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Awareness of the complexity and delicacy of our estuarine
environments continues to expand. The sensitivity of estuaries
to man's abuses signals the need for better understanding of
estuarine processes to prevent unintentional ruin. But the
complexity of the estuary makes simplistic solutions unrealistic
and detailed solutions difficult,

The difficulties of the problem, of course, do not lessen the
need for better answers and fresh approaches. The speakers at
the Second 'l'echnical Conference on Estuaries of the Pacific
Northwest, and their papers which follow, help fill that need.

Several papers point out that estuaries are a social responsi-
bility, requiring the cooperation of many individuals and the
resolution of a multitude of conflicting interests. At the base
of such cooperation and resolution is better understanding--more
hard facts--about how physical, chemical and biological attri-
butes of estuaries interact Several papers provide better
knowledge of estuarine ecosystems; several others, better knowl-
edge of the physical properties of estuaries. Such knowledge is
prerequisite to intelligent management of our estuarine and
coastal areas,

It is to increa.sed understanding and intelligent planning and
management that the conference, and these proceedings, are dedi-
cated.

Grateful acknowledgement is directed to those who participated
in the program and discussions during the conference. Additional
annual conferences are planned in order to continue to promote
greater understanding of our Pacific Northwest estuaries.

Larry S. Slotta,
Director, Ocean Engineering Programs

John H. Nath,
Ocean Engineer, Department of Oceanography



Welcoming Address; Robert MacVicar, President,
Oregon State University, CorvaIIis

It's a real pleasure to be back again to
perform the ceremonial act which is a part
of conferences. I' ve had the important task
on a number of occasions to simply extend a
word of greeting and then depart. That' s
all right . lt 's usually easier, but it
leaves one kind of frustrated; you don 't
really know what happens, and you' re very
sure that no one really cares that you' re
there at all, So when Larry and the other
people asked me to go beyond that and engage
in a part of the program myself, talking
about the University and its potential con-
tribution to the solution of problems of
coastal zone management, I said okay, maybe
that wouldn't be a bad idea. Not that I
know that much about it, but perhaps some-
times ignorance is not j ust blissful but also
helpful. In looking at a very compli.cated
problem through the eyes of a naive neophyte,
one can discern, perhaps, patterns that a
more specialized individual is not able to
see,

COHPETITIOA1 IW THE' COASTAI ZONE

I'm sure we don't have to remind our-
selves of the importance of the ocean-land
inter-face, but let's just put it on the
record anyway. It is the competition of man
and his needs--commerce, recreation, water,
cooling things that are too hot or diluting
things that are too toxic--and we could go on
and list a whole other series of needs--with
the needs of the biota of the coastal zone
that really brings us here today. These de-
mands impinge on this ocean-land interface
and the needs of the rest of the biota that
occupy this interface--the plants and ani-
mals other than the human animal--and these
are often competitive. What man wants to do
in order to achieve his objectives results
in a very serious dislocation, and perhaps
even total removal of a particular species
or a whole group of species, and thus upsets
the equilibrium that has perhaps taken many,
many centuries to achieve,

lf that weren't bad enough, his works
create a biological competition frequently
extraordinarily complicated and very poorly
understood, What is even worse and morc
complicated is man 's competition with him-



self. Onq particuiar agency wants to use
the resource for a particular group, and
some other group wants to use the resource
for a different purpose for their economic
advantage; these frequently have almost no
overlap whatsoever. They are s imply mutual-
ly exclusive; you can't use the same resource
for both purposes at the same time. Hence,
man is competing with himself for a scarce
resource, a thin and fragi le interface which,
in terms of the total land surface is only
a very small fraction of the land, and in
terms of the ocean surface an even smaller
fractions but it is nonetheless the most crit-
ical of' all the interfaces because it is at
this point that man encounters the ocean and
uses it.

Now I think it is fair to say that basic-
ally we have not been very well organized to
deal with the competition of man and his
works with the biological aspects of the
coastal zone. Nor have we been very well
organized to cope with the problems induced
by di fferent human needs competing for this
scarce resource of space, of water quality
and a variety of other sets of conditions.
As a matter of fact, if you were to try to
put this all together in some sort of dia-
grammatic form, you would come up with an
extraordinarily complicated piece. Maybe I
can reach far enough and show you how com-
plicated it can get, I just happened to
have someone hand this to me this morning,
Wot that you can see this to read it, but
you can look at it. I am sure that this is
an over-simplification; for almost every
one of these arrows you could have sub-
arrows, and every sub-arrow could have sub-
sub-arrows, and so on. This, then, repre-
sents the complexity of the interactions
that occur, and therefore perhaps an explana-
tion of why it has taken us so long as a
society to deal with the problems that are
inherent in managing these competing systems--
man and his works, and the biota, and within
the human system all the competing operations.

OEAiTPALT ZATTO.V

As a result of this, it would be fair to
say that we have looked primarily at short-
range outcomes, We' ve tended to try to deal
with the problem of the moment, the moment
being maybe five years or ten years off in
the future. That's what we' ve tried to do in
our planning, in zoning and other resource
allocation processing. Jt's just not been
possibles at least it hasn't been done except
in very isolated areas, to look in terms of
generations, centuries, millenia; man has
just not thought about this. He has assumed
that this really wasn't something that had to
be done, We are now recognizing that this

isn't any longer a possible position and that
we must begin to think not only in terms of
decades and centuries; we must really begin
to think in terms of attaining a "steady
state" universe, a world in which there is a
continuing renewal of everything that is uti-
lized. We know that if we' re looking for the
"st.eady state" world, agai~ the ocean-land
interface is extremely critical. It is here
that so much goes on that makes the utiliza-
tion of the larger aquatic resource of the
open ocean possible. We simply have to focus
far greater attention on this relatively lim-
ited amount of area. Whether we talk about
local governments, state governments or the
federal government, I think we have to honest-
ly say that we' ve just not been very well or-
ganized. We' ve had different competing or-
ganizations within county government, region-
al organizations, state government and the
federal government, with all of the human
results of competition, some of which are
good, but in this case a considerable amount
of which are not,

You may ask do we want to put it all in
one agency? And make that agency the czar of
the coast". Of course you get all sort.s of
reactions to this, and no one ma> want to sa>
that this is a good solution. Somehow there
does need to be created out of that maze I
showed you these complex relationships, seine
of which are human, some of which are natural,
some of which are organizational, some kind
of comprehensive organization, Without it
we cannot plan for longer than a few mont.hs
or years. We can't plan ln terms of decades
or centuries unless we think comprehensive-
ly, and to think this way we need comprehen-
sive organizational relations,

THE ROLE, OF THE UVIVERSTTZ

How does the University get into thNs?
In the first place, it generates a lot of
information, Historicall!, its scientists
and students have heen the principle source
of most of the data--the theories, the con-
structs about the coastal zone and its inhab-
itants, plant and animal, It has also been
the source of practically all the trained
manpower for the agencies that study the
ocean and the land and the ocean-land inter-
face, Regardless of for whom they work, the
University has been the source of training
these people in their various professions.

It isn't really the research, and it
isn't the education I really want to talk
about so much, I don't want anyone to think
that I don 't believe these are the number one
and two on the University's agenda, number
one being instruction and training, and num-
ber two being research. I do want to talk
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about p«bl ic service. How docs a university
like Oregon State get involved in dealing
with the practical problems of coastal zone
management and so on?

Well, one of the obvious ways is simply
by existing. It's there, and because it' s
there with its ongoing program it has cer-
tain influences that are simply a fallout
that cannot in a sense he either planned or
controlled; it just occurs. A professor
studies a subject; he finds out something
interesting and as a result of this, he is
invited to make a speech or is interviewed by
a newspaper reporter or he appears on tele-
vision, and he t'ries to explain what his
research and technicai data means in terms of
human life, Sometimes he does thi s poorly;
somet imes he does this well, Sometimes he
overshoots his audience and people don't un-
derstand what he is talking about, Sometimes
members of his audience interpret his new
ideas in terms of what they want to hear,
what happens to conform to their particular
ideas or what they consider to be in their
best interests. This is the first thing in
the area of public service that I would
point to. Some of what a university does is
almost uncontrollable and largely uncoordi-
nated "fallout," if I may use that word, of
the ongoing programs. We certainly wouldn' t
want to prevent this from happening, but
occasionally the scientist and scholar do
need guidance in terms of getting the most
effective use out oi the experience and
exposure.

THE '!!IV r' /' i JTY AS E3J"HH..TAPPr

The second kind of service is consulting
where there is an organized relationship;
this i sn't fallout. It is planned by the
scholar but often is not coordinated by the
university. A person who has a particular
kind of know'ledge, in this case relating to
the air-ocean-land interface, is asked by
some agency or corporation to provide con-
sulting services. This may be just one shot
or may be over a long period of time, either
with or without compensation to the indivi-
dual. It is an individualistic kind of
thing. There is a second order of consult-
ing in which the university organizes inter-
nally groups of individuals who collective-
ly have expertise or competence, and these
groups render consulting service that none
of their members have individually. The
document I showed you shows the possibility
of' arranging some kind of internal arrange-
ment of university personnel to assist an
agency outside the university solving its
problem. This second order of consulting
service is rapidly growing at Oregon State
and I suspect will continue to increase

both here and in other institutions. Gen-
erally these groups are funded by the
university or by a grant and render their
service without inChvidual compensation
beyond their regular appointments,

THE UH'IVER'SIT'Y AS INVOLVED Ac~FiVCY

There is a third level in which we rare-
ly get involvecl. When we do, we sort of
"tippy-toe" along because we' re not all
that sure that this is what we ought to do.
But nonetheless, we do get involved. And
that is when sometimes a university group
takes a position or arrives at a conclusion
which is converted into a statement that
has the word "ought" in it. A typical con-
sultant usually says, "It's not my business
what you do with my advice; take it or
leave it; you' ve paid your money; it's your
decision," We sometimes go beyond that to
say, "You ought to do this." Here you get
involved with the individual or group «ho
fall off their position of being the detach-
ed, uninvolved scientists and start telling
people what they ought ta do. When single
individuals are involved, the university
president may say, "Well, that's his right
of free speech; he's speaking as a citizen;
he's not really a professor of mine when he
says these things that people don't like
to hear." It's more difficult--indeed im-
possible--to do that when you get into a
university organized group because very
obviously the university created the group
and continues to make its existence possible.
What do we do, then, when this group becomes
sufficiently involved, sufficiently know-
ledgeable and sufficiently emotionally
charged up to start saying, "You ought to
da so and so." What do I do when they start
putting value judgments into their conclu-
sions? I wish I knew! I am, however, con-
vinced that one of the functions of a public
university is service. When you become
involved in public service, you cannot avoid
becoming entangled in public policy issues.

Although we normally don't talk tao much
about this, we are very much involved in the
"ought to" business. We have been involved
in the "aught to" business in higher educa-
tion ever since Mr. Lincoln asked the scien-
tific community to form the National Academy
of Sciences to tell the government what it
ought to do in the Civil War. That is, as
far as I know, the beginning of the scien-
tific community getting into the "ought to"
business in an organi zed fashion in the
United States. prior to that there were all
sorts of involved individuals, but the of-
ficial organization of scientific talent is
a little over 100 years old. The land-grant



institution has been involved in the "ought
to" business f' or at least 75 years. It has
been telling the farmers what they ought to
do for 75 years. When you go back and read
the dogmas of this institution from 75 years
ago, it says just as plain as day that you
"ought to" put lime an your fields if you
are in the Willamette Valley and you' re go-
ing to raise crops, and here's haw much yau
"ought to" put on. Naw they didn't say,
"Here's some nice data and here's some in-
formation and do what you please." That
wasn't the attitude at all. There was a
missionary zeal involved in the involvement
of the School of Agriculture and the farmer,
and it was said in pretty loud tones.
We' ve always done that. In fact, we' ve done
it so long that nobody even remembers that
we do it any longer. If you read the recom-
mendations, they state, "We recommend that
you da sa and so, that you spray with this
chemical an this day ..." "If you want t'a
make money, you ought to do..."

We' re in the "ought to" business also,
though less dramatically maybe, in the area
of public policy in agriculture, but we' re
there. We get all involved in milk market-
ing orders, wheat allotments, soil banks and
all the other means by which the federal
government has managed agriculture for 50
years, The land-grant college and its scien-
tific personnel have been right smack dab in
the middle af it, running back and forth to
Washington, members af interlocking direct-
orates, partners of the whole machinery by
which you arrive at some sort of consensus
and public policy for agriculture in the
United Stat.es and then issue directives and
orders. We' ve been part of it. Let's just
be honest and ask, "What's wrang with our
being involved in other areas as well, as
long as we do not overplay our role and as-

sume that we are all-wise, all-knowledge-
able and so on?" As long as there's a
division of power and the maintenance of
a healthy competition among scientific per-
sonnel within the institution and scientists
outside the institution and other people who
are involved in public policy, I believe we
belong in the ar'ena of action.

I think we are going to find ourselves
more and more involved in the "ought to"
questions, "Ought there to be nuclear power
plants located on the Oregon Coast?" Some
people say yes and some say no. But we are
going to be involved, it seems to me, not
only in rendering a public service as an
institution, but as individuals and groups
giving advice, doing consulting, and be-
coming involved in the organizations that
make decisions, I believe the University
is going to become more involved in public
policy issues--as individuals, as groups
and ta some extent even as an institution,
although the latter gets a little more com-
plicated. We will be going beyond giving
facts and then saying, "It's your decision,
do as you please." We will be saying, "It' s
our collective decision; we want ta have a
hand in arriving at what is done."

There may be some questions that grow out
of these comments, Some of you come from
government and may resent the views I' ve ex-
pressed, Some of you may think it's an act
of superarrogation to even talk like this.
This is the way I see it as we struggle ta
think in terms of decades and centuries
rather than in terms of months and years. I
believe we have much to contribute as a uni-
versity, and I am sure most of our scien-
tists and scholars are willing to became in-
volved in ways not customary in the past in
many disciplines of our responsibility,



New Concepts in Environmental Planning
David A. Be! la, Associate Professor

Civil Engineering
Oregon State University, Corvallis

Author 's note--One of the suggestions given
by participants of Last year 's  L$'7L!
Estuaries Conference ms that the first
presentation be very comprehensive, very
different and even possibly controversiaL.
It ms felt that such a presentation might
encourage a freer, more meaningful dialog
between the diverse conference participants,

Somehow, I uvre chosen for this tal.k  I
prefer not to speculate on vhy!. I enjoyed
presenting the talk and the LiveLy discus-
sion that foLLrnsed. I' have found it ex-
tremely di fficult, however, to develop a
written record of this happening. h'ever-
theless, after numerous threats from the
conference chairman, I have final ly provid-
ed him vith the foLLoming ~tten record of
the ideay and feelings that arose from this
happeni no.

IWTRODUCT IOH

In this note I intend to present what I
chose to call a macro-'idea. Now, a macro-
idea is a large  rather comprehensive! idea
which arises out of the interaction of a num-
ber of sub-ideas. It is more than the sum
of' its sub-ideas. The removal of a single
sub-idea may entirely change or destroy a
macro-idea.

There are two general types of macro-
ideas based on the structural arrangement
of the sub-ideas. The first is the linear
or chain type in which the sub-ideas are
arranged in a logical chain. A given sub-
idea leads to the next sub-idea which leads
to the next, and so forth.

The second type is the web or net macro-
idea. In this type, the sub-ideas are
inter-connected with each sub-idea support-
ing and being supported by several other
sub-ideas. Unlike the linear macro-idea,
there are numerous pathways that one might
follow in order to connect the sub-ideas.

l3



In this note, I will attempt to present
a net. macro-idea. Unfortunately, the writ-
ten and spoken forms of communication are
linear jone-dimensional!, Sub-ideas must
be presented one at a time. I have attempt-
ed to follow the path of least resistance
in tracing through the net of sub-ideas
that make up my macro-idea, but the reader
should be aware that this path is only one
of many. I would suggest to the interested
reader that several other pathways be ex-
amined in order to gain a better under-
standing of the macro-idea that I intend to
present,.

DECL'SIGNS AWD NATHEMATlCAL iYGDELS

At last year's Estuaries Conference, I
gave a presentation on mathematical models.
A general discussion conoerning the impor-
tance of basic assumptions applied to math-
ematical models and decision methods might
thus be appropriate.

It has been long recognized that the as-
sumptions made in the development of a math-
ematical model determine, to a large extent,
the results obtained from the mathematical
model. If the assumptions of the model are
not acceptable, then the results of the
model should not be considered acceptable.
The proper use of mathematical models, thus,
requires a continued examination of the
model assumptions,

A decision method or procedure bears some
resemblance to a mathematical ~odel, Deci-
sion inputs are utilized to produce output
results  decisions!. Decision methods are
also similar to mathematical models in that
they are also based on sets of assumptions.
These assumptions determine ta a large ex-
tent what type of results  decisions! will
be obtained. If the assumptions of the de-
cision method are not acceptable, the deci-
sion results should not be considered ac-
ceptable. Thus, proper use of decision
methods and procedures requires a continued
examination of the assumptions. The as-
sumptions concerning the adequacy of avail-
able knowledge as applied to the general
area of environmental decision methods are
oi' particular importance.

KiVGVl'EDGE A%7 LGA'ORA!FGE

One frequently hears the sincere plea for
knowledgeable decisions concerning the man-
agement of the environment, yet the meaning
of "knowledgeable decisions" has received
little attention. In the past, decisions
based upon the "best available information"
have been considered adequate despite the
often overwhelming evidence that the "best

available information" is inadequate. As
man's capacity to change his environment in-
creases, decisions might be better based
principally on an awareness of the ignorance
 lack of knowledge! pertaining to the deci-
sion rather than solely on the knowledge
 See Hailing and Goldberg, 1971!,

Basing decisions principally on ones ig-
norance pertaining to decisions rather than
solely relying on the available knowledge
at first appears to be irrational and un-
scientific. This feeling stems, in part,
from our insistence of maintaining a narrow-
ly defined view of scientific objectivity,
It is considered essential for scientific
observers ta detach themselves from the
system under observation. Knowledge is of-
ten considered as a description of the real
observed system while ignorance is often
considered an unfortunate property of the
observer. It is reasoned that the decision-
maker must be objective and thus the deci-
sion must be based on the knowledge of the
observed system. I would like to suggest,
however, that this view is misleading.
Rather, both the ignorance and knowledge
pertaining to a given decision would be
better viewed as a relationship between the
observer and the observed.

The observer  man! has certain capabili-
ties. The observed systems  ecological and
social! have certain properties, The rela-
tionship between the applied capacities
 at a given time! of the observer  man! and
those aspects of the observed system which
correspond to such capacities  to some ac-
ceptable degree! define the knowledge rela-
tionship. There are, however, system prop-
erties which do not correspond well to the
capacities of the observer  man!. This
later co~dition I will define as ignorance.
Bath ignorance and knowledge should be con-
sidered as relationships between the observ-
er and the observed because both depend upon
the capabilities of the observer and the
properties of the observed system. Only by
examining the nature of both the observer
and the observed systems can a proper per-
spective for decisions concerning the ob-
served system be obtained. Thus, the anal-
ysis of the ignorance and knowledge per-
taining to decisions are both equally jus-
tifiedd. The nature, capabilities and bias
of the observer  decision-maker! must be
analyzed with the same degree of scrutiny
that one usually devotes to the objects.
under study. In seeking to be objective,
we must not naively restrict ourselves to
an overly narrow definition of objectivity.



We may wish to separately identify those
views and concepts which are primarily the
personal views of individual observers
from those which are supported by the meth-
ods, assumptions and concepts shared by the
scientific community. However, we must
recognize that the limitations and bias of
these shared methods, assumptions and con-
cepts influence what we do know and what
we can know about any observed system.

THE' FKVTROHAIEHTAL PHEW."AAIFiVT

The basic analytical approach which has
recently provided man with his technological
power is based on methods of qualitatively
analyzing simply organized systems  methods
developed during the 17th, lgth, and 19th
centuries! . Complex systems were studied
 and designed! by decomposing these sys-
tems into simple sub-systems suitable for
analysis. The assumption of the decompos-
ability of complex systems  expressed in
various ways! has been so widely accepted
that it is seldom listed, examined, or even
recognized along with other stated assump-
tions. The decomposition approach has per-
mitted the development of many complex man-
made systems, These man-made systems are
having increasing influences on ecological
systems. It is meaningful to investigate,
therefore, how well the assumption of de-
composition pertains to ecological systems.

Ecosystems have continuously adjusted
over geological time to environmental chang-
es by a process of survival tests of numer-
ous species and systems of species. To
survive, a species or system of species must
be able to successfully compete within the
syste~ for necessary resources. In addition,
systems of species which cannot effectively
withstand the extremes and perturbations of
their environment are eliminated and suc-
ceeded by systems of greater durability,
resilience or stability. Thus, ecological
systems have been tested and modified at all
levels of organization so as to continuous-
ly select systems of greater survivability.
The result of thi s evolutionary process at
any given time is a complex net of inter-
locking systems selected on the basis of
past survival from a large number of less
durable possibilities.

For his own interests, man desires to
predict the ecological changes that would
develop as a result of his actions. Such
ability would enable man to control his
actions in a manner that would preserve and
even enhance ecological systems for his
benefit. One must examine the relative
applicability of the assumption of decompo-
sition when applied to ecological systems.
As described above, the evolutionary pro-
cess has led to complex net.s of interlock-
ing systems. The survivability of ecolog-
ical systems, which is continuously sub-
jected to the tests of survival, depends
to a large extent on the system properties
that result from the complex interaction
of the parts. One must say, therefore, that
ecological systems are relatively less de-
composable than are man-made systems. Re-
call, ho~ever, that the assumption of de-
composability is an important part of the
analytical methods that man uses for ana-
lyzing systems.

A predicament that man faces should now
be apparent if one considers both the cap-
abilitiess of man  the observer! and the
nature of the systems  man-made and ecolog-
ical! which are the objects of his study.
Decomposition is more applicable to man-
made systems than ecological  and social!
systems yet, decomposition is an important
and useful means of obtaining knowledge.
man's knowledge is thus bias toward the more
decomposable man-made systems. As man de-
velops larger and still larger man-made
systems, their influence on ecological sys-
tems will increase. The bias of his know-
ledge, however, means that man's capacity
to expand man-made systems C;and thus change
ecological systems! will exceed by increas-
ing amounts his ability to understand eco-
logical systems. We can expect significant
advances in the environmental sciences.
The relevant point, however, is not that
the environmental sciences will significant-
ly advance but rather that it is unreason-
able for us to expect that this advance can
keep pace with the more rapid expansion of
man-made systems. Man is faced with an
enuzronmentcL predicament which can be
stated as: man's ability to modify the en-
vironment will increase faster than his
ability to foresee the effects of his ac-
tivities  See Bella and Overton, l972!.

The environmental predicament can be ex-
pressed in another way, sian's knowledge of
ecological systems will increase but, be-
cause his capacity to change these systems
will increasingly exceed his capacity to
foresee what such changes will be, man's ig-
norance relative to environmental decisions



will also increase. This concept is concep-
tually illustrated in Figure I. Both the
ability to change  line A! and the ability
to foresee what that change will be  line
B! are shown to increase with the former in-
creasing at a higher rate than the latter.
The difference between the two lines is de-
fined as the relative ignorance because it
defines the difference between the ability
to produce environmental changes and the
ability to foresee what such changes will be
at a given time. As shown in the figure,
the magnitude of this relative ignorance in-
creases with time.

SIGIL FICAA'CZ 07 DFCISIOrV ASSUBPTZ >AIS

It is pert.inent at this point to inves-
tigate the general consequences of inappro-
priate decision assumptions concerning the
adequacy of man's knowledge,

Consider the influences of a generally
accepted  and used! decision method which
assumes the adequacy of available knowledge,
The nature of the knowledge of the decision-
~akers wilt have an influence on the trans-
formation of the actual systems under manage-
ment, That is, the response of the actual
systems under management will depend on the
perceived systems of the decision-makers.
The bias and limitations of the decision-
makers will have a continued influence on
the transformation of the managed system.
In general, decisions based on a given know-
ledge will, over time, tend to resist, reduce
or eliminate those system properties that do
not fall within the scope of that knowledge.
The systems may, of course, resist such
transformations and, thus, the degree of
system transformation will depend on the
capacities of the decision-makers to over-
come such resistance,

FIGURE 1. Conceptual Diagram of ReIative
Ignorance  RI!

Similar arguments related to the influence
of man-made systems on social systems can be
raised. Our inability to foresee our own
reactions to the actions that we are capable
of taking may be the most significant aspect
of the environmenta2 predicament.

The envfronmenta2 predfoarnent strongly sug-
gests that environmental decisions must in-
creasingly be based on the ignorance pertain-
ing to these decisions. That is, man must
increasingly recognize his inability to de-
termine the total consequences of his com-
bined actions. In the past, however, environ-
mental decisions have been based principally
on the presumpt ion of adequate knowledge
particularly at higher levels  often because
of the political difficulty of admitting un-
certainty or the possibiiity of undesirable
outcomes!. It is true that modern decision
theory does not treat. all outcomes of consid-
ered actions as certain but rather assigns a
probability to each member of a set of pos-
sible outcomes. The set of possible outcomes
chosen and the probabilities assigned, how-
ever, both result from the beliefs of the
decision maker and thus reflect the bias and
limitations of the knowledge available to the
decision maker.

Recal] that the decomposition of complex
systems is an important aspect of man' s
means to knowledge. If man's knowledge is
assumed to be adequate, decisions based on
this knowledge will tend to transform, over
a period of time, ecological and social
systems into more readily decomposable sys-
tems. That is, the complete acceptance and
use by modern decision- makers of knowledge
obtainable primarily through the decomposi-
tion of systems will eventually tend to
resist, reduce or eliminate those properties
of the managed systems which are not subject
to analysis by decomposition.

It is generally believed that the complex
interrelationships within ecological systems
provide these systems with a stability and
resilience. Ecologists often express this
concept by indicating a positive relation-
ship between ecosystem stability and the
biological diversity within the system.

Social systems also have significant
properties which are not subject to the de-
composition process. Fellowship, love, and
a sense of community are significant proper-
ties which would be impossible to examine
by decomposing  isolating! individuals from
society.



Other properties of ecological and social
systems eon be examined by different decom-
position methods. The nutrient requirements
of a given plant, thc lethal temperature
limits of a given animal, the caloric re-
quirements of a given person, and a host of
many other properties can be readily deter-
mined within acceptable limits. Few would
doubt that technology has enabled man to
significantly improve his quality of life by
providing and controlling such factors for
his benefit. As man satisfies these basic
 decomposable! needs and as man's technolog-
ical capability continues to increase, it is
pertinent to ask to what degree his progress
 which is based on relatively decomposable
models] is being purchased at the signi ficant
sacri fice of those systems properties which
are not subject to a decomposable analysis,

The increased productivity of a relatively
few ecosystem components desired by man at
the sacrifice of the overall ecological di-
versity and complexity has been a major con-
cern of ecologists. Social critics likewise
have expressed the concern that the progress
and successes of modern affluent societies
may pass a point where the human values lost
 those values not subj ect to decomposable
analysis! exceed  by increasing amounts! the
addi tional benefits gained. Moreover, it is
feared that population levels, particularly
in underdeveloped nations, are becoming so
high that mere subsistence  decomposable!
needs can be provided only by significant
ecol.ogical and social losses and risks.

Few ecologists or social critics urge
modern societies to return to primitive con-
ditions  though their opponents often un-
justly insist that this is so!. Many of the
benefits gained by modern technology are real
and are necessary at the population levels
now present, We must, however, temper our
knowledge with a humility so that the pur-
suit of those things which we do understand
is not purchased by an unbearable loss of
those things that we do not understand.

If environmental problems are to be ef-
fectively met in the next decade, a revolu-
tion in the way we approach problems and make
management decisions must occur. The tradi-
tional approaches alone are not sufficient
to deal with man's expanding capacity to
change his environment and the unjustified
presumptions of knowledge concerning this
capacity.

Many aspects of necessary environmental
planning approaches will, no doubt, conflict
with accepted cultural values. However,
these same environmental approaches may,
ironically, receive their strongest support
frors other accepted values of our society.

Incr'easing conf] ict hetween different values
of our culture will likely characterize the
the decades ahead. As an example, the desir-
ability of unrestricted growth, which has
been a cultural value of importance to our
economic system, will increasingly conflict
with the concept of humility which is a
dominant  though often ignored! theme of the
Christian religion.

Without becoming involved in the details
of necessary environmental approaches or the
associated value conflicts, it is possible
to speculate on several related aspects of
such approaches. First, control of excess
growth, in number of humans, in the utiliza-
tion of resources and in environmental demands
must be provided, Second, interactions  com-
munity! and diversity  variability, complexi-
ty! within ecological and social systems will
have a high value in their own right . Third,
large scale irreversable changes will be
avoided regardless of their perceived impor-
tance. Finally, actions which lead to the
domination of a relatively few system  ecolog-
ical and social! properties or components
will be considered undesirable.

SUAR4RY AN'D CON'Cl UPON

Man's capacity to produce changes in
ecological and social systems will exceed
by increasing amounts his capacity to under-
stand the consequences of these changes.
Traditional environmental decision methods
which assume the adequacy of man's knowledge
will tend to resist, reduce or eliminate
those properties of ecological and social
systems which do not fall within the scope
of man's knowledge. These system properties,
however, are essential to a desirable quali-
ty of life. Environmental appraoches which
recognize the limitations and bias of man' s
knowledge are thus essential for the preser-
vation and enhancement of the quality of
life as perceived by this and future gener-
ations. Such approaches, however, will
challenge the compatibility of many of our
cultural values,
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Some Estuarine Factors InfIuencing
Ascent of Anadromous Cutthroat Trout in Oregon

Richard D. Gi ger, Fisheries Bio'log i st
State Game colmllission, Corvallis

ABSTRACT

The influence of estuary geometry, salini-
ty and temperature on the summer distribution
and movements of upstream-migrating adult cut-
throat trout is discussed for three Oregon
estuaries. It is concluded that high temper-
atures in upper estuary areas of some coastal
rivers prevent passage of many fish that
might otherwise migrate further upstream into
freshwater. Ascending fish, as a result,
congregate in estuary areas of suitable tem-
perature and depth immediately downstream
until water temperatures moderate later in
the fall. The extended period of summer
residence is advantageous to the estuary
sport fisheries. Alteration of temperature
regimes, depths or perhaps other features
could change distributional patterns of fish
and ultimately affect the success of fisher-
ies.

IIITRODUCTTOP

Oregon's comparatively small, shallow
estuaries can be viewed as funnels through
which essentially all natural and artificial
production of anadromous trout and salmon
passes to and from t.he ocean at various
life stages. Conditions therein must be
assumed to be of importance to the welfare
of each migrant fish, To my knowledge, no
ecological studies have been reported for
these waters that examine the relationships
between ascending adult salmonids and environ-
mental characteristics of the estuaries, Two
papers  Morgan and Cleaver, 1954; Korn, 1961!
supplied limited data on timing of movements
of adult coho salmon, Onoorhpru..h~e kt',autoh,
and steelhead trout, Summa gairdnezi, but no
reference was made to physical, chemical, or
other estuary f'eatures influencing the move-
ments. Ecology of juvenile salmonids migrat-
ing downstream through estuaries has received
more attention, but this information is also
limited.



There may be a tendency to avoid detailed
study af salmonid populations in estuaries.
This situation could be partially brought
about by a hesitance to confront the complex-
ity of the estuary, as well as by an inabili-
ty to sample adequately highly mobile popu-
lations of fish in the rigorous estuarine
enviroroaent. Fishery management agencies
have seldom possessed the resources required
to pursue biological investigations within
the saltwater environment. Other investiga-
tors have looked at lower biotic levels in
estuary ecasystems, and although these
studies are logical initial approaches, one
can surmise that sampling difficulties may
again have been a factor restricting work
te other forms.

An opportunity to examine some relation-
ships between ascending adult salmonids and
Oregon estuaries occurred during a study of
coastal cutthroat trout, Saln7o eku'ki olarki,
conducted by the Game Coaoaission between
1965 and 1970 on the Alsea, Siuslaw and
Nestucca Rivers. This study on the north-
central coast was directed primarily toward
improvement of angler catches of hatchery-
reared cutthroat through the manipulation
of liberation times. In order to evaluate
the success of the stocking experiments, two
major fisheries, a spring main stem fishery
centering an juvenile fish and fall estuary
fishery for sea-run adults, were monitored
to estimate catch. To gain a better under-
standing of the observed timing and location
of the estuary catch, information on fish
distribution and movement was gathered and
related to gross measurements of estuary
geometry, salinity, and temperature.

The estuary studies depended to a large
extent on the development of netting gear
that would readily live-capture sufficient
numbers of fish for tagging. A purse seine,
a roundhaul seine, beach seines, gill nets,
and trap nets were unsuccessful methods of
capture empIayed during the first years of
study. In addition to relatively small
populations of cutthroat, the major obsta-
cles to capture in the upper part of the
estuary included strong tidal currents, sub-
merged debris, and lack of suitable shore-
line. These problems were eventually over-
come and substantial fish catches were made
in the Alsea by the use of SCUBA to remove
submerged objects, by development of a
rapid net-setting procedure  Giger and
Williams, 1972!, and by design of a mechan-
ized beach seine suitable for the estuaries
 Giger, 1972!

This paper reports same results of the
estuary studies that centered primarily on
the Alsea River. Data on chinook, 0, taha-
wJJtseha, and coho salmon were obtained in-
cidentally and some inferences are made about
their estuarine movements. It should be em-
phasized that some of the conclusions are
preliminary and warrant further study.

CHARAC."FRISTi'CS OF CUTTHROAT TROUT

Native populations of cutthroat trout
exist in a wide variety of environments and
exhibit varied life history patterns. Habi-
tats and movements are known to incl.ude life-
time residence in limited sections of
streams, and residence in and movements be-
tween smaller and larger streams, streams
and lakes, streams and the ocean, and even
lakes, streams, and the ocean.

The coastal subspecies af cutthroat trout
in Oregon is essentially anadromous, i.e.,
migrates to sea and returns to streams to
spawn, although most populations appear to
contain a very small proportion of fish
which become permanent stream residents,
Nearly all fish live in freshwater from two
to five years, then enter the ocean as juven-
iles in spring. After spending approximate-
ly three months at sea, during which time the
fish probably do not range far from the
coastline, all individuals return and may
remain in the estuaries of larger streams for
substantial periods of time before a late
fall spawning migration into freshwater,
Unlike'salmon which die following their ini-
tial spawning, the spri~g seaward migration
and late summer return of cutthroat becomes
an annual event until death. Individual fish
have been known to make at least five such
successive migrations. Because of the annual
spawning cycle and marked weight loss asso-
ciated with a long cessation of feeding, sea-
run cutthroat in Oregon rarely achieve a size
exceeding about 2G inches or 4 pounds.

WETHOOS OF ESTUARy STUM'

Estuary Geometry, Salinity and Tempertztwt'e

Published information in the desired farm
regarding salinity and temperature character-
istics of the full lengths of the study es-
tuaries was not available. For the Alsea
estuary, Goodwin, et al �970! reported on
tidal and physical characteristics, and
Natson �971] later presented data for the
lawer portion of the estuary. For the pur-
poses of this study, data on channel depth
and longitudinal salinity and temperature
profiles at high and low tide were obtained.
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Summer and winter profiles were determined
on each estuary for comparison, and spring
data were collected on the Alsea River to
diagram the patterns that might be expected
to exist during the period of downstream
migration.

To construct diagrams of longitudinal
sections of each estuary, bottom contours
were determined for the stream channel from
the mouth to the head of tidewater using a
Furuno RF-2, 50 kc recording echosounder.
Depth readings were averaged to provide gen-
eralized diagrams of each estuary. Salinity
and temperature measurements were made at
1-mile length and 5-foot depth intervals
with a Beckman RSS-3 Portable Induction
Salinometer, Measurement intervals were
reduced where rapid salinity changes occur-
red. Data were gathered for moderately high
and low tides and for normal streamflow con-
ditions during the seasonal periods studied.
No attempt was made to document all varia-
tions or extremes produced by winter floods,
exceptionally high or low tides, etc. Addi-
tional measurements of salinity and tempera-
ture were taken throughout the summer at
netting sites on the Alsea.

FISH DZSTRIBUTIOA' AA'D HOVVfEKT

Approximately 2,000 sea-run cutthroat were
captured and marked in netting activities on
the Alsea estuary in the summers of 1969 and
1970. More than 300 tags from these fish
were subsequently returned, and provided in-
formation on timing of migrations, estuary
movements, length of estuary residence, and
distribution and intensity of sport catch.

Estuary boat counts, conducted to measure
angling pressure as part of the basic catch
estimation procedure, were made for small
geographical units to determine areas of
angler concentration, This information was
used, with verification from angler inter-
views and late» from netting and tag return
data, as an index to the longitudinal dis-
tribution of cutthroat in the estuary.

Sampling of the angler catch gave ad-
ditional information on food habits and the
movements of fish. Estuary maps supplied to
anglers were used to pinpoint the locations
of tag recoveries for comparison with envi-
ronmental measurements, Tag returns from
summer into late fall and from throughout the
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water extended at most a few miles upstream
on both tidal cycles, and the transition from
fresh to salt water  >30 o/oo! took place
within a short distance. In summer on the
Alsea and Siuslaw, saltwater influence reached
throughout the estuary at high tide, and near-
ly so at low tide. Salt water normally ex-
tended only about 5 miles upstream on summer
tides in the Nestucca estuary. Rmsaer sali-
nity transitions in each stream were consi-
derably more gradual than winter, and tran-
sitions in longer estuaries were more gradual
than in shorter ones. Spring gradients in
the Alsea estuary were intermediate between
those for winter and sugar.

FINDl NDS

ZÃVZRONHENTAL hKASUREÃENTS

Density stratification was evident in at
least some parts of all salinity profiles,
and was more pronounced at low than at high
tide. Stratification was most evident on
the Alsea estuary, where at one summer low
tide, surface and bottom readings of 15 o/oo
were 5-1/2 miles apart. Stratification was
least evident on the Siuslaw at a summer high
tide, suggesting little influence of fresh-
water flow on the longer estuary.
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stream system indicated to some degree the
timing of movements into freshwater.

The Alsea, Siuslaw, and Nestucca estu-
aries were considered to be 14, 22, and 8
miles in length, respectively, and ranked
7th, 8th, and 10th in amount of acreage
among Oregon estuaries south of the Columbia
River. The estuaries were found to be sim-
ilar in general character. Each had a wide,
shallow, lower bay and long, narrow, deeper
upper segment. LongitudinaI diagrams indi-
cated a deeper central section of tidewater
that had its downstream origin near the zone
of marked width constriction. This central
sectiop was shortest and most pronounced
in the Alsea and Nestucca estuaries. Deep
areas in tidewater were typically found at
bends in the stream course.

Seasonal differences in salinity profiles
on each estuary were generally large  Fig-
ures 1-4!. During winter the wedge of sea-

FIGURE 2. Salinity
gradients  in parts
per thousand! from
stream south to head
of tidewater on the
Alsea River at moder-
ately high tides dur-
ing three seasonal
periods.
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FIGURE 3. Salinity
gradients  in parts
per thousand! from
stream mouth to head
of tidewater on the
Siuslaw River at mod-
erately low and high
tides during two
seasonal periods.
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FIGURE 4 Salinity
gradients  in parts
per thousand ! from
stream mouth to head
of tidewater on the
Nestucca River at
moderately low and
high tides during
two seasonal periods.
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Temperature gradients on the Alsea and
Siuslaw estuaries were similar, the Siusla»
tending toward a slightly higher mean temper-
ature than the Alsea throughout the year.
Highest summer temperatures on these two
rivers were recorded from the upper estuary,
1 to 4 miles below the head of tide  Figures
5 and 6!. The temperature maximums, in the
range of 75-80 F �4-26.6 C!, probably re-
sulted from a relatively stable water mass
in that area that was little influenced by
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FIGURE 6, Sul m er
temperature grad-
ients  'F! from
stream mouth to
head of tidewater
at low tide on the
Nestucca, Alsea and
Siuslaw rivers,

the iow strea� .lors =r c "lder sea ware
In contrast, temperatures in the largel!
freshwater .'estucca estuary were much lower,
and highest readings were from the extremely
shallow, Ioi er estuary, 1 tO 2 mileS aboVe
the stream mouth. Summer temperatures varied
greatly from stream mouth to head of tide,
and winter temperatures were fairly uniform.
In the Alsea and Siuslaw, winter estuary
temperatures averaged 44 - 50 F �.7-10 C!,
about 18-20'F below summer means.

FIGURE 6. Sufm!er
temperature grad-
ients  'Fj from
stream mouth to
head of tidewater
at high tide on the
Nestucca, Alsea and
SiuslaW riVerS.
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The most pronounced changes in temperature
in all estuaries occurred on summer high
tides near the lower entrance to the narrow,
upper estuary. Steepest gradients were en-
countered on the Alsea and Siuslaw, where
changes of 13 F  8.4 C! occurred in a dis-
tance of three 1aileS. High and low tide
temperature shifts on a particular day were
slight in the upper estuary, but substantial
in the lower bay of each river,

CUTTHROAT DISTRIBUTIOR AND WVEHKh1T

Schools of cutthroat were found to enter
estuaries from the ocean at different times
in the summer and fall and at different
times from year to year. No relationship
betwee~ time of entrance and climatic, tidal
or other factors was discovered, even though
there were seasonal periods of' more frequent
run occurrence as well as substantial con-
formity of migration timing among streams
 Figure 7!. Earliest migrants entered be-
tween June 23 and July 21 and latest migrants
until early October. Fish that had made
spawning migrations from the ocean in pr e-
vious years typically were the earliest en-
trants in summer. The annual periods of peak
abundance of migrant and resident groups of
cutthroat in the Alsea estuary in 1970 are
summarized in Figure 8.

Net and fishery data indicated that sea-
run cutthroat migrated quickly through the

FIGURE 7. Timing
Of majOr Sunm1er and
fall runs of wild
cutthroat into estu-
aries of three coast-
al rivers, as indi-
cated in the angler
catch, 1965-1970.
 Open diamond repre-
sents a probable but
unconfirmed run!.

shallow, lower estuary of all rivers, then
remained for varying periods in the narrow,
deeper, central section of tidewater. Runs
of fish migrated relatively intact to this
area in the Alsea River, and though small
numbers apparently passed through the upper
estuary into fresh~ster soon after entrance
from the ocean, dispersal of the majority
of spawners to upstream or downstream tri-
butaries took place later in the fail.
cutthroat remained in the estuary for periods
of 3 or 4 months or more. Tagging also
showed that localized upstream and downstream
movement of fish was common during residence
in the central estuary.

Angling activity was concentrated in the
areas where cutthroat. were holding, the
anglers taking advantage of the temporary
residence of fish, Zones of heaviest angler
concentration extended from 4-1/2 to 9-1/2
miles upstream from the ocean on the Alsea,
from 7-1/2 to 15 miles upstream on the
Siuslaw, and from 4 to 6-1/2 miles upstream
on the Nestucca River.

The bulk of' the migration of sea-run fish
out of the estuary and into freshwater occur-
red in late fall concurrent with the first
substantial fall rains and increases in
streamflow, Smaller initial freshets were
found to trigger upstream shifts in the dis-
tribution of fish within the estuary, with-
out causing full-scale migration out of the
estuary {F gure 9!,
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FIGURE 9. Distribution of tag returns by location for 143 angler-caught cutthYoat
trOut, A1Sea eStuary, SuImner and fall Of 1970. Light shading repreSentS returnS
after September 17, following a sharp temperature decline.
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FIGURE 8. Generalized patterns of timing of downstream  smolts, kelts, parr! and up-
stream  sea-run! migrant wild cutthroat in the Alsea estuary. 1970, as indicated by
the seine catch. Smolts are juveniles migrating to the ocean, kelts are spawned-out
adults returning to the ocean, and parr are juveniles migrating only as far as the
estuary.
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In general, summer cutthroat distribution
coincided with the central estuary areas that
had greater mean depth, particularly on the
Alsea and Nestucca Rivers where the length
of these areas was more limited. Obviously
migrants could not be expected to r'emain in
the lower bays, where much of the channel
was less than five feet deep on average low
tides. Only a partial relationship was
suspected, however, between cutthroat dis-
tribution and the deeper, central sections
of each estuary. On the Al sea, the entire
length of the narrow, upper estuary apparent-
ly had depths suitable for regular use by
fish, as evidenced by substantial catches
from upper areas in late fall  Figure 9] .
Restricted use of the upper reaches of the
Alsea and Siuslaw estuaries by cutthroat
in mid-summer was evidently caused by a
separate factor.

The central estuary area preferred by cut-
throat in summer months was characterized by
relatively long shoals interrupted by deep
pools that normally occurred at bends in the
stream course. On the Alsea, highest angler
and net catches were taken from specific
shoals in the central estuary. Tag returns
from the upper estuary in late fall, however,
were not as noticeably correlated with shal-
low stretches. Whether or not shoal areas
of the central estuary harbored more fish
during July and August was not known. It
may have been that shallow localities brought
fish in closer contact with trolling gear
or prevented some fish from escaping from the
10-foot deep seine.

!n migrating to the central estuary, sea-
run cutthroat passed through the majority of
the salinity and temperature changes that oc-
cured on the Alsea and Siuslaw estuaries, and
essentially the entire gradients on the
Nestucca. Summer salinities in central tide-
water holding areas of the Alsea and Siuslaw
rivers generally fluctuated from 10 o/oo to
25 o/oo, depending on the tide stage. Water
temperatures ranged from about 65 - 72 F
�8.4-22'C!. A freshwater environment and
considerably more constant temperatures of
about 56 � 60'F �3.4-15.6'C! characterized
the summer holding area of the Nestucca in
1968.

Salinity changes appeared to have little
effect on adult fish, as quick passage
through the entire salinity gradient was
demonstrated on the Nestucca estuary. The
best indication that changes from salt. water
to freshwater have negligible influence,

however, is to be found in many smaller
coastal streams inhabited by sea-run cut-
throat, where no estuary exists and where the
transition to freshwater is abrupt.

Water temperature was suspected of being
most influential of the estuary characteris-
tics examined in influencing cutthroat dis-
tribution in and migration through the cen-
tral and upper portions of the Alsea and
Siuslaw estuaries, Fish migrating completely
through these estuaries would have been sub-
jectedd to temperature variations of approxi-
mately 30oF �6.7 C! in mid-summer and pre-0

sumably would either not enter, nor remain
for long, in the upper sections where temper-
atures of 75-80 F �4-26.6 C! were frequently
reached, High upper estuary temperatures
probably provided an effective block to large
scale migration, and relatively few fish
passed through to cooler sites in Freshwater
until later in the fall.

The Siuslaw River possessed the highest
upper estuary temperatures, which may partly
explain why the estuary fishery there was
more successful and lasted well into the fall.
Temperatures in the Nestucca estuary, with
a total gradient of only 15'F  8.4 C! and
maximums 10 � l5'F below those on the other
two streams, w'ere suspected of being less in-
fluential in restricting migration. This
view for the Nestucca was supported by evi-
dence that  I! high angler catch rates co-
incident with entrance of schools from the
ocean were of shorter duration in the fish-
ery, suggesting more rapid passage out of
the estuary, and �! larger relative numbers
of sea-run fish were present in pools above
tidewater in thc summer and early fall,

Some support for the belief that upper
e s tuary t emperat ure s in f 1 ucn c ed cutthroat
migration and estuary distribution was
gained from fisher'y and tagging data on the
Alsea River, !n 1969, angling success and
seine catches of cutthroat  and salmon! in
the central estuary declined sharply between
September l7 and 19, concurrent with the
first fall rain and an increase in main stem
streamflow from 72 to 565 cfs. Temperatures
in the upper estuary also dropped sharply,
A large proportion of the adult salmonids
had either moved into upper tidewater above
the fishery or entered freshwater. As the
stream-flow increase was substantial and
interrelated with the temperature decline,
identification of the factor most likeiy
stimulating migration was difficult,
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In 1970, two less-appreciable fall in-
creases in main stem fl.ow occurred in the
Alsea, from 73 to 138 cfs between September
4 and 8, and from 73 to 153 cfs between
September 17 and 21. The increases prob-
ably had little effect on currents in the
central estuary, but influenced tempera-
tures greyly. Maximum surface temperatures
during this period at the seining site in
the central estuary declined gradually from
67 - 60'F �9. 5 - L5.6'C!, then dropped
sharply from 60 � 54 F  l5,6 - 12.2'C!
between September 15 and 16. Some of the
temperature decline was associated with an
extended period of cloud cover, Net catches
were apparently not affected by the first
small freshet, but declined to almost zero
from September 15 to 17 coincident with the
second freshet and sharp temperature decline.
Unlike the more extensive migration out. of
the fishery area in 1969, the small freshets
did not stimulate many fish to leave the es-
tuary, but shifted their distribution fur-
ther upstream. Significant numbers of fish
were still taken in the estuary by anglers
after September 17, but the average catch
location moved from 9.0 to 10,5 miles up-
stream  Figure 9! .

Despite abundant food sources, sea-
run cutthroat did not feed in the estuary
during summer and fall residence. In fact,
little feeding took place in the stream un-
til after the completion of spawning in
January and February of the following year.
It seems safe to conclude that the estuary
food supply had very little influence on
ascending cutthroat.

The reaction of cutthroat trout to the
ever-present reversals in flow direction and
changes in velocity is a response that
would be difficult to evaluate, Schools of
fish entering the estuaries were evidently
partially adhesive even after several weeks
in tidewater. This plus the fact that tag
returns were received in about equal numbers
from above and below tagging sites suggested
that fish were not strongly associated with
specific underwater areas or obj ects. The
reaction of schools of fish to reversing
currents was possibly a positive rheotactic
one in which fish oriented against the di-
rection of flow, and either swam against the
current or drifted with it.

S1Gh'ZFZCAHCE OF ESTUARIES TO CUTTHROAT TROUT

The estuary is apparently a non-essential
element of the life cycle of anadromous cut-
throat trout in Oregon, a conclusion reached
primarily by virtue of the fact that many
smaller streams supporting populations of sea-
runs have no estuary. Though cutthroat com-

monly return to streams months before engag-
ing in an active spawning migration into the
tributaries, this period of relative inacti-
vity  both migratory and feeding} can as
readily be spent in freshwater areas such
as deep pools along the lower main stems of
streams, It follows that if the estuary is
not a requisite for migrants then a gradual
adjustment from salt water to freshwater is
also unnecessary, and there was no indication
from the study that cutthroat were influenced
by salinity changes.

The upper areas of some of Oregon 's major
estuaries are apparently prone to temperatures
consistently high enough �0-80 F! in mid-
summer to block passage of many cutthroat
that might otherwise migrate further upstream
into freshwater. There is fair evidence that
temperatures at these high levels can be
detrimental to the survival of maturing adult
salmon if experienced for certain periods of
time  Brett, l960!. Many f'ish, as a result,
congregate in estuary areas of suitable tem-
perature and depth immediately downstream
until water temperatures moderate later in
the fall.

Many authors have emphasized the impor-
tance of increased stream-flow in stimula-
ting upstream migration of adult salmonids,
and some  Hayes, 1953; Pritchard, 1936j
have stated that temperatures had little
effect. Others  Foerster, 1929; Cramer and
Hamamck, l952; Major and Mighell, 1966! be-
lieved that temperature changes influenced
movements to a substantial degree. Obvi-
ously temperatures in some situations are
at levels that do not restrict movement,
but these seemingly apposing conclusions
regarding the importance of flow and temp-
erature might also be the result of a dif-
ference in point of view. While flow in-
creases probably do frequently stimulate
pronounced upstream movement, there is also
the possibility that earlier, perhaps less
strongly marked movements are at times re-
stricted by high temperatures. In other
words, temperature changes may not stimulate
migration, but permit it. Flow and tempera-
ture are often intimately associated, and
separation of effects can be difficult.

Chinook and coho salmon, in that order,
entered the Alsea, Siuslaw-and Westucca es-
tuaries later in summer than the cutthroat,
but their subsequent movements were similar
to those of cutthroat. Sufficient numbers of
salmon were taken by the sport fishery and
in netting operations to indicate that these
fish were probably responding in similar man-
ner to the conditions that affected cut-
throat trout.



Unlike fisheries for salmon and steelhead
trout, angling for sea-run cutthroat occurs
almost whol.ly within the limited, central
section of the estuary in the coastal streams
studied. There is no ocean fishery, and
relatively few are taken above tidewater in
the late fall or winter. Add to this such
facts as  I! many juveniles are residents of
the estuary in spring and summer, �! sea-run
fish are present for extended periods in sum-
mer and fall, and �! repeated migrations on
an annual basis magnifies estuary use corn-
pared with other species, and one can con-
clude that estuaries of these rivers are
probably of greater importance to sea-run
cutthroat and cutthroat angling than to other
s a lmonids .

The Siuslaw River estuary supports what,
to my knowledge, is the world's largest sea-
run cutthroat fishery. This fishery is
worthy of careful perpetuation, as are the
substantial tidewater salmon fisheries. The
welfare of what remai.ns of the natural envi-
ronment of the Siuslaw estuary was recently
threatened by plans to dredge a 16-foot chan-
nel almost completely through the upper es-
tuary, where virtually all trout and salmon
angling occurs. There are at least two
potential consequences of such dredging to
fisheries for trout and salmon that come to
mind, based on the cutthroat studies. One
is that by increasing the average channel
depth, the influence of saltwater intrusion
might be extended further landward, thereby
moderating upper estuary temper'atures to
a greater degree. This could in turn effec-
tively alter the summer distribution of cut-
throat and salmon by permitting greater
penetration of fish into the upper estuary
or freshwater, Secondly, if shoals are
important areas of sport catch as suggest-
ed by the Alsea data, there is no assurance
that angling would not be adversely affect-
ed by removal of shoals and dispersal of
fish in greater depth, Each of the above
consequences could significantly reduce the
sport catch. Certainly the argument that
former dredging in the lower bay has not
proven detrimental, and that future upstream
dredging would therefore not be harmful, is
far from appropriate. If there has been
little influence in the past, it. no doubt
stems from the fact that salmonids charac-
teristically spend little time in the
lower bays of these estuaries.
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A Strategy for Modeling Primary Production
in Stratified Fjords

Donald F. 'Hinter, Senior Research Associate
Department of Oceanography
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University of Mashlngton, Seattle

The Northeastern Pacific coastline is in-
dented with numerous recesses variously iden-
tified as bays, sounds, or inlets on maps and
nautical charts. However, those with rela-
tively deep, laterally constricted basins
qualify more specifically as fj ords, or Type
3 estuaries, in the estuarine classification
scheme of Hansen and Rattray �966!.

During the past two decades, many of these
inlets have been surveyed and their oceanog-
raphic features have been described by a
number of workers, including Tully �949!,
University of Washington �953!, Trites �955!,
Waldichuk �957 , 1958!, McAlister et aI.
�959!, Herlinveaux and Tully �961!, Pickard
�961, 1967!, Herlinveaux �962!, and others.
At the same tj.me, however, biological pro-
duction in these waters has been given corn-
paratively scant attention. This may be due
in part to the lack of reliable models of
the biological systems of inlets. However,
recent applications of analytic techniques
to research in marine productivity have
greatly facilitated the study of quantitative
relationships between plankton and its envi-
onment. hlost numerical phytoplankton models
are based on a conservation equation that
attributes algal biomass variations to pho-
tosynthetic and respiratory activity, sinking
of cells, grazing by herbivores, and to
mixing and advection in the medium. In some
inlets, or segments thereof, certain of the
numerical tasks can be obviated by using ap-
proximate expressions for the hydrodynamic
variables derived by using similarity tech-
niques. This procedure is described in
greater detail in the next two sections of
this paper. In the final section, the gen-
eral approach is illustrated with a raodel
of springtime phytoplankton blooms in the
main basin of Puget Sound near Seattle.

ZiVLZT CZRCUIATIOR AiVD HYDilDGRAPPY

Before presenting the analytic details of
an algal production model, we shall briefly
review those features of inlet flow which
are relevant to the problem at hand. It is
characteristic of Type 3 inlets that the most
vigorous circulation takes place in an upper
brackish layer which moves persistently sea-
ward above a landward-moving deeper layer of



IGURE 1. Schematic
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saltier water, as shown schematically in
Figure l. The seaward-moving layer entrains
from below denser, more saline water which
is ultimately supplied to the basin by the
sea, the predominant longitudinal transport
mechanism at depth being advection rather
than turbulent diffusion. It is generally
believed that the principal entrainment
mechanism is turbulence induced in the shear
layer between the seaward-flowing surface
layer and the deeper, landward-moving salt
water. In some inlets, mixing is promoted
by surface wind stress and by bathymetry.
The influence of tides in an "ideal" fjord
is indi rect, in some cases providing an
undetermined fraction of the energy involved
in turbulent mixing, while fresh water run-
off and gravitational convection dominate
the overall dynamic balance. In any case,
the entrainment process involves preferen-
tial upward transport from the lower zone
to the surface layer through an intermediate
halocline zone; the depth to which fresh
water is mixed downward is indicated by the
lower boundary of this zone.

The longitudinal variation of the depth
of the lower boundary of the halocline zone
is not large and, in the majority of inlets,
the greatest density changes occur in the
first decameter. These features are exem-
plified by the summertime salinity structure
of Alberni Inlet, 8.C., as shown in Figure
2. In sujmxer, the depth of the lower
boundary of the halocline zone in Alberni
Inlet is somewhat less than a decameter,
and according to our remarks above, it
follows that surficial water penetrates no
deeper than about a decameter over much of
the inlet.

The turbidity of inlet waters depends
critically upon the concentration of suspended
particulates carried into the surface layer
with the fresh wat,er runoff, and. also upon the
density of algal blooms, when they occur.
Over extensive portions of Northeastern Pacific
inlets, the transparency of the water is such
that the photic zone is roughly of the same
order of magnitude as the halocline depth.
This can be seen from Table I which compares
Secchi d.isk and halocline depths in inlets

salinity   /oa!
upper layer

halocline zone

FIGURE 2. Sumertime salinity structure
in Alherni Inlet, B.C.  from Tully, 1958!



with large and small runoff, as reported by
pickard �961!. Since the Secchi disk depth
gives a measure of the vertical dimension of
the zone in which phytoplankton can photo-
synthesize effectively, we anticipate from
these data a close relationship bet~can the cir-
culation and water mass characteristics, and
the intensity of primary production in strati-
fied inlets.

~Bw C + p C Z  q
az

where ws is the vertical sinking speed of
an algal cell, Pr is the net speci fi c pro-
duction rate, and Z is the rate of concen-
tration decrease by grazing. In principle,

DEVEIOPHZK' OP gVAWTITATIVE EXPRESSIONS

In order to avoid incapacitating comp-
plexity, we shall confi~e our attention to
primary production in a steep-sided, rela-
tively straight fjord segment. It will be
assumed that the basin is sufficiently
narrow to preclude the occurence of large
cross-channel variations in the flow. We
shall employ a coordinate system with the
origin at the surface, near the landward
end of the segment of interest  see Figure I].
The positive x-axis extends horizontally
in the seaward direction and the z-axis is
taken positive downward.

Under idealized fjord conditions, changes
in momentum and salt concentration produced
by longitudinal mixing are small compared
with variations associated with vertical
mixing and advection. We shall make the
usual assumption that the time-average of
the turbulent stress can be represented by
the product of the horizontal velocity shear
and a suitably defined eddy coefficient of
viscosity, Nz . We shall further assume
that the turbulent flux both of dissolved
substances  e,g., salt! and suspensoids
 e.g,, algal cells! can be adequately re-
presented by the product of a vertical eddy
coefficient of diffusion, Kz, and the ver-
tical gradient of the mean concentration
of the substance in question.

A useful index of primary production is
the concentration, C, or organic carbon of
organi.c carbon of living algal cells.
field C  measured in units of mg carbon m !
is the solution of an equation which ex-
presses the rate of change of C as the resul-
tant of changes due to fluid transport,
photosynthesis and respiration, sinking, and
grazing by herbivorous zooplankton. Since
large cross-channel variations are excluded
from consideration, the equation for C may
be averaged over the channel width, b.
Furthermore, we will not be concerned with
temporal changes in C associated with tidal
motion, so that the equation for the phyto-
plankton concentration, as well as thc
equations for the circulation and the salt
balance, may be averaged over a tidal cycle.

Since a detailed discussion of the deri-
vation of the equation for a nonconservative
substance is available elsewhere  e, g.,
Pritchard, 197l!, only final results will
be recorded here. The laterally-averaged
equation for the time-mean concentration of
plant carbon C x,z,t! can be written as

aC 1 ~ bK aC! 1 ab~C + ab~C
at b az zazt b ax az



Cw< � atZ=O.K &C
w az �!

the equations which describe the circulation
dynamics are to be solved, along with equa-
tion  I!, in a suitable space-time frame,
subject to appropriate boundary conditions.
At the free surface, the flux of plankton
is zero:

Low concentrations of phytoplankton may be
extant at depth in an inlet, due to cells
borne into the basin with the salt water
intrusion from the outside and also to
sinking from above. In such case, at the
sil I depth and below the concent.rat.ions of
plant carbon approach values which vary
slowly in time and are to be determined
from observation. When locai longitudinal
variations of C at the ends of the inlet
segment are known to be of secondary i.mpor-
tance  from field observations!, then zero
net flux conditions on C at the ends of the
segment would be appropriate.

One could apply a vertical averaging
procedure to each stratum of an inlet, con-
structing thereby a two or three layer box
model in much the same manner as Pickard
and Trites �955! and others have done in
different contexts. However, the scale
and arrangement of compartments appropriate
to a description of the biological processes
may be different from that which is suitable
for the circulation. An alternative to the
box model approach consists of a nurrerical
integration of the equations for the circu-
lation and salt exchange in the inlet,
followed by a numerical integration of equa-
tion  I! over the space-time domain of inter-
est, Even under the most favorable ci.rcum-
stances, however, such an undertaking may
involve rather largo expenditures of time
and money in computation. Furthermore, in
view of the fact that the equations are
highly nonlinear, there are many potential
problem areas in the numerical analysis.

We suggest here an approach to modeling
of primary production which attempts to
avoid at least the most obvious disadvantages
of the two procedures just described. Under
the assumptions introduced earlier, the
overall circulation dynamics in the upper
zone is dorainated by gravitational convection,
with land and river drainage providing a con-
tinuous source of fresh water and with the
sea acting as a continuous source of salt
water. Since we exclude from consideration
transients associated directly with tidal
motion, the circulation will be quasi-steady

state in the mean, as long as external factors,
such as runoff and average surface wind
stress, do not change drastically from one
tidal cycle to the next.

In treatments of fjord circulation by
Rattray  L967! and by Winter  in preparationl
the mixing coefficients Kz and Hg, the velocity
components u and W, and the density are ex-
pressed as products of powers of functions t
of the distance X along the basin and functions
of a similarity variable n = Zf<, a real. In
addition, longitudinal variations of cumulative
fresh water runoff, ll, and channel width, b,
are expressed as powers of f.. It can be
shown that when certain relationships are
satisfied amongst the several powers of  ,
then the equations of motion reduce to a
set of ordinary differential equations. From
these equations, it is possible to obtain
approximate analytic expressions f' or the
velocity components and the density distribu-
tion, Thus, for an inlet segment where the
conditions of similarity analysis are reason-
ably well satisfied, there is available an
approximate, self-consistent description of
the steady-state ci rculation where the mixing
coefficient, the salinity, and the velocity
field are continuous functions of x and g.
Expressions for the functions b, K>, bu, and
bw are then substituted into equation  I!,
and appropriate boundary conditions, such
as equation �!. Nonlinearities in the re-
sulting boundary value problem can be handled
by quasi linearization techniques. When
appropriate initial conditions are prescribed,
the equation for C can be integrated numer-
ically by using any one of a number of tech-
niques.

Of course, it is unlikely that the con-
ditions for similarity will be met rigorously
in any specific instance. nevertheless,
even in those inlets where the requirements
are only approximately satisfied, the solution
may reproduce the main features of the flow
and will constitute an adequate approximation
for use in equation  I!. If so, a considerable
saving of time in analysis and computation
will have been realized, and it becomes feasible
to perform numerical experiments with the
description of biological production.

IrLOML OF AF ALGAL BLOOM IÃ FUGE'' SOUArD

The usefulness of the described approach
will be demonstrated by comparing predicted
and measured algal concentrations in the
main basin of puget Sound off Seattle during
a two-month period in the spring of 1966.
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The central basin of Puget Sound is essen-
tially an inlet-type of estuary, characterized
by depths in excess of 200 meters, with SO
meter-deep sills at both ends  see Figure 3! ~
The sill at the southern end separates the
main basin from an involved system of shallower,
low-runoff basins, The northerly sill sepa-
rates the central basin from the Strait of
Juan de Fuca, which is connected with both
the Strait of Georgia and the Northeast Pacific
Ocean. The flow pattern near mid-channel in
the central basin is basically a two-layer
system in which the vertical scale is, in
part, dynamically controlled by the circula-
tion itself. The general circulation in the
main basin is such that the region bounded
to the south by Blake Island and to the north
by the confluence with Possession Sound
constitutes a segment whose hydrography is
suggestive of fjord structure of a classical
type during episodes of spring and early
summer runoff, The longitudinal variations
of cumulative drainage area and channel width
 see Figure 5! suggested a similarity analysis
whose details are presented elsewhere  Winter,
in preparation!.

Figure 3. Puget Sound Chart

The field observations were made as part
of a program initiated in 1963 to study pri-
mary production in Puget Sound, carried out
under the direction of G. C. Anderson and
K. Banse at the University of Washington with
funds provided by the U.S. Public Health
Service. During the spring of 1966, water
samples were collected shortly before local
apparent noon on a 250 meter deep station
 Station 1 in Figure 3! on an almost daily
basis. The environmental measurements in-
cluded temperature, salinity, oxygen, phos-
phate, silicate, and nitrate  see Figure 4! .
Concentrations of chlorophyll a were ascer-
tained and h al f -day measurement s o f c arb on
uptake  l~C! were made under neutral density
screens which simulated the light intensity
at the depths from which the samples were
taken. The choice of the five "light depths"
was made on the basis of the observed Secchi
disk depth at the time of collection. Avail-
able light during the productivity measure-
ments was determined with a solarimeter.
Zooplankton was collected by a vertically
towed closing net from the seabed to the 1%
light depth  usually considered to be near
the bottom of the photic zone! and from there
to the surface. One immediate conclusion
from the field observations of nutrients was
that algal producti on at thc site is not
limited hy, nor even proportional to, the
avail ability of nutrient salts so that nutri-
ents can be excluded from further considera-
tion in the model.

As discussed in detail by Winter, Banse,
and Anderson  in preparation! the principal
hydrographic inputs for' the circulation sub-
model ar'e river runoff from gauging stations
and surface salinity; the salinity at depth
was taken to be constant, Calculated salinity
distributions with depth adequately reproduce
the measurements from the mid-channe 1 station
 see Figure 6!. In addition, the calculated
horizontal velocity profiles are similar to
those inferred from the very limited amount
of historical data in hand.

The coefficient of the net. specific algal
production Pr was determined from Steele's
relation

r max I I c'
ma X IHa X

where p = maximum specific photosynthetic
maxrate  mg C added/m~ C! hr I ~ I = lightBX

intensity  cal cm» ! at which maximum
photosynthesis occurs, and r = specificcrespiration rate  mg C lost/mg C! hr . The
papers of Steel �962!, Vollenweider �966!,
and DiToro et. al. �970! may be consulted
for details.



Figure 4: Hydrographic, nutrient, phytop'tankton measurements from Station 1,
main basin, Puget Sound.
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Fig. 5a. Longitudinal variation of effective channel width of main basin
segment of Puget Sound

o 1

-20

Fig, Sb. Longitudinal variation of cumu'lative runoff in main basin segment
of Puget Sound
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Internal consistency would requi re the re-
placement of net productivity p at the point
tx , ! by some sort of time-mean value, sincer

equation  I! has presumably been averaged
with respect to a tidal cycle. In fact, Steele
�962! originally proposed the first term of
equation {3! to study production of light-
adapted algae on a much longer time scale
than a single day. However, other workers
have found Steele's representation and sub-
sequent modifications of it  cf, Vollenweider,
1966; DiToro et aI., l970! to be useful in
describing production on a day-to-day basis.
The conclusion is that if one is particularly
interested in the short-time scale response
of algae to environmental factors which vary
diurnally  such as light intensity!, but is
willing to forego a description of the direct
effects of tidal forces  e.g., advection by
tidal currents!, then diurnal variations may
be retained in the expression for p in equa-rtion  l!, Otherwise, the net photosynthesis
term should be replaced by a time average.

As a rough approximation, the subsurface
light intensity was evaluated as a constant
fraction of the average  all day! light flux
just above the surface, the latter being read
from the shipboard solarimeter records or
obtained from Seattle-Tacoma airport records,

Following Stri ckland �965!, we used a re-
duction of one-half to account for varying
atmospheric conditions reflection losses at
the water surface, and absorption of long
wave Length radiation in the uPper few
centimeters of the water column. As men-
tioned earlier in this presentation, the
extinction coefficient in inlet waters depends
cr iti cal ly upon the concentrations of sus-
pended terrigenous sediment and of algal cells,
particularly during seasonal episodes of
extinction coefficient by a semiempirical
relation in which the effects of both of the
aforementioned factors were included.

The maximum specific photosynthetic rate
was estimated fram the observed trends of
production per unit of chlorophyll as a
function of depth. The rate fluctuated
considerably in a manner which could not
be correlated consistently with temperature,
light, or any other environmental variables.
Therefore, pmax was set equal to an average
of 4.5  mg C/mg chlorophyll o! hr I over the
period, and I was set, on the basis of
the same observations, at 550 cal cm 2 day l.
The carbon-to-chlorophyll o ratio was as-
signed a slight seasonal increase, from
l5 in January to 40 in July throughout the
photi,c zone on the basis of unpublished



observations off Washington and Oregon. The
respiratory rate was related to basis of the
literature: the surface value was 0.0167
 mg C/mg C! hr in daylight, 0.0ll at
night. The decrease with depth was assumed
to follow a Gaussian whose slope was such
that at the o.5% light depth, the,respira-
tion rate just balanced the daily photo-
synthetic rate. The possible effects of
temperature changes during the observations
were neglected. Predation was modeled by
considering all herbivores  as determined
by counts ans subsequent conversion to mass!
to graze like females of the small copepod
Peeudocalanwe elongatue; thus, an hourly
ration r was prescribed according to the
Ivlev relation

-kc
r=r  I-e !

Ala x �!

where r � is 0.02 mg plant C/mg animal C!
hr-l, k zs 0.0lSI and C is the plant
concentration expressed as carbon.

The vertical sinking speed of algal cells
was assigned a representative magnitude of
3 meters day l on the basis of a survey by
Smayda  l970! . It is interesting to note
that the entrainment of salt ~ster into the
halocline zone of a stratified inlet not
uncommonly implies a net upward vertical
velocity of the same order as the algal sink-
ing speed, which implies that the halociine
may act as a unidirectional "gate" for algal
cells brought up from below.
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Despite the fact that the foregoing as-
sumptions and approximations tend to over-
simplify the true situation, the model
adequately reproduces the gross features
of phytoplankton growth in the upper layers
of Puget Sound during the spring of 1966.
Calculations of phytoplankton density varia-
tions with depth and time at the mid-channel
station were made for a sixty-day period
beginning on 18 April when the observed
algal concentrations were relatively low,
Input data included five-day averages of
surface salinity and river runoff, measure-
ments of light intensity and zooplankton
concentrati.ons on a day-to-day basis  see
Figure 7!.

Evidence of a freshet can be seen in the
five-day period beginning on 8 Hay, The
average surface salinity corresponding to
this period was increased slightly  from
26.75 /oo to 27.00 o/oo! to improve the
representation of the circulation at depth.
Parameter assignments were made as described
above and all other variables, such as flow
velocity and extinction coefficient, were
calculated by the model. The model was
allowed to run without constraint to the
middle of Hay, at which ti,me, transient
phenomena associated with strong winds and
sudden changes in runoff began to dominate,
Qne of the most obvious effects of tran-
sients on the biota during this period
was a sudden deCline in pmaX tO Values which
would be associated with a shade-adapted
phytoplankton population. Since these
effects were not included in the analysis,
the model was constrained to give a uniform
depth distribution of algae  mg chlorophyll
u m s! until the transient effects became
loss influential several days later. On
23 Hay, two days after the last day with
strong winds �0 knots!, the constraint was
removed and the model was allowed to run
freely again. The final results are com-
pared with the observed data in Figure 8.
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As a result of "numerical experiments"
with the model, we have been able to assess
tentatively the roles played by various
factors which can influence primary pro-
duction in Puget Sound. For example, it is
obvious that, despite their tendency to sink,
algal cells will be advected persistently
seaward with the surface layer. Moreover,
the circulation calculations suggest that
the estuarine mechanism keeps the photic
zone resupplied with cells which are trans-
ported upward from the denser saline water
intruding at depth, The circulation also
exercises indirect control on primary
production levels by governing the dis-
tribution of terrigenous segments which can
modulate the light energy available for
photosynthesis. The environmental event
which is most likely to initiate an algal
bloom in Puget Sound is a succession of

days of high light intensity. On the other
hand, the same event can initiate an episode
of high runoff due to snow melt, and the
growth of a bloom can be subsequently
curtailed when the water in the Sound is
rendered excessively turbid by a heavy
sediment load. Contrary to previous specu-
lations, high stability of the water column
apparently is not an essential requirement
for the onset of algal blooms in these waters.

Calculations based on our first-genera-
tion model suggest that the predicted rate
of development of blooms is most sensitive
to the value of the maximum specific rate of
production p~x. The calculations also show
that the maxzmum levels of plankton outbursts
are critically dependent on the extinction
coefficient and that self-shading limits the
concentrations of the more intense blooms.



Finally, modeling experiments with data from
the .'ooplankton hauls have led to the con-
clusion that gra.ing pressure by herbivores
probably does not reduce the chlorophyll
density in Puget Sound by more than l0 to 20%
du ring blooms .

Although these conclusions are still ten-
tative  pending more thorough analysis!, a
reasonable, self-consistent picture of phyto-
plankton ecology in deep inlets is emerging
from these studies. We are thus encouraged
in the belief that the modeling strategy
described here will enable us to specify with
some confidence those environmental factors
which control algal blooms in the Puget Sound
system and elsewhere.

ACKVOJv'Lf DGEHZh'TS

This work was supported by the Washington
Sea Grant Program which is maintained by the
National Oceanic and Atmospheric Administra-
tion, U.S. Department of Commerce. The col-
lection of data was supported by PHS/FWPCA
grant WP 00633. Contribution number 643 from
the Department of Oceanography, University of
Washington, Seattle, Washington.

IZTERATVRE CITED

Rattray, H., Jr, �967!; Some aspects of
th dynamics of circulation in fj or s.e

fIn Estuaries, edited by G,H. Lauf
52-62, Amer. Assoc. for Adv. of Sci.,
Washington, D.C.

Smayda, T.J. �970!: The suspension and
sinking phytoplankton in the sea.
Oceanogr. 14ar. Biol. Ann. Rev., 8:
353-414.

Steele, J.H, �962!: Environmental con-
trol of photosynthesis in the sea.
Limnol. Oceanog. 7�!: 137-150.

Strickland, J.D.H.  L965!: Production of
organic matter in the primary stages
of the marine food chain. In Chemical
Oceanography, edited by J.P. Riley
and G. Skirrow; Vol. 1, 478-610,
Academic Press, New York.

Trites, R,W. �955!: A study of the
oceanographic structure in British
Columbia inlets and some of the determ-
ining factors. Ph.D. thesis, Univ. of
British Columbia, Vancouver, B.C.

DiToro, D.ki., D. J. O' Connor, end R.V.
Thomann {1970!: A dynamic model of
phytoplankton populations in natural
~stere. Env. Eng. and Sci. Prog.,
Manhattan College, Bronx, New York.

Hansen, D.V., and st, Rattray, Jr. �966!:
New dimensions in estuary classifica-
tion. Limnol, Oceanog. LL�!;
319-326.

Herlinveaux, R.H. �962!: Oceanography
of Saanich Inlet in Vancouver Island,
British Columbia. J. Fish. Res, Bd.
Canada L9 l!: l-37.

Herlinveaux. R.H., and J .P. Tully �961!:
Some oceanographic features of Juan
de Puca Strait . J . Fish, Ras. Bd .
Canada 18�!: 1027-1011.

McAlister, W.B., H. Rattray, Jr., and
C.A. Barnes �959!: The dynamics of
a fjord estuary: Silver Bay, Alaska.
Dept. of Oceanography Tach. Rept.
No. 62. Univ. of Washington, Seattle,
Washington.

Pickard, G. L. �961!: Oceanographic
features oi' inlets in tha British
Columbia mainland coast. J. Fish.
Res. Bd. Canada IB�!: 907-999.

Tully, J.P. �949!: Oceanography and
prediction of pulp mill pollution in
Alberni Inlet. Fish. Res. Bd. Canada
Billl, 83.

Tully, J.p, �958!; On structure, entrain-
ment and transport in estuarine embay-
ment.s. J. lAar. Ras. 17: 523-S3S.

University of Washington �953!: Puget
Sound and approaches - a literature
survey; Vols. I, II, III. Dept, of
Oceanography, Univ. of Washington,
SeattLe, Washington.

Pickard, G.L. �967!; Some oceanographic
characteristics of the larger inlets
of Southeast Alaska. J. Fish. Res. Bd.
Canada 24�!: 1475-1503.

Pickard, G.L., and R.W. Trites �957! '
Fresh water transport determination
from the heat budget with applications
to Br'itish Columbia inlets. J. Fish.
Res. Bd. Canada 14�!: 605-616.

Pritchard, D.W. �952!: Estuarine hydro-
graph!. In Advances in Geophysics,
edited by H.B. Landsberg; Vol. 1, 243-
2BO Academic Press New York



Pritchard, D.W., and 0.R.F. Harleman �97l!:
Hydrodynamic models. In Fstuari.ng
Modeling: An Assessment, edited by G.H.
Ward, Jr., and W,H. Espey, Jr.; 22-l01,
Rept. under Project No. I6070DKV with
the Environmental Protection Agency,
TRACOR, Inc., Austin Texas.

Vol 1enweider, R.A. �966!: Calculation
models of photosynthesis-depth curves
and some implications regarding day rate
estimates in primary producti,on measure-
ments. In Primary Productivity in

Aquatic Environments, edited by C.R.
Goldman; 425-457, Oniv. of California
Press, Berkeley-

Maldichuk, M. �957!: Physical oceano-
graphy of the Strait of Georgia,
British Columbia. J. Fish. Res. Bd.
Canada 14�!: 321-486.

Waldichuk, hl. �958!: Some oceanographic
characteristics of a polluted inlet in
British Columbia. J. Mar. Res. 17:
536-551.



An Ecosystem Study
in the insicfe Passage of Southeastern AIaska

Herbert C. Cur1, Professor
Department of Oceanography

Oregon State Universfty, Corva11is

In his autobiography, H.G. Wells stated
that we know the past not by personal obser-
vation, but by induction. Indeed, the more
distant the past, the less the observation
and the more the induction. He suggested
that we could know the future the same way-
"By adequate knowledge of contemporary pro-
cesses", wrote Wells, future conditions
"could be brought within range of our knowl-
edge and its form controlled. I did not say
that the future could be foretold but I say
its conditions could be foretold."

It is often asserted as fact, that scientists
and engineers always think logically and that-
research, development, and applications have
developed in straight lines. This misconcep-
tion is based on the orderliness and logic of
our textbooks which exclude the blind alleys,
wrong turns, and often total confusion which
more typically characterize our efforts.
Moreover, nature, not our minds, presents the
patterns and problems from which we adduce
prtnctples. In only the most relatively
advanced areas do we know enough to make
predictions, and then seek for verification
in nature. Ecology is not one of these areas.

This morning I should like to describe
some of our work, in a facinating geographic
location, that has provided many interesting
challenges and some rewards in trying to learn
something about the  immediate! future from
the  immediate! past. The location was chosen
partly for the same reason that some mountains
are climbed, because it was there. More to
the point, it provided an estuarine area which
behaved like an ocean but which behaved on a
temporal and spatial scale that permitted
me, at least, to believe that we could under-
stand how an aquatic ecosystem functioned.

TPB PBOBI ZA'

Over the past three years we have been
watching nature perform a variety of experi-
ments in a small bay in southeastern Alaska.
Our experiments have involved the annual
seasonal cycles of thermo-haline circulation,
nutrient ions, and the resulting qualitative
fluctuations in the plankton.

az



PLAMTOR DEPEA'DFIC'E Oh' iVl TROGE'5

A pattern began to emerge, The spring
bloom consisted typically of Thalaesioet',ra

FIGURE I. Location of Auke Bay ~n relation to Inajor straits and passages in southeastern
Alaska.
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'We' ve chosen Auke Bay  Figure I and maps!
near Juneau in particular, and the Alaskan
Inside Passage in general, rather than the
pacific Ocean, because advection through the
bay is relatively slow and the directions,
j f not the rates, are known, There is a
strong, two-layered circulation in summer;
upwel ling is frequently present; seasonal
cycles are similar from year to year; zoo-
plankton usually occur as a single, mid-summer
pulse; most chemical and biological properties,
except zooplankton, are homogeneously dis-
tributed in the horizontal plane; small
boats are usable even during poor weather,
the laboratory of the National Marine Fish-
eries Service is nearby and provides logistic
support of all sorts, and there is protection
from the type of weather normally found in
the open Pacific.

The study began with the dissertation re-
search of E. Bruce in 1967. Bruce first
studied the seasonal cycle of plankton in
Auke Bay as related to hydrography and nutri-
ent distribution  Bruce 1969!. He concluded
that amino acids could be an important source

of nitrogen for phytoplankton in the bay
since blooms occurred even in the absence of
detectable nitrate.  Figure 2 5 3! After
the onset of the spring bloom, initiated by
stabilizing of the water column, there is a
decrease in nitrate in the upper, mixed layer
to undetectable levels. In 1967 there was a
second bloom in August caused by nitrogen
excretion  ammonia and amino acids! due to
zooplankton grazing. There was also prob-
ably an increase in area, which we were not
measuring at that time. The second bloom con-
sisted of SkaIetonasz ooegatum, whereas the
initial bloom had been Thalaeeioezrvz nordmn-
ekioMti,  Figure 4! .

The following year, Richard Iverson and
Harold O'Connors spent the summer obtaining
additional data to test Bruce's hypothesis.
Nineteen sixty-nine was a "typical unusual
year", however, in that the wind blew from
the northwest periodically, causing apprecia-
ble mixing of the surface layer and eroding
the pycnocline, A phytoplankton bloom of
Skeletanema followed each mixing period.
 Curl, I vers on 5 0 ' Connore 1971!
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nordenskioLdii when waters were cold and
enriched with initially high nutrients, Sub-
sequently the waters warmed and were low in
nutrients except during periods of mixing,
when SkeLetonema bloomed.

We decided to investigate the causal re-
lationships from several angles. Nancy
Roelofs began a study of the differences in
the activity of the enzyme nitrate reductose
between ThaLaasioeira and SkeLetanama. This
enzyme mediates the conversion of assimilated
nitrate ions to nitrite and its activity is
a measure of the ability of an organism to
use available nutrient. SkeLetanerno had
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FIGURE 2. Seasonal Ip
cycle of nitrate at
selected depths.
 Curves are eye-fit
to data.!

the higher enzyme activity at all nitrate
levels in the medium at. 15 C, whereas
TkaLaesioeiza had a higher activity at 10;,
C. Thus the competitive advantage of each s
genue appeared to rest on enzymatic dif-
ferences,  Roelofs 1970!

At the same time, Karen Zakar undertook
a study of the effect of light intensity on
nitrate assimilation and nitrate supported
growth of the two organisms. In addition,
she obtained values for nutrient uptake kinetics
which can be used in simulation models. Zakar's
work was done with batch cultures. An alter-
native approach was tried simultaneously by
D.P. Larsen, using chemostats.



FIGURE 3. Interrelation between
amino acids, NH , and NO~ and
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SZNULATI'ON AODEL OF PLANKTON DYPAAIZCS

In early 1970 we felt we had sufficient
data to attempt a simulation model of the
plankton dynamics of Auke Bay. With the help
of John Saugen of the Electrical Engineering
Department at OSU, Iversmn developed a model
based on Steele's model for a phosphate-limited
population in the North Sea. Iverson used the
data he had obtained in 1969. As we suspected,
the model showed that primary production was
primarily related to wind-induced mixing as
the main forcing function, The effect of
herbivore grazing was shown to be negligible
 in 1969! but the inclusion of terms for' light-
related photosynthesis, and respiration,
improved the reality and precision of the Model.

The sequence of events is now thought to
be: The initial  spring! bloan is initiated
by the onset of stability, increasing solar
radiation, and high levels of initial nutrients.
Species caaposition at this time is controlled
by temperature acting on enzymatic processes
and by nutrient availability. Subsequent
blooms and their composition are controlled
by 1! periodic wind mixing, replenishing
nutrients fran beneath the pycnociine, 2!
in-situ nutrient regenerations by grazing
zooplankton or, possibly, directly from phyto-
plankton, 3! advection and stream flow, 4!
rainfall, 5! grazing by zooplankton. The bio-
logical response varies according to the inter-
actions of the forcing functions.

Concurrent with Iverson and Saugen's work,
William Grenney and David Bella of the DSU
Department of Civil Engineering developed two
models, one to study the uptake and partition
of nitrogen species into three compartments
in a cell and the other to relate measurements
of standing stocks of nitrate to uptake by
cells on one hand and to supply by mixing in
a two-layered estuarine system on the other.

Grenney's original effort was based on an
analysis of Caperon's �968! published results,
using a three-compartment model. Attempts to
apply the derived model to actual data were
not very successful. In an effort to further
refine the model, Phillip Larsen conducted
batch and chernostat experiments. These ex-
periments confirmed the uncoupling between
cell growth and ambient  extracellular! nitrogen
concentrations. This work is continuing.

In an effort to elucidate the kinetics of
competitive uptake of ammonia and nitrate by
unialgal and bialgal populations in chem-
ostats, Dan Lundy has performed one experiment
thus far, which suggest that although nitrate
reductose may not be functioning in the pre-
sence of ammonia, there is uptake of nitrate.

AVZE BAY SAAIPZ?A'G PROGRAÃS'

In April 1971, cruise C 7104-A set to sea
to test the STD-shipboard computer system
developed under the OSU Sea Grant Program
 Becker and Curl 1971, 1972! and to investi-
gate pre-bloom conditions in Auke Bay. The
scientific party consisted of Peter Becker
and Charles Samuelson, the designers, builders
and operators of the STD system; Douglas
Coughenower, analytical chemist, who was
testing a newly-developed total dissolved
nitrogen analyzer and who was to undertake
a study of the distribution of nutrient
nitrogen species in the Alaskan Inside Pas-
sage; Deborah Kirk, who was to later spend
the summer of 1971 with Karen Zakar at Auke
Bay; Cheryl Alber, laboratory, research
assistant; Mark Halsey, marine technician;
and Herbert Curl, Principal investigator.

The STD system permitted a complete hydro-
graphic station to be made to 200 m in seven
minutes, including pumped samples for nutrient
analysis by auto analyzer, CHN samples, and
chlorophyll/plankton samples. A total of
seventy-five stations, mostly in the Inside
Passage, and particularly in Auke Bay, were
occupied. The Auke Bay and Glacier Bay
stations were occupied in company with R.V.
Urea Ãzrror who monitored pCO2 and conducted
nitrogen uptake experiments. This crui se
was well-timed inasmuch as it coincided with
the onset of the spring bloom  Coughenower
and Curl l973!. Chlorophyll u was r'oted in
any abundance only where some density
structure had developed. There was some
evidence that silicate could became limit-
ing due to high concentrations of nitrogen
and phosphorus. Upwelling occurred while
we conducted a current meter study in Auke
Bay.

In June 1971, Zakar and Kirk began another
summer sampling program in the bay. Samples
were taken for salinity, temperature, total
available nitrogen, nitrate, ammonia, ch lo-
rophyll, cell numbers, and particulate CHN.
Experiments were conducted to measure "COp
fixation rates, urea uptake, amino acid up-
take and VOS uptake. In addition, current
velocity, meteorological and stream run-off
data were obtained. Samples for inorganic
nitrogen species were also obtained in the
fresh water tributaries to Auke Bay. Frau
these data we prepared a nitrogen budget
for the bay  Kirk 1972!. These data will
also be used to improve the simulation model
and to obtain some idea of nutrient kinetics
in natural couununities. The advection into
the bay beneath the pycnocline is slower than
the resolution limit of the current meters
� em/sec.!. Dispersion of nutrient nitrogen
was therefore calculated from either heat
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Subsequent calculated production was wind-
induced and superimposed on a low background
level due to diff'usion across the thermocline.

PUTURLK lURX
PHPTOPLANKTOA' - ZOOPLANKTON 2RLATLOA'SHIP

Production calculated from physical para-
meters also assumes instantaneous utilization
of the nitrogen. Zakar �973! measured ' "C
uptake during the susmer of 1972 and found
an exponential increase in "C uptake rate
starting on 5 July and peaking on 5 August.

47

exchange across the pycnocline during periods
of cooler weather or from deepening of the
mixed layer during episodes of' high wind velo-
cities. Rates of nitrogen input into the sur-
face layer from all sources is shown in Table
1. Vertical transport is one or two orders of
magnitude greater than other sources. Pro-
duction calculated from nitrogen input of all
sources can be calculated assuming a realistic
value for C:N ratio of 7  pigure 5!. Host of
the year's production took place between the
cruise in April and the first summer observa-
tion in June.

One could conclude, since phytoplankton are
integrators of l.ight and nutrients, that there
is a lag of about two weeks in the system.
Thus phytoplankton increased despite grazing
pressure. Zakar �973! estimated a total
production of 3.83 gC m for the one month
period. Kirk �972! estimated a total pro-
duction of 5.20 gC 10 2 from nitrogen dis-
appearance. The difference can be ascribed
to grazing and sinking. Unfortunately, we
have no good way of separating the two forms
of loss. A single loss term could be used
in numerical models  Lverson 1971! but this
does not enable us to estimate how much pro-
duction is available to the second trophic
level.

Our plans for future work include research
at all levels of organization, from nature
and control of nitrogen uptake by cells, on
how internal nitrogen "pools" affect growth
rate, on rates of nitrogen flow through the
estuary, on the behavior of individual species,
and on grazing rates.
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Despite the lacunae in our knowledge
think we are beginning to understand how
relatively complex systems work. Ne feel
fortunate in having picked a system that
behaves consistently and is in such a
beautiful part of the world. Perhaps we
will soon be in a positi,on to foretell
the conditions of the future, if not the
future itself.

ZCKVOVLR~~~

I am reporting work which could not
have been accomplished without the dedi-
cated efforts of all people mentioned
earlier, as well as many others, includ-
ing the crew of the R/V C'aywsz and the
personnel of the Auke Bay Fisheries Lab-
oratory.
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Difficulties Ahead for Oregon Regarding
Estuary Regulations, Control and Protection

L. 8, Oay, O1rector of Department of
fnvironmental gua l i ty

State of Oregon

The title of today's comments is a little
bit misleading. I'm not going to talk about
difficulties without at the same time talking
about what we can do to solve the problems,

The estuarine and coastal one is one of
our most valuable geographic resources, but
man and his activities have exerted tremen-
dous pressure on it. Though he is part of
nature, man has shown an extraordinary capaci-
ty to effect changes in the natural condition
of this zone.

Man fishes the waters, fills the tidelands,
hunts game, dredges the harbors, builds jet-
ties, constructs roads, harvests the forests,
stores the cut timber, plows the uplands,
grazes the fields and marshes, grows shell-
fish and, in the process of many of these
activities, pollutes the water and changes
the structure of the estuary. Yet he is
relatively unaware of the impact of his ac-
tivities.

Industry seeks a cheap source of industri-
al water and a simple solution to waste dis-
posal problems. Present trends in shipping
have increased the demand for deep water
frontage, Deep water access will be essen-
tial to the future competitiveness of North-
west industries which process large volumes
of heavy raw materials,

Private and commercial developments are
putting heavy pressure on shoreline property,
both in estuaries and along the open coast.

Navigation channels are dredged and re-
dredged in our bays and estuaries. Millions
of cubic yards of spoil material are removed
during the initial construction and during
annual and periodic maintenance. For econo-
mic reasons, the best place to dump spoil has
been in another part of the estuary or an
its bordering tidelands and marshes . This
simple act saves the proj ect sponsors money,
but the bill must be paid sooner or later,
often with biological coin in terms of de-
pletion of wildlife, degraded water quality
and spoiled scenic beauty.



IGSORAA'CE AND ECOSOC'CG

The past and present tendency has been to
deal with individual coastal zone problems
in a piecemeal manner through specialists
and special interest groups whose judgments
require little compromise or arbitration.
As a result, issues affecting our land, air,
water, wildlife and open space more often
than not crash headlong into what is usually
a test of sheer political and special inter-
est strength, Once in the context of envi-
ronmental matters, the words "one must be
practical" have an all too familiar ring.
No massive research is required to document
the inadequacy of our "practical" environ-
mental decision-making--evidence surrounds
us. A substantial percentage of our public
problems, most conspicuous at the local lev-
el, are the consequences of unfortunate en-
vironmental decisions based on the practical-
ity of an imsediate solution.

To put it another way, the enviroinaent has
been put on credit--payment being through
environmental degradation, loss of open space,
polluted water and air, misuse of land and
reduced renewability of aquatic resources--
all part of the public domain. The time
comes when we have to pay the bill. piecemeal thinking and decision-making or

the "practical approach to practical situa-
tions" has resulted in today's and tomorrow's
problems. These past "practical" solutions
have again and again produced some very im-
practical results. One has only to look at
the continued dredging of a bay and filling
of its marshes, structural encroachment in-
to the flood plain after the construction of'

Modern man is playing a game of ecological
truth or environmental consequences. If he
continues to ignore or misread the ecological
facts of life, he must endure the consequen-
ces of existence in an environment that can
no longer respond adequately to his needs.

The resources and their self-renewing sup-
port systems in the estuarine and coastal
zone are trying to tell us that something is
wrong. Can we expect future generations to
believe that we could find no alternatives
to causing such widespread degradat.ion of
coastal and marine environments?

The basic cause of our problem, of course,
is people and too many of them, Why do peo-
ple and communities that depend so heavily on
the estuarine and coastal zone resources
abuse them so recklessly? It comes partly
from ignorance and partly from economics.
It's cheaper to dump the spoil in the bay or
the industrial discharge in the ocean . How-
ever, by the time awareness has replaced ig-
norance, there is usually someone who has
established an economic interest in perpet-
uating the abuse. He has an economic advan-
tage above those who do not have a bay or an
ocean nearby in which to dump the waste. The
product he produces is then artificially in-
expensive. He has greater private profit
margin at the expense of public resources.

As a result, when he disposes of wastes at
a cost of other resources or users, he makes
less effort to treat waste products, to in-
stall control devices for minimizing dis-
charges, or to modify production practices
to reduce or eliminate the formation of
waste.

Estuaries "die" at a progressively rapid
rate because of the ever-lessening volume of
water that surges in and out with the tide,
flushing smaller and smaller amounts of. silt,
mud and other material out oF the estuary
into deep offshore waters.

ay spoiling reduces the tidal Prism
w ich results in changes in flushing action
circulati ation and current patterns With basic

ginee i,ng knowledge, in-bay spoiling should
never be necessary, yet throughout our coast-
al areas construction interests and project
sponsors ignore this basic knowledge. We
can't afford to let them ignore it-

h'SED FOR COhlPRZHgNSFVE PLANKS

Local single-purpose interests push for
these navigation projects and for Federal dol-
lars to help subsidize their economy and im-
prove the competitive relationship of the
area's industry to state and world markets.
As a result, ports are in competition with
each other to get Federal tax dollars. Each
port goes its own way, with very little
thought given to regional port planning or
overall resource management.

In the absence of such coordinated plan-
ning, adverse ecological impact often results.
Bays are modified without thought of the ef-
fect on aquatic life or the overall question
of environmental protection. The result is
that the money spent--private funds as well
as tax dollars--is not used to the best
advantage of the area or region, but instead
is used to offer a competitive advantage to
a particular port.
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a dam, the loss of beach sand because of a
flood control reservoir, and the conflict of
open space and industrial development in the
urban community. Problems are made far more
difficult than necessary by the failure of
communities, governmental bodies, and their
decision-makers to think in environmental
terms. In addition, many professionals and
agencies have either ignored their' own ex-
pertise or failed to recognize the totality
of the problems. All too often the immediate
dollar gain for a few people was the decision
rendered, Future generations were left with
impractical results in poor planning and re-
sources lost as a liability and social cost
of private enterprise,

Regional planning in itself doesn't assure
that area development will be based on sound
environmental principles. Regional planning
can end up as planned abaca of the land. A
regional use plan is just what it says. It
is a plan to use the land and as such it can
become a tool of the developer.

Seen in this light, a land use plan can
become a dangerous weapon capable of inflic-
ting great environmental destruction.

THE YAQUIA'A BAY O'ASH FORCE

What is needed is a ooneeruatzon plan to
protect the productivity and fragility of our
land and water. Such a plan should be based
on ecological, biological and physical cap-
abilities and limitations of the natural sys-
tem. We must protect the renewability of our
living resources. We must understand and
work with nature--not against it.

Let me give you an example, 'Some six
years ago, Yaquina Bay was just like any
other estuary with all the same problems and
all the same potentials for destruction.
The difference was that there people became
concerned and decided to do something to
protect it. On the recommendation of the
Governor's OFfice, the County Cosmissioners
appointed the Yaquina Bay Planning Commis-
sion-- later known as the Yaquina Bay Task
Force. This planning group developed a
total plan for the area involving water,
sewers and land use. They brought in all
the state and Federal agencies, including
the planning capabilities of experts from
the University of Oregon who developed not
only a land use plan but a water use plan
as well.

It took time to develop this kind of plan
and this group gave it the time that was ne-
cessary. By April of 1971 the plan present-
ed by the Yaquina Bay planning Commission had
been put into the form of a zoning ordinance
approved by the County Commission so that
there could be no changes around the bay that
weren't in accord with the overall plans for
the area.

As far as we know this is the first time
anywhere that a plan has been developed that
was not only a land use zoning plan but a
water use zoning plan. Certain areas, for
example, were set aside for oysters, and in
those areas there could be no use of the
tidelands except for growing food for feed-
ing the animal life in the bay. Many of
these areas would have been dredged and
filled if there hadn't been a plan setting
them aside for a specific purpose,

The present task force involved not only
the concerned state and Federal agencies but
the fishermen, the charter boat operators,
the League of Women Voters and other con-
cerned groups of citi zens who care about
preserving the resources the area has to
offer. All zone change requests submitted
to the Planning Commission now go to this
task force and the people on the task force
know they have an interest in preserving the
plan intact; they are very firm about re-
jecting any proposal that doesn't fit in
with the total plan for the area.

This doesn't mean there can be no changes
made in what nature has created, Some
dredging will be done as part of a plan for
a marine recreation area, for example.
What it does mean is that nothing will be
done solely to accommodate one person who
wants to make a profit. Anything that is
done will be part of a total picture that
has taken into consideration what is the
best use of each part of the land and the
water.

Once thts kznd of plan was developed,
local people recognized that their own
interests were being protected--not en-
croached upon. Today they support the de-
cisions and recommendati.ons of the task
force as does the Planning Commission it-
self. What has been done at Yaquina Bay
could be done on all the estuaries of
Oregon if people once recognized how much
they have at stake and how much there is to
be gained by sound planning,
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Let's look at some of the guidelines we
might adopt to preserve our ecological val-
ues:

l. Preserve all marshlands, bay waters,
stream courses and flood plains for
open space.

2. Limit the uses occurring along
shorelines to those that derive
special benefit from this location
without creating adverse effects.

Limit structural encroachment to
those uses that require a waterfront
location.

4. Prohibit landfill activities in bays,
wetlands, or ocean front,

S. Protect the quality of all estuarine
and coastal waters for all benefi-
cial purposes.

6. Control through lease agreement or
purchase beach areas and marsh
islands whenever possible,

7. Conserve streambeds and marsh areas
for surface water impoundment and
ground water recharge purposes,

Either eliminate ox' strictl, con-
trol bridges, highways or roadway
fills over or through the bays and
wetland areas,

9. Protect the unique ecological, bio-
logical, and physical aspects of the
community and enhance these values
for total public benefit.

Our demands for goods and services from
our estuaries and coastal wetlands are in-
creasing at a time when these areas are
decreasing. The renewable and depletable
resources of these areas must be used wise-
ly or we will no longer have them to use.

We have many rights, but we do not have
the right to use land and water in any way
that we see fit. We are short-termers on
this earth; however, we must be concerned
with long-term, ecologically sound manage-
ment of our resources. Our land and water
resources were here long before we came on
the scene, and they should be passed on to
the next generation enhanced, not diminish-
ed in value.

M4Ay PORPOSL'S OF COASTAL ZOA'S

Fstuaries and coastal wetlands serve
many purposes: navigation, fisheries, wild-
life conservation, recreation, industry and
scientific research. However, aay planning
of these areas must be based on the multiple-
use/shared-use philosophy. First--and
of overriding importance--is how to accom-
modate all the valuable public purposes,
and second, as many of the private purposes
as can be reasonably accommodated. Hot
everything can be done at the same time on
any single piece of land or body of water.
Some uses are complementary and harmonious,
~bile others may conflict so seriously that
there is no possibility of wox'king things
out. Uses imcompatible with other uses
must be thol,lp ruled out.

The watex's of Oregoa's estuarine ax'eas
support significant sport. and commercial
fisheries and a growing maricultural in-
dustry. The estuarine areas are an impor-
tant migration and wintering place for
waterfowl and other migx'story birds of the
Pacific flyway. This area is also for
people who want the opportunity to walk, to
sail a boat, to fish, to hunt, to swim, or
to merely observe the natural world--the
simple values that add quality to a complex
life.

If man's progress is to be compatible
with estuarine and coastal environment, he
must understand his place in that environ-
ment. In the long run abusing nature for
human advantage is a contradiction in terms,

When we lack sufficient knowledge o f
what a given action will do to the environ-
ment, we ought to proceed with the greatest
caution. I~stead we are using our land,
water and air today as an experimental labo-
ratory and our entire living space may be in
hazard.

Managing a coastal zone should be a pro-
cess of determining balanced and best uses
of land and water. The Department of Envi-
romsental Quality isn't going to be timid in
protecting our estuaries. We will be as ag-
gressive as we need to be because estuaries
are a valuable and irreplaceable resource.
The Department believes that developmental
intrusion should be prevented unless there
is a clear showing of public benefit or
absolute necessity. The same is true for
industrial waste discharges. We are respon-
sible for safeguarding the uses and resour-
ces of this vastly important zoae and we ex-
pect to do thxs.



Courts have held that responsible agen-
cies can deny permits for structures, works
or uses of navigable waters on the basis of
econogi eel concerns, The Department of
Environmental Quality is taking aggressive
action regarding the discharge of effluent
into our rivers, estuaries and offshore
waters.

People used to believe that the ocean
could provide infinite dilution of any sub-
stance introduced by man, and that rivers
would carry polluting materials safely out
to sea. But recently, when Thor Keyerdahl
made his famous Ra Expeditions, he found
evidences of pollution all the way across
the ocean. We have learned--dangerously
late--that the ocean does not have un-
limited capacity to take care of everything
and anything produced by man. There are
places on our coastlines where water is pol-
luted, fish and shellfish are unfit to eat,
water sports are virtually eliminated, bio-
tic communities are under stress, degraded
or destroyed, and the beaches are no longer
a place to seek solitude. We like to think
these problems are limited to over-populat-
ed California, but unless we take very ag-
gressive action to protect our coast line,
we may well find the same things happening
in Oregon,

However great our concern about the coast,
we need to be that much more concerned about
the estuary itself, which is the most frag-
ile segment of the coast line. I want to
assure you that the Department of Environ-
mental Quality will take a very, very close
look at anything that threatens to damage
our estuaries, and we' ll be as tough as we
have to be to make sure that the rich re-
sources they provide are not lost.

The Department believes that pollution
from domestic, industrial and agricultural
wastes must be controlled on site. Adequate
facilities and measures should be an inte-
gral part of an industry, and the costs
should be part of the competitive price
structure just as rent on a building or the
electric bill or any other cost of doing
business is part of the final price for the
product arrived at in the competitive mar-
ket place.

In ports where petroleum products, chem-
icals, etc. are to be handled, the Depart-
ment believes contingency plans should be
formulated to handle discharges of liquid
cargo. Onshore treatment facilities with
shipboard hookups should be inst.alled to pro-
vide secondary treatment of shipboard and
sanitary wastes from all vessels visiting the
part .

SVVQRY AA'D COh'CLUSIOA'

What I am saying, in summary, is that our
estuaries are among our richest but most frag-
ile resources, We must protect the renew-
ability of those resources in order to be
sure that what we define as progress doesn' t
mean destruction of the environment. A lot
of man's activities in the coastal zone that
have been labeled as progress have meant
very little other than trouble for fish and
wildlife as well as for man.

Public purpose comes first, After all
aspects of the public's interest in our
coastal resour ces are considered, then we
can try to acconuaodate as many private pur-
poses as are consistent with that public
interest as part of an overall plan--this
means integrated management planning of land
and water adapted to the capabilities and
limitations of the natural resources of the
estuary,

The entire coastal zone is a public
resource. The responsibility for preserving
and enhancing this resource is a firstline
responsibility of public agencies.

The development and implementation of
ecologically sound management and use plans
for the coastal zone can yield handsome div-
idends to individuals, the community and the
nation, both tangible and intangible, year
after year. Our job is to arouse and inform
public concern and to assure that important
coastal resources are not destroyed while
the public is in the process of learning.
It's a job that has tremendous impact on
the future of Oregon, and we look to you for
support and help.





Work on the study was divided into sepa-
rate efforts, with Division and District
Engineers doing the major portion of the
field work; the Coastal Engineering Research
Center prepared protection guidelines which
present typical protective structures, gen-
eral design criteria, and order of magnitude
cost estimates The Office of the Chief of
Engineers prepared guidelines on shore man-
agement, including principles of comprehen-
sive planning, zoning, and other non-
structural alternatives. The Chief of
Engi.neers' report to Congress summarizes the
information contained in the other volumes
and recommends priorities. The report was
submitted to Congress in August 1971 and it
has generated a considerable amount of in-
terest nationwide,

pace of shore protection work is the fact
hat neither the Seattle District nor thet aPortland District has a completed p jd ro ect

At thenor even an authorized project.
t'me of the shoreline study, Seattle Dis-1 two
tr ci t had four beach-erosion studies,

s. Port-of which were in a deferred status.
land District does not have a study in an>'
status. f Mar land,Former Senator Joseph Tydings of ary

d the
along wiwith 21 other Senators, introduced

to deter-I 'slation for the shoreline study oegi on amine the magnitude of erosion problems
d thatnational basis, Senator Tydings note

the normal cost of damage from shore erosion
a ong eI th coastal region from the New England
states to the state of Texas is near y $
million annually . Also the Senator pointed
out, there is no coordinated effort nor is
there a comprehensive plan for the shorelines.
Those deficiencies in the existing program,
coupled with the high economic l.oss due to

d forerosion each year, pointed up the nee
the study and, perhaps, new policies.

PACIFIC NGRTHkrST UIVDFVL'I OPED

Turning to the Pacific Northwest area, the
study found the coast to be still relatively
undeveloped, That fact may be considered a
fortunate or unfortunate circumstance accord-
ing to one's own values. However, due to
that undeveloped state, erosio~ problems
have not yet had a great impact--excluding,
of course, those who are directly concerned
with the loss of their property, The region-
al inventory report for Oregon and Washington
shows that of Oregon's approximate 500 miles
of ocean and estuarine shoreline, 16S.S miles
are experiencing erosion, of which 14,S miles
are estuarine shoreline. Erosion problems
are considered serious enough to warrant re-
medial action along SS.S miles of ocean
shoreline and S.S miles of estuarine shores,

gI'GFIT STUOy AREAS

The authorizing act delineated eight
items of work to be accomplished during the
study  Figure I!. Those items may be in-
cluded in three categories: Shore Erosion
Inventories; Shore Protection Plans; and
Sh Management Guidelines. The study was
a broad appraisal of the problem and i n
recommend specific projects. It indicates
where erosion occurs and what costs are in-
volved in protective measures, and locates
the urgent problem areas.

FIGURE 1. National Shoreline Study Authorization

1 SHORE EROSION: h coasts and shorelines where significant erosion o ccurs.a. Deterini ne areas a ong suc because the rate ofb, 1dentify those areas where erosion presents a serious problem becaus
erosion, considered in conjunction with economi c, industrial, recreational, agri-
cultural, navigational, demographic, ecological, and other relevant factors, indi-
cates that action to halt such erosion may be justified .

2. SHORE PRDTECT10N:a. Describe generally the most suitable type of remedial action for those areasreas that

have a serious erosion problem.
b. p id preliminary cost estimates for such remedial action.
c, Reconsnend priorities among the serious problem areas for action to s po sto erosion.

3. SHORE NAKAGENENT; tions to assist
a. Provi ed State and local authorities with informat>on and recommendations o

eline ro rams.the creation and implementation of State and local coast and shoreli n p 9
b. Develop recoenended guidelines for land-use regulation i n coastal areas taking in-

to consideration all relevant factors.
C. !dentify coastal areas where title uncertainty exists.



The fi res reported for the State of Washing-
ton are somewhat less than Oregon; 77.S miles
of ocean shororeline are suffering erosion, of
which about 2.5 miles are deemed serious
enough to require remedial action. Estuarine
shorelines in Washington with erosion prob-
lems total approximately 29 miles, with about
5 miles of that total requiring some remedial
action.

Recalling the language of the authorizing
act  Item lb, Figure I!, there were many
factors to be considered in determining
whether t emedial measures are justified,
While no single factor was intended to ex-
ert a greater influence on the decision than
the others, economics played a major role in
designating certain erosion areas as loca-
tions where action was justified. There was
no area where shore erosion posed an obvious
threat to human life and, in the absence of
that considerat ion, economics provided a
useful basis of comparison.

There are thr'ee areas in Oregon where reme-
dial action will be needed, at some future
date, to prevent the loss of large capital
investments in navigation improvements, as
well as the loss, for at least a period of
time, of usable navigation channels. Those
locations are Clatsop Spit at the mouth of
Columbia Ri ver, Bayocean Peninsula at Tilla-
mook Bay, and the mouth of Siuslaw River . At
each of those locations continued erosion
threatens an eventual breakthrough which
would outflank the jetty systems and result
in a second entrance to the estuary. The
problems at Clatsop Spit and Bayocean Penin-
sula have been with us for several years, and
Portland District has maintained a surveil-
lance program at each of those sites to moni-
tor the extent of the problem.

SG++ «ASTAI AIrgAS

along the coast are experi
enc inAlon the n n Problems in varying degrees.

them Oregon coast, landslides
are robabl "e main cause of land

THRF'E ORZCOiV AREAS MZO ACTION

At Clatsop Spit the beach is eroding from
the south jetty to a nodal point located
about 3 miles south, The maximum erosion
has occurred adjacent to the south jetty
where the high-water line has receded near-
ly 800 feet. From the nodal point to Tilla-
mook Head, about !2 miles farther dom coast,
the shorel,ine has been accreting. Maximurs
accretion, about 208 feet, occurred near the
mouth of Kecanicum River. Averaged over the
total length, the annual rates of erosion and
accretion are about 6 and 7 feet, respective-
ly The city of Seaside, lacated just south
of Necanicum River, has a somewhat unusual
and rather ironic problem of too much sand.
The accretion along the beach results in the
sand building up and overtopping the sea-
wall and spilling onto the adjacent prome-
nade. The city has a nearly annual task of
cleaning up the sand and hauling it away.

B o an peninsula is without doubt the
kno~ and most cited examPle of

The spit, a natural barrier
4 �- les in length, separates Tillamook

y from the pacific Ocean, ln the early
19pps a semi resort area develoPed on the
spit and by 1909 a hotel, a large natatorium,

several summer cottages had been construc-
ted . The operating company was beset bY
�arious legal and financial troubles and was
eventually forced into bankruptcy. The reso rt
was closed in 1915 and was reopened in 1928,
but there was little further development,
Winter stomns battered the area, destroying
the natatorium irr 1932; and erosion was a
continuing problem. The area was eventual-
ly abandoned and, in &vember 1952, severe
storm waves corn'bined with higher han normal
tides breached the spit at the narrow south-
ern end. The breach was rapidly widened by
successive storms, reaching a width of nearly
one mile. Many thousands of yards of sand
and gravel were washed into the bay, destroy-
ing about one-third of the existing oyster
beds. A combined rock and sand fill struc-
ture, designed and built by the Portland
District, closed the breach in 1956. The
surveiil.ance program, which was initiated
in 1939, shows the erosion rate has lessen-
ed at the southerly end of the spit subse-
quent to the closure but has increased
along an area extending north.

Under dieting reguLaticma the Carpe of
Eepineere has been unable ta iustifp the
cost of remedia7. action at, either the Chzt-
sop Spit m Bapooean Peninsula locatiarre.
without a ehcmge in our regulatione ar a
significant increase in the developnent of
the m ea, the District can do nothing but
continue to monitor the problem. Changes
in the regulations are dependent upon action
by the Congress. and given today's climate
of ecological concern, any rise in develop-
ment of the ax eas will meet strong resis-
tance. The problera at Siuslaw River is of
more recent origin and we have only begun
to gather fi eld data to assess the extent
of the problem and to determine what can be
done to alleviate it. The beach is eroding
at the landward end of the south jetty and
could' if it cont inues, result in a break-
through. The erosion is occurring primari-
ly on the river side and it is expected
that a proposed plan to construct a system
of permeable groins will help to stop the
erosion.



One notable example is the Ecole State Park
slide which occurr'ed in 1961. The slide in-
volved 125 acx'es of land in popular recrea-
tionai area. Other slides have occurred in
that same general area over the years, and
traces of many others can be observed as
one travels down the coast. An excellent
article on the incidence of slides appeared
in the Ore Bin, November 1965; the article
was co-authored by Mr, William B. North and
Dr. John V. Byrne.

EROSION' PRZVZHTTO8

Several preventive measures to combat
erosion are available and aLL are effec-
tive to a point, but near Ly all have some-
sxhat less desirable features. All are ex-
tremely erpensive. The preliminary esti-
mates contained in the shoreline study
ranged from 0.75 to L.75 million doLLars
per mile for the Oregon and Vaehington
coasts. 2%e structuraL methods consid-
axed included seasxaLLs, revetment, and
groin fields. Revetment and seawalls are
not particularly compatible with recreation-
al use of the area. Sea-walls protect the
uplands, but there is little or no beach
seaward of the wall and a sandy beach is
the prime asset of shore-front property.

Groin fields some times have the unhappy
result of merely transferring the problem
from one locale to another. A greater degr'ee
of effectiveness can be obtained by using
methods as nearly svniLar as possible to the
natural ones. Dunes and beaches can be re-
built artificially by placing sand on the
shore. Such beach nourishment seems to offer
a good solution for some problem areas.
Since the primary use of the coastal region
is recreational, restoring the beaches is
important. Separate protection of short
reaches, for example, by individual proper-
ty owners is difficult and costly and often
fails, as the adjoining unprotected land
continues to recede. In some instances, as
previously mentioned, ill-conceived and in-
adequately designed groin fields can actually
acceler'ate erosion of adjacent areas. Co-
ordinated action under a comprehensive plan
which considers the entire segment of a re-
ceding shore is not only more effective, it
will, in the final analysis, be less costly.
Tt would seem appropriate that some agency
of the State or Local government assume the
function of providing a comprehensive plan.

Sand in the beaches and dunes is nature' s
method of protecting our shores. Sand is a
diminishing resource and, at some locations,
in extremely short supply. More and more
coastal states are establishing controls to
prevent indiscriminate use of the resource,
Hining of beach sand for construction pur-
poses is being regulated and curtailed. Me-
chanical bypassing of sand at coastal inlets
is coming into increasing practice, Hopper
dr edges are being equipped with pump-out
capability so that the sands removed from
navigation channels can be placed ashore
rather than dumped at sea. Bune planting
arith beach grasses and other vegetation re-
duces Losses from ~ind erosion.

&HAT SHOULD BE DOtlZ

It has been suggested in some quarters
that erosion of the land masses by the forc-
es of the wind and seas is a natural thing
and has been taking place for centuries, and
man should merely accommodate himself to
that fact. The relatively undeveloped state
of the coa.stline in the Pacific Northwest does
seem to lend itself to some type of a manage-
ment program which would hopefully prevent
our creating a more severe problem than the
one we have. All too often in the past, man' s
activities have been less than beneficial in
terms of preventing erosion. hfany large dune
areas have been Leveled for rea2 estate de-
velopments; dunes have been lovxered for eas-
ier access to the beach. Homeowners, buiLd-
ing on their ocean-front lots, build to the
edge of the Lot and Lo~er the dune for a
bet ter vi ev

As our population increases and our econo-
my rises, the coast will be facing increasing
demands for development. It is important
that long-range plans be made for coastal de-
velopment which take into full account the
hazards involved in the occupancy of the
coastal lands and provide properly for safe-
guarding against them. procedures can be
adopted srhich xeiLZ preserve the naturaL pro-
tective features; reguLations can minimiae
the cost of providing man-made features.

Protection of the shoreline is not an easy
task but we do possess the technical skills
to accomplish the job. The costs are high
and will continue to go higher, but the task
must be undertaken as a cooperative effort
with all levels of government participating.





These examples are given ta demonstrate
the need for a more detailed answer to the
question of residence time than its gross
average t. Ideally, one might give the
pertinent information as a map showing iso-
lines through points with the same residence
time. At any rate, it appears useful and
necessary to break down the basin in sub-
basins according to realistic estimates of
the local residence time.

Seiching is a resonance phenomenon
whereby unspecified, small inputs of wave
energe feed into a standing wave mode of
basin resonance, The most common periods
appear to lie within the range of two to
forty minutes.

' Internal waves, standi ng as wel 1 as
progressive ones, are particularly trouble-
some in stratified water because they often
have both long periods and large amplitudes,

HFJ'HOES OF IZIVZSTZGATIOtI

There are three basically different methods
one can use to gain insight in the memory af
a basin: in situ observations, numerical
modeling, and reduced scale physical modeling.

In situ Observations

Observations of movements and constituent
concentrations of coastal waters contain a
record of past and present events which is
often very difficult to analyze.

The long ago past is represented by pro-
cesses with large time scales, such as the
state of the 'adjacent acean. This boundary
condition characteristically varies from
year to year and necessitates repeated obser-
vations aver several years. The same holds
true for other geophysical processes such
as the freshwater runoff and the coastal
monsoon ~inds.

The annual cycles of the processes men-
tioned above require seasonal observations,
say every two or three months.

The more recent past is represented by
"tides" due to persistent wind fields with
duration from one to perhaps thirty days
without reversals.

The astronomical tides are predictable
periodic waves that can readily be taken
into account. The principal tidal periods
of 12.4 and 24.8 hours can be covered with
a number of observations throughout the
tidal period. However, synoptic coverage
requires many observation platforms and is
very costly.

Further down the time scale, there are the
so called long period waves, which can be
broken down by their causes:

Barometric waves accompanying storm
tracks have durations of one to twenty
hours and suck up a hump which adds to wind
setup by tangential shear.

I.ong-period waves t end to introduce
noise in field observations. Time-averaging
may require longer sampling time than is
practically feasible, and so long-period
noise is not easily avoided.

'Swell and storm waves, on the other
hand, are less of a problem, since a rel-
atively short sampling time of less than a
minute is sufficient to average out this
source of noise. The waves do cause oper-
ati on a 1 di ff i cult i es, however.

It is readily appreci.ated that the mapping
of a coastal basin by in si tu observations
is a tedious and slow process. The analysis
cannot be carried very far before a period
of observations of several years has covered
a set of characteristic events for the basin.
Therefore, it is expedient to turn to a model
at an early stage.

nocto Ze

Prediction requires a model of some kind
of the phenomena being studied. In order to
be of practical use, the model nearly always
turns out to be a simplified one. The less
important farces at work are neglected, and
a smaller set of perhaps only the two or
three largest forces is considered.

The two greatest assets of models are: 1!
Initial and boundary conditions can be con-
trolled and 2! Extrcme events can be covered
by extrapolations.

The importance of the first point is made
clear when one considers the many and largely
unknown past events that are present on an
in situ record. On a model, all these past
events can be programmed so that a cause-effect
relation can be established.

Certain extreme events form normally the
design criteria for any coastal structure or
outfall. These important events stand only
a very remote chance of being recorded within
any reasonable pre-construction period of
zn situ observations. In contrast, the model
is tested for the design conditions.
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Numerical mode ling of tidal f 1 ows is
feasible today for basins with bottom fri c-
tion and kinematic lateral boundaries only.
In. a case like the present one with lateral
friction predominating, no satisfactory scheme
for numerical models has been developed yet.
The greatest problems are to predict the free
stream- lines and the energy dissipation as-
sociated with the shear flows along jet and
wake boundaries.

Another obstacle to modeling, numerically
as well as physically, is the layering of
the basin due to vertical density gradients.
The double role of pycnoclines, being at the
same time both sources and sinks of turbulence,
is very hard to model.

Reduced-scale physical models have proved
very useful in studying circulation and dis-
persion in estuaries of many kinds. Well-
known examples are the models of San Francisco
Bay, Chesapeak Bay, and Puget Sound,

The scales of such models, and consequently
their cost, vary within wide limits. The
scaling is based on a comparison of the magni-
tude of the forces acting on the water bodies
under consideration. These forces are gravity
 Fg!, pressure  Fp!, Coriolis  Fc!, and fric-
tion rorces  Ffj, respectively. Lneir sum is
balanced by the inertia force or acceleration
force ma:

The relative magnitude of the forces de-
pends on the strength and duration of the
driving forces and the nature of the resist-
ing forces.

Difficulties arise primarily with friction
forces. If an important part of the friction
is due to energy dissipation in boundary lay-
ers at solid boundaries, similarity between
model and prototype is only feasible in
fairly large-scale models, with horizontaL
length scales i. of the order I:LOS.r'

On the other hand, if the energy dissipa-
tion is primarily in the free boundary layers
of jets and wakes due to irregular topography,
a workable similarity is obtained with length
scales of the order 1:104.

A variation of one order of magnitude on
the linear scale means a variation in cost
of more than 10. Moreover, the possibilities
of actually accommodating estuary models to
scale 1:1000 are limited to a few laboratories
with adequate facilities.

A model to scale 1:10" requires little
space and can be built almost anywhere.

SCAIE EFFECTS IA' PHYSICAL MODELS

Frzotton

Scale effects on friction arise because
the viscosity cannot be scaled down. Ex-
perience has shown that if the Reynolds num-
ber

V characteristic velocity

L = ch ar acter i st i c 1 ength

v = � kinematic viscosity
o

exceeds a critical value depending on the
type of flow under consideration, turbulent
friction is adequately reproduced. For
pipe flow this critical Re is 2000 when
L = 0, the pipe diameter, and V = V, the
average velocity. For free surface flows
L = R, the hydraulic radius, and the
critical Re is about 103, For free flows
such as jets, the critical Re is an order
of magnitude less, so a sufficient con-
dition for a workable friction similarity
i s then

The model Reynolds number Re can be written

where index m stands for model, p for proto-
type and r for ratio of model to prototype
value of any quantity a:

The flows under consideration, tidal motion
and freshwater runoff, are gravitational, and
so Froude's model law should be used:

where N is the vertical scale ratio given byr

L = horizontal length scale ratior

6 = vertical distortion



Inserting from �! and �! in �! one gets

3/2 -I/2 �!
Re l.

From �! it is seen that the limiting pro-
totype flow that can be modeled depends on
the horizontal scale Lr and the vertical dis-
tortion 5. Fax tidal flows, a minimum wave
height that will yield detectable flows in
a model is hm I cm. A minimum horizontal
scale ratio to secure reproduction of rele-
vant topographic details is L ~ 10 ". 'Ihese
restraints determine the combznation of size
and flow that can safely be modeled;

Di f fusion

Scale effects on the diffusion process
arise because molecular diffusion, like

 8! molecular viscosity, cannot be scaled down.
Diffusion is correctly reproduced if Peclet's
number

Pe =� VL
D  9!

�0!D = D + D
m

V [.r 'r

 D + Dt!V L > 10m>/s
P P

 "-b!

%is requirement is not very restrictive.
lf the mean fin«velocity is O.l m/s,  gb! is
satisfied if the width of the channel is 100
s or more,

�2!D =VI
t r r

r
The distortion implicit in the above example

is < = 10, which is rather extreme. Farmer
and Rattray �963! report an interesting model
study of Peget Sound with L = 1:40000 and

34-6.

Restraint 1  reproduction!: L ~ 10
-4

r

2  detection!: L 5 s 10 m

Assuse the prototype wave height.to be I
metre, giving L 6 = 10 z. The limiting
prototype Reynolds number is, from �!,

Re

Re
� 107

P L  L6! 10410
r-r

or, since v is of order ID mz/s:

It should be borne in mind that in the
basins under discussion, the problem with
bottom friction, which invariably arises in
distorted models of open channels, does not
occur since boundary-layer turbulence is
unimportant. Therefore, higher distortions
are permissible, especial.ly if the side
slopes are uniform throughout. For a com-
bination of steep side slopes and tidal
flats, some distortion of the flow pattern
is conceivable as a result of vertical
geometric distortion. For this reason,
it is better to satisfy  8! by increasing
L rather than 6,

r

is the same in model and prototype. Here
D is the apparent diffusion coefficient, which
is the sum of molecular and a turbulent com-
ponent

Inserting  9! in �0! the scale ratio for
Pe becomes

The turbulent diffusion coefficient: D is
the product of a characteristic eddy velleity
and eddy size, with a scale ratio

The molecular diffusion coefficients ass
the same in model and prototype.
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I,ateral Forces
�6!

The Coriolis force is

F = pfv
c �>! �6! shows that for v/r > 10 the Coriolis

force is an order of magnitude less than the
centrifugal force and consequently unimport-
ant.

p = densxty of water

f = 1.5 10 " sin 4 s

4 = latitude

Centrifugal forces

v 2
F = p-e �4!

The scale ration �2! for D is the same
Using the limiting value

r

Vrlr rrived a't previously, the scale10 ar
ratzo Per can be computed if D is kno
As the vertical diffusion coe8icient cannot
exceed the horizontal one, the former is
used for estimates of scale effects.

A model with Lr  Lr 6! ~ 10 will re-
produce mixing with order of magnitude accu-
racy if the turbulent diffusion coefficient
Dt is about 1 cm /s. The scale effects in-
cAase with decreasing turbulence in
the prototype and vice-versa. If Dtp 0 1
cm2/s the model exaggerates diffusion rates
nine times under a given concentration
gradient. On the other hand, if Dt = 10
cm /s, the molecular diffusion causEs about
10 o/o too high diffusion rates in the
model.

F acts at right angle to the right. ofct"e velocity vector 0  on the northern hemi-
sphere! .

Th oth independent force act ng a
right angle to »s the ce"t '

of magnitude of Dp must be
e d can be obtaxned from tracer exknown an

periments at.tu The table below covers
o f minimum va lues to be expected

in stratified est"aries.

r radius of curvature of streamlines

The ratio of t.he centrifugal force to the
Coriolis force is

Inserting sin 60 = 0.866 as an example gives

the Cori al is force may or
may not be ilmportan

If a mode
the model

reveals a cyclonic circulation,
results can be considered con-

servative
enhance a

because the Corral s s force wr 11
cyclonic motion.

Qn the other hand, if the model indica"s
an anticyclonic circul.ation, its strength
is overrateerrated because the resisting Coriolis
force is no reproduced on the model.



The surface slope

Straight streamlines:

�2! jp$ ':p
tan g = tano

Ap

2wpfVw � pf V
c s m

�8!

VERTTCAL CTBCiJLATTOH

T i 0 4f-1 �0!

ln either case, however, the flow pattern
revealed by the model is determined by the
fixed boundaries and should be correctly
reproduced.

An oscillating flow with period T and
maximum velocity V has an average inertia
force

and an average Coriolis force

if the flow is a sinusoidal function of time.

Forming the ratio

~ - fT �9!
F

we see that the lateral force is proportional
to the period T and exceeds 10g of the inertia
force if

Any oscillating flow with period less than
about 50 minutes can be neglected on the 10%
level �0!.

Tidal flows, however, will deviate ap-
preciably from straight flow unless the
Coriolis force is checked. Hormally, the
Coriolis force in straight channels is bal-
anced by a I.ateral surface slope. This gives
the gravity force a component to the left,
matching the Coriolis force to the right of
the velocity vector.

The tilting water surface does not affect
the flow pattern in a homogeneous water
column, because the tilt is so small that
the crossflow becomes negligible. There-
fore, a model which is without appreciable
Coriolis effects because model periods are
small, will not have scale effects from this
cause.

If the water column is layered and the
flow takes place in the upper layer only,
the lateral slope of the pycnocline is likely
to be large.

tan o =�
fV

�l!
p

is of order 10 s to 10 ". In contrast, the
interface between a flowing layer of density
p and a still layer of density p + Ap ac-
quires a lateral slope given by

The reasonable value p/Ap = 102 gives tan g
of order 10 to 10, In an oscillating
flow the periodic reversal of the pycnocline '
slope would generate a circulation which
should not be neglected. Such a Coriolis-.';-. ~.
induced circulation would not show up in 4< "-
model,

If no significant lateral sloped have
been observed in isohalines or isotherms
in the prototype, no significant Cori.olis-
induced ci r cu1 at i on i s p res ent .

The preceding discussion relates to water
bodies of homogeneous density. This does
not limit our results to waters without
vertical density gradients, however. In
jet theory, the presence of such gradients
is shown not to affect the process of hori-
zontal entrainment srgnificantly. We infer,
therefore, that if horizontal circulations
are well-reproduced in homogenious water,
they are equally well-reproduced in strati-
fied water.

Except for the separation in the lee of
bottom sills, circulations set up by the
tidal flows are essentially horizontal.

Vertical circulation is primarily induced
by fresh water runoff, causing entrairuaent
across the surface of zero horizontal velo-
city separating the seaward outflow from a
landward inflow, The pycnocline acts as
a pervious bottom for the outbound over-
current. A correct modeling of the vertical
rate of entrainment through the pycnocline
should be reproduced to scale.

Hydrodynamically, entrainment is a ccsa-
plex process of breaking gravity waves in
the pycnocline. These internal waves are
oscillatory, and the geometric distortion
which is necessary for other reasons, pre-
cludes similarity of entrainment except
by chance.



experience  IPPen 1966! shows that
the exaggerated horizontal slopes resultzng
from vertical distort,ion requires additional
turbulence-generating resistance elements to
prevent, excessive horizontal velocities. In
the present case, the same procedure is sug-
gested Many ingenious methods have been
devised for raising the level of turbulence.
One very flexible method that may prove use-
ful is the release of small a.i r bubbles
through perforated pipes. The rising bubbles
will directly stimulate entrainment. A sat-
isfactory reproduction of the vertical cir-
culation can be assumed when the distribution
of fresh water in the basin is reproduced.

Cger.VGIOK

The feasibility of small-scale physical
models of a class of tidal basins which are
otherwise hard to model is discussed in the
preceding examples. This class consists of
basins with a complex bathymetry such as
deep, ~inding fjords with or without sills,
or an ar'ch i pe I ago .

pf parti cul ar interest are the possi
bilities

btaining residual tidal currents
cl Ly and inexpensively, compared

with i~ eitk observations-

i~olating residence times in strati-
baszns

~strictions on the methods are for'
a! that tlte tidal range should be aPPre-

for b! that some snformatzon zs
available on the vertical eddy di ffusion
coefficient f~m i'nail tracer e&eriments-

small-scale Physical model is not a
high-preci.sion tool, but that is true of
th two alternative methods of investiga-

Iex coastal basins, too, Its chief
dvantage is probably that it dzsplays

circul ations, which are igno-
red in the pres ent generati on o f mathema-
tical models.
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The Influence of Wind
on the Surface Waters of

David N, Farmer, Graduate Assistant
Departlaent of physics
University of British Columbia,
vancouver

Anyone familiar with the inlets of the
Pacific Northwest is aware of the strong
winds that can occur along these steep-
sided arms of the sea. It has been known
for a long time that wind has a profound
effect on the density structure of the high-
ly stratified surface waters of inlets .
Sandstrom �904! for example, found that
movements of the surface layer in the
Gullmar Fjord depended upon the wind direc-
tion. Following a long series of daily
measurements at Homo, Pettersson �920!
used a regression analysis to examine the
same phenomena. In his extensive study of
Alberni Inlet, Tully �949! found up-inlet
winds tended to increase the depth of the
upper rone. Practical engineering problems
such as the design of cooling water intake
structures, have inspired more recent at-
tempts to understand the problem  @ada,
1966!.

These studies have generally concentrated
on steady state aspects of wind effects; yet
it seems likely that in inlets the surface
waters are in a state of almost continuous
imbalance under the influence of rapidly
changing wind-stress. These effects are im-
portant: the surface layer thickness can
change by a factor of two or three in a few
hours. Apart from the engineering aspects,
an understanding of the way wind affects an
inlet will aid oceanographers in interpret-
ing data collected as input to models of
biological and physical processes. I shall
describe an experiment designed to examine
the time dependent structure of the wind ef-
fect and also a model which attempts to ex-
plain the observations and provides a basis
for prediction.

Alberni Inlet was chosen for the experi-
ment because of the excellent background
data for the area as well as ship and barge
facilities kindly made available for the
observation period by the Fisheries Researcih
Hoard of Canada, The experiment was timed
to coincide with a Canadian Hydrographic
Service current and tide survey of the inlet
during the late winter and spring of 1971.
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To monitor the salinity structure special
instruments were built to measure conducti-
vity with fourteen probes to a depth of 9
meters. The salinity gradient is strong
enough to dominate the conductivity profile;
in addition salinity effectively determines
the density structure.

The instrument was housed in a buoy
 Figure I! which was moored to a floating
dock or log-boom. Wind was measured using
four recording anemometers mounted 2 meters
above the ground on exposed points. Figure
2 shows the disposition of instruments:
Hohm Island near the inlet head, Stamp Nar-
rows and Sproat Narrows were the principal
stations for measuring conductivity.

The wind was mainly confined to the region
up-inlet of Spencer Creek. Though strongly
diurnal it included some low frequency com-
ponents of 3 to 4 day periods. Figure 3
shows the wind together with Sproat Narrows
current measurements provided by the Canadian
Hydrographic Service. The 2 meter current is
closely tied to the wind; at LS and 40 meters
the current is mainly tidal, but with an un-
explained down-inlet bias in the 40 meter
data. That the 2 meter diurnal current fluc-
tuations are wind-driven and not tidal can be
demonstrated by spectral analysis of long
time series; indeed there appears to be near-
ly twenty times more diurnal energy at this
depth than can be attributed to the tide
alone.

FIGURE 1, Ins trtwtent Buop

FIGURE 3. Mind and Current at Sproat
Narrows

Figure 4 sho~s contours of constant con-
ductivity derived f'rom the conductivity data
taken near Hohm Isl and during a period of
strong up-inlet winds. The wind appears to
induce a sudden increase in the surface layer
thickness, followed by a slow return to equi-
librium, The contour s also indicate the
presence of a strong internal tide which had
been observed previously by Tully �949!.
It seems likely that this is generated over
the shallow sloping bottom topography at the
north end of the harbor. The oscillation is
reduced to about one-half its amplitude at
Stamp Narrows and is only sporadically ap-
parent at Sproat Narrows.

Using estimates of the temperature dis-
tribution based on measurements taken every
few days, it is possible to estimate the
salinity profile . The t,emperature need not
be known very precisely since, as mentioned
earlier, the salinity dominates the condu«i-
vity in these highl.y stratified waters-
may conveniently parameterise the profiles
by considering the thickness of fresh water
that would occur if we replaced the water
column by a two-layer fresh and salt-water
system, the lower layer containing el I the
salt from the original water column and hav-
ing a salinity equal to that found at the
greatest depth of tneasurement.

Figure S sho~s a short section of data
from the thrhe three main stations parameterised



in this way. The sequence is revealing. A
strong up-inlet wind precedes a temporary
reversal of the 2 meter current, The fresh
water thickness increases first at Hohm
Island, quickly followed at. Stamp and Sproat
Narrows. The system only slowly returns to
equi I ibrlum.

Since strong winds frequently occur with
increased precipitation, river flow changes
often occur with the other effects. However,
sudden increases in the fresh water thickness
of the type just described occur even in the
absence of fluctuations in the river dis-
charge. It seems likely that the effects
are dominated by the wind.

It is also possible to define a mixing
parameter which represents the difference
between the potential energy of the observed
water column and the potential energy of the
two- layer system described earlier. The
mixing energy derived in this way shows mark-
ed variations with considerable increases
occurring during periods of strong wind. The
wind effect on mixing is more pronounced as
we move away from the inlet head.

ALAI YSYu~

It is a remarkable feature of the observa-
tions that most of the wind energy is at the
diurnal frequency, yet the surface layer
response is mainly confined to lower frequen-

FIGURE 2. Map showing loca-
tion of Instruments. Inset
shows detailed layout at
Sproat Narrows. Legend:

Cn Conductivity Profller
A Anemometer
7 Tide Gauge
C Current Meter



FlGURt 4. Contours
of constant conduc-
tivity from Hohm
Is!and Station.

FIGURE S. Fresh
gater Thickness at
the 3 Main Stations,
together with wind
and 2m. current
measurements.
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c ies. Thi s is best described by power s pec-
tra whrch s w eho the contribution to variance
representet d by fluctuations of different re-

Fi re 6 shows the fresh-water
33 dthickness spectrum derived from y

data taken neark ear Hohm Island, together with
e eriod.the rind-stress spectrum for the same perio

Apart from a sharp peak at l2 hours due
to tha internal tide, most of the surface
layer thickness energy has a period of 3 or
more days. If changes in the surface layer
thickness are «ind induced, there must
either be some non-linear transfer of energy
from high to low frequencies or alternative-
ly a coupling between wind and thickness
that raatly improves as we move down theg
frequency scale.

To explain some of these features I pro-
pose a simple modal of an inlet consisting
of two layers of fluid in a semi-infinite
canal of constant width and depth  Figure 7!.
The layer depths are h' and h",  h'+h"=h!,
the relative density difference is +a and
the displacement of surface and interface
n' and nn respectively. I shall make the
rather drastic assumption that the wind ef-

moo loo

FMNK g: power Spectra of Mind-Stress
Se'face Layer Thickness

feces can be treated separately from the
general estuari ne circulation; rotation ef-
fects will also be neglected, Friction be-
tween the two layers is assumed proportion-
al to the difference in the depth-mean ve-
locity of each layer and friction along the
sides and bottom of the inlet is assumed
proportional to the transport in each layer.

Rattray �964! has shown how the integrat-
ed linearised equations of motion and conti-
nuity for each layer can be transformed into
a single Normal Mode equation applicable for
both surface and internal modes, to lowest
order in Md . let u' and u" be the transport
rn each layer, and

W = Mind-stress  kinematic!

K = Combined frictional coefficient

Then with the friction defined above, the
internal mode equation becomes

~ = cz ~a+   M-KU!

Having solved for U, changes in the sur-
face layer thickness, represented by the term
 n'-n"!, can be recovered using the following
relationship obtained from the vertically in-
tegrated equations of motion:

 n< w!   W KU! dx ~ dx] ha all
n'- n c at

0 0

I have solved the model for a uniform
wind-stress acting over the region o~wsd
in two cases; first for a periodic. wind
and second for a wind constant during a
certain time but zero outside this inter-
val. The first solution is useful for ex-
amining the coupling between wind and sur-
face layer thickness at different frequen-
cies The second can be used with hourly
wind-stress measurements; linearity of the
model allows us to superpose solutions to

I obtain a corresponding prediction of chang-
es in the surface layer thickness. The
Boundary Conditions in each case are as
follows: U = Q at x = o, x = ~, and the
layer thickness and transport are matched



FIGURE 7: Theoretical

Model of Inlet
NlNO-SmESS

bution are not izaportant at x = o for the
co nditions encountered in this study For
the sake of completeness, ho~ever,
b en included in the following calculations.

11�/2Kt'! ! H t '!-te  I �/2Kt!>I1�/2Kt! !

H  t'! =0 t' 0

where t' t � tt'~ 0=0
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at x = d. Zero initial conditions are
assumed for the second solution.

The second solution involves a convolu-
tion integral that must be evaluated numer-
ically for appropriate values of x and d.
But if d is sufficiently large, effects due
to the finite extent. of the wind can be neg-
lected and a solution in closed form for
x = o is possible:

 n'-n"! = � t'e  I �/2Kt'!+ �!T

where the wind-stress is of magnitude T
acting over the interval 0>t>tl Io and II
are the zero and first order modified Bessel
functions and H is the unit step function:

Average values for most of the parameters
in  I! are fairly easily estimated from mea
sured density distributions in the inlet, I
have taken c =85 cm/sec and calculated wind-
stress from wind velocity in the usual way
using a drag coefficient of I ~ 4xlO ~ g can
be taken as unity with little loss in accura-
cy. K is harder to estimate. If we use the
fact that the internal semi-diurnal tide has
decayed to one half its amplitude between
Hohm Island and Stamp Narrows and solve  I!
for a free wave of this frequency, we find the
decay corresponds to a frictional coefficient
of K=.8 hrs . Using these parameters and a
wind-stress acting over the region from
Spencer Creek to the Inlet head, it turns out
that effects due to the finite stress distri-'

From the spectra shown in Figure 6 to-
gether with cross � spectral estimates obtained
from the wind- stress and surface-layer data,
we can calculate the gain and phase relation-
ship that would exist between the two signals
if they were connected by a linear process.
Figure 8 compares t: he gain and phase derived
from the data with that predicted by the mod-
el. Though unable to predict the detail of
the observed result, the theory can account
for the general shape of the curve, both in
gain an d phase .

have applied t: he measured wind-stress to
the second solution in order to obtain a
time series compax ison with the observed
fresh water thickrzess. Figure 9 shows model
solution and observations together with the
measured wind-speed. Since the model starts
off with zero initial conditions it takes a
few days to catch up with the observed thick-
ness, hut thereafter reproduces the main
features with some fidelity.

Observations of wind, current and surface
layer thickness i rt AIberni Inlet have helped
elucidate some of the ways in which the sys-
tem responds to a surface stress. Isuch of
the wind energy is diurnal and a close cou-
pling exists at this frequency between wind
and current at a depth of 2 meters. On the
other hand, most of the energy associated
with changes in the surface layer thickness
is of significatztly lower frequency.

A simple two-layer frictional model is
able to explain nmach of what is observed and
can be used to predict the surface layer
thickness on the basis of measured wind
speeds-



35OFl6URE 8. Gain and Phase for the modelcoapared uith J4nplitude and Phase Trans-fer Functions derived fram the spectra.
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State of the Art of FIoatIng Breakwaters
Eugene P. Richey, Professor
RonaM E. Nece, Professor
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University of Mashington, Seattle

Floating structures have long been used as
barriers to waves, and the present nomencla-
ture seems to have been dated from 1905 with
Joly's article "On Floating Breakwaters". The
subject lay dormant, ho~ever, until World Nar
II when the Bombardon was deployed as one of
the methods of building instant harbors for
the invasion forces on the Normandy beaches.
The potential military uses for mobile har-
bors led to a great deal of work during the
postwar years on concepts, theories, and ex-
perimentation with configurations which could
be towed to a site, either anchored in posi-
tion, or sunk in place with the prospect of
later removal and reuse. The concern of this
paper is only with the floating units, rather
than the broader category of "transportable"
breakwaters,

Representative writings of the postwar
period are those by Minikin �948! who dis-
cussed floating breakwaters in somewhat
general terms, Carr �951! who set forth some
of the principles governing the characteris-
tics of "mobile" breakwaters, and the review
of the performance of the Bombardon by
Lochner, Faber, and Penny �948!. In 1957,
the Naval Civil Zngineering Laboratory began
a concerted exploration of the existing
knowledge of transportable units that could
serve as breakwaters or piers. The military
objectives are apparent from the site criter-
ia set for this study, which were: wave
height, l5 feet, period, l3 seconds, tidal
range 12 feet, minimum water depth 40 feet,
and in-shore transmitted wave height of 4
feet. The results of the exploration are
summarized as Technical Report 127  l961!,
and is an invaluable state of the art assess-
ment up to that time, with particular em-
phasis o» military use under rather severe
wave criteria. An excellent sequel updating
this report was issued as Technical Report
727 �971! which is a survey of concepts for
transportable breakwaters, including more
than 60 in the "floating" category. In this
report summary is the statement:

"Recurring efforts, spanning 125 years
or more, have not produced a breakwater
for temporary installations which is
easily transported, effective over a
broad range of wave conditions, and aMe
to endure in very high seas".
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In view of this statement, the question nat-
urally arises, "Why bring the subject up
again?"

Further assessment is warranted in view of
potential civil uses on relatively protected
inland waters. The shutdown time of weather
dependent, water-borne activities like con-
struction, logging and cargo handling could
be reduced by floating, transportable break-
waters. The infant mariculture industry
might find more sites suitable for its spe-
cial facilities if suitable wave protection
could be provided. These uses are "miscel-
laneous", however, in comparison to the boat-
oriented uses of the floating breakwater. For
instance, a Pleasure Boating Study �968! of
Puget Sound waters of the State of Washington
forecast an increase of Al,500 moorages for
summer use and 25,200 for the winter seaso~
during the period 1966-1980. Whether that
many moorages can be developed economically
is another matter. Most of the harbor sites
in the maximum use areas that are blessed by
natural protection from wind waves have been
developed already, so artificial protection
will be required. Fixed breakwaters of rub-
ble, timber, piling, or fill, are quite ex-
pensive if the water depth is very great, and
if foundation conditions are nat suitable.
These fixed structures also may interfere

adversely with the balance of littoral drift,
shellfish habitat, the paths of migratory fish,
and may conflict with coastal zone regula-
tions. It is natural to look toward floating
structures as possible alternatives.

There are several sites in the Puget Sound
area where floating breakwaters are being
seriously considered. Funds have been allo-
cated  March 1972! for one that will be 900
feet long for the Robinson Crusoe Marina in
Friday Harbor in the San Juan Islands: design
plans for one at Oak Harbor on Khidby Island
are nearing completion. Boating is on the
increase in large lakes and in reservoirs
formed by dams, and marinas on these water
bodies, often will require shelter from the
wind waves. In view, then, of the potential
uses from a new perspective, it is timely to
reexamine the floating breakwater with regard
ta types, transmission characteristics,
anchoring forces, economics, and multiple-
use prospects.

TRANShf1'SSZO!I1 CHARACTER'RTSTTCS, CEIfERAL

The purpose of the floating breakwater
 Fig. I! is to reduce the transmitted wave
energy, which may be accomplished by a mix of
the following mechanisms:



Carr �951! assumed that the tra�sm-ransmzssioncoefficient for a rectangular. Cross se tss sectionanchored in shallow water could be pred' tedPre ictedfrom linear wave theory, hydrostatic ppressuredistribution, linear damping and just
sidesway component of motion and obtained

CT

Th s equation predicts the trend of
russ>on coeffzczent CT with th
P«P«ties of weight M, sidesway period
and the wave proverties of length
period T. The water depth is d and the
cific weight of water is Y The transm'
coeffzcxent xs unzty when the wave perzod zs
equal to the sidesway period S, but decreases
thereafter as S becomes progressively greater
than T, as the wave length gets shorter, and
as the weight gets larger, Although the ana-
lysis was based on some simplifying assump-
tions for a rectangular cross section anchored
in shallow water, experiments on other geomet-
ries and relative depths show similar trends.

CT � H$ /HT

BAiA:A'A2'E,. "~OUP'-'

The rectangular cross section analyzed by
Carr is not the most effective attenuator,
but the unknown hydrodynamic factors of drag,
added mass, preSsure distribution and energy
los ses, al ong w i th the s t rue tur a 1 mot ion have,
so far, blocked the development of predictive
analyses for the responses of the more com-
plex shapes. As a consequence, it has been
necessary to resort to experimental procedures
to evaluate their characteristics. Although
there have been many different forms proposed
and tested, there are some geometric similar-
ities that have been used to propose the si»
representative groups shown in Fig. 2; the
transmission coefficients, anchor forces and
other features will be discussed in a later
section,

A floating breakwater is a displacement
vessel at anchor and can, in general, undergo
the motions in translation of sideway  chord-
wise motion! heave  vertical! and surge
 spanwise!, and the rotational components of
roll  about longitudinal axis!, pitch  chard-
wise axis!, and yaw  vertical axis! . Most
of the laboratory work has been done in the
liaiting two-dimensional case of regular,
monotonic waves with crests parallel to the
breakwater, and only three components of mo-
tion, sideway, roll and heave, are involved.
These are the doainant motions so far as
tt'ansaission of energy is concerned, but the
surge, pitch and yaw are likely to be at
least as iaportant so far as the structural
features are concerned in the field instal-
to
lation, where connections between units a dn
o anchors must perform under random ~aves,

and under wave crests of finite length which
generally are not parallel to the !ongitu-
dinal  spanwise! axis of the breakwater. The
failure of the Norld War II Bombardon was
attributed to the collapse of the links be-
tween the units, rather than a breaking of
anchor lines or failure of the structural
body. Although the generalized aot' f ho ion o t ea ing eakwater under random loadings is
si le c
yet to be solved exactly there arare some

meters.
'mp e cases which show the role of ko ey para-
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2. Energy loss through turbulence pro-
duced by wave breaking conditions
and hydraulic damping of the
structure.

3. Interference with internal orbital
notion and dynamic pressure field.

4. Inelastic defornations of the struc-
ture and its aoorings and superposi-
tion of transmitted waves with those
generated by motion of the structure,

Although the real concern is with ener gy
transmitted, the effectiveness af the float-
ing breakwater is expressed ordinarily as a
"transmission coefficient", the ratio of the
transmitted wave height to incident wave
height, i.e.,

Nearly al! analyses and experiments on trans-
mission characteristics have been based upon
monotonic  single-frequencyj waves, where the
deteraination of height ratios is quite sim-
ple, and does convey a ready, visual picture
of transmission capabilities of the particu-
lar unit. However, a return to the basic
energy concept, or some index of energy con-
tent, will be needed when studies are made on
the real world of random wind-generated waves.

single-prism group con
l fo s and those which offer the

peers for multiPle use
t

rted an interesting comp ri o
trapezo

inverted shape gave lowe~
fficients, but developed high

forces,

The log boom or raft is a config
ld by

on floating

It will provide p ion from

es of very short perio
uite

ineffective for longer waves
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:larsalck �968! conclude that a "tlexible
porous floating breakwater extending over two
or more wave lengths can greatly attenuate
waves of moderate Length,"

The twin hull, catamaran-style pontoon
illustrates one way of distributing a given
weight away from the rectangular form to
achieve a longer roll period and potential-
ly a more stable platform. The extra corners
provide additional zones of energy loss, and
the water mass between the hulls may add
damping act ion, although this latter effect
does not appear to be a very large; possibly
the mass ~ould be more effective if it were
restrained within the structure,

The sections in the A-frame group utilize
combinations of vertical walls acting as re-
flecting surfaces and outriggers for stability

and to develop a large roll period for a given
weight. A particular member of this group
will be d iscussed in more detail subsequently.

The perforated pontoon represents a sub-
group of the single-prise class, having open-
ings which create extra sources for energy
loss, and a!so some prospect for a disruption
in the wave profile passing beneath the
structure.

The last group, "flexible assemblies" dif-
fers from the log raft group in that the
structural elements absorb and dissipate wave
energy. The performance of bags as wave at-
tenuators have been tested when filled with
air, water, or with viscous fluid floating
on the surface, restrained at intermediate
depths, and lying on the bottom. A novel
configuration in this group is the Wave
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Mare, an assemblage of interconnected tires,
which presents a porous reflecting surface,
causes disruption of the normal wave kine-
matics and absorbs energy through the flex-
ing of the tires under the applied wave
loading. Transmission coeff icients com-
parable with other configurations have been
obtained  Technical Report H-68-2, 1968! .

TRAh1SWISSIOR COEFFICIEÃZ'S FOR
TO'ICAI SECTIONS

A dimensional analysis of the floating
breakwater will disclose a number of charac-
teristic length ratios upon which the coef-
ficients of transmission and reflection, as
well as other performance characteristics
will depend. One set is the ratio of the
structural width to wave length, A/L. This
term is conparable to the '4l/L" term in
Carr's prediction for the transmission co-
efficient, Eq. 2. A time ratio of some
period of the structure to wave period is
used sometimes in lieu of the length ratio,
but unless the particular period,  heave,
roll, or svay! that bears most importantly
upon the transmission coefficient can be
identified, the time ratio offers little
advantage, and even can be misleading, for
the performance of a free structure cannot
be compared on a Cise ratio basis with the
same structure in the fixed mode.

To show the results of an analytical

relation between wave length, structural
width and transmiss ion coef f icient, the
work of Macagno �954! on a fixed rec-
tangular barrier is replotted on Figure
3 for a transmission coefficient of 0,2,
This work was done for a transmission co-
efficient of 0.2. This work was done
during the post World War Il period, and
shows the interest of that era in the
large-scale applications in exposed
waters. The analysis does not extend in-
to the lower left hand corner, where the
depth-wave dimensions likely for a marina
on inland waters would fall. The graph
does show, however, the important trends
that for waves relatively long with res-
pect Co depth, the penetration required
for a low transmission coefficient be-
comes large, but thaC some tradeoff can
be made by increasing the structural
dimension X.

Several special forms of breakwaters were
stud.ied by Chen and Wiegel �969, 1970! and
one in the A-frame group is shown with its
transmission characteristics on Fig. 4, This
unit was designed to incorporate all of the
ma!or mechanisms to reduce the transmission
of wave energy. The vertical wall serves ss
a reflecting surface, the sloping beach
causes run-up, possibly wave breaking, and
a spilling into the inner chamber from which
the ~ater can flow through the bottom to in-
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terfere with wave motion. Energy is lost as
water flows through the porous bottom, the
two air chambers provide a lazge moment pf
inertia and thence m large zoll per jod, The
wall dimension is suc" that the centez pf
roll is above the point of anchor attach-
ment, with the beneficial combinatjon that
the horizontal wave force that would cause
a force in the anchor line induces a roll
which tends to reduce the extension of the
anchor line, and 'the force in it. For the

0 gg yD SO ao
Weve Lenyfg, py.

structuratural width of 23.5 feet, the transmis-
sion coecpe f f jci ent for a wave length up to

about as low �.2! as can
be expected. Xt is not likely that a con-
f jgurat jon c azz be devi sed to produce a low-
er transmiss lopez coefficient, within the same
range of basjc dimensions of penetration and
structural width, «r t»s one jncorpo»«s
the major barriers to transmjssjon; the eco-
npmjcs of fabrication is a separate consider-
at ion.
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FIGURE 5. Transmission  ;oeffici ants for some Repres'entative Breakwaters in Geep
Mater.

Although there is a multitude of differ-
ent breakwater forms, there is a relative-
ly narrow band covering their performance as
indexed by the transmission coefficient
verses the relative length ratio >/L, as
shown on Pig, 5, where results for five of
the basic forms are given together for com-
parison. All data are from two-dimensional,
monotonic wave tanks. The data for the log
raft  Rece, Richey, 1971! corresponds to a
prototype log assembly of 2.7-foot diameter
logs connected together loosely, and shows
that to be effective should have a width of
1.5 to 2 wave lengths. The A-frame curves
 Hay, 1966! marks a more realistic upper
bound on the performance envelope. Beneath
this curve lie those for the rectangular box
 Nece, Richey, 1972!, the twin-hull design
 Oavidson, 1971! and a porous rectangular
unit having a ratio of open area to planform
area of about 0.3. The curves have been
drawn through the centers of the experimen-
tal range at ea.ch wave setting. The trough
in the curve for the box shape at >/L = 0.2
occurred when the heave period was equal to,
but out of phase with, the wave period.
This response would not be at all likely to
occur in a random wave system. The box and
porous shapes develop transmission coefi-
cients as Iow as about 0.2, comparable to

the results shown on Figure 4, but do re-
quire a larger value of l/L to achieve this
1 eve 1 o f per fo rmanc e.

The data on Fig. 5 referred to deep water
conditions; the performance of the same box
and twin hull shapes' along with the theo-
retical values of transmissission coefficient
for a fixed structure are shown as Fig. 6 in
the shallow water case for the penetration
ratio y/d = 0,5 Somewhat higher transmis-
sion coefficients develop, due to the differ-
ent distribution of energy with depth in the
deep and shallow water cases,

Field measurements of floating breakwater
per formanc e ar e v cry s c arc e. One s et o f
data for waves having a length of 50 feet
and height of 4 feet was reported by Hay
�966! for an A-frame type having a span
length of 50 feet. The r.esults are repro-
duced as Fig. 7, together with coefficients
that were computed from diffraction diagrams
given in TR-4 �966!. The close agreement
between the measured and computed coef-
ficients indicates the dominance of the dif-
fraction phenomena. The protected area is
confined to a zone within about a wave
length of the structure.
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Another example showing the superposition
of di ffraction and transmission coefficients
is shown in Figure 8, the photograph of the
"Hasler Seabreaker", which was described in
Hydrcspace, April 1971. This unit takes the
form of a shallow pontoon, with a tubular
superstructure and an outrigger float. Some
cost estimates appear in a later section.

The mooring system for a floating break-
water should be based upon conservative pre-
dictions of design forces. There are far
fewer data available on forces than there
are on hydraulic characteristics, and their
extrapolation from laboratory data to proto-
type installation entails some tenuous
assumptions about similarity conditions.
Only the peak force values are considered;
predictions of the force as a function of
time are not attempted in view of the role
of elastic restraints' the inertial and damp-
ing characteristics of the breakwater, and
the differences between the single-component
wave used in most lab data available and the
random wave which the unit will experience
in the prototype situation. Fatigue life

may be more important than peak force values,
but this facet as applied to floating break-
waters apparently has not been reported in
the 1 it erature .

Design values for anchor forces may be
estimated from published force data normal-
ized in some form such as the one given by
Ippen �966!:

dizaensionless horizontal
force coefficient per unit
length

F x max ~ maximum horizontal force
Y specific weight of water

incident wave height

characteristic linear dimension

icients for four configurations
are shown on Fig. 9; it does appear that
brea -waters of similar geometries will oc-
"Py s r regions of Fig. 9, although





dimensional ~aves into evaluating rhe
forces on a fixed pontoon by using a prin-
ciple employed in naval architecture that
forces on floating structures may be cal-
culated on the basis of a transfer function
and the two dimensional wave power spectrum
to obtain the one dimensional force power
spectrum. Laboratory data were used to de-
termine the transfer function. >lore work
of this basic nature is needed to reduce
the current reliance of anchor force pre-
diction on experimental data.
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FI6URE 9. Force
Coefficients
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FBI D IÃSTALLATIOIFS

Two marinas in the Puget Sound area may
receive floating breakwaters during 1972 as
components of the overall facilities. The
plans for the one at Oak Harbor call for
about 2,100 feet of the rectangular pontoon
shown on Figure 6; the schematic layout
 Davidson, 1971! is shown on Figure 10.
Very poor foundation conditions at the site
precluded a conventional, fixed structure.
The floating breakwater for the second site,
the Robinson Crusoe Marina at Friday Harbor,
San Juan Islands, will have a 900-foot
floating breakwater initially. Water depths
of 40-50 feet at this site made a fixed
structure a much more expensive alternative.

BM'AKTiATER COSTS

Most of the attention to date on floating
breakwaters has been confined to the trans-
mission and anchor force characteristics, as
dependent upon the geometric variables of
form, chord length, and penetration; the
only data that could be found in the litera-
ture on the cost of competetive designs were
those for military uses in Technical Report
127 �961!. The brochure on the Hasler Sea-
breaker specifies its Type 65  span length
of 214 feet! weighing 74 tons, to provide
a transmission coefficient of about one-
third for an incident design wave with a
significant height of 3.1 feet This unit
would cost about gSOO per pound. Bids on
the floating breakwater components on the
Robinson Crusoe Marina average somewhat less
than $400 per foot for a design wave of
about 3 feet.

The cost figures quoted are very approx-
imate, and may not include comparable auxi-
liary components, such as anchor systems,
yet they do serve as one point in a cost-
effective study which is needed so that a
selection of breakwater type can be based
upon economic considerations.

COHCLUSIOIIS

The performance characteristics of major
concern for floating breakwaters are the
transmission coefficients, anchor forces and
motion. Theoretical approaches to evaluate
these have to date been limited to simple
forms and so there is still a strong reli-
ance on experimental data. A large number
of floating breakwater concepts have been
proposed and tested in the laboratory with
relatively little on anchor forces. Al-
though there have been many different geo-
metries investigated, all can be placed
into a few general groups, and performances
of each member within these groups is quite
similar. Transmission coefficients between

0,2 and 0. 3 can be obtained for cases where
the ratio of chord length to wave length is
large enough; minimum values of this ratio
vary from about D.S for the more efficient
section to about 2 for the flexible log-
raft types.

Prospects for a floating breakwater to be
competitive with fixed structures appear to
be favorable at sites where conventional
forms are not suitable and ~here the exposure
to the extreme wave event is excluded through
restricted seasonal use. The points in favor
of their use are:

l. Cost is only slightly dependent upon
water depth and foundation conditions.

2. Minimal interference with shore pro-
cesses, shoreline conservation principles,
fish migration, and with circulation and
flushing currents essential f'rom the water
quality standpoint.

3. Flexible in plat. form arrangement to
accommodate changes either seasonal or in
long term growth patterns of the area they
are designed to protect.

4. Have multiple-use potent ial, in con-
trast to rubble mound or pile structure.

The points det racting i'rom their use are:

l. Motion may limit multiple use.

2. Uncertainties, due to lack of field
performance data, in the magnitudes of
applied loadings and maintenance costs dic-
tate conservat ive design practices.

3. Designs must be matched to site con-
ditions, with due regard for the long wave
lengths that may occur with the infrequent
storm; the floating breakwater, unlike the
fixed structure, can fail quite abruptly to
meet its design obj ective without necessari-
ly suffering any structural damage.

Contributions from the following areas of
research will aid in refining the current
procedures for designing floating break-
waters:

l. Development of theory, possibly as
extensions of t echniques from naval architec-
ture, to describe more adequately the forces,
motions and hydraulic characteristir.s of
different designs to reduce the dependence
upon experimental data.

2. Systematic measurements, with item l
above in mind, at full-scale dimension in the
natural environment to correlate with the
theoretical and laboratory works.
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Field experience with actual instal-
lations to acquire operation guides on the
practical aspects of maintenance and repair.

4. Cost-effective analyses to optimize con-
figuration and attenuation characteristics.

5. Considerations of the three-dimension-
al, random aspects of wind-generated waves
in the selection of plan form configurations.
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ln addition to the definition of the
Coast Guard's duties, organization, powers,
etc. contained in Title 14 of the United
States Code there are two other titles of
the Code under which the Coast Guard oper-
ates in the Coastal Zone. They are: 33 USC
 Navigation and Navigable Waters! and 46 USC
 Shipping!.

The prime implementing regulations for
the Coast Guard's functions are found in the
Code of Federal Regulations in Titles:
33 CFR  Navigation and Navigable Waters! and
46 CFR  Shipping!. Another 40 CFR  protec-
tion of Invironment! also contains pertinent
regulations.

It should be noted that enforcement of
tha provisions of these titles of the United
States Coda and the Code of Federal Regula-
tions is not the exclusive province of the
Coast Guard. We share responsibilities with
several other agencies, including the Corps
of Engineers and the Environmental Protec-
tion Agency.

There are five operational program areas
within the Coast Guard directly related to
our law enforcement responsibilities. These
are under the general supervision of the
Cossaandant of tha Coast Guard at the Head-
quarters level. The field level execution
of these programs ia carried out by our
shore and floating units located and de-
ployed to best meet the public's needs. The
operational programs are:

AIDS TO A'AVIGATION

The Coast Guard establishes, maintains,
and operates aids to maritime navigation
 including electronic systems! required to
serve the needs of the Armed Forces and the
commerce of the United States. The specific
purposes of these aids are to facilitate
navigation and prevent disasters, collisions,
and wrecks.

Jn the Coastal Zone these aids to naviga-
tion take the form of buoys, lighthouses,
lightships, fixed structures on shore and
in the water, sound signals, radio beacons,
radar and radio advisory systems.

When devising the appropriate combination
of maritime aids to navigation for a partiou-
lar area or waterway several pertinent fac-
tors are considered, namely:

type of maritime trafic, i.e. coaaaer-
cial and/or recreational; type of goods
carried; density, distribution, and fre-
quency of traffic,' natural hazards, e.g.
shoals, currents, winds; envi.ronmental
impact, especially if a stranding or
collision should occur; and economic im-
pact.

Also within the general scope of this
program the Coast Guard administers laws and
regulations related to bridges over the nav-
igable waters of the United States. This
activity includes approval of plans and lo-
cations of bridges, alteration of bridges
which are unreasonable obstructions to nav-
igation, operation of draw bridges, and
lights and signals on bridges for safety of
maritime navigation.

hfERCRAtVT MARINE SAEPZY

This program calls for the enforcement
of laws and regulatory standards the primary
purpose of which is to promote safety of
life and property in vessels of the United
States. These regulations provide for the
inspection of merchant vessels, approval
of vessel plans and equipment, licensing
and certificating of merchant marine offi-
cers and seamen, documentation of United
States vessels, and containment and handling
of dangerous and hazardous goods in mari-
time transportation.

The scope of the Merchant Marine Safety
Program is broad but has many specific and
detailed statutory limitations and condi-
tions surrounding it. These liaitations and
conditions derive not only from domestic
legislatio~ but also from international
treaties and conventions. The full force
of the laws and regulations upon which this
program is based applies only to certain
types, sizes and classes of United States
vessels and merchant marine personnel.
There is only limited application  and in
some cases no application! to foreign flag
vessels.

The major portion of maritime traffic
moves in and through the Coastal Zone.
Hence the affect, in the Coastal Zone, of
the Merchant Marine Safety Prograa is to izz-
sure that certain vessels are suitable for
the service in which engaged and that the
operating personnel are competent to oper-
ate them, thus minimizing the danger to the
vessels, personnel, and the environment.
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An important and vital aspect of this
program i s the invest igati on of marine casu-
alties to obtain information for t.he pz'even-
tion of future casualties. Information de-
rived from such investigations will be uti-
lized, if necessary, to develop and insti-
tute appropriate cot'rective measures, regu-
lations and standards, or recommend marine
safety legislation.

A recent addition to the Coast Guard's
responsibilities in Merchant l4arine Safety
came in the form of the Vessel Bridge-to-
Bridge Radiotelephone Act of I971. The
Coast Guard shares responsibility with the
Federal Communications Commission i.n im-
plementing this Act. The purpose is to pro-
vide a positive means whereby operators of
approaching vessels can communicate their
intentions to one another, through a con-
veniently located i'adioteiephone. The ulti-
mate intent is to reduce marine accidents
and thus enhance safety of people, property
and the environment .

RECREATJOML BOAT1'HG SAFARI'Y

I.aws and regulations aimed at reducing
accidents, injuries, and fatalities and
improving the environmental quality related
to the operation of pleasure craft are en-
forced by the Coa.st Guard in this program
area.

The Coast Guard is the principal Federal
agency engaged in Recreational Boating Safe-
ty law enforcement. However', the declared
policy of the Congress  Federal Boat Safety
Act of 197J! is to encourage enforcement by
the various states of compatible and consis-
tent state boating I aws and regulations.

National construction and performance
standards and regulations for boats and
associated equipment are being established
to improve boating safety and to foster
greater development, use, and enjoyment of
all waters of the United States. These
federal standards and regulations will pre-
empt state and other political subdivision
laws and regulations which do not conform
to the Federal standards and regulations.
These standards and regulations must be con-
sistent with laws and regulations pertain-
ing to the installation and maintenance of
sanitat'ion equipment.

The Coast Guard enforces laws and regu-
lations designed to safeg ard vessels, har-
bors, ports. and waterfront facilities in
the United States and its territories, in-

ding waters subject to the jurisdiction
of the United States ~ from destruction,
loss, or injury from sabotage or other sub-
versive acts, accidents~ or other causes
of similar nature.

Thi s program f i rst came into heing as
port Security in World War I. At that time
the principal e mph a s i s was the en forcement
of anchorage regulations. In 'World War II
the enforcement authority was expanded to
include loading and discharge of explosives
on vessels and the control over movement
of vessels. The Korean conflict brought a
re-intensification of the Port Security
Program via the Magnuson Act. Today we con-
t inue our operations under this aut.hor i ty
but with a shift iA emphasis to general safe-
ty of our ports.

There is before the Congress proposed
legislation, The Ports and Naterways Safety
Act, to promote safe and efficient maritime
transportation and the safety and environ-
mental quality of United States ports, har-
bors, and navigable waters. This Act, when
passed, should provide a broad program in-
clud ing .'
Marine traffic systems; regulation of the
anchorage, mooring or movement of vessels;
handling of dangerous goods; protection
equipment requirements for structures and
facilities; regulation of the use of and/or
access to vessel s, structures, facilities,
waters, waterfront, and shoreline areas as
necessary for their protection; inspection
and approval procedures to insure compliance
with the provisions of the Act.

hfAR1'HZ thVTROWHEWTAL PROTECTIOR

The detection, prevention, abatement, and
elimination of pol1ution in the marine envi-
ronment is the ptirliose of the laws and regu-
lations enforced wi.thin the scope of this
program.

general maritime law en-
forceMnt responsibilities, the Coast Guard
has for considerable time been involved in
Varieue aapects of Blarine Fnvironmental Pro-
tection through the Jte fuse Act of 1899, and
the Oil Pollution acts of J9$4 and 196l. We
are continuing to Function under the provi-
0'sions of the 1899 Refus Act and the 1961e
il Pollut ion Act  the 1924 Qil Pollution



Act has been repealed!. However, the prin-
cipal law under which we now operate is the
Federal Water Pollution Control Act, as
amended  FWPCA! . Vnder this Act the Coast
Guard is the Federal agency designated to
receive notices of discharges into the water
of oil and other hazardous materials.

Much of the responsibi,lity for the field
activity related to the enforcement of laws
and regulations on pollution of the marine
environment has devolved on the Coast Guard.
The prime reason for this is that the Coast
Guard already has in existence a trained
force, throughout the Coastal Zone, normal-
ly on a 24 hour alert status for search and
rescue and other tasks. This force can re-
spond and be deployed quickly whenever and
wherever a ~ater pollution takes place

There is currently before the Congress
legislation which will, if passed, further
amend the FIfPCA. This legislation, the
Muskie Bill, will place greater responsibil-
ities for water pollution control on all ac-
tivities, public and private, government and
non-government, and the individual and soci-
ety as a whole.

On Christmas Eve 1971 the Coast Guard
published, in the Federal Register, proposed
pollution related regulations to govern the
operation of facilities and vessels and
the transfer of oil to or from certair ' es-
sels to prevent the discharge of oil. .he
salient points of these rather corprehensi; e
regulations are:

Facility regulations apply tc larse fa=ili-
ties capable of transferrirg o'''I to "." fro-...
vessels which have tank capacities for oil
of 10,000 gallons or more. After Apr I
1973, a formal Coast Guard perm' 't will be
required for shoreside facilities engaged
in oil transfer operations. Eacr, facilit>
must provide an operations manual and oper-
ate in accordance with it. Facility equip-
ment requirements are defined  containment
systems for small discharges on shore and
discharges on the water will be required!.
General requirements for the operation of
an oil transfer facility are listed and in-
clude personnel qualifications for desig-
nation as the person-in-charge of transfer
operations. Vessel operation regulations
are analagous to facility regulations to
minimize loss of oil from accident or nor-
mal operations. Inland barges built or
modified after December 31, 1972 will be
required. to be of double wall construction.
* deck spill containment system will be
required on all vessels capable of hand-
ling more than IG,OGO gallons of oil.
Prior to January 1, 1975 all vessels will
be required to have a means to retain all

oil bilge wastes on board when operating
in navigable waters or the contiguOua Zone
of the United States. Vessels of IGO grass
tons or morc will be required to seal their
bilge and ballast overboard discharge
valves in the closed position while operat-
ing within these waters. Tank vessels «iII
be required to have, post, and use speci,-
fic oil transfer procedures. Tank vessels
containing oil must be attended at all
times. A declaration of inspection farm
for pollution prevention must be completed
prior to commencement of transfer oyeratiama'.
Merchant Marine offiCerS and seamen will he
required to possess greater knowledge of
pollution laws, regulations and abatememt
procedures. Certain pollution preventiom .
equipment will be required prior to the is-
suance of a vessel certificate of inspec-'
tion. The existing vessel drydocking i»-
terval will be shortened to not more tham
three years for single skin vessels.

Regional direction for Coast Guard law
enforcement in the PaCifiC NOrthWeat ia Inje-
vided by the Commander, Thirteenth Coast
Guard District. From his office in Seattle
the District Commander provides general
supervision for field units located in Wash-
ington, Oregon, Idaho, and Montana.

The ti o categories of Coast Guard fieM-
activities primarily concerned with maritime
law enforcement in the Pacific Northwest
Coastal :one are:

MERCHANT vtARINE SAFETY � MAR INE INSPBCFIGM
OFFICES  MIO!: the Seattle MIO covers the
Washington coast, the Straits of Juan de
Fuca and Puget Sound; the Portland MIO looks
after the Oregon coast plus the Columbia
and Snake Rivers systems.

PORT SAFETY AND MARINE ElWIR0%IENTAI,
PROTECTION � CAPTAINS OF THE PORT  UFTP]:
the Seattle COTP has jurisdiction on the
Washington coast from Point Grenville nortlt,
the Straits of Juan de Fuca, and Puget
Sound; the Portland COTP covers the entire
Oregon coast, the southern Washington coast
to Point Grenville plus the Columbia amd
Snake Rivers systems.

The Portland Captain of the Port ofAc
is quite typical of most Coast Guard unit
in that it is a multi-mission operation,
i.e. the personnel assigned to the of&ca
function to some degree and at sOme timm
another in most of the CoaSt Guard pralraSS
areas. The primary responsibilities aasd
activities, however, lie in the Port Saf~



and Marine Environmental Protection Program
areas. Although the ensuing discussion will
separately address these two programs it
must be kept in mind that at the practical,
operating level the demarcation between them
is, more often than not, indistiguishable.

PORT SAPRT y PROGRAM

In the Port Safety Program area compliance
with the Following requirements is checked
by Coast Guard inspectors through regular
visitations to waterfront facilities and
boardings of vessels:

Conformance with good housekeeping and
safety practices on waterfrant facilities,
e.g. adequate guards, designated smoking
areas, welding and hot work under safe condi-
tions, arrangeme~t and accessibility of safe-
ty equipment and cargoes, safe practices in
electrical wiring, heating equipment and
light ing, and adequate control of liquid
cargo transfer systems.

On board vessels, foreign and domestic,
we look for conformance with the safety reg-
ulations related to the safe handling, stow-
age, and transportation of explosives and
other dangerous goods. Boardings are con-
ducted on both dry cargo and tank vessels.

Our activities also include:
Control of the movement and anchorage of
vessels  every vessel, with some few ex-
ceptions, entering the waters of the United
States is required to give at least twenty
four hours advance notice of arrival to the
Captain of the Port!. Issuance of identi-
fication credentials for persons requiring
access to waterfront facilities ar vessels.
Enforcement of regulations related to an-
chorage grounds and special anchorages. In-
vestigation of suspected violations af ves-
sel load line regulations.

Visitations hy Port Safety inspectors to
the various ports within the Part land Captain
af the Port Zone are based on the amount of'
maritime traffic which utilizes the port.
For example -- daily visits are in order in
Portland, while at Vancouver and Longview
inspections are carried out t'wo or three
times per week. In Astoria, weekly visits
have been appropriate. Once monthly at Coos
Bay, Grays Harbor/Wiilapa Bay and the Tri-
Cities has been adequate for Port Safety
enforcement.

SPILL PROTRCTLOV

Within the framework of the Marine Envi-
ronmental Protection Program the Captain of
the Port, Portland is, under the provisions
of the FWPCA, the On Scene Coordinator  OSC!
in the coastal portion of the Portland COTP
Zone, namely, the Oregon coast, the southern
Washington coast to Point Grenville, the
Columbia River to Bonneville Dam, and the
Willamette River to Oregon City. In the
event. of a large spill, the OSC initiates
and directs action in accordance with the
provisions of the Oil and Hazardous Materials
Pollution Contingency Plan  National and
Regional plans are called for in the FWPCA!.
The OSC is the single, Federal executive
agent predesignated by the Contingency Plan
to coordinate and direct pollution control
efforts at the scene of a spill or a poten-
tial spill.

Although we must be ready to act when a
large spill occurs, most of our activity is
directed toward the multitude of small
spills which happen every day, e,g. in the
Partland/Vancouver area 235 water pollution
cases were investigated by COTP, Portland
during calendar year l971.

The Captain of the Port carries out the
following activities with respect to the
enforcement of water pollution laws and
regulations:

Received reports of spills. Conducts
pollution survei llence patrols. Inves-
tigates pollutions reported or discov-
ered. Monitors clean-up action.
Directs clean-up action where the
spiller isn't doing the job properly
or at all. Reports the results of the
investigations and clean-up actian to
the District Commander  assessments,
of civil penalties or referral for
criminal action are the responsibili-
ties of the District Commander. Con-
ducts training programs for Coast
Guard personnel throughout the COTP
Zone. Provides assistance to individ-
uals and companies who have existing
or potential pollution problems through
the detection of potential sources,
assessment of pollution potential, and
consult. ation and guidance in setting
up spill contingencv plans and preven-
tion programs.



protection of the environment is not
simply a matter of enforcing laws and regu-
lations,

You, as individuals and members of your
respective enterprises, must: Be aware
of what constitutes pollution. Be on
the Look-out for pollution and report
it to the Coast Guard. Be conscious of
the possible pollution results of your
own actions. Evaluate your own private
and/or corporate pol.lution potential.
Then eliminate your polluting practices,

The vigorous and reasonable enforcement of
Laws is a part of the solution to many of so-
ciety's problems. But, as in most problems
affecting 1arge numbers of people, and this
includes those of the Coastal Zone, the
princ.ipal ingredient in the solutions is
people -- people cooperating to find the an-
swers. It must be remembered, however, that
the solutions are not simple, cheap, or go-
ing to be achieved overnight.

REMEMBER: TllE WATER YOU SAVE WILL
BE YOOR OWN'
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Technical and Economic Issues
in the Water Quality Management in Yaquina Bay

Herbert H. Stoevener. Associate Professor
of Agri cultural Economics

Joseph B. Stevens, Associate professor of
AgriCui tural Economics

Howard F. Horton, Professor of Fisheries
Oregon State University, Corvallis

The need for methodologY to enable
decision makers to define more clearly the
alternatives among conflicting water use
programs is well known. To help develop
such methodology as relates to water pol-
lution control, a cooperative program of
research was undertaken at this institu-
tion by pex'sonnel of the Oepax'tments of
Agricultural Economics, Fisheries and
Wildlife, and Civil Engineering. Dr. Emery
N. Castle, Head of the Department of
Agricultural Economics, was project l.eader,
and the investigation was supported jointly
by the U.S. Public Health Service, the
Oregon Agricultural Experiment Station,
and the Oregon State Vniversity Sea Grant
Progr-am.

Yaquina Bay in Lincoln County, Oregon,
provided the empirical setting for the study.
This area has an estimated population of
10,000 and is centered on the estuary of the
Yaquina River. Newport and Toledo are the
largest cities, and tourism, commercial and
recreational fishing, and timber products
industries provide the economic base for
the area. Several other much smaller com-
munities were included in the study area
 Figure 1!.

The dual orientation ot the area's econo-
my toward industrial production and tourism
provided a focus for our approach to the
problem. Much public controversy had arisen
when the construct.ion of a Kraft paper mill
in the upper estuary near Toledo was pro-
posed in the late 1SSO's, Conservationists
and businessmen were concerned that the dis-
charge of Kraft mill effluent  KME! into the
bay would have a deleterious effect on the
recreational and estheti,c resources of the
estuax'y. The problem was resolved when it
was agreed that the mill would dispose of
its wastes directly into the ocean via a
pipeline. This public policy debate was

This research was supported jointly bY pub-
lic Health Service  Research Grant WP-00107!,
the Oregon Agricultural Experiment Station,
and the National Oceanic and Atmospheric
Administration  maintained by U. S. Department
of Comserce! institutional Sea Grant 2-SS187
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Fieurn l. Yaquinn Bay area, Lincoln County,
- oregon.

thought to provide a realistic setting with-
in which the objectives of the study could
be pursued.

Our approach to the problem was to assume
that Yaqnina Bay was an unpolluted estuary.
Economists then evaluat.ed the recreational
resource in the absence of water pollution.
Alternative methods o f waste disposal from
the Kraft paper mill were then evaluated by
the engineers. Assuming that the effluent
would be disposed by dilution in the estuary,
biologists predicted. the loss of economic
organisms. Economists converted the biolo-
gical losses to economic losses based on
human responses to the fishing success-
effort relationship. And finally, economic
impacts on the comanunity were evaluated, and
conclusions drawn with respect to institu-
tional arrangements for wat.er quality manage
ment.

Throughout the study emphasis was placed
on measurement methods by which the physical,
and economic consequences of similar water
pollution problems could be evaluated.
Instead of being primarily concerned with
the quantitative ramgnitudes which were appl,i-
cabl.e to the sr.ucly areas our efforts were
directed mainly toward making explicit the
kinds of data necessary «r an analysis of
the problem and how these data could best

be treated to develop information which is
meaningful for public policy purposes.
Details of the entire investigation were
presented in a recent final report
 Stoevener et, a2., 2972!

1
ALTERBATI VE PASTE DTSFOSAI, METHODS

Waste disposal into Yaquina estuary may
be accomplished by various alternative
methods. The degree of pollution resulting
will vary with the method used. Disposai
methods are:

1 Dilution by outfall at various points
in the estuary,

2. Treatment by various methods followed
by dilution in the estuary.

3. Storage during low river flows with
disposal at high river flows.

4. Low flow augmentation.

5. Disposal of wastes on land.

6, Disposal by pipeline of all wastes to
the ocean.

7. Disposal by barge of strong wastes
to the ocean and disposal of weak
wastes in the estuary.

ln this report, onl' alternatives 1, 2, 6,
and 7 were considered.

A 1 t e rnat i ve 1  d i spo s a 1 by di I ut ion! was
selected as the example for our study because
it was the least costly and incorporated
many problems common to estuarine waste dis-
posal. Harris �964!, using the method for
determination of the average concentration
of a pollutant introduced into a well mixed
estuary developed by Stommel �953! and ap-
plied to Yaquina estuary by Burt and
l4arriage �957!, computed the concentration
of KNE that would occur in the estuary from
discharges at Toledo and Grassy Point
 Figure 2!. These computations were based
on salinity and river flow �3 cfs! data
taken in August, 1955, when conditions were
considered most critical for the fishery
resource  Stoevener et. a2., 1972!,
BIOLOGICAL EFPECTS OP PASTE DISFOSAI,

Biologists and economists used angler
survey techniques to determine the most
frequently caught fin-fish species in
Yaquina Bay  Parrish, 1966!. The five
most important speci s eer the ehite

I Condensed from Harris �964! .



M ~ allowable concentrations of KMEMax imuln
f ch species were then computed by use
of an appf an application actor of 1/lp of the

96, ho 1  currently the
Hatipnal Technical Advisory Commi'ttee [1968J
recpmaends an app1 i cat i on factor of I/20 of

for unstable or biogradable
materials [such as KME]!. The results of
th~~e determinations and calculations are
shown in Table

These data became an imput to the econom-
ic analysis. But before leaving the dis-
cussion of the biological work, let us
focus on some areas of needed research:

l. The avoidance reactions of estuarine
fishes to various dilutions of KME is
not known. If estuarine fishes tend
ta avoid sub-lethal concentrations of

20

12

20

Hautical Miles

FIGURE 2. Curves of concentrations of Kraft mill effluent resulting in Yaquina estuarY fraa
discharge points at either Grassy Point or Toledo  Srcan Harris. lg64!.

seaperch IPhanercdo< Jut'catua!, striped
seaperch  8nbiatcca Zateralis!, pile perch
 Phaccchi lws vacca!, starry fiou der
 Plattchthys eteZZatue!, and kelp green
ling  Herxrgrameoa decagrcmmue!
fishes and the dungeness crab  Cancer
magieter ! were used in bioassay tests.
ln addition, the yo ung of walleye surf-
perch  Hppezprceopon argentewm! and
English sole  Pa>op~a vetulue! were
used as test animals.

purpose of the bioassays was to de-
termine the effects that various concen-
trations of KME would have on the distri-
bution of the important recreational,
fisheries in the bay. With few excep-
t ions, laboratory bioassay procedures
were patterned after those recommended by
Doudoroff et. al. �961!. Bioassays were
conducted in 18 liters of standing sea
water mixed with KME to some predetermined
percentage. Aquaria were vide-mouth, five-
gallon, glass jars. Experiments were con-
ducted in a dark, constant temperature
room at 19 e 2 C. Samples of XME were
supplied by the paper nili and represented
a composite of seven days discharge. All
bioassays were conducted for 96 hours or
until more than 50% of the test organisms
died. in this way, 48-hour and 96-hour
TQ 's were determined for each test
species.

original distribution of each species
Ya uina 8 y- was determined from creel cen-
data on angler catch. Assuming that

wool d not inhabit those areas of the
KME concentrations predicted

by Ha z r1 $   I 964 ! were higher than t he maxi
m~ allowable concentration predicted above,
1t beche a matter Of Subtraet1pn tp deter

ne the r educ t ion in distribution for each
These data were converted to per-

centage reductions. Table 2 presents a
Portion of the result.s.



1/1O x 96-hr TL1/10 x 48-hr TL>Species

1,061.70

0.961.73

1.222.50

3.10 1.52

0,521.10

Table 1: Maximum Al lowable Haste L'oncentrations, by Species.

KME, avoidance tests could be more
important to the prediction of changes
in fish distribution than toxicity
tests.

4. Tests should be made to determine the
effects on the bottom fauna of the
fiber beds resulting from the dis-
charge of KHE in an estuary.

6. And finally, flowing water bioassays
should give more reliable resuits
than standing water tests where
accumulation of metabolic wastes are
an added pollution factor.

1/10 x 96-hr TL~

Predicted
Distribution

 Nautical mi.!

Percent
Reduction in
Di stributian

Origina 1
Di s tr i bu ti an

  Nautical mi. !
Species

475.8

555.0

295.0

663.8

Table 2: Effects of Grassy Point Disposal on Distribution of Certain Fishes in Yaquina
Bay.

Mhite seaperch

Striped seaperch

Starry flounder

Kelp greenling

Malleye surfperch

Dungeness crabs

2. Additional research on applicatio~
factors is needed. Toxic substances
affect fishes and thei.r environments
in so many different ways that the use
of uniform application factors is
obviously ridi.culous.

3. Information is lacking on the life
histories of estuarine fishes. Know-
ledge of the temperature and oxygen
requirements and salinity tolerances
of the individual species is needed,
so that the effects of variations of
these factors on fish under the stress
of KME pollut.ion can be measured.

Kelp greenling

Starry flounder

Mhite seaperch

Striped seaperch

Malleye surfperch

5. The seriousness of tainting fish
flesh by KHE should be determined.
Taste may take precedence over
toxicity in determining the effects
of KMF. on the economic value of a
fishery.
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TRE ECOtVC8fIC VALUE TO SPORT-AAOTFRS
OE THE YAQUIA'A BAY FISHERIES

As discussed to this point, the attribute
of water quality which appears to be of most
biological signifi.cance for the Yaquina Bay
sport fishery is the toxicity level. Changes
in this parameter may bring about changes in
the extent, vigor, and composition of the
fishery resources. This characteristic,
however, clearly refers to mter quality
rather than to the quality of the recreation
as experienced by the angler. As such, then,
changes in physical parameters of water tell
us nothing about the monetary value of the
fishery resource supported by this water.

When economists refer to "monetary value"
of a non-priced recreation resource such as
a sport fishery, it should be noted that
there are two distinct types of monetary
values. The one which wi 11 be discussed
later refers to the sti.mulation of local or
regional economies through expenditures made
by recreationists. Another aspect of mone-
tary value, however, has to do with the will-
ingness of recreationists to sacrifice other
goods and services in order to recreate
 Stevens, 1969!. The first question in the
minds of many noneconomists is whether or
not sport fishing can be subjected to con-
ventional economic analysis. That is, can.
the value of salmon fishing be viewed in
the same manner as the values of bread, meat,
or automobiles ? One might observe that
the latter are priced by market forces,
whereas sport angling is not. This is an
accurate obsezvation, but it simply reflects
the fact that a policy of free access has
been established for sport fishing on
publicly owned waters, The presence or
absence of a "price" reflects only whether
or not a market has been ailowed to oper-
ate; it doeJ not indicate whether or not
the commodity has "value" in the sense of
providing satisfaction to users,

In that public policy has established
free access to sport fisheries, direct
measures of value  such as market price!
which would reveal the willingness to pay
by anglers are not available. For this
reason, the developing economic methodo-
logy in this area of research has had to
make inferences about willingness to pay
from other data. In gener.al, researchers
have relied on "transfer costs" incurred by
the angler as a means by which to make these
inferences. Marion Clawson �959! has sug-
gested that a "recreational experience"
consists of five separable, but related,
phases. These include anticipation, travel
to the site, experience on the site, return
from the site, and recollection. In this

context, the pri ce variable for a sport
fishing experience includes those costs in-
curred while transporting the angler to and
from the site, as well as those incurred at
the fishery. "Transfer" costs thus include
such costs as travel, food, lodging, and
any entrance fees or access charges which
may actually be levied.

As a simplified example of the use of
transfer costs to make inferences about non-
market values, consider Figure 3. Three
geographic zones surround the recreation
site; each contains one thousand persons.
Transfer costs are greatest for the most
distant zone  $3 per day!; thus, one might
expect fewer visits from this zone than from
this zone than from zones 1 and 2.

In addition to transfer costs, other var-
iables have also been helpful to researchers
in explaining the demand for, and thus the
monetary value of, particular recreational
resources. As with other goods and servic-
es, family income is usually considered as
an important determinant of demand. Recently
6rown, Nawas, and Stevens �972! have found
travel time or distance to be helpful in
explaining the demand for big game hunting
in Oregon.

Figure 3. Recreation Days Taken at
Three Different Distances froa Site
 One Thousand PersonS in Each Dis-
tance Zone!
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The methodology which we followed in es-
timating the adverse economic effects of
each of the waste disposal alternatives had
as its first step the estimation of demand
functions for the Yaquina Bay sport fisher-
ies in a  relatively! non-polluted situation.
In other words, we asked, "what would be the
effects of transfer costs and incomes on the
demand for bay fishing and clamming, given a
water quality regime established by ocean
disposal of the Kraft mill effluent?" Data
with which to estimate the demand functions
came from interviews with 369 bottomfish
angling parties, 120 salmon angling parties,
and 69 clam digging groups. Estimates of the
demand functions, pith standard errors in
parentheses, were:

for the bottom fish fishery:

lnQ 8.32341 - 0.68069 P*'

 R2 0.92! �,07366!

+ 0.13274 I � 0 01285 I2

�.12744! �.00743!

lnQ m 5.599S4 - 0.69690 P**

 R2 =0. 95!  G. GS 770!

+ 0.53153 I~» - 0.02214 12**

�.10448! �.00490!

InQ = 8.28347 - 1.17091 P � 0.15330 I

 R = 0. 73! �.45902! �.17442!
where:

Q = number of angler days per 10,000
population in various income and
distance zones during a 12-month
period in 1963-1964,

P ~ average variable transfer costs per
participant day in that zone, in-
cluding actual costs of meals,
lodging, and expenditures at marin-
as, and an imputed round-trip travel
cost of 6 cents per mile,

2 A double asterisk  +~! after a variable in-
dicates that its coefficient was significantly
different fro» zero at the 0.01 level.

Figure 4. Demand for the Recreational Exper-
ience as a Whole

I = average yearly family income of
anglers in that zone,

2
I = average squared value of family

income.

These equations represent what Clawson
would term demand functions for the recrea-
tional experience aa a tyhoLe. A diagram-
matic representation of the earlier three-
zone example is shown in Figure 4. The
estimates of these functions then make pos-
sible the derivation of a demand curve for
the site 't el,~. By holding the income
variable, the equations will yield estimates
of the quantities of angling effort which
would be taken at a series of assumed in-
creases in the price paid by anglers for ac-
cess to the fishery. In the three-zone
example, a $1 surcharge  or added cost!
specifically for the right to fish would

 a! cause zone 1 users to reduce their
number of visits from 300 to 200,

Figure 5. Demand for the Recreation Site
Experience



 b! cause zone 2 users to reduce their
number of »sits from 200 to 100,

{c! cause zone ~ users to reduce their
number of visits from 100 to O.

Price incr ease
Per anqler day,

 dol 1 ars !
Bottomfish Sa 1 mon Cl ams

28,372

20,207

14,332

10,244

10,236

7,204

5,075

3, 589

2 568

1,275

6,446

0. 50 3,592

1.00 1,998

1. 50 1,113

7,2382.00

3,682 543.00

1 8544.00

 Total Consumers'
Surplus or Millingness
to pay!  $42,273/yr.!  $14,872gyr . !  $5,674/Yr !

Table 3: Esti tR Nutnber of An9ler DaYs Taken at Alter"atlve ?ncreases in the p~i~e
F;sh at Three Yaquina Bay Sports Fisheries.
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In other words, we are using data frpm pne
set of users to predict what another set of
users would do if they were faced with simi-
lar circumstances {Figure

Having estimated demand schedules fpr
Yaquina Bay fisheries {Table 3!, their uolws
to recreationists may be inferred frpm
extent of consumers' surplus", or the wii]-
ingness to pay by users. Bummed pver
three fisheries, this value amounted tp
$62,819 per year in 1964- Briefly stated,
the consumers' surplus technique is based on
the premise that all angl ers, with one ex-
ception, receive a "surplus" from not hnuinq
to Pay that Price which they would be m'.>It'.n9
to pay for use of the fishery, The excep-
tion is the marginal user, who actually pays
all that he would be willing to pay, and
thus derives no surplus. If the price of
the commodity were to increase, some portion
of total consumers' surplus would be removed
because  a! those users close to the margin
would no longer purchase the commodity, and
 b! the gap between actual price and the
demand price by non-marginal users would
narrow. Carrying this example one step fur-
ther, if price were increased from an exist-

ing level {aero, in the fishery case! to
that price where all users are priced out of
the market, the total consumers surPlus
would have been eliminated.

Having es tab 1 i shed these init ial es ti-
pf demand and val ue for e ach of the
fisher ies, the relevance of the bio-

assay analys ms which was discussed earl ier
can now be brotaght into sharPer focus, In

b ip 1pg I ca I analyses, the di st r i but ion
and concentrati ons of Kraft. mil 1 wastes were
translated into long-term toxic effects pn
recreational ly important fishes and inverte-
brates in Yaq~ina Bay. These effects, in
turn, were used to predict the reductions in
fishing success which would be associated
with each pf the disposal alternatives.
This procedure was intended to provide a
missing link between mter quality and the
quality of the r ecrsatt.anal sxpers.snoe,
i.e., we made a prior hypothesis that an-
gling success has a high degree of relevance
to the deci s i on f ramework o f an angler, and
that. this variable can be viewed as join-
ing transfer costs and family income as
important detertninants of demand. There is
no doubt that characteristics other than
angling success may also be part of the
bundle of quality attributes of a sport.
fishing experience. On the other hand, the
angli,ng success variable seemed both rele-
vant and easy to measure.



The fiemand model for sport fishing at
Yaquina Bay could then be fully specified
at:

Y = -418,755 + 209.537 X + 0.19870 X
1 2

 R = 0. 67! �5, 766! �. 08186!2

where

Y = total angler trips per year into
the offshore fishery, per 10,000 popu-
lation in Oregon,

X = average number of salmon taken per
1

angl er tr ip,

= real per capita income in Oregon.

The winchester Bay data were thought to
be appropriate for use in the Yaquina Bay
since much of the in-bay salmon fishing
effort is due to rough bar conditions which
prevent fishersen from fishing in the ocean
fishery.

ross- ect>on ata rom
Hypothetical Situations,

Angler Stratum a/
Time Series Data

Fishery s ort-run ong run

0. 37M
G.~d/

0 999-/ 0,00 �-25 miles, < $8,0GG!
0.00 �-25 miles, > 58,000!
0.52 �6-200 miles, < $8.000!
0.76 �6-200 miles, > $8,000!

Salmon

0.09b/ 0,66 �-25 miles, < $8,000!
0.95 �-25 miles, > $8,000!
0.66 �6-90 miles, < 58,000!
0.93 �6-90 miles, > $8,000!
0.88  91-200 miles, < $8,00G!
1.18  91-200 miles, > $8,000!

Hottomfish

0.80 �-25 miles, < $6,MG!
1.07 �-25 miles, > $6,000!
0.97 {26-200 miles, < $6,0GO!
0.54 �6-200 miles, > $6,00G!

e/Clam e/

Table 4: Estimates of "Success Elasticities", or the Expected Percent Increase in Angling
Effort Associated klith a 1.0 percent Increase in Fishing Success.

d/ Estimated for time periods of one week

ga Gata in parentheses indicate distance from angler's residence to Yaquina Bay, and
yearly family income.

gb Estimated for time periods of one day.

cJ Estimated for time periods of one year. e/ Estimates were not made

q~ f  P> I, I, S!>
2

where S represents angling success.
Measurement of the relationship s! between
angling success and quantity demanded  an-
gling effort! was accomplished in several
different ways. Time and space do not per-
mit a detailed explanation of the estimates
of "success elasticities"  Table 4! except
to say that they were derived independent-
ly of the demand models discussed earlier.
An example of the estimation procedure can
be shown for the offshore Winchester Bay
salmon fishery over the 19SZ-1964 period
with stands/ errors of the coefficients in
parentheses:

This equation revealed a positive, signi-
ficant relationship between angling effort
 Y and angling success  X !. It also made
possible the estimation ok a "success
elasticity" which indicates the expected
change ' angler effort associat d with

4 A s i ng le as ter i sk  *! af t er a vari ab I e
indicates that its coefficient was signifi-
cantly different from zero at the 0.05 level.
A double asterisk  "! indicates that the
coefficient was significantly different from
zero at the 0.01 level.
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got tomfish Salmon Crab

Existing:

$42,273 tl4.872 $5,674Ocean disposal..

Alternatives:

Toledo..... 36,266

31,590

38,751

5,6743,955

HcLean Point....

Toledo-Ocean....

10,990

'l0,488 5,674

Table 5; "Willingness to pay" for the Three Fisheries.
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a unit change in angling success, holding
all other variables constant.. An elastj
city of +o. 999 was computed from this
equation, indicating that a lpga increase
in angling success would induce an increase
in angler effort of 9.99't.

At this point, an appeal to intuition
may be helpful as a partial substitute for
detailed discussion of our subsequent metho-
dology. Earlier, we had  in effect! asked
"What would anglers be willing to pay for
sport fishing in a relatively unpolluted
Yaquina Baygo pur estimate of this value
was $62,819 per year, or the sum of the
areas under the three demand curves. At
this point, we  in effect-! asked "What
would anglers be willing to pay for fishing
if water quality and fishing success were
to decline?". The intuitive  and appro-
priate! response is "...less than before".
The demand function  or the schedule for
willingness to pay! could be expected to
shift to the left with lower levels of
angling success. T"is says that a less-
er quantity of angling would be taken at
any given increase in price above the pre-
vailing  zero! price for fishing. Con-
versely, it says that anglers would be
willing to pay less for any given quantity
of angling effort. As the demand for an-

5The estimates of "success elasticities"
were used to reduce the values of the
quantity variables  in the original de-
mand equation! according to the disposal
alternative and the co~sequent reduction
in angling success. Leaving transfer
cost and income variables unchanged, new
demand equations were estimated which re-
vealed "willingness to pay" corresponding
to each disposal alternative. For further
detail, see Chapter Vl in Stoevener, et. aL.
�972!.

Thousands of Visitor Days

Figure 6. Demand for Bottomfish Ang-
ling at Yaquina Bay

gling shifts to the left with lower levels
of angling success, the area under each of
the demand curves  or the willingness to
pay! becomes smaller  Table 5!.

Having deri.ved measures of willingness
to pay for each of the three fisheries in
the abeenoe of wat:er pollution and in the
presence of varying degrees of water pol-
lution, the potential direct benefit
associated with a particular waste dis-
posal alternative is synonymous with the
difference in areas under the two d~
curves  Figure 6!. It can be seen from
Table 6 that the largest benefit, $20,259
per year, would be associated with dispos-
al of the pulp mill effluent at HcLean
point, mid~ay between the pulp mill and the
ocean. Two factors account for this. If
the mill wastes were released at HcLean

Consumer Sur lus or Millln ness to Pa



Reduction in Consumer Surplus or
Will1n ness to paDisposal

Alternatives Sa monottl&l 1s am

Toledo............. $10,9176,007

McLean pofnt... 10,683 3,882 5,674

Toledo-Ocean.. 3,522 4,384

Table 6: Direct 6enefits Per Year Associated With the Three Disposal Alternatives.

lÃDLBECT ZCOiVQI2'C EFFECTS UPON THE
CPOIWZI'X OF THE yAQUIPA RAT SPOHT
FI'SERIES
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Point, the damage to the down-bay bottom-
fish fishery would be greater than for the
other two alternatives. Also, the McLean
Point outfall is in the isaaediate vicinity
of the clam beds. As a consequence, waste

We allualed earlier to another measure of
economic value which might result from the
existence of the sport fisheries at' Yaquina
Bay and which might change with varying
levels of activity in these fisheries.
These are indirect effects associated with
expenditures made by fishermen in the local
area. Fishermen may purchase food, gaso-
line, fishing tackle, etc. in Wewport in
conjunction with their fishing trips to
Yaquina Bay. Businessmen directly sup-
plying recreationists with these products
benefit from the latter's expenditures.
Moreover, a portion of the increase in the
incomes of these businesses is spent again
locally, for example, to hire laborers or
to purchase supplies. This permits another
series of beneficial effects to be recorded.

If an economy were completely seif-
sufficie~t, and if individuals and business-
es would not retain any of the income in-
creases for savings, the chain of benefi-
cial effects would continue forever; the
"multiplier" would be infinitely large.
Under actual conditions the size of this
multiplier can have a considerable range.
High values are often cited by those with
great expectations for the community impact
of a certain resource development plan. As
we think about this phenomenon it beccmes
clear that the size of the multiplier of a
certain type of expenditure depends largely
upon the geographic size of the area and its
economic complexity. In general, a smaller
area anaL one which has a relatively simple
or highly specialized economy depends much
more upon imports than does a larger more

complex economy. This means that the sec-
ond and subsequent rounds of expenalitures
are at least partially made outside the
local area. From the local area's point of
view they represent "leakages"; the flow of
funds within its borders becomes int'errupt-
ed and no further beneficial effects will
result.

Beyond these considerations then, the
size of the multiplier is an empirical
question, i.e,, we need to measure it. In
our study we used a measurement technique
commonly known as "input-output analysis".
Without going i nto many details of the meth-
od, let us indicate that this technique is
capable of describing an economy's struc-
ture in considerable detail. It depends
upon a classificati.on of the activities in
the economy, generally by industrial sec-
tors, and obtaining the value of the flow
of goods and services among these sectors
and between them and the rest of the world
as well. In our case we set up a classifi-
cation of 16 local sectors. Personal in-
terviews were conducted with a sample of
about. two hundred businesses and a similar
number of households to ascertain the flow
of' goods and services within the economy.
Table 7 shows the result when the sample
data were expanded to the relevant popula-
tion. The numbers in Columns 1-16 repre-
sent inter-industry purchases. They are
the sales made by the sector listed on the
left to the sector whose number appears at
the top of the column. For example, the
entry in the 6th row and 12th column indi-
cates that an estimated $300,000 worth of
goods were sold by the Fisheries sector to
the local Wholesale and Retail  product-
oriented! sector. The column labeled
"Final Demand" depi.cts the remaining sales
by a sector; in this case they reflect
mostly exports.

Now making the simplifying assumption
that a sector's requirements in terms of
goods and services from another sector are
a linear function of the first sector's
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level of output, a direct coefficient mat-
rix  Table 8! can be calculated. The
entries in this table are referred to as
"direct coefficients", because they indi-
cate the direct output response required
in the sector of the row when the output
oF the sector of the column changes by one
unit. For example, the entry in Row 12 and
Column 4 indicates that, as sales in the
Cafes 5 Taverns sector increase by one dol-
lar, an additional 18 cents will be pur-
chased from the Other Product-Oriented
Wholesale 5 Retail sector.

The final operation which is required
is an inversion of the matrix just dis-
cussed in order to obtain the indirect
coefficient matrix  Table 9!. Unlike the
direct coefficients, the entries in this
table portray not only the direct impact
upon a sector' s output when production in
another sector increases by one unit, but
they include the effects of all of the econ-
omy's interrelationships as described by the
model. For example, the coefficient in Row
12 and Column 4 indicates that sales in the
Other product-Oriented Wholesale 8 Retail
sector will increase by an estimated 32
cents fox' each dollar increase in output of
the Cafes 8 Taverns sector. This effect is
due not only to the direct relationship
between these two sectors, as described by
Table 8, but it also reflects the fact. that,
as a result of its output change, Sector 4
made purchases from sectors other than 12.
The resulting increases in output by these
sectors, as well as by Sector 12, led to
additional purchases from Sector 4. The co-
efficient 0.31995 is an estimate of the ef-
fect of all of these direct and indirect
inter-dependencies in the economy.

The sums of the columns of interdependence
coefficients presented in Table 9 are oF spe-
cial interest. These are our estimates of the
"multipliers". They indicate the total effect,
in terms of the economy's output, resulting
from a one dollar change in the final demand
faced by the industry of the column. For ex-
ample, an increase  decrease! of one dollar
in the final demand of the Cafes 4 Taverns
sector  Column 4! will generate an estimated
additional increase  decrease! of $1.18 of
output in the economy. We note that the
multiplier of actor 3 is the largest �. 06! .

The coefficients in the Households row
{16j have special significance of their own.
Ultimately, we wish to ascertain the effects
of some external incident  a change in final
demand related to the water quality change!
upon the incomes of the private individuals
in the area who provide labor, capital and
management inputs for the operation of the
local economy. These effects, even though

they are closely correlated to the size of
the multiplier, provide a better measure of
the change in the economic well -being of the
residents of the area, than do the multi-
pliers. After all, the latter measure gives
an indication only of the change in the to-
tal volume of sales in the area.

Our survey of recreationists indicated
that sportsmen spent approximately 	54,000
annually in the area. When these expendi-
tures were allocated to the various sectors
in the input-output model and the multi-
pliers applied t.o them, they explained a
total of $317,000 of sales in the economy.
Similarly, using the coefficients of the
household row, they accounted for approxi-
mately $59,000 of household incomes.

But how do these measures change when
water quality, fishing success, and fishing
effort change", 'lo estimate these numbers
the same procedures are used with the in-
put-output model, but the initial expendi-
tures are adjusted to the level expected to
result from tho estimate of lowered fishing
effort. Table 10 presents the results.
These results are further summarized in
Table ll, If we changed from the present
method of waste disposal to those indicat-
ed in the Table, household incomes would
change by as much as $18,000 annually.

These estimates are subject to a number
of limitations. First, they are based on
all of the estimates discussed earlier.
Hence, any errors in those estimates are
also contained in these. There are, how-
ever, additional limitations to be mentioned
here. Students of' input-output techniques
have generally agreed that models of the
type employed here are most appropriately
used to describe the existing structure of
a regional economy. They are less well
suited for the analysis of the effects of
significant changes imposed upon the econo-
my from the out.side. Such models can only
portray the impact of these exogenous vari-
ables within the existing economic structure,
which is determined by the trade relation-
ships existing before the economic change
occurred. In othe~ ~ords, such influences
as changes in factor or product prices which
are likely to affect the existing trade
relationships cannot be reflected in the
model. The application in this study re-
quired, of course, that prediction of the
consequences of exogenous changes, namely,
variations in the levels of recreational
expenditures. Perhaps there is one amel-
iorating circumstance: as indicated earlier,
the effects analyzed here involve propor-
tionately small variations in the levels of
final demand. Hence, required changes in



trade relationships are also likely to be
small,

Dis osal Alternative
Sector Toledo or

McLean PointOcean Toledo g Ocean

Lumber, Pulp 6
Paper. 1,163 818 $972

Al 1 Other Ma nu f a ctu r i ng... 605724 5D9

Hotels, Motels, Trailer
Parks. 17,371

19,722

20,623

23,437

24,669

Cafes A Taverns........... 28,037

Marinas 8 Mari ne
Supplies......,, 47,782 33,61'I 39.943

1,453 1,7272,066Fisheries..

Service Stations,
Automotive Sales 8
Repairs...,......... 35,7]842,742 30,059

Communi cati ons,
Trans porta ti on .. 6,062 7, 2038,616

3,0253,619 2,546Professional Services....,

Banks 6 Loan Agencies..... 3,6053,0354,3'I 3

6,2375,2517,461Construction...........

Other Product-Oriented
Wholesale A Retail.... 53,07044,66363,482

Other Service-Oriented
Wholesale 5 Retail.. 15,74013,25018,827

1,586 1,3261,116Agriculture..

2,4492,930Government...

49 619

$265,299

41 965

$223,293

59 380kouseholds,....., ~ ~ ~ ~

...,,. $317,397TOTAL..

Table 10: Effect of Sport Fishing Expenditures upon Total Sales, by Disposal Alternative and
Sector, Using input-Output Analysis.
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Another source of error which is also
difficult to assess is contained in the data
used for the construction of the input-
output ~odel. As was indicated, part of
the data was collected through sample sur-
veys. The effects of sampling errors in data
collection for input-output models are dif-
ficult to quantify. No attempt at formal

quantification was made in this study. Fur-
thermore, on the basis of a subjective
evaluation, the various primary and second-
ary data sources did not seem to be of uni-
form reliability. Data from various sources
had to be combined and reconciled with one
another. It is likely that these processes
involved errors of judgment. The only pos-
sible checks on the extent of these kinds of
errors is the comparison of the results from
this study with those obtained from other



Effect UponDisposal Alternative

Household Incoaea
Total Sales

Toledo and Ocean...........,...
$9,761

17,615

$52,098

94,104
Toledo and NcLean Point,......,.

grown, W. G., F. H, Nawas and J . g. Stevens-
1972, The Oregon big game resource: An
economic evaluation, Ore. Agr'. Exp. Sta.
Final Proj . Rep.

studies. One such comparison was made.
Generally, the multipliers estimated by this
model were consistent with those obtained in
the other application  gromley and Stoevener,
1968!.

gurt, W. V. and L, D. Marriage, 1937 '
Computation of pollution in Yaquina
estuary. Sewage and Ind. Wastes,
29:1385-1389.

Rut even beyond these considerations there
is the question of relevance of the indirect
benefits. We have seen that the size of the
multipliers is largely a function of the com-
plexity and geographic size of the economy to
which they pertain. If this is so, one may
justifiably ask: uWhy not increase the size
of the study area and thus enlarge the quan-
tity of the indirect benefits?" Without
carrying this az'gument to the extreme one
could easily justify considering this ques-
tion in the context of the national economy.
gut doing so would require our facing up to
another issue. From the national viewpoint
thus adopted, are these benefits real7 Is it
not possible tluat tha expenditures made by
sportsman in tha Yaquina Bay area might have
been made elsewhere leading to the sama bene-
ficial effects on the national economy'P We
can only give an affirmative answer to the
second question. However, we have estimated
these effects because knowledge of them not
only sheds light upon some aspects of the
local debate about water quality management,
but it is also useful for the analysis of
loca! institutions for water quality manage-
ment, In the comprehensive publication on
our project which was mentioned earlier, we
report on this subject, It is anot'har ele-
ment lending gener'ality to our work in tha
specific problem setting of Yaquina gay.
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Pacific Northwest Coastal Zone Management
as it Relates to Estuary Protection

4Iilbur B. Ternyik, Chairman, Oregon
Coastal Conservation and Development
Cosssissi on and Cozsnissi oner

Port Siuslaw, Oregon

First, let me say that I firmly believe
that the only complete protection for
Oregon's estuaries is through coastal zone
management. The opinions expressed in this
talk are to be considered ay owm and not
construed as policy for any group of which
I am a member.

At a meeting in Newport, Governor McCall
asked the coastal people to form a coordi-
nating council or committee, the purpose
being to coordinate the local planning
efforts into one coastal zone plan . After
this initial request, which received varied
reactions, we, on the coast, did form the
Oregon Coastal Conservation and Develop-
ment Committee, This initial effort was
ccmprised of 24 members, including one
county commissioner, one port commissioner
and one elected city official from each
of the seven coastal counties.

It was determined that there were scme
208 governmental bodies  including federal
and state agencies and local units of
government] that have traditional and/or
legal interests in the management of the
coastal zone. A substantial part of
Oregon's coastal zone management problem
arises out of the interagency conflicts
over jurisdiction. Added to this is a
maze of duplicating mandates in planning
on both the federal and state level . It
became apparent that one of the first tasks
requisite to a rational management of coastal
resources was the determination of just who
was to call the shots in the role of coordi-
nation. Xt is, however, neither necessary
nor desirable for all power relating to
coastal zone management to be vested in one
state agency. The need was for the designa-
tion of one state agency as the "lead agency",
with authority to coordinate a coastal zone
~ anageaent program. Such an agency came
into being with the passage of our own bill,
Sg 687, by the Oregon Legislature,
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Witness the recent "Keystone comedy" act
that went on in the Siuslaw estuary. A poor
uninformed citizen thought he had the right
to fill his own land just because he paid
taxes on it. Local Port complained because
material being used  stumps! was objection-
able. Local State biolagist did nothing,
saying he was a friend. Then State agency
No. I plus Federal agency inspected the fill
and threatened court action if corrective
measures wex'e not taken, whereupon indignant
property owner outlined, in letter form,
his intent to ccmply with detailed plan of
action. Back came a letter of glowing praise
for his spirit of cooperation. Next, while
waiting far a favorable tide, another threat
of court action -- all because he did not
have a permit to filI. So with two pieces
of equipment he set out to remove the
illegal portion of the fill. Two days later,
before he could finish, up pulled state
agency No. 2 and demanded he quit remaving
the fill until he had legal permit for
removal. How easy all of this would have
been if there had been a state inspector
stationed on the coast.

In writing our bill, we tackled the prob-
lem of what actually is the coastal zone in
Oregon . Keeping in our minds that estuary
protection was our first priority, we sought
the answer. Two of us had toured several
Bast Coast states where initial coastal zone
management started. In some states, it was
apparent that the coastal zone had been
drawn with political subdivision boundaries.
This resulted in jigsaw puzzle maps that, in
my opinion, had very Little to do with sound
comprehensive planning.

To further' complicate things ~ Senate Sill
296 was introduced as an estuary protection
proposal. This bill defined the coastal zone
as a very narrow rona bordering the actual
estuaries. This closely resmabled tha San
Francisco Say Plan. I had been in touch with
the Say Area Group for several months.
asked tham why they didn't design their pro-
gram to include more of the estuary. The
answer given was that they had included all
that was politically possible at the time.
An expression of envy was apparent for
Oregon's chance to do better,

After looking at the past track records
in other states, we took the step we felt
was necessary to get the job done. Our defi-
nition of the coastal zone in Oregon was fraa
the top of the Coast Range to the three-mile
limit offshore. Without controlling the
entire watershed of any given estuary, little
can be done to protect that estuary.

A simple example, in layman's Language.
might be one's own bathtub. Consider ~"
miniature estuary and set up hard md fast
rules about keeping the edges clean. Then
ignore the incoming water -- wat'er that could
be half silt, such as some of the wintertime
estuary streams and rivers The results are
the same -- a bathtub full of mud and a dying
estuary. Sedimentation is currently the
largest single threat to Oregon's estuaries-

Then came U.S. Senate Bill 582, providing
federal funds to a coastal zone state for
planning purposes. The arbitrary inlmd
extent for study purposes in this bill was
seven �! miles inland from the high tide
line at the ocean. Almost all of Oregon's
estuaries extend beyond this seven mile
bou~dary. Realizing that if this federal
bill became law we would be stymied with
unrealistic boundaries, we sought help.
I contacted our attorney, who suggested proper
language for an amendment. This was then
forwarded on to Senator Hatfield who modi-
fied aur proposal. The Senator was responsible
in passing the following amendment:

"...provide that where section or inland
boundaries divide an existing local, region
ar state political subdivision, or planning
unit, the state may, for the purpose of thi s
act, include the entire political subdivision."

This, in effect, makes the matching funds
available for out' entire coastal zone planning
effort as we designed it. We feel this was
a major amendment to the bill. Another
Hatfield amendment to the bill was that the
local unit of government must be consulted as
the planning process in going an.

With the passage of our bill, we became
a state cammission and, officially, a state
agency. The make-up of the Commission was
changed to 24 elected coastal officiaLs plus
six Governor's appointees representing state-
wide interests. Fears of outside inter-
ference were soon laid to rest by the
caliber of people the Governor appointed.
Their outside look at aur daily problems
has proved invaluable. However, the
Willamette Valley people seem to share our'
distrust of outsiders in their planning
efforts. After considerable chiding, they
did appoint one coastal person to their
planning efforts. Unfortunately, the
statewide interest people did not gat
backed up with statewide funds. At.
present, our Cmmaission is operating
entirely on county and port donations.



Our legislative mandate as I interpret
it is to prepare a coordinated compre-
hensive natural resource use plan for our
coastaL zone by 1975. This plan is to
contain policy statements and standards for
all resources within the coastal zone of
Oregon. This plan is to be in the form of
a legislative proposal so that implement-
ation can be insured.

To accomplish this task the full cooper-
ation of state and federal agencies, as well
as local units of government, will be needed.
In addition, a massive citizen involvement
at the outset is essential. The OCCBDC also
will have the opportunity to identify and
possibly ask for interim solutions at the
1973 Legislature.

The estuary is an ever-changing, complex
living thing requiring a very delicate man-
agement program. This program should be
based on hard technical facts, as opposed
to emotions. An in-depth search on past case
history is essential to avoid interim
mistakes that could cause severe damage.

Just as the estuary is an ever-changing
unit of life, so is the human population that
Lives around it. Times are changing very
rapidly with the somewhat new awareness of
our environment, people are becoming active
and are running for positions on local units
of government on the coast. They want to
become involved at the decision-making level.
They want a hand in forming policies, goals
and standards that affect their way of life
today, as well as their future generations.
I believe the majority of the user population
is truly concerned with the wise use of
Oregon's natural resources in the coastal
zone.

Mast of Oregon's estuaries are now util-
ized on the multi-use concept. This is due
to the proximity of vast supplies of standing
timber and tremendous recreational potential,
both of which are now essential in order to
maintain a year-round economic balance.
However, the Willamette Valley's population
explosion is putting a heavy boating demand
on all Oregon estuaries and their fishery
resources. The tourist industry, highly-
touted as one of our finest and cleanest
industries, grows only with more and more
people. This, in turn, creates more severe
problems for local service districts.

At this point in time, Oregon can be
proud of its coastal zone. This should be
credited to former local officials who ran
the counties, ports and cities, as well as
the state legislators. In recent times,
such actions as ports having state natural
resource agencies pick all dredge spoil sites
is realistic. Passage of SB 224 adding fills
to state permit systems is a step in the
right direction, However, wetlands and
marshlands are, as yet, unidentified and
unprotected.

The permit system as a tool for protect-
ing areas of critical environmental concern
is very weak. The man or firm applying for
a permit for, say a development on a sand
spit, agrees in advance to work according to
rigid guidelines set down by the permit
authority and so is granted a permit. Now
then, during the course of construction,
after having opened up 40 acres of active
sand, he goes broke, so he says good-bye
and returns to California. The resource has
been damaged and there is an open ~ound
which, in turn, can spread and damage the
estuary. Without some kind of performance
bond requirement to go with the permit system,
wholesale damage may result. 'Ihis require-
ment should be mandatory and the amount
adequate.

With the help and cooperation of people
like Kess Cannon, Hal Brauner, Governor McCall
and many others, the OCC5IK will complete its
legislative mandate on-time. The develop-
ment of policies and standards based on the
carrying capacities of the natural resources
should insure the protection of the same.
Our job will also be made easier because of
one of the finest Marine Science Centers in
the United States, the OSU Marine Science
Center at Newport, Oregon.

On behalf of our entire Ccaaission,
can assure you we will continue to pursue
our legislative mandate. This pursuance
shall continue through and including the
OVerall implementation Of this wOrthwhile
program.


