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The City of Klamath Falls is located in south 
central Oregon just north of the California State 
line. The City is named for a turbulent, mile-long 
stretch oC water I now known as the Link River. 
that lies completely within the city limits. This 
short river flows between Upper Klamath Lake 
at the north of the City and Lake Ewauna at the 
south. Lake Ewauna in turn drains inlo the Kla
math River. In addition to the annual me~n flow 
of 1.1 million acre-feet passing through the Link 
River, there 1s a flow or more than 200 thousand 
acre-feet that leaves Upper Klamath Lake by way 
or the tlAtI canal or the Klamath Reclamation Pro
ject's irrigation system (Stanley. 1954). 

A flow of water of this magnitude would appear 
to be adequate to supply dilution water lor the dis
posal of wastes rrom a population of 35 thousand. 
Despite Ihe ract that there is neither urban devel-

'ment nor heavy Industry on the Upper Klamath 
Ite drainage system, and that there are Car more 

.cres or wild than of agricultural land within the 
basin, the Link and Klamath Rivers carry an or
ganic load so heavy as to present serious problems 

even before the discharge of the City's wastes. 

A brief summary of geographical information 
and a map (Fig.4) are presented as an aid in under
standing the scope of this problem. The total 
area of Ihe Upper Klama\h Lake Basin that drains 
into the Klamalh River In Oregon is approximately 
7450 square miles. The major source oC water 
!lowing Inlo the Klamath River Is Upper Klamath 
lake, which lies in the southwestern portion of the 
Upper Klamalh Basin. Upper Klamath Lake is 
approximately 23 miles long and 5 miles wide and 
at the northern end joins Agency Lake, which is 
approximalely 5 miles long by 3 miles wide. The 
mean depth of Upper Klamalh Lake is' eight feet 
and Ihe maximum deplh approaches sixty feet. 
The Lake is supplied by a major trlbulary. Ihe 
Williamson River, as ~ell as a number of smaller 
streams. The Williamson is fed by Ihe Sprague 
and the Sycan Rivers. Agency Lake receives flow 
from Wood River and Ihe Seven Mile Canal besides 
numerous small streams. The Klamath Basin was 
formed by block faulling followed by local volcanic 
a.ctivity. To the north o~ency Lak~!) toward the 
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Figure 4. MAP OF THE UPPER KLAMATH LAKE 
BASIN IN OREGON. 

CCrater La""ln:.JMount Ma z.ama sile, are vast pumice 
fields with much subsurface drainage inlo, or at 
least in the dir ec tion of, the lakes. In the bottom 
oC both lakes and along both margins of Upper Kla
math Lake are innumerable springs, some warm, 
some mineral, some of artesian nature, that feed 
into the lakes along multitudinous fault jOints. 

Outflow from Upper Klamalh Lal\e is regulated 
by a lowdam all the Link River, constructed by the 
Bureau of Reclamation in order to utilize the Lake 
as a reservoir. Since 1917 the dam has been oper
ated by the California-Oregon Power Company to 
maintain the surface of the Lake between elevations 
of 4143.3 and 4137.0 feeL This allows an active 
storage capacity of 483 thousand acre-feet, which 
Is a little more than haU the present total storage 
capacily of the Lake bas tn. 

The di'l.~r~ the Link River lIows through 
shallow<kake Ewaunll.:-",nd into the Klamath River. 
The Klamath River !lows through approximatety 16 
miles of flat land to Keno , Oregon, where it enters 
a 236 mile long canyon that it has cut through both 
the Cascade and the Coast Ranges, debouching into 
the PacHic Ocean at Requa. California. 

THE BIOLOGICAL PROBLEM 

For at least sixty years the algal populations 
of Upper Klamath Lako have been suffiCiently large 
to cause comment and speculation as to the cause 
and effects of the growth. During the summer 
months the Lake has been unsightly and has had an 

of!ellslvP odor. The discharge (rom the Lake has 
contained a heavy organic load, high in nitrogen. 
This has caus ed portions of the upper reaches of 
lhe Klama th Ri ver to be come periodically anaerobic 
de spite Ole supersaturation wilhoxygen lhatoccurs 
at lhe exit from the Lake during daylight hours. 
Because of this situation a serious problem has 
arisen in the disposal of metropolitan wastes. 

From the correspondence files of the Bureau of 
Reclamati on comes eviden ce of early concern for 
this situation. As early as January 1906, J. B. 
Lippencot , Supervising Engineer for the lhen Re 
clamalion Service (now Bureau of Reclamation) 
wrote from hi s Los Ange les office in part: " ... 1 
wish to call you r atlention to the fact that these 
waters are filled with some sort of organic matter, 
either animal or vegetable, so that they have a 
decided green appearance. They are cutting up ice 
now that has been formed (rom these waters, and 
we will probahly be asked to use this ice next sum 
mer. Last summer we were troubled a great deal 
up there wilh stomach complaints. For that rea
son I am somewhat int e rested in the sanitary 
analysis of the water. This same material in lhe 
water appears to have some fe rtilizing proper-
ties .... " 

Analyses were made at this time by the U. S. 
Geological Survey office in Berkeley and interpre
ted by them as follows in June 1906: " ... the 
a mounts of nitrogen found as free and albuminoid 
ammonia seem ralher large, but as you say there 
is no possibility of sewage contamination, this 
would not necessarily condemn the water. The 
manner in which these ammonias made their ap
pearance and the comparatively small amount of 
oxygen required point tow ard this organic matter 
being of vegetable origin ." 

On the 25th of August 1928 the Oregon State 
Board of Health reported to the Bureau on samples 
from the Link River as follows: " ... You will note 
that our results showed no colon bacillus and 
therefore no sewage contamination in the water. 
The dissolved oxygen in the water was between 7iJb 
and 80% of saturation .•. 

H ••• The murky condition of the water is prinCi
pally due to an algae (sic) or watergrass growth. 
This algae was found to be mostly splrogyra with a 
few ulothrix and chroococcus presenl. . ." 

The-year 1933 saw a study of a problem arising 
from enormous midge populations in the Lake and 
an effort was made to associate the midge with the 
plant problem. At this lime the plankton algae 
were identified by Dr. E.!. S.1nborn of Oregon Stale 
College as: Anabaena spiroides var. crassa, 
P~diaslru_1.;! SP" Melosira sp. , Navicula SP" 
Mlcrocyslls sp . and~izomenon sp. 

The study that has provided most of the infor-
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ma tian reported here was initiated in 1955 . It 
representeo an eHo r lla define the problem and to 
establish cause and eered relationships wherever 
possibLe with the hope that u l timate ly infor matio n 
might be forthcoming that would make possible 
realis tic contro l measures . 

Although this survey has named 29 species DC 
a lgae as occurring in the plankton with some sea
sonal r egularity. four species of the Cyanophyta 
(Aphan izomenon !!" sp., Gloeatrichia echinuLala, 
Anabaena circinalis, Anacystis (Microcystis or 
Po lycystis) aeruginosa), a nd two species o f dia
toms (Asterionella forn :os a and Melos ira sp.) 
have been most abundant atdUCerent seasons. 

The prime o(Ce nder hi the summer bloo m has 
been the Aphanizomenon. Ger minating spores and 
single filaments were round in the plankton by Ihe 
end of Marc h o r by the first of April (Table 4). By 

Table 4. PHY T OPLANKTON DUR I NG THE 
GROWING SEASONS OF 1956 and 1957 IN 
COUNTS PER MILLI LIT ERI 

Densest population 
Link River sampled 

Dale Aphanlzo- Tolal Aphanlzo- To tal 
menon 2./ plankton m enan 2) plankton 

1956 
Apr . 2 .5 27 .0 9 .5 1,921 
May 1,481 1,81 6 3.420 4,150 
June 17,637 18,5<19 18,349 18 , 586 
July 11,701 12,837 33,163 34,459 
Au~ . 20,744 20,759 194.756 196,360 
Sept. 11 ,607 11 , 903 56,438 57 , 665 
Oc t. 3, 117.3) 3,196 43,756 4.3,846 
N O'1 . 21.6 31 .5 78 .2 85.8 

1957 
2 J4 ) V Mar . 0 .0 0 .0 51 

Apr . 0.0 • 42 .7'!i 0.0 64-.5 
May 3.0 28 .0 841 877 
June 6,929 6,935 12,591 12 ,597 
Ju ly 12,499 12,570 5.J 51 
Aug . 10,748 10,805 5.J 5.J 
Sept. 11,353 12,249 5J 5J 
Oct. 1,093 1; 124 41 4, In 4,222 !I 
Dec. 0 .0 41.5- 0 .0 1, 1574 

1. The study r eported heretn was l!IIuppor led by the 
Oregon Klamath River Commission, the CaHfornla 
Klamath River Commission , the Klamath County 
Court. The City of Klamath Falls, The Klamath 
County Chamber of Commerce, and the Oregon Agr l
culton! EJ:pe r lment Stallnn. 

2. Counts of !-phan1zomenon are In filaments per mil-
li liter. 

3. Mtdlab Station, no samp le laken at thE' Unk nlver. 
4. Pr imar ily Aaterlone ll a (ormosa. 
5. Also Unit River. ---

the cnd of April the popul :! tion had deve loped to the 
poi nt that several thousand filaments we re con
tabled in each Iller of water. By the end of May a 

million and a haH fi laments per liter were present 
and in June, July. August and September the counts 
we re in the tens of millions. Toward the end of 
September the counls started to dr op and through 
lhe months of October and November the plants 
died in great masses. In December, Aphanizome
non was represented only by an occas iona l s pore. 
The overwintering spores appeared to be produced 
in Sep tember and October. Spores formed earlier 
lhan this could not be germinated in cultur e and 
their viability in nature is suspec L The density of 
the populalion in various areas of the lake var ied 
from day to day as wind drift and currents caused 
charac teristic aggregations. In August 1956 (Table 
5) the count al the head of Link RIver was 20 thou
sand filaments per milliliter but the dens es t popu
lation in the Lake , measured along Eag le Ridge, 
was 195 thousa nd filaments pe r milliliter. 

Table 5. STANDING CROP OF PHYTOPLANKTON 
AT VARIOUS STATIONS IN UPPE R KLAMATH 
LAKE, AUGUST 22-24, 1956 

Station 

L ink. River 
3 Wocus Bay 
5 Mid Lake 
6 Algoma In let 
7 Algoma Point 
B Eagle Ridge 

10 North End 
11 Mouth of Williamson River 
12 Shoalwater Bay 
14 Pelican Bay 
17 Agency LaJ<e-Westslde 
19 Agency Lake -Eas tside 

Counts 
per ml 

20, 760 
10,176 
2B,387 

2,475 
21,986 

196, 36 1 
5,864 

76 
36, 179 

2,077 
191 

10,643 

Throughout the growing season a rather minor 
depletion of the population occurred throu gh the 
escape oC water into the Link River and finally in
to the Klamath River. The generally he Id belief 
tha t the Ilmnop lankton is rapidly destr oyed or r e
moved in flowing water was not suppor ted by the 
evidence from an exploratory trip down the Kla 
math River. Aphanizomenon, considerably r e
duced in number it is true, survived the trip down 
lhe turbulent river very well and was present in 
re latively large amounts at th e mouth oC the river. 
InforIT).ants at Requa stated that the characteristic 
color oC (he waler was distinguishable several 
hundred yards out a t sea. 

Wherever along its length the river had been 
impounded, whether behind a darn or in a back
wate r or slough, the wa te r had p r oduced blooms-j 
compar able with lilat In Uppe r Klamath Lake. It 
can be predi c ted that the construction of additional 
impoundments on the Klamath RIVer will greatly 
increase the organiC loa d of lhis alr eady impossi
bly burden ed s tream and will probably bring an 
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end to fish production in this stream. 

The weight of organic material exported frolll 
Upper Klamath via the" Att canal and the Link River 
has been calculated from data taken for a very 
different purpose. While known to be inaccurate. 
it is also known to err on the conservative side uy 
a factor of between ten and one hundred. In the six 
month growing period from May through October 
of 1956, over seven thousand tons of naturally pro 
duced organic material were exported. In All~ust 
(the month of highest production) alone, 23 hundred 
tons were exported. 

Analysis of the freshly dried algal material de
monstrated the reason for the surprise of lhe ear
lier investigators concerning the high nitrogen 
contcnt of the watcr in lhe abse nce of contamina
tion by sewage. Over sixty per cent of the dry 
weight of the algae was protein (Table G). Every-

Table 6. PARTIALANALYSlS OF' TRE COMPOSI 
TION OF FRESHLY DRIED ALGAE mOM UPPER 
KLAMATH LAKE 

Composition 

Crude Protei n 
Ash 
Phosphorus 
Calcium 
Potass ium 

G1.10 
5.73 
O. GO 
0. 54 
1.08 

one experienced in pollution problems can visua
lize the septic conditions that oc cur from time to 
time in this basin. 

Two addilional probl e ms need to be menlioned. 
The first was the occurrence of limberneck dis 
ease affecting thousands of the water fowl inhabi
ting the lake. This paralytic condition results 
Crom the presence of a population of the type C 
strain of Clostridium botulinum on the bottom. 
The development oC this population is favored by 
the anaerobic conditions caused by the ~ecomposi
tion of highly proteinaceous organic material. At 
times the number of birds affected has been so 
great that, in order to prevent decimation of the 
water fowl population, it was necessary for the 
public to joIn (orces with employees of state and 
national agencies to rescue the diseased birds . The 
second problem concerns a very potent toxin pro
duced by the bloom organisms. No concrete evi
dence was obtained as to the effect of this toxin on 
the biota of the Lake or River but experiments with 
mice proved that ingestion of the algal mat~rial 
was quickly lethal and intraperitoneal injections of 
the aqueous extract almost instantaneous in causing: 
deaU1. Since the toxin is water soluble and thermo
stable it could well he the explanation for the 
stomach complaints mentioned earlier. At the 

present time all the water for domestic and indus 
lrial use in the area of Klamath Falls is obtained 
from deep wells. This situation minimizes the 
danger of the toxin from the public health stand
poinl bul also indicates the probable dillicullyof 
using the Lake water for any purposes other than 
irrigation or power generation. 

CHEMICAL CONSIDERATIONS 

The concentration of dissolved minerals in the 
lake water declined somewhat during the summer 
as these materials were incorporated into the 
plankton organisms. After the decline and death of 
the summer bloom population in the late fall, the 
concentration of mi!1erals increased in the winter. 

There was a similar characteristic seasonal 
shifl in Ihe pH of the Lake water. During the peri
ods of greal plankton development the alkalinity 
generally increased, While during winter it de
creased. This shift was attributed 10 Ihree fac
tors; 1) precipitation came mostly in late fall, 
winter and early spring and the run-of( had an al
ka linity approaching neutrality. 2) heavy drainage 
of humic waters from the marsh areas at the same 
season increased theH-ion level, 3)in summer the 
hydroxyl-ion exchange in photosynthesis of the 
bloom population quickly depleled the H-ion sup
ply and raised Ihe alkalinity (Table 7). 

Table 7. SEASONAL VARiATION IN THE CHEM
ISTRY OF UPPEH KLAMATH LAKE WATER 

Measurement 

Temperature in ·C. 
pll 

Nitrate' 
AmnHln!a 
Phosphate 
Iron 
Calcium 
Pot:uslum 
Magne s ium 

Wlnler Summer 
(June-July~Aug.) (J:an. - Feb . -Mar<;h) 

18.0' - 28.0· 
8.2 - !U 

values In ppm 

1.0· - 8.5 ' 
7.5 - 9.2 

~.l'IG-:-O.2 0.12 - 1.0 
0 .155 - 1.290 0 .061 - 1.67~ 

0.0 0.0 
01-0.7 0.2-2.0 
1.5 - 3.2 2. 5 - 5.S 
2.8 - 37 .0 3.0 - 43 . 5 
5.0 - 29.5 5.0 - 15.0 

Repeated chemical analyses of the water from 
many sample stations failed to establish the pre
sence of chemical factors such as exceptional con
centralion or combination of nutrient mineral ele
menls Ihal might explain Ihe exceedingly high pro
ductivity. A general statement seems warranted 
that there are no inorganic chemical constituents 
that could be singled out as being responsible for 
this'CondHlon. The Lake water was low in calcium, 
extremely low in dissolved phosphorus, and qui~e 
high in chloride. Other nutrients were present in 
merely nutritionally adequate amounts but could 
not be described as abundant. A review of the ldio
syncrasies of the various Influent waters soon 
concentrated attention upon the great influx of 
humic waters into the Lake during late winter and 
early spring. 
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SOURCES OF HUMIC WATEn ENTE£lING UPPER 
KLAMATIl LAKE 

About the norther n end of Upper Klamath anti 
Agency Lakes are a number of drainage sy stems 
(so me me ntioned previously) whose basins include 
app r oximate ly 136 thousand acres of marsh land 
(Table 8). So me agri cu ltural land has been included 
in this estimate of natural marsh but this is land 
irrigate d by natural (loDding and has retained most 
of the characteristics of natural marsh. Waler 
from these lands dra ins directly into the loc al 
drainage syst e m . In addition to this unmodified 
marsh there are an additional 92 thousand a c r es 
of muck so il agricull u ral land (Table 8) lhal ha s 

Table 8 - ACRES OJ' NATUnAL MARSIl AND OF 
InIllGATED AGIlI CU LTURAL LANDS DRAINING 
INTO UPPEn K LAMA Til AND AGENCY LAKES 

NatUral mar:1h 

Wood River 
Upper Klamalh Mal s h 

(Seven Mile Canal) 
Sycan Marsh 

(Sycan Rive r) 
Klamalh Marsh 

(Willlamson Riv e r) 

24, :loo aCr es 

2,100 

25,000 

85,000 

[rrlgale d agricultural land 

Wood Rive r 
Upper Klamath Lakf~ 

Sycan Mars h 
Sprague Rive r 

50,000 
11, 000 
18 , 000 
13,000 

be en d rained a nd diked. This Land li es [loaded in 
rail and winter and is pumped dry in tate winte r or 
('arty s pring. The d l"ai nage water, Lik e the natu
r a l marsh drainage ('ontains humic leachate Cram 
the marsh soiL. This marsh soil, or muck, con
sists oC a Ciberous, Typha peat, several feet in 
thickness lyIng on top oC variously assorted layers 
of turr, pumI ce and diatomite. 

Determination of the composition oC the organiC 
leacha te has proven quite difficult and only incom
plete Information is available. Acompartson of the 
analyses oC samples showed the content of total 
dIssolved solids per unH volume in samples tak en 
in summer to be twic e that In those taken in winter 
(or early spring) . The nHragen content in summer 
was more than double that of the winter, bul the 
phenollc content decreased somewhat in the sum
mer (Table 9), 

EFFECT OF HUMATES ON TilE GnOWTIl OF 
ALGAE IN CULTURE 

Algal culture media were modIfied to includ e a 
proportion of humic water and the final pH was ad-

Table 9. PARTIALANALYSlS OF TilE SOLIDS IN 
SEASONAL SAMPLES OF HUMIC WATE RS FROM 
111E WI LLIAMSON mVER 

January August 

Tolal solids 103 mg/ I 247 mg/l 
KJeldahl nitrogen 0 ,7 mg/I 1.7 mg/I 

Spring Summer 

Aromatic hydroxl groups 3.15 mg / l 2,5 mg / I 

jus ted to a range in whi c h Our test organisms 
grew well.. It was found that the prodUction, meas
ure d as dr y weight of algae, was 70% gr eater in 
the humic-enriched c ultures than in theunmodiried 
controls. The advanlage gained by adding lhe hu
males could be overcome by quadrupling the min
eral content of the conlrol medium but the added 
growth appeared in the controls only after three 
weeks of growth. The vigorous gr owth stimulated 
by the presence oC the humates rapidly exhausted 
the relatively lower mineral resources oC the ex
perimental medium while the four-fold fortification 
of the controls allowed ampl e minerals for a longer 
period of growlh, 

The mode of action of the humates r e mains to 
be elucidated. Some workers (Burk, et aI , 1932a, 
1932b) have suggesled lhal the high Iron con lenl of 
humic waters provide s co nsiderable stimulation of 
plant growth. We know, however, that there was 
sufficient iron in the formulation of the control 
medium to provide for very vigorous growth of the 
test organisms for a month. The control medium 
likewise contained a sho tgun mixtu r e oC minor ele
me nts and it seems r e latlve ly unlikely that the 
presence oC one of these was the basIs of the stim
ulation by the humates. 

It is our belief, as yet unsupported by concrete 
evidence, that the action of the humates as chela
tlng and buffering agents was primarily responsi
ble for the observed stimulation. It is also possi
ble lhal colloidal absorpllon by the humales inacll
va ted melabolic end producls that otherwise would 
have exerted an anti-metabolic influence in older 
cultures. Of thes~ lhree possible explanallons, 
chelation appears the most reasonable. The bene
Ht derived from truffer action as well as action of 
a protecti ve colloid should appear as a prolongation 
of the logarilhmlc phaBe of the growlh curve of lhe 
cultures. Contrarily, stimulation in our cultures 
appeared in the earliest stages oC growth and the 
cultures tended to become exhausted or to stale 
more quIckly lhan the conlrols. 
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CONTROL OF THE ALGAL NUISANCE 

Briefly slated, the problems involved in the 
co nlro l of an algal population on suc h a large sca le 
are manifest. The applicalion of chemical control 
agents would be expensive in material, manpower 
and equipment. The dangers to the associated biota 
would be great. Since such measures would give 
only temporary relief, effects of the long term usc 
of chemical materials would require intensive 
study before application. It seems necessary to 
consider other approaches that lack at least so me 
of these objectionable features. The first sugges 
tion concerns the diversion of all influent humic 
waters to reservoirs from which they would be 

eve ntually distributed for the irrigation of agricul
tural land. Besides th e ve ry probable major re
duc tion in the a 19a1 population that would be effected 
the re would result a conservation of large amounts 
of humates that are presently being tost. 

A second possible approach would be the dis
charge into the lake or its tributaries of a slurry 
of some colloidal inorganic material, such as 
Bentonite clay, in suIficient amount to reduce the 
light intensity at the bottom over large areas of 
the lake to below the compensation point. The eco
nomic feasibility of these two suggestions must 
be determined by a study of the engineering consi
derations involved. 
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