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PREFACE

The study described herein was conducted at the U. S. Army Engi-

neer Waterways Experiment Station (WES) wider an agreement with the

Board of Harbor Commissioners, City of Los Angeles, California.

Personnel of the Hydraulics Laboratory of WES performed this study

during the period December 1975 through May 1977 under the direction
of Mr. H. B. Simmons, Chief of the Hydraulics Laboratory; Mr. F. A.

Herrmann, Jr., Assistant Chief of the Hydraulics Laboratory; Mr. R. A.

Sager, Chief of the Estuaries Division; Dr. B. V. Whalin, Chief of the

Wave Dynamics Division; and Mr. G. M. Fisackerly, Chief of the Harbor

Entrance Branch. Mr. W. H. McAnally, Jr., was Project Engineer, and

Mr. J. T. Hilbun was the Project Senior Engineering Technician.

This report consists of two Memoranda for Record written by

Mr. McAnally to convey preliminary model test results to the sponsors.

Messrs. W. L. Brown of Southern California Gas Company; L. L.

Whiteneck , L. Anderson, and V. Hall of the Port of Los Angeles; and

C. S. Todd of the City of Los Angeles participated in the planning of

the tests described herein. Mr. R. A. Busch of Fluor Ocean Services

provided preliminary designs of the LNG unloading platform. The co-

operation and contributions of these individuals are gratefuJ.].y

acknowledged .

Directors of WES dur ing the course of this study and the prepara—

tion and publication of this report were COL G. H. Hilt, CE, and

COL John L. Cannon, CE. Technical Director was Mr. F. R. Brown.
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D~PARTM~NT OF T$-1~ ARMY
WATERWAYS EXPERIMENT STATION. CORPS OF ENGINEERS

VICKSBURG. MISSISSIPPI 3$1CO

UN CIPLY Ri’IN TO, WE SHE 1 June 1977

MEMORANDUM FOR RECORD

SUBJECT : Preliminary Data from Model Study of LNG Facility Cool-Water
Discharge into Slip 302, Los Angeles Harbor

1. ‘rhis memorandum conveys preliminary data from model tests of the LNG
facility cool-water discharge system proposed for Slip 302, Los Angeles
Harbor, California. Tests described herein were performed at the Water..
ways Experiment Station (WES) from November 1975 through February 1976
and November 1976 through May 1977 , by agreement between the Port of
Los Angeles and WES. Preliminary data from the November 1975 through
February 1976 tests were sent to the Port of Los Angeles in February
1976 (Reference 1).

2. The purpose of the recent model tests was to compare near-field dilu-
tion of the cool-water plume when discharged through a four-pipe system
with that resulting from a single pipe. These data are presented in
preliminary form so that they can be available more quickly than possible
with a formal report .

Model

3. These tests were conducted in an undistorted, 1:50-scale model of
Slip 302, Los Angeles Harbor (see Figure 1). The model is described in
Reference 1.

4. The model discharge pipes were also constructed to the 1:50-size
scale. The four-pipe system consisted of 72—inch-diameter pipes (see
Figure 2) passing through the north end of the slip with a center-line
elevation of -12 feet mean lower low water (inliw) and spaced in a line
symetrically about the slip bottom width center line on 75-foot centers .
The axis of each pipe was parallel to the slip center line. The single
pipe (see Figure 3) tested had a 96-inch diameter and passed through the
slip’s north wall on the center line at an elevation of -12 feet aliw.
The pipe axis was perpendicular to the north wall of the slip.

———- ___ ,  -__ :_ -__-  -- . __ __~~



WESHE 1 June 1977
SUBJECT: Preliminary Data from Model Study of ING Facility Cool-Water

Discharge into Slip 302, Los Angeles Harbor

Description of Tests

5. Two discharge plans were tested for both pipe systems--62,lO0-gallons
per minute (gplu) coimaingled LNG facility cool-water and Terminal Island
Treatment Plant effluent at a combined salinity of 27 parts per thousand
(ppt) and temperature of 56°F; and 87,000-gpm LNG facility discharge alone
at 34 ppt and 56°F. Ambient water conditions were taken to be 34 ppt and
60°F. In the model, density differences between effluent and receiving
water were achieved by varying their relative salinities such that the
densimetric Froude number of the effluent was equal in model and prototype.

6. The water surface elevation in the model was held constant during the
tests at the mean tide level, +2.8 feet mllw.

7. A conservative fluorescent dye was added to the model effluent so that
it could be traced. Water samples were withdrawn from 12 stations (see
Figure 2) at 70-minute (prototype) intervals for an equivalent 14.1 proto-
type hours. Surface or bottom samples were taken at every station depending
on whether a sinking plume or rising plume was being tested. Both
surface and bottom samples were taken at Stations 2C, 2E, 3C, and 3E.
Samples were taken at eight depths at Station 2D to define the plume inter-
face. The water samples were fluorometrically analyzed to determine
dye content and thus degree of plume dilution at each sample point.

Results

8. Plots of relative dye concentration versus time for the four-pipe and
one-pipe discharge systems are shown in the attached plates. Four-pipe
results have been plotted as Base tests and the single-pipe results are
shown as Plan 1. The relative concentrations have been normalized by the
source concentration in each test so that the results can be directly
compared. Concentration time histories for the 87,000-gpm discharge
show that plume concentrations were higher for the single pipe than
for the four-pipe system. With four pipes, the plume concentration
reached a peak 6 hours after starting the discharge whereas the peak
was not obtained until about 11 hours for the single pipe. The 62,100-
gpni discharge plume concentrations also are higher for the single pipe
except at Station 2C where the terminal concentrations are essentially
equal for both systems.

9. Table 1 shows the 87,000-gpm LNG facility discharge terminal concen-.
trations for the one- and four—pipe systems. Par both Ranges 2 and 3,
the average plume concentration is higher for the one-pipe (36 percent)
than for the four-pipe system (20 percent). in addition , Range 3 shows
a nonuniform concentration distribution with higher concentrations on
the east side of the slip , probably due to the angle of the discharge
pipe.
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WESHE 1 June 1977
SUBJECT: Preliminary Data from Model Study of LNG Facility Cool-Water

Discharge into Slip 302, Los Angeles Harbor

10. Table 2 shows the 62,lOO-gpm commingled discharge terminal concen-
trations. Again, the average plume concentration is higher for the one-
pipe (42 percent and 46 percent) than for the four-pipe system (34 percent
and 37 percent) .

11. Figure 4 shows dye concentration profiles for the 87,000-gpm discharge.
Higher plume concentrations for the single pipe are illustrated, and it is
seen that the plume interface is more sharply defined than for the four-
pipe system.

12. Concentration profiles for the 62,l0O-gpm discharge are illustrated
by Figure 5. Although the single-pipe peak concentration is higher , it
appears that the plume is much thinner than for the four-pipe system.
With the single pipe , concentrations at the 5 percent depth fluctuated
between 5 percent and 35 percent of the source concentration , indicating
that the plume interface was very close to that depth.

13. In sununary , the single-pipe systeii caused a reduction in plume dilu-
tion in comparison to the four-pipe system for both discharges tested.
Concomitant changes in plume thickness occurred, but the changes were not
large.

~~~~~~~~~~~~~~

19 m d  WILLIAM H. McANALLY, JI(
1. Reference Engineer
2. Tables 1 and 2 Harbor Entrance Branch
3-7. Figures 1-5
8-19. Plates (12, unnumbered)
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1. USAE Waterways Experiment Station, Memorandum for Record , subject :
Preliminary Data from Model Study of LNG Facility Cool-Water
Discharge into Los Angeles Harbor , 20 February 1976.
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PREUMI NAR Y D~Ti\

TABLE 1

TERM INAL BOTTOM CONCENTRATIONS
AS PERCENT OF SOURCE

87 ,000-gpm LNG Discharge

STATION 4 PIPE S .1 PIPE
2A 18 34
28 20 37
2C 20 39
2D 20 37
2E 19 37
2F 20 31

Avg. 20

3A 19 31
3B 19 33
3C 20 36
3D 19 38
3E 21 37
3F 20 42

Avg. 20

TABLE 2

TERMINA L SURFACE CONCENTRATIONS
AS PE RCENT OF SOURCE

62, l0O-g pm Comming led Discharge

STATION 4 PIPES 1 PIPE
2A 28 

- - -
2B 31 50
2C 39 38
2D 39 48
2E 42 54
2F 42 38

Avg. 37 46

3A 31 42
3B 37 40
3C 32 42
3D 33 41
3E 34 39
3P 34 50

Avg. 34

Z nc/  2
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~iLMO~AN1 )UN1 FOR RECORD

SUBJ ECT : P r e l i m in a r y  Data ~rom Model Study of LNG Facility Cool-1~atc r
Discharge into Los Angeles Harbor

1. This memorandum conveys preliminary data from model tests of cool-
h ater discharge into Slip 302 , Los Angeles Harbor from the Liquified
N~i t u r a l  has (LNi;) facility proposed for construction on Terminal Islan d ,
Los Angeles Harbor. ‘res ts described herein were conducted at the Ic ter -
ways L.\p crilnent S ation (~cLS) during the period November 1975 through
February 1976 by agreement be~ wee i the Port of Los Angeles and WES.

2. Tests for the Port of Los Angeles were coordinated with model tests
of discharge from the City of Los Angeles ’ Terminal Island Treatment
Plant. rests of the treatment plant discharge were performed by a~~rec-
ment between the City of Los Angeles and WIIS. Those model ~csts which
were conducted solely for the City are described in this memorandum but
r e S i l i t s  from those tests are not included . Re ference I. contains pre-
liniina ry data from tests conducted solely for the City and those that
were sponsored jointly by the City and Port .

3. These data are provided in preliminary form so that they may he
available at an early date. They are subject to revision and analysis
by 1~ES. The purpose of this memorandum is to provide a basic descrip-
tion of the tests and data so that they may be readily understood . A
formal report describing the tests in detail and analyzing the data will
be published ‘ater.

Models

1. These tests were conducted in two physical hydraulic models. Near-
field t e~~tS  were  j1CrforlIhCd in an undistorted , l:SO- sc;tl. , sectional
mode l of tile pro~ osed si ip .  The Si ~~ locat  ion is shown in Fi gure 1
and t h ’ 1 IIIII L S ol  the  s e c t i o n a l  mode l arc i i l u s t  r :,ted I ’~’ P i gurc 2 . The
mode l Wa S c o n s t r u c t e d  to sca le  a cc o r d i n g  to the  con f i g ur a t i o n  shown in
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D i s c h a r g e  i n t o  Los Angeles  Harbor

Fiuor Ocean Services Drawing Number 702115-00-002 , revised 30 July j~i75 ,
plus additional details provided by the Port of Los Angeles . The LNG
facility pier waS cons t ruc ted  to sca le  in the model according to Fluor
Ocean Services Drawing Number 702115-0O-OOSA dated 23 September 1975 .
Rock cover protecting slip side slopes was scaled to pre l iminary design
sizes provided by the Port of Los Angeles.

5. The s ec t iona l  model d i scha rge  m a n i f o l d  was constructed to scale
reproduc ing  a prototype design of four 6-foot-diameter pipes passing
th roug h the no r th  end of the  s l i p  w i t h  a center-line elevation of -12
feet  m l l w  and spaced in a l i ne  at 75 feet  on centers . The discharge
pipes were  a r ranged  cy n m i c t r i c a l ly  about the  center  l ine of the sli p ’s
bottom width , and the axis of each pipe was parallel to the center lin e .

6. Far-field tests wire conducted in the WES comprehensive Los Angeles-
Long Beach h arbors model , which has length scales of 1:100 verticall y
and 1:400 hor i :o i t a l ly .  The comprehensive model and i ts t i da l  ve r i f  i —
Cjtio fl are descr ibed  in Re ference 2.

. The discharge manifold used in the comprehensive model consisted of
four r e c t a n g u l a r  por ts  0. 14 inch wide and 0 . 72  inch hi gh installed in
t i i C  location described in Paragraph 5.

8. The comprehens ive  model  c o n f i g u r a t i o n  dur ing these t e st s  was t ha t
d e s i g n a t e d  as P lan  1A3 of the harbors development . Plan 1A3 consists of
d r e d g i n g  and l a n d f i l l  construct ion in both harbors  as shown in F igure  1.

Tests Descri ption

9. Three discharge plans i~ere tested as described in Re ference 3. The
plans were 18,000-gpm sewer discharge alone at 10 ppt s~ u n i ty and 76°F ;
62 , l00 -gpm c o m m i n g l e d  sewer  and LNG d i scha rges  at 27 p~~ s a l i n i t y  and
56 ° F ; and 87 ,000-gpm LN G f a c i l i t y  discharge a lone  at 31 ppt and 56°F.
Average  ambient  c o n d i t i o n s  were taken to be 34 ppt salinity and 60°F.

10. Each  plan was t e s ted  in both  s e c t i o n a l  and comprehens ive  models .
Mul tiple tests wcre conducted to permit collection of the desired data.
A br ief description of each test and the data acquired is given in
Table 1.

11 . In the sectional mode l tests , the water surface was h eld Constant

at to c mean tide level , + 2 . 8  feet ml lw. 1’he density difference between
effluen t and receiving water was achieved by varying their relative
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salin i t i es . In each case , the control l ing  parameter was the densi ty
ratio in the densimetric Proude number--the difference in density between
effluent and receiving waters divided by receiving water density. Since
other scales were determined by Froudian relationships , dens imetr ic Fro ude
numbers were the same in model and prototype .

12 . A conservative fluorescent dye was added to the sectional model
e f f l u e n t  so that  it might be traced in the model . Water samples were
wi thdrawn from 13 stations (see Figure 2) in the model at 70-minute (proto-
type) intervals for an equivalent 14.1 prototype hours . Surface or bottom
samples were taken at every station , depending upon which plan was being
te sted , and both surface and bottom samples were taken at Stations 2C , 2E ,
3C , and 3E. Samples were withdrawn front several depths at Station 2D to
define the effluent p lume interface. The water samples were analyzed to
determine dye content and thus the degree of dilution of the plume .

13. In the comprehensive model tests , density differences were obtained by
heating the effluent to create a surface plume or by adding salt to create
a bottom plume . The effluent plume ’s temperature or salinity was adjusted
until the proper density at Station 2D was obtained. The proper density
w;Is that providing the density ratio (Paragraph 11) computed from dye
tracer results in the sectional model. A mean tide (5.4-foot diurnal
range) was used in all comprehensive model tests.

14. Color movies of the dyed effluent plume were obtained in the compre-
hensive model by means of a time-lapse camera with a 2-second framing
interval. Color slides were taken of the plume at regular intervals .

15. Dye tracer tests in the comprehensive model were similar to those of
the sectional model. Water samples were withdrawn from 24 stations (see
Fi gure s 1 and 3) for dye concentration measurement. Table 2 lists the
sampling station s and the depths at which samples were taken .

Data Description

16. The mean tide used in the comprehensive mode l tests is plotted in
Plate 1.

17. The viewpoint of the camera for the slides and movies was from out-
side the breakwater , l ooking downward and to the north of Los Angeles
Harbor. Proposed laiidfi 11 areas arc covered with grave l and proposed
dredged areas are outlined in black. In the lower left corner of 

the3
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fram e are signs ideiitify~ng the test number , number of elap~~ i tidal c.cles ,
and elapsed hours of the present cycle. Projecting the mov ies at normal
speeds greatly speeds motion of the dye cloud .

13 . Results ut dye tracer t r s t s  in both models are i1l u~ t rated in t i e
p lates as plots of dye concentration versus t ime . Dye concentration
is expressed as a percent of source concentration . For the sectional
model tests , t~~ source concentration is the actuz~l measured dye
concentration iii the effluent before discharge. In the compr ehensive model
tests , an equivalent source concentration has been computed by taking the
absolute dye concentration a t  Station 1 to be equivalent to the concentra-
t ion at the corresponding Station (station 2D) in ttie sectional mo~H 1 test.
Thus the plotted percent of source concentration represents the tracer
concen tration that would have resulted if the comprehensive model repro-
duced near-field plune beha~ior correctly.

19. Current velocitie s were measured at Range 8 (see Figure 1) in the
comprehensive r o d e l  so that the effect of the plan s upon net flow thuu ig h
the Cerritos Channel could be determined. Measured velocities are plutted
in Plates 2 , 3, and 4 against base velocities (no discharge). Apparent
cot  discharges for Range 8 were computed by the technique described in
Reference 2 and are shown in Table 3.

20. Center-line current velocities wore measured at Station 20 in the
sectional model by measur ing the t ransit time of floats over a measured
dista nce. Current velocitie s measured in the sectional model are being
checked for accuracy and will be forwarded separately.

Limitations of the Data

21. Analysis of the errors Present in the accompanying data is beyond
the scope of this memorandum , hut it is appropriate to include a brief
description of the data ’s limitations.

22 . Dilution of the dye tracer in the sectional model tests is considered
to be an accurate and reliable indication of ~ff1uent dilution in the
prototyPe unde r similar conditions . Several deviations from these con-
ditions that could or would occur in the prototype , such as uneven flow
splitting in t h e  manifold , tidal - or wind-induced water surface fluctua-
tioii s , ambien t water stratification , variations in discharge rate , and
vessel transit , were not reproduced in the sectional model. While such
deviations would cause dilut ion changes , the sectional model results are
a good representation of an average condition.
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23. Dye tests in the comprehensive model show where the diluted effluent
wi ll be transpor ted , but note that the comprehens ive model has not been
verified for dispersive transport, i.e., the model has not been proven
to accurately reproduce the dispersion of a tracer. This means that at
distances far enough from the source for transverse and longitudinal
dispersion to significantly affect concentration and where vertical
stratification breaks down~dye concentrations may not represent concen-
trations that would occur in the prototype . However , past experience
indicates that the relative distribution of tracer along the dye cloud
path tends to be a fairly accurate representation of what would occur in
the prototype under similar conditions. Where a strong stratification
exists within constraining lateral boundaries , the model is assumed to
accurately reproduce prototype behavior.

24. During Test CM3D (62,l00-gpm commingled discharge), a malfunction
of equipment used to heat the effluent occurred at about Cycle 30. For
this reason , data for Test CM3D between Cycles 30 and 40 should be
disregarded.

V 62fl~4/
3 Att W. H. McANALLY , JR.
Tables 1-3 Engineer
Figures 1-3 Harbor Entrance Branch
Plates 1-4, Ll-L71 ,

and SL1-SL7O
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TAB LE 2

Water Sample Depths for Tests CM3D and CM5D

Station Fraction of Low-Water Depth Below Water Surface
No. 2% 25% 50% 75% *98%

1 x x x x x
2 X X X X X
3 X X
4 X X
5 x x x x x

CM3D CM5D
7 X X
8 X X X X X
9 X X
10 x x x x x
11 X x
12 X
13 X X X X X
14 X X
15 x x
!6A X X
16B X x

17 X X
18 X X X X X
19 x x
20 CM3D CMSD
21 CM3D CMSD
22 CM3D CMSD
23 CM3D ~MSD

°Constant 1 ft (prototype) above bottom

~

1~



I

TABLE 3

Apparent Net Discharge Per Tidal Cycle at Range 8

NET. DISCHARGE
P LAN (10 cu ft)

1A3 - Base, Mean Tide +87

1A3 - 62,100-gpm Commingled Discharge +158

1A3 - 87,000-gpm LNG Discharge +94

NOTE : Positive values indicate net flood flows.

I
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TABLE 4

CENTERLINE VE LOCIT iES IN PROTOTYPE FPS
SECTIONAL MODEL TESTS

TEST SURFACE MIDDEPTH BOTTOM
NO.

SM3V +0.17 +O.O5~ ~0.Ol~

SM4V +0.05 +0.04* - .o . o 1~

SM5V +0.18 ** **

•Values possibly contaminated by multi-layer flow causing erroneous readings

**values not presented because of strong possibility of contamination by

multi-layer flow

NOTE: Positive sign indicates flow out of the slip; negative sign indicat &-s

flow into the slip
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