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Gent | enen:

Pursuant to Senate Joint Resolution No. 6, 1961 Sessi on,
California State Legislature, there is hereby transmtted to you a
report entitled "I nvestigation Into Methods to Control A gae in the
Klamath R ver Basin."

Excessive algal growth in the Klamath R ver Basin is a natural
phenormenon that has been present for nmany years. The life cycle of al gae
is short. They have a tendency to grow rapidly during the daylight hours
and die during the hours of darkness. During the period of growth al gae
give off oxygen to the water and as they die and start to deconpose they
consurme oxygen fromthe water thereby depleting the oxygen content of the
water. As a nass of dead al gae deconposes, it produces obnoxi ous odors
to the extent of creating a nuisance. Extensive studies in progress
t hroughout the world seek nethods of controlling this algal growh.

Al though the al gae problemin the Klamath R ver Basin has been
present for many years, recreational use of the streans in the Kl anath

R ver Basin nakes the problemincreasingly nore evident. Wth the increased

use of the streans in the Klanath Rver Basin and nore particularly the
nain Kl amath R ver, nore people are becom ng aware of the nui sance probl em



Pursuant to Senate Joint Resolution No. 6, 1961 Session, California
State Legislature, and requests fromthe Water Pollution Control Agencies in
both the States of California and Oregon, the Klamath River Conpact Commi ssion
has made a study of the problemto determne what action could be taken to
expedite the devel opnent of some nethod of control. The report attached
hereto is the result of this investigation and is submtted for your Infor-

mati on and consi derati on.

Sincerely yours,

.
F ST T == - .
e\ Cm v

e & W;/;_f_f_,M C:t s

A E Kuiper
Executive D rector

At t achment



| NVESTI GATI ON | NTO METHODS TO CONTRCL
ALGAE IN THE KLAVATH R VER BASI N
Pursuant to Senate Joint Resolution #6, relative to pollution of
the Klamath Rver, California State Legislature, 1961 Session, which is
quoted in part as foll ows:
"Resol ved by the Senate and the Assenbly of the State of
California, jointly, THAT the legislature of the State of
California respectfully request the United States and the
State of Gegon to Join with the State of California in
conducting a cooperative study of the problemexisting on the
Klamath Rver;..."
and letters fromthe State Water Pol | ution Control Board of California and
the Oegon State Sanitary Authority of O egon dated June 22, 1961, and
June 28, 1961, respectively, the Klamath R ver Conpact Commi ssi on has under -
taken a cooperative study of the pollution problemin the Klamath R ver Basi n.
The pollution problemin the Klamath R ver Basin, resulting from
extensive growh of blue-green algae, first came to the attention of the
Klamath R ver Conpact Comm ssion during negotiation of the conpact. At that
tine the two state commissions supported a study of the problemfromJuly 1,
1955, through June 30, 1956. Subsequently, fromJuly 1, 1956, through
June 30, 1958, the study was supported jointly by the Klamath County Court,
the Aty of Klamath Falls and the Kl amath County Chanber of Commerce. The
study period was extended through a fourth year to June 30, 1959, at a sone-
what reduced rate of support. The study was confined in a large part to
Kl amat h Lake, although there is also an al gae problemat tines in Copco Lake
and Klamath River, and to a | esser degree its influent waters. A brief

study was al so made of the reservoirs and natural |akes in the surrounding

territory and the extent of the pollution in the Klamath R ver was det erm ned.



The principal points that were investigated vere biol ogy of the al gae bl oom

distribution of the bloomin the Kl amath Basin, chenmstry of influent waters,
effect of the al gal population of the effluent waters, distribution of bl oom
organisns in the area, detrinental effect arising fromthe presence of the

bl oom popul ation including the aesthetic problemand the oxygen relations and
control of the bl oom

During the investigation it was |learned that the physical features
of the |lake are ideal for production of algae. The great area of the |ake
provi des an extensive trap for the conversion of radiant energy i nto pl ant
material. The shallovness of the |ake provides the possibility of nearly
constant circulation of rawmaterials and organi sns between top and bottom
This constant circulation and the uni formtenperature fromtop to bottom of
the | ake corbine to nmake nutrient released fromthe bottomby deconposition
alnost immedi ately available to the algal plants.

It has been concluded that the limted funds that were avail abl e
for this four-year study did not permt sufficient investigation to arrive at
definite conclusions that coul d be submtted with respect to control of the
algal growth in the Klamath R ver Basin.

Senate Joint Resolution #6 by the California State Legislature was
consi dered and di scussed by the Kl anath R ver Conpact Commission at their
regul ar nmeeting on June 29, 1961. Representatives frompublic agencies and
local interests were invited to attend and participate in the discussion of
the algae problem It was at this neeting that the California State Water
Pol l ution Control Board and the Oregon State Sanitary Authority requested
the Klamath R ver Conpact Comm ssion to coordinate any studies that m ght

be devel oped with respect to SIR 6.
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The comm ssion arranged for the convening of a neeting of interested
agenci es and technical people in the field of water quality to discuss the
algae problemin the Klamath R ver Basin and to devel op one or nore approaches
to carry out the Intent of Senate Joint Resolution #6. Subsequent meetings
wth interested agencies and technical people in the field of water quality
participating were held to discuss the algae problemin the Klamath R ver
Basin and avail abl e published data with respect to blue-green al gae were
reviewed to obtain a better understanding of the problem This was foll owed
by a public neeting on Cctober 10, 1961, for a thorough di scussion of what
action could be taken. Technical experts were also invited to this meeting
to assist the commssion in obtaining informati on and background.

The meeting was held in Klamath Palls on Cctober 10, 1961, and
vari ous ways of proceeding to investigate the Klamath R ver al gae probl em
were discussed. It was finally concluded that with such a conpl ex probl em
the next step should be to arrange for the convening of a panel of experts to
di scuss the problemand submt recomrendations to the comm ssion on what action
coul d be taken. The neeting was arranged and a panel of experts was assenbl ed
in Corvallis, Cegon, on February 19 and 20, 1962, consisting of:

Dr. T. Ednondson, Dept. of Zool ogy, Univ. of Washington, Seattle
Dr. C G &lueke, Dept. of Sanitary Engi neering, Univ. of Calif.,
Dr K. Phinney, Dept. of Botany, Oregon State Univ., Corvallis
Dr E. Warren, Dept. of Fish and Gane Managenent, Qregon State
., Corvallis
M. J. H Wales, Dept. of Fish and Game Management, QO egon State
Univ., Corvallis
M. J. N WIlson, U S. Public Health Service, Portland
A report on the discussion by the panel was submtted by Professor Harry K

Phi nney, dated March 12, 1962. A copy of this report is attached hereto as

Attachnent A for your I|nfornation.



The purpose of the neeting was to devel op one or nore approaches to
carry out the intent of Senate Joint Resol ution #6 approved by the 1961 session
of the California State Legislature. The paragraphs that followare submtted
in consideration of this objective, and summari ze the di scussion by the panel
of expert8 at Corvallis on February 19, 1962. The follow ng points are called
to your attention

1. Chenical treatment to control algae in the Klamath R ver

Basin woul d not be econonically feasible and woul d be extremely
dangerous. The risk of extensive damage to ot her resources within
the basin would be very great.
2. perations being carried on throughout the world by other
agencies in an attenpt to control blue-green algae are so extensive
that any contribution that night be nmade by an investigation that
could be financially supported by the comm ssion would be relatively
m nut ee
3. To take advantage of possible future discoveries in the
field of chemcal control agents, two types of information would
be required: (1) an economc study to establish the benefits to
be derived fromcontrol and (2) a chemcal and biol ogi cal character-
ization of the |ake to detern ne whether future chem cal discoveries
permtting control of blue-green algae would be applicable to the
problem In the Kl amath Basi n.

4. Control of algae by introduction of biological agents

i ncl udi ng daphnia is not feasible.

.



5. Harvesting of algae would require processing the total
flow of the river if control was to be effective to any appreci abl e
extent. Research has shown that an al gae concentration equival ent
to 200 or 300 parts per mllion of solid is required before
harvesting is economcally feasible. K amath R ver waters have
a much lower concentration than this. Al so the blue-green al gae
in Klamath R ver has a potential toxic elenent that woul d be
adverse to marketing the harvested product.
6. The vast area that is infested by al gae in the Upper
Klamath R ver Basin and the physi ography of the area nake it
infeasible to control algae by elimnation of the nutrient from
the Klamath R ver Basin water.
7. The control of algal production by artificially reducing
the light penetration in the Kl amath Lake regi on was consi der ed.
It was concluded that in addition to the danger of the adverse
effects such as increase in water tenperature, the cost of an
operation of this type woul d exceed those of control with chenicals.
After a thorough di scussion of the above seven itens, during which
other nmethods of control were touched on briefly and di smssed as being
inmpractical, the discussion turned to what could be done at the present tine
with respect to algae in the Klamath R ver Basin that woul d be constructive.
The panel considered that there were two types of information that were needed..
e was an economc study to deternine the val ue that woul d be obtained by
controlling al gae growth and the other was a study of the algae condition to

| earn enough about it so that when control neasures are discovered by other



research prograns that are being carried on, it could be readily determ ned
whet her the control could be applied in the Klamath R ver Basi n.

The Kiamath R ver Conpact Cormm ssion concluded that in general they
concurred in the findings of the panel of experts. However, they felt that to
make an econom c study of the benefits that could be derived tramcontrolling
algae In the Klamath R ver Basin at this tine would be premature. This type
of study would be nore practical when nore Infornation is available on the
physi cal effects and extent of control of the al gae.

A general |1 mologlcal study to characterize the Kl anath R ver
dr ai nage basin both chemcally and biol ogically would be beneficial. It
was noted that the Executive Board of the Vter Resources Research Institute
at Oegon State University has such a programunder consideration at the
present tine. It was also indicated by the panel that to operate effectively
such a study should be supported by a national Institute of Health or a
Nati onal Science Foundation grant.

It was concluded by the conmssion that the appropriate action to
be taken at this tinme would be to support the proposal of the Executive Board
of the Water Resources Research Institute at Gregon State University to
establish a cooperative study to exanmine the fundanental |imol ogy of the
entire K amath drai nage system It was further concluded that if and when a
nethod of control of algae is devel oped, the Klanath R ver Conpact Commi ssion
agai n consider the possibility of an economc study to determne the benefits

to be derived fromsuch control of algae in the Klamath R ver Basin.

At t achnent



CREQON STATE UN VERSI TY Corval lis, Cegon

School of Science March 12, 1962

Klamath R ver Conpact Conai sslon
A. E. Kuiper, Executive Drector
P. 0. Box 388

Sacranento 2, California

Cent | enen:

Pursuant to the request of the Conpact Conmission, a panel of
experienced aquatic biol ogi sts was convened at Corvallis on February 19t h.
The purpose of this meeting was to di scuss possible future action that night
be taken by the Commission with respect to the probl emof over-abundant
production of blue-green algae in the waters of the Kl amath R ver drai nage
basi n.

Present at the neeting on February 19th were:

T. Ednondson, Dept. of Zool ogy, Univ. of Washi ngton, Seattle

G Col ueke, Dept. of Sanitary Engineering, Univ. of Calif., Berkeley

K. Phinney, Dept. of Botany, Oegon State Univ., Corvallis

H Wil es, Dept. of Fish and Game Managenment, QOregon State Univ., Corvallis
E. Warren, Dept. of Fish and Gane Managenent, Qregon State Univ., Corvallis
N.

W
(&
H
J.
C
J. Wlson, U S. Public Health Service, Portl and

PR A

Representing the Commi ssion were:

M. 0. L. Abbott
M. A E. Kuiper
M. Lewis Stanl ey
M. C L. Weeler

The maj or portion of the discussion was conpl eted on the 19th; however,
further consideration of the extent and formof these recommendati ons occurred
at a meeting of the panel of consultants on the 20th. Belowin brief form
omtting the detailed discussion, is the consensus of the panel.

|. Chemical control of the producti on of al gae.

A Chemcal treatnent of Upper Kl amath Lake and of the marshes draining
into the Lake with any of the known chem cal naterials would appear to be not
only uneconomc, but in the present stage of know edge of the chemstry and
bi ol ogy of the basin, extremely dangerous. The probability of extensive damage
to the resource arising frominjury to desirable organisns living in, on, or
about the Lake, or to organisns receiving water through the irrigation system
is very great.



B. It was concluded that the contribution that night be nade by
the Comm ssion by supporting intensive investigations designed to discover
a suitable chemcal control agent is extrenely problematical and woul d
noreover be dwarfed by the extensive parallel operations al ready sponsored
by a nunber of other agenci es.

C It was further concluded that it will be necessazy to have
two types of information in order to take |mmedi ate advantage of possible
future discoveries in the rapidy devel oping field of chemcal control
agents. An economc study is needed to establish the economc necessity
for, and the benefits that would be derived from any type of control
problem In addition a chemcal and biol ogi cal characterization of the
Lake is needed to allow intelligent selection of agents that mght be
avai | abl e.

II. Control of algal production by the introduction of biological agents.

A The al gal problemhas existed in Upper Kl amath Lake for a
consi derabl e nunber of years without any evidence that any bi ol ogi cal agent
can rmake a significant reduction in the nunbers of nui sance organi sis.

B. The suggestion that Daphnla, introduced in |arge nunbers, m ght
effect a reduction in the popul ati on of Aphani zonenon is definitely contra-
indicated by three observations.

1. Daphnia has |long been present in the Lake and there is no
evi dence that they presently exert a control on the nunbers of nuisance
or gani sns.

2. Research el sewhere has shown that Daphnia is unable to
ingest the filanments of Aphani zormenon effectively.

3. If there were an aquatic organismliving in this kind of
wat er anywhere in the world, successfully utilizing these blue-green al gae
for food, it is to be expected that they woul d be known and put into use by
NOW.

Ill. Renoval of the al gae by harvesti ng.

A It nmust be pointed out that harvesting the al gae fromthe |ake
wat er woul d nmake but a very mnor reduction In the quantity of algae in the
Lake and in the Rver, and only if the total outflowwere processed woul d the
problembe alleviated to any extent in the R ver.

B. Research has proven that the cost of equipnent and power dictate
that to harvest algae for an aninmal feed suppl enent the al gae nust be present
at a concentration equival ent to 200-300 parts per mllion of solids to all ow
their separation by centrifugation. As this concentration exceeds the naxi mum
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occurring in Kl amath Lake by several tinmes, and since the organisns in the
Lake possess a denonstrable toxic el ement, the product woul d be of necessity
cost nore to harvest and woul d not have the market val ue to make harvesting
economc at the present tine.

V. Control of algal productivity by elimnation of nutrient.

The opinion of the panel was that the diffuse nature of the nutrient
sources mlitates against the successful application of this approach. 1In the
cases where this nethod has been successfully applied the sources of enrich-
nent have been man nade, easily defined and easily intercepted. In fact, they
were det ected because the normal ecol ogy of the |akes in question was being
disturbed. In Kl anath Lake this approach, even if otherw se feasible, promses
to interfere with the natural high productivity of the basin and could result
in severe econom C repercussi ons.

V. Control of algal production by artificially reducing |ight penetration.

A discussion of the possibility of reducing light penetration by
) introduction of dye materials, 2) introduction of inert suspended solids,
and 3) stirring the bottom sedinents, led to the conclusion that in addition
to the danger of such side effects as increase in water tenperature to be
expect ed from such operations, there is a very great probability that the
costs woul d even exceed those of control with chemcals. The consensus was
agai nst recommending a study of this type of control.

The discussions of the panel nade it clear that if the Conpact
Comm ssion feels conpelled to enbark on a programto investigate the Lake
and/or the feasibility of methods of algal control it shoul d be understood
that in the present state of know edge the studies would have to be supported
for a period of a good many years at a |level of approxinately $50, 000 a year
without any real promse that control would be forthconing.

Fol 1 owi ng the di scussion of these proposals the attention of the
panel turned to consideration of recommendations for positive action that
coul d be placed before the Conpact Comm ssion.

I. An economc study of the water resources of the Kl amath drai nage.

Repeat edly during the discussions of the panel the desirability of
an econom c study was enphasized. There is a necessity of placing in proper
perspective the present and projected valuations that can be assigned to the
resource in its various applications.

The know edge to be obtained fromsuch a study woul d be of great val ue
(I') in the deliberations of the Conpact Commi ssion and other government agencies
concerned with the desirability of, or economc necessity for, support of studies
of methods of control; (2) in deternmining the econonic feasibility of any contro
programthat mght become available in the future; (3) in establishing the
changes in the value of the resource that would result fromthe institution of
new pl ans for devel opi ng the resource.



It is the opinion of the panel that the Conpact Comm ssion coul d
obtain this information froma study of a year or two in duration. The
probabl e cost of the study was estimated to be $50, 000.

I1. A general |immological study to characterize the Lake and
associ ated drai nage system

As conceived by the panel, this study woul d consist of an exam nation
of the fundanmental |imology of the entire drainage system It would not

channel effort into |ooking for methods of control. |In order to operate
effectively this project should be free of all political pressure and there-
fore should be supported under an N I. H or H S. F. grant. It was recogni zed

that the magnitude of the probl emwoul d require expenditure of approximately
$50, 000 a year for an indefinite period to allow satisfactory investigation
of all facets of the probl em

e itemis included here which, although not a matter discussed by
the panel, was a direct outcone of the panel's discussions. The Executive
Board of the WWter Resources Research Institute at Gregon State University
met a day or two later and recommended the Institute support a nove to establish
a cooperative project that would have as its objective the above-nentioned
limol ogi cal study. A neeting of a group of potential cooperators was held on
the 28th of February at which a tentative plan of action was outlined. There
is every reason to believe that this group will actively prosecute the plans
outlined with the result that the study outline under |1 above will be
support ed.

Respectful |y submtted,

[s/ Harry K. Phi nney

Harry K. Phi nney
Associ ate Prof essor of Botany
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