mag (ft/s) Near Bed :
080  Velocity (ft/s) \‘

0.76

@ 0.72
. 0.68

Proposed Condition 0.64
(With Vane) P

d 0.52
0.48

Top view

0.44
0.40
g:gg Near Surface
028 Velocity (ft/s)
0.24

0.20
0.16
0.12
0.08
0.04
0.00

vy T [ T77T [ | [THH

(ft/s) 3.00 3.25 3.50 3.75 4.00 4.25 4.50 4.75 5.00 5.25 5.50

Diesel Pump Electric Pump
Velocity Profile (ft/s) Velocity Profile (ft/s)

. 3ftNGVD 1.5 #-NGVD
Cross Section 1.5 ft-NGVD
Velocity Profile (ft/s)

V_mag: 0.00 0.60 1.20 1.80 2.40 3.00 3.60 4.20 4.80 5.40 6.00

3 ft-NGVD
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sSummary

» CFD successfully applied to hydraulic analysis of two water
control structures in Everglades Restoration Projects

» CFD is used as a complement or alternative to physical model
and prototype results

» CFD was systematically used to:
o Evaluate structure performance and design
o Predict flow behavior and operation risk

o Optimize structure design
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