F B

AD=AD46 914  ARMY ENGINEER WATERWAYS EXPERIMENT STATION VICKSBURG MISS F/6 8/3
NUMERICAL ANALYSIS OF TIDAL CIRCULATION FOR LONG BEACH HARBOR. ==ETC(U)
MAR 76 D C RANEY

UNCLASSIFIED WES=MP=H=Tb6=4=2 NL

| t'}F3
ggae 914




MISCELLANEOUS PAPER H-76-4

NUMERICAL ANALYSIS OF TIDAL'
CIRCULATION FOR LONG BEACH HARBOR

Report 2
TIDAL CIRCULATION VELOCITY PATTERNS FOR EXISTING
CONDITIONS AND ALTERNATE MASTER PLAN PIER-J
CONFIGURATIONS FOR SOHIO PROJECT
by
Donald C. Raney
Hydraulics Laboratory

% U. S. Army Engineer Waterways Experiment Station
P. O. Box 63I, Vicksburg, Miss. 39180

March 1976
Report 2 of a Series

 Apbroved For Public Release; Distribution Unlimited |

=

i anlm g @

[l MR
ﬂ DEC 2 1977 | .
|

~ A

Prapared for Port of Long Beach




q
( //MISCELLANEOUS PAPEvL 76-4

NUMERICAL ANALYSIS OF TIDAL |
'CIRCULATION FOR LONG BEACH HARBOR. |

[ Repoct 2. \

/TlDAL CIRCULATION VELOCITY_PATTERNS FOR_ EXISTING |
e CONDITIONS AND, ALTERNATE _MASTER, PLAN PIER-J |
‘ ] CONFIGURATIONS FOR SOI—IIO PROJECT \

by

,——"//“

— |9) Donald C [Ravey |

Hydraulics Laboratory

U. S. Army Engineer Waterways Experiment Station
P. O. Box 631, Vicksburg, Miss. 39180

| LA Mareli 976
Report'i of a Series

Prepared for Port of Long Beach
Long Beach, California 90801
Thccession

White Serile
gut! Sec

we

UNRINUUNCED
JUBTIFICATION




NUMERICAL ANALYSIS OF TIDAL CIRCULATION F

TIDAL CIRCULATION VELOCITY PATTERNS FOR EXISTING C¢
MASTER PLAN PIER-J CONFIGURATIONS FOR ¢

INTRODUCTION
A study was conducted for Long Beach Harbor to numerically Existing C
investigate tidal circulation in existing basins and to define and Figur
evaluate the impact of possible modification of Pier-) for SOHIO F@gux
(Standard Qil, Ohio) on existing harbor circulation. A two- E:%-uu:
dimensionai depth-averaged formulation of the hydrodynamic
equations was used in the model and an implicit-explicit finite Plan 1A-2
difference scheme was used to numerically solve the equations. The Figur
numerical model was verified using prototype tide and velocity data Figur
and tide and velocity data from physical model tests conducted at ::EE:
WES. 3
Details of the numerical investigation are presented in Report 1 Scheme S
of thisseries. This report presents vector plots of the tidal circulation Figur
patterns at four times during the tidal cycle for existing conditions E:it::
and for four modifications to Pier-). In addition, tidal circulation Figur
patterns for each modification are compared with circulation
patterns for existing conditions. Vector plots are presented Scheme S
indicating the extent and magnitude of velocity changes produced Figur
by each modification. In both sets of vector plots the direction of E:%ti:
the vector indicates the direction of current flow and the length f|:l“‘
indicates the magnitude of the current velocity. The four vector
plots of tidal circulation pattern for each Pier-] configuration Scheme S
correspond to flow conditions: Pgur-
igur:
a. Near slack water (hour 15). Fi:u:.
Near maximum flood (hour 19). Figur:
c. Near slack. water (hour 22). Plan 1A-2
d. Near maximum ebb (hour 24). :
Figur
Figur;
Figurw
Figur
Scheme S
-62-ft C
Figur
Figuri
Figur
Figur
Scheme S
-62-ft C
Figurs
Figur
Figur
Figun
Scheme §
-62-ft C
Figun
Figur
Figur
' Figur:




F TIDAL CIRCULATION FOR LONG BEACH HARBOR

bCITY PATTERNS FOR EXISTING CONDITIONS AND ALTERNATE
PIER-}] CONFIGURATIONS FOR SOHIO PROJECT

ION

Beach Harbor to numerically
g basins and to define and
tication of Pier-) for SOHIO
warbor circulation. A two-
ation of the hydrodynamic
wd an implicit-explicit finite
 ally solve the equations. The
itotype tide and velocity data
cal model tests conducted at

ion are presented in Report 1
r plots of the tidal circulation
cycle for existing conditions
In addition. tidal circulation

compared with circulfation
bv( tor plots are presented

f velocity changes produced
vector plots the direction of
current flow and the length
'nt velocity. The four vector
v each Pier-) configuration

19).

CONTENTS

Existing Conditions
Figure 1. Surface Current Patterns at hour 15
Figure 2. Surface Current Patterns at hour 19
Figure 3. Surface Current Patterns at hour 22
Figure 4. Surface Current Patterns at hour 24

Plan 1A-2
Figure 5. Surface Current Patterns at hour 15
Figure 6. Surface Current Patterns at hour 19
Figure 7. Surface Current Patterns at hour 22
Figure 8. Surface Current Patterns at hour 24

Scheme STFP 2, -62-ft Channel, 300-ft Opening

Figure 9. Surface Current Patterns at hour 15
Figure 10. Surface Current Patterns at hour 19
Figure 11. Surface Current Patterns at hour 22
Figure 12. Surface Current Patterns at hour 24

Scheme STFP 2, -62-ft Channel, 600-ft Opening

Figure 13. Surface Current Patterns at hour 15
Figure 14. Surface Current Patterns at hour 19
Figure 15. Surface Current Patterns at hour 22
Figure 16. Surface Current Patterns at hour 24

Scheme STFP 3, -62-ft Channel

Figure 17. Surface Current Patterns at hour 15
Figure 18. Surface Current Patterns at hour 19
Figure 19. Surface Current Patterns at hour 22
Figure 20. Surface Current Patterns at hour 24

Plan 1A-2 Versus Existing Conditions
Figure 21. Velocity Difference Pattern athour 15
Figure 22. Velocity Difference Pattern at hour 19
Figure 23. Velocity Difference Pattern at hour 22
Figure 24. Velocity Difference Pattern at hour 24

Scheme STFP 2 Versus Existing Conditions,
-62-ft Channel, 300-ft Opening
Figure 25. Velocity Difference Pattern at hour 15
Figure 26. Velocity Difference Pattern athour 19
Figure 27. Velocity Difference Pattern at hour 22
Figure 28. Velocity Difference Pattern at hour 24

Scheme STFP 2 Versus Existing Conditions,
-62-ft Channel, 600-ft Opening
Figure 29. Velocity Difference Pattern at hour 15
Figure 30. Velocity Difference Pattern at hour 19
Figure 31. Velocity Difference Pattern at hour 22
Figure 32. Velocity Difference Pattern athcur 24

Scheme STFP 2 Versus Existing Conditions,
-62-ft Channel

Figure 33. Velocity Difference Pattern at hour 15
Figure 34. Velocity Difference Pattern athour 19
Figure 35. Velocity Difference Pattern at hour 22
Figure 36. Velocity Difference Pattern at hour 24










VELOCITY SCALE

PROTOTYPE, FPS







LONG

SURFAC

SCALE IN FEET

4000

2000

2000




VELOCITY SCALE

PROTOTYPE, FPS

NUMERICAL MODEL STUDY OF
LONG BEACH - LOS ANGELES HARBORS

SURFACE CURRENT PATTERNS

EXISTING CONDITIONS

SPRING TIDE

1S

HOUR










VELOCITY SCALE

S A
T AN A S|
PROTOTYPE, FPS







SCALE IN FEET SURI

2000 o 2000 4000
[ SSE—




VELOCITY SCALE

o R IR
| Y1 A R
PROTOTYPE, FPS

NUMERICAL MODEL STUDY OF
LONG BEACH - LOS ANGELES HARBORS

SURFACE CURRENT PATTERNS

EXISTING CONDITIONS
SPRING TIDE
HOUR I9

FIGURE 2

B —— -










VELOCITY SCALE

LS T 2 3
| Y [ R
PROTOTYPE, FPS







2000

SCALE IN FEET

o 2000

..
e® qe0t
e ® g0 ¢ L
o® e® o 1
® ge® g0 e o
.o‘.o'.o 4
< °* [ ..ol
° ® ® o 0
o ® P
0o0° v’

4000

Ny
LONG |

SURFACE

E




VELOCITY SCALE

I O 1 2 3
Y T [ (IS
PROTOTYPE , FPS

NUMERICAL MODEL STUDY OF
LONG BEACH-LOS ANGELES HARBORS

SURFACE CURRENT PATTERNS

EXISTING CONDITIONS
SPRING TIDE
HOUR 22







L]
.®
Y .
) L]
. .
. °
v .
i .
L] L]
| s
..
.
Y L
L] s
. .
[ -
. .
. .
B .
e® L o
. .
L]
L]
L]
'.
.




VELOCITY SCALE

t 9 | 2 3
T M N —
PROTOTYPE  FPS







NUMI

LONG BE/
SCALE IN FEET SU RFACE
2000 0 2000 4000
[ —
EXI




VELOCITY SCALE

e e A
|7 S [ [
PROTOTYPE , FPS

NUMERICAL MODEL STUDY OF
LONG BEACH - LOS ANGELES HARBORS

SURFACE CURRENT PATTERNS

EXISTING CONDITIONS
SPRING TIDE
HOUR 24










VELOCITY SCALE
R

PROTOTYPE, FPS







SU

SCALE IN FEET

4000

2000

2000




VELOCITY SCALE

PROTOTYPE, FPS

= LOS ANGELES HA%FBORS
SURFACE CURRENT PATTERNS

NUMERICAL MODEL STUDY

LONG BEACH

1S

SPRING TIDE
HOUR

PLAN 1A-2










VELOCITY SCALE
P g 1T R 3

| TETY N — -
PROTOTYPE , FPS







SCALE IN FEET SURF/

2000 0 2000 4000
- )




VELOCITY SCALE

[ SR
Ul L e
PROTOTYPE, FPS

NUMERICAL MODEL STUDY OF
LONG BEACH - LOS ANGELES HARBORS

SURFACE CURRENT PATTERNS

PLAN 1A-2
SPRING TIDE
HOUR 19










VELOCITY SCALE

1o 1 2 3
(WY -
PROTOTYPE, FPS




ki




NUI
LONG B

SURFACE

SCALE IN FEET

4000

2000

2000




VELOCITY SCALE
y e I 2 3
biak_ L L]

PROTOTYPE, FPS

NUMERICAL MODEL STUDY OF
LONG BEACH - LOS ANGELES HARBORS

SURFACE CURRENT PATTERNS

PLAN 1A~-2
SPRING TIDE
HOUR 22










VELOCITY SCALE

f & 1 X @
T (N S
PROTOTYPE, FPS

R F e ——— J






2000

SCALE IN FEET

) 2000

4000

LONG

SURFAC




VELOCITY SCALE
1o 1 2 2

PROTOTYPE, FPS

NUMERICAL MODEL STUDY OF
LONG BEACH-LOS ANGELES HARBORS

SURFACE CURRENT PATTERNS

PLAN 1A-2
SPRING TIDE
HOUR 24

(( FIGURE 8










VELOCITY SCALE

PROTOTYPE, FPS

NUMERICAL MODEL STUDY OF

——— il

Py







SCALE IN FEET

4000

2000

2000

-




VELOCITY SCALE

PROTOTYPE, FPS

NUMERICAL MODEL STUDY OF
LONG BEACH - LOS ANGELES HARBORS

SURFACE CURRENT PATTERNS

SCHEME STFP 2, 300-FT OPENING

-62-FT CHANNEL

IS

SPRING TIDE
HOUR










VELOCITY SCALE

|, W S (O

PROTOTYPE, FPS

NUMERICAL MODEL STUDY OF

AR ARS







SUREF,

=

4000

2000

2000




VELOCITY SCALE

I g

PROTOTYPE, FPS

NUMERICAL MODEL STUDY OF
LONG BEACH - LOS ANGELES HARBORS

SURFACE CURRENT PATTERNS

SCHEME STFP 2, 300-FT OPENING
-62-FT CHANNEL

SPRING TIDE
HOUR 19










VELOCITY SCALE

L SR R - |

Y A N V.
PROTOTYPE, FPS

NUMERICAL MODEL STUDY OF

- _-— s s s e o ——







SURFA(
SCHE

SCALE IN FEET

-

4000
=n

2000

2000




VELOCITY SCALE

IO ! a 3
2 R ]
PROTOTYPE, FPS

NUMERICAL MODEL STUDY OF
LONG BEACH - LOS ANGELES HARBORS

SURFACE CURRENT PATTERNS

SCHEME STFP 2, 300-FT OPENING
—-62-FT CHANNEL

SPRING TIDE
HOUR 22










VELOCITY SCALE

PROTOTYPE, FPS

NUMERICAL MODEL STUDY OF







SCALE IN FEET <

2000 2] 2000 4000
[ Smm Emm SSS—




VELOCITY SCALE

| ~ A e 3
| T ) S
PROTOTYPE, FPS

NUMERICAL MODEL STUDY OF
LONG BEACH - LOS ANGELES HARBORS

SURFACE CURRENT PATTERNS

SCHEME STFP 2, 300-FT OPENING
—-62-FT CHANNEL

SPRING TIDE
HOUR 24










VELOCITY SCALE

PROTOTYPE, FPS

A b )

4

NUMERICAL MODEL STUDY OF







SC

SCALE IN FEET

4000

2000

2000




VELOCITY SCALE

B0 yE
L L O |

PROTOTYPE, FPS

NUMERICAL MODEL STUDY OF
LONG BEACH - LOS ANGELES HARBORS

SURFACE CURRENT PATTERNS
SCHEME STFP 2, 600-FT OPENING
-62-FT CHANNEL

SPRING TIDE
HOUR 15










VELOCITY SCALE

AR - S S S |

PROTOTYPE, FPS

— NUMERICAL MODEL STUDY OF







LOl

SURFA(

SCALE IN FEET SCHE

0o 2000 4000



VELOCITY SCALE

A - - - |

PROTOTYPE, FPS

NUMERICAL MODEL STUDY OF
LONG BEACH - LOS ANGELES HARBORS

SURFACE CURRENT PATTERNS

SCHEME STFP 2, 600-FT OPENING
-62-FT CHANNEL

SPRING TIDE
HOUR |9










VELOCITY SCALE
S ST

PROTOTYPE, FPS

L NUMERICAL MODEL STUDY







4000

o
(=3
o
N

-
W
w
(P
z
(M
-
<
O
n

2000




VELOCITY SCALE

I - N |
Y ) R R
PROTOTYPE, FPS

NUMERICAL MODEL STUDY OF
LONG BEACH-LOS ANGELES HARBORS

SURFACE CURRENT PATTERNS

SCHEME STFP 2, 600-FT OPENING
-62-FT CHANNEL

SPRING TIDE
HOUR 22










AD-AD46 914

UNCLASSIFIED

273

AD46914

[

ARMY ENGINEER WATERWAYS EXPERIMENT STATION VICKSBURG MISS F/6 8/3

NUMERICAL ANALYSIS OF TIDAL CIRCULATION FOR LONG BEACH HARBOR, ==ETC(U)
MAR 76 D C RANEY

WES=MP=H=T6~4~-2 NL




VELOCITY SCALE

AR G A W |

PROTOTYPE , FPS







SC

SURF;

SCALE IN FEET

4000

2000

2000




VELOCITY SCALE

e 00k E S
| oy B 0 R
PROTOTYPE, FPS

NUMERICAL MODEL STUDY OF
LONG BEACH - LOS ANGELES HARBORS

SURFACE CURRENT PATTERNS

SCHEME STFP 2, 600-FT OPENING
—-62-FT CHANNEL

SPRING TIDE
HOUR 24




.‘.'.."'
'.‘.'.otl
.."..0-'
o“'.
l“‘.
'.“"l ..'.'
.. ...‘..
'...
."' ’.."'."'.'
. L .....
'......o' .o.-o..
..."
-.o.-'.‘.....‘ " .
e
na“...
C."'.
!
vt

‘..

-

o

-

-* :

...

-* = o'... ““
-® .....

: '..o‘\“‘

l‘.‘.

c‘.‘.






VELOCITY SCALE

PROTOTYPE, FPS







SCALE IN FEET RFA

2000 o 2000 4000
[ __emm m.m SSSe—|

SCHE




VELOCITY SCALE

PROTOTYPE, FPS

NUMERICAL MODEL STUDY OF
LONG BEACH-LOS ANGELES HARBORS

SURFACE CURRENT PATTERNS

SCHEME STFP 3, —62-FT CHANNEL

1S

SPRING TIDE
HOUR




/' it
_ - o AR
o - Y
r"’ 1
- oz e x 3
- o % X
’ - - -\
. - - \\
o < f’ .
' = o . \
- 2" \
g - - .
y - -
o o
’ P Y \
" r'
- -







VELOCITY SCALE
% 1 S
7 S - N

wAE e







SCALE IN FEET SU RF

2000 %) 2000 4000
N . )

SC




VELOCITY SCALE

I 0 | 2 3
| TET ) S RS (S
PROTOTYPE, FPS

NUMERICAL MODEL STUDY OF
LONG BEACH - LOS ANGELES HARBORS

SURFACE CURRENT PATTERNS

SCHEME STFP 3, —62-FT CHANNEL

SPRING TIDE
HOUR 19










VELOCITY SCALE
| S | g 3

| THY Y -
PROTOTYPE . FPS







SURFAC

SCALE IN FEET

4000

2000

2000

SCHEM




VELOCITY SCALE

RO ONe
bod 11|
PROTOTYPE, FPS

NUMERICAL MODEL STUDY OF
LONG BEACH - LOS ANGELES HARBORS

SURFACE CURRENT PATTERNS

SCHEME STFP 3, —62-FT CHANNEL

SPRING TIDE
HOUR 22










VELOCITY SCALE

PROTOTYPE , FPS







SCALE IN FEET SURF

0 2000 4000




VELOCITY SCALE

(Ao R

Ui Py ]
PROTOTYPE , FPS

NUMERICAL MODEL STUDY OF
LONG BEACH-LOS ANGELES HARBORS

SURFACE CURRENT PATTERNS

SCHEME STFP 3, —62-FT CHANNEL

SPRING TIDE
HOUR 24










VELOCITY SCALE
e R

\ PROTOTYPE , FPS

NUMERICAL MODEL STUDY OF
LONG RFACH -1 0S ANGFI FS HARRORS _







- v
ot
s ® ...’
2 .
. p .
P 3 =
. e .
. : .
o ¥ -
. : ;
. ) ‘
. .
. : :
. 3 ;
y « * ; :
. . L .
aliiy @ e .
« * . . :
o 8 Stk . :
. o . -
o ® e . |
. . ® : e
. E . :
. = ) :
. ’ g i
A . = e
. -2 . . r .
. . ) :
. 3 ) :
. > ; .
o * o @ 5 ] "
co'.o'- ..'..
. = : : |
i . > ] -
s A : .
. 2 . .
. " :
- A ; -
. 4 ; .
. : ‘
. . .
. P . : .
. 3 .
. . |
A S 0 -
-o’..- .‘.'.
: o ; .. s
.." Y . i
. e Loy . |
. . ; - .
. A a -
T . ® s : :
. i : i
.« * f & : |
. ‘ g '
. v : :
. 3 ] . |
. . - . .
. 5 . . ‘
. g } . |
. . i ' |
. 2 ) .
. N ] :
. y A . .1
. g ; . '
. 5 ; '
. X : : .
. 1 - : |
. 4 ; .
. : Z . |
. - . i b
. o3 ] : |
. 3 ; ' .
. L : ’ '
ok s 2 : .
. & = : |
Pd . L . -
o ; |
- i s D o -
- . 4 . '
. s ) . |
. . 5 ' X
y : . @ L .
. ® o ; . ‘
] % - s .
. . : .
18 . & 57 b g
. . ® = L ] ) ‘
. .
R .oo.... :
.
. . ® e % '
e . L : .
. 5 2
> 7 1 . |
.
c'.- ..’.... gl
. .
. .o'.-o.... .
. - 1 . |
.
o'.-‘_- ..0.. £
| .
. .-'..o.‘...
.
. ~RC . e : .
o v "® e e .
. .t b ) ‘
* ® oY .'l... |
. . Y - ® L %
0 . . ; .
. ! i :
. p ] :
. i . . |
. ; 3 - .
. . ] :
n a ® % . e . |
. . ; ; .
. o '® b 5 :
. PN .. e =
« ¢ s ® . @ e i
. - ‘ . '
. . ; .
. ¥ e : . :
. s : :
. . : .
o J E )
. o ]
O i :
.
o ®
.

NL
l-()hqcs E

SCALE IN FEET
2000

VELOCITY

4000

BET\
AND EX




. .
. "

.

. .
‘‘‘‘‘‘‘‘‘
«®

. .
.
.......
.« ® .
. .

. .
D €

VELOCITY SCALE
P 10 a1y
|7 S R (N

PROTOTYPE, FPS

NUMERICAL MODEL STUDY OF
LONG BEACH - LOS ANGELES HARBORS

VELOCITY DIFFERENCE PATTERN
BETWEEN PLAN 1A-2
AND EXISTING CONDITIONS

SPRING TIDE
HOUR 15 (NEAR SLACK WATER)










VELOCITY SCALE
LA R S R

PROTOTYPE, FPS

NLIMFRICAI MONDFEI

STIIRYV NAE







LON

VELOCIT
SCALE IN FEET BE‘

AND |

! HOY




.
....
»

VELOCITY SCALE
I e S
10 R A

PROTOTYPE, FPS

NUMERICAL MODEL STUDY OF
LONG BEACH - LOS ANGELES HARBORS

VELOCITY DIFFERENCE PATTERN
BETWEEN PLAN 1A-2
AND EXISTING CONDITIONS

SPRING TIDE
HOUR 19 (NEAR MAXIMUM FLOOD)

FIGURE 22










VELOCITY SCALE

A MR N

79 R AN [
PROTOTYPE, FPS

NUMERICAL MODEL STUDY OF




e




LON

VELOCIT
HOL

BE
AND I

4000

2000

SCALE IN FEET

2000




.
. . -

» e”
.........
. .‘ .
...............

...........................
..........
........
. .

. .
.....

.. '.
.
----
-----

''''''''
oooooo
o &
.

. .

. . () .
.

L L . L

.
......
oS o ®
CAQ .

VELOCITY SCALE

0o S
7100 ST TR
PROTOTYPE, FPS

NUMERICAL MODEL STUDY OF
H LONG BEACH - LOS ANGELES HARBORS

VELOCITY DIFFERENCE PATTERN
BETWEEN PLAN 1A-2
AND EXISTING CONDITIONS

SPRING TIDE
HOUR 22 (NEAR SLACK WATER)







NUMERI
| AN OC AC|




VELOCITY SCALE

o 3
| T 7Y Y -
PROTOTYPRE, FPS

NUMERICAL MODEL STUDY OF

LONG BFACH -1 0S ANGFLFS HARRORS







AN

4000

2000

SCALE IN FEET

2000




.
. .
. . .
.....

.
& .
......
.
L .
® o ®

2 .
........
0 .

VELOCITY SCALE

NG
|1V | S L (O]
PROTOTYPE, FPS

NUMERICAL MODEL STUDY OF
LONG BEACH - LOS ANGELES HARBORS

VELOCITY DIFFERENCE PATTERN
BETWEEN PLAN 1A-2
AND EXISTING CONDITIONS

SPRING TIDE
HOUR 24 (NEAR MAXIMUM EBB)







A D T TS R e B L e A LONG |

~ - - A oo g —~ S g




VELOCITY SCALE

e e

PROTOTYRE, FPS

NUMERICAL MODEL STUDY OF
LONG BEACH - LOS ANGELES HARBORS







P e e LONG BEAC

VELOCITY D
BETWEEN

SCALE IN FEET "‘62"FT CHAN

2000 0 2000 4000 AND EXIS

HOUR 15




o b
et !
‘
'

b

}.. - -....
.. ..

;.

',

VELOCITY SCALE

s o )
[0 d 20 IR I,
PROTOTYPE, FPS

NUMERICAL MODEL STUDY OF
LONG BEACH - LOS ANGELES HARBORS

VELOCITY DIFFERENCE PATTERN
BETWEEN SCHEME STFP 2,
-62-FT CHANNEL, 300-FT OPENING,
AND EXISTING CONDITIONS

SPRING TIDE
HOUR 15 (NEAR SLACK WATER)










R VELOCITY SCALE

| > R T

152 I (G, TR |
PROTOTYPE, FPS

NUMERICAL MODEL STUDY OF
LONG BEACH - LOS ANGELES HARBORS







SCALE IN FEET -62 -FT
2000 0 2000 4000 A N E




= —— 4 —

.°..-".. o 0 .
.....! ’ ...

I'..!...q ...........
. Nis 8 e

by e

(i IR

\ oV

’ ,X_‘-

[} W A

. .. “

. Nt

. e

.

.

.
ant .
ooooooo
. '.
.
ooooooo
oooooooo
uuuuu
s .
* .

l'.
0 * Cak
P
o s
. .
. .
. .
. o @

VELOCITY SCALE
A 2 3

PROTOTYPE, FPS

NUMERICAL MODEL STUDY OF
LONG BEACH - LOS ANGELES HARBORS

VELOCITY DIFFERENCE PATTERN
BETWEEN SCHEME STFP 2,
-62-FT CHANNEL,300-FT OPENING,
AND EXISTING CONDITIONS

SPRING TIDE
HOUR 19 (NEAR MAXIMUM FLOOD)







«* "
ot o
.
. el s
" .
. -
= * . .
» . ® .
.
. o .
% ® "
. - N .
. .
.. . .
.
- «'®
.
v ¥ «®

'..l.'.l.".‘.0..'..'0."0..'0.‘.l.. NUM
S TR ULy (R i) LONG BE



VELOCITY SCALE

Lo L N A A
| T oy S R
PROTOTYPE, FPS

NUMERICAL MODEL STUDY OF
LONG BEACH - LOS ANGELES HARBORS







LONG BE/

M VELOCITY
BETWEE
SCALE IN FEET -62-FT CHAN
2000 0 2000 4000 AN D E XI ‘

HOUR 2




Ol a1 . .
. . . .
. . .

+ o .

VELOCITY SCALE

| (0] ! 25y
| R () R |
PROTOTYPE, FPS

NUMERICAL MODEL STUDY OF
LONG BEACH - LOS ANGELES HARBORS

VELOCITY DIFFERENCE PATTERN
BETWEEN SCHEME STFP 2,

-62-FT CHANNEL, 300-FT OPENING,

AND EXISTING CONDITIONS

SPRING TIDE
HOUR 22 (NEAR SLACK WATER)







b...c
Foxts

A\ 2

NUME
LONG BE#

FaY oWl 4 W) r



VELOCITY SCALE

N
| I -
PROTOTYPE , FPS

NUMERICAL MODEL STUDY OF
LONG BEACH - LOS ANGELES HARBORS

. S A s . 2 sse smm S—







NUMERI¢

LONG BEACH
VELOCITY Dl
BETWEEN
SCALE IN FEET -62-FT CHANNM
‘ P e sl AND EXIS

| HOUR 24




- T e .
. . . "
. . - ® .

VELOCITY SCALE

1 © | 2D
iy S (|
PROTOTYPE, FPS

NUMERICAL MODEL STUDY OF
LONG BEACH - LOS ANGELES HARBORS

VELOCITY DIFFERENCE PATTERN
BETWEEN SCHEME STFP 2,
-62-FT CHANNEL, 300-FT OPENING,
AND EXISTING CONDITIONS

SPRING TIDE
HOUR 24  (NEAR MAXIMUM EBB)







LONG B




A TR VELOGITY SCALE
e =7 R S e
s bl L L_J

PROTOTYPE, FPS

NUMERICAL MODEL STUDY OF
LONG BEACH - LOS ANGELES HARBORS







LON

VELOCIT

BETW

SCALE IN FEET -62-F 1 C}

2000 0 2000 4000 AND E




R LT ER VELOCITY SCALE

[ o Y - |

T S FESR) [ |
PROTOTYPE, FPS

NUMERICAL MODEL STUDY OF
LONG BEACH - LOS ANGELES HARBORS

VELOCITY DIFFERENCE PATTERN
BETWEEN SCHEME STFP 2,
-62-FT CHANNEL, 600-FT OPENING,
AND EXISTING CONDITIONS

SPRING TIDE
HOUR 15 (NEAR SLACK WATER)










A VELOCITY SCALE

I 0 | 2 &
| (SN R )
PROTOTYPE, FPS

NUMERICAL MODEL STUDY OF
LONG BEACH-LOS ANGELES HARBORS







2000

0

SCALE IN FEET

2000

4000

2o

BETW
—62-FT C}

HC



. .
" o
. .
. 2 4
""""
.....
........

........... VELOCITY SCALE

o w0 ® ! (o} | 2 3
T S SR RN,
PROTOTYPE, FPS

NUMERICAL MODEL STUDY OF
LONG BEACH - LOS ANGELES HARBORS

VELOCITY DIFFERENCE PATTERN
BETWEEN SCHEME STFP 2,
-62-FT CHANNEL, 600-FT OPENING,
AND EXISTING CONDITIONS

SPRING TIDE
HOUR 19 (NEAR MAXIMUM FLOOD)










VELOCITY SCALE

L R T
\_L_LL]__L_J_J
PROTOTYPE, FPS

NUMERICAL MODEL STUDY OF
LONG BEACH - LOS ANGELES HARBORS







c"...
.o.o.."
.

2000

0

SCALE IN FEET

2000

4000

N
LONG

VELOCITY
BETWE
-62-FT CH:
AND E.

HOU




ALLAERRE AL VELOCITY SCALE

o .
...... R T - A
7Y o oty [
PROTOTYPE, FPS

NUMERICAL MODEL STUDY OF
LONG BEACH - LOS ANGELES HARBORS

VELOCITY DIFFERENCE PATTERN
BETWEEN SCHEME STFP 2,
-62-FT CHANNEL, 600-FT OPENING,
AND EXISTING CONDITIONS

SPRING TIDE
HOUR 22 (NEAR SLACK WATER)







L
—a & - e i e A s a, N |




AD-AD4S 914 ARMY ENGINEER WATERWAYS EXPERIMENT STATION VICKSBURG MISS F/6 8/3
NUME AL ANALYSIS OF TIDAL CIRCULATION FOR LONG BEACH HAR -
MAR 76 D C RANEY WOy S
WES=MP=H=T6=4=2

UNCLASSIFIED

303
ﬁ['hb 914
DATF
FILMED
| =78
DoC




S s RS VELOCITY SCALE
i3 R - S S

Gl Lot}
PROTOTYPE , FPS

NUMERICAL MODEL STUDY OF
LONG BEACH - LOS ANGELES HARBORS







SCALE IN FEET ~Ga~-rF{ CH
2000 2000 4000 AN D E




o ¥
.
¢« ®

VELOCITY SCALE

S -
| T S (R
PROTOTYPE , FPS

NUMERICAL MODEL STUDY OF
LONG BEACH - LOS ANGELES HARBORS

VELOCITY DIFFERENCE PATTERN
. .TWEEN SCHEME STFP 2,
-62-r 1+ CHANNEL, 600-FT OPENING,
AND EXISTING CONDITIONS

SPRING TIDE
HOUR 24 (NEAR MAXIMUM EBB)







= O T
L ]
oy "
.
RIg
. . .
. .
(O e .
. .
- L
" .t (S
.
. . i
. - *
- .
. .
. .

Lo RAMACH LD wliyn ALYy R i 40! NUMER)|
RS TR T LA LONG BEAC!




VELOCITY SCALE
RS | 2 3

Laal L lo.]
PROTOTYPE, FPS

NUMERICAL MODEL STUDY OF
LONG BEACH-LOS ANGELES HARBORS







2000

SCALE IN FEET

0 2000

4000

VEL




. .
. ® o

. .
A o ®

.
-------
"""""

oooooo
. ol

. .
o * «*

VELOCITY SCALE
[JAS o S I e i |
ek 1)

PROTOTYPE, FPS

NUMERICAL MODEL STUDY OF
LONG BEACH-LOS ANGELES HARBORS

VELOCITY DIFFERENCE PATTERN
BETWEEN SCHEME STFP 3,
—62-FT CHANNEL,

AND EXISTING CONDITIONS

SPRING TIDE
HOUR 15 (NEAR SLACK WATER)

@ FIGURE 33










¥ VELOCITY SCALE
P01 2 3
510 S R (g

PROTOTYPE, FPS

NUMERICAL MODEL STUDY OF
LONG BEACH - LOS ANGELES HARBORS




=




SCALE IN FEET
000 0 4000
2 0 2000 AN




 *
l'.

VELOCITY SCALE
10, FILAS

PROTOTYPE, FPS

NUMERICAL MODEL STUDY OF
LONG BEACH-LOS ANGELES HARBORS

VELOCITY DIFFERENCE PATTERN
BETWEEN SCHEME STFP 3,
-62-FT CHANNEL,

AND EXISTING CONDITIONS

SPRING TIDE
HOUR 19 (NEAR MAXIMUM FLOOD)







NUMI
LONG BE.

\I/IEl A/ITNV



A VELOCITY SCALE
j> 4 R T

Ll Lo L)
PROTOTYPE, FPS

NUMERICAL MODEL STUDY OF
LONG BEACH - LOS ANGELES HARBORS







2000

(4]

SCALE IN FEET

2000

4000

HO



VELOCITY SCALE

| S R e 3
1Y SN N O
PROTOTYPE, FPS

NUMERICAL MODEL STUDY OF
LONG BEACH-LOS ANGELES HARBORS

VELOCITY DIFFERENCE PATTERN
BETWEEN SCHEME STFP
-62-FT CHANNEL,

AND EXISTING CONDITIONS

SPRING TIDE
HOUR 22 (NEAR SLACK WATER)










LAY VELOCITY SCALE
o @A e 3

PROTOTYPE, FPS

NUMERICAL MODEL STUDY OF
LONG BEACH - LOS ANGELES HARBORS







2000

SCALE IN FEET

0o 2000

4000

NU
LONG |

VELOCITY
BETWE
-

AND BE)

HOUR




s # o & &
o * .«
o’ .
. .
. ® .
A
. .
a .
i .
. .
. .
. .
g e .«
. .
sty ‘ E
"-'.-'.-
. ® .« .«
' 5 \® . .
. . .
. . .
. P .
. . " .
. . .
. . .
. . .
. .
. .
. . B .
. . o
. ..'. .
. . ® .
. . . .
. o . ® s .
. . i R
.
. X ~ e
...... S . .
.
. .
oooooo o * « .
. . . L .
. . . .
. . .
> . . .
. * . .
. . .
. . . .
. . . . . .
. . .
L . v * ° * e ®
ot o (8 P
" o i .
ot .t
% o o .
S T
.
'.o'.n'.-
.l’ . i
o 2 "' .
* o o O
.
. . ® e
. .
# .
¥ .o e .
.
.. . .t
. .
. ¢« * .
L . * . ~
. Dy .
. . .
. R
P s o w2 . *
St e - . ) .
W ) T . o2
.....
. .
-----
GGGGG
T I S R S R e T e R LR A S R
. .
. .
PR R AR i i IR e e R T O e
. . .
| P . .
o * ore
.
S e Y e g T el & g Wk S e e s S o o A R o Sl g R OIS e e
. .
. .
. . .
. . .
. .
. oL .
. . .
. .’
& . 5 o
.
-
.

o R
- -
v
.

VELOCITY SCALE
e (5 s

PROTOTYPE, FPS

NUMERICAL MODEL STUDY OF
LONG BEACH - LOS ANGELES HARBORS

VELOCITY DIFFERENCE PATTERN
BETWEEN SCHEME STFP 3,

—62-FT CHANNEL,
AND EXISTING CONDITIONS

SPRING TIDE
HOUR 24  (NEAR MAXIMUM EBB)

R S




