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CHAPTER 1 
INTRODUCTION 

The contents of this report represent the completion of the first phase of 
Stage 2 in a planning process to enhance the environmental quali.ty of Upper 
Klamath-Agency Lake. Authority for the project is derived from resolutions 
passed by the COll1llittee on Publ ic Works of the U.S. Senate and the 
Committee on Public Works and Transportation of the U.S. House of 
Representatives, 95th Congress, on February 2, 1977. The resolutions 
mandate that the U.S. Ar~J Corps of Engineers review the existing situation 
in the Klamath River Basin, Oregon, with the purpose of determining whether 
modifications to existing policies regarding the development, management, 
conservation, and environmental enhancement of water, land. and related 
reservoirs are presently advisable. Such review will be coordinated with 
the federal agencies, the State of Oregon, and local government agencies. 
Authority for the study also exists under Section 302 of the River and 
Harbor Act of 1965 (Public Law 89-298). 

Stage 1 efforts culminated in the preparation of a Reconnaissance Report, 
which was published in September 1979. The report provided a comprehensive 
review of the status and associated issues of water, land, and other 
natural resources in the project area; identified objectives and certain 
problems associated with them; selected certain issues for further 
consideration; and outlined a planning process to resolve such issues. 

The Reconnaissance Report identified eutrophication problems in Upper 
Klamath Lake and Lake Ewauna as the priority water resource problem in the 
area. Excessive algal productivity, chironomid (midge) fly swarms, and 
submersed aquatic plants (macrophytes) were suggested to be specific 
nuisance characteristics af· eutrophication that were degrading the 
environmental and recreational quality of the lake. Impediments to 
recreation in Lake Ewauna were also identified as a cOll1llunity concern. 

The Reconnaissance Report identified a spectrum of lake restoration and 
management measures that have been utilized or proposed for other lake 
systems. It was recommended that these techniques be evaluated under 
pilot-scale conditions in order to determine their ability to improve the 
recreational quality of Upper Klamath Lake. Evaluation of lake response to 
these techniques in Stage 2 would be the most responsible sequence in the 
project development process. 
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This first phase of Stage 2 consisted of additional water qual'ity and 
environmental data collection to supplement the existing data, characterize 
the lake system, and assist in the development of an experimental design 
and operations plan for restoration technique evaluation. ~laj()r data 
collection elements included: (1) flow and quality monitoring of major 
tributaries to the lake in order to review lake water and phosphorus 
budgets; (2) benthic invertebrate and adult chironomid (midge) collections; 
(3) composition, nutrient, and metal profiles of lake sediment cores; and 
(4) nutrient release determinations from surficial bottom sediments. This 
last element was substituted for lake quality monitoring when 'it was 
discovered that an EPA-funded lake qual ity study was to be concurrently 
performed and would be available for review. 

Products of this project phase include: (1) the data analysis and 
experimental design report, and (2) plans, specifications, and estimates 
for the in-lake test enclosures at a level of detail cOl1lllensurate with 30 
percent completion. 

Limnological characteristics of Upper Klamath Lake are describl!d and 
discussed in Chapter 3. Additional evaluation"of the restorat"ion/manage
ment feasibility and applicability to Upper Klamath Lake was performed at a 
level cOl1lllensurate with existing data base and project stage (Chapter 4). 
Finally, recommendations for pilot-scale evaluation or limited field 
appl ication are proposed for potentially feasible restoration/management 
measures. Experimental, application, and evaluation procedures are 
presented for each alternative (Chapter 5), along with incidental 
operational aSPects of pilot-scale evaluation. OthEr considerations 
regarding lake quality improvements are discussed in Chapter 6, while 
identification of additional evaluation efforts necessary are presented in 
Chapter 7. Detailed sediment nutrient release experimental results, 
incidental water quality and sediment data, preliminary design of the test 
enclosures, and cost estimates of field and laboratory facilities are 
presented in the appendices. 

The next phases of Stage 2 involve completion of pilot-scale facilities 
desi gn, constructi on of faci 1 iti es, and restorati on techni que performance 
operation and evaluation. A specific" restoration proposal wou"ld then be 
formulated, coordinated with concerned public agencies and the cOl1lllunity, 
and submitted to formal evaluation according to the National Environmental 
Policy Act in Stage 3 of project development. 
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LAKE TROPHIC CHARACTERISTICS 

CHAPTER 2 
SUMMARY 

Upper Klamath Lake is a large shallow lake in southcentral OrE!gon. The 
1 ake has tradi ti ona lly provi ded area benefi ts through water supply storage 
for irrigation, power generation, and downstream fish passage. It also 
serves as invaluable year-round and seasonal habitat for wildlife and 
resident/migratory waterfowl. 

The 1 ake has hi stori cally been and conti nues to be a hi ghly eutrophi c 
sy·stem. Shall ow depths, well-mi xed condi ti ons, and pl entiful nutri ent 
supply encourages extreme and robust productivity of the bl Ue!lreen al ga 
Aphanizomenon flos aquae throughout much of the summer. Limited water 
transparency and di sagreeabl e odors are two major characteristics of al gal 
blooms that precl ude enthusi asti c water contact recreati on. The al ga 
appears to be temperature-dependent, initiating growth at 15° C and 
sustaining maximum productivity at 20° C or greater. Their growth rate 
throughout the summer appears to be 1 imi ted by the rate at wh'i ch they can 
assimilate atmospheric nitrogen; dissolved nitrogen concentrations in the 
lake are below detectable limits throughout the summer season. Phosphorus 
may also be limiting during short periods of peak productivity. Growth is 
somewhat higher in embayments due to a combination of wind/shallow depth 
concentrati on and warmer water temperatures. Well-mi xed conditi ons 
generally prevent strati fi cat; on and rna; ntai n acceptabl e di s~)()l ved oxygen 
concentrations except for intermittent periods of anoxia in the embayments 
during calm periods. 

Excessive a1 gal productivttY"was determined to be the si ng1 el argest 
nuisance problem associated with the lake's eutrophication. Although a 
submersed macrophyte survey was not performed, 1 imited observ.ations 
i ndi cated very low popul ati ons, occurri ng primarily in the Pel ican Bay 
channel. Possible reasons for their present low productivity include light 
limitation due to algal blooms and unstable bottom substrate due to wave
induced resuspension. Further considerations of macrophyte control would 
be directed to potential increases in growth if lake transparency is 
improved through limitation of algal productivity. 

A limited survey of larval (benthic) and adult stages of chironomid flies 
(midge$) suggests that littoral and canal midge emergence may be greater in 
number and source of irritation to residents of the Klamath Falls vicinity 
than emergence from the open water lake areas. Collections indicated a 
clear habitat preference for individual genera of midge larvae, with the 
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majority concentrated along the \'/ave-washed 1 i ttoral fri nges of the 1 ake 
and the flow-scoured channels of the lake outlet, rivers, and irrigation 
canal systems. Chironomid species indigenous to open water benthic ooze 
sediments were relatively low in collection numbers. 

It is expected that lake restoration/management measures directed to such 
open water areas would have little impact on midge emergence in .the Klamath 
Falls area. Area vector control personnel are already well acquainted with 
applicability and limitations of known insecticide control agents. It is 
anticipated that they will continue to concentrate control efforts in the 
outlet area, the river, and canals in accordance with the frequency and 
urgency of resident complaints. Results of this survey, especially in 
conjunction with future identification of primary nuisance genera, may 
serve to further isolate problem emergence areas or habitats. 

SEDIMENTS 

Limited sediment coring revealed differences in sediment profile with 
location in the lake. Sheltered areas off Ball Point and in Howard Bay 
were characteri zed by deep 1 ayers of progressively denser organi c si It; no 
underlying layer was apparent from cores or probing to 3 to 5 m. Coring 
stations located more in the main channel of water movement (Agency Lake, 
Upper Klamath Lake near Moore Park, and Lake Ewauna) revealed sand or 
pumice layers underlying silt layers at sediment depths of 1.1 to 3 m. 

Nutrient analyses of discrete sediment layers in the core profiles revealed 
substantially lower nitrogen values in the sand/pumice layers 1:200 to 800 
ug/g) than in the organic silt layers (2,300 to 13,000 ug/g). However, 
total phosphorus measurements in sand 1 ayers were not consi stently or 
substantially lower than those in organic silt sediments. This may be 
attributed either to inorganically bound P or interstitial groundwater P 
levels. Dredging to sand-levels may result in deepening benefits, but 
could not be concluded to result in sediment P limitation based on 
avail abl e data. 

Sediment phosphorus release was experimentally determined in surficial 
sediments from four separate locations in Upper Klamath Lake under various 
environmental scenarios. The representative release rates utilized for 
annual loading estimates were based on a water temperature of ;~5° C, 
dissolved oxygen of 7.4 to 8.1 mg/l, pH of 7.4 to 7.1, and resuspended 
bottom sediments. Representative summer P release rates ranged between 
0.41 to 2.16 mg P/m2-day, averaging 1.34 mg P/m2-day. It is 
bel i eved that rel ease rates are even greater duri n9 summer peri ods of low 
oxygen levels near the bottom or periods of high pH (9 to 10) resulting 
from high primary productivity. 
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RESTORATION IMPLICATIONS 

Phosphorus Loading 

Phosphorus limitation historically has been the most reliable and effective 
measure utilized for eutrophication control. Although phosphorus does not 
appear to be presently limiting in Upper Klamath Lake, substanti-al loading 
reductions could make it so. However, the feasibility of full-scale 
phosphorus limitation in the lake is highly questionable. Conclusions were 
based on the results of earlier investigations confirmed by additional flow 
and quality monitoring of lake tributaries and spring discharge. 

The lake receives high external loading as well as internal cycl ing from 
shallow nutrient-rich bottom sediments due to frequent wind-generated 
resuspension. From loading models, it is estimated that an 88 percent 
reduction of the present annual phosphorus loading of 505 tons would be 
necessary to avert eutrophic lake conditions. Such a reduction on a 
lake-scale basis is not deemed possible given technical unfeasibility and 
excessive sustained costs. There is no single water inflow source, except 
perhaps direct precipitation, which is low enough -in phosphorus concentra
tion to preclude nuisance levels of algal productivity. High external 
phosphorus loading is in large part attributable to naturally high ambient 
concentrations in area groundwater. This vector provides a minimum of 33 
percent of total P loading through either direct spring discharge/sub
surface seepage or indirect discharge via major tributaries and streams. 
No known source or geologic rationale for these concentrations has been 
i dentifi ed. 

Agricultural drainage is reported to constitute only 5 percent of total 
lake inflow but 26 percent of total-P loading and 20 percent of total 
waterborne nitrogen. Primary data on whi ch these summary results are based 
is not available for furtner'review, but it was recalled that the greatest 
percentage of agricul tura lly deri ved 1 oadi ng occurred duri ng the spri ng 
drainage of fields and pastures. It was believed that high spring runoff 
in the watershed was suffi ci ent to dil ute nutri ent-ri ch agri cultura 1 
discharge to ambient phosphorus levels of surface tributaries. Ouring 
years of low spring runoff, the dilution/flushing action was less 
effective, resulting in higher vernal lake phosphorus levels and higher 
algal productivity. 

The high phosphorus loading/flow ratio of agricultural drainage identifies 
it as an attractive nutrient source control target. However, basin-wide 
efforts to reduce nutrient loading from agricultural drainage do not appear 
to be warranted at this time due to: (1) the unavailability of specific 
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moni tori ng data on agri cultural di scharges; (2) the anti cipated resi stance 
of area ranchers to changes in traditional irrigation and drainage 
practices; and (3) the inability to predict a dramatic and acceptable lake 
quality response from control of this source alone. It may be appropriate 
to consider drainage management practices, discharge treatment, or 
discharge diversion at specific locations which would enhance prospects for 
water quality improvements in a localized area of the lake. 

Annual P loadings from internal cycling from bottom sediments is estimated 
to be 68 tons, or 13.5 percent of total annual loading to the lake. This 
source of phosphorus appears to be relatively modest under present 
conditions of high external loading. However, both its actual loading and 
importance to algal productivity would be expected to increase with 
corresponding reductions in external loading. 

Full-Scale Improvements 

Limnological implications for full-scale restoration or management of water 
quality in Upper Klamath Lake are not promising. The presence of high 
ambient phosphorus concentrations in area groundwaters and major 
tributaries, in combination with shallow, organically rich and biologically 
active bottom sediments, virtually excludes a full-scale phosphorus 
limitation program. Other techniques are either highly performance
speculative (deepening; biological enhancement; aeration/circulation), or 
are characterized as short-term, repeated, labor-intensive management 
measures (algicide application; macrophyte control). 

Furthermore, the size of the lake poses substantial technical, financial, 
and political constraints to full-scale implementation of restoration or 
management techniques. Implementation difficulties and costs for several 
potential in-lake restorative or management alternatives surpass limits of 
feasibility when applied to· over 80,000 acres of surface area. 
Realistically, a lakewide project may have to provide other water resource 
benefits (power generation, irrigation supply, navigable commerce, etc.) to 
be considered economically justifiable. 

Also, the lake's extremely high productivity dictates that a substantial 
degree of water quality improvement would be necessary to meet minimum 
recreational standards perceived by the community. Any lesser achievement 
may not justify consi derabl e project expense. 

These and other considerations are persuasive in concluding that a 
full-scale reversal of the lake's long-term, natural, and ultimately 
irresistible eutrophication is simply not feasible given the present limits 
of applied limnology, economic means, and project priority. 
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Localized Improvements 

The most realistic water quality improvement strategy may be to direct 
restoration/management efforts to a specific localized area of the lake. 
Selection of such a location would be based on the identification of an 
area sufficiently large to satisfy area recreational demand yet 
sufficiently limited to justify project expense. External nutrient and 
hydraulic loading should be minimal and convenient public access afforded. 
Most important, areas should have the potential to be hydrologically 
isolated from the main basin in order that water quality improvements not 
be diluted or dispersed through excessive mixing with nontreated waters. 
Existing lake figuration and mixing characteristics appear to foster only 
partial areas of isolation, such as the Ball, Shoalwater, Pelican, and 
Howard embayments. Increased iso1 ation of these or other are,~s may be 
possible through in-lake dredge spoil disposal or curtain placement and 
would increase the feasibility and longevity of limited, cost·effective 
water quality improvements there. 

Appraisal of potential restoration and management techniques .originally 
performed in the Reconnaissance Report were reviewed in consideration of: 
(1) feasibility of localized application; and (2) recent 1imno10gica1 data 
collection. No technique or combination of techniques was clearly 
identified as a favored alternative on the basis of preliminary technical 
consi derati ons. 

TECHNIQUE EVALUATION 

OAC: +n1"':iI+; nn Im::Il n::ll nomon+- +orhn'; .... "0... ~"... .... .... ,..,.. ................. A.,. .... .: ....... ~ _ ... ,.. ... _,{.: "' .... +1...",':_ 
'"''~'''''''''''''''''''/'"'''''''''':1''''"''''''''' .......... "II'''i ... I;;O.;:J I"I;IIU III;\,oVIIIIII;;IIUal..,VII;:I Ic~al UIII':::I ","1;'11 

further evaluation are presented in Table 1. Only techniques that were 
concluded to have no potential application whatsoever to Upper Klamath were 
excl uded from further consi derati on. A hi gh degree of uncertill nty was 
associated with the perfor-mance and applicability of aluminum sulfate 
appl ication, zooplankton enhancement, deepening, and aeration/circulation 
to 1 ake qual ity imp rovement. It was therefore recommended that thei r 
performance capabi 1 i ti es be fi rst eval uated under in-l ake pil ot-sca 1 e 
conditions prior to a final decision regarding their restorat"ion potential. 

It is proposed that pilot-scale evaluation of these techniques be conducted 
in isolated ISO-foot diameter test enclosures situated in Upper Klamath 
Lake. The original concept of utilizing shoreline ponds for evaluation 
purposes was abandoned, as ponds were determined to have a much greater 
probability of failure in simulating ambient lake characteristics and 
conclusively demonstrating technique treatment potential. Six enclosures 
were proposed to serve as si x independent test-control compari sons of the 
four techniques. Phytoplankton productivity and species composition, as 
well as water clarity, will serve as primary performance critE!ria for 
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treatment evaluation. The proposed test facility was sited in the Ball Bay 
area of Upper Klamath Lake, with performance evaluation scheduled over a 
single summer growing season (May 15 through September 15). 

It was recommended that an apparent algal limitation mechanism present in 
the Pelican Bay area of the lake be first identified using in situ algal 
assay evaluation prior to its consideration as a viable resto~ation 
technique. Furthermore, it was concluded that considerable performance and 
impact information exists on the advantages and limitations of algicides, 
herbicides, and mechanical harvesting of submersed macrophytes. Accumu
lated information is sufficient to impiement these alternatives on a 
limited, localized, or selective basis should it later be deemed 
advi sabl e. 

A comprehensive algal harvesting operation across the lake outlet channel 
could result in water quality improvements to Lake Ewauna. The mechanical 
ability of microstrainers to remove algae appears well documented. 
Additional investigation needs to be performed regarding: (1) the 
engineering feasibility of routing the entire Link River flow through a 
harvesting facility; (2) the compatability of this facility with existing 
property rights, agency policies, and operation of the Link River Dam; (3) 
cost/benefit evaluation associated with cost recovery from marketing of 
harvested algae; and (4) public acceptance and public health acceptability 
of Lake Ewauna as a recreational area. 

It was also concluded that localized flushing associated with the pump
storage project being presentiy appraised by .the U.S. Bureau of Reclamation 
and private/public utilities could possibly provide water quality benefits 
in Howard Bay. The extent of such improvements would greatly depend on 
operational criteria that have yet to be developed. It is recommended that 
pilot-scale evaluation of this technique not be pursued at this time, 
pending further evaluation of pump-storage feasibility and development of 
more specific operational criteria by project proponents. 

Following evaluation of pilot project results, it will be necessary to 
generate additional information for the development and evaluation of 
specific localized lake management alternatives. An important initial 
decision would be the identification and selection of a localized lake area 
for application of management techniques. Site selection would be 
dependent upon both technical and community recreational considerations, 
which would include isolation potential, proximity to user population, 
extent of public access, public health acceptability, and multiple use 
compatibility. Identification and prioritization of localized management 
areas may involve additional data collection and would undergo considerable 
public involvement prior to their prioritization. Final site selection may 
be based on the ability of the site to meet implementation criteria of 
preferred management techniques. 
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TABLE 1 
RECOMMENDATIONS FOR TECHNIQUE EVALUATION 

RESTORATION/MANAGEMENT TECHNIQUE 

Increased Lake Depth 
Aeration/Circulation 
Zooplankton Enhancement 
Aluminum Sulfate Treatment 
Diversion of Inflows 

Source Control of Nitrogen 

Source Control of Phosphorus 

Chemical Contlul of Algae 
Chemical Control of Macrophytes 
Chemical Control of Midge Larvae 
Mechanical Harvesting of Macrophytes 

Algal Harvesting 

Dilution 

Flushing 

RECOMMENDATION 

Evaluation under pilot-scale 
conditions. Diversion of inflows 
assumed as a given condition in a 
local ized restoration concept. 

In situ data collection and algal 
assays to determine presence of 
limitation mechanism. 

Laboratory-scale evaluation of 
passi ve phosphorus removal system 
for localized inflow. 

Sufficient performance data to 
fully implement on localized/ 
selective basis. 
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Theoretically valid on a localized 
basis. Additional dialogue and data 
coll ecti on necessary to determi ne 
economic/implementation feasibility 
and recreational desirability. 

Deemed unfeasible; given no 
further consideration. 

Possible application under localized 
conditions as an element of pump
storage proposal. No pilot-scale 
evaluation pending expressed co
operation of Bureau of Reclamation 
and availability of preliminary 
operational criteria. 





CHAPTER 3 
LIMNOLOGICAL DESCRIPTION 

GENERAL LOCATION CHARACTERISTICS 

Physical Setting 

Upper Klamath Lake is located in south-central Oregon along the eastern 
slopes of the Cascade Mountains (Figure l). The lake system !:including 
Agency Lakej drains an area of approximately 3,800 square miles. The basin 
is characterized primarily by a semi-arid upland region to the north and 
east. There are extensive broad, flat, poorly drained plains, valleys, and 
pumice marshlands in the north and central portions of the basin. The 
eastern portion of the basin is mountainous and timbered and establ ishes 
,drainage to the lake via major river systems. The western portion of the 
basin is relatively small and is composed primarily of mountainous slopes 
and dense coniferou s forests characteri sti c of the Cascade Mountai ns. 

A vicinity map is presented in Figure 2. Upper Klamath and A!jency lakes 
are at a common elevation and connected by a usually calm and level 
channel. Subsequent report discussion will often consider both lakes 
collectively under the name Upper Klamath Lake unless the two are 
speci fi cally differenti ated. Nati onal IH 1 dl ife Refuge property is located 
in wetland areas designated on the northern and eastern shorelines of the 
lake. The city of Klamath Falls is situated on the extreme southern 
shoreline on the Link River, the jake's out jet. LaKe Ewauna is a smal I 

impounded lake resting between the Link and Klamath rivers. Public boat 
1 aunch 1 ocati ons and speci fi c areas of the 1 ake are i denti fi eel in Fi gure 2 
for referral when these are subsequently mentioned in the report text. 

Climate 

Climate in the region is characterized by hot, dry summers and moderately 
cold, wet winters. Maximum precipitation and minimum temperatures occur in 
December and January, with minimum precipitation and maximum temperatures 
during the summer. Annual rainfall is variable over the study area, 
averaging 50 inches on the western margin to 10 inches over the south 
central plateau portion of the study area. Average annual precipitation in 
the Klamath Falls area is 12 inches. Average frost-free days in the lake 
area are 100-125 days per year. The lake freezes over intermittently 
during the months of January and February. Prevailing winds are from the 
west to southwest from November to July, with northerly winds prevailing 
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during late summer and fall. Monthly wind velocities generally average 4.5 
to 7.5 miles per hour; the strongest winter winds in 1981 were 58 mph and 
the strongest spring winds were 40 mph. 

LAKE MORPHOMETRY 

The Upper Klamath Lake system is approximately 25 miles long, with a mean 
width of 4 miles in Upper Klamath Lake and 2.6 miles in Agency Lake. 
Shoreline length for the system is approximately 86 miles. The lake is 
extremely shallow in proportion to its surface area. The interrelated 
morphometric features of depth, surface area, and volume are dependent upon 
lake elevation, which fluctuates as a result of the operation of the Link 
River Dam. At mean summer elevation (4,141.3), lake surface area is 77,500 
acres (31,300 hectares), with a mean depth of 8 feet (2.4 meters). Surface 
area, volume, and mean depth for maximum, mean summer, and minimum lake 
elevations are presented in Table 2. 

Mean depths can be quite low, as they were in September-October 1981, when 
an abnormally dry water year reduced lake elevation to 4,137. Large 
littoral areas of the lake were 1 to 2 feet in depth and were not navigable 
by conventional prop-powered craft. 

Maximum depth in Upper Klamath Lake occurs in a trough extending along the 
west-central shoreline of the lake between Eagle Ridge and Howard Bay. 
Vincent (1968) reports a maximum depth of 58 feet (17.5 m) in this area, 
with a maximum of only 15 feet (4.5 m) in Agency Lake. A bathymetric 
characterization of the lake is presented in Figure 3. 

Circulation in the lake is generally quite good, both vertically and 
horizontally. Because of average monthly wind velocities of 6 mph, the 
prevailing wind directions along the lake's north-south axis can maintain 
excellent mixing conditions and a fetch that can result in a differential 
in lake elevation of a foot or more between the north and south ends. 
Hazel (1969) reported submerged drogue (water movement) velocities of 0.0 
to 0.2 feet per second at depths of 6-9 feet at surface wind speeds of 6-26 
mph. For comparison, he observed that water movement velocities of 0.02 
feet per second (surface wind velocities of 2-5 miles per hour) were 
sufficient to resuspend bottom sediments in the water column. 

Investigators (Bond et al, 1968; Riker, 1982) observed little or no 
thermal stratification in the lake. Under calm summer conditions, 
temperature differentials between surface and bottom (2 to 3 m) can range 
between·2 to 4° C, but are quickly reduced by subsequent wind action. 
There is some spatial variation in lake characteristics, however, given its 
size and morphometry. Surface algal masses are wind-driven and 
concentrated into relatively sheltered areas such as Eagle Ridge, 
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TABLE 2 
PHYSICAL CHARACTERISTICS OF 

UPPER KLAMATH AND AGENCY LAKES 
(Source: U.S. Army Corps of Engineers, 1979) 

Drainage Area 

Surface Area 
Minimum (elev. 4,137 ft.) 
Mean Summer (elev. 4,141.3 ft.) 
Maximum (elev. 4,143.3 ft.) 

Volume 
Minimum 
Mean Summer 
Maximum 

Mean Depth 
Minimum 
11ean Summer 
Maximum 

ENGLISH 

3,800 miles2 

60,000 acres 
77 ,500 acres 
90,000 acres 

350,000 acre-feet 
620,000 acre-feet 
875,000 acre-feet 

5.8 feet 
8.0 feet 
9.7 feet 
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METRIC 

1 x 106 hectares 

24,300 hectares 
31,300 hectares 
36,400 hectares 

432 x 106 meters3 

765 x 106 meters3 

1,079 x 106 meters3 

1.8 meters 
2.4 meters 
3.0 meters 
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Shoal water Bay, and Howard Bay. In addition, Vincent (1968) suggests that 
the major flow pattern in the lake is from the Williamson River along the 
east Eagle Ridge channel south toward the lake outlet. Inflow from Agency 
Lake and spring and seepage flow along the Rocky Point and National Refuge 
areas is not sufficient to overcome current effects and flow volumes of the 
Williamson River, and therefore tends to be isolated in the north end 
duri ng peri ods of 1 itt1 e wind acti vi ty. Thi s theory was based on sl i ght1y 
elevated summer temperature values in the northwest area relative to other 
areas of the lake. However, this apparent isolation pattern ca.n be quickly 
disrupted by southerly winds, and appears to be only an intermittent 
occurrence due to the great circulation potential of the system. 

HYDROLOGY 

General Description 

Upper Klamath Lake and Agency Lake are characterized by a large and 
relatively complex watershed system. The 3,800 square mile basin consists 
of numerous springs, streams, lakes, and rivers, which eventually direct 
seasonal drainage to Upper Klamath Lake. However, the basin is also 
characterized by extensive and poorly drai ned mar:shes, wetl ands, p1 ai ns, 
and depressions. These geographic features provide relatively long 
detention of surface drainage to the lake, as well as greater opportunity 
for both evaporative and infiltrative loss. Basin~wide precipitation 
averages 22 inches per year (12 inches per year in the immediate lake 
vicinity), of which 80 percent is returned to the atmosphere via 
evaporation, transpiration, or consumptive use (OSWRB, 1971; as reported by 
USACE, 1979). In addition, a substantial portion of snowmelt infiltration 
results in numerous springs, which either discharge directly to the lake or 
provide base flows to its major tributaries. 

Surface Tributaries - The lake receives the majority of its drainage from 
the north and east. The Hill iamson River system is composed of the 
Williamson, Sprague, and Sycan Rivers and constitutes the largest source of 
surface inflow to the lake (Figure 1). Williamson River discharges into 
Klamath Marsh above the Williamson's confluence with the Sprague River. 
There is generally no discharge from the marsh during the summer, during 
which period Spring Creek maintains Williamson River flows below the marsh 
and above the confluence with the Sprague River. The Sprague River, which 
drains an area in the eastern portion of the basin, maintains a relatively 
hi gh base flow and a hi gh runoff pul se in April or Hay. The Wi 11 i amson 
River discharges into the north end of Upper Klamath Lake (Figure 4). 
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The Wood River is another main tributary discharging into Agency Lake. The 
stream, like Spring Creek, is spring-fed and maintains nearly constant flow 
throughout the year. Crooked Creek, another spring-fed system, flo~s into 
the Wood River near its discharge into Agency Lake. 

On the north~est side of the lake, several mountain streams and springs are 
directed into a complex series of main and lateral canals through the 
plains and reclaimed marsh areas to the immediate north of the lake. 
Sevenmile Creek is directed primarily into Sevenmile Canal, while Cherry 
and Fourmile creeks comprise Fourmile Canal. Sevenmile Canal discharges 
into Agency Lake, ~hile Fourmile Canal discharges into the Ilationa1 
Wildlife Refuge at the north of Upper Klamath Lake. Numerous f10~ control 
devices, diversion gates, and pump stations a11o~ area ranchers a wide 
degree of flexibility in directing canal waters for flood irrigation and 
drainage purposes during the spring and summer months. 

The west si de of the 1 ake receives seasonal runoff from sever,al 
intermittent streams originating on the eastern slopes of the Cascades. 
Denny Creek is the only stream that flows year-round and is channelized for 
irrigation purposes· just prior to discharge into Ball Bay. Geary Canal is 
another seasonal streamcourse, discharging winter and spring runoff into 
Ho~ard Bay and serving as an irrigation supply from the la~e during the 
summer. These streams constitute a very small percentage of total lake 
inflow. 

Springs and Subsurface Seepages - Spring flow and groundwater seepage 
provide a stabilizing influence of continuous inflow to the lake throughout 
the year, and are especially important during the late summer and early 
fall. The majority of groundwater infiltration and recharge in the 
~atershed occurs on the eastern slope of the Cascade Mountains (the west 
side of the lake), where precipitation is greatest. The pumic:e and 
fragmented volcanic rocks ~ver1ying and underlying the mountain slopes are 
highly porous and readily transmit infiltrated precipitation and snowmelt 
as subsurface flow to the lowland areas. Perched or shallow groundwater is 
generally discharged as springs along the base of the mountain siopes. 
Such springs, which occur on the west shore of Upper Klamath Lake and the 
National Wildlife Refuge, are Harriman or Rocky Point, Malone, Crystal, and 
Mare's Egg springs (Figure 4). Infiltration to deeper confined zones moves 
laterally and beneath the lake valley, where favorable permeable or 
fractured zones permit high discharge to the north and east of the lake. 
These springs form the headwaters of the Wood Ri~er, Croo~ed Cree~, and 
Spring Creek (Leonard and Harris, 1974). Perdue et al (1981) confirmed 
that chemical composition of Big Springs Creek and Spring Creek on the 
western boundary of the Hill iamson River drainage are strikingly different 
than springs in the eastern headwaters of the Ililliamson and Sprague 
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rivers, and are more similar in composition to springwater on the west side 
of the lake. Numerous smaller springs exist on the eastern shoreline 
between Modoc and Rattlesnake Points, and on Eagle Ridge. 

Lake Elevation - The southern end of Upper Klamath Lake tapers to a natural 
outlet, which, since 1917, has been controlled through the operation of the 
Link River Dam. The dam is owned by the U.S. Bureau of Reclamation and is 
operated by Pacific Power and Light Company. primarily for summer 
irrigation and sustained hydropower generation and to a lesser extent for 
flood control. Reservoir operation strategy is tG accumulate winter and 
spring runoff to lake elevation of 4,143.0 during May, which is just below 
the contract maximum of 4,143.3. Once spring inflow has stab') ized, this 
safety margin of storage is also filled to attain maximum summer elevation 
for irrigation and power withdrawals. Once depleted, the lake is 
maintained, if possible, below 4,140 in early winter in order to provide 
flood control during the winter and early spring high-runoff events. 
Active storage is computed to elevation 4,136 and is approximately 500,000 
acre-feet, with passive storage at 350,000 acre-feet. 

The lake elevation is historically regulated between 4,143.3 and 4,137 
feet, a range of 6.3 feet. Annual fluctuations average only 3.5 feet. 
However, the annual fluctuation during the 1981-82 study period did attain 
6 feet. This range may occur whenever a very low water year precedes a 
very high water year. Seasonal fluctuations for minimum and previous 
maximum, recorded elevation years, representative year, and current year are 
presented in Figure 5. 

Lake Outlets - Just above the Link River Dam, the "A" Canal branches out of 
the lower lake and winds through Klamath Falls and out into the Lost River 
and Klamath val1eys. The canal draws water from the lake during the summer 
irrigation season, then is drained during the winter months when the outlet 
structure is closed. The-1gB1 season was noted for its highest recorded 
summer irrigation withdrawal. 

Lake [wauna - Below the dam, the Link River flows for one mile and drops 
approximately 60 feet to enter Lake Ewauna. The lake averages 6 to 8 feet 
in depth and is approximately 400 acres in area. Based on an average 
annual inflow of 1 x 106 acre-feet, hydraulic ~esidence time for Lake 
Ewauna averages one day prior to discharge into the Klamath River. 

Hydrologic Budget 

Budget for 1965-1967 - A comprehensive three-y~ar \'later budget was 
performed on the lake during the period 1965-1967 (Hubbard, USGS, 1970). 
Thirteen water level recorders were employed, with staff gages on numerous 
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TABLE 3 
HYDROLOGIC BUDGET OF UPPER KLAMAT~ LAKE 
ANNUAL AVERAGE FOR THE PERIOD 19615-1967 
(Hubbard, U.S. Geological Survey" 1970) 

INFLOW 

Surface I nfl ow: 

Williamson River 

Wood River (including Crooked Creek) 

Rock Creek, Varney Creek, Moss Creek, 
Denny Creek, Fourmile Creek 

Sevenmi 1 e Canal 

Fourmile Canal, Central Canal, 
Modoc Point Canal 

Agricultural Drainage 

Subsurface and and Spring Flow 

Precipitation 

Total 

OUTFLOW 

Surface Outflow 

Li nk Ri ver and "A" Canal 

Agricultural Irrigation 

Evapotranspiration 

Total 

CHANGE IN LAKE STORAGE 

Inflow = Outflow + Change in Lake Storage. 

( ) not included in summations. 
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Acre-Feet 

1,467,000 

(913,000) 

(292,000) 

(33,000) 

(84,000) 

(75,000) 

(70,000) 

251,000 

128,000 

1,846,000 

1,566,000 

(1,532,000) 

(34,000) 

292,000 

1,858,000 

-12,000 

Percent 
Total 

79.2 

(49.5) 

(15.8) 

(1. 8) 

(4.6) 

(4.0) 

(3.8) 

13.6 

6.9 

100.0 

84.3 

(82.5) 

(1. B) 

15.7 

100.0 



smaller tributaries that were monitored daily. In addition, meters were 
engaged on all irrigation pumps discharging drainage and return irrigation 
flows directly to the lake. 

Summary averages of the three-year survey are presented in Table 3. The 
budget indicated that the lake receives over 1.8 million acre-feet of 
average annual inflow. Almost 80 percent of inflow was attributed to 
surface flow, of which the Williamson River comprised 50 percent. The Wood 
River/Crooked Creek system contributed 16 percent of total inflow, with 
north end canals contributing 8.6 percent, agricultural drainage 3.8 
percent, and intermittent westside streams less than 2 percent. Direct 
lake precipitation constituted 7 percent of total inflow. Springs and 
groundwater inflow was determined by difference and was estimated to be 
251,000 acre-feet, or 13.6 percent of total inflow. 

Surface outflow was determined to represent 84.3 percent of total outflow, 
comprised almost exclusively of Link River and "A" Canal collective flows. 
Evapotranspiration accounted for the remaining 15.7 percent of outflow. 
Based on 1,566,000 acre-feet annual surface outflow, a mean annual lake 
elevation of 4,141.3, and a volume of 620,000 acre-feet, the lake's mean 
hydraulic residence time,was determined to be 0.40 years. 

Budget for 1981-1982 - A hydrologic survey was performed as an element of 
this project in order to verify that results of the 1965-1967 water budget 
were still valid following a IS-year hiatus and to utilize in annual 
phosphorus loading determinations for major tributaries to Upper Klamath 
Lake. Water level recorders were installed on Wood River, Crooked Creek, 
and Sevenmile Canal for the period November 1981 through June 1982. Flow 
data for the Williamson River was obtained from the U.S. Geological Survey. 
The survey therefore directly monitored 77 percent of total lake inflow 
(including precipitation) and 88 percent of surface inflow. Data from U.S. 
Geological Survey gage stations on the Link River and Upper Klamath Lake 
was also util ized to determine lake outflow and change in lake stage. Flow 
data on the "A" Canal and Link River (adjusted for westside power opera
tions at Link River Dam) was generated by the Klamath Irrigation District 
and Pacific Power and Light Company, respectively, and provided by the U.S. 
Bureau of Reclamation. Precipitation and evapotranspiration data was 
provided by the flational l~eather Service station in Klamath Falls, and lake 
stage fluctuations were determined using elevation-capacity tables provided 
by the U.S. Bureau of Reclamation. Small flows from un gaged streams, 
canals, and irrigation pumps were estimated from three-year monthly 
averages of the 1965-1957 survey, as were flows for Wood River, Crookerl 
Creek, and Sevenmil e Canal for the ungaged period eval uated (July-October 
1981). Spring and groundwater flow, as in 1965-67, were considered as net 
groundwater inflow and calculated by difference in the water budget 
equation. 
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A summary of the water budget developed for the period July 1981 to June 
1982 is presented in Table 4; a monthly tabulation of flow is presented in 
Appendix Table A-I. Results are generally comparable to results of the 
1965-67 survey; although absolute flows are specific only to water years 
surveyed, relative proportions of flow sources are comparable between the 
two studies. The water year as reported is asynchronous of the normal 
water year (October through September) and reflects the end of a very low 
water year and correspondingly low lake elevations, phasing into a high 
water year consisting of heavy winter precipitation, high spring snowmelt 
runoff, and a maximum recorded lake elevation. Precipitation in the Upper 
Klamath Lake vicinity over the course of the monitored year (17 inches) was 
appreciably greater than the average year (12 inches). 

A total inflow of 2.146 million acre-feet was determined to enter Upper 
Klamath Lake during the survey period. Using a determined mean annual lake 
volume of 620,000 acre-feet, the mean hydraulic residence time for the lake 
was 0.3 years, or a flushing rate of 3.3 times per year. 

The Will iamson River contributed nearly 54 percent of total inflow during 
the 1981-1982 study period, with 80 percent occurring in the six-month 
period between December and 14ay. The percentage was somewhat higher than 
the 1965-1967 survey three-year average (50 percent) and reflects the high 
runoff characteristics for the year recorded. Conversely, Wood River and 
Crooked Creek, primarily spring-fed streams, constituted 13.3 percent of 
total inflow, somewhat lower than the average of the earlier study (15.8 
percent). Sevenmile Canal recorded flows were a lower percentage of total 
+1 ....... I~ 1 ......... '"" ....... ~\ +l-.", .. ~hn. n. .... .f ... .; .... "'1 ~+",1., III k I"\.t'!o .... ,.. ........ \ ;:t,",!! ,rn.=!iJ" ,~,~'.'''' I Ivn \"" • ..L ..,'11;;1 \"'1;;11\00' "'IIQII \,011<:;;; VI 1!:f11l""'1 ~",uuJ \"'T.v .,...,1 ", ... ,1\ .. / _ _ _ __ 

reflected the inability to properly calibrate streamflow due to numerous 
manipulations of canal elevation by area ranchers during the monitoring 
peri od. 

Outflow from the lake (with'the exception of direct agricultural 
withdrawal, which was reported from 1965-67 data to average only 1.8 
percent of annual outflow) and change in lake stage were directly measured 
or quantified during the study period from the above sources. Therefore, 
fairly precise outflow and lake stage estimates were available to determine 
total inflow to the lake for the period. However, the lack of direct flow 
measurements for: (1) Wood River, Crooked Creek, and Sevenmile Canal for 
July through October 1981; and (2) numerous ungaged canals, intermittent 
streams, agricultural discharges, and springs/subsurface seepage prevented 
verified allocation of the remaining 25 percent of total inflQ',oj. 
Historical average monthly flows from the 1965-1967 data were therefore 
applied to each of these sources, with some adjustments for obvious events 
in the 1981-1982 water year. These indirect/historical estimates of these 
sources serve to compl ete the liater budget for the period survey. 
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TABLE 4 
HYDROLOGIC BUDGET OF UPPER KLAMATH LAKE 
SUMMARY RESULTS, JULY 1981 TO JUNE 1982 

INFLOW 

Surface Inflow: 

Williamson River 

Wood Ri ver 

Crooked Creek 

Westside Streams 

Sevenmil e Canal 

Other Canals 

Agricultural Drainage 

Subsurface and Spring Flow 

Precipitation 

Total 

"'IITr-, "' •• 
UUlrLUW 

Surface Outflow 

Li nk Ri ver 

"A" Canal 

Agricul tural IIi thdra~/al 

Evapotranspiration 

Total 

CHANGE IN LAKE STORAGE 

Inflow = Outflow + Change in Lake Storage. 

( ) not included in summations. 
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Acre-Feet 

1,676,682 

11 ,148,810) 

(218,804) 

(44,707) 

(42,916) 

(67,272) 

(74,637) 

(79,536) 

346,420 

121,618 

2,146,720 

1,727,096 

11,438,078) 

(255,049) 

(33,969) 

283,724 

2,010,820 

+135,900 

Percent 
Total 

7B.l 

(53.5) 

(10.2) 

(2.1) 

(2.0 ) 

(3.1) 

(3.5) 

(3.7) 

16.1 

5.8 

100.0 

85.9 

(71.5) 

(12.7) 

(1. 7) 

14.1 

100.0 



Agricultural drainage consists primarily of irrigation return flows during 
the summer months and drainage from flooded fields in the winter and spring 
months, especially during March and April. Irrigation return flows are 
primarily from flood-irrigated pasturelands to the north, the Wocus r·larsh 
area on the west side, and the Algoma area on the east side of the lake. 
Winter/spring drainage results from deliberate and natural flooding of 
fields in the fall and wiflter, and are estimated at 3.7 percent ,of total 
inflow. Direct agricultural withdrawals from the lake were principally for 
summer irrigation and fall flooding of fields for rodent control. 

Spring and subsurface seepage constituted 16 percent of total inflow, which 
is comparable to the three-year annual range of 10.3 to 18.8 percent 
reported in 1965-1967 (Hubbard, 1970). High correlation of groundwater 
inflow with precipitation on a monthly basis in the winter months suggests 
a combinati on of underestimated runoff volumes in ungaged streams and hi gh 
subsurface transmissivity in the volcanic and pumice soils underlying the 
terrain of the project area. No attempt was made either in the current 
surveyor in the earlier survey to determine the locations of the greatest 
percentage of spring and subsurface inflow. Certainly the areas to the 
immediate north and' west of the lake shorelands are indicative of high 
spring activity. 

Changes in lake stage over the period surveyed reflect the significant 
increase from one water year to the next, from a low of 4,137.44 observed 
in September 1981 to a maximum elevation of 4,143.3 in June 1982. The net 
increase observed over the period surveyed was 135,900 acre-feet, a 
1.6-foct increase in elevation. 

LAKE QUALITY 

Data Sources 

Discussion of water quality parameters of Upper Klamath Lake will consider 
the reports of earlier investigators (Bond et al, 1968; Vincent, 1968; 
t~iller and Tash, 1968; and Hazel, 1969), but is primarily based on separate 
but cooperative sampling programs in 1981-1982 funded by the U.S. 
Environmental Protection Agency (EPA) and the U.S. Ar~ Corps of Engineers 
(USACE). Lake water column monitoring was performed under the EPA project, 
while tributary monitoring, benthic invertebrate sampling, and sediments 
evaluation were performed for the USACE. The following data presented in 
figure form is based on EPA-sponsored monitoring of the lake occurring from 
June 29, 1981 to June 22, 1982. The locations of five selected lake 
sampling stations are presented in Figure 6. 
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Lake Qual ity Description 

Temperature and Dissolved Oxygen - ~Iater temperatures (Figure 7l fluctuated 
seasonally from maximums of 20 to 25 0 C duri ng the summer of 1981 to lows 
of 1.5 to 2.50 C during December-February. No significant spatial 
variation occurred over the sampling period; however, all sample locations, 
except Shoal water Bay, were located within the presumed flow path. 

Dissolved oxygen (DO) concentrations (Figure 8) during the summer of 1981 
fluctuated from a photosynthetic-induced high of 17.2 mg/l off Eagle Ridge 
to a low of 0.4 mg/l at the channel connecti ng Agency Lake with Upper 
Klamath Lake. This last value was due to a combination of high 
temperature, algal senescence, and stagnant water in the channel from the 
low lake elevations during the period. Low values of 4 to 6 mg/l were 
observed at other locations on the lake during August; however, concentra
tions were generally 8 to 13 mg/l at these same sampling locations 
throughout the remainder of the year. Results generally support past 
experiences of localized, intermittent low or no oxygen levels due to warm 
water temperatures and senescing algal popul ations in sheltered areas of 
the lake, especially when low wind activity prevails. All DO analyses were 
performed during peak dayl ight hours. No diel profiles were performed in 
1981-82; Bond et al (1968) reported a mean 4 mg/l variation in DO 
concentrations over a 24-hour sampling period. 

Verti cal temperaturE!-DO profil es were performed off Eagl e Ri dge, the 
deepest area in UppE!r Klamath Lake, and confirmed the absence of a strong, 
long-term thermal stratification and oxygen-depleted bottom waters (Figures 
9 and 10). A moderately stratified system was present on June 29, but 
stratification was weak or absent on subsequent dates. Also, although 
August 17 surface Oil 1 evel s were only 4 mg/l, concentrations remained 
uniform down to the bottom. The data suggests that lake circulation from 
wind action is a powerful factor in maintaining marginally acceptable DO 
concentrations throughout the water column. 

Conductivity - Conductivity levels ranged between 80 and 145 umho/cm over 
the monitoring peri()d (Figure 11). Ambient lake levels of 110 to 140 
umho/cm declined steadily with high winter and spring inflows to levels 
more indicative of influent streams (80 to 100 umho!cm). 

Turbidity - Although observed peaks in turbidity (Figure 12) were 
associated with corresponding peaks in chlorophyll-a (indicative of 
phytoplankton productivity), the inverse rel ationship was not true; that 
is, other chlorophyll-a peaks observed coincided with mean turbidity 
values. This leads to some uncertainty as to the acceptability of 
turbidity measurements as an index of water transparency and recreational 
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desirability. Although Secchi disk measurements of transparency were not 
routinely performed, measurements in June 1982 of 0.1 to 0.5 meters 
coincided with turbidity measurements of 18 to 23 NTU's. Secchi disk 
transparency at these levels are indicative of highly eutrophic waters and 
are assumed to be representative of the lake during the summer months. 

Alkalinity - Alkalinity measurements (Figure 13) confirm Upper Klamath Lake 
to be a marginally soft water lake, averaging 46 mgll as CaC03. This 
feature wll be an important consideration in evaluation of either alum 
treatment or algicide application as management techniques. Phenol ph
thallein alkalinity (Figure 14) illustrates its increased levels in the 
summer months due to increased algal 

~ - Measurements for pH (Figure 15) reflect a system influenced by high 
primary productivity and subsequent senescence. The pH remained above 9 
throughout the 1981 summer due to high algal productivity. Levels declined 
during the winter, especially in November when shoreline sample pH values 
of 5 to 6 reflected decomposition of wind-concentrated phytoplankton and 
marsh vegetation (the other two sample locations in November were in open 
water locations and were higher in pH). Generally, pH values were 
sustained above 8.0 and are observed to be rising again with the advent of 
the 1982 growing season. High pH is an indicator of algal assimilation of 
dissolved carbon and can further aggravate bloom conditions by enhancing 
phosphorus release from bottom sediments. 

Nitrogen - Ammonia (NH3-N) and nitrate-nitrogen (N03-N) trends, 
presented in Figures 16 and 17, clearly demonstrate an inverse relationship 
nf Aic::c::nl\1oA ni-t,..nnon wi+h rhlnvonnhvl'_2 \I::Ill1.o.c:- .::ronA c='llnl1.oe+ +h;at- nii-r"nno.n 
........................... II ... ' .... :::Iw .. n' ....... 11 .... ' ...,t"""J" ................................... :1::1'- ......... 11 ....... Ill ....... ::t ... .. 

is a major rate-limiting factor of bluegreen algal productivity. 80th 
dissolved nitrogen forms were at or below detectable limits «0.10 mg NIl) 
for the entire 1981 summer season. A November sample from Skillet Handle 
was analyzed for N03-N at-a- greater sensitivity than the other samples 
and was determined to be 0.04 mg NIl; it seems very probable that summer 
N03-tJ concentrations were at least as low or lower than this November 
sample. Higher winter N concentrations are associated with high inflow 
from tributary runoff and low algal assimilation. Concentrations of both 
NH3-tJ and N03-N again dropped to below detectable levels in the 
early spri ng of 1982 wi th the advent of al gal producti vi ty. 

EPA sampling in June 1982 of Geary Canal ouflow into Howard Bay revealed 
chlorophyll-a levels (1,450 ug/l) much higher than in the lake (other than 
Ski 11 et Handl e) wi th still reasonabl e N03-N concentrati ons (0.11 mg/l). 
A 1 though other consi derati ons may be equally important (wi nd concentra tion; 
water temperature being 24° C in comparison to 17 to 19° C in main lake 
areas), it seems certain that ready availability of dissolved N was a major 
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factor in the remarkable productivity at this location. Other than this 
location, dissolved nitrogen levels were uniformlY: below detectable limits 
at lake sampl ing stations during the summer months:. 

Phosphorus - Total phosphorus (tota l-P) concentra~i ons vari ed from a hi gh 
of 510 ug/l in June 1981 to a low of 50 ugll in ~lalY 1982 (Figure 18). For 
comparison, Miller and Tash (1968) reported a tota~-P range of 30 to 2,000 
ug/l for the lake in 1965-1966. There was a statilstically significant 
declining trend from levels of 200 to 500 ug Pil ir the summer of 1981 to 
70 to 100 ug P/l in the early summer of 1982. ComParisons of mas·s inflow, 
outflow, and change in lake volume/concentration a~tributed declines in 
~uly-uc~ooer to sedimen~a~lon of organic P (corresponding to concurrent 
declines in chlorophyll-a) and declines in November-April to high inflows 
and increase in lake volume. 

No return to summer 1981 maximum levels was observed at the terminus of 
1982 summer sampling. High 1981 summer values wer¢ probably attributable 
to the 1981 low water year and undiluted agricultulral drainage; however, 
concentrations are substantially lower than maximu~ levels observed in 
1965-1966, a normal· water year. Another possibili~y is that water column 
total-P concentrations were enhanced by high releaise from bottom sediments 
to sustain high bluegreen algal productivity. The' high productivity/ 
total-P cycle may have been delayed past the sampl!ing terminus in 1982 by 
depressed water temperatures from a cold, wet spring season. 

There were rel ati vely sl i ght spati a 1 vari a ti ons i nl total-P throughout the 
1 ake, which coul d be attributabl e to wi nd-concent~ated bl uegreen al gal 
masses in the summer months or resuspension of botitom sediments in the 
winter. Geary Canal, a canal extension of Howard Bay, exhibited total-P 
1 evel s that were consi stently hi gher than 1 ake stalti ons from November 1981 
through termination of sampling reporting in 1982, with a concentration 
range of 100 to 500 ug/l ~EPA, 1981-82). No lake 'station was consistently 
higher than the others. 

Ortho-phosphorus (ortho-P, a dissolved P species) concentrations were 
observed to be below detectable levels «20 ug/llin June 1981, with 
detectable values generally through the rest of th~ summer at 30 to 270 
ug/l (Fi gure 19). Level s remained at 40 to 70 ug/l throughout the winter, 
then decl ined to 20 ug/l and belo·vI in the 1 ate sp~i ng and early summer. 
There were no consi stent differences among sampl i nlg stati ons; hi gh val ues 
observed at the Agency Lake outlet in the summer cif 1981 were based on 
stagnant water conditions from low water el evation!s in the channel. 

It is difficult to ascertain whether ortho-P was ~ver limiting to algal 
growth, given the relatively high analytical limit;s of detection. Stream 
quality monitoring analyses performed by this proj!ect reflected sensitivity 
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to 5 ug/l, while 10 to 15 ug/l are considered to be a threshhold level for 
undesirable algal productivity. Still, assuming t~at analyses below 20 
ug/l were indicative of very low ortho-P levels, c~nditions where 
phosphorus as well as nitrogen could have been limiting to algal growth 
were observed at the first sample date in June 1981 and again in the spring 
and early summer of 1982. However, there was not the striking inverse 
relationship with chlorophyll-a concentrations tha~ existed between 
chlorophyll-a and di ssol ved ni trogen forms. Certai~ nly hi gh ortho-P 1 evel s 
throughout the rest of the 1981 summer season, in ~pite of continued high 
algal productivity, were indicative of early algal luxury uptake of \~hat is 
generaiiy a noniimiting nutrient in Upper Klamath Lake. 

Chlorophyll-a - Chlorophyll-a (chl-a) concentratio~s, a reliable index of 
phytoplankton productivity, are presented in Figurie 20 for Upper Klamath 
Lake stations. Values ranged from a low of 2 ug/l in December 1981 to a 
maximum of 1,400 ug/l off Skillet Handle in June 1982. To accommodate this 
range, data is presented on a logarithmic scale. Mean summer 1981 
concentration was 230 ug/l; as a point for compariison, 10 ug/l is generally 
considered a minimum threshhold value for eutrophi~ conditions. 

High chl-a values in the summer of 1981 and in JUrje of 1982 were associated 
with the bluegreen alga Aphanizomenon flos aquae; Ivalues of 7 to 15 ug/l in 
the spring of 1982 were associated with much smallier blooms of diatoms. 
Additional information on algal characterization ils presented in the 
following section on biological characteristics. ISignificant variations in 
chl-a levels existed between lake stations but wene not consistent over a 
perloa or tlme. Generaliy, higher levels were al~ernativelY present in the 
Shoal water Bay, Eagle Ridge, the Skillet Handle, and Howard Bay stations, 
dependi ng on wi nd movement and di recti on. Hi gh lievel sin embayments may 
be due not only to wind concentration but also to shallow water depths, 
higher nutrient loading/inflow ratios, and warmer ,water temperatures. 

On the basis of phytoplankton counts in the summer of 1982, chlorophyll-a 
(al gal popul ati ons) were si gni fi cantly reduced in :the Pel ican Bay area of 
the lake. No chemical analyses were performed in :the area, however, to 
explain this phenomenon. An indirect nitrogen limitation mechanism is 
suspected, whi ch wi 11 be di scussed in the eval uati10n secti on. 

Lake Quality Evaluation 

Trophic State Classification - Observed and repor~ed limnological 
characteristics of Upper Klamath Lake characteriz~ it as a highly eutrophic 
system. Classification of trophic status is base4 primarily on in-lake' 
measurements of Secchi disk transparency, total phosphorus, and algal 
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productivity (chlorophyll-a). The EPA National Eutrophication Survey 
(1974) indicated ranges of these three criteria fo~ three discrete trophic 
states, as presented in Table 3. Carl son (1977) inlcorporated the same 
relationship between water quality criteria into a continuous numerical 
index rather than under three distinct trophic sta~e classifications (Table 
4). Values of 50 to 60 would be indicative of mesdtrophy as described by 
the EPA survey classification. Comparison of maximum 1981 summer quality 
characteristics of Upper Klamath Lake (Secchi disk. 0.1 to 0.2 m; total P, 
510 ug/l; chlorophyll-a, 888 ug/l) with either classification scheme will 
confirm its status as a highly productive system. 

Algal assay evaluation of waters collected from 49 !lakes nationwide in July 
1971 were performed as an element of the National ~utrophication Survey. 
Of the 49 lakes sampled, Upper Klamath Lake reflec~ed the third highest 
algal productivity and the highest natural concenttations of total soluble 
phosphorus (0.330 mg/l) and organic nitrogen (0.99 :mg/l). Its control 
biomass yield of the test organism (15.8 mg/l) est~blished it as one of six 
lakes sampled that were characterized as highly prqductive (6.1 to 20.0 
mg/l). 

Productivity Rationale - The lake maintains an extremely productive and 
robust population of the filamentous bluegreen alg~, Aphanizomenon 
flos-aquae, throughout the summer season. Populations of nearly 200,000 
filamens per ml and chlorophyll-a values over l,OO~ ug/l have been 
recorded. Such luxuriant growth is based on two m*jor limnological 
characteristics: lake morphometry and nutrient availability. 

Upper Klamath Lake is an extremely large yet relatively shallow lake. This 
high surface area to depth ratio is responsible for several environmental 
conditions that promote bluegreen algal productivity. A high incidence of 
annual insolation is absorbed by lake waters; the critical bluegreen algal 
growth requirement of warm water temperature is quickly attained in early 
summer and maintained throughout the season. The ~igh surface area to 
depth ratio guarantees a high percentage of algal suspension in the photic 
zone and high algal concentrations throughout the water column. The ratio, 
when combined with the high incidence of wind movement in the basin, 
promotes a high degree of circulation of the water column and resuspension 
of 1 ake bottom sediments. This provides a dynamic' growth environment where , 

nutrients are assimilated from bottom sediments and potentially inhibiting 
metabolic waste products are dissipated into surro~nding waters. Shallow 
depths and the absence of stratification maintain warmer summer water 
temperatures on the 1 ake bottom, \~hi ch promotes gr~ater sediment nutri ent 
release through increased biological activity. 
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TROPHIC STATE 

Oligotrophic 
M~cn+rnnhir .. _ ...... _. -t""''''' 

Eutrophic 

TSI 

0 
10 
20 
30 
40 
50 
60 
70 
80 
90 
100 

TABLE 5 
EPA NATIONAL EUTROPHICATION SURVEY 

TROPHIC STATE CLASSIFICATION 

SECCHI DISK TOTAL 
DEPTH PHOSPHORUS 

(m) (ug/1 ), 

>3.7 <10 
2.0 to 3.7 10-20 

<2.0 >20 

TABLE 6 
CARSON'S TROPHIC STATE INDEX 

(Carl son, 1977) 

SURFACg 
SECCHI DISK PHOSPHORUS 

(m) (mg/m3 I) 

64 0.75 
32 1.5 . 
16 3 
8 6 
4 12 
2 24 
1 48 

0.5 96 
0.25 192 
0.12 384 
0.062 768 

Upper Klamath Lake, Oregon 
1981 Summer Maxima 0.1 to 0.2 510 

3-37 

CHLOROPHYLL-A 
(ug/1 ) 

<7 
7-12 

>12 

SURFACE 
CHLOROPHYLL-A 

(mg/m3 ) 

0.04 
0.12 
0.34 
0.94 
2.6 
6.4 
20 
56 
154 
427 

1,183 

888 



(A1 though wi nd-generated water ci rcu1 ati on can a1 so, resuspend shallow 
bottom sediments to a point where considerable turbjdity is generated, it 
does provide some positive influence to the lake sy$tem. Well-mixed 
conditions preclude sustained periods of anoxia in sediments and bottom 
waters, and possibly inhibit increased populations of both chironomids and 
submersed macrophytes in open water areas through f~equent resuspension of 
surficial bottom sediments.) 

Growth Limitation - The primary determinant of the extent and duration of 
b1 uegreen al gal productivity appears to be \~ater tej!1perature. The 
_ ....... _____ .1. ...... __ .1 ....... , ...... ~ .... _ ... "".: ....... h,."" .... ~ .... ..1 .... _ ... _ ... _.: ... .: •• ; .... ,.,.. ............ , ~~;n" w;+h 
~"'rull~t:3'" \,.rt:llu ft:'IQI..IUfI:tlllp' uu,:n;;IY'I;;U no;:) a }Ju:tll..,n:::: ,",VI I I; I U. ... ,VII n ...... 

ch10rophyll-a and water temperature. Chlorophyll-a; 1 evel s of 100 to 800 
ug/l were sustained through the summer of 1981 whilie water temperatures 
remai ned at or above 20° C. After a wi nter decl i ne' in both parameters, 
bluegreen populations reappeared when temperatures rose to 15° C in early 
June of 1982 (smaller chlorophyll-a peaks at lower temperatures ~Iere 
determined to be diatoms). Initiation of bluegreel1 growth each season may 
be 1 arge1y dependent upon cl imate. The wet, col d ~pri ng of 1982 may have 
suppressed both water temperature and bl uegreen producti vity further into 
the growing season than in 1981. 

B1uegreen algal productivity, therefore, is limite~ by temperatures below 
15° C and does not attain maximum bloom levels at less than ZO° C. This 
dependence may have some application in consideration of flushing as a 
potential algal control mechanism. Further discus~ion is presented in 
Chapter 4. 

Dissolved phosphorus concentrations ~Iere in excess' supply throughout much 
of the summer growing season. It was possibly in limited supply for only 
short periods of maximum algal productivity. Such limitation was not 
confirmed, given the relatively high limits of sen~itivity for P analyses 
and the tendency for b1uegreen algae to assimilate excess levels of 
essential but nonlimiting nutrients. 

Strong inverse relationships between chlorophyll-a concentrations and both 
ammonia-nitrogen and nitrate-nitrogen concentrations were observed over the 
sampling period of record, supporting the status of nitrogen as the 
nutrient limiting the rate of growth. Both surfac~ and subsurface inflow 
sources to the lake are low in nitrogen, supporting the determination of 
the National Eutrophication Study (NESl that the lake system was 
nitrogen-limiting to phytoplankton growth. However, Aphanizomenon, along 
with other filamentous bluegreen algae, is not truly dependent upon a 
dissolved nitrogen source. Such organisms have the ability to fix 
atmospheric nitrogen in the absence of dissolved nHrogen (N03-N or 
NH3-Nl, although assimilation of available dissolved N is preferred. 
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Such an atmospheri c source provi des a theoreti cally 1 imi t1 ess supply of 
nitrogen to those organisms \ihich have the biochemical means to assimilate 
it. 

Earlier investigations confirmed that essential micronutrients in the lake 
and its tributaries were in sufficient supply if the macronutrients Nand P 
were not limiting. However, there was an indicated potential for indirect 
nitrogen limitation to nitrogen-fixing b1uegreens through iron (Fe) 
limitation. Iron is an important cofactor in atmqspheric fixation of 
nitrogen. The absence of algal productivity in Pelican Bay may be based on 
the following factors: (1) very low iron concentration in spring samples 
reported by Miller and Tash (1968); (2) the ability of humic acids from 
marsh/wetlands inflow to chelate available iron arid render it unavailable 
to b1uegreens; and (3) relatively high inflows of both into the Pelican Bay 
channel. Perdue et al (1981) attributed the initiation of b1uegreen 
activity in Upper Klamath Lake to the cessation of highly colored, 
humate-rich outflow from the Klamath Marsh in the Williamson River basin. 
Such outflow was able to chelate high iron loadin~ from the Sprague River 
into the lake. The concept is presently unsubstarntiated but may have some 
application to localized restoration improvement in the north end of the 
lake (see Chapter 4 on evaluation of nitrogen control). 

BIOLOGICAL CHARACTERISTICS 

Phytoplankton 

Phytoplankton populations in Upper Klamath Lake i$ presently dominated by 
the b1uegreen filamentous alga Aphanizomenon flosaquae. Ideal 
environmental conditions enable the alga to be sU$tained in an extremely 
robust and luxuriant condition. Ability of the organism to thrive at warm 
water temperatures, maintain itself in the photic zone through flotation 
vacuoles, and assimilate atmospheric nitrogen are additional competitive 
advantages over other more desirable algal forms., Phinney and Peak (as 
cited by Bond et al, 1968) reported maximum cell eounts for the alga at 
196,361 per ml off Eagle Ridge in 1956, with average counts of 10,000 to 
30,000 per m1. Miller and Tash (1967) reported maximum phytoplankton 
biomass of 26 mg/1 in July 1965. Chlorophyll-a concentrations measured in 
the summers of 1981 and 1982 reached over 1,000 u~/l in certain locations 
(Figure 20). By any criteria, Aphanizomenon prod~ctivity is determined to 
be extremely high. 

Other investigators note a spatial variation in p~ytoplankton distribution 
in the lake, with excessive populations observed in Shoalliater Bay, Howard 
Bay, and off Eagle Ridge. Increased populations in the embayments may be 
due to greater productivity, but more probably ar~ attributable to wind-
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generated or shall ow depth concentrati on. Intermi ttent periods of anoxia 
in the bays are attributed to senescence and decay of such Aphanizomenon 
blooms. Poor visibility during bloom conditions (0.1 to 0.5 m Secchi disk. 
observed during a bloom on June 24, 1982) and problems of odor and low 
dissolved oxygen levels resulting from its decay affirms the organism's 
status as the primary index of lake trophic status and recreational 
quality. 

Aphanizomenon productivity generally begins in April-May, peaks in August, 
and declines by October or November. The alga appears to be dependent upon 
water temperature, with growth above 10° C and nuisance bloom levels above 
20' C. 

Phinney and Peak (1960, as reported by Bond et al, 1968) reported that 
Anabaena, Gloetrichia, and Microcystis are other bluegreen alga present in 
the 1 ake, with local i zed blooms of r~i crocysti s encountered near shore in 
the early summer in the northern areas of the lake. The diatoms 
Asterione1la and r.le10sira predominate during the wi'nter period between 
November and April. Gah1er (1969) reported f10atirig mats of the periphytic 
b1uegreen Osci11atoria during the spring and fall in Howard Bay, and Perdue 
et a1 (1981) observed the diatoms Fragi1aria construens and Stephanodiscus 
in the winter and spring along the north shore of the lake. 

Limited observations during this study generally confirm phytoplankton 
characteristics reported by other investigators. Uake samples were 
analyzed for plankton on three occasions: Novemberr 10, 1981; May 4, 1982; 
ana -.June l:'+, 1982. Results are presented in Table ~7, and reflect a trend 
from highly subdued Aphanizomenon populations in November 1981 to moderate 
diatom populations (Asterione11a, Nitzschia, Fragilaria) in May 1982 to 
bloom populations of Aphanizomenon in June 1982. Populations rose from a 
mean of 228/m1 in November to 90,150/m1 in June, with maximum values of 
150,OOO/m1 in the north end· af Upper K1 amath Lake and Agency Lake. r~i nimum 
values of 92/m1 were observed in Pelican Bay. Corresponding chlorophyll-a 
values for this last sampling period ranged from 11 ug/1 to a maximum of 
1,480 ug/1 (in Howard Bay), with Secchi disk readings of 0.1 to 0.5 m (EPA, 
1982 ). 

Zooplankton 

Zooplankton populations in the lake were characterized in 1964-65 by Hazel 
(1969). Most abundant c1adocerans encountered wer~ Daphnia schod1eri, 
Chydorus sphaericus, and Leptodora kindti, with D •. schod1eri occurring in 
100 percent of plankton samples collected. DiaptoTus ashlandi and Cyclops 
~ were the most abundant copepods, with ~ ashlandi occurring in over 90 
percent of samples collected. Eurycerus, Ceriodap~nia, Diaphansoma, and 
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DATE/LOCATION If/ml 

NOVEMBER 11, 1981 

Agency Lake 135 

Ball Point 82 

Howard Bay 262 

Buck Island 312 

Lake Outfall 347 

Mean 228 

r~AY 4, 1982 

Agency Lake 229 

Ball Point 998 

Howard Bay 294 

Buck Island 624 

Lake Outfall 124 

Mean 454 

JUNE 24, 1982 

Agency Lake 169,000 

Ball Point 148,000 

Howard Bay 43,500 

Pel ican Bay 92 

~lean 90,150 

TABLE 7 
UPPER KLAMATH LAKE 

PLANKTON CHARACTERIZAiION 

PHYTOPLANKTON 
t of 

Dominant Organism Total If/l 

Aphanizomenon 70 84 
Melosira 17 

A~hanizomenon 57 18 

A~hanizomenon 71 86 

Aphanizomenon 65 136 

A~hanizomenon 60 162 
NJtzschla 23 

97 

Asterionella 80 13 

Fragil ari a 25 23 

Asteri on ell a 89 4 

Asterionella 72 26 

Nitzschia 59 34 
Ji:Sterl0ne! 1 a 29 

20 

AEhanizomenon 100 68 

Aphanizomenon 100 444 

AEhanizomenon 100 38 

AEhanizomenon 97 17 

142 
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ZOOPLANKTON 
t of 

Dominant Organism Total 

Da~hnia schodleri 99 

Da~hnia schodleri 100 

Daphnia schodleri 100 

Da~hnia schodleri 98 

Chydorus sE. 93 

Daphnia schodleri 76 

DaEhnia schodleri 98 

DaEhnia schodleri 100 

DaEhnia schodleri 92 

Daphnia schodleri 91 

Daphnia schodleri 100 

Da~hnia schodleri 100 

Daphnia schodleri 84 

Chydorus sp. 75 



Epischura were associated more with the marsh areas of the lake. Daphnia 
~ populations averaged 25 per liter in the upper water column, with 
generally higher numbers in the north area of the lake; copepods averaged 
116 per liter. There were no significant seasonal fluctuations in 
popul ations. 

Limited observations regarding zooplankton on this project generally 
confirmed the above characterization (Table 7). D~phnia schodleri, 
Chydorus sp., and Diaptomus ashlandi were confirmed as indigenous species, 
with D. schodleri easily the most abundant and, in many samples, comprised 
100 percent of zooplankton collected. Chydorus sp. was the most abundant 
species in the two samples where D. schodleri was not prolific. It is 
interesting to note that June 1982 numbers of D. s hodleri were relatively 
high when accompanied by high concentrations of A anizomenon and were 
quite low in the sample collected from Pelican Bay" where algal densities 
were substantially lower. Observations suggest that predation efficiency 
by fish was greater in the area where Aphanizomenon is limited and 
corresponding visibility is greater. Chydorus sp., the most abundant 
species in the Pelican Bay sample, is much smaller than O. schodleri and 
may escape greater predation by the large fish. frequenting the Pelican Bay 
location. 

Fi sheri es 

Fishery populations of Upper Klamath Lake were assessed by Vincent (1968) 
from 838 net sets performed in 1964-1965 (Tabl e 8 ),. Fi sh di stributi on was 
also characterized according to season, shorelineiopen water habitat, and 
water quality. 

Blue and tui Chubs constitute over 90 percent of the lake's fisheries 
accordi ng to coll ecti on results. Chubs occupi ed all areas of the 1 ake, 
with 1 ittl e seasonal variatien or habitat preferenice. Only complete lack 
of dissolved oxygen prevented the presence of chubs; they were collected in 
waters containing less than 0.1 ppm dissolved oxygien. Chubs are considered 
to have little or no sport value and uncertain ecological value. 

Rainbow trout constitute less than 1 percent of the total fishery in the 
lake but are considered to be one of the best trout fisheries in the state 
of Oregon. Trout over 30 inches long are not uncommon. Trout and yellow 
perch avoi ded unfavorabl e water qual ity condi ti ons of hi gh al gal 
productivity, water temperature, and pH in the mai,n areas of the 1 ake by 
migrating into the mouths of tributaries and springs in the north areas of 
the lake during the summer months. Greater prey visibility and variety in 
the northern lake area may have been other consid~rations. Water quality 
conditions for remainder of the year (October to r~ay) were favorable to all 
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TABLE 8 
SPEtIES AND RELATIVE ABUNDANCE 

OF FISH IN UPPER KLAMATH LAKE, OREGON 
(Vincent, 1968) 

N AM E SCIENTIFIC NAME 

Klamath brook lamprey Lampetra s~. 

Pacifi c lamprey Lampetra tridentata 

Rainbow trout Sa1mo gairdneri 
Brown trout Sa1mo trutta 

Blue chub Gila bico1or 
Tui chub Siphate1es bico1or 

Lost River sucker Catostomus 1uxatus 
Klamath largescale sucker Catostomus snyderi 

Brown bull head Ictal urus neb~losus 

Yell ow perch Perea f1avescens 

Marbled sculpin Cottus K1 amathensi s 
Klamath Lake sculpin Cottus ~rinceps 
Sl ender scu1 pi n Cottus tenuis 

Pumpkinseed Le~omi s gi bbos:us 

RELATIVE 
ABUNDANCE 
(Percent)* 
1964 1965 

<1 <1 
<1 <1 

<1 <1 
<1 <1 

63 52 
28 41 

<1 1 

5 4 

2 1 

<1 <1 
<1 <1 
<1 <1 

<1 

100 100 

* As determined by 392 net sets in 1964 and 446 net sets in 
1965. 
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species for distribution throughout the lake. In situ 24-hour bioassays 
using trout fingerlings resulted in zero mortality~RockY Point (pH 9.4, 
temperature 12° C) and 68 percent mortality at Pelican Marina (pH 9.6, 
temperature 20° C) (Bond et al, 1968). 

Fish gut analyses according to species were also performed by Hazel (1969). 
Chironomid larvae and pupae occurred most frequently and often represented 
the largest mass in the guts of rainbow trout. Second in importance were 
sculpins, followed by leeches, dragon flies, damsel flies, caddis flies, 
and cladocera. Juvenile perch fed mainly on zooplankton and small insects, 
with snails and other fish being added to the diet of adults. Both species 
of chubs preyed largely on zooplankton (cladocerans and copepods) and 
chironomids, with adult blue chubs also feeding on. leeches and smaller 
fish. Sculpins utilized zooplankton as well as benthic invertebrates as a 
food sou rce. 

f4acrophytes 

There is little historical data on the distribution and density of 
submersed macrophytes in the lake. This data gap·appears to be primarily 
due to the surpri si ng1y low inci dence of such speci es \~ithi n the 1 ake, 
given its shallow depths and rich sediments. Casual observations over the 
duration of data collection indicated that wide expanses of the lake 
bottom were free from macrophyte growth. Only in the channel of Pelican 
Bay was submersed macrophytic growth observed (Potpmogeton sp.). Poor 
1 i ght transmi ttance due to hi gh a1 gal producti viti duri ng the summer months 
appears to be the primary l1mi tati On to wi despread: submersed maciophyte 
growth. This reason corresponds well to the single incidence of macrophyte 
growth, where low algal productivity in Pelican BaV allows relatively high 
transparency. However, the high incidence and degree of bottom sediment 
resuspension from wind and wave action reported (Hazel, 1969; McKenzie, 
1982) may also be a major·limiting factor in attaining a stable bottom 
substrate. Pelican Bay is narrow and relatively sheltered from wind
generated turbulence when compared to other areas in the lake. 

The ability of submersed macrophytes to take advantage of reductions in 
phytoplankton in the water column will be dependent upon: (1) the degree 
to which they are presently inhibited through light limitation or through 
sediment stability; and (2) the degree to which a 'proposed restoration 
plan would improve sediment stability, as well as water clarity, through 
either 1 ake deepeni ng or dredging. Currently, macrophytes present only a 
minor nuisance to boating access bet\~een Rocky Poi,nt and the main basin of 
Upper Kl amath Lake. However, they have the potenti al to become as much or 
greater nuisance to recreation and wildlife uses if they are not carefully 
considered in the course of deliberate lake management or restoration 
acti ons. 
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Benthic Invertebrates 

Historical Data - Hazel (1969) provided the first comprehensive survey of 
benthic invertebrates in Upper Klamath Lake. Dur~ng 1964-65, a total of 
107 Ekman dredge samples were taken of lake bottom substrates. Of these, 
79 were collected in the soft diatomaceous ooze that characterizes the lake 
bottom greater than 100 feet from shoreline or marsh areas. The remainder 
(28) were taken in these various shoreline habitats. 

Summary results are presented in Table 9. The diatomaceous ooze substrate 
was inhabited principally by Oligochaete worms, w1th leeches, chironomid 
larvae, clams, and snails in decreasing order of abundance. Chironomus 
(Tendipes) sp. and Proc1adius sp. were the two principal chironomid genera 
representative of this open water benthic substrate, with densities 
averaging 172 to 1,940 individua1s/m2. Average number of chironomids 
per Ekman grab sample (0.023 m2 surface area) ranged between less than 
one per sample in the summer of 1964 to values of 12 to 50 indivua1s per 
sample in the winter of 1964 and summer of 1965. Sampling demonstrated the 
extreme variability in organism presence. 

A greater variety of benthic invertebrates with fewer oligochaetes and 
1 eeches were di scovered along shore1 i ne or near-~hore substrates, inclwdi ng 
snails, amphipods, isopods, caddis larvae. mayf1~ nymphs, and other 
organisms. G1yptotendipes~. was the genus of dhironomid larvae most 
often collected by grab in near-shore sandy substrate. 

A transect from the shore1 ine near Ball Point was perform"d to provide a 
better understanding of chironomid species preference for various bottom 
substrates. The beach graded from boulders and cobble at the water's edge 
through granular material and sand, then finally to diatomaceous ooze and 
organic material at a depth of eight feet. Benthos handpicked from the 
rocks at the water's edge-reYea1ed large numbers of G1yptotendipes~, 
Cricotopus sp., and a species of Chironomus. As grab samples were taken at 
progressive depths of one, three, four, five, and six feet, these species 
were gradually replaced by Proc1adius sp. and a different species of 
Chironomus. The transect effectively illustrated the specificity of 
individual chironomid species for substrate, and the caution which one 
should apply invertebrate data from a limited substrate selection or 
s&np1ing technique. 

Survey Objectives - A limited benthic invertebrate survey was conducted in 
order to accomplish the following objectives: (1) provide some verifica
tion of the earl ier benthic survey performed on the lake; (2) determine· 
whether benthic invertebrate populations in the area of the proposed pilot 
study enclosures (outside Ball Bay) were represntative of 1akewide open 
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01 i gochaeta 

Hirudinea 

w Di ptera 
I ... (chironomidae) 

0> 

Gastropoda 

Pelycepoda 

Amphipoda 

Isopoda 

Tricoptera 

Ephemeroptera 

Odonata 

Coleoptera 

Hemiptera 

TABLE 9 
AVERAGE NUMBER AND WET WEIGHT PER SQUARE METER AND 

FREQUENCY OF OCCURRENCE OF BENTHOS BY AREA DURING 1964 AND 1965 
(Hazel, 1969) 

N U M B E R o F SAM P L E S 
38 29 

Mi adl e Area of Upper Kl amath Lake 
40 

South End U~per Klamath Lake 
Number per Grams per 

Including Howard Bay 
~Iumber per Grams per 

North End UEEer Klamath Lake 
~mber per Grams per 

Square Meter Square Meter Freq. Square Meter Square Meter Freq._ Square Meter Square Meter Freq. 

4,655 25.95 1.00 3,868 45.51 0.93 7,500 52.00 0.92 

1,164 6.40 0.92 1,466 4.68 0.93 2,026 5.30 0.82 

1,940 2.35 0.63 172 0.47 0.59 1,681 2.04 0.38 

172 0.24 0.47 216 5.11 0.16 1,379 0.47 0.30 

948 0.96 0.32 1,466 2.10 0.17 1,164 0.90 0.22 

86 0.36 0.08 172 0.07 1.940 0.12 

P P 1,595 0.08 0.05 

1 0.01 0.12 P 172 0.07 0.15 

43 0.03 43 0.03 43 0.08 0.02 

P P P 

P P P 

P P P 



water benthic communities; and (3) identify specific chironomid lar.vae with 
specifi c substrate types and locati ons, parti cul ~rly in the vici ni ty of 
Klamath Falls. This last objective was coupled with a limited adult midge 
coll ecti on and i dentifi cati on program in order to determi ne whether 
swarming midge species could be associated with general substrates or 
specific locations within the lake or the canals. 

Emphasis on chironomid (midge) distribution and ~pecificity was based on 
the nuisance effect the adult midges can achieve upon emergence and 
swarming in the Klamath Falls area. They can also present somewhat of a 
safety hazard under certain conditions when swarms are blown in from the 
1 ake over Hi ghway 97, when they foul the wi ndshi ~l ds of passi ng vehi cl es. 

According to the Klamath Vector Control District (KVCD) , two major midge 
emergences generally occur, one in early June and the second in early July. 
The organisms are generally multivoltine, with fi've to six generations per 
year wi th a three-week 1 ife cycl e duri ng the perf'od of March to September. 
Swarms are composed primarily of males. KVCD receives numerous complaint 
calls each season, some mistaking the nonbiting midge for mosquitos. KVCD 
attempts to respond as best possibl e given the. frtequency and urgency of the 
complaint. It is difficult to pinpoint areas of greatest midge production 
in the Klamath Falls area based solely on complaints. Calls from newer 
subdivision areas are generally more frequent than older, established 
neighborhoods where residents have gradually bec~me inured to the nuisance. 
Also, the source of midge swarms that draw complaints within the city and 
its environs may be the canals rather than the lake itself. The "A" Canal 
extends from the lake outlet and winds down throUgh the city and into the 
valley, along with numerous lateral and local carials. r~idge distribution 
is generally considered to be limited to within 200 to 300 yards of its 
source unless moderate winds are present, much of the swarm activity 
arising in the city appears to originate from th~ canals. 

KVCD identifies four distinct midges based on maqroscopic observations: a 
large green-bodied form, a small green form, a l$rge grey form, and a small 
grey form. The large green was tentatively identified as Glyptotendipes 
~., the smaller green as Cryptochironomus ~., the large grey as 
Chironomus ~. and the small grey as Procl adius~. There was no 
indication as to which constituted a greater nuisance problem. 

Survey Methods - Twenty benthic samples were collected in the course of the 
project, half (#1 through #10) on May 4, 1982, and the remainder (#11 
through #20) on June 28, 1982. All samples were collected by Ekman grab 
sampler (0.023 m2) except for #17 and #18, which were shoreline samples· 
coll ected by hand· near the outfall of the 1 ake. Si xteen sampl es were 
collected on Upper Klamath-Agency lakes, with one sample on Lake Ewauna and 
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three on the "A" Canal and its laterals. Sampling was concentrated in the 
southern portion of the lake and vicinity in order to focus on midge swarm 
activity in the Klamath Falls area. Sampling locations are presented in 
Fi gure 21. 

Benthic organisms other than chironomids were screened and identified to 
order or class level. Chironomids were steamed, slide-mounted, and 
i dentifi ed to genus 1 evel util izing the key by Mason (1973). 

It was originally intended that adult collections be derived from response 
to complaint calls to the Klamath Vector Control District (KVCD); this did 
not occur. The cold, wet spring of 1982 appeared to delay heavy midge 
emergence past the point of project field operations. Adult collections 
were therefore composed of random net sampl ing during the month of June on 
and around the lake and light traps operated by KVCD at Pelican Marina on 
the lake and on the Klamath River along Highway 97 on June 24, 1982. Adult 
collections were identified by Sublette (1982). Sample collection 
locations are presented in Figure 22. 

Survey Results - Results of the benthic invertebrate survey were adjusted 
to numbers per square meter and are presented in Table 10. Results were 
generally comparable to the earlier survey in that oligochaete worms and 
leeches were the predominant organisms found within the open water 
diatomaceous ooze substrate, averaging 1,156 and 231 individuals!m2, 
respectively. However, chironomid counts in the b~nthic ooze were 
substantially below earlier results reported. Average distributions were 
35 organisms/m2, compared to 1964-1965 results of 172/m2 in the 
central portion and l,940!m2 in the southern portion of the lake (Table 
9). It cannot be asserted conclusively that diffe'rences in chironomid 
density between the two surveys are significant dUie to: (a) 1982 grab 
samples (16) being fewer than 1964-65 sampling (79); and (b) the high 
sampling variability and l'eslJltant large variability in mean densities that 
is experienced in limited benthic sample collectio!ns. 

Invertebrate types and numbers observed in samples from the proposed pilot 
study area (#1, #2, #13 in Figure 21) were generally comparable to 
popul ati ons observed at other 1 ake stati ons. Sampl es averaged 774 
worms!m2, 158 1 eeches!m2, and 57 chi ronomi d 1 arvae!m2• It is 
believed that sediment biological characteristics of the Ball Bay area \~ill 
be sufficiently representative to apply pilot stu~ results concerning this 
feature to other areas of the lake. 

Invertebrate populations .in littoral samples were much more varied; 
furthermore, they and the canal samples were characterized by substantially 
hi gher numbers of chi ronomi ds. Sampl es in the "A" Canal at Hi ghway 39 
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LOCATION 

Off Ball Point 
Ball Bay 
Howard 8ay South 
Howard 8ay North 
Off Yacht Club 
Off Pelican Marfna 
Off Hill 
Agency late 
South of Duck Ishnd 
"AM Canal at Rte. 39 

TABLE 10 
SUMMARY OF BEI~THIC INVERTEBRATE SURVEY 

(Number per Square Meter) 

!~AY 4, 1982 

ORDER CLASS CLASS 
oLIGOCHAETA ORDER DIPTERA GASTROPODA HIRUDINEA 

SUBSTRATE (Worms) (Chfronomfdae) (Snails) (Leeches) 

sl1 t/sand 1,032 0 43 301 
silt 301 172 0 0 
snt 3,225 0 0 430 
sflt 3,182 43- 0 258 
silt 559 129* 860 172 
sfl t 43 0 43 1,075 
s11 t 860 86- 43 215 

peaty sf 1 t 3,096 129 0 559 
sfl t 172 0 0 43 

sl1 ty sand/gravel 215 1,763 86 43 

JUNE 28, 1982 

Agency Lake silt 301 0 0 215 
Pel fean Bay silt, plant ffber 2,150 0 0 0 
8al1 Bay stl t 989 0 0 413 
Howard Bay sfl t I,no 0 0 215 
Off Pelican Marfna silt 860 0 0 258 
Lake [wauna s11 t. wood chips 2.150 0 0 413 
East side of Fremont Bridge gravel (shoreline) 86 1,806 602 86 
Koo~e Pa~k talus ~ock (sho~el1nel 0 14,104 129 129 
Side canal at Homedale Road 9~avel 0 0 0 0 

and 8ri stot Avenue 
-A- Canal at Rte. 39 silty sand/gravel 0 43 645 129 

* Art1hcts could not be identified to genus level. 

ORDER ORDER 
AMPIUPODA ORDER COLEOPTERA TOTAL 

(Scud!L lSOPODA (Beet1 es) ORGANISMS 

0 0 0 1.376 
0 0 0 473 
0 0 0 3,655 
0 0 0 3,440 
0 0 0 1,591 
0 0 0 1,161 
0 Q 0 1,118 
0 0 0 3,784 
0 0 0 215 
0 0 0 2,107 

0 0 0 516 
0 0 0 2.150 
0 0 0 1,462 

43 0 0 1, 978 
0 0 0 1,118 
0 0 0 2,623 

2.408 860 86 5,934 
172 0 43 14,577 

0 0 0 0 

0 0 0 817 



contained 43 and 1,763 midge larvae for the two dates sampled. Littoral 
sampling near the lake's outlet by the Fremont Bridge (#17) resulted in 
1,806 1arvae/m2 in the sandy gravel, while densities of 14,104/m2 
were determined from collections along the talus rock embankment along the 
Moore Park launch area (#18). 

Chironomid larvae identification served to conclusively relate specific 
organisms to specific substrates and sampling locations; these'are 
presented in Table 11. Chironomus sp. and Proc1ad1us sp. were the two 
genera indigenous to the soft, open-water substrate, as has been reported 
by Hazel (1969). However, Cryptotendipes sp. was the genus found in iarge 
numbers in the Fremont Bridge gravels and, to a 1e$ser extent, at Moore 
Park. The small larva Cricotopus sp. was found in very large numbers on 
the wave-washed talus rock surfaces of Moore Park. 

Adult midge collection resulted in the identification of 13 species of 
chironomids, as presented in Table 12. Six genera appeared to be most 
prevalent given the bias of limited collection locations and different 
collection techniques. Cryptotendipes sp. was the most numerous organism 
coll ected in the south end of Upper K1 amath Lake, followed by Cricotopus 
sp. These two genera, in addition to Chironomus utahensis and Tanytarsus 
sp., were predominant in collections on the Klamath River. Net collections 
in the north end of the lake resulted in a predominance of C1adotanytarsus 
sp., Cricotopus sp., Cryptochironomus sp., and Chironomus utahensis. 

Of the six predominant genera of adult collections, benthic larval forms 
were coiiected for only three (Cricotopus sp., Cryptotendipes sp., and 
Chironomus sp.). The first two were generally associated with lake outlet/ 
littoral habitats of wave-washed rocks and flow-scoured gravels, 
respectively. The high incidence of larval forms for these two genera 
correspond to their predominance in adult light trap collections in this 
area. The third genus, Chirenomus sp., is generally endemic to benthic 
ooze substrate. It was collected in appreciable numbers only at Station 4 
on the lake itself; the Klamath River collection site vicinity may have 
offered a comparable substrate type. Procladius sp., the other chironomid 

genus whose larval form is indigenous to bottom ooze substrate, was only 
sporadically collected in low numbers comparable to its low larval density 
determined from bottom samples. 

The absence of the adult form of G1yptotendipes sp. in any of the 
collections was significant, since the genus \~as observed by Hazel (1969) 
to be a predominant lake littoral genus and since larvae were found in the 
benthic survey on "A" Canal. It should be noted that adult collections 
were not taken in the canal areas, and lake littoral benthic samples were 
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18 

17 

10 

20 

TABLE 11 
SUMMARY OF LOCATION, SUBSTRATE, AND DENSITY 

OF CHIRONOMID LARVAE 

LOCATION DATE SUBSTRATE GENUS 

Agency Lake 5/ 4/82 Peaty silt Procladius s~. 
Chironomus 

(Tendipes) 

Ball Bay 5/ 4/82 Si 1 t Procladius~ 

Moore Park 6/28/82 Talus rock Cricotopus sp. 
(shorel ine) 

Cryptotend i pes s~. 

Fremont 6/28/82 Gravel Cry~totendipes sE. 
Bridge, east (shorel ine) 
side 

"A" Canal at 5/ 4/82 Sil ty sand/ G1YEtotendiEes s~. 
Rte. 39 gravel 

"A" Canal at 6/28/82 Silty sand/ Glyptotendipes sp. 
Rte. 39 gravel 
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(Number per 

Square 
Meter) 

86 
43 

172 

13,581 

523 

1,806 

1,763 

43 



STATION 

1 

2 

3 

4 

5 

6 

7 

TABLE 12 
RELATIVE NUMBERS AND IDENTIFICATION 

OF ADULT CHIRONOHIDS COLLECTED 
June 1982 

(Figures in parentheses indicate numbers collected) 

LOCATION 
DESCRIPTION PREDOMINANT ORGANISMS OTHER ORGANISMS 

Rocky Point area Cladotanytarsus sp. (14) 
Net coll ection 

Harriman Springs Cricotopus sp. (46) 
tJet co 11 ecti on 

North Upper Cladotanytarsus sp. (23) Cri cotopus sp. 
Kl amath Lake Cryetochironomus sp. (14) 
Net co 11 ecti on 

Eagle Ridge Park Chironomus utahensis (10) Cri cotopus sp. 
Net collection Cl adotanytarsus sp. (4) Tanytarsus 

Fremont Bridge Chironomus sp. 
Net coll ecti on Cricotoeus sp. 

C rYptutendi pes 

Pelican Marina Cryetotendipes sp. (261 ) Cricotopus sp. 
Light trap Procladius sp. 
collection 

Klamath River Cryptotendiees sp. (57) Chironomus 
Light trap Tanytarsus sp. (16) riearius 
collection Chironomus utahensis (11 ) Chironomus 

Cricotopus sp. (12) frommeri 
Paralauter-

borniella sp. 
Ablabesmz:ia sp. 
Tanypus sp. 
Procladius sp. 
Psectrocladius sp. 
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taken only near the lake outlet. However, the limited data implies that 
the genus is limited to the canal environment in the vicinitv nf K'~m~tn Fa 11 s • - -- -----. _. '" ~ ... ~ ... 

Survey Interpretation - ~otwithstanding the relatively limited level of 
effort. designated for the chironomid survey, results suggest the presence 
of a dIverse and complex midge community in the lake, river, and canal 
habitats of the Klamath Falls area. It appears that littoral and canal 
midge ~arval populations may be greater in number and source of irritation 
to resIdents of Klamath Falls and the vicinity, even though the benthic 
ooze,general populations may be greater when densities are applied to the 
la~e 5 bottom area. Hazel .(1969) suggested that the silt-dwelling genera 
Chlronomus sp. and Procladlus sp. may be limited in number by the high 
numbers Of. predatory lee:hes and the frequency of wind/wave resuspension of 
bottom sedIments. ExperIments showed chironomid larvae resuspended up to 
three feet above the static sediment surface from wave turbulence. 

Other geiiera identified are not as tolerant of jow oxygen level s of the 
benthic mud zone as the above two species, but appear to be numerous along 
wave-washed shorelines, canals, the Klamath River, and the lake outlet area 
where outflow currents maintain a silt-free environment and an acceptable 
dissolved oxygen level. 

A major tentative conclusion of survey results is that widespread lake 
management or restoration techniques which address or impact only the lake 
bottom ooze substrate may be expected to have little effect on midge 
emergence in the vicinity of Klamath Falls. On the basis of light trap 
collections, it appears that midge species indigenous to littoral and lotic 
water substrates are predominant in the south end of the lake. These areas 
would be left relatively undisturbed as desirable bottom composition if 
dredging for the purpose of silt removal is considered. 

Identification of wave-washed and lotic water habitats in the lake, river, 
and canals as primary midge emergence sites within Klamath Falls might 
serve to enhance the feasibility of chemical control measures if they could 
be effectively restricted to these specific habitat types. However, it is 
important to consider that the survey element was limited in both benthic 
samples and adult collections generated, in locations sampled, and in the 
duration of the sampling period. Furthermore, no adult collections were 
made in response to citizen complaints to the Klamath ~ector Control 
District, which was intended to be the primary index of an individual midge 
species nuisance potential and priority for control. Also, the lack of 
adult collections in the canal area and the abnormal water year eXperienced 
were other data needs and qualifying factors, respectively. It is 
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recommended that these survey results, when incorporated with Hazel's work 
and the experience of KVCO personnel, serve as the basis for the 
development of a truly comprehensive chironomid assessment of the study 
area if a concerted midge control effort is ever to be implemented. Such a 
program should ensure sufficient sample locations and frequency to fully 
characterize lake open-water. littoral, and outlet areas, in addition to 
area canals and the Klamath River. Both adult and benthic forms should be 
characterized by location and substrate, using nets, light traps, Ekman 
grab, hand collections, and rock-filled wire baskets as sampling 
techniques. An emphasis might be placed on identification of swarms that 
elicit complaint calls, as the nuisance potential of the organism remains 
the primary impetus for the control program if one overlooks the potential 
for mistaken identity with mosquitos. Control efforts might then be 
further concentrated in scope and location if the origin of specific 
nuisance organisms could be ascertained. 

SEOlilENTS 

Information on bottom sediments of Upper Klamath Lake 1s derived from a 
number of ;nvestf'gative efforts, several of which ' were initiated in the 
late 1960's as elements of the National Eutrophication Research Program. 
Additional work on vertical proftling of sediment nutrients through coring 
and sediment nutrient release experiments were performed as an element of 
this project. 

General Description 

Lake bottom sediments over most of the open~water areas are characterized 
by deep, very soft, light brown clay and organic silt. A sonar survey 
performed in 1968 over lake transects indicated that the thickness of 
recent unconsolidated sediments was generally 15 to 25 meters, with 
shallower thicknesses at the· base of littoral geologic outcrops (Geo-Recon, 
1968). Firmer, darker. and more peaty soils were encountered in Agency 
Lake in thicknesses of only 1.7 meters overlying a firmer substrate (Gahler 
and Sanville, 1971). Littoral areas within 30 meters of the shoreline were 
often graded into sand, gravel. and cobbled roc~ along steep littoral 
outcrops or wave or spring-fed shorelines, or were of peaty and more 
compact organic composition along marsh areas (Hazel, 1969). 

Sediments were generally neutral to slightly acid (pH 6.2 to 7.3), 
noncalcareous in nature (<O.S mg/g CaC03). with cation exchange 
capacity ranging between 33 to 55 m1/100 gm. ~Iajor clay mineral comp~nents 
were chlorite, vermiculite, and mica (Wi1dung and Schmidt, 1973). MOlsture 
content was generally high, ranging from 88 to 92 percent in surficial 
sediments, 80 to 88 percent to depths of 1.2 meters, and 55 to 65 percent 
at greater depths (Gah1er and Sanville, 1971). 
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Sediments are only mildly reducing (-0.1 to +0.3 volt), with no reduced 
layer observed below surficial sediments. Both high moisture content and 
apparently well-aerated sediments may be attributed to the high degree of 
sediment resuspension that occurs in the lake. Hazel (1969) measured·water 
movement at the sediment-water interface and related it to wind velocity. 
He reported that resuspension occurs when water movement is greater than 
0.02 feet per second, conforming to surface wind velocities of 2 to 5 mph. 
Since average wind velocities in the area range between 4.7 and 7.7 mph, he 
concluded that sediments undergo frequent resuspension and relocation. 
Vertical sedimentation cup experiments indicated that resuspension 
routinely occurs up to one meter within the water column. A high incidence 
of lake turbidity from resuspended sediments is observed, particularly 
during the winter months. 

Sedimentation Rate 

Carbon 14 dating of 90 cm sediment cores at the lake outfall indicated a 
mean sediment deposition rate of 0.22 mm per year over the past 4,370 
years. The deposition rate appeared to increase with recent time; it took 
3,000 years to deposit a 15 cm layer between the 60-90 cm level (0.05 mm/ 
year) but only 100 years at the 30-60 cm level (3 mm/year). Two cores at 
30 cm were determined to be 1,000 to 2,000 years Old. Results at other 
locations appeared inconclusive, as sediments at 60 cm were shown to be 
significantly older than at 90 cm. Investigators concluded that this may 
have been caused by movement of earth structures moving material of an 
older age over more recent material (Gahler and Sanville, 1971). 

Recent surveys of sedimentation rates were performed by the U.S. Geological 
Survey (t4acKenzie, in press) using two independent approaches: (1) 
comparisons of bathymetriC surveys, and (2) lead 210 core dating. A modern 
deposition rate was attempted in 1978 using 280 soundings as comparison to 
a Bureau of Reclamation bathymetriC survey performed 25 years earlier. 
Results were inconclusive, resulting in an overall negative sedimentation 
rate. In addition, nine cores up to 75 em deep were vertically dated by PO 
210, indicating a mean sedimentation rate of 3.55 mm/year at the 38-76 cm 
1 ayer. Thi s corresponds well wi th sedimentati on rate results of Gahl er and 
Sanville. However, recent sedimentation rates were unattainable due to the 
well-homogenized nature of the top 35 em of sediment. However, from 
earlier core dating it appears that sedimentation is increasing in recent 
years. The inability to determine recent sedimentation rates was probably 
attributable to: (1) resuspension and relocation of sediments through 
wind/wave action; and (2) homogenization through resuspension and benthic 
organi sm perturbati on. tlo apparent accel era ted deposi ti on rates were 
observed at tributary inflows in relation to other lake locations. 
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Chemical Composition 

Wildung and Schmidt (1973) performed phosphorus analyses of surficial 
sediments at three locations in Upper Klamath Lake over a sample period 
spanning two summer seasons. They reported maximum inorganic phosphorus 
and total phosphorus concentrations of 574 and 1,033 ug/g sediment, 
respectively (dry weight) in Howard Bay, 295 and 629 ug/g at Buck Island, 
and 348 and 662 ug/g off Pelican Marina. The greatest absolute 
concentrations and seasonal fluctuations were observed in Howard Bay; 
seasonal fluctuations at the other two stations were relatively small. 
Seasonal reductions in sediment P of 400 ug/g in Howard Bay during the 
month of June corresponded with incidence of high algal productivity and 
assimilation of dissolved inorganic P within the water column. Subsequent 
increases in sediment P in the late summer seasons were attributed to algal 
senescence and deposition. Analyses indicated that dissolved inorganic (or 
interstitial) P was the sediment form accounting for sediment reductions 
during June. 

Miller and Tash (1967) reported summary sediment nutrient data that 
indicated the quantity of nitrogen and phosphorus· contained in the upper 
one inch of sediments was equal to 60 years of external loading at present 
(1966) loading rates. 

Gahler and Sanville (1971) performed chemical analyses of ten 1.5 meter 
deep sediment cores collected from various locations of the lake in 1968. 
Sediment cores were divided and analyzed in 30 cm intervals to obtain 
vertical profiling of nutrients; interstitial water as well as total 
samples were analyzed. Total P in surface sediment samples varied from 220 
to 1,200 ug/g dry weight among cores collected. Concentrations did not 
increase significantly with depth of water. Phosphorus decreased with core 
depth at some sites and increased with others. Carbon generally decreased 
with sediment depth except for cores off Buck Island and Pelican Marina, 
where increased C was reported below the 90 cm level. Carbon to nitrogen 
ratios (7:1 to 10:1) were indicative of stabilized organic matter and 
absence of pollutant effects. Total nitrogen ranged from 4,600 to 13,000 
ug/g in surface sediments; as with phosphorus, there was no strong vertical 
trend with respect to N. 

Interstitial water within the sediments was very high in both Nand P. 
Surficial samples yielded 0.02 to 10.5 mg P/l and 1.3 to 86 mg Nil (as 
ammonia). Interstitial N appeared to increase with sediment depth in 
nearly all cores collected. Interstitial P trends, however, were again 
variable with sediment depth in cores sampled. Also, concentrations of" 
interstitial P did not bear a relationship with corresponding values of 
total P in sediment incremental samples. 
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Seasonal fluctuations in interstitial nutrients were again observed by 
these investi9ators in the late spring of 1968 and 1969. During a two
month period, a decrease in interstitial P from 7.1 mg/1 to 0.32 mg/1 was 
observed. At the same time, ammoni a decreased from 64 mg/1 to 2.3 mg fl/1, 
total Kje1dah1 nitrogen from 66 mg/1 to 3.9 mg N/1 and conductivity from 
940 to 190 micromhos/cm. Results suggested substantial sediment nutrient 
re1 ease to the overlyi ng water col umn. Concentrati ons of sol uble nutrients 
in sediment interstitial water increased during the late summer. Iron 
attained a concentration of 0.2 mg/1 Fe in interstitial water. 

Project Sediment Coring 

Coring was undertaken in order to determine whether sediment nutrient 
concentrations decreased at deeper sediment depths or in a different 
sediment layer than previously sampled. Previous cores had been taken to 
1.5 m with no consistent vertical trend in sediment P observed. Cores 
collected of 1.8 to 4.3 meters in depth were expected to provide additional 
information with which to evaluate the feasibility of controlling sediment 
P release through selective dredging to levels of nutrient-poor sediments. 

Methods - Sediment cores ~Iere collected at five separate locations in June 
19B2 in order to provide some vertical characterization of substrate 
composition and nutrient/metal concentrations. Coring was effected through 
the use of three independent techniques. First, a SIB-inch diameter 
multisectioned steel rod was used to probe the bottom for an indication of 
sediment composition and depth. A modified Livingston 2-1/2-inch diameter 
PVC vacuum cover was utilized to collect surficial sediments and soft 
sediments as far as the coring device could be manually inserted into the 
bottom using aluminum extension rods. Finally, a weight-driven 1-1/2-inch 
diameter galvanized steel piston corer was utilized in tighter bottom 
sediment material encountered. The core was then winched out of the 
sediment up onto the coring" boat. The two coring techniques served to 
comp1 ement one another, as the vacuum corer cou1 d not be manually dri ven 
into tight sediments and the core-catching device on the piston corer 
provided sufficient resistance to shunt away lighter sediment material 
until a sufficiently dense sediment layer was encountered. At some 
locations, utilization of both techniques was necessary in order to collect 
sediment materials over the depth of interest (3 meters). 

Coring locations included: (1) Agency Lake; (2) Ball Bay (vicinity of the 
proposed test enclosures); (3) Howard Bay; (4) the far south end of Upper 
Klamath Lake, near Moore Park; and (S) Lake Ewauna. General locations were 
selected on the basis of a representative characterization of the entire 
lake system, with emphasis on locations \~here dredging would be especially 
feasible or desirable, and the characterization of the proposed enclosure 
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site. One vertical core profile was collected at each site. At Ball Bay, 
a second, deeper (6 m) core was driven for geotechnical evaluation of 
sediments for test enclosure pile stability. Core locations are presented 
in Figure 23; core profiles are presented in Figure 24. 

Sediment Composition - Sediment composition of the cores varied 
substantially with locations in the lake from which they were taken. Cores 
taken near Ball Bay and in Howard Bay were homogeneous in nature, 
characterized by light brown organic silt/clay which became progressively 
denser with depth. No different underlying substrate was detected through 
probing to 5 meters. Results are in accordance with the sonar, survey of 
the lake which indicated unconsolidated sediment depth of 15 to 25 m along 
transects in these locations. 

The core in Lake Ewauna was similar in nature, characterized by 
progressively denser light brown organic silt and clay. The core profile 
differed from embayment cores in: (1) a high incidence of \~oody material 
(including a 21 cm zone consisting primarily of wood chips); and (2) a 
probe-detected sand layer underlying organic sediments 3 m below the 
sediment surface. The coring boat could not gain access to Lake Ewauna, so 
the 2.3 m core was taken manually with the vacuum corer from the field 
sampling boat. 

Distinct sediment layers were observed in both Moore Park (south end of 
Upper Klamath Lake) and Agency Lake cores. The ~loore Park core was 
characterized by a 1.2 m layer of organic silt overlying a 15 cm sand layer 
and a 46 cm layer of dense bluish-gray pumice clay. This pumice layer was 
also reported by Gahler and Sanville (1971) in their coring of this 
location. Sediment below the pumice layer was less consolidated than the 
pumice and could not be recovered due to the disparate capabilities of the 
two coring techniques. Probing indicated that the loose sediment zone 
extended below the pumice-layer to at least 3 m. 

The core on Agency Lake was characterized by a 36 cm surficial layer of 
dark brown silt overlying an 80 cm deep layer of light brown peat material. 
A gray, gravelly sand was then encountered at 1.2 m and extended at least 
to 3 m below the sediment surface. This, again, does not contradict the 
1968 sonar survey, which indicated well-consolidated sedimentary and 
volcanic materials underlying shallow, recent lacustrine sediments in a 
transect across Agency Lake. 

Chemical Composition - Each sediment core was subdivided into three 
composite samples for analysis of nutrients and metals. Composite samples 
were based on discrete sediment composition types \~here present in cores 
(Agency Lake, Hoore Park, Lake Ewauna); for others of homogeneous 
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Composite 
Interval, m 

#1 
#2 
#3 

Moi sture 
Content, % 

#1 
#2 
#3 

Total 
Phosphorus, 
ug/g 

#1 
#2 
#3 

Kjeldahl 
Nitrogen, 
ug/g 

#1 
#2 
#3 

Total Organic 
Carbon, % 

#1 
112 
#3 

TABLE 13 
NUTRIENT ANALYSIS OF SEDmENT CORE COMPOSITES 

UPPER KLAMATH LAKE 
(Dry Wei ghtl 

AGENCY LAKE BALL BAY HOWARD BAY MOORE PARK 

0-0.35 0-0.91 0-0.91 0-1. 21 
0.35-1.16 0.91-1. 81 0.91-2.12 1.21-1.36 
1.16-3.0 3.0-4.25 2.12-2.73 1.36-1.83 

74.6 89.2 89.9 87.2 
71.6 73.4 87.9 75.2 
17.3 82.2 85.5 53.1 

850 194 406 3,531 
697 199 165 391 
577 236 145 584 

13,350 4,676 5,485 5,656 
8,486 2,278 6,058 5,565 

227 6,517 6,966 844 

14.80 2.16 2.37 2.39 
9.98 2.39 2.50 3.01 
0.34 2.43 2.52 0.73 
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LAKE EWAUNA 

0-0.30 
0.30-1.21 
1.21-2.27 

86.7 
88.3 
88.3 

1,195 
692 
632 

11,503 
11,452 
10,341 

4.20 
3.21 
3.93 



Composite 
Interval, m 

#1 
#2 
#3 

Moisture 
Content, 'j', 

#1 
#2 
#3 

Iron, ug/g 

#1 
#2 
#3 

Lead, ug/g 

#1 
#2 
#3 

Zinc, ug/g 

#1 
#2 
#3 

Boron, ug/g 

#1 
#2 
#3 

TABLE 14 
METALS ANALYSIS OF SEDIMENT CORE COMPOSITES 

UPPER KLAMATH LAKE 
(All elements except mercury reported as dry weight) 

AGENCY LAKE BALL BAY HOWARD BAY MOORE PARK 

0-0.35 0-0.91 0-0.91 0-1.21 
0.35-1.16 0.91-1.81 0.91-2.12 1.21-1.36 
1.16-3.0 3.0-4.25 2.12-2.73 1.36-1.83 

74.6 89.2 89.9 87.2 
71.6 73.4 87.9 75.2 
17.3 82.2 85.5 53.1 

6,575 4,194 3,861 6,789 
6,408 13,910 5,438 10,887 

10,411 8,709 6,897 10,064 

0.12 0.28 <0.30 0.23 
0.39 0.23 0.41 1.09 
0.56 2.36 0.34 2.77 

0.87 5.6 6.4 11.6 
42.6 9.6 10.0 25.2 
68.9 153.0 17.1 42.6 

9.1 5.6 2.2 7.2 
7.0 10.2 5.5 6.9 

15.7 7.3 5.7 5.5 
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LAKE EWAUNA 

0-0.30 
0.30-1.21 
1.21-2.27 

86.7 
88.3 
88.3 

23,760 
4,744 
3,692 

12.8 
2.05 

<0.25 

116.5 
11.0 
7.2 

16.5 . 
7.7 

10.3 



TABLE 14 
METALS ANALYSIS OF SEDIMENT CORE COMPOSITES 

UPPER KLAMATH LAKE 
(All elements except mercury reported as dry weight) 

(Conti nued) 

AGENCY LAKE BALL BAY HOWARD BAY MOORE PARK 
Mercury, ug/g 
',"'0+ ",.0.'; nh+ \ ,nlioO'" " .... ,::tll"" 

#1 <0.10 <0.10 <0.10 <0.10 
112 <0.10 <0.10 <0.10 <0.10 
113 <0.10 <0.10 <0.10 <0.10 

Copper, ug/g 

III 5.9 11.1 11.9 13.3 
112 6.0 11.0 14.0 16.1 
113 19.3 16.3 15.2 34.0 

Cadmium, ug/g 

III 0.079 0.083 <0.030 <0.023 
#2 1.539 0.041 <0.025 0.238 
.. 7 , A aOA 0.152 <0.021 0.177 "J .1...,..-'''' 
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LAKE EWAUNA 

<0.10 
<0.10 
<0.10 

39.8 
12.0 
7.9 

0.489 
<0.026 
<0.026 



character, cores were equally divided into three composite lengths. 
Composite samples were wet-sieved according to EPA specifications for 
particle size distribution determination and wet-digested for subsequent 
absorption spectophotometric analysis of metals, steam distillation and 
phenate analysis of Kjeldahl nitrogen, and ascorbic/molybdate analysis for 
total phosphorus. Total organic carbon was determined through furnace 
combustion and carbon analyzer measurement. Results of nutrient and metals 
analyses are reported in Tables 13 and 14; particle size distribution is 
presented in Appendix Table A-2. 

Moisture content data appeared similar to results produced from earlier 
investigators. Silty sediments of Lake Ewauna, Howard Bay, and Ball Bay 
averaged 85 to 95 percent in moisture content, indicating a loose, 
unconsolidated, and hydrophilic structure. Peaty materials encountered in 
Agency Lake were somewhat denser (70 to 75 percent ~oisture), overlying 
sand with minimal soil structure and low water affinity (17 percent). Gray 
pumice encountered in the Moore Park sediment core retained a moisture 
content of 53 percent. 

Total organic carbon content ranged between 0.34 and 14.8 percent (dry 
weight), with the highest values accorded to peaty sediments of the Age~~y 
Lake core (0 to 1.16 m). Lowest values were associated with inorganic 
sediment 1 ayers of sand in Agency Lake (1.16 to 3 m) and pumi ce at Hoore 
Park (1.36 to 1.83 m). r~ean values of 2 to 3 percent were somewhat lower 
than those reported by earlier investigators (Gahler and Sanville, 1971); 
however, their cores I"ere taken in the fall, presumably subsequent to heavy 
deposition of senescent phytoplankton. This sequence would have enhanced 
organic material content in the sediments. 

Kjeldahl nitrogen levels ranged between 227 and 13,350 ug/g (dry weight). 
Typical values of 2,000 to 7,000 ug/g were observed in the silty sediments 
of Upper Kl amath Lake cores'.· Elevated levels (>10,000 ug/g) were 
encountered in the peaty sediments of Agency Lake and the entire vertical 
profile of Lake Ewauna. The sand layer (#3) of the Agency Lake core 
accounted for the lowest Kjeldahl N value. Results generally agreed with 
the range of values (4,600 to 13,000 ug/g) reported by earlier 
investigators. Again, timing of the sediment coring probably influenced 
observed values slightly downward in comparison to earlier coring. 
Decreasing Kjeldahl N levels with sediment depth were discerned at Agency 
Lake and r400re Park cores; reduced val ues were presumably a functi on of 
sediment type (sand and pumice, respectively). 

Sediment total P concentrations are generally consistent with the 200 to 
1,200 ug/g range reported by Gahler and Sanville (1971). Values ranged 
between a low of 194 ug/g at Ball Bay (0 to 1 m) to a high of 3,531 ug/g at 
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a to 1. 2 m of the core coll ected near r~oore Park. With the excepti on of 
the core taken at Ball Bay, the shallowest composite sample in the sediment 
profile contained higher total P levels in comparison to deeper composites 
of the core. The differences were substantial, with levels for the Lake 
Ewauna core dropping from 1,195 to 600 to 700 ug/g and the r100re Park core 
dropping from 3,531 to 400 to 600 ug/g. There were substantial differences 
between cores; cores at Ball Bay and Howard Bay revealed relatively low 
total-P levels in comparison to the other three cores. 

Metal s analyses are presented in Tabl e 14. Two interesti ng trends are 
observed from the core profile data. First, the top 0.3 m of sediment from 
the Lake Ewauna core \~as dramati cally hi gher than deeper sediments in 
concentrations of iron, lead, zinc, copper, and cadmium. Data suggests the 
classic trend of rising metals levels in sediments with increasing 
urbanization, particularly since Lake Ewauna receives storm runoff 
discharge from much of the city center, including its industrial district. 

The second trend is somewhat more intriguing. At each of the other four 
locations where cores were taken, an inverse trend of increasing metals 
concentration with sediment depth was dramatically evident for certain 
metals. The sand layer at 1.2 to 3 m below the sediment surface in Agency 
Lake was higher in all metals surveyed than the overlying sediment layers 
(except mercury, whi ch was below detectabl e 1 imits for all composite 
samples). Especially dramatic was cadmium, with a sand layer concentration 
15 times that of the overlying peat. The Ball Bay core reflected higher 
values at the deepest sediment zone analyzed for four metals; lead and zinc 
levels were 10 times greater than those of overlying layers~ Howard Bay 
deeper sediment reflected modest increases in four metals, while the sand 
and pumice layers underlying the 1.2 m silt layer in the south end of the 
lake near r~oore Park reflected substantially higher levels of lead, zinc, 
copper, and cadmium than the shallower silt. 

Since core dating by Gahler and Sanville (1971) for three cores in the lake 
indicated an age of 2,400 to 4,400 years at the 90 cm sediment depth, it is 
readily evident that higher metals concentrations in these deeper sediment 
zones cannot be attributed to industrial or cultural activities. More 
probably they are due to early volcanic activity along the Cascade range 
and subsequent transfer of metal-rich alluvia into the basin via lava, mud 
flows, or streams. Another complicating consideration is the observation 
that several faults extend through the older alluvium beneath the lake 
which have disturbed more recent lacustrine deposits, rendering vertical 
interpretation of results more difficult. This fact may in part be 
responsible for the reversal in core dating with depth at one lake coririg 
station which was previously mentioned. 
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Implications of metals data are uncertain pending decisions regarding 
restoration strategy. Certainly, surficial sediments that may be dredged 
and relocated as an element of lake deepening would be well within EPA 
primary guidelines of 2 ug/g cadmium and 1,000 ug/g lead for disposal of 
sludge in soils used for production of domestic produce. Implications of 
metals leached from applied dredge spoils to ground and surface waters 
would be best addressed by e1utriate testing results; total sediment metals 
analyses as performed are not directly applicable to this concern. 

Sediment Nutrient Release 

Historical Data - In situ and laboratory P release experiments were 
performed on Upper Klamath sediments by FWPCA personnel in the late 1960's, 
but the data were never compiled and reported. However, the following 
general observations resulted from the experiments: (ll field enclosures 
I'lith and without closed bottoms p1 aced in Howard Bay showed no change in 
overlying P concentrations with time when ambient lake water was used to 
overlie the sediments; and (2) lab e1utriate studies again resulted in no 
significant increase in water column P concentrations when ambient lake 
water served as the· e1utriate, but shol'led substantial sediment release to 
ambient P levels when distilled water was used. 

Gah1er and Sanville (1971) reported reductions in Howard Bay sediment 
interstitial P of 6.78 mg/1 over a GO-day period. Assuming an active 
release depth of 1 foot, 90 percent sediment moisture content (20 percent 
of which is extractable), results suggest a release rate of 6.4 mg P/m2 

day. This release, however, was not verified through sampling of the water 
column. 

Existing knowledge on Upper Klamath Lake sediments was expanded upon by 
Wi1dung and Schmidt (1973). Sediment P was monitored over time at various 
lake locations, and a filter -dialysis technique was utilized to 
characterize sediment P release. Conclusions were that: (1) sediments 
exhibited seasonal changes in inorganic P, with loss concurring with high 
algal productivity; (2) changes were most pronounced in Howard Bay, which 
received agricultural runoff and contained high P concentrations in 
sediment interstitial water; (3) the rate of P release was directly 
correlated to total sediment P, interstitial water P concentration, and 
temperature; (4) rates were increased by the presence of an anion exchange 
resin, which simulated an active algal culture under natural conditions; 
(5) generally, 12 percent of total sediment P was subject to release, not 
including interstitial P; and (6) release was largely from nonocc1uded 
iron-comp1exed P, whereas resorption was primarily in the form of 
nonocc1uded a1uminum-comp1exed P. 
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Results of sediment.phosphorus release tests were utilized in the 
assignment of an internal loading estimate of 68 tons for Upper Klamath 
Lake. The annual loading rate was derived by assuming a summer mean P 
release rate for four months and a winter release rate for eight months. 
Two important considerations should be acknowledged in this loading 
assignment. First, sediment release rates are mean values only and do not 
reflect actual fluctuations of in situ P release. Summer release rates 
will tend to be higher than mean-reported rates during periods of combined 
high algal productivity, high utilization of dissolved P, and high pH. 
Conversely. negative release (or readsorption of dissolved P) will occur 
during senescence and decomposition of algal blooms, with accompanying 
decline in water column pH. Sediment P release is therefore a dynamic 
process that may fluctuate on a daily or even instantaneous basis. The 
laboratory-derived release rates are meant to represent average release 
rates. 

The second consideration follows somewhat from the first. Sediment 
phosphorus'release is heavily dependent on the concentration gradient of 
dissolved phosphorus between the water and sediment. This implies that if 
external loadings of dissolved P are high enough,· substantial sediment P 
release will occur only during periods of high algal assimilation of 
dissolved P in the water column, favorably shifting the concentration 
gradient. At other times, the sediments may act only as a sink for P. As 
such, the internal P loading estimate may serve only as potential loading 
factor, which would assume increased importance as external loading is 
reduced. 

Revised Phosphorus Loading Budget - The revised phosphorus Duaget for Upper 
Klamath Lake is presented in Table 21. Total loading is quite similar to 
that reported by Miller and Tash (1967), with the major alteration being 
the reduction of spring/seepage P concentration (and corresponding loading) 
with the addition of a co}ncidentally similar loading for internal sediment 
release. 

Total annual phosphorus loading to the lake was more than 500 tons. 
Loading from natural surface inflow comprised nearly 50 percent of total 
loading. Agricultural drainage contributed a disproportionately large 26 
percent of total P loading with only 5 percent of the total hydrologic 
budget. Groundwater inflow from direct spring and seepage discharge 
contributed 12 percent and sediment release contributed 13.5 percent. 

The absence of any quality data on rainfall prevented a quantifiable 
estimate of P loading from direct precipitation. Considering the uniformly 
high concentrations of other sources and the relatively small percentage of 
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TABLE 21 
REVISED PHOSPHORUS BUDGET FOR UPPER KLru~ATH LAKE 

March 1965 to April 1966 
(Miller and Tash, 1968; 

revised U.S. Army Corps of Engineers, 1982) 

External Sources 

Williamson River* 

Wood River* 

Crooked Creek* 

Sevenmile Canal* 

Other Canal s 

pristine Streams 

Agricultural Drainage 

Springs & Seepage* 

DISCHARGE 
(Acre-Feet) 

999,310 

318,090 

71,900 

100,600 

68,210 

24,140 

110,650 

376,060 

PERCENT 
TOTAL 

46.2 

14.7 

3.3 

4.6 

3.2 

1.1 

5.1 

17.4 

FLOW-
14EIGHTED 

MEAN 
TOTAL-P TmlS 

(mg/l) PHOSPHORUS 

.135 179 

.066 28 

.094 9 

.091 12 

.154 14 

.062 2 

.903 133 

.120 60 

PERCENT 
TOTAL 

35.4 

5.5 

1.8 

2.4 

2.8 

0.4 

26.3 

11.9 

Precipitation 95,290 4.4 
____ .. ~ __ " __ ..J.l' __ no samples; I uaUln!J 

deemed insignificant 

Subtotal 

Internal Loading 

Sediment Release* 

Macrophyte Decay 

Total Loading, tons P 

Total Outgoing, tons P 

flet Retenti on, tons P 

2,164,250 100.0 

Emergent vegetation not considered; 
submergent vegetation insignificant 

* Substantial through 1981-82 monitoring. 
** Numbers in parentheses not included in summation. 
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(437)** 

68 

505 

298 

207 

(86.5) 

13.5 

100.0 

59.0 

41.0 



total water input from precipitation, this source is considered to be 
insignificant. Submersed vegetation was also considered to be 
insignificant as a P cycling source due to its very low populations in the 
1 ake. 

Emergent vegetation in the National Wildlife Refuge littoral fringe areas 
constitutes a dynamic relationship with nutrient loading to the lake. Its 
location suggests considerable inflow from subsurface and spring seepage 
from western slopes and discharge from Fourmile Canal; such inflow, in 
addition to fluctuating lake elevation, provlaes the means to lnTluence 
lake nutrient concentrations. However, annual nutrient budgets for 
wetlands approximate zero; marshes tend to assimilate nutrients from 
overlying waters during the growing season and release them during the 
winter and early spring (Bentley, 1969). A loading factor was therefore 
not applied to wetland sources. 

Phosphorus Budget Interpretation 

Phosphorus has traditionally been the target nutrient in restoration 
strategies because: (1) it is a macronutrient required in relatively l3rge 
supply; (2) a substantial percentage of its loading in many cases can be 
attributable to culturally derived, potentially controllable activities or 
sources in the watershed; and (3) unlike nitrogen, it can be effectively 
and economically controlled under certain conditions of source concentra
tion, watershed management, or discontinuous treatment. Phosphorus loading 
models developed originally by Vollenweider (1968, 1973) have been widely 
applied in the characterization of lake trophic status and in the 
feasibility evaluation of restoration proposals featuring phosphorus 
control. 

Model Implications - The original model as modified by Dillon (1975) is 
utilized to present implications of current phosphorus loading to trophic 
status of Upper Klamath Lake. The model is based on a large data base of 
numerous lakes throughout the world and acknowledges the influence of P 
loading rate, sedimentation, lake morphometry, and hydraulic residence time 
on resultant lake P concentration: 
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L t (1-Rl 
P = z 

where: P = mean concentration of total-P at steady state in the 
1 ake, mg/l 

L = areal loading of total-P to the lake, gm P/m2 lake 
surface per year 

t = hydraul ic resi dence time, yr 

R = lake retention coefficient (decimal percent of P retained 
in lake, not greater than 1); dimensionless 

z = mean lake depth, meters 

Substituting in values of L = 1.48 gm/m2-year; t = 0.33 years; R = 0.4; 
and z = 2.4 m, results in a predicted mean lake total-P concentration of 
0.122 mg/l. Two important points should be emphasized from model 
appl i cati on: 

1. The modeled mean total-P value of 0.122 mg/l is substantially lower 
than the actual observed mean value of 0.173 mg/l (averaged from 65 
samples collected in 1981-82). Although the discrepancy could have 
been attributed in part to application of a simplistic model over a 
water year that resulted in dramatic changes in mean depth and surface 
area, more probably it was due to the preceding abnormally dry water 
year. Optimally, mean summer total-P levels be modeled from the water 
year preceding it, not following it. If 1981 summer total-P 
concentrations are excluded from determination of average total-P 
concentrations, the resultant average of 0.103 mg/l would be much more 
comparable to the model-derived value. 

2. More important to restoration evaluation, the above limnological 
characteristics predict that in order to achieve a mean lake total-P 
concentration that would be acceptable in averting eutrophic conditions 
(20 ug/ll, the areal loading rate would have to be reduced to 0.24 gm 
P/m2-day. This represents an 84 percent reduction in existing P 
loading to the lake. Reductions in P loading that would result in 
higher ambient P concentrations than 20 ug/l may still reflect 
substanti at and measurabl e improvements in water qual ity. However, 
whether improvements are sufficient to meet minimum perceived 
recreational quality standards and are sufficient to justify project 
expense would be critical questions in project evaluation. 
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Groundwater Loading - The fact that phosphorus does not now appear to be 
growth-limiting in a lake system does not necessarily exclude its potential 
for future limitation through a phosphorus control strategy. However, the 
potential for full-scale phosphorus limitation in Upper Klamath Lake 
appears to be highly unlikely. This is attributed to an abnormally high 
ambient P concentration in area groundwaters. This vector contributes at 
least 33 percent of the total loading through either direct lake discharge/ 
seepage or as a source of major tributaries to the lake. The source or 
geologic rationale for such high P groundwater levels is presently unknown, 
although such groundwaters apparently originate from the north and west of 
the drainage basin. Containment of such a diffuse, sustained, and 
apparently natural phosphorus input to the lake would not be realistically 
possible unless a concentrated phosphorus source to area groundwater could 
be identified and contained. 

Agricultural Drainage - Agricultural drainage nutrient control is an 
attractive concept due to its apparently high nutrient loading/flow ratio. 
Miller and Tash (1967) stated that agriculturally related drainage 
constituted only 5 percent of total inflow but 26 percent of total-P 
loading and 20 percent of total (waterborne) nitrogen. 

As previ ously menti oned, the above investigators performed a comprehensi ve 
assessment of nutrient loading from agricultural lands and practices in the 
basin in 1965-66. Unfortunately, the primary data that served as a basis 
for loading summaries is presently unavailable for review. This would have 
provided highly pertinent information on nutrient loading/retention 
capabilities with respect to variations in agricultural practices, flows, 
seasons, etc. that is presently not known. 

Recollections of the survey by one of its principal investigators indicated 
that the greatest degree of loading from this source occurred during the 
spring drainage of fields, . Summer flood irrigation return flows of 
pastureland actually resulted in net retention of nutrients on the fields 
from irrigation waters. It was believed that high spring runoff in the 
watershed provided sufficient dilution/flushing action on agricultural 
drainage during the spring to maintain vernal lake nutrient levels at or 
near concentrations representative of natural tributaries (although stream 
P concentrations are high, they are only one-tenth of those reported for 
mean agricultural-related drainage). 

Such dilution/f.lushing may not occur: (1) in local ized, sheltered 
embayments receiving concentrated agricultural drainage; and (2) during 
low-water years when spring flows cannot sufficiently flush concentrated 
agricultural loading through and out of the lake. This latter function 
appears to be responsible for elevated lake total-P levels during the 
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summer of 1981 (200 to 500 ug/l) following a winter of low precipitation 
and snowpack. By comparison, the very high water inflow in the winter and 
spring of 1982 resulted in summer 1982 total-P concentrations of 70 to 100 
ug/l . 

It is believed that the extent of reduction in lake algal productivity 
resulting from phosphorus control of agricultural drainage (through either 
point source treatment or changes in land management practices) might be 
measurable but would not be sufficiently low to meet recreational quality 
requirements. Insertion of loadings indicative of complete agricultural 
phosphorus loading control into Oil10n 1 s loading model would result in 
reductions of ambient lake P concentrations from 120 ug/l to 90 ug/l during 
above average water years and from 190 ug/l to 130 ug/l during low-water 
years. Such resultant values are not nearly compatible \~ith P 
concentrations necessary to control algal productivity to acceptable levels 
(20 to 30 ug/l). 

Basinwide efforts to improve the quality of agricultually derived 
discharges do not appear to be warranted at this time, given: (1) the 
unavailability of specific monitoring data on drainage/irrigation water 
qual ity in the basin; (2) the anticipated resistance of area ranchers to 
modifications in traditional irrigation and drainage practices; and (3) the 
inability to predict a dramatic and acceptable lake quality response from 
the control of agricultural nutrient sources alone. However, it may be 
appropriate to consider treatment or diversion of agricultural discharges, 
or modification to agricultural practices, at specific locations, which 
would enhance prospects for water quality improvements in a localized area 
of the lake. 
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CHAPTER 4 
ASSESSMENT OF RESTORATION ALTERNATIVES 

RESTORATION OVERVIEW 

Full-Scale Improvements 

A preliminary assessment of various full-scale lake restoration and 
management alternatives for Upper Klamath Lake is prefaced by the following 
considerations: 

1. The size of the lake poses substantial technical, financial, and 
political constraints to full-scale implementation of restoration or 
management techniques. Implementation difficulties and costs for 
several potential in-lake restorative or management alternatives 
appear to surpass limits of feasibility when applied to over 80,000 
acres of surface area. In addition, its size is disproportionately 
large with respect to its benefit population. Improved lake quality 
would probably increase recreational demand, area settlement, visitors, 
and resultant population benefit area. However, the inequity of 
lake-scale project costs to projected benefits would remain large. 
Realistically, a lakewide project would have to provide other water 
resource benefits (power generation, irrigation supply, navigable 
commerce, etc.) to be considered economically justifiable. 

2. The presence of high. ambient phosphorus concentrations in area 
groundwaters and major tributaries, in combination with shallow, 
organically.rich and biologically active bottom sediments, virtually 
excludes a full-scale phosphorus limitation program. Phosphorus 
limitation has historically been the most predictable and effective 
lake restoration strategy in limiting algal productivity. Other 
techniques are either highly performance-speculative (deepening; 
biological enhancement; aeration/circulation). or are designated as 
short-term, repeated, labor-intensive management measures (algicide 
application; macrophyte control). 

3. Submersed macrophyte populations are extremely limited in the lake due 
to light limitation from excessive algal productivity and/or unstable 
sediment substrate from wave resuspension. Any lake-scale restoration 
measure that reduces algal productivity without also deepening the lake 
to light-limiting levels may precipitate profuse aquatic plant growth. 
This could create even greater impediments to wildlife and recreation 
usage than presently exi sts and ~/Oul d requi re an extensi ve management 
program of its own. 
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4. The lake's extremely high productivity present$ a clear danger in the 
evaluation of an alternative's desirability. Even substantial 
reductions in algal productivity achieved by a restoration technique 
may not attain a minimum threshhold level of recreational desirability. 
Any lesser degree of improvement may not justify project expense. Such 
performance criteria of desirability may be largely determined by 
community subjective response and should be duly considered.in pilot 
study performance evaluation. The recreational acceptability of 
resultant water quality should be clearly documented prior to approval 
of large expenditures for full-scale implementation programs. Such 
conclusive documentation may be difficult to obtain. 

The above considerations are persuasive in concluding that a full-scale 
reversal of the lake's long-term, natural, and ultimately irresistible 
eutrophication is simply not feasible given the present limits of applied 
limnology, economic means, and project priority. One possible exception to 
this conclusion is the possible effect of lake deepening through summer 
maintenance of lake elevation, dredging, or increases in lake elevation. 
Such projects could possibly be economically justified, primarily through 
power generation, irrigation supply, navigation, and/or flood control. 
Lake-scale water quality improvements through deepening, although 
uncertain, could be considered as a secondary benefit. Such water quality 
benefits are being considered in the present feasibility appraisal of a 
pump-storage facility linking mountain lake basins \~ith Upper Klamath Lake. 

Localized Improvements 

The most realistic water quality improvement strategy may be to direct 
restoration/management efforts to a specific localized area of the lake. 
Selection of such a location would be based on the identification of an 
area suffi ci ently 1 arge to sat; sfy area recreati ona 1 demand yet 
sufficiently limited to justify project expense. External nutrient and 
hydraulic loading should be minimal and convenient public access afforded. 
Most important, areas should have the potential to be hydrologically 
isolated from the main basin in order that water quality improvements not 
be diluted or dispersed through excessive mixing with nontreated waters. 
Existing lake figuration and mixing characteristics appear to foster only 
partial areas of isolation, such as the Ball, Shoal\~ater, Pelican, and 
Howard embayments. Increased isolation of these or other areas may be 
possi bl e through in-l ake dredge spoil di sposal orcurtai n pl acement, and 
would increase the feasibility of limited, cost-effective water quality 
improvements there. 

A preliminary matrix evaluation of possible lake restoration and management 
alternatives is presented in Table 22. The original table and associated 
text were presented in the Reconnaissance Report for the project (U.S. 
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RESTORATION/MANAGEMENT CONTROL 
TECHNIQUE TARGET 

I ncreased lake depth! Weeds, 
al gae 

Aerati onle 1 reul ati on' Al gae 

Zooplankton enhancement Algae 

.. , 
w 

Aluminum sulfate Al gae 
appl ication 

Oiversion of inflows Algae 

Source control of Algae 
phosphorus 

Source control of Algae 
nitrogen 

TABLE 22 
SUMMARY EVALUATION OF EUTROPtliCATION 

CONTROL ALTERNATIVES 

UNCERTAINTY LOGISTIC POTENTIAL 
OF SUCCESS DIFFlCUL TY COST ADVERSE EFFECTS 

Moderate Moderate Moderate Method-dependent 

Moderate Moderate Moderate Increased weeds~ 
noise ; dependent on 
deepening 

Hi gh High Hoderate El imination of 
resi dent. ff shery; 
increased \'I'eeds 

Moderate ~1oderate Moderate Increased weeds; 
dependent on 
deepening 

High High High Land use; dredging 
and--d-iUng- -- -

High High High Area for treatment 
and slude disposal; 
increased weeds 

Hi gh '-toderate Low tJone 

GENERAL FEASIBILITY 
Full-Scale Localized 

Moderate Moderate 

Poor Moderate 

Poor ,-toderate 

Poor Moderate 

poor Good 

Poor Moderate 

Unfeasible Moderate 



RESTORATION/MANAGEMENT CONTROL 
TECHNIQUE TARGET 

Chemical control of Algae 
algae 

Chemical control of Weeds 
macrophytes 

"'" I 

"'" 
Chemical control of Midges 
midge larvae 

Mechanical harvesting of Weeds 
macrophytes 

Algal narvesting Al gae 

Dilution Algae 

Fl ushi ng Al gae 

TABLE 22 
Sm1MARY EVALUATION OF EUTROPIHCATION 

CONTROL ALTERNATIVES 
(Continued) 

UNCERTAINTY LOGISTIC POTENTIAL 
OF SUCCESS DIFFICUL TY COST ADVERSE EFFECTS 

Low Hi gh High Restri cti on on 
irrigation water; 
fish toxic effects; 
increased weleds 

Low IModerate Moderate Restri cti on IOn 
irrigation w,~ter; 
fish toxicity; 
increased al !jae 

Moderate I~oderate Moderate Toxic effE!cts 

Low I~oderate Low None 

Moderate I~oderate Moderate Noise 

High Unfeasible Unfeasible None 

Moderate 110derate Moderate None 

GENERAL FEASIBILITY 
Full-Scale Localized 

Poor Good 

Poor Good 

Poor Moderate 

r~oderate Good 

Unfeasibl e Moderate 

Unfeasibl e Poor 

Poor Moderate 



Army Corps of Engineers, 1979). Generally, the 0tiginal evaluation was 
well co~ceived in its.ass:s~ment of control objec ives, feasibility, cost, 
uncertalnty. and aoo11cabl11tv. However. condd"ht;"no:: ,," l~m~~o" ,,~ 
localized restorati~n/managem~nt applicatio~~-~~- ;ii-~; ;~c~~~';;~e;' 
resource~ ~eve~opments a~d.water quality data col ection have resulted in 
some modlflcatlons to orlglna1 assessments. Thesare presented in the 
table and discussed in the following sections. I should be noted that no 
techni~ue is clea~ly identified as a favored alte native based on 
prelimlnary technlcal and economic considerations Recommendations are 
made ~egardin~ the necessity and purpose of furth r evaluation for each 
technlque. Pllot-scale evaluation of certain res oration techniques is 
expected to facilitate selection of an optimum st ategy. 

, 

INCREASE IN LAKE DEPTH 

Reconnaissance Evaluation 

The Reconnaissance Report identified the fOllOWin9

r
Potential water quality 

benefits from lake deepening: (1) An increase in 19a1 mixing depth would 
reduce time. spent in the photiC zone and would red ce productivity; (2) 
Selective dredging of nutrient-rich sediments to a nutrient-poor zone would 
reduce nutrient release from bottom sediments into the water column; and 
(3) Deepening would simultaneously serve to inhibi the initiation of 
submersed aquatic plant growth should improvements in water clarity through 
algal limitation result. An associated recreation 1 benefit would be the 
enhancement of boating access within the lake duri g the summer months, 
especial,y in shoreline areas. Potential concerns associated with 
excessive depth increases include formation of str tified water conditions 
in the lake, where hypolimnetic waters become oxyg n depleted and enhance 
phosphorus rel ease from bottom sediments. Anotherl concern is that 
deepening be sufficiently great that submersed macrophyte growth is 1ight
limited if water transparency is substantially increased. 

Three potential methods are identified for lake defpening: (1) maintenance 
of present maximum or near-maximum elevations dur; g the summer months 
through development of pump-storage facilities; (2 increase in lake 
elevation through raising the existing dam structu e on the link Ri~er; and 
(3) lake deepening through dredging. A pump-stora e project between Upper 
Klamath Lake and either the Long, Round, or Aspen ake basins is presently 
under feasibility assessment by the U.S. Bureau of Reclamation and private/ 
public utility interests (see Figure 2). High spr ng flows into Upper 
Klamath Lake would be pumped to off-stream storage then reintroduced into 
the lake to serve peak irrigation, fish passage, a d power demands while 
maintaining a recreationally acceptable elevation ,n the lake. 
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Increase in lake elevation would create new shallo lake zones for 
phytoplankton concentration unless extensive dikin of the shorelines was 
performed. Wildlife impacts on the National Wildl fe Refuge wetlands may 
be performed, whether through increased flooding 0 being diked around. 
Costs of raising the lake elevation by five feet w re tentatively estimatec 
at $30 million. 

Dredging would also accomplish deepening and increfse mixing depth of 
phyt~p~ankton: Nutrient ~elease control through d edging of nutrient-rich 
surf1c1al sed1ments was d1scounted on the basis of uniformity of sediment 
nutrient levels in 1.5 m cores. It would also ait r circulation patterns, 
hydraulic residence times, light penetration, and hermal stratification. 
A major consideration associated with a dredge pro ram of this magnitude is 
spoils disposal. Off-site disposal would greatly 1ncrease costs; material 
may be acceptable for disposal in shoreline agricultural lands. Deepening 
one area of the lake while filling other areas of he lake would have the 
effect of increasing dead storage areas of the 1ak while filling areas of 
active storage. It was assumed that water supply interests would strongly 
oppose a program that resulted in a net decrease i active storage volume. 
Costs for full-scale dredging would be quite hjgh; a tentative estimate for 
dredging one-third of the lake to 3 meters was $15 million. Excessive 
costs and spoil disposal difficulties, combined wi h uncertain water 
quality benefits, strongly counter a full-scale dr dging program. 

An important conclusion is that deepening by itsel~ may provide only 
margi na1 water quality benefi ts •. However ~ _~: ~~y Jub~:~~:! ~~ 1;~, ~~~~~:; __ , 
performance of a second iestoiati on technlyut: \ t:. Y _I' Qt:nu.1 UU/ ~ I n.:u J d~l on I 

as a combined program. 

Additional Comments 

The following comments are offered to complement a"u qual ify discussion 
relating to deepening feasibility. Firs~, li~nol?gic~l data i~ generally 
supportive of the deepening concept but 1S pr1mar11 1nconclus1ve. . 
Chlorophyll-a levels in 1981 and 1982 were generall more co~centrated 1n 
the shall ow embayments (Shoall~ater Bay and Howard Bay) than 1 n open-water 
stations; ho\~ever, this phenomenon could also be a tribu~ed to ~li9htly 
warmer water temperatures, concentrated agricultural dra1~age (In ~o~ard 
Bay) or wind concentration effects (as seen along Eagle R1dge). Slm11arly, 
lake elevation was 1.5 feet higher in June 1982 as compared to Jun: 1981; 
concurrent open-water chlorophyll-a concentrations were correspond1ngly 
lower in 1982 (10 to 147 ug/l) than in June 1981 (120 to 170 ug/l). 
However, the discrepancy was attributed to higher utrient loadin~: 
inflow ratios sustained in 1981 than in 1982. Resultant lake spr1ng 
tota1-P concentrations \~ere higher in 1981 (200 to 00 ug/l) than in 1982 
(70 to 110 ug/1). 
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It is agreed from the basi s of new cori ng data thtt sel ective dredging for 
reduction of nutrient-rich sediments is not overl promising as a 
restorative measure. Cores in the deep organic s diments of Ball Bay and 
Howard Bay revealed no substantial nutrient reduc ions to sediment depths 
of 3 meters. Substantial decreases in sediment tal-P were observed with 
depth in Moore Park and Lake Ewauna cores; howeve , these decreased levels 
were still greater than those in surficial sedime ts at Howard and Ball 
bays, where substantial P release was observed du ing sediment nutrient 
release experimentation. Also, Gahler and Sanvil e (1971) found no 
correlation between total sediment nutrients and nterstitial (dissolved) 
nutrients in core samples, the latter being the t ue indicator of immediate 
nutrient availability in sediments. Total sedime t Nand P levels in Upper 
Klamath Lake were relatively low in comparison to other lakes they 
surveyed, while interstitial Nand P were relativ ly high. 

Even the sand 1 ayer in Agency Lake and the pumi ce 1 ayer near t·loore Park. 
although low in organic content, may still yield igh inorganic P release 
under conditions of low dissolved oxygen or high H. Phosphorus-rich 
groundwater may also be responsible for elevated concentrations in this 
sediment zone. Actual P release potential of the e low organic sediments 
would need to be determined through sediment inte stitial water analysis or 
sediment elutriate analysis under anoxic and high pH conditions. Although 
sediment P limitation in these two locations (and perhaps in underlying 
sand of Lake Ewauna) may be possible, complications include: (1) poor 
location for hydrologic isolation in the outlet an discharge areas of the 
lake (Moore Park and Lake (wauna); (2) continuing sedimentation; and (3) 
containment/treatment of influent sources. 

Significant reductions in nitrogen were observed i the sand layer 1 to 2 
meters below the sediment surface in Agency Lake a d in the clay-pumice 
layer 1.2 meters below the sediment surface in the outlet area of Upper 
Klamath Lake. Dredging to .these depths would limi nitrogen release in 
these locations. However, since nuisance bluegreens can utilize 
atmospheric N as a secondary source, sediment remo al may only del ay rather 
than limit maximum bluegreen productivity and may serve to further select 
against more desirabie non-nitrogen fixing algai fprms. Sediment :em?val 
for nutrient limitation purposes does not appear tp be a very reallst1c 
concept. 

It is agreed that lake deepening: (1) could provid some redu~tions in 
algal concentrations; and (2) could provide additi nal reduct10ns wh~n 
employed in concert with a second restoration or nagement measure 1n a 
limited or local ized area of the lake. Improvements \~ould be sharply 
1 imited by the inabil ity to isol ate rel atively she tered areas from the 
high degree of circulation experienced in the main basin: S~multaneous 
dredging in one area with in-lake disposal of dred e spolls 1n a manner 
that would enhance isolation of the deepened area is an appealing concept. 
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In this manner! compleme~tar~ measures such as me~hanical aeration, alum 
treatment, alglcide appllcatlon, etc., would retailn a treatment level for a 
10nger period of time while resisting dispersive ffects of lake 
circul~tion •. In:'ake spoils disposal for isolati n would present many 
operatlonal dlfflculties but may still be feasibl. However, the concept 
would.meet ~trong resistance from water supply in erests due to an expected 
l~ss.ln actlve storage capacity. The concept should not be flatly 
dlsmlssed for the following reasons: 

1. 

2. 

Dredged areas above elevation 4,137 would incr~ase active storage 
volumes. Dredging in these areas with fi11ingl in similar areas could 
result in zero active storage loss. 

The lake loses three feet each summer in evapofative losses. Shallow 
"acti ve" storage areas at 4 ,140 and above may perate at only 50 to 85 
percent of theoretical storage output over the course of the summer. 

Although these are ameliorating considerations, it 1s difficult to conceive 
how a substantial lake area could be substantially isolated through in-lake 
spoils placement without the loss of active storag volume. Deepening 
could still be accomplished through dredging and 1 nd disposal of dredge 
spoils. Area isolation would then need to be assu ed through an artificial 
curtain or barrier. Without such a barrier, maint ining substantial 
hydrologic isolation of a treated area, the effect veness of management or 
restoration measures would likely be reduced. 

Summary Conclusion 

Lake deepening may favorably alter lake morphometr c characteristics in a 
manner that wi 11 reduce algal productivity. Wheth r the reduction would be 
sufficient to justify project implementation on th basis of water quality 
benefits alone is highly questionable. The abilit of pump-storage and 
lake elevation increase projects to provide concom tant water supply 
benefits provides sufficient justification to furt er evaluate the water 
quality benefits of the technique under pilot scal q conditions. 

Furthermore, the desirability of incorporating a s cond restoration 
technique with deepening will also be investigated Both mechanical 
aeration/circulation and aluminum sulfate treatmen will be evaluated in 
deep-water, pilot-scale conditions. Whether such ombined treatments can 
be successfully implemented on a limited scale und r open-water conditions 
is, again, uncertain pending further engineering i vestigation. 

As with other potential restoration measures, laketaeepening by any method 
involves numerous technical challenges, substantial environmental 
commitments, and the opportunity for political con roversy over a wide 

4-8 



AERATION/CIRCULATION 

Reconnaissance Evaluation 

Like deepening, mechanical aeration and mixing ofllake waters has the 
pot:ntial.for reducing a~gal productivity without limiting nutrient 
avallabillty. As such, lt could be considered mo e as a seasonal 
management technique than a long-term reversal in trophic potential. 

There is moderate uncertainty regarding its mecha 
application to Upper Klamath Lake. Possible cont 
increse mixing depth of phytoplankton will reduce 
zone, reducing productivity; and (2) greater mixi 
will tend to increase C02 production and 10~ler pH 
less favorable to bluegreen productivity. This s 
biological control mechanism in that it encourage 
desirable green and diatom forms, which supposedl 
compete with bluegreens under high availability 0 

ism of control and its 
01 methods are: (1) 
time spent in the photic 
g below the photic zone 

creating conditions 
cond mechanism is more a 

the growth of more 
are better able to 
dissolved carbon. 

The technique is used primarily for situations of laestratification of deep 
impoundments where there are high concentrations qf algae in the photic 
zone and an oxygen-depleted, C02-rich hypolimnion. Its present 
application to Upper Klamath Lake is questionable, as the lake is very 
shallow, unstratified, ana well-mixed. However, he application of 
aeration/circulation, in combination with deepeni g of the entire lake or 
specific locations in the lake may, result in mea urab1e improvements in 
water quality through a reduction in algal produc ivity or change in 
species composition. 

Aeration may also elevate dissolved oxygen levels lin deeper waters where 
~~t;;~al cir~ulation is weaker; however,· it may a110 serve to slightly 
elevate deeper water temperatures. Resident game fish would be apparently 
1 itt1e affected by either influence, as they tend to migrate into the 
cooler tributary mouths during the summer months. 

Aeration systems are mechanically simple and re1 alive1Y easy to operate. 
Noise would be the primary adverse impact of impl mentation. Three to five 
compressor locations are estimated for lake-scale treatment, with 
implementation costs of $100,000 and annual power costs of $150,000. 
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Additional Comments 

Monitoring of '1ertica1 trends at one of the deeper\locations in the laKe 
(Eagle Ridge at 7 m) in the summer of 1971 provide some indication of the 
effects of mixing on lake quality. Of four dates f summer vertical 
profil e measurements, chlorophyll-a was generally niform through the water 
column (at 70 ug/l and at 100 to 130 ug/l) during wo occasions of no 
thermal stratification. During two events of weak y stratified conditions 
(supposedly from absence of wind activity), surfac chlorophyll-a was 500 
to 700 ug/l, with deeper waters at 30 to 150 ug/l. 

Obviously, biological dynamics over time and noniSjlated conditions prevent 
test-control comparisons of these profiles. Howev r, there is a definite 
correlation of algal biomass stratification to the mal stratification, 
which indicates that wind-induced circulation was he cause of reductions 
in surface concentrations of algae. 

As a final comment, review of vertical profiling indicates that under 
either unstratified or weakly stratified conditions, even the lowest 
chlorophyll-a levels sampled were indicative of eutrophic and presumably 
unacceptable water quality conditions. It is criti al that, in the pilot 
study evaluation, absolute results be considered a least as carefully as 
relative results. 

Summary Conclusion 

It is recommended that mechanical aeration/circulat~on be evaluated under 
isolated, pilot-scale conditions. In agreement wit the reconnaissance 
evaluation, this technique will be considered poten ially effective only 
under deeper water conditions. 

ZOOPLANKTON ENHANCEMENT 

Reconnaissance Evaluation 

The most attractive, biologically oriented algal co trol mechanism is the 
enhancement of zooplankton populations that utilize phytoplankton as a food 
source. Zooplankton enhancement would be induced b the widespread 
eradication or decline in lake populations of zoopl nktivorous fish. 
Eradication of resident fish populations is norma1l accomplis~ed through 
the application of fish toxins (rotenone). 

The removal of resident zooplanktivorous fish in up~er Klamath Lake (blue 
chub, tui chub, perch) could also affect resident s o:t species ~rainbow 
trout), since rotenone is not a species-selective t Xln. Fishprles would 
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have to be restocked following treatment. RotenOje application would also 
drastically reduce zooplankton populations for up to two months following 
treatment. 

The primary cost of treatment would be high but WIUld still be relatively 
low in comparison to other lake-scale restoration management techniques. 
This is because it has the potential to be a self sustaining program 
following initial application. 

There is a substantial uncertainty as to whether ~ooplankton will actually 
utilize the indigenous bluegreen A~hanizomenon ~ aquae as a food source. 
One study was cited by the Reconnaissance Repornhat indicated evidence of 
its consumption by the cladoceran Daphnia magna. However, other evidence 
indicates that such large filamentous bluegreens re not utilized by 
zooplankton. 

Additional Comments 

The biological control concept is appealing but t ere presently exists no 
previous lake restoration project that reliably d monstrates successful 
control of bluegreen algal populations using this mechanism. Lower 
phytoplankton populations through uninhibited zoo lankton grazing have been 
successfully demonstrated (Lynch, 1975, as report d by Shapiro, 1979). 
However, it is inferred that results were achieve against smaller sized, 
more innocuous algae. Previous gut analyses of c adocerans from Upper 
Klamath Lake revealed traces of the bluegreen alg e Anabaena sp. and 
Oscillatoria sp. but not A~hanizomenon {los aquae (Hazel, 1969). 

The biological control mechanism may presently be acting antagonistically 
to desired conditions. Observations in Upper Kla,ath Lake during the 
summe"r of 1982 revealed high numbers of the predo inant cladoceran Daphnia 
schodleri associated with.Apnanizomenon blooms. xtremely low numbers of 
this zooplankter were found in Pelican Bay, which was also very low in 
algal productivity, including Aphanizomenon. Rat er than being associated 
with Aphanizomenon for the purposes of grazing, i is more reasonable to 
believe that zooplankton are able to evade fish p edation due to poor 
visibility under bloom conditions. Furthermore, although gut analyses were 
not performed, it is highly unlikely that this mo erately sized species is 
feeding on the abnormally large Aphanizomenon filaments but is instead 
cropping smaller and more desirable forms which ight hope to compete with 
the bluegreens. 

Application of this technique would necessitate ~emoval of a large 
population of nonsport planktivorous fish from the lake. Lake fisheries 
are dominated by tui chubs and blue chubs, which, on the basis of gut 
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analyses, were determined to prey primarily upon ~ooplankton. The 
reduction.~f such fisheries, which appear to have!low ecological value and 
no recreat10nal value, without disrupting the lak 's excellent trout 
fishery is possible, given the apparent tendency f trout to concentrate in 
the extreme north end of the lake and its tributa ies during the summer. 
~owever, such a rotenone treatment would be extre ely difficult to 
lmplement.on a lake-scale basis. Consideration ° such a technique may be 
more appllcable under more localized conditions. 

Summary Conclusion 

Biologi:a~ enhancement is an appealing ecological pproach given the 
d:sirablllty of controlling large populations of n xious bluegreen algae 
wlth the sacrifice of large populations of an appa ently nonutilized 
planktivorous fishery. Implementation of such a p oject would entail 
considerable challenges and would have to be compa ible with other wildlife 
resource interests. However, the initial issue to be resolved remains the 
high degree of uncertainty regarding the ability 0 either indigenous or 
even imported larger cladocera to successfully uti ize Aphanizomenon as a 
food source. It is recommended that this issue be examined under pilot 
scale conditions. 

PHOSPHORUS CONTROL BY ALUMINUM SULFATE 

Reconnaissance Evaluation 

Application of aluminum sulfate (alum) to surface aters can precipitate 
both particulate and dissolved phosphorus from the water column and also 
provide subsequent prevention of internal P recycl ng through the formation 
of a floc layer overlying lake bottom sediments. lum generally results in 
excellent short-term reductions in phosphorus, phy oplankton, and turbidity 
levels. However, sustained. duration of improvemen s is dependent upon 
hydraulic residence time, external nutrient loadin , and the physical 

~~:~i~~~~e~;n;h~a~~~;~; ~~O~he ~~~:;ei~U~~tb~e~~~:IU~~YaC~~~~~l~~~r;Oathat 
drastic increase in pH occurs. Past alum treatmen s have resulted 1n 
little if any adverse impacts to aquatic biota.' H wever, increases in 
water transparency may promote colonization and gr wth of aquatic 
macrophytes. 

Full-scale application of aluminum sulfate would n t be applicable to Upper 
Klamath Lake due to short hydraulic residence time and high external P 
loading and apparently high frequency of shallow b ttom sediment 
disturbance from wind-generated turbulence. Its p tential effectiveness, 
however, would be enhanced when practiced with lak deepening or dredging. 
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Additional Comments 

In addition to algal flocculation and phosphorus dsorption, alum treatment 
m,ay also increase the acidity of the water. Such action would help to 
stabilize pH at lower levels and increase dissolv d C02 concentrations. 
This has been documented to have a positive influ nce on the conversion of 
bluegreen-dominated algal communities to those wh re more desirable forms 
(greens, diatoms) are predominant. 

Tributary and spring monitoring confirmed the hig~ external P loading 
imposed by nearly all inflow sources. Results co~firm that full-scale lake 
quality improvements from aluminum sulfate applic~tion are not feasible 
given the limitations of high P loading and shal10w bottom sediments. 

However, alum treatment has proven to have sustai 
adverse environmental effects under the proper ci 
could be substantial and sustained if applied in 
was deepened, was relatively isoloated from mixin 
sustained relatively low P loading from external 

Summary Conclusion 

ed benefits with little 
cumstances. Improvements 
specific lake area that 
with the main basin, and 

ources. 

The proven ability of aluminum sulfate to provide safe, effective, and 
sustained improvements to water clarity provides ufficient justification 
to consider its application to Upper Klamath Lake under localized, isolated 
conditions. Pilot-scale evaluation will consider the necessity of lake 
deepening to the effectiveness of alum applicatio 

DIVERSION OF MAJOR INFLOWS 

Reconnaissance Evaluation 

Diversion of high-nutrient inflows can be a very uccessful eutrophication 
control procedure. Rerouting of major flows to e'ther bypass or short
circuit the lake could reduce nutrient loading an possibly increase 
nutrient loss to the sediments. Mechanisms would have to be provided to 
capture and store high flows for water supply. I ternal nutrient cycling 
may counteract effects of lower nutrient loading ates through short 
circuiting. Diversion of major tributaries would also affect trout 
fisheries habitat. It was recommended that water quality benefits from 
flow diversion be studied in greater detail. 
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Additional Comments 

Diversion of major tributaries in a manner that w uld bypass or short
circuit a major area of Upper Klamath Lake could ot be considered a 
realistic or effective alternative. Complete div rsion is unrealistic due 
to: (1) the orientation of tributaries in the nor h end of the lake and 
outfall in the south, necessitating a diversion cannel of approximately 20 
miles; and (2) more importantly, the need to retain water supply storage 
capabilities of the lake for irrigation and power generation. 

Partial diversion through major stream channel alfferation in order to 
isolate a large area of the lake from external nu rient loading appears to 
be equally unrealistic. Phosphorus release from he lake's shallow bottom 
sediments would be sufficient to maintain eutrophic conditions. The 
potential reduction in nutrient loading from flow diversion would be offset 
by a corresponding reduction in flushing rate tha such inflow would 
produce. ~o source of inflow water was discovere to have sufficiently low 
phosphorus concentrations to prevent algal bloom roductivity. In order to 
be effective, such diversion would have to be acc mpanied by sediment 
nutrient control through deepening and alum treat,ent. The larger the area 
isolated, the larger the costs associated with se iment phosphorus control 
would be. An area sufficiently small to justify estoration/management 
expense could be more economically isolated throu h lake curtains or 
in-lake dredge spoil disposal (the latter particularly, since deepening 
would probably be necessary in order to control s diment P release). 

Temoora1 diversion of hiah-nutrient loadina events from major tributaries , - .., - - - - - - - - - ... ~ 

is also not a valid alternative. t4onitoring of t e Wood River, Williamson 
River, and other tributaries indicated relative c nstant nutrient concen
trations throughout the year. High-nutrient loading was therefore based on 
equally high streamf10ws; one factor would be off et by the other in 
determining resultant nut~ient quality of receivi g waters. Spring 
agri cultural drai nage of fi e1 ds, however, may be ore amenab1 e to diversi on 
a\~ay from i sol ated areas due to: (1) its suggest d hi gh nutri ent concen
trations and low volumes relative to major tribut ries; and (2) its 
concentrated characteristics of discharge in term of specific locations 
and duration of discharge. 

As a final note, complete isolation of a lake emb yment or area from the 
main basin does not appear to be possible. First the active storage 
vol ume in a designated area is a water supply pri rity; removal of active 
storage capacity would meet strong local resistan e. Second, the area 
would have to rely on some inflow to maintain a s able volume; summer 
evaporative losses are three times that of annual precipitation (12 inches) 
in the immediate vicinity of the lake. 
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Summary Conclusions 

Diversion benefits rely on its ability to isolate a portion of the lake 
from concentrated nutrient loading or mixing disr ption of management 
techniques practiced there. Diversion of major s ream channels is not 
justifiable due to: (1) the relatively small isolated area required that 
could be treated or managed affordably; and (2) i significant improvements 
resulting from the simultaneous reduction of nutrient loading and flushing 
rate. Some benefits could result from diversion flow-volume. nutrient
rich spring agricultural drainage. 

Isolation would be better served through: ili sel 'ctlon of natural areas of 
partial isolation. such as an embayment; (2) fabrication of a floating 
curtain; (3) placement of in-lake dredge spoils; r (4) a combination of 
the above. Makeup of evaporative losses would ne essitate limited inflow 
from the drainage basin or the main basin of the lake. Partial inflow of 
untreated waters would be most applicable to nonc emical treatments 
(deepening. aeration/circulation). Inflow should undergo agricultural 
drainage diversion and phosphorus treatment if ph sphorus limitation/alum 
treatment is the proposed strategy. 

Diversion essentially provides a climate for the feliable performance of 
other concepts under relatively isolated conditio s. As such. it will be 
treated as a given requirement in the pilot-scale evaluation of other 
treatment alternatives in lake test enclosures. 

SOURCE CONTROL OF PHOSPHORUS 

Reconnaissance Report 

A 90 percent reduction in existing phosphorus loaling to Upper Klamath Lake 
would be necessary in order· to limit phytoplankto productivity to levels 
indicative of noneutrophic conditions. A 50 perc nt reduction should 
result in observable decreases in phytoplankton p oduction and increases in 
water transparency. 

The nature and extent of phosphorus control measu es would be dependent 
upon phosphorus source identification in the wate shed. If identified 
sources are relatively concentrated. relatively m derate investments in 
water treatment or modifications to present land anagement practices may 
be successful. If sources are diffuse. treat~ent of the entire flow of the 
two major tributaries (Williamson and Wood rivers would be necessary to 
produce a 50 percent reduction. The latter alter ative might include the 
routing of Williamson River flow into Agency Lake for flocculation 
treatment of major inflows prior to discharge int Upper Klamath Lake 
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proper. A documented case of inflow treatment Cit~d in the Reconnaissance 
Report resulted in capital costs of $2.5 million, ith annual operating 
costs of $750,000 for a 150 cfs flow. Costs to tr at Williamson and Wood 
river flows are expected to be ten times that amou t. 

Operational concerns include the disposal of large quantities of sludge and 
the utilization of Agency Lake as a settling basin. The primary concern, 
however, is whether such large expenditures will s ill be unable to reduce 
lake phosphorus concentrations sufficiently to res lt in acceptable levels 
of phytoplankton production. It was recommended at phosphorus sources be 
more fully identified to further clarifv its treat ent potential. that 
phosphorus release from bottom sediment~ be quantilfied,- and that algal 
response to reduced phosphorus levels be determine~. 

Additional Comments 

Although no extensive watershed source identifica ion of phosphorus was 
performed as an element of this project, monitoring data from other 
investigators suggests that high ambient P levels in area groundwater 
contribute at least- 33 percent of total P loading through direct spring 
discharge/seepage or indirect discharge via major tributaries. Concen
trated locations of substantial spring flow would necessitate an expensive, 
long-term treatment program; diffuse and subsurfa e seepage would be 
virtually uncontrollable. It is assumed that gro ndwater P levels are 
naturally derived; as such, it would be unaffecte by land use practices 
modifications. 

Agricultural drainage may lend itself to treatmen since it is believed to 
be a significant P source and has a high P loadin /volume ratio. Control 
of this source alone, however, would constitute 0 ly a 25 percent reduction 
in total loading and would not be sufficient to r sult in acceptably low 
productivity when applied·to-full-scale lake impl mentation conditions. 
Treatment of such inflow may have substantial ben fits when applied to 
limited lake inflows to isolated lake areas. 

Sediment P release experiments resulted in relati ely modest annual loading 
of 68 tons. Incorporation of this value into the Dillon-Vollenweider 
loading model with all other sources removed woul result in a low 
equilibrium concentration of 16 ug P/l. Realisti ally, this approach 
underestimates the importance of internal cycling for the following 
reasons: (1) loading would not be occurring thro ghout the year, but more 
likely would be concentrated in the summer season and (2) release rates 
presented generally underestimate release under h gh pH productivity 
conditions. Instantaneous release of 68 tons of would result in an 
increased concentration of 80 ug P/l in the lake. Gahler and Sanville 
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(1971) observed sediment interstitial P reduction, of 6.78 mgll in Howard 
Bay over a 60-day period in early summer, with an implied P concentration 
increase in the embayment of 150 ug P 11. 

Summary Conclusions 

Full-scale phosphorus removal from lake inflow would be an extremely 
expensive and long-term venture with uncertain potential for success given 
the uncontrollable external sources and potential y large internal sources. 
The concept may be applicable, however, in localized applications where 
hydraulic residence time is optimized, bottom sediment and groundwater 
seepage phosphorus release are controlled, and exlternal P sources are 
relatively concentrated in both location and peripd of discharge. 

SOURCE CONTROL OF NITROGEN 

Reconnaissance Evaluation 

Nitrogen is an important macronutrient for phyto lankton productivity. 
Control of dissolved nitrogen sources to the lakwould be expensive, if 
even possible. Furthermore, nitrogen reduction ay have considerable 
adverse effects. The nuisance indigenous algal pecies Aphanizomenon has 
the ability to fix atmospheric nitrogen. Since e atmosphere acts as an 
inexhaustible source for this element, control 0 dissolved N would have 
little effect on this organism. In fact, it may further enhance bluegreen 
productivity by limiting the growth of many desirable algal species, most 
of which cannot utilize atmospheric N. Nitrogen control was deemed 
unfeasible, with no recommendation for further e~aluation. 

Additional Comments 

Recommendati ons and conclus-i ens are generally ag eed with. There is some 
indicated potential for indirect nitrogen limita ion to nitrogen-fixing 
bluegreens through iron (Fe) limitation. Iron i an important cofactor in 
atmospheric fixation of nitrogen. The absence 0 algal productivity in 
Pelican Bay may be based on the following factor (1) very low iron 
concentration in spring samples reported by t1i1l rand Tash (1968); (2) the 
ability of humic acids from marsh/wetlands inflo to chelate available iron 
and render it unavailable to bluegreens; and (3) relatively high inflows of 
both into Pelican Bay channel. Perdue et al (1981) attributed the 
initiation of bluegreen activity in Upper Klamat Lake to the cessation of 
highly colored, humate-rich outflow from the Kla ath r~arsh in the 
Williamson River basin. Such outflow was able t chelate high iron loading 
from the Sprague River into the lake. 
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However, bluegreen productivity is initiated prOba!,y m.ore by elevated 
water temperatures than cessation of marsh outflow since the two events 
occurs at about the same time in the year. Furthe more, lake sediments in 
the main basin are uniformly high in iron, as detetmined from coring 
samples. Wildung and Schmidt (1973) determined th t inorganic P release 
from sediments was attributable to iron-bound P, w th subsequent adsorption 
primarily by aluminum-bound P. This is substantia ed by a net loss of iron 
from the lake system observed in 1968. 

Summary Conclusion 

Indirect nitrogen control through iron limitation ~s an interesting concept 
whi ch may have some app1 i cati on to i sol ated areas ~n the north end of Upper 
Klamath'Lake. However, there is insufficient datal on which to conclude if 
iron limitation is indeed the algal control mechan~sm that is presently 
operating in Pelican Bay. It is recommended that ~dditional data 
collection be performed on this concept prior to an evaluation on a pilot 
sca 1 e 1 eve 1 • 

Such additional data collection would include: (1)1 analysis of area spring 
waters and wetlands outflow; and (2) in situ algal: assay evaluation of 
nutrient limitation. Iron analyses for area sprin~s were collectively 
summarized in 1968 as having low iron concentratiors •. These analyses 
should be verified for Pelican Bay area springs (H~rriman, Malone, Crystal) 
as well as for spring surface flow through the tlat~onal lIildlife Refuge 
a. re. a. An. alyses shoul d di sti ngui sh between total, d~SS. 01 ved, and chel ated 
forms of iron and should also be performed for nitrogen and phosphorus 
forms. 

In situ algal assays should also be performed in t~e sheltered waters of 
Pel i can Bay to confi rm the 1 imiti ng nutri ent. Ass~ys coul d consi st of 
five-gallon plastic bags filled with water from th embayment and marsh 
overflow and inoculated with the indigenous A hani omenon organism. A 
control-nutrient spike series (Control; N; P; Fe; . + Pj N + Fe; P + Fe; 
N + P + Fe) could be performed in triplicate and incubated for two weeks, 
whereupon sampl es wou1 d be fi ltered and wei ghed to: determi ne resul tant 
algal biomass. Results of such a series should colnfirm whether limitation 
from any combi nati on of these three el ements constiitutes the primary 
control mechanism in Pelican Bay. 

It is recommended that thi s work be performed ei th!er pri or to or 
concurrently with pilot project evaluation. Application of such a concept 
would naturally be restricted to the partial isolaJtion of the northwest 
area of the lake from the main basin. Subsequent (or concurrent) effects 
of sediment iron release in the area outside of the bay along the marsh 
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shorelines could be evaluated by enclosing an area along the shoreline and 
littoral sufficiently large to reflect open-water conditions. Subsequent 
observations and measurements of total and available iron, other nutrients, 
chlorophyll-a, and phytoplankton composition, in comparison to open-water 
values, would reflect the influence of indi1uted marsh overflow and 
iron-rich bottom sediments on water quality. 

PESTICIDE CONTROL 

Reconnaissance Evaluation 

Chemical pesticide control has been a historical method for control of all 
of the identified nuisance problems in Upper Klamath Lake--a1gae, aquatic 
macrophytes, and chironomid midges. 

Algicides commonly utilized are effective in limited applications, 
especially in smaller lakes and ponds. Their use is often in situations 
where nutrient limitation is not feasible. Application generally provides 
only temporary relief; one to three applications may be necessary each 
summer, depending on the climate, lake, chemical used, and target organism. 
Chemical costs of application were estimated at $8 to $20 per acre, 
depending on the chemical used. . 

Potential adverse impacts of algicide application are its potential direct 
toxic effects on nontarget fish and wildlife and restrictions on 
agricultural use of treated water following applications. Indirect effects 
may also result from dissolved oxygen depletion from rapid and massive 
decomposition of algal blooms following application. 

A1gicides have established a proven if short-term effectiveness. Limited 
application in specific lake areas was recommended for operational 
information on its use in-Upper Klamath Lake. 

Aquatic herbicides reflect many of the same characteristics as a1gicides in 
the control of aquatic plants. Herbicides are considered only as a short
term relief measure of plant management. It can be effectively used in 
limited areas and along lake margins. Depending on plant species, chemical 
used, and other application factors, one or several applications per season 
may be required for sustained control. Herbicide and application costs, are 
estimated at $70 to $150 per acre. 

Herbicide app1 ication may entail water use restrictions for periods up to 
two weeks for various water uses following application; specific 
restrictions vary with the chemical used. Again, rapid senescence of 
macrophytes following treatment may result not only in rapid dissolved 
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oxygen depletion but also in high concentrations of dissolved nutrients 
which would be available for subsequent algal blooms. 

Herbicidal application was conditionally recommended for severe growth 
locations pending a macrophyte distribution survey of the lake. 

Insecticides are targeted at benthic larval forms of chironomid.flies. A 
variety of insecticides and insect growth regulators (IGR) are available, 
of which Abate is EPA-registered and discussed in the Reconnaissance 
Report. It has demonstrated its short-term effectiveness under 
experimental conditions in lakes and ponds, with emergent suppression of up 
to four weeks. Repeated applications may be necessary for sustained 
control (one to three times per season). Application costs are estimated 
at $5 to $6 per acre. 

Although their persistence is limited, insecticides have potential 
short-term toxic effects to nontarget fish, waterfowl, and invertebrates. 
Abate is considered to have a low toxicity to birds, fish, and man at 
recommended dosages. Repeated use of any chemical, however, may result in 
the development of a tolerance to it by the larvae, which would greatly 
reduce its effectiveness. 

It was recommended that additional data collection be performed to pinpOint 
lake locations of greatest emergence activity (if present) for subsequent 
limited areal application of the insecticide of choice. 

Summary Conclusions 

There is general agreement with all the discussion and recolTl11endations 
outlined above. There is sufficient documentation regarding algicide 
effectiveness, limitations, and toxic conditions to proceed directly with 
field application, if so desired. Threshhold alkalinity values of 30 to 50 
mg/l CaC03 deSignate Upper Klamath Lake as a soft water lake, which 
suggests increased potential for acute toxiCity to resident rainbow trout 
with application of copper sulfate as an algicide. Otherwise, water 
quality data collection provided no further insight on the evaluation of 
this technique other than that algal productivity is widespread and 
well-circulated conditions exist. These conditions imply that: (1) 
1 ake-scal e treatment may be necessary to observe any substantial al gal 
reductions, even for a short duration; and (2) such repeated widescale 
treatments would offer a high degree of implementation effort. The 
potenti al effecti veness of 1 imi ted al gi ci de appl icati ons may be the most 
important evaluation objective of a limited field application. Additional 
information on algicides and their application is presented in a following 
chapter. 
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Recommendations regarding macrophytes are also in agreement with 
reconnaissance evaluation. Although no formal survey of m~crophyte 
distribution 1n the lake was performed, 1 imited observations indicated very 
low submersed macrophyte producti vi ty, apparentlyconfi ned to the channel 
in Pelican Bay. Such limited growth would favor a control program if such 
limited growth is considered to be sufficient nuisance to warrant i~ 
Agai n, any improvements in the water cl arity fromal gal control may 
dramatically stimulate lake macrophyte productivity. It is recommended 
that macrophyte evaluation be presently limited to determination of their 
ability to colonize pilot scale treatments that will improve water clarity. 
Available chemicals that provide macrophyte control are presented in a 
subsequent section on macrophyte control. 

Project larval and adult midge collection, though limited in number and 
sampling duration, suggests that midge swarm activity: (1) occurs near 
their point of emergence; and (2) is derived mostly from littoral, lake 
outfall, and canal habitat/substrates near the city of Klamath Falls. 
Open-\~ater benthic ooze organisms \~ere in low abundance from benthic and 
adult collections. It is believed that lake-scale restoration treatments 
will have relatively little effect on swarm activity in the Klamath Falls 
area. No direct·evaluation of chironomid chemical control is therefore 
recommended. Hciwever, benthic sampling will be inco.rporated into pilot 
scale evaluation of other restoration techniques in order to document 
coroll ary or secondary effects of these techni ques on open-\~ater benthi c 
ooze chironomids. Also, larval and adult collection data will be furnished 
to the Klamath Vector Control District for interpretation and possible 
integration into its present midge control program. 

MECHANICAL HARVESTING OF t~ACROPHYTES 

Reconnaissance Evaluation 

Mechanical harvesting of aquatic plants is an attractive management measure 
for localized nuisance growths in areas of intensive recreational usage. 
Harvesting involves submersed cutting of the plants, simultaneous removal 
from the water, and transport to shore for disposal. It is a temporary 
control measure that may have to be performed two to three times for 
sustained control throughout the growing season. However, intensive 
harvesting over three to five years may ultimately reduce the recurrent 
productivity and density of macrophyte stands. 

Although localized harvesting would by necessity be a long-term seasonal 
management program, associated costs would be relatively modest. 
Appropriate disposal or use alternatives for the ~arvested plants would 
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need to be identified. Harvesting would have minimal adverse impacts to 
wildlife unless comprehensive harvesting was performed or lake biota were 
heavily dependent on extensive macrophyte coverage. Application of this 
technique to Upper Klamath Lake is uncertain given the lack of aquatic 
plant distribution data on the lake. 

Summary Conclusions 

The moderate cost, established record of effectivenss and dependability, 
and 1 imited adverse envi ronmental impacts on nontarget biota cl early 
justify its consideration for macrophyte control. Indications of existing 
macrophyte coverage do not justify its consideration at this time. 
However, water clarity improvements from algal control may promote 
macrophyte growth ·and later warrant renewed consideration of this 
management measure. Specific information on mechanical harvesting programs 
is presented in a subsequent chapter. 

ALGAL HARVESTING 

Reconnaissance Evaluation 

There is presentJy a small-scale filtration operation near the lake outlet 
which harvests algae from the lake for commercial sale. However, 
application of this concept to lake-scale water quality improvements is not 
feasible because: (1) algal blooms would have to be fully developed before 
the treatment could be initiated; and (2) an inordinately large number of 
the micrn~trainer~ nre~entlv marketed would be necessarv to overcome the 

~ ._._-_._-_._.- ,.--------..- - - - - ----., -

bluegreen organism's maximum growth rate and produce SUbstantial reductions 
in algal biomass. It is an ineffective control measure and ~lill not be 
further considered. 

Additional Comments 

Although it is agreed that algal harvesting is inappropriate as a water 
quality improvements measure for Upper Klamath Lake, it may provide 
substantial benefits to Lake Ewauna. The current harvesting operation near 
the lake outlet above the Link River Dam relies on cost-effective algal 
concentration through gravity current flow to be economically viable. The 
operation is relatively small; current reductions in total phytoplanktoD 
from the lake outflow are negligible. 

It is conceivable, however, that an expanded harvest facility, either 
across the channel at its present location or even situated on the 
trail races of the powerhouse, could screen virtually all summer discharge 
to the Link River and Lake Ewauna. Substantial improvements to water 
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clarity in Lake Ewauna would result since the Link River is almost the 
exclusive source of summer inflow to the lake. Harvesting would strip not 
only algae from Upper Klamath Lake outflow but also a substantial 
percentage of nutrients bound in algal form. Moreover, once filtered, the 
Link River could serve as an effective flushing or even dilution mechanism 
to dissipate Lake Ewauna's internally derived productivity. Summer flows 
of the Link River would provide Lake Ewauna ·with a very high flushing rate 
of 0.5 lake volumes per day. 

There appears to be sufficient performance data on microstrainers currently 
marketed to guarantee a very high algal removal efficiency from Upper 
Klamath Lake outflows. This conclusion is bolster~d by the large size of 
the indigenous algal organism Aphanizomenon flos aquae. Market demand for 
the protein-rich organism as a dietary supplement also appears to be 
increasing. 

Uncertainties associated with the concept appear to be: (1) technical, 
legal, and jurisdictional difficulties involving the actual implementation 
of such a harvesting facility; and (2) the general acceptability of Lake 
Ewauna as a recreational area. Implementation issues would include: (1) 
the ability to design a harvesting facility across the entire outlet 
channel; (2) feasibility of filtering discharge from powerhouse trailraces; 
(3) impacts of harvesting operations on dam operations; (4) property 
ownership; (5) permits; (6) agency policies; and (7) cost-benefit analysis. 
The acceptability issue would be based on: (1) the community's perception 
of the recreational desirability of Lake Ewauna given its industrial 
characteristi.cs; and (2) bacteriological quality. The latter concern would 
have to be addressed through inventory and analysi~ of storm runoff, 
industrial, and municipal sewage treatment discharges into the lake. 

Summary Conclusion 

Algal harvesting is an attractive potential 10ca1i~ed management technique 
for application to Lake Ewauna. Advantages include water quality benefits 
as well as generation of a marketable product that could offset or even 
surpass project costs. The mechanical ability and screening efficiency of 
microstrainers is well documented. It is rather the operational, economic, 
and jurisdictional feasibility of full-scale application across the outlet 
channel that requires further clarification. The recreational desirabi14ty 
of Lake Ewauna should also be further defined and assessed. It is 
recommended that dialogue be established between private algal harvesters, 
administrators and operators of the Link River Dam and its channel, and the 
K1 amath Fall s communi ty to further assess the app1 icabil ity of thi s 
management measure. Further data collection with respect to recreational 
suitability and potential of Lake Ewauna should also be pursued. 
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DILUTION/FLUSHING 

Reconnaissance Evaluation 

Dilution or flushing can be an effective algal control technique through 
two different mechanisms: (1) the reduction in water column nutrients 
(phosphorus 1 through dil uti on wi th a phosphorus-poor water supply; and/or 
(2) the physical flushing of the water body with a water supply at a rate 
faster than the algae can grow. Success of the technique is therefore 
dependent on either a hi gh qual ity or a hi gh vol ume/flow water supply 
1"4",...4 ... ,., +ho. lI'" .. mmo."", II'"J!II:IIenn 
V ... 1 III~ "'"'" ~\01"""""1 ~ .......... v". 

Dilution or flushing did not appear to be feasible in Upper Klamath Lake. 
E)(perience at other lakes indicates that effective fl ushing rates \"ould 
have to be increased to between 0.1 and 0.2 vol umes per day. Thi s converts 
to a necessary increase of 20 times the present summer inflow to the lake, 
which would have to be maintained throughout the summer. Similarly, 
dilution of high influent phosphorus concentrations (170 ug/l) to levels 
representative of mesotrophic conditions (10 to 30 ug/l) would require a 
tenfold increase ·in flow rate from water having avery low phosphorus 
concentration. There are no available waters of sufficient quality or 
quantity for dilution/flushing to be effective in Upper Klamath Lake. It 
was recommended that the techniques be removed from further consideration. 

Additional Comments 

It is agreed that phosphorus ","onll,,+;nn +hvonllnh lnw )""::11"'0. ,Hl"t-;nn tn 1 ... 1rj3 
I ... ~ ........ 'Y" ,,"I ...... ~., • "' .. I ..................... """I ....... "" ... _ 

waters is not a realistic alternative to pursue. However, the initial 
assessment of flushing inapplicability must be reviewed pending further 
developments regarding the technical feasibility of a proposed pump storage 
project on the lake. The proposal is presently being appraised by the 
U.S. Bureau of ReclamatioR ·in concert with Pacific Power and Light Company 
and the City of Klamath Falls. 

The project proposes the off-stream storage of up to 500,000 acre-feet of 
spring inflow into Upper Klamath Lake, with subsequent release back into 
the lake over the course of the summer. Potential economic benefits 
include additional power generation and maintenance of acceptable summer 
lake elevations for recreational purposes. The proposed intake and 
discharge locations are in Howard Bay, with the ROUnd, Long, and Aspen lake 
basins being considered as potential storage sites (see Figure 21. 

Not only would proposed storage more than double summer season inflow to 
Upper Klamath Lake, it would also be concentrated to many times that in 
parti ally sheltered Howard Bay. Embayment fl ushi n9 rates coul d approach 
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0.13 to 0.18 volumes per day based on a release schedule of 90 to 120 days. 
This approximates the growth rate of bluegreen algae (maximum 0.2 doublings 
per day) and suggests some flushing control may b~ possible if initiated 
early in the growing season. 

Furthermore, depending upon storage basin configuration (surface area: 
depth) and storage withdrawal depth, temperature Of discharge waters may be 
substantially lower than ambient summer temperatures in Howard Bay. The 
dependence of warm water temperatures on bluegree~ productivity is well 
documented. Given a significant thermal differential and a sufficient 
flushing rate maximum, bluegreen growth rates (determined at 20° C) may be 
further reduced by any resultant depression of water temperature in the 
bay, particularly if equilibrium temperatures were below 15° C. Such 
factors may result in substantial localized reductions in summer bluegreen 
populations in the bay. 

Summary Conclusions 

There are numerous uncertainties associated with the flushing concept: 
storage basin configuration, depth of storage discharge, predicted 
temperature of di scharge ,water, di scharge rate, di scharge schedul e, and 
mixing characteristics in Howard Bay. Although water quality benefits may 
ultimately prove to be insignificant, the concept should not be dismissed 
at this time, particularly since the pump-storage may be able to be 
justified solely on power generation and navigation benefits. 

Specific information relevant to the flushing concept will probably not be 
available until technical and economic feasibility of pump-storage water 
supply aspects have been adequately demonstrated. Although the U.S. 
Bureau of Reclamation is serving as the lead agency for the project, 
pertinent data may be estimated in time to incorporate at least elements of 
the flushing evaluation into. the pilot scale project. The concept will 
therefore not be currently considered under pilot-scale conditions unless 
the Bureau of Recl amati on expresses a cooperati ve interest in pil ot-scal e 
evaluation and can provide operational criteria that will make the 
evaluation meaningful. 
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CHAPTER 5 
PILOT STUDY EXPERIMENTAL DESIGN 

EXPERIMENTAL DESIGN OVERVIEW 

Introduction 

The major conclusion from the review, collection, and interpretation of 
limnological data for Upper Klamath Lake is that further eutrophication 
control efforts should be directed at a localized area or areas of the lake 
system. A lake-scale restoration or management program is simply 
unfeasible given the present understanding of applied limnology due to: (1) 
the lake's size; (2) the system's overwhelming natural eutrophic 
tendencies; and (3) the relatively small benefit area population. A re
assessment of known potential restoration/management alternatives 
considering localized application resulted in the following 
recommendations: 

1. Sufficient historical information exists on performance abilities, 
limitations, and impacts of such short-term management techniques as 
algicide or herbicide application and macrophyte harvesting to proceed 
directly into a limited, localized, or selecthe implementation program 
should it be deemed advisable. 

2. A comprehensive algal harvesting operation across the lake outlet 
channel could result in substantial water quality improvements to Lake 
Ewauna. The mechanical ability of microstrainers to remove algae 
appears well documented. Additional investigation needs to be 
performed regardi ng: (a) the engi neering feasibil ity of routing the 
entire Link River flw" tHrough a harvesting facility; (b) the 
compatability of this facility with existing property rights, agency 
policies, and operation of the Link River Dam; (c) cost/benefit 
evaluation associated with cost recovery from marketing of harvested 
algae; and (d) public acceptance and public health acceptability of 
Lake Ewauna as a recreational area. 

3. Localized flushing may provide some water quality benefits in Howard 
Bay as an adjunct of a pump-storage project presently being appraised 
by the U.S. Bureau of Reclamation. Pilot scale evaluation of this 
technique should not be pursued at this time, pending further 
evaluation of pump-storage feasibility, development of specific 
operati onal cri teri a, and expressed interest in parti ci pati on by 
project proponents. 
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4. An apparent algal limitation is present in the Pelican Bay area of the 
lake. The underlying mechanism responsible for this limitation should 
be identified through additional data collection (in situ algal assays) 
for subsequent consideration as a restoration technique in the north 
end of Upper Klamath Lake. 

5. There is a substantial degree of uncertainty associated with· 
performance ability of four potential restoration/management techniques 
(deepening, aeration/circulation, zooplankton enhancement, and aluminum 
sulfate application) in Upper Klamath Lake. Their potential for 
application in localized or semi-isolated area'S of Upper Klamath Lake 
shoul d be thoroughly eval uated under pil ot-scal e condi ti ons pri or to 
consi derati on and approval of an impl ementati oln program. 

Thi s chapter presents both general and specifi c i nformati on regardi ng 
rationale, conduct, and performance evaluation of pilot-scale activities as 
identified in Recommendation 5. 

Experimental Enclosures 

Selection Rationale - It is proposed that in-lake enclosures be utilized to 
eval uate potenti a1 restorati on/management techni ques under pil ot-sca1 e 
conditions. In-lake enclosures are expected to more accurately character
i ze actual 1 ake condi ti ons and provi de more meani n!gfu1 performance data 
than the shore1 i ne ponds ori gi nally recommended in the Reconnai ssance 
Report. 

Restoration techniques have been practiced on ponds; however, performance 
evaluation was based on the response of the pond i:tself, not app1 ication of 
test results to a separate water body. Although original shoreline pond 
recommendations were ostensibly based on references to other lake 
characterization studies, ~urther inquiry has documented the inability of 
these ponds to adequately simulate lake characteristics. Ninety ponds (0.1 
acre each) were constructed at Cornell University in the late 1960's for 
the eva1 uation of 1 ake qual ity management practi ces. Investi gators at 
Cornell have indicated their dissatisfaction with performance results of 
the program (Ogl esby, 1982; Pever1y, 1982). Pri ncipa1 difficulti es 
encountered were: (1) an inability to antiCipate or manipulate biological 
characteristics within the ponds; and (2) the inability to achieve 
acceptable rep1icabi1ity among identically treated ponds for significance 
testing. 

Personal experiences with pilot study ponds submerged in a littoral area of 
Wapato Lake in Tacoma, Washington, confirmed the above limitations. The 
b1uegreen algae Aphanizomenon f10s aquae, indigenous to Wapato Lake as well 
as Upper Klamath Lake, could not be cultured or sustained within the 
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12-foot diameter pools. Test results were inconclusive as: (ll control 
conditions did not characterize ambient lake quality; and (2) no meaningful 
biological differences could be discerned between test and control 
conditions (Entranco Engineers, 1980). 

Pond modeling also appears to be inappropriate for Upper Klamath Lake due 
to physical considerations. Upper Klamath Lake is extremely large, yet 
relatively shallow in comparison to its surface area. Test ponds would 
have to be very large (one acre or more) in order for pond dimensions to 
meet both relative and absolute depth objectives. Correct pond surface 
area:depth ratios would be necessary to model wind/wave action on sediment 
resuspension, while absolute depths would ensure acceptable characteriza
tions of vertical variations in light intensity, ~ater temperature, and 
numerous other variables. Both characterizations are believed to be 
critical to pilot study performance. Mechanical mixing would add 
additional cost to the experiment and would constitute an additional 
artificial source of experimental error. 

The use of in-lake enclosures appears to be a more desirable method of 
evaluating restoration techniques than testing.within pond systems. 
Enclosures typically are open-ended tubes, circular or rectangular, with a 
buoyancy ring on top for flotation, a weighted base ring at the bottom, and 
flexible wall in between. A column of water within the main body of the 
lake is therefore isolated for the purpose of conducting limnological 
experiments. 

In-lake enclosures offer several advantages to lake restoration research. 
The primary advantage is its proven ability to suocessfully characterize 
ambient lake quality, especially biological conditions. A second advantage 
of particular significance to the Upper Klamath Lake study is the ability 
of the flexible walls to transmit wave energy. This quality allows 
realistic lake sediment re-sO~pension within the ponds without the need for 
manipulation of the ratio between lake surface and depth. In addition, 
ponds can be sited in areas or depth of specific concern without disruption 
of the bottom sediment and benthic community. Seourity and securement 
concerns can be minimized through enclosure design and operation. A 
comparative analysis of in-lake enclosures and shoreline ponds is presented 
in Table 23. 

Enclosures on Bl el ham Tarn in the Engl and Lakes Df stri ct have operated 
effectively for 11 years as settings for numerous experiments (Lack and 
Lund, 1974; Lund and Reynolds, 1982). The enclosUres are open-bottomed, 
150 feet in diameter, and 40 feet deep and provided generally good 
characterization of the lake plankton community. Enclosures implemented at 
Shagawa Lake, t4innesota, were considerably smaller than those at Blelham 
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EVALUATION CRITERIA 

Securement 

Power Access 

Securi ty 

Experimental 
Control 

Experimental 
Equilibration 

Freezing Damage 

Exotic Species/ 
Pesticides 

Abil ity to 
Characteri ze 
Lake Response* 

TABLE 23 
COMPARISON BETWEEN IN"-LAKE ENCLOSURES AND SHORELINE PONDS 

FOR PILOT STUDY EVALUATION 

IN-LAKE ENCLOSURES 

Greater degree of uncertainty regarding 
securement/stability within lake. Must be 
minimized through enclosurle design. 

Enclosure operation may be dependent on fuel 
power, if necessary. 

More susceptible to vandalism and boating 
accidents. Must be minimized through 
enclosure design. 

More susceptibility to accidental 1ake/ 
enclosure water interchang,e. 

Little or no equilibration/acclimation 
required for sediments and biota. 

Potential for ice damage limits testing to 
8-month intervals with winter submergence .. 

Testing of exotic species or pesticides 
may cause concern over escapement or 
contamination within the lake. 

Much more likely to reflect actual lake 
response in terms of bluegreen algal 
productivity, bottom currents, temperature, 
and dissolved oxygen. 

SHORELINE PONDS 

Greater degree of stability once 
constructed. 

Greater access to electrical power, if 
necessary. 

Greater resi stilnce to vandal ism; poses no 
boating hazard. 

Greater experimental control over water 
interchange. 

Longer equilibl"ation required for 
sediments and biota. 

Freeze/thaw imposes no structural damage, 
all ows uni nterl"upted testi ng. 

Greater contro"1 of exotic species/ 
pesti ci des through i sol ated contai nment. 

Much less 1 ike"ly to accurately reflect 
lake conditions in control, especially 
bluegreen alga"1 productivity. This is 
critical for evaluation of techniques that 
do not feature nutrient control. 

* Determinate criterion. 



Tarn (40 feet in diameter and 40 feet deep, with closed bottoms). Nutrient 
reduction experiments were performed from 1967 through 1969 to determine 
impacts of tertiary phosphorus treatment at the Ely, Minnesota sewage 
treatment plant; phytoplankton characterizations were not performed. 
Results of these experiments were compromised only' in that they excluded 
sediment impacts. The ponds were submerged during the winter season to 
prevent damage from ice and freezing temperatures; a retrieval system 
allowed the enclosures to be raised for testing during warmer months 
Schuldt, 1982). 

Enclosure Description - Both the Shagawa Lake and Blelham Tarn enclosures 
wer-e considered in the design of the circular enclosures proposed for Upper 
Klamath Lake. Each enclosure will be 150 feet in diameter and either 12 or 
20 feet deep and will be constructed of flexible, reinforced plastic. A 
buoyancy ring of 12-inch square polystyrene logs wfll provide flotation, 
while a base ring consisting of lengths of 2-inch plastic pipe filled with 
concrete will anchor the bottom of the enclosure. Enclosures will also be 
anchored by wire or rope to wood piles that will encircle the test 
facility. The piles will be supplemented by concrete gravity anchors. 
Enclosures will be secured at both the top and. bottom of the piles in order 
to maintain their position yet allow for a six-foot maximum fluctuation in 
lake level. Floating breakwaters will surround the enclosures to attenuate 
large waves, reducing uncontrolled dilution of the test waters. Warning 
1 i ghts and si gns will be mounted di rectly onto the pi 1 es to provi de an 
effective warning and protection system. A design section of an individual 
enclosure is presented in Figure 25. 

~nal lOW enclosures are intended to represent the mean depth of Upper 
Klamath Lake during mean summer lake elevation (8 feet). Deep enclosures 
are sited at a mean depth considered optimal if increased depth is pursued 
as a restoration technique (17 feet). This depth will preclude stratifica
tion yet is expected to b~ sufficiently great to ihhibit submersed 
macrophyte producti vi ty. The proposed si te was se1 ected because: (1) it 
was one of the few areas where lake depth actually attained desirable 
maximum depth for the tests; (2) areas of present mean depth were 
sufficiently close to the deeper area site control enclosures for testing 
of the deepening concept; (3) sediment conditions are representative of 
sheltered embayments where localized restoration concepts are most 
applicable; and (4) reasonably good access to the 'site is provided from 
three separate launch areas. The test facility ~ill consist of six 
enclosures located just north of Ball Bay at the west side of Upper Klamath 
Lake (Figure 26). Four deep enclosures at 6 meters maximum depth and two 
shallow enclosures at 3.5 meters maximum depth are proposed. 
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Specific findings and conclusions resulting from data analysis served as 
the basis for several decisions regarding the siting and design of the 
enclosures. Lake water quality sampling affirmed the generally well-mixed 
condition of Upper Klamath Lake and supported the selection of the proposed 
pilot project site as generally representative of open-water conditions. 
Both its proximity to Ball Bay and its bottom sediment composition 
characteristic of embayment or off-channel sediments are reasonable, given 
the conclusion that restoration/management measures would be best applied 
under isolated or limited.conditions. The success of a localized water 
quality improvement strategy is predicated upon a low degree of circulation 
with untreated waters. For this reason, no external circulatory system was 
desi gned into the experiments. The abil ity of the enclosure wall s to 
transmit wave energy is expected to provide adequate internal circulation. 
Some mixing with external water is expected through wave spillage into the 
enclosures or via vertical water legs along the enClosure walls for 
equilibration of external and internal water levelS. However, it is 
anticipated that such circulation will be sufficiently low to be offset by 
the influence of the restoration/management technique being practiced 
inside the enclosure. At least this degree of external mixing is likely to 
be present with actual implementation of a technique. 

The size of the enclosures was selected on the basis of performance by 
other in-lake test enclosures. Based on literature review and 
investigator interviews, 40-foot square enclosures were determined to be 
successful in characterizing lake nutrient conditions, but were not 
documented with respect to biological characterization. However, ISO-foot 
diameter enclosures in England proved quite successful in characterizing 
ambient phytoplankton communities. The effect of the sidewall on smaller 
enclosures detracts from the ability to adequately simulate ambient lake 
biological and chemical characteristics. The larger the enclosure 
diameter, the greater the enclosure volume to sidewall area ratio and 
higher degree of simulation· achieved. Enclosure size was therefore based 
on the success of the enclosures in the England Lakes District. A 
reduction in enclosure diameter could be made, but'would be accompanied by 
reduced probability of lake simulation. 

Experimental Matrix 

Six enclosures were considered sufficient to properly evaluate the four 
restoration/management measures in question: (A) 2.5 meters mean depth, no 
treatment; (B) 2.5 meters mean depth, alum treatment; (e) 5 meters mean 
depth, no treatment; (D) 5 meters mean depth, alum treatment; (E) 5 meters 
mean depth, aeration/mixing; and (F) 5 meters mean, depth, zooplankton 
enhancement through fish removal. A plan view of the shallow and deeper 
enclosure configurations is presented in Figure 27. 
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These six enclosures will provide six independent control and test 
comparisons of restoration/management measures: (1) effects of lake 
deepening (A x e); (2 and 3) effects of alum treatment at two different 
depths (A x B; e x 0); (4) combined effects of deepening and alum treatment 
(A x 0); (5) effects of mechanical aeration/circulation (e x E); and 
(6) effects of fish removal on zooplankton and phytoplankton populations 
(e x F). Other combinatory comparisons of test enclosures may also be of 
interest. In addition, an open-water station in proximity to the enclosure 
site will be monitored in order to document the ability of control 
enclosures to characterize ambient lake conditions. 

One major uncertainty associated with site selection is the extent of 
initial Aphanizomenon development in the bottom sediments of the lake. 
There may be specific nursery areas for the organi$m. If so, there is a 
probability that water column isolation through enClosures situation early 
in the season may exclude indigenous algal growth. Algal characterization 
of lake and enclosure waters should be carefully monitored during the early 
stages of the project. If growth commences in the open water without 
corresponding growth in control chambers, limited pumping may be necessary 
to "seed" all enclosures with an initial algal" population. 

It was recommended that no replicate tests be performed at the pilot scale 
level. Reliable data from a small number of large enclosures would be more 
informative in performance evaluation than a larger replicative number of 
smaller enclosures. This recommendation is based on the generally valid 
assumption that pilot project costs will be an important consideration and 
will be carefully reviewed with respect to potential cost-saving 
experimental procedures. In situ experimentation will be preceded and 
supplemented by laboratory evaluations in order to provide rapid and cost
effective determinations of operational criteria by which to conduct 
enclosure evaluation. 

The experimental matrix and enclosure number were based on a maximum 
evaluation period of one year (one summer season). A reduction in 
enclosure numbers and a corresponding revision in the experimental matrix 
could have been achieved if the evaluation period had been increased to two 
or even three summer seasons. 

Performance Evaluation and Water Quality Objectives 

The overall experimental strategy is to provide a generally simple and 
passive treatment environment within the enclosures, where fundamental 
evaluation principles of treatment performance and underlying causes are" 
identified through monitoring of traditional water quality parameters. 
Operational challenges regarding actual field implementation will be 
resolved in a subsequent phase once the potential of the technique for 
water quality improvement has been adequately demohstrated. 
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Evaluation Period 

Sampling Frequency 

Sample Location 

Sample Number 

General Parameters 

TABLE 24 
SUMMARY OF PILOT PROJECT 

PERFORMANCE EVALUATION FEATURES 

Minimum of 16 weeks (May 15 to September 15) 

Weekly very desirable; biweekly minimally 
acceptable for water column measurements. 
Before and after measurements for chironomid 
populations, macrophyte colonization, and 
sediment aluminum profile. 

Center of each of the six enclosures plus an 
open-water location in the vicinity of 
enclosures. 

A minimum of two. vertical samples in shallow 
(3 m) enclosures, one 0.5 m below the surface 
and one at 2 m deep. A minimum of three 
vertical samples (at 0.5, 2.5, and 4.5 m 
deep) in deeper (6 m) enclosures. Two 
vertical samples in open-water station (0.5 
and 2.5 mI. Temperature and 0.0. vertical 
profiles at 0.5 m intervals from surface to 
bottom. 

Temperature, dissolved oxygen, pH, 
alkalinity, carbon dioxide, conductivity, 
suspended solids, Secchi disk, ortho
phosphorus, total-phosphorus, nitrate
nitrogen, ammonia-nitrogen, Kjeldahl 
nitrogen, iron, chlorophyll-a, phytoplankton 
identification/enumeration, zooplankton 
identification/enumeration, benthic 
chironomid counts, macrophyte colonization 
observations. 

Specialized Parameters Sediment aluminum vertical profile and algal 
assay evaluation (if necessary) for aluminum 
sulfate enclosures and control enclosures. 
Final fish gut analyses in deep control 
enclosure. 
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A general summary of performance evaluation features is presented in Table 
24. A minimum evaluation period of 16 weeks, to occur during the months of 
highest productivity, is recommended. Weekly sampling intervals would be 
highly desirable, with biweekly intervals being moderately acceptable. A 
vertical profile of the water column in the center of each enclosure will 
serve to document treatment performance, in order to minimize enclosure 
sidewall influence. A minimum of three vertical samples per sampling visit 
are recommended for deeper enclosures, with a minimum of two vertical 
samples in open-water and shallow enclosures. This constitutes a total of 
144 or 288 routine quality samples over the evaluation period, depending on 
a biweekly or weekly sampl ing interval, respectively. 

The primary water quality objective in Upper Klamath Lake is the increased 
desirability of water contact recreation through a reduction in summer 
bluegreen algal productivity. Limited observations of submersed 
macrophytes indicated very low populations presently in the lake, while it 
is believed that chironomid emergence in the Klamath Falls area is limited 
to lake outlet, river, and canal habitats of the city. Although these two 
biological factors are apparently either insignificant or irrelevant to 
open-water quality problems of the lake, observations of both macrophyte 
colonization and benthic chironomid populations will be performed as 
incidental aspects of the pilot project. 

Primary evaluation criteria of treatment performance will therefore be a 
characteristic of the phytoplankton communities. Specific primary 
parameters will include: chlorophyll-a, Secchi disk transparency, and 
phytoplankton species identification and enumeration. Nutrients, 
temperature, pH, dissolved carbon, and other routine and specialized tests 
will serve as secondary performance criteria and help to provide the 
underlying rationale for differences in phytoplankton characteristics. 

A critical issue will be the development of an appropriate subjective 
measure of water quality in terms of recreational desirability. Analytical 
and microscopic measurements of chlorophyll-a, Secchi disk transparency, 
and phytoplankton species composition will provide valid scientific data by 
which to compare test and control conditions. However, such results should 
be carefully interpreted in terms of recreational desirability as the 
foremost criteria of performance evaluation and full-scale project 
justification. Given the extremely high productivity of the lake, 
substantial improvements to existing quality could conceivably be effected 
through pilot testing yet still not attain a degree of water quality that 
would be acceptable to the community for water contact recreation. . 
Conversely, a strict absolute threshhold criteria of mesotrophic quality 
(chlorophyll-a <12 ug/l; Secchi disk >2 m; total phosphorus <20 ug/ll may 
be unattainable and may underestimate-community acceptance of what would be 
a substantial improvement over accustomed poor water quality conditions in 
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the area. The latter scenario would be especially important if treatments 
effect a conversion in algal species composition, from bluegreens to 
greens; trophic index parameters may remain relatively unchanged but 
community acceptance of water quality could improve considerably. 

Therefore, in addition to quantifiable scientific measurements, it is 
recommended that a subjective community index of water quality desirability 
be developed. Such an index could be developed through the collection of a 
five-gallon highly productive summer lake sample, which was then diluted 
and concentrated to generate a series of 10 two-liter samples. The series 
would range from very good quality to that which has historically been 
observed to be the lake's worst (for exampie, chiorophyll-a might range 
from 1 ug/l to 800 ug/1). Each sample would be subsampled for transparency 
and ch1orophyl1-a measurements, then transferred to glass jars where they 
could be presented at a summer public meeting. Meeting attendants would be 
requested to select one of the series which to them would be minimally 
acceptable for fishing, boating, and water contact recreation. The 
distribution curve generated from the survey could then be related to pilot 
study measurements of transparency and chlorophyll-a, and serve as a 
valuable decision-making aid to project investigators, representatives of 
participating public and private agencies, and elected officials. 

DEEPENING 

Evaluation Strategy 

It is generally accepted that an increase in lake depth will provide some 
improvement in water quaiity over the summer growing season. The 
underlying rationale for this project is: (1) the increased mixing depth of 
phytoplankton outside the photic zone; and (2) reduced recirculation of 
bottom sediment nutrients. These features would be potentially more 
pronounced if the lake wa~ deepened sufficiently to allow a sustained and 
strong thermal stratification during the summer months. However, such 
stratification could have concomitant disadvantages caused by an oxygen
depleted hypolimnion, and could not reasonably be attained anyway given the 
extremely shallow depths of Upper Klamath Lake and its capacity for 
wind-generated vertical circulation. 

The fundamental question is whether deepening alone will result in a 
measurable and acceptable improvement in water quality as measured by algal 
productivity. Furthermore, it should be determined whether perceived 
improvements are the result of actual biomass reduction or are only due to 
distribution throughout a deeper column of water. Given the lake's 
excellent mixing characteristics, it is entirely possible that a moderately 
deeper water column would support a greater total algal biomass than a 
shallower column. 
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Treatment evaluation will be based on the performance of two in-lake 
enclosures (referred to as control enclosures in Figure 27). The shallower 
enclosure will be sited at a mean depth of approximately 2.5 meters, which 
is representative of the lake's present mean depth. The deeper enclosure 
will be sited at a mean depth of approximately 5 meters, a doubling of 
present mean depth. In addition to providing an evaluation of deepening, 
these two enclosures will al so serve as control s for other techni ques 
practiced at these depths in separate enclosures. 

Depth selection rationale was based on: (1) the perceived maximum 
reasonable depth increase (2.5 to 3 m) attainable over a significant area 
of the lake by any means; and (2) the minimum depth at which submersed 
macrophyte growth would be substantially inhibited should increases in 
water column transparency result. It is believed that evaluation of 
deepening through deliberate enclosure depth selection would be equally 
applicable to long-term dredging as well as lake elevation increase, 
especially in embayment areas. Vertical nutrient profiling resulted in no 
significant trends over depth in the benthic ooze characterizing much of 
the lake bottom. Such sediment material is at least 5 m thick in Howard 
Bay and the proposed enclosure site near Ball Bay. Metals profiles did 
result in significant trends, but would be expected to be relatively stable 
in particulate form. 

Performance Evaluation 

Actual performance application of deepening evaluation will be relatively 
straightforward, as it is envisioned to be a passive test where site 
(depth) selection of the enclosures will be the primary determinate 
variable. Maximum initial depth will be dependent upon the preceding water 
year and may vary up to a meter (2.5 to 3.5 m in the shallow enclosure and 
5 to 6 m in the deeper enclosure). Depth should steadily decrease over the 
summer through consumptiv~ wtthdrawal and evaporative loss; this is a 
natural phenomenon and will be allowed to occur in the enclosures. 
Whatever the lake elevation scenario for the testing year, the experimental 
differential between shallow (control) and deep (test) enclosures will 
remain the same. 

Primary elevation criteria for deepening effects will include Secchi disk 
transparency, chlorophyll-a, and phytoplankton identification and 
enumeration. Especially interesting will be the vertical profiling of 
enclosures for the above parameters as well as temperature, dissolved 
oxygen, pH, and carbon dioxide. A minimum of two vertical stations (at 0.5 
and 2.0 m depths) in the shallow enclosure and three (at 0.5, 2.5, and 4.5 
meters) in the deep enclosure are recommended; additional vertical stations 
may be desirable. Cumulative summation of algal biomass (as described by 
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chl-a) over the depth of the water column will provide values of total 
biomass and biomass per unit volume, and will help to determine whether any 
observed concentration differences between enclosures are attributable to 
actual growth suppression or only to dilution over a greater volume. 
Temperature and D.O. vertical profiles should be conducted at 0.5 m 
intervals from surface to bottom to document the presence, magnitude, and 
durati on of strati fi cation withi n the enclosures. Any differences in al gal 
species composition, as a transition from nuisance bluegreens to more 
recreationally acceptable greens or diatoms, should be carefully noted. 
Comparison of transparency and chlorophyll-a results with the community 
quality index will be helpful. 

Chemical composition of the enclosures is expected to have secondary 
importance in the evaluation of deepening. They will serve as supportive 
data in explaining results. Furthermore, the data will be important in 
establishing the enclosures as controls for the remaining tests. A 
complete list of recommended nutrient, other chemical, and biological 
parameters is presented in Table 24. 

In addition, water quality of the control enclosures will be compared to 
that of the open-water station in Qrder to assess the success with which 
the enclosures characterize ambient lake conditions. The critical 
parameter will be the ability of the enclosures to sustain the presence of 
Aphanizomenon flos aquae, the bluegreen algae indigenous to the lake. This 
characterization will be absolutely necessary to successfully evaluate 
management techniques which do not affect nutrient concentrations 
(deeoenino. aeration/circulation. zooolankton enhancementl. - , ..,,, . #. -- - -

ALUMINUM SULFATE APPLICATION 

Evaluation Strategy 

Alum application results on other lakes in the Pacific Northwest have 
varied from moderately good to excellent, depending on hydraulic residence 
time, external phosphorus loading, lake depth, and aquatic macrophyte 
distribution (Funk et al, 1975; Entranco Engineers, 1980; U.S. EPA, 1980). 
Historically it has been developed and utilized as a one-time treatment 
because of moderately high application costs. Alum product and application 
costs on Long Lake, \~ashington, were $60 per acre-foot (Entranco Engineers, 
1980) • 

Water quality benefits of a full-scale alum treatment on Upper Klamath Lake 
are not considered to be realistic given the perceived inability to control 
high nutrient loading to the lake via its tributaries and the perceived 
high incidence of sediment resuspension in the water column due to its 
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shallow depths, large surface area, and frequent wind activity in the 
basin. These characteristics would quickly reduce the longevity and 
effectiveness of the phosphorus seal. 

However, localized treatment in the lake may result in substantial 
localized water quality improvement and may be attainable at a more 
reasonable cost. Technical considerations of treatment area selection 
would be: (1) its ability to be isolated hydrologically from the main 
basin of the lake; (2) little or no surface water inflow/external nutrient 
loading; and (3) its present depth or ability to be dredged or deepened. 

The primary objectives of pilot study evaluation of aluminum sulfate will 
be: (1) to assess the ability of water quality improvements by alum 
treatment to be sustained in the enclosed water column; and (2) the 
influence of water depth on alum floc stability and the corresponding 
quality of the water column. 

The general strategy for evaluation of aluminum sulfate application 
primarily consists of four in-lake enclosures, with supplemental laboratory 
development of enclosure operational criteria and'evaluation of performance 
results. Treatment evaluation will be based on the performance of four 
in-lake enclosures, with water depth and alum application being the primary 
test variables. Enclosures will be identified by the following 
characteristics: (A) 2.5 meters mean depth, control; (8) 2.5 meters mean 
depth, alum applied; (e) 5 meters mean depth, control; and (D) 5 meters 
mean depth, alum applied. This matrix allows evaluations of alum 
application at two separate depths and an evaluation of the combined 
effects of deepening and alum (enclosures A and D). 

Determination of the appropriate aluminum sulfate dosage concentration for 
the lake will be performed in the laboratory prior to field application. 
Subsequent laboratory efforts in addition to routine water chemistry 
analyses will include sediment core profiles and possibly algal assay 
evaluations as well. 

Dosage Determination - Aluminum sulfate is intended not only to absorb and 
precipitate phosphorus and filter particles from the water column, but also 
to form a substantial floc blanket on the lake bottom to retard subsequent 
sediment P release. The effectiveness of this seal is anticipated to be 
dependent upon the thickness of the alum blanket, among other variables. 
The objective of the dosage determination is therefore to apply as much 
alum as possible without endangering fisheries and other nontarget biota. 

Maximum allowable dosage is controlled by the capacity of lake alkalinity 
to buffer potential pH reduction from alum application. Dosage is based on 
the foll owi ng chemi cal rel a ti onshi p: 
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.(1) A12(S04)3 + 6 H20 --> 2 Al (OH)3 + 3 H2S04 

(2) 3 Ca(HC03)2 + H2S04 --> 3 CaS04 + 6 C02 + 6 H20 

A12(S04)3 + 3 Ca(HC03)2 --> 2 Al (OH)3 + 3 CaS04 + 6 C02 

Based on molecular weights, this relationship indicates that application of 
1 mg alum will consume 0.5 mg alkalinity, or at a ratio of 2:1. As 
alkalinity is consumed, a gradual reduction in pH will also occur, to a 
point where pH will drop drastically once total buffering capacity is 
exhausted. The intent is to apply an alum dosage that will provide maximum 
bottom coverage, yet still retain an alkalinity residual of 8-10 mg 
CaC03/l and maintain a pH of 5.5 as an absolute minimum in treated 
waters for fisheries protection. A general minimum pH of 6.0 would be more 
desirable. This is especially important under enclosed field application 
conditions. In open water situations, application is spread over a period 
of 5-10 days, allowing fish to actively avoid accidental hot spot areas of 
low pH. Water alkalinity and pH recovery are generally rapid following 
application. 

Laboratory jar tests will be performed prior to field application in order 
to determine the appropriate dosage. Jar tests consist of a series of 5 to 
7 one-liter beakers filled with lake (enclosure) water. Concentrated alum 
solution spikes are added to generate a series of alum dosages. Alum 
spikes are mixed initially in the beakers, which are then gently stirred at 
10-minute intervals for 50 minutes. After a final 10-minute settling 
period, water from each beaker is decanted for analysis. Based on curves 
drawn for phosphorus, turbidity, alkalinity, and pH, an appropriate dosage 
concentration is determined, primarily on minimum pH and alkalinity values 
of 6.0 and 8 to 10 mg/l, r~Spectively. 

An approximate alum dosage concentration may be quickly determined from the 
above alum:alkalinlty ratio in order to develop an appropriate range of jar 
test dosages. Alkalinity data collected on Upper Klamath Lake during 
July-December 1981 indicated a monthly range between 32-70 mg CaC03/l, 
or an annual mean of 50 mg CaC03/l (variability between lake sampling 
stations was very low and did not appear to be significant). Therefore, an 
alum dosage of 100 CaC03/l could tentatively be assigned as a median 
value for the jar test dosage series with additional dosages at 10 mg/l 
intervals. The primary determinant of median concentration, however, will 
be alkalinity measurements made within the enclosures after they are 
secured in the lake. 
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Field Application - Aluminum sulfate application should occur as soon as 
possible following in-lake securement of the enclosures in the spring. 
This period generally reflects low temperature/high dissolved oxygen 
conditions when fish would be least subject to possible synergistic stress 
imposed by the treatment. 

Everhart and Freeman (1973) have demonstrated that concentration of 
dissolved aluminum in excess of 0.05 mg Al/l can be toxic to rainbow trout. 
However, residual dissolved aluminum (RDA) only begins to appear when all 
the alkalinity in the system has been consumed and the pH drops down to 
about 4.5. Since dosage quantities were primarily determined on their 
ability not to exhaust ambient lake alkalinity, the above phenomenon will 
not occur. Nevertheless, it may be prudent to split dosages and alternate 
applications of the two test pools to provide an opportunity for alkalinity 
and pH monitoring at half dosages before the full application is completed. 

The recommended application method is to spray liquid alum using a nozzled 
hose and gasoline-powered pump into the enclosures from a service barge on 
the outside. Sufficient turbulence for floc formation should be achieved 
using the spray nozzle; motoring briefly around the inside of the enclosure 
with a punt and small electric motor immediately after application would be 
certain to achieve sufficient turbulence. Operator estimation of the 
uniformity of coverage would appear to be acceptable, especially with 
subsequent artificial mixing or natural turbulence. A meter should be 
installed in the distribution hose to accurately measure alum quantities 
applied to the enclosures. 

Alum is commercially available in both granular and liquid form. Although 
both have been used in lake applications, liquid alum is recommended as it 
is substantially less expenslve and requires less labor in its application. 
Liquid alum should be stored in glass-reinforced epoxy, polyester plastic, 
stainless steel, glass, or rubber-lined tanks, or other appropriate storage 
vessels as recommended by the chemical manufacturer. 

Liquid alum should have an aluminum oxide content of approximately 8.5 
percent, with 48.5 percent as active ingredient (or dry alum). Dosage 
quantities are based on desired enclosure concentration, enclosure volume, 
liquid alum density (11.047 pounds/gallon), and the ratio of active product 
to bulk weight. As a preliminary indication of estimated aluminum sulfate 
quantities necessary for field application, the following example is 
offered: 
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Experimental Release Determinations - Although the 'above referenced work 
was well concelved and provlded valuable insight into the lake's sediment 
chemistry, results of the dialysis experiments were reported in ug P 
released/g sediment. Values of sediment P released on an areal and 
temporal basis were necessary for application to an overall lakewide 
estimate of internal cycling. Sediment nutrient release experiments were 
performed 1n order to to derive such values for the lake sediments under 
various annual scenarios, with temperature, dissolved oxygen, and sediment 
resuspension serving as critical environmental variables. 

Sediment phosphorus release in Upper Klamath Lake was evaluated under 
laboratory test conditions. Specific sites are presented in Figure 23. 
Sediment nutrient release experimental conditions were predicated on three 
possible natural environments: (1) summer water temperatures (23-25° C) 
with moderate dissolved oxygen (DO) concentrations (6.5-7.5 ppm); 
(2) winter water temperatures (5.7° C) with well-aerated water (9-12 ppm 
DO); and (3) summer water temperatures with little or no dissolved oxygen 
(0-3 ppm). Results of the first two scenarios were utilized to determine 
annual potential P release from the sediments, as they best represent 
ambient lake conditions. 

Test results of P release rates are presented in Table 15. Unstirred 
release rates under summer aerobic conditions averaged 0.709 mg 
P/m2-day and ranged between 0.000 and 1.835 mg P/m2-day. Stirred 
samples resulted in higher ortho-P concentrations and corresponding higher 
release rates in all eight channels. Stirred release rates averaged 1.342 
mg P/m2-day and ranged between 0.41 and 2.16 mg P/m2-day. Average 
release rates of paired samples were generally comparable except for Howard 
Bay, where P release rates appeared to be higher than at other stations. 

Phosphorus release rates at 5-10· C reflected a net decrease in P 
concentrations of the ove~lying water, averaging -0.024 mg P/m2-day. 
Stirred samples again resulted in moderate to high increases in P 
concentrations and corresponding release rates in all four chambers, 
averaging 0.433 mg P/m2-day. 

Release tests performed under summer temperatures at low oxygen tension 
confirmed expectations of high sediment P release under anaerobic 
conditions. Anoxic tests resulted in release rates twice that of aerobic 
stirred rates, averaging 1.368 mg P/m2-day and ranging from 0.236 to 
2.665 mg P/m2-day. The Howard Bay sample (HB1) reflected substantially 
higher release rates than the other samples. 
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Agency Lake: 
AL 1 
AL 2 

Ball Bay: 
BB1 
B82 

Howard Bay: 
HB1 
HB2 

Buck Island: 
BIl 
BI2 

Mean 

TABLE 15 
SUMMARY OF SEOmENT PHOSPHORUS RELEASE RATES 

(mg P 1m2-day) 

TEST 1 TEST 2 
SUl1I11er Aerobic Wi nter Aerobi c 

TEST 3 
Summer Anoxic 

Nonsti rred Stirred Nonstirred Stirred Nonstirred Stirred 

1.243 1.693 +0.133 +0.866 
0.000 0.488 0.159 0.236 

0.128 0.583 1.344 1.432 
0.688 1.828 -0.080 +0.193 

1.22B 1.501 2.775 2.665 
1.835 2.158 -0.107 +0.341 

0.095 0.410 1.001 1.140 
0.451 2.075 -0.057 +0.331 

0.709 1.342 -0.028 +0.433 1.320 1.368 
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Summer.aerobic nitrogen release averaged 6.5 mg/m2-day (eight 
chambers). Winter aerobic release rates averaged 2.3 mg N/m2-day (the 
four chambers used for winter conditions averaged 11.5 mg N/m2-day 
under summer aerobic conditions). Results supported the contention that 
greater biological activity under warmer temperatures increases the 
availability of nitrogen from organic sediments. 

Results of the sediment release tests affirmed the following generally 
accepted precepts: (1) higher release rates were achieved under warmer 
water temperatures due to increased physical transport from greater benthic 
organism activity; (2) higher P release rates were achieved under anoxic 
rather than aerobic chamber conditions; and (3) P release was attributed 
primarily to anaerobic dissolution of metal-phosphorus compounds. 
Furthermore, stirring sediments to simulate wave resuspension resulted in 
substantially higher release rates, except in chambers which were 
deliberately maintained anoxic throughout the test. 

Given the high degree of sediment resuspension in Upper Klamath Lake from 
wind/wave action, as suggested by other investigators (Hazel, 1968; 
McKenzie, 1982), release rates based on stirre9 rather than unstirred 
scenarios were utilized in internal P cycling calculations. Furthermore, 
only aerobic P release rates were utilized since the shallow, well-mixed 
waters of Upper Klamath Lake do not support a persistent oxygen depleted 
hypolimnion. 

Release rates should be considered as representative values for loading 
calculations. Actual P release rates are expected to be variable due to 
seasonal fluctuations in temperature, dissolved oxygen, dissolved P 
concentration, pH, and algal productivity within the overlying water 
column. Release rates would be lower during periods of low productivity, 
high external P loading, and corresponding high water column dissolved P 
concentrations. Furthermore, sediments may act more as a phosphorus sink 
in Upper Klamath Lake during periods of high phosphorus external loading or 
senescence of bluegreen algal blooms. Fillos and Biswas (1976) reported 
that P concentrations of overlying water exert a dramatic influence on 
release rates. They found that, under aerobic conditions, the release rate 
was zero when the overlying water column dissolved P concentration was 
0.003 mg/l, and that sediments sorbed P at the rate of 2-5 mg/m2-day 
when ambient P levels were 0.025 mg/l. When the tests were repeated under 
anaerobic conditions, however, sediments acted as a source rather than as a 
sink for phosphorus, with release rates of 2-3 mg/m2-day. They 
determined that overlying P concentrations must be 1-2 mg/l before 
sediments will sorb rather than release phosphorus under anaerobic 
conditions. 
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Sediments may act as a substantial P source only under intermittent 
anaerobic conditions in localized or large areas of the lake or in the 
absence or demand of dissolved P in the water column from high algal 
productivity. Phosphorus release rates may attain or actually exceed 
experimental aerobic rates under these conditions. If algal productivity 
sufficiently reduces dissolved P concentrations, this condition will 
maintain a water-sediment P concentration gradient that is similar to 
measured aerobic release rates. Furthermore, high utilization of dissolved 
carbon by algal productivity will raise the pH in the lake to levels (9 to 
10) that will substantially increase solubility of iron and aluminum 
phosphates, with correspondingly higher sediment P release. 

Detailed information on sediment nutrient release experimental methods, 
results, and interpretation is presented in Appendix B. 

NUTRIENT LOADING 

Hi storica1 Data 

Sources and magnitude of nutrient loading into Upper Klamath Lake were 
characterized in a 1965-1966 study performed by the Federal Water Pollution 
Control Administration (Miller and Tash, 1967). The study utilized 
hydrologic data collected concurrently by the U.S. Geological Survey in 
addition to flow monitoring performed by FWPCA of agricultura1.drainage and 
irrigation return discharges at major ranches in proximity to the lake. 
Quality data was based on the analyses of 445 water samples collected from 
various inflow sources, including springs, over the 12-month period. Flows 
and nutrient concentrations were incorporated into mass loading budgets for 
various elements/nutrients over the study period. 

The inorganic nutrient budget for Upper Klamath Lake as expressed in 
tonnage is presented in Tab.1e 16. This table illustrates nutrient mass 
from several different inflow categories, total loading, total outloading, 
and the net system retention. Representative inflows and nutrient loading 
percentages for various inflow categories (major rivers, canals, pristine 
streams, agricultural drainage, and springs) is presented in Table 17. 
Table 18 summarizes the range (and mean for phosphorus) of nutrient 
concentrations observed for the lake as \~el1 as the inflow categories. 

The survey documented several conclusive points of interest from the 
information presented in the above mentioned tables, especially with regard 
to phosphorus, nitrogen, and iron: 
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PRISTINE 
CONSTITUENT STREAMS CANALS 

Boron 1 11 

Calcium 132 1,65~ 

Chloride lB 253 

w Iron 2 86 
I ..... 
w 

Magnesium 31 295 

Nitrogen 4 118 

Potassium 12 284 

Phosphorus 2 26 

Sil ica 602 4,005 

Sodium 129 1,260 

Sul fate 78 373 

TABLE 16 
INORGANIC NUTRIENT BUDGET 

FOR UPPER KLAMATH LAKE 
March 1965 to April 1966 
(Miller and Tash, 1967) 

(Expressed in Tons) 

AGRICULTURAL 
RIVERS DRAINAGE SPRINGS 

138 12 97 

16,276 1,884 3,478 

4,369' 226 1,432 

687 86 2 

2,594 508 1,534 

702 241 137 

2,259' 323 716 

216 133 125 

47,857 814 14,320 

15,911 1,794 3,785 

5,480 2,075 1,637 

TOTAL TOTAL 
INCOMING OUTGOING BALANCE 

259 172 B7 

23,422 23,477 -55 

6,298 4,600 1,698 

863 1,167 -304 

4,962 4,058 904 

1,202 3,062 -1,860 

3,594 3,227 367 

502 298 204 

67,598 54,671 12,927 

22,879 21,754 1,125 

9,643 9,752 -109 



CONSTITUENT 

Inflow* 

Boron 

Calcium 

Chloride 

Total Iron 

Magnesium 

Total Ni trogen 

Total Phosphorus 

Potassi urn 

Sil ica 

Sodium 

Sulfate 

TABLE 17 
REPRESENTATIVE INFLOWS AND THEIR PERCENT 

NUTRIENT CONTRIBUTION 
March 1965 to April 1966 

(Miller and Tash, 1967) 

PRISTINE AGRICULTURAL 
STREAMS DRAINAGE CANALS 

1.1 5.1 7.8 

0.4 5.0 4.2 

0.6 8.0 7.0 

0.3 3.6 3.9 

0.2 10.0 9.9 

0.6 10.2 5.9 

0.4 20.1 9.8 

0.4 26.5 5.1 

0.3 9.0 7.9 

0.9 1.2 5.9 

0.6 7.8 5.5 

0.8 21.5 3.9 

MAJOR 
SPRINGS RIVERS 

17.4 64.2 

37.0 53.0 

14.8 69.4 

22.7 69.3 

0.2 79.6 

30.9 52.2 

11.4 58.4 

24.9 43.0 

19.9 62.8 

21.2 70.9 

16.5 69.5 

17.0 56.9 

* Direct precipitation constituted the remaining 4.4 percent of total 
inflow and its nutrient contribution was disregarded as insignificant. 
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TABLE 18 
NUTRIENT CONCENTRATION RANGES IN MG/L 

(Miller and Tash, 1967) 

AGRICULTURAL 
NUTRIENT LAKE PRISTINE STREAMS SPRINGS MAJOR RIVERS DRAINAGE 

Total Alkalinity 10 to 55 15 to 40 30 to 40 30 to 45 35 to 265 
Ammonia Nitrogen .00 to 1.8 .00 to .05 .00 to .06 .05 to .30 .00 to 5.7 
Boron .000 to 0.30 .. 000 to .25 .000 to .20 .0001 to .20 .004 to .35 
Calcium 5 to 15 5 to 10 5 to 15 5 to 12 5 to 150 
Chloride 1. 9 to 5 0.0 to 0.6 0.3 to 11 0.5 to 6.0 0.7 to 10 
Cobalt .005 to .Q07 .003 to .005 .003 to .005 
Conducti vi ty* 80 to 225 30 to 100 65 to 130 70 to 100 80 to 100 
Copper .004 to .006 .. 003 to .004 .004 to .006 
Hardness (Total) 20 to 35 10 to 30 20 to 45 20 to 35 25 to 400 
Iron .000 to 2.5 .. 000 to .70 .000 to .004 .000 to 2.7 .000 to 5.5 

w Lead .014 to .045 .. 010 to .20 .000 to .020 
I 

Magnesium 0.8 to 2.5 0.6 to 1.5 0.50 to 3.0 0.0 to 2.5 0.1 to 17 ..... 
U1 

Manganese .004 to .183 .. 003 to .005 .014 to .053 .005 to .20 
Molybdenum .003 to .030 .. 000 to .010 .000 to .010 
Nitrate Ni trogen .00 to .20 .00 to .02 .00 to .06 .00 to .10 .00 to 1.3 
Organic Nitrogen .15 to 10.4 .00 to .10 .10 to .25 .00 to .60 .05 to 5.5 
Total Phosphorus (.062) (.250) (.117) (.903) 

as P .030 to 2.000 .. 000 to .200 .050 to .250 .050 to .330 .080 to 2.000 
Potassi urn 1.0 to 2.9 0.2 to 1.6 1.0 to 14 1.0 to 2.0 1 to 20 
Sil ica 10 to 35 10 to 35 20 to 35 15 to 35 1 to 45 
Sodium 7 to 12 1.5 to 4.5 3.5 to 16 5 to 10 6 to 70 
Sulfate 0.0 to 5 0.0 to 4.0 2.4 to 7.7 1.9 to 5.0 0.0 to 195 
Total Solids 65 to 240 10 to 145 70 to 145 40 to 165 60 to 3000 
Total Volatile 

Solids o to 90 45 to 60 o to 45 o to 555 
Zinc .007 to .058 .007 to 072 .013 to .031 

* Expressed in micromhos. 

Pa rentheses indi cate fl ow-wei ghted averalge phosphorus concentrati ons. 



1. Major rivers (Williamson River, Wood River, and Crooked Creek) 
constituted 64 percent of inflow for the year measured, and contributed 
43 percent of external P loading, 58 percent of total (waterborne) N, 
and 80 percent of total iron. Loadings \~ere thus generally 
proportional to inflow volumes. 

2. Springs and subsurface seepage contributed 17 percent of total inflow, 
with 25 percent of total P, 11 percent of total (waterborne) N, but 
only 0.2 percent of iron. Loadings were generally proportional to 
inflow volumes for Nand P, but were disproportionately low for iron. 

3. Agricultural drainage constituted only 5 percent of total inflow; 
however, it contributed disproportionately high loading fractions of 26 
percent total P and 20 percent total (waterborne) tl. 

4. Pristine streams and canals generally contributed collective nutrient 
loadings for P, N, and Fe comparable to inflow volumes. Canal loadings 
were based on water quality of their source streams prior to entering 
lowland areas to the north and west of the lake where they were subject 
to drainage and irrigation return flows from agricultural lands. 

5. Nutrient budget totals for inflow and outflow resulted in an apparent 
40 percent retention of phosphorus within the lake. However, both 
nitrogen and iron mass balances indicated significant (+10 percent) net 
export from the lake, the only two elements to do so. Export rationale 
for these two elements included bluegreen algal assimilation of 
atmospheric nitrogen and wave-induced resuspension of iron-bearing 
sediments in the lake outflow. 

6. Ambient average P concentrations from all inflow sources, including 
mountain streams and springs, were relatively high in comparison to 
other lake systems studied. 

7. Trace element concentrations of copper, molybdenum, cobalt, zinc, and 
manganese were sufficient to support algal bloom populations if I~ and P 
are present in sufficient supply. 

The nutrient budget survey was quite extensive and comprehensive in terms 
of the amount of data coll ected for the development of the budgets. 
Unfortunately, much of the primary data is not presently available for 
further review and evaluation. A complete final report of the survey was 
never performed due to hi gher pri ori ty assignments. The report cited is an 
interim report on the survey; as such, much of the data appears in summary 
form. Tributary loadings are presented collectively under titles such as 
"major rivers," "canal s," "pri sti ne streams," agri cul tural drai nage," and 
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"springs." Furthermore, there is no opportunity to review temporal 
variations in external nutrient loading and associated lake response. This 
latter feature would be quite informative in estimating sedimentation and 
sediment release factors with respect to nutrient dynamics. 

Disposition of 1965-1966 raw data is unknown and was not available for 
further review as an element of this project. Therefore, although 
summarized results of the survey appear to be highly reliable given the 
relatively large data base upon which they were developed, opportunity for 
further evaluation was quite limited. 

Phosphorus Budget Development 

A limited monitoring program was performed in 1981-1982 in order to refine 
elements of the 1965-1966 phosphorus budget and to develop additional 
insight on seasonal variation to lake nutrient loading. Phosphorus has 
historically been the target nutrient for source control/algal limitation. 
Constraints of project schedule (9-month sampling period) and budget (30 
quality samples compared to 445 in 1965-66) discouraged the development of 
an entirely new annual phosphorus budget in a watershed as large and 
complex as that of Upper Klamath Lake. 

The primary impediment to the development of such a budget was the input 
attributed to agricultural drainage. Agricultural drainage/irrigation 
return flows constitute a volatile source to P budget development, given 
its disproportionately high P loading to inflow relationship (as reported 
by Miller and Tash, 1967). Implications of the loading source may also be 
highly controversial, given its status as a cultuial (human derived) 
nutrient source. The 1965-66 budget assignments for agricultural loading 
were based on comprehensive flow and quality monitoring of inflow and 
outflow (gravity and pumped) of agricultural fields, with the full 
cooperation of major ranchers/growers in the basin. The credibility of the 
1965-1966 agricultural loading assessment could not have been duplicated 
under the scope of the present project even if cooperation by major ranches 
had been sol icited and obtained. (Although some monitoring of an 
agricultural discharge into Geary Canal was performed in 1981-82 by Klamath 
Consulting Services, no flows were gaged, no inflow loadings measured, and 
it was only one of several agricultural discharges that affected the lake.) 
Given the relatively limited 1981-1982 monitoring scope, a refinement 
rather than a repetition of budget development was considered to be the 
more credible approach. 

The objectives of this project in refining the original 1965-66 phosphorus 
budget were: (1) assigning specific loadings to individual major 
tributaries to Upper Klamath Lake; (2) review assignment of P loading from 
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springs and subsurface flow through spring quality sampling and literature 
review; and (3) assign an estimated loading for internal P cycling from 
lake bottom sediments. 

Stream Monitoring - A limited water quality monitoring program was 
performed in 1981-1982 on major tributaries to Upper Klamath Lake in order 
to assign relative P loading estimates to individual streams. The 
Williamson River, Wood River, Crooked Creek, and Sevenmile Canal were 
sampled five times over the duration of flow monitoring (November 1981 
through June 1982). Monitoring locations are identified in Figure 4. Flow 
data and quality sampling was performed on the Williamson River for the 
period July-October 1981 by the U.S. Geological Survey and the Oregon 
State Department of Environmental Quality and were also incorporated into 
I oadi ng esti mates. Co11 ecti vely, the four streams compri sed 88 percent of 
total surface water inflow and 70 percent of total lake inflow. Stream 
samples were analyzed for field parameters as well as nitrate-N, ammonia-N, 
Kjeldahl N, ortho-P, and total-Po Complete monitoring data is presented in 
Appendix Tables A-3 through A-8, while nutrient analyses are summarized in 
Table 19. 

Field measurements characterized all inflow streams sampled as well 
oxygenated, of neutral pH, and relatively soft in terms of alkalinity. All 
sources reflected high P concentrations, with means of 75 to 113 ug/l, well 
above the 20 ug/l concentration considered sufficient to support nuisance 
algal blooms. The dissolved fraction (as reflected by ortho-P) of total-P 
concentrations varied from 50 percent in the Williamson River to 90 percent 
in Crooked Creek. Conversely, dissolved and organic nitrogen levels were 
relatively low in all tributaries sampled, with dissolved forms (N03-N 
and NH3-N) we11 below the eutrophic threshhold level (0.30 mg/1) 
reported by Sawyer (1947). 

There was reI ati vely little. seasonal fl uctuati on in nutri ent 
concentrations, with seasonal loading fluctuations attributed primarily to 
streamflow variations. The greatest seasonal loading fluctuation was 
observed in the Williamson River, which was indicative of its character as 
a runoff-influenced tributary. The ratio of high monthly P loading 
(February) to low monthly loading (August) was 9.4 for the Williamson, 
compared to ratios of 2.7 to 3.5 for the other three streams surveyed. 

Monthly and annual phosphorus loadings for the four streams sampled are 
presented in Table 20. Total annual P loading for the IHlliamson River, 
Wood River, and Crooked Creek was 176 tons. This compares favorably with 
the 1965-1966 estimate of 216 tons for these three streams (collectively 
reported as "major ri vers") gi ven annual I oadi ng vari ati ons and sampl ing 
error. Loading from the ~Iilliamson River constituted 83 percent of loading 
from the "maj or ri ver" cl assifi cati on; the Wood Ri ver contributed 13 
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Samp 1 e Number 

Ortho-Phosphorus 
Mean 
Range 

Total-Phosphorus 
Mean 
Range 

Nitrate-Nitrogen* 
Mean 
Range 

Ammonia-Nitrogen 
r~ean 

Range 

Kjel dahl Ni trogen* 
r~ean 

Range 

TABLE 19 
SUMMARY OF INFLOW SAMPLING 

NUTRIENT DATA TO UPPER KLM~ATH LAKE 
October 1981 to June 1982 

(mg/l ) 

WILLIAMSON CROOKED SEVENMILE 
RIVER WOOD RIVER CREEK CANAL 

5 (8 for 5 5 5 

total-pI 

.040 .052 .102 .060 

<.005-.070 .018-.075 .090-.115 .039-.100 

.093 .075 .113 .091 

.073-.115 .037-.090 .098-.131 .061-.130 

.086 .045 .038 .037 

.OU-.i85 <.OiO-.107 .013-.085 <.010-.110 

.038 .026 .033 .026 

.005-.074 .005-.057 .014-.055 .010-.039 

0.60 0.33 0.27 0.47 
<0.5-1. 38 <0.5-0.66 all <0.5 <0.5-0.92 

MALONE 
SPRINGS 

5 (1 at 
Rocky Poi nt) 

.036 

.009-.060 

.069 

.039- .115 

.050 

.018-.077 

.018 

.005-.030 

0.34 
<0.5-0.66 

* Values "<0.50" were averaged as 0.25 mgtl; values "<0.010" were averaged as 
0.005 mgtl. 
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July 

August 

September 

October 

November 

December 

January 

February 

March 

April 

May 

June 

TABLE 20 
TOTAL PHOSPHORUS LOADING IN TONS 

BY TRIBUTARY STREAMS TO UPPER KLAMATH LAKE 
July 19B1 to June 1982 

WILLIAMSON CROOKED 
RIVER WOOD RIVER CREEK 

3.83 1.46 0.33 

3.10 1.07 0.29 

3.84 1.63 0.44 

4.61 2.27 0.62 

5.33 2.16 0.57 

17.24 3.15 0.79 

10.59 2.49 0.73 

29.13 2.71 0.77 

20.27 1.89 0.62 

19.49 1.94 0.66 

17.38 1.67 0.59 

10.95 0.90 0.46 

146.()0 23.00 7.00 
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SEVENMILE 
CANAL TOTAL 

0.42 6.04 

0.53 4.99 

0.88 6.79 

1.21 8.71 

1.25 9.31 

1.00 22.18 

0.46 14.27 

0.86 33.47 

0.36 23.14 

0.44 22.53 

0.62 20.26 

1.03 13.34 ---
9.00 185.00 ---



percent and Crooked Creek 4 percent. Sevenmile Canal contributed 9 tons of 
phosphorus, for a total annual stream-monitored loading of 185 tons P. 
Loading proportions were applied to 1965-1966 absolute loads (reported 
collectively) to estimate individual P loading for each of the major 
streams. 

Phosphorus loading from major tributaries ~Iere greatest during the months 
of December through May, with high loadings during December-February 
attributed to heavy rains and March-May attributed to mountain snowmelt. 
Again, P loading was primarily a direct function of streamflow during the 
period measured. 

Each tributary system was represented by only one sampling station; 
therefore, little' information could be derived as to the origin of P 
loading in the basins. However, utilizing a water quality survey by 
Portland State University (Perdue et al, 1981) and gaging data by the 
U.S.G.S (1981) at several locations in the Williamson River system for the 
1978-79 water year, it was determined that at least 55 tons P, approxi
mately 50 percent of P loading from the Williamson River system, was 
derived from Spring Creek, whose flow is in turn derived almost exclusively 
from groundwater flow. Flows in the Williamson River for 1978-79 
approximated the historical average; groundwater contribution may therefore 
be proportionately less in high water/runoff years. However, the data 
suggests that a substantial fraction of P loading is derived from high 
groundwater concentrations in the Williamson River drainage. Since the 
Wood River and Crooked Creek are also spring source streams, the fraction 
of groundwater-derived P loading for these is probably even 9reater. 

Springs and Subsurface Seepage - The 1965-66 phosphorus budget assigned an 
annual loading of 125 tons to the category of springs and subsurface 
seepage, or 25 percent of total annual loading. The estimate was based on 
analyses of several springs and at least one artesian well in the lake 
viCinity. Based on the loading estimate and total groundwater/spring flow 
estimated for the budget period, an apparent mean P concentration from this 
source category was determined to be 250 ug/l. The actual range of 
concentrations observed for this category, however, was 50 to 250 ug/l 
(Table 18); the apparent mean value used for loading determination was in 
fact the maximum value observed. Specific location and quality data for 
the survey is not currently available even to the principal investigators, 
but Miller (1982) recollects that the maximum value observed was derived 
from an artesian well in the Fort Klamath basin to the immediate north 'of 
Upper Klamath Lake. Other springs sampled (Mare's Egg, Jack, and Harriman 
Springs) were recalled to have lower total-P concentrations than artesian 
sources. Although the specific artesian well sampled actually contributed 
to Sevenmile Creek (canal) flow, it was decided that its P concentration is 
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representative of direct groundwater/spring flow to the lake, given the 
high-yield point source nature of the \~ell with respect to other springs 
sampled. 

The above P concentration is perhaps too conservative a value to use in 
characterizing loading from this source category. Quality data from the 
Malone Springs pool was sampled in 1981-1982 as an indicator ()f.spring/ 
seepage flow into the National Wildlife Refuge and the north end of Upper 
Klamath Lake (see Figure 4). The Rocky Point inlet was sampled in lieu of 
springs in March 1982 due to closed access to f~alone Springs from 
snowpack.) Total-P concentrations ranged between 40 and 115 U!l/l and 
averaged 70 ug/l, with 50 percent in dissolved form (Table 19;; complete 
monitoring data in Appendix Table A-7l. Artesian well locati()ns were not 
sampled as an element of this survey. Quality sampling of Mare's Egg 
Spring during the summers of 1980 and 1981 reported total-P c()ncentrations 
of 60 to 160 .ug/l (Riker and Riker. 1982). These analyses compare 
favorably with mean total P levels in area spring-source streams such as 
the Wood Ri ver (75 ug/l in 1981-82), Crooked Creek (113 ug/l iin 1981-82), 
and Spring Creek (123 ug/l in 1977-79). 

It is difficult to conclusively assign a phosphorus loading fr'om spring and 
seepage sources due to the unavailability of raw sampling data from the 
1965-66 survey, the lack of flow information on specific springs that 
discharge directly to the lake, and the uncertainties regarding both the 
quantity and quality of subsurface seepage into the lake. Still, it 
appears that the artesian wells in the basin may tap deeper aquifers within 
the underlying alluvium and basalt, whose qual ity does not generally 
reflect that of shallower subsurface flow that is the source of springs and 
seepage on the west si de of the 1 ake and the headwaters of maj or 
tributaries on the east side. On this basis, original spring and 
subsurface seepage P 1 oadi ng was revi sed usi ng what appears to be a more 
representative mean concentration of 120 ug/l. This value is still very 
high with respect to algal growth potential. Resultant sprin9 and seepage 
P loading was reduced by approximately 50 percent. 

As an additional note, low nitrogen characteristics of natural watershed 
inflow sources were reinforced by 1981-82 sampling at f4alone Springs. 
Dissolved nitrogen (N03 plus NH3) concentrations were at or below 
0.10 mg/l during all sample periods. 

Sediment Phosphorus Release - Although the 1965-65 budget discussion 
(r4i1ler and Tash, 1967) acknowledged the potential importance of internal P 
cycling to lake P concentrations, it did not attempt to quantify this 
source or include it in the loading estimate for the lake. The survey \~as 
therefore 1 imited to a characterization of external loading sources. 
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Assume: 

Desired aluminum sulfate concentration: 100 mg/l 
Enclosure volumes: shallow 1.723 million gallons 

deep 2.518 million gallons 

Find: bulk volume of liquid alum necessary 

Shallow enclosure: 

1.723 x 106 gallons x 3.87 liters/gallon x 100 mg active alum/l 

gm lb lb bulk liquid alum 
x 1,000 mg x 454 gms x .485 lb active alum = 3,028 lbs. bulk liquid alum 

gall on 
3,028 lbs. bulk liquid alum x 11.047 lbs. = 274 gallons bulk liquid alum 

Deeper enclosure (incorporating conversions): 

2.518 x 106 gallons x 3.87 liters (gallon x 100 mg active alum/l) 

gms lb lb bulk alum 
x 1,000 mg x 454 gms x 485 lbs active alum = 4,425 lbs of bulk alum or 

402 gall ons 

Safety Precautions - Aluminum sulfate is not considered to be dangerous, 
but since it is an acid salt, it must still be handled with care. Its 
acidic action will irritate eyes, skin, and mucous membranes. 

Recommended protection when handling either dry alum or alum liquor is to: 
(1) wear a hat; (2) wear clear glass goggles; and (3) wear plastic or 
rubber gloves. Principal safety precautions are to: (1) avoid spillage, as 
liquid aluminum sulfate becomes very slick upon slight evaporation and 
makes stairways, walkways, and floors very dangerous; and (2) keep off all 
ferrous metals as it deteriorates them rapidly. 

If alum gets in the eyes, copious amounts of water, followed by a mild 
eyewash will probably be sufficient. If alum gets on open wounds, on hands 
or arms, a vigorous flushing with water will probably be enough, followed 
by application of a salve or an ointment. When alum liquor or alum dust' 
get in open wounds or cuts, it irritates but does not affect them 
adversely. 

5-19 



Application Monitoring - Monitoring of short-term reductions and recovery 
of water column bicarbonate alkalinity and pH will help to asslJre the 
safety and welfare of fish and other biota within the enclosures 
immediately following the application. Full-scale lake applic,ations are 
usually performed over several days as section at a time, and allow fish to 
acti vely avoi d local i zed stressful conditi ons. Enclosure dosa'ges must 
therefore by necessity provide a greater alkal inity safety concentration 
than large open water applications. A minimum alkalinity concentration of 
8-10 mg CaC03/l is recommended, which should guarantee a minimum pH at 
or about 6.0. A pH of 5.5 should be considered to be an absolute minimum 
in the enclosures. 

Alkalinity and pH should be measured several times during the day of 
appl ication and the following two days in order to monitor the rate of 
parameter recovery. If convenient, it may be advisable to split dosage 
quantities into two consecutive applications, separated by a tl~O- to 
four-hour eval uati on peri od. Thi s woul d all ow verifi cati on th;at al kal i nity 
and pH reductions were proportionally similar to those predictl~d by jar 
tests before the full dosage quantity was applied. Split dosage 
appl ications could then be alternated between the two test poo'ls. Another 
alternative would be to have centrifugal pumps available on the service 
barge to replace a portion of treated enclosure water with amb'ient lake 
water if pH reductions were too drastic. 

Performance Evaluation 

Quality Monitoring - Alum treatment will be evaluated on the extent and 
longevity of water quality improvements. Primary evaluation clriteria 
include: transparency (Secchi disk), turbidity, ortho-phosphorus, total 
phosphorus, chl orophyll-a, and phytopl ankton i dentifi cati on and counti ng. 
Supportive parameters include nitrate-nitrogen, ammonia-nitrogen, Kjeldahl 
nitrogen, dissolved oxygen- and temperature, conductivity, alka'linity, pH, 
suspended solids, and zooplankton enumeration and identification. Samples 
for analysis should be collected at two and three vertical stations for the 
shallow and deep enclosures, respectively, as presented in Table 24. 
Routine sampling would be performed prior to and immediately fllllowing 
treatment, with subsequent sampling at biweekly intervals through the 
experimental period. 

In the event that algal productivity is low in both control and test 
enclosures relative to ambient lake productivity, algal growth potential 
may be assessed through algal assays. In this procedure, water samples 
from the enclosures are coll ected, autocl aved, then inocul ated with an 
assay test algae and allowed to incubate for 14 days. Resultant algal 
biomass constitutes an indicator of maximum algal growth potential of the 
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water. Detailed procedures are presented in Biological Field and 
Laboratory Methods (EPA 1973) or Standard Methods for Examination of Water 
and Wastewater 15th Edition (American Publ ic Health Associatil)n, 1980). 
Special attention should be directed to samples with nitrogen spikes alone, 
as these would be best indicative of maximum productivity of nitrogen
fixing filamentous bluegreens. Since alum is a nutrient control mechanism, 
algal assays can be used to document treatment effects in enclosures which 
prevent normal indigenous algal response. 

Sustained water quality benefits from the alum treatment will be largely 
dependent on the resi stance of the al um bl anketed sediments to resuspensi on 
from windiwave turbulence or bioturbation, and resultant release of 
sediment phosphorus back into the water column. ~Iutrient concentration 
trends in the water column will reflect somewhat the importance of this 
phenomenon. However, analysis of sediment cores would reflect the depth of 
sediment resuspension or biological mixing and provide an ind'ication of the 
rel ationshi p between depth of sediment resuspension and overlying water 
depth. This would be useful in: (1) determining the importance of water 
depth for aluminum sulfate application; and (2) considering the 
practicality of a: second treatment which may provide increased phosphorus 
release control of the resuspending sediment zone. 

It is proposed that three 0.5-meter sediment cores be carefu11ly collected 
using a modified Livingston corer in each of the two test enclosures just 
prior to and immediately following alum application. Cores should be 
carefully segregated at 5 cm intervals and sediments analyzed for total 
aluminum. A third series of cores is to be collected at the end of each 
summer season in order to determine the extent of sediment mi)(ing and the 
continued integrity of the alum-treated layer. 

Although it would have been desirable to monitor longevity of treatment 
effects over two consecutive . summer seasons, it was not possib1 e to 
integrate it into a 12-month experimental evaluation period. This factor 
may. be an unavoidable limitation in performance evaluation of the 
treatment. 

Evaluation - Specific experimental comparisons of primary interest 
concerning the four enclosures include the following: (1) comparison of a 
control enclosure and an alum-treated enclosure, both at a mean depth of 
2.5 meters (A x B); (2) comparison of a control enclosure and an a1um
treated enclosure, both at a mean depth of 5 meters (C x D); (3) evaluation 
of the effects of depth on two alum-treated enclosures, one at 2.5 meters, 
one at 5 meters (B x D); and (4) evaluation of the combined effects of 
deepening and alum treatment as compared to the shallow control enclosure 
(A x D). 
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Comparisons of the above treatments will be based on temporal trends of 
critical water quality parameters over the course of the monitoring period. 
Chlorophyll-a will be a primary indicator of treatment performance, as a 
reduction in algal productivity (as measured by standing biomass) is the 
ultimate objective of treatment application. Phytoplankton enumeration and 
identification will also be an important evaluation parameter. A species 
shift from Aphanizomenon to green algae or diatom species in the treated 
enclosures would constitute a significant quality improvement even if 
chlorophyll-a levels remained comparable between test and control 
enclosures. If enclosure effects resulted in little or no agal 
productivity relative to ambient lake productivity, algal assay results 
would serve to quantify and characterize predicted algal productivity 
response to treatments. 

Water column nutrient concentrations (particularly ortho-phosphorus and 
total phosphorus) represent the underlying control mechanism of aluminum 
sulfate treatment to open water algal productivity. Nutrient monitoring 
will characterize immediate nutrient reductions from alum application, the 
relationship between water column nutrients and algal productivity, and the 
extent to which nutrient levels recover due to.sediment release. 

Water clarity is also an ultimate treatment objective; therefore, the 
extent and duration of its improvement is an important evaluation 
parameter. Secchi disk transparency and turbidity will primarily 
characterize this phenomenon. However, chlorophyll-a, phytoplankton, 
zooplankton, and suspended solids measurements will serve to indicate 
whether turbid periods are attributable to biological production or 
wind-generated resuspension of sediments. 

Zooplankton populations have been observed to decline dramatically with 
aluminum sulfate treatment but recover to pretreatment levels within two 
weeks (Funk et al, 1977). - They have al so been observed to develop 
abnormally large populations under pilot study conditions (Entranco 
Engineers, 1980; Oglesby, 1982), to a point where turbidity measurements 
are significantly affected. 

Verti cal profil ing of al umi num concentrations in sediment core!s both prior 
to, immediately after, and at the end of each summer season following 
aluminum sulfate treatment will provide information on the extent of 
sediment resuspension/mixing within the enclosures. This information can 
be consi dered and rel ated to nutri ent concentrati on fl uctuati ons wi thi n the 
enclosed water columns, and provide a comparison of sediment c:apacity for 
resuspension at two different depths. Observation may indicate that . 
bioturbation from benthic invertebrates may also be an important mixing 
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factor. Depth of these suspended sediment zones may serve to clarify the 
extent to which subsequent/repeated aluminum sulfate applications could 
effecti vely immobil i ze phosphorus rel ease from thi s resuspensi on 1 ayer. 

Finally, treatment evaluation must consider the influence of water inflow 
to expected longevity of a field application of aluminum sulfate. Even 
under isolated lake conditions, summer consumptive and evaporative losses 
will subsequently require seasonal inflow from open water areas or 
tributaries discharging directly into the treatment area. Inflow volumes 
and phosphorus loading of these inflow sources can be applied to the 
Vollenweider-Dillon phosphorus loading model to approximate rE!Sultant 
ambient water column P concentrations over subsequent years. These 
concentrations can be compared to corresponding chlorophyll-a and 
transparency values of Carlson's trophic index and to the community index 
developed specifically for the project. Projection of a premature return 
to unacceptable water quality conditions (earlier than 4 to 6 years) may 
justify consideration of phosphorus treatment alternatives of inflow 
sources. 

ZOOPLANKTOtl ENHANCEMENT 

Evaluation Strategy 

Fundamental questions associated with the concept of zooplankton 
enhancement are: (1) will indigenous zooplankton physically ingest 
Aphani zomenon; (2) will zoopl ankton deri ve a measure of nutriti on from 
ingestion of Aphanizomenon, or will the algae pass through the organism in 
a relatively unaffected manner; and (3) will enhancement of zooplankton 
popul ati ons result in any percei ved water qual i ty improvements. 

The ability of any zooplankton to control Aphanizomenon populations appears 
to be highly questionable. The ability or inability of cladocerans to 
ingest or assimilate Aphanizomenon has not been documented, given the 
difficulty of sustaining the alga under controlled laboratory conditions. 
However, feeding studies on a similar filamentous bluegreen (Anabaena flos 
aquae) by Oaphnia magna indicated that although ingestion and assimilation 
rates were similar for both bluegreen and green species, greens promoted 
greater growth, greater reproduction, lower rejection rates, a.nd longer 
cladoceran lifespans than the bluegreens. Results were attributed to 
either a nutritional imbalance/inadequacy or toxic effects from ingestion 
of the bluegreen organism. Furthermore, ingestion rates were lower and 
rejection rates greater for bluegreen filaments than for single cells of 
the same species, indicating that the manageability of long-chain 
filamentous forms may be excessively difficult for zooplankton. A sobering 
result was that although unicellular bluegreen uptake was greater and 
cladoceran growth larger than for filaments, unicellular uptake also 
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resulted in shorter lifespans than for cladocerans fed either filamentous 
bluegreens or nothing at all. Conclusions were that the energy expended in 
manipulation, ingestion, digestion, and detoxification is greater than the 
food value of the organism (Porter and Orcutt, 1980). 

These observations regarding the undesirability of filamentous bluegreens 
for zoopl ankton grazing woul d appear to be even more appl icablE! to 
Aphanizomenon flos aquae. In addition to being filamentous, the algae 
tends to clump in characteristic "grass blade" forms up to 25 mm in length, 
five times longer than the 1 argest cl adoceran species. Empirically, the 
algae appear to be unaffected during bloom conditions by concurrent maximum 
zoopl ankton popul ati ons. For example, the maximum number of zoopl ankton 
observed (444 Daphnia schodleri per liter) occurred during a period of 
maximum Aphanizomenon populations (page 3-41). It is believed that the 
large zooplankton population was attributed more to an equally large food 
source of bacteria associated with the bloom than to the algae bloom 
itself. No restoration project has successfully documented the biological 
control of Aphanizomenon through zooplankton enhancement. 

However, the concept of zooplankton enhancement may still be viable. Field 
observations suggest that Aphanizomenon blooms may be controlled·if 
zooplankton populations are elevated early enough in the season to crop the 
alga before it initiates its aggregate grass blade form (Lynch, 1980). 
Daphnia parvus has been observed to ingest Aphanizomenon up to a certain 
filament size, but it was believed that the actual assimilative efficiency 
was modest or slight (Shapiro, 1982). It is suggested that the aggregate 
format; on may be a protect; ve anti graz; ng phenomenon at the expense of the 
organism's loss of photosynthetic efficiency from reduced surface area. 
Test enclosures excl udi ng fi sh in Wapato Lake, Washi ngton, resulted in 
zooplankton populations 10 times that of ambient lake level s, 'with little 
or no phytoplankton growth in either test or control enclosures (Entranco 
Engineers, 1980). Increased'fish stocking in Medical Lake, Washington, was 
believed to result in lowered zooplankton populations and a deterioration 
in water quality improvements achieved through an earlier aluminum sulfate 
treatment of the lake (Soltero, 1981). 

Once a bloom has been established, however, its seasonal permanence may be 
supported by a large zooplankton community which grazes on potential algal 
competitors. The early maintenance of a high zooplankton population and 
the ability to encourage them to utilize a relatively undesirable food 
source appear to be critical elements in precluding the development of 
bloom populations of Aphanizomenon. 

Test strategy will be relatively empirical, given the applied nature of the 
pilot project and the difficulty of sustaining Aphanizomenon under 
controlled laboratory conditions. The perversity of this organism in 
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response to controlled experimentation is a major factor why what appears 
to be obvious from field observations has not been fully documented and 
explained through specific, sustained research. Other potential biological 
controls (cyanophages, bacteria) demand even greater fundamental research 
efforts before sufficient informat)on is generated to conduct applied field 
conditions. 

Field Operations 

Enhancement of zooplankton populations (other than availability of a more 
desirable food source) may be characterized by one or both of the following 
procedures: (1; increase in population number through removal of 
planktivorous fish from the enclosures; and (2) increase in zooplankton 
size through the introduction of a larger species of cladoceran than is 
presently indigenous to the lake. Both enhancement measures may be 
attempted in the test program. A major assumption is that fish predation 
rather than food supply, water temperature, or other environmental variable 
is the factor limiting spring zooplankton populations. 

Evaluation will be conducted in deeper enclosures (enclosures C and F, page 
5-8, Figure 27). There was no specific reason for conduct of this 
evaluation in deep rather than shallow enclosures. The importance of 
initiating test conditions prior to initiation of Aphanizomeno~ 
productivity should be stressed. Phytoplankton characterization on May 4, 
1982 still showed diatom-dominated communities at water temperatures of 
12° C. Experimental conditions in the enclosures should therefore be 
completed by May 1 at the latest. 

Indigenous zooplankton (Daphnia schodleri) populations are expected to be 
increased in the test enclosure through fish removal by seining. The seine 
would necessarily be custom-fabricated to conform to enclosure dimensions 
(150' x 20'), unknotted ny10rl in a King or Delta pattern, with a 1/4-inch 
net opening. This size would be expected to trap fish down to 1/2-inch in 
size. Seine removal of fish prior to spring spawning would help to ensure 
that large populations of fry are not present. Chubs, the primary fishery 
in Upper Klamath Lake, do not spawn until water temperatures surpass 13° C, 
and then supposedly in weedy, littoral areas (Wydoski, 1979). Based on 
1981-82 temperature monitoring, selnlng conducted prior to May 1 would pre
empt spawni ng acti vity by these fi sh. 

Rotenone application would probably be the preferred method of fish removal 
for actual field implementation of the concept. This fish toxin, however, 
would also severely reduce zooplankton concentrations. Although 
zooplankton generally recover within two months following rotenone 
application, this delay would significantly shorten the experimental period 
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and jeopardize technique evaluation. It is believed that seining would 
best accomplish the experimental objective of reduced predation pressure on 
zooplankton populations in a timely manner for evaluation. 

Although it is probable that even repeated seinings would not completely 
remove fish from the test enclosure, it should reduce numbers sufficiently 
that the potential for fish predation on zooplankton is substantially 
reduced compared to the control enclosure. (A residual fish population 
would probably be indicative of realistic conditions under actual field 
application.) If deemed necessary, fish traps could be set in the 
enclosures following seining in order to provide continued removal of any 
remaining fish. 

The control enclosure would also be seined in order to confirm that fish 
were indeed present in this enclosure. A general characterization of both 
enclosure populations should be performed at the time of seining with 
regard to fishery species composition, number, and approximate size. Fish 
would then be released, outside the test enclosure and back into the 
control enclosure for the two respective populations. 

If the original test and control enclosure populations are roughly 
comparable, it could be safely assumed that other enclosures are similar in 
character. The factor is not expected to be significant for any of the 
other test evaluations. However, seining of at least one open-water area 
similar to enclosure area and in the vicinity of the enclosure site should 
be performed in early summer in order to: (1) characterize summer 
populations (areal distribution is seasonally variable); and (2) determine 
whether enclosure fish populations were representative of open-water 
populations (they may be influenced by enclosure installation). If 
populations between open-water seining and control enclosures are radically 
different at that point, it may be judicious to adjust control enclosure 
fish populations accordingly: 

The high degree of variability in zooplankton (almost exclusively Daphnia 
schodleri) observed during limited measurements in 1981-82 makes it 
difficult to identify a "representative" density in the test site vicinity. 
The maximum density of 444 cladocera per liter achieved in June 1982 may 
not be attainable without what was assumed to be a correspondingly large 
bacterial food source associated with an Aphanizomenon bloom at the time. 
Nevertheless, it is hoped that experimental conditions will result in: (1) 
a sufficient disparity in numbers between test and control enclosures to 
establish it as a test variable; and (2) a minimum absolute cladoceran 
density of 400 per liter. For comparison, isolated test enclosures 
exclusive of fish in Wapato Lake, Washington, supported cladoceran (Daphnia 
sp.) densities of 1,000 to 1,400 per liter, approximately ten times ambient 
lake densities (Entranco Engineers, 1980). 

5-26 



Subsequent operations could be relatively passive, restricted to 
quantitative monitoring of subsequent phytoplankton and zooplankton cycles 
under original test and control conditions, where fisheries removal 
constitutes the only variable. However, the investigation effort should be 
flexible in order that: (1) experimental results can be capitalized upon 
for further study should an interesting development occur in the 
enclosures; or (2) additional treatment variables could be introduced if 
little effects on ambient bluegreen populations occur. 

One such variable would be the introduction of an imported species of 
cladocera to the test enclosure. Daphnia magna attains a maximum size of 5 
mm (D. schodleri attains a maximum size of only 2 mm) and physically would 
be best capable of ingesting the Aphanizomenon organism. It is easily 
cultured and readily available from biological supply houses. 

One possible experimental procedure might consist of a series of four-liter 
transparent plastic bags suspended in the lake (or test enclosure). One 
series would be characterized by the indigenous cladoceran D. schodleri, a 
second series inoculated with similar numbers of D. magna. -X bag (or three 
repl icate bags) could be removed daily over a 30-day period and the 
contents examined for algal density and identification, cl adoceran number 
and size (length), bacterial counts, cladoceran mortality and 
reproductivity, and microscopic observations regarding cladoceran feeding 
preferences and their rejection rates/ingestion "rates on Aphanizomenon. 

A substantially more sophisticated procedure would be necessary to quantify 
cladoceran assimilative capability of Aphanizomenon. The alga would have 
to be cultured 48 hours prior to the experiment in similar in situ bags 
which were inoculated with a radioactively labeled carbon source-
(NaHC1403). Alga would then be concentrated, washed, and 
resuspended in filtered lake water to desired experimental concentrations. 
Appropriate numbers of both"Oaphnia species would then be added to the 
bags, allowed to feed for 20 to 60 minutes, then sieve-removed, counted, 
rinsed, and immobilized in boiling water. Both cladocerans as well as 
aliquots of labeled feeding suspension would be digested and then counted 
in a liquid scintillation counter. These plus ratios of labeled to 
unlabeled carbonates in the feeding suspension would serve as the basis for 
algal uptake and cladoceran ingestion rates. Complete methods for this 
relatively complex procedure are detailed in the literature (Porter, 1976; 
Porter and Orcutt, 1980). Potential limitations of this technique include: 
(1) the inability to experimentally label and process Aphanizomenon flos 
aquae without adversely affecting its viabil ity and structure for 
representative testing; and (2) the inability to differentiate between 
material that has been physically ingested with what has actually been 
assimilated by the "organism. A possible experimental modification to 
address this latter limitation may be to allow the cladocerans an 
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additional 20 to 60 minutes to evacuate its gut in filtered (unlabeled) 
lake water following removal from the feeding suspension and prior to 
immobilization. 

It may be desirable to confirm the suspected relationship between enclosure 
zooplankton populations and the presence or absence of fish through stomach 
analysis of fish present in the control enclosure. Collection should be 
performed at the end of the experimental period, with minimum sample 
numbers a function of enclosure population (a minimum number of 20 fish 
would be desirable). Collections should be made by immediate methods 
(seine, eiectroshockingl to avoid regurgitation or extended digestion of 
stomach contents prior to preservation. Enumeration and identification of 
fish food organisms should be performed according to fish species in order 
to determine the influence of individual species on zooplankton predation. 
Collection, preservation, and evaluation procedures are detailed in 
"11ethods for Assessment of Fish Production in Fresh Waters" (Bagenal, 
1978 ). 

It is emphasized that additional experimental procedures actually 
implemented should be responsive to developments in the enclosures and may 
be entirely different in nature from the ones proposed. Responsibility for 
their development and execution should rest with the principal investigator 
during the experimental period. One advantage of the isolated in situ bag 
technique (for any experimental purpose) is the maintenance of the original 
experiment setting in the test enclosure. 

Performance Evaluation 

Performance moni tori ng wi 11 incl ude all routi ne physi cal /chemical analyses 
presented in Table 24. However, as with other enclosure tests, the primary 
performance evaluation criteria will again include phytoplankton species 
and numbers, chlorophyll-a,"transparency, and the community acceptability 
index. Specific points of algal comparison between test and control 
enclosures also include: algal species composition; timing, duration and 
intensity of Aphanizomenon bloom cycles; and algal structure (unassociated 
trichomes versus grassblade aggregate). Significant reductions in 
bluegreen season maximum populations and chlorophyll-a, brevity of blooms, 
and/or increased presence of green algae or diatoms would be considered to 
be positive results. 

Simple baseline monitoring of zooplankton species and densities will 
provide a gross characterization of the general well-being of the 
zooplankton community. These parameters would provide a sufficient data 
base with which to relate zooplankton productivity and phytoplankton 
characteristics. t~ore specific characterization of population dynamics 

5-28 



(growth rate, lifespan, mean generation time) would not be possible in 
open-water testing given the necessity of subsamp1ing and a minimum 
sampling interval of one week, and would probably not be necessary. 

Perhaps the most informative method of determining c1adoceran feeding 
habits and preference would be to observe live samples under a scanning 
scope or microscope. It is suspected that large populations of Daphnia 
schod1eri observed in Upper Klamath Lake during Aphanizomenon bloom 
conditions were grazing on an associated bacterial population instead. 
Microscopic observations could confirm these suspected associations. 

It may be argued that a reduced number of ciadocerans in the control 
enclosure may result in lower levels of Aphanizomenon. Less grazing 
pressure on the more desirable (for c1adoceran feeding) green algae and 
diatoms may result in greater competition by these forms against 
Aphani zomenon. Results indi cati ve of thi s trend wou1 d greatly di scourage 
efforts to further support ambient zooplankton populations. 

AERATION/CIRCULATION 

Rationale 

Aeration and circulation are two related and often mutually nonexclusive 
lake restoration techniques that are frequently employed in an effort to 
(1) prevent and eliminate thermal stratification; (2) oxygenate hypolimnion 
waters; (3) decrease algal productivity; (4) control algal blooms; and (5) 
shift algal specie composition to a more desirable mix (e.g., b1uegreen 
aigae to green algae and diatomsi. 

The two techniques are generally grouped together because the methods used 
to achieve one or the other (aeration or circulation) general'ly produce 
both results (aeration an& ctrculation); the only difference is often the 
degree of effectiveness. The most common methods used to achieve aeration 
and circulation in large lakes are mechanical and diffused air pumping, and 
to a lesser extent, mechanical aeration. There are advantages and 
disadvantages to each of these methods. The mechanical aeration system was 
chosen for thi s experiment because of its greater turbul enceand greater 
effectiveness in transfering C02 and other gases to and from the water 
column. Figure 28 is a schematic diagram of a mechanical aeration system. 

Of the five objective listed above, only the latter three are of interest 
as restoration techniques in Klamath Lake because it is a well-mixed lake 
that has not exhibited a tendency toward stratification, and for the most 
part, with the exception of a few locations, on a hot summer day the lake 
has levels of dissolved oxygen acceptable to fish. 
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Aeration/circulation for the control of algal productivity, composition, 
and blooms has inconsistently produced success in the past and the 
mechanisms contributing to the success and failures are not well 
understood. There is also evidence that turbulence will reduce certain 
algae (Robinson et al, 1969). The rationale that have been presented to 
explain the success of aeration/circulation as a restoration technique are: 

1. Aeration can be used as a mechanism for controlling the pH and 
available C02. It has been demonstrated that increasing the 
available C02 and lowering the pH will cause a shift in agal 
popul ati on from bl uegreen to green, wi th an accompanyi ngincrease in 
zoopiankton and pigmented fiageiiates iShapiro, 1979j. 

2. Circulation and mixing can be used as a mechanism to control the 
frequency and duration of algal exposure to the photic zone and to the 
water/air interface • 

. a. It has been demonstrated that reducing the period of time that 
algae spend in the photic zone will reduce algal productivity • 

. : ~. . 
b. Bluegreen" algae have gas vacuoles that give them greater buoyancy 

than other species of algae, therefore the bluegreen algae tend to 
occupy the surface layers of a water body, whereas the green and 
other algae forms are relegated to a zone beneath the surface, 
where they are sha.ded by the bl uegreen al gae and thus have an 
inferior environment for productivity. 

C. I ne natura I Duoyancy of the bi uegreen ai gae cause them to coii ect 
at the surface of a water body, thus formi ng the fl oati ng mats of 
al gal "scum" that are such a nui sance for water users duri ng the 
summer and early fall. More senescent algal species such as the 
greensand di atoms. tend to si nk and occupy lower 1 eve'ls of the 
water column, where they are available for direct consumption by 
zoopl ankton or capture by the benthos. 

d. Bluegreen algae are capable of fixing atmospheric nitrogen for use 
in synthesis of new cell growth. This, combined with the 
bluegreen's natural buoyancy that allows it to collect and displace 
other algae species at the air/water interface, gives the bluegreen 
species a distinct competitive advantage over other species in an 
environment with low available nitrogen. 

Figures 29 and 30, developed by Shapiro (1979) summarize the role that 
circulation plays in altering algal productivity and specie 
distribution. The figures illustrate the relationships between the 
aforementioned list of factors that can be influenced by IJse of 
aeration/circulation as a restoration technique. 
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Evaluation Strategy 

There are basically two question that the aeration/circulation experiment 
is designed to answer. The first question is will increased circulation 
alter species composition and/or reduce algal productivity; the second 
question is will aeration/circulation lower lake water pH and will the 
reduction in pH result in an alteration of specie composition and/or algal 
productivity. 

In respect to the first question, it is expected that the len9th of time 
algae will be present or absent from the photic zone will be il function of 
both the mean depth of the photic zone and the mean depth and mean rate of 
algal circulation. The experiment is designed to investigate results for 
three different circulating conditions. While the circulation rate and 
pattern should remain fairly constant for each experiment run, the depth of 
the photic zone will fluctuate with weather conditions. The mean depth of 
Upper Klamath Lake is a relatively shallow 8 feet. Because of this shallow 
depth, the reconnaissance report for the study expressed COnCE!rn as to 
whether the lake had sufficient depth to effectively take advantage of 
algal control by circulation of the algae out of the photic zone. The 
mixing depth (mean lake depth) may have to be increased for this method to 
be effective. The surface aerators can be equipped with an intake diffuser 
to reduce the depth of circulation and thus simulate aeration/circulation 
at shallower depths. 

Another variable that may influence the results of the increased 
circulation investigation is the duration of the experiment. The litera-
ture reviewed did not yield an answer as to the relationship between 
elapsed time and any given schedule of algae cycling out of the photic 
zone. 

In respect to the second question, it should be easy to determine if 
surface aeration will increase C02 in the water column, which in turn 
will lower the pH of the water column; but it will be more complex to 
determine whether the observed changes in algal productivity and/or species 
composition are due to aeration or circulation. The differentiation is 
important if it is decided to utilize one of the other methods of 
aeration/circulation in which the degree of aeration and pattern of 
circulation are different. 

Table 24 provides a general summary of the monitoring, sampling, and 
analysis program recommended for evaluation of the aeration/circulation 
restoration technique during the evaluation period. Two modifications must 
be made to this general summary. The first is that water quality samples 
should be taken at a location midway between the center and the perimeter 
of the enclosure. Samples should be collected at three depths: 0.5, 2.5, 
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and 4.5 m below the \~ater surface. Temperature, D.O., and Secchi disk 
vertical profiles should be taken at 0.5 m intervals from surface to 
bottom. The second modification is the addition of velocity measurements, 
which should be taken at the same three depths as above and should be taken 
at two locations: one at the center/perimeter midpoint and one 
approximately 5 feet from the enclosure perimeter. 

The standard mechanical drive floating aerator can be operated at two 
speeds (variable speed motors are available at additional cost). The 
standard aerators can also be equipped with draft tubes or anti-erosion 
assemblies, devices that modify the intake depth and the circulation 
pattern of a mechanical aerator. The best combination of operating 
conditions is not known at this time. Ideally, the circulation pattern set 
up by the aerator should be as deep as possible without causing significant 
resuspension of the bottom sediments, and the circulation rate should be 
sufficient to overcome the natural rising-sinking cycle and buoyancy of the 
algal population and to carry the algae in the circulation flow pattern. 
Tests to identify the circulation characteristics of a surface floating 
aerator within the bounds of the in-lake enclosures should be commenced as 
soon as the enclosures are set in place during·the spring. A Gurley meter 
can be used to indicate flow velocities at different levels and locations 
within the enclosure as discussed earlier. Care must be exercised to 
measure the circulation velocity in the plane and direction of interest. 
It is desirable to achieve a vertical component greater than 0.1 fps near 
the perimeter of the enclosure. 

Total suspended solids concentration should be measured with and without 
circulation in order to estimate the degree of bottom resuspension that 
occurs at different aerator speeds. If bottom resuspension is a probl em at 
low aerator speeds, the aerator will have to be hauled and equipped with an 
anti-erosion intake diffuser in order to reduce the depth of c:irculation. 

Secchi disk readings and possibly vertical light intensity profile readings 
should be taken during these calibration tests to estimate the depth range 
of the photic zone within the enclosure. The depth of the photic zone 
during April should be representative of maximum photic zone depth. As the 
seasons progress, pigmented algal density will increase and light 
intentsity at depth should diminish. 

An evaluation of the estimated mean photic zone depth, circulation pattern 
and velocities, and aerator circulation rate will yield a mean turnover 
rate for the enclosure circulating volume and from this the mean algal 
photic zone cycle time can be estimated. 

The sampling and analysis schedule outlined in Table 24 are to be commenced 
after the circulation parameters are set to accomplish the desired results 
at the lowest energy output. 
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Performance Evaluation 

The response of greatest interest is the difference in the specie 
composition and the total population density of the algae between the test 
enclosure and the control enclosure. The hypothesis being tested is that 
mixing and circulation of the water column will result in a shift in the 
dominant algal specie from bluegreen to green. Samples taken at three 
depths at two different locations should demonstrate whether the aeration/ 
circulation pattern is achieving complete mixing within the test enclosure. 
Measurements of the photic zone depth by light meter or circulation with a 
Secchi disk combned with circulation pattern velocities should provide 
sufficient data from which to calculate the period and duration of algal 
cycling in and out of the photic zone. 

Measurement of C02 concentrations, alkalinity, and pH should be taken 
weekly and compared with the respective parameters in the cont:rol 
enclosures. The hypothesis being test is that the aeration of the test 
enclosure will solubilize C02 and result in higher water column 
concentrations of C02 with an accompanying reduction in water column 
pH. It is generally bel i eved that lower pH level s wi 11 benefi t the green 
algae population at the expense of the bluegreen algae. 

INCIDENTAL ASPECTS OF PILOT PROJECT IMPLEMENTATION AND OPERATION 

Experimental considerations of restoration technique performance evaluation 
have been presented in the preceding sections. Numerous aspects rel ated to 
the implementation and operation of the pilot project have also been 
identified and are discussed in the following text. 

Enclosure Construction and Situation 

It is anticipated that most or all of enclosure fabrication wi'll be 
performed prior to delivery to the project site. Once at the shoreline 
staging area, all remaining field seams will be made and the blJoyancy ring 
and base ring inserted through the appropriate enclosure sleeves. The top 
and bottom of the enclosure will be tied together as tightly as possible, 
then dragged into the water and towed to the test si te. Securement pil i ngs 
and anchors will have been previously driven into place at the site. 
Enclosures will be floated into position, secured to pilings with mooring 
cables, and the enclosure curtain and base ring lowered through the water 
column to the bottom. Additional information regarding this subject is 
presented in the Preliminary Engineering Report (Appendix C). 
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Pilot Project Access 

Launching of the test enclosures will require a rel atively flat, open 
shoreline area with unobstructed access to the water edge in reasonable 
proximity to the proposed pilot project site. Acceptable staging/launch 
areas that meet the above criteria have been identi fied in both Ball Bay 
and Shoal water Bay (Figure 26). The site in Shoal water Bay is a· public 
(County) launch area, while the Ball Bay site is the personal launch area 
of a private land owner. Preliminary assessment of the advantages and 
disadvantages of each of the two launch sites is discussed further in 
Appendix C. 

It is anticipated that a service barge equipped with an outboard motor will 
be necessary to manipulate enclosures and breakwaters into position, 
establish the aeration system, and conduct the aluminum sulfate treatment. 
Thereafter, a smaller, faster craft could be utilized for performance 
monitoring. 

Once the enclosures are secured and experimental evaluation is under way, 
subsequent access by small boat for monitoring·purposes may be better 
afforded by other access sites. Three resorts are situated in the vicinity 
of the proposed pilot project site. Although somewhat farther from the 
test site than the potential sites for construction staging previously 
mentioned, the marinas offer the benefits of continuous, secured moorage 
and storage of boats and equipment, fuel, ice, etc., and other marina 
amenities. Marina sites are identified in Figure 26. 

Actual sampling access to the center of the test enclosures could be 
afforded by a light, flat-bottomed, durable plastic skiff. The craft could 
be towed to the test enclosure site, then manually lifted over the buoyancy 
ring for fast, efficient sample collection. 

Project Scheduling 

Performance of test enclosure moni tori ng and treatment eval uati on is to be 
incorporated into a 12-month period. The primary consideration in project 
scheduling is to guarantee that performance monitoring be conducted over 
the full period of summer productivity, from as early as May 1 through the 
end of September. This constraint allows at least two months for enclosure 
installation and treatment performance in order that: (1) monitoring can 
be initiated in early May; and (2) enclosures are not subjected to 
potential ice damage during freezing conditions often experienced in 
January and early February. In order to ensure that there is ample time 
for enclosure installation,securement pilings could be driven and gravity 
anchors set during the fall preceding performance testing. Preparations 
for experimental operations could be performed concurrently with enclosure 
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install ati on, with performance data eval uati on and report prepilrati on 
completed in a three-month period following performance monitoring. A 
tentative schedule for enclosure installation and performance evaluation is 
presented in Figure 31. It is expected that design completion, environ
mental assessment, permit acquisition, and bid advertisement and award for 
the test facility will be conducted to comply with this schedule. 

If project schedul ing was extended over two monitoring seasons, the test 
facility could be reduced to four enclosures (two shallow, two deepl. The 
first year could allow test-control comparisons of mechanical aeration/ 
circulation in the deep enclosures and zooplankton enhancement in the 
shallower enclosures. The enclosures could then be utilized the following 
year for test-control comparisons of aluminum sulfate application at two 
different depths. 

A submergence/retrieval system would necessarily be incorporatl!d into 
enclosure desi gn in order to ensure that enclosures were not subj ec t to ice 
damage over the winter months (such a system was implemented for enclosures 
operated in the English Lakes Districtl. The cost saving benefits of a 
two-year eva 1 uati on· program (two fewer enclosures; greater uti 'Ii zati on of 
facility given its relatively low salvage va1uel would have to be compared 
to costs of a submergence/retrieval system and of supporting project 
facilities and personnel for an additional year. 

Analytical Capabilities 

The project must contract, develop, or o.nerwise provide for appropriate 
ana1yti cal capabil iti es for acceptab1 e project performance eva·1 uati on. 
This would include proficient field and laboratory personnel in addition to 
equipment, supplies, and instrumentation. 

Capabilities may be divided"oetween field and laboratory operations. Field 
operations should be prepared to perform in situ testing of temperature, 
pH, dissolved oxygen, turbidity, transparenc~onductivity, and dissolved 
carbon species. Additional capabilities would include the col"iection of 
water quality and biological samples at specific vertical points within the 
water column, and appropriate filtration, preservation, and/or storage of 
such samples. An inventory and estimated costs of field equipment are 
presented in Appendix Table 0-2. It is assumed that project principa1/ 
associate investigators would personally conduct field monitor"jng; a labor 
cost was therefore not included in the field estimate. 

If the sampling boat is to be moored at one of the marina locations, it 
would be desirable to maintain a small storage facility for boat 
appurtenances and other rough equipment. Field instrumentation should be 
changed, c1 eaned, cal ibrated, and util i zed in the 1 aboratory f,icil ity when 
not being used in the field. 
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The storage, preparation, and analyses of water samples for the chemical 
parameters proposed (excepting sediment aluminum determinations) can be 
accomplished in a relatively small but well-equipped laboratory. It would 
be highly desirable that such laboratory facilities be located in the 
project area so that: (1) field equipment can be maintained and 
calibrated; (2) biological samples can be quickly identified and counted; 
(3) specialized experiments can be performed by project limnologists; and 
(4) the entire analytical effort can be generally supervised by the 
principal investigator. 

Inere are two acceptable alternatives regarding the developmem; or 
laboratory capabilities: (1) the project could develop a laboratory of its 
own in the Klamath Falls area; or (2) a local laboratory could be 
contracted to perform routine analytical services, while leasing lab bench 
space to project personnel for special experiments, data evaluation, field 
equipment storage, biological characterization, etc. It is likely that the 
1 atter alternative may prove to be more economical, given the cost of 
laboratory development and the short duration of its operation. 

Whichever alternative is selected, laboratory capabilities must meet 
certain minimum operational criteria regarding analytical precision and 
minimum levels of detection. Recommended limits of detection for critical 
project evaluation criteria are presented in Table 25. Analytical instru
mentation designated in the laboratory inventory and estimates (Appendix D) 
are based on attainment of these limits of detection, especially the 
spectrophotometer and analytical balance. Laboratory performance 
reliability to these levels should be tested using EPA pre-detE:rmined test 
samples that are produced for such laboratory certification. 

Table 25 
Recommended Analytical Detection Limits 

"for Critical Parameters 

Parameter 

Chlorophyll-a 
Ortho-phosphorus 
Total-phosphorus 
Ammonia-nitrogen 
Nitrate-nitrogen 
Kjeldahl nitrogen 
Iron 

5-40 

Recommended 
Detection Limit 

(ug/ll 

0.1 
5 
5 
5 

10 
50 
20 



A pre1 iminary assessment, inventory, and cost estimate were plrepared for 
the development of a small yet high-performance laboratory situated in the 
Klamath Falls area with the capability of analyzing 40 to 75 samples per 
month for the above parameters. Inventory is based on the abil ity to 
perform the above analytical tests in accordance with procedures outlined 
in Methods for Chemical Analysis of Water and Wastes (EPA, 19:79) and 
Standard Methods for Examination of Water and Wastewater, 15th edition 
(APHA, 1980). 

Recommended minimum floor space requirements (excluding countertop/cabinet 
space) is 260 square feet, which would provide a comfortable 'rlorking space 
for two laboratory technicians. A minimum countertop area of 180 square 
feet is recommended for adequate working space and instrument placement, 
while a minimum of 270 cubic feet of shelved cabinet space is recommended 
for storage of glassware, chemical reagents, and miscellaneous lab 
equipment. 

Major laboratory components include the following: 

sgectroPhotometer: . Capability to make 
2 0 to 1000 nanometer wavelength range 
parameters as outlined above. 

colorimetric measurements over the 
and meet minimum detection limits of 

Analytical Balance: Capability of high precision measurements (+0.05 
milligrams) for standards preparation. 

Triple Beam Balance: Bulk measurement for reagent preparation. 

Digestion Apparatus: Multiburner heating unit for digestion of organic 
nutrient fractions. 

Fume Hood: Countertop protective hood and fan with explosion-proof motor 
to vent fumes outside the laboratory during digestion and acid transfers. 

Steam Distribution Apparatus: Unit designed to distill ammonia-nitrogen 
from digested samples. 

Drying Oven: Capability for general heating and drying applications. 
Mi n imum 300· F. 

Centrifuge: Eight-place horizontal head capable of 500 RCF. 

Microscope: Binocular stereoscope fitted with Whipple disk, lOx eyepiece, 
and four objectives from 4x to 100x (oil). 

Dissecting Scope: Stereoscope capability of lOx to 25x. 
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Oi sti 11 ed/Oei onized Water Supply: G1 ass di sti 11 ati on and passage through 
mixed bed ion exchange column to achieve desired purity «0.2 umho 
conductivity) • 

Refrigerator: Standard 14 cubic foot acceptable for sample st.orage. 

Basin and Countertops: Sink constructed of chemical-resistant material 
with corrosion-resistant drain and emergency eyewash. Countertops covered 
with arid/stain-resistant material. 

A sample laboratory layout/arrangement for the previously described 
components is presented in Figure 32. Numerous variations of this 
arrangement would be acceptable. Storage would be afforded in 
below-counter cabinets or wall-mounted cabinets. 

Preliminary inventories and 19B2 estimates for laboratory development and a 
year's operation are presented in Appendix Tables 0-3 through 0-7. 
Estimates were divided into general laboratory development and operations, 
major laboratory equipment, miscellaneous equipment, glassware, and 
chemicals. General operations include the employment of two laboratory 
personnel. Cost estimates for field and laboratory equipment are 
summarized in Table 0-1. ""''''' 

An atomic absorption spectrophotometer for sediment aluminum analysis was 
not included in the laboratory assessment. The short duration of the 
project and the relatively low number, frequency, and significance of these 
... :lim ... 1....... ~" .......... .;" ...... .; ~u ......... ,.. h"'....... ,.. ........ + ..... ~ ... h..... of ...... + .... "nt.o. ... + Tho ... o ... :lmn 110(: 
~U.III"'I'I;;~ \.IV IIV .... .JU., .... IIJ ,",UI\.oIIU.;J"t; ""V;;t .... VI .... '11; 111.;J .... 'UIlIOi;OII .... II''-~''' • ...... "':1" ....... 

could easily be shipped outside the area for analysis with little loss in 
project control. Furthermore, additional equipment and supplies might be 
necessary for spontaneous special projects or expanded capabilities such as 
bacteriological analyses, biological oxygen demand, or algal assay 
evaluation. 

Total costs of field and laboratory capabilities are estimated at $120,000, 
of which laboratory setup and one year's operation comprise $100,000. For 
comparison, a limited survey of established analytical laboratories 
resulted in an approximate cost of $175 per sample for the nutrient, metal, 
and biological analyses to be performed. Even assuming a weekly sampling 
schedule, a total of 288 project samples could be analyzed by an 
established laboratory for approximately $50,000. Even considering the 
salvage or resale va1u.e of instruments and equipment, this probably 
represents a significant cost savings if an estab1 ished area laboratory can 
meet analytical performance criteria, process the sample number in a timely 
manner, provide additional laboratory space to project personnel for 
special experiments, and provide a competitive bid for analytical 
services. 
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TREATMENT OF INFLOW 
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CHAPTER 6 
OTHER CONSIDERATIONS 

The techniques of nutrient inactivation discussed In Chapter 5 dealt only 
with the removal and inactivation of nutrients con ained within the lake 
water column or bottom sediments. The purpose of _his section is to 
present a strategy to evaluate the nutrient remova treatment of inflows as 
a restoration technique. The discussion and strat gy are limited to the 
removal of phosphorus since it has been identified as the likely growth
limiting nutrient in the Upper Klamath Lake system. 

Nutrient budgets found that phosphorus loadings fr m natural surface inflow 
and agricultural drainage contributed more than 75 percent of the available 
phosphorus loading to the Upper Klamath Lake syste Phosphorus 
concentration of 'the various inflow sources were u iform1y high and 
consistently at levels several multiples higher th n the threshho1d 
concentration needed to support a eutrophic state f algal productivity • 
In fact, phosphorus loadings from surface inflow a d agricultural drainage 
are sufficient to sustain eutrophic state levels phosphorus in the lake 
independent of contributions from other sources su h as sediment release, 
groundwater inflow, precipitation, or waterfowl. n the other hand, 
phosphorus loadings to the system from these othe. sources is more than 
adequate to sustain eutrophic state phosphorus lev 1s in Upper Klamath Lake 
without the phosphorus contributions of surface inflow and agricultural 
drainage. 

The significance of these two observations is tha contro11ed·productivity 
by phosphorus limitation cannot be attained by in situ treatment of 
phosphorus alone, or by removal of phosphorus fro surface and agricultural 
inflow streams alone. In all probability, it will require joint 
application of both techniques in order to attain and maintain water column 
phosphorus concentrations that will reduce or alt r algal activity to a 
level of acceptance by lake users. 

The rationale for rejecting a full-scale restoration of Upper Klamath Lake 
was present at the beginning of Chapter 5. There ore, the evaluations of 
restoration techniques presented in this report a e concerned with the 
application of techniques to selected segments of the lake. Some of the 
techniques such as controlling and limiting phosp orus require that the 
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lake segment selected for restoration be hydrau1ic~11y isolated from the 
main lake body. Within the hydraulically isolated lake segment, the water 
column and bottom sediment phosphorus can be inactivated and surface inflow 
streams and lake surface water exchanges can be treated for phosphorus 
removal. Only groundwater inflow, precipitation, ~nd waterfowl 
contributions will remain as uncontrolled inputs. 

On the basis of the historical record of lake restbration projects, the 
technique of inactivating and limiting available p~osphorus by chemical 
precipitation and inflow treatment to a segment of Upper Klamath Lake holds 
promise for attaining water quality acceptable for. aesthetic, recreational, 
and water contact activity. 

Evaluation Strategy 

With the exception of the Pelican Bay area, the areas of Upper Klamath Lake 
that appear to be feasible candidates for isolation from the main lake body 
(i.e., Howard Bay, Ball Bay, Shoa1water Bay) are fed by a limited number of 
small natural surface streams and agricultural drainage canals. 
Groundwater flow, incl udi ng 1 ake bottom spri ngs an~ seeps, constitutes an 
unknown quantity of inflow to each of these areas. In addition, at least 
one of these lake areas (i .e., Howard Bay) is subject to seasonal ""-"'_ 
withdrawal for irrigation. It would be impossible to obtain a reliable 
water balance for any of the area isolation candidates prior to 
construction of the isolation structure. Therefore, these dividers must 
have provisions for the treatment and transfer of ~aters between the 
restoration area and main lake body to compensate for water budget 
surpluses or deficiencies within the restoration area. The removal of 
phosphorus from a stream of main body lake water iA or out of the test area 
is therefore a consideration common to each candidate site. 

Until the separation of a ~estoration area is complete and water and 
nutrient budgets can be calculated, the necessary level of inflow 
phosphorus to be removed can only be estimated. Sa~er (1966) found from 
practical experience that water quality problems did not occur in lake that 
had P concentrations below 10 to 15 ug/l during the period of spring 
turnover. Bernhardt (1980) found P concentration reductions to a level of 
10 ug/l were insufficient to revert the eutrophic Wahnbach Reservoir to a 
mesotrophic state. Vollenweider (1976) developed the following formula for 
estimating the tolerable total-P concentration in all system inflows [PT] 
i,c to maintain a desired total-P concentration in the reservoir [PT] 
given a system retention time of Tw years. 

[pTJ i ,c = [m {1 + «WI 
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According to the Vollenweider formula, if the retention time of a water 
body is one year, the total-P concentration of all system inflows must be 
reduced to a level of 20 ug/1 in order to maintain a system level 
concentration of 10 ug/l. It is interesting to note that the longer the 
residence retention time, the less stringent are the phosphorus removal 
requirements for the inflow streams. 

The nutrient budgets indicate that the flow weighted mean total-P 
concentration of the smaller natural surface inflow waters to Upper Klamath 
Lake ranges from 60 ug/l to 90 ug/l; for agricultural drainage and other 
canals, the respective total-P concentrations range from 150 ug/l to 900 
ug/l, and for springs and seepage the respective total-P concentrations are 
calculated to be 120 ug/l. Assuming that it is desirable to reduce the 
total-P concentration of all inflows to a level of 20 ug/l as indicated 
using the Vollenweider model, and given that the nutrient and flow 
contributions from springs and seepage make up the same proportion of 
i nfl ow to a gi ven separated restorati on area as they do to the 1 ake system 
as a whole (e.g., 12 percent), then to attain an inflow mean total-P 
concentration of 20 ug/l will require that the total-P concentration in the 
remaining 88 percent of the inflow be reduced to a level of 6 ug/l. 

The most wi dely used method of phosphorus removal from a stream or col umn 
of water is chemical precipitation by the use of aluminum and ferric salts 
or lime. Calcium (lime) has limited use in lakes because it is ineffective 
below pH 9. Zirconium and lanthanium have also been used effectively to 
remove phosphorus, but the use of these rare earths to date has been 
limited and eXperimental. The health and toxic effects of these materials 
has not been fully evaluated. Aluminum salts, .principally aluminum 
sulfate, is the most widely accepted chemical used to precipitate 
phosphorus, and in most cases, is the most economical to use. The removal 
of phosphorus by the addition of aluminum sulfate (A13(S04)3) 
occurs as A1P04 precipitate;-by sorption to the surface of Al(OHh 
floc or by entrapment of particulate phosphorus in the Al(OH)3 floc. 
The removal of particulate phosphorus is a function of the quantity of floc 
formed and the pH. 

The method used to apply the coagulant salt to a water system can range 
from a simple be passive system, such as the spent-alum filter used to 
treat storm drainage inflow to Lake Eola, Florida (Yousef and Wanielista, 
1980), to a multimedia filter process preceded by mixing and flocculation 
chambers and aided by the addition of polyelectrolytes such as the direct 
filtration phosphorus elimination plant that treats the main inflow stream 
to the Wahnbach Reservoir (Bernhardt, 19B1). The decesion regarding the 
choice of treatment process can not be made until the required level of 
phosphorus removal and the size and number of the streams requiring 
treatment are known. 
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In order'to evaluate the cost and effectiveness of inflow treatment to 
remove phosphorus, the following additional data must be collected during 
the technique evaluation phase of the Upper Kiamath Lake Restoration 
Project. 

1. Location and flow characteristics of natural surface inflow and 
agricultural drainage to each of the areas that are candidates for 
isolation from the main body of the lake. 

2. Estimate chemical dosage requirements necessary to attain desired 
levels of phosphorus reduction for each potential inflow stream to the 
separation area candidates, including the potential lake makeup water 
transfer stream. 

The feasibility of diverting water or drainage inflow from entering the 
isolated restoration area should be investigated and compared to the need 
and cost of providing makeup inflow from another source, namely lake water 
transfers. 

The chemical (alum) dosage requirements neededto'effect treatment of lake 
water transfers into the separated restoration area can be incorporated 
into the laboratory jar test experiments (described earl ier) to be,·:" 
conducted to select the appropriate level of alum application to be used 
with the in-lake enclosures. An additional objective of the expanded jar 
test experiment will be to determine the alum dosage required to achieve 
total phosphorus concentrations in the range of 2 ug/l to 10 ug/l from 
treatment by flocculation, coagulation, and sedimentation. 

In addition to the expanded jar test and filter experiments, the 
monitoring, sampling, and analyses program presented in Table 26 will be 
required for each of the significant surface waters and drainage inflow 
streams to the candidate restoration areas. It will probably be necessary 
to construct a flow monitoring control, using a Parshall flume or weir for 
most of the local surface water and drainage inflows. 

ALGICIDES 

Algicides are considered to be the earliest deliberate algal control 
practiced. General assessment of the technique is that it provides 
relatively good but short-term relief from algal blooms, requiring more 
than one treatment each season to maintain continuous control. Various 
chemicals available provide variable treatment duration, nontarget toxicity 
concerns, and water use restrictions. 
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TABLE 26 
SUMMARY OF MONITORING, SA~lPLING, AND ANALYSIS 
FOR SURFACE WATER AND DRAINAGE INFLOW STREAMS 

Evaluation Period 

Stream Flow Monitoring 

Sampling Frequency 

Sample Size 

Fiel d Analysi s 

Laboratory Ana lysi s 

Laboratory Experiments 

52 weeks. 

Continuous flow recorder monitoring on larger 
streams. Weekly observations on smaller 
streams. 

Monthly samples on a routine basis, plus 
additional grab samples to be taken during 
periods of high flow. 

Four liters (routine analysis), 12 liters 
(jar test experiment). 

Temperature, dissolved oxygen, pH. 

Alkalinity, conductivity, suspended solids, 
total-phosphorus, ortho-phosphorus, iron. 

Jar test as described earl ier in "Aluminum 
Sulfate Appl ication" section. Experiment 
should be repeated for representative samples 
taken duri ng hi gh spri ng runoff flows and 
during representative summer and fall flow 
conditions. 
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The State of Oregon Department of Agriculture administers the pesticide 
application program in the state. The Department oversees the registration 
of chemical approved for use within the state and also administers the 
licensing of commercial applicators and operators. State agencies wishing 
to engage in algicide or herbicide control programs must also be licensed 
as applicators. Private individuals do not require a license to apply· 
along their personal shoreline property. No special conditions of 
application are required other than those presented on the product labels. 

The Department of Agriculture also coordinates an agency review committee 
composed of state and federal agencies with water quality and wildlife 
responsibilities. Any agency or public entity wishing to initiate an 
algal/aquatic plant control program is encouraged to voluntarily present 
the proposed program to the review committee for comments and suggestions. 
It is anticipated that any algicide application in Upper Klamath Lake would 
be preceded by consultation with this interagency review committee. 

Two components which would be applicable to algicide control in Upper 
Klamath Lake are presently registered in Oregon: copper sulfate 
pentahydrate and .the mono-dimethylalkylamine sa,ltof endothall (Hydrothol 
1911. Chel ated copper products are not regi stered in Oregon. However, 
these products are more applicable to extremely hard water lakes where 
algicidal properties of copper sulfate are drastically reduced through 
precipitation (Upper Klamath Lake is relatively soft, with an average 
alkalinity of 45 to 50 mg/l CaC03l. 

Each of the t\~O chemical s are thoroughly discussed in the following text 
with regard to dosage, effectiveness, nontarget toxicity, water use 
restrictions, application procedures, and approximate costs. There are 
limitations and risks associated with the application of these chemicals, 
but these risks are relatively well-defined. It was therefore recommended 
that isolated evaluation of·algicides not be performed. A decision to 
apply algicides on a limited areal basis could be made on presently 
available technical information, in concert with concerned agency and 
community opinion. Remaining uncertainties could be resolved under limited 
field applications, as both chemicals in question have been demonstrated to 
have a very low degree of toxic persistence soon after application. 

Copper Sul fate 

The copper sulfate pentahydrate is registered in Oregon by two 
manufacturers (Phelps-Dodge; Kocidel and has been marketed since the 
1930's. The product is formulated in several sizes, ranging from fine 
cyrstals to briquettes. 
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Dosage - One source reports that the product is effective against the 
filamentous bluegreens Aphanizomenon and Anabaena at treated water 
concentrations of 0.12 to 0.50 mgtl, or 0.32 to 1.33 pounds copper sulfate 
per acre-foot of water (Citco product manual). Other sources, however, 
generally indicate effective concentrations to be 0.75 to 1 mg/l, or 
dosages of 2 to 2.7 pounds of chemical per acre-foot of treated water 
(Young and Lisk, 1972; Carsner, 1982; Washington State University, 1979). 
It is likely that the latter dosages are more appropriate, as the 
alkalinity of Upper Klamath Lake approaches the traditional 50 mg/l 
CaC03 threshhold above which greater dosages of the chemical (2 mg/l) 
are recommended to counteract the increasing precipitative abilities of 
the receiving water. Total chemical requited is then computed by 
multiplying the dosage by the volume projected for treatment. 

Treatment Duration - Treated areas will turn grayish-white immediately 
after treatment and will be free of algae within 3 to 5 days. However, 
treatment effects are expected to last only 2 to 5 weeks (Thompson, 1975; 
Washington State University, 1982). Two or three treatments each summer 
are normally requi red for continuous control. 

Nontarget Toxicity - Sources agree that at recommended dosages, copper 
sulfate is lethal to rainbow trout. This tOXicity is especially applicable 
in relative soft waters such as Upper Klamath Lake. Results of rainbow 
trout copper sulfate toxicity bioassays resulted in 48-hour LCSO 
(concentration at which 50 percent of test organisms are killed) ranging 
from 0.15 mg/l (Cope, 1966) to 3.2 mg/l (Herbert, et al, 1965). The 
cladoceran Daphnia magna suffered complete kill in 24 hours at 1.0 mg/l 
with a 24-LCSO for rainbow trout of 3.8 mgil (Turnbull-Kemp, 1958;. 
Safe copper sulfate concentration for trout is 0.14 mg/l, or an application 
dosage of 0.37 pounds per acre-foot (Citco). 

There is a definite probability that copper sulfate application in Upper 
Klamath Lake could result in accompanying losses of zooplankton and fish, 
including rainbow trout. Certain mitigative features of product 
application are possible, however, and will be discussed under "Application 
Procedures. " 

Water Use Restrictions - There are essentially no water use restrictions 
associated with the use of copper sulfate. The EPA-recommended tolerance 
limit for copper in potable water is 1 mg/l, which would be comparable to 
4 mg/l as copper sulfate. Recommended dosages are well within this limit. 
It is, however, desirable to post a 24-hour advisory after the treatment to 
inform the public regarding the activity. 
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Application Procedures - There are several possible methods of copper 
sulfate application. The large crystals or briquettes can be placed in a 
canvas bag and dragged underwater until they have been completely 
dissolved. The fine crystals can also be mechanically broadcast over the 
water surface, but this method presents possible inhalation problems. 

Spraying is perhaps the most satisfactory method of distribution over a 
large body of water. A small pump mounted in the boat takes suction from 
the lake and discharges through an ejector and into a pipe mounted across 
the stern of the boat. The pipe should have small orifices at 6- to 
12-inch centers. A hopper filled with small crystals feeds the ejector and 
the copper sulfate is dissolved by the water. All metal wetted by copper 
sulfate solution should be 304 stainless steel. Monel, stainless steel, 
and most plastics are also resistant to copper sulfate solution. 

Several procedures are suggested to minimize application hazards to fish. 
Anticipation of bloom events should be attempted through monitoring in 
order that phytoplankton is not at maximum populations during application. 
The resultant massive die-off would place a severe oxygen demand on treated 
waters and further stress fish populations. Also, anticipation of a bloom 
may allow treatment of only the bottom half of the water column while the 
bluegreen algae are still developing and rising from the bottom sediments.~""" •. , 
Such treatment would be accomplished through subsurface injection at the 
selected depth through submerged spargers. Dosages would be calculated 
using only the lower volume of water to be treated. This would allow 
concentrated algal treatment at recommended concentrations, while reducing 
the overall concentration of surface waters following normal circulation 
and mixing. 

Under maximum algal bloom conditions, it is recommended that one-third to 
one-half of the proposed area be treated in a single application, with a 10 
to 14-day interval betwee~ remaining applications. Application should 
begin along shorelines and then extend outward to deeper water in order to 
allow fish escapement. 

Finally, in Upper Klamath Lake hazards to sport fisheries may be averted 
through location and timing of the application. It is believed that the 
rainbow trout populations are uniformly distributed in the lake during the 
winter months, but concentrate in the cooler waters of tributary mouths in 
the north end of the lake during the warmer summer months. Copper sulfate 
application is recommended to be performed in sunlight and at water 
temperatures of 15° C or above. Application under warm water conditions 
and 1 oca 1 i zed in a south or central area of t~e 1 ake may have 1 ittl e effect 
on this most sensitive species. Once a treatment area is identified, net 
seining could be performed prior to application in order to determine the 
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percentage of sport fish still remaining in the area. If the percentage is 
deemed too high (in consultation with state and/or federal fisheries 
biologists), application may be delayed to determine whether the presumed 
seasonal distribution of trout in the lake actually occurs. Other fish 
species (chubs, sculpins, bullheads) that do not exhibit such migration 
tendencies may still be killed at the application rates recommended. 

Monitoring of phytoplankton populations on a weekly basis throughout the 
season is recommended in order to determine the treatment effectiveness of 
the initial dosage and the necessity for subsequent treatments. Copper 
concentrations of the water column may also be monitored; one source 
(Thompson, 1975) recommends an initial dosage concentration of 1 mg/l (0.25 
mg Cull) with subsequent residual concentration of 0.6 mg/l (0.15 mg Cull) 
throughout the summer. 

Precautions - The chemical is corrosive to other than stainless steel or 
plastic surfaces. It can cause eye damage and can be harmful or fatal if 
swallowed. Goggles or a face shield should be worn when handling the 
chemical. First-aid instructions for swallowing are presented on the 
product label. 

Costs - Estimated costs for chemical and application are $50 to $80 per 
acre for seasonal treatment, based on a minimum application area of 1,000 
acres. Seasonal treatment implies multiple treatments as necessary. 
Single treatment costs would be approximately $15 to $20 per acre (Carsner, 
1982). 

Endothall 

The mono-dimethyl alkyl amine salt of endothall is marketed by the Pennwalt 
Corporation under the name of Hydrothol 191. The product should not be 
confused with the dipotassium salt of endothall, marketed under the name 
Aquathol by the same firm. Hydrothol 191 is an effective algicide, while 
the Aquathol product is target-specific to submersed aquatic plants. Both 
products were developed and introduced by Pennwalt in 1965. 

Hydrothol 191 is produced in liquid and granular form. The liquid form is 
more efficient and cost-effective for application over large areas. Both 
products are registered in the state of Oregon. 

Dosage - Product manufacturers recommend a dosage concentration of 0.05 to 
0.2 mg/l in lake open water areas (Pennwalt Corp.). This concentration 
converts to 0.14 to 0.64 pounds active ingredient per acre-foot of treated 
water, or 0.07 to 0.28 gallons of liquid chemical per acre-foot of treated 
water. Dosage concentrations may be increased to 0.3 to 0.8 mg/l where 
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greater longevity of control is desired. A 0.1 mgtl dosage concentration 
has proven effective against Gloetrichia and Anabaena (Carsner, 1982). 
Dosage amounts are obviously dependent on an accurate estimate of water 
volume in the proposed treatment area. 

Treatment Duration - The duration of treatment effects for Hydrothol is 
expected to be substantially longer than for copper sulfate. A Hydrothol 
dosage concentration of 0.1 mgtl can depress algal populations for up to 8 
weeks (Carsner, 1982). Higher applications may increase treatment 
longevity. 

Nontarget Toxicity - Hydrothol is toxic to fish at concentrations of 0.3 
mg/l and above. A large number of toxicity bioassays of the chemical 
performed on rainbow trout under varying environmental conditions resulted 
in 96-hour LC50 concentrations of 0.5 to 1.2 mg/l (the concentrations 
at which 50 percent of the test organisms are killed). The 48-hour 
LC50 for the cladoceran Daphnia was 0.36 mg/l (Pennwalt Corp.). 

Although the chemical is dangerously toxic to biota indigenous to Upper 
Klamath Lake at concentrations just above that. recommended for algal 
control, careful application may result in minimal or no fish kills. This 
is further enhanced by the abil ity of fi sh to detect and acti vely avoi d the 
chemical if possible. Toxicity to rainbow trout is considerably less than 
that of copper sulfate. 

The Hydrothol product is readily biodegradable by natural bacteria and is 
vi rtual1y undetectabl e at 7 to 36 days following 
28 to 44 days in hydrosoil (Sikka et al, 1973). 
accumulation in fish tissue (Pennwalt Corp.). 

application in water and 
Uptake studies showed no 

Water Use Restrictions - Label conditions require a seven-day restriction 
for domesti c dri nk i ng or 1-i vestock wateri ng if water concentrati ons 
following treatment are less than 0.3 mg/l endothall, 14 days' restriction 
if concentrations are between 0.3 to 3 mg/l, and 25 days' restriction if 
concentrations are between 3 to 5 mg/1. The manufacturer has recently 
petitioned for no water restrictions up to concentrations of 3 mg/l. Fish 
from treated waters should not be used for consumption or feed for at least 
three days following treatment. There is currently no water contact 
(swimming) restriction for the chemical, but it still may be desirable to 
post a 24-hour advi sory foll owi ng the treatment to inform the pub1 i c 
regarding the treatment. 

Application Procedures - Liquid chemical application can be made by surface 
spraying or subsurface injection. In Florida, a special permit is issued 
to allow application of Hydrotho1 by helicopter when extremely large areas 
are to be treated. 
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The optimum water temperature for application is 18° C or above. As with 
copper sulfate, it is desirable to treat initially in early sUl11ller before 
phytoplankton reaches bloom conditions. Resultant algal decomposition will 
then exert less oxygen demand on surface waters and result in reduced 
objectionable odors. Heavy blooms may require dosage concentrations higher 
than 0.1 mg/l (0.3 to 0.8 mg/l); application should then be regulated to 
treatment of no more than 10 percent of the treatment area per day. 
Application should start along the shoreline and progress parallel to the 
shorelines in open water. All these measures will serve to minimize 
treatment stress on indigenous fisheries, but some fish kill may still 
result. It would be desirable to delay appl'ication until it is ascertained 
through seining that most of the sport (rainbow) fisheries have migrated to 
the northernmost areas of the lake. 

Precautions - The oral and dermal toxicity of liquid endothall products in 
concentrated form is high. Care should be taken not to get the concen
trated material in the eyes, on the skin, or on clothing, as the products 
can cause eye damage and skin irritation. Goggles/face shield and rubber 
gloves should be worn when handling the concentrate. The concentrated 
product is harmfu1 or fatal if swallowed. First-aid instructions are 
presented on the product label. 

Cost - Estimated costs for the chemical and its application are $50 to $80 
per acre for a minimum of 100 acres. A second treatment may be necessary 
during the recreational season if conditions warrant. 

MACROPHYTE CONTROL 

Rationale 

Aquatic macrophytes in moderate populations are a beneficial element in 
lake ecosystems. Submersed' growth (pondweed, coontail, etc.) may provide 
food and shelter for a wide variety of invertebrates, il11llature fish, 
waterfowl, and furbearing mal11llals. Emergent plants (smartweed, cattails) 
also provide food and habitat for waterfowl and mammals. 

However, excessive or undesirably located macrophyte growth can degrade 
recreational and wildlife values in several ways. Excessive submersed 
growth can extend to the water surface, interfere with navigation, and 
severely limit the desirability of fishing, swimming, and other water 
contact recreation in these areas. Heavy floating mats of vegetation can 
reduce aesthetic appeal of the waters, clog irrigation intakes, and 
precipitate fish kills and algal bloom with their senescence and decay. 
Increased shelter afforded by submersed growth can limit predation on 
smaller fish and stunt a lake's sport fisheries. Emergent macrophytes 
(lilies, cattails) can also restrict lake accessibility and reduce 
waterfowl habitat in excessive densities. 
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Plant control is generally independent of other restoration techniques, 
with insignificant adjunct water quality benefits unless plant coverage is 
very extensive and whose biomass comprises (through senescence and decay) a 
substantial percentage of annual nutrient loading to the water column. It 
is believed that submersed macrophytes and phytoplankton compete with one 
another with respect to light availability. 

It appears that present submersed growth in Upper Klamath Lake sustains a 
relatively small percentage of lake coverage. The only substantial growth 
personnaly observed was Potamogeton sp. within the Pelican Bay channel of 
the lake. It appears that macrophyte growth through major portions of the 
lake are prevented by: (1) turbidity imposed by heavy blooms of 
Aphanizomenon throughout the growing season; and (2) constant resuspension 
of rooting depths imposed by wind and wave action. Growth in the Pelican 
Bay channel may occur from increased water clarity and low algal 
productivity resulting from low temperature spring inflows in that area. 

It is conceivable that improved localized water quality/clarity from 
implementation of other restoration techniques may stimulate submersed 
macrophyte growth in previously uncolonized areas; It may be judicious to 
first assess the extent of macrophyte growth following implementation of 
restoration techniques directed to water quality, then institute a 
macrophyte control program if it is warranted. 

Data collection efforts should: (1) Survey the extent and type of plant 
coverage within the lake; (2) determine the approximate wet weight/dry 
weight density of principal areas of coverage; and (3) determine which 
areas of coverage should be subject to control (boat access to launches, 
popular beach areas, etc). The total acreage to be controlled and average 
density of plant growth will serve as a basis for management/control 
decisions. 

Control Measures 

The majority of macrophyte control efforts are by necessity directed to 
seasonal management programs using either herbicide application or 
mechanical harvesting. Both techniques have been utilized to meet 
macrophyte control objectives for lake communities and puble agencies 
throughout the country. Both measures have demonstrated effective 
short-term control of macrophyte growth, but must be repeated every year 
during the growing season. Programs are directed specifically to 
macrophyte control, generally in a manner that will preserve navigational, 
recreational, and wildlife values. 

6-12 



> 

~ 
\.....6:. 

~., 

A general comparison of herbicide and harvesting alternatives is presented 
in Table 27. Each alternative has its particular characteristics; a 
selection of one over the other is primarily dependent upon specifics 
regarding water resources use, lake ecology, and community perceptions and 
objectives. 

Permanent long-term measures to control macrophyte growth are currently 
limited to deepening/dredging. Macrophyte growth is generally limited to 
depths of less than 5-6 meters (16-19 feet), below which low light 
availability and water temperatures preclude plant development. If depths 
of 2-4 meters are considered optimal for plant growth, dredging 1-3 meters 
deep of sediment over the area designated for plant eradication would be 
necessary. 

Herbicides - Herbicides have been and continue to be widespread in 
application, sponsored not only by private lake homeowners/associations, 
but also by public agencies. 

Herbicide application in the state of Oregon is administered by the State 
Department of Agriculture. Product labels generally dictate conditions of 
use and water use restrictions that applicators must comply with. 
Commercial applicators must be licensed with the Department of Agriculture 
as both applicators and operators; other agencies need be licensed as 
applicators only. Private individuals treating their own littoral areas 
need not be licensed. Only public agencies are requested to submit their 
program for review by a Pesticide Performance Review Committee; compliance 
is strictly voluntary. The Review Committee is administered by the 
Department of Agriculture and is composed of representatives from state and 
federal natural resource agencies. The State Department of Fish and 
Wildlife maintains a policy of acceptance regarding herbicide usage and 
maintains it as an element in its own programs. The U.S. Fish and Wildlife 
Service, administering the National Wildlife Refuge on Upper Klamath Lake, 
indicated its interest in reviewing proposed application in areas proximal 
to the Refuge. 

Herbicides specific to indigenous plants and applied at proper dosages 
generally kill all of the fol iage but leave the root system intact. This 
necessitates application at least one and perhaps two to three times per 
season. There is relatively little labor cost associated with its 
application, since plants are allowed to remain and decay in the lake. 

This practice, however, may result in unsightly floating mats of decaying 
vegetation, odors, dissolved oxygen depression and potential fish kills 
through plant decomposition oxygen demand, and nutrient release into the 
water column to precipitate subsequent algal blooms. These effects can be 
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TABLE 27 
AQUATI C 1-1ACROPHYTE CONTROL AL TERNA TI VES: 

A COMPARISON OF MECHANICAL HARVESTERS AND AQUATIC HERBICIDES 

CRITERIA 

Effectiveness 

Cost 

HARVESTING 

Generally cuts to only 5 
feet in water column. May 
require 2-3 cuttings for 
adequate control during 
course of growing season, 
depending on other 
environmental conditions. 

Requires considerable 
initial capital investment 
for commercial/community 
venture. If equipment can 
be financed, management 
costs per acre can be 
comparable to herbicide 
application if economy of 
scale is acceptable. 

Environmental Preservation of interest 
Considerations areas moderateS fish and 

wildlife habitat loss, 
excessive predation on 
juvenile fish. Five-foot 
depth of cut limitation 
allows such preservation. 
Removal of- cut vegetation 
averts D.O. reduction, 
fish kills, algal bloom 
stimulus. 

Water Use 
Restrictions 

No water use restrictions. 
Available for immediate 
recreational usage. 
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HERBICIDES 

With proper dosage, kills plants 
to the roots but does not 
eradicate them. Single applica
tion may be sufficient but may 
require a second, depending on 
other environmental factors. 
Seasonal application necessary. 

Requires relatively low initial 
costs as herbicides are purchased 
annually. Application costs are 
generally $200 to $400 per acre, 
depending upon the herbicide 
used. Chemical costs will vary 
directly with other petroleum-
based products. .:~l!l'lk_ 

Preservation of certain areas 
modEratEs fish and wildlife 
habitat loss. Proper dosage 
averts acute toxi city to non
target species. Growing concern 
of long-term or accumulated 
effects of repeated application. 
Excessive amounts of decaying 
vegetation may depress D.O., 
result in fish kills, or 

-stimulate algal blooms. 

Various short-term water use 
restrictions associated with 
herbicidal use. Consult table 
for specific restrictions 
associated with various 
chemicals. Aesthetics and 
recreation affected by sight and 
odor of decaying vegetation. 
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minimized when herbicides are applied during periods of early vegetative 
growth; however, this increases the potential necessity for repeated 
applications throughout the growth season. 

The herbicide compound to be used must be determined based on species 
present and type of water use restrictions placed on the resource. Dosage 
quantities based on area/volume to be treated, species, and recommended 
dosage must also be determined. 

Herbicides may be toxic to fish and wildlife if applications and 
restrictions are not strictly complied with. Safe application dosages 
generally are based on acute toxicity of nontarget species. There is 
increasing public concern regarding the uncertain or unknown potential for 
long-term indirect/chronic effects from repeated application of various 
herbicides. All herbicides currently being used entail water use 
restrictions following treatment; these vary with the product used. There 
is a great potential for controversy regarding private application along a 
shoreline, which, through wind/wave circulation, affects waters of 
neighboring shorelines. 

An economic advantage of herbicide application over mechanical harvesting 
is the comparatively low initial costs associated with establishment of a 
commercial operation or performance of a private shoreline application. 
Specific information regarding commercially available aquatic herbicides is 
presented in Table 28. 

Harvesting - Mechanical harvesting is performed by specially manufactured 
harvesters that simultaneously cut and harvest macrophyte vegetation from 
the water. Harvesting effectiveness is somewhat limited, as harvesters 
generally cut to maximum depths of five feet in the water column. This may 
necessitate two to three harvests over an area per season, depending on 
other environmental growtn conditions. Labor costs are greater than 
herbicide application as plant disposal is an adjunct operation. However, 
harvested areas are immediately available for quality contact recreation 
and not subject to delay from obnoxious decaying vegetation or herbicide 
water use restrictions. When properly planned, mechanical harvesting 
provides little potential for adverse environmental impact and poses no 
short-term or permanent restrictions on the water resource. 

Harvesting is an established lake management practice in the Great Lakes 
area and the Southeast United States. Programs are in operation in 
California and in the greater Seattle, Washington area (this latter project 
being sponsored by the U.S. ArmY Engineers Waterway Experiment Station). 
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ACTIVE INGREDIENT 

Acrolein 

2,4-D 
(ester -
granu1 ar) 

'" I ..... 
'" 

2,4-0 
(dimethyl ami ne 
salt liquid) 

Dich1orobenil 

( 

TABLE 2B 
OVERVIEW OF COMMERCIALLY AVAILABLE AQUATIC HERBICIDES 

USED IN THE CONTROL OF SUBMERSED MACROPHYTES 

REPRESENTATIVE 
PRODUCT WATER USE 

AND MANUFACTURER SPECIFICITY DOSAGE RESTRICTIONS 

Aqua1in 1-7 rng/1 
EPA # 

Vegato1 LV-4D Emergents 110-175 Not to be applied to 
EPA #B76-218 (Lemna, Typha, 1bs/acre waters uSI~d for human 
Ve1sico1 Po1ygonum, or dai ryanima1 con-

Nymphaea) ; surnption, irrigation, 
Myri ophyll um or agricul tura1 spray 

Transbas MD Same as above 0.3-0.6 Same as above 
EPA #11687-6-37507 gallons per 
Transbas acre 

Ca s oron G-lO Elodea, 100-150 1bs Not to be applied to 
EPA #148-726 Potarnogeton, per acre water i ntl~nded for 
Thompson-Hayward Myri ophy11 urn, to exposed crop irrigation, 

Najas, Chara, bottom livestock water, or 
Ceratophy11 urn (preventative human consumption. Do 

agent) not eat fish from 
treated waters for 90 
days foll owing 
application • 

.... ~ 

( 

COSTS 
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TABLE 28 
OVERVIEW OF COMMERCIALLY AVAILABLE AQUATIC HERBICIDES 

USED IN THE CONTROL OF SUBMERSED MACROPHYTES 
(Continued) 

REPRESENTATIVE 
PRODUCT 

ACTIVE INGREDIENT AND MANUFACTURER 

Diquat (l iquid) 

Endothall 
(liquid or 
granular) 

Diquat 
EPA #239-1663 
Chevron 

Aquathol K 
EPA 1/4581-204 
Pennwalt 

SPECIFICITY 

Elodea, 
Potamogeton, 
Myri ophyll um, 
Ceratophyllum, 
Najas; also 
emergents 
(Lemna, Typha) 

Potamogeton, 
Ceratophyll urn, 
Myri ophyll urn, 
Heteranthera, 
Najas 

DOSAGE 

1-2 gallons 
per acre, 
depending on 
pI ant speci es 

.5 to 5 ppm, 
depending on 
plant and 
treatment 
area 

WATER USE 
RESTRICTIONS 

No swimming, animal 
consumption, spraying, 
or irrigation within 
10 days following 
treatment. No human 
consumption of water 
for 14 days following 
treatment . 

Do not use treated 
water for food crop 
irrigation, livestock 
water, or domestic 
consumption for 7 days 
following treatment. 
No swimming within 24 
hours following treat
ment. (Irrigation of 
bentgrass immediately 
after tr,eatment is. 
acceptable.) Do not 
eat fish from treated 
waters for 3 days 
following treatment. 

( 

COSTS 



A major disadvantage of mechanical harvesting is the considerable capital 
cost in purchasing the equipment. A harvesting program of any size will 
require a production harvester, trailer, a shoreline conveyor, and access 
to a large truck for plant disposal. If equipment costs are amortized 
over a IO-year period, the cost per acre is generally comparable to 
herbicide application. Of course, program costs are subject to numerous 
variables specific to the individual project. A macrophyte harvesting 
program recently developed for two lakes in Thurston County, Washington 
projected total costs of $340/acre for 300 acres harvested in the season, 
based on a 10-year equipment amortization figure. 

The selection of harvesting equipment should be based on the number of 
acres to be harvested, the number of cuts per season, the distance from 
cutting areas to shore off-loading points, and the number of working days 
in a harvesting season. From this information, the size and number of 
harvesters necessary to meet program objectives can be determined. A 
summary of costs and capabilities of harvesters currently marketed is 
presented in Table 29. 
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TABLE 29 
OVERVIEW OF MECHANICAL PLANT HARVESTERS 

HOPPER EFFECTIVE* 
CUTTING CUTTING CAPACITY HARVEST 

MANUFACTURER/ SWATH DEPTH Cubic OFF-LOAD RATE -IN PURCHASE 
MODEL (Feet) (Feet) Feet Pounds CONVEYOR ACRES/HOUR COST** 

ALTOSAR 
HS-E120 S 5 120 2,000 No .15 $17,000 

H5-160 5 5 160 2,645 Yes .18 to .24 23,000 

H6-300 6 5 300 4,500 Yes .25 to .3 32,000 

H7-400 7 5 400 8,000 Yes .3 to .4 50,000 

AQUAMARINE 
Chub 4 5 200 1,500_ No .15 18,000 

H-160 5 5 160 2,300 Yes .20 28,000 

H-400 7 5 400 4,500 Yes .3 to .4 50,000 

H-650 8 5 650 10,000 Yes 0.5 72,000 

MUD CAT 
H5-160 5 5 160 2,645 Yes .18 to .24 25,300 

H6-300 6 5 300 4,500 Yes .25 to .3 37,000 

H7-450 7.25 5.25 450 8,000 Yes .35 to .5 56,000 

H9-650 9 -5-.2 650 10,000 Yes .5 to .6 76,000 

HlO-800 10 5 880 14,000 Yes .7 to .8 92,000 

* Harvest rates may vary according to plant density, use of transport, and 
distance to off-loading. 

** Costs are based on January 1982 prices and do not include trailers or 
shore conveyors. 

Altosar 
c/o Aquatics Unlimited 
1905-0 Arnold Industrial Way 
Concord, CA 94520 
(415) 680-0230 

Aquamarine 
P.O. Box 616 
Waukeesha, WI 53187 
(414) 547-0211 
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Mudcat 
1633 Old Bayshore Hwy. 
Burlingame, CA 94018 
(415) 692-4068 
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CHAPTER 7 
ADDITIONAL DATA COLLECTION 

Pilot project performance is expected to provide considerable data on which 
to base recommendations for water quality improvements in Upper Klamath 
Lake. However, additional data collection efforts have been identified 
which would serve to complement existing knowledge as well as pilot project 
results. Such investigative efforts could be designated in two categories: 
(1) those directed to the resolution of remaining fundamental questions 
that have possible implications to restoration analysis; and (2i collection 
of specific data with direct application to localized implementation of 
restoration measures. The former category would be relatively independent 
of pilot project operations, while the latter category would be developed 
primarily from pilot project results. 

FUNDAMENTAL RESEARCH INVESTIGATIOtJS 

Three fundamental' aspects of the Upper Klamath.Lake system remain 
unresol ved foll owi ng the revi ew of hi stori cal and recently generated data 
on the 1 ake: (1) source i denti fi cati on and control potenti al for hi gh 
ambient phosphorus concentrations in area groundwater; (2) specific 
seasonal and operational aspects of agricultural drainage/irrigation 
practices on phosphorus loading to the lake and its tributaries; and (3) 
understanding of what appears to be a natural algal limitation mechanism in 
the Pelican Bay area of the lake. 

Groundwater Phospho'rus 

High ambient phosphorus concentrations in area groundwater has been 
documented by several i nve-sttgators through sampl i ng of spri ngs, artesi an 
wells, and spring-fed tributaries in the vicinity of the lake. The general 
direction of regional groundwater movement is to be believed to be from the 
west and northwest. However, there are no known geological or geohydro
logical investigations in this area which have addressed the source and 
explanation for this feature. The regional terrain is rough and 
mountainous, with few or no existing wells by which groundwater samples 
could be easily collected. Data collection would be arduous and expensive, 
and would have to be extensive in order to describe what may be a regional 
phenomenon. Even if such a program were implemented, it is expected that 
the source would be natural, diffuse, and virtually uncontrollable for the 
purposes of lake restoration. It is therefore recommended that large-scale 
efforts on this topic not be pursued unless further developments warrant 
its reconsideration. 
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Agricultural Phosphorus Loading 

As previously discussed in Chapter 3, a comprehensive flow and quality 
monitoring program of agricultural discharges to the lake or its 
tributaries would generate informative data on nutrient loading 
characteristics with respect to variations in seasons, flows, and 
agricultural practices. Conceivably, such a program could serve as the 
basis for recommended modifications to existing agricultural management 
practices that would significantly reduce nutrient loading to Upper Klamath 
Lake. However, given the large phosphorus loading to the lake from natural 
sources, it is projected that even total agriculturally derived nutrient 
control would have relatively little effect on summer lake phosphorus 
concentrations and would not reduce phytoplankton growth to acceptable 
levels. This consideration, in addition to high monitoring costs and 
anticipated resistance by area ranchers to modifications in traditional 
agricultural practices, does not provide strong incentives for a 
comprehensive agricultural discharge monitoring program. 

However, it may be appropriate to conduct limited monitoring of 
agricultural discharges as an element of a localized restoration plan, 
specifically aluminum sulfate application. A localized aluminum sulfate 
application strategy would necessitate: (1) a minimum amount of inflow to~ ... 
augment yearly evaporative losses and consumptive withdrawals; and (2) that 
the inflow be relatively low in phosphorus concentrations in order to 
prolong the duration and efficacy of the alum treatment. Considerations 
for inflow control of phosphorus would include monitoring of natural inflow 
......... _,..,.. "' ..... 1.:+u ....... ..t "to" ::IIn"";,.. .. 1+-1I,,,:.1 ;n"':.I,r~c: :Inri rlic:rh;"'-n~c: (flnw ;:'Inti .::tUUII".C ,",UUIII"J UIIU UII U!:fl .""11.1' .. "' .............. ,,, ........................... _. ~ __ " ._ .. _ .. _ 

quality) over a year's period. Resultant loading budget, needed 
agricultural volumes, and needed restoration inflow volumes would serve as 
the basis for an inflow phosphorus control plan, which might include 
a combination of modified management practices and/or inflow phosphorus 
treatment. 

Algal Limitation Mechanism 

A substantially lower level of investigative effort may be required to 
identify the algal limitation mechanism that presently occurs in Pelican 
Bay. There is little or no existing water quality data available in this 
specific area, but the absence of phytoplankton growth is readily 
observable. Once understood, the limitation mechanism may be extendable 
over a larger area in the north end of the lake and may be amenable to 
pilot-scale evaluation. 

7-2 



, 
~ -r"---' 
..... ./ 

~--

-, 

It is suspected that either nitrogen or iron may be limiting factors in the 
spring inflow sources to Pelican Bay. Iron is a necessary cofactor in the 
assimilation of atmospheric nitrogen by filamentous bluegreen algae. 
Summary data collected in 1968 indicate area springs to be low in nitrogen 
and iron, but were not specifically identified by individual springs. 

Further identification of this 1 imitation mechanism could be performed 
through: (1) macronutrient and micronutrient analyses of all known springs 
and marsh outflow discharging into Pelican Bay; and (2) in situ algal assay 
evaluation of nutrient limitation using indigenous algae-rAphanizomenon) 
and spring water, marsh outflow, and embayment water as the test waters. 
The test rationale could follow that which is presented on pages 4-18 and 
4-19, following algal assay procedures outlined in Standard Methods (APHA, 
1980). Further investigative strategy would be dependent on results from 
these initial procedures. 

APPLIED DATA COLLECTION 

Following evaluation of pilot project results, it will be necessary to 
generate additional information for the development and evaluation of 
specific localized lake management alternatives. Data collection could be 
performed to complete two separate evaluation criteria matrices, one for 
site selection and one for lake management technique selection. Following 
pilot project performance, the matrices could be developed separately, then 
integrated to result in one or more specific lake management proposals. 

Site Selection 

An important initial data collection effort will be the identification and 
selection of acceptable areas for the application of a localized lake 
management program. The s_u!~ability of these areas would be jointly 
dependent on community perceptions and technical considerations. Selection 
criteria may include but not be limited to those presented in Table 30. 

It is assumed at this time that water contact recreation commands the 
highest recreational priority in water quality improvement. Boating 
desirability on Upper Klamath Lake is influenced more by low lake water 
elevation than poor water quality. Selection of a management area on the 
basis of boating demand would designate a larger minimum area at greater 
management expense. However, water contact activities such as water skiing 
and wind surfing either require boats or similar area requirements for 
their successful execution. Designation of a recreational area requirement 
may consider: (1) priorities in recreational activities on the basis of 
need for improved water quality; (2) current and projected demand for each 
activity; (3) surface area required per unit of individual activities; and 
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TABLE 30 
CRITERIA FOR SELECTION OF 

LOCALIZED AREAS FOR I-IANAGEMENT 

RECREATIONAL DESIRABILITY 
Water Depth 
Proximity to User Population 
Existence, Extent, and Condition of Public Access 
Shoreline and Adjacent Land Use 
Other Public/Private Recreational Amenities 
General Aesthetics Other Than Water Quality 

RECREATIONAL PRIORITIES 
Water Contact Recreation 

Swimming 
Water Skiing 
~lind Surfi n9 

Fishing 
Boating 
External Boat Access 

RECREATIONAL AREA REQUIRE[} .. 
Meet P ri ori ty Needs 
Minimize Management Costs 

ISOLATION POTENTI AL 
Partial 
Complete 

PUBLIC HEALTH CONSIDERATIONS 

MULTIPLE USE COMPATIBILITY 
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(4) natural potential for surface area isolation at individual sites. 
Final recreational alternatives may designate different recreational 
priorities and management areas at the same location. 

It is not believed that present sports fisheries will be improved as a 
result of water quality improvements. Seasonal distribution of these fish 
appears to be a functi on of water temperature, whi ch management techni ques 
will not affect (a dramatic exception to this conclusion may be the 
proposed pump-storage facility in Howard Bay). Fishing activities should 
not be considered in recreational area designations unless management 
measures are to occur in the north end of the Upper Klamath Lake-Agency 
Lake system. 

Fishing would definitely be excluded as a recreational priority if 
zooplankton enhancement is selected for implementation. The technique 
would necessitate the removal or destruction of fish from the proposed 
management area and their subsequent restriction from the area by a 
continuous suspended curtain. Successful performance of this technique 
would necessitate complete isolation from the rest of the lake and would 
prohibit boat travel across it. These disadvantages may necessitate 
outstanding performance results by zooplankton enhancement in the pilot 
project to warrant its consideration. 

The potential for an area's isolation from the rest of the lake system will 
be a primary concern for site selection. The longevity and efficacy of all 
management measures identified will be dependent on such isolation. 
u .. ~ .. _ .. , 1 u .: .. ,.., ~ ....... ~ ~""L'l.!!O r' ~"rh!ll~ +h.a. 1::11" Co I c.": omh!il\/mon t4::' ::IIl"'O rtofi n; +0. 1 v 
I,QI,.UI all.] '''UIQ. ... II;U 11,1.1 'l;;U~, ~"'''''' ....... , .... ' ............. ......... u.J"' .......... , ................ , •• ....... J 

sites for management consideration. Naturally occurring partial isolation 
may have to be artificially augmented through the extension of a buoyant 
curtain into the open water. Possibly similar in design to the test 
enclosures, the curtain could further protect management water quality 
improvements from mixing witH the main basin, yet still provide a channel 
for boat access. Lake Ewauna should also be considered as a management 
possibility for a different reason. Almost all of its inflow is 
concentrated in the outflow Channel from Upper Klamath Lake, where it is 
more susceptible to treatment such as filtration. Sites other than these 
would not be excluded from consideration, but might necessarily be 
considerably smaller or entail greater isolation, construction, and 
securement uncertainties at this point in project development. 

Public health considerations are primarily directed to the utilization of 
Lake Ewauna as a management area. The lake receives discharge from both 
storm runoff and two municipal wastewater treatment plants. Bacterio
logical monitoring should be included in a discharge monitoring and 
assessment of the lake's desirabil ity for increased water contact activity 
prior to project development in this area. 
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Potential conflicts with other uses·of the area should be identified in the 
site evaluation. Such uses may include: (1) industrial and municipal 
wastewater treatment operations (Lake Ewauna); (2) power facility 
operations (Lake Ewauna, Howard Bay with pump-storage development); (3) 
wildlife protection and management (lake areas adjacent to National 
Wildlife Refuge areas); and (4) agricultural operations (Howard Bay, other 
locations). Lake management operations are not expected to alter 
traditional water resources practices or reduce active storage/consumptive 
withdrawal volumes. 

It is expected that identification and prioritization of locallzed areas 
for water quality improvement would involve some additional water quality 
and other data collection as well as extensive community involvement and 
scrutiny. The site selection process could conceivably be performed either 
prior to, concurrent with, or subsequent to pilot project performance. 

Management Technique Evaluation 

Remaining data collection efforts would be specifically related to 
implementation considerations associated with individual management 
measures. Data collection would be directed only to those management 
measures determi ned to be vi ab1 e from pil ot project performance resu1 ts. .~W'~, 

A tentative list of technique evaluation criteria is presented in Table 31. 
The list is intended to serve as an overview of management considerations; 
some criteria may be applicable to one technique and not to another. 
Projected water quality improvements would obviously be the primary 
selection criteria, and should be based on reductions in bluegreen or total 
algal biomass as well as subjective community perception of its 
recreational quality. Further refinement of additional data needs for 
individual management measures should be deferred until their effectiveness 
is conclusively demonstrated'through pilot project performance results. 

The degree of isolation necessary is an important criterion that is 
dependent upon the natural isolation characteristics of the management area 
and the individual management technique. Some techniques (deepening, 
aeration/deepening, algicide application) could be implemented under 
natural conditions during the first year in order to determine their 
vulnerability to dissipation effects from mixing with untreated waters. 
Unacceptable results could precipitate the extension of a floating curtain/ 
securement systems into open water to further isolate the management area. 
Aluminum sulfate treatment would require maximum permissible isolation to 
ensure that the anticipated four- to six-year treatment effectiveness is 
not unduly jeopardized. Zooplankton enhancement would require complete 
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TABLE 31 
EVALUATION CRITERIA FOR LOCALIZED 

APPLICATION OF I~NAGEMENT MEASURES 

Performance Ability: 
Algal Reduction Efficiency 
Community PercEption of Quality 

Degree of Isolation Necessary 

Treatment Duration 

Depth Requirements 

Construction" and Operational Feasibil ity 

Source, Quantity, and Quality of Inflow 

Proximity of Dredge Spoils Disposal 

Multi-Use Impacts 

Cost/Benefits 
Initial 
Subsequent (Freq~e~~y) 
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isolation to ensure the long-term effectiveness of the rotenone treatment. 
The continuous curtain would still allow equilibration from fluctuating 
lake levels but would prohibit fish movement and boat passage across it. 

Treatment duration should be considered finite in most instances, as 
localized management programs generally involve short-term, repeated 
efforts from one year to the next. Deepening would be the only ·measure 
considered to be long-term, while aluminum sulfate and rotenone 
(zooplankton enhancement) treatments could be assumed to last four to six 
years with careful management. Phosphorus treatment of inflow, algicide 
application, macrophyte control, and aeration would be considered seasonal 
management efforts to be performed every summer. Algal harvesting and 
flushing would, of course, be seasonally applicable given the critical 
summer operation periods of the respective projects. 

Depth requirements may be relevant to deepening, mechanical aeration, 
flushing, and perhaps aluminum sulfate treatment. Pilot project results 
should clarify the importance of this variable to site/treatment selection. 

Construction and operational feasibility relates to semipermanent or 
permanent construction elements regarding management alternatives. 
Considerations include siting, access, acquisition, construction, power .""""" 
requirements, permits, and operations. Such considerations would pertain 
to mechanical aeration, pump-storage (flushing), algal harvesting, and 
perhaps phosphorus control of inflow. They would also pertain to the 
erection of an in-lake isolation curtain for any of the management 
measures .. 

Source, quality, and quantity of inflow would be a primary consideration in 
an aluminum sulfate application. The success of such an application will 
depend upon minimal mixing or addition of untreated waters. Inflow 
necessary to compensate for'lake volume reductions from summer consumptive/ 
evaporative losses may be derived from either open water or lake 
tributaries. Additional volume and inflow timing for the management area 
will have to be identified, the makeup sources analyzed for phosphorus 
content, and the phosphorus sources to the tributaries identified. 
Limitation programs may then be considered (agricultural discharge 
diversion, agricultural practices modifications, water treatment) to reduce 
influent phosphorus to the most realistic extent possible and to maximize 
the effective duration of an aluminum sulfate treatment. 

Multiple use impacts related to project development may include the 
following: (1) modifications to agricultural practices in specific 
locations or drainages; (2) coordination of power generation facility 
operation with flushing or algal harvesting; (3) temporary water use 
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restrictions for agricultural and recreational uses due to algicide or 
herbicide application; (4) habitat impacts from enhanced recreational 
activity adjacent to National Wildlife Refuge areas; and (5) industrial and 
municipal discharge practices into Lake Ewauna. 

Cost assessments of management programs would have to be associated with 
specific management areas or estimated on a per-acre basis. Costs would 
include initial program development, such as initial treatments and 
construction of semipermanent or permanent facilities, as well as ongoing 
seasonal operational costs. Subsequent long-term operational costs would 
be associated with all management measures, even if only for maintenance of 
an isolation curtain. Project benefits would rely primarily on assigned 
values to recreational activities, user populations, and indirect 
commercial benefits from increased tourism to the area. Other benefits 
considered would be power generation and lake level stabilization as 
elements of a pump-storage/flushing project, and product sales as an 
element of algal harvesting. 

Other critical program considerations, such as management program 
administration and funding mechanisms, would be highly variable depending 
on the specific management course selected. It is expected that mechanisms 
for programs developed primarily for water quality improvements would be 
radically different than for programs where water quality would be an 
i ndi rect or secondary benefi t (such as pump-storage power generati on o.r 
perhaps, algal harvesting). Development of alternative administrative and 
financial mechanisms should also be deferred pending further elimination of 
nonviable management techniques. 
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MISCELLANEOUS FLOW, SEDIMENT, AND 
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1981-1982 
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TABLE A-I 
HYDROLOGIC BUDGET FOR UPPER KLAMATH LAKE, OREGON 

JULY 1981 - JUNE 1982 
( Acre-Feet) 

1 9 8 1 1 9 8 2 
JUlY August SepteDiber October November December January February March April ~ June TOTAL 

INFLOW 
Surface Inflow: 

Wl11talllson River (1) 24,540 23,500 26,200 37,340 53,170 116,500 71,580 196,900 177 ,800 170.~IOO 170,700 79,080 1.148.810 
Wood River (2) 14,549 10,616 16.228 22,627 21,427 25.841 20,424 22.252 16,212 16.!iZO 14,079 18,029 218,804 
Crooked Creek. (2) 2,474 2,173 3,325 4,631 4,235 4,620 4.239 4,477 3,479 3,Ei90 4,152 3.212 44,707 
1 Mile Canal (2) 2,441 3,098 5,126 6,983 7,161 8,256 3,747 7,185 4,290 5.i!31 6,658 7,096 67,272 
Other Canals ()) 6,520 3,944 3,3.5 2.194 2,992 14,756 8,376 7 ,794 7,108 6,!IBO 7,022 5,606 74.637 
West Side Streams (3) 387 345 329 331 425 17,490 6.258 4,207 1,817 2,l!18 5.439 3,670 42.916 
Agricultural Drainage (3) 5,880 4,133 3,053 2,374 1,993 2,079 3,507 7,553 25,120 10,1130 6,307 6.707 79.536 

Precipitation (4) 0 0 2,91\ 7.943 25,207 34,81\ 6,749 18.301 8,400 4,SOO 2.100 10,576 121,618 
Springs and Seepage (5) ~ 18,465 17 ,632 11,778 17 ,564 24.568 32,245 39,238 58,474 59,:~ 36,523 24,174 346,420 

Total ~ 66,274 78.209 96,201 Q4,714 248,981 157,125 307,907 302.700 280,i!53 252,980 158,150 2,146,120 

OUTFLOW 
Surface Outflow: 

A Canal (6) 59,931 52,900 35,465 6,070 0 0 0 0 0 . 3,:103 44,599 52,781 255,049 
link. River at K. Falls (7) 61,576 76,246 57,147 21,690 12,074 113,568 171,928 200,530 320,799 230,S40 131,068 40,912 1,438,018 

Irrigation froll'! lake (3) 4,593 4,070 3.117 1,545 1.900 1,3\3 6.097 777 901 1,:!S2 4,337 4,061 33.969 
Evapotranspiration (8) 53,166 51,158 33.980 17 ,396 _3.000 __ 0 0 ___ 0_ 13.800 27.!j58 42,476 39,990 283.124 

Total 179,866 184,974 129,709 46,101 .16 ,974 114,881 178,025 201,307 335,500 262 ,I~ 222,480 131,150 2,010,820 

LAKE STORAGE (9) -116,700 -118,700 -51,500 49,500 117 ,800 134,100 -20,900 106,600 -32,800 17,liOO 30,500 20,400 135,900 

0) Gaged by U.S. Geological Survey. (6) Flows from Klamath Irrigation District. 

(Zl Flows November 1981 to June 1982 gaged by this project; July 1981 to 
October 1981 flo .... s estimated from 1965-1961 data by U.S. Geological 

(7) Flo .... s from PacifiC Po .... er and Light Company. 

Survey. (8) Land pan from U.S. Weather Service x 0.741 for .... ater pan conversion 

(3) Flows estimated from hfstorical 1965·1967 flo .... data by U.S. 
(Kohler, Hordenson, and Baker; 1959). 

Geological Survey and federal Water Pollution Control Adminfstration. (9) lake elevation from U.S. Geological Survl~y~ capacity tables from 
U.S. Bureau of Reclamation. 

(4) Data from U.S. Weather Servtce. 

IS) Residual flux in water budget formulation. 

'~ 

PERCENT 
OF TOTAL 

53.5 
10.2 
2.1 
3.1 
3.5 
2.0 
3.1 
5.8 

...!hl 

~ 

12.7 
71.5 
1.7 

..!!:l 
~ 



TABLE A-2 
WET SIEVE AI~ALYSIS OF SEDIMENT CORES 

LAKE LAKE LAKE HOWARD HOWARD HOWARD AGENCY AGENCY 
TYLER EWAUNA EWAUNA EWAUNA BAY BAY BAY LAKE LAKE 
SIEVE OPENING o to 0.3 to 1.21 to o to 0.91 to 2.12 to o to 0.35 to 
NUMBER (in mm) 0.3 m 1.21 m 2.27 m 0.91 m 2.12 m 2.73 m 0.35 m 1.16 m -

30 0.600 4.6 <0.1 2.7 <0.1 .05 <0.1 6.8 0.3 

60 0.250 3.0 0.3 0.7 <0.1 1.60 2.5 16.0 4.1 

140 0.106 15.0 15.0 15.0 12.0 16.00 25.0 16.0 17.0 

200 0.075 19.0 22.0 30.0 25.0 21.00 14.0 5.5 9.8 

325 0.045 16.0 16.0 19.0 14.0 26.00 17.0 16.0 10.0 

Pass <0.045 42.0 46.0 33.0 49.0 34.00 41.0 40.0 58.0 

, 
). 
, {-- \ -
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TYLER 
SIEVE OPENING 
NUMBER (in mm) 

30 0.600 

60 0.250 

140 0.106 

200 0.075 

325 0.045 

Pass <0.045 

( 

TABLE A-2 
WET SIEVE ANALYSIS OF SEDIMENT CORES 

(Conti nued) 

AGENCY BALL BALL BALL MOORE 
LAKE BAY BAY BAY PARK 

1.16 to o to 1.81 to 3.0 to o to 
3.0 m 0.91 m 0.91 m 4.25 m 1.21 m ---

34.0 1.2 1.4 4.7 <.1 

30.0 loB 4.0 B.6 13.0 

11.0 15.0 17.0 13.0 26.0 

0.3 27.0 20.0 26.0 19.0 

1.5 21.0 5.4 10.0 17 .0 

23.0 34.0 52.0 37.0 25.0 

, 

( 

t400RE MOORE 
PARK PARK 

1.:!1 to 1.36 to 
1.:16 m 1.83 m ---

10.0 9.4 

17.0 8.4 

n.o 11.0 

B.7 4.B 

12.0 10.0 

:30.0 56.0 
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TABLE A-3 
UPPER KLAMATH LAKE TRIBUTARY MONITORING 

October 1981 to July 1982 

WILLIAMSON RIVER 

11/10/81 3/2/82 5/5/82 6/2/82 

Temperature ·C 3.0 1.5 9.5 11.0 

Dissolved Oxygen 10.7 10.8 9.2 8.5 
_ ... /1 
III~I I 

pH 7.0 7.3 7.5 7.6 

Conducti vi ty 94 80 77 83 
umho-cm 

Turbi di ty tHU 3.9 16.0 13.0 8.6 

Alkalinity 45 48 55 
mg/l CaC03 

Carbon Oi oxi de 0.6 0.4 1.2 0.5 
mg/l CaC03 

Ammonia-Nitrogen 0.005 0.074 0.037 0.03 
mg/l 

V~A'~~~1 ll~+~n ... n~ n ?I: 1 ~a ,n r;n <0.50 ".}II; I UQIII n I 1,0, V!::fCIl v_"'"" .&. .... v -v. 0.#.., 

mg/l 

Nitrate-Nitrite 0.013 0.185 0.103 0.082 
mg/l 

Ortho-Phosphorus 0.070 <0.005 0.040 0.045 
mgl1 

Total Phosphorus 0.073 0.090 0.084 0.075 
mgl1 

* Values "<0.50" were averaged as 0.25 mg/l. 

• Value "<0.005" was averaged as 0.0025 mg/l. 

6/28/82 MEAN 

6.2 

9.8 

7.8 7.4 

160 99 

6.8 9.7 

48 49 

0.9 0.7 

0.042 0.038 

0.85 0.60* 

0.046 0.086 

0.042 0.040' 

0.102 0.085 



TABLE A-4 
UPPER KLAMATH LAKE TRIBUTARY r.roNITORING 

October 1981 to July 1982 

WOOD RIVER 

11/10/81 3/2/82 5/5/82 6/2/82 6/28/82 MEAN 

Temperature °C 3.0 4.0 3.5 4.0 3.6 

Dissolved Oxygen 11.4 10.8 11.1 9.5 10.7 
mg/l 

pH 7.5 7.1 7.5 7.3 7.4 7.4 

Conducti vi ty 94 96 88 90 120 98 
umho-cm 

Turbi di ty rHU 1.5 2.1 1.4 3.7 9.0 3.5 

Alkalinity 45 41 34 33 38 
mg/l CaC03 

Carbon Dioxide 0.5 1.3 0.3 0.6 1.0 0.3 ..w~. 

mg/l CaC03 

Ammoni a-Ni trogen 0.005 0.010 0.028 0.057 0.031 0.026 
mg/l 

Kjeldahl Nitrogen 0.22 0.66 <0.50 <0.50 <0.50 0.33* 
mg/l 

Ni trate-N i tri te 0.011 0.107 0.075 <0.010 0.026 0.045" 
mg/l 

Ortho-Phosphorus 0.070 0.063 0.075 0.018 0.037 0.053 
mg/l 

Total Phosphorus 0.074 0.090 0.086 0.088 0.037 0.075 
mg/l 

* Values "<0.50" were averaged as 0.25 mg/l. 

" Value "<0.005" was averaged as 0.0025 mg/l. 



TABLE A-S 
UPPER KLAMATH LAKE TRIBUTARY MONITORING 

October 1981 to July 1982 

CROOKED CREEK 

ll/1O/81 3/2/82 5/5/82 6/2/82 6/28/82 MEAN 

Temperature °C 5.0 4.0 7.5 3.5 5.0 

Dissolved Oxygen 10.2 9.9 9.6 10.2 10.0 .. mgfl 

pH 7.6 7.5 7.5 7.75 7.9 7.6 

Conducti vi ty 107 llO 109 104 150 116 
umho-cm 

" Turbi di ty NTU 0.8 1.7 0.8 1.2 2.1 1.3 
• 

Alkalinity 41 40 43 41 41 , mg/l CaC03 
J 

~, Carbon Di oxi de 0.4 0.4 0.4 0.4 0.4 0.4 
t j mg/l CaC03 

./ 

\...( Ammonia-Nitrogen 0.015 0.034 0.055 0.049 0.014 0.033 
, mg/l 

i. Kjei dahl Nitrogen 0.34 <0.50 <0.50 <0.50 <0.50 0.27* 
mg/l 

j Nitrate-Ni trite 0.036 0.085 0.040 0.013 0.016 0.04 
mg/l 

! Ortho-Phosphorus 0.090 0.104 0.115 0.107 0.092 0.102 ': 
mg/l 

Total Phosphorus 0.098 0.125 0.131 0.107 0.106 0.113 
mg/l 

* Values "<0.50" were averaged as 0.25 mg/l. 

t 
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TABLE A-6 
UPPER KLAMATH LAKE TRIBUTARY MONITORING 

October 1981 to July 1982 

SEVEN MILE CANAL 

11/10/81 3/2182 5/5/82 6/2/82 

Temperature °C 1.5 1.0 2.5 7.0 

Dissolved Oxygen 12.0 11.5 10.3 9.0 
mg/l 

pfl 7.3 7.1 7.4 7.1 

Conductivity 70 82 72 80 
umho-cm 

Turbidity IHU 1.4 2.6 0.9 1.8 

Alkalinity 52 45 41 
mg/l CaC03 

Carbon Di oxi de 0.4 0.1 0.6 0.8 
mg/l CaC03 

Ammonia-Nitrogen 0.021 0.028 0.031 0.039 
mg/l 

Kjeldahl Nitrogen 0.67 <0.50 0.92 <0.50 
• gIl 

Nitrate-Nitrite 0.015 0.110 0.033 <0.010 
mg/l 

Ortho-Phosphorus 0.100 0.039 0.055 0.052 
mg/l 

Total Phosphorus 0.130 0.089 0.061 0.069 
mg/l 

* Values "<0.50" were averaged as 0.25 mg/l. 

" Value "<0.010" was averaged as 0.005. 

6/28/82 MEAN 

7.5 3.9 

8.2 10.2 

7.2 7.2 

160 93 

2.1 1.8 

45 46 

0.5 0.5 :~ 

0.010 0.026 

<0.50 0.47* 

0.020 0.037" 

0.054 0.060 

0.107 0.091 



TABLE A-7 
UPPER KLAMATH LAKE TRIBUTARY MONITORING 

October 1981 to July 1982 

ROCKY POINT AREA SPRINGS 

11/10/81 3/2/82 5/5/82 6/2/82 6/28/82 MEAN 

Temperature ·C 3.5 1.0 8.0 12.0 12.5 7.4 

Dissolved Oxygen 9.4 9.0 9.8 8.6 7.0 8.8 
mg/1 

pH 7.4 7.7 7.1 7.0 7.0 7.2 

Conducti vi ty 107 43 88 125 110 95 
umho-cm 

, 
Turbidity NTU 0.8 1.7 0.74 0.82 0.78 0.97 

Alkalinity 
mg/1 CaC03 

65 55 42 52 53 

~ 
Carbon Di oxi de 0.6 0.8 0.8 0.5 0.4 0.6 
mbll CaC03 

' . . ' 

~/ Ammonia-Nitrogen 0.005 0.015 0.023 0.030 0.019 0.018 
mg/1 

Kjeldahl Nitrogen 0.28 <0.5 <0.50 0.66 <0.50 0.34* 
mg/l 

Ni trate-Ni trite 0.046 0.062 0.048 0.077 0.018 0.050 
mg/1 

Ortho-Phosphorus 0.060 0.017 0.033 0.059 0.009 0.036 
mg/1 

Total Phosphorus 0.091 0.039 0.057 0.049" 0.115 0.069 

* Values "<0.50" were averaged as 0.25 mg/l. 

" Higher value of Ortho-P than Total-P due possibly to contamination. 



TABLE A-a 
UPPER KLAMATH LAKE 

WATER QUALITY - NOVEMBER 10, 1981 

North End Howard Bay 
Agency Upper Upper 

Lake Klamath Klamath 

Temperature, °C 5 3.4 5 

Dissolved Oxygen, mg/l 10.5 9.8 9.6 

pH 7.3 7.4 7.5 

Conducti vi ty, umho-cm 120 130 145 

Turbi dity, NTU 4.2 10.0 26.0 

Alkalinity, mg/l 46 65 75 
CaC03 

Carbon Dioxide, mg/l 0.5 0.5 0.7 
CaC03 

Ammonia-Nitrogen, mg/l 0.36 1.45 2.75 

Kjeldahl Nitrogen, mg/l 0.78 2.41 4.09 

Ni trate-Ilitrogen, mg/l .123 .066 .035 

Ortho-Phosphorus, mg/l .030 .060 .040 

Total Phosphorus, mg/l .122 .186 .179 

Secchi Di sk, m 1.0+ 1.0 0.25 

Chlorophyll 2., ug/l 3.19 1.41 

Phytoplankton, #/ml 135 82 262 

Zooplankton, #/1 84 18 86 

Buck Island 
Upper Lake 

Klamath Outfall 

4.5 5 

9.4 10.0 

7.0 7.25 

133 132 

24.0 30.0 

63 65 

0.4 0.6 
~~~ 

1.80 1. 75 

3.36 4.03 

.072 .104 

.030 .020 

.162 .199 

0.25 

7.41 

312 347 

136 162 
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INTRODUCTION 

APPENDIX B 
SEDIMENT NUTRIENT RELEASE EXPERIMENTS 

UPPER KLAMATH LAKE, OREGON 

Internal cycling of nutrients, specifically phosphorus, from lake bottom 
sediments can be a potentially large contributor of loading to lake waters. 
Its proper consideration has been a critical factor in the success or 
failure of other lake restoration programs. 

Although the 1967 FWPCA (EPA) Interim Report recognized the potential 
importance of internal P cycling to trophic quality, it did not attempt to 
quantify this source or include it in the phosphorus loading estimate for 
the lake. Subsequent in situ and laboratory P release experiments were 
performed on Upper Klamath sediments by FWPCA in the years immediately 
following, but the data were never compiled and reported. However, the 
foll owi ng general" observati ons resu1 ted from the experiments: (1) fi el d 
enclosures with and without closed bottoms placed in Howard Bay showed no 
change in overlying P concentrations when ambient lake water was used to 
overlie the sediments; and (2) lab e1utriate studies again resulted in no 
significant increase in water column P concentrations when ambient lake 
water served as the e1utriate, but showed substantial sediment release to 
ambient P levels when distilled water was used. 

Gah1er and Sanville (1971) reported reductions in Howard Bay sediment 
interstitial P of 6.78 mg/1 over a 60-day period in late spring. Assuming 
an active nutrient release depth of 0.3 m and a 90 percent moisture content 
(20 percent of which is extractable), results suggest a release rate of 6.4 
mg P/m2-day. However, thi-s 'was not accompanied by water column 
sampling to verify release. 

Existing knowledge on Upper Klamath Lake sediments was expanded upon by 
Wildung and Schmidt (1973). Sediment P was monitored over time at various 
lake locations, and a filter dialysis technique was utilized to 
characterize sediment P release. Conclusions were that: (1) sediments 
exhibited seasonal changes in inorganic P, with loss concurring with high 
algal productivity; (2) changes were most pronounced in Howard Bay, which 
received agricultural runoff and contained high P concentrations in 
sediment interstitial water; (3) the rate of P release was directly 
correlated to total sediment P, interstitial water P concentration, and 
temperature; (4) rates were increased by the presence of an anion exchange 
resin, which simulated an active algal culture under natural conditions; 
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(5) generally, 12 percent of total sediment P was subject to release, not 
including interstitial P; and (6) release was largely from nonoccluded 
iron-complexed P, whereas resorption was primarily in the form of 
aluminum-complexed P. 

Although the above referenced work was well conceived and provided valuable 
inSight into the lake's sediment chemistry, results of the dialysis 
experiments were reported in ug P released/g sediment. Values of sediment 
P released on an areal and temporal basis were necessary for applica~ion to 
an overall lakewide estimate of internal cycling. Sediment release; 
experiments were therefore perfOrmed in order to derive such values for the 
lake sediments under various annual scenarios, considering the factors of 
temperature, dissolved oxygen, and sediment resuspension as critical 
environmental variables. 

METHODS 
, 

Sediment phosphorus release in Upper Klamath Lake was evaluated under 
laboratory test conditions. Representative lake surficial sedimepts were 
collected by Ekman grab at four general locations in the lake, with two 
sampling sites in each general location. Sampling locations were:: (1) 
Agency Lake; (2) outside Ball Bay (proposed test enclosure site); (3) 
Howard Bay; and (4) south of Buck Island. Specific sites are presented in 
Figure 23 of the report text. No attempt was made to maintain ve~tical 
integrity of the samples due to observations that the first 0.3 m ,of lake 
sediment is completely homogeneous due to frequent resuspension and mixing 
111 ___ '1 inrn_ I.'-'V ___ .!~ _______ , _ ... _ •• _.:_ ...... ..: ...... \ 
\ na~e I, 1 !100; IYI\,;I\t::IIL It:, tJt::'r:>uIIQ I I,..VIIAIIU II 1 I,..Q ... I VIII. 

In the laboratory, approximately 1,500 cc of sediment from each of. the 
eight samples were transferred to one-gallon glass jars, which served as 
batch reaction chambers. Sediments were observed to be of light brown, 
fine silt material in Bal'- Bay (BB), Howard Bay (HB), and Buck Island (BI) 
samples; Agency Lake (AL) sediments were dark brown, denser, and with more 
plant material. Distilled deionized water (1,800 cc) was added to each 
chamber, which were then allowed to equilibrate for two weeks. Chambers 
were covered with black plastic in order to preclude periphytic growth. 
Chamber waters were aerated through the use of air stones, manifold valves, 
and a small aquarfum compressor. Aeration was necessary to assure the 
maintenance of aerobic conditions in the experimental runs where this was 
desired, without resuspending bottom sediments. 

Sediment nutrient release experimental conditions were predicated on three 
Possible natural environments: (1) summer water temperatures (23-25° C) 
with moderate dissolved oxygen (DO) concentrations (6.5-7.5 ppm); 
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(2) winter water temperatures (5.7° C) with well-aerated water (9-12 ppm 
DO); and (3) summer water temperatures with little or no dissolved oxygen 
(0-3 ppm). Results of the first two scenarios were utilized to determine 
annual potential P release from the sediments. The third scenario is 
limited in location and duration in the lake due to the absence of 
stratification, high productivity, and good circulation characteristics. 
Results from the anoxic test, however, would identify release rates 
associated with summer anaerobic conditions and would help define the 
impacts of lake stratification through lake deepening. 

Eight chambers were established for the first experimental seiies under 
summer aerated conditions (Test 1). After the first run, four chambers 
(one from each general lake location) were assigned to either winter 
aerated or summer anoxic conditions. Following sediment equilibration 
under these new environmental conditions, the latter two test conditions 
were run concurrently. Winter aerated conditions (Test 2) were maintained 
through maintaining the chambers in a temperature controlled room for 
the duration of the experiment. Summer anaerobic/low oxygen conditions 
(Test 3) were maintained through daily bubbling of the chambers with 
nitrogen gas. 

Nutrient release experiments initiated with the siphoning of equilibrium 
waters and replacement with distilled deionized water. Replacement was 
affected through the use of a glass J-tube in order to minimize sediment 
suspension and premature nutrient release. Aliquots were periodically 
removed from each chamber through the course of the experiment for nutrient 
analysis; a like volume of distilled deionized water was replaced. 
Temperature, pH, and dissol ved oxygen were measured daily in each of the 
chambers to assure the maintenance of appropriate test conditions. 
Experimental duration, operating conditions, chambers, and analytical 
parameters for the test co~d~tions are presented in Table 8-1. 

Experimental runs terminated at 96 hours for summer aerated conditions and 
at 188 hours for winter aerated and summer anoxic conditions. Following 
aliquot sampling and replacement at these endpoints, sediments were stirred 
to simulate sediment resuspension caused by wind/wave action in the lake. 
Samples were then collected and filtered for dissolved nutrient analysis in 
order to determine effects of sediment resuspension on nutrient release 
rates • 

At least six analyses of ortho-P and total-P were performed over the course 
of each experimental run. Ammonia (NH3-N) and nitrate-nitrogen 
(N03-N) analyses were also performed for the beginning, terminus, and 
stirred samples for the summer and winter aerated conditions (scenarios 1 
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TABLE B-1 
SUMMARY OF SEDIMENT NUTRIENT RELEASE 

EXPERIMENTAL CONDITIONS 

TEST 1 TEST 2 

Environmental Condition summer aerobic wi nter aerobi c 

1J~+ ........ Tftnl .... ,. .... ~+ .......... Or .,') ?C r ,n 
" "' ..... r 11;;;111..,'1;' ",,"WI"~ " ,-",,-c..u ""-.LV 

Dissolved Oxygen, ppm 7.4 to 8.1 8.4 to 12.0 

pH 7.4 to 7.7 5.2 to 6.7 

Duration, hours 96 188 

Chambers 8 4 

Nutrient Parameters Ortho-P, Ortho-P, 
Total-P Total-P 
N03-N, N03-N, 
NH3-N NH3-N 

B-4 

TEST 3 

summer anoxi c 

?A_?t:. 
c.."T-I... .... 

1.2 to 3.1 

5.8 to 7.3 

188 

4 

Ortho-P, 
Total-P 

-:~~-: 
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and 2}. Nitrogen analyses were not performed on the summer anoxic series, 
as the nitrogen gas used to deoxygenate chamber waters would have 
prejudiced the measurements. 

RESULTS 

Sediment phosphorus release rates were determined by calculating the 
incremental rises in ortho-phosphorus concentrations in the chambers over 
time. Calculations considered water volume, sediment surface area, and 
progressive replacement volumes of distilled deionized water. Phosphorus 
release curves for the three separate environmental conditions are 
presented in Figures B-1 through B-3. Phosphorus release rates are 
summarized in Table B-2. Raw data is presented in Tables B-5 through B-7. 

Phosphorus release rates were determined solely on the basis of ortho-P 
concentrations. It was apparent from comparison of ortho-P and total-P 
analyses that the organic P fraction (the difference of total-P and ortho-P 
values) was primarily due to the slight yet unavoidable resuspension of 
some sediment particulates during initiation of the experiment. In almost 
all experimental runs , thi s organi c fracti on resettl ed to the sediment 
surface within 24 hours of experiment initiation, with ortho-P remaining 
almost the exclusive fraction of total-P through the duration of the test. 

Tests characteristic of summer aerobic conditions are graphed in Figure 
B-1, and P release rates are presented in Table B-2. Unstirred release 
rates averaged 0.709 mg P/m2-day and ranged between 0.000 and 1.835 mg 
P/m2-dav. Stirred samoles resulted in hiQher ortho-P concentrations 
a~d cor~esponding high~r release rates in-all eight chambers (in five of 
eight chambers, values were substantially higher); the mean stirred release 
rate was 1.342 mg P/m2-day. There was a high degree of variation, both 
among and between pairs of generally located samples. Average release 
rates of paired samples were·generally comparable except for Howard Bay, 
where P release rates appeared to be higher than at other stations. 

Results of tests characteristic of winter aerobic conditions are presented 
in Figure B-2 and Table B-2. The figure indicates abnormally high P 
concentrations at the beginnign of the test; all four chambers displayed 
substantial ortho-P decreases in the first 24 hours of the experiment. 
Initially high values were believed due either to sediment disturbance, 
abnormally low pH levels (5.2-5.8) of freshly prepared deionized water for 
startup, or high concentrations of ortho-P in the small volume of water 
carried over from mixing of the previous experimental run. Within 24 
hours, pH had equilibrated to levels of 6.1-6.3; release rates for this run 
were calculated from analyses between 24 and 188 hours. 
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Agency Lake: 
AL 1 
AL 2 

Ball Bay: 
BB1 
BB2 

Howard Bay: 
HB1 
HB2 

Buck Island: 
BIl 
BI2 

Mean 

TABLE B-2 
SUMMARY OF SEDIMENT PHOSPHORUS RELEASE RATES 

(mg P/m2-day) 

TEST 1 TEST 2 
SUlIII1er Aerobic Winter Aerobic 

TEST 3 
Summer Anoxic 

Nonstirred Stirred Nonstirred Stirred Nonstirred Stirred 

1.243 1.693 +0.133 +0.866 
0.000 0.488 0.159 0.236 

0.128 0.583 1.344 1.432 
0.688 1.828 -0.080 +0.193 

1.228 1.501 2.775 2.665 
1.835 2.158 -0.107 +0.341 

0.095 0.410 1.001 1.140 
0.451 2.075 -0.057 +0.331 

0.709 1.342 -0.028 +0.433 1.320 1.368 
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Even after 24 hours additional equilibration, P release rates at 5-10· C 
reflected a net decrease in P concentrations of the overlying water, 
averaging -0.024 mg P/m2-day. Stirred samples again resulted in 
moderate to high increases in P concentrations and corresponding release 
rates in all four chambers, averaging 0.433 mg P/m2-day. Winter
simulated release rates were substantially lower than summer rates for the 
same four chambers util ized in both experimental runs, as well as the mean 
of all eight chambers. This latter point is especially significant since 
the chamber from each location pair with the higher summer aerobic release 
rate was selected to undergo rate determination under winter water 
temperatures. 

Release tests performed under summer temperatures at low oxygen tension 
confirmed expectations of high sediment P release under anaerobic 
conditions (Figure B-3). Results were especially dramatic since the less 
active chambers from each of the four pairs (from Test 1) were selected for 
testing under anoxic conditions. Also interesting is that ortho-P levels 
remained virtually unchanged following sediment stirring, compared to a 
mean doubling of P release rates for the same four chambers following 
stirring under aerobic conditions. This confirmed that anoxic conditions, 
either in the water column or below the aerated sediment surface, is a 
primary determinant of high phosphorus release rates. Anoxic tests 
resulted in release rates twice that of aerobic stirred rates, averaging 
1.368 mg P/m2-day. Again, there was wide variation among chambers, 
with rates ranging from 0.236 to 2.665 mg P/m2-day. The Howard Bay 
sample (HBl) reflected substantially higher release rates than the other 
samples (Table B-2). 

Since only initial and terminal N03-N and NH3-N analyses were 
performed on the release chambers, rates for nitrogen release are somewhat 
underestimated due to periodic water replacement for P analyses. Summer 
aerobic N release avera gel 6:5 mg/m2-day (8 chambers). Winter aerobic 
release rates averaged 2.5 mg N/m2-day (the four chambers used for 
winter conditions averaged 11.5 mg N/m2-day under summer aerobic 
conditions). Results supported the contention that greater biological 
activity under warmer temperatures increases availability of nitrogen from 
organiC sediments. 

DISCUSSION 

Phosphorus release mechanisms from lake bottom sediments include: (1) redox 
and solubility reactions of metal-phosphate complexes; and (2) bacterially 
mediated mineralization of organically bound P. It is generally understood 
that anaerobic sediment release of P is considerably greater than aerobic 
release, attributed primarily to the solubilization of iron-phosphorus 
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(Fe-P) complexes in the absence of oxygen. Applicability of this concept 
to Upper Klamath Lake was confirmed by Wildung and Schmidt (1973), who 
identified nonoccluded Fe-P as the fraction of sediment P most frequently 
associated with summer decrease in sediment P concentrations. 
Solubilization occurs either directly at the sediment-water interface in 
oxygen-depleted hypolimnetic waters, or within the sediment zone beneath 
the thin aerobic surficial sediment layer. High dissolved P concentrations 
in this anoxic interstitial water will be transferred to the overlying 
water column through diffusion and a substantial concentration gradient 
between the two mediums. However, physical transport mechanisms will 
facilitate and accelerate this diffusion process. Such mechanisms may 
include wave and wind generated resuspension of sediments, the presence of 
tubificid worms and actively emerging chironomid larvae, and groundwater 
seepage. 

Results of the sediment P release tests affirmed the following generally 
accepted precepts: (I) higher release rates were achieved under warmer 
water temperatures due to increased biological activity; (2) higher release 
rates were achieved under anoxic rather than aerobic chamber conditions; 
and (3) P release was attributed primarily to anaerobic dissolution of 
metal-phosphorus compounds. Furthermore, stirring sediments to simulate 
wave resuspens i on resul ted in substanti ally hi gher rel ease rates, except in , .. --" 
chambers which were deliberately maintained anoxic throughout the test. 

Given the high degree of sediment resuspension in Upper Klamath Lake from 
wind/wave action, as suggested by other investigators (Hazel, 1968; 
McKenzie, 1982), release rates based on stirred rather than unstirred 
scenarios were utilized in internal P cycling calculations. Furthermore, 
only aerobic P release rates were utilized since the shallow, well-mixed 
waters of Upper Klamath Lake do not support a persistent oxygen depleted 
hypolimnion. Results of this environmental condition were intended to be 
more illustrative of potentiil water quality impacts resulting from 
deepening the entire lake or localized areas of the lake. 

Release rates determined are comparable to those observed by other 
investigators as presented in Table B-3. Variations in rates would be 
attributable to sediment nutrient concentrations, experimental design, and, 
in the case of Freedman and Canale, the ability to maintain completely 
anoxic rather than low oxygen concentrations in the overlying water column. 
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Table B-3 
Sediment Phosphorus Release Rates 

This Study and Other Sources 
(mg/m2-day at 20+0 C) 

This Study, 1982: 
Aerobic, Stirred 
Aerobic, Unstirred 
Anaerobic, Stirred 
Anaerobic, Unstirred 

Entranco Engineers, 1977: 
Aerobic Unstirred 
Anaerobic Unstirred 

Freedman and Canale, 1977: 
Anaerobic Unstirred 

Fillos and Biswas, 1976: 
Aerobic Unstirred 
Anaerobic Unstirred 

1.342 
0.709 
1.368 
1.320 

0.300 
1.930 

27.200 

0.000 
3.000 

~. Summer (four-month) and winter (eight-month) aerobic release rates were 
utilized to determine the potential magnitude of annual internal phosphorus 
cycling from sediments. Release rates of samples from specific lake 
locations were assigned to bottom areas generally representative of the 
sample location. Both stirred and unstirred P release rates were 
considered in order to develop a range of values. 

Based on the above assumptlons, potential phosphorus loading/cycling from 
bottom sediments was estimated at 11,400 kg and 62,000 kg annually for 
unstirred and stirred release rates, respectively. Incorporating these 
values into the revised phosphorus budget for the lake of 505 tons P annual 
inflow, these values constitute 2.5 to 13.5 percent of the total P budget. 
Loading calculations are presented in Table B-4. It is believed that the 
stirred loading rate is more reflective of actual loading conditions in 
Upper Klamath Lake. 

Release rates should be considered as representative values for loading 
calculations. Actual release rates are expected to be variable due to 
seasonal fluctuations in temperature, dissolved oxygen, dissolved P 
concentrations in the water column, pH, and algal productivity. Release 
rates would be lower during periods of low productivity, high external 
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Location 

Sti rred: 
Agency Lake 
Ball Bay 
Howard Bay 
Buck Island 

Total 

Unsti rred: 

V Agency Lake 
Ball Bay 
Howard Rav 
~---. - --.., 

Buck Isl and 

Total 

TABLE B-4 
SEDIMENT PHOSPHORUS LOADING POTENTIAL 

(based on bottom area of 65,500 acres) 

Summer Winter Assigned 
Rel ease Rel ease Bottom Summer P 
Rate Rate Area Cycling 

mg/m2-day mg/m2-day 106 x m2 kg 

1.091 0.866 37.2 4,870 
1.206 0.193 92.0 13,314 
1.830 0.341 16.8 3,690 
1.243 0.331 116.4 17,362 

0.621 0.133 37.2 2,772 
0.408 -0.080 92.0 4,504 
1.532 -0.107 16.8 3,088 

0.273 -0.057 116.4 3,814 
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Wi"nter P Total P 
Cycl ing Cycl ing 

kg kg 

7,732 12,602 

4,261 17,575 
1,375 5,065 
9,250 26,612 

61,854 

,m,,-, 

1,187 3,959 
-1,943 2,561 

-431 2,657 
-1,592 2,222 

11,399 
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P loading and corresponding high water·co1umn dissolved P concentra- tions. 
Furthermore, sediments may act more as a phosphorus sink in Upper Klamath 
Lake during periods of high dissolved phosphorus concentrations or 
senescence of b1uegreen algal blooms. Fi110s and Biswas (1976) reported 
that P concentrations of overlying water exert a dramatic influence on 
release rates. They found that, under aerobic conditions, the release rate 
was zero when the overlying water column P concentration was 0.003 mg/1, 
and that sediments sorbed P at the rate of 2-5 mg/m2-day when ambient P 
levels were 0.025 mg/1. When the tests were repeated under anaerobic 
conditions, however, sediments acted as a source rather than as a sink for 
phosphorus, with release rates of 2-3 mg/m2-day. They determined that 
overlying P concentrations must be 1-2 mg/1 before sediments will sorb 
rather than release phosphorus under anaerobic conditions. 

Sediments may act as a substantial P source under intermittent anaerobic 
conditions in localized or large areas of the lake, or in the absence or 
demand of dissolved P in the water column from high algal productivity. 
Phosphorus release rates may attain or exceed experimental aerobic rates 
under these conditions. If algal productivity sufficiently reduces 
dissolved P concentrations, this condition will maintain a water-sediment P 
concentration gradient that is amenable to measured aerobic release rates. 
However, high utilization of dissolved carbon by algal productivity will 
raise pH in the lake to levels that will substantially increase solubility 
of iron and aluminum phosphates and corresponding sediment P release. 
Laboratory studies of sediments from Long Lake, Washington, indicated that 
release rates were increased from almost zero to 5.6 mg/m2-day over a 
45-day period when pH overlying lake water was increased from 7 to 10 
(Jacoby et ai, 1982). W1IQUng and Schmidt (i9i3) notea aecreases in 
sediment P (principally the inorganic P fraction) in Howard Bay of Upper 
Klamath Lake during periods of high bluegreen algal productivity. 
Fractional analysis of sediment P indicated that the nonocc1uded Fe-P 
complexes were the species'te1eased, with nonocc1uded A1-P complexes being 
the fraction resulted in sediment P increase following senescence and 
settlement of the algal bloom. This corresponds to solubility curves for 
the two metals, which indicate that the difference between minimum 
solubility pH is about one unit (Fe-P at 5; A1-P at 6). This indicates 
that iron-phosphorus complexes should solubilize first with rising pH. 

In conclusion, sediments of Upper Klamath Lake appear to comprise a 
relatively small fraction of lake phosphorus loading given the present high 
levels of external loading. However, internal release rates may be greater 
than those determined and applied to loading calculations under conditions 
of intermittent anoxia and high pH. Also, internal loading may increase 
and assume greater importance if external loading is reduced. 
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i TABLE B-5 

V 
SEDIMENT NUTRIENT RELEASE RATE ANALYSES 

TEST 1: SUMMER AEROBIC 
(analysis in mgtl) 

Duration: 96 hours 
Temperature: 23-26° C 
Dissolved Oxygen: 7.4 to 8.1 ppm 
pH: 7.4 to 7.7 

TIME IN HOURS 

! 
96 

EQUILIBRIUM 0 3 24 48 96 (Stirred) --
Agency Lake 1: 

Ortho-P .045 .008 .013 .046 .053 .048 .059 
Total-P .09l .022 .021 .050 .062 .053 

~ 
N03-N .126 .431 .204 

J NH3-N .518 .142 .528 

(; Agency Lake 2: f. 
· '.,' " .... Ortho-P <.005 <.005 <.005 <.005 <.005 <.005 <.019 

V Total-P .011 .015 .008 <.005 <.005 <.005 

1 
N03-N .024 .158 .114 
NH3-N .370 .082 .198 

,t • 
• Ball Bay 1: 
" Ortho-P .021 <.005 <.005 <.005 <.005 .005 .022 ! • Total-P .064 .021 .011 <.005 .028 <.005 

1 
N03-N .067 .422 .082 
NH3-N .378 .044 .132 

l 

Ball Bay 2: 
Ortho-P .022 <.005 <.005 .011 .016 .025 .066 
Total-P .030 .006 .008 .011 .016 .025 
N03-N .036 .314 .222 
NH3-N .560 .582 .705 

I 
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TABLE 6-5 
SEDIMENT NUTRIENT RELEASE R~TE ANALYSES 

TEST 1: SUMMER AEROBIC 
(analysis in mg/l) 

(Continued) 

Duration: 96 hours 
Temperature: 23-26° C 
Dissolved Oxygen: 7.4 to 8.1 ppm 
pH: 7.4 to 7.7 

TIME IN HOURS 
96 

EQUILIBRIUM 0 3 24 48 96 (Sti rred) 

Howard Bay 1: 
Ortho-P .022 .005 .006 .020 .022 .049 .053 
Total-P .050 .012 .017 ,023 .022 .053 
f103-N .107 .277 .106 
NH3-N .222 .134 .738 ~. 

Howard Bay 2: 
Ortho-P <.086 .006 .0lD .031 .045 .071 .074 
Total-P .105 .012 .018 .032 .054 .080 

N03-N .027 .356 .216 

NH3-N .294 .418 1.426 

Ball Bay 1: 
Ortho-P .007 .007 .007 .005 .005 .009 .020 

Total-P .019 .018 .012 .006 .005 .0lD 

N03-N .025 <.OlD .034 

NH3-N .302 .260 .570 

Ball Bay 2: .016 .077 Ortho-P .013 <.005 .010 .006 .008 

Total-P .060 .Oll .024 .012 .016 .019 

N03-N .Oll .062 .046 

NH3-N .338 .518 1.226 
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Duration: 
Temperature: 
Dissolved Oxygen: 
pH: 

Agency Lake 1: 
Ortho-P 
Total-P 

, N03-N 

(-" 
NH3-N 

. :. 

,-<,' Ball Bay 2: 
Ortho-P 
Total-P 
N03-N 
NH3-N 

Howard Bay 2: 
Ortho-P 

1 Total-P 
! N03-N 

NH3-N 

Buck Island 2: 
Ortho-P 
Total-P 
N03-N 
NH3-N 

TABLE B-6 
SEDIMENT NUTRIENT RELEASE RATE AN~LVSES 

TEST 2: WINTER AEROBIC 
(analysis in mg/l) 

188 hours 
5-10· C 
8.4 to 12.0 ppm 
5.2 to 6.7 

TIME IN HOURS 

0 24 48 120 188 --

0.033 0.019 0.019 0.029 0.024 
0.044 0.034 0;026 0.034 0.037 
0.076 -- 0.290 
0.026 0.002 

0.066 0.018 0.014 0.010 0.009 
0.072 0.035 0.019 0.014 0.022 
0.034 0.795 
0.218 0.049 

0.018 0.010 0.011 0.006 <0.005 
0.022 0.019 0.017 0.016 0.017 
0.110 0.289 
0.030 0.006 

0.013 0.006 0.010 0.009 <0.005 
0.013 0.019 0.010 0.009 0.018 
0.049 0.414 
0.108 0.012 
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188 
(Stirred) 

0.075 
0.104 
0.240 
0.010 

0.028 
0.056 
0.740 
0.067 

0.039 
0.092 
0.090 
0.026 

0.029 
0.107 
0.226 
0.026 



Duration: 
Temperature: 
Dissolved Oxygen: 
pH : 

Agency Lake 2: 
Ortho-P 
Tota1-P 

Ball Bay 1: 
Ortho-P 
Tota1-P 

Howard Bay 1: 
Ortho-P 
Tota1-P 

Buck Island 1: 
Ortho-P 
Tota1-P 

v 

TABLE B-7 
SEDIMENT NUTRIENT RELEASE RATE ANALYSES 

TEST 3: SUMMER ANOXIC 
(analysis In mg/1) 

ISS hours 
24-26' C 
1.2 to 3. 1 ppm 
5.8 to 7.3 

TIME IN HOURS 

0 24 48 120 -

0.030 0.014 0.025 0.035 
0.095 0.031 0.035 0.048 

0.010 0.049 0.102 0.139 
0.023 0.075 0.122 0.179 

0.022 0.079 0.136 0.192 
0.033 0.104 0.155 0.227 

0.010 0.014 0.045 0.067 
l);O20 0. 029 0.045 0.083 
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ISS 
188 (Stirred) 

0.036 0.040 
0.077 0.042 

0.103 0.103 
0.133 0.107 

0.228 0.202 
0.256 0.206 

0.096 0.101 
0.114 0.112 
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CONTROL ESTIMATE FOR 
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I NTRODUCTI ON 

Based on documentation of previous pond studies and considering the 
physical, chemical, and biological characteristics of Klamath Lake, it is 
concluded that shoreline ponds may not adequately simulate lake 
characteristics and their response to treatment. The use of in-'lake 
enclosures appears to be a more desirable approach to evaluating lake 
restoration techniques. In-lake enclosures have been used in previous 
studies to successfully characterize ambient lake quality conditions. They 
can be sited in specific depths or areas of special concern without 
disruption of the bottom sediments and benthic community. A more detailed 
discussion on the selection of in-lake enclosures for the Upper Klamath 
Lake Restoration Study is given in the "Data Analysis and Experimental 
Desi gn Report" prepared by Entranco Engi neers. 

The enclosed information, when accompanied by the six-sheet set of 
preliminary design plans, constitutes the 30 percent submittal of Plans, 
Specifications, and Estimates for the Upper Klamath Lake Restoration Study • 
The material that follows is presented in three parts. The first section 
constitutes the Basis of Design Report, which describes the various 
features of the test enclosures and other rel ated items of work. Thi s 
information is intended to provide the background data needed to expedite 
review of the 30 percent submittal. The second section is the Outline 
Specifications, and the final section is the Control Estimate, or 
preliminary cost estimate for the construction and removal of project 
facil ities. 

TEST ENCLOSURES 

The test enclosures are open ended, circular tubes consisting of a 
buoyancy ri ng on top for fl otati on, a base ri ng at the bottom, and a 
flexible wall in between. The main function of the enclosures is to 
isolate a column of water within the main bodY of the lake for the purpose 
of conducting physical, chemical, and biological experiments to determine 
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practical restoration techniques for Uppper Klamath Lake. The enclosures 
are designed to accommodate the 6-foot maximum fluctuation in lake levels 
that are characteristic of Klamath Lake. (Water surface elevations vary 
from a low of 4,137.0 to a high of 4,143.0.) 

Following is a dicussion of each element of the test enclosures. 

Diameter and Depth 

The iSO-foot enclosure diameter was selected based on the success and 
failure of other in-lake test enclosures and on their surface area to 
sidewall area ratio. Based on review of available literature on lake 
research, 40-foot square enclosures were determined to be unsuccessful in 
characterizing actual lake conditions, especially as they relate to 
biological communities. However, tests conducted.in iSO-foot diameter 
enclosures in England proved to be quite successful, and in fact, have 
operated effectively for more than 11 years. There was no informati on .~. 

available on test enclosures sized between 40 and 150 feet. The effect of 
the sidewall on the smaller enclosures detracts from the ability to 
adequately simulate ambient lake characteristics. The larger the enclosure 

. diameter compared to its depth, the greater the surface area to sidewall 
area ratio and higher degree of simulation achieved. The size of the 
Klamath Lake enclosures was therefore based on the need for a high degree 

of simulation and on the success of the enclosures in England. 

Two depths were selected for the tests. Two enclosures will be 
installed in a shallow location. Four enclosures will be installed in a 
deeper location. The shallow enclosures are intended to represent the 
present mean depth of the lake at low-water conditions (5.5 feet). This 
depth, together with the potential fluctuation of the lake, results in a 
fully expanded enclosure depth of 11.5 feet (lake bottom to water surface). 
The deep enclosures are intended to simulate the maximum deepening of the 

lake if increased depth is used as a restoration technique. The 
recommended desirable depth for a deepened condition is 14 feet at low 
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water conditions. At max.imum lake elevation, a fully expanded enclosure 

depth of 20 feet is required. This range in depths is not so great as to 
allow stratification of the water column and at the same time is great 
enough that submerged macrophyte activity will be inhibited. 

Buoyancy Ring 

The buoyancy ring provides flotation for the walls of the enclosure and 
allows the wall height to adjust with changes in lake surface levels. 
Twelve-inch square by 12-foot long urethane foam logs are placed inside a 
shroud formed at the top of the enclosed wall. Thirty-six logs are 
required for each enclosure, forming a segmented circular shape when 
positioned in their final locations. 

The buoyancy from the 12-inch square logs is more than required for 
flotation. Approximately 11-1/2 inches of the logs will remain above 
water. This minimizes leakage of lake water into the enclosure. The 
square shape was selected to minimize the draft of the logs in the water 
and keep the height above water as high as possible. Square foam logs are 

also more readily available and less expensive than circular. 

An inflatible flotation system utilizing 36 twelve-inch diameter 
innertubes inside the top shroud was also considered. The expense of 
fabricating the innertube~,.the possibility of pressure loss from vandalism 
or valve failure, and inspection and labor required to maintain the air 
pressure were reasons for choosing the foam logs over the inf1atible 
system. 

There are no openings in the buoyancy ring for access into the 
enclosures. The ring must remain continuous to keep the test water 
isolated from the lake. When entry into the enclosed area is necessary for 
sampling, a small lightweight dinghy will be towed to the site behind an. 
outboard motor boat and will then be 1 if ted over the buoyancy ri ng into the 
test water. Test personnel will step across from the outboard to the 

~ dinghy and then proceed with sampling. 

\.....1 
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Base Ring 

The bottom of the enclosure wall is folded into a series of sleeves 
into which weights are inserted to sink the base ring into the bottom 

sediments. The weights are made by filling 2-inch diameter PVC pipe with 
concrete and capping the ends. Each pipe is 12' 6" long. The plastic pipe 
and capped ends reduce the friction against the sleeve and facilitate 
insertion of the weights into the sleeves. The total weight of the base 
ring for each enclosure in air is 1,500 pounds. During installation, a 
diver will walk along the top of the base ring to ensure it is embedded as 
far into the mud as possible. 

Enclosure Wall and Material 

The enclosure. wall is fabricated from 45 mil reinforced Hypa10n 
flexible membrane material. The walls are designed to utilize the 
flexibility of this material and therefore have an expandible midsection to .~, 

accommodate the potential fluctuation of the lake level. 

Hypalon was chosen for the enclosure material due to its high tensile 
and bonding strength, the wide range of available material colors, and its 
successful use on other underwater projects. Polyvinyl chloride (PVC) 
and butyl rubber sheeting were also considered. The previously mentioned 

enclosures in England wer~ fabricated from butyl rubber. Although they 
have performed successfully, the designers have noted some problem areas. 
The anchor ropes were attached to nylon lugs with eyelets that were bonded 
to the butyl walls. Several of these lugs failed at the bonding surface. 
The designers added a rope around the tube and attached the remaining lugs 
to the rope to distribute the load to other lugs, thus reducing the load on 
the bonding surfaces. The failures stopped after this modification. 
Discussions with rubber suppliers verified that since butyl rubber is 
vul cani zed rubber, seami ng wi th adhesives is diff; cult, therefore achi eYing 
an excellent bond is also difficult. 
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The designers also noted that the butyl rubber's black color became 
very hot in direct sunlight, which caused difficulty during installation 
when the enclosures required handling. Installation was delayed until 
overcast weather conditions permitted handling of the enclosures. 

The English designers fabricated their first enclosure from PVC 
sheeting. The enclosure was " ••• 21 meters in diameter and was made for 
chemical experiments but it later collapsed and sank. The useful lesson 
was learned (Lack and 

Lund) 

Two projects in Washington State by the Department of Fisheries have 
successfully used 36 mil reinforced Hypalon on underwater projects. The 
Weyco Pond project and the Percival Cove project both utilized Hypalon flow 
curtains to route. water through a larger body of water to increase fish 
spawning areas. ·The curtain design of these projects is very similar to 
that of the proposed enclosures. Rather than forming an enclosure, the 
curtains are placed to form an angular line from one end of the project to 
the other. Both use foam logs for flotation and the Percival Cove curtain 
uses a weighted base. 

Tne Klamath Lake enclosures will be fabricated from blue or white 
Hypalon material. The colored material will improve handling during sunny 
weather and increase visibjlity when installed. The synthetic rubber 
product is easily bonded with adhesive, both at the manufacturing plant and 
in the field. Bonding is permanent and has excellent strength 
characterisitics. The high tensile strength of the 45 mil reinforced 
material provides strong support at the anchor attachment points. The 
material is also resistant to deterioration from attack by the chemicals 
and bacterial matter expected in the enclosures during the experiments. 
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Anchor Attachment Points 

Just below the buoyancy ring, 16 anchor attachment points are provided 
on each enclosure. Polypropylene rope is used to connect these points to 
timber pilings (see "Anchoring System") to keep the enclosure in place and 
circular in shape. On the inside of each enclosure. along the perimeter of 
the wall. a polypropylene rope is passes through each attachment point. 
This rope distributes the load at anyone attachment point to all the other 
points, enabling the enclosure to withstand the forces imposed from wind 
and from small waves not dissipated by floating breakwaters surrounding the 
enclosures (see "Fl oati ng Breakwaters"). Ei ght simi 1 ar attachment poi nts 
are located near the base of the enclosure. Ropes from these lower points 
extend to the same timber pilings, thus anchoring the enclosure to its 
base. The interior rope along the wall's perimeter used on the upper 
attachment poi nti s omi tted for the lower attachments. Only ei ght poi nts 
are provided since the circular shape will be maintained by the base ring's 
embedment in the bottom sediments. 

Construction and Installation of Enclosures 

The enclosures will be completely fabricated at the manufacturing 
plant, rolled up and prepared for shipment, and then delivered to the site. 
The foam flotation logs and base weights will be shipped separately and 
inserted into the enclosure.on shore prior to placing the enclosures in the 
water. A detailed description of the installation procedure is given on 
Sheet 3 of the preliminary plans. The timber pilings and floating 
breakwaters will be installed prior to launch and installation of the 
enclosures. This will allow the enclosures to be anchored immediately and 
to be protected against storms that come up prior to final securement. 
Drivers will be required to get the base ring properly installed and to 
connect the bottom anchor ropes-to the timber pilings. 
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TEST SITE 

The test site selected for the Klamath Lake Restoration Study is 
located on the north end of the lake near Ball Bay (see Sheet 2 of the 

preliminary plans). The site has a sufficient range of water depths to 
allow both shallow and deep enclosures to be installed in the same 
vicinity. Although consideration was given to siting the enclosures in two 
different areas, it was determined that the inconvenience and associated 
construction and testing costs would not justify this approach. The 
selected site was one of the few areas in the lake that met the basic depth 
range criteria. Other factors considered for the selection of this site 
were: 

1. Experiments will be geared toward localized improvements rather than 
overall lake improvements (see "Data Analysis and Experimental Design 
Report" for more discussion on this subject). The most obvious areas 
available for localized improvement would be embayments such as Howard 
Bay, Ball Bay, and Shoalwater Bay. Ball Bay characterizes this type 
of area but is not so isolated that it will detract from other criteria 
used in the design of experiments. 

2. The site is accessible. Boats can be launched from Rocky Point, Odessa 
Landing, and the public launch on the east shore of Shoal water Bay. 

3. The site is situated in an area of limited fetch length so that wind 
generated waves will not be as severe as in areas of the lake where 
fetch lengths are much longer. 

C-9 



CONSTRUCTION STAGING AREA AND LAUNCH SITE 

The installation of the test enclosures will require a staging area and 
launch site along the shoreline. The area must be relatively flat and 
smooth with unobstructed access to the water's edge. If shoreline trees 
and brush are obstructing access to the water, they will be removed. It 
may also be necessary to grade the area to provide a workable staging site. 
The most desirable situation would be to locate a site that is already 
level and grassy; leaving the grass in place will facilitate pulling the 
enclosures into the water. If the shoreline is banked, a ramp will be 
graded through the bank to facilitate launching. 

At the staging area, the enclosures will be unloaded and unrolled 
completely so that the buoyancy ring shroud is at one end of the enclosure 
and the bottom sleeve for the base weights is at the opposite end. The 
foam flotation logs will be inserted into the shroud by slitting the inside 
face of the shroud as necessary to get all the logs in place. The slits ,'-
will be patched with Hypa10n stips bonded with adhesive. The base weights 
will be inserted in the bottom sleeves. Ropes will then be tied to the 

upper and lower anchor attachment points and to each other to bring the two 
ends of the enclosure as close together as possible. 

A sheet of plastic will be spread on the ground at the water's edge and 
extended a short distance ~nderwater to reduce the effort needed to slide 
the enclosures into the water. Part of the enclosure will be pulled into 
the water and will float on the surface. When one part of the enclosure is 
in the water, a second will be pulled in and the process repeated until the 
entire enclosure is floating on the surface of the lake. 

Two sites have been selected that will adequately serve as a 
construction staging area and launch site. These sites are identified on 
Sheet 2 of the preliminary plans. The following discussions consider the 
advantages and disadvantages of both sites. 
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East Shoreline of Ball Bay 

This site is approximately 1-1/2 miles from the test site. It is on 
private property and is accessible by a well-maintained gravel road. Use 
of the property will require formal agreements between the land owner and 
the Corps. of Engineers. The shoreline is unobstructed by trees ·or brush. 
It is a large open area, relatively level, and generally grassy. There is 

a cove-like area adjacent to the site that may serve as the launch area. 
The owner uses this area to moor an outboard motor boat. Since the site is 
privately owned and the road leading into the site is used only by local 
residents, the site would be quite secure against vandalism and public 
disturbance. Restoration of the site would be necessary after launching is 
complete. 

East Shoreline of. Shoal water Bay 

This site is approximately 3-1/2 miles from the test site. It is on 
County property at a public boat launch and, although little used, is 
accessible by a well-maintained gravel road. Since the County is already 
participating in this project, permission to use the site could be 
obtained without difficuity. Severai trees and bushes obstruct the 
shoreline, but it may be possible to utilize the boat launch to pull the 
enclosures into the water. If the County will not allow use of the launch 
(it will be closed to the ~ublic for a short time), then a few trees and 
bushes will be removed to facilitate launching. The parking lot area of 
the site is large, open, level, and gravelly. Since the site is for public 
use, security against vandalism may be an important factor. Only minimal 
restoration of the site should be necessary after launching is complete. 

The final site selection will depend on the ability to obtain 
permission to use the properties. Both sites will adequately serve as 
staging areas and launch sites. The privately owned site is much closer to 
the test site and is more secure from vandalism. However, permission to 
use the public launch site should be easily obtained and therefore may 
become the better choice. 
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ANCHORING SYSTEM 

Based on the experience of other in-lake test enclosures and on the 
size of Klamath Lake, pilings were selected as a means of anchoring the 
enclosures. The enclosures in England mentioned previously were located in 
a small lake. The tops of the enclosures were tied off to trees,on the 
shoreline and the bottoms were secured to concrete blocks on the lake's 
bottom. Wind and wave action on the enclosures was relatively small under 
these conditi ons. The Eng1 ish desi gners reported that, "Wi nd and wave 
action will also be much greater in ice-free periods in larger lakes. It 
may well be that an energy-consuming and wave-breaking barrier at some 
distance from a tube (enclosure) will be necessary." (Lack and Lund, 1973.) 

The enclosures for Klamath Lake will require wave-breaking barriers to 
protect the enclosures from damage due to wind and wave action. These 
barriers will be held in place by timber pilings. Since pilings are 
required to anchor the barriers, they will also be used to hold the 
enclosures in position. In addition, the pilings will serve as mounting 
points for the marine lanterns that will serve as navigational warning. 
The wave-breaking barriers (floating breakwaters) and the navigational aids 
will be discussed separately in more detail. 

The pilings are arranged so the floating breakwaters can surround the 

enclosures. Interior pilings are also provided to complete the anchoring 
of the enclosures and to keep them circular in shape. Location of the 
pilings during installation will be determined by surveys, guiding the pile 
driver to the proper location by triangulation or other acceptable survey 
methods. 

Forty pilings are required. Thirty-four of these will be used to 
anchor both the breakwaters and the enclosures. Six pilings inside the 
ring of breakwaters will be used to keep the enclosure positioned and 
circular in shape. The exterior pilings will be subjected to large lateral 

loads due to wave action on the floating breakwaters. Each exterior piling 
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is designed for a IS-ton lateral load at the water surface. Concrete 
gravity anchors are attached to these pilings to resist the lateral loads, 
to limit pile head movements, and to reduce the required pile penetration. 
The interior pilings are single timber pilings without supplementary 
gravi ty anchors. 

The piling design is based on examination of two samples of the bottom 
sediments taken in Ball Bay in the vicinity of the proposed test site. 
These samples were obtained from corings taken at a sediment depth of from 
o to 19 feet. Based on examination of these samples, the bottom sediments 
consist of very soft clayey silt and organic silt to a depth of approxi
mately 17-1/2 feet. From this level to the maximum depth sampled (19 
feet), the sediments are somewhat stiffer and exhibit a consistency in the 
medium stiff range. The preliminary anchor system design is based on the 
assumption that the soils observed in the lower portion of the samples 
extend beyond the depth sampled throughout the zone that the pilings may 
penetrate. 

Three possible piling schemes were considered: a single-timber piling, 
a single-timber piling with concrete gravity anchors, and a combination of 
vertical and battered timber pilings. 

Single-Timber Piling 

A single 12-inch average diameter piling carrying a IS-ton lateral load 
would require a 4S-foot bottom penetration to achieve horizontal stability. 
These pilings would experience relatively large movements at the piling 
head under maximum loads. The subsurface explorations performed to date 
are not sufficient to develop meaningful estimates of possible pile head 
movements, nor are they sufficient to determine if pilings can be installed 
to depths of 4S feet and beyond. The presence of bedrock or other hard 
strata would limit pile penetration, thus reducing pile capacity. 
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I A sonar survey of bottom sediment composition performed in 1968 
'-.I indicated that, in the general area of the proposed enclosure site, recent 

unconsolidated soil deposits indigenous to the lake bottom extended 
uniformly to a depth of 50 feet to 70 feet below the sediment surface, at 

which point an older alluvial or bedrock layer is distinguishable. (Geo. 
Recon., Inc., Seattle, Washington) 

Single-Timber Piling with Concrete Gravity Anchors 

A system composed of a single timber piling with concrete gravity 
anchors could be used to limit piling head movement and reduce required 
bottom penetration. A bottom penetration of only 25 feet will be required 
since the anchors take the lateral loads and the pilings only need to 
resist buoyant forces. The anchor blocks and arrangements are shown on 
Sheet 3 of the preliminary plans. The concrete gravity anchors would be 
installed as follows: 

1. Install the anchors in the bottom sediments. 

2. Allow the anchors to settle through the bottom sediments for a period 
of about one week. 

3. Pretension the anchor lines to pull them through the bottom sediments. 

4. Tie off the anchor lines-to the piling using a reasonable post-tension 
load to 1 imi t pl ay in the system. 

5. Periodically inspect the anchor lines and tighten, as required. 

Battered Pil i ng 

Using two battered pilings, each 12 inches in average diameter, a 
bottom penetration of 53 feet would be required to resist the lateral 
loads. This method of construction is more difficult and the battered 

pilings must be installed inward, toward the enclosures. The number of 
pil i ngs \~oul d more than tri pl e under thi s alternati ve. 
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The system proposed for the Klamath Lake project is the piling/gravity 
anchor alternative. This method provides for stability against motion of 
the piling' head, keeps the area behind the piling (inward, toward the 
enclosure) clear for other activities, and supports the anticipated loads. 

FLOATING BREAKWATER MOOULES 

The need for a wave-breaking barrier around the enclosure was discussed 
previously in the section entitled "Anchoring System." The floating 
breakwater modules proposed for the Klamath Lake project are intended to 

attenuate a 2-1/2 to 3-foot wave. The area enclosed by the breakwaters 
would experience waves from 0 to 1/2 foot due to this attenuation. The 
floating breakwater design is based on a research paper written in 1964, 
entitl ed "Twi n-Log Fl oati n9 Breakwater, Small Boat Basi n No.2, Juneau, 
Alaska" by R.A. Jackson, project engineer for the·U.S. Army Corps of 
Engineers Waterways Experiment Station, Vicksburg, Mississippi. Since 
timber is one of the largest industries in the Klamath Falls area, 
materials for these breakwaters will be readily available. Other 
breakwater concepts considered, such as using recycled auto tires, would 
not be feasibl e unl ess the contractor had access to a very 1 arge quanti ty 

of ties. 

The units are designed with the thought of maximum salvage value after 
one year of service. The 35-foot and 27-foot lengths are standard "peeler" 
log lengths. Based on discussions with Weyerhaeuser and Modoc Lumber Co. 
in the Klamath Falls area, these logs could return 25 to 60 percent of 
their original cost, depending on how clean of metal fasteners they are 
when salvaged. 

The breakwater modules will probably be shop fabricated. They will be 
set into the 1 ake where a 4-1/2-foot draft is avai 1 abl e and towed to the 
site for installation. The modules will be anchored to the pilings using 
3/4-inch chain. All the breakwater modules will be installed prior to 
launching the test enclosures to provide a clean working area for the 

enclosure installation. 
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CIRCULATION/MIXING FACILITIES 

One of the deepwater enclosures will be used to evaluate the effect of 
circulation and mixing as a restoration technique. The primary objective 
of ci rcul ati on/mi xi ng is to prevent the natural occurri ng stratifi cati on of 
algae species in the water column and to determine its impact upon the 
succession and production of the various algae species. In order to 

evaluate circulation/mixing on it own merits, it is important to conduct 
the water coiumn circuiationimixing without contributing to disturbance and 
resuspension of bottom sediments. 

Mixer 

Dispersed air systems, mechanicial pumping systems, surface aerators, 
and surface mixers were each evaluated for effectiveness and efficiency to 
accomplish the desired objective. 

A floating, direct-drive aerator was determined to be the most reliable 
and efficient system to accomplish the experiment objective. Floating 
aerator mixers are widely used in the chemical, textile, and pollution 
control industri es and are avai i abi e fromseverai manufacturers. 

The recommended floating aerator features a totally enclosed, dual 
speed, three-phase, 460 volt.motor rated for severe duty. The motor 
provides direct drive to a stainless steel anti-fouling impeller. The 
aerator can be equipped with an anti-erosion intake diffuser that limits 
the zone of effective circulation and prevents disruption and scour of 
bottom sediments. 

The motor and impller are mounted on a cylindrical polyurethane float 
enclosed within a protective housing of stainless steel. Fiberglass 
housings are also available at a lower cost. 
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Performance data for floating mixers indicate that a single, centrally 

positioned 10 horsepower aerator is adequate to provide mixing of the top 
10 feet of the water column throughout the enclosure area. A 10 hp mixer 
will aerate a full enclosure volume of liquid every 20 minutes and will 
maintain circulating velocities of approximately 0.1 feet per second (fps) 
at the outermost perimeter of the enclosure. Circulating velocities will 
be approximately 1.0 fps at a radial distance of 50 feet from the mixer. 
The 10 hp aerator can also be operated at 4 hp input. 

The normal buoyancy and thrust load for a 10 hp mixer is less than 
1,500 pounds. This load can be securely moored and anchored by three 

equally spaced and uniformly loaded 1/4-inch diameter 7 x 9 stranded 
stainless steel wire rope cables, each attached to a bridled pair of 
55-gallon barrels filled with concrete. The total submerged weight of the 
six concrete-filled barrels is 3,825 pounds. 

Power Source 

\..,.( A source of power is required to drive the 25 hp floating mixer. There 

j 

is no available source of electrical power within 1-1/2 miles of the 
project site; therefore, the project will have to be self=sufficient in 
generating power needs. 
considered impractical. 

Engine driven mixers were investigated and 
The recommended method of supplying power to the 

mixer was to provide a float~mounted generator at the site of the deep 
water enclosures. A shore-stationed generator supplying power to the mxier 
via an underwater power cable was investigated and found less attractive 
than a float-mounted generator because the nearest shoreline with shoreside 
access is more than one mile from the project site. 

Project power needs can be met by providing a 12' x 12' timber float 
equipped with a skid-mounted, 75 kilowatt, diesel-powered generator, 
complete with all-weather enclosure. Specifications for the float will 
require a minimum one foot freeboard and a raised block-mounted bull rail 

of 8" x 8" timbers. The fl oat must be desi gned to support a total live and 
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dead load of approximately 10,000 pounds (generator weight without fuel is 
~ approximately 2,000 pounds.) Timber floats that meet these specifications 

are available for lease or purchase. 

The generator float will be moored to pilings within the enclosed 
breakewater. Power will be transmitted approximately 100 feet from 
generator to mixer via an AWG 8-4 electrical service cable with a safety 
ground disconnect. The service cable connection will be strung from above 
the water surface from piling top to mixer. 

Install ation 

The floating mixer cna be towed to a location near the center of the 
enclosure area and temporarily anchored prior to installation of the 
enclosure. The enclosure curtain will have to.belifted over the top of 
the mixer during installation and anchored in place prior to final 
installation of the mixer. 

After the enclosure is fixed in place, the mixer anchors can be placed 

at equally spaced intervals along the inside wall of the curtain. The 
...... ..-1,." ... _ ...... "' ..... 1..1 a.. ........ 1 ............... ,.:+-'" :ron oVI'"oroe lonnt-h nf: +ho w;J"'o_l"'nno mnn"",;nn 
QII .... IIVI;)o ;:)IIUU' U VC pi a .... -c;:u "I 1,011 \,III ... "" ... '-~... • ,-.I!:f"''' ..... ..." ........... ,ut' ..... "'V...,' ''':::J 

cable attached. The excess length of cable is necessary due to the 
uncertainty as to the depth that the anchors may settle into the bottom 
sediments. After settlin~,.the cables can be attached to the mixer. 

NAVIGATIONAL AIDS 

The enclosures and floating breakwater will create an obstruction to 
navigation in the Ball Bay area. A system of marine lanterns and warning 
signs will be used to warn boaters of the obstruction. The lanterns and 
signs will be mounted on top of appropriate pilings, as shown on Sheets 3 
and 5 of the preliminary plans. The lights can be operated 24 hours a day 
or connected to photo cells to limit flashing to nighttime or poor 
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visibility conditions. The battery powered lanterns are considered to be 

maintenance-free for the one-year testing period, assuming no damage due to 
vandal ism. 

The criteria used to select this system were obtained from u.s. Coast 
Guard requirements for Uniform State Waterway Marking Systems. This 
particular design was checked with the Coast Guard and complies with their 

requirements. Agencies interested in the use of Klamath Lake were 
contacted to ascertain if more restrictive criteria would be required for 
this project. The agencies contacted were Klamath County, Bureau of 
Reclamation, State Land Board, Pacific Power and Light Co., and the State 
Marine Board. These agencies all indicated they have no specific 
requi rements and that Coast Guard requi rements woul d sati sfy any needs they 
might have for navigational aids in Klamath Lake. 

REMOVAL OF TEST FACILITIES 

Upon completion of the restoration studies, the test facilities will be 
removed. Several items will have salvage value and it is assumed that the 
government would recover some of its costs by selling these items. 

The enclosures would be removed first. The bottom anchor lines will be 
removed by divers and then ropes must be passed under the base ring. This 
may require the use of winches mounted on work boats and attached to the 
bottom anchor attachment points. Once lines are placed under the base 
ring, they will be passed to the surface and the base ring will be tied to 
the buoyancy ring. This is essentially a reversal of the installation 
procedure. After the two ends of the enclosure are secured together, the 
upper anchor lines will be removed. The enclosures can then be towed to 
shore. The base weights and flotation logs will be removed and the Hypalon 
folded for shipment. Salvage value for these materials is estimated to be 
10 to 20 percent of the original material costs. 
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After the enclosures have been removed, the anchor lines to the mixer 
will be removed and the mixer will be towed to shore. The float-mounted 
generator could be towed to shore at this time or prior to enclosure 
removal. 

The breakwater modules would be removed next. Each unit wi'-l be 
unchained from its moorage and then several units will be towed to shore at 
one time. The modules are made up of logs that are standard peeler 
lengths. Weyerhaeuser and Modoc Lumber Company indicated a salvage value 
of between 25 and 60 percent could be expected, depending on their 
condition and how clean of metal they are. 

The marine lanterns will be removed from the pilings. Approximately 10 
percent of their original material cost can be expected after one year of 
use if they are in good condition. 

The pilings will be the last to be removed. It is anticipated that the 
pil i ngs wi 11 have -to be cut at the mudl ine by di vers. Several pil i ngs can 
be towed to shore at one time or perhaps all can be barge-mounted and 
brought to shore at once. All anchor lines and hardware will be removed. 
The porti on of the pi 1 i ngs below the mud1 i ne and all the concrete gravity 

anchors will be abandoned in place. The anchor lines and hardware are 
assumed to have no salvage value. However. since the pilings are 
untreated, 25 to 60 percent.of their original material cost can expect to 
be recovered. 
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OUTLINE SPECIFICATIONS 

CONTRACT NO. DACW07-81·-C-0045 

GENERAL DESCRIPTION - The principal features of work to be performed under 
these specifi cati ons consi st of furni shi ng al'l 1 abor, materi al s, and 
equipment required to complete the installation of in-lake test enclosures 
and rel ated facil iti es, incl uding untreated timber pil ings, concrete block 
anchors, floating timber breakwater modules, urethane foam flotation logs, 
concrete base weights, all miscellaneous metal fittings, chain and poly
propylene rope, navigational lights and warning signs, and other related 
work as shown on the drawings and as provided in these specifications. 

DIVISION 1 - GENERAL REQUIREMENTS 
01010 
01030 
01150 
01200 
01300 
01400 
01500 

01600 
01700 

DIVISION 2 
02100 
02110 
02210 
02227 
02308 
02311 
02800 
02900 
02930 
02931 

Summary of Work 
Layout of Work and Surveys 
Measurement and Payment 
Project Meetings 
Submittals 
Qual ity Control 
Temporary Facilities and Controis 
Material and Equipment 
Project Closeout 

- SITE WORK 
Clearing Launch Area 
Salvage 
Site Grading of Launch Area 
Waste Material Disposal 
Pile Load Tests 
Untreated Timber Piles (Marine) 
Restoration of Launch Area 
Underwater Construction 
Floating Breakwater Modules 
Float for Generator 
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DIVISION 3 ~ CONCRETE 
'-.I 03400 Precast Concrete Block Anchors 

1 
J 

~ 
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03401 Concrete for Base Ring Weights 

DIVISION 5 - METALS 
05101 Anchor Cable 
05120 Steel Plates 
05500 Galvanizing 
05501 Bolts and Screws 
05502 Shackles, Bridle Rings, and Thimbles 
05503 Chain 

DIVISION 6 - WOOD AND PLASTICS 
06130 
06131 
06132 
06600 
06601 
06602 
06700 

Timber Logs for Breakwater Modules 
Timber Framing for Breakwater Modules 
Timber Float for Generator 
Hypalon Enclosures (Synthetic Rubber Membrane) 
Urethane Foam Flotation Logs 
Adhesives for Bonding Hypalon 
Polypropyl ene Rope 

DIVISION 10 - SPECIALTIES 
10440· Si gns 

DIVISION 15 - ~IECHANICAL 

15010 General Provisions 
15061 Steel Pipe and Fittings 
15064 Polyethylene Pipe 
15065 PVC Pipe and Fittings 
15252 Aeration/Circulation Equipment 
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DIVISION 16 - ELECTRICAL 
16010 General Provisions 
16120 ~liring and Connectors 
16130 Raintight Enclosures 
16200 Diesel Generator 
16500 Marine Lanterns 
16600 Batteries 
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PRELIMINARY ESTIMATE OF COST s .. n I Of 2 

,lOJECT TEST ENCLOSURES-KLAMATH L.AKE RESTORATION STUDY -
ITEM 

DESCk'P"TlOH ESTIMATED UNIT UnMATtO 
HO. QUANnTY UNIT 'lICE AMOUNT 

Mnhili7i1tinn Ann PrpnA Wnrk 1 LS 1$50.000.00 $ 50 000 

Ie;"rvpv fnr Pilinn I nr~tinn~ 1 Ie; 1 <; .000.00 1<; nnn ._ 
I'" ... nioh Ilnt ... ".t"fi 1i)11n" ... Pilinno ?nnn II' <; 00 10_000 
Drive Timber Pilina 40 EA 

. 
500.00 20 000 

Concrete Gravitv Anchors 312 CY 100.00 31 200 

Prpn.rp and n .... I "In,.h Site 1 IS 10.000.00 In_nnn 
!-Ivn.lnn F~nrir.t"rl Fnrlnollrp< (nl 1 Ie; <;n _ ::>nO _ 00 <;6.200 

(inrl"rl"o <pamino &-.rlh"dv".\ 
IUrethane Foam Flotation Laos 2808 LF 3.00 8 424 

, IGalvanized Steel Plate 3/16" 370 LB 3.00 1 110 
I(;alvanized U-Bolts 1/2"!lJ 432 EA 2.00 B64 
IPolyethvlene PiDe 1" Ql 168 LF 1.00 168 
IPnlvnrnnvlpnpRODe 3/4" (/) 5600 LF 0.45 2 520 
PVC PiDe for Base Weiahts 2" (/) 2700 LF 1.00 2.700 

Ipvr. Pinp r.an< ?" (2) 432 EA 1.00 432 
for Base Weiahts 2.2 CY 150.00 330 

1 Shi nment 1 LS 4.400.0C 4 400 
Tnot.ll.tinn 6 FA 5.000-.00 10.000 

-

P01YDrODV1ene RODe 1" (2) 10 000 LF 0.75 7 500 
Pn1yoroovlene RoDe 3/4"0 6800 LF 0.45 3 060 
r.h.in 1/4" 1300 LF 12.00 15 600 

Shackles 1/2" (/) 288 EA 3.00 864 
Shackles 1" (/) 256 EA 12.00 3.072 
Bridle Rinas 3/4" 'lJ 48 EA 6.QO 288 
Mi sce 11 aneous Meta 1 s 1 LS 3 000.00 3 000 
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PRELIMINARY ESTIMATE OF: COST IHm 2. Of'Z 

,.OJECT TEST ENCLOSURES-KLAMATH LAKE RESTORATION STUDY· 
ITEM fSTlMAUD UNIT UnMA.T!O 
NO. DESel.,TlON 

QUAHTIlY UNIT ,.IICf. AMOUNT 

i mber Loqs 24" (1J 2116 l F $ 20.00 $ 43 520 
Rouch Timber 4 x 12 24.640 IF 1 ..illl 24 640 
Rouch Timber 2 x 12 4 350 LF 0.60 2.610 
Fastpnprs 500 LB LOlL 1 ~OOO 
Labor and Enuioment for ~. EA 2.500.1l0e 160.000 

Rr<>~~ ... ~te~ 

M"rin<> I .ntprns ..arui..5inn<: 111 FA ?nnn.nn ?R.nnn 

ltpr rnndrllC"tinn (Divina) ..l LS 115.00o...illl 1 S .000 

Tp<;t Fnclosures .LS lA.son.oo 14.SnO 
Rpmnvp RrpakwateJ-._MndlJJ p<; LS III .000..illl 11 .000 

Pilina _LS. ..a ..5illl.Jl.Q. R.500 

I?<; IlP Fln"tinn Mix"r 1 FA Illl.nnn.on 1R.nno 
10. , .. o~ r~"'1p lnn II'" l7~ l7~ 

IAru:..hor Cable lL!"~ 300 LF 0.80 240 
. 

li KW Diesel Generator & Float 1 LS 23 800.00 23 800 
Ind.l1atinn . 1 LS 2 500.00 2 500 

I c;" 1 v"op (rrpd it) 1 LS 148.0.00..0.0 (4R.no.O) 

ISIIRTOTAI ~R2.217 

IrnnHnn<>nrip< fa ?n% 11h.441 

lEslTMAUO rr. LIo.N rnC;T ~hqll.fifin 

--
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TABLE 0-1 
COST ESTIMATE SUMMARY 

FIELO ANO LABORATORY ANALYTICA.L CAPABILITIES 

Table 

0-2 Field Equipment $ 6,185.00 

0-3 General Laboratory Development: 
and Operations 79,400.00 

D-4 Major Laboratory Equipment 17,800.00 

0-5 Mi sce 11 aneous Laboratory Equi pment 866.00 

0-6 Laboratory Glassware 1,023.00 

0-7 Laboratory Chemicals 1,200.00 
.- . ..."... .. , 

Subtotal 107,374.00 

10% Contingency 10,700.00 

TOTAL ESTIMATED COST $118,000.00 
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TABLE D-2 - INVENTORY AND ESTIMATE S"fa 1 0# 1 

FIELD EQUIPMENT 

ITfM 
DESCRIPTION 

ESTIMATED UNIT fsnMATfO 
NO. QUANTITY . UNIT 

'RICE /.MOUNT 

Boat/Motor/Trailer ] - ?700.00 
Small Dinahv 1 300.00 
Ana10a oH Meter Portable 1 615.00 

(Orion 039910 or eaua1) 
Dissolved Oxvaen Meter Portable 1 475.00 

(Yellow Sorinqs 51B or equal) 
Turbidimeter, Portable 1 595.00 

(HF Instruments,Mode1 DRT-15 0 equal) 
Secchi Disk, Weighted J 20.00 
Conductivitv Meter Portable 1 485.00 

(Lab-Line 11025 or eQual) 
Van Doren Sarno 1 er 1 230.00 
Plankton Net & CuP 1 45.00 
Ice Chest 1 20.00 

-Samo1e Bottles 140.00 
1 Liter Dark) 24 
1 Li ter, Light} 4B 
.500 m1 Liqht) 48 

Po 1yethy1 ene Carboys :2 40.00 
SamD 1 i nq Dredge I 70.00 
A1ka1 inity/C02 Titration Kit I 105.00 
Plastic Syringe,50cc 6 20.00 

(Mi 11 ipore or equal) 
Svrinoe Filter Cartridges 25 mm Ii 35.00 

IMi 11 i Rpre or eCiua n 
Membrane Filters 25 mm 5u okg. 100 20.00 
Membranp Filters- 25 mm O.45u nkc. 1nn 

IV'" 

,.,..... 1"\ .... 

LU.UU 

Moorage 5 MO 20.00 100.00 
tivinqston Vacuum Cover w/ext. roes 1 250.00 

TOTAL $6 .• 1 B5. 00 - . - -

-. 
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TABLE D-3 - INVENTORY AND ESTIMATE I SHHr 1 Of 1 I 

GENERAL lABORATORY DEVELOPMENT AND OPERATIONS 
ITEM DESCRIPTION fSTlM'''fD UNIT UnMATlD 
NO. OUAN11TY UNIT 'RICE AMOUNT 

Fittino I pa~!'d Soace as a 
Laboratory Facil itv lS $20 000 

(cab; nets counters shelves 
Dlumbinq electrical ventilat on) 

lease of laboratorv Soace (l yr.) 600 ftL 15 9,000 

Maintenance and Utilities (IF.) 1;2 mo. 200 . . 2,400 
(watpr, sewer, refuse disposal 
power, neat, cleanup) 

Personnel Salaries and Benefits . 

(] yr.) 1') . - mo . 4,000 48,000 

lurAl ~/~,4UU 

. ' .. ' . 

- . -
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TABLE D-4 - INVENTORY AND ESTIMATE SHEfT 1 Of 1 

MAJOR LABORATORY EQUIPMENT 
ITEM 

DESCIII"TION ESnM.ATfD UNIT UnMATfD 
NO. QUANTITY UNIT '.,CE ",",OUNT 

Desk & Chair 1 EA 1$ 375.00 
Rpfri o"r~tnr 1 /;~n nn 
Diaestion Rack MicroKieldahl 1 4/;" nn 

(Labconco II or eaua1) 
Distill ina Apparatus Mi croK.ie 1 da~ 1 1 190.00 
Balance' Ana1vtica1 1 :l.lnn.nn 

(Mettler H35AR or eaua1) 
Spectrophotometer 1 4.435.00 

J8ausch & Lomb Soectronic 710 
or eQuQ 1} 

Dryi ng Oven lBI ue MSW-llTA or eQuc 1) I 200.00 
Desslcator w/plate ·1 100.00 

lCorning 3100 or equal) 
Binocular Microscope I . 2160.00 

.{AO Series 110 #NllOBU-H or eQt al) 
Magnetic Stirrer - Hot Plate '1 180.00 

lCorning 6795-351 or equal) 
Centrifuqe '1 1\1".nn 

(Dvnac II-Clav Adams 0103 or ec uall 
Autoclave (Sterilizer/Pressure Coc kerl ~I q<;.nn 

(VanWater & Roaers #58615-000 
or equal) 

Fume Hood 1 1 .270.00 
(Labconco 28048 or equal) 

Stereo/Dissecting Microscope 1 625.00 
(Bausch & Lomb Z-30L3 or equal 

Water Distillation/Deionization S stem 1 2.400.00 

TOTAl _'1.11 . Rno.. I'"~ 

. -

. 
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TABLE 0-5 - INVENTORY AND ESTIMATE I SHf[l lOf 1 I 
MISCELLANEOUS LABORATORY EQUIPMENT 

IHM 
DUCIIPTION fSTlMA.TED UHIT UnMATl!D 

HO. OUANnTY UHIT '.'CE AMOUNT 

Pi npt _F; 11 ers 2 EA 16.00 1$ 32.00 
Tuh!' Rad 2 EA 9.00 18,00 

I Ruret Stand 1 59.00 
RinD Stand 3 EA 2B.00 B4,00 
RinD Stand Clamos 3 EA 6.90 20.70 
Test Tube Brushes 5 B.50 B.50 
Beaker Brush 1 6.00 
Pipet Rinser 1 B5.00 
Lab Cart 1 ~~. O""J 
Ti ssue Gri nder 1 30.00 
Wash Bottles 4 7.50 7.50 
Soatula 1 4.25 
TonDs 1 2.95 
Test Tube Clamp 1 2.75 . 
Parafilm I RL B.50 -s-:ocr 
Tubing (Tygon) 1 10 22.00 22.00 
Safety GODQles 4 13,50 13.50 
Droooers 1 DZ 9.00 9.00 
Vacuum Grease 1 6.25 
Lab Thermometer 1 T4,00 
Lab Timer 1 18.5('" " 
Glassware Rack 1 45,0 
Glassware Soap 1 .. 5.95 

v Lab Stool I "OT.lllJ 
Fire Extinguisher 1 27,50 
Fi rst Ai d Kit I ~4.UU 

Misc. Rubb~r StuJJJJers Assta. oU,uu 
Mortar & Pestle 1 26.00 . 
Microscope Slides 144 7.00 
Micro Cover Slios 1 OZ 4.25 
Palmer CountinD Slide 1 35.00 
Forceos 

. . 
1 g.OO -

Lab Coats 2 EA 22.00 44,00 

TOTAL tlbo.UO" 
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TABLE 0-6 - INVENTORY AND ESTIMATE 

LABORATORY GLASSWARE 

DESCIIPTlON ESTIMATED 
QUANTITY 

Class A Volumetric Flasks 
(Pyrex 5640 or equa 1 ) 

25 ml ,2 
50 ml ;2 

IUU ml :2 
500 ml '? ,-

IUUU ml .? ,-
Erlenmyer Flasks 

(Pyrex 4980 or equa 1 ) 
125 ml 6 
l~U ml '1 

ZOOO ml 4 
l~U ml W/suctlon I) 

~uuu ml W/suctlon 11
, 

Beakers, Griff; n 
(Kimble 14000 or equal) 

IUU ml 1 
.Z50 ml . 1 
bUU ml 6 

IUUU ml 6 
'1UUU ml 1 

Graduated Cyl i nders 
(Pyrex 3022 or equa 1 ) 

25 ml 2 
100 ml 2 
500 ml 1 I 

IUUU ml 1 
Class A Volumetric Pioets 
. (Kimble 37004 or equal) 

10 ml 6 
Cu lture Tubes 25 x 200 mm 24 
Cl as s A Burets 

. . 

(Corninq 2130 or equal) 
10 ml 1 
25 ml 2 
50 ml 1 

Centrifuge Tubes 
15 ml qraduated w/screw cap' 1 

Flasks, MicroK.ieldahl 1 
Soectrooh :er Cuvpttps Ouartz ? 
PiQ.ets Sero loa i ca 1 

1 ml 2 ml 5 ml 10 ml ISet of 2 
IEvaporating Dish 2 
Iwatcn t;lasses 2 

Subtotal 
lor Mi ,CP 1 hnpnll< (,;1 ~ «w. ,rp 

TOTAL 

. 
SHf[f 1 Ofl 

. 

. UNIT 
UNIT fSTlMAT!D 
'lICE AMOUNT 

EA 9. 1;0 It 1 Q .00 
EA In. so ?1.00 
EA 11 .00: ??OO 
EA 16.S0 :noo 
EA 21.00 42,00 

IDZ 16.00 96.00 
DZ 16.50 16.S0 
EA 6,50 ?h.OO 

30.50 30.50 
EA 28.00 28.00 

DZ 14.50 14. SO 
DZ 14.7S 14 7<; 

10.50 10.50 
19.50 19.50 

EA 16.50 16.50 

lEA R r:;o 17 nn 
EA 11.00 n 00 
EA 19.00 19.00 
EA ?A nn ?Q nn 

?4 7r:; 24.75 
10 SO 10.50 .. 

IFA 17.on ·,7 no 
:A 39.00 7A nn 

CA 41.nn 41 no 

DZ 29.00 29.00 
DZ 4R.no 4R no 

Qh nn 96.00 ... 

'A unn 56.00 
EA 4.00 R.on 
EA 3.00 6.00 

Q1 nn 

~1.0?1 nn 
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APPENDIX E 

GLOSSARY 



NUTRIENTS- Elements or chemicals that are essential to life, including 
carbon. oxygen, nitrogen. phosphorus, and many others . Excessive amounts 
of nutrients accelerate the process of eutrophication, resulting in a 
proliferation of algae and other aquatic plants. 

NUTRIENT LOADING - The total mass of nutrients entering an aquatic system. 
This is determined by multiplying the average concentration of nutrient 
in the fnfluent water by the volume of water discharged into the system. A 
nutrient budget compares mass inflow with mass outflow. 

OLIGOTROPHIC LAKES - A classification of lake trophic status. An 
oligotrophic lake is typically one with low nutrient content and therefore 
capable of supporting only a low level of food production. These lakes are 
generally characterized by high water transparency. 

pH - The negative log of the hydrogen ion concentration of a solution. 
Values of 0 to 7 are termed acidic, 7 is neutral, and over 7 to 14 are 
alkaline. Well-buffered natural surface waters are general in the range of 
6 to 8. 

PHOTOSYNTHESIS - A process whereby green plants use energy from the sun to 
cOonvert .water and carbon diOIXide into carbohydrates, fats. and proteins. ~. 
xygen 1S a byproduct of th s process. 

PHYTOPLANKTON - Suspended microscopic plants (algae) that drift in the 
water subject to the action of waves and currents. Plankton form the 
lowest level of the aquatic food chain. 

SECCHI DISK TRANSPARENCY - A measurement of water clarity by lowering a 
disk into the water column until it is no longer visible. 

SEPTIC - Decomposition of organic material In the absence of oxygen, with 
the release of foul-smelling gases and substances. 

STRATIFICATION - Arrangement of water masses into distinct, horizontal 
layers as a result of differences in denSity, which are due to differences 
in temperature, dissolved or suspended solids in the water masses. 

TROPHIC STATUS - A designation of the nutritional capability of an 
environment to support biological growth. See oligotrophic, mesotrophic, 
and eutrophic. 

THERMOCLINE - The layer In a body of water in which the drop In temperature 
equals or exceeds one degree Celsius for each meter of water depth. 

E-3 
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ug/l - Micrograms per liter; one thousandth of' a milligram per liter. 

WATERSHED - All land and water areas drained by a river or river system and 
flowing toward a central collector such as a stream, river, or lake at a 
lower elevation. 

WETLANDS - An area saturated with moisture, such as a swamp or marsh. 

ZOOPLANKTON - Suspended microscopic animals in the water column that feed 
upon phytoplankton, detritus, or other zooplankton. Cladocerans are a form 
of zoopi ankton. 

.. 
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