r . o
LOAN o T

-Report of West Coast Region

Conference on Marine Pollution Problems

Portland, OR, June 17-19, 1980

Prepared for:

Interagency Committee on Ocean Pollution
Research, Development and Monitoring

Federal Coordinating Council for Science,
Engineering, and Technology

By:

Wiiliam Wick, Conference Chairman
Sam Boggs, Panel Chairman

John Craven, Panel Chairman
Robert Hoiton, Panel Chairman
Steve Lau, Panel Chairman

Glenn Ledbetter, Panel Chairman
Michael Martin, Panel Chairman

Art Oakley, Panel Chairman

Don Reish, Panel Chairman

John Tucker, Panel Chairman
Harvey Moore, Conference Coordinator
Bob Serra, Editor

Jim Bottom, Editor

Working Paper No. 6: Federal Plan for Ocean Pollution
Research, Deveiopment and Menitoring, FY 1981-1985

September, 1980

ORESU-W-80-002 C3

/
|

| CISCULATING COPY
Sea brant Depository

NATIONAL SEA CRanT DEPOSITORY
PELL Lificey pions

URL, RARNAGAKSETT Bay SRRTA
NARRAGANSETT, Ri 02682



Table of Contents
IIIIIllIllIlIlIIIIIIIIIIIIIIlIIIIIIIlIIIIlIIlIllIlIlllIllIIIllIllIllIIlIIIIIIlIIIIlIIlIIllll
e —

SECTION

SECTION

SECTION

SECTION

SECTION

SECTION

SECTION

SECTIOQN

SECTIOH

SECTION

SECTION

| -
-
-
v -
i -
Vi -
Vit -
Vil-
X -
X -
X -

Introduction

Land-use Practices,
Recreation and boating........... 3

Marine Waste Disposal............ 13
Marine Energy.....covvnnunennnns. 25
Marine Hining...veeeeurenvrnnas.. 33

Mexican Border to Point
Conception, Califarnia........... 43

Point Conception, California to
Paint Arena, Califormia.......... 51

Paint Arena, California to
Port Angeles, Washington......... 59

Port Angeles, Hashington to
the Canadian Border...,,......... 11

Hawaii and the Pacific Istands... 99

Participant List........ e e 91



I

o N
0 “"S‘\\“,-, i 3
: aa¥an
; M’g‘;\?‘_? X . kY "‘. \\9

SECTION 1|
—
M

Introduction



——______'—__'—'————.______
Introduction

The Pacific Regional Confersnce to address
problems and information needs regarding ma-
rine pollution of the U, §. Pacific coastal
states and Hawaiian and Pacific Islands was
convened in Portland, Ore., on June 16
through 19, 1980. The conference was one of
five national regional conferances which as-
sembied at approximately the same time for
the purpose of developing the five-year Fed-
eral Plan for Ocean Pollution Research, De=
velopment and Monitoring |981-85.

Deveiopment of the Federal Plan is man-
dated by the National Ocean Pollution Re-
search and Development and Monitoring Plan-
ning Act of 1978, Public Law 95-273. The
Federal Plan is used by various federal agen-~
cies, the Office of Management and Budget,
and Congress in making funding decisions on
federally supported marine poliution research,
deveopment and monitoring.

Sixty-five invitees from federal, state and
local governments, academic institutions,
public interest groups and private industry
participated in the conference,

Prior to the conference, a steering committee
was formed, panel leaders were chosen and
summary ''issue papers' were prepared on the
subject of each panel,

At the conference, the participants were
charged with the accomplishment of four op-
jectives:

1. Develop a series of statements identify-
ing significant marine pallution prob-
lems in the Pacific Region.

2. Define a set of information needs far
each problem area which can be met
through ocean pollution research, de-
velopment and monitoring. :

3. Recommend priorities for the sets of
information needs.

4. Provide rationale for priorities as-
signed to the sets of information needs.

Oue to the relatively vast area encompassed
by the Pacific Region and bacause of the di-



versity of existing or potential marine pol-
lution problems there, conference partici-
Pants were assigned to panels representing
five areas of the region having relatively
indigencus problems, The five areas were;
Mexican Border to Point Conception, Calif-
ornia; Point Conception to Point Arena,
California; Point Arena to Port Ange les,
Washington; Port Angeles to Canadian Border:
and Hawaiian and Pacific Islands.

In addition to the consideration of ma-
rine pollution problems by areas, each par-
ticipart was assigned to a second panel
which was charged with the responsibility
of addressing significant marine pollution
activities which exist, or have the poten=-
tial to exist, within the entire region.
Four such panels convened to discuss prob-
lems and information needs of:

}. land-use practices, recreation and

boating

2, marine waste disposal

3. marine energy

and
4, marine mining.

The Pacific Regional Conference for input
into the Federal Plan was developed with the
cooperation of the Sea Grant College Pro-
gram at Oregon State University. This Re-
gional document was produced by QSU Sea
Grant Communications, the National Marine
Pallution Program office of the Naticnal
Oceanic and Atmospheric Administration and
the Massachusetts Instituce of Technology
Sea Grant office.
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| Introduction

Land-use practices in coastal areas contrib-
ute substantial amounts of polluting mate-
rials to marine waters, The most signifi-
cant causes of pollution originate from the
following sources:
=~discharges from industrial and sewage
treatment facilities

~-agricuitural practices including forest
management

--urban runoff

--major geologic events, such as the volean-
ic eruptions of Mount St. Helens

--siting of major industrial developments
(primarily energy related) in coastal
areas

--dredging, land transportation of hazardous
materials and construction and operation
of marinas.

Other problems considered minor in the re-

gion, but which can cause adverse local ef-

fects on coastal waters and habitats, in-

clude off-road vehicle (ORV) use of beaches

and dunes, litter resulting from recreation,

intensive beach use, vector contral, con-

trol of aquatic vegetation and atmospheric

fallout from industrial stacks.

There are existing laws and regulations
(Natianal Pollution Discharge Elimination
System or NPDES) that govern discharges from
Seéwage treatment and industrial plants within
the region. Yet, toxicants often find their
way into the marine environment from these
sources. However, there is a distinction
that should be emphasized betwesn controlling
toxic substances and controlling nontoxic
(biodegradable) waste. The two present dif-
ferent problems and research nesds,

The pollutant contribution of nonpoint
sources is still not adequately controlled
and must be addressed through land-use plan-
ning and other management plans as specified
in section 208 of the Federal Watar Pollution
Control Act Amendments of 1972 (FWPCA) and
the Coastal Zone Management Act of 1972
(CZMA). Nonpoint sources are regionwide in
scope, with the greatest problems dealing
with acceierategd sedimentation, pesticides,
fertilizers, animal wastes, litter and other



contaminants from urban, forest ang agri-
cultural runoff,

The recent volcanic eruntions of Mount St.
Helens have caused sicnificant irpact on
the lower Columbia River, 2stuary and near-
Qcean area, as well as parts of the Cowlicz
River system., Physical changes in sedimen-
tation and turbidity have occurred in the
estuary, and valuable runs of anadromous
fish have been adversely effected to an un-
known extent. Emergency dredging will
cause further impact on aquatic 1ife and
physical cenditions in the estuary,

Il Conclusions and
Recommendations

A. General

The effectivenass of mana:ement authorities
established under the FWPCA and CIMA of
1972 is limited because of inadequate infor-
mation on the nature and levels of land-
use induced marine pollution and on the
relationship betwsen the type and character
of upland deveiopment and resultant polilu-
tion. There is also a basic need for stud-
ies on alternative land and water-uyse man-
agement approaches for minimizing marine
poellution.

An advantage to using existing management
systems far conducting research is that the
research can be result (or solution)-
oriented. The majority of the coastal
states now have U. 5. Department of Com-~
merce approved programs and more wiill be
3pproved in the next vear. This program
has fostered communication linkages betwsen
resource managemernt and regulatory agencies
at all levels of government. Unlike many
problems where information |s coilected and
analyzed and a management system is then
devised to solve the problem, a management
system is available and ig fargeiy in place
to deal with land-use related marina polly~
tion. What is lacking is basic information
on such things as cumulative impacts, assim-
ilative characteristics and land-use polly-
tant relationships which must be incorpo-
rated into management programs.

8. Recommendations Related to More than
One Need

I. Uniform Data System--There is a need (o
develop a uniform data system which provides
available resource information and/or maps
to decision makers., The information should
be in a form they can readily understand and
use to make intelligent decisions when sit-

ing facilities and outfalls to minimize ma-
rine poliution. This recommendation applies
to major industrial developments as well as
sewage treatment facilities.

2. Monitoring Programs--Better, more com-
prehensive monitaring programs are needed
to determine: (3) the effects of efflu-
ents from industrial sources on the marine
environment; and (b) the individual and
collective impacts on water quality and
habitat from urban runoff, forest prac-
tices and different types of agricuiture,
so the most critical sources of pollutants
can be dealt with on a priority basis.

C. Detaii on High Priority |tems

I. Industrial Sources--The new conseli-
dated NPDES permits for toxic effluents

will provide a new and differant data base
on constituents in effluents. This will
presumably fulfill the need for character-
ization of wastes, but there are stil] needs
for monitoring the marine environment and
biota of the ecosystem to determine the
effects of such effluents,

Regulation of wastes in the Unitad States
is technology based, and monitoring may be
limited to measuring a few concentrations
at the "'end of the pipe'' without evaluation
of the ecosystem in the receiving waters,

It is essential to formuiate becter, routine
biological monitoring programs which will
lead to understanding which effluents cause
deleterious disturbances and which do not.
This could lead to more cost-effective ex-
penditures for control and relief of con-
trols where they are not needed.

Nontoxic (biodegradable} wastes should
not be regulated in the same fashion as
toxic wastes.

Changes in regulations may be needed to
permit development of altarpative stratae-
gies in management of nontoxic wastes.
Enormous capital funding costs, hign oper-
ational costs and high toan sarvice coscs
are translated into high tax burdens,
which may not be related to improvement in
the living marine environment. Nontoxic
wastes could, in fact, be benmeficial to
€COSYyStems Oor may cOnstitute resources
that could be used for mariculture or orh-
er uses. Research which would lead to
better utilization and accompanying regu-
latory changes would have a high cost -
benefit relationship.



2. Sewage Discharge Locations and

~ Treatment Processes--Many marine pro-
blems are caused by improperly siting sewage
treatment facilities and cutfalls. Sewage
treatment facilities have bean located on
fragile sharelines. Major discharges to
shallow embayments have severely damaged
aquatic¢ organisms in several areas. Deci-
sions have been made without considering in-
formation collected by several organizations
in the geographic area. This information
was simply not available to the decision
maker., Both adverse and beneficial effects
of facility siting and treatment technigues
need to be analyzed concerning their effects
on shellfish, finfish and other important
components of the marine environment.

3. Nonpoint Sources--Palilutants from non-
point sources originating in coastal water-
sheds can cause significant impacts on es-
tuary and near-shore areas. Accelerated
sedimentation, litter and toxic chemicals in
the form of pesticides and herbicides result
in undesirable physical, chemical and biclog-
ical changes.

a. MUrban Runoff and Rivers--The drainage of
storm waters through urban environments
serves to accumulate a wide variety of toxic
and nontoxic poliutants in the flow, whether
it is delivered to river systems or directly
to the sea. Flushing of streets and highways
brings heavy metals and possible carcinogens
from fuel and tires into the drainage system;
pesticides, grass c¢lippings and debris from
home occupants are dumped or washed into
drainage systems; accidental spills of toxic
or flammable materials from industries or
transportation vehicles and equipment are
sometimes flushed into storm drains; and un-
permitted disposal of wastes, which are
otharwise difficult to dispose of, may occur
through storm drains.

The cumulative impacts of the collection
of diverse materials in storm water systems
or natyral tributaries which ultimately
reach the sea are not known, but they have
generaily been regarded as unimportant when
compared with point source discharges. The
EPA, through 208 studies, is examining ur-
ban runoff and river systems. Apparantly,
no standardized set of parameters is being
examined and comparability of data may be
gifficule,

b. Agricultural and Farest Practices--Ag-
riculture and its specialized farm forest-

ry are major sources of marine pallution.
Forest practices are generally controlled by
s ''‘best management practices'' {BMP) approach,
and control of pollution caused by noninten-

sive agricultyre appears to be going in the
same direction.- There (s, however, no good
consistent method of assessing the environ-
mental impact of any of these BMPs. Section
208 of the Clean Water Act approaches are
generally too use ~griernted to be of much
value for scientific evaluation,

4., Mount St. Helens' Eruptions--The large
pyroclastic flows from recent eruptions of
Mount St. Helens beginning in May of 1980,
caused tremendous sedimentation and debris
probiems in parts of the Cowlitz River
system and lower Columbia River. Parts of
the Toutle River system and lower Cowlitz
River were filled with sediments and debris
to near pankfull levels, The ship channel
of the lower Columbia River was filled to a
depth of 15 feet {from 40 feet) for a dis-
tance of several miles, and excessive silt-
ation occurred in the Columbia River estuary.

Anadromous fish, resident fish and other
aquatic life were Killed initially in the
Toutle and Cowlitz rivers by catastrophic
disturbances of habitat and lethal temper-
atures (90+ F). Fish were killed in
the lower Cowlitz River by extreme physical
damage to gilil filaments due to abrasive
action of volcanic ash for several weeks
after the major eruption of May 18.

Following the initial eruptions, the U.S.

"Army Corps of Engineers had all available

dredges operating in the lower Cowlitz and
Columbia rivers to provide necessary ship
passage conditions in the Columbia and to
increase channel capacity for winter floods
in the Cowlitz. As a resuit, the Columbia
estuary and near-ocean area will be adverse-
ly impacted by this unusually large amount
of dredged material.

Some research is ongoing in the estuary
and immediately off-shore. Additional re-
search, however, i3 needed to determine
long-term effects on the estuary and the
salmon and steelhead runs of the Columbia
system. Uncertainties include the duration
of both the volcanie activity (which could
last over a decade) and restoration efforts
(and magnitude) to rehabilitate the lower
Columbia and Cowlitz rivers,

i1l Information Needs

A. High Priority

I. Industrial Sources--Monitoring strate-
qies and correlation techniques should be
developed to standardize and improve the




most useful methodalogy for determining ef-
fects..of pollution of toxic wastes, Eco-
system studies are essential, racher than
limiting monitoring to only a few parameters.,

Research is needed an the management of
noNtoxic wastes as potential resoyrces., ft
is also needed on berter assimilation capac-
ity models, on waste utilization and on the
role of these effluents in the ecosystem,

Rationale

Improved management of nontoxic wastes is
desperately neaded. The handling and treat-
ment of industrial wastes is a costly prob-
lem, involves many people, organizations,
requlations, governmental agencies, and pro-
duces a high volume of effluents into marine
waters over the entire region. The effec-
tiveness of the NPDES permit system needs to
be demonstrated. Results of monitoring and
research are essential to provide the data
base for intelligent furure decisions,

2. Sewage Discharge Locations and Treatment

Processes--A data system faor compiling
and synthesizing avaijlable respource informa-
tion into an easily understandable format
should be developed. It shouid be made
available to decision makers when analyzing
alternatives for facility siting and treat-
ment measures. There is also a need to study
alternative treatment methods.

Rationale

The treatment of Sewage wastes is a costly
program of great magnitude throughout the
region that affects all coastal communities,
Siting of facilicies is critical te the ma-
rine environment. Information must be avail-
able when decisions are made for planning
sites and treatment techniques.

3. Nonpoint Sources--An ‘adequate monitoring
program for nonpoint sources and their af-
fects on marine waters should be established
as described in Section i, B, 2.

Research should be conducted in selective
city storm drain and river systems to deter-
mine pollutant loads, water quality and the
condition of the biota in receiving waters.
Only after such studies dre made can anyone
determine whether this is g generalized
problem deserving high pricrity, or a local,
site-specific problem of lesser regional sig-
nificance.

An evaluation or monitoring method should
be established to quantify the results of

8 ,

"best management practicas' (BMPs) in agri-
culture and forestry. This is especially
true for sediment, nutrients, pesticides and
ccliform bacteria. Such a tool is nor only
necessary from an environmencal standpoint
but could alsc prove valuable to optimize
the cost/benefit aspects of a 8MP. These
factors will probably vary nationwide, and
in some cases may vary from ane large water-
shed to ancther. From the regional perspec-
tive, such studies should be conducted by
agencies or contractors with regionai re-
sponsibilities or capabilities for conti-
nuity of approach.

Rationale

As a result of major pollution abatement
programs concerning point sources, nonpaoint
sources are now significant propartionate
contributors to marine pollution. Since
they are the last remaining unregulated {oth-
er than BMPs) type of source, identification
and corrective actions for nonpoint sources
Must receive a high priority. In addition,
nONpoint sources are of high magnictude
throughout the region with high potential
costs and large numbers of concernad people
and agencies,

4. Mount St. Helens' Eruptions-~-Studies

are needed o document physical changes (sub-
stitute, turbidity, velocity, ¢l culatioen,
etc.) in the Columbia River estuary due to
deposition of voicanic material and subsequent
dredging activities. OQther research is need-
ed to determine the effects of these physical
changes on aguatic life in the estuary. Ad-
ditional studies to develop a long-term

spoil disposal plan (with possible mitiga=
tion) should be started immediately. The
Studies shoule corsiger tne affects on sur-
vival ang Seraviorai changes in salmon and
steeihead runs attricutable to this prooiem,

Rationale

Although somewhat qualified because the
polluting effects are localized to the Ca-
lumbia River estuary and near-ocean area,
the problem aof volcanic eruption was as-
signed a high priority due ro: {a) high in-
tensity of impacrs; (b} high restoration
costs: (¢} no previous experience with ef-=
fects of this tyoe of voleanic material an
estuary 3nd fisnery resources: (a) possinle
ddverse effacts on Columpia River salmon
populations :inat are caugnt in tne Pacific
Ocean from Nortnern Califarnia to Alaska;
and (el results of some of the studies woyld
be transferrable to future valcaric eruptions
in Jther araas.



B. Medium Priority

5. Major Coastal Development Siting--Re-
source maps should be prepared for the coast-
al waters of washington, Oregon, Califarnia
and the Pacific Islands. They should de-
scribe areas of special environmental concern,
existing levals of pollution, location of
commercial, sport and aesthetically valuable
fish and wildiife resources, refineries,
shipping routes and other factors which must
be considered for facility siting.

All agencies and users also need to adopt
a uniform classification system to describe
the habitat types that could be impacted by
Facility siting (e.q. classification of wet-
lands and deep water habitats of the United
States®). A unifarm system of classification
will allow for systematic data collection
and transfer, and the application of infor-
mation between various agencies and users,
*L.M. Cowardin, V. Carter, F.C. Golet
and £.T. La Roe. Classification of
Wetlands and Deepwater Habitats of
the United States. (Fish and Wild-
life Service, FNS/0BS-79/31, 1979}
103 pp.

Rationale

Major developments include power plants,
port facilities, liquid natural gas (LNG)
facilities, platform fabrication vards and
other faciiities which require a coastal
location. These deveiopments may have major
impacts upon the marine environment by in-
creased waste discharges, urban runoff and
other factors associated with construction,
operation or associated population growth.
Major developments requiring coastal loca-
tions must comsider sites which are enviren-
mentally acceptable. Cften energy and other
facilities encounter proionged legal and ad-
ministrative procedures before construction
and/or operation can proceed. Often delays
and/or siting problems coculd be avoided if
agencies, both permit granting and construc-
tion, were awars of existing resources that
must be considered prior to construction and
operation,

Although a facility siting is a major
coastwide problem of a costly nature, it is
long term and requires a substantial plan-
ning effart. (The problem was given a medium
rating for these reasons but most panel mem-
bers felt it was almost of high priority.)

6. Dredging in Coastal Waters--Consisctent,
detailed analysis of the spoil material is
needed. It should be sufficient to delin-
eate possible differences in character andg

composition. Specific projects should be
selected as case studies to be monitored on
a long~term basis. The long-term studies as
well as intermittent checking of results of
routine monitoring should be done by inde-
pendent third-party contractors to insure
consist nt and valid results. Third-party
contractors should also be used for the
Vimited required monitoring of actual dredg-
ing operations on a proportional sample
basis,

Rationale

In recent years, 30 to 75 million cubic
meters of dredged material have been dumped
in U. S, coastal waters annually. In some
areas, dredge spoils may exceed the contri-
bution from natural erosion. it is apparent
that, in the approximately 100 major disposal
sites presently designated for use, this ac-
tivity has the potential for significant
environmental impact. Dredging can also have
adverse physical and bhiological effects an
wetlands and estuaries.

The Environmental Protection Agency and
Army Corps of Engineers have set spoils
characterization and environmental monitor-
ing requirements as a general requisite for
dumping. However, the degree and freguency
of such testing is short term, at best, and
procedures vary. (This cause recejved a
medium rating because a fair amount of re-
search has already been done, some criteria
for controls have been established, and the
present need is for monitoring to determime
etfects on marine waters and habitats.)

7. Land Transportation of Hazardous
Materials--More information is needed
an .
l. the nature of the cargoes,
2. land transportation modes and routes,
3. areas of high risk of damage to
marine resources
and
4. the types of damage to key species
which could resuit from the escape
of toxic substances during transit.

Rationale

Land transportation is a coastal land-
use practice that causes marine pollution
through spillage of hazardous materials.
Parts are focal points in the transporta-
tion network where alt transportation modes
converge (marine, rail, truck, air and pipe-
lines), involving tremendous varieties and
quantities of hazardoys cargoes. Acciden-



tal discharges of these pollytants have
gerferated keen public interest and concern,
particularly in terms of public health

hazards, even though the total volume may
be comparatively small,

Even though the magnitude of this problem
is unkrown, there is high public concern for
health, safety and possible effects on marine
resources, Accidents could cause catastroph-
Fc, short-term impacts to marine aquatic life
in small localized areas. Public support
for research, development and monitoring
should be strong.

8. Impact of Marinas--Studies should be di-
rected at designing marinas to reduce the
effects of pollution by increasing flushing
rates or other techniques.

Rationale

Marina construction and use are increas-
ing at a rapid rate and are creating a vari-
ety of adverse ecological effects, Pollu-
tion problems assaciated with marinas include
sewage, litter and petroieum products., Also
of concern are changes in the natural circu-
lation caused by structyres and the effects
of small boat prop wash on benthic communities.

While some marinas are seriousiy pollyted,
athers have relatively little impact on the
local marine environment. Problams associ-
ated with marinas are neither of the magni -
tude nor as serious as those |isted as high
priority for research needs.

C. Low Prioritx

9. Effects of Litter--Research is needed on
the sources, fluxes and duration of litter
as well as the ecological and aesthetic deg-
radation of the marine environment caused by
litter,

Rationale

Litter poses aesthetic and ecological
probiems, Land~use sources of litter include
marinas, boat ramps, ORVs, all types of rec-
reational beach use, as well as sources far-
ther inland. Boating also contributes to
the litter problem. Litter of particular
concern includes not only the siowly degrad-
able types, but also such things as petro-
leum, excrement (dog and human , and fish
caught and discarded.

10

While litter can be a definite problem in
retatively small, localized situations, it is
not presently considered to be a serious
cause of marine pollution.

10, Effects of Toxic Airborne Pollutants

from Coal Plants=-Studies on marine
food chain organisms should be conducted to
determine levels of input from airborne
emissions into the marine environment, Sup-
porting data and information can be used to
supplement existing critaria on specific
emission controls being achieved by coal
plants under the Clean Air Act.

Rationale

Previous studies have been made on the
aquatic environment which identified toxic
substances, such as heavy metals, acid rains
and other trace organics resulting from air-
borne emissions of coal plants. Concerns
have been raised over the potential impacts
of such pollutants in refationship to specif-
fc aquatic organisms, but additional cencerns
and research needs have not heen addressed
on similar problems with marine organisms
and the open coast environment in general.

The importance to marine organisms of low
level concentrations of highty toxic airborne
potlutants has not been shown. This is more
a potential than immediate problem. Thara is
a relatively smalt number of coal plants now
in operation in the region.

Pl. Effects of Control of Undesirable

"Aguatic Weeds"'--There is a need to know
the effects of aquatic herbicides used for
control of undesirable plants on marine vege-
tation and organisms. Recommended applica-
ticn rates as wel! as excessive rates need fo
be analyzegq.

Rationale

Eurasian milfoil is typical of certain
aquatic plants which grow profusely in fresh-
water shallows where they interfere with rec-
reation uses, especially swimming, fishing and
boatin.. Eurasian milfoii is now Found exren-
sively in certain lakes of Eastern and Western
Washington, especially Lake Washington. METRO
(a confederation of municipalities that handles
Seattle area sewage) is currently experiment-
ing with mechanical harvesting, opagque screens
placed over specific bottom areas to block
growth and use of aguatic herbicides., The
threat to marine resources would occur where
waters treated with herbicides flow into marine



environments, for example, from Lake Wash-
ington into Puget Sound, via the Ballard
ship canal and locks.

This is a minor problem confined to a few
specific localities, which is not 1ife
threatening.

12. Vector Control Surveys--Surveys shouyld
be conducted to determine the extent of chem~
ical spraying for controlling disease carri-
ers and the potential for marine poilution.

Rationale

Mosquitoes and other vectors of human and
animal disease often occur in fresh water
and estuarine habitats along the Pacific
Coast. Extensive programs of vector control
are in operation using chemical, physical
and biological control measures. Some of
the measures have the potential to impact
the marine environment through the intro-
duction of toxic materials into coastal wa-
ters,

The extent of this problem is unknown,
but its potential for causing pollution in
shallow marine habitats should be studied.
Priority for this was rated low because the
problem is confined to rather restricted
geographic areas. Also, chemical treactments
are relatively small compared to other causes
of marine pollution and control programs are
carried out under guidelines to minimize
adverse effects on other water resources.

11
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m
| Introduction

This summary identifies existing and po-
tential marine pollution problems related to
marine waste disposal for the Eastern Pacific
(Mexico, Canada, United States), the Hawaiian
Islands and the Pacific Trust Territories.
Four general subject areas related to marine
waste disposal were identified:

l. municipal waste disposal

2. industrial waste disposal

3. radicactive and hazardous waste dispos-

al and

4. dredging and spoils disposal.

A list of problem statements was drafted
by subcommittees on the four subject areas.
Next, a list of information and research
needs for the subject area was compiled. A
priority index by numerical order ranked the
proposed research needs into three catego-
ries - high, medium and low ~ to provide a
rough scale of priority. Finally, rationale
for the research need was prepared.

Il Problems

A. Municipgl Waste Disposal

'. Diseases and Health of Fish and Sheilfish
--Bottom fish and invertebrate disorders, in-
cluding eroded fins and abrormalities to oth-
er external and internal organs, occur in
certain coastal areas of Caiifornia and Wash-
ington. The causes and factors maintaining
many of the diseases are unknown.

Some of the disorders may be associated
with sediments highly contaminated with syn-
thetic and inorganic wastes and depauperate
of certain benthic organisms. Affected ma-
rine populations occur near urban and indus-
trial areas, but the range and distribution
of the problem in unknown.

2. Coliform Bacteria Counts--Coliform bac-

terial coynts are routinely made in the ocean
and are presently used as priority indicators
of water quality and public safety. However,

15



the meaning of coliform counts in the ocean
is Aot understood, their value as indicaters
of the presence of pathogens is unknown, and
their relation to poliution is not agreed
upon.

3. Paralytic Shelifish Paisoning-- The in-
cidence of intense dinoflagelTate blooms,
specifically those producing saxitoxin ang
ciguatera, has baen increasing in recent
years. Observations of toxic dinoflagel-
late bjooms in places where they, heretofore,
have been unknown suggests significant envi-
ronmental changes. Apparently, a typically
nontoxic species under certain conditions
€an produce toxins capable of altering Food
webs and affecting coastal zone economies.

A link between the occurrence of toxic
blooms and nutrient enrichment of coastal
waters has heen proposed by dinoflagellate
ecologists, inferred from models and implied
in bioassay studies. However, an organized
Pacific Coast-wide effort to study toxic
dinoflagellate blooms has not been made.

4. Marine Food Webs, Toxic Substances and
Biomagnificat on--Ocean waste disposal
may alter marine food webs, Changes in phys-
ical and chemical conditions can change the
rates at which species increase (reproduc-
tion and recruitments), decrease (morbidity
and mortality) and are maintained (feeding)

in biological communities.

While toxicity certainly affects these
processes, studies relating waste discharqge
to food web alteration shoyld not be biased
toward toxicity, ignoring the totality of
processes in given food webs. Conversely,
the kinetics of toxicant accumulation,
transport and potential threat to man (out-
side the context of food web) must be under-
stood.

5. Dilutioen and Circulation in Embayments,

on Open Coasts and Around Islands--0ata
is still inadequate for understanding and
predicting the distribution and fate of
floatabie, soluble and settleable constitu-
ents of wastes, yet there is nao question
that physical dispersion is much diffarent
in embayments, on open coasts and around
islands.

6. Regional! Differences in Capacity to
Assimilate Wastes--Regulatory agencies
still do not give significant recognition
te the differing capacities of coastal wa-
ters to assimilate and detoxify wastes.

7. Applicability of Marine Water Quality
Criteria to Hawaii and Pacific lslands -~
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The marine water quality criteria weare de-
veloped principaliy for the continental U. §.
with evaluation using biaota indigenous to

the continental temperate zone. The Pacific
Coast and Islands are typified by a short
ccastal margin, relatively deep with nutrient-
limited surrounding waters, containing biora
ranging from semitropical to subarctic., Thus,
the existing criteria and the organisms sa-
lected for bicassay purposes are not appro-
priate to the Pacific Basin and Coast.

8. Improve Ecological Monitoring Techniques--
Existing methods for monitoring biological
conditions in receiving waters are becoming
exceedingly expensive. Cost-effective meth-
ods and meaningful biological indices are
needed to alleviate the problem,

B. Industrial Waste Disposal

8. Thermai impact of Power Plants--The
plants that create this sort of problem have
been Jargely discouraged. Their impact is
not as impoertant, from the purely thermal
point of view in higher latitudes, as it is
in tropical regions such as Hawaii. This is
due to the fact that tropical species have

a smaller tolerance to temperature fluctua-
tions than others. However, the side effacts
associated with the operation of thermal
plants deserve consideration. Some of these
are:

a. Entrainment and pressure effects at
the water intake: These processes
bring about the impingement and screen-
ing of organisms from the water column
as the water is pumped in.

b. Texic substances present during clean~
up operations: An example is the use
of chlorine to keep parts of the nlant
clean. These operations can introduce
potentially danrgercus substances into
the environment.

¢. Organisms killed attract other organ-
isms, compounding the problem.

d. Some sensitive areas are affectred by
thermai poliution itself, an example
being thermal stress on coral.

10. Qi) Refineries=-The problems, informa-
tion needs and priorities relating to waste
discharges by oil refineries were addressad
by the Marine Enmergy Panel. Thkis panel con-
curs with their analyses of priorities.

C. Radioactive and Hazardous Materials

1T, Low Level Artificial Radionuclides--The
discharge of low leveis of artificial radio-
nuclides has serious potentially adverse




biological effects on the Pacific Ocean.
Atmospheric fallout, nuclear power plants,
‘nuclear waste sites and military installa-
“tions are potential sources for these mate-
rials.

12. Adequate Storage aof Radicactive and
Hazardous Wastes--Recent studies sug~
gest that "'yltimate'' disposal techniques
for radicactive and hazardous chemicals are
not adequate to prevent lataral and vertical
movement to ground and marine waters. Exam-
ples of potential "problem’ sitas are
Palmyra Island and Hanford, Washington,

13, Cenozoic-Tertiary Extinctions<=Dino-
saurs, annual terrestrial and aquatic piants
and oceanic diatom communities suddenly dis-
appeared at the Cenczoic-Tertiary boundary.
Recent evidence suggests that a 10 km djam-
eter asteroid collided with earth and sus-
pended ash into the upper atmesphere which
effectively reduced all photosynthesis for

a period of two and a half years, leading

to major losses of harbivores. It Is not
known if such an event is likaly to occur
again.

14, Petroleum of Unknown Ori in--Petroleum
of unknown orlgin affects beaches during
certain seasonal periods in Washington, Qre-
gon and California. Qiled dead sea birds

and seals are also common during these perij-
ods when il appears. '

15, Chemica! Dumping and Transport-=Chemi=
cal dumping of tanker washings into inter-
national waters is a suspected {but inade-
quately estimated) contributor of hazardous
substances to the Pacific Ocean water mass.
Accidental spills during the transportation
of hazardous materials constitutes a serious
threat to the health of human and marine
systems.

16, 0il Spiil Trajectories/Cleanup=-0n-
scene response teams have difflculties pre-
dicting trajectory and cleanup and/or miti-
gation measures.

17. 0il Spills--Limited information is
availabie on the biological and ecological .
impacts of ail spills in San Francisco Bav,
Los Angeles, Long Beach Harbor and Puget
Sound. The partitioning and fates of pe-
troleum hydrocarbons, as well as their long-
term biological impacts, are poorly under-
stood. There is alsoc a question whether
gqualified biological impact assessment per-
sonrnel are available to canduct appropriate
studies.

0. Effects of Dredging

I8, Stabilization of Denuded Substrate--
Oredging activity physically removes the
substrate along with the benthos, subjecting
the denuded substrate to current erosion.
Stabilizing denuded substrate depends on
recolonization,

19. Scouring-~0enuded sediments are subject
to scouring by currents, further eroding the
area and possibly covering down-current
areas,

20, Turbidity--Resuspended sediments add to
the turbidity of overlying waters with atten-
dant interference, with light penetration,

as well as physical obstruction of filter-
feeders activity,

2l. Leaching--In addition to redistribu-
tion, unconsolidated sediments are subject
to leaching into the overlying waters, Ab-
sorbed toxicants, or those in the intersti-
tial water, can be transferred to the water
column and affect nearby populations.

22. Survival of Mobile Marine Or anisms=-
Some mobile marine organisms are killed by
dredge equipment. Resuspension of sediments
may also affect organisms,

E. Effects of Dredge Material Disposal

23. Problem Site Selection--Sites for dump=
ing of dredge spcils should be selected for
minimum impact on the receiving environment.

24, Fates of Dumped Spoils--Fates of dumped
dredge spoils should be determined.

25. Effects on Marine Qrganisms--Bioassay
techniques and evaiuation of results should
be refined to assess the effect of spoils
dumping on receiving communities.

26. Regulation of Dumpin --Poticies are
needed to regulate dumping methods and site
selection criteria.

F. Effects of Construction Materials

27. Construction and Deve lopment--Coastal
construction and development is currently
believed to have significant impacts on ma-
rine biota and resources. But there is
still little comprenensive evaluation af
biclogical effects and what they mean.
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2B. Habitat Modification: Disruption of

-Natural Cycles--Alteration of the ocean
bottom by dredging or filling in of embay-
ments can temporarily (or permanently) dis-
rupt natural biological activities essential
to life histories of marine species. Spawn-
ing migrations and activities, juvenile de-
velopment and recruitment can be influenced
by physical changes in shallow sub and inter-
tidal areas. .

G. Other Problems

The following problems were considered by
the panel, but due to the magnitude of the
other polluticn problems and limited time
for consideration, they were assigned lower
priorities:

29. Introduction of Exotic Species During
Habitat Modification

30. Regulatory Decisions Which Cause Trade-
O0ffs Between Air and Water

3t. Power Plant Cooling and Heating

32. Industrial Plant Cleaning

33. Data Availability

34, Pulp Mill Effluent Discharge

35. Plastics

36. Electrolysis of Sea Water - Mercury
Poltlution

Il Information Needs

A. High Prioritz

1. Improve Ecological Monitoring Techniques
--Using existing data and exparience, biolog-
ical indices should be developed that quan-
titatively document changing, degrading or
recovering marine ecosystems. These indices
shouid not be costly. They should be gener-
ated from relatively simple sampiing methods
that can be frequently undertaken and can be
reported in a timely fashion.

Rationale

Self-monitoring agencies have been asked
to use an increasingiy complex array of bjo-
logical methods in routine monitoring pro-
grams. The increasing costs can not be
borne by many public!y-owned dischargers.
This results in a lack of any biological
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surveillance at many sites {and limited sur-
veillance at others) and longer reaction times,
as well as reporting of changing conditions.

These agencies should be charged with mon-
itoring indices of the more extensive bialog-
ical changes, while regulatory agencies of
the scientific community should continue to
conduct long-range, long-term programs to
answer questions of more penetrating biolog-
icai effects. A mechanism is needed for feed-
back between these groups.

2. Regional Differenceg in Capacity to
Assimilate Wastes--There is little data
existing that demonstrates there are region-
al differances in assimilative capacities of
coastal waters. Existing physical, chemical
and biological data should oe synthesized to
model and forecast the ability of regional
and Jocal waters to assimilate different
wastes, without changing organisms important
to the ecology. Data on recovery rates and
thresholds of ecological changes at existing
and historical discharge sites shoyld be
used in the evaluation. The synthesis should
lead to early identification of additional
data needs. Those needs should be converted
into new site=specific resaarch programs.

Rationale

Energy conservation economics and mainte-
nance of beneficial uses of coastal waters
requires that waste management decisions be
based on regional and local needs and at-
tributes, as well as comparisons of alter-
native sites and methods of waste disposal.
Region-by-region syrthesis of coastal ma-
rine data is needed to cbjectively avaluate
alternatives.

3. Diseases and Health of Fish and
Shellfisk--It is important to learn wnat
agent {or agents) are causing the diseases,
the sources of these agents and thair fate.
Specific studies should be undertaken to:
3. Determine species affected and their
distribution in Pacific coastal waters
b. Determine what relationships exist be-
tween disease prevalence and water
and sediment quality
¢. Determine the potential impact of the
diseases on population dynamics and
abundance of affacted species.
d. Confirm (via experiment) causative
agents

Rationale

The public is concerned that affected
and associated fish are unfit for consump-



tion. This concern must be met with a 7.

Adequate Storage of Radiocactive and
strong problem-solving effort,

Hszardous Wastes--Site-spacific surveil-
lance and monitoring should be conducted to
assess fate and effects of materiais.

Y. Diltution and Circulation in Embayments,

on Open Coasts and Around Islands--
Comtinuing and new research is needed to
define open coastal and insular ¢urrent pat-
terns and their variations over long periods
of time,

Rationale

Rationale

Much more is known about circulation In
embayments than of open coastal zone and
insular waters. Continued lack of data will
limit man's ability to deal with waste dis~-
charges into these waters and to offer alter-
native methods of disposal.

. Coliform Bacteria Couﬁts-*

a. If coliform counts are to be continued
to be used, the basic effects of sea-
water on the organism must be known.

b. The relationships between coliform in
the ocean and the presence of patho-
gens needs to be identified,

c. Since some pathogens commonly live in
seawater {e.g., typhus, vibrio cholera)
in low concentrations, and since thare
should be an increase in all marine
bacterial flora in the presence of or-
ganic enrichment (as by sewage), a
knowledge of fecal coliform survival in
seawatar would be useful. Also, knowl-
edge about the relationship betwean
coliform biomass and marine bacterial
enhancement would be useful.

Rationale

Although the use of celiform counting is
accepted as standard procedure, information
is relatively useless ynless it is tied to
specific pathogenic effects. Thus, either
the effort should be made to make the col-
iform test meaningful, or the use of the
test dropped.

6. Marine Water Quality Criteria as Arplied

to Hawaii and the Pacific Islands--The
region should be aliowed to medify the cri-
teria or develop their own criteria, based
on d¢ata from completed site-specific studies
in control and ocean discharge areas.

Rationale

The resesarch is needed to determine re-
gional water quality criteria.

Adequate chemica! and biological baseline
information should be acquired prior to the
development of storage facilities, such as
are proposed for Palmyra Island. Intensive
monitoring of existing storage sites will
assure the pubiic of site safety in each
problem situation. Problems associated with
the storage of radiocactive and hazardous
wastes are apparently more satisfactorily
resolved on land. The solutions are also
less costiy than in the ocean.

8. Marine Food Webs, Toxic Substances and
Biomagnification--A two-pronged approach
is needed: first, the effect of waste dis~
charge upon the processes which give rise to
biological commnities and marine food webs
should be assessed without bias toward a
single factor; and second, the sffects of
contamination to humans (including uptake
concentration, etc.) should be identified.

in both cases, large-scale efforts are
required. The determination of the struc-
ture of many natural food webs remains to
be clarified, as do the conditions giving
rise to specific community structures.

Contaminants (such as compounds from the
lists of priority pollutants) need to be
considered in the context of their actual
presence in marine organisms and their ob-
served or predicted effects upon and magni-
fication through food webs of various com-
plexities and structure,

Major needs include the comprehensive
survey of biclogical communities, the dev-
elopment of realistic and reliable assays
and the building of verifiable physical and
mathematical models.

Finally, regional definitions of polly-
tion must be established on the basis of
sound scientific data.

Rationale

The understanding of food webs in marine
comnunities is paramount to both the defini-
tion of pollution and the handling of the
problem. It, therefore, deserves high
priority.



9. Habitat Modification -- Disruption of

Natural Cycles~-Studies should be conduct-

ed .on alternative mitigation and compensation
(if needed) of lost beneficial amenities,
such as shellfish gathering, fishing or non-
consumptive activities.

Rationale

Elimination of highly visible wetlands
and shorelines creatas public relatiens
problems. The law provides consideration
for such mitigative efforts,

10. Effect of Construction and Development

on Biota-~Bata from all kinds of near-
shore construction projects needs to he as-
sembled and evaluated in terms of biological
problems, recovery rates and biological re-
source utilization. The compilaticn should
focus on methods for forecasting future
effects.

Rationale

Little is known about the biological
''pros and cons' of salt marsh establishment
on the West Coast in general, and the Pa-
cific Northwest specifically.

1. Chemical Dumping and Transport--Needs
identified with chemical dumping and trans-
port are:

a. A survey of mass balances of ship tank
cleanings discharged to international
waters

b. Surveys of transportation (accidental)
spills and ultimate fates and effects
of hazardous materials in marine
environments, and

C. Monitoring certain proprietary indus-
trial discharges for toxicants

Rationale

There are potentially high risks of dam=
ages to marine ecosystems from acute toxi-
city and/or bicaccumulation from hazardous
substances. There is high public awareness
regarding toxins, as a rasult of recent
publicity. Long-term chronic impacts are
poorly known.

12, Qi1 Spill Trajectories/Cleanup=--0i |
spills - whether experimental or real -
should be used to gather additional informa-
tion abour the way that oil travels, Theyw
should be analyzed with regards to both ver-
tical and horizontal movement when studying
the spill trajectories.
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New techniques for oi! recovery and dis-
persion should be tested and avaluated. The
results of these tasts can be appiied to
particular ecological situations, such as
offsnore and estuary spills.

Rationale

The site response team needs accurate,
scientifically tested, prediction technigues
to provide adequate mitigation for accigen-
tal spills.

13. 0i Spills-~Spill responses efforts

should be focused on biological assessment
in future spills of oppartunity.

Rationale

Much current response efforrs provide
only cosmetic salutiaons to ojl spills. Cur-
rently, most concern for ojl spills centers
around acute toxicity, beach and water sur-
face cleanup, and saving oil-soaked birds.

tb. Paralytic $hellfish Poisoning-~Thare
are needs for:

2. A separation of causes of dinoflagel-
late bicoms by natural and anthropo-
genetic means

b. Studies on what causes generally non-
toxic dinoflageliates to become roxic.

C. Well-coerdinated surveys of saxitoxin
and ciguatera in marine fishes
{These surveys are presently uncoor-
dinated.)

4. Models to explain why a species be-
comes toxic, and

e. Studies of the role and pathways aof
toxins in phytoplankton communities

Rationale

Dinoflagellate blooms have major ecolog-
ical effects in that they aiter species and
community composition, thus altering marine
food webs (not necessariiy for the worse) ,
Also, they may produce toxic compounds and
seriously reduce dissoived oxygen levels
over short periods.

Although toxic marine dinoflagellate
blooms are not a serious or large health
hazard, they presently reduce the value of
fisheries and recreational areas and cause
sickness and death to individuals.

5. Cenozoic-Tertiary Extinctions--Thare
are needs [o:




a. Confirm the theory via a world-wide
terrestrial and undersea survey for
100 km diameter craters
© b. Develop new predictive models incor-
porating asteroid-earth contact theo-
ries and food web structure of ceno-
zoic and recent communities

Rationale
fmminent repeat of such an event could

alter man's perception of marine pollution
problems,

B, Medium Priority

16. Qil Refineries--The problems, research
needs and priorities relating to waste dis-
charges by oil refineries have been discuss-
ed by the Marine Energy Panel. This panel
concurs with their analysis of priorities.

17. Fates of Dumped Dredqe § oils--Tech=
niques should be develcped to follow the
fates of dumped spoils and the recoloniza-

tions and resuspension/redistribution of the
spoils.

Rationaie

Impacts on the receiving snvironment need
to be kept to a minimum.

18. Effects of Spoils Dumping on Marine

Organisms--Bioassay techniques and eval-
uation of results should be refined to assess
the effect of dumping spoils on receiving
communities,

Rationale

This would increase cost-effectiveness of
monitoring and protection of receiving
environments.

19. Dredging and Stabilization of Denuded
Substrate--There is a need for quali-
tative and quantitative assessment of the

succession of species recolonizing the area
and the time the process takes.

Rationale

Until recolonization is complete, sedi-
ments are subject to scouring by currents
and redistribution.

20. Scouring Effects from Dredging--Rates
of resuspension related to current velocity

and sediment size should be anaiyzed.

Rationaie

Sources of resuspended sediments can |m-
pact adjacent undisturbed areas.

21. Turbidity Effects from Dredging--The
effect of parfTcTe 3135 sod sedimens loag on
turbidity as well as the degree of compac-
tion of the sediments, should be assessed,

Rationale

Increased turbidity produces impacts at
several trophic levels and could depress
productivity.

22. Leaching of Sediments Followin
Oredging--Toxicant Tevels in disturbed,
compared to undisturbed areas of sediment,

should be analyzed to measure the degree of
toxicant impact.

Rationale

All sources of toxicant load need to be
identified and quantified.

23. Low-level Artificial Radionuclides--
Monitoring efforts should be continued to
establish time and geographic trends in the
adccumulation and distribution of low-leval
radionuclides and hazardous materials.

Rationale

The hazard and toxicity of thesa materials
is poorly known. Diffuse sources, such as
atmospheric fallout from weapons testing, are
noncontrol lable discharges. Public awareness
of hazards and request for information em-
phasizes the need for data assaessment.

C. Low Prioritx

24. gffects of Dredging on the Survival of
Mobile Marine Ordanisms--There i5 a

need to determine the biomass of mobile ma-
rine organisms destroyed by dredge operations
in relation to the population present. |f
this is considered significant, screens or
other devicas should be designed to prevent
organisms from being caught by the dredge.
Procedures and devices should be designed

and tested [0 increase efficiency of dredg-
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ing and decrease sediment loss to resuspen-
sion,

Rationale

Decreasing impacts on nmatural populations
is desirabla, and improving efficiency of
dredge operation is cost effective.

25. Site Seilection for Dredge Spoils

Disposali--Baseline studies are nesded
of biolegical, physical and chemical aspects
of the receiving environment, as weil as the
areal extent of import and rates of coloni-
zation in dumped spoil material,

Rationzale

Spoils should be dumped in areas of low
biotic density.

26. Regulation of Dredge Spoil Disposal--
There s a need to generate a series of reg-
ulations based on fieid analysis to minimize
impacts on dump site communities.

Rationale

Protection and preservation of benthic
communities is considered very important.

27. Petroleum of Unknown Sources--The
sources and distribution of the stranded oil
in intertidal areas should be identified.
Pathological surveys of dead oiled animals
may be useful in determining cause-effect
relationships.

Rationale

The persistent occurrence of beached eil
suggests that a chronic source of oi) exists
in certain coastal zone areas. The impact
of these repeated oilings on pelagic and in-
tertidal communities is not known.
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Marine Energy
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| introduction

The marine energy panel assessed the cur-
rent and future status of energy production,
transportation and generation in the region
in terms of the major pollution and environ-
mental concerns and the need for information
to resolve these concerns. Categories con-
siderad were:

1. nuclear power plants (including waste

disposal)
2. fossil fuel production and fossil fuel
plants

3. ocean thermal energy conversion
4. energy transportation and
5. "other technologies',

The region was divided into Washington
and Oregon, Morthern California, San Francisco
Bay, Southern Callfornia, Hawaii and the
Pacific Trust Territories,

Distinctively different patterns of energy
development characterize each of the sub re-
gions as follows. Heavy reliance has been
placed and will be plaged on a combination
of nuclear power pilants and hydroelactric
power systems in the Northwest region. Auto-
motive transportation and other industria!
uses require the importation of petroleum and
liquid natural gas (LNG). A substantial num-
ber of naval .-nuclear power plants are present
in submarines and surface combatant ships in
the ports of Bremerton and Bangor.

In California, power production presently
is a mixture of nuclear and fossi! fuel plants.
A current moratorium on new nuclear plants and
the closing of existing plants suggests a
"breather'' for environmental planning, which
anticipates any new construction. The intro-
duction of coal as the major fuel for new
power plants gives a new dimension to pol-
lution concerns,

Significant production of offshore ojl
exists off the California Coast in the vi-
cinity of Santa Barbara, Santa Monica and
Long Beach. Although reserves are |imited,
additional drilling and exploitation of these
resources is expected. With the increased
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importation of Alaskan crude cil, oceanic
and tidewater refineries and associated faos-
sil fuel energy systems will be components
of energy in the years to come.

The Hawaii region has in the past placed
glmost total reliance on gil-fired, steam-
turtine power plants for prime power. Al-=
though a significant number of submarine
nuclear power plants are present in Pear!
Harbor at all times, the political pressyre
10 keep commercial nuclear power plants out
of the islands is intense. At present a
euphoria exists in respect to alternate en-
ergy sources (wind, geothermal biomass and
ocean thermal energy).

The expectation is that new energy de-
mands can be met by alternate energy and
without the introduction of coal. Fossil
fuels are slso introduced for automotive
purposes and for aviation. Thus, two refin-
eries are required in the cocastal zone.

The major energy operation for Hawaii
centers on ocean thermal energy conversion
(OTEC), which at the very least will result
in an intensive ten-year development program
with pilot plants at the level of ten mega-
watts. Successful development implies sub-
stantial, if not wider, development of the
resource in Hawaii and the tropical isjands
of the Pacific. :

Il Conclusions

The panel concluded that the major envi-
ronmental problems and concerns stem from
the interaction of energy systsms with the
living resources of the sea and in particu-
lar living resources in the delicate period
of spawn and larval development. The con-
cerns for hazard to public health and safe-
ty are largely mitigated by the present
understanding of marine pollution fut are
nanetheless a continuing source of concern.

. The panel noted that many opportunities are
currently overlooked for affirmative measures
tc enhance or utilize the changed enviran-
ment which results from energy producticn
and development .

Many problems are commom to a number of
systems, in particular that of bpiocides and
cnanges in the local thermal environment.
fn summary, there are opportunities for pro-
tecting the living resources environment
from adverse affects from both operation
anad catastrophy on the part of energy sys-
tems. These living resources can in fact
be enhanced by appropriate development and
deployment of technology. The following
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information needs and priority recommenda-
tions are based on these conclusions.

Il Information Needs

A, High Prioritx

. Locating Spawning Areas--There |5 a need
to identify the locations (tamporal and
spatial) of spawning areas, larval and ju-
venile grounds and locations of adult marine
animals with respect to energy production,
transportation and generation facilities.

Rationale

The annual recruitment of marine animals
is highly dependent upon local enviranmenta!
conditions during periods of spawn and larval
development. These processes are irregylar
and are confined to specific ssasons. [Dur-
ing these periods otherwise nondamaging
activities associated with transportation
{flushing of tanks, spills, generation of
turbulence and artificial upwelling) can ba-
come highly destructive. Knowledge of the
spawn and larval process would permit simple
routing and operational changes that could
prevent substantial damage to the year's
recruits.

2. Locating Power Plants--Comparative en-
vironmental assessment of the siting of
power plants should be done in either:
4. a river or estuarine environment hav-
ing access to the sea
b. the coastal region, or
c. on a floating or fixed olatform at a
distance from iand in the relatively
Qpen ocean.,

Rationale

Significantly different environmental and
ecological problems are associated with op-
eration and accidents in each of thase en-
vironments. It is highly possible that sub-

stantial environmentai benefits will occur
if siting is moved seaward, but at the same
time siting wiltl probably occur in locations

of inverse benefit., Comparative studies
conducted now would go far to remove inhi-
bitions on oceanic siting.

3. Categorizing Disturbances--The local en-
vironment needs to be characterized in rerms
of physical, chemical and bioiogical effecrs
resulting from disturbances which are common
to energy activities. These common areas
include the use of biocides, disposal of




energy wastes, installation of pipes and
cables and changes in the local thermal and
nuirient environment.

Rationale

Extensive site-specific studies are found

L0 recur with respect to a number of common
problems. These problems could be bounded
by a study of the generic charactar of the
environmental disturbance. In particular
there is a recurrence of detailed plant=
specific studies of the problem of biocides
or the curtallment and/or the dilution of
chemical and nuclear effluents and waste.

4, Coal! Power Plants--Ocean environmental
effects of the introduction of coal power
plants needs to be assessed. in particular
the interaction of airborne particulates
with the marine environment should be
evaluated.

Rationale

There has been little study in the ocean
environment of the effects and distribution
of particulate fallout and "acid" rain which
are associated with coal power plants. Al-
though this may not become a significant
probiem, an early determination Is vital to
the siting of these plants in the marine
environment.

8. Medium Priarity

5. Disposal of Nuclear Power Plants and
Submarines--There is a need for a non-
defense study of the use of the ocean as
the final resting place for obsciete nuclear
submarines and nuclear power plants or as
the most available emergency disposal site
for nuclear components, in the event of ac-
cident or unforeseen catastrophe.

Rationale
e ——

This region is the primary Pacific home
of the nuclear fleet, and the obsolescence
and disposal of fleet units is a recent
phenomenan. Public concern about the safe-
ty of oceanic disposal, either in disperse
Or concentrated disposal areas, dictates a
Study by an agency without vestead interest
in the outcome.

6. Nuclear Monitoring in Ports--A naon-
defense agency should mon|tor the environ-
ment for nuclear effacts in the home port
area of nuclear submarine and surface ships.

Rationale

Rationale is again one of public concarn
for the public health and safety and the
need for identifying fates and effects by
an agency without vestad interest.

7. Use of Ocean Water for Energy-=4 study
shouTd be made of the environmental effects
of substituting ocean water foar fresh water
in energy production and processing.

Rationale

The shortages of fresh water for cooling,
35 a Lransport medium for slurries, as a
heat storage and heat transfar process fly-
id, ete., will inevitably result in the sub-
stitution of seawater in order to alleviate
competition for the water rescurce. Large
volumes will be reguired and environmental
effects will be associated with intakes and
discharge of the resource.

8. Thermal Discharges--There is a need to
expand studies of thermal discharges to in-
¢lude biological introduction designed to
take advantage of the changed environment

and to purposefully enhance the environment.

Rationale

Results are mixed on the effect of power

plant effluent on aquaculture. There is ai-
so the promise of significant aquacultyre
yield from OTEC nutrient upweiling. Affir-
mative site-specific studies will uncover
additional opportunities for environmental
enhancement.

9. Limiting Biocides--There is a need for
definitive bounds and limits on the use of
biocides.

Rationale

In particular there are uncertainties
with respect to the use of chlorine, its ac-
ceptance in waste water treatments and the
nonuniform standards of acceptability in
differing applications. Much can be done to
speed the process of biocide permits where
the use of the biocides will not have a majar
effect on the marine enviranment.
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C. Low Prioritz

10, Patterns of Pelagic Fish--There is a
need to assess the effects of widespread use
of OTEC on the migratary habits and patterns
of pelagic fish. This is of low priority,
only because there is still time for assess-
ment. The purpose would be to validate the
analytical models which suggest little if
any widespread climatic or weather implica-
tions of OTEC. It would also be to access
other long-term effects of the deveiopment
of OTEC as a major energy resource.

Rationale

QTEC platforms have proven effective as
fish attracting structures far highly migra-
tory species and have shown potential Ffor
increasing populations of nonmigratory ma-
rine animals. There is also a legitimate
concern that the long-term effects of any
major mechanism to extract energy fram the
environment may be significant, even though
they may be difficult to assess.

11, Coal Wastes--Effects of the disposai of
coal slag and ash wastes in the marine envi-
ronment needs to be looked at. It is a low
priority need only because there are ade-
quate solutions and adegquate time to arrijve
at solutions.

Rationale

The large amounts of this waste associa-
ted with coal power production and the sig-
nificant land and ground water poiliution
problems associated with land fill and land
dispesal are of great concern. It is oniy
3 matter of time before ocean disposal is
chosen as a preferred solution in specific
sites.
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SECTION V
‘
e =

Marine Mining



| Introduction

The panel evaluated potential pollution
problems and other environmental damages that
may arise from offshore mining of minerals
and fossil fuels in the Pacific region of the
Western United States, Alaska and Hawaii. In
its discussions carried out to meet workshap
objectives, the panel recognized that, with
the exception of oil and gas drilling, little
or no offshore mining of the region has oc-
curred. The panel assumed, however, that oth-
er types of marine mining, particularly dredg-
ing sand and gravel on the continental shelf,
will begin in the region in the near future.

Il Potential Problems

To evaluate the potentially damaging ef-
fects of marine mining, the panmel first con-
sidered the principal types of mining under-
way or likely to occur in the region. The
kinds of activities that take place in min-
ing operations that may cause polfution were
then identified. The panel broadly inter-
preted marine pollution to include damages to
the marine environment of all types (both
chemical and physical), and attempted to as-
sess major environmental changes that may be
caused by marine mining activities. The fol-
lowing out!ine gives a brief summary of ma-
rine mining technology and the potentially
damaging effects of the technology on the
marine environment.

Marine Mining Technology

A. Principal Types of Marine Mining

I. Drilling for oil and gas, fresh water
2. Mining "hard minerals"
a. Mining the deep ocean for manganese

nodules, ferromagnesian crusts, phos-
phorites and metal-rich deep sea muds

35



b. Mining the continental shelf far

high-value, low-bulk minerals, such as gold
and platinum, tin, heavy mineral sands
(iTmenite, rutile, Zircon, magnetite, mon-

azite, etc.)

, iron {vein deposits) and

diamonds

3.

Operations that produce heavy brines

(not striczly marine mining)
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a. Removal of brines from undersea
salt domes

b. Seawater desalination

¢. Extraction of minerals/metals from
seawater - bromine, magnesium, gold,
etc.

Principal Types of Mining Activities

Exploration activities

a. Geophysical studies (seismic, grav-
ity, magnetic)

b. Sampling (grab sampling) unconsoli-
dated surface sediment

c. Dredging surface sediment

d. Shallow coring - various techniques;
some allow shallow penetration of
hard substrate

2. Exploratory drilling; penetration
hundreds of feet into hard substrate
possibie

Construction of equipment and facilities
and support activities, for example,
drilling platforms, construction of
stable platforms for dredging, pipelines,
processing plants;'cleaning pipelines,
activities of work boats and onshore
facilities

Extraction activities

4. Production ¢rilling for oil and gas
== rotary drilling using mud as a
lubricant

b. Dredging

I. Mechanical dredging =-- grabbing or
excavation type of activity (dip-
per, grab bucket, cutter head,
bucket-ladder)

2. Hydraulic dredging -- vacyum ac-
tion to suck up materials from
the seabed

3. Submarine ‘‘bulldozer'" -- now in

experimental stage
¢. Shaft mining for irom and coal

Processing and transport -- separation,
reduction, cleaning, etc,

a. Processing at extraction site
b. Transport to processing and trans-

shipment facilities onshore or affshore
I. Ship or barge transport
2. Pipeline transport

Environmental Effects of Marine Mining

Principal Types of Environmental Change

Physical changes

a. Modification of seafloor topography

b. Modification of coastal morphoiegy
{coastal erosion)

c. Change in particle size of bottom
sediment (substrate)

d. Resuspension of fine bottom sediment
in water column (including nepheloid
layer and bottom boundary layer)

Biological/chemical changes

a. Removal and death of marine organisms
related to physical causes

b. Decrease in rate of photosynthesis in
water column owing to decrease in
sunlight

c. Decrease in oxygen level in water

d. Ingrease in trace elements, gesticides
and biocides in water

e. Increase in nutrients {(nitrogen, phos-
phorus, carbon)

f. Increase in salinity of seawater
increased hydrocarbon content in
seawater

Socio~economic changes--These inciude
changes such as damage to fishing grounds
or interference with fishing operations
or other commercial marine activities
that may have a direct social and econo-
mic impact on humans.

Specific Sources of Pollution or

Environmental Damage

Chemicals, fine sediment and drill cut-
tings releasad into seawater from dril-
ling muds discharged during drilling
aperations

0il released into the marine environment
== both chronic low-level discharge and
occasional major spills; oil fumes re-
leased into air during petroleum of f-
loading; exhaust fumes, etc., from sup-
port cperations

Sound source for seismic prospecting;
now mainly airgun or sparker =-- prop-
ably of minor significance



5liding and slumping of unstable areas
of the seafloor owing to construction or
exploitation activities; fault movements

Release of hydrogen sulfide gas, heavy
metals, pesticides, biocides and nutri-
ents (may be beneficial) from sediments
stirred up from the seafloor and
resuspended

Dredging operations, etc., that cause
physical destruction of marine organisms
and habitats

Rain of fine sediment from drilling muds,
dredging operations, etc., covering
benthos and larva

Increased turbigity in water column
causing decreased rates of photosynthesis
by marine plants

Oxygen uptake by minerals in sediment
stirred up from the seafloor and resus-
pended in the water column -- reducing
oxygen levels in the water

Changes in grain size of substrate (mud,
sand, gravel) on which benthic organisms
Tive; many biologic communities require
a spacific type of substrate

Ingestion of non-organic particulate
matter by planktonic aorganisms

Dredging and other operations that de-
stroy food supply of some marine orga-
nisms

Plumes of seawater of abnormally high
salinity released by drilling into salt

domes or caused by desal imation or min-
eral extraction activities

Potantial Impact _of Environmenta! Changes
on Marine Communities and Humans

Impact on marine organisms

a. Disruption and loss of substrate
(bottom sediment) which are critical
habitats *

b. Disruption of feeding grounds; inter-
ference with visual feeding of fish,
etc., caused by increased suspended
sediment

c. Loss of biomass

d. Alteration or loss of physical/
chemical environment; loss of bremg-
ing grounds

e. Death or change in reproduction hab-
its and rates owing to uptake of
cnemical pollutants to intolerable

levels
2. Impact on humans

3. Hazards to health arising from con-
sumption of polluted marine organisms

b. Loss of income or other damages aris-
ing from pollution, environmental dam-

age or interference with commercial
operations

I} Information Needs

A. Basic Information Neads

1. ldentification and Monitoring of Critical
Marine and foastal Populations and
Habitats--Studies should be undertaken

to identify marine and coastal biclogical

populations and habitats that wil] be sig=
nificantly affected by marine minaral de-
velopment activities, The studies shoyld
concentrate on identification, prediction
and mitigation of impacts on thesa popula-
tions and habitats. The timing and design
of the studies should be integrated into
the decision making framework for marine
mineral development activitieas; in some
cases, this will require many years of lead
time,

'nitially, these studies should focus on
describing and identifying legally protected
populations, critical habitats, sanctuaries
and other protected areas, populations and
habitats for which legal protection has been
proposed and populations judged likely to be
severely affected by marine resource devel-
opment. The studies shouid include descrip-
tions of normal and extreme variations in
biclogical habitats and populations, Spe-
cial emphasis should be given to coastal

‘environments (nearshore. estuarine and

wetlands).

The panel also recommends that the marine
and coastal environment be the subject of a
continuing monitoring program designed to
assess changes resulting from offshore re-
source development. The monitaring proce-
dures and techniques should be periodicaily
examined to determine if the necessary pa-
rameters required for evalyating changes
are being measurad. Maximum feedback of
monitoring results should be provided to
regulatory and development agencies.

2. ldentification of Seismic Hazards and

Areas of Seafloor Instabilitcy--Prior to
further offshore resource development, stug-
ies are needed to identify and describe
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coastal and offsnhore geologic hazards that
could have a detrimental impact on marine
mining activities. The panel endorses, in
general, the recommendations of the Seaflogr
Instabilities and Seismic Hazards Subgroup
of the 1976 Bureau of Land Management con-
Ference/workshop refative to offshare re-
sQurce development along Washington and Ore-
gon (BLM, ''Recommendations for Baseline Re-
Search in Washington and Oregon Relative to
Offshore Resource Development," 1976,

pp. 155-158).

tnitial study should concentrate on iden-
tification of geologic hazards from existing
information. Additional field studies should
be carried out in areas where inadequate in-
formation exists or where site-specific def-
inition is required.

Long-term geological, geophysical and
geotechnical studies should be conducted

to:

a. Establish tha rectonic framework of the
region from existing geologicel and geo-
physical data; identify faults, folds,
diapirs and areas of uplift and subsi-
deénce. New high-resolution seismic pro-
filing may be required in critical areas
to identify zones of low structural in-
tegrity (fault zones) that may lead to
drilling problems -- [oss of drilling
muds and inability to contain and control
hydrocarbon flows.

5. Continuously monitor seismic events in
coastal and offshore arsas by means of a
network of seismograph stations, includ-
ing ocean bottom seismographs,

c. ldentify and map areas of seaf loor in-
stability (slump blocks, areas of thick
sediment on oversteepened slopes) that
Mmay lead to slumping, gravity slides,
creep and flows during mining activities.
Available bathymetrie and seismic pro-
files should be adequate for general re-
gional definition, but additional pro-
filing and coring may be required in lo-
cal areas of anticipated mining develop-
ment.

4. Assess the geotechnical properties of
sediments (texture, density, water con-
tent, shearing stress, etc.) in relacion
to facility design criteria, Again, ad-
ditional .coring and testing in critical
areas may be required.

3. Physical Qceanographic Characteristics

of Coastal and Continental Shelf Waters--
There is a critical need to know the physical
characteristics of the coastal and continen-
tal shelf waters. These characteristics will
affect the design, construction and mainte-
nance of offshore mining equipment and facil-
ities, the nature of logistical support oper-
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ations and the potential for accidental ar
planned pollution from marine mineral devel-
opment activities. Characteristics of par-
ticular importance include surface flow
(both mean flow and seasona] variations),
subsurface currents {including near-bottom
currents, because of their imporcance in uyn-
derstanding sediment transport), waves,
tides and ocean meteorclogy (interaction of
ocean and atmosphere; storm generation).

The studies should be directed toward an un-
derstanding of the transport and circulation
in the ocean of water-solubie poflutants,
particutate suspensions and bedloads, which
is necessary to predict the course pollutants
will take.

Existing physical oceanographic data .
should be utilized where possible. Gaps in
the data must be identified at the time of
planning for marine mining development and
prior te granting permits. Field studies
should be carried out to gather additional
needed data, particularly site-specific data,
as rapidly as possible. The data must be
translated to formats or statistical summa-
ries appropriate for use by planning, regu-
latory, permit and pollution response
agencies,

4. Identification of background levels of

toxicants and other pollutants and analysis

of effects of pollutants on specific repre-
sentative groups of marine organisms

a. Ambient levels of pollutants and current
sources of pollution
To better understand the possible detrj-
mental affects of developing mineral and
fossil fuel resources in the offshore
area, it is necessary to establish the
present level and variability of pollu-
tants in the marine ecosystem: water,
sediment, air and marine organisms,
Baseiine concentrations of hydrocarbons,
trace metals and synchetic grganic com-
pounds should be determined, particular-
ly in key representative organisms
("control' organisms), such as certain
bottom feeders (bivalves, crustaceans,
flatfish). Major current sources of pol-
lution should also be identified (refer
to recommendations of other pollution
panels), as future paliution from mining
activities must be differentiated from
pollution from these sources.

b. Effects of pollutants on marine organisms
Once the prasent pollution levels and
current pollution sources are identified,
it is important to carefully and periodi-
cally monitor changes in pollution leveis
in the marine ecosystem, particularly in
contral organisms, to derermine the af-
fects on marine organisms of polluticn
caused by marine mining activities.




The rate at which pollutants are distri-
buted and transformeg along environmental
gradients by natural processes must be bet-
ter understood (especially any process that
mdy result in magnification of pollutants
in any part of the ecosystem). Present know-
ledge of the sublethal effects of single or
multiple pollutants is grossily inadequate.
It will be necessary to develop and perform
controlled experiments on individual marines
species or entire local ecosystems in order
to evaluate the complex effects of long-
term, low-lavel (chronic) exposure to a sin-
gle poliutant or a mixture of pollutants.

5. Experimental and Theorstical Modeling

Studies to Predict Pollution Effects=-~
The capability of predieting the environmen-
tal impact of deveioping offshore resources
can be improved by using existing data banks
and theoretical-experimental studies and
models. However, it must be recognized that
models are inherantiy limited in nature, and
their use must be coupled with critical anal-
ysis of such limitations. Attention should
be given to how other models may supplement,
compiement, or in some cases even reverse or
negate the results of a given model.

Expediency, low cost or simplicity should
not be the overriding facters in selecting
modeis. Innovations in modeling continue;
assessment agencies must keep pace with
these innovations so that they are constant-
ly working with the best possible techniques.

6. Evaiuation of hazards to human health--
Human heaith should be considered in assess-
ing the impact of any marine mining opera-
tion. The immediate and long-term effects
of marine mining operations on human health,
other than accidents, are unknown. Poten-
tial health hazards include air pollution
and eating contaminated marine organisms.

The nature, type and concentration of air
pollutants shouid be determined and evaluat-
ed in terms of a potential human health haz-
ard. Particular attention shouid be placed
on any mining operation involving a new pro-
cess which may introduce a new poilutant in-
to the atmosphere.

The potential always exists for a con-
taminant to be magnified as it moves up the
food web, possibly to humans. Body burden
leveis should be measured on representative
organisms of the food chain to determine
whether biomagnification of the organism
has occurred. Particular emphasis should
be placed on determining the levels of any
synthetic organic compound discharged into
the ocean. Existing data sources, such as
the musse! watch, should be used whanever

possible.

The most urgent information need is for
baseline studies. Identification of marine
populations and habitats and assessment of
geclagic hazards are the most critically
needed baseline studies and are, therafore,
assigned first priority (the pane! regarded
the two needs to be of equal importance).

Identification of marine populations was
given high priority because the first step
in avaluating poilution damage to the envi-
ronment must be to study and identify (prior
to initiation of significant mining activity)
those marine organmisms and habitats most
likely to be adversely affected by marine
mining activities,

Assessment of geologic hazards was also
given high priority because of the potential
danger to both humans and marine organisms
from mining operations conducted in seismi-
cally active or unstable areas of the sea-
floor.

Characterization of the physical oceano-
graphy of the coastal and marine area and
determination of ambient pollution levels
in the marine ecosystem were considered next
in importance (and of about equal importance) .
Evaluating possible increases in pollution
levels owing to marine mining and assess-
ment of the potential damage to marine or-
ganisms arising from such pollution, requires
that pollution levels be known prior to min-
ing development, Evaluation also requires
that the mechanisms and routes by which pol-
lutants may be disperseg within the marine
environment be understood,

The need to assess possible pollution
hazards to human heaith was given lower pri-
ority than the above baseline studies. The
lower priority was not given because of dis-
regard for human health. Rather it was as-
signed because it was judgad that baseline
studies to determine the biological, phys-
ical and chemica! characteristics of the ma-
rine ecosystem would be needed for early
planning, design and regulation of marine
mining operations - long before any serious
hazards to humans caused by marine mining
activities would likely arise. Also, data
provided by baseline studies will be a crit-
ical element in assessing potential hazards
to human health and must be available before
reliable assessment can be made. Once min-
ing activities are underway, monitoring and
evaluating those activities that pose poten-
tial threats to human health will be of
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primary importance.

B.. Socio-Econaomic Information Needs

). Data_availability and cooperative use--
The location and availability of existing
¢ata dealing with marine mining pollution
must be known to identify gaps in the data
base that should be fiiled through the de-
sign and conduct of new studies. There is

a strong need for development of a data
sharing system to locate (and make available
for planning and management use) more marine
poilution information. Such a system prob-
ably should be developed on a region=by-
region basis rather than on a national scale.

Qf central concern to identification and
use of existing data is the ability to re-
trieve all relevant information, even though
that information may not have been generated
through research on marine mining pollution.
Such identification may require formulating
special interrogation and data entry formats.
The problem of data gathering and shared use
is discussed further below.

2, Interdisciplinary approaches--Scientific
data are generated by specialists and insti-
tutions often operating indepandently of one
another. Because marine pollution causes
problems that involve complex and widespread
ecological systems, the need will arise for
greater cooperation and communication be-
tween specialists and institutions at nation-
al and international levels. Some coopera-~
tion proceeds as a matter of course; however,
conscious effort must be directed towards
formulating interdisciplinary research pro-
grams., Other efforts should be made to
create interdisciplinary, inter-institution-
al and international teams required to carry
cut these programs. Such an interdiscipli-
nary research approach will improve both

data gathering and decision making processes.

A great deal of support is already being
given to environmental impact assessment.
However, more emphasis should be placed on
technological innovation, following the
maxim that prevention is the best cure. An
integrated approach is valuable as well in
this regard. Cooperative probiem solving
ventures which bring together scientists
and engineers along with representatives of
industry, public interest groups and regy-
latory agencies are most likely to provide
the necessary technology for safe, sophis-
ticated marine minerals pollution preven-
tion and control. A cooperative appreach
in resolution of multiple-use conflicts
(see recommendation below) is also essen-
tial.

3. Multiple-use conflicts--Studies are need-
ed to identify onshore, nearshare and ocean
uses and users which may conflict with ocean
mineral exploitation and axtraction activi-
ties. Studies should assess the social and
economic effects of such conflicts, as well
as the tendency for any specific use to pre-
empt or eliminate other uses or users,

a. These multiple-use studies should be
specific as to geographic area and
uses in conflicts, and should focus
on the nature of the impacts. |t
should be determined whether impacts
are from pollution, space-use con-
flicts, or of a complimentary, cumu-
lative nature.

b. The studies should attempt ro predict
when a marine mining activity will be
2 use new to 3 particular area and a
set of ocean users. Prediction is
needed so that communications can be
established between traditional users
of the ocean and new users. Establish-
ing effective communications bestween
the various users of the ocean is es-
sential to reducing or eliminating
social and economic conflicts and in
controtling cumulative adverse impacts
that may arise.

¢. The studies should also identify ways
in which eassential information can be
exchanged between both cooperating
and competing users of the ocean, es-
pecially in nearshore areas. Soiu~
tions should be sought to the problem
of withholding proprietary information
by some users,

d. The studies should review and assess
the potential for making some dominant
or exclusive-use designations on spec-
ific ocean areas (for example, marine
sanctuaries, sensitive wildlife habi-
tats, national parks, petroleum re-
serves}. Impacts from other uses -
especially pollution ¢created by these
uses -~ could be minimized or 2l imina-
ted in these specific, set-aside areas.

L. Damage assessment studies--Damages to
marine, coastal and human resources and act|-
vities resulting from marine minerals devel-
opment should be studied to determine jf

they are compensable. These studies are
essential to assess compensation for pollu-
tant accidents after the fact and to pre-
dict social costs of marine mining activi-
ties before development decisions are made.

Damage assessment studies should build an
the results of available information and
should be continually evaluated as better
predicative information is generated from
other studies. Damage assessment should be



done on both short and long-term bases
(presently most doljar amounts are based on
short-term costs only).

Rationale

These information needs were ranked as
they are listed above because the identifi-
cation of existing pollution data and co-
ordination of research studies aimed at pro=
viding information for planning and manage-
ment decisions are needs that must be met
early in the marine mining deve lopment pro-
cess. Resolving user conflicts and assess-
ing fiscal damages caused by marine mining
are activities that wil] require a strong
data base, as well as cooperation among all
agencies invalved in planning, mapaging and
regulating marine mining operations.

C. Special Recommendation -- Timing and

Adequacy of Research Funding-=The re-
sults of marine pollution studies should
emerge at or before the time they are needed
for decision making. Such timing requires
that most bioicgical studies and some physi-
cal studies be initiated long before deci-
sions are required, because biological cy-
cles and responses are commonly long-term
processes. Policy makers and budget offi-
cers often fail to appreciate the need for
long-term studies, preferring to gather in-
formation over a shorter period (one or two
years). Consegquently, it is difficult to
get necessary studies funded far enough in
advance to provide reliable information for
decision making,

Funding for studies needs to be timely,
in adeguate amounts and, in most cases,
provided on a multi-year (perhaps five-year)
basis. Means should be sought to improve
communications between scientists and policy/
budget personnel to overcome existing pro-
blems of ''too little research money, too
late'' in the planning and decisjon making
process.

Rationale

The panel feared that funds would not be
allocated sufficiently, far in advance or
in adequate amounts to carry out baseline
studies and other poliution research prior
to the time research results woyld be need-
ed for planning and design decisions. Those
persons or agencies in 3 position to infly-
ence funding decisions should make the
strongest possible effort to insure timeiy
and adequate funding for marine mining pol-
tution research,
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“
| Introduction

The marine area of Southern California is
unique in comparison to the region north of

Point Conception., |t is characterized by a
warmer climate, less rainfall, lack of year=
round river flow and virtyal absence of major
estuaries. More than 15 million people in-

habit the region, most of whom live within
a 25-mile distance from the acean.

Most marine environmental problems in
Southern California can be attributed to the
large population which has increasad rapidly.
The people of Southern California have had
to sglve these problems quickly and generally
without the benefit of similar experiences

elsewhere. |f wise environmental decisions
can be made in Southern California, not only
will this area be improved, but it may assist

in solving problems elsewhere.

Future research in this area should em-
phasize the following:

A, Whiie some marine areas in $outhern
California have been monitored for many years,
there is a need for compiling and analyzing
both from a single site and from a regional
area perspective. A greater use of existing
data should be encouraged to assist in eval-
uating present environmental conditions and

to determine gaps in man's knowledge.

8. Regional environmental libraries would
be vatuable in making this information more
accessible. ‘

C. Periodic reviews of existing monitoring
programs should be encouraged to assess
their value, their applicability to answer
questions and to determine whether addition
or defetion of samples and/or parameters is
requirad,

D. Standardized techniques in collecting
and analyzing data gathered in baseline and
monitoring studies should be developed which
will facilitate data synthesis on a regional
and national basis.
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E. The effect of land disposal of solid
wastes should be measured to determine if

it causes more potential harm to hyman
health and the terrestrial environment than
oceanic disposal.

F. Greater emphasis should be placed on the
prevention of pollution prior to its
occurrence.

G. There is a need to develop alternative
methods of waste water treatment and sewage
disposal. This shouid include evaluation of
legisiative and/or regulatory restrictions
for waste alternatives,

H. The potential impact of wastes dis-
charged into the marine environment on human

health and marine living resources should re-
main a high priority.

Il Problems

Sources of marine pollution in Southern
California are:

A. Petroleum activity

B. Mineral develcpment

C. Nonpoint sources (e.g., storm run-
off, agricultural practices, vessel
wastes, aerial fallout)

b. Municipal wastes

E. Geohazard effects on marine struc-
tures (e.g., platforms, pipelinas)

F. Thermal pellution

G. ODredging and disposal

H. 0Ocean dumping

I. Habitat medification

J. Red tides

K. Nenbiodegradable industriaj wasfes

L. Biodegradable industrial wastas

Il Information Needs

A. High Priority

I. Petroleum activities--The panel recog-
nized the greatest research need for the
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region to center around petrcleum activities.
The sources of petroleum entering the environ-
ment need to be divided. Sources of petrcleum
entering the marine environment include spills
from tankers, pipelines and platforms, bHlow-
Qutls, chronic release related to boar and ship
activities in harbors ang marinas, refinery
waste, natural oil seepage, urban runoff and
aerial deposition.

There is a need to:

4. Study the effect of drilling muds and
Cuttings on marine organisms and a need for
evaluation of existing data and information
concerning this activity.

b. Develop methods of risk assessment for
man, environmental protection and prevention
of pollution, and properties.

c. Develop contingency plans regarding
petroleum activiry equipment, models, weath-
er data (especiaily offshora winds) and ocean~
ography of the region,

d. Determine impacts of controiling methods
such as dispersants and detergents.

Rationale

Southern Califarnia is an area of signifi-
<ant petroleum activity, and the potential
environmental impact of oil spills and blow-
outs is great. The potential impact of mud
on the marine environment resulting from
driiling is not completely understood andg
needs further study. Refinery wastes and
shipping could impact this area which imports
large quantities of gasaline and other petro-
leum products,

2. Municipal wastes-~There is a need ta
determine:
a. alternative methods of municipal ~aste
gdisposal
b. the effect of ocean disposal of raw,
primary and secondary waste
C. better methods for siting outfalls, and
d. the effects of excessive rain rungff on
sewage treatment plants and the
envirenment .

Rationale

The ocean is the primary receiving body of
Municipal waste in Southern California, The
area is the location of the largest municioal
marine outfalls in the world. Degradacion
has occurred in the vicinity of eacn of the
major outfalls, Municipal wastes contain 3
number of highly toxic elements ang compounds



which seriously compromises man's capability
to safely dispose of such wastes,

3. Dredging and Dispasai--Evaluating the
biological, chemical and physical effects as-
sociated with dredging activities in the ma-
rine environments is am impertant neeg.
Studies should also concentrate on the recol-
onization of benthos following dredging acti-
vity and the effects of dredging on commer~
cial fisheries.

Regarding disposal of dredged materials,
there is a need to study the nature of the
disposal site and of the material itself.
There is also a need for studies of:

a, disposal methods

b. the environmental effects of disposal

(including possible bicaccumulation)
€. the concentration of wastes in sur+
rounding areas and

d. the oceanography and sedimentation

rate of the area.

Rationale

There is an inadequate data base to eval-
uate the effects of dredging and dredge spoil
disposal. Large scale dredging activities
are anticipated in the larger ports of South-
ern California.

4., Qcean Dump Sites {(abandoned chemical

dump sites}--There is a need to undertake
the same studies for ocean dump sites as for
dredging and disposal.

Rationale

There is a lack of data concerning what
has occurred at these dump sites.

§. Habitat Modification--The effect of hab-
itat modification on birds, fisheries, man
and other organisms should be studied. On-
going studies are needed of natural and mod-
ified ecosystems and the effect of habitat
alteration on the ecosystem nesds to he
studied.

Rationale

Man does not know the natural variability
of the ecosystem, nor the effects of habitat
modification. Maintaining pristine areas in
a4 heavily populated area such as Southern
California is impertant. An additional rea-
S0Nn such studies should be conducted is to
comply with federal and state wildlife regu-
latory agencies' requirements,

6. Nonbiodegradable Industrial Wastes--
These wastes should be studied to determine:
persistence

toxicity

transformation

biocaccumulation and biomagnification
magnitude of the problem

an inventory of waste products and
methods for control of their disposal.

_ M onN oW

Rationale

Most nonbiodegradable industrial wastes
are toxic and potentially able to accumulate
in marine organisms. They may ultimately
affect mankind., Southern California is a
heavily industrialized area. New synthetic
compounds appear each year and need to be
evaluated for their potential impact.

B. Medium Priority

7. Nonpoint Sources--There is a need to

determine the type and composition of these
sources, their rate of input, how and where
they are distributed, the impact of these
pollutants on the marine environment and how
to control them.

Rationale

The magnitude of nonpoint source polluticn
is$ unknown. Until the time that such data
are available, it wil) remain difficult to
determine the seriocusness of this pollution
source.

8. Thermal Pollution--Studies should be con-
ducted about the impacts of heated effluents
in the marine environment, entrainment of
marine organisms, alternative uses of wasre
heat and the effects of biocides {e.g. chio-
rine}.

Rationale

All thermal and nuclear power plants in
Southern California are located on the coast
where they circulate sea water through the
plant as cooling water and discharge the
heated water into the ocean. The effact of
entrainment and heated effluents on the ma-
rine environment is not understcod,

9. Biodegradable Industrial Wastes--Under-
standing the assimilation capability of the
environment is an important need. Likewise,
it is important to determine methods of us-
ing biodegradable wastes and to develop meth-
ods of managing those wastzes.

47



Ratlonaie

Since biodegradable wastes can be decom-
posed, they do not pose as great a threat as
nonbiodegradable wastes. The effect of these
products on bialogical oxygen demand (BOD),
eutrophication, etc., needs to be evaluated.

C. Low Priorit!

10. Mineral Development--There is a need to
determine the impact of mining minerals and
the impacts of processing minerals.

Rationale

No large scale deep-water mining is fea-
sibie in Southern California.

11. Geohazard Effects on Marine Structures-~
A need exists to understand hew natural earth
processes affect man-made structures. Stud-
ies should include the nature of geohazards,
the effect of hazards on construction and
methods of control of gechazard effects,

Rationale

Good engineering practices would minimize
the effects of geohazards.

12. Red Tides--Basic research is needed on
the causes and effects of red tides and to
distinguish between natural and man-made
causes of red tides.

Rationale

While the causes of sporadic red tides in
Southern California are important to detar-
mine, the potential solution of this problem
is considered low.
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| Introduction

Much of the California Coast between Point
Conception and Point Arena is undeveloped, so
the majority of marine poillution problems lie
in the San Fransisce 8ay and estuary system,
and to a lesser extent in Monterey Bay. Ex-
ceptions to the problems are offshore oj! and
gas development (0CS Lease Sale 53) and some
forestry activity on the North Coast.

While the panel focused on ocean pollution,
members agreed that to understand problems in
the enclosed ocean called 5an Fransisco Bay,
it was necessary to consider the Sacremento
and San Joaquin rivers, the Dalta, San Fran-
sisco Bay and the Gulf of the Farallones as a
single unit.

Most of the problems in this area are not
new. The exceptions are offshore oil and gas
development and the addition of the Peripheral
Canal to the existing diversions of fresh wa-
ter from the Bay/Delta system. With these two
activities, adequate baseline data can be col-
lected so that any changes reiated to drilling
rigs and/or the canal can be measured against
conditions that existed prior to either activ-
ity.

Marine pollution problems in San Fransisco
and Monterey bays have multifaceted informa-
tion needs. The panel, therefore, gave prior-
ities to the problems, The information needs
are listed in general order of priority. A
single information nesd may support the solu-
tion of saveral problems, although more than
one priority may be involved.

-1l Problems

A. High Priority

I. Qffshore Qil and Gas Development--The nrob-
lem refers specifically to OCS Lease Sale 53,
subsequent federal lease sales and the possi-~
bility of state leases within the three-mile
limig,
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The major problem with the present 0CS
Lease "Jale program is that there i{s insuffi-
cient time to complete baseline studies, and
there is too little time for feedback from
concarned groups and individuals.

Rationale

There is a danger that the Focus on m-
pacts will be on oil spills, While attention
to spills is important, the nature of the off-
shore drilling process has impacts through-
out the environment. Affected by the activity

area;
2. air and water quality
b. land use )
€. urban growth stimulation
d. displacement of commercial fisherijes
e. adverse impacts on migrating cetaceans

through physical obstruction and noise
pollution disrupting their navigation

f. reduction of recreational use of the
coast and

9. danger of extinction of fragile species

2. Hazardous Waste Disposal and Existing

Storage--The prablem includes the dis~
posal and storage of heavy metals, radio-
nuclides, pesticides and other known tox|-
cants and the identification of unknown tox-
icants.

Rationale

Hazardous wastes are also a part of the
consideration of point and nonpoint source
discharges. Dump sites in the Gulf of Far-
allanes have been a problem for some time,
as have nonpoint sources of industrial haz-
ardous materials. |Impacts may be long lasting
and may be accumulated in the food chain.

3. Point Sources, Municipal and Industrial
Wastes--This problem overlaps hazardous
waste to some extent. The concern here is
with the level of treatment. San Francisco
is still releasing effluent with only pri-
mary treatment, particularly during the
rainy winter months., San Francisco is upgrad-
ing some of its treatment facilities to the
secondary treatment process and is planning
to use an ocean outfall,

Rationale

An additional problem is the reliability
of existing plants, since treatment plant
failures have occurred recently in the Bay.
Besides the problem of plant maintenance
and reliability, there is a shortage of per-
sonnel qualified to operate the plants.
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There is disagreement about the effectiveness
of secondary treatment, as wel! as about the
necessity of the offshore outfall, in light
of the current patterns estimated for the Bay
just inside the Golden Gate Bridge.

b, External Pollution Scurces--The panel
falt it useful to consider impacts from out-
side the area, These inciude tanker accj-
dents, which constitute a major source of oil
pollution, and the introduction of pollutants
into langshore currents from the north and
south.

5. Diversion of Fresh Water from the Bay/
Delta System--included here are thes exist-

ing California Aqueduct and Delta-Mendota

Canals, the projected Peripheral Canal, the

San Luis Drain and the further deepening of
the Baldwin Ship Channel.

Rationale

Oiversion of water out the Bay/Delta to
the south reduces water quality in the San
Joaquin Valley and reduces dilution of wastes
and flushing of the Bay itself, Particularly
vulnerabie is the shallow South Bay. Migra-
tory fishes, as well as resident populations of
fishes and invertebrates depend on continuous
flows of fresh water for survival. The in-
Jection of nutrients and sediment load into
the Bay from the Delta is important to the
continued productivity of the Bay.

There is also a consideration that the
transportation of waste loads from the Delta
south to Los Angeles may have an impact on the
water quality of Southern California. The
Peripheral Canal would greatly decrease the
amount of water flowing into the Bay. The
consequences of this are far reaching. It is
not known whether they are reversible.

B. Medium Priority

6. Nonpoint Sources--Agricultural activity

in the Central California valley introducas
salts, pesticides, pheromones and biostimu=~
lants into the Bay. (Urban runoff alsc lsads
pesticides, biostimulants, oil and orgamic
material directly to the receiving waters, as
well as through combined sewer systems. Thare
are small amounts of mine drainage from mer«
cury mines in the South Bay and silver from
Page Mill Creek,which empties into the Cantral
Bay.

C. Low Priarity



7. Harbor Operations--Construction and majn-
tenance of docking facilities, ship channels
and marinas produce dredge spoils. The dis-
posal of the dredged material produces in-
creases in turbidity and disruption of ccean
bottom communities. Fuel docks, off-loading
of materials and battom points on ships and
boats add a variety of pollutants to the Bay.

8. Power Plants and Liquid Natura! Gas
Plants--Operation o; these plants produces
thermal pollution, as well as impacts on the
biota through entrainment in the cooling wa-
ters. Biocides are used to clean the cooling

systems,

Hl Information Needs

1. Monitoring Program=-A continuing monitor-
ing program of key characteristics in the
physical,chemical and biclogical aspects of
the ecosystem would contribute most to the
solution of major area problems. The selec-
tion of the parameters, which would be keys to
the state of the acosystem, is a problem in
itself. This program shouid last for one to
two years to describe the variability of the
ecosystem. Only after the natural fluctua-
tions are known can the effect of man-made
alterations be measured.

Of particular importance for oil spill
cleanup is increased data on nearshore cur.
rents (i.e., expansion of the NSF COOE pro-
gram) in the Bay and along the coast. Fur-
ther site-specific studies and monitoring of
biostimuiants are needed.

In the interest of coordinating data, as
well as cost effectiveness, the panel suggests
that the Qceanic Province, including the Gulf
of Farallones, San Francisco Bay and the Dej-
ta, be included in a separate authority for
the comprehensive continuing synoptic survey.
Examples of ecological topics are: .

3. reduction of oyster populations and
their closure to commercial harvesting

0. histopathology of striped bass ard
mussals

c. elevated leveis of organics and

d. heavy metals in invertebrates and fishes.

Any monitoring program should include the
effects of fresh water diversions from the
Delta on water quality, water transport and
ecological conditions in the Bay and coastal
nearshore waters.

The uninhabited coast of Baja California
s suggested for use as a contral area for
Central California.

2. 0Offshore 0il and Gas Development--There
is a need to:

4. Analyze present oil {hydrocarbon) levels
in biota.

b. Catalogue by geographic area and time
ocean climates that would affect disper-
sal of a spill.

c. Catalogue resources that would be af-
fected by chronic low-level, as wall as
catastophic spills by area and time.

d. Develop scenarios for reacting to a
spil] based on the above catalogues.
it is assumed that the technology to
handle spills in coastal waters is de-
veloped.

2. Develop a damage assessment team and a
plan to survey the damage after the ini-
tial cleanup. There should be a system
"ombudsman'' to ensure that reported im-
pacts are investigated and not covered
up. This program should include polly-
tants other than oil.

f. Generate charts and a rating scale of
the salvageability of beaches. The
cleanup process itself may cause more
damage than the oil in some situations.

g. Determine under what conditions disper-
sants should be used, recognizing their
toxicity.

3. Hazardous Materials--A new fine-scale sur-
vey of hazardous materlals in the coasta! ar-
ea needs to be deveioped. It should not be
limited to the EPA priority pollutant list.
The conditions under which hazardous matarials
can be dumped on this coast should also be de-
termined.

A large number of chromatographic analyses
have been made of environmental samples, and
not all of the peaks have been identified. It
wouid be wise to do this as a way to explaore
for possible new toxicants,

b, Aguaculture--Aquaculture will be an in-
creasingly important industry. There is a
need to examine how high-density fish culture
will affect pathogen levels, water quality and
biostimulation.

5. Data Availability--Much potentially use-
ful information s being held by scientists
and commercial enterprises. Techniques should
be developed to make this information widely
available. Computer data banks are not easily
made compatable and this impedes retrieval and
utilization,

In the future, data collection should be
structured and data points sufficiently iden-
tified, so as to be useful to answer questicns
other than those for which the data were ini-
tially gathered. The answers to current ques-
tions may already be known, and it is ineffi-
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cient to spend time and money struggling to

retrieve existing data or even to find out if
dats exist,

6. Museums--There is a need for facilities
to store collections of environmental sam-
ples for future analysis.
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| Introduction

The coastal region in the seczor of Point
Arena, California, to Point Angeles, Washing-
ton, is unique in that it is the most pristine
and least impacted by man's activities of any
sector of such length in the continental
United States. Such relatively undisturbed
status could be considered advantagegus, but
it also means that probably there exists less
information about the conditions along this
sector than in other more developed regions
of the nation.

Careful consideration was given by this
pane! regarding information gaps that exist
in the region. Additional basic infarmation
about the area's estuarine and offshore eco-
systems is required in order to effectively
respond to marine pollution problems.

The present state of knowledge is such
that certain issues can not be effectively
addressed without more basic knowledge being
developed for particular topics. This some-
times rather broad information is essential
for dealing with specific pollution problems.

The marine environmental conditions of the
area are such that the region's undeveloped
nature affords a urmicue set of considerations
in evaluating collution areplems. Relavant
informaticn is lacking rfor sucn unceve loped
areas.

This lack of information should be zon-
sidered in pollution monitoring and assess-
ment programs and in the evaluations of pro-
posals. User groups of pollution research
information must convey their needs to re-
searchers, and researchers, in turn, must con-
sider the users' level of tachnical knowl edge
and the level of data they will require in
order to make decisions.

The panel recommends the use of a concep-
tual medel approach to organize the collec-
tion, synthesis and sresentation of data to
ve collected under the Federal Plan. The
modei or models should include the physical-
chemical, biological and soccio-economic en-
vironments. The qualitative models snould
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describe regional ecosystems and thejr com-
penent resources, processes and relation-
3Nipse

In additicn, the models should be used to
introduce and explain the concepts, methods
and approaches used in the conceptual model-
ing process. C(onceptual models for many eco-
systems and processes have already been de-
veioped (for example, Ecological Character-
ization of the Pacific Northwest Coastal
Region) and should be used as a starting
point for the proposed work.

Il Problems and Information
Needs

1. Lurrents, Sediment Transport and Phyto-
plankton--Baseline studies concerning
ocean circulation (currents), sediment trans-
port and phytoplankton (primary productivity)

are recommended for the continental shelf
from Yaquina Head, Oregon, to Point Arena,
California, In particular, present informa=-
tion is inadequate to predict or even to un-
derstand events in the nearshore ocean. Al-~
though the problems are often specific, only
the development of 3 better data base wil]
produce the background needed to provide an-
swers to the specific problems.

Ocean circulation studies are needed im-
mediately to allow for the prediction of pol-
lutant transport in the case of a major il
spill, for example. Since the Coast Guard
must make an early decision on the use of
dispersants at a spill site, the informatian
is needed immediateiy. In the longer term,
increased knowledge of circulation patterns
will be important in the siting of future
cutfalls as reguired by the growth of rhe
region.

Sediment transport information is also
required in the near term. The possible de-
velopment of oil and gas expioration in the
region requires additional information for
proper construction of structures associated
with that development. Basic information on
ecosystem productivity is needed in advance
of development and befare any major pollu-
tion event. Such information is essentia!
to the general understanding of the impact
of pellution in the region.

Present knowiedge of these oceanographic
conditions is inadequate for decision makers
at all levels toc make intelligent decisions
concerning the impacts of future major re-
source developments (oil and gas, seabed
mining, etc.}, even such as oil spills or
disposal of dredged material. To be most
useful and cost effective, these data must
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be cbrained before major developments begin
or large catastrophic events occur.

2. Trace Heavy Metals--In order to assess
the impact of trace heavy merals as possible
pollutants in the marine envircnment, it is
recommended that:

a. Research be carried out to establish
ambient levels of heavy metals such as
copper, lead and mercury that are pa-
tentially toxic to marine organisms in
the water column and bottom sediment
of major estuaries and the intertidal
zone. (nitial baseline levels should
be determined at different seasons of
the year (high runoff vs. low runoff},
and thereafter rechecked periodically
(no period specified at this time) to
monitor changes in concentration lavels.
Baseline studies should include analy=
sis of water and sediment--both upstream
and downstream from suspected paint
sources (e.g. cities, industrial com-
plexes, large agricultural areas)--of
heavy mectals.

b. Concurrent studies be initiated to as-
sess the impact of dissolved heavy
metais on biclogic communities in the
marine, astuarine and intertidal envi-
ronment, and be pericdically monitored
to see if changed concentration levels
aiter bhehavior or physialogical states
of marine bigta.

3. Tar Balls--Ouring the iate winter there
is$ an increase in the number of tar balls
which reach the beach. Often they are ac-
companied by an increase in the number of
dead birds, some of which are oil socaked.

Research and monitoring shculd identify
whether the increased number of tar balls
reaching the beach resuit from seasonal
weather, which deposits more of those nor-
matly present in the ocean upon the shore,
or from an increase in the total number of
tar balls present in offshore waters. Addi-
tionally, the cause of the tar balls should
be determined.

Since there is often a demand by local
commercial interests for federal cleanup of
the tar balls, the environmental effect to
the beach should be examined to ascertain
whether there is justification for sueh a
¢leanup. This research would aid in deter-
mining what attenuating ar remedial measures
are appropriate and whether cleanup is appro-
priate.

4. Trace and Low-Concentratior Pollutants--
Basic research shoulad Jdetermine baselne
levels of toxic neavy metals and ¢rganic pol-
lutants in marine sediments and water. It
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should also establish the levels of these
pollutants that may aiter physiclogical pra-
cesses in marine organisms in significant
ways. Examples are alteration in behavior
and changes in timing of developmental stages
that can affect the productivity and surviy-
ai potential of species. Monitoring of ma-
rine and estuarine waters should be carried
out with sufficient precision and fraquency
to identify changes in concentration which
result from periodic fluctuations caused by
climatic conditions and changes in manage-
ment practices.

Efforts should be made to apprise managers
of research results which identify effact
versus noneffect levels of the pollutants
and to indicate where observed values are
too high.

It Columbia River Problems
and Iinformation Needs

5. Qffshore Oil and Gas Development--A pro-
gram of baseline studies should be initiated
to evaluate the affects of axploration for
and exploitation (driilling, recovery, trans-
pert) of oil and gas on the biota of the
continental shelf and major estuaries of the
area. Studies should include establishing:

a. sediment characteristics and distribu-
tions (texture, compasition, hydrocar-
bon content, geochemistry)

b. sediment dyramics (current and wave
patterns, nature of bedload and sus-
pended load transport, rates of deposi-
tion and erosion) and

¢. the character and distribution of ma-
rine and estuarine biciogic communi-
tias

Studies should also include analyzing
possibie areas of seafloor instabilicy
{slumping, gravity slides) and seismic haz-
ards (faults).

Continued monitoring of sediment and sea-
flow characteristics and biologic communi-
ties should take place once offshore gpera-
tions are underway. |t should evaluate short
and long-range effects on marine organisms
from exploration (geophysical surveying, ex-
ploratory drilling), drilling (release of
drilling muds into water) and release of
hydrocarbons into the water from groduction
and transport activities and spills or blow-
outs. Guidelines for such 3 study are con-
tained in the report from a 1976 Bureau of
Land Manmagement conference.

6. Exportation of Coal--It appears highly

possible that the Columbia River estuary re-
gion may become a site for the export of coal
from the U.S. to overseas markets (most |ike-
ly Japanj. Since such activity has never
been experiencad on the West Cgast, it ;s
necessary to determine, as so0on as possible,
the potential impact that such an activity
would have on the Columbia River estuary and
the adjacent N.E. Pacific Qcean. Such an
effort would begin by reviewing the known
impacts at East Coast coal exporting ports.

With such information at hand, the possible
problems with siting such a facility on the
Columbia could e reviewed. Such questions
as the following could then be answared:

a. !s adequate area available for such an

operation?

b. Are any toxic substances released and
what effects do they have on the eco-
system?

‘C. What special constraints and control

5teps are naecessary?

7. Dredge Spoils Disposition--Larger ocean-
going vessels tend to be more enargy effi-
cient. As the tendency to large vessels con-
tinues, the possibility of additional dredg-
ing to maintain a deeper channel is possible.

Such dredging will increase the volume of
dredge spoils that must be handled. Since
on-land storage of spoils is already |imited
by the available space, the availabie options
for dredge spoil disposal consistent with the
protection of the functioning estuarine eco-
system) must be looked at anew. The obvious
alternative of open ocean disposal will tend
to be countered by the higher energy <osts.
The recent eruyption of Mount St. Helens has
increased this problem.

8. Use of Resusoension Dredging--This mode
of dregaing s> nighl, cnargy crficient. |n-
creased prassures I0 use sSucn Jdredging il
be feit in the future. It i3 alrzady oeing
used to a limited extent in certain areas,

The extensive use of such a program in the
Columbia River and estuary could have a major
impact on the biological resources of the
system. Careful research studies are needed
to evaluate the impact of the large-scale use
of such a technique in a major river like the
Columbia,

9. Energy Impacts of Human Population Growth
--Information shculd be ccllected to detar-
mine the impacts upon tne estuarine and ma-
rine anvironments of tre Pacific Nortnwest
from increasea popuiation growth associatac
with energy development. Studies should ag-
dress the impacts associated with community
service demands including energy, ~ater, in-

63



dustrial and municipa) waste disposal, auto-
motile”and vessel traffic and air pollution,
These studies should be correlated with
those completed for similar activities where
adverse impacts are already known.

10, Energy Impacts of Liguid Matural Gas
Transpertation and Storage--Studies
should be conducted to determine the effects

of the construction of liquid natural gas
{LNG) storage facilities and the transporta-
tion and storage of LNG upon the productivi=
ty of estuarine areas in the Pacific North-
west,

These studies should address the most
probable location of effects of any dis-
charges from the storage facilities and [m-
pacts associated with the construction opera-
tion and maintenance of the facilities.

11, Reduced Stream Flows in the Columbia

River--Future water uses will ng doubt
have impacts on the Columbia River estyary,
Research should be conducted to determine
what changes might be expected from qrowing
and increasing numbers of cities, farms, in-
dustries and power generating faciiities. The
impact From such growth on the astuary would
likely be a significant reduction in total
fresh water discharge, as well as a reduc-
tion of discharge during seasonal fluctua-
tions in precipitation.

Such a reduction could result in adverse
physical and biglogical changes in both
the river and estuary. Therefare, minimum
flow levels should be established for the
river that reflect the amount of fresh water
needed to maintain the river and estuary in
what is censidered to be a ""heal thy" congi-
tion.

Presently the Columbia River is not ex-
pected to become important in the refining
af petroleum products or in the shipment of
petroleum to inland refineries. - However, if
such activities should occur in the Columbia,
additional research efforts will be required.

IV Special Research Need

12. Coliform Bacteria Concentrations--State
water quality standards set fow limits for
total bacteria, as well as fecal coiiform
bacteria concentrations in estuarine waters.
The primary puroose is Lo protect the un-
suspecting pubiic consumer of poorly cooked
shellfish. The coliform bacteria monitoring
system does not effectiveiy identify indivi-
dual, warm-blooded animal facal sources.
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Thus, animai sources other than man may cause
violations of bacterial standards.

Subsequent to implementation of the 1§72
Marine Mammal Protection Act, Oregon is ex~
periencing a major increase of seals in the
estuaries. Herds of several hundred are com-
mon. There is some belief that these hergs
may be causing localized bacterial standards
viotations.

The crux of the reguiatory problem is
that human waste sources are being subjected
to more rigid treatment and disinfection un-
der the belief that these are the only sig-
nificant sources of bacterial contamination.
While such treatment is effective on those
wastes entering the estuaries, it is very
costly and stiil may fall far short of as-
suring bacterial standards compliance.

Consequently, it has become apparent to
state water pollution control agencies that
the marine mammal contribution of colifarm
bacteria in estuarine congregating areas
should aise be assessed.

Likewise, there is indication that major
resting/feeding areas for large flocks of
migratory waterfowl and shorebirds should be
evaluated for bacterial coliform contamina-
tion. The results of such research will he
used in determining whether special considera-
tion must be given to the presence of seals
and birds in bacterial standards for water
pollution control purposes.

V Integration of Proposed
Research Program with
Existing Information

The panel is aware of the need to develop
research programs in tne most cost-effective
manner possible. For exampie, the panei
made several references to the need to inte-
grate the data collection into the conceptual
framework developed in the existing Ecological
Characterization of the Pacific Northwest
Coastal Region (developed by the U.S. Fish
and Wildlife Service).

By the continued use ang strengthening of
such a systems approach, the data collected
will become a part of an integrated concep-
tual model, and wil! have much broader appli-
cation than if it were collacrad only ta re-
solve 3 single isclated sroblem,

This area is particulariy fartunats since
SUCh a conceptual nogei is availaple. Other
regions are currently considering the devel-
opment of similar frameworxs. With tre ax-
perience gained in applving t~is zonceprtual



made! in this region over the next two years,
it is hoped that it will be logical to rec-
ommend the development of similar models for
other regions. The panel strongly feels that
it is essentiai to develop research efforts

that can be wel! integrated into such exist-
ing models.
VI Offshore Resource
Development

In December, 1976, the Bureau of Land
Management {BLM) held a major conference in
Portland, Oragon, to identify the research
needed to support future offshore resource
development. OQver 100 scientists devoted
three days to considering such jssues.

The repart of this conference, Recommen-
dations for Baseline Research in Washington
and Oregon Relative to Offshore Resource
Development, was issued by BLM in February,
1977. The recommendations developed have
not been implemented, at least partiatly

because of a current lack of interest by oil
companies in drilling in this regian.

In general, the panel supports these
recommendations and recommends they be im-
plemented as soon as possible.

More scientifically, the panel endorses
the following recommendations for the five-
vear plan. Several of these recommendations
are already stated above, but they are re=-
stated to emphasize their importance accorded
by this large conference. The topics omitted
are largely specific to offshore development
of 0il and natural gas rssources.

Bureau of Land Management
Conference Recommendations

No. 2. Baseline studies shouyld be co-
ordinated with ongoing programs sponsored
by the Environmental Protection Agency (EPA),
National Oceanic and Atmospheric Administra-
tion (NOAA}, Department of Energy (DOE) and
other agencies in order to avold duplication
of effort. This is especiaily -portant in
Puget Sound where extensive research pro-
grams are currently underway. Results of
these programs should assist in the identi-
fication of critical habitats that should
be comsidered in the BLM enviromnmental
studies program. In addition, the Quter
Continental Shelf (0CS) baseline studies
shouid be coordinated with similar studies
on the Northern California 0CS.

No. 3. The literature survay being con-
ducted by the Oceanographic Institute of

Washington should be kept current and made
available to serve as a point of departure
for any data collection effoart that may
result from these conference/workshop rec-
ommendations.

Mo. 8. A regional study should be unger-
taken to establisn ambient levels of hydro-
carbons and trace elements within the sedi-
ments an the shelf, beaches and estuaries.
Sediment samples archived at Oregon State
University and the Universizy of Washington
shouid be used for this purpose, providing
that they have not been contaminated during
the collection process. Additional sample
collection should be initiated to fil] any
data gaps that may be identified.

Ne. 9. Currently available data on clay
and mineral content of bortom muds sheuld
be compiled and supplemented with data cb-
tained from X-ray diffraction analysis of
existing mud samples to determine the gaps
in avajlable data. Additional sample coi-
lection sheuld fill any data gaps that may
be identified.

No. 11. A study of compesition, con-
centration and movement (vertical and hori-
zontal} of suspended sediments should be
done. These data will complement the data
developed by studies recommended in No. 10
of the BLM conference by identifying materi-
als causing turbidity. Laboratory analysis
of selected water column samples collected
with Niskin bottles should be the primary
analytical technique,

No. 12. Textural data for unconsclidated
surface sediments on the Washington-0regon
0CS should be compi'ed on a regional basis.
A large body of textural data is avalable
from previouys work at Oregen State Univer-
sity and at the University of wasningron.
Gaps in existing data should pe identifieg
and additionat data coliection programs
should be initiated as reguired.

No. 13. A sampling program should be
initiated to fill gaps in sediment texture
and clay mineraiogy bases identified under
BLM recommendations 8, 9 and 12. Samples
far textural and clay mineralogy should te
collected by grab sampler and shallow corer.
Box cores should be used for samples taken
for chemical analysis.

No. 14, Seaved drifter studies should
be undertaken to determine long-term, near-
bottom movements of sediments and any nega-
tively bouvant oil that may settle to tne
bottom. In addition, bottom photograpns 3Jo-
tained as part of any biclogical studias
should be analyzed for sediment bed forms.
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No. 21. The shelf circuiation of Southern
Oregon’should be studied. The study should
consist of direct current measurements at
several Jocations along the 100 meter iso-
bath: for example, aoff Brookings, Cape
Blanco, Reedsport, Florence and Cascade Head.
Wind ang sea-level measurements should also
be made at several exposed locations along
the coast.

The current meter moorings off Florence
and Cape Blanco should be maintained for a
full year; the others should be maintained
at least six weeks in each of three seasons
--winter, spring and summer. Suitable ar-
rays would consist of three or more Aanderea
current meters with the main subsuyrface flo-
tation at about 20m and additional current
meters (designed to reduce contamination
from surface waves) above 20m to measure
the near-surface flow. The near-surface
flotation would be streamlined to reduce
drag. Near-bottom currents should be mea-
sured to estimate sediment transport.

No. 22. The shelf circulation over Heceta
8ank should be studied. This study should
consist of direct current measurements over
and near the bank. The strong coastal cur-
rent observed farther north is certainly
modified significantly in this region, where
the shelf width changes by a factor of two
in 16km. A suitable array might consist of
six moorings--four in a line across the bank
at about 44° 05' N between the shore and the
500m iscbatnh, and two on the northern flank
of the bank. Drogue studies would provide
adgditional information on recirculation in
this region,

Since the bank is asymmetrical, it probabily
affects northward currents very differently
from southward currents. Observations of at
least six-week durations should be made in
each of three seasons--winter, spring and
summer, because the mean flow regions, as
well as the bialogical regions, are different
in each season. Sea level and wind should
toth be monitored during these periods, so
that results can be generalized in order to
ve applicable to other vyears.

No. 23. JUpstream penetration of marine
source water that might bear contaminants
shouid be determined through salinity mea-
surements. These measurements should be
taken upstream to the point where negligible
sea salt is encountered. The study should
consigder variations in salinity from such
factors as tidal infltuences, seasonal changes
and storm and river runoff.

No. 24. A study should be conducted on
vertical mixing in estuaries. Salinity dis-
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tribution in the water column, along with
concurrent temperature measurements, should
allow computation of water density and rig-
orous definition of mixed layers. This in-
cludes current and river runoff measurements
to permit estimates of vertical movements
that could transport contaminants from bottom
waters into the photosynthetic zone. Currents
should be measured concurrentiy with river
flow observations at two cross sections of
the estuaries.

No. 27. Seasonal variations of suspended
matter associated with biota should be estab-
lished.

No. 32. Biomass distribution studies,
production rate, nutrient chemistry and ad-
vection studies of phytoplankton and zoo-
plankton should -be conducted in the Southern
Oregon area during the upwel|ling season.

No. 33. An inventory should be conducted
for seasonal abundance of seabirds in the
area, Endangered species that may be affected
by driliing should be identified. Population,
nesting areas, rookeries and similar infor-
mation should be defined. A syathesis of
existing knowledge should be mace and used
to define inventory requirements.

No. 34, An inventory should be conducted
for seasonal abundanmce of mammals in the
area. Endangered species in areas that may
be impacted by drilling should be identified.
Stocks, migration routes, reproductive loca-
tions and similar data should be defined. A
synthesis of existing knowledge should be
made to define inventory requirements,

Noc. 36. Baseline studies should be con-
ducted in the intertidal and shallow subtidal
habitats to quantitatively describe commun ity
structure and its natural variation over
space and time., Community processes such as
predation, grazing and competition affecting
the quantitative structure should be de-
scribed, so as to predict the consequencas
of changes in populations of key species in-
voived. Seasonal and annual variations should
be assessed. Selection of sites for baseline
studies should be made after leasing tracts
have been identified.

Siting and identification of important or
the most sensitive areas for baseline inven-
tories should be based on the following cri-
teria, among others:

a. First priority should be given to un-
disturbed areas typical of their
habitat type, both as the natyral con-
dition reference and as a control for
less natural areas.

B. Areas that have a high potential for



being disturbed should have second
priaricy.

¢, Areas where cartain species such as
sea birds migrate or congregate should
be of concern.

d. Some emphasis should be directed to-
wards the study of areas characterized
by previous or existing hydrocarbon
contamination created by exploratory
drilling or transportation agtivities.

Within the Inventory studies, species that

should receive special attention are:

e, Indicator species in either disturbed
or undisturbed conditions and of a
sensitive or nonsensitive nature.
Species occurring in great quantities.
Commercially or recreationally impor-
tant species,

h. Rare, endangered or declining species,

i. Species of scientific or educational
importance.

J. Species critical to community process-
es, whose removal or disturbance would
cause major changes in community struc-
ture.

No. 39, Bottom photographs obtained as
part of any biological studies should be
analyzed for sediment bed forms. Biological
programs should be coordinated to insure
that, consistent with biological require-
ments, photographs are oriented so that
direction can be determined.

No. 41. A baseline study should be con-
ducted to determine the first order effects
of pellution of Fish populations. The study
shouid focus on the time and space ragimen
defined by the egg and larval stages. Con-
sideration should be given to how the eggs
and larvae, through the juvenile stage,
diffuse away from the release point until
they develop in later stages and become
motile. '

The probapility of the egg-larval patch
intersecting with pollutants that may be re-
leased from outer continental shelf explora-
tion and development should be addressed.
This suggests that the study should be con-
ducted in the LaGrangian mode. The study
should be designed to answer the guestion:
What is the probability of the intersection
of a poilutant patch with an egg-tarval
patch, and what effect would this have on
survival of the organism?

No. 42. Circulation of the nearshore
zone should be studied. The nearshore zone
for the purpases of this study lies betwean
the surf zone and the 50m isebath. Along-
shore coherence lengths are probably not as
great here as in the midshelf regime and are

probably shorter along irregular coastlires
than along regular coastiines. A suitable
study should encompass both types of coast-
line.

The smooth type of coastline could be
studied in the region between Heceta Head
and Cape Arago of moorings about ten to 25
km apart, which would be maintained in this
area along the 20 or 30m isobath.

The irregutar type of coastline should be
studied in the region between Cape 8lanco
and Cape Ferrelo by maintaining an array
along the 20 or 30m isobath. Arrays in the
two regions should be maintained for about
two months and simultanecusly if possible.
The current meters and the meorings should
be designed to minimize contamination by
high freguency waves. This preogram shouid
be coordinated with the Puget Sound study in

recommendation 64 {priority I11) if the latter
study is funded. .
No. 43. Estimates should be made of

slushing rates in estuaries. This will re-
quire a rigorous investigation of advection
and diffusion within coastal estuaries. This
approach requires an extensive fieid program
incorporating current and salinity measure-
ments in conjunction with wind, tide and
river runoff. A far less sophisticated
estimate of flushing rates would result from
neglecting diffusive transfer and using only
current measurements through the water column
at the estuary mouth. Flushing associated
with tidal motions can be estimated from
tidal prism and river input data. Use of
LaGrangian drifters, sych as drift cards or
seabed drifters, is also a fruitful approach,
especially in specific smaller areas.

No. 45, Concentrations of trace metals
in key organisms such as filter faeders
(bivalves), deposit feeders (polychaetes),
scavengers (crustaceans) and predators (flac-
fish) should be established. Coilections of
sample organisms should be coordinated with
biological oceanography sampiing programs.

No. 47. Baseline concentrations of aro-
matics, such as napthalene, phenanthrenes
and selected aliphatic components shauld be
determined for biotic tissues from samples
collected under biological cceanography pro-
grams. Samples should be collected sezasan-
ally to estabiish seasonal variations.

No. 48, An intensive three-year sampcling
effort should be conducted in the Wasnington-
Oregon OCS area to assess the year-ro-vear
fluctuations on pelagic fish 2g9gs and larvae.
Sampling should be performed at montnly in-
tervals at a grid of stations consisting of
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about ten transects at 40-nautical-mile in-
tervats. Each transect should have five sta-
tions extending over the shelf from the coast-
line. This grid of 50 stations should cover
the area between the Straits of Juan de Fuca
and tne Southern Oregon border.

Sampling shouid be designed specifically
for planktonic and neustonic eggs and larvae.
The sampler for ichthyoplankton should obtain
a quantitative sample and also filter a suf-
ficient volume of water to survey the water
column. A 80 or 70cm paired bongo sampler
with 0.5mm mesh nets should be used for this
purpose. Tows should be made obliquely
tnrough the water column from bottom to sur-
face at vessel speed of two to three knots.
The sampler for ichthyoneuston should sample
the upper 15 to 20cm of the water column
using the Bartlett-Haedrick type neuston net
having a 100 x 35cm mouth opening and a 0.5
mm mesh net. Comparative day and night tows
of 10 to 15 minutes duration should be made
at a vessel speed of thrae to four knots.
{This work may have already been funded.)

No. 50, Demersal fish stocks should be
surveyed off the Washington-Oregon coast
during late winter and early spring to map
the spawning grounds of commercial target
species and to map the winter distribution
of assemblages of bottom-dwelling fish on
the continental shelf and siope. (This work
may have already been funded.)

No. 52. The temparal and spatial patterns
of major productivity should be determined
with respect to zooplankton and crustaceans,
and, at a lesser priority, pinnipeds.

No. 53. Community processes affecting
guantitative structure, such as predation,
grazing and competition, should be defined
and analyzed to enable precdiction of the
consequences af changes in the key species
invoived.

No. 61. Estimates should be made of the
probable effects of winds on contaminants
distributed on an estuary surface., Local
tepography and wind direction data may be
used to estimate the effective fetch of the
wind.

No. 62. Estimates should be made of
lateral and longitudinal flow in broad,
shallow estuaries. Drifr cards, drift
bottles, dye releases or current drogues are
useful for this purpose.

No. 63. Seasonal and year-to-year vari-
ability of parameters should be assessed.
Runoff, salinity, temperature, wind, pressure,
staorm frequency and intensity and storm

»
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tide and wave data over a period of time
should be collected and analyzed far this
purpose. As a minimum, observations are
needed over a two-year period. Extreme
values, as well as mean values, should be
determined.
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*
I Introduction

Eight problems identified by this panel in-
cluded most of the pollutant categories ad-
drassed in the previous Federal Plan (1979-
1983) with the exception of artificial radio-
nuclides and cooling water use. The problems
are;

. Petroleum and petroleum products

Metals and inorganic chemicals

. Synthetic organic chemicals

. Habitat modification and sediment depo-
sition :

. Nutrients and biostimulants

Microorganisms and pathogens

Chlorination products

Other poliutants

Fw N —

o~ oy

The problems tended to focus on the peliu-
tant effects on:

a. living marine resources
b. human recreational and aesthetic values
and

€. human health

The panel feund that the problems tended to
be related to causes from human activities of
the following major types:

t. Coastal land-use practices

2. Marine waste disposal

3. Marine transportation

L, Other sources

The problems discussed were largely tech-
nical in nature. However, concerns were alszo
expressed by panel members for problems re-
lated to jurisdictional, institutional, plan-
ning and management matters.

Il Problems

A. Coastal Land-Use Practices

1. Impacts of Development (existing and
planned) and Major Construction Activizias
in_the Coastal Zone--Tha Pacific Nartne

west, in particular Puget Sound and the Strait
of Juan de Fuca, is the center of maior devel-
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opments either presently {n progress or
planned. There is a tendency for these proj-
€cts to be studied independently. However, in
view of the magnitude and/or frequency of
projacts, regional overall environmental im-
pact assessments appears to be needed. The cu-
mulative impacts of development in the coastal
zecne must be addressed.

2. Erosion and Deposition Processes, Nonpoint
Sources and Pathways, and Cumulative Im-
pacts Associated with Forestry, Agricul-
ture and Storm Sewers--

Certain forestry and agriculture methods lead
to soil erosion. Qften, ercded soil finds

its way into marine waterways. Applied cham-

icals (e.g., pesticides), likewise, find their

wady into the marine environment. Urban areas
also impact waterways through storm sewers,
which do not pass through treatment plants

but simpiy wash city street debris, oil and

grease into marine waters. Many of these up-

stream contributors to marine pollution could
be systematically reduced. A number of small

effects can accumulate into a significant im-

pact. A second cumuylative effect is associ-

ated with gradual proliferation of str .tures
or removal of wetlands.

3. Proposed Graving Dock Facility Near
Bellingham--Washington State has no ex-
perience with the construction and operation
of such a facility, and some attention should
be given to its potential pollution impacts.

4. Siting for Major Developments--The permit
process for siting such developments in Wash-
ington State starts with site selection by in-
dustry. One system is used for major esnergy
facilities, such as thermal power plants and
oil termipals, and another system is used for
other developments, Siting criteria need fur-
ther development.

5. Development of Cherry Point as Bulk Cargo
Complex for the State--Few locations on the
West Coast offer the combination of natura!l
features, large industrially zoned land areas
and intermodal transportation connections.
Cherry Palnt is frequently under consideration
for large new industries; such development
could make this area the major bulk cargo com-
plex for the state., Industries and commodities
under consideration include oil, gas, aluminum,
graphite, coal and others. Some attention
should be given to the potential pollution
impacts of such facilities and activities on
fisheries and other uses and rascurces.

6. Impacts of Military Facilities and Oper-

ations--The U.S. Navy has fFacilities at
numerous locations in this area, yet little
is known about the pollytiod impacts associ-

ated with their construction and operation.
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These impacts are monitored by the Navy but
often remain confidential, making impact as-
sessment difficult or impossible,

7. Increased Pressure From Population Growth
in Coastal Zone--While this is occurring
in many locations, the potential pollution
problems in Southern Hood Canal could soon be-
come particularly significant due to poor wa-
ter circulation in the area. It should be mon-
itored. Of concern are septic tanks and other
small sewage systems.

B. Marine Waste Disposal

8. Sources, Fates and Effects of Pollutants

Current!y Being Found in the Central

Puget Sound Basin--Major urban Washington
areas (Seattle, Tacoma, Bellingham and Bremer-
ton) and numerous smaller towns have municipal
ocean outfalls. Im addition, major and minor
industries also use the Greater Puget Sound to
dispose of wastes. The dispersion characteris-
tics of Puget Sound result in broadcasting the
manifold products from man and machine to all
parts of the Sound, making source identifica-
tion difficult, In order to clarify sources,
fates and effects of pollutants, an organized,
designed approach is necessary. .

9. Municipal Waste Discharge, Including Raw
Sewage, in Urban Areas--The handling of
municipal waste is a well-understood aspect of
civil engineering. The principal difficulties
are not conceptual but are economic, and pro-
cessing 1s expensive. However, the safe dis-
posal of effluents into oceanic receiving wa-

ters requires both thorough engineering and

good oceancgraphic information. Compromise
solutions may be possible in some areas, but
there is a need to upgrade, redesign or resite
existing outfalls and to carry out proper envi-
ronmental studies prior to the construction

of new outfalls. Removal of toxicants and
pathogens also needs more attention.

10. Industrial Waste Discharges--These activ-
ities, although regulated, should continue to
be monitored. Facilities discussed include
pulp and paper mills, oil terminals and refin-
eries, aluminum plants, boat manufacturing
plants and shipyards, cemant plants, fish pro-
cessing plants, chemical plants and aquaculture
facilities.

I1. Dredge Disposal Sites and Impacts--Many
existing and former siZes (some marine, some
on land} are not generally known, yet may be
contributing to pallution problems. Some
speils may be contaminated. Not much is known
about movement and impacts of thesa materials.
Creation of wetlands with dredged material is a
disposal technique which has not received much




attention in this area.
12. Relative Loading of Heavy Metals from
Geochemical vs. Industrial Sources--
This lack of perspective may lead to unneces-
sarily burdensome regulation. More should be
understood about adsorption and leaching of
sediments in areas such as Bellingham Bay,
Commencement Bay, Liberty Bay, Sinclair Inlet
and Wood Canal near Bangor, A priority system
couid be developed to focus on metals of most
significant concern.

13.  Abandoned Dump Sites in Commancement Bay

and on the Tulalip Reservation--These two
sites, one uynderwater and the other on land,
are reportedly of substantial size and probably
contain contaminants. Surveys should be con-
ducted to determine the extent and intensity
of toxicant leaching from these sites.

4. Pathogenic Pathways and Consequences--
There has besn some research done on viruses
and bacteria in marine waters, but little has
been done on the West Coast. Pollution prob-
lems associated with septic tank systems from
housing subdivisions should receive more at-
tention. Information is needed on the life
spans and durability of key pathogens.

C. Marine Transportation

15. Impacts of Alternate Proposed 0il Trans-
$ortation Systems TLow Point' Port Ange-
es, Cherry Point, Tacoma): Tankers,
Storage Sites, Pi e|lnes, etc.--The ship~
ment of Alaskan crude oi1 From Valdez to a
port in Washington (Low Point or Port Angeles)
and of foreign oil to Cherry Point continues
to be the single most conspicuous environmen-
tal issue in the State of Washington. Panel
members were mainly concerned with the poten-
tial for oil spills in the region and the re-
sulting impacts on the shoreline. Such events
would affect marine mammals and birds, as well

as commercial and recreational fish and
shellfish.

Additional baseline inventories of both
sides of the Strait of Juan de Fuca are nec-
essary to identify sensitive areas. Further
oceanographic research is needed to predict
fates of oil and aid in its recovery. The
associated infrastructure poses only varia-
tions on this theme.

16. Hazardous Materials Transportation,
Spillage and Impacts--Any highly indus-
trialized area may have an input of hazard-
ous materials for its operation, and in turn
may produce hazardous matarials for export.

Thus, there is a steady traffic of these mate-

rials in and out of Greater Puget Sound., Un-
til now, these materials have been treated in
& somewhat cavalier manner, as only a few peo-
ple knew what they were or even knew of their
presence. In consequence, contingency plans
for emergencies or accidental releases have
been lacking. The entire issue ahould be re-
viewed in depth,

D. OQther Sources

17. Log Boom Storage at Port Angeles, Sequim,
Shelton, Tacoma, Qlympia, Everett, Ana-
cortes and Bellingham=-~The Pacific North-

west has long been known for its evergraen

forests and the industries they support. The
logging industry often stores logs for varying
periods of time before processing., Histori-
cally, log booming has beean a common method.

In general, this method is being replaced by

land storage for economic reasons. However,

some areas stil] have extensive booming
grounds. A problem that has been neglected is
to examine what processes occur within and
underneath major booms, such as bark loss duc
to wave action, grounding and leaching.

Il Information Needs

The 17 problems identified in the previous
section may be expected to generate needs for
certain information. These needs were identi-
fied and grouped into 13 sets, These informa-
tion needs (not the problems} were then ranked
according to criteria provided. Finally, ra-
tionaie was developed addressing why each in-
formation need was ranked high, medium or low
in prierity.

A. High Priority

I. Oceanographic Information--Hydrographic
and oceanographic information is needed on
transport, erosion, deposition/fate of sedj-
ments, waste discharges and geochemical
sources of pollutants,

Rationale

Resource use and management decisions are
being made based on knowledge of processes
that are only partially understood. Inves-
tigations for individual projects and activ-
ities are helpful, but do not replace long-
term sustained efforts. Basic understanding
of how the system works is fundamental in
assessing and predicting pollution effects.

2. Toxic Substances--Information about
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sources, fates and effects of toxic substances,
including priority pollutants is needed.

Rationale

Pollutants have been introduced into the
marine environment for many years with un-
known consequences. Recent studies have shown
that many contaminants do exist in measurable
quantities throuyghout most of Greater Puget
Sound. Knowledge should be obtained on the
extent of the existing sources, how they are
being distributed {by physical, biologicat,
chemical and geciogical processes), and their
effects on the system. Within the area, there
are priority locations requiring esarlier study
than others, but ultimately these materials
will reach all parts of the system. Theras-
fore, a basic understanding must be developed
for the whole area with time.

3. Food Web--Dynamics of food web transport
and biomagnification of pollutants and path-
ogens needs to be understood.

Ratignale

There is evidence of abnormalities (e.g.,
fish disease) in certain species (e.g., Eng-
lish sole, shrimp, crab) in Central Puget
Sound. One of the most significant factors in
the viability of the ecosystem and its impor-
tance to man is the movement of contaminants
through the food ‘web, with the potential for
bioconcentration and possible direct delete-
rious effects on man through foodstuffs. The
amount of information available on this topic
for this area is minimal. E£xisting programs
are inadequate to address the program in an
effective manner, There is a need for ident|-
fication and taxonomy of plamkton and fishes,
which are essential to all biclogical studies.

L. Upstream Pollutants-=Characterization of
upstream point and nonpoint sources of poliu-
tants should be studied.

Rationaie

This area has a ralatively targe amount of
forestry and agricultural activities that use
chemicals known to, or suspected of having
long~term cansequences in the marine ecosystem.
Although this need is coupled with needs to
know more about other discharges, it is sin-
9led out because it tends to receive lower re-
search attention due to the greater visibility
of major point sources and storm water systems.
However, this source will be present for a
long time and may become the major source of
contaminants into the marine system. Consid-
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eration should be given to the net benefits
and costs, in terms of marine pellution, of
reducing sediment movements and thus, dredging
requirements.

5. Shoreline {hanges--Information about cumu-
lative impacts of shoreline modification needs
to be cbtained.

Rationale

The above-mentioned high priority items
tend to focus on selected pollutants. Re-
search tends to examine a single {tem or ac-
tion at a time and make judgemants about its
individual impacts on the scosystem. However,
information on the interactions of activities
is needed.

"Combined effects’ studies of impacts
should not be limited to poliutants; they
should also consider shoreline and upland de-
velopments that have relatively smail incre-
mental effects, but may in total have major
impacts, such as fills, bulkheads, loss of
wetlands and so forth., Areas where such ac-
cumylative processes are oceurring should be
identified, and development limits should be
considered,

B. Medium Priority

Although medfum priority items were consijd-
ered important by the panel, it was agreed
that such items should not preclude time spent
on more high priority research concarns.

6. Research, Development, Monitoring--Strat-

egy needs to be developed for structuring re-

search, development and monitering efforts, in
terms of the best scientific investment.

Rationalg

Policies concerning the above items shouid
be developed with defined strategies, plans,
goals and objectives. An affort should be
made to identify those areas in which current
scientific and technical knowledge could yield
the best return aon research dollar invested.

The present efforts, including this work-
shop series, have led to some systemization
of the process. However, further efforts and
techniques or tools (e.g., risk analysis, de-
cision analysis and systems analvsis) could be
applied. Their intent would be to define the
most appropriate and efficient ways to ap-
proach the problems of gathering information
necessary for understanding how activities are
affecting or can affect the marine system.



Pure research should not be subject to the
same strategy developments,

7. Biological Vulnerability--A characteriza-
tion of vufnerable marine communities should
be made.

Rationale

There are insufficient funds and time to
study all aspects of the marine ecosystem in
equal depth and detail. The identification
and characterization of vulnarable marine
communities would provide a usefui tool for
management and monitoring strategies. This
item fell with three others in the mid-range
of the rankings and seemed to be of greatest
concern for specific sites (e.q., Pratection
fsland) that could be impacted significantly
by major activities now being planned.

B. 0i1 Port Monitoring~-EFfferts should be
made to develop and implement an oil port mon-
itoring plan which includes a team to act
pramptiy in assessing biological impacts of
polluting events.

Rationale

If an oil terminal is located in the Port
Angetes/Low Point area as proposed, its pol-
lutant impacts should be well monitored. So
should the capability to respond with timely
damage assessments be wel] deveioped.
it could be difficult to mount a comprehen-
sive monitoring program between the time of
permit approvai and the beginning of construc-
tion and ultimate operation. information
needed to implement a monitoring plan will be
useful (because of the similarities of a num-
ber of habitats in the region) even if the
oil port is not approved.

9. Existing Data--A critical evaluation of
existing data (by area) should be done.
Rationale

Periodically, efforts must be made to s5yn-
thesize existing data and information from
diverse projects and programs in order to en-
sure effective future efforts. The material
generated in the past decade, with the advent
of the environmental impact statement process
and ather environmental laws, regulations and
processes, has been voluminous. A critical
evaluation of existing data within the area
would be most useful at this time in identi-
fying information needs from a broad perspec-
tive instead of from the more usual single
discipline approach,

C. Low Priority

10. Hazardous Materials Data--Baseline data
on marine transportation of hazardous materi-
als is needed.

Rationale

Acute spills of hazardous materials may be
expected to increase as the population of
Greater Puget Sound continues to grow and in-
dustrial and port developments also increase
and diversify. High risk routes and areas
should be well identified and controlled to
minimize potential impacts to marine resources
and man. Public concern about these spills
is intense and is responsible for much public
support of marine research.

1. Military Facilities--Data on military
facilities needs ta be made available.

Raticnaie

There are major Navy facilities in Washing-
ton State about which little is known in terms
of ocean pollution. These facilities arae lo-
cated at Bangor, Manchester, 8remerton, Key~
port, Indian Island and wWhidbey !sland. Con-
struction and operation of these facilitias
probably contribute to the pollution problems
of the area. More should be known about the
significance of this contribution.

12. Measuring and Controlling--8etzer Mea-
surement systems and quality contrel practices
should be deveioped.

Rationale

Econamic considerations ptay a large part
in decision=making processes concerning activ-
ities and facilities which introduce poillu-
tants into the marine anvironment. Resource
economics should also play a targe and early
roie in such decisions, especially whea majar
trade-offs are involved. Cost/benefit anal-
yses should be used increasingiv in marine
pollution research, development and monitor-
ing efforts.
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SECTION X
Hawaii and the Pacific
Islands



h
| Introduction

The Hawaiian and Pacific Islands form a
special environmental region becayse they
are all oceanic islands. The Pacific Islands
include Guam, American Somoa, Trust Territory
of the Pacific Islands and the Commonwea!th
ar Northern Mariana. These insular environ-
ments have unique environmental conditions
and characteristics. Some of these charac-
teristics are:

I. Each island s completely surrounded
by the ocean with no continental shelf.

2. The waters surrounding the islands are
relatively poor in nutrients.

3. The water surrounding the islands pre-
sents different circulation problems
than the water off mainland coastal
regions,

b. There is limited tand in the islands.

5. There is a finite supply of frash
water on the islands.

6. Most of the polluting industries are
food related. This creates very
little toxic waste problems.

7. There is no fossi! fuel resource for
mining, but there is deveiopable ocean
thermal emergy conversion and poten-
tial for deep seabed mining.

8. There are no land-based nuclear plants
on any of the islands. The potential
pollution probiem would be the servicing
of nuclear submarines in Pearl Harbor,

9. Coral and reef communities are the ali-
important organisms and are used as
pollution indicators.

Because the marine environment around the
islands is unique, the problems associated
with the environment are diffarent from
those encountered on the mainland. This al-
50 means that the research development and
monitoring needs must be developed to meet
the conditions in the islands. Likewise,
pollution abatement regulations and technol-
ogies must be made appropriate to meet the
envirenmental conditions on the islands.
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Il Problems

1. Land Pallution from Nonpaint Sources--
Lanc poliution from nompoint sources |5 a
serious problem to marine waters in the
State of Hawaii and other Pacific Islands.
Marine waters in estuaries and embayments
are the most seriously affected. Islands in
the Pacific, except foar coral atolls, are
affected by this problem. Soil Josses from
construction sites, agricultural fields and
natural terrain in conservation areas are
major contributors to the degradation of
corals and other marine seabeds surrounding
the islands.

Before solutions can be proposed, the mag-
nitude of the problem has to be known. Not
only must the amount of polliutant runoff to
receiving waters from nonurban lands be
examined, but comparisons with pollutants
from urban runcoff also require study. Sedi-
ment, pesticides and toxic metals are the
dominant poilutants to be comcerned with.

The quantity and gquality characteristics
af urban runoff have to be determined ha-
cause there are no statewide data. Sampiing
of stormwaters from different types of urban
developments (e.g., residential, industrial,
etc.) should be intensified. Source control
and street cleaning fraquency are possibie
solutions. On the other hand, if soil loss
is the major contributor and can be identi-
fied by sediment sampling in streams, there
are no easy solutions.

Some of the solutions that have been pro=
posed include land-use zoning, changes in
subdivision rules and regulations and revi-
sion of the storm drainage standards to in-
clude nonstructural facilities, e.g., daten-
tion ponds. The retention of starm water
on land, so that storm flow after develop-
ment does not greatly exceed storm flow be-
fore development, is also being considered.

2. Water Quality Standards/Criteria-=~The
Environmental Protection Agency (EPA) pro=
posed marine water quality criteria may not
be applicable for the waters around Hawai
and other Pacific !slands. The species of
marine organisms used in the development of
standards in the continental United States
are not usually present in semitropical
oceanic waters. Implementation of the cri-
teria may require the introduction of unde-
sirable bicta into the Pacific I|slands area.
Baseline values of some water quality para-
meters may exceed the criteria in some loca-
tions. in defining a balanced indigenous
population (BIP) within the zone of fnitial
dilution (Z1D), controi sites must be

)

82

selected far enough from an efflyent djs-
Charge in order to compare temporal changes
which may occur between communities within
and outside the Z|D. Naturai fluctuations
in indigenous populations can occur, and in
some cases, with substantial magnitude.
These natural fluctuations must be charac-
terized so that differences between natural
and induced changes can be dlstinguished.

Selection of appropriate organisms for
toxicity bicassays in Hawaii also presents
problems: There is no agreement at present
on the marine organisms to be used, and
there are guestions about selection of ani-
mals which are readily available and ]jve
well in captivity in Hawaii and other Pacific
Istands.

3. The Enhancement of Living Marine Resources
by Municipal Waste Water Effluent--How
feasible, economically and technoclogically,
is the use of sewage effluent faor the cul-
tivation of fish? In various areas of the
world, fishpond agquaculture utilizes effi-
ciently raw sewage Lo enhance primary pro-
ductivity upon which certain commercially
valuabie fish species can be grown.

The studies done on the affects of the
construction of sewer oytfalls and their
subsequent discharge on the marine ecosystem
have shown, that with proper design and con-
sideration of oceanic mixing, the abundancas
of valuable fish species can be increased.
Large aggregations of the blue |ined snapper
(taape) have been seen off the Mokapu Point

outfall, Hawaii. This species was introduced
in the mid 1950s as a potentially harvestable
fish. In the future, should marine sewer

outfalls be designed with potential harvesting
in mind? |f so, how should this exploitation
be regulateg?

In another study done off Hawa| | Kai, Oahu,
preliminary results show that nutrient en-
richment from sewage discharge (3 mgd)} may
be coincident with observed increases in
coral growth rates. In many cases, coral
atoll environments may be ideal settings for
enhancement research, Discharge of sewage in
certain areas, especially lagoons, may cause
an increase in locally utilizable resources.
Research shouid be conducted to evaluate
edible species raised under sewage -enhanced
conditions for safe human consumption.

4. Human Virus and Related Microoial Polly-
tion of the Marine Ecosystem: Fate,
Distributicn and Disease Potent al--

Accumulated evidence indicates that more than

100 human enteric viruses are knowm to be

secreted in human feces. These viryses are

present in raw sewage and are known to even




survive various sewage treatments. When dig-
charged into the ocean,and because of their
relative stability in the water environment,
these agents can be widely disseminated.
They therefore represent an important en-
vironmental health problem, particularly in
marine waters {e.g., Hawaii) utilized for
recreational activity, mariculture, aqua-
culture and sheilfish industries. These
agents may be transmitted to humans through
direct person=-to-person contact, via fecally
contaminated water, or through the consump-
tion of inadequately prepared or raw marine
animats (e.g., oysters raised in sewage-con=
taminated ocean water).

An appreciable health risk from waterborne
transmission of enteric viruses through sew-
age-contaminated ocean waters is not apparent
for all human viruses. Documented water=
borne outbreaks of viral diseases hava
largely been |imited to the agent of infec-
tious hepatitis (hepetitis A} and nonbacte-
rial gastroenteritis {rotavirus, parvovirus)
mainly because of the "explosive' nature of
these outbreaks and thelr characteristic
symptomatology. The consumption of shell-
fish grown in sewage-contaminated waters and
the occurrence of hospitaiized cases of
hepatitis A is well established. However,
the predominantly asymptomatic nature of in-
fections by other waterborne human viruses
has made it difficult to document their
transmission; yet their occurrence in marine
waters and in shellfishes is well documented
and their potentiai for disease always exists.
While there is rare documented outbreak of
disease dirsctly associated with exposure
to sewage-contaminated ocean waters, the
possible health hazards (for example,
bathers and surfers in recreational beaches)
from waterborne viral diseases must be con-
sidered. ({In the 1960s, an outbreak of
polio did oceur in the Marshall Islands,
caused primarily by fecal oral transmission.)

Although the etiological agents were not
identified, recent epidemiological studies
showed a correlation between swimming in
sewage-polluted waters and disease inci-
dence. Thus, the direct isolation and iden-
tification of these enteric viruses in sew-
age~contaminated ocean waters is needed.
Furthermore, epidemiological approaches
shouid be developed to determine the extent
of endemic waterborne viral transmissions.

An important coroilary problem relates to
the use of bacteriological standards to
reflect a viral disease hazard., Accumulated
data (imcluding this panel's) indicates that
bacterial indicators such as fecal coliforms
are inadequate for assessing the presence of
human viruses in sewage-contaminated ocean

waters, Human enteric viruses were recovereg
from seawaters which were essentially negative
for the coliform indicator bacteria.

Consequently, there is probably no rala-
tionship between low caliform counts and viral
contamination of marine water. Furthermore,
the instability of the coliform bacteria in
the seawater, which resulted in lower ratics
(<4) of fecal coliforms/fecai streptococci
obtained, invalidates the interpretation of
the ratio to represent the absence of human
fecal contamination of marine water, Thus,
the direct monitoring for human enteric
viruses in contaminated ocean waters |s
needed and new indicators or systems of
virus contamination need to be deveioped for
routine ocean water gquality menitoring.

5. Toxic Substances and Biomagnification~-
There is increasing concern about the role
and fate of texic substances in the environ-
ment. Ocean discharge criteria and Section
301h requirements of Public Law 95-217 make
it mandatory that baseline monitoring of con-
taminants in estuaries and coastal environ-
ments and their biota be undertaken. The
major-quastion is whether tissue levals of
toxic substances present are directly attrib-
utable to biomagnification in organisms in
the food chain. There are models for such
studies. In Hawaii, the study of the trans-
port of mercury through a food chain (Luoma,
1974) might serve as a model to answer ques-
tions such as:

a. What are the controi mechanisms and
how do they determine the rate at
which potentially toxic substances
behave in sediment-water environments?

b. What physiochemical factors influence
the availability of toxic forms?

€. What is the biological significance?
Does it show evidence of increasing
concentrations at higher trophic
levels? Confirming studies on bio-~
magnification and selection of can-
didate bio-indicators suitable for
regulatory monitoring purposes are
needed,

6. Problems Associated with OTEC Develop-

ment--0Ocean thermal energy conversion |s
of high interest to Hawaii as an energy al-
ternative to oil. The OTEC deep water pipe
will draw a substantial volume of water from
up to 3,000 ftr. deep., The nonconservative
properties of this water, {l.e., those chem-
ical properties that are changed by biclogical
action), will be substantially different
from both the surface water used in the
heating portion of the generation cycle, and
from the receiving water into which the com-
bined effluent is relessed,

83



Concentration profiles show water from
3,000-ft. will be 50 times richer in nitro-
gen and phosphorus than surface water. Bac-
teria content of deep water is low., The

deep water will be low in oxygen and low in
pH, indicating elevated inorganic carbon
concentrations. This will stimulate primary

praduction in normally relatively low pro-
ductivity surface waters, if there is suffi-
cient time for substantial ohotosynthesis to
cccur before the effluent sinks. Present
analysis indicates environmental effects are
low.

Mariculture systems taking advantage of
temperature and nutrient effects is one
possible benefit from QTEC plant discharges,
Stimulation of primary productivity has al-
ready been mentioned. Very large scale QTEC
developments with surface discharges could
conceivably affect air and water temperatures
over extensive areas.

7. Manganese Nodule Processing Development--
The possible impacts on the ocean environment
from mining and processing of manganese
nodules witl depend upen the technologies
used to mine and process the nodules. Fur-
ther, if the ocean is used for disposal of
the tailings, then the manner and site of
disposal activities are important.

Seafloor mining will disturb sediments
and cause their redistribution. A plume of
sediment will follow each dredge. This

sediment may blanket adjacent unmined areas,
burying benthic life forms, The finer par-
ticles will be dispersed into the nepheloid
layer and could be carried over wide areas.
The mining systems that best avoid taking

up sediment would obvicusly minimize the
environmental effects. Until industry
reveals the technologies contemplated,

these impacts will remain speculative.

The processing technologies to be used
and the effects these have on the state of
metals (toxic elements) remaining in the
tailings are of prime concern. A process
not designed to recover manganese wiil leave
almost 37 percent of the original nodule
to be disposed of, either on land or at sea.
The tailings may also include considerable
quantities of toxic metals. |[f these metals
occur in an inert form, then they may be
judged as nonhazardous. When they are
chemically active, environmental and legal
problems will emerge.

The environmental consequence of ocean
dumping is more complex than the guestion
of toxicity; however, ocean dumping of tail-
ings will create plumes. Since most marine
life is near the surface, injection of tail-
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ings several hundred feet below the surface
may avoid some environmental impact. Addi-
tionally, deep ocean dumping of tailings at
various depths may have different effects
than dumping adjacent to land masses.

Because there has been no commercial ex-
ploitation to date, the potential effects of
manganese nodule mining and processing remain
speculative. There is a need, therefore,
to study baseline characteristics of proposed
land and nearshore disposal sites in Hawaii.
Prelimirary studies shouid be undertaken to
stimulate effects of acean dumping. Prepara-
tions should be made to mount studies as soon
as mining operations are initiated and actual
tailings become available for study.

Ocean Minerals Co. (OMCO) has raveaied
plans to build a test facility on Qahu
capable of producing 50 dry weight metric
tons of nodules per day. OMCD has guaranteed
that the processing technology will produce
tailings of a nature to make meaningful en-
vironmental tests.

8. Transport Mode! for (Oceanic Isiands--The
problem of predicting the fate of discharges
to insular coastal waters has not been satis-
factoriiy solved. Definitions of the inter-
action of open ocean currents, nearshore
tide-related currents, wind induced circula-
tion and island morphology are necessary

to evaluate the siting of various wastewater
discharges and the possibility of maximizing
any beneficial effects. The relationship of
the poliutant concentration, hiological
response and contact time is central to iden-
tifying the potential effects of discharges.
The description of the transport around an
island will require mathematical simulation
backed up by physical models, where appro-
priate, and by field current and mixing
measuremants.

Models that have been developed for astu-
aries, lakes or rivers are not appropriate
for islands becayse of very different boun-
dary conditions. The definition of the
boundary conditions for island transport is
probably the central problem associated with
such a model.

I Information Needs

A. High Priority

I. Applicability of Marine Water Quality
Criteria to Hawaii and Pacific Islands--
The marine water quality criteria were
developed principally for the continental
United States with evaluation using biota




indigenous to the continental temperature
zone, The Pacific Islands are typified by

a shart coastal margin, relatively desp and
nutrient-deficient surrounding waters, with
semitropical biota. Thus, the existing
criteria and the organisms selected for bio-
4s5ay purposes are not appropriate to the
Pacific Basin. The region should be allowed
to modify the criteria using baseline data
from completed field studies in control and
Qcean discharge areas,

2. Selection of Indicator Organisms for the

Fish, Mollusk and Crustacean Categories

for the Purpose of Toxicity Biocassays--
Proposed EPA permit requirements include
those of the static bioassay of three types
of organisms subject to exposure to sewage
effluent: a fish, a mol!lusk and a crusta-
cean. Selection of the appropriate organisms

in Hawaii poses a number of probiems.

The animals must be euryhaline, abie to
tive in fresh water as well as in the ocean
water; they must be relatively hardy, un-
affected by shock and transport and long-
lived in the laboratery; and they must be
readily available both in laboratory culture
and the field (a minimum of 100 animals per
month for each of four outfalls)., Selection
of the appropriate arganism and the subse-
quent experimental work for assays requires
time and focused research effort.

3. Natura) Versus Induced Changes of a
Balanced Indigenous Fogulat!on [Camm-
unity) within the Zone of Initial Dilu-
tion--EPA regulations require that bio-

monitoring of advanced primary treatment dis-

charge be conducted in a zone of initial
dilution (ZID) defined by the length of the
diffuser and the depth of discharge. Within
this zone the representative species of flora
and fauna must be defined and monitored. In
order to determine whether observed changes
are due to effluent discharge, preliminary
studies of the ecosystem myst be conducted
prior to discharge and construction of the
outfall to determine the amplitude and dura-
tion of patural periodic fluctuations in the
marine community. These studies may or may
not be long term. |If controi sites well re-
moved from the discharge site, but contain-
ing essentially the same indigenous biological
community structure, are monitared coinci-
dentally with that in the 21D, changes in
important indicator species can be compared.

Changes in reiative abundances, spacies

composition and species diversity of the

baianced indigenous community can be used

as parameters for comparison.

Quantitative similarity indices can be
used both spatially and temporarily gver a

5 to 10 year period to dencre community
changes, (Once a biological indigenous popu-
lation (community} is chosen, research on
species specific population dynamics should
be conducted. Seasonal, annual or long-term
fluctuations of important species can Chen
be determined. Qnce the population dynamics
of important species are known, changes in
the biological community can be better un-
derstood and the relationship to natural or
induced changes can be ascertained.

4, Microbiological and Viral Research

Problems--The following represent major
areas for further research in order to more
fully evaluate the possible health risk from
human enteric viruses which might be present
in sewage-contaminated ocean waters:

a. Present methods for isolation of human
viruses from the ocean environmen: sre
compiex, relatively inefficient, ex-
pensive, laborious and time consuming.
There is an urgent need for the develop-
ment of relatively simple, inexpensive
and highly efficient methodologies
which may provide accurate and quanti-
tative information on the fate of the
viral pollutants and their public
health hazard to the various respon-
sible governmental agencies.

b. Reassessment should be made of the
current bacteriolegical standards used
to reflect a viral disease hazard or
contamination with human wastes in
marine waters. Since bacterial indj-
cators, such as fecal coliforms, are in-
adeguate for assessing the prasence
of human viruses in sewage-contaminated
ocean waters, new bacterial indicators
or systems to indicate human and animal
fecal contamination of marine watars
is needed.

¢. There is a need to develop or adapt
highly quantitative and sensitive
methods, such as the enzyme-1linked
immunosorbent assay or ELISA test, for
the rapid detection or monitoring of
viruses or viral components in marine
foed source animals.

d. The distribution and fate of human
enteric viruses in the natural marine
environment, not anly in the water
column, but also in the marine sedi-
ments Should be reevaluated. Pre-
liminary studies have shown that sedi-
ment-associated viruses survive for
relatively longer periods of time than
in the water column, Since a major
portion of the natural viral population
is particulates or sediment-associated,
current recovery and monitoring of
viruses must include examination of
particulates and sediments, Just
monitoring the water column may
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vield false information in regard to
‘the presence of viruses in the ocean
environment. In addition, an evaluya-
tion should be made of the effect of
natural factors (physical, biclogical
and chemical) on the survival of human
enteric viruses in the ocean environ-
ment. '

e. Alternative sewage waste trsatment
technologies need to be evaluated,

For example, practical disinfection
treatments (chemical and physical),
conducted under field conditions,
should be made to eliminate or reduce
the amount and kinds of microbial
pathogens {including the significant
types of pathogenic human enteric
viruses) before they reach the ocean
environment.

f. While a widely quoted study has shown
that only one infectious unit of vac-
cine poliovirus would be required for
successful infection of premature in-
fants, these studies conducted under
restricted experimental conditions may
not reflect the true risk in nature,
Thus, a reassessment of the risk to
human health caused by human viruses,
as a consequence of sewage disposal
into the marine envirorment, is needed.
An understanding of the minimum number
of infectious units required to produce
infection in a susceptibie person is
basic to finding the true risk of in=
fection for ingested viruses. This

" has not been satisfactorily evaluated
and, therefore, needs further work.
In addition, there is need to develop
epidemiclogicai approaches to deter-
mine the extent of endemic waterborne
viral transmissions,

5. Development af Low Energy Technologies
for Treatment and Disposal of waste
Water--The small Pacific lslands are

widely separated. Therefore, thers is a

limited resource base in the Pacific Basin

te support the implementation of waste water
treatment and disposal methods applied in
urban situations. The problem is severe

due to the lack of qualified operating per-

sonnel, difficulty of obtaining replace-

ment parts and supplies, corrosion due to
salt-taden air and high energy costs because
of the need to import fuel oil.

Alternative (and innovative) means of
treatment and disposal must be evaluated
that would net be energy intensive but would
be relatively simple to operate and maintain.
Prospective alternatives would include:

a. sea water |agoons

b. rotating biological contractors

¢. application of solar and wind energy
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(to conventicnal systems, as well) and
d. mariculture

6, Coral Protection frem Silt by Coastal

Land Zoning--Siltation due to construc-
tion is a major stress factor in areas where
coral and algae reefs dominate the coastal
environment. Siltation can smother corals
outright, can reduce settlement of coral
larva due to the elimination of hard substrate
far attachment, and can cause a decrease in
the 1ight penetration so vital to hermatypic
corals.

Research should be Initiated to ascertain

the feasibility of:

3. A buffer zone along the shoreiine areas
where development should be disallowed
or kept to a minimum

b. Environmentally strict development and
construction practices which emphasize
maximum curtailment of silt runoff
{e.g., developing land piecemeal to
minimize runoff, settling ponds for
silt catchment, etc.)

¢. Validating the universal soil loss
equation and erosion control guidelines

7. Toxic Substances and Their Biological
Effects--There is increasing evidencs
that toxic substances may be widely distrib-

uted in nearshore marine environments.

At the same time, it is well known that
several such substances are invelved in bio-
magnification among various organisms in the
various food chains that comprise marine
communities. Additiomally, there is increas-
ing speculation that toxic substances asso-
ciated with fish poisening (ciguatera) may

be involved in food chain relationships.
Except for one detailed study of mercury in

a food chain, there is no experimental work
on biomagnification of other toxic substances
in food chains in Hawaii. Nor are there
methodologies for assessing bicaccumulacion
of such substances in animal tissues From
sediments. Such studies are essentjal for
the establishment of baseline information on
the distribution and role of toxic substances
in indigenous marine organisms.

The occurrence of ciguatoxins in various
seafoods organisms in the Pacific is well
documented. However, |ittle knowledge, if
any, exists with regard to the control
mechanisms or factors responsible for the
presence of ciguatoxin in dinoflagellates,
which has been a source strongly implicated
with the problem.

The extent of the problem is considered
extremely critical, both in terms of the
extreme toxicity of ciguatoxins (which has
caused death in humans) and the loss of



recreational and commercially important sea-
food species in the Pacific. Amberjack
(kahala prior to marketing must undergo ex-
tensive screening by the indystry and health
officials. The loss of a market for fish
during seasans of suspected ciguatera in-
cidence has been a major conssaquence to date.

8. Island Transport Model--Research needs
for Tsland transport models inciude the
definition of boundary conditions, and inte-
gration of the various density gradients.
Such a project would aiso require a certain
amount of field data of current structures
taken within a reasonable time frame for
mode! tuning and verification,

The combination of an overall isltand
transport model with a localized discharge
pluma model would be an effective application
of the proposed research in defining the con-
centrations of pollutants, the biclogical
community that wouyld be affected, and the
_length of contact time between the variouys
concentrations and the biological community.

3. 0Ocean Managemsant Planning--Land-use
management is 8 prerogat:ve of state and
local governments and is considered a
regular function of these governments in
Hawaii. Comprehensive ocean management
planning, on the other hand, has never been
dons. Ocean management planning to accomo-
date potentially competing developments of
marine resources surrounding oceanic islands
is particulariy needed in island communities.
Competing uses include fishing, mariculture,
recreation, waste disposal, ocean thermal
energy conversion installation (OTEC) and

U. S. Navy and shipping activities.

The major question is: Which ocean ac-
tivities should take place and where?
Guidelines and/or criteria should be estab-
tished. A study should be initiated to
develop guideiines/criteria and recommend
management responsibilities,

8. Medium Priority

10. QTEC Assocliated Information Needs~-
Major OTEC developments are expected in
Hawaijan waters in the next several decades.
This Includes a national experimental program
and the development of OTEC plants to meet
Hawaii's energy needs. Environmental effects
will primarily arise from discharge of large
volumes of OTEC effluent consisting of a
mixture of cold deep-ocean water and warm
surface water. The discharge may be at the
surface or at some depth depending on the

net benefits of the affiuent.

The deep-ocean water is characterized by

being cold, low in oxygen and pH, high in
nitrogen and phosphorys and with low bacteria
content. Possible negative impacts will be
effects on warm water species of pelagic and
other benthos in the vicinity of this dis-
charge. Possible beneficial effects may be
an increase in primary and related secondary
productivity, creation of suitable environ-
ments for cold water mariculture and aggre-
gation effects of OTEC facilities in pelagic
fish populations, Research is needed to
determine these effects of OTEC on maricul-
ture,

The coidness of the water is a rescurce
that offers tremendous flexibility and vari-
ety to potential mariculture activities. The
nutrients in deep cold water may be suffi-
cient for raising clams and oysters. Research
is needed to determine specigs and systems
to maximize possible benefits for the enormous
volumes of cold water which will become
available as OTEC develops.

The possible impacts of OTEC siting on

pelagic fish populations include:

3. possible enhancement of primary produc-
tivity from increased nutrients (pro-
vided the sinking rate is sufficiently
5 low)

b. effects of fish populations gathering
around OTEC facilities

c. possible damaging effects on fish lar-
vae, juvenile and adult fishes and
plankton of proposed OTEC sitings and
follow-up studies as the development
process proceeds

The presence of mini-0TEL and OTEC | test fa-
cilities in Hawaifan waters provides a unique
opportunity to anticipate the effects of fu-
ture large-scale developments.

1. Utilization of Increased Fish Populations
Surroynding Ocean Outfallis--Increases
in abundance of commercially valuable fish
have oeen seen off some sewer outfalls and
in areas of sugar mill waste discharge in
the Hawaiian Islands. This increase may be
due to:
a. the enrichment of the surrounding
water and the subsequent growth of
algae
b. the provision of new habitat space and
settlement sites for sessile organisms,
and
C. the increase of sediment-laden organisms
utilized by bottom feeding species

Research should be directed to the feasi-
hility of harvesting these large aggregations
of fish by local fishermen. Changes in reia-
tive abundances of fish populations should
be monitored periodically. This may indicate
possible maximum sustainable yields so that
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exploitation may be regulated. One item of
concern.is the pyblic health acceptability
of organisms grown under such conditions.
Unless this important facet is addressed,
the use of waste water in this fashion is
moot.

12. Manganese Nodules Mining and Processing--
Research is needed to determine the fate of
the plumes associated with mining operations
and their impacts on benthos, sediments, the
nepheioid layer, etc. However, much of this
work will probably need to be delayed until
test mining operations are undertaken.

Potential impacts of disposal of nodules
tailings is of concern. With up to 97 per-
cent of the nodules as porential tailings,
cisposal becomes a critical question in
determining the economics of processing.

The magnitude of the ocean disposal problem
depends on the extent to which processing
leaves toxic metals chemically bound and

the effects of the disposed sediments on
life in the water column and settling areas.

Research is needed to determine the phys-
ical and biological characteristics of pro-
posed sites adjacent to Hawaii, the rate of
plume associated with dumping as test
materials become available and the chemical
qualities of processed tailings. {f titanium
and cobalt become sufficiently valuable to
makea mining of the shallower Hawaiian water
manganese crusts economcially feasible, this
mining process will become a candidate for
priority study due to the relatively shallow
occurrence of these crusts and their proxim=
ity to the Hawaiian Islands.

13. Lagoon Model--Research is needed to
develop a generalized model that could be
adapted to the various island lagoaons fgund
throughout the Pacific Islands. Such a la-
goon model would include the exchange pro-
cesses of tide, wind and waves, as well as
the growth and toxic responses of the lagoon
biological community to existing or proposed
discharges.

Research needs involve the evaluation and
adaptation of existing estuarian models to a
lagoon morphology and boundary conditions
and the definition of a growth respaonse
mathematical description for nutrient-poor
central Pacific waters.

Application of such a model would aid in
defining the most cost-effective solution to
the questions of wastewater traatment require-
ments and disposal alternatives.

14, The Effects of Land Disposal of Solid
Waste on Coastal Environments--There is
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limited land area on oceanic islands for
suitable solid waste disposal sites. The
problem is made critical because of needs
for protecting ground water resources,
recreational areas and ¢ritical marine and
shoreline resource areas, Further, the island
economy necessitates the importation of ma-~
terial resources resuiting in large volumes
of solid wastes In the form of shipping con-
tainers, cans, bottles, plastic and paper
wrappers, etc.

Since ocean dumping of solld wastes is not
an alternative, and interior areas are zoned
for developmant and/or conservation, the
coastal zone is a prime candidate for dis-
posal sites. The effects of such disposal
must be determined in terms of potential for
leachate generation, toxicity, destruction
of habitat categorically for types of waste
(demalition, municipal) and waste handl jng
methods.

€. Low Priority

15. Fishpond Aquaculture with Sewage Efflu-

ent--The farming of protein-rich fish
species in protein-deficient areas of the
world is well documented. The use of raw
sewage to enhance primary and secondary
productivity in small ponds {one to two acres)
is being carried out in areas such as Africa,
the Phillipines, Israel and Southeast Asia,
among others,

Initial research should be implemented to
study the feasibility of raising commercially
valuable locally consumed fish, especially
in technology and energy=-poor areas, such as
the Pacific Trust Territories. In ather
areas (Hawaii), fish aquaculture products may
be marketable on a large scaie.

Research should include:

a. cost feasibility

b. cost/benefit ratios in technologically
poor areas

¢. bicassay of fish to determine any bio-
accumulation

d. growth and reproductive rates of target
fish spscies and

e. hybridization experiments which may
lead to better growth, reproduction and
biomass yields per acre

The harvest of commercially preferred fish
for immediate comsumption could be augmented
by trash fish aquaculture for fish protein
concentration or other fish products.

16. Qffshore Sand Mining--Research require-
ments to effectively exploit the sand re-
sources in offshore areas of Hawaii and other
Pacific Islands include the development of




appropriate mining technology and the selac-
tion of sites that would have minimal detri-~
mental effects. This includes the defini-
tion of the rates of transport of sand among
the offshore sand reservoirs and the rate
of sand replenishment from sand production

areas along the coastline and nearshore
reefs,
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