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Summary

This report covers two years of scientific work in the
ocean area where the Orange County Sanitation Districts have
proposed to discharge some 50,000 tons dry weight each year of
secondary sludge. The discharge point would be in water about
350 m (1000 feet) deep and 1l km (6 miles) offshore. SCCWRP
was asked to (1) make a pre-discharge survey of the physical,
chemical, and biological characteristics of the region that
might be influenced by the sludge and (2) make estimates of
the effects of the discharge on the water, the bottom and the
animals in the region.

The work has progressed well. A thoughtful survey plan
that maximized the useful information (within the cost constraints)
was made and followed. The survey design utilized replicate
samples in both the possibly-affected area and in a control region.
When completed (after several years) it will be possible to
factor out variations caused by normal ocean changes, a thing
that is very difficult to do using the data bases at other
outfalls.

Bottom photos show generally flat brown mud, continually
raked by large numbers of roaming sea urchins. We have
identified over 500 species of invertebrates living in the
bottom, over 200 species of larger invertebrates living on the
bottom, and 60 species of fish. These are probably normal

populations for the slopes of southern California.
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We have learned that the currents at the proposed site
on the slope are much like those on the shelf except that there
are less onshore-offshore motion and that sludge particles will
move parallel to contour lines. As a result of the current
measurements and two mathematical models (sponsored by NOAA and
EPA and presumably acceptable to them) we can make a reasonably
good forecast of where sludge particles will settle and how the
bottom will change with time. That is, virtually all fallout
of particles will occur in a band about 1.2 kilometers wide
between the depths of 300 and 400 meters. Probably none will
reach the surface or move towards shore. (See Figure II.5.).

We have reconfirmed the changes in temperature with water
depth (on which the height of the sludge plume depends) and
the amount of dissolved oxygen with depth (which is critical to
animal metabolism). At 350 m the near-bottom oxygen concentration
is about one part per million.

Chemical measurements of the bottom in depths from 100 to
600 meters give a good picture of the variation with depth of
sediment grain-size, chemistry and volatile solids. We found
that at the proposed outfall depth the bottom is normally about
6% volatile solids which is similar to the levels around outfalls
on the shelf. At this level on the shelf, certain animals,
such as the worm Capitella, live in large numbers but for some

reason there are few of these animals on the slope.
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The combination of this already high amount of organic
solids (food) and relatively low oxygen (1 ppm) may mean that
the addition of more organic solids (sludge) would markedly
change the existing food and oxygen balance in an area of some
forty square kilometers. We expect that some of the small
invertebrates that live in the bottom near the discharge point
will decrease in abundance; others may increase. Since the
remaining infauna would likely be dominated by worms and since
flatfish, which dominate the fish populations feed largely on
worms, little change in the fish population on the upper slope
is likely.

About 100 bottom samples and 50 trawls have been taken
in two seasons over two years; the animals so captured have
been identified, counted, and measured. Analysis of the data
shows that (1) invertebrates and fish are normal for southern
California, (2) many animal populations on the upper part of
the slope (700 to 400 meters) also occur on the adjacent shelf
(3) the number of infaunal invertebrate species and the number
of fish species decrease with depth but the trawl-caught invert-
ebrates increase with depth to a maximum at about 500 m (well below the
outfall) (4) fish below the probably affected area are not
specialized feeders and are not likely to be affected by the
discharge.

The sampling patterns and replications used revealed
groupings of similar animals, generally according to depth, so
that it is possible to combine samples to obtain useful statistics.

A study of the Newport Beach long-line dory fishery has

revealed that two of their eight fishing areas will be exposed
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to sludge. One of our scientists accompanies the dorymen one
day a week to learn in detail which fish they catch, how large
the fish are, and where they come from. Special attention

has been given to this unusual fishery because it catches

fish that would not otherwise be collected and because their
fish are the most likely direct route of contaminants to

humans.



Much of the essential information has been collected
but several important things remain to be done to make a
complete story.

1. We think the sampling at the existing stations
should be continued to determine the amount of seasonal or
long-term changes, to provide a better data base, and to give
more information about sampling variation.

2. There is some doubt about the validity of the control
stations we used because, although the biological factors are
similar, there are enough differences in the chemical composition
of the bottom to raise questions. Therefore we propose to find
an additional control area.

3. More laboratory experiments on feeding rates
and oxygen consumption rates for various animals (with and
without sludge particles present) are needed to make an improved
forecast of the effects of sludge discharge.

4. The long-line dory fishing study should be continued
both for the scientific knowledge it produces and because our
presence with the fishermen builds their confidence in the

careful preparation for the project.
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INTRODUCTION

This report summarizes two years (1981-1983) if pre-discharge
surveys for the proposed CSDOC deep sludge outfall. Most of the
background and description of the proposed discharge area was
included in our first year report on the 1982 studies. This
report includes all of the data collected during the second
year, but it will refer extensively to the first year report.

During this past year we continued to sample the sediment
and biological conditions at the CSDOC area. Additionally, we
sampled a similar area off Pt. Dume (Figure I). To directly
relate changes in sediment and biological characteristics of an
area to discharge an appropriate sampling design must be used. 1In
this study, an optimal sampling design is being used as proposed
by Green (1979) and Bernstein and Zalinski (1984). It consists
of sampling treatment (discharge) and similar control areas before
(pre-discharge) and after discharge.

The objectives of our studies were to provide baseline or
pre-discharge data on selected oceanographic, sediment, and
biological parameters. Additionally, we wanted to make measurements
that would be useful in modeling or predicting fates and effects

of deep sludge discharge.

Current Meter Studies and Sedimentation Modeling

a) The studies of ocean currents at the proposed discharge
site were continued until June, 1983. Just prior to this, NOAA
placed a series of moorings at 350 m to establish coherence and
correlation in the area. Under a NOAA contract SCCWRP's current
meters were redeployed to the San Gabriel Canyon where they

will remain until summer, 1984.



b) Settling of effluent related particulates to the sea
floor was simulated for the proposed outfall area. The SCCWRP/
NOAA model predicted changes in sedimentation rate composition
(elevated organic material, and quality, 30%) for simulated
discharge rates.

II. Pre-Discharge Surveys

a) Grab and trawl samples were collected at 8 sites over 4 depths

(referred to as double transects, see Figure II) at CSDOC and at
Point Dume. Sampling was conducted semiannualy, in winter and
summer months. Sediment grain-size and chemistry were sampled
in August, 1983 at both areas.

Our survey results show that while there were differences
in some sediment characteristics (% sand, chromium,and DDT)
between the CSDOC and Point Dume areas, the infaunal and epi-
benthic invertebrate and fish assemblages at the 2 areas were
similar. Both areas are considered to represent normal southern
California nearshore basin slope habitats.

b) We have documented the catches and fishing habits of
the Newport Dory fishery who traditionally fish in the area of
the proposed deep sludge outfall.

III. Laboratory Studies of Biological Processes

This past year we began laboratory investigations into
physiological processes (ingestion and respiration) of the
dominant epibenthic invertebrates in the discharge area. These
studies will help us to understand how sludge discharge may
effect the populations living in the proposed discharge area
and may provide information useful in modeling

effects of sludge discharge.



The methods of sampling and analysis were reported in
detail in the 1983 report and will not be repeated herein unless
modified (a sampling schedule is included in Appendix I). Methqu
for the new parts of the project (i.e. laboratory and dory
fisheries) will be included in the appropriate section. All of
the data and specimens collected for this project are maintained

and available for examination at SCCWRP.
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Figure II. Enlarged view of the CSDOC sampling area. The dots
represent the stations sampled during year 1. The
bracketed stations were the double transect stations
resampled during year 2; A similar sampling design was
used at Pt. Dume. The triangles represent the hydrographic
stations; the circled site shows the approximate location
for the proposed deep sludge outfall.



I+ CURRENTS (Tareah Hendricks)

I.A. Purpose of the Measurements

Current measurements were collected in the area of the proposed
outfall to: (1) assist in the design of the outfall, (2) provide
estimates of the effects of the ambient currents on the magnitude
of the initial dilution, and the resulting equilibrium elevation
of the wastefield, (3) indicate the direction anmd magriitude of
the subsequent dispersion of the wastewater and its constituents,
(4) provide estimates of the renewal rate of ocean water for
dilution and the transport of dissolved oxygen through the area,
and (35) assist in evaluating the rate of sedimentation of
effluent-related particulates to the ocean bottom and estimating
the associated effects on the composition of the adjacent
sediments,

[.B+ Summary and Implications for Wastewater Disposal

Currents were measured at elevations of 1m, S1im, and 101lm above
the bottom at a mooring in 3Sim of water near the termirnus of the
proposed outfall, The properties of these currents were examined
and compared with the properties of the currents near the exis-
ting outfall to 1dentify the similarities and differences that
exist between the two sites,

The existing outfall discharges in approximately S55m of water,
Typical wastefield elevations above the outfall diffuser are on
the order of 10-30m, or water depths of 25-45m, The "mid-water”
current measurements carried out near the existing outfall were
at a depth of 40m (elevation of 13m) 1n 55m of water., The
wastefield from the proposed outfall is expected to rise 50-1{00m
above the terminus of the outfall, or to a depth of 250-300m in
330m of water, “"Mid-water" currents at the site of the proposed
outfall were measured at depths of 250 and 300m.

A considerable degree of similarity was found betweer the proper-
ties of the mid-water currents at the two sites. For example,
the net flow at both locations is upcoast and approximately
paraliel to the contours of constant depth (isobaths)., The net
speed (vector average of all the measurements) at a depth of 250m
at the site of the proposed outfall was 4,2 cm/sec, which 1s
identical to the net speed of the 40m deep currents near the
existing outfall, At a depth of 300m, the net speed was slightly
less at 2,95 cm/sec,

The longshore component of the fluctuations (about the mid-water
net flow) at the slope mooring are about 10-20 percent less
strong than they are on the sheif, but in both areas the rms
("root mean square”) speeds of the fluctuations are about twice
the net flow. In the cross-shore direction, the fluctuations at
the slope site are about 60 percent of the strength of the cross-
shore fluctuations on the shelf, The combination of these fac-
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tors indicates that if the proposed outfall gernerated an imitial
wastefield identical to that produced by the existing outfall,
the "time-averaged"” concentrations of wastewater constituents in
the area would be about twice the levels around the existing
outfail,

The temporal properties of the currents are also similar at the
two sites, with "long-period” (several days to weeks) fluctua-
tions contributing most of the changes in the strength and direc-
tion of the longshore flow, and tidai {(and shorter pericd) fluc-
tuations dominating the cross-shore variations. Long-period
fluctuations contribute about 20 percent less of the lonashore
variance at the proposed outfall site than they do at the exis-
ting outfall, hence the "average concentration” factor should be
raised to 2,3X to 3.9X after taking this difference into accocunt.

Since (1) the net flow is “"upcoast"”, (2) the rms speed asscciated
with the longshore component of the fluctuations is approximately
three times the rms speed for the cross-shore fluctuations and,
(3) the longshore fluctuations are associated with much more
stowly changing variations, the patterns of wastewater effects
can be expected to be biased toward the west (upcoast) forming
(approximately) enlongated ellipses whose major axis lies roughly
along the 330m isobath, The eccentricity of these "concentration
ellipses” will be greater than for the existing outfall,

The strength of the net near-bottom flow and the variations about
the net near-hottom current at the proposed site are neariy the
same as around the existing outfall., The very highest observed
speeds are, however, noticably stronger on the shelf than they
are on the siope.

The major difference in the near-bottom currents is that the net
flow is approximately along the i1sobath at the proposed site,
while there is a substantial offshore component to the net fiow
at the site of the existing outfall, This means that resuspen-
sion processes at the proposed outfall wil)l be comparable with
those occurring at the existing outfall, but the cross-shore
transport and dispersion of these resuspended sediments wili be
less. Thus for equal discharges, the concentration of effluent
consitituents in the sediments around the proposed outfall would
be greater than around the existing outfall,

Limited near-bottom current measurements at a depth of 150m on
the slope suggest that at that depth, the near-bottom currents
may be significantly weaKer than in either deeper or shallower
water, This may hinder the resuspension and transport of natural
particulates into the area of sediments influenced by the (pro-
posed) discharge, This suppressed transport of rmatural “"dilu-
ting" sediments would also lead to higher concentrations of
effluent constituents in the sediments arcund the outfall.

Since organically enriched sediments around the proposed outfall
would be subject to resuspension, and the net transport 15 up-
coast along the 3530m isobath, there i1s a good probability that
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resuspended sediments would be transported to San Gabriel Canvyon.
Current measurements are currently in progress within the canyon,
Initial analysis indicates that the net flows are quite weak, and
neither up- or down-canyorn flows are well defined, The currents
within the canyon are highly variable in time, with the semi-
diurnal tidal oscillations dominating in the canyon at the loca-
tion of the sediment field from the proposed outfall, In
shallower depths, more rapid fluctuations dominate, In the
absence of long-period osciliations and significant net flows,
up- and down-canyonh transport will be substantially weaker than
will occur on the slope (e.g. 350m isobath)--even though resus-
pension within the canyon is likely if the sediments are orgar-
1cally enriched,

The long-period fluctuations in the currents at depths ranging
from 40m to 350m are similar (except, perhaps, for a scaling
factor), but reversals usually occur earlier or later (hours to
days) at the 40m depth than they do at the deeper depths., At
other times, the fluctuations appear to be anti-correlated.
Periods also occur when there seems to be no correlation between
the shallow and deep fluctuations. The presence of this shear
means that the vertical exchange of wastewater constituents (and
dissolved oxygen) will be greater than would be the case if the
water was considered to move as a “"block",

The subsequent sections discuss the current measurements im mcre
detail.

I1.C+ Study Area / Moorings

The primary measurements were made at a single mooring located 1in
331m of water near the site of the terminus of the proposed
outfall, The location of this mooring is shown in Figure 1.1,
Meters were positioned Im, Sim, and 10lm above the bottom (depths
of 330m, 300m, and 250m, respectively):. Preiiminary estimates
had indicated that the wastefield equilibrium elevationrn would be
30-100m above the outfall terminus, A short record of measure-
ments were also collected at an elevation of 151im (200m depthi,
The results of the measurements collected at this mooring wiil be
the primary focus of the discussion in this sectiorn., The SCCWFEP
slope mooring was removed in mid-June, 1983,

Just pricr to this removal, the National Oceanographic and Atmo-
spheric Administration (NOAA) placed a series of moorings alorg
the 350m isobath in the study area. The purpose of these obser-
vations was to ascertain the coherence/correlation of the long-
shore currents within the dispersion area of the outfall., In
October, 1983, this set of moorings was replaced by a two-
dimensional array designed to examine the flow patterns in the
study area, These on-qoing observations (carried cut by NOAA)
will not be discussed in this report,

Following removal of the SCCWRP mooring in June, the current
meters were refurbished and re-deployed in San Gabriel Canyon in
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Figure 1.1 Location of the Shelf and Slope Current Meter
Moorings in the vicinity of the Proposed Orange
County Outfall.
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early August, The purpose of these measurements 15 to determine
if the canyon system could be an i1mportant mode of transport of
effluent particulates down into San Pedro EBasin, or up onto the
shelf, Sediment modeling efforts (based on the measurements
collected at the siope mooring) had indicated that transport of
resuspended outfall-~influenced sediments into the canyom could be
significant,

The canyon moorings consist of a primary mooring on the axis of
the canyon in 397m of water (an extension of the 230m isokath)
plus secondary moorings located in shallower and deeper water,
and in the other branch of the canyon (see Figure I1.2:.), Meters
were positioned 2m and 25m above the bottom. A third meter was
depioyed at an elevation corresponding {(approximately) to the
depth of the water over the adjacent siope (e.g. elevations of

48-75m). The secondary moorings are sequentially occupied for
periods of approximately two months. The primary mooring 1s
continuously occupied. Preliminary resuvlts from this on-going
set of observations will be discussed in this report,

A substantial set of current measurements have bheen collected on

the inshore shelf in the vicinity of the existing outfail in a
water depth of 55m. Some of these measurements were collected
siuml taneously with the measurements at the slope mooring. The

elevations of the meters at this mooring were 2m and 15m above
the bottom (the latter is the approximate wastefield elevation),
These measurements will also be described 1n order to provide a
basis for comparison with the slope observations and thus assi1st
in evaluating the likKely effects of the proposed discharge, The
location of this "shelf"” mooring is also shown in Figure I.1.

A limited number of current measurements were made during ancther
SCCWEP study at a mooring in 150m of water between the existing
shel f outfall and the proposed deep outfall (see Figure I.1.),
The meter elevations were 2m and 100m. A brief discussion of the
results of these observations are incliuded for completeness and
because the properties of the near-bottom currents at this inter-
mediate depth may have significant effects on the cnaracteristics
of the sediments at the outfall depth.

1.D, Methods / Equipment

Tilt-meter type current meters, of SCCWRP design, were used for
all the observations. The meters were calibrated by towing them
in the wind/wave channel at the Hydraulics Laboratory at tne
Scripps Institution of Oceanoqraphy, A theoretical model was
used to make the (generally) mincr correction required for the
transition from fresh water (the tow tank) to a marine environ-
mernnt, The error in the measurements, under steady flow condi-
tions, is estimated to he 1| cm/sec, or less, for nearly all the
flows observed during the study.

Taut-line moorings with sub-surface floats were used to minimize
the effects of surface gravity wdves on the measurements., Navi-
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Location of the Current Meter Moorings in
San Gabriel Canyon.
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gaticn was by LORAN-C, augmented by fathometer readings in the
case of the canyon moorings.

The mcorings were serviced at approximately one month i1ntervais,
The analysis interval for the current measurements was 45 minutes
for all the observations except those near the bottcm in the
canyon, and a few of the near-hottom measurements on the slope,
which were analyzed at 15 minute intervals., No significant
aliasing is expected at these analysis intervals.,

The "instantaneous” tilt, and direction.of tilt, of the current
meter at preset intervals in time are recorded on film: The film
is manually scanned, and the tilt and direction are entered 1nto
a computer file, converted to speed and direction using the
calibration results, and analysed using a variety of in-house
analysis programs.

I.E. Results / Discussion

The currents on the slope at depths of 250-300m (elev., of 350-
100m) are similar in many respects to the currerts at a depth of
40m (elev, = 15m) on the shelf near the existing outfall. We
will discuss some of these similarities, and some of the differ-
ences, in the following sub-sections.

The properties of the currents in San Gabriel Canyon differ
substantially from those of the shelf and slope currents, The
principal differences relate to the direction of the dominant
flows, the net speeds, the temporal properties of the currents,
and the changes that occur with increasing elevation above the
bottom,

I+E+ L SPEEdS
I.E.+l.a, "Mid-Water" Current Speeds - Shelf and Slope

The cummulative probability distribution of observed speeds is
shown in Figure 1.3, for both the slope and shelf measurements.
The median speed (50% faster, 50% slower) at the 250m depth is
7.7 cm/secy at the 200m depth, 6.3 cm/sec., These are only
slightly slower than the 8,6 cm/sec value recorded at the 40m
depth at the shelf mooring. The highest observed speed on the
shelf ( 30 cm/sec), however, is substantially greater than at
the proposed ocutfall slope mooring ( 30 cm/sec).

The highest median speed, however, was recorded at the 50m depth
(10,2 cm/sec) at the intermediate slope mooring (150m water),
This suggests that current speeds should increase with increasing
distance offshore, or above the bottom. Some eviderice for the
latter 1s evident in the observations at the three elevations
sampled at the 351im mooring.
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14.
I+.Ev1l.b, "Near-Bottom" Current Speeds - Shelf and Siope

The median speeds near the ocean bottom (1-2Zm elevation) are
comparable with the "mid-water"” elevations and (as was the case
for the mid-water currents), are nearly the same at the site of
the proposed outfall and near the existing outfall (7.2 and 6.9
cm/sec, respectively). As befere, the "peak"” speeds are substan-
tially higher on the shelf than they are on the slope:. The
median near-bottom speed at the 130m mooring (2.3 cm/sec) 1is,
however, significantly less than the corresponding speeds at the
inshore and offshore moorings.

[.E+l.c+ Current Speeds - San Gabriel Canyon

The highest canyon speeds generally occur near the bottom (2Zm
elevation), with median speeds of 4,5-6,5 cm/sec, Mid-water
canyon speeds are generally about 1| cm/sec less (3.3-5.,3 cm/sec),
The speed probability distribution for the canyon measurements is
shown in Figqure I.4.

Table 1.A., summarizes some of the properties of the current
speeds at the shelf, slope, and canyon moorings.,
Table I.A.
Mid-Water Current Speeds

Loc. Depth(M/W) Median High 10% Low 10% Max, No., Obs,
HEEFREE  REREEFRRRE RREEEE FRRXFERE ERERRER O RREE EEEREREER

Shelf/Stope Mid-Water Currents

Shel f 40/ S55m 8.6 > 17,1 { 3,6 50 12,400
Slope 50/150m 10,2 > 23,2 < 246 *350 2,200
Slope 250/351m 77 > 16,2 < 241 a1 74600
Slope 300/351m 6.3 » 13.5 { 2.5 27 &,050
Shelf/Slope Near-Bottom Currents
Shel f 532/ 55m 6.9 > 12,0 ¢ 2.5 33 11,200
Slope 148/130m 3,3 2T T < 1.1 21 2,300
Slope 350/351im 7.2 > 117 ¢ 3.8 23 9, 300
Canyon Currents
2 +2/132m 6:+3 > 14,3 < 3.7 29 3,300
R1 +2/302m 6.5 > 16.0 <7 as &, 800
P +2/397m 4,8 > 9.1 { 3.1 21 2,400
R2 +25/132m Not Tet Analysed
Ri +25/7302m " " "

P +23/397m 3.4 > 6.0 2.3 21 1,100
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R2 +47/132m

R1 +73/302m 5.3 ¥y 12,2 302 21 2,300
P +48/397m 4,6 » 7.9 < 2.9 17 3, 200

Note: All speeds in cm/sec. M=Meter depth; W=Water depth.

I.E.2, Direction of Flow

The speed/direction probability matricies for each of the
moorings and elevations are listed in Appendix II.

I.E+2+a, Direction of Flow / Net Current - Shelf and Slope

In general, the mid-water flows on the shelf and on the siope
tend to be strongly bimodal, with the currents flcwing predomi-
nantly along the orientation of the local isobaths, The near-
bottom shelf and slope currents alseo tend to be bimodal, but the
tendency is not as pronounced due to an increase in the strength
of the cross-shore component of the flows and a tendency to
suppress some of the slowly varying components of the the long-
shore flows,

The net direction of movement of all the mid-water flows at both
the shelf and the (two) slope moorings is upceoast: The net
speeds, over the total set of observations, range from 2.9 cm/sec
{200m) to 4.2 cm/sec (40m, 250m) (see Table I.B.)+ The net speed
at a depth of SOm (150m mooring) is substantially higher, av 8,7
cm/sec, but the record is too short to adeguately estimate the
net flow,

The net movement of the near-bottom current at the slope mooring
in 351Im of water (2.5 cm/sec) is essentially upcoast and paralle)

to the local isobath, This is in contrast to the situaticn on
the shelt where the rnet movement (also 2.5 cm/sec) 15 also up-
coast, but with a significant offshore component. The net flow

at the slope mooring in 150m of water (1,0 cm/sec) was offshore
with a slight downcoast movement. There could be a significant
error associated with the net flow estimate at the 1350m slope
maooring. In addition to the shore record length, the net filow is
small (relative to the variations), hence the net flow may be
biased by small errors in determining the individual speeds.

I.E+2+b. Direction of Flow / Net Current - San Gabriel Canyon

The camyon currents also tend to have bimodal flows, In contrast
to the situation on the shelt and slope, however, for the riear-
bottom currents, the two most probable directions of flow are
frequently not in opposite directions, This may be due, in part,
to the meandering of the axis of the canyon and the gereration of
secondary filows.
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The net flows in the canyon are relatively weak (on the order of
0-3 cm/sec) and thus are not easiiy estimated because of the

large variability to the flows, In general, the estimated net
fiows tend to have a significant cross-canyon comporient {(1n the
"upcoast” direction relative to the adjacent slope area). This

suggests that secondary flows may be important and points up the
difficulties associated with measuring net motions from “"point”
measurements at a limited number of locations.

The net speeds for each of the moorings and elevations are
summarized in Table I.,B,

TABLE I.ER.

Net and RMS Speed and Directions

Loc, Depth Net Fiow Ma,jor Axis Mincr Axis
(m) Spd. Direc+. RMS Spd. Direc, RMS Spd. Direc,
EREEREE FEXEREE RRER RHFREE KERXRREE KRFREFF  FEEREXRE FEXERER
Mid-Water
Shel f 40/ 55 4,2 274 8,9(10.,1) 96-27 4,4(4,4) 6-186
Slope 50/150 8.7 2635 i1.5 83-265 4.5 175-355
Slope 250/351 4,2 266 8.7 83-263 2.7 173-353
Slope 300/351 3.3 277 78 91-271 2.6 1-181
Canyon 88/132 1.2 350 4,3 2-183 3.6 g93-273
Canyon 227/302 1.3 277 6.1 85-263 3:+9 175-355
Canyon 372/397 0.2 307 4,2 175-355 2.2 85-263
Near-Bottom
Shelf +2/ 55 2.9 233 S5.7(7. 4) 85-265 5.1(5.,9) 175-355
Siope +2/150 1.0 166 4,0 94-274 3.7 4-184
Slope +1/351 249 273 5.0 85-2635 5.9 175-3535
Canyon +2/132 2,9 2495 7.9 18-198 4,0 108-288
Canyorn +2/302 1.7 251 5.9 1233-313 2.6 43-22%
Canyon +2/397 1,4 126 5.2 171-351 2.6 21-261
Note: The values in the ( ) indicate the shelf station

rms values for the measurements carried out
during the same period as the siope measurements
in 25Im of water.
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I.E.3+ Variability in the Speed and Direction of the Currents

A "typical” record of the longshore and cross-shore components of
the currents at the 35im slope station (for an approximately one
month long period) 15 shown in Figure 1.3, The upper three
traces indicate the longshore components (+ = upcoast) at eleva-
tions of 10im, Sim, and Im (top to bottom) respectively. The
three lower traces are the corresponding plots for the cross-
shore components of the flows (+ = onshore),

Several "features"” of the currents are evident in this plot: (1)
variations that occur over periods of time in excess of one day
(evq, 21-22 day cycle for the record illustrated) are greater than
the variations associated with the tidal oscillations (1-2 cycles
per day), (2) these "long-period” oscillations are suppressed
("damped”) near the bottom, (3) both the tidal and long-period
fluctuations are suppressed in the cross-shore component of the
mid-water flows, (4) the cross-shore fluctuations are greater
near the bottom than they are above the bottom, (3) the varia-
tions in the flows in both directions are greater than the mean
flows and, (6) there is some similarity between the variations 1in
the longshore component of the flows at the three depths--
although there may be "shifts" in time,

I.E.3.a., Speed Ratios - Longshore Component of the Flows

For the mid-water slope and shelf currents, the rms speeds assc-
ciated with the varying portion of the longshore component of the
currents (during 1| month intervals) are approximately twice as
large (1,3X-2,1X) as the net speed (see Table 1.B.).

Near the bottom, this ratio increases to about 2,3X to Z.4X on
the shelf and slope. A ratio of about 4:1 exists at the 130m
slope mooring.

In the canyon, the ratio of the "along-canyon” rms speed of the
variations is on the order of 3-4 times the net speed. Since the
ability to accurately estimate the net flow is reduced as this
ratio increases, the speed and direction of the net canyor flows
can not be estimated as well as the shelf and slope flows., The
ratios of the "along-canyon” rms speed to the "cross-canyon” rms
speed are generally in the range of 1-2 cm/sec, and thus have
some of the properties of both the mid-water and near-bottom
sheif and slope currents, In contrast with the shelf and siope
observations, there is no significant difference in these ratios
between the canyon rnear-bottom observations and the canyon mid-
water oObservations.

I+.E+3.bs Speed Fatios - Cross-shore Component of the Flows

The mid-water shelf and slope currents have essentially no c¢ross-
shore component to the net flow, The ratio of the variability in
the longshore component of the flow (rms speed) to that in the
cross-shore direction is about 2:1 on the shelf, but this ratio
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increases to about 3:1 on the slope. As a result, the cross-
shore dispersion of wastsewater constituents on the shelf (exis-
ting outfall) can be expected to be greater than would occur at
the depth of the proposed outfall,

I.E+Zv¢c+ Variability of the Currents in Time

The dispersion of wastewater constituents associated with the
time-varying components of the currents depends not onily on the
strength of the currents, but also on the time that the current
flows in one direction before reversing, Thus variations charac-
terized by "characteristic periods” of 21-22 days will transport
wastewater parcels over a much greater area than currents of
equal strength, but characterized by tidal oscillations.

We already noted (Figure I.5.,) that the longshore variations are
dominated by slowly varying fluctuations, while the cross-shore
fluctuations are predominantly at tidal or higher frequencies,
Thus the dispersion can be expected to bhe substantially greater
than 2-3 times the dispersion occurring in the cross-shore
direction--even though the rms speeds have this ratio.

The consequence of this anisotrophy in the properties of the
currents is that isopleths of the "average" concentration of
wastewater constituents {averaged over an extended period of
time) can be expected to be highly enlongated in the along-
isobath direction (except, perhaps in the immediate vicinitv of
the outfall-~- < 1-2 Km),

To illustrate the difference in the temporal characteristics of
the flows at the various locations and depths (elevations), we
have represented the sequence of current velocity components
(longshore, cross-shore) in time by a net flow and a set of
oscillating flows using a “"discrete Fourier transform”., The
square of the amplitude associated with each of the oscillating
components is a measure of the variance contributed by fluctua-
tions with “characteristic variation times" corresponding tc the
period of the oscillation frequency for each component,

Figure I.6.,a., shows the (average) cummulative variance for the
longshore component of the currents at the shelf and slope sta-
tions. Contributions by slowly varying fluctuations dominate the
mid-water currents, but diminish with increasing proximity to the
ocean bottom., The reduced fluctuations of tidal periodicity in
the near-bottom currents is also evident.,

In the cross-shore direction (Figure 1.,6.b.), most of the
variance is associated with tidal and shorter period
oscillations. The cross-shore variances in the near-bottom
currents are substantially greater than for the mid-water
currents, and most of this difference is associated with the
tidal fluctuations.

The near-bottom cross-shore compcnent of the currents at the 130m
slope mooring (not shown) differs from the near-bottom currents



paysep oyl pue {I93eMm JO W (QGT UT

butIoow w TGE 9yl P SjUSBWLINSEIW IJEOTPUT SIUTT PTITOS 9Y]

‘yzdep 1939w JuaIAIND DY)} 93LOTPUT DAINS YOS YITM

pPa3eTo0sSse sIaqunu JYL * (TTe33Ino BUTITSTIX3) Id93eMm JO W GG UT JTABYS 8yl uo aury
'auTy p233op 2y} ! (TTe3j3no posodoad syl jo 931S)

‘poraad aouaiajax ayjl

‘03 1enbs 10 ‘ueyl ssaf ,Sor3ToTpoTiad, @ArY YOTYm suotienionii ayl Aq paonpoad

adouetTaea Tejol 39yl JO aansesawl e ST STXe TedIjaaa a9yl

*gjusIaInd JT9Ys pue

pue adoTs ay3 jo uotijxod Hurizenion(J 9yl YITM PIIRTOOSSE JOURTIARA SaTIeTNUND

21.

e’

-
- ——

--—-"""7T¢g

-
o
csees®
wesesen sesem oS
coesuevescsnsis s

0S¢

(SADp) ,Q0IY43da

¢e 91

*9°1 aanbtg

1
o
N

) FINVIYVA JAILYINWWND

(aas
z\ W

[

04

— 00T




22.

at the two other moorings in that almost all the variance is
associated with very short period fluctuations. The small vari-
ance ohserved at this mooring, and the short period of the oscil-
lations, means that the dispersion of resuspended sediments 1in
this area will be suppressed relative to the dispersion on the
shelf, or on the sliope at a depth of 35im,

Figure .7, shows the simultaneous time history of the current
flow along the dominant axis of fluctuation at two of the sta-
tions in San Gabriel! Canyon. [t is evident that the importance
of short-period fluctuations increases as the depth of the canyon
decreases, This is consistent with the observations in other
canyons made by Shepard, et, al, (1983),

Figure 1.8, shows the cummulative variance for the longshore and
cross-shore components of the canyon currents, {t is readily
evident that near the bottom, mcst of the variance is asscciated
with increasingly shorter periods as the water depth in the
canyon diminishes, 8Since the net flows are relatively weak, this
means that the dispersion of particulates settling, or resuspen-
ded, in the canyon will be suppressed near the upper end of the
canyon. :

i+.E+3,ds Correlation of Fluctuations in the Water Column

In Fiqure I1,5,, we observed that if the tidal fluctuatiorns were
neglected, there was similarity among the longshore fluctuations
at the three elevations at the 351m siope mooring (even though
the near-bottom fluctuations are somewhat suppressed by fric-
tional interactions with the bottom),

The fluctuations had the greatest correlation, however, if they
were shifted in time since the changes in the flow appear to
propagate upward in the water column with the passage of time,

During this same time period, we also recorded currents at an
elevation of 15m (40m depth) at the shelf station, A comparison
of the longshore components of the mid-water currents a3t the
shelf station and the 351m slope station is shown in Figure I.9.
In general there is little correlation betweer the variations at
the two depths, The fluctuations tend to be anti-correiated
(i+e, the direction of flow reverses on the shelf) from Julian
Day 280 to about Julian Day 298, and from Julian Day 2307 to 316,
but this anti-correlation does not appear to exist for the
intermediate period,

Figure 1,10, shows the longshore components of the mid-water and
near-bottom currents on the shelf, and at the 250m depth at the
slope mooring, for the period from Julian Day 320 to 235+ The
tidal and the long-period fluctuations at the two depths at the
shelf mooring are correlated. No significant correlaticn (or
anit-correiation) is evident between the shailow (shelf) and deep
(slope) fluctuations except, perhaps, near the beginning and the
end of the record.
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Figure I.11, shows the longshtore components of the flow at a
depth of 40m on the shelf, and Z50m and 350m on the slope for the
period from Julian Day 103 to 136, During this period, there
appears to be a correlation between the shelf and slope
fluctuations, but again with a shift in time. During this
period, the reversals in the flow appear to propagate downward
from the 40m depth to the 250m depth--in contrast to the upward
propagation suggested in Figure [.3.

Figure .12, shows the longshore components of the flows at
depths of 40m and S3m (shelf, depth=55m), and 200m, 250m, 3200m,
and 351m (slope, depth=33im) [the meter used to record currents
at the 200m depth has not been rigorously calibrated, and we
believe that the current speeds--particularily the lower values--
may be over-estimated by the calibration relationship used for
this datal,

A correlation is evident between the flows at the various eleva-
tions at the slope mooring, but with a time shift indicating an
upward propagation of the reversal for the "event" around Juiilan
Day 165-166, and a downward propagation of the reversal around
Jultian Days 142 and 148,

The reversals are not as evident in the shelf record, but there
is some indication of correlated reversals near JD 148 and again
around JD 166-167. In both cases, the time shifts are consistent
with the sense of propagation suggested by the slope mooring.

Comparisons of the longshore filuctuations at a depth of 40m on
the shelf (depth=35m) and at a depth of 5S0m at the intermediate
slope station (depth=150m) show that the fluctuations are well
correlated (see SCCWRP, 1982), Therefore, we expect that the
shelf observations are indicative of the shallower flows in the
vicinity of the 3I5Im mooring (although the speeds may be greater
than indicated by the shelf measurements).,

The frequent lack of correlation, occasional periods of anti-
correlation, and the shifts in the reversal times during pericds
of correlation indicate that significant shear occurs within the
water column--even though the statistical propervies of the
currents in the shelf and slope areas are similar,
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II. Sediments

A. Grain-size and chemistry (Pat Hershelman, Bruce Thompson)

In the first year report we described the sediment
characteristics at 49 sites, sampled from the CSDOC study
area in October, 1981. During this past year (August, 1983)
we resampled the 8 double- transect sites at CSDOC and
additionally sampled the Point Dume area at similar depths.
Percent sand, total organic content, cadmium, chromium,
copper, nickel, lead, zinc, total PCBs and DDTs were measured
in surficial sediments (0-2 cm) using methods described in
the first year report.

The results from the August, 1983 samples are listed in
Table II.1. The data is also presented in Figures II.l.
through II. 3. to show trends over depth for the parameters
measured from both areas.

The sediments at Point Dume were sandier; there was about
twice as much sand as at the proposed CSDOC discharge depth,
26% verses 12%. The organic material in the sediment was similar
at both areas except for the deepest sites at Point Dume where
organic material was lower (Figure II.l.), but this may be
expected due to the much lower sand content at the deeper
stations of the CSDOC study area.

The levels of trace metals measured in the sediments were
generally similar at both areas. Due to the higher sand content
of the Point Dume sediments, somewhat lower trace metals could
be expected. However, some metals, particularly chromium, were

somewhat higher off Point Dume than the proposed dishcarge area
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Figure II.1l.

Depth distribution of percent sand (>62 um),

and total organic material (% dry wt.) of surface

(2 cm) sediments from all sampling stations.

The Pt. Dume area is sandier and has less

organic material at the deeper station than

CSDOoC.

OPt. Dume year 2.
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or clean areas at similar depths off Ventura County (Table II.2.).
Additionally, the chromium levels at CSDOC were higher in the

1983 samples than the 1981 samples. The reasons for the increase
in chromium but not in other metals is unknown.

Total DDT in the double transect sediments also showed
differences between the 2 areas. There were small but nevertheless
elevated DDT concentrations (Figure II.3.) in the Point Dume
sediments compared to the CSDOC study area. Total PCB concentrations
in double transect sediments were very low, less than 10 ppb
at both areas (Figure II.3.). To summarize, we found some
differences in sediment characteristics between areas (% sand,

Cr, DDT), but all the levels measured are consistent with
expected values for normal shelf and slope habitats of the

region.
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B. SEDIMENT MODEL SIMULATIONS (Tareah Hendricks)

1. Purpose of the Sediment Simulations

The purpose of the numerical sediment model simuiations of the
properties of the sediments around the proposed outfall was o
provide an estimates of the rates and distribution of the sedi-
mentation of effluent particulates to the ocean bottom, and the
consequences of this sedimentation on the composition of the
sediments,

2. Summary of Results

The SCCWRP/NOAA sedimentation flux and sediment quality mcdels
were used to simuiate the settling of effluent-related
particulates to the bottom in the region around the proposed
cutfall and to estimate the associated changes in the sediment
compositon.

Two sedimentation rate simulations were performed because of the
wide range in effluent particulate settling speeds (reported by
the CIT investigators)., The maximum sedimentation rate near the
terminus of the outfall was about 300 mg/cm*%¥2/yr for the distri-
bution which had a minimum of rapidly settling particlies; for the
case with a maximum of fast settling particies, the maximum
sedimentation rate was predicted to increase to about 3100
mg/cm¥¥2/yr, Both of these estimates assume an annual mass
emission rate of about 45,000 m-tons, To put this into perspec-
tive, the sedimentation model estimates that the maximum sedimer-
tation rate around the existing outfall is about 103 mg/cm*+2/vyr,
and the maximum rate around the White Point outfalis is estimated
to be about 330 mg/cm**2/yr., Emery has estimated the sedimenta-
tion rate of natural particulates to the bottom on the shelf off
San Pedro to be about 10 mg/cm**2/yr,

The area with sedimentation rates in excess of 10 mg/cm**2/yr 15
estimated to be about 20-25 square Kilometers, For the existing
outfall, the area is estimated to be ahout 14 square Kilometers,

The maximum concentration of volatile solids in the sediments is
estimated to be about 31 percent for a maximum sedimentation rate
of 300 mg/cm%**2/yr, and about 45 percent for the 3100 ma/cm**2/yr
maximum rate, The SCCWRP/NOAA sediment gquality model! accurately
reproduces the volatile solids concentrations in the surface
sediments around the White Point outfall, but substanmtially over-
estimates the increases around the existing Orange County out-
fall., Thus the estimates for the proposed outfall may also be in
excess of the values that would actually occur., We are presently
modifying the model (under a cooperative grant from the EPA) to
increase the accuracy of the model predictions, The simuliations
for the proposed outfall wil)l bhe re-run after the model changes
are compieted.,
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The present version of the model does a much hetter job of esti-
mating the changes in the Infaural Index around the existing
outfall than it does in predicting the sediment volatile solids
concentrations., Unfortunately, the relationships used in the
model to estimate the Infaunal Index values was derived from
observations on the slope and a liKely not be be valid for deeper
waters, When suitable data is obtained for deeper water, the
changes in Infaunal! Index around the proposed outfall will be
estimated.

3. Method

The SCCWRP/NOAA sedimentation flux and sediment quality models
were applied to the proposed discharge, The formulation of these
models is discussed in detail in Hendricks (1983},

In brief, the sedimentation flux model estimates the
sedimentation rate of effiuent particulates into a set of "cells”
using the temporal properties of the velocities at the wastefield
depth, the bathymetry of the area, the equilibrium elevation of
the wastefield in the water column, and the settiing speed
distribution of the effluent particulates:, The sedimentation
rates are the "average"” values over extended periods of time f{on
the order of months to a year).

The sediment quality model estimates the concentration and
distribution of volatile solids in the sediments around the
outfall (for each "ceil"”) resulting from the combined processes
of: (1) the sedimentation of natural and effluent particulates,
(2) resuspension and redistribution of sediments, (3) "stirring”
of the sediments by the benthic bhiota and, (4) biochemical degre-
dation of organic material, The effluent-related sedimentation
rates are provided by the sedimentation filux model. The resus-
pension and redistribution of sediment particulates is estimated
from the distribution of "instantaneous"” near-bottom current
speeds and the "average"” (over a tidal half-cycle) net current
speeds in each of the simulation transport directions (onshore,
offshore, upcoast, downcoast). The properties of these near-
bottom currrents vary as the water depth changes.

The annual mass emission rate of effluent suspended solids 1s
supplied as an input, and the mode)l estimates the conceritration

of volatile solids for each model cell at intervals of months to
years,
4. Results

Sedimentation Flux Simulations

We assumed that the wastefield formed at an elevation of 30m
above the terminus of the outfall and used the currents recorded
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at a depth of 300m (see Section 1) for the simulations.
The wastewater particulate settling speed distributions measured

by the investigators at the California Institute of Technology
showed a great deal of variation. For our simulations, we

combined all the distributions into a single plot (see Figure
II.4.),and then chose two arbitrary distributions to represent
"typical" "best" amd "worst" cases (solid and dashed lines in

Figure II.4. respectively).,

We assumed an annual mass emission rate of 48,000 m-tons of
suspended solids for both simulations,

The results are shown in Figures II.5.("best" case) and II.6.
("worst" case). The biggest difference between the two cases 1s
in the immediate vicinity of the outfall terminus, where the
maximum sedimentation rate varies from 300 mg/cm¥%2/yr to 3100
mg/cm**2/yr, At sedimention rates of 10 mg/cm**2/yr (equal to
Emery’'s estimate of the natural sedimentation rate on the San
Pedro shelf), the areas of the two distributions are comparable.
The "peak" sedimentation rate at the existing ocutfall (for a
comparable annual mass emission rate of suspended solids) is
estimated to be about 105 mg/cm**¥2/yr (see FigureII.5).

Effluent-related sedimentation rates in excess of 10 mg/cm**2/yr
occur over an area of 25 square Kilometers for the “"hest"” case,
and 20 square Kilometers for the “"worst” case:. For the existing
outfall, the corresponding area is estimated toc be about 14
square Kilometers.,

The sedimentation flux model predicted that the fractiom of the
suspended solids settling within a 16 Km long section of the
coast around the White Point outfall would be about 16 percent.
About 22 percent is predicted to settle within a 16 km section
around the proposed outfall for the "hest" case simulaiton, and
42 percent for the “"worst" case simulation. [t should be noted
that some localized areas around San Gabriel! Canyon are predicted
to have substantially increased sedimentation rates. We believe
that at least part of the increased sedimentation in these areas
is associated with the artifacts resulting from the model repre-
sentation of the movement of parcels of water in areas of
abruptly changing water depth.

Sediment Quality Simulations

The sediment quality simulations were carried out using the
properties of the currents measured at the moorings in 55m and
351m of water off Orange County, and the properties of the near
bottom currents in 20m and 40m of water measured off Oceanside.

The resuspension, bioturbation, and organic decay parameters were
taken to be identical to those used for the White Point
simulations, The simulations weré carried out for a period of 10
years to allow the sediment concentrations to achieve a guasi
steady-state condition.,
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Figure II.4.

Vs (cm/sec)

Distribution of effluent particulate settling speeds.

The vertical axis indicates the fraction of the total

mass of effluent particulates that have a settling speed
greater than, or equal to, the reference settling

speed, vs (in cm/sec). The upper line indicates the
settling speed distribution used for the "fastest settling

speed” simulation; the lower curve, for the "slowest
settling speed”.
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Figure II.5.

Sedimentation pattern for the simulation using the
slowest particulate settling sreed distribution.

The contours indicate effluent-related sedimentation
rates in mg/cm**2/yr. Natural sedimentation rates are
estimated to be 10-20 mg/cm**2/yr. Based on a mass
emission rate of 48,000 m-tons of susicended solids/vear.
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Newport Beach
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Figure II.6. Sedimentation pattern for the simulation using .the fastest
particulate settling speed distribution. The
contours indicate effluent~related sedimentation rates in
‘mg/cm**2yr, Natural sedimentation rates are estimated
to be 10-20 mg/cm**2/yr. Based on a mass emission rate
of 48,000 m-tons of suspended solids/vear.
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The concentrations of volatile solids in the sediments around the
proposed outfall for the "best” case simuiation 15 shown 1n
Figure II.7. the "worst" case results are shown in Figure II.8.

The peak sediment volatile seolids concentrations are estimated to
be 231 and 45 percent for the two cases. These concentrations are
substantially greater than the peak concentrations occurring
around the existing outfall ( 7-8 percent) and the White Point
outfalls ( 19 percent), The increased corncentrations are the
result of a variety of factors: (1) the lack of an offshore
component to the net flow at the deep outfall, (2) discharge from
a "point” source rather than an extended diffuser, (3) the higher
concentration of volatile solids in the natural sediments at tnis
depth and, (4) the increased distance from the shoreline (a
"high-energy"” area resuspending natural sediments that are
transported offshore and "dilute” the settled effluent
particulates),

The sediment qQuality model was also used to predict the distribu-
tion of volatile solids around the existing outfall (see Hend-
ricks, 1983). The predicted values were gerierally significanmtly
higher (max=12 percent) than the values observed in sediments
collected from the area (max=/7.6 percent), Therefore, it appears
that some features of the sedimentation/resuspension/bicturha-
tion process are not adequately represented in the model at the
present time.,

It has been tentatively suggested that the model resuspension
representations are only realistic for cohesive sediments, and
that they fail to adequately represent the resuspension of non-
cohesive sediments, From in-situ threshold resuspension speed
measurements, we suggest that the transition from non-cohesive
sediments to cohesive sediments might occur as the volatile
solids concentration increases above 5-6 percent., If this is the
case, the natural sediments at a depth comparable with the termi-
rnus of the proposed cutfall would be cohesive, versus the norn-
cohesive sediments arcund the existing outfall, Therefore, the
model might be expected to do a better job of predicting the deep
sediments than the sediments on the shelf.

We are currently involved in a jointly funded research project
with the EPA to resolve these problems and improve the mode)l sc
that it does a better job of predicting the sediments for a wide
range of conditions. The completion of this research should
result in the ability to estimate the changes in the sediments
around the proposed outfall with greater confidence.

A correlation has been observed between the concentration of
volatile solids in sediments on the shelf and the Infaunal Index
of the corresponding benthic communities (Bascom, 1978;

Hendricks, 1983), We have used this relationship to predict the
changes in the Infaunal Index around the existing Orange County
outfall, In general, the model predicted changes in Infaunal

Index were in much better agreement with the observed changes
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than were the predicted and observed changes in the
concentrations of volatile solids in the sediments (Hendricks,
1883), Therefore, we might expect that we could use the existing
model to estimate the changes that would occur i1n the community
structure of the benthic biota around the proposed outfall after
the beginning of the discharge, Unfortunately, the relationships
established for benthic communities on the shelf are probably not
valid for deeper water since the concentration of volatile solids
in the natural sediments increases with depth., For example, the
existing natural sediments would he predicted to be “"changed”
even in the absence of any discharge at depths in excess of 400-
450m using the present relationship.,

As data relating indicies of benthic community structure and
sediment volatile solids become available for the slope area, we
will combine them with the sediment quality model predictions to
estimate the benthic community changes that would accompany the
proposed discharge.
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Biology

Infaunal Invertebrates (Bruce Thompson, Jim Laughlin, David Tsukada)

In our first year report we showed that the proposed
outfall area was located in the upper slope zone. The extent
of this zone was determined by similarities in species
composition (classification analysis) at 18 sites between 282
and 388 m depth. The most abundant species in this 2zone were

the polychaetes Maldane sarsi and Pectinaria (=Cistena)

californiensis accounting for 38% of the infaunal organisms.

Sampling at the CSDOC and Pt. Dume sites this past year has
shown the upper slope assemblages to be quite similar between
areas and over time. Listings of the dominant species at CSDOC
were included in the first year report. No classification analysis
was conducted on these subsequent samples and we assume that
similar upper and lower slope zones exist at both areas and
persist over time.

Plots of total species, individuals, and biomass over slope
depths are presented in Figure III.l. 1In general, numbers of
species and individuals decreased over depth, but no trends are
obvious for biomass. The large variations in biomass are due
to the chance collection of large invertebrates, such as echinoids
or echiurans by the grab. There is little obvious difference in
these trends yearly, seasonally, or between the Pt. Dume and
CSDOC areas. Statistical comparison of number of species,
individuals, and biomass showed no significant differences over
time at CSDOC or between CSDOC and Pt. Dume in either the upper
slope (E & G stations, n =4) or lower slope (K & S stations,

n=4) (Kruskal-Wallis test, of = 0.05; Table III.l.).
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Plots of the depth distribution of the two most abundant

infaunal species, the polychaetes Maldane sarsi and Pectinaria

californiensis, are shown on Figure II.2. The shallowest point

on each plot is from monitoring data collected by the staff of
CSDOC over the same time interval as the other points. The
trends are similar at both areas; they both decrease in density
over depth. At Pt. Dume, there was a higher average density

of M. sarsi at the K stations; but they were not significantly
different. The shallowest point for M. sarsi is lower than
normal mainland shelf densities because the samples were from
the "transition” zone near the present Orange County outfall.
In this zone M. sarsi is found in reduced densities compared

to more normal shelf areas (Thompson, 1982). 1In the upper
slope, (E & G sites, n=4) there were no significant differences
in the densities of either species over time at CSDOC or between
the 2 areas (Kruskal-Wallis, X =0.05).

We could find no differences in the structure or composition
of the slope macrofauna, spatially or temporally. The Pt. Dume
area appears to be biologically similar to CSDOC area. These
areas are also similar to other nearshore basin upper slopes
analyzed by Thompson and Jones (in prep.) and we conclude that
biologically the CSDOC and Point Dume areas represent typical

Southern California mainland upper and lower slope assemblages.
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Figure III.2. Distribution of two dominant polrchaetes, Maldane
sarsi and Pectinaria californiensis over depth
(mean + 1 standard deviation of all samples; CSDOC,
n=4; Pt. Dume, n=2). The point at 135 meters is
from Orange County Sanitation Districts cuarterlv
grabs during the same period.
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B. Epibenthic Invertebrates (Bruce Thompson, Jimmy Laughlin,
David Tsukada)

Trawling was conducted at the double-transect sites in both
the CSDOC and Point Dume areas contemporaneously with the grab
samples. Trawl catches of epibenthic invertebrates for both
years (1981-1983) of sampling are presented in Figure TIII.3.
The depth distributions of numbers of species, individuals, and
biomass showed trends opposite from the grab samples. In the
trawls these parameters generally increased over slope depth.
The catches were significantly larger at the 'K' stations,
midslope, than at the other sites. These catches were composed
mostly of echinoids (87% of total invertebrate biomass). There
were significantly more species at the 'S' stations than at the
other stations (Table III.2.). The 'S' stations in both areas
were inhabited by the glass sponge association (Hartman 1963).
At these stations there is an overall increase in diversity and
suspension feeding organisms. This suggests that this area is
influenced by increased current and suspended particle load.

To examine spatial and temporal differences in trawl catches
analysis of variance (ANOVA) were conducted. Comparison of trawl
catches over time at OCSD were made using Model I ANOVA
(Statistical Analysis System). Depth, year, and season nested
within year were the main effects in the Model; LoglO of the
number + 1 were used to transform the catch data. SNK (Student-
Newman-Keuls) multiple range tests were also used to determine

which effects were significant.
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Parameter Effect F Probability

A. Orange County over time

1. Species Depth 11.69 £0.01%*
Year 5.12 0.04%*
Season 0.05 0.95

2. Individuals Depth 6.16 0.01%*
Year 0.35 0.56
Season 1.57 0.24

3. Biomass Depth 4,82 0.01%*
Year 0.11 0.75
Season 3.05 0.08

B. OCSD vs. Pt. Dume

1. Species Depth 21.09 £0.01%*
Area 1.54 0.23
Season 5.58 0.03%*

2. Individuals Depth 10.73 £ 0.01%
Area 0.00 0.99
Season 0.54 0.47

3. Biomass Depth 7.23 <0.01%
Area 0.21 0.66
Season 2.03 0.17

Table III.1l. Summary of ANOVA (Model I) for invertebrate
trawl catches comparing: A) OCSD over time
and B) OCSD and Pt. Dume. * Indicates significant
effect (4 =0.05); n=2; mean of E, G, K, or S sites.
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Comparison of catches between the CSDOC and Point Dume
areas was made using a similar ANOVA; depth, area and season
were the main effects used. The results of these analysis are
summarized on Table III.l. The only differences over time at
the CSDOC area was in number of species; there were significantly
more species in the 1983 samples. We found no significant
seasonal differences within each year. There were no significant
differences in any of the 3 parameters tested between the
Point Dume and OCSD areas in the 1983 samples.

Species composition of the trawl samples were listed in our
first year report. No classification analysis was made on this
data, therefore we cannot identify site groupings (upper or lower
slope zones) as we did for the grab samples. Examination of
species lists from the 1983 trawl samples showed only minor
differences from those collected in the first year at CSDOC; they
were also similar at both areas. The most obvious differences

were that the urchin Brisaster latifrons was more abundant than

Brissopsis pacifica at Point Dume where the opposite was true

at CSDOC and there were more of the ophuiroid Asteronyx sp. at
the deepest (S) sites at Point Dume than at OCSD.
The depth distributions of the two most abundant trawl

caught invertebrates at both areas, the urchins Allocentrotus

fragilis and Brissopsis pacifica, are shown in Figure III.A4.

Although their distribution overlap, their maximum abundances
are in the upper and lower'slbpe zones (as defined by grab-data;
year 1 report) respectively. At the proposed outfall depth

(350 m), over 95% of the trawl invertebrate biomass is due to

these species.
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Figure III.4. Distribution of two dominant echinoderms, Allocentrotus
fragilis and Brissopsis pacifica over depth (mean + 1
standard deviation catch —+ of all samples; CSDOC,
n=4; Pt. Dume, n=2). The data for 135 meters is
from Orange County Sanitation Districts cuarterl:
trawls during the same veriod. The A. fracilis
was most abundant on tie lower slone.
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Overall, we could find no differences in trawl catches
between the 2 areas or over time (except for number of species
at CSDOC). Species composition also appeared to be similar
between the 2 areas. Our data is also similar to other trawl
catch data (SCCWRP, unpublished data) from the nearshore basin
slopes of the region and we believe that the assemblages sampled
represent normal conditions.

In addition to the data presented, we have collected a
considerable amount of size-frequency data and information on
diets of the 2 urchin species discussed above. Most of this
data has not been analyzed completely. The size-frequency data
may be used to calculate growth and mortality rates which can
then be compared to post-discharge growth and mortality. Changes
in these rates may indicate sub-lethal population changes due to
sludge discharge.

Because of the dominance of these urchins, we believe that
understanding their roles in the benthos will allow us to evaluate
the effects of sludge discharge most effectively. During this
past year we began to study the ingestion and O2 consumption

rates of these species (see Section IV).
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Fish (Jeffrey Cross)

Materials and Methods

Fish were collected at the double transect sites at Orange Co.
and Pt. Dume by otter trawling. Fishes were also collected by
hook-and-line on Lasuen Knoll (14 Mile Bank; Figure II.) in
November 1983. Six fishermen using rockcod gear with 5-hook
gangions baited with squid and fish muscle (Pacific bonito,

Sarda chiliensis, and rockfish, Sebastes spp.) fished five

locations without anchoring for five hours. All fish were
identified, weighed, and measured.

The catch of the dory setline fishermen (based at Newport
Pier) operating in the study area was examined several times
each month from June 1983 to November 1983. The longlines were
made of #72 twisted cord approximately 450 m long with approximately
600 4/0 rockcod hooks on 25 cm of twisted cord leaders. Each

hook was baited with a piece of salted anchovy (Engraulis mordax).

Each baited longline was coiled into a small wooden tub. Two

to five tubs of gear were tied together end to end and set.
Anchors (bricks) and floats (bottles) were tied to the line as

it was set; five to 10 bricks and five to 10 bottles were tied

to each tub of gear. An anchor line was attached to each end of
the longline and to buoys on the surface. The lines were usually
set in the morning and retrieved in the morning on the following
day. 'The catch was measured and weighed aboard the dory as the

longlines were retrieved.
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Results

Sixty species of fish were collected during the study by
all types of gear (Table III.3.). The otter trawl collected 41
species, 17 of which occurred only in trawls. Longlines caught 36
species, 14 of which occurred only on longlines. Nine
species were caught by hook-and-line, five of which were caught
only by this method.

Otter Trawl Collections

A summary of the otter trawl fish catch statistics is
presented in Table III.4. Year one and year two trawl collections
made off Newport were compared using a Model I (fixed effects)
analysis of variance (ANOVA) with depth, year, and season nested
within year as the main effects (Table III.5.). All variables

were transformed to loglo(x+l). There was a significant depth and

season effect for the number of species collected per trawl.
A Student-Newman-Keuls (SNK) multiple range test on depth
demonstrated that significantly more species were collected at
the E line than at the remaining depths (Figure III. 5.):

Mean loglO(X+l): 1.088 .870 .850 .817

Depth: E G K S

Significantly more species were collected in the winter collections
than in the summer collections (Figure III. 5.). There was a
significant depth and year effect for the number of individuals
collected per trawl (Table III.5.). A SNK test for depth produced

the following results:
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Table III.3.Phylogenetic list of fishes collected by otter
trawl (0), hook-and-line (H), and longline (L).

Family Scientific Name

Myxinidae
Eptatretus deani
Eptatretus stoutii
Hexanchidae
Hexanchus griseus

Squalidae
Squalus acanthias
Somniosus pacificus
Scyliorhinidae

Paramaturus xaniurus

Apristurus brunneus
Carcharhinidae
Prionace glauca

Rajidae

Raja kincaidii

Raja inornata

Raja rhina
Dasyatididae

Dasyatis violacea
Chimaeridae

Hydrolagus colliei
Nettastomatidae

Faciolella gilberti
Synodontidae

Synodus lucioceps
Batrachoididae

Porichthys notatus
Brotulidae

Oligopus diagrammus

Cataetyx rubrirostris
Macouridae

Negumia stelgidolepis
Moridae

Physiculus rastrelliger
Merlucciidae

Merluccius productus
Zoarcidae

Lycodopsis pacifica
Lycodapus fierasfer
Lyconema barbatum

Common Name

black hagfish
Pacific hagfish

sixgill shark
spiny dogfish
Pacific sleeper
shark
filetail cat
shark
brown cat shark
blueshark
sandpaper skate
California skate
longnose skate
pelagic stingray
spotted ratfish

dogface witch-eel

California lizard-
fish

plainfin midshipman

purple brotula
rubynose brotula

California rattail

hundred~-fathom
codling

Pacific whiting
blackbelly eelpout

blackmouth eelpout
bearded eelpout

Gear

(oNe
e e

&



Scorpaenidae
Sebastolobus alascanus

Sebastolobus altivelis

Scorpaena guttata

Sebastes saxicola
Sebastes diploproa
Sebastes melanostomus
Sebastes paucispinus
Sebastes rufus
Sebastes rosenblatti

Sebastes aurora
Sebastes constellatus
Sebastes rosaceus
Sebastes simulator
Sebastes lentigilnosus
Sebastes jordani
Sebastes elongatus

Sebastes hopkinsi
Sebastes goodei
Sebastes gilli

Sebastes levis
Sebastes phillipsi
Sebastes miniatus

Anoplopomatidae

Anoplopoma fimbra
Zaniolepididae

Zaniolepis frenatus
Agonidae

Asterotheca pentacantha

Xeneretmus latifrons

Xeneretmus triacanthus
Liparidae

Careproctus melanurus
Branchiostegidae
Caulolatilus princeps

Bothidae
Citharichthys sordidus
Xystreurys liolepis
Pleuronectidae
Parophrys vetulus
Glyptocephalus zachirus

Microstomus pacificus
Lyopsetta exilis
Eopsetta jordani
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shortspine thorny-
head

longspine thorny-
head

spotted scorpion-
fish

stripetail rockfish

splitnose rockfish

blackgill rockfish

baccacio

bank rockfish

greenblotched
rockfish

aurora rockfish

starry rockfish

rosy rockfish

pinkrose rockfish

freckled rockfish

shortbelly rockfish

greenstriped rock-
fish

squarespot rockfish

chillipepper

bronzespotte rock-
fish

cowcod

chameleon rockfish

vermillion rockfish

sablefish
shortspine combfish

bigeye starnose
blackedge poacher
bluespotted poacher

blacktail snailfish
ocean whitefish

Pacific sanddab
fantail sole

English sole
rex sole
Dover sole
slender sole
petrale sole
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Mean loqlo(x+l): 2.317 2.193 2.007 1.857

Depth: K E S G

indicating the lack of consistent trend over depth (Figure III.5.).
A SNK test for your revealed that significantly more individuals

were collected in year two than in year one:

Mean loglo(x+l): 2.194 1.993
Year: 2 1
which can be seen in Figure III. 5. There were no significant

main effects for biomass (Table III. 5.).

Year two collections made off Newport and Point Dume were
compared using a Model I ANOVA with depth, area, and season as
the main effects (Table III.6.). All variables were transformed
to loglo(x+l). There was a significant depth effect and depth-by-
area interaction for the number of species and the number of
individuals collected per trawl. More species were collected at
the E line in both areas (Figure III.5.). The significant inter-
action between number of species and depth is the result of
opposing trends at the K and S lines between the two areas. Off
Newport, more species were collected at the K line than the S line;
off Point Dume, more species were collected at the S line than the
K line (Figure III.5.). There was no consistent trend with depth
in the number of individuals collected per trawl between the
two areas; in fact, the significant depth-by-area interaction is
the result of the high variability in number of indidividuals

collected (Figure III.5.). There was no significant main effects
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for biomass collected per trawl between the two areas but there

was a significant depth-by-season interaction indicating that

the trends in the two areas were often opposite (Figure III.5.).
Six species of fish dominated the otter trawl catches in

both areas: Dover sole (Microstomus pacificus), rex sole

(Glyptocephalus zachirus), slender sole (Lyopsetta exilis),

splitnose rockfish (Sebastes diploproa), shortspine thornyhead

(Sebastolobus alascanus), and longspine thornyhead (Sebastolobus

altivelis). Catches of the dominant species in year one and

year two off Newport were compared with a Model I ANOVA. Depth
was a significant effect for all except the shortspine thornyhead
(Figure III.6.). Dover, rex, and slender soles and splitnose
rockfish were more abundant at the E and G lines than at the K
and S lines. Longspine thornyheads were more abundant at the K
and S lines. Year was a significant effect for three species;
more shortspine thornyhead, Dover sole, and slender sole were
captured in year two.

Catches of the dominant species in year two were compared
between Point Dume and Orange County with a Model I ANOVA. Depth
was a significant effect for all species and the depth-by-area
interaction was significant for all species except rex sole. The
depth distribution of the dominant species was similar between
the two areas (Figure III.6.). The significant depth-by-area
interactions are the result of differences in the depth of maximum
abundance. For example, longspine thornyhead were more abundant

at the K line off Newport and at the S line off Point Dume.
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Shortspine thornyhead and rex sole were more abundant off
Newport than off Point Dume. Despite differences in abundance
over depth and between areas, the distributions of the dominant
species, when viewed as proportion of the catch, were remarkably
similar between areas (Figure III.6.).

Longline Collections

Data on the longline fishery operating in the study area
were collected during 23 trips between June and November 1983.
The areas fished are shown on Figure III.7. Sets of longline
gear were concentrated between 400 and 500 m (Figure III.S8.).
The mean number and biomass of edible fish varied substantially
between trips (Figure III.9.). The catches were dominated by

sablefish (Anoplopoma fimbra, also known as blackcod), shortspine

thornyhead (Sebastolobus alasconus), rockfish (primarily Sebastes

aurora, S. diploproa, and S. melanostomus), and Pacific whiting

(Merluccius productus, also known as Pacific hake) (Figure III.1l0.).

The non-edible (discarded) portion of the catch generally comprised
less than 10 percent of the total catch by weight and was dominated

by black hagfish (Eptatretus deani), spiny dogfish (Squalus

acanthias), brown cat shark (Apristurus brunneus), spotted

ratfish (Hydrolagus colliei), and California rattail (Nezumia

stelgidolepis).

Discussion

The benthic fish assemblage of the slope community can be
divided into upper and lower slope components. The upper slope
(lines E and G) is dominated by three species of flatfish (Dover,
rex, and slender soles) and two species of rockfish (splitnose

rockfish and shortspine thornyhead). Several species of small
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demersal and bentho-pelagic fishes (blackbelly eelpount, Lycodopsis
pacifica, bearded eelpout Lyconema barbatum, blackedge poacher,

Xeneretmus latifrons, bigeye starnose, Asterotheca pentacantha,

and black hagfish) are regular but not abundant members of the
upper slope fish assemblage. The dominant bentho-pelagic fish
predators on the upper slope are Pacific whiting, spiny dogfish,
and, to a lesser extent sablefish.

The lower slope (lines K and S) is dominated by the longspine
and shortspine thornyheads. Several small, demersal and bentho-
pelagic fishes (black hagfish, purple brotula, Oligopus
diagrammus, California rattail, and blackmouth eelpont, Lycodapus
fierasfer) are regular but not abundant members of the lower slope
fish assemblage. The dominant bentho-pelagic fish predators on
the lower slope are sablefish, brown cat shark, filetail cat

chark (Paramaturus xaniurus), and blackgill rockfish.

Members of the upper slope fish assemblage also occur on
the outer shelf. Upper slope fishes comprised a mean of 57%
(sD = 16, n=12) of the individuals collected at 137 m off Orange
County (monitoring station NT10) between 1979 and 1982. Upper
slope fishes comprised a mean of 55% (SD=19, n=7) of the individuals
collected between 174 m and 227 m from Point Dume to Point
Conception. Interestingly, slender sole, Dover sole, rex sole,
and blackbelly eelpout co-occur off the West Coast of North
America north to at least Canada (Levings 1973).

It is primarily the juveniles of the three abundant upper
slope flatfishes that comprise a large portion of the catch on

the outer shelf --48% (SD=15, n=12) of the individuals collected
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at NT10 between 1979 and 1982. Larvae of slender, Dover, and

rex soles settle out of the plankton onto the shelf. As they grow,
they move into deeper water. This simplistic picture is
complicated by seasonal onshore-offshore movements associated

with feeding and reproduction. For example, Dover sole move

into shallower water to feed in the spring and summer, and return
to deeper water in the fall and winter to reproduce (Hagerman
1952).

One member of the upper slope community-shortspine thornyhead-
also occurs on the lower slope, although in reduced abundance.
Since the upper slope has no abundant indicator species, it can
best be viewed as a transition zone between the shelf and the

lower slope.
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Iv. Laboratory Measurements of Invertebrate Metabolism

(Bruce Thompson and Jimmy Laughlin)

The effects of sludge discharge on an ecosystem mav be observed
at several levels. The mechanisms of effects on organisms
probably occur at the cellular-molecular level (increased
nutrition, spillover, etc.). These effects may be manifested
as changes in metabolic rates of the organisms which will in turn
effect populations and communities. Measurements of metabolic
rates can provide information on the health of organisms and can
also be used to link changes in organisms with changes in populations
and communities.

This past year we started to develop methods of assessing
the effects of sludge discharge on some of the most important
organisms from the proposed deep-sludge outfall area. The purpose
of these experiments was to test methods for measurement of

ingestion and oxygen consumption rates by Allocentrotus fragilis

and Brissopsis pacifica in the laboratory.

We have shown that these urchins contribute more than 90% to
the trawl biomass in the proposed discharge area (pgs57). A. fragilis
is a motile predator-scavenger that browses along the sediment
surface ingesting a variety of organic particles, detrital
aggeegates, other invertebrates, and larvae. Its contractile
tube feet are the primary respiratory surface (diffusion). Other
tube feet may have specialized chemosensory functions for location
of food. B. pacifica is a burrowing species that ingests mostly
fine sediment composed of detrital aggregates and particulate

organic material. It also uses tube feet for respiration.
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Specialized tube feet construct and maintain a

respiratory funnel to the sediment surface which allows water
to circulate into the burrow. Tube feet are also used to select
sediment for ingestion.

Since sludge is composed mostly of organic particles, both
of these species may potentially ingest it. Feeding is the primary
method of obtaining energy and probably contaminants. &Any
changes in the feeding rate due to sludge discharge could change
population growth. Additionally, the largest densities and
biomass of these species occur where the dissolved 02 concentration
is below 1 ml 1-1 and sediment organic material is above 6%.
These conditions, high sediment organic material, low DO, high
biomass, present a unique scenario for sludge discharge. The
interactions and mechanisms that occur in this area must be fully
understood before we can expect to predict impacts from discharge.

Methods

We wanted to conduct these experiments under nearly ambient
conditions. Warnings by Vernberg et al.(1977) and Pamatmat (1983)
regarding the precision respiration measurements made in the absense of
sediment 1led us to develop non-disruptive methods for both
ingestion and respiration rate measurements.

We are well aware of the problem with interpreting laboratory
data in an in situ context. Additionally, metabolic rates are
known to be affected by many environmental factors. Temperature,
dissolved oxygen tensions, salinity, pH, pressure, and organism
size will all affect metabolic rates (Crisp, 1968; Prusser and Brown,

1961). All of these relationships must be determinecd cmperically before

laboratory rate measurements can be applied to in-situ measurements.
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The specimens and sediments used were collected from the
upper slope sites off Orange County and Point Dume. The urchins
were kept cold and transported to the laboratory where they were
placed in aquaria on screened (0.5 mm) sediment. The aquaria were
maintained at 8—9°C, normal for upper slope bottom waters in the
study area (year 1 report). The seawater used was obtained
from Southern California Edison Company, with a salinity of
33%. Ingestion and 02 consumption rate measurements were made
only after the test organisms had been acclimated to the agquarium
for 48 hours. Measurements on B. pacifica were made while the
organisms were fully burrowed into the sediment under apparently
normal activity.

Oxygen consumption was measured using small bell jars. These
were made from glass BOD (300 ml) or reagent (2000 ml) Jars with the
bottoms removed so that they enclosed a small area of sediment,
containing the animal (Figure IV .1). A second identical jar
was placed on bare sediment so that 02 consumption by the
sediment could be subtracted. An LG Nester model 8000 oxygen
meter and probe were used to measure dissolved oxygen concentrations
in the bell jars. The meter and probe were initially calibrated
using saturated sea water. Oxygen concentration measurements

were made each 30 minutes for 2-3 hours. Experiments were
1

conducted at 92-100% oxygen saturation (9.1 to>10.3 ml 177), and
additionally, for A. fragilis at 38% saturation (4 ml l-l). The

oxygen tension was adjusted by removing the airation from the
aquarium and covering the water surface with a 3 mil plastic sheet

until the desired 02 concentration was reached.
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Figure IV.l. Diagram of apparatus for measuring O2 consumption.
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Since A. fragilis gut contents showed they ingested several
different foods, we measured ingestion rates of several different

foods. Equal parts (by weight) of algae (Egregia menziesii),

anchovy (Engralus mordax),and Tetramin tablets were chopped

into pieces approximately 3 mm in size, mixed and sprinkled
randomly over the mud in an aquarium. A. fragilis was allowed
to feed for 4 hours then removed and frozen. This species
forms pellets as it feeds, each pellet usually of one food type.
The foreguts were dissected out, the contents separated visually
and the volume and dry weight of each fraction were measured.
Ingestion rates of B. pacifica were made using spherical
glass microbeads (53-74 um) as sediment markers. They were mixed
into the sediment to a concentration of 0.259 g cc—l of sediment.
B. pacifica were placed into shallow depressions made using the
thumb and allowed to "settle-in" for 15 minutes. After feeding
in the sediment for 7 hours they were removed and frozen. While
still frozen the guts were dissected out and sliced into thin
sections. The contents of each section were subsampled and examined
under the microscope (1000 X) for the presence of glass beads.
The gut contents with glass beads were thus separated and the

volume and dry weight of the material ingested was measured.

Results

Oxygen consumption

Size-specific oxygen consumption rates for each urchin species
are shown in Figure IV.2. An allometric solution to the regression

was used (Crisp, 1968; Farmanfarmian, 1966). The smaller
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more 02 per unit weight.
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specimens have higher rates per unit weight, but the larger ones
consume larger total volumes of 02. An average sized B. pacifica
(16 g wet wt.) consumed about 83.2 nl O2 hr-l and an average sized

A. fragilis (46 g wet wt.) consumed about 289.8 pl O2 hr-l. The

fit for B. pacifica is not very good and may be due to the
experimental set-up used. B. pacifica was burrowed into the
sediment while O2 consumption was measured, but no burrowing
occured in the control. For A. fragilis the regression for near-
saturation is good, but the regression at 38% saturation was

not. These 2 regressions are not significantly different.
(Analysis of covarience, X= 0.05) suggesting a degree of 02
regulation by the urchin.

Echnioderms have generally been considered to be respiratory
conformers (Farmanfarmian, 1966). Recent work in the Baltic by
Dries, et al. (1984) showed that many invertebrates can regulate
02 consumption down to about 10% of saturation. Futher evidence
that A. fragilis may be able to regulate 02 consumption was observed
when they were held below 2 ml 02 l—l. They extended their tube
feet to such an extent as to appear 'fuzzy'. This effective
increase in respiratory surface area may allow them to regulate

0, consumption. It is interesting that A. fragilis had higher

2
respiration rates than B. pacifica. A. fragilis inhabits
shallower, more oxygenated areas than B. pacifica which exists
in highest densities where 02 is below 1 ml l_l.

02 consumption rate measurements gave values that are
near to those measured for other echinoderms (Dries et al., 1975;
Smith, 1983) and we feel that with some improvements in technique

our results will be as precise as possible for laboratory work.
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We can extrapolate our 02 consumption rate measurements
into estimates of 02 consumption by the populations of each
urchin. From our survey data and size-frequency measurements

we know the average sizes (A. fragilis = 46 g; B. pacifica = 16 g)

and densities (A. fragilis = 1.2 m ~; B. pacifica = 11.6 m-z)

of each species on the upper slope off Newport. By simple

multiplication the population of A. fragilis can consume

-2 -1 e
347.8 ul 0, m hr and B. Eac1f1ca can consume 965.1 ul O2

2
m—2 hr_l, for a total urchin 02 consumption o0f 1312.9 ul O2

m_2 hr'-l (Table IV.l.). Smith (1983) measured in situ 02

consumption of 1130.7 ul 02 m_2 hr—l for the 2 dominant
echinoderms (ophuroid and holothuroid) in the Santa Catalina
basin (1300 m). From another perspective, assuming an in situ
02 concentration of 1 ml l-l and a current velocity of 2.2 cm
sec“l (Hendricks, this report), A. fragilis and B. pacifica

consume only about .13% of the 02 flowing past them per hour.

Ingestion rates

The size-specific ingestion rates for both species are
presented in Figure IV.3. The best fit for A. fragilis was
with an exponential regression and the best fit for B. pacifica
was with an allometric regression. Smaller urchins ate more
per unit weight, but the largest ones consumed the most by total
weight. Anchovy was consumed the most and tetramin the least.
There was more variation in the proportions of each food ingested

by the larger urchins. An average A. fragilis (46 g wet wt.)
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Ingestion 02 Consumpti?n
(dry mg m-2 hr-1l) ~ (pl%o, m-2 hr~+)
A. fragilis 1.7 347.8
B. pacifica 157.8 965.1
Table 1IV.1l. Estimates of population ingestion and O2

consumption for the 2 urchin species on

the upper slope off Newport.
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consumed a total of 1.30 dry mg of food hr_l. Brissopsis

ingests mostly whole sediment thus there is only a single

regression. An average sized Brissopsis (16 g wet wt.) consumnd

about 13.6 dry mg of sediment hr-l

As with the 0., consumption data, we have extrapolated tn=

2

ingestion rates to the population (Table IV.l.) using the sane

assumption for mean densities and sizes (see page 84). A.
fragilis consumes a total of 1.7 dry mg m_2 hr_l. B. pacific>
consumes 157 dry mg sediment m—2 hr-l. On a volumetric basis

this amounts to 0.23% of the sediment (top cm) per day. At this

rate a square meter of sediment could be turned over by B. paci-ica

in about 14.5 months.
We could find no ingestion rates for these species of urchi:s
in the literature and therefore it is difficult to evaluate their

accuracy. Generally, we believe that the ingestion rates we

measured are reasonable estimates of in situ rates for each sw»ecies.

Discussion

The rates measured in our experiments are preliminary estimates
made mainly to evalute our methods. The population estimates

for 0., consumption and ingestion should be interpreted cautiously.

2
To provide data useful in predictions of effects of sludge
disposal emperical relationships between O2 tension and presence
of contaminants must be determined using larger sample sizes.
Previous attempts at 02 consumption modeling in the
proposed CSDOC discharge area have used mass balances to

predict 0, consumption (Jackson et al., 1979). Rate coefficients

2
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similar to those presented may be used as an estimate of
biological 02 consumption in future efforts. Additionally,
the sediment quality model in this report has a bioturbation
term. The sediment ingestion rates presented may help produce
more accurate estimates.-
It may also be possible to use these rates, along with
mortality rates estimated from our survey data to predict
changes in urchin population sizes due to discharge using an approach
similar to the classic population models of Riley (1949) for
200 plankton. 1Ingestion, respiration,and mortality are all
components of population growth. Their separate rate coefficients

may be sumed into a "fitness coefficient" roughly equivalent to

"r" in the classic growth equation:

dap

dt

where P is population size and r is the sum of the rate coefficients
of inputs (ingestion) and losses (respiration and mortality) to
the population.

The next step is to measure these rates in the presence of
sludge in the sediments. We conducted 2 preliminary experiments
on the response behavior of A. fragilis to sludge, but our results were
inconclusive. We obtained opposite results from the runs and
we believe our techniques need further development, including
controls for light and orientation. It is important to under-
stand the roles of these species in the benthos if we are to
learn to model their population dynamics in response to sludge

discharge.
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DISCUSSION AND CONCLUSIONS

Determining the effects of sludge disposal

In this report we have summarized all of the data collected
in 1983. Together with the first year report we have provided
a detailed account of the oceanography, sediments, and biology
at the proposed discharge area and have made predictions of the
fate and quality of discharged material. The effects of deep
sludge discharge on the biological assemblages can only be
speculated at this point (see below).

As stated in the introduction, we have established an optimal
sampling design for this study. This report represents the com-
pletion of the fist plase of this study. We have documented the
spatial and temporal variability within the proposed discharge
zone and at a control area. It is only by accounting for such
natural variation that any changes caused by sludge discharge can
be detected. We have established that the control area off Pt.
Dume is not significantly different biologically from the treat-
ment area off Newport. We could find only 3 sediment parameters
(¢ sand, Cr, DDT) that showed obvious differences between the
2 areas.

There was some discussion at a mini-conference on sludge
disposal at the California Institute of Technology in December,
1983 regarding the use of the Pt. Dume area as a control (or
reference) area. It was felt that the proximity of the Pt. Dume
area to the L.A. City outfalls in Santa Monica Bay would make it
unuseable as a control. In such a study, the pre-discharge
conditions at the control area should be similar to those at the

treatment area. We believe that these 2 areas are about as similar
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in the most important parameters as it would be possible to
find. While we may be able to find another area in which all
sediment parameters are similar, it may involve trading those
similarities for differences in biological parameters. Most
importantly, we know that these slight sediment differences
exist. It is the levels of change under discharge that we
must evaluate.

The determination of effects of sludge disposal must await
the completion of the experiment: An experimental discharge
of sludge. Following a suitable period of discharge, sampling
must be conducted in both areas exactly as it was in the pre-
discharge surveys reported herein. Analyses of variance similar
to those used in this report may then be used to test for signi-
ficant differences, in any parameter, from pre-discharge conditions
at CSDOC and the control area after discharge.

There remain important questions regarding which parameters
are best to measure and what levels of change are "significant”.
There are no guidelines for addressing such questions. The
problem is compounded because detecting a given level of change
in each parameter requires both an estimate of variation and a
precise statement of the desired probability of detecting the
change and with what statistical confidence. Such statements
then dictate the level of replication necessary to detect such
changes. For example, if it were determined that a 20% decrease
in the number of species would indicate "significant" degradation,

we could accomplish this with 2 replicate samples, but we would
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have only a 5% chance of being right. If we collected 13 samples
we would have an 82% chance of being right.

Using our sampling design and the variation estimates from
the grab samples we can detect no less than a 41% change in the
number of species, with 80% chance of being right. The variation
in numbers of individuals and biomass is higher and would require
more replication. It is obvious that before completion of this
study (detection of effects of discharge) can be accomplished,
decisions about what levels of change are acceptable must be

made.
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Speculation on effects

The sedimentation model has produced predictions of the
fate and quality of discharged material. We can use the results
obtained during this study together with known responses of
organisms to sewage outfalls in shallower water (Cross, 1982;
Thompson, 1982b) to speculate on the biological effects of
sludge discharge at CSDOC.

We will use Hendricks' estimates of deposition (Figure III.7.)
which show increased sedimentation and accumulation of organic
material, 30-40% TVS, in the sediment near the terminus of the
proposed outfall. This is comarible to the TVS measured at the
terminus of the Hyperion outfall in Santa Monica Bay which is
situated in shallower water (100 m) and discharges into the Santa
Monica canyon where organic material naturally accumulates. We
may extrapolate the effects observed there to what we may expect
at CSDOC.

Both of the most abundant infaunal invertebrates Maldane sarsi

and Pectinaria californensis, also occur on the mainland shelf and

in the proposed discharge zone, decrease in abundance along existing
outfall gradients (Thompson, 1982b). We therefore expect their
densities to decrease near the terminus of the proposed outfall.
We assume that these or other sensitive species will be affected
by increased sedimentation rates and burial, or toxic affects.
The ecological consequences of their removal is not known.
There is a small zone (n—2km2) at Hyperion where sediment
TVS is greater than about 6% that is characterized by high densities

of the polychaete Capitella capitata. The proposed discharge
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depth of 350 m is within the range of this species in the region
(to deeper than 700 m; Hartman, 1963) and we expect this species
to become locally abundant off Newport. Since this species is
most abundant where sediment TVS values exteed 6% at Hyperion,
may project the approximate size of the area at CSDOC that may

change to from M. sarsi - P. californiensis dominated assemblages

to C. capitata assemblages. One problem with such a projection is
that at 350 m in the proposed discharge area, the natural levels
of TVS in the sediment are near 6%, but C. capitata does not
normally occur. If we assume that 8-10% TVS in the sediment will
initiate the scenario, more than 20 km2 of the upper slope may
become changed.

The urchin A. fragilis ingests particulate organic (POM)
material and might be expected to increase in abundance if POM
(as sludge) were added to the habitat. This urchin has been
collected in the Santa Monica Canyon within 3 miles of the
Hyperion 7-mile sludge outfall. The effects of sludge discharge
on the prey of A. fragilis is not known.

Brissopsis pacifica, from Tanner Bank, ingested mostly POM

(Thompson, 1982a) demonstrating that they are capable of switching
their diets from pure sediment, as they consume off Newport, to
more nutritious organic particles when available. It is not known
whether they will ingest sludge particles and increase in density
or whether they are sensitive to toxic materials and may be

exluded from the discharge area.
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On the shelf we have observed that as the infaunal and
demersal assemblages change near existing outfalls the fish
assemblages that consume them also change (Cross et al., in
press). Generally, there are more flatfish that feed on
infaunal organisms nearer outfalls. The upper slope fish
fauna is composed mostly of flatfishes normally, therefore we
do not expect much change in composition. Probably the rock-
fishes of the upper slope will decrease in abundance as if their
crustacean prey are excluded by sludge, then flatfish may
increase slightly.

Another potential effect of deep sludge disposal is oxygen
depletion. Simulations of 02 depletion for the proposed discharge
area have predicted no anoxia will occur (Jackson et al., 1979).
These models did not include any terms for 02 consumption of
oganisms. The conditions on the slope off Newport are rather
unusual. Maximum biomasses occur where there is low 02 (<1 ml-l—l),
but an excess of organic material (> 6%). In well oxygenated
areas, biomass increases as organic material in the sediment
increases. Here, it appears that although there is plenty of
food (organic material), 02 concentrations may limit the dis-
tributions of the urchins.

It should be possible to create biological models of this
system that may predict effects of sludge disposal on the urchin
populations. We have made some progress in this report, however
much more research must be conducted to determine emperical
relationships between 02 consumption, and ingestion rates, and

the effects of increased toxic material and organic material

on these rates.
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Appendix I.

Station location, depths and dates of sampling activities.

Loran Depth
Station Date Lop 1 Lop 2 m
Orange County Van Veen Grab Samples
E-12 2/15/83 (Loran and i
B-16 2715783 Depth reported in Year 1 Report)
G-12 2/15/83
G-16 2/15/83
H-7 2/15/83 28200.3 40928.0 315m
J=-2 2/15/83 28191.3 40951.0 383m
K-12 2/15/83 ;
K16 215783 (Loran and Depth reported in Year 1 Report)
S-8 2/15/83
S-12 2/15/83
E-12 7/28/83
E-16 7/28/83
G-12 7/28/83
G-16 7/28/83
K-12 7/27/83
K-16 7/27/83
S-8 7/27/83
S-12 7/27/83
Orange County Otter Trawl Samples
E-12 1/19/83 (Loran and Depth revorted in Year 1 Report)
7/25/83
E-16 1/19/83
7/25/83
G-12 1/20/83
7/27/83
G-16 1/19/83
7/26/83
K-12 1/18/83
7/26/83
S-8 1/17/83
8/3/83
s-12 1/17/83

8/3/83
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Point Dume Van Veen Grab Samples

E-12 3/31/83 (Loran and Depth report in Year 1 Report)
E-16 3/31/83

G-12 3/31/83

G-16 4/7/83

K-12 4/7/83

K-16 4/7/83

E-12 8/18/83 28132.0 41206.0 298m
E-16 8/18/83 28135.0 41199.5 310m
G-12 8/11/83 28130.7 41206.7 376m
G-16 8/11/83 28133.5 41199.0 376m
K-12 8/11/83 28129.5 41205.2 475m
K-16 8/11/83 28132.2 41196.8 482m
S-8 7/11/83 28123.4 41205.0 620m
S-12 7/11/83 28126.3 41195.2 615m

Point Dume Otter Trawl Samples

E-12 3/28/83
8/18/83
E-16 3/28/83
8/18/83
G-12 3/28/83
8/9/83
G-16 3/28/83
8/9/83
K-12 3/28/83
8/9/83
K-16 3/28/83
8/9/83
S-8 3/28/83
8/9/83
s-12 3/28/83

8/9/83
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