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From: Chuck Sauvageau  cc: Samantha Owen 

Date: November 4, 2022  Job No.: 22-028 

Subject: Eklutna Lake Water Quality and Trophic Status Summary 

 

1.0 Introduction and Purpose 

As summarized in the Initial Information Package (IIP), there is limited historic water quality data for 

Eklutna Lake. In addition, the United States Army Corps of Engineers (USACE) reported in 2011 that 

“…physical limnology studies of Eklutna Lake suggest that the turbidity in Eklutna Lake during much of 

the year is not conducive to significant primary production.  Low numbers and small size of the native 

land locked sockeye salmon (kokanee) found in the lake supports these biological assumptions.” 

(USACE, 2011).  Therefore, one of the goals of the overall Water Quality Study was to gain a better 

understanding of seasonal water quality parameters in the lake as well as assess the lake’s trophic status 

based on methods described by Carlson (1977).   

 

The results from these water quality assessments will serve as a component to aid in the decision making 

process for the potential of instream flow release locations into the Eklutna River and well as 

development of potential fish passage facilities into Eklutna Lake.  A detailed summary of study and data 

collection objectives include the following: 

 

• Collect continuous water temperature data in Eklutna Lake as well as in situ profiles of 

temperature, pH and dissolved oxygen (DO). 

• Collect total phosphorus, chlorophyll a, and Secchi depth data in Eklutna Lake to determine the 

trophic status index (TSI) value. 

2.0 Eklutna Lake Study Areas 

Eklutna Lake sampling occurred at locations where water may be released downstream into the Eklutna 

River. Water quality study site locations in Eklutna Lake are depicted in Figure 2-2; these locations are: 

  

• Thermistor String 1 – located in Eklutna Lake near the Project intake structure (temperature, DO, 

pH, total phosphorus, chlorophyll a Secchi depth) 

• Thermistor String 2 – located in the “pond” near the Project dam in front of the spillway 

(temperature, DO, pH, total phosphorus, chlorophyll a, Secchi depth) 
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Figure 2-2.  Water quality study site locations in Eklutna Lake 

3.0 Methods 

3.1   Water Temperature 

Calibrated thermographs were utilized to continuously record water temperatures in the “pond” 

(Thermistor String 2) from May of 2021 through October of 2022. The Eklutna Lake thermistor string 

could not be installed in May due to unsafe lake conditions, and Eklutna Lake data could not be 

downloaded in September or October of 2022 due to high lake levels; therefore, at the Eklutna Lake 

intake site (Thermistor Sting 1) continuous temperature data are available from June of 2021 through 

August of 2022.   Field procedures, as well as pre-deployment instrument calibration, followed techniques 

detailed by Ward (2011).  A thermistor string was deployed using a buoy and anchor system at each of the 

two lake sites (Figure 3-1). Continuous temperature sampling occurred at two distinct depths in the water 

column. For the thermistor string near the Project intake , temperature sampling occurred at 0.5 meters 

below the water surface and at approximately El. 793.6 feet (the approximate elevation of the intake). For 

the thermistor string in the pond near the existing dam in front of the spillway, temperature sampling 

occurred at 0.5 meters below the water surface and at approximately El. 852 feet (the invert elevation of 

the drainage outlet gate).  In addition to the continuous temperature monitoring efforts, in situ 

measurements of water temperature were taken every 6-8 weeks during the ice free season (May-October) 

with a calibrated water quality sonde.  These in situ data were collected to validate logger data during 
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each field maintenance and data download effort as well as providing a temperature profile throughout the 

entire depth of the water column.  

 

Figure 3-1.  Thermistor string schematic for water temperature monitoring in Eklutna Lake. 

3.2   Eklutna Lake DO and pH 

Monthly DO and pH data were collected as in situ profile readings at the two lake stations during the ice-

free period from May 20 to September 29 2021, in the pond and from June 23 to September 29, 2021 in 

Eklutna Lake.  DO and pH profile data were collected at 3-foot depth intervals for the entire water 

column utilizing a water quality sonde calibrated to manufacturer recommendations. 

3.3   Eklutna Lake Trophic Status 

The mid-summer lake profiling on July 14, 2021, also included the determination of Secchi depth, as well 

as the collection of total phosphorus and chlorophyll a samples. The assessment of these three lake 

parameters were utilized to provide an index of lake productivity based on Carslon (1977).  Water 

samples for phosphorus and chlorophyll a were collected near the surface of the lake utilizing a Van Dorn 

sampler at the two lake monitoring sites. The Van Dorn sampler was flushed with on-site lake water prior 

to collection at each site. Collected water samples for total phosphorus were transferred to pre-labeled 
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laboratory-supplied bottles while chlorophyll a water samples were filtered through 0.45 µm filters and 

wrapped in aluminum foil.  Both the phosphorus and chlorophyll a samples were placed immediately on 

ice then delivered to analytical laboratories on the same day that the samples were collected.  Total 

phosphorus samples were processed and analyzed by SGS Laboratories in Anchorage, AK.  Chlorophyll 

a concentrations were quantified by Professor Erin Larson, PhD at Alaska Pacific University. 

4.0 Results 

4.1   Eklutna Lake Water Temperatures 

Figures 4-1 and 4-2 show the daily maximum water temperatures recorded at Eklutna Lake and the pond, 

respectively.  Overall, both monitoring stations meet the Alaska Department of Environmental 

Conservation (ADEC) criteria for water use category (C) Growth and Propagation of Fish, Shellfish, 

Other Aquatic Life, and Wildlife, meaning that water temperatures did not exceed 20°C at any time.  

However, ADEC also delineates a 15°C maximum temperature criteria for rearing areas (ADEC, 2020).  

Based on this rearing criteria, the Eklutna Lake and pond sites exceeded the 15°C standard intermittently 

during 2021 and 2022.  At the Eklutna Lake site, only surface water temperatures exceed 15°C from mid-

July to mid-August 2021, while in 2022 the 15°C threshold is intermittently exceeded at both depth strata 

from mid-July to mid-August.  At the pond site, water temperatures at depth never exceed 15°C, while 

surface water temperatures exceeded 15°C at times from early July to mid-August of 2021.  In 2022, 

surface water temperatures exceed the 15°C rearing criteria for four days in early and late July.     

 

Figures 4-3 and 4-4 show water temperature profile data collected every 4-6 weeks at Eklutna Lake and 

the pond, respectively.   These data confirm periods of minor stratification (~1°C) in the summer months 

as well as the turnover or breakup of temperature gradient in mid to late September.  In addition, when 

Eklutna Lake and the pond were connected during the September 2021 and September 2022 sampling 

efforts, each basin retained its unique temperature profile.     
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Figure 4-1.  Eklutna Lake maximum daily water temperatures 2021-2022. 

 

 

 
Figure 4-2.  Eklutna Pond maximum daily water temperature 2021-2022. 
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Figure 4-3.  Eklutna Lake water temperature depth profiles 2021-2022. 

 
Figure 4-4.  Eklutna Pond water temperature depth profiles 2021-2022. 
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4.2   Eklutna Lake Dissolved Oxygen (DO) and pH 

4.2.1 Dissolved Oxygen (DO) 

 

Figures 4-5 and 4-6 show DO profile data collected monthly at Eklutna Lake and the pond, respectively. 

Eklutna Lake has a relatively uniform DO profile throughout the water column and easily meets ADEC 

criteria of 7 mg/l (ADEC, 2020).  In the pond, DO dropped below the 7 mg/l criteria at a depth of 9 feet 

and 6 feet in late May and late June of 2021, respectively.  Freshwater macrophytes were not observed in 

the pond, so it is likely that these depleted DO concentrations were a result of leaf litter decomposition 

near the bottom of the pond.  Finally, DO profiles between Eklutna Lake and the pond are nearly identical 

when both basins were connected in September of 2021.      

 

 

Figure 4-5.  Eklutna Lake dissolved oxygen concentration profiles. 
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Figure 4-6.  Eklutna Pond dissolved oxygen concentration profiles. 

 

4.2.2 pH 

 

Figures 4-7 and 4-8 summarize pH profile data collected monthly at Eklutna Lake and the Eklutna Lake 

pond, respectively.  Values for pH in Eklutna Lake vary seasonally and throughout the water column, but 

the relatively narrow data range of 7.9-8.3 meet ADEC criteria of 6.5 – 8.5 (ADEC, 2020).  Conversely, 

the pond exceeds the pH 8.5 criteria during the summer profiles collected in mid-July and late August of 

2021.  Similar to the water temperature results, pH data for Eklutna Lake and the pond remain unique 

despite being hydrologically connected during the September 2021 sampling effort. 
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Figure 4-7.  Eklutna Lake pH profiles. 

 

 
Figure 4-8.  Eklutna Pond pH profiles. 

0

3

6

9

12

15

18

21

24

27

30

33

36

39

42

45

48

51

54

7.4 7.6 7.8 8.0 8.2 8.4 8.6 8.8

D
ep

th
 (

ft
)

pH 

6/23/2021 7/14/2021 8/25/2021 9/28/2021

0

3

6

9

12

7.4 7.6 7.8 8.0 8.2 8.4 8.6 8.8

D
ep

th
 (

ft
)

pH 

5/20/2021 6/23/2021 7/14/2021 8/25/2021 9/28/2021



Eklutna Hydroelectric Project Eklutna Lake Water Quality and Trophic Status 

November 2022 10 McMillen Jacobs Associates 

4.3   Eklutna Lake Nutrients and Trophic Status 

Table 4-1 summarizes the results from samples taken for TSI assessment in Eklutna Lake and the pond in 

2021 and 2022.  Results from 2021 revealed that Secchi depth and total phosphorus (TP) concentrations 

were not suitable factors to assess the trophic status of Eklutna Lake or the pond.  Glacial runoff from the 

primary inflow tributaries create a turbid lake that greatly diminishes water clarity and confounds the 

Secchi depth results in relationship to the other parameters.  TP concentrations below the detection limit 

of 0.04 mg/l (parts per million) does not provide the resolution needed to utilize TP as an index for 

trophic assessment.  TP concentrations in µg/l or parts per trillion would be required to use as an index 

factor.  However, discussions with SGS laboratories confirmed that mg/l or parts per million was the 

lowest analytical level that could be quantified.  Therefore, in 2022, only chlorophyll a samples were 

collected to calculate the trophic index of Eklutna Lake based on the formula summarized Equation 4-1 

(Carlson and Simpson, 1996).  Based on 2021 results, Eklutna Lake and the pond would have a TSI of 

18.5 and 23.2 while the 2022 results show both waterbodies with a TSI Index near 10.0 (10.6 for Eklutna 

Lake and 9.8 for the pond).  Overall, these results would classify Eklutna Lake and the pond as 

oligotrophic (TSI <30; chlorophyll a <0.95 ug/l)  or a lake with low primary productivity most likely due 

to nutrient deficiency.  However, the low levels of algal biomass may also be attributed to the glacial 

turbidity of the lake that limits light penetration. 

 

Table 4-1.  Eklutna Lake and Eklutna Pond trophic factors, July 14, 2021, and July 7, 2022. 

Sample Source 
Chlorophyll a 

(ug/l) 

Total Phosphorus 

(mg/l) 
Secchi Depth (m) TSI Value 

Eklutna Lake (2021) 0.29 <0.04 0.85 18.5 

Eklutna Pond (2021) 0.47 <0.04 2.04 23.2 

Eklutna Lake (2022) 0.13 not collected not collected 10.6 

Eklutna Pond (2022) 0.12 not collected not collected 9.8 

Equation 4-1.  Trophic State Index calculation utilizing chlorophyll a results  

 

TSI = 9.81* ln(CHL a) + 30.6 

 

5.0 Conclusions and Discussion  

In both Eklutna Lake and  the pond, surface water temperatures met the 20°C criteria established by 

ADEC, but had intermittent periods exceeding ADEC’s 15°C rearing criteria in July and August.  The 

water temperature profile data revealed a very mild thermocline of approximately 1°C in the summer with 

turnover or an isothermal profile occurring in mid to late September.  The Eklutna Lake temperature 

profile data reflect peak surface water temperatures (~14°C) and a similar timeframe for turnover 

observed in limnology studies conducted in the 1980’s (APA, 1984; R&M, 1985).  However, the 

temperature profile data from  the 1980s were collected at a deeper location (~200 feet) than the intake 

station (~57 feet).  Temperature data from the deeper monitoring station showed a more substantial 

thermocline from mid-July to mid-August with surface temperatures ranging from 13°C to 14°C and 

bottom temperatures from 5.2°C to 5.4°C.   

 

Eklutna Lake near the intake met ADEC criteria for DO (>7 mg/l) and pH (6.5-8.5) at all sampling dates 

in 2021.  However, the pond had DO concentrations <7 mg/l at depth near the outlet gate on May 20 and 

June 23, 2021.   Values for pH in the pond also slightly exceeded the upper end of ADEC criteria (8.5) 
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with readings of 8.60 to 8.64 on July 14, 2021 and 8.58 on August 25, 2021 at a depth of 6 feet.  In 

general, water quality conditions within Eklutna Lake are suitable for the ADEC water use category (C) 

Growth and Propagation of Fish, Shellfish, Other Aquatic Life, and Wildlife.  However, there are depth 

strata and times of the year in which optimal temperature, DO, and pH conditions are not met, most 

notably in the pond. 

 

As summarized in Section 4.3, the low TSI values from 2021 and 2022 correspond to an oligotrophic 

classification indicating low primary productivity based on algal biomass.  With low primary productivity 

(phytoplankton), there is likely to be limited secondary production (zooplankton) as well.  In addition, 

nutrient sampling of total phosphorus was below detections limits and reveals that nutrients may be 

limited within the watershed.  Historical nutrient sampling by the USGS from 1972-1973 also indicated 

low phosphorus concentrations within water conveyed from Eklutna Lake to the Project’s tailrace ( <0.01 

mg/l to 0.01 mg/l) (USGS, 1973).  These results, coupled with low levels of nitrogen (0.4-0.18 mg/l) 

detected in 1972-1973 show that low nutrient concentrations have remained a stable condition within 

Eklutna Lake over time.   

 

The limited limnological investigations addressed in this study indicate an overall lake productivity that is 

lower than what would likely be required to maintain complex, abundant planktonic communities and 

populations (the primary food source for juvenile Sockeye/kokanee populations in nursery lakes). And 

while these data serve to compliment the results from the fisheries studies conducted in Eklutna Lake and 

its tributaries in 2021 and 2022, it’s important to note that they do not establish a carrying capacity or 

population potential of anadromous fish for Eklutna Lake.  However, these data do confirm USACE 

conclusions from 2011 that Eklutna Lake is a waterbody with low productivity.  Finally, it should be 

noted that the low TSI values and oligotrophic classification for Eklutna Lake does confirm why the 

waterbody serves as an excellent drinking water resource.  
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