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Welcoming Address: Roy A. Young, Vice President

for Research and Graduate Studies,
Oregon State University

It is a pleasure to welcome you on
behalf of Oregon State University to the
Third Technical Conference on Estuaries of
the Pacific Northwest.

Dr. Slotta and others planning the con-
ference have arranged a varied program that
includes a iist of timely topics dealing
with estuarine problems and oppertunities.

We are pleased at Oregon State Univers-
ity to be a part of the rather broad, but
probably not yet sufficiently intensive,
program of research and management of
estuaries that will be discussed here
today and tomorrow.

We are in a period when questions
seem to arise more rapidly than answers
can be developed, yet a period when the
availability of new information exceeds
the avaitability of funds and legislation
for implementation of research or manage-
ment programs.

This is a period when the use of the
terms ''coastal zone management'' and
"land use planning" give comfort to con-
servationists and bring fear to developers,
a time when those attempting to manage and
plan for the protection and improvement of
cur coastal resources find public under-
standing and fiscal resources lacking or
inadequate.

This is also a time when the Federal
government may decide to withdraw support
of programs in states with the justifica-
tion that such programs are now handled
more appropriately under state jurisdic-
tion with funds provided through revenue
sharing., It is also a time when one
finds a deficit in revenue when one com-
pares the sum of the reductions with the
total available through revenue sharing.

Along the Jine of this last subject, I
§hould like to comment brieflv about trends
in availability of Federal research support.

As I am sure most of you know, training
support of most tyvpes is on the wav out for
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at least two reasons: (1) a belief that
there is now an oversupply of trained man-
power in most fields, and (2) a philosophy
that questions the propriety of providing
graduate students with a stipend and research
support to assist them to qualify themselves
to earn a better salary.

Those who support the latter philosophy
apparently do not wish to consider two
important peints: (1) that most graduate
students forego many thousands of dollars
of income during their period of graduate
study, and (2} that graduate training
enables students to make a much greater
contribution to society than would be
possible with undergraduate education
alone.

Whatever the reasons, NSF and NASA
traineeships have been terminated. NIN
training grants will, for the most part,
be phased out over the next three years
and EPA training grants are being reduced
in number and weakened significantly by
the elimination of stipends. Tuition,

fees, a modest expense allowance, and a
limited amount of dollars, possibly 20

percent of what is needed for stipends,
will be provided in Fiscal Year 1974 by
EPA.

On the encouraging side, it is expected
that increased funds will be available for
basic project research through NSE and
that funds available through the RAKN
Program will be up about §7 million.

These increases are little more than
cost-of-living increases but they are far
better than reductions such as have vccurred
in most agencies. There are also indica-
tions of substantial increases in support
through legislation such as the Kennedy
Bill.

There are many questions about the poli-
cies and philosophy of the present admini-
stration and the desire of Congress and
their impact on budgets that probably will
not be answered clearly for several months.

It is obvious, however, that there will
be increased emphasis on supporting research
Telated to solution of national problems,

So hopefully there will at least be a con-
tinvation of suppert at current levels to
enable those of you concerned with cstuarine
problems to pursue your interests.

May I extend wishes to you for a stimu-
lating and enjoyable conference.



Overview of Commercial Aquaculture in Oregon

John R, Donaldson, Associate Professor
Department of Fisheries and Wildlife
Oregon State University, Corvallis

What is all! the fuss and excitement about?
There is absolutely neothing new about the
idea of farming water. It is at least sev-
eral thousand years old. The Chinese raised
carp and the Roemans fattened oysters before
Christ was born. Many people of the world
today depend on water cultured stocks for
their protein as they have for centuries.
The art of fish farming or aquaculture, to
use the more erudite title, is well estab-
lished for things such as carp, oysters,
trout, shrimp and numerous other species
less well known to us here in the North-
west such as the 25 million metric tons of
yellowtail produced each year in Japan.

Science has bolstered the artisans of
aquatic husbandry in this century with
the resultant that more and better pounds
can now come from a given unit of water.
Often the water, both qualitarively and
quantitatively, comes from and is used
in areas that only a half-score vears ago
would not have been considered. By far
the greatest pertion of these advancements
in the areas of nutrition, disease, genet-
ics, and facilities have come from federal,
state and academic institutions., Other
advancements in the basics of aquaculture
have come from the commercial sector.
Their contributions have come in effici-
ency of operations aimed at cost cutting.

In the Pacific Northwest, and especially
Oregon, commercial agquaculture means only
two groups of animals, trout and oysters.
Trout farms in Oregon number only twenty-
six. Most of these are small family affairs
that operate "you-catch-um" ponds or sell
fish for stocking farm ponds. The economic
impact of this industry is minuscule.
Oyster rearing in Oregon presently repre-
sents our only real effort in aquaculture.
However, accerding to a recent report on
oysters by Breese and Wick (1972) Oregon
production falls behind that of Washington
and California

A new opportunity for harvesting products
from sea water is the semi-culturing of chum
salmon now possible under a permit system
in Oregon. The biclogical and legal details
of the new venture will no doubt be discussed




by later speakers today, so 1 will only men-
tien it briefly. Four permits have been
given thus far by the Fish Commission of
Oregon. One of these operators has a sub-
stantial start while the others are getting
underway with a token stock of some 10,000
eggs this year. If the chum respond to
this form of hushandry, and the scientific
leaders on the QSU staff working at Netarts
Bay say there is real hope, it could mean

4 new natural resource based industry for
Oregor with a species that was on its way
to extinction.

When you add it all up, however, there
is not much in the way of aquaculture in
Oregon to overview. Although there are no
figures available to represent the value
of this industry in total, it is safe to
say that it is orders of magnitude less
than the dollars generated by commercial
fishing and processing. Must agquaculture
remain at this low level? Are there no
opportunities for expansion? What are
the possibilities for future expansion?
The collective answer to these questions
is an affirmative, yes, there is a big
future.

In order to explain my optimism let
me describe for you a schewe that T Per-
sonally have great faith in becoming a
reality.  What is to follew is a '"what
if" game with the "it" almost entirely
removed.  This will be a story of how
to become a fish farmer in Oregon.

To bhecome a fish farmer vou obviously
are going to need water, land, some kind
of fish and possibiy food. Your first
decision is what fish.

Tf vou choose oyvsters the scenarioc is
well written.  You do it cither on the
bottom of bays ov floating from rafts.
Breese and Wick {1972} cover the basics.
Whether you sink or float vou need a plece
of In-bay real estate. If vou can locate
a suitable site, that is not alrcady taken,
it is quite pessible that it can he leased
from the State through the Fish Commission.
Unce established you join the "ovster seed
game'™ which has plapgued Northwest oyster
culturists from the hegirning. However,

15 4 result of research, such as that

beipg done at the OSU Marine Seience Center,
the complete domestication of the pyster is
row possible.  "Ovster factories" where
spawning and setting are controiled are
being bulit and availabilite of good sced
will be assured, More people will ao doubt
begin to ovster Farm.  Clams are alse
famable te a degree and await investuent

in epergy and ideas. Mussels, hecause of

their pProeductivity, would be easy {0 rear,
however, marketing is the hurdle with them.

What if you choose crustaceans? Here
the art is less precise, especially in the
Facific Northwest. The problem common to
all crustaceans is that they practice
intra-specific aggression and when crowded
under artificial situations, it becomes
particularly devastating. The Oregon
species most likely to succeed under man's
thumb is the crayfish. Research at 0QSU,
under Sea Grant support, has begun to
unravel the technology lcading to cray-
fish husbandry. A signficant finding is
that they do well in warm brackish water.
Lobsters would probably be next as there
is a developed technology on the East
coast and their market value is especially
titillating. Crabs and shrimp have prob-
lems associated with their life styles,
but effort and imagination will see to
their domestication in time.

What about the Fishes with fins? llere
I"'m afraid, because of being born a salmenid
biologist, my prejudices will show. There
are other fishes to culture such as flat-
fishes and possibly a variety of seua-tvpe
perch, but the state of the art plus the
economi ¢ keep them back en the shelf.

With salmon and trout the story is dif-
ferent. There is a vast technology and
the economics are right.

If you choose chum salmon your prob-
lems with water, land and food are easy
as the eggs and voung fry prior to mi-
grating to sea take little water and space
and no foed is requived. The sea does all
the work and covers all the costs. 1t is
almost like something for nothing and it
takes no fish husbandry experience. low-
ever, you are occupied only a small por-
tion of the year and thus it is highly
seasonal. Most operators must have another
job at least until many thousand chums be-
gin to return. To say the least, the pri-
vate chum salmon hatchery permit has stin-
ulated considerable interest among coastal
residents who have access to a stream
direct to the ocean. However, the results
of hearings in the Oregon Legislature on
SB 96, which proposes a $100,000 surety
bond on chum salmon hatcheries, will influ-
ence this ardor. Apain T lcave the Jetails
for fullowing presentations by Al Hampson
and Bill Mcikeil,

What 1f vou want to rear salmon and
trout in captivity for the market? The
nrob lems as stated before, are land, water,
brood stock and food. You need a fresh-
water hatchery where egps are incubated



and the voung fed teo market size. Better
yet is to feed them in freshwater until
they are physiolegically ready to go into
saltwater, then transfer them for the final
rearing. Saltwater rearing has the advan-
tage ot slightly better growth and results
in a quality ot fish far better than thosc
reared in freshwater. Their market shelf
life is also significantly longer.

The types of rearing facilitics used are
guite variable.  The tfreshwater plant needs
vear-around water of regsonable guality.
Coplous anounts of gravity-flow water arc
pructically out of the question. These
sites have long been taken up.  llowever,
with the development, in recent vears, of
the technology to recvele water within a
hatchery there ts no longer the dependence
of 4 source of water with high quantity
and guality. Needing only ten percent of
your total volume as make-up water, a
major facility can be huilt around one
vubic foet per sccond of water

Saltwater rearing can be done two ways.
Floating pens can be ratted in bays and
estuaries and the tides uwed to circulate
wiater through the enclosures. Major
fucilities are being built in Puget Sound
to rear millions of pounds of pan-size
fish for market veariy. This approach is
nut possibie in Oregon as it is viewed Dy
var regulatory agencies as a pollution
rish in our bays. [f you want to use
saltwater In Uregon vou must get up on
land and pump the water into ponds. The
land bused operation is twice as costly
to construct. lHowever, feasibility studies
have shown that due to ditfferences in main-
tenance, replacement and operation costs,
the ponds are actually cheaper over time.
The higher risk factor in open-bay rearing
versus ponds s also recognized.

ALl species of salmonids can be reared
in saltwater to market size in a year's
time, however, fal!l chinook, coho and
rainbow trout are recognized as the most
suitable. Once nutrition and disease prob-
lems are reduced, chum salmon will be on
the list. Presently the only source of
salmen eggs is by purchase from the State
agencies, if they have surpluses. Since
there may not always be surpluses avail-
able a commercial operator should have
his own brood stock. SB 265 is presently
before the Oregon Legislature and if
passed will add chinook and coho to the
chum salmon hatchery permit. A fish
farmer would liberate migrants to go to
sea and then manage the returns to allow
him to take surplus epgs for his contained
rearing. Ancther real possibility for a

source of eggs is to rear your own salmon
in captivity to maturity as you do with the
trout. This technology is progressing
rapidly under the direction of the National
Marine Fisheries Service in Puget Sound.

With land, water and a stock of fish
arranged for, there remains the considerable
problem of food. Fish food manufacturers
rrepare several types of feed that up until
recently were readily available. However,
the recent halt in Peruvian fish meal expor-
tation has put the fish food business into
crisis conditions. As availability has
dwindled prices have risen. Therefore, in
order to proceed with a major rearing pro-
pram the wise farmer must consider produc-
tng his own food. This 1s not a simple
task. First a source of fish, either whele
Or scrap, must be obtained, then a facility
designed and operated to reduce the price
of food which is the major portion of pro-
duction costs. This not only must, but can
be dene. Without question, food represents
the difference between profit and loss in
commercial salmon culture.

In order to insure quality of the pro-
duct to the matket an operation should have
tts uwn processing facility. Fish products,
especially in the fresh state, have not
always been treated well in order to insure
wuality. By following 2 product from har-
vest through to consumption, @n operator
can kcep contrel of quality. The food
production and the processing of the pro-
ducts cun share a common facility.

All the foregoing discussion, as to
how to get into fish farming with salmonids,
has assumed that you just go out and do it;
not so. There are a myriad of permits
needed. The following list of permits with
comments added will allow the prospective
fish farmer to see what is needed to get
into business.

17 Private Game Fish Hatchery License:

This ts by far the easiest and
cheapest ($5} of the permits. A
letter to the Oregon Game Commission
is all that is needed. The permit
allows vou to commercially raise
game fish, which includes all the
trout and the five species of salmon
until they are fifteen inches in
length.

2% Chum Salmen Hatchery Fermit:

This permit allows vou to incu-
bate und release to o stream, ol-
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3)

4)

5]

6)

grant chum salmon which on their
return to your facilities as adults
you can harvest commercially. An
application, along with $100, is
submitted to the Fish Commission
of Oregon. Following a close
review, the applicant is given a
hearing before the Commission.
They are very careful about the
awarding of these permits., An
applicant can expect it to take
three months or more even under
the mest ideal situations.

KWater Right:

In order to take water from a
natural stream a permit must be
secured from the State Engineer.

A fee of $33 along with details of
where and how much must be supplied.
Three to six months are required to
obtain a permit providing water is
available.

Waste Water Discharge Permit:

Although this permit is free,
it is by far the most complex and
difficult to obtain. The Department
of Environmental Quality has set very
strict standards with regard to the
effluent from a fish hatchery. Very
careful production schedules must be
worked out showing pounds of fish,
food to be fed, and water volumes.
Treatment facilities must be designed
to meet the standards. Six months
at least are needed to accomplish
this chore and with ever more involve-
ment by the federal Fnvironmental
Protection Agency, one can expect
this permit to take up to one year.

Construction Permit for Navigable
Waters:

Another free one, but also rime
consuming. The Corps of Engineers
requires a permit for any construc-
tion that will take place in navi-
gable waters. A pump intake or
outflow system would require such
a permit. At least three months are
needed.

Local Zoning and Bullding
Considerations:

State-wide planning efforts have
brought zoning restrictions to most
areas. This 1% especially true of
estuaries. Coordination with local
zoning is essential in order to get

approval to proceed. Codes for
building and sanitation are becoming
more stringent and attention must
be paid to these details. They also
take time.

If you have made it through the organi-
zational morass, and of course, have secured
the necessary financing, you are ready to
operate a1 truly integrated fish famm.
Rather involved feasibility studies have
shown that a complete system operated at a
level of several million pounds being
marketed annually is the best way to pro-
ceed. If you include mollusk and crusta-
cean culture you are then truly an aqua-
culturist. Obviously it is not for the
casually interested person or the faint of
heart.

A diversified production program that
encompasses the entire process, for each
species to be reared, 1s an cxciting new
voncept for a natural resource based indus-
try in Oregon. 1t also can be made compat-
bile with the present-day rash of environ-
mental concerns. Yet there are objectors
in the form of other user groups. The
commercial fishermen fear competition in
the market pluce while the sports fisher-
men view 1t as another dollar-oriented
use on what they feel are their exclu-
stve fish., |f 5B 205 passes, more fish
will be put into publie waters for all to
catch, and at no cost to the state. The
sportsmen still do not see the obvicus
advantages to resource enhancement that
this will provide. The commercial fisher-
men are quick to see this fact.

Several of our estuaries are suited to
this type of development. Those of us
who have studied the bays and the life
in them for so long, must now Tealize it
is time to get involved with actual pro-
duction. The need is not for more
research to develop technology, we know
enough now to start. The problems are
legal and social. We, and I mean acade-
micians, have not done cur homework with
the state and federal agencies that con-
trol the environment and the user groups
such as commercial and sports fishermen.
They, for the most part, are unaware
and suspicious as to what aquaculture
is all about. The private and public
lending institutions, that are needed
to provide the large amounts of capital
to do the job right, must be educated
as to what can and can't be done.

1f aguaculture in Oregon is to live
at all, it is in these areas that support



is needed. We are not free of physical
and biological probiems and never will be,
but these can be challenged as we go along.

The base work has been dome. We must now
believe that fish farming can be done and
see that someone goes out and does it.

h



Legal Aspects of Aquaculture

12

Alfred A. Hampson, Attorney
Hampson & McLean, Attorneys at Law
Portland, Oregon

The law deals by and large with contracts,
and vast sections of law deal with fish trea-
ties. Foremost among those legal writings
is the famous treatise on a treaty by Robert
Bencheley, written when he graduated from
Harvard. He wrote his final thesis on
"Cod Fishing in the Grand Banks from the
Point of View of the Cod."” Perhaps I should
make my presentation on aquiculture law from
the point of view of the fish.

There is an historical background for
aquiculture law. For many years English
judges and lawyers, who hammered out what
we call the Common Law, were confused by
the fact that fish and wild animals would
not readily come under the thumb of man.
It bothered them that there were creatures
that didn't pay attention to the rules and
the laws. So they eventually worked out
something they called a “ferae naturae,"
which means wild animal.

This solution applies also to fish.
The "ferae naturae” lives and exists on
its own without ownership, and can he
owned only when it is reduced to effec-
tive possession, Certainly, one of the
few pleasant things about going to law
school is studying this concept, because
all of the cases deal with whether you
owned the fox when you caught him, and
if he escaped and someone else caught
him, was he yours or another hunter's?

Two kinds of laws deal with aquiculture,
First, in arrogance, legislatures have de-
clared certain fish to be the property of
the State of California or of the State of
Oregon. They haven't told the fish this,
and the fish, I'm afraid, is a ferae nat-
urae and anybody who gets him can have him
regardless of the laws of the states of
California or Oregon--regardless of the
fact that they assert ownership. To be
sure, there is a difference without a dis-
tinction here. The Crown, and therefore
the states, has always had the right to
contrel the taking of fish or game, but
it still has not necessarily owned them,

The second type of law, of historical
interest, was that there were all Kinds




{at least there were two or three kinds)
of fish owned solely by the Crown. They
were such exctic species (or perhaps just
tasted so good} that the Crown would not
let anyone else catch or eat them. The
classical example is the sturgeon, which
commonters were prohibited from eating.
Similarly, all of the swams in the Thames
River in England are owned by the Queen.
They are her own personal property and no
one else can own the swans. (I don't know
that anyone else wants to.)

Three kinds of marine situations pertain
to the law of aquiculture: (1) the sedentary
marine creatures, such as oysters; (2) the
"transitory'" ones such as fish, and (3} the
situation in-between where you put transi-
tory creatures in a pen and raise them in
captivity. Needless to say, different
laws apply to each situation.

Along the Pacific Coast laws dealing
with this subject have been or could be
promulgated by four states and one nation
--the Quinault Indian Nation. I would not
have the temerity to deal with the treaty
between the Quinault Indians and the United
States, but I can speak generally about
fishing treaties with the Indian nations.
States cannot regulate the taking of fish
by the Indians, except to keep the Indians
from exterminating a species of fish, The
Indians answer quite reasonably that "when
we ran this show, there weren't any fish
exterminated.! But as far as the details
and permits and those types of things are
concerned, they are for the most part free
and are not in any way related to the prob-
lems that face the rest of us on the Pacific
Coast,

Alaska changed its constitution to per-
mit aquiculture. There is now a bill be-
fore the Alaska lLegislature which, accor-
ding to my last information, had not passed.
It is a much broader bill than exists in
either Oregon or California, but it will
be filled in by regulations adopted by the
controlling agencies. There are no such
regulations yet.

Washington's law deals primarily with
pen-rearing of fish. There is a casual
reference to ocean rearing, but for the
most part it is directed at raising Fish
in pens in Puget Sound.

California was the first state to pass
a law dealing specifically with aqui-
culture, and did so in 1969. They amended
it drastically in 1971, declaring it to be
an experimental law that applied only to

Waddle Creek in Santa Cruz County and de-
claring it to exist only for &1 days fol-
lowing the 1975 regular session of the
legislature. This law, by and large,
carries with it its own regulations. There
is only one facility operating on Waddle
Creek and it is being watched closely by
the California Fish and Game Commission.

One difference between Califormia‘'s law
and Oregon's is the fact that the fish have
to be marked béfore they're permitted to
go to sea, These fish are raised to the
pre-smolt size, then they are clipped and
released. There seems to be some difference
of opinion as to whether they are opersting
their facility well and whether they under-
stand either the economics or the biology
of what they are doing. But I guess that
they are still struggling along. The require-
ment that they thin, clip, and mark the fish,
I suppose, must grow from the legal concept
of who owns the fish, Since we call it fish
farming, the California Legislature felt that
the operators had to put a brand on the fish
just as we put a brand on cattle before we
let them out on the range. This presents
very serious biological prublems.

Oregon's law was patterned after the
California law but was made a good deal
broader. When it was initially introduced
into the legislature, it covered all breeds
of anadromous fish. It was subsequently
limited to chum salmon by the legislature.

There is apparently a great deal of hos-
tility based on fears that commercial in-
terests would purchase streams and exclude
sports fishermen. On the other hand, some
enthusiasm has been exhibited by people who
feel that releasing chinook and ¢coho salmon
into the waters would increase those avail-
able to be caught by sportsmen.

Oregon Senate Bill 265, introduced by
the Commjittee on Agricultural and Natural
Resources, is an attempt to put back into
law those words which were excluded in the
1971 Legislature. The bill, passed by the
1973 Legislature, would permit the raising
of chinook and silver salmon.

There was another bill in the Cregon
Legislature--Senate Bill 96. It provided
for the posting of a $100,000 bond for any
person or corporation opersting a private
f}sh hatchery, This bill would have effec-
tively destroyed the attempt to develop this
type of industry, The capital requirements
to get a $100,000 bond are three: $100, 000
in cash pledged to the bonding company; or
$100,000 in negotiable securities; or, a nét
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worth of $300,000 of which about $80,000 is
in liquid securities. This regquirement
would limit the bidding considerably. At
the hearing before the Senate committee,

2 number of people spoke against Senate
Bill 96, pointing out to the committee what
appeared to be the unfairness of it, There
did not appear to be anyone who spoke in
favor of it. The bill was subsequently
killed in committee,

Generally the law of aquiculture, at
least as we are concerned with it, falls
into the two groups--the sedentary through
the oysters, and transitory through the
fish.

As to the oyster culture, in 1969 Oregon
passed a law which permitted acquiring platted
oyster lands for $2.00 an acre. These per-
mits are very similar to the Taylor grazing
rights for cattlemen. They almost imply
ownership, but if the lands are not used
for the production of oysters, they lapse
back into the public domain.

On the other hand, wild lands can be
sold and transferred just as other land,
As a result of this law, there are, I am
told, very few oyster lands which have not
been spoken for, Washington has a somewhat
similar law and sco does California. Once
you have acquired these lands or have leased
them from an owner, you run intoc the same
problems the law has created for all those
people who want to ge about their business
and make a living.

Another topic I think we have to deal
with concerns the raising of freshwater
€ish in trout ponds. The law, needless
t¢ say, goes both ways on this subject.

In Califernia, you are flatly prohibited
from having a freshwater hatchery in a
situation where the fish can possibly
escape into the natural waters of the state.
In Oregon, there is no such provision. But
assuming you want to go into fish farming,
either raising fish in captivity or commit-
ing them to go out to sea, it is necessary
to get permits from the Oregon Fish Commis-
sion and from the Oregon Game Commission.
Then you have to get water rights from the
State Engineer. There has to be a drawing
of your facilities. There has to be 2
scientific calculation of the quantity of
water you will use. If you have a settling
pond upstream from your facility there is

a disagreement whether you should or should
not have a permit te store water, If you
talk to one engineer, he's in favor of it;
if you talk to another engineer, he says

it isn't necessary.
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Aquiculturists must deal with the Depart-
ment of Environmental Quality (DEQ), respons-
ible for the general well-being of the en-
vironment, It is something, I think, that
somewhat surprised L.B. Day, the former
director of the DEQ, when the problem first
camé up. 1 think that the department has
endeavored to be realistic and fair, although
I think from time to time it might be some-
what guilty of over-kill. They have so many
problems with so many industries that I think
they occasionally get a little feverish and
their little spines stick cut. I think per-
haps there will be more cooperation between
those who have licenses and the DEG, and the
tendency toward overprotection will remove
itself. [ do not think that dealing with
the DEQ will present any problem which can-
not be worked out.

The last preblem you have is that if you
go inte the public waters, you have to get
permits from the Coast Guard and from the
Corps of Engineers because you may be a nav-
igation hazard. This is essentially a yes/
no situation. Jt's not hard to get one if
you aren't a navigation hazard; impossible
to get one if you are.

I had hoped when 1 accepted this assign-
ment to be able to present a learned and
detailed discussion of the law in all its
pristine beauty. However, there almost
isn't any law. In fact, when I discovered
the lack of law, I went to the dictionary

to look up the word, and I discovered that MW&NJ
there is no such word as aquiculture. So \n
here we are really working in a vacuum, G s

Some pecple question how we can get the
biologist to work with the engineer, It
would appear, however, that many of the
hazards we are facing are those of the law,
The question might better be phrased--haw
can we get the lawyers and the legislators
to work with the biologists? Trying to get
lawyers to work with anyone is difficult
enough. I think this could be achieved if
we¢ could work out a plan or position of
what aguiculture is and where everycone
would fit inte it. Too often the biologist
locks at it almost as Frankenstein looking
at his monster. They have created some-
thing beautiful in itself--a life that
didn't exist before. The engineer looks
at the fantastic problem of recirculating
and dealing with the problems of waste
which he can solve by his intellect. The
lawyer weighs all the risks. Each of them,
expert in a limited area, tends to operate
in a vacuum, never dealing with the others.
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Obviously, we who are in favor of aqui-
culture must talk to one another; but it
is important that we talk to the sportsman
also, so that we can allay his fears if they
are not well founded; or if they are well
founded, so we can protect him. You'd be
surprised how many more sportsmen vote than
aquiculturists, In the same vein, it is
important to talk to the commercial fisher-
men. They feel, I think, very much a

threatened species. Every two years they
have to go to the Legislature and argue
that it is their livelihood that someone
is trying to take away. I think very
possibly that we could work out a state-
ment of policy, expressing where we stand.
If it could be agreed to by the disparate
groups involved, a policy statement would
EC a very long way toward bringing the
internecine war to an end.

15



Ocean Ranching of Pink and Chum Salmon

William J. Fodeil, Chief
Anadromous Fishes Investigations
National Marine Fisheries Service
Auke Bay Fisheries Laboratory, Alaska

ABSTRACT

Although pink and chum salmon consti-
tute the bulk of total landings of salmon
on the Pacific coast of North America, wild
stocks of these two species have been re-
duced to about 50 per cent of historic
levels., There is considerable interest
and speculation in opportunities to in-
crease the numbers of salmon available
for harvest by mass production of juven-
iles in hatcheries. This report reviews
the outlook for hatcheries and raises
questions about management of fisheries
on mixed wild and hatchery stocks and
about institutional arrangements for
the operation of hatcheries.

INTRODUCTION

Pink and chum salmon together consti-
tute about 60 per cent of the total U.5.
harvest of Pacific salmon. Historic
catch records suggest, however, that
the ocean is capable of preducing at
least twice the number of pink and
chum salmen now harvested. Reduced
recruitment of juveniles to oceanic
nursery areas is thought to be mainly
responsible for the reduced population.

North American streams and lakes pro-
duce five species of salmon, which differ
in age and size at maturity. Chinocks,
the largest, typically weigh over 20
pounds and 3 to 6 years old at maturity.
Pinks, the smallest, average only 4 to 5
pounds at maturity and live only 2 years
from the time the egg is fertilized.
Coho, sockeye, and chum salmon are
intermediate in size and typically live
3 to 5 years. All five species spawn
only once and die a few days later,

Chinock, coho, and scckeye salmon
require freshwater nursery areas, but
pink and chum do not. Instead, they



make their early growth in estuaries and
inshore waters before spreading westward
across the North Pacific Ocean (Figure 1).

Catches of North American pink and
chun salmon declined rapidly through the
1940's, and landings are still low. South-
ern stocks have been depressed more than
northern stocks. In Oregon for example,
chum salmon were decimated in the 1950's
and the fishery for this species was
closed south of the Columbia River in
1962. Even in Alaska, trends in annual
landings (Figure 2 offer little comfort.
The once prolific southeastern Alaska
pink stocks have suffered about a two-
thirds reduction in landings (Figure 3).

Overfishing is strongly implicated
as the dominant force which initiated a
rapid decline of pink and chum in the
1940's. However, reduced survival of
eggs and young in streams and estuaries,
from poor land and water-use activities,
probably contributes to the present de-
pressed state of stocks in many areas.
If natural or man-caused imbalances
have not reduced the capacity of oceanic
feeding grounds, the numbers of harvest-
able fish can probably be increased
through strict mansgement of wild stocks
and artificial propagation.

Many pink and chum stocks can be
revived with known management tech-

GENERALIZED DISTRIBUTION OF PINK AND CHUM SALMON

SIBERIA

Figure 1. General ocean distributian of pink and chum salmon.
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Fiqure 2. Annual landings of pink
and chum salmon in southeastern
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niques, particularly in areas of
Alasks where man has not yet exerted

a major impact on spawning streams and
astuaries, However, severe restric-
tions on harvest will be required,
perhaps for several cycles where runs
are seriously depressed. There is no
scientific basis to expect that clo-
sures alone will suffice to rebuild
those stecks which have been reduced to
remnants. It will probably be mneces-
sary to propagate pink and chum salmon
artifictally where chronic overexploi-
tation oecurs.

Several approaches to rehabilitation
of salmon runs are being made. The
Japanese have a highly successful hatch-
ery progran for chum salmon and raise
substantial numbers of pinks. The Rus-
sians have recently constructed several
large hatcheries which release more pinks
and chums than Japanese hatcheries.
Spawning channels have become popular
in Canada as an aiternative to hatcheries.
Public hatcheries in the United States no
longer produce many pink and chum salmon;
instead, they propagate primarily chinook
and coho salwon, which are popular recrea-
tional species as well as valuable com-
mercial fish. Private hatcheries are
raising chum salmon in the Pacific North-
west in an attempt to rehabilitate this
formerly important commercial species
without committing public tax funds.

In this report I review the status
of technology on the propagaticn of
pink and chum salmon fry in hatcheries
for the purpese of ocean ranching. The
concept of ocean ranching relies on a
natural "homing instinct" that causes
salmon to return to the stream of their
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birth at maturity. I discuss the bio-
logical feasibility of hatcheries in
detail, and raise questions on the con-
trol of harvesting mixed stocks of wild
and hatchery fish to avoid overfishing
wild stocks and on institutional arrange-
ments for operating hatcheries.

STATUS OF ARTIFICIAL PROPAGATICN

The Japanese began to build hatcheries
in 1876: and numerocus state, local, and
private hatcheries now release 400 million
to 600 million juvenile pink and chum sal-
mon annually to sustain coastal fisheries
on Hokkaido and Honshu Islands. Chum is
the most important species in Japan:
about 4 million hatchery adults return
annually to coastal waters and provide
an annual harvest of about 30 million
pounds {Anonymous, 1966}. Furthermore,
studies of marked fish indicate that
Japanese vessels on the high seas har-
vest at least an equal quantity {Kanid'yev
et al., 1970j.

The Russians were forced into a large-
scale pink and chum salmon hatchery pre-
gram in the 1960's tc compensate for over-
exploitation of their stocks by the Japanese
high seas fishery. The Russians now re-
lease more pink and chum salmon from hatch-
eries than de the Japanese; their 21 Sak-
halin Island hatcheries alone produce more
than 600 million juveniles. Although they
obtain only about D.4 per cent return from
hatchery-reared chum salmon fry in their
coastal fisheries, the Russians believe
that Japanese high seas fleets harvest
most of the Russian hatchery fish.



The impertance of Japanese and Russian
hatchery programs can best be compre-
hended by comparing the annual release
of chum salmon from hatcheries into the
western North Pacific Ocean with the
recruitment of wild chum fry into the
eastern North Pacific Ocean from all
North American spawning streams com-
bined. Published reports suggest that
about one billion juvenile chums are
released annually from hatcheries in
Asia, which is probably a larger num-
ber than originate from all wild stocks
in North America. The estimated number
of chum salmon fry produced by wild
stocks in North America is based on
the following statistics and assump-
tions:

1, Over the past ten years, about
8§ million chum salmon have been
harvested annually by United
States and Canadian fishermen.
There is no indication that
Japanese fishermen harvest many
North American chums.

2. Based on an assumed 50 per cent
rate of exploitation, the average
total return (catch plus éscape-
ment) of chum salmon to North
American was 16 miliion fish
annually., (This is a conserva-
tive estimate of rate of exploi-
tation.)

3. Based further on an assumed 2 per
cent marine survival of wild fish
(Bakkala, 1570, pp. 53-54), 800
million fry were required to pro-
duce 16 million adults. Fry
production probably has averaged
somewhat less than 800 million.

In marked contrast to recent successful
hatchery programs in Russia and Japan,
attempts to raise pink and chum salmon in
public hatcheries in the Pacific North-
west have mostly failed. Although the
Washington Department of Fisheries con-
tinues to raise a few million chums at
two hatcheries, large-scale production
of pinks and chums came to an end in the
late 1930's after consistent failure to
establish runs of hatchery fish. Very
low marine survival of hatchery pink
and chum salmon at Pacific Northwest
hatcheries has contributed to the belief
that hatcheries are less efficient tham
natural reproduction (Noble, 1963 and
1964).

In seeking suitable altermatives to
hatcheries, fish culturists began to

experiment with spawning and egg incu-
bation channels in the 1950's., Promising
results from early tests prompted the
International Pacific Salmon Fisheries
Commission (Cooper, 1972} and the Canada
Department of Environment (Fraser, 1972)
to construct commercial-scale spawning
channels in British Columbia. The early
indications are that marine survival of
pink and chum salmon fry produced in
these channels is much higher than has
been experienced in Pacific Northwest
hatcheries.

A spawning channel is usually a water
diversion canal with a bed of silt-free
gravel for spawning. Waterflow is con-
trolled at a head gate and the mmber of
spawners at a fish weir. In most cases
the adult salmon are allowed to spawn
naturally, but to achieve optimm
density, their numbers are held between
one and two spawners per square meter
(both sexes). In a few instances, fer-
tilized eggs are planted artificially.
The protected enviromment of the channel
ensures higher survival of embryos and
alevins (larvae) than a natural spawn-
ing bed.

Recent advances in our understanding
of the requirements of pink and chum
salmon alevins have led to development
of hatchery incubators which use a
gravel substrate. For example, the
technique of spreading pink and chum
alevins on gravel in tanks is widespread
in Russian hatcheries and is used also
in some Japanese hatcheries (Kanid'yev
et al., 1570). It affords alevins a
more natural environment than standard
smooth-bottom incubators.

Two types of gravel incubation hatch-
eries are being field tested in North
America. In one type, newly fertilized
or eyed eggs are buried in gravel-filled
tanks with an upwelling flow of water.
In the other type, newly fertilized eggs
are placed on screen trays and suspended
in a water column with an upwelling flow;
after the eggs hatch, the alevins drop
through the screens and rest on the
surface of a shallow layer of gravel.

CRITERIA FOR HATCHERY DESIGN

The incubation of salmon eggs and
alevins to the fry stage requires
relatively little water or space. In
conventional hatchery practices, trays
of newly fertilized eggs are arranged
horizontally in troughs or are stacked
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vertically. Water is directed through
a series of trazys; the water is usually
re-gerated as it passes from one tray
to the next, Alevins may be retained

in the incubation trays until the yolk
is absorbed, or they may be transferred
to open tanks to complete their develop-
ment.

Hundreds of millicns of pink and
chum salmon fry have been raised by
conventional techniques and released,
but there have been no documented
cases in North America where survival
of hatchery fry has approached survival
of wild fry. In almost every case, sur-
vival has been too low to justify the
propagation of pink and chum salmon in
hatcheries. We now recognize some
reasons why these hatchery fry probably
had a low fitness for survival.

The velocity of water flowing past
alevins in cenventional troughs and
trays greatly exceeds the velocity
under natural conditions in spawning
beds. Furthermore, the smooth troughs
or screen trays may fail to satisfy the
tactile requirements of alevins (Bams,
1969), because the movements of the
alevins are not restricted as they are
in gravel beds of streams. Although
conventional hatchery methods yield
high egg-to-fry survival, the fry are
undersized (Brannon, 1965; Poon, 1970),
show a reduced capacity to perform work
(Bams, 1967}, and have a high incidence
of malformed yolks (Disler, 1953; Emadi,
1972).

The ability of fry to feed and grow may
also be related to their early incubation
history. An un?ublished experiment with
pink salmon fry* compared growth and sur-
vival of fish from a tray incubator with
fish from a gravel incubator. Average
weight of surviving fish after 75 days
of feeding on an unrestricted diet was
4.2 grams for fry from the tray incubator
and 6.5 grams for those from the gravel
incubator. From the tray incubator, only
37 per cent of the initial fry survived,
whereas from the gravel incubator, B8 per
cent survived. The incidence of non-
feeding "pinheads™ was high among fish
from the tray incubator and low among
fish from the gravel incubator.

lW.J. McMeil, 1971. Culture of salmon
acclimated to seawater. Fourth Progress
Report, May 15, 1971. Oregon State Univ.
Marine Science Center. 4 p. (processed).
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Fry which will not feed are a comnon
problem where pinks and chums are raised
at public hatcheries. The high ineci-
dence of malformed yolks with associated
structural deformities may explain in
part why pink and chum fry from tray
and trough incubators exhibit poor
growts and low marine survival. Bams
(1972) feels that poor survival of
hatchery fry is due primarily to poor
conversion of yelk to body tissue and
the resulting small size and poor con-
dition of fry.

The first evaluation of marine sur-
vival of pink salmon fry from a gravel
incubation hatchery was recently re-
ported by Bams (1972}, who compared
77,000 marked hatchery fry with 75,000
marked wild fry. Bams estimated a 6.6
per cent marine survival of hatchery
fry and a 6.5 per cent survival of wild
fry--the difference was not statisticaily
significant. His estimate of 6 to 7 per
cent marine survival of pink salmon is
simllar to observations on wild fish,

Combined observations of 17 brood
years? of pink salmon at Sashin Creek,
southeastern Alaska (Ellis, 1969}, and
11 brood years at Hook Nose Creek, British
Columbia (Parker, 1964), revealed that
2.7 per cent of the vutmigrating fry re-
turned to spawn. Although rates of exploi-
tation are unknown, they probably exceeded
50 per cent most years and may have neared
80 per cent for individual stocks some
years. This means that marine survival
of pink salmon has averaged in excess of
5.4 per cent for Sashin Creek and Hook Nose
Creek. A marking experiment on 1960 brood
year pink salmon from Hook Nose Creck
yielded an estimated 22 per cent marine
survival and 95 per c¢ent exploitation
{Parker, 1964). Three similar marking
studies on pinks at Bella Coola River,
British Columbia, yielded 5.2, 4.4, and
1.9 per cent marine survival of 1961,
1962, and 1963 brood years (Parker, 1968).

Marine survival of chum saimon is more
difficult to evaluate because of the vari-
able age of return. Chums live 1 to 3 years
longer than pinks, and marine survival would
be expected to be lower. Parker (1962) esti-
mated marine survival of chum salmon from
Hook Nose Creek to be 2.8 per cent. Parker's
estimate is consistent with information
available on spawner-recruit relationships
for chums in Alaska (Anonymous, 1966).

2The term "brood year" refers to the
year of spawning.



It is largely beyond our capability te
exercise control over marine survival,
but it is important that we have some
idea of what to expect in terms of fish
returning for harvest from a release of
a known number of fry. In fresh water
we have an opportunity to contrel and
increase survival to much higher levels
than in nature.

Statistics on freshwater survival of
pink and chum salnon for streams in Canada
(Pritchard, 1948; Hunter, 1959; Parker,
1962), Alaska (Wright, 1964; Olson and
McNeil, 1967; Ellis, 1%69), and Russia
(Semko, 1954; Kanidyev et al., 1970) show
that the survival to outmigrant fry is
quite variable and usually less than 20
per cent of potential egg deposition. A
recent compilation of data for Sashin
Creek pink salmon {Ellis, 1969) reveals
that there is a 27-fuld difference in
annual freshwater survival (0.8 to 21.7
per cent) in Sashin Creek.

Gravel incubation hatcheries are cap-
able of increasing average egg-to-fry sur-
vival five to ten times over natural streams.
Hatcheries also afford a means to aveid
broad anmual fluctuations in fry production
and to make efficient use of a relatively
smzll number of spawners.

Hypothetical examples of surplus pro-
duction of pink salmon stocks from natural
or wild spawning and from a gravel incuba-
tion hatchery are compared in Table 1,

The survival figures used in Table 1 repre-
sent stocks of wild pink salmon in Canada
and Alaska and of hatchery stocks in

Japan, Russia, and Canada (Anonymous, 15966;
Kaznid'yev et al., 1970; Bams, 1972).

Just how effective gravel incubation
hatcheries might beccme in North America
remains to be determined, but the last two
columns of Table 1 reveal the potential
advantage of hatchery stocks over wild
stocks.

HARVEST OF WILD AND HATCHERY STOCKS

The operation of large hatcheries
would not relieve the need for continued
restriction on the harvest of pink and
chum salmon in the common property
fishery because the conservation of wild
stocks will continue to demand high pri-
ority. Even when survival is good, wild
stocks would probably not suppdrt mere
than 75 per cent exploitation. Much
lower exploitation will be required most

years to be assured of enough spawners.
Hatchery stocks, on the other hand,
should sustain much higher expleoitation,
perhaps as high as 95 per cent because
of the small numbers of brood fish re-
quired to restock hatcheries, In the
face of differing requirements for
preservation of each type of stock, how
do we provide for complete utilization
of hatchery fish and avoid overharvesting
wild fish on the fishing grounds?

Because the common property fishery
must be managed to achieve adequate escape-
ments of wild fish to spawning streams,
large surpluses of fish will return to
successful hatcheries. These surplus
hatchery fish would become available for
harvest after they segregate from wild
fish. Such segregation will usually
occur at the mouth of the hatchery stream.

State-owned hatcheries in Oregon and
Washington began to receive substantijal
numbers of surplus coho and chinook
salmon about ten years ago. In 1970,
these public hatcheries placed more than
5 million pounds of surplus salmon on the
commercial market (Jeffries, 1971; Ellis,
1971). It is very likely that they also
contributed another 20 to 30 million
pounds to common property commercial and
recreaticonal fitheries from California
to southeastern Alaska.

Although commercial salmon fishermen are
dependent on hatchery fish in the Pacific
Northwest, they have been very vocal in
criticizing management agencies for allow-
ing too many fish to return to hatcheries,
It seems probable, however, that the pre-
sent high rate of expleitation already
threatens wild cohe and chinook stocks
in the Northwest, and any further increase
in exploitation could be disastrous unless
it is selective for hatchery fish.

It is unlikely that wild pink and chum
stocks could sustain as high a rate of
exploitation as coho and chinook stocks
because of differences in factors which
limit recruitment of young to the ocean.
In pink and chum salmen relatively large
numbers of spawners are required for max-
imum production of fry which migrate
directly to sea. On the other hand,
relatively few coho and chincok salmon
can provide sufficient fry to stock the
stream nursery arcas. These areas are
occupied by young cohos and chinooks
for periods up to three years before
they migrate to sea.
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Surpluses of fish that escape the
common property fishery and return to a
hatchery peteéntially will be much larger
for pinks and chums than for cohes and
chinocks because of the need to hold
exploitation below 75 per cent most
years to conserve wild stocks. Omly
limited information is available on
marine survival of pink and chum salmon
from hatcheries, but Kanid'yev et al.
(1970) report 1.5 per cent return {catch
plus escapement) of chums from hatcheries
in northeastern Hokkaido, Japan, over a
twelve-year period.

[t is instructive to use this infor-
maticn to predict surplus production of
chum salmon returning to a hypothetical
hatchery (see Table 2).

TABLE 2
Assumed number of eggs 50,000,000
placed in hatchery
Fry production (85 per 42,500,000
cent of eggs)
Adults returning to common 637,500
property fishery (1.5 per
cent of fry)
Harvest in common property 382,500
fishery (60 per cent of
returning adults)
Adults returning to hatchery 255,000
Brood stock {2,700 eggs 37,000
per female)
Surplus for harvest at hatchery 218,000

Many surplus pink and chum salmon
escaping the common property fishery
and returning to a hatchery will be
mature fish no longer prime for canning.
Nevertheless, these fish retain consider-
able market value for caviar and bait
eggs, smoking and drying, animal food,
and bait; even the carcasses can be
used for animal food and bait. All
adults returning to & hatchery, in-
cluding brood fish, have potential
markets.

Public fishery agencies in the Pacific
Northwest are faced with substantial mar-
keting problems which have been created
by the sizeable surpluses of coho and

chinook salmon at the hatcheries. Roberts
(1972) cites some common complaints voiced
by fishermen: "Salmon sold from hatch-
eries is of poor quality, this hurts our
markets. A public agency shouldn'’t be

in the fish business. Those returned
hatchery fish are lowering the price of
salmon caught by commercial fishermen."

These problems are symptomatic of a
successful public hatchery program be-
cause such hatcheries will have a sur-
plus, even with heavy exploitation. To
alleviate these problems, sericus con-
sideration must be given to institutional
arrangements for raising, harvesting, and
marketing fish that return to the hatchery.
Ideally, the incore from surplus hatchery
fish should underwrite the cost of hatch-
eries without threatering the econoric
security of fishermen. It seexs a para-
dox that a technology which oifers the
promise of increasing the suppiy of salm-
on could also complicate the management
of wild stocks and marketing

One step toward insurance that surplus
fish will underwrite the cost of operating
hatcheries is to create a legal basis for
private hatcheries. This is being tried
on a restricted basis in California, Ore-
gon, and Washington. Private hatcheries
are licensed and reguiated by state fishery
agencies, but ne public tax funds are used
for construction and operation. In Oregen,
any administrative costs incurred by the
state are charged to the private hatchery.
Hatcheries built and operated by Indians
on tribal lands are exempt from state and
federal regulations. Salmon from private
hatcheries are public property from the
time they are released until the time
they are recaptured in trapping facilities
operated by the hatchery.

Private hatcheries now licensed by
state fishery agencies include one coho
salmon hatchery in northern California
and four chum salmon hatcheries in
Oregon. The Washington Department of
Fisheries has authority to license
hatcheries, but to my knowledge they
have not yet approved any applications.
At least two Indian tribes (Quinault and
Lummi} operate private salmon hatcheries
on their reservations in Washington.

Should "proprietary' fisheries created
by private hatcheries preve to be finan-
¢cially successful, a salmon farming in-
dustry will most likely emerge over the
next several years. Such a proprietarty
fishery conceivably ceould attain cconemic
importance in its own right, while at the
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same time contribating substantial numbers
of fish to the common property fishery.
Figure 4 shows a systems model for pink
and chum salmon which integrates pro-
duction freom wild and hatchery stocks

to provide fish for harvest in a common
property and a proprietary fishery.

The economic risk of private salmon
hatcheries is undoubtedly high because we
have very little information to pass judg-
ment on Feasibility at this time. Even
if fish returning to a private hatchery
do not have sufficient value to cover
costs, there is a possibility that fisher~
men would tax their catches to cover the
deficit, provided they are convinced that
the added value of hatchery fish in their
catch makes the added subsidy worthwhile
to them. There may even be circumstantes
where the operation of hatcheries by
fishermen's associations might become
practicable, especially where limited
entry to the fishery would give the par-
ticipating fishermen a proprietary interest
in any hatchery fish returning to 2 partic-
ular fishing ground.

Even though private pink and chum salmon
hatcheries are highly speculative, signif-
jcant economies in costs of construction
and operation are imminent in the develop-
ment of gravei incubation hatcheries., If
costs of preducing 1,000 fry can ke held
at about $6 (including amertization),
then a 1.5 per cent return of chums or
a 3 per cent return of pinks to the com-
mon property fishery would be sufficient
for a self-supporting hatchery under the
hypothetical conditions shown in Table 3.

The examples in Table 3 provide slim
margins for profit. If my estimate
of the cost of fry production, market
value of surplus fish, or exploitation
in the common property fishery is teo
low, the hatchery would lose money.
Money would also be lost if my estimate
of the marine survival is too high. The
example sérves to identify the key ele-
ments which require evaluation: (1) Cost
of producing fry, (2} marine survival,
{3) exploitation in common property
fishery, and {4) market value of surplus
hatchery fish.

Emergence of a salmon hatchery industry
will require intensified support from gov-
ernment in research, development, and advis-
ory services. Private hatcheries will re-
quire (1) assistance on establishing cri-
teria for designand operation of hatcheries;
{2) preater knowledge of fish gemetics and
selective breeding of stocks, disease con-

TABLE 3

Chum Salmon  Pink Salmon

Cost of fry $6/1000 $6/1,000

Total return per
1,000 fry 15 adults 30 adults

Common property
harvest (60 per 9 adults 18 adults
cent exploitation)

Return to

hatchery 6 adults 12 adults
Required for

brood stock 1 adult 1.5 adults
Surplus for pro-

prietary harvest 5 adults 10.5 adults
value of surplus

{$1.30/chum, and $6.50 $6.30

$.60/pink)

trol, and nutrition where short-term
rearing of fry is involved; {3) answers
to harvesting, processing, marketing, and
socio-legal problems. Because state
fishery agencies will administer and
regulate private hatcheries, it is imper-
ative that they participate in research,
development, and advisory projects zleng
with National Marine Fisheries Service
Laboratories and Sea Grant universities.

We may have already entered a period
of transition from strictly public arti-
ficial propagation of salmon to a partner-
ship between public and private propaga-
tion. Many questions need to be resclved
by state legislative and administrative
bodies before we can convert a 'problem”
of surplus hatchery fish into an "'oppor-
tunity" to allow these surplus fish to
pay the cost of operating hatcheries and
to avoid continued heavy subsidization
of public hatcheries. It is pmdent for
state fishery agencies to proceed with
caution as they broaden their salmon
management programs to include the
assignment of limited proprietary rights
to salmon. If properly executed, a
partnership between govermment und pri-
vate sectors of the economy can greatly
broaden the financial base for expansien
of salmon rescurces for the benefit of
fishermen, processors, and the public.
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Dynamics of Isolated Plankton Populations
in Yaquina Bay, Oregon

J. tenneth Johnsgn, Graduate Student
and

Charles 8. Miller, Assistant Professor
School of Oceanography
Oregon State University, Corvallis

Zooplankton populations in estuazies
can be restricted to short, particularly
suitable zones. These populations can
be of considerable importance as food
sources for the commercial fisheries and
wildlife of the estuary. However, they
are potentially vulnerable to changes in
estuary circulation, salinity, and tem-
perature that might result from engin-
eering activities in the estuary such
as dredging, or thermal outfalls. With
this significance in mind, a study has
been initiated of the peopulation dynamics
of Acartia temga, a copepod, restricted
to the upper estuary of the Yaquina River,
Oregon.

The general planktelogy of Yaquina
Bay is well known from the work of
Frolander (1964), Zimmerman (1972), and
Frolander, et al (in press). The lower
estuary is dominated by two copepod
species groups which are shared with
the nearshore oceanic water (Miller,
1972). Alternations between southerly
currents along the Oregon coast during
the summer and the northerly Davidson
Current during the winter result in a
Hsummer -northern'’ group and a “winter-
southern" group. The summer group is
typified by the copepods dearzia elausi
(Giesbrecht, 1B8%) and Pgeucocaiarus
sracilie (Sars, 1803}. Both species
are present in the estuary year around
but are dominant during the summer. The
winter group, tvpified by Faraeaclanus
parzue (Claus, 1863) and Corycaeus
angliews (Lubboch, 1857}, is absent
from the estuary during mosSt SUMmMErs.

The seasonal c¢ycle of the zooplankton
inhabiting the brackish water of the upper
estuary, however, has been shown to be
very different from that of the lower
estuary {Zimmerman, 1972). The upper
estuary is characterized by an annual
population explesion of Acartia tonsa
during the months of July, August and
September, followed by a rapid decline
to virtual extinction by the end of
November. A. tonsc is a species of
southern affinities and is a minor com-
ponent of the ncarshere zooplankton in




the northerly Davidson Current during
the winter. The summer repopulation of
the upper estuary appears to derive from
the oceanic population.

This annual population explosion affords
an excellent opportunity to study the
factors governing the population dynamics
of A, tonsa in a restricted geographic
location. Other studies such as Mullin
and Brooks's (1970) work on the produc-
tion of Calanus suffer from the disadvan-
tage of unknown but potential mixing with
other populations on different schedules
of development. In contrast, the Yaquina
Bay A. tonsa population is protected from
mixing with other populations. There are
no A. tonsa offshore in summer. However,
the population is not completely contained
there are some losses to the lower bay by
flushing and to the upper bay by tidal
diffusion. Losses to the lower bay appear
to be very small during the summer
(Zimmerman, 1972)

Explanation of the production of A.
tonsa in the field can be attempted by
measuring the rates of fecundity and
growth under controlled conditions in
the laboratory and extrapolating to the
natural population (Heinle, 1966). In
addition, the rates of production can
he corrected for cimultaneous rates of
age specific mortality by sampling the
entire range of the natural population
and estimating the absolute abundance
of each life stage (Mullin and Brooks,
1970). This paper is a preliminary
report of ongoing research into the pop-
ulation dynamics of Acartia tomsa in
Yaquina Bay.

FIELD METHODS

Zooplankton samples were collected
twice weekly (Monday and Thursday) from
May 15 to November 20, 1972. Samples
were collected during daylight hours
without regard to the stage of the tide.
The five stations regularly sampled are
referred to in Figure 1 as Buoy 21,
Buoy 29, Buoy 39, Buoy 45 and Toledo
Bridge. The first four stations corre-
spond with navigation buoys in the
immediate vicinity. An additional
station 2 1/2 miles above Toledo was
sampled weekly during the months of
August, September and October.

Three zooplankton samples were simul-
taneously collected at each station by
using three Clarke-Bumpus (1550) sam-
plers (12.5 cm diameter) fitted with
nets of differing mesh sizes. Mesh
sizes of 0.239 mm, 0.112 mm, and
0.064 mm were used te quantitatively
sample the water column for adult
A. tonsa, copepodite stages and
naupliar stages, respectively. The
0.239 mm and 0.112 mm Clarke-Bumpus
samplers were fitted into a frame to
tow side-by-side, while the 0.064 mm
Clarke-Bumpus sampler was mounted just
above them on the towing wire. The
two coarser nets were fished for six
minutes. The 0.064 mm net was closed
with a messenger after one minute to
prevent clogging of the fine mesh by
silt and plankton.

All tows were oblique to a depth of
about five meters in mid-channel. A
calibrated propeller flow meter in the
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mouth of the coarser nets generally
indicated that approximately five cubic
meters of water had been filtered. Im-
mediately after recovery of the nets,
the samples were preserved in 5 per cent
formaldehyde.

Physical data were also collected at
each station, An N.I1.G. bottle equipped
with a reversing thermometer was used to
collect both water samples and temper-
ature data just above the rTiver bottom,
Surface water samples were obtained with
a bucket, and surface tenperature was
determined with 4 bucket thermometer,
Salinity was determined by inductive
salincmeter in the laboratory.

Flankton samples were sub-sampled
with &2 1 ml Stempel pipette. Each zoo-
plankton sample was diluted to ten times
the settled volume of plankton. After
stirring, successive 1 ml sub-samples
were removed from the sample and counted
until either a minimum of fifty specimens
of a given stage had been counted or a
total of 5 ml had been examined under
250X magnification.

LABORATORY METHQODS
Fecundity Studies

To measure egg production, an adult

male and female 4. tonea were placed in
seawater of 25%,, salinity in each of
twenty-five 250 ml beakers and main-
tained at 21°C in a circulating water
bath. The experimental salinity and
temperature approximated the average
physical conditions at Buoy 39 at the
beginning of August. Eggs and stage 1
nauplii were counted and removed from
the beakers with an eye dropper on every
second day. Fresh food consisting of
approximately equal parts of Iscchrysis
galbana, Rhodomonas sp. and Thalassio-
sira sp. (an approximate total of 50,000
to 70,000 cells/ml} was added after each
count. Every fourth day the adults were
transferred to fresh water. Females that
died during the first two weeks were re-
placed and a new experiment started.
The replacement of dead males, however,
did net necessitate the start of a new
experiment. After the first two weeks,
dead females were not replaced and the
experiments gradually terminated at the
end of thirty-nine days. -

Growth Studies

Experiments to determine the rate of
growth from egg to adult were also per-
formed at 21°C in a circulating water
bath. Eggs and stage I nauplii were
obtained by placing male and female
adults in beakers for 48 hours. After
removal of the adults, the eggs and
stage I nauplii from all beakers were
mixed together. Equal portions of the
mixture were then used to innoculate
sixty 600 ml beakers. Growth rates
were compared under conditions of natural
food organisms and laboratory cultured
food organisms. Half of the beakers con-
tained estuary water (25%.) collected
in the vicinity of Buoy 39 from which
the largest phytoplankton and all zoo-
plankton had been removed with a 0.064
mm filter. The remaining beakers con-
tained sterilized sand filtered sea
water (27%o) to which was added an
approximate algal concentration of
50-70,000 cells/ml consisting of equal
parts of Isochryeis galbana, Rhodomonas
sp. and Thalassiceira sp. This algal
concentration was maintained by adding
fresh food every second day to replace
grazing losses. The water was changed
every fourth day. Food was not added
nor the water changed in the beakers
containing the estuary water. Once a
day the contents of two beakers of each
experiment were concentrated with a
0.064 mm filter and preserved in 5 per
cent formaldehyde.

RESULTS
Physical Properties of the Yaquina Eetuary

The Yaquina Estuary alternates between
a partly-mixed (Type B) and well-mixed
{(Type D) estuary (Burt and McAlister,
1659}, High river runcff during the
months of November to May causes the
estuary to become partly-mixed with a
vertical salinity gradient between 4%.
and 19%o. From June to October, the
estuary becomes well-mixed with a maxi-
mum salinity gradient of 3%. due to
low river runoff.

Salinity data collected during the
present study (Figures Z, 3, and 4)
indicated the upper estuary was well
mixed from late June through October,
1972, with isolated exception at all
stations. The weak partial mixing seen
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at Toledo on several occasions was likely
caused by waters of high salinity col-
lecting in a localized depression in

the river bottom at the Toledo bridge
sampling station.

Mean salinities at the lowermost sta-
tion, Buoy 21 (Figure 5) fluctuated the
least during the study period, ranging
from 27.1%. to 33.8%.. The high
salinities indicate that water at Buoy
21 is under strong oceanic influence
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during the summer. Buoy 39 had a sal-
inity range of 15.6%. to 30.1%.. The
range at Toledo, a station under mod-
erate to strong fluvial influence, was
5.6%0 to 24.3%.. Mean salinities
were highest at all stations during
the months of August and September.
The influence of the mixed diurnal
tides on the changes of salinity be-
tween samplings was important at all
stations but most pronounced at Toledo
+ 2 1/2 miles during August and
September.
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Temperature at all stations (Figures
6 and 7) increased during early June
and July, peaked in late July,
gradually declined in August, and then
fell rapidly throughout September and
October. While the two Toledo stations
(Figure 8) experienced the greatest
seasonal extremes of temperature during
the study period (23.6°C to 10.3°C),
Buoy 21 experienced the most extreme
variations in temperatures on a two )
week cycle. Fortnightly spring tides
alternately introduce cold oceanic
water far up into the estuary or allow
the warmer upper bay water to flow much
farther down into the lower bay than
normal. In addition, cold, high sal-
inity, upwelled, coastal waters may be
carried intc the estuary by tidal influx,
depending on local coastal wind condi-
tions during the summer.

Culture Studies

The egg production of 4. fonsa was
measured under culture conditions of
21°C and 22%. salinity sea water. Rates
were determined as the average number of
eggs/day/female for 34 females. The daily
rate was 30.5 (+ 3.0) eggs/day with a
range of 10.4 to 47.2 eggs/day.

Females were maintained for a maxi-
mun of 31 days, Estimates of maximum
egg production were not attempted as the
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reproductive time span prior to capture
was not known. However, Wilson and
Parrish (1971) worked with Atlantic

A. tonga females which had molted from
Stage 5 copepodites to adults in the
laboratory. They found that A. tonea

have an average life span of 37.7 (+ 2.5)
days with a total egg production of 1256.2
(+ 184.9) eggs. This averaged out to 33.3
eggs/day/female (n = 6}, Thus comparable
data agrees that A. tomsa is capable of
sustaining high egg production over a

long time span. It must be noted, how-
ever, that continued presence of males .

was essential. A single mating was in-
adequate to permit realization of a female's
total reproductive potential (Wilson and
Parrish, 1971).

Adult A. tomsa were successfully reared
in the laboratory from eggs through the
eleven instar stages. In counting, the
A. tonsa stages were grouped: Nauplii
1-11, Nauplii III-IV, Nauplii V-VI,
Copepodite I-II, Copepodite III-IV,
Copepodite V, and Adults. The numerical
abundance of each stage was expressed as
a percentage of the total count of the
two combined replicate samples for a
given experiment. Thus the average stage
of development on a given day was calcu-
lated as the midpeint of each group of
stages.,

Growth from egg to adult required an
average of 11 1/2 days at 21°C on a mixed
algal diet (Figure 9a). Nauplii varied
little in the time required per instar.
The copepodites, however, varied increas-
ingly in individual growth rate with
increasing age. Nevertheless, the mean
time in each stage of development plotted
against time yields a straight line,
indicating a constant rate of growth.
This is in agreement with Heinle's (1969)
work on the Atlantic A. tonsa. '

Mortality rates (Figure 9b) were higher
during the naupliar stages than the cope-
podites stages. Approximately 50 per cent
of the nauplii had died by the time the
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median individual reached copepodite I-II.
Another 25-30 per cent died as copepodites,
thus only 20 per cent of the original
population survived to adulthood. Second
generation nauplii appeared 12 1/2 days
after the first eggs were produced, indi-
cating egg production prebably commenced

on the 11 th day when the median individual
reached adulthood, A replicate experiment
verified the above observations.

Growth rates in estuary water (Figure 10)
at 21°C were nearly identical to those rates
observed in the cultured algal diet experi-
ment. Approximately 11 3/4 days were re-
quired for half the population to reach
adulthood. The rate of reproduction was
the only significant difference between
the results of the two experiments. The
low number of second generation nauplii
produced in estuary water was probably due
to the depletion of the naturai food supply.
Few phytoplankters remained at the end of
thirteen days. :
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Experimental growth rates of the Yaguina
Bay A. tonsa at 21°C agree well with simi-
lar work done on the Atlantic coast, Heinle
(1966, 1969) found the growth of 4. tonsa
from egg to egg in raw estuary water re-
quired 5, 7, 9, and 13 days at 30.7°C,
25.5°C, 22.4°C and 15.5°C respectively.

A mean generatiun time of 25 days at
17.5°C was reported for 4. tonsa by
Zillioux and Wilson (1966). However
their experimental animals were main-
tained on a subeptimal algal diet. Tem-
perature is thus an umportant determinant
of the rate of yrowth of Acartia tonsa.
The effect of temperature will be seen
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to be especially significant in the
upper reaches of the Yaquina estuary
as the shallow waters there reach much
higher temperatures than farther down-
stream.

Distribution and Abundance of A. tonsa

Counting was recently completed for the
adult and copepdoite stages III, IV and V,
using the 0.112 mm net samples. Estimates
of adult azbundance were also made using
the 0.239 mm net samples. However, the
latter estimates were rejected as too
low when a comparison of simultaneous
catches with the 0.112 mm net revealed
a significant loss (40-60 per cent) of
adult males through the mesh during the
Months of July, August and September.
Moderate quantities of the slightly
larger females were also lost from the
0.239 mm net. The seasonal variation
of the escapement from the 0.239 mm net
was caused by a reduction of body size
resulting from the high rate of metab-
olism and maturation induced by high
water temperatures.

The calculation of age specific mortal-
ity rates will not be attempted until esti-
mates are available for the absolute density
of the remaining copepodite and naupliar
stages. At that time other population
dynamic parameters, including the instan-
tanecus rate of increase (r), instantaneous
birth rates (b) and biomass, will be com-
puted to estimate the production of A. tonsa
in Yaguina estuary.

The range of the population of A. tonsa
in the Yaquina estuary extended from B-Z1
to Toledo + 2 1/2 miles. These two stations
represent the extreme limits of the popula-
tion, since few adults and only rare cope-
podites were ever present. The bulk of
the population was restricted to B-29,
B-39, B-45 and Toledo with a center in
the vicinity of B-3% (Figures 1}, 12, and
13). The copepodites generally exhibited
a more restricted distribution than the
adults, indicating reproduction and sur-
vival of young were highest between B-29
and B-45. The center of the population
was not static around B-39 because of tidal
movement. Frolander (1964) demonstrated
that horizontal transport of distribution
centers can be on the order of several
kilometers over a twenty-eight hour span
in the Yaquina estuary. Sampling without
Tegard to the stage of the tides in this
study occasionally showed the population
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center to be at B-45, 1.0 nautical mile
upstream from B-39, or more rarely at B-29,
1.4 nautical miles downstream from B-39,

The complexity of analyzing a moving
population was circumvented by considering
the mass of water inhabited by A. fonsa
as a closed system. This is reasonable
because of the low diffusive losses of
A. tonsa to the lower bay (Figure 1l).
Therefore the maximum density per cubic
meter observed on a given sampling day
was considered as the approximate popu-
lation center, regardless of location in
the river. Plotting the maximum density
values observed for both copepodites and
adults on successive sample days generate
an unsophisticated but workable modei of

the population dynamics (Figure 14). The
density of adult 4. tonsa was less than

50 animals/m® from June 19 te July 6.

Four days later, adults reached a minor
peak ar 127.8 animals/md before declining
again. A heavy phytoplankton bloom
occurred concurrently from July 10 to

July 13. Seventeen days later, the

adults peaked at a new maximum of 2,262.7
animals/m? and the annual population explo-
sion was underway. The heavy phytoplankton
bloom was apparently the triggering mechan-
ism for the population explosion as maxi-
mun egg production occurs under favorable
food conditions, This principle was veri-
fied during the laboratory experiments on
egg production rates.

A maximum density of 16,759 adults/m?
was observed in the upper Yaquina estuary
on August 28, Ten days later the adult
population had crashed to a density of
2,142 adults/m3.

The total egg preduction of the popula-
tion is greatest when the adults attain
their maximum density. Therefore, the
frequency of the six adult peaks was used
to infer growth rates from egg to adult
under fluctuating field conditions. The
average time interval between adult peaks
in July and August, for example, was 16
days at an approximate temperature of 20°C.
This interval is longer than the laboratory-
derived estimate of 11 1/2-11 3/4 days at
21°C. Development rates decreased during
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September, October and November, however, course, that the larval stages are much

due to the falling water temperature more sensitive to temperature and have

(Figure 8). Starting with the August narrower tolerance ranges than the

28th adult peak, it required 17 and 19 adults.

days for eggs to reach maturity at esti-

mated temperatures of 18° and 16°C respec- It is most likely however, that the

tively. The apparent bimodality of the effect of temperature results from its

copepodite peak at about September 28 is effect on development rate. Experiments

probably attributable to sampling vari- by Heinle (1966) have demonstrated that

ability. even a 1° or 2°C decrease in water tem-

perature results in a pronounced increase

The origins of the final adult peak in in the time required for development from

mid-October are obscure because there is egg to adult. This will decrease the

no associated copepodite peak shortly pre- population's intrinsic rate of increase

ceding it. and thus increase the interval during

which each generation is exposed to
predation prior to reproduction.

DISCUSSION
The nature of predation on A. tonga has

The crash in early September and sub- not been completely documented in the
sequent overall decline of the population Yaquina estuary, but the small pelagic
cannot be attributed to flushing by short fishes undoubtedly take a significant
term influxes of fresh water from rain- toll, Russell (1964). Dense schools of
storms. Very little rain fell during the herring and anchovy fingerlings were
summer and early fall, with the exception commonly observed in the surface waters
of one prolonged rainy period during at B-39 during August and September.
September 18 to 24 when 2.83 inches of Hydrozoan medusae also may be major
rainfall were recorded at the Marine predators: Phialidiwn attained its
Science Center at Newport (Figure 15). maximun summer density coincident with
A graph of the mean salinities associ- the population crash of A. tonsa.
ated with the population center (Figure
16} revealed that no significant dilu- Alternate hypotheses about the causa-
tion occurred as a result of the rainfall. tion of the population crash have not,

This is reasonable since most of the early
precipitation in the fall is soaked up by
the undersaturated soil of the Yaquina
River drainage basin (Kulm and Byrne,
1966). The marked increase in rainfall
during October is not reflected in the
salinity until about one month later.

Rainfall at Newport, Oregon, Summer of 1972
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temperatures associated with the pop-
ulation center (Figure 16) reveals a
gradual and fairly consistent rate of
decline throughout September and October
with two periods of possible significance.
Temperatures fell from 20.5°C to 17.5°C
between August 24 and September 7, the
period of population crash. Another
major drop from 18.0°C to 13.5°C
occurred between September 18 and 29
during the heavy rains. Neither of
these two temperature decreases would
normally be considered as constituting
thermal shock as the changes were less
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of course, been eliminated. Depletion
of the algal food supply is an ocut-
standing possibility.

In conclusion, we would like to re-
emphasize the engineering implication
of this work. Aeartia tonsa is the
dominant herbivore in upper Yaquina
Estuary during the summer and, conse-
yuently, accounts for the bulk of the
secondary plankton production. We
know that the young of the commercially
important anchovy, Engrauiis mordax, are
important predaters. Adult Engraulis,
in turn, are an important prey of
salmonid fishes in the nearshore
oceanic waters. Only a restricted
section of the estuary provides an
appropriate habitat for the population
explosion of A. tonsaz., Changes in
the flow patterns of the bay, such as
might result from deeper dredging to
Toledo, for example, could readily
flush the population out. Pollution
in the area of B-39% could conceivably
eliminate the whole focd chain by re-
maval of the localized 4. tonsa link.
It is, therefore, clear that the con-
sequences to planktonic life forms must
be considered when contemplating any
modification of an estuary.
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Concerns on the Horizon for Effective
Coastal Zone Management

Ellen Lowe, Commissioner
Oregon Ceastal Conservation and
Development Commission, Salem

There are some ominous clouds on the
horizon of effective coastal zone manage-
ment in Oregon as I lock to the future.
Clouds can be quite amorphous so I wish
to emphasize that my perceptions are from
my own frame of reference and in no way
are meant to reflect the view that another
coastal commissioner may hold of the same
horizon.

THE OCC & DC

To assist you in understanding my coen-
cern, I wish to take a few minutes to
describe the structure and legislative
charge of the OCC § DC. The Commission,
a state agency, embodies a concept of
local-state partanership with twenty-four
representatives of the thirty member com-
mission appointed from elected officials
Tepresenting counties, cities and port
districts, the very units of goverament
at the local level who will be largely
responsible for the implementation of
our coastal zone management effort. The
remaining six members of the commission
are appointed by the Governor to repre-
sent the state at large. That is my
category.

Cur legislative charge is to prepare
and recommend to the 1975 session of the
Oregon Legislature, coordinated pelicies
and plans, and their methods of imple-
mentation, for the wise management of the
natural resources in the ccastal zone.
Our plan is to be submitted in the form
of a series of management policies and
standards against which proposed uses of
the natural resources of the c¢oastal zone
may be evaluated. A key legislative
Tequest is that we establish a basis
for determining preferences between con-
flictinpg uses of natural resources. Our
task is not to achieve a final product
but to develop a dynamic and continuing
process.

The opportunity to be part of this task
came as & real surprise to me for I had not
been active in the state-wide environmental




movement. But I was beginning to make
public noises as a member of the Salem
Planning Commission about the need to
create regional palnning and implementa-
tion mechanisms in order to protect local
livability goals. My husband and I had
also commented more than once about the
condominium which rests on our beach
between Nelscott and Taft where we so
often walk. The term provincial may have
fit us.

When 1 accepted the appointment, my
first stop was the state library; I “tried"
to read everything I could find on estuaries.
Greek would have been as clear in many
instances. Thus with a self-image quotient
of zero I went to my first meeting, but a
little listening told me that glossaries
or perhaps an interpreter would have been
useful for a majority of the commissioners.
I might add that at our preliminary budget
hearing this week, a state legislator said
that he needed a glossary to read our
report.

It isn't the definition of terms that is
so necessary, however, but the clarifica-
tion of relationships. Decision-makers
can operate under the most environmentally
sound poals and policies available to man
and still blissfully authorize a series
of small projects that combine to create
barriers to those goals. IBM has used a
two-page ad with a large picture of a
rugged coast line, The one line of
printing says "No one can take the ulti-
mate welght of decision-making off your
shoulders. But the more you know about
how things really are, the lighter the
burden will be." 1 believe you have the
capacity to lighten the burden of the
OCC & DC if you will.

Oregon State University toock a first
step in its current methodology study which
Peter Klingeman will discuss later this
afternoon. The limited funding and time
frame, however, suggest that it is just a
beginning. The National Science Foundation
is currently seeking study areas that have
some universal and practical application.
In my judgment this pursuit qualifies.

I am aware that such an endeavor is not
only a scientific challenge but also a

very human one. The correspendence of

some coastal officials concerning OSU's
study left little doubt of some of the
deep-seated resentment against the academic
community. Thus it will take patience,
thick skin, an occasional deaf ear and
directness to gain the confidence and
understanding of those who need your exper-

tise in order to make decisions in the pub-
lic interest. You are part of the general
public--it's in your interest as well as
ours for this communication to develop.

SPECIFIC RESEARCH NEEDED

Now may be the appropriate time to
reveal why you are being addressed by a
coastal commissioner whose favorite book
on the coast is not technical but a volume
of Jeffers' poetry. Last fall at an OCC
& DC meeting, Maradel Gale, another com-
missioner, and I were looking through some
information which was used to support a
Corps of Engineers dredging project. Part
of the justification was a letter from a
colleague of many of you. The letter was
an excellent discussion of the factors that
contribute to the silt and sedimentation
deposits in estuaries. It discussed reasons
for and benefits that might be derived from
renovation of the ecosystem of the bay--
but in our judgmen:t it didn't address
itself to the specific dredging project.
Mrs. Gale shared our joint concern with
Larry Slotta, but since she is taking law
school finals I'm pleading our case today
(or maybe it's a sexmon).

In order to keep your responses from
being innocently misused or deliberately
distorted we urge you to structure your
comments sc they will concisely depict the
available alternatives and the consequences
of each. Alsd when a particular problem
needs a series of actions rather than one,
it's vital that the interdependencies of
the approaches are also discussed. A half
a loaf is not aiways superior to none. I
realize that my request may be asking you
to respond to a different question than the
one posed--but remember many of us are still
struggling in an attempt to ask the right
questions.

You have an added burden in interpreting
our cries for help., 1t should go without
saying that those of you who are part of the
public agency or university sector should
respond in terms of the overall public
interest. The public is the purchaser of
your expertise and remember this becomes
part of the record available to the citizen-
type public as well as the decision-makers.

While I'm talking about the citizen-type
public, may I remind you of your own citizen-
ship. You should not confine your contribu-
tion to technical advisory committees but
offer your time and talents to citizen
groups as well. Dr. Paul Rudy, chairman



of the Coos County Planning Commission, is
one of the most positive forces on the
Oregon Coast. Look 1o your own area for
service opportunities and don't be hesi-
tant to velunteer.

Even if you develop a methodology that
will succinctly articulate the alternatives
available to decision-makers and maybe even
become policymakers yourselves, we still
aren't home free. 1 wish to discuss
briefly some additional barriers to our
coastal goals.

COMPLEY, PATTERN OF LOCAL GOVERNMENT

One of these barriers in my view 15 the
very sturcture of local government. If
we were to design an efficient and respon-
sive planning process we would find it
totally divorced from reality--an effici-
ent planning process would be impossible
to mesh with the pattern of governments
which are part of Oregon. Rather than
restructure our local government we, by
default, often invite state and federal
intervention. In a recent address,

Lioyd Anderson, c¢ity commissicner from
Portland, suggested that an area's
ability to utilize 1ts resources, to
fairly distribute its tax base, to plan
and program in a sound way is diminished
by the square of the mumber of govern-
mental jurisdictions that exist in that
area. We need to ask "why' about many
of our units of local govermment., We
may find that the reasons for the orig-
inal boundaries and functions no longer
exist while other needs are being by-
passed. The "why' needs to be asked in
terms of overall goals in order to demon-
strate that the statue quo may be false
security.

Discounting Astoria, which really is
part of the Columbia system, there are
fourteen port districts on the Oregon
coast. Three of our ccastal waterways
are each under the jurisdiction of two
port districts. It appears to me as if
the potential for wasteful duplication
and competition will remain unless we
seek a unified coastal port district.

We have one coastal zone in which we are
trying to schleve a variety of waterway
services--fourteen port districts pre-
sent an obstacle. Some of the county and
city boundaries also seem illogical. If
we begin to examine what creates a concept
of community, we will start the develop-
ment of more responsive government.

i3

PLANNING FUNDS UNCERTAIN

A need we share with many other groups
tackling domestic challenges is the insta-
bility of our funding. The passage of the
Coastal Zone Management Act in 1972 raised
our expectations. The OCC § DC on a
national level appeared to be the logical
recipient of research grants. The Nixon
administration did not create a ''coastal
zone planning' line item in the current
budget. Thus §313,000 of our anticipated
budget of $645,870 will have to be sought
from other sources. And we shall not be
alone in the line. It's another indica-
tion that the political process should
be no more foreign to the oceanographer
at Newport than the holder of a garbage
contract in Chicago.

Our pelitical awareness need not only
be acute on the national scene but more
importantly on the lo¢al level. I brought
a few extra copies of our commission pub-
lication, Estuary Planning Guidelines.

It should be a positive force in gaining
public understanding and support. It
supplies a methodolegy for working with
opur many publics tO gain common com-
mitment te implement plans. You will

find it helpful in your citizen contracts.
You amy also wish to use it as a yardstick
to measure the degree of public involve-
ment of our commission. Don't allow us
to function in isolation. It breeds con-
tempt, not support.

Some recent court cases, particularly
the Fessano case in Washington County,
reinforce the importance of adequate
comprehensive plans. Any changes in the
plan will have to be substantiated by
evidence that the proposed use could not
be accommodated in already designated areas.
This not only makes it incumbent upon us
to develop the best possible plan based
on our current store of knowledge but also
design systems whereby the plans can be
monitored and updated in an orderly fashion.

And this brings me back to my original
request. Only with your translation of
the technical to the understandable will
we be able to interpret the relationship
between standards for development and
proposed land uses and our stated goal
10 achieve wise management of our coastal
natural rescurces.

I can't plan effectively for people--
neither can you--but together we can plan
with people.



Robinson Jeffers said it so well, ness of life and things, the
divine beauty of the universe.
«..the greatest beauty is Love that, not man apart from
organic wholeness, the whole- that...




Adaptation of Existing EPA Criteria to Ecological
Characterization of Pollution in Sediments

M.P. Wennekens, (Oceanographer
Marine and Coastal Zone Management Divisinm,
State of Alaska, Juneau

The economic realities of modern
society require that a viable level of
unimpeded waterborne commerce be main-
tained. Continuously accreting sedi-

' ments must be periodically removed

! (maintenance dredging) from interfering
shoals while at times undisturbed sedi-
ments must be excavated {(new work) to
allow for expansion of navigational
accesses and harbor facilities. Modern
society, however, with the realization
that a good portion of the sediments
have become the repository of a wide
array of ecologically hazardous anthro-
pogenic discards and that haphazard
redistribution of the sheer volume of
removed sediments can physically oblit-
erate bottom dwelling life, demands that
an effective balance be maintained be-
tween the necessity of insuring effec-
tive protection of aquatic ecologies

g from degredation and eradication and

: the sustenance of an effective level of
: waterborne commerce.

e e PR

: In January 1971, the Environmental

; Protection Agency (EPA}, with the intent
; of providing new safeguards against un-
regulated dispesal of polluted sediments,
issued somewhat informally, through its
Commissioner for Operations, a document
entitled "Criteria for Determining
Acceptability of Dredge Speil Disposal
to the Nation's Waters."

[
e
£
[".

The EPA Criteria, as stated in Appendix
[, provide the regulatory procedures and
guidelines upon which considerations for
the granting or denial of Corps of Engi-
ncers Permits are based.

Applications of standard laboratory
and analytical procedures, as detailed
in the AMSTS, various FWQA/EFA and Corps
of Engineers manuals, presented only
minor difficulties for obtaining the
basic sets of required EPA measurements.
Interpretation and applicability of the
resulting data as to their ecological
significance and effectiveness toward
environmental protection, however, pre-
sented a much more difficult problem. To
those charged with the responsibility of




assessing potential environmental impacts,
the EPA documents provided neither expla-
nations nor background for the ecolagical
relationales of the quoted limits for Zn,
Hg, Pb, C.0.D., Volatile Solids, 0il and
Grease, Total Kjeldahis Nitrogen and

other parameters,

The quoted limits for heavy metal were
particularly bothersome as the zinc levels
in the sediments collected in San Francisco
Bay, San Diege and Long Beach Harbors as
weil as other localities in need of dredg-
ing along the California c¢oast were most
frequently in excess of the EPA limits.
Thus many samples that could be passed
a5 '"'clean" by the other parameters, still
were deemed “polluted" because of high
zinc. After awhile, on the argument that
zinc levels could be expected to be high
because of the rather high zinc concen-
trations in surrounding parent soils,
somewhat arbitrary decisions were made
to "overlook'" zinc as a "pollutional”
indicator.

The zinc argument serves to illustrate
the nature of the very fundamental problem
posed by the issuance of the EPA Criteria,
mainly whaot should be measured and why to
provide ecologically meaningful, effec-
tive and enforceable criteria. For example
on the argument that, due to the many lead
and silver deposits in the watersheds of
the various streams, high concentration
of such metals could be expected in the
outwashed sediments, thus warranting
their eliminatien from "pollutional”
assessment.

This paper attempts to address itseif
to the Civil and Sanitary Engineer being
continuously pressed on one side to get
a project completed as expeditiously as
possible while being confronted on the
other side, with the necessity of pro-
viding effective safeguards against un-
warranted environmental damage, all of
this to be accomplished at minimum cost.

The information presented was developed
in temms of the above constraints. The
measurements were provided in accordance
with accepted engineering sampling, ana-
Iytical and data reporting practices.

The information had to be obtained and
made available within strict time con-
straints as various factions were anxious
to forestall lengthy delays in their
decision-making processes.

This puper will attempt to demonstrate
that, by applying imsight and basic know-
ledge of the most likely processes con-

trolling the sediments-pollutants-
bioclogy interactions, "standard" prac-
tices can be modified to yield pertinent
ecological information.

It is also hoped that the information
presented will impress upon thase faced
with the difficult task of establishing
criteria and procedures aimed at environ-
mental quality protection that hasty
decisions without proper definition
of ecological protection objectives
and in depth assessment of the extent
to which available knowledge can be
applied toward the solution sought, can
only result in ascerbic and frustrating
situations in which many dollars can be
expended with little or no effectiveness
toward the required environmental protec-
tion.

"POLLUTIONAL" CHARACTERIZATION OF
SAN DIEGO HARBOR SEDIMENTS:
HYDROCHEMICAL CONSIDERATIONS

San Diego Harbor acted for many years
as a presumed "assimilative" sump for
various forms of wastes, until the con-
tinuing degredation of the quality of
its waters forced the implementation
of extensive (and costly) remedial
measures, as shown in Figure 1 {Dodson,
19723,

The bottom deposits of San Diego
Harbor consist of various natural ad-
mixtures of gravels, sands, silts, clays,
organic matter, gases, tests and skeletal
remains of various forms of life, all
variously interspaced within a complex,
moderately strong polyelectrolyte. To
the natural admixtures are superimposed
a wide array of liquid and solid anthro-
pogenic additives, which once introduced
inte the system undergoe complex reactions
with both the natural constituents and
one another.

The hydrochemical processes are pri-
marily responsible for the so-called
"assimilative' capacity of the 'receiving
waters' and as such provide for additional
stages of "treatment,' generating their
own specialized types of siudges which
in turn become incorporated in the sus-
pended and deposited sediments.

Usually overloocked from similative
capacities considerations, is the con-
trolling physical-chemlcal role exerted

Al
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by particulates, especially the finc clay-
colloidal sizes. The importance of solid-
liquid interfaces in hydrechemical pro-
cesses is slowly being recognized, as
exemplified by the findings and recom-
mendations by various National Science
Foundation workshops (Waste Manapement
Concepts for the Coastal Zone, 1970;
Marine Environmental Quality and Marine
Chemistry, 1971). New treatises in
marine and aquatic chemistries (Horne,
1869; Stwmn and Morgan, 1970) discuss
in detail the basics of various inter-
facial processes. One of the more
comprehensive summaries of the pro-
cesses controlling the behavior, paths
and fate of anthro-additives released
into the marine environment, with per-
tinent references to the role of par-
ticulates can be found in the 1971
National Academy of Sciences document
entitled: "Radioactivity and the Marine
Environment,'" More specific information
on the hydrochemical properties of inor-
ganic and organic particulates can be
found in Grim (1968), Salomon (1962),
Krone (1969, 1972}, Hood (1569),
Richards (1969}, Sharma (1971), Horne

et al (1971}, Saila ef al (1971), among
others.

A comprehensive survey of the lite-
rature indicates that the fine inorganic
and organic particulates in the fine silt,
clay and colloidal particle sizes (less
than 50 microns) exert a dominant con-
trol upen the geo-biochemical fate,
transport, dispersal, deposition, re-
cycling and biological uptake of the
bulk of the anthro-additives introduced
into the harbor and coastal waters.

The objectives of the present paper
are to demonstrate the importance of
particle size separation for the pollu-
tional characterization of aquatic sedi-
ments and to outline the manner by which
the analytical results can be translated
into more meaningful ecological infor-
mation,

EXPERIMENTAL AND SAMPLE PROCESSING
FROCEDURES

Two sets of sediment samples weTe
collected and analyzed:

a) Thirteen surface (grab) samples
collected at the locations shown in
Figure 2. '

b) Five bottom cores collected at
locations also shown in Figure 2.

All sample processing and analytical
procedures were performed in accordance
with the procedures cutlined in Appendix
I1.

I. SURFACE SEODIMENTS

A. Whole Sample Analyses. The
results of whole sample analysis of the
surface sediments are shown in Table 1
(U.S. Corps of Engineers, $. Pac. Div.,
Sausalito lab., 1972). For interpre-
tative purposes, the analytical results
are plotted in the manner shown in
Figure 3, the primary intent of the
graphs being to underscore the rela-
tionships between the various parameters;
because of the large differences in con-
centration ranges, the various parameters
idre grouped together on an arbitrary
ordinate.

Several interesting relationships
can be observed between the amount of
fine particulates, inferred orpanic
levels as measured by Total Kjeldahl
Nitrogen, Volatile Solids, 0il and Grease,
C.0.D. and the variations in heavy metals
concentrations. The peakings in the
organic and heavy metals concentrations
for locations E 5 E and # 12 E could be
related to the proximities of sewage
outfalls prior to rerouting in the
newly constructed collecting system
(Figure 1).

Of special interest are the results
from locations E 2 C at the lower reach
of the harbor and E 17 C at its upper
reach. At both lecations the drastic
drop in the levels of fine particulates
and "organics" correlates with a sharp
decrease in heavy metal levels. The
only exception to the pattern is Hg and
As at Station E 17 C where a peaking up
rather than a drop occurs; no ready expa-
nation can be provided for the lig and As
behavior, sample mislabelling being a
good possibility. Replicate measure-
ments would be needed to confirm their
behavioral non-conformity with the other
heavy metals. Fe also peaks up at loca-
tion E 16 C while behaving as the other
metals in the rest of the harbor sedi-
ments.

The patterns of behavior exhibited by all
the physical and chemical sedimentary param-

eters conform well with predictions based

Lad
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upon the physica]-inorganic-organic chem-
istries of fine particles. The peaking and
dropping of "organics" and heavy metal con-
centrations strongly supgest that the heavy
metals are in some form of organg-metallic
complex, A similar correlation between
organic and heavy metals levels was ob-
sServed in San Francisco Bay as illustrated
in Figure 4 (Peterson e al, 1972}, The
organic-heavy metai Telationship is rather
well-illustrated in San Diego Harbor for
locations E 13 C through E 17 C for which
high percentages of fine particulates, with
relatively low levels of organics correlate
with low levels of heavy metals,

B.  Particle Size Separation. 7To inves-
tigate and define further the relaticnships
between fine particulate-organic and heavy
metal concentration, location E § C was re-
sampled and analysis performed by sepa-
rating the sediments into "coarse" and
"fine' fractions, as described below:

fractional Grain-Sise Sepavation.
The sample was wet sieved in general
accordance with Engineering Manual
EM 1110-2-1506, Laboratory Soils
Testing, 30 November 1970, using
U.5. Standard No. 18, mesh, 1.0 mn
opening and No. 200, mesh, 0.074 mn
opening sieves., The sieves were
constructed of stainless steel wire
cloth, and the technician wore rubber
gloves during the washing process as
a precaution against contamination.
Sea water from San Dicgo Harbor was
used for washing and was applied to
the material on each sieve by action
of a battery filler type syringe,
The material retained on the No, 18
sieve, consisting primarily of sea
shells, was not tested. All wash
water was collected in evaporating
dishes and decanted after a period
of settlement., All samples of the
decanted wash water, the plus 0.74
mm, sand fraction and the minus
0.074 mm, silt or clay fraction were
saved for pollution analysis. (U.S.
Corps of Engincers, S. Pac. Div.,
Sausalite Lab., 1972),

The analytical results are shown in
Table 1. The fine fraction of the sample,
wet sieved through a No. 200 mesh sieve
with harbor water, accounted for about
40 to 45 per cent of the dry weight of
the sample. The differences between the
crganic and heavy metal concentrations in
the coarse and fine fractions are obvious
and further confirm the results of the
whole sample analysis. Of interest in
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Table 1 is the fact that apart from cer- disposal standpoint, the question immed-
tain portions of the "organics," the con- iately arises; how much is actually pol-
centrations of heavy metals in the orig- luted and needs to be excluded from re-
inal harbor water and in the "wash water" dispersal into open water, and how much
remained identical, showing no evidence can be considered as clean, and can be

for heavy metals resolution during the redistributed in the most beneficial

wet sieving procedures. The results manner. With-a better appreciation of the
suggest that little or no resolution of three-dimensional distribution of pollu-
heavy metals is to be expected from tion in the harbor sediments, engineering
mechanical stirring of sediments during evaluations of the total volume of material
dredging. - that would require contained disposal can

be derived and appropriate removal tech-

niques formulated.
II. CORE SEDIMENTS

To study the vertical pattern of dis-

. tribution of pollutants in the San Diego
T@e preceding whole sample anglysgs Harbor sediments, five cores were collec-
provided only for a general longitudinal ted as shown in Figure 2. Two sets of
distribution of the "pollutional' char- 8 ¢+ IWO se s"
acteristics of the surface sediments of ana}yses were'performed, one on an "homo-
the harbor genized" portion of one-half whole core;

the others, on a strata by strata basis.

If one refers to Table 2 and supplies
the information as cutlined in Appendix I

to characterize the "acceptability" of en ihe f?ﬁogeniﬁiingzrihatBaiﬁd upogi
the sediments for disposal in open waters, glneering arg _— prac 'ceﬁ
one finds that for certain locations dredglng equipment tends to "homogenize
"Morganics suites also contribute to’ the sediments by intermixing '"polluted"

= . ;o . material with "clean" material, request

1 . i

additional pellutional classification was made.the the certification of the

Inferred from such measurements is quality of the dredged material for re-
that all of the sediments to be dredged dispersal in open water be based upon
are "polluted," and unacceptable for ""homogenized" samples.

open water disposal. From a practical
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Fish and Game and Water Quality Contro?
Board representatives were also greatly
concerned about the possibilities of par-
ticulate resolution of particulate-heavy
metals bond as a result of the mechanical
agitation of the sediments and of the
potential effects of turbidity upon vari-
ous forms of marine life.

The consensus was that land containment
of the variously polluted sediments would
provide for the maximum environmental safe-
guards. However, the large volume of mate-

rial (about 9 million cubic yards, of which,

based upon the surface samples analysis,
about 600,000 cubic vards were classified
as polluted), even with the availability
of a few shore sites for fills, made land
containment a major undertaking, and a
very costly proposition if the material
had to be transported to inland sites.
Twe alternative solutions were being con-
sidered, ocean disposal for the more haz-
ardous material and utilization of the
""clean” material for beach nourishment
along the Coronado-Silver Strand shores.

To assess, in an ecologically meaningful
manner, the pros and cons of the homogeniz-
ing concepts, two sets of analyses were
performed on one-half of longitudinaliy
split Core E 11 #; the core was selected
because of its leocaticn in a seemingly
high pellution area. One-half of Core
E 11 E half was thoroughly mechanically
mixed and subjected to suite of analyses
previously outlined. The other half of
Core E 11 E half was thoroughly mixed, an
aliquot sample dispersed in salt water and
allowed to settle differentially in accor-
dance with the foilowing procedure:

Separation of samples by sedi-
mentation; about 3/4 pint of soil was
placed in a 1000 ml beaker which was
then filled with Steinhart Aquarium
sea water. After stirring, the sand
was allowed to settle and the suspen-
sion poured into an evaporating dish.
The beaker was again filled with water
and the process repeated until the
water was clear after stirring.

After flocculation occurred, the
clear water was removed from the
evaporating dish. (U.S. Corps of
Engineers, §, Pac. Div., Sausalito
Lab., 1972).

The 'coarse," rapidly settling par-
ticles and the fine slowly settling
"floc," which accounted for about 55
per ceat of the total amount of the sedi-
ment, were then subjected to the suite of
analyses previously outlined. The results

50

of the "homogenizing" experiment are shown
in Figure 5.

Settling rates were also performed with
the following results:

Two 1000 ml soil Steinhart Aquarium
sea water suspensions were prepared
using 20 and 40 per cent s01l by
weight., The 20 per cent suspension
was B,6 per cent soil by volume and
the total density was 32.2 lbs/cu ft.
The soil was dispersed and allowed to
settle with periodic measurements
taken from the surface of the water
to the surface of the flocculated
seil.

It was determined from a settling
test conducted on a homogenized sample
from Core E 11 E that approximately
2 to 2 1/2 hours were required to com-
plete sedimentaticn. The increase in
water depth after that time is due to
consolidation of the scil. Floccula-
tion occurred within 30 seconds after
dispersion. The sand settled in about
15 seconds. The 20 per cent 50il sus-
pension settled at the rate of 3 inches
per hour and the 440 per cent at 1 inch
per hour; however total settling times,
2 to 2 1/2 hours, were zbout the same
for both suspensions. (U.5. Corps of
Engineers, S. Pac. Div., Sausalito Lab.,
1972).

The results of the homogenizing and
settling experiments show that the main
concentration of pellutants directly
associated with the fine fraction of the
sediment mix. Under dredging condition,
which wiil induce a high degree of mech-
anical mixing with harbor water, the
resulting turbidity would therefore con-
sist of fine particulates carrying the bulk
of the pollutants. The ecolegical signif-
icance of these experiments will be dis-
cussed further on,

B, Particle Size Differentiation for
Sedimentary Strata. The vertical dis-
tribution of "pollutants" in the various
cores was investigated by selecting sam-
ples from various well-defined sediment
strata, and subjecting them to the iden-
tical suite of analyses previously des-
cribed, The results are illustrated in
Figures & through 10.

1. Core E L1 E. The analytical
results of the strata analyses for the
remaining longitudinal one-half of Core
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E 11 E shown in Figure 6 should be com-
pared directly with those of the "homo-
genized" half of the same core., As
indiceted, not all of the strata samples
were subjected to particle size analyses,
due to the fact that visual inspection
indicated mostly coarse material. (See
physical description of the individual
sediment layers.)

The analytical results revealed several
interesting features:

a) As in previous analyses, the fine
particulates exhibited the highest values
for heavy metals concentrations, the higher
concentrations correlating with the higher
levels of organics.

b) Well-defined concentration grad-
ients could be observed between tha sur-
face and bottom layers of the core, the
surface sediments being the highest in
the organic-heavy metal concentrations.

c} The levels for Zinc, Total Kjeldahl
Nitrogen and Volatile Selids could, by
applying the EPA Criteria for acceptability,
classify most of the fine fractions as "pol-
luted." The concentration values for the

ZIOH

10“

"hard pan" layer, which effectively pre-
vented any further penetration of the core
barrel, readily suggests that such values
are those of natural sedimentary deposits
and that they should not be construed as
being indicative of pollution.

On the basis of the present results,
taking into account known inherent hetero-
geneities in the distribution of the only
clearcut pollutional classification that
tould be given to core E 11 E, based upon
particle size differentiation is for the
top sediment layer of the core.

2, Core E1E. The stratification and
sedimentary characteristics and results of
particle size analyses for core E 1 E,
collected near the seaward entrance of the
harbor, as shown in Figure 2 are illustrated
in Figure 7. The lower portion of the core
was analyzed whole due to the very low con-
tent of fine particulates, The sedimentary
transition between the upper and lower
strata was extremely sharp, as indicated.

One of the most salient observations, at
the time of the splitting of the core was
the very strong "crude oil" smell and the
presence of bituminous-like inclusions in

INNNNNNNNNNNNNN ]l
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the sandy upper layer. The analytical
results, based upon particle size differ-
entiation show very high values for “organics"
and heavy metal levels which undoubtedly cor-
relate with the heavier hydrocarbon fraction
residues, The "pollutional® status of the
upper six or so inches is rather obvious.

The lower portion of the core consisted
mainly of codorless, clean, rather coarse
sand intermixed with broken shells. The
physical appearance of the sediments as
well as the analysis show that the lower
portion of the sediments can safely be
classified as "clean."

3. Core E 5 E. The stratification and
sedimentary characteristics as well as the
analytical results for Core E 5 E are shown
in Figure 8. Both the upper porticn and the
lower pertion of the core consisted of rather
coarse sand intermixed with whole and broken
shells, The sheil material, in the top por-
tion of the core, was heavily coated with
a black film. Zinc and lead were in excess
of the EPA criteria; the organics were low.

The center section of the core exhibited
high levels of organics and very high levels
of heavy metals in the fine fractions. A
"polluted” classification can readily be
assigned to this particular section of the
core sediments.

20"

Based upon the low organic-heavy metals
levels, a non-pollutional status can be
assipned to the lower strata.

4, Core B § &, The stratification,
sedimentary and chemical characteristics
of Core E & E are shown in Figure 9.

The core, the longest obtained of the
series, exhibited not less than six dif-
ferent, well-defined sediment layers. The
most salient feature of the core at the
time of splotting was the very strong
"fishy'" odor emanating from the layer
located between 18 and 30 inches below
the top of the core. Several live small
clams and marine worms were cobserved at
the time of the splitting of the core.
The results of analy sis of the fine
fraction show high organiecs and Cr, Cu,
Pb, and Zn content, which would clearly
assign a "polluted" status to these par-
ticular sediments, a "polluted" status
which cannot readily be reconciled with
the healthy appearance of the marine life
found associated with the sediments.

The remainder of the core consisted of
coarse material with insufficient amcunts
of fine particulate for analysis. It is
interesting to note that the organic and
heavy metal concentrations between the
unsorted top and bottom sediment fractioms
and the sorted coarse fraction of the cen-
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ter layer do not differ markedly from one
another.

5., Core E 16 E. The stratification,
sedimentary and chemical characteristics of
Core E 16 E, obtained in the upper reaches
of the harbor are illustrated in Figure 10.
As in the cther samples, the relationships
between fine particulate-organic-heavy
metals concentrations hold. A clear "pol-
luted'" status can be given only to the
upper pertion of the core. The similar-
ities between the crganic and heavy metals
leyels for the unsorted samples and coarse
sorted fractions should be noted.

DISCUSSION OF RESULTS--ECOLOGICAL AND
ENGINEERING APPLLCATIONS

The resuits of the varicus physical and
chemical measurements performed upon the
surface and core sediments from San Diego
Harbor indicate:

1. A well-defined relationship exists
between the amount of fine particulates,
organic levels and concentration of heavy
metals.

2. The concentrations of heavy metals
increase as the organic content of the
sedimentary mix 1lncreases, suggesting a
prevalence of organo-metallic complexes.

3. The distribution of “pollution”
within the sedimentary column is usually
confined to definite strata, usually in
the surface layers. However, polluted
layers can be found below the surface,
interleaved between other strata.

4. Resolution of the pollutants sorbed
to the fine particulate as a result of
mechanical stirring and resuspension is
highly unlikely.

The results obtained show that, by slightly
modifying sample processing practices and
standard analytical techniques, informative
and meaningful ecological and emgineering
data can be obtained.

ECOLOGICAL CONSIDERATIONS

Traditionally, consideration of the
impacts of dredging, sediment redispersal
and disposal has focused mostly upon the
physical impacts of turbidity and smother-
ing of bottom life,
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The present results, de at ]
close relationships beéwaezoﬁiizdiiggithe
ulates, organic content und heavy metaii
provide new knsights into the most likez’
pathways'for the translocation of pollutﬁ t
from sediments to pelagic and benthic bio? ’
%oglcal systems. The size of the particles
anOlYed, lgss than about 30 microns la*:
Fhem in a size range readily amenabié Eo T
ingestion by filter and detrital feeders
The fact that the concentration of heay .
m§tals and other constituents becomes d
hlgh?r as the organic content of the fine
pa?tlculatg increases also indicates that
this material can be sought prefcrentiaily
by the particulate feeders and sorted from
the more inert materizl. Indications are
that under "polluted" conditions, the
heavy metals are most likely in an organo-
metallic state, which immediately supgests
that their toxicity and translocating
mobility into biolopical systems will be
high.

Larval and metamorphic stages of a great
variety of marine life are filter feeders
and to a lesser extent detrital feeders.
They can thus scavenge for the mix of par-
ticulates carrying the organo-metallic as
well as organic pollutants; the biological
uptake of variously polluted fine particu-
lates poses the most serious threat te
aquatic life, as developing embryos, meta-
morphic, larval and juvenile stages are most
sensitive to low level pollutants, u fact
repeatedly demonstrated by laboratory studies.

The concern about the potential, adverse
effects of turbidity thus takes oh & much
more omincus meaning. To gauge properly the
ecological impact of turbidity-borne pollu-
tants, the natural processes controlling
the sorting, transport, settling and depo-
sition of fine particulates must be examined.
Knowledge of the length of time to which 2
particular '‘soupe" of filter and detrital
feeders will be subjected to a cloud of fine,
slowly settling, organic-pollutant rich par-
ticulates, and of the rate at which such
particulates can be scavenged, is mest
crucial. Once deposited, the fine sedi-
ments can be resorted, resuspended and
reconcentrated from an “homogenized' miX
by a number of natural processcs {Drake
et al, 1972), processes which must be
fully taken into account for leng range
impact assessments.

The fate of the fine particulates during
dredging operations and after disposal can
be predicted.
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I OPEN WATER DISPOSAL, SHALLOW WATER
"SLUG" RELEASES

"Slug' release of several thousand cubic
vards of sediments into a few tends of feet
of water usually induces bulk entrapment and
settling of the sediment mix, primarily as
a result of the downward momentum of the
settling mass. Under such conditions, there
is only limited opportunity for differential
settling of ceoarse and fine particles; much
of the turbidity generated near the bottom
under such conditions will most likely be
the result of the sudden disturbance of
bottom sediments by the sinking mass,
Release from hopper dredges which tend to
disperse the sediments over a signifiecant
area will favor differential sorting and
settling of coarse and fine particles,

II. OPEN WATER DISFOSAL, DEEP WATER

"SLUGY RELEASES

"Slug" release of a sediment mix into
several hundred feet of water (i.e., be-
yond the 100 fathom line), favors, once the
initial momentum is dampened, differential
sorting of particles, such sorting becoming
progressively more effective as the depth
cf water incrsases. Under such conditions
the density structure of the water column
can induce the finer portion of the par-
ticulates to "layer out” at density inter-
faces, a phenomenon recently observed along
the Santa Barbara-Oxnard shelf area of
southern Califernia (Drake, 1971; Drake
cioak, 1972).

Density interfaces are alsc known to
be layers where planktonic and small
nektonic forms concentrate. Thus, under
deep water dispesal conditions, the re-
sorting and layerisng out of fine-pollutant
bearing particulates can form a pollutant
"soup" within layers of high filter feed-
ing activity,.

RESORTING AFTER DEFCOSITION

LIT

Once deposited on the bottom, the various
particles can be resorted from the sediment
mix by tidal currents and turbulence induced
by shealing waves. Progressive resorting and
"winnowing" of the fine particulates can con-
tinue for rather long periods of time, pro-
viding a steady supply of fine-peollutant rich
particulates, which again can layer out at
density interfaces and be transported long
distances away from the depositional source,
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if not quickly scavenged by the local popu-
lations of filter feeders {Drake, 1871}).
Thus, even if initially deposited as an
"homogenized" mix, the polluted fines can
readily be sorted out, reconcentrated and
redispersed in a most ecologically harmful
manner.

IV. BEACH NOURISHMENT

It is often advantageous to redistribute
dredged sediments along the beach to control
erosion. Once an "homogenized" mix is
deposited along the beach, wave and wind
action can guickly resort the fines from
the coarze. Thus the fine particulate,
with its complex suite of pollutants, can
readily become reconcentrated in the surf
zone or in blowing dust, These facts alone
provide the strongest arguments against any
"poilutional" certification practices based
upon gross analysis of "homogenized" samples,

Toxicity bivassays, to be ccologically
significant, must relate to the most likely
manner by which the pollutants ingress into
various forms of aquatic life. As presently
Practiced, biocassays focus primarily upon
the cffects of pollutants % sclution, not
to particulate-bound pollutants. Such
bivassays provide little or no information
as to the effects of polluted, suspended
or deposited particles and are of extremely
doubtful ecological value.

ENGINEERING CONSIDERATIONS

The information gained from the experi-
ments performed on the sediments of San biego
Harbor, suggests new approaches to engineer-
ing techniques and practices to control and
mitigate the adverse envirenmental impacts
of the dredging of variocusly polluted sedi-
ments.

Te the water quality engineer, the most
pressing problem is to control turbidity,
especially in the silt-colloidal size frac-
tions. By using and updating present driil-
ing mud recovery and ore separation tech-
niques, differential sorting of sediment
during dredging operations is feasibie.
Sorting mechanisms can be incorpoerated
with suction dredge equipment, as the
homogenizing of the sediments into a
watery slurry makes the material amenable
tc a variety of separation processes, such
as air flotation.

Selective dredging of polluted sedi-



mentary layers is presently technically
feasible. Selective dredging requires
first, rather exact field surveys to quan-
tify precisely the volumes of sediments to
be removed, then it necessitates precise
techniques to control the operations of the
dredge cutting head to insure that the pol-
luted layers are removed with only minimal
amounts of clean material.

The ecouomics of disposal dictate that
the bulk of pelluted fines be reduced to
the strictest practical minimum whenever
special containment is required., De-
watering of the material is essential and
1s a problem requiring special attention.
In some cases, the organic levels can be
high enough to warrant wet pyrolysis.

Controlling the escapement of fine
particles from varicus waste treatment
facilities must also be seriously con-
sidered; a treatment facility operating
at 85 per cent cfficiency in particulate
removal might allow 90 per cent of the
pollutants to escape chelated or sorbed
to the unfiltered 15 per cent of the sus-
pended fine particulates.

CONCLUSIONS AND RECOMMENDATIONS

The results of the present experiment
indicate that, through proper application
of standard field and laboratory procedures
and analytical techniques, interpretive
information can be derived to describe
pollutant-sediments associations, evalu-
ate ecological hazards stemming from par-
ticulate borme pollution, adapt control
and abatement measures to existing tech-
nological and engineering capabilities and
recommend new technological approaches to
long range abatement and control of sedi-
ment pollution.

The present results also clearly indi-
cate that surface {grab) sediment samples
are not effective in defining and quan-
tifying the pollutional character of
aquatic sediments and that cores are
essential in discriminating, on a strati-
graphic and granulometric basis, between
"clean" and "polluted” status of sediments.

For ecological and engineering appli-
cations, the gathering and processing of two
basic sets of cores is recommended. To
establish an initial sediment quality base-
line, reconnaissance cores, few in number
but collected at locations carefully pre-
selected on the basis of known or suspec-
ted sources of pollution and lacal peculi-

arities of the subsurface topography as it
relates to sediment transport, erosion and
accretion, should be processed in accordance
with the procedures previously outlined.
Such cores should be analyzed in the great-
est detail possible.

Based upon the detailed information
gathered from the physical and chemical
analyses of reconnaissance cores, addi-
tional cores, collected from a sufficiently
dense grid of stations to properly quantify
the stratigraphic and granulometric extent
of sediment pollution, should be obtained
to provide engineering estimates of the
actual volumes of sediments requiring spe-~
cial removal techniques (i.e., selective
removal of polluted layers), special pro-
ressing techniques (i.e., separation of
fine fractions through air flotation,
dewatering of fine fractions} and special
disposal requirements (i.e., containment
in a sealed area, wet pyrolysis).

The results of the present investigation
also indicate that any establishment of a
sediment pollutional index requires some
form of granulemetric-organic-heavy metal
relationship. Establishment of an organic
sediment index, in a manner similar to the
one developed by Ballinger and McKee (1571)
would be most useful in strengthening the
observed relationships between high organic
levels and heavy metal concentrations.
Similarly an organic sediment carbon-lipid
index would be most purposeful in estab-
lishing a relationship with chlorinated
hydrocarbon concentrations.

Finally, it is strongly recommended that
sediment pelliutional classification also
include measurements of the chemical state
of various pollutants, such as the percentage
of organc-metallic fractiens of various heavy
metals, classes of petrochemicals and various
other known and potentially harmful organics.
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Use of Criteria. These criteria were
developed as guidelines for FWQA evalu-
ation of proposals and applications to
dredge sediments from fresh and saline
waters.

Criteria. The decision whether to oppose
plans for disposal of dredged spoil in
U.§. waters must be made on 2 case-by-case
basis after conmsidering all apprepriate
factors; including the following:

{a) Volume of dredged material.

{(b) Existing and potential gquality
and use of the water in the
disposal area,

{c) Other conditions at the disposal
site such as depth and currents.

{d} Time of year of disposal (in
relation to fish migration and
spawning, etc.).

{e) Method of dispesal and alternatives.

{f) Physical, chemical and biclogical
characteristics of the dredged
material.

{(g) Likely recurrence and total number
of disposal requests in a receiving
water area.

{(h) Predicted long and short-term
cffects on receiving water quality.

When concentrations, in sediments, of one
or more of the following pollution paran-
eters exceed the limits expressed below,

the sediment will be considered polluted

in all cases and, therefore, unacceptable
for open water dispesal.

Conc. %
(dry wt. basis}

Sediments in Fresh
§ Marine Waters

Volatile Solids 6.0
Chemical Oxygen Demand (COD} 5.0
Total Kjeldahl Nitrogen 0.10
0i}-Grease 0.15
Mercury 0.0001
Lead 0.005
Zinc 0.005

When analyzing sediments dredged from marine
waters, the following correlation between
volatile solids and COD should be made:

TVS % (dry) = 1.32 + 0.98 (COD %)

If the results show a significant deviation
from this equation, additional samples should
be analyzed to insure reliable measurements.

The volatile solids and COD analyses should
be made first. If the maximum limits are
exceeded the sample can be characterized

as polluted and the additional parameters
should not have to be investigated.

Dredged sediment having concentrations of
constituents less than the limits stated
above will not be automatically considered
acceptable for disposal. A judgment must
be made on a case-by-case basis after con-
sidering the factors listed in (a) through
(h) above.

In addition to the analyses required to
determine compliance with the stated
numerical c¢riteria, the following addi-
tional tests are recommended where appro-
priate and pertinent:

Total Phosphorus

Total Organic Carbon (T0C}

Immediate Oxygen Demand (IOD)

Settleability

Sulfides

Trace Metals (iron, cadmium, copper,
chromium, arsenic and nickel)

Pesticides

Bioassay

The first four analyses would be considered
desirable in almest all instances. They
may be added to the mandatery list when suf-
ficient experience with their interpretation
is gained. For example, as experience is
gained, the TOC test may prove to be a
valid substitute for the velatile solids

and COD analyses. Tests for trace metals
and pesticides should be made where signif-
jcant concentrations of these materials are
expected from known waste discharges.

All analyses and techmiques for sample
collection, preservation and preparation
shall be in accord with a current FWQA
analytical manual on sediments

APPENDIX I1I

ANALY¥TICAL FROCEDURES

Volatile sclids, chemical oxygen demand
(COD), total Kjeldahl nitrogen, oil and
grease, zinc, iron, copper and chromium

were run according to "Chemistry Laboratory
Manual, Bottom Sediments" compiled by Great
Lakes Region Committee on Analytical Methods
and published by the Envirommental Protec-
tion Agency, Federal Water Quality Admin-
istration, December 1969,

Mercury, Hatch and Ott Method using
Coleman 50 Mercury Analyzer.

Lead, cadmium and nickel, Federal Water
Pollution Control Administration (FWPCA)



Atomic Absorption Metheds, Nitric Acid Total soluble phosphorus, Standard Methods

Soluble. (November 1969) 13th Edicition 223 2 bfc and 223 E 4d.
Arsenic, "Standard Methods for Examination Particle size, Corps of Engineers Manual
of Water and Wastewater' 13th Edition 1971, Em 1110-2-1506.

Method 104A.
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After the Studies--Then What?

William 3. Cox, Director
Division of State Lands, Salem

We've become aware of our environment!
We know we need to protegt it! Scientific
work and studies have provided us with the
knowledge we can use to protect itf,

In Oregon a major portion of our environ-
mental efforts have been focused on the
estuaries. Estuary protection is accom-
plished in three different ways.

The first is prevention through the
mechanism of proper zoning and legally
enforced permit systems. Any proposed
project for an estuary would have to meet
stated standards and conditions or not be
#llowed. The use of adequaie standards
and conditions are dependent upon a
thorough knowledge of our estuaries and
their ecological systems. The standards
which are set must truly represent the
criteria needed to protect the estuary.

The second method is the ability to
stop a preject which 18 taking place in
an estuary and which has not been author-
ized through zeoning and/or permit systems.
The protection agency must be able to go
to court and justify the issuance of a
temporary restraining order or injunc-
tion stopping the project., Since we're
working with resource protection statutes,
the Court, hearing the request for an
injunction or restraining order, has
regquired that the 5tate show that the
objectionable project is creating re-
source damage before they will immed-
iately issue an order to stop it. The
Courts have been reluctant, without a
hearing, to issue a stop work order if
the project is located on the landowner's
private property. They feel that due
process requires a hearing to allow the
individual to justify his project before
the Court. The difficulty with the
hearing requirement is that in the case
of a landfill the project can be com-
pleted within a few days and it is dif-
ficult to schedule and allow adequate
notice of a hearing before the landfill
project is completed.

A third method of protection and
less desirable than the first two is i
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atiempt to remove a danaging project after
it has been completed. Usually the cost
of removal is significantly greater than
the cost of the project itself. Courts
have been reluctant to require removal
especially if the individual is using his
own property unless it can be shown that
sustained significant resource damage will
result, and that the removal will not
cause more resource damage than allowing
the project to remain in place. Very often
the resource protection agency is required
to show that a project would not have been
allowed had a permit been applied for.
This invelves extensive administrative
action and an administrative hearing be-
fore seeking court assistance,

The State Land Board and the Division
of State Lands, who are among the major
resource protection coordinators for
estuaries, feel that the key to adequate
resoitrce protection is not only a thor-
ough knowledge of the legal remedies
and their application to the multitude
of fact situations that exist in our
estuaries, but also a thorough know-
ledge of all available scientific infor-
mation which can be used in a court of
law to demonstrate the need for immediate
legal action to stop resource damage in
our estuaries.

My purpose in appearing before this
estuary conference is to bring to you
information on the legal relationships
which exist in our estuaries and the
problems of enforcement. Adequate pro-
tection very often is based upon pre-
senting the ripht scientific information
at the right time, and in the proper forum.
The enforcement agencies need your help.

At this moment, from our reference
point, landfills and estuary alteration
projects seem to be the greatest dangers
te our estuary environment.

Who owns the lands encompassed by the
preject? This is a2 key question to the
Tesource protection agencies. If the
project involves state-owned lands, the
state has the legal remedy of trespass
available which does not involve showing
resource damage. All that is needed is
to show that the project is occupying state
land without permission.

Oregon's estuaries are a mixture of pri-
vate and public ownership. At the time of
statehood (1859), Oregon, by virtue of its
stdate sovereignty, became the owner of all
estuary water lands from the high tideline
on one bank to the high tidelines on the

opposite shore (see diagram 1). Private
upland ownership extended down to this
high tideline.

The state-owned waterway lands were
historically divided into two classifica-
tions: submersible lands and submerged
lands. The submersible lands,? also known
43 tidelands, extended from the ordinary
high tideline to the ordinary low tideline.
The submerged lands3 extended from the
ordinary low tideline on one shore to the
ordinary low tidelines on the opposite
bank.

The State handled these two classifica-
tions differently and to understand some
of the enforcement problems we need to
touch on these differences, The sub-
merged waterway lands were to be admin-
istered by the State as a trust to pro-
tect fishery and navigation4. The sub-
mersible waterway lands were held by
the State in its proprietary capacity
even though some elements of the trust
still applied to these lands.S

1"Line of ordinary high water' means the
line on the bank or shore to which the high
water ordinarily rises annually in season.

ZuSubmersible lands," except as provided
in ORS 274.705 means lands lying between
the line of ordinary high water and the
line of ordinary low water of all navigable
witers and all islands, shore lands or other
such lands held by or granted to this state
by virtue of her sovereignty, wherever appli-
cable, within the boundaries of this state
as heretofore or hereafter established,
whether such waters or lands are tidal or
nontidal.

3usubmerged lands," except as provided
in QRS 274.705, means lands lying below the
line of ordinary low water of all navigable
waters within the boundaries of this state
as heretofore or hereafter established,
whether such waters are tidal or nontidal.

435 Ops. Att'y Gen. 844 (1971}

5tFrom all this it appears that when
the state of Orepon was admitted into the
unien, the tide lands became its property
and subject to 1ts jurisdiction and dis-
posal; that in tre abaence of legislation
or usage, the commen Lo rule wowld govern
the righte of the wpland preprietor, avg
by that baw e LDL0e io Liam da de o
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In the late 1800's, the state, acting
te stimulate economic development, scld
or granted much of its estuary tidelands
to private individuals. It aiso granted
licenses to use state-owned waterways
for certain purposes.®

The state can quickly stop a landfill
or have it removed if it has been placed
on state-owned lands. However, the pro-
cess of stopping a landfill on privately
owned estuary lands is slow and difficult.
Govermment is in the positien of telling
a private individual what he can or cannot
do on his own property. The 'rights"” of
a private landowner are protected against
arbitrary governmental action by the
United States Constitution.” Also the
government cannot so restrict the reasorn-
able use of an individual's property to
the point that the landowner is in the
position of having his progerty taken
without just compensation.

state; that the state has the right to
dispose of them in such manner as she
night deem proper, as is frequently done
in various ways, and whereby sometimes
large areas are reclaimed and occupied

by cities, and are put tu public and
private uses, State control and oumer-
ship therein being supreme, subject oniy
to the paragmount right of navigation and
eonmeres. ' Bowlby v. Shively, 22 Or. 247
(1892}, affirmed 152 U.5. 1 (1893).

&1'The owner of amy land lying upon any
navigable stream or other like water, and
within the corporate limits of any incor-
porated town or within the boundaries of
any port, may Construct a wharf or wharves
upon the same, and extend the wharf or
wharves intoe the stream or other like
water bevond low-water mark so far as may
be necessary and convenient for the use
and accommodation of any ships, boats or
vessels that may or can navigate the stream
or other like water." ORS 780.04C

Tua1l persons born or naturalized in the
United States, and subject to the jurisdic-
tion thercvof, are citizens of the United
States and of the State wherein they reside.
No State shall make or enforce any law
which shall abridge the privileges or
immunities of citizens of the United States,
ror shail any State deprive any person of
life, liberty, or property, without due
process of law; nor deny to any person
within its jurisdiction the equal protec-
tion of the laws." U.S. Const. Amend. XI¥

The establishment of public-private
boundary lines is a prerequisite to immedi-
ate estuary protection. The Division of
State Lands during this last biennium has
undertaken to map the estuary tidelands.

An example of a Division tideland report
can be found as an appendix teo this paper.

A further concern of the Divisieon in
its protection efforts is the extent of the
so-called riparian use "rights' according
to which the estuary waterfront owner may
use the state-owned submerged and submers-
ible lands fronting his property. Early
English Common Law which forms the founda-
tion for Oregon law has been said to give
the riparian owner many use rights to the
waterlands in front of his property. A
1972 Attorney General's Opiniong clarified
these "rights" in terms of Oregon law.

This opinion defines the Common Law right
as one of access to the water only. Other
so-called rights, such as the wharf right
can be controlled by the legislature.

The state's waterway trust responsi-
bilities, mentioned earlier, cannot be
minimized. The original sovercign grant
of ownership to the waterway lands con-
tained the public trust dedication. Even
though some of these lands are now in
the hands of private individuals, they
are still impressed with the trust
restrictions. If the proposed use of
private land, such as a fandfill would
constitute a loss of this public right,
then a specific administrative procedure
must be followed. This precedure includes
specific administrative fact findinﬁs and
an opportunity for public comment , 1

8uprivate property shall not be taken
for public use, nor the particular 5eTV1CES
of any man be demanded, without just compen-
sation; nor except in the case of the state,
without such compensation first assessed and
tendered; provided, that the use of all roads,
ways and waterways necessary to promote the
transportation of the raw products of mine
or farm or forest or water for beneficial
use or drainge is necessary to the develop-
ment and welfare of the state and is dgclared
a public use.' Oregon Const. Art. I, 18,

S0p. Attly Gen. No. 6951 (October 30,
1972).

l0“(1) The Director of the Division of
State Lands shall issue a permit to remove
material from the beds or banks of any
waters of this state applied for under



A public-trust proceeding was used to
stop further filling of a slough in Coos
Bay. The administrative findings of fact
were affirmed in a state review of the
denial decision and were just recently
reaffirmed by the Coos County Circuit
Court. Whether the decision will be
appealed further 1s not known. If the
decision stands it will be the first time
in Oregon a landfill project has been
stopped on privately owned tidelands by
applying the public trust doctrine.

Since many of the criticzl areas of
our estuaries are in private ownership
and contrel, the resource protection
agencies must also look to the environ-
mental protection taws to prevent and
stop damaging projects. One of the
essential pemmit laws most used for
estuary protection is the removal/fill
permit law, ORS 541.605 et seq. This
law requires that any removal or fill
of 50 cubic yards or more of material
within the bed or banks of a natural
waterway in this state cannot be allowed
without a permit. The law has been an
excellent tool for obtaining resource
agency control over waterway projects
on private owned land.

ORS 541.620 if he determines that the
removal described in the application will
not be inconsistent with the protection,
conservation and best use of the water
resources of this state as specified in
QRS 541.610.

(2) The Director of the Division of
State Lands may issue a permit applied
for under ORS 541.620 for filling waters
of this state. In determining whether
or not a permit shall be issued, the
director shall consider the following:

{a) Whether the proposed fill
unreasonably interferes with the
paramount policy of this state to
preserve the use of its waters for
navigation, fishing and public
recreation;

(b} Whether the proposed fill
conforms to sound policies of con-
servation and would not interfere
with public health and safety;

{c) Whether the propesed fill is
in conformance with existing public
uses of the waters; and

(d) Whether the proposed fill is
consistent with a duly enacted zoning
or land use plan for the area where
the proposed fill is to take place."
ORS 541.625

The individual resource agencies
administer special laws which alsc can
be used in estuary protection. Examjles
arc the Fish Commission's licensing of
oyster beds (OHS 274.060) and the
Department of Environmental Quality's
air and water pollution abatement laws
(ORS 449).

Une of the essential prerequisites
for using the envircnmental protection
laws to stop projects on private prop-
erty is to be able to show that signif-
icant resource damage will occur if the
project is allowed to take place. The
difficulty centers on the fact that one
small project will cccupy a relatively
insignificant amount of tideland and
cause a very minor amount of damage
when compared to the total existing
tidelands of an estuary. We also need
something more than one man's expert
opinion. It is always possible for the
opposing party to find an expert of
equal stature to disagree with the state's
expert.

The state resource protecticon agencies
then have basically three tools for re-
source protection: {1) the state owner-
ship of much of the waterway lands, which
provides a non-environmental means of con-
irolliag the use of estuary lands; (2} the
application of the public trust doctrine
and, (3) the applicaticn of the state's
environmental protection laws.

Adequate land use planning and zoning
can be also good protection tools. How-
ever, this means of enforcement has not
as yet been developed to its fullest
extent,

it should also be noted that the federal
government, toc, has contrel authority in

our estuaries. They will have an increasing
impact on estuary protection as time goes by.

In discussing the enforcement problem
with you, I have been guilty of harping on
one subject, the need for scientific infor-
mation about our estuaries. With the pre-
sentation of better scientific information
I am sure that the rescurce protection
agencles can say -- after the studies comes
protective actiom.

TIDELANDS OF NETARTS BAY

The 1857 Ceneral Land Qffice survey wap of

Netarts Bay called the bay "Ovster Bay."
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dently, the large oyster population must have
impressed the early settlers of the area enough
to influence the selection of the bay name.
Although the name did not prevail, oysters
remained abundant until the 1930's when a
destructive parasite was unintentionally intro-
duced through seeding with a foreign osyter.
Today, both native and cultivated oysters re-
main at insignificant levels because the para-
site continues to infect the bay.

of 2,325 acres
acres of sub-
an area of 13

Netarts Bay covers an area
(1,513 acres of tideland, 812
merged lund). The bay drains
square miles through 14 small creeks. The
fresh water discharge ameunts to only 60,000
acre feet per year. It is interesting to
note that the annual discharge through Netarts
Bay is the same as that passing through Sand
Lake, yet Netarts is 4 1/2 times larger, much
deeper, and possesses a vastly different shape.

The tideland survey of Netarts Bay was con-
ducted during the month of March as weather
permitted. The mean high water and mean low
water lines were photo identified on 1970
aerial photographs at the respective predicted
tide stages. Important areas (ownership other
than State) were viewed on at least two dif-
ferent days to confirm that the predicted tides
were reasonably close to the actual tides.
During the days of the field investigation, the
wind did not exceed the 15 knot threshold con-
sidered necessary to influence the tide by
0.2 to 0.4 feet.

Because tidal ranges are published for
Metarts Bay by the National Ocean Survey, the
actual tides were not observed during the time
of our fieid work. There are no published
Tidal Bench Marks for the area and the nearest
mean Sea Level Datum Bench Mark is seven miles
away on U.5. Highway 101.

Photo identification of mean low water
requires observing the water level during a pre-

side of mean low water. Certain tide curve
shapes are more desirable than others. When

the tide ebbs far below mean low water (-2Z.0
feet for example), the water level falls rapidly
past the mean low water height and a time window
of only 30 minutes results. On the other hand,
a tide 0.4 feet below mean low water expands

the observation period to three hours as the
following example illustrates.

Netarts was the first estuary in which we
used a boat and it proved to be indispensable.
Identification of low water works best with the
observer standing as high as possible in the
boat. The boat operator then maneuvers the
craft up each of the submerged channels as far
as depth will allow. Many stops to get a view
at a different perspective are necessary.

Both color and black and white photos were
used on this project. The relatively inexpensive
black and white photos were used for field iden-
tification of high water, low water, section
corners, control points, and teo record field
notes. The pertinent material was than trans-
ferred to color photos borrowed from the High-
way Department. Many minor changes were made
based on the greater detail present in the color
photography. The value of using color photo-
graphs in this type of investigation cannot be
emphasized strongly enough.

National Ocean Survey Chart 5902 was used as a
base for this survey. The streets of Netarts,
county road along the east bank, and the high
water line along the socuthwest shore were used
for primary contrel of the aerial photographs.

We were able to use portions of the shoreline in
this area for control because of its stability.
The greater length of it comsits of an abrupt
ledge three to four feet above the bay's silt and
sand bed. The grass covered ledge lies one to
two feet above mean high water and then slopes up
gently westward.

Four tideland parcels were sold between 1876

dicted height of plus to minus 0.4 feet on each and 1900, The earliest of these deeds appears
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to have been an attempt to convey 15 acres of
overfiow land in the extreme southeastern portion
of the bay. The parcel was sold to Tilmon W.
McCormack for $18.75 on May 10, 1876. The area
is described by a metes and bounds survey begin-
ning at the meander stake between sections 19 and
30. As the following sketch indicates, more than
just overflow land is bounded by the survey.

The metes and bounds survey surrounds seven
acres of upland and six and one half acres of
grass and marshland. Alsc included is one acre
of tideland and 0.5 acres of submerged land.
Higher levels of the upland are estimated at

70

20 feet above mean sea level.

By 1896, all of the iand encompassed by the
McCormack deed was patented to other individuals
by the General Land Office. Title questions
involving this area have adpparently been resolved.

The three tideland parcels that were sold con-
tain 86 acres. Eighty-four acres are in private
ownership and two acres are with Tillamook County.

A large portion of the Private holdings (41 acres)
are owned by the Oregon State University Foundation.
The Foundation is a private corporation that manages
property conveyed to the University.

19120
30]29

McCormack Deed

Upland

Overflow Land
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Comprehensive Planning tor the Coastal Zone

Jack G. dJohnson, Chief
Planning Branch
Oregon Water Rescurces Board, Salem

Although other definitions may abound,
"comprehensive" can be defined as "including
much; inclusive" and'planning" as '‘the
dynamic and continuous determination and
implementation of courses of actien im
order to achieve a defined geal."”

Planning is one of those areas of en-
deavor which often are described in terms
which are not accurately descriptive. The
basis for such inaccuracy may be either
intenticnal or unintentional, and there
are numerous examnples of both cases.

Without too much effort, it can be
determined that "comprehensive planning"
generally has not lived up to its billing.
This is true not only in the coastal zone
but in other areas as well. For that
reason, initial portions of this dis-
cussion will deal with comprehensive
planning, generally, before addressing
the specific sitwation in the coastal
zone.

For the record, perhaps it should be
noted that the deficiencies inherent in
that situation are accentuated due to the
coastal zone's unique natural resources
and related values and the stresses caused
by human population striving to experience
the benefits to be gained in or from the
coastal zone. And it is this reason that
has focused so much attenticn on this
portion of cur nation in the last several
years and has brought about conferences
such as this one, which is directed solely
toward the technical problems of a partic-
ular areas within the State of Oregon.

“Comprehensive planning” generally is a
much-empleoyed term that has a tendency to
mislead the listener or reader into believing
the planning process to be more functionally
inclusive than it is in reality. Similarly,
common or accepted use of the term has
lulled planners into feeling that they
have accomplished more than they really
have. Often the term ''comprehensive’ 1is
attached in anticipation of broadening
the spectrum of the planning process only
to find a situation develop later much




akin to that of the child whose eyes were
bigger than his stomach as he passed
through a buffet line and later struggled
unsuccessfully to eat all that he had
heaped upon his plate.

In reality then, can we hope to achieve
the theoretically comprehensive plan, or
comprehensive planning process? Our
experience with the present state of the
art forces us to answer in the negative,
but we can aspire to some dramatic improve-
ments in the present situation., In fact,
we are beginning to hear increasingly of
planning processes and resultant plans
that are markedly more comprehensive than
anything undertaken but a few years pre-
viously.

This is in the face of the tremendous
amount of data and information acquired
during the last decade which impresses
on us the realization of how little we
really know about this world and our-
selves, Yet, while faced with an aware-
ness of the growing improbability of ever
being truly comprehensive in the theo-
retical sense, the human mind and spirit
accept the challenge to try to do the best
job pessible. In setting such a scurce,
it is incumbent that we seek out and
rectify the flaws within the comprehensive
planning process.

And it 1s to that issue that the major
portion of this discussion is directed in
the hope that past experiences and present
ocbservations can improve the planning
process for the coastal zone and else-
where, Although this is a technical con-
ference, much of the discussion will be
couched in a practical, empirical sense;
because te be effective ultimately in
terms of successful implementation, tech-
nical data and procedures must be trans-
lated into practical terms and courses of
action.

COMPREHENSIVE PLANNING DEFICIENCIES

It is heartening to note that compre-
hensive planning has improved and it is
continuing to do so; nevertheless, there
are significant detficiencies which beset the
process. While most of thesc deficiencies
are not technical in nature, they are too
important to ignore, for such negligence
will only continue to plague our efforts
to successfully utilize technical infor-
mation and expertise, Some of the basic
deficiencies which are discussed in more
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detail in subsequent sections are as
follows:

1) The process often is oriented toward
achieving goals which themselves
are deficient.

2) The process, although "comprehen-
sive," may not be very inclusive.

3) The process may overemphasize the
"determination or formulation" phase
often at the expense of "implementa-
tion."

4) The process often is discontinuous
and too rigidly oriented toward pro-
ducing a singular product,

5} The process often fails to integrate
adequately the various types and
levels of decision-makers.

DEFICIERT CGOALS

The pianning process must be guided
by goals and cbjectives, While this may
seem almost too obvious to merit stating,
it is surprising how many planning pro-
grams either omit or inadequately address
this phase. Needless tc say, the process
will be greatly improved when goal setting
is an initial and integral step in which
a broad spectrum of interests has had an
opportunity to participate. The goal-
setting process, in turn, must be struc-
tured to accept that type of input and
to reflect the unique characteristics of
the various types and levels of decision-
making and the nature of the concerns.

In a simplified sense, those levels of
decision-making arec the local, state, and
federal governments and the private sector
as well as the systcms and hierarchies
within each. Again simplified, the con-
cerns c¢an be broadly categorized as tech-
nological, environmental, economic, social,
or political and the goal-setting process
must be able to deal with each.

Goal setting is not an easy task. Experi-
ence has shown that it is particularly dif-
ficult for proups to identify or express
goals and objectives at the inception of
a study. Recent experiences, however, sug-
gest that a strong program of citizen par-
ticipation, able leadership, and appropriate
techniques can secure the needed input for
defining an initial set of planning geoals
and objectives, Then, as alternative plans
are formulated and evaluated, the initial



set of planning goals and objectives can
be re-evaluated and, to the cxtent necessary,
reformulated.

It is an interesting observation that
many planning processes strive to establish
goals and objectives through a negative
approach by identifying problems. This
approach fails to address those values
which have not yet ¢xperienced problems,
Apparently, it is easier to identify that
which individuals or society do not like
than it is to identify that which they do
like. It is suggested, however, that the
best approach would be to formulate goals
and objectives on the basis of both prob-
lems which are perceived and values which
are held in esteem.

It must be recognized that goals and
objectives can be ¢xpressed in many forms:
positive or negative, tangible or intang-
ible, general or specific, and in the form
of needs, demands, desires, projections,
or even problems to be rectified. What-
ever the form, goals should be developed
with care in accordance with accepted
principles, such as those employed in
"management by objectives' processes;
because goals and objectives obviously
set the stage for the remaining steps in
the planning process.

COMPREHENSIVE BUT NOT INCLUSIVE

The term “comprehensive" is used too
leosely too often. Generally, compre-
hensive planning occurs on the basis of
a singular function; hence, the terms
comprehensive land-use planning, compre-
hensive water resource planning, compre-
hensive transportation planning, and com-
prehensive health planning, The foregoing
are comprehensive only within the context
of that particular function and not within
the context of the relationship of one to
another.

Needless to say, planners and other partic-
ipants in the planning process should strive
for greater inclusiveness in their compre-
hensive planning. While such inclusiveness
seems to be appearing in a number of plan-
ning activities across the country, it is
not yet prominent within Oregon and cer-
tainly not within the coastal zone--and
probably for good reason. While necessary
resources such as funds and personncl gen-
erally have not been available, it also 1s
truc that the state ot the art is not yet

adequate to meet truly comprehensive plan-
ning needs. The latter case also explains
the rash of planning methodologies being
sought and developed to assist the planning
participants te cope. [t was precisely
this situation last fall that led a state-
federal planning team here in Oregon under
the auspices of the Pacific Northwest River
Basins Commission to contract Oregon State
University for development of a '"general
planning methodology for analysis of
estuarine natural resources.' The results
of this multidisciplinary effort should be
available soon and, hopefully, will provide
useful alternative planning approaches for
dealing with the complexities of the estu-
arine system.

Using project planning as an example of
the evolutional progress being made, past
efforts were addressed initially to single-
purpose projects, later to multiple-purpose
projects, and more recently to project form-
ulation stressing multiple-cbjectives and
multiple means of accomplishing the speci-
fied objectives. Although the benefits
of comprehensive planning are too great
to ignore, the compounding complexities
provide ample reason why professional
pianners have moved cautiously.

For the coastal zone and elsewhere, com-
prehensive planning ultimately must be
broadened to encompass--in an integrated
fashion--such elements as land use, natural
resources, housing, transportatiom, parks
and open space, health services, education,
communications, and public utilities. For
our coastal zone, that point in time is
stiil far off. Progress can be affected,
however, by linking more closely together
the natural resource planning usually under-
taken by state and federal agencies and the
urban or regional type planning, which
usually is carried out by local and re-
gional units of government. While many
contend that state government is the
logical level for such integration, per-
haps the critical thrust is that of simply
establishing a viable, cooperative planning
process where all levels are rutually sup-
portive toward a commen set of goals and
objectives which reflect all levels.

MEANS MORE IMPORTANT THAN END

There is a tendency by professional
planners, especially those more insglated
from the direct demands of the public, to
overemphasize the formulation or cvalu-
ation phase to the detriment of the imple-




mentation phase. Defined another way, the
situation is one where the means is more
important than the end. Driven by various
demands including those of a legislative
boedy, or the innate desire for technical
production, the process becomes a maze in
which the planner often cannot see the real
world which he ought to be addressing.

Too often the approach is to develep a
very complex, involved, and extended process
directed toward achieving some optimal course
of action relative to the adopted goals and
objectives. Soon the technical aspects of
the process become so demanding of the par-
ticipants that they can't adequately address
the human elements with which they must com-
municate and work. When this happens, ex-
perience indicates vividly that the planning
suffers because the potential for successful
implementation is markedly reduced. And
often nontechnical aspects of the planning
process, such as those which are of a social
and political nature, are either ignored or
are largely left to others to be addressed
after a study is completed. More often than
not, these missing ingredients are the ulti-
mate cause of plamning failures,

An example of a complex procedure might
be the somewhat controversial system to be
cmployed in the evaluation of federal water
ard related land resource programs, Although
the principal agencies are using slightly
different methods, the basic approach
is much the same. Programs are to be form-
ulated and evaluated in g comprehensive
manner under wmultiple objectives where the
costs and benefits of cuch alternative for
cach objective are displayed for the bere-
fit of decision-makers. 1n a detailed and
complex system of principles, standards,
guidelines, and procedures, planners are
entangled in o web of complexities oriented
toward projections, optimization, cost-
sharing, benefit-cost ratios, and other
facets, none of which may identify or assess
adequatley those legal, institutional, polit-
ical, or other roadblocks, which may, in the
end, negate the efforts of the most dedi-
cated planners. What is laudible, however,
is the intent to provide an improved display
of alternative courses of action, cause/
cffects, impacts, benefits, and costs, so
that decision-makers have more usable infor-
mation avallable to them. If the procedure
can be kept simple ¢nough, a decision-maker,
such as the Congress, may no longer be forced
to participate in a "take it or leave it"
situation in reviewing a project proposal,
but more logically might be able to choose
those components having concomitant benefits,
costs, and Impacts which appear to be in the
public interest,
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A DISCONTINUOUS PHOCESS

Planning is a continuous process, and
we fortunately seem to be entering a period
of time when more people are awakening to
that fact. In the past, we have seen multi-
tudes of studies commissioned with their
successes measured upon the production of
a report within the allotted time and Ffunds.
Many of these reports resulted in a plan
which might have been appropriate for a
relatively limited period but which were
also relatively inflexible, Such inflex-
ibility did not allow for the recommended
plan to accommodate the various changes
which could be expected to oceur in the
future, thereby insuring that the plan
would be cutdated. Comprehensive planning,
in the sense being discussed here, should
not be thought of or carried cut in such
a manner, but should be every bit as con-
tinveus and dynamic as it is comprehensive.

Much of the discontinuity can be attrib-
uted to the project-vriented approach of
numercus public agencies. Such agencies
aperate programs which are only a collec-
tion of unrelated, uncoordinated individuail
elements or prejects. Those elements begin
with authorization and/or funding and end
no later than expiration of the same.
Little thought is given to the benefits
of supporting a basic, continuing planning
service,

FORCETTING THE DECISION-MAKERS

Earlier discussion on other deficicncies
touched on the need to address the various
types and levels of decision-making. The
necessity to recognize and deal with the
various levels of decision-making is impor-
tant encugh to merit special attention, how-
ever. This is especially true as planning
becomes more goal orjented, with those
poals being expressed by all political
levels. Furthermore, the unique char-
acteristics of each level exert their
peculiar influence on the formulation
process and the potential for imple-
mentation.

Perhaps the most important improve-
ment which could be made in the planning
process would be institution of and commit-
ment Lo a truly "comprehensive," cooperative,
and continuing planning program based on a
positive approach to achieving mutually
identified goals. Although the term is
scmewhat overworked, a planning team in




the fullest sense of the word "team" is
precisely what the planning process needs,

That process could be greatly eshanced
by state and federal governments defining
as explicitly as possible their goals,
cbjectives, policies, standards, and
criteria and providing the necessary per-
sonnel to assist local and regional gov-
ernments in the planning cffort. Consid-
erable improvement would result from con-
tinuity of assigned personnel for the
purpese of servicing planning programs
in selected geographical areas. Only
in this way can a lasting spirit of
mutual trust and cooperation develop
and e€xist over an extended period of
time among thuse having a stake in the
planning process.

It should not be expected, however, to
experience planning without also experi-
encing pressure and conflicts. These are
the signuls whereby the planning team
defines the boundaries and proceeds to
seek the balanced and final course. If
such conflicts are skillfully managed and
publicly aired, it is the public which
wil] benefit--if it has the opportunity to
be party to and understand the planning
process. Public participation or involve-
ment is widely espoused these days, and
rightfully so, but it is not an easy task
if the public is to participate in iden-
tification of goals, formulation of alter-
natives, assessment of impacts and trade-
offs, and selection of final course of
action. Considerable attention must be
devoted to methods of providing meaningful
participatory opportunities to interested
segments of the public,

In summarizing the deficiencies of compre-
hensive planning as noted herein, very likely
it might be stated that nothing profound or
new has been stated. That probably is true
because planning itself is hardly a newcomer.
The appreaches, thrusts and emphases change
with the times but the basic structure of
the process remains essentially intact--as
do many of the deficiencies of that basic
process. But because those deficiencies
remain, they continue to deserve identifica-
tion in the hope that they will be rectified.

COMPREHENSIVE PLANNING IN THE COASTAL ZONE

Slowly begpinning to emerge is the shape
of the future planning structure. The
increasing rejection of piecemeal planning,
particularly at the state level, is the

dominant factor in the definition of that
structure and the roles of its various
elements.

Hopefully, we will see improved expres-
sions of broad national goals and policies
and more specific state goals and policies.
With the improved definition of the federal
and state positions, regional and local
plenning programs can proceed with more
assurance than in the past,

Local and regional entities alone can-
not be expected to shoulder the burden of
comprehensive planning, however. There
are indications that state government will
move to add its presence to the planning
teams in the field if adequate personnel
levels can be achieved and maintained.
State agencies must continue to increase
coordination and integration of programs,
either through official or unefficial
actions, in order that the positions of
the agencies are more consistent with each
other.

One of the constant deficiencies in state
planning is the absence of a coordinated
state planning function. Individual agencies
are left to go their own ways even though
they may be desirous of some form of coordi-
native leadership. For various reasons, a
number of unsuccessful attempts have been
made over the years to establish some formn
of state plapning office. This void is once
again being addressed, this time in the
current legislative session as part of the
state land-use planning proposals.

It appears, therefore, that there will
be sipnificant change in the role of state
government as it moves to marshall its
resources, effect necessary corrdination
and bulwark local planning programs.
Unless there is an equally significant
change in the federal camp, however, the
federal government will continue to gen-
erate problems for planning at the other
levels as well as within its own planning
structure,

National problems often reach a "erisis”
stage which precipitates various far-
reaching actions. These actions are taken
in response to a specific problem and often
without regard to coordination with or
impact on other functions, aspects, or
areas. Application of federal policics
and programs nationally also provide little
opportunity to accommedate unigle situ-
ations within a state, thereby stitling
potentials for excellence.



A case in point is the federal reguire-
ment through EPA for river basin water
quality management plans as a prerequisite
to federal financial assistance for waste-
treament facilities. The law expresses
little concern for coordination with other
planning programs, even those which may be
closely related and federally funded. Now
in effect are the 1972 amendments to the
Federal Water Pollution Control Act which
impose another system of planning require-
ments, again with little regard to other
planning programs.

The subject of the National Coastal
Zone Management Act presents both problems
and opportunities to the nation and indi-
vidual states. In many states, as well
as nationally, it precedes general land-use
legislation and, in any case, raises ques-
tions of compatibility with general land-
use planning. The states alsc are counting
on the funds authorized by the Act, however,
these essentially have been impounded by
the Executive Branch. The absence of
guidelines, which will come from NOAA, do
nothing to ease the uncertainty relative
to the impact of the Act.

Up to this peint, there has been little
mention of the role of the institutions of
higher educatior. That role might be essen-
tially as defined by President McVicar in
his opening address at last year's con-
ference when he said that it is absolutcly
essential that knowledge acyuired through
reserach efforts be put to work rather
than being buried in the library. It
seers that for a number of years, the
academic community preferred not to be-
come too deeply involved with planning
processes gencrally, und perhaps with
good reasen. It ought to be apparent now,
however, that comprehensive planning can
use all the help 1t can get. FPlanners,
particularly at the state and federal
levels, have intensified efforts to sffect
liaison with and secure assistance from
the universities, but the burden has been
on the planners to take the initiative.
With respect to research, it appears that
the real world is the premier laboratory
and the universities would do well to take
the initiative to perform some analyses in
that laboratory to become acquainted well
enough with the planning processes to be
able to formulate their own proposals as
to how they may participate.

One important suggestion bears repeating,
having been previously discussed relative
to planning methedelogies. It is very cru-

cial that means be developed to effectively
utilize our data and information in the
planning process. Proper use is not being
made of much data and information presently,
and the situation will continue to worsen
without the benefit of adequate methodologies
and modern data processing techniques. With-
out these tools, the comprehensive planning
process will never mature much beyond the
present stage due to the inherent complex-
ities and demands upon the primary partic-
ipants. The development and application

of practicable methodologies, therefure,
present exceptional opportunities for the
universities te improve the planning process.

This is an opportunity to raise another
point for the universities to consider if
they are really interested in being part
of the comprehensive planning team. Public
agencies are responsible for management
of much of the coastal zone and actually
for the whole state. As an ecxample, about
53 per cent of the state is in federal
ownership and ancther I per cent in state
ownership. In the course of their research
and teaching responsibilities, university
staff members investigate and analyze vari-
ous agency activities, Criticism is veoiced
periodically about the performance of vari-
ous agencies in discharging their responsi-
bilities and often with good cause. There
appears to be considerable gpportunity to
assist and improve agency planning amd
decision-making processes--provided that
4 greater knowledge of and appreciation
for agency activities could be achieved,
The only adeguate and reasonable means of
doing this would be a pericd of service or
internship with appropriate agencies. In
this respect, 1t 1s un interesting obser-
vation that public agencies are Lenefiting
from a conslderable number of high school
and university students under various spon-
sorship program;s but thosc same offices
are rarely, if ever, freyuented by the
teaching and research staffs of the schools.
One has to wonder about the logic and pri-
orities in such a situation.

In conclusion, some personal and
admittedly subjective observations about
the ongoing planning programs in Orcgon's
coastal zome may be of value. Thesc
observations stem from responsibilities
in a major state agency planning program
incorporating intensive cooperation with
local interests and federal agencies; and
4 six-month assipnment to coordinate
activities preceding establishment of
Oregon's Coastal Commission.

1) The Oregon Coastal Conservation and




2)

3)

4)

5)

Development Commission is picneering
in efforts to define important poli-
cies and standards for areas of crit-
ical concern. I[f successful, the
product will serve as a model for

and be of benefit to planning efforts
in other areas of Oregon.

The Oregon Coastal Conservation and
Development Commission's concern and
responsibility for regional matters
and public participation alsc would
be of benefit if employed in other
areas of Oregon.

Councils of government serve a useful
role in intergovermmental coordination
if the issue of the manner of designa-
ting representatives to the councils
{elective or neon-elective) can be
resolved in such a way as to generate
public confidence,

Local planning can do the necessary
planning job, if coordinated within
designated areas; augmented by state
and federal technical assistance;

and provided with state and federal
policies, standards, goals and objec-
tives.

State and federal governments must
accept the planning process as a
continuous function which deserves
support in relation to the extent
of state and federal interests and
cbligations in a particular area or
activity.

6) The planning process mist seek a

measure of conformity in the coastal
zone with respect to manner of public
participation in order to facilitate

such participation. Consideration
should be pgiven to reimbursing the
expenses of designated or authorize
public representatives such as advi
ory committee members.

7) Efforts should be undertaken to
remove or alleviate legal, insti-
tutional, and financial impediments
to objective planning and to imple-
mentation of "optimal' plans or

d
5—

other agreed upon courses of action.

8) Planning participants should recog-
nize that it is unlikely that all
interests can be satisfied, and
decision-makers should take posi-
tive action upen satisfaction that
reasonable effort has been devoted
to formulating and displaying alter
native courses of action.

The subject of comprehensive plamning,

in the coastal zone or elsewhere, is complex,
sometimes nebulous, the subject of very few

texts, often in need of abundant common-
sense, and a subject which i1s of extreme

importance to all who care about our future.
It is hoped that this discussion has addressed

some aspects which, in turn, will generate

appropriate actions to improve and maintain

the comprehensive planning process.



General Planning Methodology for Estuarine
Natural Resources

Peter C. Klingeman, Assaciate Professor
Department of Civil Engineering
Oregon State University, Corvallis

This paper summarizes the main features
of a new approach to planning and decision-
making for Oregon's estuarine natural re-
sources. The general methodology presented
here was developed by the author and David
A. Bella™ with the assistance of eight
specialists from several disciplines2. The
methedology was developed for the Oregon
Study Team (state and federal agencies) of
the Pucific Northwest River Basins Commis-
sion, with specific financial support from
the Portland District, U.5. Army Corps of
Engineers, and the National Marine Fisheries
Service, National Oceanic and Atmospheric
Administration., During the study, fre-
quent discussions were held with members
of the Oregon Study Team and the Oregon

Coastal Conservation and Development
Commission (OCC & DC)

The objectives of the study were:

1, to examine the physical, chemical and
Livlogical characteristics and their
interrelationships for Oregon estuaries,
tu see how they affect planning and
decision-making;

2, to develop a general methodolopy for :
making planning and management decisions
for Oregon's cstuarine natural resources;

3. to determine the information necded to
implement the methodology; and

4. to examinc the constraints on planning
caused by insufficient and inadequate
intormation,

lAssociate Professor of Civil Engineering, !
Oregon State University.

ZD.R. Hlancock, biological oceanography;
H.F. Horton, estuarine fisheries; M.S. Inoue,
systems engineering; C.D. Mcintire, aquatic
ecolopy; W.5. Overton, decision theory and
ecology; L.S5. Slotta, ocean engineering;

C.L. Smith, cultural anthrepology: J.M.
Standar, decision theory.




Two reports were prepared under this
study: (}) General Planning Methodology
for Oregon's Estuarine Natural Resources
and (2} Pescriptions and Information
Sources for Oregon's Estuarics,

SOME STARTING DEFINITIONS

Planning, or the systematic process for
determining ways to accomplish goals, has
been dealt with most effectively by use of
different planning levels with varying
scopes of responsibility. In this method-
ology, two distinct levels are recommended:
the strategic level and the tactical level,
The latter is further subdivided, as will
be discussed later. Here, strategies are
defined as concepts and procedures to
follow in the comprehensive (regional and
long-term) employment of resources to
accomplish set goals; tactics are concepts
and methods to follow for the immediate or
local employment of resources to accomplish
set goals., Strategic planning, in the
sense of this study, is comprehensive
regional planning with a broad scope of
responsibility whereas tactical planning
is local, smaller-scale, detailed planning
involving individual estuaries.

THE NEED FOR NATURAL RESOURCES PLANNING
AND MANAGEMENT

There are both "positive" and '"negative"
needs for natural resources planning and
management. Both types of needs are com-
pelling. The urgency of the needs and the
strength of the measures called for are
variable among the kinds and locations of
the natural resources, being generally
greatest for scarce resources and in those
areas wherc population pressures are greatest.

The positive need for natural resource
planning and management is to improve the
quality of life for man. While a somewhat
elusive goal to define, this is not purely
an ""economic ethic" nor an “ecologic ethic.”
The geoal of improving the quality of life
goes beyond seeking material and spiritual
comforts. It also requires a responsibility
on the part of man to present and future
generations. In relation to natural re-
sources, this respomsibility requires a
different perspective than purely an
exploitational, economically grounded
view. It requires a strong sense of
‘husbandry,' conservation, and protec-
tive use, It may call for boldness in

some 1nstances to effect change or to
markedly alter the character of an estuary.
It may alsc call for caution against taking
s0me actions in recognition of the limits
of man's knowledge and the inability te
foresee consequences.

The nepative need for natural resource
plabning and management is to protect those
rsources against undesired depletion, exhaus-
tion, extinction, misuse, and abuse. Today
there exist many examples and monuments to
these undesirable conditions. They provide
4 strong motivation to plan ahead and man-
age carefully so that the bad things which
have occurred elsewhere won't be repeated.
Because there is a great deal to leasrn
from the mistakes of others, such insights
ray be used advantageously in natural re-
source planning and management.

THE NEED FOR PLANNING LEVELS

Various planning levels are important
in natural resources planning to adequately
consider these resources from different
perspectives and scopes of responsibility.
To 1llustrate this, consider the following
example. Suppose that eight estuaries
exist along a state's coastline and are
nuwibered consecutively. Suppose alsc that
three general plans have beer proposed for
development and preservation of these estu-
aries. Plans A and B represent "all or
nothing'" development schemes and differ
in that under plan A the even numbered
estuaries would all be extensively
developed and the odd numbered estuaries
would be preserved untouched, whereas
under plan B the odd numbered estuaries
would be extensively developed and the
even numbered estuaries preserved. Plan
C represents a moderate degree of develop-
ment in all eight estuaries. Table 1 illus-
trates this situation.

From the regional viewpoint, plans A
and B are essentially the same in pre-
serving a diversity of estuarine condi-
tions, whereas plan C is quite different
and would greatly narrow the range of
diversity of estuary types.

From the local viewpoint, plan A 1is
the exact opposite of plan B, whereas
plan C is a compromise.

The determination of which plan is best
will depend upon Tregional and local geals
and policies. However, the decision can-
not be made at onc level only and still
adequately meet the positive and negative



TABLE 1

[LLUSTRATION OF THE NEED FOR PLANNING LEVELS

Plan A
Develop only the

Estuary even-numbered
number estuaries

1 Preserve

2 Develop

3 Preserve

4 Develop

5 Preserve

6 Develop

7 Preserve

8 Develop

needs for natural resource management
described earlier. The most effective
environmental planning structure would
consist of a number of planning levels

of varying scopes of responsibility.

Such planning levels would not only be
related to each other but would alse relate
to other components of the entire socio-
CCONoMmie structure.

LXISTING PLANNING LEVELS FOR ORECGON'S
ESTUARIES

Several levels presently exist in the
planning and decision-making process for
Oregon’s estuarics.  These include organi-
zational levels, planning process levels
and levels for different types of plannjing
and decision-making activitices.

The planning and management for Urepon
coastal zones 1s carried out by five dis-
tinct groupings or levels of agencies and
organizutions, These are the federal
apencles, the regional interstale organi-
cutlons, the state apencies, the vegional
intrastate organizations, and the local
organizativns. Fach greoup has a differ-
cilt roje and range of responsibilities
regarding estuary planning and management.
Furthermorc, the scope of total activities
and proportion ot cffort devoted to estu-
arics varies among and within groups.
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Plan C

Moderate
development of

Plan B

Develop only the
odd-numbered

estuaries all estuaries
Develap Moderate
Preserve Moderate
Develop Moderate
Preserve Moderate
Develop Moderate
Preserve Moderate
Develop Moderate
Preserve Moderate

The planning process for natural re-
sources can alsc be viewed in terms of
the decisiens which must be made. When
placed in such a context, three distinct
levels of planning and related decision-
making can be identified. These are:
overall policy planning and decisions,
functional planning and decisions, and
project planning and decisions. These
are sequential, the second following
tie first and the third not possible
unti1l the sccomd has been carried out.

Finally, the types of pluanning and
decision-making activities can be divied
intu strategic and tactical. These have
already been described.

Figure b oshows the planning and decision-
mahing levels For Uregon's cstuaries.

PLANNING LEVELS RLECOMMENDED IN THIS STUDY

For better coordination and more effec-
tive planning of estuarine resources, it
is recommerded that the types of activities
be arranged around three planning levels.
As shown in Table 2, thesc are a regiomal
strategic planning Jevel, an intermediate
tactical level for advance planning and
the provision of professional services for
irdividual estuaries, and a local tactical
level for specific plunning and projects
in individual estuaries. Comparison of
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Tables 1| and 2 with Figure 1 will show

how the existing planning organizations,
processes and activities are incorporated

in this recommended approach.

SOME FEATURES OF THE RECOMMENDED
METHODOLOGY

The following are some of the impor-
tant features provided by the propeosed
methodology for estuarine natural re-
sources planning and decision-making:

data; guidelines for natural re-
source use; identification of poten-
tial alternative actions and general
environmental impact assessments

for potential alternatives; prior-
ities for needed planning and actiens;
and reviews of specific plans.

6. Strategic planning will identify
at an early date certain estuaries
or pertions of estuaries suited for
"protection" status, giving an early
opportunity to initiiate activities

1.

5.

“Local" interests retain a key
role as originators of specific
detailed plans.

Srate and federal agencies retain
their role of planning for their
limited authorized functions.

State and federal agencies and
regional organization {(interstate

and intrastate) jointly establish
strategies and tactics, strategic
plans and tactical plans for

natural resources use and PI'CIT:EC—
tion with a primary goal of improving
the quality of human life now and

in the future.

State and federal apencies and
Tegional organizations cooperate
to maintain the overall diversity
of Oregon estuaries and estuarine
resources.

A state-federal interagency group

of “resource professionals" provides
essential advance planning and pro-
fessional services for individual
estuaries. This includes: natural
rescurce data and environmental

for maximum protection of natural
resources there.

7. BSpecific plans originating at the
"local” level, including these of
state and federal agencies, are
reviewed for compliance with poli-
cies and guidelines established at
the strategic level and intermediate
tactical level.

8. Data gathering, analysis, and inter-
pretation are coordinated at the
strategic and intermediate tactical
levels, deficiencies are identified,
and supplemental data cellection is
initiated to improve overall planning
and detailed planning.

STRATEGIC PLANNING

The basic concerns in this envircnmental
planning methodology include the following:
the improvement of the quality of human
life, the avoidance of large-scale itrevers-
ible change, the avoidance of dominating
environmental change, the preservation of
environmental options, preservation of the
self-organizing vapabilities of ecosystens,



TABLE 2

RECOMMENDED PLANNING LEVELS FOR ESTUARINE NATURAL RESOURCES

Plarning Level

Strategic-level
planning for
Oregon estuaries
as a group.

Intermediate-level
advance planning
for fndividual

planning Purpose

Regional strategies to
'hnprove qua"{ty ﬂf 1'ife,
protect natural resources,
maintain diversity of estu-
arine resources and types.

Interagency cooperation to
implement strategies,

Policies and gquidelines for
natural resource use in the
estuary.

Planning Group

Federal-state interagency
group with regional level
coordination.

Federal-state coastal zone
interagency group, sepa-
rate from the above, with

state-level coordination

estuaries.
Professional services.
Coordination and clarification
of responsibilities.
Local-level Specific plans, both compre-

specific planning
for individual
estuyaries.

Management.

the miintenance of o balunce among preserva-

Livg, conservition, and development, and
the continuatice ot o diversity of estuarine
topen and conditivns,  These concerns form

the basrs for strateate-leve!l environmental
plunning.

The tucal environmental striategy to
tupreve the quality ot hunsn Jife has Deen
termed the "diversity approach™ in this
methodulegy.  This approach or strategy

pliaves o litgh value on envirenmental varicty,

1t sveks to maintain as broad a diversity of
Hregon estuarine systems us possible.  This
valls tur the uneven distribution of man's
vhvarunmental nflucences, to provide a yari-
vy el developaent, conservation, ang pres-
ervation cotisms.,  Such varicty is deemed
vasent sl pot only arony ditferent estysrics
but alwy for the separable systems within
individus] estuaries.

this planning methodology recommends that
LA¢ pasle environmental concerns Cxpressed
4t the stratepic level be implenenteg by use
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hensive and limited in scope.

Public and private entities
"Tocai" to the estuary and
vicinity.

Implementation of plans.

State and federal agencies
with specific projects or
programs in the estuary.

of a fupctional classification system and a
strutegic decision group capable of making
decisions which result in developmental
diversity among the estuarine systems.
These systems include both the ayuatic
regions and the adjacent lands.

Functional classification of each estu-
arine system by the strategic decision group
involves, first, agreement upon the primary
reliable function of that system {production
or protectien) and, second, desipgnation of
the systems as a "production," "“protection,"
or "mixed" system along a spectrum of poten-
tial development-conservation efforts. This

is illustrated in Figure 2. Production refers
to encouragement of man's use of the estuarine

system for the highest yield of these goods
most useful to man. Protection refers to
holding man's development at its present
level or reducing the level of development
to protect the natural self-organizing cap-
abilities of the system. Mixed systems are
intermediate between production and protec-
tion systems.
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FIGURE 2.

Collectively, the three system categories
permit implementation of the environmental
strategy of diversity. The diversity approach
requires that Oregon's estuarine systems be
well distributed along the full range of de-
velopment-conscrvation efforts (the horizontal
axis of Figure 2), so that the broadest possi-
ble variety of conditions will be available.
The balance among estuarine systems along
this specteum of efforts must be maintained
at the strategic planning level. For example,
it local intercsts press for development of
certain systems & shift toward greater con-
servation efforts will be needed at other
systems to maintain diversity.

INTERMEDIATE-LEVEL TACTICAL PLANNIKG

The central feature of the tactical
planning methodology is the recommended
intermediate planning level between the
broad strategic planning level already
described and the specific lecal planning
level currently in existence.

The basic environmental concerns are the
saem at the intermediate tactical level as
at the strategic level. However, these are
rephrased inte mere-specitic pgulding con-
cepts.  5ix concepts for tacticual planning
are particularly emphasized. First, the

estuary should be recognized and described
a5 a system so that propesed activities

or alterations will be viewed in terms of
their effects upon that system, rather than
a5 isolated, localized alterations. This
invoives treatment of the system as an
entity having properties, undergoing vari-
ous kinds of processes and interactions,
and possessing a range of inputs and out-
puts. Second, and closely related to the
first, a "systems" approach should be used
for analytical treatment of estuarine nat-
ural resources to show roles, functions,
characreristics and interrelationships.
system state, boundaries, adaptivity and
uniqueness are among the many considerations
here. The limits of human knowledge of the
system must be recognized, as well as the
differences in human perception of the system.
Third, the habitats of biclogical resources

in estuarine systems wust be identified.
Furthermore, because developmental activities
generally lead to progressive loss of many
habitats, steps must be taken to preserve
habitats if biological diversity and eco-
system self-organization are to be maintained.
Table 3 shows different ways by which habi-
tats may be identified and described. Fourth,
environmental impact assessment should be an
integral part of planning, from start to fin-
ish. At the internediate tactical level such
assessment is a basic feature of advance
planning as well as of specific-project re-
view. Several elements of environmental
impact assessment are shown in Table 4.
Fifth, "prevencive” planning should be used
as part of total planning to learn from past
mistakes and to avold past errors and poor
judgment. The counterpart to preventive
planning has generally worked well-success-
tul past projects are often modified for
application to nevw situations, With unsuc-
cessful projects it is often possible te find
a relativiey few causes for fallure, to iden-
tify some of the cause-effect relationships,
and to trace repercussions throughout the
system. Documentation of such case studies

at the intermediate tactical level would

help local planners to avoid many common
pitfalls. Sixth, flexibility should be an
important feature of current plans in order
to preserve future options. These may be
required due to present ignorance of estu-
arine systems as well as to changing know-
ledge, needs, and capabilities.

The

The following may be taken as “'tactles”
to apply at the intermediate tactical plan-
ning level:

I. Sect pelicies and guidelines for

natural resgpurce use.

2. Characterize the estuary as a syvsier,
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TABLE 3

CONSIDERATIONS IN HABITAT IDENTIFICATION AND DESCRIPTION

I. Features of Space
Water depth: Bottom sediments and substrate condition:
floodplain/surgeplain zone bedrack
surf splash zone rocky, boulders
marshes gravelly
Intertidal zone sandy
upper muds .
middie sitty
1ower clayey
subtidal zone vegetation, plants
shallow organic debris
deep wood chips
logs
Locatfon in estuary: Vegetation type found:
entrance shoreline
near-mouth équatic, intertidal
middle reaches adquatic, subtidal
upper end sedges
riverine grasses
channeis algae
constrictions, points
embayments Association with structures:
deep pilings, piers
mud flat Jetty rocks
marshy log booms
Typical salinity range:
near-marine
1ntermed1ate. high salinity
intermediate, low salinity
near-riverine, mildiy brackish
o value of Species tg Man
Direct: ‘ Indirect: Basic life support
commercial commercial Non-essentia?
recreaticnal recreational
aesthetic aesthetic
HI. Functional Role of Species
Producers Consumers Decomposers
Iv. Biological Group or Behavigral Characteristics
Plankton Neuston Nekton Benthic Epiphytes



TABLE 4
ELEMENTS OF ENVIRONMENTAL IMPACT ASSESSMENT

I. Statement of Proposed Action

IT.  Existing Conditions in Context of Proposed Action

Area involved:
Condition of area
Problems

Resources involved:
Condition of resources
Problems

ITI. Alterations of Existing Conditions by Proposed Action

Physical changes proposed

Area to be affected by physical changes:
Immediate
More distant

Systems to be affected by physical changes:
Biological
Physio-chemical
Human
Other

Time frame for alterations to occur

1¥.  Probable Environmental Impacts

Resources jmpacted

Aquatic Terrestrial Interrelationships
Biclogic Biologic  of resources
Mineral Mineral
Other Other

Time frame

Short-term (during construction)

lLong-term (during post-construction cperations)
Areas involved

Immediate {local) area

Distant areas within estuary

Distant areas beyond estuary

Interrelationships of areas
Character of imapcts

Direct vs. indirect

Primary vs. secondary

Avoidable vs. unavoidable

Isolated vs. cumulative

Beneficial vs. detrimental

Enhancement vs. deterioration

Reversible vs. nonreversible
Possibilities for future modification

Renewability of resources affected

Reversibility and retrievability of

resource commitment
Less of future options
Restriction on range of beneficial uses

[aa]
-



identify and describe all resource
subsystems in order to better assess
the effects of proposed plans.

3. Do advance planning in order to be
ready for evaluation of specific
planning proposals.

4. Take an advance look at the possible

alternative actions for each estuary.

5. Take an advance look at the probable
environmental impacts of potential
alternatives.

6. Do preventive planning te understand
avoild past mistakes.

7. Determine the present limits of
scientific knowledge and the levels

of ignoruance about natural resources.

8. Determine the acceptable environ-
mental risk levels and acceptable
margins for planning error for
individual estuaries.

8. Prefer those alternative actions
which preserve future options, in
order to accommodate new scientific
information and new needs,

Implementation of intermediate-level
tactical planning as recommended here
involves the formation of an intermediate-
level group of resource experts from state
and federal agencies and other appropriate
groups.

The recommended planning procedures for
individual estuarine systems are shown in
Figure 3. The concepts and tactics pre-
viously described are integral parts of
the process depicted in Figure 3.

LOCAL-LEVEL TACTICAL PLANNING

The local planning process takes many
forms and varies tremendously in detail
und thoroughness. The Oregon Coastal
Conservation and bDevelopment Commission
has recently developed guidelines for
local estuarine planning (OCCEDC, 1973)
50 that better, more comprehensive plan-
ning may be accemplished. These guide-
lines are represented diagrammatically
in Figure 4.

At several steps in the local planning
process of Figure 4 the availability of
a technical advisory proup and of tech-
nical services is essential (see TAG
designation). Furthermore, comparison
of Figures 3 and 4 shows that technical
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services might be applied beneficially
to other steps in Figure 4.

Intermediate-level tactical planning
can be made highly compatible with local-
level tactical planning. Furthemwore, the
efforts of OCCEDC and others in improving
local planning can be greatly supported
by the natural resource planning method-
ology discussed here. This methodology
can be used to coordinate and increase
the participation of state and federal
agencies in estuarine planning.

CLOSING REMARKS

The general planning methodology described
here will not resolve all problems regarding
estuarine natural resources, Planners and
decision-makers will always be faced with
the "environmental predicament;"” (a) that
man's ability to change the environment
exceeds his ability tco foreses what that
change and its effects will be at a given
time (Bella, 1972} and (b) that some degree
of relative ignorance will always exist as
long as man increases his ability to change
the envirenment. This is shown in Figure 5.
Planning must adequately recognize the limits
of man's knowledge. There will always be
some uncertainty regarding the outcome of
estuary modifications, no matter how care-
fully the modifications are planned. But
thorough planning along the lines recom-
mended ir the general planning methodology
proposed here will help to minimize man's
relative ignorance and to improve the
decision-making process concerning estu-
arine npatural resources.
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My Life on the Water Front
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Joel W. Hedgpeth, Professor
School of Qceanography
Qregon State University
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As one of a long line of Methodist cir-
cuit riders I am entitled te use a text or
a moral for my discourse. But I must remind
you that such a family tradition means that
you may be in for a long sermen; as one of
my great uncles wrote to my grandfather in
1886, "L am in very poor health bearly able
to walk--could not cut wood cnough to cook
a meal for my life but thanks to God I can
preach just as loud and long as [ ever
could without any inconvenience."

In any event, my moral is that water
should have its own right to be, its own
right to go its immemorial way to the sea,
to exist for its own sake., I started
thinking this way many years ago after a
discussion with an agricultural engineer
(I cannot now remmember whe he was) in
Giannini Hall in Berkeley. I was men-
tioning that there might be a requirement
for a certain flow of water in a certain
stream to enable the salmon to continue
living in that stream. He asked "What
are they going to do with that water--

‘waste 1t?'" ilis reaction startled me and

had not a little to do with setting me

on my way as a preacher for the environ-
ment. However there is nothing duller

than the saved preaching to the converted,
and if at times I say unkind things about
engineers you will realize that I am hoping
to save some souls,

I decided to approach this problem by
the way of my family history, which in a
way has always been involved with water
problems. When my father's people came
West in 1858 they were the first wagen
train to take the Beale Trail west from
Albugquerque and they stopped for a few
days at that famous water hole, E1 Marro.
This piace is only about an hour and a
half from Albuquerque these days, but
every fifteen minutes by automobile at
70 miles per hour represents an entire
day’s travel in my grandfather's day.
From this place they travelled to the
Colorado River where they encountered
agother sort of water problem--the bar-
rier of the river. They were backed up
against the river, waiting for the oppor-
tunity to cross by ferry when they were




attacked by Indians and lost their stock
and wagons. Some of cur people have
never cared for Indians since but I
suppose 1t is appropriate that my mother
became a missionary to save the Indians
from their heathen ways. In any event,
many of my people finally came to rest
at Academy, 2 few miles east of Fresno--
where there is very little water, just
as the hills bepgin to rise toward the
Sierra.

As for myself, I came to the light of
day on the shore of an estuary--or not
far from the Qakland estuary. | was born
in a Victerian mansion in West Oakland.
We all tend to view or understand things
in the light of our own experience--the
only normal or usual weather {s that in
which we wer¢ borm--sll others are not
quite right., And so it is with other
things. But te Oakland estuary is onty
a tidal channel between Oakland and
Alameda--hardly a rcal estuary at all.
This has had perhaps a far-reaching and
undesirable effect on people in the San
Francisco Bav region--it has taken thom
a very long time to understand that the
real estuary 1s the bay and river itself.
They did not realize the bav itself was
an extuary until almost too late.

My own studies of water, especially as
it tflows to the sea, were begun at a very
early age, sipnificantly enough on the
shores of Whiskey Creeh, ncar Nortn Fork
in Madera County. This stream flows into
the south San Jeayuin and thence passes
Stockton, where [ began my formal educa-
tion in the old Lincoln School, bur before
then 1 was taken for walks along the ocean
beach at San Francisco by an old maid aunt.
S0, very early | was introduced to the full
range of aquatic environments from a moun-
tain stream to the sea itself, and began
school in the middle of it all, the Delta
country of California. My real heginning
on the seashore, however, was not on the
ocean beach of San Francisco, but at Pebble
Beach just below Pescaderc. 1In a way I have
known this place before I was born since my
grandmother used to sit in the little cove
for hours picking pebbles and my mother
inrroduced me to the place and 1 have
visited it many times since. 1 always
stop and gather a few pebbles despite the
signs asking us not to pick the pebbles.
The sign used to recad "Rock Hounds and
Pebble Puppies, You can't take them with
you" but that sign disappeared. It is
probably in a Stanforcé frat house. Any-
how I foet that T have a hereditary right
to a few pebhbles from this beach. 1t is

also where T fivst saw a living pyveno-
gonid, but that is another storyv.

I was introduced to California water
problems sooncr than I realized, far among
our family friends was a former governor,
George C. Purdee. He was the chairman of
the first commission to consider a general
plan for California water, which led inevi-
tably to the grandiose schemes now so prev-
alent there, For some reason or anotler
that 1 do not now remember, he gave me some
advice: "I like the cut of your jib, don't
change it." I wonder if he ever suspected
what such advice might do, and he certainly
would have been astounded had he lived to
see me as one of the principal witnesses
in hearings against an important phase of
the California Water Plan. Of course, he
might not have approved of diverting the
water past the Delta either, but as far
as the reports of the committeec go, he had
no feelings whatever for water as part of
a living system, of the aquatic environ-
ment itself. Water was simply something
10 be moved around to meet man's needs.

At the time the governor gave we his un-
solicited advice I was not completely
confirmed in the error of my wavs.

This, I must again remind vou, took
place on the shore of the Qakland Lstuary,
which is not 4 tTue estuary at all. It
has been only in the last five or six vears
that we have heard the San Francisco Bay
and delta system referred to generaliy as
an estuary. All the plams and public dis-
cussions that were part of the development
of the California Water Flén and indeed of
the recent movement te save San Francisco
Bay, never mentioned that this repion was
actually an estuary. Yet casual inspection
of maps should have revealed to anyone that
the original system included u delta region
of channels and marshes ef almost the same
drea as the open water surfacc of the bay
itself. The concept that salt gets into
river water by being pushed up froum the
ocean against the stream gradient was
incomprehensible to the man who directs
the California watcrworks, Mr. William
Gianelli, when confronted with data that
bottom drogues actually moved into the bay
from the ocean and far upstream, he thought
it must be some kind of mistake. The whole
working system of 4n estuary was incempre-
hensible te him, as it seems to be to many
others who are tampering with this great
natural system. Yet it was all clearly
understood a generation before, when drove
Karl Gilbert published im 1917 the fincst
paper ever written about Sap Francisco EBay
--a study that started out as un examina-



tion of the problem of hydraulic mining
debris in the foothills and interior val-
leys of the mining country. But to under -
stand this process it became necessary to
work out the problems of tidal actien and
sedimentation in San Francisce Bay, the
end reservoir of the millions of cubic
yards of dirt washed down from the mines.
This paper is still worth studying toeday
as an ideal environmental impact report.

The keystone of California's water system
is Shasta Dam. When this dam was started in
the late 1930's it was assumed there were no
fish left in the Sacramento KRiver that were
worth saving. But after they started the
dam it was discovered that the salmon run
was increasing, coming back from almost com-
plete obliteraticon. Unfortunately we cannot
document the reasons for this resurgence of
the salmon runs. We can only speculate, It
locks as if possibly the salmon had become
adjusted to what was left of their original
environment in the Sacramento-San Joaquin
system and were on their way to recovery
when man was about to strike the coup de
yrace with a new series of even bigger dams
to cut off what was left of the streams.

But as the runs began to increzse while
Shasta Dam was being built it was obvious
that something would have to be done to
save the runs as they were a greater re-
source than anticipated in the original
planning. Such difficulties as this arise
out of our capacity to do big things, like
Shasta Dam, Grand Coulee, and Boulder--or
lNoover--dam., In the long run all these
iy things we are doing may become a
hizard to human life, All good engineers
are sworn to do nothing that is hazardous
to human life to obtain their license to
practice, but i1t might alsc be a good idea
it we tried to think less grandiosely.

For a change we might think about how
things could be done on a smaller scale
instead of the larpest possible scale.

It also seems difficult for people,
especially from such a distance as Wash-
ington, D.C. to understand the problems
of a semi-arid region with intermittent
stream flows, When we failed to include
Cottonwaod Creek, south of Redding, in our
suggestions for peossible salvage streams
to replace the lost reaches of the rivers
above Shasta Dam, we had to demonstrate by
photographs of the dry stream bed that an
annual statement of large stream flow did
not guarantee water during the period of
the salmon run. Water problems have been
the main theme of most western movies and
novels; in how many such stories is there
a scene about fishing, catching fish or a
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reference to fish? Diversion ditches with-
aut fish screens have long been part of the
western scene.

Up to the time the big canal south from
Tracy across the Tehachapli to Los Angeles
was built, the biggest California ditch of
all was the Owens Valley aqueduct and pipe-
line for the city of Los Angeles. This was
not achieved without bitterness and rancor,
and overt sabotage, as anyone familiar with
the history of California cun easily remem-
ber. [t was because of this rape of the
Owens valley that Mary Austin predicted
that no good cnd weuld come to Los Angeles,
that in time the carth would speak out
against this violation. And s¢ it has,
perhaps not exactly as she might have an-
ticipated. Parts of the Owens Valley have
gone back to sagebrush and jackrabbits, but
Mary Austin did not know how right she was
about Los Angeles. It 1s a place for
leaving, too large {for its own ecological
base and unlivable. By some outrageous
quirk of fate, however, the regional office
of the Los Angeles Water and Light Bureau
is just across the street from Mary Austin’s
house in Independence. Of course my own
family tradition conditioned me to the im-
plicit understanding that what went on
south of the Tehachapi was simply not part
of California. I suppose somehow this idea
came from my mother's harrowing story about
the over-endowed friend who was burned to
death in a train wreck on the Tchachapi be-
cause she got stuck in the train window
trying to escapc. Somehow | got the impres-
sion that the moral of this episode was that
she deserved this unfortunate fate for having

gone to Los Angeles,

There are various grandiose schemes
that may be even bigger than the water
system of dams and canals, in keeping
with our tendency to think big, such as
that to build an enormous plastic hose to
lay along the bottom of the ocean to take
the waters of the Klamath River from their
mouth and carry them to Los Angeles. Ulri-
mately, such a super king-sized plastic
hose might go to the Columbia River. But
at the rate people are leaving Los Angeles
these days this may all become academic,
like those Pentagon plans for the invasion
of Canada or other unlikely places, since
all possible contingencies must be thought
of. I hope this is such an unrealistic
contingency plan. And grandiose schemes
do fall of their own weight, sometimes.
However, one has to be careful about say-
ing unkind things about private develop-
nents, however ill-advised their construc-
ticn may be, as you can be sued. Never-



theless, although o condominium may be
falling down before ovne's eyes, you are
not supposed to say too wuch specific about
it. Yet there are development ipterests
who would like to see the Orcgon coast
built up like the Rie de la Plata or the
Riviera, with solid rows of high buildings
along the shore. [ suppese their ultimate
dream would be the submerged hose to Los
Angeles and all the rest of the scascape
obscured by high-rise bulldings., Every-
body would be spending lots of money to
keep these things up, eating in expensive
places and consuming energy beyond our
means--and everybody would be happy, I
suppose. And the ccean, the bays and the
streams would be trcated alike as the uni-
versal sink, just places to dump whatever
we want to forget.

Even where our interests are scientific
or esthetic, we endanger our seashores.
Once a rich site for class trips like Muss
Beiach is now almost bare rock surface, with
hardly any of its former diversity of life
remaining. This 1s the result of countliess
visits by hordes of students, The same sort
of thing is happening to Qrepon beaches,
especially the area on the south side of
Yayuina Head. It is possible for most of
us to reulize that rivers and bays may be
endangered by Jevelopments that fail to
heed the rights of water as part of a nat-
ural system, but the scashore itself s just
as vulnerable. The value of scashore prop-
erty may be due in purt to the idea that
seashores are invulnerable, that the tide
will always come in and clean away ull the
stuft that accumulates on them during the
Jday, But this may not be truc. The system
involving the waves and currents near the
shore is in some ways separate {rom the
gpreat occanic system, and mixing goes on
slowly. Concentrations may be built up
slony the shore that will in time be as
of fensive as those on a neglected estuary
mud flat. And nature lovers are no less
responsible than crass ipdustriclists. It
is amusing, in a morbid sort of way, to
hear objections from a bird-loving socicty
that a certain seaside development will
endanger the birds while at the same time
they would build a bird watching conven-
tion and teaching center that might well
frighten away more birds than a motel.

As an approach to recognizing when our

envirgnmental assaults may reach a critical
stage, it has been proposed that we adopt

a concept from theoreticual ecology about
the ratio of kinds of organisms to their
total! pumbers. The idea is thut the more
kinds therc are the better of f the system
i5, that is, its diversity is a sign of
health or stability of some such. Hence

all we have to do is sample it and estimate
how diverse it may be after identifying the
kinds of animals and plants we find there.
We can compute an index for this, and if the
index tells us things are approaching a more
monotonous condition of enly a few kinds of
animials, then we are damaging the environ-
ment and should change our ways. It does
sound straight-forward and simple except
that the number derived should not be
accepted as more than a general indication
because of the difficulty of being sure
about the kinds of plants apnd animals that
go into the calculuation of this index. We
are not certain that our theory is appli-
cable in all cases, but the principal pro-
ponent of this sort of thing is an engineer
characterized by vne of my colleagues as a
man '"who is often wrong but never in doubt."
The danger in this sert of thing is that it
sounds simple and practical and might be
adopted as 4 standard by public bodies., But
because the basic data may be very variable,
a slight change in numbers might produce a
value below the roguired standard and re-
sult in curtailment, or, conversely, a
favorable index might justify an ill-
advised increase in activity.

Onc is tempted to ask, since we already
know that what we are doing is bad for our
environment, why not stop it? That is too
simple, also. But we can ask, what--or whoe
--are we trying to save our enviruvmment for?
For the small boy who can play explerer in
a4 neglected bit of marshland, chasing butter-
{lies with his net, or rank upon rank cf con-
dominiums full of people with no pluce to
gao? Must we build up cverything, pipe all
the wiater elsewhere and close the beaches
until even a well-known religious leader
would know he is not welcome, as the little
sign of Casparilla Beach, Florida, suggests:
"Please don't walk on the water.”? I would
hope such thoughts as these would occur to
cngineers as often as they do to common
people, for if we forget to respect our
waters as the essence of our living system,
our end may be nearer than we think,
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The subject of the dynamics of fluld flow
around cylinders seems to be constantly in
question. The reasons are twefold: 1)
quantitative knowledge on the subject is
necessary for the rational design of ocean
and nearshore structures using cvlindrical
supports, for the design of pipes and cables
submerged in different flow conditions and
other applications; 2] the subject has been
difficult to understond thoroughly because
of the complicated flow regimes which de-
pend on the ambient velocity distribution,
turbulence, nearby boundary conditiens,
cylinder shape, direction and time vari-
ation of the flow, presence of a free
surface, and the motion response of the
cvlinder itself. The somewhat random
phenomenon of vortex shedding adds fur-
ther difficulty. (Probably other aspects
have been omitted from the foregoing
list.} itopefully this paper will add
to the fund of usgable information that
is prowing on this subject.

Only rigid cylinders subjected to flow
which is perpendicular to the central
axis were considered in this study. In
addition, the cylinders were circular,
horizontal at a varying distance from a
horizontal plane boundary and at a rela-
tively large distance from the free water
surface as shown in thce inset of Fig., 2.
Experimentally the cylinders were sub-
jected to waves and the total horizontal
and vertical forces were measurcd. Theo-
retically, steady flow was considered as
well as the unsteady flow characterized
by surface waves. The purpose of this
paper is to review the theoretical con-
siderations, particularly the influence
of the nearby plane boundary on vertical
and horizontal forces, and to show the
comparisons of the theory with experi-
mental results.

The theory is based on a4 common assump-
tion that the total force can be considered
as the sum of components due to water par-
ticle acceleration and water particle ve-
locity. Basic flows for uniform ambient
conditions, both steady and unsteady, are
first considered and later combined to
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approximate the actual condition of water
wave forces on herizontal cvlinders.

THEORET ICAL CONSIDERATIONS

It is asswned that both the vertical
and horizontal forces are acceleration
and velocity dependent. It is recognized
that certain drag and 1ift forces are
dependent on the square of the velocity
and if such forces act at some angle other
than 0° or 90° with the horizontal plane,
that there is an interaction between the
horizontal and vertical components, low-
ever the experimentation was in a regime
of flow where such action was negligible.

Foreca fopendont on Tartiole Acceloration

As the fluid accelerates around a rigid
cylinder, a pressure distribution is
created, the area integration of which is
usually characterized by an equivalent
added mass multiplied by the acceleration
the water particles would have at the
center of the cylinder if the cylinder
were not present. The ambient flow regime,
and thus the fluid acceleration, is influ-
enced by a nearby boundarv. In addition,
the acceleration should be taken as the
total, or substantive derivative of the
velocity., Often the convective accel-
cration is neglected and it is shown here
that it cun bave a significant value.

Bottom boundary effects on added mass.
e classical theoretical approach for a
c¥linder in an infinite acceleratory fluid
is to locate a doublet at the ecenter of the
cylinder 2], Integration of the resulting
pressure distribution on the cylinder is
found to be equivalent to the mass of the
displaced flutd, times the acceleration,

times a cocfficient, which is 1.0 for a
circular cylinder. In addition there caists
a pressurd field which gecclerates the fluid.
The additional pressure on the cvlinder is
cquivalent to the mass of the displaced

fluid times the acceleration., The sum of
the added muss coeffivient, C“, and 1.0

{the cocfficient for the preskure field)

is hereby termed the inertia coefficient

as follows,

G, o= 1.0+ . (1)

However, the proximity of a plane bound-
ary will modify the added ma=s coefficient
{8). Considerations were given for flows
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accelerating both perpendicular and par-
allel to a plane boundary. It was deter-
mined that the valuc of Cb depended on the
distance of the cylinder #rom the boundary,
but was the same for a circular cylinder
whether the [low was parallel or perpen-
dicular to the boundary., (Interestingly,
it was noted that a snhere accelerated
normal to a wall has a larger added mass
than when accelerated parallel te the

wall [2,3]).

Applying the method of images, the
motion against the wall may be approxi-
mated with the two doubrlets moving against
each other with the axes in the direction
of motion. When the two doublets approach
each other they no longer represent c¢ir-
cular cylinders, because of mutual influ-
ence.  In order to eliminate the influence
a distribution of an infinite series of
doubrlets of converging strengths along
the cylinder radius is reguired, There-
fore a circular cylinder moving perpen-
dicular to a wall can be expressed as an
infinite series of doublets, properly
distributed. The complex potential is
written as,

B 1 1
(= -1 Lo - 2
0 1j=UmJ{ z-i(s-aqjj z+i(5—aqi)J (2)
2222 ol
where mo= Ua g q-d5- -t s My = Ua [3)
ani . = — 3 g. = 0 4
1y 25 ! lo
a An-1

and where a 1s the cylinder radius, s is the
distunce between the center of the cylinder
and the wall, and U is the velocity of the
cylinder. In addition, z = x + iy, where x
is the distance along the wall from the point
of symmetry and v is the distance from the
wall, and W = ¢ + i}, where ¢ is the veloc-
ity potential and ¢ is the stream function.
The added mass coefficient is then obtained
with

C, = ]r2ﬂa¢"6da -
M7 Tl o 3t SO (3)

where U is the acceleration of the cylinder,
39/3t is evaluated at the cylinder surface,
and t is time.

Numerical computations, using the first

40 terms, were made of Lquations 2 and §
and the inertia coefficient (C 1.0 + ()
was plotted as a function of e}D, the ratlo

of the gap between the cylinder and the wall
to the cylinder diameter as shown in Fig. 1.



Effects from convective acceleration,
The forcgoing was For an ambient fluid
velocity which is not a function of space.
Often the convective acceleration (when the
ambient fluid velocity 22 4 funcetion of
space) is negplected for computing wave
forces on cylinders. This section wilt
show that the convective term cun he sig-

m ficant for horizontal cylinders for
some conditions.

Now let u and v be the velocitics in the
x and y directions respectively in two-
dimensional flow. Consider motions in the
positive x dircction for the case where
the convective acceleration term varies
lincarly so that an inertia coefficient,
CA’ can be defined from,

a
F = pu™C {U—-‘ + o= {6)

Such a flow is approximated by the near stag-
nation fiow close to the nose of a blunt body
where the diameter of the cylinder is much
=maller than the characteristic dimension of
the hlunt body (8). In the citation the
force on the cvlinder was expressed analyt-
ically with potential Tlow theory. The
cxpression is very lengthy and is not re-
produced here. The inertia coefficient,

(., wias found to be copstant with dJdistance
From the bomndary, in contrast to
Therelore, in general the force on a oyl
inder from the total acceleration should

be written s,

A CoduoAu 7
FLt)] = un ]Lju LA o~ gy )

where O is ai/it. In this paper forces
varying with time are designated by £(t)
und steady-state forces and the amplitudes
of time dependent forces are desipnuted by
1.

Lquation 7 was used to determine the
acceleration force on o cylinder with
e/l ~ 2.0 and with a wave height to water
depth ratio of 0.6, using solitary wave
theory, and it was found that the conveo-
tive term was 30 percent of the total force.

Faroag Pt ole

deperdent on Water

The orbits of the water particles in waves
are cliptical. Thus velocity dependent on
drap forces from waves rotate around a hori-
zontal circular cylinder and cun be por-
trayed with a Lissajous figure (4). In
addition, lift forees will exist from cir-

culation and vortex shedding and u rather
contfused flow state will exist as the wake
15 swept aroind the cvlinder. The following
deve lopment attempts to approximate the hor-
izontal and vertical torces for velocity
dependent forees.

Lift forces from circulation. The
proximity of a solid bottom boundary
causes a flow asvmmetry which then indoces
a c¢irculation around the hodyv. Besides
the circulation due to the potential flow
outside the boundary laver, the vortex in
the wahe behind the body also creates a
circulation. Thercfore the lift force
F, due to a uniform steady, U, flow may
be given by the Kutta-Joukowski theorem

as,

1;I, - IC"U‘pot * I‘\.-'c.'rr}u (8)

where ¢ is the density of fluid, T is

the circulation around the hody and the
suffices pot and vor denote the potential
flow and vortex influence. Becausc in
this paper only two-dimensional flows are
considered, all forces considered have
units of foree per length. Tt has heen
reported that the actual cirvculation
around the body due to a vortex wuas one
order of magnitude smaller than the cir-
cutation of the vortex formed in the
wuke (1y. ‘The mechanism of vortex for-
mation 15 not completely known., There-
fore the experimental determination of

r is left for future cofforts, ‘This
pﬂ%gr will vonsider only the effect of
the bottom plune bouadary on the 1ift
force .

For potential flow, no net drag force
exists on the cylinder parallel to the
bottom bowndary for a uniform flow, (I,
However, the nedr proximity of the plane
boundary induces a force on the cylinder
which agcts perpendicularly to the ambient
flow direction.

When the evlinder touches the boundary
4 net torce exists away from the wall (3).
llowever, 1f even a very small gup coxists

between the cylinder and the wall then a
large net force exists toward the wall.
fhe solution is obtained by imposing a
distribution of doublets on the cylinder
radius between the center and the edge
The results are:

below [5,8}).

(9]
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At the wall (e=0), the lift force per unit
length of cy]inﬁer }5 given in closed form
(5) as FL = pal"m{a"+3} /9. llsually the 1if§
coefficient, C., is defined from F
Based on Equation 8, C was calculdted ds a
function of e/lt and plotted in Fig. 2.

Drag forces from oscillating flow. No
general exact theory has been developed to
predict the velocity dependent drag forces
in unsteady flow. Huowever, as a first
approximation, consider the boundary laver
developed near the surface of a cylinder
ascillating perpendicular to its axis for
laminar flow. For this cuse the frictional
drag on the cylinder may be obtained in
closed form. The velocity profile for
the above problem has been established (7)
and bhascd on the seoiution, the total fric-
tional Jdrag on the oscillating cylinder
can Le obtained (8).

For a cylinder moving in o direction
perpendicular to its axis with a velocity
u = U cos wt, the total frictional drauag
can be obtained as,

flt) = 2ralp¥ew cos fut + r/d) {10}

where v is the kinematic viscosity of the
filuid and w is the angular frequency. Thus,
the total drag on an oscillating cylinder
is 45° out of phase with respect to the
cvlinder velocity; the same as the case for
the oscillating flat plate. It ix likely
that a similar phase shift exists for
turbulent flow. This suggests that past
techniques for evaluating inertia coeffi-
cients from wave force data, where the

drag force s assumed to be zero because
the wave particle velorities are zero, can
he in serious gerror

The forces from waves on a submerged
cvilinder can be considered as the sum of
the acceleration foree, the lift force and
the drag force. As discussed in a previous
section the drag force is very complicated
in nature and cannot casily be analyzed
theorctically, However, there are cases
where the drag force und the convective
dcceleration force are negligible with
respect to the other forces, Thus, the
situstivon considered in this section will
be the one where the vertical force is due
to lift from circulation and the temporal
acceleration from the waves and the hori-
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zental force will be due only to wave
temporal acceleration. 'This is done be-
cause the data gathered do full into this
category [(8).

In the experimental work for this
study the wave forms were fairly clese to
sinusoidal. Therefore, as the usual first
approximation, the Airy wave theory was
utilized in the theory., It was also
assumed that the cylinder did not affect
the wave shape. For future reference let
the amplitudes of the hori:ontual patticle
velocity, the horizontal temporal accel-
eration and the vertical temporal accel-
eration be defined at the center of the
cylinder and be cxpressed as U, U, and
V, respectively.

It can be shown from theoretical con-
siderations that the Morison equation will
be adequate to estimate the temporal accel-
eration forces provided that the inertia
coefficients are properly sclected and that
the submergence is greater than onc cylin-
der diameter and the cylinder diameter is
1ess than about one-third of the wave
tength (8). The present experimental con-
dition and the usual structures in the
ocean, such as pipelines and cables, are
usually well within the above conditions.

Given the water surtface at the cylinder
is n = /2 cos wt, where H s wave height,
then,

£,(t) = pnaZCil] sin wt (11}

where the horizontal forece f,,, is shown
qualitatively in Fip. 3, No%c that the
maximum horizontal force occurs at a zero-
crossing (phases 2 and 4 in Fig. 3).

The vertical force f {t}, is the sum of
the acceleration foree, fVA[t), and the 1lift
force, fL(t], as

£ () = pnaZCI@ cos wt + paCLU2 cos” wt (12)

where f,, and £ are also shown gqualita-
tively ¥%r a negative value of €. in Fig. 3.
It has also been assumed that no phase lag
exists between the horizontal velocity and
vertical lift force, although it is
entirely possible. Note that £ occurs at
a double frequency of the wave and has only
a negative direction, assuming there is
some gap between the cylinder and the bot-
tom boundary. The force f. is shown in
Fig. 3 for the special case where the
amplitudes of the two components arte equal.
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For the case shown, both the acceleration
force component and the lift component ate
maximum in absolute value and both are in
the negative direction {or downward} at
the wave crests.  For future reference,
let the amplitudes of the fluctuating
forces be expressed by the cerresponding
upper-case letters.

At the wuve troughs, the verticul aceel-
cration force componcent is maximum and
upward but the lift force is maximum and
downward., Thercfore, the twn components
tend to cancel each other and the total
vertical force is small at the wave
troughs. 1f there s no gap between the
cylinder and the bottom boundary, the left
force s always positive and upward. For
this case, the tetal vertical force Is
maximum and uvpward at the wave crests,
but small at the wave trough., Therefore,
the two components may be separated by
either one of the following two tech-
niques:

Tochnique 1: 1€ the vertical
forces are measured when the wave
crest and the wave trough pass over
the cylinder, the vertical accel-
erution conponent can he separated
from the 1ift force by tuking the
difference between one-half the =um
and the measured wave forces.

FIGURE 3. Theoretical

Wave Forces

Technigque 2: 11 only the maxi-
wura: vertical force is measurad, the
separation of the two components is
st1ll possible., The 1ift force 1s
zero for zeso U7, whercas the accel-
eration force i« linearly dependent
on wave amplitude. Thercfore, only
the acceleration component is impor-
tant for very small waves. 1f the
total vertical force is plotted
versus the vertical acceleratton,
the plot should have a single
straight line portion through the
origin ncar the origin. Assuming
the straight line portion [or
actually the tangent at the origin)
to be the vertical acceleration
component, the 1lift force compo-
nent can be separated from the
vertical acceleration component.

EXPERTMENTATION AND RESIILTS

Experiments were made at Oregon State
liniverstty in a wave hasin 28 feet lomg,
18 feet wide and 2 feet deep. Two eoviin-
ders with different diameters, namnely ©
and 4 1/2 inches, wore used. The gap
between the cyvlinder and the hed varicd
from 1/78 inch to 3 178 inches.,  fwo
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water depths, 14 1/8 and 10 inches, werte
used, The test cylinder consisted of a
three-foot test section and a one-foot
dummy section, each end located about
midway between the wave generator and the
beach, with the axis paralle] to the wave
generator paddle. A series of waves with
various wave lengths (about 2 to B feet)
and with various wave heights (about 1

to 4 inches) were generated.

A strain gauge force dynamometer was
used for wave force weasurements. A
pair of resistance-type wave meters were
uzed to measure the waves.,  Continuous
simultancous records of the strain gauge
outputs and wave meter outputs were made.
wWave forces under the third or fourth
wave were used for analysis. A sample of
the recorded results is given as Fig. 4.

= TINME

SURFACE EL "

AT CYLINDER
¥
VERTICAL
FORCE
! w
HORIZONTAL |
FORCE
FIGURE 4. Sawple Record

In order to check out the proposed
method for analysis of wave dorce data
and to pain some more information, experi-
mental daty found in the literature were
also analyzed with the proposed method.
Laboratery mecasurements of wave forces on
a4 horizontal cylinder (6 inches in
digmeter and 14 7/8 inches long) with no
pap as well as with a gap of 3 inches
were used [6]). Wave data (height, period,
and length) and feorce data (maximum
horizontal force and maximum vertical
force) were given for the following four
combinations of Jdiameter-gap-water depth
in inches: 6-00-12, 6-0-15, 6-0-18, and
6-3-18. For the first three combinations,
a barrier was placed hetween the ¢vlinder
and the bed so that no flow was allowed
beneath the cvlinder.

180

Wave and Forcg neenrds

Figure 4 shows the cxperimental results
D = & inches, & = 1/8 inch, and h = 10 inches.
The wave is approximately sinusoidal in shape
at the cylinder, which was a typical resulr.
The peaks of the horizontal forces are about
at zero-crossings; 1.¢., the horizontal force
is about 290° out of phasc to the surface
wave, This characteristic agrees very well
with the theoretical curve of horizontal
acceleration force in Fig. 3. Thus, it
might be said that under the experimental
conditions illustrated the drap force is
very small or negligible and the horizontal
force is essentially from the wave temporal
acceleration.

For a larger /D), the vertical force was
sinuseidal. Am importunt phenomenon is the
difference in the vertical forces between
Fig. 4 and the sinusoidal response. For
¢ = 3 1/8 inches the vertical force is very
smooth and sinuseidal; the upward peak
occurred at the trough, and the downward
peak at the crest, i.e., the force was 180°
out of phase to the surface wave. This
apgrees with the theorctical vertical accel-
vration force in Fig. 3. For ¢ = 1/8 inch,
the vertical force variation is no longer
sinuseidal as scen from TFig. 4. Very
large downward torces occur at the crests,
whereas some downward component is super-
imposed on the essentially upward peak at
the trough., “This characteristic is very
similar to the theoretical vertical force
curve 1n Fig. 3.

From the above observations, it may he
said that the drag forces arc nepligible
and the lift force becomes important when
the gap betwcen the cylinder and the bot-
tom boundary is small.

Forees from Farticle Aeeceleration

The experimental data for this study were
processed in the following manner. Tor a
given tet of recorder readouts, the wave
data were processed to obtain the wave period,
T, the wave length, L, and the wave height,
H. The horizontal force at the zero-crossing
was taken as the magnitude of the horizontal
force, ¥, which practically was the maximum
force. e vertical forces were read both
at the wave crest and at the wave trough;
then the magnitude of the vertical accel-
eration force, K., , and the magnitude of

the 1ift force, FAere separated by Tech-
nique 1. L



A plot of the results for the vertical
acceleration force is shown as Fig. 5. The
inertia coefficient, €, can be derived
from the slope of the {ine, which was fitted
by eve. Plots similar to Fig, 5 were con-
structed for the other test conditions and
the results are plotted

[IR A A o f A

from Particle Veloofty

The total vertical forces were separatcd
into the vertical acceleration foreces,
and the 1ift forges, FL, as mentioned he%brc.

The plots of ¥, versus U“ arc shown in
Fig. 7. Although“there is some scattering,
the plots ceme out approximately as a
straipht line through the origin. In other
words, the lift force is proportional to
the syuarc of the horizontal velocity and
almost independent of the wave length, The
Lift coofficient, C,, can be evaluated from
the slope of the st¥aight line. The coef-
ficient C thus obtained, is -7.83 for
the case Tllustrated and was plotted on
Fig. 2. Other cases for the 05U data and
the data from (6] are also plotted on

Fig. 2
1a = -
D=4 172", 42 1/8" h= |4 178"

Tisec! LirH)
+ 0B85 20
. 10 4.0
v 1.3 57
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0 o5 [l+}

Vertssect

FIGURE 5. Vertical Acceleration Force

CONCLUS TN G

Acceleration and velocity dependent
forces van be considered separately, and
then superimposed for determining wave

forces on horizontal cylinders with good
results for engincering purposes, pro-
vided the proper coefficient values are
used. The coefficients can be properly
evaluated from potential flow theory if
the drag forces and vortex forces are
negligible with respect to the added mass
effects and the circulation lift forces.

Lxperimental results with waves agree
fairly well with the theory that the
hOTlZOﬂTd] and vertical accecleration
forces are equal for a cylinder vlose to
a plane boundary.

The convective acceleration should not
be neglected in some cases when deter-
mining the horizontat force due to fluid
acceleration. For one case investigated
it was equal to 30 percent of the total
acting horizontal acceleration force.

Lift forces on horizental cylinders
from circulation can be accurately
estimated for waves. For uniform steady
flow it was shown that the lift force on
a cvlinder touching the bottonm boundary
is large and dirccted away from the
boundary. However, if a small gap exists
between the cvlinder and the boumbary,
such as from lifting the evlinder from
the boumdary, thoen a large force is
exerted on the cylinder toward the
boundary. This suggests a possible
failurc mechanism of alternuting posi-
tive und negative lift forces for cvlin-
ders resting on the hottom houndary.

A phase shift probably exists between
miximum velocity and maximum drag force
for cylinders subjected to wives. It was
shown that the phase shift is 453° for
laminar flow and is unknown for turbulent
flow, This shows that some past evalu-
ations of the irertia coefficient or the
added mass coefficient, where the drag
force was assumed to be zero when the
ambient velocity was zero, could be in
serious error.
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Evaluation of Flotables of Wastewater Origin
in the Vicinity of Marine Outfalls

Robert E. Selleck, Professor . o ‘
Division of Hydraulics & Sanitary Engineering
University of California, Berkeley

The major objectives of this study were
w0 measure and evaluate the flotables of
wastewater origin found on the surface of
coastal waters within the vicinity of marine
wastewater outfalls, and to determine the
net transport of such materials shoreward
during periods of calm weather., This study
remains in progress and the discussion
presented herein describes the work accom-
alished in the first year of the study on
the first major objective only; i.e., the
measurement and evaluation of flotables
of wastewater origin in coastal waters,

To achieve this objective it was nee-
essary first to develop methods of sam-
pling flotage quantitatively on the ocean
surface as well as in wastewater effluents
and, if possible, to develop methods of
analysis which would indicate the frac-
tions of the flotage derived from waste-
water discharges,

SAMPLING METIODS

The flotage may be cither in the form of
particulates or molecules present at the
water-air interface. The latter group are
termed "film substances' herein. The sam-
pling methods devised to collect the flotage
on the ocean surface captured particulates
either greater or smaller than 0.5 mm in
size; consequently, particuiates greater
than 0.5 mm are arbitrarily termed herein
"mzcro-particulates” and those smaller
than 0.5 mm "micro-particulates."

It was devided early in the course of the
study that the sampling methods should be
as quantitative as possible. The macro-
particulates could be sampled relatively
easily by straining the surface wuter through
a net connected to a surface trawl cnce a
trawl had been designed to sweep a water
layer of reasonably constant depth in calm
water. The trawl finally utilized sieved
a layer approximately 3 ¢m deep through a
500 u nylon screen when towed at speeds of
1.5 knots or less. Care had to be taken
in the trawling operations to aveid clog-
ging the screen because a clogged screen
would not pemit the free passage of water.
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[t iz not casy to sample Ciln substunces
and micro-particulates quantitatively.
After considerable consideration of the
methods employed by other investigators
it was decided to employ flexible screens
which could collect a very thin surface
layer of water from a reasonably well-
defined surface area by capillary action.
Aside from flexibility, the material from
which the screen was constructed had to
have the following properties: insigni-
ficant background concentrations of the
substances being measured; the ability
to adsorb tightly the flotagce because
inevitably some of the water contained
in a screen was lost when the screen was
inserted into a sample container; and
simplicity and cheapness because only
limited areas (~0.1 sq m) could be sam-
pled quantitatively by such means, re-
yuiring a relatively large number of
samples to be taken in any ocean survey.
A number of mectal, paper and cloth
materials werce tested and it was found
that glass cloth possessed the best over-
all properties. Ordinary nylon cloth
also demonstrated good sampling proper-
ties but the nvlens tested contained
surprisingly lurge amounts of hexane
extractables which could not be extric-
ted reliabiy; consequently, nylon was
deemed inadequate for surface sampling
of hexane cxtractables.

Laboratory tests showed that the plass
cloth screens collected a surface laver of
salt water agbout 0.1 mn deep under quies-
vent conditions, The surface aren sampled
in most of the work at seu was 0.10 m
syuare.

To ascertain fully the origins of the
flotuge collected on the ocean surface it
was necessary to examine the characteristics
of the flotage existing in the wastewater
being discharged to the region under study.
This was done approximately by separating
all flotage from the bulk liquid by agita-
tion in a funne! but significant improve-
ments in the procedure could have been
made bv bringing the film suhstances and
micro-particulates to the surface of appro-
priate samples with agitation and then
screening from the surface in a manner
cquivalent to the vecan work. Macro-
pirticulates, on the other hand, cuuld
ilave been best collected by sieving a por:
tion of the efflucnt stream. Obviously,
much work remains te ascertain the extent
of agitation required, the ctffect of dilu-
tion with salt wuter ou the flotage being
¢coliected, and the best means of collec:
ting a bulk liguid sample from o waste-
wiater stream,

OUEAN SURVEYS OF 1971

Two separate Gcean surveys were Con-
ducted in the spring and late summer of
1971 to determine the presence and signif-
icance of surface flotage derived from the
large marine wastewater outfalls located
in the vicinity of the City of Los Anpeles,
California. A control area was selected
at the northern end of Santa Catalina
Island as shown in Figure 1.
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Figure 1, Location of study area.

Truwl and screen samples were collec-
ted primarily in the region of the 300 mgd
lyperion wastewater marine outfall (Sta-
tions 1 and 2} and the control areas (Sta-
tion 3). The Hvperion discharge was an
unchlorinated partial seccondary effluent
with the characteristics shown in Table 1.

As noted proviously, the dry weights and
weights of hexane extractables shown above
were determincd oa all flotage collected

in a funnel. Thus they could rot be sepa-
rated into the macro-particulute and film
forming suhstances categorics.  ft is be-
lieved that much of the hexane extractables
wias dertved from a very dow MECrd-Dart 1Cu-
Intes, however.

Fhe hyperton effluent was released from
@ Y-shaped diftuser navineg an overall Tenet
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TABLE 1

ANALYSIS OF 24-HR COMPOSITE SAMPLES OF HYPERION EFFLULNT

April 6-7 Aug. 30-31
Measure 1971 1971
Measured by Hyperion Staff
Grease and Qil 12 mg/l g  mg/l
Suspended Solids 64 mp/l 81 mg/1
Volume of Suspended Solids 56 mg/l 76 mg/l
Coliform Organismsb
AM 260,000/ml 430,000/m]
PM 186,000/ml 930,000/ml
Measured by this Prcject Staff
Bulk Hexane Extractables 10.7 mg/l 8.2 mg/l
Dry Weight of Flotables 4.8 mg/l 3.1 mg/l
Hexane Extractables in Flotables 0.15 mg/1 0.30 mg/l
*Mean plant flow in 1970 was 330 mgd.
bDetermined from grab samples.
!
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of 8000 fect and a depth of approximately
200 feet, During the times of the veean
suvpeys the effluent plumes were alvays subi-
merged Peneath well-defined oceam theormo-
nliras, but 4 sea slick outlining the out-
fall diffuser was observed in the spring
survey as shown in Figure 2. This type of
slick was not observed in the summer survey.

STUDY RESULTS

Macro-Particulates: Three to four sur-
face trawls were made at Stations 1, 2, and
3 in each survey. The length of each trawl
varied from 25 to 620 m depending on the
amount of material collected on the siove.
The total number of particulates captured
varied from 5.4/100 sq m at the control to
a4 maximum of 1790/100 sq m in one trawl
made in the slick area observed at Station
1 in the spring survey. [(One hundred sq m
of surface area trawled was equivalent to
a volume of approximately three cu m of
sea water sieved. Thus, 100 particulates/
100 sq m would be equal to 33 particulates/
cu m.) Average values for all trawls and
surveys dre shown in Table 2.

TABLE 2

MACRO-PARTICULATES: No./100 sq m

Average Range
Station 1 430 37-175%0
Station 2 88 30-163
Control 23 5.4-96

tnspection of the particulates captured
suun showed that many were derived from
sources other than wastewater discharge
(pieces of kelp, tar, iasccts, etc.), but
others could have been of wastewater origin
{seeds, plastic, rubber, hits of grease and
wax, tibers, ete.) and the latter were
classed somewhat arbitrarily as "sewage
typesz . ™

The kelp and other sex weeds were cap-
tured in laerpge yuantities in some trawls and
not at all in others. They tended to con-
tain adhering pieces of grease and other par-
ticulates if such particulates occurred in
the area; conscquently, they tended to bias
the data somewhat. The average concentra-
tions of particulates found in various cate-
gories are shown in Table 3.

Measurement of the length of particulates
captured in the summer survey with the 500 u
screen trawl showed that the grease and wax
particulates, the most predominant kind of
"sewage type" particulate, had lengths rang-
ing from 0.5 to 10 mm with an average of
1.3 mm. The pastic pieces ranged generally
from 2 to 5 mm in length with pieces as long
as 50 mm being captured cccasionally. The
seeds were 2 to 3 mm in length. The kelp
pieces varied widely in length, as might be
expected, ranging from 1 te 150 mm with a
median value of approximately 5 mm. (It
should be recalled that particulates smaller
than 0.5 mm were not captured with the sur-
face trawl.}

Other analyses conducted on the macro-
particulates included dry weight, weight
of hexane extractables, and coliform organ-
isms. Making allowance for the larger
pieces of seca weed which would influence
the dry weight of flotage collscted unduly,
the average dry weights, weights of hexane
extractables and concentrations of coli-
form organisms observed during the surveys
are presented in Table 3.

The above shows that the mg of hexane
extractables per 100 sq m decreased rapidly
with distance from the Hyvperion outfall
diffuser. The hexane extruactables were
related closely with the number of grease
and wax particulates cuptured in cach trawl
as shown in Figure 3.

Figure 3 indicates that the my of hexanc
extractables found per unit of surface area
had nearly a ! to 1 correspondence with the
number of grease and wax particulates found
per unit area. Because the grease and wax
particulates had an average size of 1.3 mm

TABLE 3

MACRO-PARTICULATES:

"Sewage Types"

Plastic Teotal
Station 1 5 384
Station 2 0.7 63
Control 0.2 -2

Pieces of

No. /100 sq m

Other

Sea Weed {Insects, Tar, Charcoal, etc.}
11 35
11 14
10 11
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TABLE 4

MACRC-PARTICULATES
Dry Wt. Wt. of Hex. Extract. Coliform Bact.
mg/100 sg m mg/100 sq m No./sq m
Statien 1 1090 560 6,500
Station 2 1160 24 3,400
Control 210 2* nil

*Exclusive of one large piece of tar 35 mm long.

. E
their volumes might have averaged 1 x 10 Yee
or approximately one mg in weight,; conse-
quently, it would appear that a large frac-
tion of the greusse and wax particulates were

directly soluble in hexane,

Bulk water coliform bacteria samples were
collected 10 ¢m beneath the ocecan surface at
all the stations. No coliform bacteria were
found in any of those samples, indicating
counts of less than one organism Or s0 per
100 ml. Large numbers were found in the
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macro-particulates collected on the surface,
however, as shown in the above table.

The average values for coliform bacteria
listed in the table are geometric means
which equal approximately the 50 percent
value. Because one sy m of surface trawled
was equivalent to approximately 30 liters
of water strained, the values may he di-
vided by 300 to obtain counts per LU0 ml.
Thus, the 50 percent values were approxi-
mately 22/100 ml at Station 1, 11/100 ml
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at Station 2, and very small at Station 3
{<1/116 cu m). Generally a total of about
five scparate coliform bacteria trawls were
made at cach station, with maximum counts
of 500/100 ml and 60/100 ml being observed
at Stations 1 and 2, respectively.

The presence of coliform bacteria in the
macro-particulates proved that somc of the
flotage must have been of wastewater origin.
The grease and wax particulates correlated
reasonahly well with other "“sewage tyvpes"
of particulates as shown in Figure 4, and
the grease and wax particulates corres-
ponded closely with the weight of hexane
extractables as shown in Figurc 3. The
latter decreased appreciably with distance
from the Hyperion outfall as shown in a
previous table. [From all of this it was
concluded that most of the particulates
classified as "sewage types' in this work
were derived from wastewater discharge, and
that hexane cxtractables provided a con-
venicnt means of messuring such particulates
yuantitatively as long as Dits of tar were
not too prevalent.

Micro-Pavticulates and Film Substances:
The capillary screens used in this work cap-
tured particulates down to the limits of
resolution at 430 power. The maximum size
taken with reliability has not as vet been
ascertained but the particles captured prob-
ably could not exceed the dimensions hetween
the weave of the cloths emploved {nU.1 mm).
The minimun size captured by the surface
trawl sicve was about 0.5 mm, thus partic-
ulates ranging in size from 0.1 to 0.5 mm
probably have not been sampled accurately
in the studies conducted to date.

The screcens collect samples to a depth
of about 0.1 mm, 30 times less than that
strained by the surface trawl. Thus, in
terms of volume of water sampled, the
screens collected about 30 times less
water per unit of surface area than
strained by the surface trawl.

Counting and measuring the micro-
particulates was difficult hecause much
of the fine debris was clumped together
as aggregates containing a various number
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of individual particles. Such aggrepates
were considered to be only one particle
tn the enumeration procedures.

Unlike the macro-particulates, the
micro-particulates demonstrated no
clearcut distribution over the ocean sur-
face, and cven those which scemed to be
of an artificial nature (fibers, colored
bits of material, ete.) appeared to he
distributed in a more or less random man-
ner. In addition, the character of the
fine particulates changed radically from
the spring to summer surveys. The stution
average densities of the micro-particulates
arc summarized in Table 5, excluding the
surface plankton which were found in rela-
tively numcrous guuntities in both surveys.

Table 5 does indicate that the micro-
particulates may have been more densc over
the liyperion ocutfall than clsewhere, but
no analysis of variance has as yet been
vonducted on the data so it is not known
if the differences are significant at any
reasonable confidence level.

A significant portion of the micro-partic-
ulates captured in the summer survey were
individual, black graphite-like particles
having an averuage size of 5.5 u. Their dis-
tribution tended to parallel that observed
fer all of the micro-particulates as shown
in the above table.

i10

A few of the micro-particulates captured
over the liyperion outfall (Station 1) must
have been derived from the wastewater dis-
charge, however, because coliform bacteria
were found in threc of the eight screen
samples collected at that point during the
surveys, giving an overall averape count of
about 330 organisms per 100 ml of water
sampled.  The maximum count in onc of the
cight screen samples taken was §5,200/100ml,
appreciably above the ovcean bathing water
standard of 1000 celiform organisms/ 100 ml
or less 80 percent of the time. Because
none of the bulk watcr samples taken 10 em
beneath the ocean surface contained any
coliform bacteria, it is apparent that some
coliform organisms were being concentrated
on the ocean surface even when the waste-
water plume itself was not surfacing.

Some of the capillary screen samples
were extracted with hexane and the resultrs
indicated that the hexane extractables
were distributed more or less randomly
across the ocean surface with a large
variance in individual samples taken at a
given site. Thus, the distributions were
somewhat simiilar to those observed for the
micro-particulates. Average values ob-
served at the various stations are shown
in Table 6. No definitive explanation
can be offered at this time concerning
the large variations ohserved hetween sam-
ples tuaken at a given station. The results

TABLE S
MICRO-PARTICULATES: No./sq cm
‘ Summer (430x)
Spring (200x) Overall Black Particulates
(-4 samples added together) Total Total Range
Station ] 6.1 120 17 {3.5-41)
Station 2 39 2.5 {1.4-15.4}
Control 1.3 53 4.2 (1.6-42}
TABLE 6
HEXANE EXTRACTABLES IN CAPILLARY SCREEN SAMPLES
mg/100 sq m
(Areas sampled 0.1 sq m}
Spring Stummer
Mean Range Mean Range
?tatTon 1 390 {25-1260) 150 (30-305)
Station 2 220 (120-575) 150 (75-330)
Control 200 (130-280) 140 (75-335)



appearcd to be nearly independent of whether
or not a slick was present at the time of
sampling. 1t should be realiczed, however,
that the amount of hexane extructables re-
covered per sample for 0.1 sq m cloth
screens was generally in the range of 0.1
te 0.2 mg, ua relatively small quantity to
measurce and analyze when it is considered
that background from the cloth itself or
storage vessels could be much greater than
this if net cleaned carcfully prior to usc.

DISCUSSION OF RESULTS TO DATE

Trawl Samples: Macro-particulates can
be sampled relatively accurately using sur-
face trawls. Farticulates smaller than 0.5
mm could be collected using a screen finer
than that employed in this study but prob-
lems might arise with the screcen clogging
too quickly.

The evidence indicates that a substan-
tial portion of the macro-particulates
derived from a partial secondary waste-
water effluent were of the grease and wax
category, and that they and possibly other
wastewater tlotape contained appreciable
nuobers of coliform organisms,  The grease
and wax particulates could be measured
rather precisely by extraction with hexane.

Factor: remaining to be investigated for
mavro-particulates include the development
of means to sample the mucro-particulates
acvcurately in the effluent stream itself
in erder to determine a reliable mass bal-
ance between the weight of hexane extrac-
tahles released from the outfall and those
found on the oceun surface. Such effluent
samples cannot he collected casily in such
4 large outfall as the llvperion outfall
buecause access to the pipe is difficalt
and the character of the grease may change
a5 ir flows through miles long outfall
pipes.  Alsoe, the number of macru-partic-
twlates in the Hyperion effliuent was rela-
tively scarce, amounting to only one or
two particulates per liter of effluent.
Thus, a reclatively large volume of the
e¢ffluent has to be screened to measure the
voncentration of macro-particulates accu-
rately. F[Lver so0, an approximate first
generation analvsis of the data shown in
Table 1 and the results of the trawl samples
taken over the Hyperion outfall in the spring
survey indicated a reasonable balanve hetween
the hexane extractables rcleased as flotuge
and thosc found on the ocean surface (13 mg/
sq m of hexane extractables computed vs.

1l mg/sq m observed on the average). Yor
methods of computation the reader should
refer to Ref. (1).

The character of the hexanc extractables
contained in the macro-particulates remains
to be ascertained. A precise method of
analysis for long chain fatty acids has been
developed employing gas-liyuid chromatography
and ion detection. It is also planned to
analyze the extracts for PUB compounds and
possibly pesticides. Vlinally, the effects
uf initial hydrolysis of the fatty acids also
remains to be studied, Once these studies
have been completed much about the nature
of the hexune extractables porticon of the
macro-particulates found on the oceun sur-
face can be ascertained. It 15 expected
that the characteristics of such extrac-
tables will differ considerably from those
derived from particulates having origins
other than domestic wastewater discharges.

Capillary Screens: A problem with the
surfuce screening techniyue developed in
this study is that quuntitative samples
cannot he collected for cloths having areas
in excess of approximately 0.1 m square, but
such a small cloth yielded a comparatively
small amount of hexane extractables in the
coastal water surveys (0.1 mg). This means
that either very sensitive analvtical pro-
cedures have to be ceployed with all the
attendant problems of possible sample con-
tamination, or a large number of such samples
have to he collected and pooled together.

A few capillary screen samples taken in
San Francisco Bay produccd much higher sur-
face concentrations than found in the
Southern California waters. For cxample,

a surfacing primary wastewater offluent
plume demonstrated surface concentrations
on the order of i0 to 15 mg of hexanc
extractables/sq m, and a heavy bunker oil
spill gave concentrations Tanging up Lo

270 mg of hexane cxtractables/sg mo [n
those cases analysis of the hexane extracts
became much easier.

Tests conducted on pure long chain free
fatty acids added to seca water under uyuies-
cent conditions indicated a reproducibility
in the sampling method of $5 percent at
low concentration. [ & iy neasurements
taken in the ceastal waters of Southern
California indicated a much greater vari-
ation than this between replicates. The
cause of this variation is unknown bHut it
may be related to the fact that the samples
were not hydrolvzed {irst before extracting
with hexane,  This factor is to be investi-
gated in the second year of this work as
well as the exact fatty acid composition
of the surfuce filus. Aside from the
possible reduction in sample variation
between replicates, this approach mayv
indicate the sources of the film sub-
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stances once comparison is made directly
with the flotapge collected from the waste-
water effluents themselves. Other analyses
which will be attempted in the second year
of this study will be PCB and pesticide
analyses.

The samples collected to date from the
Southern California waters indicated that
the total weight of hexane extractables
taken alone was not sufficient to distin-
guish between capillary screen flotage of
natural and wastewater origins, or possibly
even between slick and non-slick areas
found in the region, though it did suffice
to measure gross surface pollution as demon-

strated by the samples taken in San Francisco

Bay. This does not necessarily mean that
such flotage did not reach the surface be-
cause it may have surfaced well downstream
from an outfall diffuser, but if it reached
the surface in relatively insignificant
amounts within the vicinity of the outfall,
then the slick observed outlining the
Hyperion outfall diffuser in the spring
survey (see Figure 2} must have been formed
by some hydraulic surface compression
created by the sewage boil underlying the
surface. This in turn implies that the sur-
face film materials throughout the area
needed little incentive to form slicks;
consequently, little differences in surface
concentrations between slick and non-slick
areas would have been observed.
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Bayocean sand spit lies approximately
seventy miles south of the Columbia River
along the northern Oregon coast and sepa-
rates the Pacific¢ Ocean from Tillamook Bay.
Early in the century, work was begun on a
large beach resort on the spit. Financial
problems caused the decline of the resort
which was abandoned in 1952 as severe
ercsion and breaching of the spit threatened
the few remaining residents. The rapid sand
deposition and beach progradation north of
a north jetty at the Tillamook Bay channel
was believed to have deprived Bayocean spit
of sand, thus causing erosien.

The purposes of this study are: 1) to
recount the growth and decline of Bayocean
Park, the resort development on Bayocean
spit; 2) investigate the erosion of Bay-
ocean spit; 3) to interpret the ercsional
and depositional patterns on the spit and
neighboring beaches to determine the causes
of the severe erosion of Bayocean spit.

BAYOCEAN PARK

Tillamook County deed records show land
claims for portions of Bayocean spit dating
back to 1867. One of the early land holders
was A.B. Hallock, whe named his holdings
Barnegat, after a popular Atlantic beach
resort, Hallock welcomed visitors and
tourists to the spit.

While visiting the Tillamook area in the
early 1800's, T.B. Potter, president and
general manager of the T.B. Potter Realty
Company of San Francisco and Kansas City,
recognized the recreational potential of
the sand spit. Potter decided to estab-
lish an elegant resort on the spit, which
he called Bayocean. He put his plan into
action by purchasing much of the sand spit.
In 1907 a plat map was completed and sub-
mitted to Tillamock County (Tillamook
County, 1907). The map was an impressive
display of approximately 3,000 50x100 foot
lots with a large block of land in the
middle of the spit reserved for a future
hotel and bathhouse. The only access to
Bayocean Park was by boat. Therefore 2
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pier, pavilion and boathouse were planned
an the bayward side of the spit. The same
day the plat map was recorded, a four
column article appeared in the Sunday
Oregonian detailing the splendor of the
planned beach reseort (Oregonian, June 24,
1907} :

"This most attractive vacation spot
eclipsing all the resorts for tourist
travel in Europe, excelling anything
on the Atlantic coast and outstripping
the best on the Pacific shores, is to
be only a bit over a couple of hours
ride from the very heart of this city
[Portland]. E.E. Lytle, who is building
the Pacific Railway and Navigation Com-
pany's line, states that he is under
obligation to complete the road next
year, and places himself on record by
saying that his trains will be able

te run to Tillamook Bay in less than
two and a half hours from the heart

of Portland."

It was clear ta Potter that the success
of Bayocean Park depended to a large mea-
sure upon the completion of Lytle's rail-
road. The train would run as far as Bay
City. Wharves had been built at Bay City
and Garibaldi to accommodate the passenger
traffic, At Bay City, Bayocean visitors
would have a 15-minute ferry rtide to the
resort,

The fame of Bayecean spread as Potter
advertised widely. In spite of Bayocean
Park's isclation, lots sold readily.
Lnthusiasm regarding the future of the
resort grew as investors announced plans
for the construction of a heated salt
water natatoerium on the beach.
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BAYOCEAN PARK 1810-1514

Lytle's railroad did not arrive in
Tillamcok as planned in 1908, or even
1309, postponing the full promotion of
the resort. Property continued to be
sold, but not at the desired pace. The
plans of investors declined. Physical
improvements promised to the property
owners were curtailed, initiating dissent
among the property owners.

On Qctober 9, 1911, three years late,
Lytlie's railroad at long last reached
Bay City. Bayocean Park took on renewed
life. The arrival of the railroad finally
allowed the scheduling of an official
opening for June, 1912, Advertisements
of Bayocean Park illustrated wide, sandy
beaches, the hew salt water natatorium
constructed on the beach and the Bayocean
Hotel (Figures 1 and 2). Other humble,
yet adequate, temporary bungalow housing
and tents were available to the visitor.
Many large, private vacation homes and
permanent residences were also scattered
throughout the park.

CONSTRUCTION OF THE NORTH JETTY

Nearly concurrent with the coming of the
railread to Tillamook was the approval of
the construction of a north jetty to the
Tillamook channel. Lumber interests in
the Tillamook area had lobbied for several
years for the improvement of the channel
entrance to Tillamook Bay. The anticipated
increase in shipping trade with the coming

Figure 1.



of the railroad justified the comstruction
of a 5,400 foot long jetty on the north
side of the channel to stabilize the
entrance to Tillamook Bay. Work on the
jetty commenced in June 1914 and was com-
plete in October of 1917.

DECLINE OF BAYOCEAN PARK

All outward signs pointed to the future
prosperity of Tillamook and Bayocean Park;
however, as time passed, the comparative
prosperity and improvements to the resort
were apparently not sufficient as there
numerous complaints by investors. The
complaints culminated in charges that the
enterprise was bankrupt, a petition was
instituted in 1914 for a receiver. FPotter
fought the case; however, the plaintiff's
evidence was apparently convincing, for a
receiver was appointed (Oregonian,
December 11, 1914).

Years of litigation and claims of fraud-
ulent practices followed. The alleged
practices on behalf of T.B. Potter undoubt-
edly downgraded the credibility of his com-
pany and value of Bayocean Park. Improve-
ments to the resort came haltingly. The
depressed resort was in operatiomn; however
its isolation to the automobile during an
era of road building and increased auto
access to other resorts further depressed
Bayocean Park (Olsen, 1972).

In 1927 a group of prominent Tillamock
residents organized under the name of the
Tillamook-Bayocean Company and assumed
the entire assets of the T.B. Potter Com-

pany's holdings on Bayocean Spit (Oregonian,
July 13, 1927}. They, with the aid of
F.D. Mitchell, a long-time resident of the
spit, completed & Toad along the southern
side of the bay to Bayocean Park. The
future of the resort again brightened, but
only for a short time as the Depressicn of
1929 halted all hopes for the revival of
the resort, C(ne by one the cottages werse
abandened, the hotel closed and numerous
other structures were vacated.

During the Depression some of the struc-
tures within the park were used temporarily
by groups of drifters, preducts of the
Depression. However, they, too, abandoned
the deteriorating remains of Bayocean Park.

ERQSION OF BAYOCEAN SPIT

It is difficult to assess when noticeable
ercsion began on the spit., Residents of
Bayocean argued that erosion of the Spit was
the direct result of the Corps of Engineers'
reconstruction and 300 foot lengthening of
the north jetty in 1932-33. The residents
maintained that there was no erosion or
property loss prier to 1932. The u.s.

Army Corps of Engineers maintained that
the north jetty lengthening had little
impact upen Bayocean Spit. They countered
the claims of the residents with geomorph-
ological evidence that the Oregon coast

is undergoing a recessional change without
the influence of man-made structures and
that ercsion may be normally expected any-
where on the coast (War Dept. Dist. Eng.,
1940).

Figure 2.
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There are some indications that erosion
of Bayocean Spit had begun pricr to 1932-33.
Figure 3 is an undated photograph of the
natatorium already showing ercsional under-
mining of the structure. The photo is
known to have been taken after 1932 when
erosion first began to undermine a side-
walk fronting the building and before 1936,
when the structur'e roof collapsed.

It is clear that the north jetty had
trapped large amounts of sand resulting in
the rapid progradation of its northern shore-
line (Figure 4). The residents insisted
that not only had the north jetty trapped
large amounts of sand, but alse had created
currents and offshore eddies leading to
increased erosion of the spit (Oregoniam,
February 19, 1939), The residents proposed
the construction of a south jetty, which
they believed would trap sand to the south
along Bayocean's beach front and replenish
sand losses. Moreover, they contended a
south jetty would benefit navigation in
the channel and drive the erosive effects
of offshore eddies created by the north
jetty farther out to sea. The Corps of
Engineers explained that they believed a
south jetty would create only lecal accre-
tion south of its land connection and would
be of no value to the protection of the
inhabited portion of the spit (War Dept.
Dist., Eng., 1941).

EROSION - 1839

Erosion of Bayocean spit during the
winter of 1939 was particularly severe and
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caused considerable damage. On January 3,
4, and 5, 1935, a severe storm and high

tide combined to lash the spit. Small paps
along the narrow southern sector of the spit
were awash with waves carrying debris and
gravel into Tillamook Bay. Considerable
damage had been inflicted upon the paved
toad along the foredune between the village
of Cape Meares and the Bayocean resort.

The natatorium, which had been constructed

at the base of a foredune, had been completely

destroyed (Figure 5).

Subsequent high tides and storms in Jan-
vary and February of 1939 continued the
destruction {Oregontan, February 19, 1939).
Maximum recession of the top of the dune
bank was twenty-five feet with an average
recession of 7.3 feet for that part of the
spit with foredunes (War Dept. Dist. Eng.,
1940). Four houses had been undermined
and destreyed, nine houses were in pre-
carious positions and six had been moved
back from the foredune (War Dept. Dist.
Eng., 1939). There still remained
approximately thirty dwellings at Bay-
ocean, ten of which were permanently
occupied. There were two small stores
and an auto camp with thirty-five cottages
located midway on the bay side of the spit.
The 1940 population was thirty-two perma-
nent and approximately 150 peak population
during the summer (War. Dept. Dist. Eng.,
1940).

The destructive erosion of the winter
of 1939 initiated much concern and fear,
not only among residents and investors in
Bayocean Park, but also Tillamook citizens,
The fear was not only of further erosional
destruction, but also of possible breaching
A breach in the spit would

of the spit.

allow sand and gravel to enter the bay,
covering shellfish beds, and would permit
wave activity to distupt shipping and flood
low farmlands., A group of concerned citi-
zens organized the Bayocean Erosion Commit-
tee, whose purpose was to lobby govermment
officials to come to their aid.

EROSION - 1840-1948

In January, 1940, winter storm waves Con-
tinued to gnaw at the spit and widen the
gaps cut by the preceding year's storms.

The Bayocean Ercsion Committee appealed to
their state and federal representatives;
however, they received little support. The
war years postponed discussion of aid.

In 1946 the U.S. Army Corps of Engineers
appraised some possible actions to retard
the erosion (Dept. of Army Corps of Eng.,
1946). They concluded that the proposed
measures would either have little effect
on reducing the erosion or ceculd not be
economically justified.

On November 2, 1948, another severe
storm lashed the spit. Two new gaps were
cut through the narrow neck of the spit,
undermining roads and severed utility
lines to Bayocean Paxk. Storm winds and
high waves reappeared November 5, 1948
to further erode the spit and isolate its
eighty residents from the mainland {Orego-
nian, November 7, 1948}. Food and water
were ferried to the residents. Water ser-
vice was later restored by attaching fire
hoses to each side of the severed pipe and
suspending it over the gap. A telephone
cable was installed in the event the resi-

Figure 5.
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dents of the spit were isolated (Oregonian,

November 25, 1948)}. The storms of 1948

certainly pointed to the doomed fate of
Bayocean Park.

BREACHING OF THE SPIT

The 1939 fears of the spit's breaching
became a reality on November 13, 1952.
Storm waves aided by high tides penetrated
the gaps, weakened and finally destroyed a
4,000 foot long segment of the spit's
narrow sand ridge neck (Figure 6}. At high
tide the water-filled breach was nearly
three-quarters of a mile wide. At low tide
the break became several small channels,
the largest about 500 feet wide with a
water depth of six feet (Oregenian,
November 23, 1952). The ebb and flow of
subsequent tidal periods deepened and
widened the breach. Eight residents re-
amined on the spit through November. Ia
December two were evacuated, leaving the
total resident population of Bayocean to
six (Oregonian, January 18, 1953).

The breach assumed the major tidal flow
causing the navigation channel with its
jetty to shoal, due to loss of the scouring
tidal current. Waves rolled through the
breach and produced swells within the bay,
Sand carried into the bay created new shoals
within the bay, endangering shipping and
covering nearly 1000 acres of former oyster
beds (Brown, 1958).

DIXING THE BREACH

In 1956, four years after the spit's
breaching, work was begun to dike the
opering. The alignment of the breakwater
was set back from the beach line of the
spit. It was anticipated that the pocket

in the shorline formed by the setback

would fill chiefly by erosion material
from the spit. With the pocket filled, it
was expected that a8 more or less uniform
shoreline would be re-established forming
a protective sand beach in front of ths
breakwater. Figure 7 shows that this
assunption proved to be correct,

Immediately following the closure of the
breach, commercial fishermen reported marked
increases in tidal velocities in the naviga-
tion channel and rapid erosion of sand bars,
which had been building inside the bay since
1852 (Brown, 1958).

RECENT EROSION

The shoreline between Kincheloe Point
and the former breach site has continued
to erode. U.5. Army Corps of Engineers
(1971} data from 1957 to 1971 shows the
shoreline has retreated roughly twenty
feet per year. There is some concern that
continued erosion will again breach the spit.
However, the Corps of Engineers foresees the
average rate of erosion declining as sand
accretes south of the new south jetty,
extending seaward from Kincheloe Point.
It is believed that sand will be trapped
south of the new jetty, causing accretion
of the shoreline near the jetty and slowing
erosion farther down the beach.

SO0UTH JETTY

Comparison of United States Coast and
Geodetic Survey maps (Figure 8} shows the
growth of shoals within the channel entrance
to Tillamook Bay. The shoals extend north-
westerly from Kincheloe Point, migrating
within the channel entrance causing increased
wave activity and turbulence. Winter condi-
tions are most severe as southwesterly storm
waves break ove? the shoals, making the chan-

Figure 7.
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Figure 8.

nel impassible. for periods ranging up to ten
days (U.S. Cong. Sen. Docs., 1965). The
vessel delay had forced conce llation of water
carrier service; moreover, the unpredictable
channel conditions discouraged many fishing
boats from basing at Garibaldi. As a result,
Tillamook Bay suffered a decline in water-
borne transport and fishing activities

(U.S. Cong. Sen. Docs., 1965).

The hazardous channel conditions prompted
renewed consideration and eventual approval
for the construction of a south jetty at
the channel entrance to Tillamook Bay. Con-
struction of a 3,700 foot long jetty westerly
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from Kincheloe Point was begun in April 1969
(Figure 7). As the construction progressed,
it was recognized that the large shoal the
jetty was designed to contain extended well
beyond the proposed length of the jetty.

The jetty had to be lengthened for more
complete protection within the channel.

Work is now underway to extend the south
jetty by 2,830 feet to a total length of
6,525 feet with a projected completion date
of October 1974.

Beyond aiding navigation of the channel,
the Corps of Engineers (1965) expects the
south jetty to reduce the continuing loss




of sand into the channel and consequently
deposit sand for a short distance south of
the jetty and reducc crosion rates south to
Cape Meares.

SHORELINE CEANGES 1839-1873

Figure 9 represents shoreline changes to
Bayocean spit as taken from 1939 and 1973
aerial photegraphy. Most of the seaward face
of the spit has retreated several hundred
feet since 1939. The most severe recession
has occurred where the former narrow sand
ridge connected Bayocean to Cape Meares.
The breach destroyed nearly a mile-long
stretch of the ridge. The diking of the
breach and subsequent formation of a new
shoreline repositioned the entire southern
part of the sand spit 800 to 500 feet cast

Figure 9.
SHORELINE CHANGES
1939-1973
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of its former location. Tillameok County
tax assessor records show that people still
hold claim and pay neminal taxes on land
formerly located on the narrow sand ridge,
but is now under several feet of water.
Beach erosion is still continuing for
several hundred yards north of the former
breach site and will probably continue to
do so. This eroded sand probably moves
northward along the beach to be deposited
in the wave protected area south of the
new south jetty.

The most rapid change in the shoreline
configuration has occurred due to sand
depesition and shoreline progradation south
of the south jetty. Since its construction
in 1963, the shoreline immediately to the
south has advanced approximately 1,500 feet,
The shoreline advance is likely to continue
as the jetty is lengthened.

SEDIMENT SOQURCES AND THE ERQSION AND
DEPOSITIONAL SHORELINE PATTERN

Inspection of charts and aerial photo-
graphs for the Bayocean spit area has
revealed rapid sand deposition immediately
north of the north jetty and within the
Tillamook Channel to the south of the
north jetty (Figure 10). Rockaway-Man-
hattan beaches, four to six miles north
of Bayocean spit, have likely been the
source area for sand deposited north of
the north jetty as the aerial photographs
demonstrate that these beaches have been
eroding. Concurrently, sand has been
deposited south of the north jetty within
the channel entrance to Tillamook Bay.
The major source area for these sands
are more difficult to identify. Various
possible sources will be discussed in
order to account for the relative impor-
tance of each as a sediment source for
the channel shoals.

TILLAMOOK BAY

The five rivers that empty into Tilla-
mook Bay discharge much sedimentary mate-
rial. Using the Langbein and Schumm (1958}
method, an estimate of the fluvial sediment
discharge was made. The Langbein and
Schummn (1958) method provides an estimate
of total sediment discharge for drainage
basins by correlating this sediment supply
with the effective annual precipitation
for basins of differing climatic and vege-
tation conditions and with the drainage
basin area. The effective precipitation
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eliminates that portion of the precipita-
tion which is lost through evaporation and
transportation. Table I is the estimated
fluvial sediment discharge as predicted

by the Langbein and Schumm (1958) method
for the five rivers which enter Tillamocok
Bay.
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TABLE 1

Annual
Sediment

Drainage Area Yigid
River (mi<}) (yd /yr)
Miami River 36 79,300
Tillamoogk River 6l 125,600
Kilchis River 67 136,000
Wilson River 195 337,500
Trask River 175 308,700
534 987,100

Comparison of U.S. Coast and Geodetic
Survey charts for 1869 with present-day
charts show that most of the fluvial sedi-
ments are contributing to the filling of
the bay. Could sediment discharges out
of Tillamook Bay account for the channel
shoals which developed south of the north
jetty? Two lines of evidence indicate
that Tillamock Bay is not a major source
of sediments for the channel shoals.
Avolio (1973) has recently found very
well sorted sand extending from the chan-
nel well inte northern Tillameook Bay
govering an area approximately one square
wilomeler, This evidence indicaies that
beach sand is flowing into and being
deposited within Tillamook Bay. This
sugpests that Tillamook Bay is a ''sink"
rather than a source of sediments to the
channel and nearshore. Similar condi-
tions were found by Kulm and Byrne (1966)
at Yaquina Bay, approximately sixty miles
south of Tillamook Bay. Beach sand was
found to enter the bay through the channel
when the bay circulation assumed a two-
layered system. A two-layered system
develops within the water of the estuary
when freshwater overlies a salt water wedge
at the bottom of the estuary. The rapidly
outflowing upper layers of freshwater car-
ries with it some of the salt water at the
boundary. The removal and cutflow of this
salt water is balanced by a low level in-
flow of salt water near the bottom within
the salt wager wedge. Thus, the two-
layered system creates bottom current
velocities flowing from the ocean inta
the bay, causing the movement of beach
sand into the bay. The result is a net
accumuilation of both fluvial and beach
sediments in the bay. The evidence found
at Tillamock Bay suggests that similar
processes occur leading to the filling of
the bay from marine as well as fluvial
sediment sources. Thus, rather than con-
tributing sand, Tillamook Bay probably



extracts sand from the channel and Bay-
ocean nearshore.

HEADLAND EROSION AND LANDSLIDING

The Corps of Engineers (War Dept. Dist.
Eng., 1940) and Twenhofel (1946} suggested
that Cape Meares, immediately south of Bay-
ocean spit, has probably served as a sedi-
ment source for Bayocean spit. Basalt
boulders and cobbles along the socuthern
end of the spit were probably derived from
the basalt capping the Cape.

Cn the north side of Cape Meares is a
large landslide described by North (1964)
and Schlicker (1572). Study of aerial
photographs indicate the slide has become
active some time afrer 1955, The toe of
the slide has moved beyond the former beach
line. Trees leaning 20 to 30 degrees sea-
ward at the toe of the slide indicate
recent ground movement. The slide is
undoubtedly contributing sediment to the
longshore drift as waves erode and remove
the advancing secil and rock.

EROSTONAL LOSSES FROM BAYOCEAL EPIT

Bayocean spit's known shereline retreat
since 1939, as shown in Pigure 9, offers
the possibility of guantifying the volume
of sand loss from the spit. Ceorps of
Engineers' surveys show that erosion has
occurred along approximately 3.5 miles
of the spit with accretion at the northern
extreme. The eroded portion of the spit
has receded on the average 550 feet since
1939. Given an average sea cliff height
of 20 feet, the total volume of ercsion
since 1939 has azmounted to Toughly
7,400,000 cubic yards of sand or 220,000
cubic yards per year. These croded sands
have entered the littoral currents to be
transported and deposited elsewhere. The
progradation of Kinchelee Point and sand
deposition within Tillameok channel coin-
ciding with the construction of the north
jetty {Figure 8} suggest that much of the
sand eroded from Bayocean spit has been
deposited in those locatioms.

A rough estimatc of the channel shoal
volume was made to see if there was a
correlation between the accumulated volume
of sand within the channel shoal extending
from Kincheloe Point and the volume sand
loss from Bayocecan spit since 1939, Un-
doubitedly some of this sand hus been de-
posited within Tillameok Bay; however,

TABLE 2

ESTIMATED SHOAL VOLUMES

Depth (ft} Cubic Yards
8 5,240,000

9 5,890,000

1¢ 6,550,000

11 7,200,000
11.3 * 7,400,000

12 7,860,000

13 8,500,000

*Estimated sand loss to Bayocean spit
(yd?) 1935-1971.

that portion was omitted from the estimate.
Table II presents the approximate shoal
volumes using the estimated surface area
0.63 square miles and a variety of rea-
sonable depths of accumulation.

Table 11 shows that an average 11.3
feet of sand deposition within the channel
sheal would account for all of the esti-
mated sand eroded from Bayocean spit since
1939, Since some of this eroded sand
entered Tillamook Bay, a shoal thickness
somewhat less than this value could
actually account for the sand eroded
from the spit. Comparisons of Coast
and Geodetic Survey charts indicate
deposition within the channel on the
order of ten feet thickness or more,

This indicates then that erosion from
Bayocean spit has probably served as the
major source of sands deposited within
the Tillamook Bay channel following con-
structien of the north jetty.

LONGSHORE SAND TRANSPORT

National Marine Censultants (1961} pre-
sents wave hindcast data which suggests
that longshore sediment transpert for much
of the Oregon coast reverses with the
seasons. During the spring and summer a
south longshore transport predominates
reversing to 4 north transport during
autumn and winter. Longshore current
observations conducted along Bayoceun
spit by the Corps of Enginecrs (Whar Dept.
Dist. Eng., 1940) during 1939 and 1940
agree with the longshore current predictions
as indicated by the National Marine Consul-
tans (1%61) information.
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Although sand moves north during one
season and south during another, the avail-
abte information indicates that the overall
annual net drift of sand along the beach is
nearly zero. This is first suggested by
the approximate balance of the longshore
component of the wave energy flux to which
the sand transport Tate can be correlated
(Komar and Inman, 1970). It is also indi-
cated by local geomorphologic evidence.
Although Bayocean spit is attached to the
mainland mass at its south end and extends
to the north, a configuration generally
taken to indicate a northward growth and
litteral transport, Nehalem spit, just 2
few miles to the north has grown in a
southerly direction, Along the Oregon
coast, spit growth does not provide a
clear indication of the net littoral drift
direction. 1If a net drift of sand did
exist, Cape Meares at the south end of
Bayocean spit should act as a long-term
"jetty" or "groin" and block this drift
so that the beach would build cut on the
updrift side and erode on the downdrift
side. No such pattern is found, the
beaches on the north and scuth sides of
the Cape being approximately symmetrical.

Utilizing heavy minerals found within
sands as natural tracers of the sand move-
ment, Scheidegger, et al. (1871) found
a tong-term net Arift predominantly to
the north along the Oregon coast and off-
shore. This drift is long-term in geo-
logic sense, however, so that the net
annual drift of sand along the coast is
sti]ll nearly zero.

As will be seen in a moment, the pattern
of erosion and deposition along Bayocean
spit and neighboring beaches can also be
interpreted as indicating a seasonally
reversing longshore transport with a near-
zero net drift.

IMPACT OF THE NORTH JETTY UPON LONGSHORE
SEDIMENT TRANSPORT AND SHORELINE
CONFIGURATIGN

The very rapid sand deposition and beach
progradation north of the north jetty and
simultaneous ervsion of Bayocean spit caused
the U.5, Army Corps of Engineers (1970) to
identify a predominant net north to south
littoral sand transport of 800,000 cubic
yards for the area. Their conclusion appears
to have been based on comparable examples
such as the breakwater at Santa Barbara,
California, which blocks a strong unidirec-
tional longshore drift, sand depesition and
shoreline advancement occurring on the up-
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drift side of the jetty or breakwater and
erosion occurring in the downdrift side.
Such an interpretation for the Bayocean area
of course conflicts with the cvidence against
a strong net drift of sand. In addition, a
closer scrutiny of the patterns of erosion
and deposition around the Tillamook jetty
reveal a distinct difference from this uni-
directional drift model. Simultaneous with
the noticeable deposition north of the north
jetty, there has been sand deposition to

the immediate south of the jetty. This
deposition occurred as a comparatively

small advancement of the shoreline at
Kinchelce Point, but more important as the
development of a large system of shoals in
the mouth of the harbor entrance., In addi-
tion to the erosion of Bayocean spit, ero-
sion also took place at Manhattan-Rockaway
beaches farther north of the jetty. A
somewhat different pattern of deposition-
erosion around the jetty therefore emerges.
Near the jetty itself, both to the north

and south, deposition of sand occurred
(Figure 10), while at greater distances

from the jetty erosion tocok place. The rea-
son for this distribution is that the jetty
provides small areas on either side which
are partially shielded from the waves. When
sand moves to the south it accumulates on
the north side of the jetty in the usual
fashion. When the waves subsequently arrive
from the south, moving sand to ths north,
sand is blocked on the south side, but due
to the protective shielding of the jetty,
only weak diffracted waves can reach the
shadow zone behind the jetty to transport
the sand previously deposited there by the
south transport. Therefore, this sand is
not removed from the shadow zone and the
long-term effect is an accumulation of sand
near the jetty, both on the north and south
sides, within the sheltered zones, and ero-
sion of the beach at greater distance away
from the jetty to supply the sand to the
areas of deposition. In the case of the
jetty at Tillamook Bay, the erosion to
Bayocean spit aas made more severe in that
the length of the beach is relatively smalil,
there being a large rocky headland to the
south, so that the erosion per unit length
of shoreline had to be large to supply the
required sand. In contrast, there is a

long stretch of beach to the north of the
jetty so that only a small amount of sand
had to be supplied by each unit length of
shoreline.

CONCLUSIONS

Most studies of man-made structures in
the nearshore have emphasized beach erosion



and deposition resulting from the construc-
tion of jetties transverse to a unidirec-
tional sand transport. The typical pattern
that emerges is sand deposition and shore-
line progradation on the updrift slde;
erosion and beach recession on the down-
drift side of the structure. At first
glance, one would expect little or ho
erosion and deposition to occur along a
shoreline by the construction of a struc-
ture transverse 10 a seasonally reversing
longshore sand transport but with little

or no net annual drift, However, as shown
by the Bayocean example, even with a near
zero net drift jetty construction may upset
the natural movements of beach sand and
thereby cause severe erosion.
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Fiord Estuary Modeling in Alaska

J. Brian Matthews, Asscciate Professor
Institute of Marine Science
University of Alaska, Fairbanks

In 1867 work was begun on a ten-year
program with the ultimate objective of
developing a numerical fjord circulation
model. The project was funded by the
Office of Naval Research and based at the
Institute of Marine Science of the Uni-
versity of Alaska. Effort was directed
at evaluating the important factors infiu-
encing circulation in Alaskan fjords via
2 field program in the fjord inlets of
southeast Alaska while, at the same time,
carrying out investigations into numerical
techniques,

When this project was initiated there
was not a great amount of interest in the
fjord estuaries of northwest America. Yet
the northeast Pacific coastline contains
many deep fjord-like inlets stretching in
a complex network from Tacoma, Washington,
to Cook Inlet, Alaska, a span of more than
10° latitude. The region provides an
invaluable intesmational asset for multi-
purpose uses. The recent threat of the
pipeline-tanker route from Prince William
Sound to Puget Sound has served to focus
on the potential damage to this unique
coastline which might follow poor manage-
ment procedures, We believe that thor-
ough understanding of fjord inlet circu-
lation mechanisms is a necessary prelim-
inary to the development of wise manage-
ment procedures for multipurpose uses.

In some respects it is advantageous
to develop numerical model procedures for
fjord inlets because some of the problems
in other estuaries are absent. Fjords
occur in mountainous coastlines at higher
latitudes and are believed to be gouged
by glacial action along natural valleys
or fault zones. Subsequent flooding from
the sea results in typically steepsided
U-shaped long narrow inlets which some-
times have restrictive sills. It is be-
cause of their bathtub-like shapes that
we feel they offer good possibilities
for preliminary work in numerically
medeling their circulation patterns.
Tidal flats and shoal regions are gen-
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erally absent from fjord estuaries unlike
many coastal plain or bar-built estuaries.

FJORD CATALOG

As part of a long-range goal of designing
a model applicable to any fiord estuary we
wished to know where fjords cccurred and
what properties could be systematized.
Accordingly an attempt has been made to
list the fjords of the world according to
their location and topographic features.

Fjords eccur in Alaska, British Columbia,
Washington, and Arctic Canada. Greenland,
Iceland, Norway, Chile, and New Zealand
also have fjord inlets. Work is progress-
ing on the catalog. All regions except
Greenland have been compiled to date and
the northeast Pacific region is presently
undergoing final checking and revision.

The catalog will be printed in velumes by
region as they become available.

Inlets are listed by country and latitude,
longitude and marsden square locations are
given. The depths of the major s5ills and
basins are listed as well as the surface
area, Connecting bodies of water and spe-
cial terminations such as in glaciers
or majer rivers are listed. The catalog
is stored on computer desk file and is
designed to be compatible with oceanographic
Jdata files.

IFJORD CIRCULATION

Luring compilation of the fjord catalog
and other literaturc searches it became
apparent that the fjeord regions of the world
have received remarkably little attention
from occanographers. Although the fjords
of Norway have been settled for at least
two thousund years only a hundful have
received attention from oceancgraphers
(Gade, 1963, Saelen, 1967). Greenland,
Arctic Canada (Nutt and Ceachman, [956],
Chile (Pickard, 1971) and New Zealand
(Skermun, 1964) have been similarly
neglected.

By contrast the inlets of the Pacific
Northwest have been quite well surveyed
and their oceancgraphic features described.
Pickard and his collaborators have docu-
mented the oceanography of the major
Pritish Columbian inlets {(lTully, 1949;
Tabata and Pickard, 1957; Waldichuk,

1957 and 1958; Herlinveaux and Tully,
1961; Pickard, 1961; Herlinveaux, 1962,
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and Gilmartin, 1962). The fjord region

of Washington State, the Puget Sound

system has been worked on by University of
Washington oceanographers and some of their
work has been published (University of
Washington, 1953, and Collias et al., 1966).

The Alaskan inlets have been investi-
gated in seasonal studies (McAlister,
Rattray and Barnes, 1959; Jones, 1964, and
Pickard, 1967). More recently the Univers-
ity of Alaska has carried out annual sur-
veys of certain Alaskan inlets and some of
this work has been published as M.S5. theses
or reports (Quinlan, 1969; Gleason, 1972,
and Nebert and Matthews, 1962).

Most of the studies mentioned above
reveal that fjord inlets are generally
stratified with 2 seaward-moving brackish
layer at the surface. The deep water is
believed to be entrained by these surface
layers and is renewed from the ocean. In
some inlets wind mixing plays an impor-
tant role (Farmer, 1972].

In Alaskan inlets we find the strati-
fied condition in summer and fall whereas
the water mass is homogeneous in winter and
spring. This appears to be a consequence of
the runoff which has a high double peak in
summer and fallinpg to very small amounts in
winter. The first peak occurs in May due
to spring runcff and the October peak from
a precipitation peak. Winter precipitation
is mainly in the form of snow. However,
circulation appears to continue year-round
and large surface currents have been obscrved
in February with very homogeneous conditions
from top to bottom of the inlet in Endicott
Arm (Gleason and Matthews, 1972}. In this
particular inlet, whizh has a 50 m entrance
sill, tides are believed to be the indirect
mechanism driving the observed circulation
(Nebert and Matthews, 1972).

REQUIREMENTS FOR A MODEL

At a workshop on fjord circulation con-
vened by Dr. E.L. Lewis of the Frozen Sea
research group in 1872, the present know-
ledge on fjord circulation dynamics and
associated problems was reviewed. Although
the principal factors influencing circula-
tion could be enumerated and specific prob-
lems formulated for solution it was reluc-
tantly concluded that we have insufficient
information at the present time to attempt
large scale modeling efforts. An experi-
ment has been proposed to help fill the
gap and this will be detailed below. First,
however, it will be useful to summarize
the requirements of a numerical model,



A numerical model should be able to pre-
dict circulation patterns in fjord inlets
and describe the distribution of properties
such as temperature, salinity and dissclved
oxygen. Therc is a need for both time depen-
dent and steady state solutions. These
models can have uses from many agencies
such as those concerned with fisheries,
pellution centrol, ot transport. Fjord
medels will ultimately need to be coupled
to larger ocean models which may themselves
be coupled te global ocean/atmosphere models,

The factors isolated as important to fjord
models fall roughly into topographic and
physical classes. Topographic features to
consider are (1) sills, (2} sinuosity, (3)
islands, and {4} shape of sides. Sills
have a major influence on mixing and serve
to restrict the basin so that deep water
may not freely enter the inlet if it be
restricted by a sill. The inner basin of
the Norwegian Nordfjord is remewed only
every seven or eight years when exceptionally
cold dense water is introduced into the ocuter
basin {Saelen, 1964}. Saanich Inlet in
British Cclumbia seems to be dependent on
a similar mechanism for flushing (Herlin-
veaux, 1962), No Alaskan inlets become
anoxic but our work on Alaskan inlets
demonstrates the importance of the entrance
sill on circulation (Quinland, 1969; Nebert
and Matthews, 19723, The other three topo-
graphic features listed affect circulaticn
to a lesser extent than the sills but are
nonetheless important. Sinuosity leads to
cross-channel circulation and pessibly to
upwelling and mixing acress the pycnocline.

Nine meteorological or oceanographic
facters appear to be significant. These
are (1) temperature and salinity just out-
side the inlet, (2) tides, (3} winds, (4}
runoff, (5} radiation, (6} air character-
istics, (7} freezing and melting, (8) ice-
bergs, and (9) sediments. The list is
roughly in crder of importance for temp-
erate fjords although seasonally and from
inlet to inlet their importance does vary.
Outside water characteristics determine
what is available to mix with inlet waters-
Norwegian inlets for example, generally
have water 2%, more saline than North
American inlets (Matthews, 1971). Temp-
erature of the external water appears to
be the variable which is critical to fiord
flushing in Norway whereas salinity vari-
ations are cqually important to North
American inlets,

Tides play an important role in many
¢stuaries and fjords are no exception. We
have suggested that it js the tides which
transport water in and out of some Alaskan

tjords and together with density differences
and sill depth controls much of the circula-
tion (Nebert and Matthews, 1972)}. Because
fjords are generally deep and stratified
simple depth-mean tidal numerical models
cannot readily be applied. We have, how-
ever, worked with such models in order to
gain expertise in modeling and have applied
well mixed estuaries such as Cook Inlet
(Matthews and Mungall, 1572, and Mungall,
1973). Winds, often of the Fthn type,
funneled between the steep sides of a fjord
inlet can play an important role in circu-
lation. Farmer {1971} has shown the wind

te be of major impertance in spring in
Alberni Inlet on Vancouver Island.

Runotf determines the density in the
upper layers of the inlet and provides the
necessary dilution whereby density differ-
ences are set up. Generally the world's
fjord regions have low runoff in winter
and high runoff in spring and summer. Radi-
dation and air characteristics affect the
surface of the iniet and may lead to therme-
haline convectio due te freezing or evapora-
tion. In the inlets of southeast Alaska
and British Columbia these effects are not
usually large. In the Canadian Arctic,
Greenland or Chile, however, they may be
important for the seasonal cycle, Ige-
bergs generally result from glaciers calving
directiy into an inlet. Because they may
extend over 200 m below the surface (Gleason
and Mathews, 1972), they can serve as a
heat sink and source of fresh water and play
an important role in bringing deep waters to
the surface. "Alaska, Greenland, Arctic
Candaian and Chilean inlets have tidewater
glaciers; Norwegian and British Columbian
inlets do not, Fjords are often fed by
giacial streams carrying heavy sedinent
loads, The sediments may lead to strong
turbidity currents which influence mixing
and also cut light penetration, thus modi-
fying phytoplankton behavior,

In the foregoing paragraphs we have
enumerated what are believed to be the
major factors influencing fjord inlet
circulation. Any numerical model which
strives to predict circulation must be
able to use each of all of these. The
state of the art in estuarine modeling
has recently been reviewed (Ward and Cspey,
1971) and applications of some medels to
Pacific Northwest estuaries was ably dis-
cussed by Callaway (1971} at the first of
these confercnces. The author as briefly
reviewed pumerical medels in the light of
fjord needs und presented a schepe for a
ten-layer baroclinic free surface model
(Matthews, 1572}, In the proposed model
the approach was taken that it 1s simpler
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in the long term to design & fulllthrge
dimensional model first and simplify 1t
later than to build small models and attempt

to enlarge them.

The proposed model is driven by salinity,
temperature and tide specified at open
boundaries. Topography 1is built in as
initial conditions. The scheme allows
ten depths to be specified corresponding
to the ten layers of the model. This does
not allow for smooth contours as can be
achieved by building the vertical ordinate
inte the scheme as in the sigma-t approach
{e.g., Gilchrist et al., and Freeman et al.,
1972). However, it allows the major tope-
graphic features to be included wh;le_maklng
model results easy to fit to observations.

In designing the finite difference scheme
the boundary conditions to be applied were
kept in mind, The computer programs are
still under development but provision for
specifying many conditions has been allowed
for so that maximum flexibility can be
achieved. Disk stoarge of array variables
has been set up so that input/output opera-
tions occur simultaneously with computation
but are not limiting factors. The scheme
allows two dimensional (vertical or hori-
zontal) and che dimensicnal subsets 1o be
operated with the consegquent serving of
computation time. At the present time
the one dimensional model is being evalu-
ated.

The model uses eight equations solved
sequentially in slabs along an inlet.
Marchuk time splitting procedures are used
throughout te give a stabilization to the
numerical scheme. The eguations solved are
for vertical velocity, surface elevation,
temperature, salinity, density and pressure
equations and two equations of horizontal
motion. Cartesian coordinates are used
with fixed latitude and the Boussinesque
approximation assumed.

The major problem in such models as the
one piven above is that no analytical solu-
tions are available for them nor are the
mixing and turbulence parameters known.
Thus, unlike the two dimensicmnal tidal
numerical models for well-mixed estuaries
the more general models cannot be ade-
gquately tested at present. Because the
remedy requires time series synoptic data
which requires a large effort toc great
for individual researchers or even single
agencies. It was to overcome these prob-
lems that the proposed Joint Internaticnal
Fjord Experiment was originated,
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JOINT INTERNATIONAL FJORD EXPERIMENT (JIFE}

To overcome the lack of time-series symop-
tic data for fjord estuaries a joint cxperi-
ment by agencies with a long-time interest
in fjord inlets has been proposed. We plan
to conduct detailed survey of a topograph-
ically simple inlet using multiple current
meter arrays, ships' tide guages and weather
stations. The Universities of Alaksa, Wash-
ington and Oregon State, NOAA and EPA are
presently planning to participate in the
first experigmnt. The first fleld experi-
ment will be in April 1974 in iood Canal,
Washington. This site was chosen for its
simple topography, wealth of background
data and location convenient for most par-
ticipants.

The central idea of the proposed experi-
ment is that it will be carried out with
existing equipment as inexpensively as
possible. All the present participants
have ongoing prejects concerned with fjords
and have specific needs for the results of
the experiment. The 1574 gxperiment 1is
designed as a preliminary to a major experi-
ment in 1975. In the first year we hope
to find the optimal spacing and arrangement
of current meters so that coherence is ob-
cerved and first and second order gradients
can be computed. From these current measure-
ments and the time-series STD results we
hope to evaluate spatial and rtemporal vari-
ations of turbulent diffusion coefficients.
values of these coefficients are essential
to circulation models such as propesed by
Matthews (1972) or Winter and Banse (1972).

MODEL RESULTS

The philosophy behind the fjord numerical
modeling program that the University of
Alaska has been briefly reviewed above and
the present state-of-the-art given., We are
continuing our work on trying to find the
best methods to test and evaluate model per-
formance and different methods of examining
the great volumes of data that can be accu-
mulated with or for numerical models.

From our steady state tidal numerical
models we have customarily stored every
computed value of tide height and currents
during the final tidal cycle. This is
stored on tape and examined later by ana-
lytical programs. To achieve any kind of
understanding of the resulis one must go
to some kind of visual display. For tides
we have used cotidal and cophase contours
or plots of current vectors. Perhaps the
most graphic presentation is the exag-
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Two frames from a irovie of the M2 tide of Cook Inlet showing left, an

exaggerated sea level perspective and right, superimposed current vectors and

cotidal lines.

gerated perspectives plot such as the one
shown in Figure 1.

However, even for a relatively simple
tidal solution one rapidly becomes inun-
dated with plnts and has difficelty in
following the dynamics involved. We have
used the film tcchnique which has been
employed by several ocean modelers with
considerable e¢ffect. In this technique
plots of some property distribution with
time are photographed on consecutive
frames of movie film, The resulting film
when projected shows the movement of the
property with time, usually at a faster-
than-normal rate,

Using this teechnigue we have produced a
movie of the M2 tides of Cook Inlet, Alaska,
and the Irish Sea. Sequences of both per-
spective plots and superimposed current
vectors and cotidal lines were produced
in cclor. Examples of both types of frames
are shown for Cook Inlet one hour after
high tide at Anchorapge in Figure 1. The
dynamics of the tidal movement came through
very clearly in this kind of presentatiom.
It is very simple to see how the Coriolis
effect results in a larger tidal range on
the south bank of Cook Inlet than on the
north bank for example.

Our future plans after successful develep-
ment of the 30 model and testing against
JIFE data include experimentation with vis-
ual technqiues for displaying temperaturc-
salinity, density and other water quality

properties. It is not improbable that such
experiments could lead to the real time dis-
play on cathode ray tubes, of, for example,
0il spill plumes or other results of environ-
mental disasters. We in Alaska will be very
happy if cur werk can contribute in some
small way to this goal.

LITERATURE CITED

Callaway, R.J. 1971. Applications of
suvme numerical models eof Pacific North-
west estudries. Proc, 1971 Tech. Conf.
Estuaries of the Pacific Northwest,
Circ. No. 42, Eng. Expt. Station,
Cregon State University, Corvallis,

p. 28-97.

Collias, E.E., C.A. Barnes, C.B. Murty
and D.V. Hansen. 1966. An ocean-
ographic survey of the Beilingham-
Samish Bay system, University of
Washington, Department of Oceanography
Report M66-8.

Farmer, D. 1972. The influence of wind on
the surface waters in Alberni Inlet.
Ph.D. Thesis, University of British
Columbiz. 92 p.

Freeman, A., M. Hale and M.B. Danard. 1972.
A modified sigma equations® approach to
the numerical modeling of the Great lakes
hydrodynamics. J. Geophys. Res. 77(6):
1050-1060.

M




Gade, H.G. 1963. Some hydrographic cbser-
vations of the inner Oslofjord during
19559, Hvalradets Skrifter 46:1-62.

Gilchrist, A., G.A. Corby and R_L. Newsom,
1973. A numerical experiment using a
general circulation model of the atmos-
phere. (. J. Roy. Met. Scc. 9§(419):
2-34.

Giimartin, 1962, Annual cyclic changes in
the physical oceanography of a British
Columbian fjord. J. Fish. Res. Bd.
Canada 19:921-974.

{Gleason, R.R. 1972. Surfage currents and
iceberg photgrammetry in Endicott Arm,
Alaska. Inst., of Marine Science, Univ.
of Alaska Report R72-7. 162 p.

Herlinveaux, R.H,, and J.P. Tully. 196&1.
Some occanocgraphic features of Juan de
Fuca Strait., J. Fish. Res. Bd. Canada
18(6):1027-107].

Herlinveaux, R.H, 1962, Oceanography of
Saanich Inlet in Vancouver Island,
British Celumbia, J. Fish. Res. Bd.
Canada 19(1):1-37.

Jones, R.B. 1964. Oceanocgraphic Inves-
tigations of Port Nellie Juan Fjord,
Alaska. Report to U.S. Dept. of Com-
merce, ESSA, E § GC. 46 p.

Matthews, J.B. 1971. Some aspects of the
hydrography of Alaskan and Norwegian
tjords. Proc. First International Conf.
on Port § Ocean Cng. under Arctic Con-
ditions, Technical University of Norway,
Trondheim, Vol. 1:829-839.

1972. A numerical model
of a4 fjord sstuary. 1. Basic con-
siderdtions and finite difference
scheme,  Inst. Marine Science, Univ.
of Alaska, Report K72-15. 71 P-

Mutthews, J.B. and J.C.H, Mungall. 1972.
A numerical tidal model and its appli-
cation to Cock Inlet, Alaska. J. Mar.
Res. 30(1}:27-38.

Mungall, J.C.H. 1973. A variable grid
tidal numerical model. Ph.D. thesis,
University of Alaska.

HcAlister,_N.B., M. Rattray, Jr., and
C.A. Barnes., 1959, The dynamics of a
fjord estuary; Silver Bay, Alaska.
Lept. of Oceanography, Univ. of Washing-

ton, Seattle, Tech. Report No. 62. 70 .

Nebert, p.L. and J.B. Matthews. 1872,
A propesed circulation model for tndi-

132

cott Arm, an Alaskan fjord. Inst. of
Marine Science, Univ. of Alaska,
Report R72-10. 104 p.

Nutt, D.C. and L.K. Coachman, 19586,
The oceanography of Hebron Fjord,
Labrador. J. Fish. Res. Bd. Canada
13(5):709-758,

Pickard, G.L. 1961. Oceanographic
features of inlets of the British
Columbia Mainland coast. J. Fish, Res.
Bd. Canada 18:907-999.

1967. Some oceanographic
characteristics of the larger inlets
of southeast Alaska. J. Fish. Res.
Bd. Canada 24:1475-1502.

1971. Some physical
oceanographic features of inlets of
Chile. J. Fish. Res., Bd. Canada
28({8):1077-1106.

Quinlan, A.V. 1969. Seasonal and
spatial variations in the water mass
characteristics of Muir Inlet, Glacier
Bay, Alaska. M.S. thesis, University
of Alaska. 145 p.

Saelen, O.H. 1367, Some features of the
hydrography of Norwegian fjords. In

G. Lauff [ed.], Estuaries. Am, A.A.S.,
Washington, D.C. p. 63-70.
Skerman, T.M. [editor]. 1964. Studies of

@ southern fjord. New Zealand Dept. of
Sci. and Ind. Res., Bull. 157, Mem, 17.
102 p.

Tabata, 8. and G.L. Pickard. 1957,
The physical oceanography of Bute Inlet,
British Columbia. J. Fish. Res. Bd,
Canada 14:487-520.

Tully, J,P, 1949, Oceanography and pre-
diction of pulp mill pollution in
Alberni Inlet. Bull. Fish. Res. Bd.
Canada B3:1-169.

University of Washington. 1953,
Sound and approaches: a literature
Survey. Dept. of Oceanography, Univ.
of Washington, Seattle, 3 vols.

Puget

Waldichuk, M, 1957. Physical oceanography
of the Strait of Georgia. J. Fish. Res.
Bd. Canada 14:321-4R¢.

1938. Some oceanographic
characteristics of a polluted inlet
in British Columbia, J. Mar. Res.
17:536-551.



Ward, Jr., G.H. and W.H. Espey, Jr. 1971, Winter, L.F. and K. Banse. 1872,

A stra-
Estuarine modeling: an assessment, tegy for modeling primary production.
TRACOR Ilnc., Austin, Texas Report to Proc. 1972 Tech. Conf. on Estuaries of
Water Quality Office, EPA, Government Pacific Nerthwest, Enp. Expt. Sta.,

Printing Office. Washington Stock No. Oregon State University.
5501-0129. 497 p.

133




Effect of Pulpmill Effluent on Dissolved
Oxygen in a Stratified Estuary

R.R. Parker and J. Sibert, Research Scientists
Pacific Biclogical Station, Nanaimo, B.C.

Dissolved oxygen (DO} levels of receiving
waters are often used as criteria to judge
the effects of industrial discharges on
environmental quality. Port Alberni (Fig-
ure 1), a highly stratified fjord estuary,
is such a case. A large integrated pulp
and paper complex is situated in Port
Alberni at the mouth of the Somass River
(Figure 2). There is at least tacit
agreement among industry and regulating
agencies that DO shouid be maintained
above 5 mg/l. Our study attempted to
identify and quantify the functicnal
relationships comprising the system
responsible for DO levels in the estu-
ary. In this paper we state conclusions
relative to the main theme but supporting
evidence is generally not included. A
full treatment of all aspects is avall-
able in several manuscript and technical
reports, e.g., Kask and Park, MS 1972;
Parker and Sibert, MS 1972; Sibert and
Parker, M5 1972; Parker, Sibert and
Terhune, MS 1972; Anon., MS 1957. These
may be obtained by request from the
Pacific Biological Station, Nanaimo, B.C.

THE BLACK CLOUD HYPOTHESIS

Prior to construction of the pulp mill,
dissolved oxygen concentrations were near
saturation in the upper zone {Figure 3)}.
Deep water contained relatively little
02, generally about 4 mg/l. Immediately
under the halocline there was usually
more O, present than might be expected
from mixing processes alone. Super-
saturation often was observed in this
stratum. These surpluses could exist
only if sufficient solar energy pene-
trated to that level making photosyn-
thetic oxygen production possible.

In 1970 the upper zone was characterized
by lower DO, an obvious response to the
bacterial biomass feeding on mill waste.
When the mill was not operating, DO values
in that stratum increased to saturation,
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Figure 2. Aeriel photograph of Port Alberni and the Somass River mouth.
Courtesy of MacMillan Bloedel Ltd.

and decreased again when the mill resumed
activity. The sharpest contrast in this
#before and after" comparison is between
DO values immediately under the halocline.
The mill effluent apparently had altered
the balance between 0Oy production and con-
sumption at that level, even though the
non-particulate component of the mill
waste 1s confined to the halocline and
upper zones. An important source of
oxygen to the upper zone, through entrain-
ment, has been eliminated. Thus the
observed decrease in DO in the upper zone
is due to two dissimilar immediate causes:
One, the biochemical exygen demand (BOD)
of the mill effluent discharged with the
fresh water component; the other, the low
(often less than 2 mg 05/1) DO level of
the marine water being entrained.

We call this our "Black Cloud Hypothesis"
because we believe the later phenomenon is
caused by blockage of light penetration by
humic stain in the mill waste. While a
small amount of net production is passible
in the upper zone, the compensation depth
(Figure 4) rarely extends to the stratum
under the halociine while the mill is
operating.

A NUMERICAL MODEL

The Biack Cloud Hypothesis has three
components: (1) blockage of photesynthesis
due to the shading effect of the mill stain,
(2) respiration, and (3) estuarine circula-
tion. To test whether the consequences of
such a hypothesis are quantitatively con-
sistent with the observations, a simple
numerical model was developed.
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The model is based on the well-known
concept of the chemostat or continuous
culture apparatus (Herbert et al., 1956).
To simulate the oxygen dynamics system of
Alberni Inlet with a numerical model, 16
chemostat units are coupled vertically so
that the output of each unit is the input
of the unit directly above. In addition,
each unit has a second input and output in
the horizontal direction (Figure 5). The
basic equation expressing the rate of
change of a solute in any single unit is:

dX
do = fix v faXp - (Br £2)X + IS,

where X is the cencentration of the selute
in the unit, X; is the concentration in the
reservoir (R;) associated with the flow rate
£, Xz is the concentration of the solute in
the underlying unit associated with the flow
rate fy, and IS represents the sum of all
sources and sinks of X associated with non-
conservative processes. In the case of the
bottom chemostat unit X? is the concentra-
tion of the solute in the reservoir, Rj.

The model consists of five such equations
representing the states of dissolved oxygen,
bacterial biomass, bacterial nutrient,
algal biomass and mill stain. Pulp mill
effluent is considered to have two compo-
nents, bacterial nutriemt and stain, which
are related to measurements of BOD and
effluent coler made tt the mill.

The non-conservative terms, S,, comtain
models of biclogical processes. For oxygen
there are two non-conservative terms, bac-
terial respiration and net aigal production.
Bacterial respiration is related to the
biomass of bacteria. Net algal production
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is a function of algal biomass and light
intensity only. Light intensity decreases
exponentially with depth according to the
transparency of the water. Transparency
is decreased by "natural" turbidity, mill
stain, and algal bLiomass.

¢ o - An example of the output produced by the
model 15 shown in Figure 6. In this run,
T there was no mill effiuent entering the

model, and after 12 days, a steady state
Ifz s achieved. The resultant 0, profile is
not unlike those observed in the Inlet
-~ with near saturation concentrations above
the halocline. At day 13, mill effluent
is introduced. Immediately, the oxygen
concentration and the algal bicmass de-
» crease, and the bacteriazl biomass increases.
By day 15, a new steady state is achieved.
Primary production is practically nil and
0> concentrations are less than 4 and
generally between 2 and 3 ng/1l throughout
f the water column. ©On day 19, the concen-
—— = tration of BOD is reduced from 200 to
100 units resulting in a decrease of the
f bacterial biomass and restoration of some
of the oxygen above the halocline. Pri-
' f2 mary production remains nil and there is
little O, below the halocline. During
the next few simulated days, the stain
T. content of the effluent is pradually
|

reduced from the initial value of ROOQ
units. Not unti! iteration day 45,
where the stain is 75 units, do any-
thing like normzl producticn and DO
levels return to the water column. On
day 51, the effluent is removed and pro-
ductivity is restored to the pre-mill

fI level.

_ The model effectively demonstrates
T that the large amount of stain intro-
duced into the surface waters of the
estuary cam practically eliminate pri-
f2 mary production both in the upper mixed
zone and below the halocline. As a
result, the DO remaining in the water
column is rapidly respired by bacteria
and other organisms. The control or
removal of BOD has no effect on the
dissolved oxygen below the halocline.
These results are consistent with the
Black Cloud Hypothesis. The model fur-
ther suggests that about 99 per cent
of the stain must be removed in order
to restore the oxygen penerating system.

Figure 5. Schematic representation of

the coupled chemostat model. Saquares

represent the chemostat units, diamonds SOURCE WATER FOR ENTRAINMENT

the reservoirs (R, and R}, and arrows

the #low of material (f, and f-}.

Alternative systems, quite different

in the extreme, may be visualized in the
entrainment process. At one extreme,
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the ses water entrained intg The upper
zone is carried up inlet in a relatively
intense current inmediately under the
halocline. In this Cd50, the water would
be submerged below the halocline for a
relatively short period, depending on

the length of the fjord, and would remain
within the euphotic zone (given clear
water in the upper zone}. At the other
extreme, up inlet transport iy a gradual
process involving slow, up inlet move-
ment of water well below the euphotic
zone. In this case, source water to the
hcad of the inlet would be deep water, and
would remain submerged for g relatively
long period. In the first, case, photo-
synthesis would tend to maintain and sup-
plement a high oxygen content in source
water; in the second case, source water
would re-enter the euphotic zone in an
oxygen depleted state from the depths.
These two transport systems may be asso-
clated with different rates of river
discharge, with high river discharge
associated with the first system and low
river discharge with the second (Rattray,
19673 .

The importance of this distinction
for Alberni Tulet lies in the presence
of mill stain in the upper mixed layer.
This staln prevents photosynthesis fron
daintuining cie D0 coucentration in Idod-
ward flowing water below the halocline.
If the lundward flowing water is very
deep, much more stain nust be removed
from the upper mixed layer in order to
restore oxygen production below the halo-
cline than if the londward flowing water
is confined to o relatively thin stratum
immediately below the halocline. Further-
more, respiration can Temove more oxygen
{rom the water if it is moving slowly
and thus out of contact with the surface
for a longer period than if it were moved
rapidly.

Results of a current study made from
a single statiom 4 km seaward of the mill
21-22 July 1971, are shown in Figure 7,
Vertical current profiles were measured
hourly to a depth of 25 m over a 26-hour
period, employing a Chesapeake Bay drogue
{Pritchard and Burt, 1951). The main
assumption implicit in this type of study
is that current profiles measured at the
station are reprsentative of the cnti?e
cross-section of the inlet at that point.
Unfortunately, this assumption cannot
easily be tested.

We accumulated transport volumes in
respect to the position of the bottom of
the halocline. The results clearly show

that net transport was seaward or nil

in u@ll strats to nearly 15 meters below
the halocline, it.e., to a depth of approxi-
mately 20 m. In other words, sva water
was not moving landward in a well defined
layer immediately below the halocline, but
rather 2% a gradual movement of the deep
water.,

Further evidence on the question of depth
of flow of source water for entraincent can
come from an interpretation .f the Zistribu-
rin tre

tion of properties of the 32a «u
inlet. Nitrate, while non-conse
cdan serve as a useful indicatsr.
of nitrate concentration in taz

vertical planes were estimatec frim -Teazsure-
ments taken on 24 June 19Tl and »-10 asgzuse

1971,

The freshwater discharge of -he apass
River 15 regulated to exceed 1000 cubic
feet per second (CFS) and may cocasionally
exceed 15,000 CFS during peak flow. During
the year 197], discharge was generally
greater than 2000 CFS. The nitrate nmeuasure-
ments made on 24 June (Figure 8) were made
during a period of relatively high river
discharge--about 4300 CFS, lhe halocliine
is relatively deep, reflecting the large
volume of the upper mixed zone. There is
only a slight .uggestion of upwelling at
the head of the inlet and NOz values were
less than 12 pg-at N/L in the top 20 m
of the upper one-half of the inlet.

In contrast, NO; isopleths suggest a
strong upwelling at the head of the inlet
during the 9-10 August 1971 series {(Fig-
ure 8]. This was a period of relatively
low river discharge--about 2300 CF5. The
halociine was relativiey shallow (2-3 m)
and values of NOz greater than 14 ug-at
K/1 penetrated upward from below 20 m
depth to the bottom of the halocline. The
current drogue studies were made during
21-22 July, a period of moderate river
discharge--about 4000 CFS. Thus at times
of low to moderate river discharge the
inflow of marine water to the head of
Alberni Inlet appears to be a gradual
process occurring well below 20 m depth,

Our conclusion from these studies is
straightforward, Satisfactory oxygen
levels cannet be maintained in the
receiving waters at the head of Alberni
Inlet unless s large proportion of the
humic stain is¢ removed from the mill
effluent,
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in Alberni Inlet, 9~10 August 1971.
SUMMARY

I) The level of dissolved oxygen in the
upper mixed zone of Alberni Inlet is
partially dependent on the supply of
X by the landward flowing marine

water below the halocline. The oxygen

content of this water is dependent on
photoshythesis. Large amounts of
humic stain within the upper mixed
layer prevent net photosynthetic pro-
duction of oxygen in the underlying
stratum.

2) A numerical model of the oxygen
dynamics- of the inlet demonstrated
that removal of BOD from the pulp
mill waste only slightly increased
the DO of the upper mixed layer.
Approximately 50 per cent of the
stain pust be removed from the
effluent to recover near-normal
osygenation of the inlet.

3) Studies of currents and the distribu-

tion of nitrate suggest that marine
water which is entrained into the
upper mixed layer usually moves up
the inlet slowly and at considerable
depth. This kind of motion makes it
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of great importance tc maintain the
clarity of the upper mixed layer,
particularly at the head of the inlet.
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3.D Measurement of Estuarine Circulation
Using Tracer Dye

Terry Ewart and William Bendiner
Ocean Physics Group
Applied Physics Laboratory, Seattle

The complex uses to which we put inland
waters must be governmed by careful observa-
tion and modeling, and by the ability to
predict the results of our activities and
demands. As the demands increase, then,
so must the scphistication of our under-
standing, if we expect to prevent the
degradation of our surroundings. We pre-
sent here a tracer technique for studying
3-D estuarine circulation and dispersion
in more detail than previous methods have
allowed. Using a towed instrument package,
we have conducted one such study with rea-
sonable success; we will try to point out
the pitfalls we found, and to weigh the
difficulties against the particular bene-
fits of our method.

EXPERIMENTAL MODEL

¥aced with the problem of designing an
experiment, one hopes (ideally) for a model,
or some conceptual framework, as a guide.
Available models lag far behind the supply
of complexities in natural systems; in the
case at hand, very far behind, indeed. The
area around Kiket Island, Wn., is charact-
erized by extremely strong tidal flows,
complex geometry, and seascnally changing
stratification. It is principally con-
nected to the Straits of Juan de Fuca
through Deception Pass to the west and
also to Possession Sound to the south.
The mouth of the Skagit River lies just
south of the study area. No mathematical
model we know of can handle such a system.
But certainly strong stratification and
highly irregular geometTy Suggest that
observations must be made in three dimen-
sions. Furthermore, any significant un-
steadiness or periodicity imposes certain
sampling requirements: questions of
suitable averages and the fluctuations
around them will be impertant. Im terms
of realistic pollution controi, the rel-
evant question be¢comes not "What is the
peak (or average) contamination in the
system?" but "How dirty is a piven volume
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in a given place likely to get, and how
long will it stay that way?' Putting the
question this way is of particular impor-
tance to biclogical studies, for often the
impact of a contaminant on the biosphere
is dependent not on the average concentri-
tion, but on the duration and frequency of
local peaks.

Such sampling requirements would seem
to limit the usefulness of some present
techniques except in special cases. An
airborne tracer-detection system! for
instance, has the advantage of extremely
fast sampling over wide areas, but sacri-
fices all the information about depth
dependence. On the other hand, discrete
water sampling would require huge numbers
of samples; the next section suggests just
how huge the number might be, Our method
occupies something of a middle ground:
slower than airborne systems, it still
provides fairly fast 3-D sampling over a
large volume, while avoiding the necessity
of thousands of simultaneous discrete
samples,

DATA REQUIREMENTS

It is instructive, in a depressing sort
of way, to logk at the data requirements
implied in the previous section. Our method
involves towing an instrument package around
4 fixed track in the area of interest, while
cycling it between the surface and the bottom.
Since tidal action is dominant, and we are
generally interested in conditions on both
ebb and flood, we should sample the entire
track at least as often as every three hours.
The towing speed is fixed by the power of
the boat and currents, the drag of the instru-
ments, the strength of the cable, etc., in
our case at four knots ("2 m/sec); thus, the
track length was limited to 12 n.m. A de-
cision wmust be made as to whether the area
can be sufficiently covered by such a track;
in the case of the Kiket Island study, there
was only one section which we could not
cover, but we did not deem it essential.
We found the maximum vertical lowering rate
of our instrument package to be about 1 m/
sec, while the average depth of the study
area was about 25 m. Given our towing speed,
this implied a sample every 50 m horizontally
{at mid-depth). Since stratification and
strong vertical gradients were expected, we
feit it desirable to record a point every
vertical meter, i.e, once per second. In
#¢ dye study, one would like to record at
each point the concentration, temperature,
saiinity, depth, time, and a manual event
number (to help sort the data), a total of

six channels. In order to follow the buildup
of the continuously released dye, to deter-
mine the steady-state condition if there is
onc, and to follow the decay after the end

of the dye release (because the time constants
thus eobtzined are interesting parameters)

one is obliged to take data for something'on
the order of a week (this requirement, of
course, depends on the system under sEudy).
At the end of six days, simple caleulation
tells us we have accumulated 3 x 106 data
words. Several such €xperiments may be
required to examine the seasonal variations;
€.g. in the present case, we carried out
experiments in March and June (1971). One
must be prepared to deal with such accumu-
lations.

Note that these requirements do not de-
pend se much on & particular method but on
the variability of the environment under
study and the detail with which it is nec-
essary to study it. Of course, if there is
at hand a model in which we have confidence
-~whether it be based on simplifying assump-
tions suitable for simpler systems or on
previous observations-~then subsequent meas-
urements do net need to be nearly as de-
tailed. Leendertse et alé provide such a
case in their study of Jamaica Bay, N.Y.,
in which observations over a modest length
of time, at enly a few lecations, were suf-
ficient to adjust their model. Bul ile
model must come first, and the less infor-
mation it contains (i.e., the more primitive
it 1s}, the greater must be the observa-
tionai effert. The observations will pro-
vide only phenomenological values and it
must be shown in the subsequent analysis
whether the data are sufficient to des-
cribe the system, in terms of, for exanmple,
distribution functions or temporal and spa-
tial stability. From these general consid-
erations, we now turn to the particular
example under discussien and the techniques
we used in that case.

ESTIMATION OF TEMPERATURE FIELD

Kiket Isiand, Wn. (see Figure 1], was the
proposed site for a nuclear-powered generat-
ing station; the object of studies there was
the assessment of the thermal impagt of_a
once-through cooling system. Our immediate
goal, then, was the estimation of the excess
temperature field. The reactor was expected
to release about 2.4 x 109 watts = 4795 X
1013 calories/day to the coolant, whl%h,
with a planned pumping rate of 42.5 m?/sec
(1500 ¢.f.s.), implies a coolant temperature
increase of about 11°C. We simulated this
heat discharge by the continuous release
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at a fixed point of 45.3 kg/day of Rhodamine
B dye, so that, assuming conservation of
heat and dye, 1 gram of dye = 1.09 x 109
caleries, or 107 1g/em® = 0.011°C excess
temperature. Since the background fluores-
cence detected by our im situ fluorometer
at Kiket was equivalent to 3 x 10 !lg/cm3,
and full scale reading is 10 8g/cm?, we
were able to detect equivalent excess
temperatures in the range 0.03-11.0°C.

The former temperature is near the accu-
racy limit of our ambient temperature
measurement, while the latter is about

the planned effluent release (excess)
temperature.

Insofar as heat and dye behave identi-
cally in 2 natural system, we can predict
the one as accurately as we can measure the
other. One obvious difference in behavior

lies in the loss of heat to the atmosphere.
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The work of Pritchard and Carter3 and of
Roosnerd, however, indicates that in our
case, this will be at most a 5-10 per cent
loss, which we have ignored. Also, Rhoda-
mine B is subject to photo-decay and adsorp-
tion onte particulate matter, but measure-
ments of these effects by Carter® indicate
that they, too, can be safely ignored.

Thus, the major problem is the simulation

of the plume in size and bucyancy.

In order to come as close as possible to
the dynamics of a buoyant thermal plume, we
mixed the dye with fresh water and surface
water, then released it from a 30 m diffuser
pipe. The pipe was slung, at about 3 m depth
beneath a barge taut-moored at one end (which
held the fresh water and pumping apparatus),
so that the diffuser moved very little but
was always oriented perpendicular to the mean
surface current. The dye solution was pumped

SIMILK BAY

Detail map nf “iket Island study region.
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at a rate of 1.4 x 10% cm¥/sec, and had, after
mixing at the diffuser pipe, 2 density defect
of sbout 5 x 10* per cent compared to surface
water and an excess temperature equivalent

of about 200°C. To come any cleser to dy-
namic similarity to the planned reactor
effluent was beyond practicality, since it

is difficult to simuiate a power plant with-
out building one, but as we will see later,
the details of the release are not to¢ Sig-
nificant.

The selection of a discharge point for
the plant being one of the desired‘results
of the experiment, rather than an input, we
were forced to choose a location for the dye
release which looked reascnable from eco-
nomic, mavigational, and dynamic polnts of
yiew, but the partially arbitrary nature of
the choice must be recalled when interpreting
the resuits. Our choice of release point,
and the selected cruise track, are shown 1in
Figure 2.

INSTRUMENTATION

We turn now te a description of the sensors
which we used, of which the prime cne is the
in aitu fluorometer. This instrument, devel-
oped by one of the authors (Pr. Terry Ewart),
is shown in Figure 3. It is unique in several
respects. First, interference filters (50
bandwidth) provide extreme separation of the
absorption and emission spectra, which helps
to provide the maximum sensitivity of bettex
than 10 !2g/cm? Rhodamine. Second, the cir-
cuitry is very stable with respect to temp-
erature and needs no adjustment for changes
in the lamp intensity. Third, the instru-
ment has a dynamic range of 10? on each of
its four overlapping ranges, so that this
experiment could be conducted without range-
changing. The use of an in sitw instrument
eliminates the necessity of pumping samples
to the surface, a precedure which would de-
grade spatial resclution at ail but the
shallowest depths.

Ambient temperature was measured with a
glass bead thermistor incorporated into a
Wien bridge oscillator circuit.® Resolution
as about 0.9 mdeg C. Depth was measured by
a bellows-and-potentiometer sensor which
showed an unfortunate tendency toward
hysteresis; this problem had to be dealt
with in the course of data analysis. A
sensor which didn't suffer from this defect
would be a worthwhile improvement. Posi-
tioning was to have been provided by a
Hastings-Raydist Type DM radio location
system, involving two fixed shore stations
and a shipboard unit. The system can,
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The APL fluorometer, with its
guard ring, conical intake screen, and

Figure 3.

venturi eductor. The eductor, on the
suction side of the sample cell, was
replaced for the Kiket Island cruises
by a small submersible pump.

when working properly, give a fix to the
nearest few feet, but it gave us instead
a great deal of trouble, and most of its
data--recorded along with the other meas-
ured variables--were not usable. In the
final analysis, we depended on the accu-
racy of the radar navigation which we used
to pilet the boat. This was aided by a
number of buoys set along the track and
fitted with radar transponders or reflec-
tors. The passage of varicus legs of the
cruise track and of the various buoys and
landmarks (recorded in the manual event
number channel), together with the real-
time signal {also recorded), were used in
lieu of the Raydist data.

All data were recorded on IBM-format
digital magnetic tape through a specially
designed data system. The system consists
of 15 interchanpeable channels, each of
which can be tailored for type of signal
(frequency, voltage, digital or some other).
All data are converted into 10 or 12 bit
words, and each channel is recorded se-



quentially once per second. As previously
mentioned, real time (derived from a pre-
cision oscillator in the data system and
available throughout the boat) and a
manually entered event number are alsc
recorded. In the Kiket experiments, we
used 10 of the 15 channels, and found

this system to be most satisfactory.

INSTRUMENT TOW

The steel cage containing the instru-
ments (the "fish") was to be "flown" be-
tween bottom and surface as fast as pos-
sible over greatly varying bottom topo-
graphy. In order to accomplish this
safely, the winch operator was provided
with a fathometer which had been modi-
fied to display the instrument depth
{derived from the depth sensor) as well
as water depth. A sample record is shown
in Figure 4. The operator was also pro-
vided with readouts of fish depth, line
out, and line speed (all recorded with
the rest of the data). The winch itself
was hydraulic and powered by a 14 h.p.
gasoline engine. The addition of a
hydraulic accumulater to the system

Figure 4,
The gluorometer is tied into the center with
nylon shock cord, along with the thermistor

The instrument cage, or “"fish."

and vibrotron. The device at top right is a
battery-operated sonic beacon which could be
used to locate the cage if it were lost.

The fluorometer pump, not visible here, is
mounted under the beacon. A faired lead
weight of about 250 1b hangs a few feet below
the cage on a nylon line.

provided up to 50 h.p. output over sey-
eral seconds, thereby allowing fast
haul-in speed for emergencies. The
operator was relieved every 30 minutes,
With this system, the fish was cycled
some 12,000 times in the course of the
two experiments without mishap, A
photograph of the "fish" is found in
Figure 5.

The towing cable was a torpedo target
towing cable, having 14 ceonductors and a
center strain member. Although free,
this cable was a poor choice. The large
diameter (0.812") resulted in large drag
which, combined with a modest 500 1b
working load, severely limited the max-
imum towing speed. More serious, though,
was the repeated breakage of conductors,
which caused most of the lost time on
both experiments. The breakage seemed
to be the result of conductors sliding
on the strain member as the cable passed
repeatedly over the towing sheave., Multi-
plexing the signals onto a single {or few)
conductor cable with an outer strain mem-
ber would precbably solve the problem.

One other difficulty, fertunately
winor, is a common one in multi-ssnsor
systems: the various sensors had dif-
ferent time constants, and were detected
in the data system in different ways,

(For example, the concentration signal,

a frequency, was period-counted for one
second, while the depth signal, a voltage,
was sampled over a much shorter period.)
More attention to uniformity in these
respects would have eased the difficulties
of processing the data.

This concludes the description of the
experimental procedures. In the following
sections, we take up the methods we used
to look at the data, and note how the con-
clusions which we drew indeed indicate the
necessity for extensive sampling in a sys-
tem of this kind.

DATA ANALYSIS

The preliminary task of the data reduc-
tion included the elimination of bad points,
extraneous (off-track) data, and conversion
to real units. This involved about 150 man
hours and B0 computer hours (on an I8M I130}.
The March cruise {Kiket I) yielded 51 hours
of good data (distributed over six days),
the June cruise (Kiket II) 57 hours. He_
plotted vertical sections of dye and ambient
temperature for each pass down the legs of
the cruise track, as shown in Figures & and
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Figure 5.
package safely between the surface and the bottom.

7; the hexadecimal coding for excess and
ambient temperatures is shown in each fig-
ure. These figures correspond to the fath-
ometer record shown in Figure 5. Examina-
tion of a number of such sections shows,
first of all, marked difference in strati-
fication between March and June: the
ambient temperature is nearly homogeneous
with depth in March, and the dye distribu-
tion nearly so, away from the source. In
June, on the other hand, both are strongly
stratified. This, of course, 15 not un-
expected; the March data reflect the low
fresh water input from the Skagit, surface
cooling, and stronger wind-induced mixing.
But the difference suggests that we may
proceed by dividing the system into depth
zones for further comparison. On the basis
of the June stratification, we chosc the
layers as D-4, 4-8, 8-16, l6-bottom (all

in meters). The vertical sections further
show many sudden rises in concentration
{("hot spots'), strongly stratified in June,
much less so in March., Whether these are
truly discrete spots, or rather, sections
of continuous plumes or streamers Cannot
be determined from these sections alone, but
we will return to this question shortly.

To proceed further, we averaged, within
gach layer, the concentrations in 150 m
horizontal segments along the track, Now,
averaging of data which displays variations
on 2 continuum of scales must proceed cau-
tiously and the results should be inter-
preted with care (see, for example, Jenkins
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Winch control record used by the winch operator to fly the instrument

and WattsT}; in this case, we found the

150 m segment to be sufficiently small to
avoid serious distortion of the results,

but the averages are not all equally reli-
able, since the horizontal sampling inter-
val varied with depth. These averages

were then plotted, for each layer {(for

those occasions when we made a complete
circuit), and contoured. Even more caution
i5 necessary in interpreting these contours.
In the first place, the data are not synoptic
since the system changes considerably in the
three hours necessary to complete the cir-
cuit. Secondly, we have drawnh contours over
an area which is thinly sampled by a linear
track, These plots, therefore, can only be
suggestions of what is really taking place.
Sut they are carefully constructed taking
into consideraticn the stage of the tide and
what we already know from previous studies
about circulation in the area, so we feel
that they are qualitatively correct. They
show a discontinuous array of plumes, jets,
wakes and discrete spots, all highly vari-
able in time. The dye piume emanating

from the diffuser is broken into pieces
which are advected around the area, dif-
fusing independent of each other. Some
examples from the March cruise are shown

in Figures 8-11 (a detailed discussion is
found in Bendiner, Ewart, and Linger®).

Scanning the vertical and horizontal
sections yields the following general
observations about the “patchiness" of
the dye distribution. The spots and plumes
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The ambient temperature data for the leg shown in Figures 8 and 9.

Figure 7.



Figure 8.
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Figure 9.
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Figure 10.
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Figure 11,
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have lateral dimensions from 50 m (about
the lower limit of detection in this experi-
ment) to 1500 m, Vertically they vary be-
tween a few meters and 30 m (top to bottom),
with the June spots being mere strongly
depth-limited. None of the features was
seen to last more than six hours--that

is, they did not survive the turn of the
tide--and the smaller features often did
not last that long. The maximum excess
temperatures in the barge plume were as
high as the released effluent at times,
even several hundred meters from the dif-
fuser, but the discrete spots peaked at
7-8°C, with 2-3°C being more common., These
maximum temperatures depend critically on
the details of the release, and could, it
seems, be reduced by diffuser design to
almost any desired maximum. What is rot
dependent on such details is the existence
of such spets everywhere in the system.
Consequently, the concepts of "near field"
and "far field,” commonly encountered in
plume studies, cannot be meaningfully
defined in such a system.

We turn now from the detailed structure
to more averaged quantities. The ''time
constants" of the various parts of the
system are important, so we wished to
observe the buildup of dye, the estab-
lishment of steady-state (if such a con-
dition could be identified) and the decay
period after the cessation of dye pumping.
In order to see this in the data, we aver-
aged the concentration over small areas
along the track, trying not to include
obvious hot spots. The result for Kiket II
is shown in Figure 12, which plots excess
temperature against time (days) for the
various areas. Even though we tried to
aveid hot spots in the averages, the
buildup data is very noisy, and there is
great variation with respect to tide.
Nevertheless, most areas seem to have
achieved some sort of average level, at
0.15-0.25°C depending on the area, after
about 4 days. The possible exception was
Similk Bay, a shallow region in the north-
ern end of the system. Both the final
high values there were on an ebb, however,
with a lower flood concentration sand-
wiched in between; examination of plots
like those of Figures 8-11 show that on
ebb, jets of water sometimes squirt into
Similk, to be dispersed on the following
flood. (An example is visible in Figure
g, for Kiket I, Day 3, 02:43). It looks
as if even 5imilk was close to equilibrium
at the end of the dye release en Day 5.

The decay curve for Similk 1s also

shown in the same semi-log plot {Figure
12) and is remarkably smooth and straipht,
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allowing us to calculate a time constant

of 35-40 hours. Notice that the decay
line, extended back intoc the release region,
passes through the last recorded ebb value.
This suggests that dye was injected into
that regien on that last measured ebb, but
not on the two ebbs which followed before
the dye was shut off, indicating the highly
variable nature of the circulation. Decay
curves for other regions, as functions of
depth and stage of tide (which made a dif-
ference in some locations but not in others)
show variations from 7-35 hours, as shown
in Table I, which includes all the cases
for which we had sufficient data in the
June cruise. {In March, bad weather pre-
vented the decay measurements, but the
severity of the storm seemed to cause

very rapid flushing of the system.] Gen-
erally, (but with some exceptions}, the
deeper layers seem to flush more slowly,

as might be expected, and where the stage
of the tide made a difference, the direc-
tion of the variation was reasonable in
terms of system geometry and the direction
of flow.

Some of the data for these decay curves
were pretty sparse. But strong support
for their general validity came from an
accidental spill from the barge of about
two pounds of dye mixed with fresh water
on Day 6 of the June cruise, 25 hours
after the pump was shut off. This spill
went unreported at the time, but was de-
tected during analysis by a jump in the
decay curve which suggested a small input

TABLE I

DECAY TIMES

EbL Flood
Similk Bay 35-40 hrs 35-40 hrs
Hope Island 13 hrs 7 hrs
Bay 0-4 m
Hope Isiand 32 hrs 32 hrs
Bay 4-8 m
Hope Island 28 hrs 28 hrs
Bay 8-l6 m
Nerthern Area 7 hrs 26 hrs
0-4 m
Nerthern Area 11 hrs 44 hrs
4-8m
Northern Area 11 hrs 75 hrs
B-16 m



of a few pounds into the surface layer
(only) south of Kiket Island. Only after
this analysis suggested checking with those
who had been present did we discover the
occurrence of the spill.

Carrying the averaging process now to
its ultimate conclusion, we found that the
space and time-averaged rise in excess
temperature for the whole system in the
equilibrium condition was 0261°C in March
and 0.28°C in June. We may explain the
difference by the following argument: We
have seen that the stratification in June
inhibited the downward diffusion of dye
from the layer in which it was introduced.
We have seen, too, that the decay times
generally increase from top to bottom (in
June, at least, and it seem reasonable to
expect the same in March}, indicating mere
rapid flushing of the surface than the
lower layers. These findings, takern to-
gether, would sugpest more rapid elimina-
tion of dye from the system in June than
in March. The averages f{along entire legs)
shown in Tables 11 and [I1 indicate the
distribution of dye with depth and its
variation with tide. The ratio of top to
bottom excess temperature is used as a
{somewhat crude) mecasure of dye strati-
fication. However, if the suggested ex-
planation were complete, we would expect,
on comparing the twe experiments, to find
the June values higher on the surface but
lower toward the bottom than the corres-
ponding March values. Table IV showing
March/June (I/1I) ratios does not show
this; generally, the March valuos were
higher at all depths. Some further expla-
nation must be sought.

BEPTH-AVERAGED TIDAL MIXING MODEL

To this end, we construct the following
simple depth-averaged tidal mixing model.
Three terms determine the rate of concen-
tration change: the injection rate, the
dye loss due to the net flow of water
through the region, and the loss due to
the purely oscillatory (i.e., tidal) part
of the flow. This Jlast is non-zero be-
cause, although by definition as much water
returns 4s leaves, it is5 not necessarily
the same water, and some dye may be lost
to the system. The fraction returning, P,

enters the model as a parameter. We have,
then,
dC
! — =M - T - P . 1
V It 1 - CT(] 3! LR (L)

where C is the concentratien, M the  injec-

tion rate (mass/time), T the oscillatory
part of the volume transport, P the return
fraction, R the net part of the volume
transpert, and V the volume of the system.
After injection ceases, M=0, so that the
time constant previously referred to is
1/%, where

T(I - P) +R
A= 7 (2}

In steady state, the lefthand side of (1)
vanishes, so the equilibrium concentration
is

c - M
e T(l -P) +R (3)

Applying these relations te the June case,
with an average time constant of 25 hours,
using oscillatory transport values given by
Barnes? and volume and net transport values
given by Rosebrook and Hammondlo, we esti-
mate P = 54 per cent and C, = 1.9 x 10710
g!cma, or 0.21°C excess température, com-
pared to the experimental 0.28°C. The
return fraction of 54 per cent seems large
until we realize that it includes the
effects of qii the "holes"™ in the system,
the channels to the south as well as
Deception Pass, In March, we don't have

a decay time measured, but a very rough
estimate based on the noisy buildup curve
results in C, = 0.54°C, compared with the
measured 0.61°C. One difficulty with this
model is that, since R is much smaller than
T, we are effectively holding T or P respon-
sible for the seasonal variation; neither
of these seems too likely. The transports
we used here may not be accurate (the meas-
urements on which they are based are not
conclusive) or the medel may be too simple
to apply to such a situation. Further
measurements of transperts would be needed
to resolve this point.

DISCUSSION

In looking back over the preceding
deductions and conjectures, it is clear
that a few averaged cbservations would not
have yielded much in the way of understand-
ing, and probably weuld have been quite
misleading. In order to begin te frame an
explanation, even of the final averaged
equilibrium temperatures, it was NeCcessary
to look at the three dimensional system,
and to consider averages over much smaller
units, and much smaller times, Further-
more, in order to assess the effects of
¢xcess temperature on marine iife, the
relevant figures are not only the averages,
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tut also the spatial and temporal distribu-
tion of the peak values. Finally, the
existence of a field of randomly drifting
hot spots whose maxima are not obviously
related to their distance from the source
invalidates any pollution criteria based

on fixed control volumes, independent of
time; the use of such criteria could only
be justified by the absence of anything
else,

What is still missing from 211 the con-
siderations presented here is a quantita-
tive measure of mixing, related to the
various scales of motion and based on a
c¢oherent physical theery. Such theories,
applicable to complex natural systems,
are hard to come by, and it would be use-
ful to find a way to look at gbservations
such as ours inm such a way as to provide
some input for the theoreticians. That
problem we tackled, but it didn't fall,
and remains to tax the ingenuity of future
investigators.

We have described a technique for sam-
pling and handling data which we applied to
a dye diffusion study. There are ways in
which the techniyue could be generalized.
More, or different, sensors could be used.
We are presently developing a suitable
conductivity probe, and dissclved oxygen
is another guantity which is of interest.
Within the realm of fluorescent substances,
there are other possibilities than Rhoda-
mine: c¢hlorophyll and lignin sulfonate,

a waste product of paper manufacture, are
two variables which the present fluorometer
could easily detect. Furthermore, it would
not be difficult to modify the instrument
so that two substances could be detected

in fast alternation: dye and another vari-
able, perhaps, or two dyes relcased at
different times, depths, or locations.
Under some circumstances, it might be

more revealing to institute a sudden
point-source release of dye rather than

the continuous technique described here;
such studies are more closely tied to
existing turbulent diffusion medels. What-
ever the measured variables, though, the
technique allows us to amass and analyze
sufficiently detailed data to study the
patchiness of natural systems in three
dimensions, over large volumes and long
times, and that is its principle benefit,
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