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INTRODUCTION  

Background Information 
 
The Clearwater River Basin is a key source of water to the Blackfoot River (MT DEQ 2008) 
and an outstanding resource in its own right. Basin lakes and streams support substantial 
ecological, recreational and aesthetic values in the Clearwater Valley and are central to the 
local and regional economies. In contrast to the larger Blackfoot watershed, the Clearwater 
Valley has significant urbanization in the town of Seeley Lake, lesser relative influence of 
mid- to low-elevation agricultural land, and greater relative influence of forested land. 
Expanding population and urbanization has focused debate on land use planning, zoning, 
development of a sewer system and an improved water system for the town of Seeley Lake. 
Significant new proposals for land conservation, collaborative restoration and stewardship 
are being explored as well. 

The Middle Blackfoot-Nevada Creek TMDL (MT DEQ 2008) included the Clearwater Basin 
and addressed sediment loading and other non-point pollution  issues associated with five 
303(d) listed streams in the Clearwater basin (Buck Creek, Richmond Creek, Deer Creek, 
Blanchard Creek, and the West Fork Clearwater River). The TMDL also summarized issues 
on Seeley and Salmon lakes and recommended further monitoring, a more detailed review of 
available data to determine appropriate monitoring parameters and frequency, compilation of 
sufficient data for a watershed loading and lake response model, and better definition of 
nutrient source loadings.  
 
The Clearwater Resource Council (CRC) and volunteers in the Basin have undertaken 
collection of information to support development of a comprehensive watershed restoration 
plan (WRP) that will inform implementation of the Middle Blackfoot-Nevada Creek TMDL. 
The CRC contracted with the University of Montana to assist in identification and analysis of 
existing relevant information about Clearwater Basin lakes and streams.   

Need for the Study  

Multiple factors at work in the Clearwater Basin demonstrate the need for a better 
understanding of lake and stream conditions as well as a coordinated WRP to manage and 
restore elements of the watershed that may degrade water quality. Some key factors and 
concerns follow.  

Population increases -- The population of the town of Seeley Lake and surrounding area is 
expanding. The Seeley Lake Community Council is working with Missoula County to 
develop land use planning with potential for future zoning. This effort acknowledges the 
implications of population growth, expanding development, overly dense or poorly 
functioning septic systems, and the importance of water quality.  

Fisheries -- The Clearwater Basin has emerged as an important fisheries resource in the 
encompassing Blackfoot watershed. Basin lakes support adfluvial bull trout (an ESA-listed 
species) and westslope cutthroat trout, and area streams provide spawning, early rearing, and 
migratory habitats. Montana Fish, Wildlife, and Parks (FWP) has reported bull trout in Deer,  
Boles,  and Trail creeks in the past and considers Morrell Creek and the East and West Forks 
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of the Clearwater River to support "core" populations of bull trout. All of the mainstem 
Clearwater lakes (Salmon, Seeley, Inez, and Alva) are believed to be critical rearing habitats 
for migratory forms of bull trout and westslope cutthroat trout as well as for other species. 
These and other habitats will need to be restored and maintained if populations are to persist 
and flourish. 

Lake Eutrophication- Salmon and Seeley lakes, lower lakes in the Clearwater chain, have 
experienced increased development in their watersheds.  The Town of Seeley Lake and other 
communities in the area rely heavily on tourism and depend on clean water in order to attract 
visitors.  While growth in Seeley Lake and around the Clearwater Lakes seems inevitable and 
may provide some benefits, residents within the communities strive for responsible growth 
that does not come at the cost of the critical natural resources in the watershed (Seeley Lake 
Regional Plan 2009).   

Seeley and Salmon lakes have been a focus of water quality concern in the past.  Both lakes 
were listed for water quality impairment in 1996, but removed from listing by MTDEQ in 
2006 citing a general improvement in nutrients, dissolved oxygen and Secchi transparency.  
In the 1970’s the lakes and tributaries of the Clearwater were believed to have water quality 
problems associated with heavy logging and other watershed activities (Streebin et al., 1973; 
EPA 1977). EPA (1977) concluded that the nutrient loading for Seeley Lake was consistent 
with a mesotrophic system somewhere between “acceptable” and “dangerous” based on the 
Vollenweider ratings.  EPA recommended that a land use study be conducted to determine 
whether significant reduction of non-point source nutrient inputs can be accomplished.   Also 
of concern was a history of extensive logging and road construction and elevated organics, 
siltation or nutrient concentrations in watersheds, such as Deer Creek, West Fork Clearwater 
and Richmond Creek (Streebin et al., 1973).   

Monitoring has been insufficient to clearly resolve these concerns (MT DEQ 2008). Little is 
known about linkages between forest management and water quality in the lakes, but erosion 
related to roads has been identified as a potential source of nutrient loading to Swan Lake 
(MT DEQ 2004).  The EPA Lake Eutrophication Study (EPA 1977) identified Deer Creek 
and the upper Clearwater River, as major sources of nutrient loading to Seeley Lake in 1974-
75.  Both Deer Creek and the West Fork Clearwater River are currently 303(d) listed for 
water quality impairment.   Recent data suggest Deer Creek could still be an important source 
(MT DEQ 2008; and this report).  Construction of more homes (and septic systems) and 
failing older septic systems near the lakes could contribute to continued problems as well 
(McLeod and Aune 2004; Vince Chappel, Seeley Lake Sewer District personal 
communication of unpublished data).  Warming associated with a changing climate might 
lead to fundamental changes in hydrology and nutrient cycling with synergistic effects on 
eutrophication within the Clearwater system lakes (e.g., Markensten et al., 2010).  

Drinking water -- Many Seeley Lake residents get their domestic water from Seeley Lake. In 
response to concerns about water quality and supply, the community has upgraded the 
domestic water system and has been pursuing development of a sewer system. These efforts 
have generated considerable debate. The Sewer District routinely tests wells around the lake 
for contamination, and the Water District has been concerned about organic carbon that 
creates problems with water treatment.  A more complete understanding of lake conditions 
will better inform debate on how to protect these resources.  
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Collaborative Planning -- Montana Department of Transportation's (MDT) Integrated 
Transportation and Ecological Enhancements for Montana (ITEEM) has selected the 
Clearwater Valley as a pilot project for testing this planning approach and seeks to develop 
an integrated WRP for the Clearwater Valley as part of that effort.   

Recently a Collaborative Forest Restoration Project (CFLRP) has been initiated as a 
Southwestern Crown of the Continent (SWCC) collaboration to guide forest restoration and 
monitoring activities in the Clearwater, Swan and portions of the Upper Blackfoot river 
basins.  Considerable effort has focused on water quality and land use issues related to roads.  
The CFLRP is directed to address water quality issues and is considering monitoring that 
might increase the understanding of these relationships.  

A Need for Synthesis--There is uncertainty about current conditions in part because the 
scattered, available data have never been pulled together and examined systematically. 
Sampling has been sporadic and potentially inconsistent across studies. Available data may 
not be sufficient to allow rigorous statistical analysis. Potential synergistic effects of future 
development, changes in forest practices, and climate change on water quality and trophic 
conditions of the lakes are largely unknown. According to MT DEQ records archived in MT 
DEQ’s Clean Water Act Information Center (www.cwaic.mt.gov), in 1996, Seeley Lake was 
listed as impaired by organic enrichment, and Salmon Lake was listed as impaired by 
nutrients, siltation and organic enrichment. No list of impaired water bodies was found for 
1998, but subsequent lists of impaired water bodies from 2000 to 2012 did not list these 
lakes.  The Middle Blackfoot-Nevada Creek TMDL (MT DEQ 2008) summarized some 
potential issues on Seeley and Salmon lakes and called for more studies to address the 
concerns. The TMDL argues that conditions have improved in the lakes, but data to support 
that assertion were not provided, and recent samplings of surface and groundwater conditions 
near the lakes are troubling.  
 
The Seeley Lake Sewer District's ongoing assessments of groundwater contamination show 
that septic contamination of monitoring wells near the lake are near or exceed drinking water  
standards (Vince Chappel, Seeley Lake Sewer District personal communication of 
unpublished data) and anecdotal reports from lake property owners and others suggest lake 
conditions could be declining. Past research demonstrates summer oxygen declines in the 
deep waters (hypolimnion) of Seeley and Salmon lakes (e.g., Juday and Keller, 1984, 
Walker-Smith 1995; Streebin et al.,1973). In addition to the stress such conditions cause for 
aquatic life, low oxygen conditions can release nutrients stored in the sediments, making lake 
restoration difficult (Scheffer and Carpenter 2001). Similar concerns in Swan Lake, in a 
similar geologic and geomorphic setting to the north, have been tentatively linked to 
phosphorous loading from road erosion (MT DEQ 2004). Road densities in many parts of the 
Clearwater remain high, but growing development and ground water contamination in 
downtown Seeley Lake monitoring wells suggests that failing septic systems may be 
contributing nutrients as well.  
 
Thus, an informed discussion of lake quality concerns by the community requires a critical 
analysis and synthesis of existing information to assess the current condition of the lakes, 
whether there are any valid trends through time, and the nature of threats to long-term 
maintenance of water quality.  



5 
 

OBJECTIVES     

The objectives of this work were to:  

1) Summarize existing information on the past and present condition of Seeley and 
Salmon lakes and on suspected sources of nutrient loading to the lakes.  

2) Use that information to determine the lakes’ current condition (especially measures of 
trophic state) and any apparent trends in that condition over time 

3) Assess how loading may have changed since the last assessment of loading conducted 
by the EPA in the 1970’s 

4) Use classic lake trophic models to predict at what level of loading lakes are likely to 
display noticeably lower water quality.  

5) Recommend future monitoring, studies, and actions to minimize degradation of the 
lakes.  

METHODS 

Summary of Existing Information for Seeley and Salmon Lakes 

Studies of Seeley and Salmon Lakes and water resource issues of the Clearwater Basin were 
surveyed in the peer reviewed literature, government reports, and from documents and other 
materials provided by local groups such as the Seeley Lake Sewer and Water districts. 
Available water quality data for Seeley and Salmon Lakes were entered in a Seeley-Salmon 
database (which is provided as an electronic file). The content of that database is summarized 
in Table 1. These data were obtained from credible sources, including the Montana 
Department of Environmental Quality water quality database (MT-eWQX; M. Suplee 
personal communication of unpublished data),  government and university research reports 
(e.g., Cladouhos 1971; Streebin 1973, USEPA 1977, Juday & Keller 1984),  monitoring by  
the Clearwater Resource Council (e.g., Rieman et al., 2010 and 2011), and this study. 
Appendix A provides an annotated bibliography of the sources of the data in the database, 
including information about the methods of collecting that data.  A list of additional 
documents that may be useful to the CRC working group is provided in Appendix B.   

Trends in Water Quality and Trophic State for Seeley and Salmon Lakes  

Seeley Lake historic data cover various years from 1972 to 2003, and Salmon Lake historic 
data come from 1975 to 2008. Available data vary somewhat from year to year, but include 
Secchi depths (transparency measure) and depth profiles of temperature, dissolved oxygen, 
key nutrients (certain forms of nitrogen and phosphorus) and suspended algae chlorophyll a.  

To provide a current picture of the lakes, the Clearwater Resource Council and the University 
of Montana Watershed Health Clinic conducted lake and stream sampling in fall 2009, 
summer 2010 and May 2011. This work was done with volunteer labor, donated materials, 
and some funding from the University of Montana, since such sampling was beyond the 
scope of the 319 funding. Laboratory analyses were donated by the University of California, 
Davis. 

Extensive temperature and DO monitoring took place in summer of 2010. The 2010 sampling 
effort sampled Seeley Lake at 3 sites and Salmon Lake at 4 sites (Figure 1) on the following 
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dates: 6/18/2010, 7/15/2010, 8/12/2010, 9/2/2010.  Salmon was also sampled on 5/21/2010 
and 8/3/2010, and Seeley was also sampled on 6/8/2010. Sampling included Secchi depth 
(transparency) and depth profiles of temperature and dissolved oxygen.   

The fall 2009 sampling by CRC-UM was limited to two sites on Seeley Lake and other 
Clearwater Basin lakes that are not part of this study. The May 2011 sampling was limited to 
2 sites on Salmon Lake and 2 sites on Seeley Lake, some sites on the Clearwater River and 
some tributaries. These data are summarized in Rieman et al (in preparation). This sampling 
included pH, electrical conductivity, turbidity, total nitrogen (TN), NH4-Nitrogen, and NO2 
and NO3-nitrogen, total phosphorus (TP), phosphate phosphorus, and dissolved organic 
carbon. The 2009 samples were collected by Bruce Rieman and Dennis Rolston of 
Clearwater Resource Council, while the 2011 samples were collected by Bruce Rieman and 
Daniel Hatley of University of Montana. Both the 2009 and the 2011 water chemistry 
samples were analyzed by Randy Dahlgren of University of California at Davis.   Method 
details for this sampling and analysis appear in the Appendix A. To characterize and compare 
past and present lake condition, the above historic and recent water quality data were 
summarized into key indicators of lake trophic status (Appendix C), based on areal 
hypolimnetic oxygen deficit, Secchi depths, phosphorous concentrations, and chlorophyll a. 

Temperature and dissolved oxygen depth profiles were plotted for 2010 (Appendix C) and 
used to calculate likely periods of thermal stratification and typical depths for the 
thermocline. Loss of oxygen in deep waters of stratified lakes is often expressed as the areal 
hypolimnetic oxygen depletion rate (AHOD) or the rate at which oxygen is lost from water 
below the thermocline (Walker 1979). AHOD values were calculated for both Seeley and 
Salmon Lakes for all years that had at least one early summer profile after thermal 
stratification set in and one late summer or early fall profile before stratification broke down. 
Lake hypsometry provides an estimate of the volume of water at each depth in the lake. 
These volumes are multiplied by the DO concentration at each depth, and the total oxygen is 
summed over depth. Then the total DO near the end of summer stratification is subtracted 
from the total DO near the beginning of stratification and divided by the number of days 
(AHOD units: grams of DO/m2/day). For this study, these calculations were performed using 
a simple spreadsheet. Lake hypsometry was provided by M. Suplee of Montana DEQ 
(personal communication of unpublished data).     

To determine how estimates of AHOD varied from site to site within a lake, AHOD was 
computed for 3 Seeley Lake sites and 4 Salmon Lake sites for summer 2010. For 
consistency, the loss of oxygen from waters below 8 or 9 meters, the approximate depth of 
the bottom of the thermocline, was computed (depending on which depth was used in 
measuring DO). The loss was calculated from the June 18 sampling to the September 2 
sampling. Loss rates over some shorter intervals were also calculated to determine how 
consistent estimates of AHOD are over the summer.  

To consider long term trends in lake conditions I summarized all available data for nutrients, 
oxygen, chlorophyll a and oxygen concentrations (see appendices).  Because those data were 
not collected in a consistent fashion within lakes and across time, or may not have been 
collected at a time or location considered indicative of trophic condition, I restricted the 
analysis to a subset of the available data.  Key lake parameters were used to calculate 
Trophic State Index (TSI) values (Carlson 1977) for all years and lake sites for which these 
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data were available: summer (June 15 to Sept 1) Secchi depths, epilimnion chlorophyll a, and 
spring turnover (May or first value of the summer) total phosphorus.   Chlorophyll values 
were averaged over the approximate depth of the euphotic zone or uppermost 5 m of Salmon 
Lake and uppermost 6 m of Seeley Lake. TP values were averaged over the entire water 
column.  Equations used were: 

TSI Secchi Depth         = 60 - 14.41 (ln Secchi depth (meters)) 
TSI Total Phosphorus = 14.42 (ln Total phosphorus (ug/L)) + 4.15 
TSI Chlorophyll a        = (9.81) (ln Chlorophyll a (ug/L)) + 30.6 

In addition, Walker (1979) developed a lake trophic state index based on AHOD that was 
found to be highly correlated with the three Carlson TSIs. The index was calculated from the 
AHOD values as:               

TSI AHOD = 175 + 49(log 10 AHOD) -223(log 10 mean depth) + 100(log 10 mean 
depth) 2   

TSI results were summarized in a single figure for each lake so that trends over time could be 
evaluated.  No statistical analysis of trends was attempted because the data vary in replication 
and methods across time.  Rather we simply looked to see if the data supported an apparent 
trend or whether trends might be obscured by variability among the results. 

Lake trophic state does not equate to water quality; however, a lake moving along the trophic 
spectrum from oligotrophic to mesotrophic or from mesotrophic to eutrophic following 
human population growth in the watershed is usually the result of a human caused increased 
loading of nutrients to the lake.   

Seeley Lake Loading Estimates 

The only nutrient loading study found for these lakes was performed by the US EPA for 
Seeley Lake in the 1970’s (USEPA 1977). That study estimated nitrogen and phosphorus 
loadings to Seeley Lake from tributaries, direct precipitation and septic systems. It also 
estimated lake outputs of nitrogen and phosphorus. There is insufficient information to 
estimate how these loadings may have changed since the 1970’s, but available data suggest it 
is unlikely that loadings have declined substantially.  First, in 1974 and 1975, the two most 
important estimated loading sources were Deer Creek and the Upper Clearwater River.  The 
continued 303(d) listing of Deer Creek and the West Fork Clearwater for nutrient impairment 
suggest nutrient loading may not have declined dramatically in these streams.  The spring 
2011 sampling of nutrients in Seeley and Salmon lakes, Deer Creek, and other tributaries 
reported here also suggests that nutrient concentrations have not declined noticeably in Deer 
Creek or the lake.   

Second, more homes and septic systems have been added in the area since the 1970’s. The 
number of new private wells in the area was obtained from the Montana State Library’s 
Natural Resource Information System’s Digital Atlas of Montana. This provides a summary 
of new wells by year for a given area that the user specifies (the well data comes from 
Montana Groundwater Information Center). To identify a zone around Seeley Lake likely to 
yield septic system loading to the lake, a circle with a 4 mile radius centered on the north end 
of Seeley Lake (at coordinates 47.21965 and 113.53343) was delineated. This area includes 
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the Clearwater and its tributaries up to Lake Inez, and the tributaries flowing into Seeley 
Lake to the downstream end of that lake. Hence it should include the septic systems most 
likely to affect Seeley Lake and its immediate tributaries. According to the summary that 
area has had an 8 fold increase in wells since the 1970’s. Hence it was assumed that it has 
also had an 8 fold increase in septic systems and septic system nutrient loading to the lake 
relative to that assumed by EPA.  

Third, ground water contamination linked to failing septic systems has been detected in 
monitoring wells in downtown Seeley Lake.  The data exist only from 2004 on, so long term 
trends are not available, but short term trends appear stable or increasing rather than 
declining.  We assumed that nutrient loadings from atmospheric sources probably have not 
declined dramatically in recent years.   

Based on the summary above we assumed that tributary loadings have not declined 
dramatically and that loading associated with new septic systems probably has increased 
relative to the EPA estimates.  To consider the potential implications for lake eutrophication, 
we recalculated the EPA loading estimates with an increase in the assumed septic loading 
based on the relative increase in systems, and stable loadings from other sources.   

Predicting Seeley Lake Response to Changing Loading 

Classic lake trophic response models were used to estimate likely lake response to 
hypothetical changes in nutrient loading to Seeley Lake (the only study lake with available 
loading data). The models of Vollenweider (1975, 1976) and of Dillon and Rigler (1974) as 
described in Rast and Lee (1978) were used to predict mean concentration of total 
phosphorus at lake turnover from phosphorus loading, lake morphometry and flushing rate. 
These predicted phosphorus concentrations were then used to predict likely Secchi depths, 
chlorophyll a concentrations, and areal hypolimnetic oxygen depletion (AHOD) rates from 
empirical models in Lee et al (1978).   

These models were used to predict likely lake response under three scenarios – the 1970’s 
loading estimated by EPA; present loading (assumed to equal the historic loading with an 8 
fold increase from septic system loading), and the loading necessary to push Seeley lake 
from its current trophic state (at the oligotrophic-mesotrophic borderline of 10 ppb TP at 
turnover) to a more eutrophic state (the mesotrophic-eutrophic borderline at 20 ppb TP at 
turnover). 
 
FINDINGS  
 
Summary of Existing Information for Seeley and Salmon Lakes  
            
Historic and recent lake data can be found in the Seeley-Salmon database (provided as an 
electronic file).  To compare across years and lakes, these data are summarized into a few 
key indicators of lake condition:  chlorophyll a, transparency (Secchi depth), TP, TN, 
Dissolved Oxygen, AHOD and others (Appendix C figures). Trophic State Index (TSI) 
values were computed from a subset of these parameters-- summer chlorophyll a levels, 
summer transparency (Secchi depth), spring turnover concentrations of TP and AHOD 
(Figures 2a and 2b).          
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Nurnberg (1996) has summarized the dividing lines between the various lake trophic states 
for each of these parameters and for the TSI’s derived from these parameters.   Those 
dividing lines appear on time series plots of the key parameters in Appendix C and on time 
series plots of TSI’s in Figures 2a and 2b. These figures summarize historic data as well as 
the 2009-2011 data. But the historic data will be discussed in the next section, and the recent 
data here.   

Interpretation of lake condition and trophic state first requires an analysis of the each lake’s 
mixing pattern.  Lake temperature and dissolved oxygen depth profiles from summer 2010 
were used to assess the pattern of thermal stratification in these lakes.  Salmon Lake did not 
appear to be strongly stratified until mid-July, but DO levels had dropped drastically in 
waters below 8-10 meters by as early as mid-June. By mid-August to early September, 
Salmon waters below 8-10 meters were approaching anoxic conditions.  Seeley was well 
stratified by mid-June, but DO levels did not drop much with depth until August except at 
site 3 where waters below 10 meters were dropping in oxygen by mid-June. Seeley’s 
thermocline was around 4-6m while Salmon’s thermocline first formed at about that same 
depth, but later in the summer migrated down to about 6-8meters.  Both lakes were still well 
stratified in early September but had turned over by the end of October.  
 
State water quality standards for dissolved oxygen for protecting freshwater aquatic life in 
most Montana waters is 5ppm as a 7 day mean minimum, and if early life stages are present, 
the 7 day mean standard is 9.5 ppm. Seeley Lake stations 1 and 2 were above 5ppm 
throughout the water column for all of summer 2010, but at station 3, waters below about 7 
or 8 m dropped below 5ppm. At Salmon Lake stations 1 and 2, DO levels dropped below 
5ppm below the 8-10 m depth by August and continued dropping into September.  Salmon 
Lake stations 3 and 4 were even lower, with DO levels below 5ppm below 10 m as early as 
mid-July, and with the 5ppm level moving up to 7-8 meters in August and September.  All 
Salmon Lake waters were below 9.5 ppm DO from May to October 2010; Seeley Lake 
waters were also mostly below 9.5 ppm except for the May and early June samplings.  
 
In 2010 Areal Hypolimnetic Oxygen Depletion (AHOD) values for Seeley Lake sites 1, 2 
and 3 were 0.3, 0.3 and  0.43 g/m2/day respectively, while Salmon Lake sites 1-4 had AHOD 
values of 0.22, 0.32, 0.3, 0.32 g/m2/day respectively (Appendix C, Table C1). When assessed 
over shorter periods of the summer, AHOD values at the same site varied by as much as +/- 
0.1g/m2/day.  
 
Mortimer (1941) suggested that the upper limit for AHOD in oligotrophic lakes is 0.25 
g/m2/day and eutrophic lakes have values greater than 0.55 g/m2/day. Nurnberg (1996) gave 
the same AHOD dividing line between oligotrophic and mesotrophic lakes, but proposed 0.4 
g/m2/day as the dividing line between mesotrophic and eutrophic lakes, and 0.55 g/m2/day as 
the dividing line between eutrophic and hypereutrophic lakes. Hence the 2010 AHOD values 
observed in Salmon Lake sites 2 to 4 and Seeley Lake sites 1 and 2 fall in the range for 
mesotrophic lakes, while Seeley Lake Site 3 might be considered eutrophic, and Salmon 
Lake Site 1 oligotrophic. 
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Trophic State Index (TSI) values for Seeley and Salmon lakes (based on summer 2010 
Secchi depths and on 2009 and 2011 Total P) place the lakes in the upper mesotrophic range. 
Values range from about 35 to 45. TSI values based on AHOD varied in Seeley from 26 to 
34 (mesotrophic) and in Salmon from 20 to 30 (oligotrophic/mesotrophic borderline to 
mesotrophic). Averaging the AHODs of all of Salmon’s sample sites and sampling intervals 
produced an AHOD of 0.3 g/sq m/ day which has a TSI value of 27.  
 
The relevance of TN and TP in determining lake trophic state depends on which of these 
nutrients most limits lake primary production. Sterner (2008) reviewed the scientific 
literature views on nutrient limitation and concluded lake primary production is likely N 
limited when the TN:TP ratio (by weight) is below 9 and is likely to be P limited when the 
ratio is above 22. Between these, production is co-limited. However, such limitation is time 
and space scale dependent. Schindler et al. (2008) argued that given enough time, lakes are 
almost always ultimately P limited since as P loading to the lake increases, the algal 
community shifts to more N-fixers who supply the N needed for production.  Schlindler et al 
suggested that N:P ratios below 7 suggest N limitation. A blue green algal bloom was 
observed in Salmon Lake in September 2011 (Rieman et al., In Preparation). 

The May 2011 nutrient sampling (Rieman et al in prep) in the lakes show N:P ratios (by 
weight) of 11-16 in Salmon and 12-13 in Seeley (Tables 3a and 3b).  Sterner would consider 
such ratios indicative of co-limitation while Schindler et al would argue that P limitation is 
likely.  However, the fall 2009 sampling exhibited much lower N:P ratios in Seeley Lake. 
About half the samples had N:P ratios less than 7. These fall samples may have occurred 
after turnover and fall rains brought more sediment bound P into the water column; such P is 
not immediately bioavailable. 

Trends in Water Quality and Trophic State for Seeley and Salmon Lakes (1972 to 
present) 
 
Because methods and timing of measuring lake conditions varied over the years, a subset of 
most comparable data were used to compute TSI values (Figures 2a and 2b) and AHOD 
values (Appendix C, Table C1). And only these values are used to evaluate trends over time.  
       
AHOD estimates for Seeley and Salmon lakes (Appendix C, Table C1) vary dramatically 
among years, and there is no apparent trend in AHOD over time in these lakes. Historically, 
Seeley has varied from 0.3 to 0.85 g/m2/day (from mesotrophic to hypereutrophic) while 
Salmon has varied from 0.1 to 0.44 (oligotrophic to eutrophic).  AHOD calculated for 
different sites and over different time intervals in Salmon Lake showed almost as much 
variation over the summer of 2010. As with the AHOD values, Walker’s AHOD TSI values 
show Salmon’s historic values fall in the same range as the range of 2010 values, while 
Seeley has some historic values that are much higher than those seen in 2010 (reaching the 
eutrophic range by Mortimer’s definition and the hyper-eutrophic range by Nurnberg’s 
definition).  
 
Carlson Trophic State Index (TSI) values for the lakes from the 1970’s to the present are also 
summarized in Figures 2a and 2b. As in the previous section, these values are based on 
summer chlorophyll a, Secchi depth, and AHOD and on spring TP. Although some of the 
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earliest observations in both Salmon Lake and Seeley Lake are the highest observed, there is 
no discernible trend over time in these values. Most of the TSI values fall in the mesotrophic 
range, and given the variability observed within and among years (and differences in sites 
and timing), the earliest observations are simply too limited to draw any conclusion about 
differences with current conditions.  
 
Historic N:P ratios (Figures 3a and 3b) suggest that most of the Seeley Lake samples fall in 
the co-limitation range. The samples with high N:P ratios tended to be in the surface waters 
while those with low N:P ratios tended to be in deep water which is less relevant to algal 
productivity. Salmon Lake’s historic N:P ratios suggest about equal amounts of P limitation 
and co-limitation. However the most recent data suggest co-limitation.   Salmon Lake’s 
recent TP measurements are considerably higher than most of the historic data. This raises a 
concern that Salmon Lake’s considerable area of anoxic sediments may now release more P 
into the water column. This possibility will be considered in the Discussion.  
 
Seeley Lake Nutrient Loading Estimates  

With the EPA’s estimate of Seeley Lake loading in the 1970’s as a baseline, the main change 
in loading assumed to occur since the 1970’s is due to the growing number of septic systems 
around the lake.  The 8 fold increase in wells upstream and around Seeley Lake since the 
1970’s was assumed to be matched by an 8 fold increase in septic systems and septic system 
nutrient loading to the lake. Such an increase in septic loading (see Table 2) would increase 
the total annual loadings estimated by the EPA in the 1970’s from 3380 kg/year to 3660 
kg/year for Total P (8% increase) and from 76065 kg/year to 86495 kg of N (14% increase).   

It is important to emphasize that neither the EPA nor this study made direct measurements of 
groundwater contributions to Seeley Lake nutrient loading. The EPA estimated loading from 
surface water based on monthly sampling of major tributaries. Loading from septic systems 
was estimated from the number of residences around the lake and a series of simple 
assumptions. Other groundwater contributions and lake shore wetland contributions were not 
measured or even estimated; hence loading to Seeley Lake associated with groundwater 
influences could well have been underestimated.  

Recent observations may contribute to our understanding of trends in lake loading.  In 1975, 
total phosphorus levels peaked in Deer Creek at 0.070 mg/l, near the peak of runoff.  In April 
of 2011 at the initiation of runoff, total phosphorus was measured at 0.048 mg/l (Rieman et al 
in prep), still several times higher than that observed in other tributaries.  Early work (e.g., 
Streebin et al., 1973) attributed water quality issues observed in upper Clearwater tributaries 
in the 1970s to the history of forest practices particularly on private lands.  Although best 
management practices have been implemented in most watersheds, Deer Creek and the West 
Fork Clearwater remain 303(d) listed, and MT DEQ (2008) cites episodes of very high 
nutrient concentrations in Deer Creek.   

Monitoring by the Seeley Lake Sewer and Water District shows that ground water 
contamination in the downtown area is near or above drinking water quality standards, and 
well above concentrations found in groundwater upstream of septic influence (V. Chappel 
personal communication).   There are no clear trends associated with two in-lake sites also 
sampled as part of the  Sewer District monitoring, but E-coli bacteria has commonly been 
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detected at unsafe levels.  Nitrate-Nitrite N in the lake samples has also gone from 
consistently below detection limits before 2008, to above detection limits in a number of 
samples since that time. 

Predicting Seeley Lake Response to Changing Loading 

Lake nutrient budget models cited in Methods were used to assess the likely lake response to 
an increase in septic system loading assumed above. These models predict water column total 
phosphorus levels at spring turnover from phosphorus loading to the lake, lake morphometry 
and flushing rate. Table 2 shows these model predictions. The Dillon and Rigler model 
predicts TP levels in Seeley Lake of 11 ppb based on EPA’s estimated loadings for the 
1970’s and 12 ppb for the increased loadings estimated by increasing the loading from septic 
systems (Vollenweider’s 1976 models give similar estimates but are not shown in Table 2). 
Vollenweider’s 1975 model predicted higher levels (15 and 16 ppb).  However, observed 
spring turnover TP levels in the 1970’s varied from below detection (which was 10ppb) to 
20ppb, and sampling in 2011 showed values varying from 15-19 ppb. Based on this, EPA’s 
estimates of loadings in the 1970’s appear to be too low or else the retention of P assumed for 
the lake may be high. In addition, internal loading of P (released from anoxic sediments) 
could also produce higher P levels in the lake than these simple input/output models predict.  
Any or all of these would cause the models to underestimate P levels in the lake.   

The same lake models were used to determine the likely critical loading that would result in 
an in-lake turnover phosphorus level of 20 ppb, pushing Seeley Lake over the borderline 
from mesotrophic to eutrophic conditions (Table 2). Based on the Dillon and Rigler model, P 
loading would have to increase to 6000 kg/yr, which is an 80% increase relative to the EPA’s 
loading estimate for 1970. However, the Vollenweider 1975 model predicts higher in-lake P 
levels for a given P loading (and also predicts levels closer to the observed values). That 
model predicts a P level of 20ppb with just an increase to 4500kg/year (a 35% increase 
relative to EPA’s 1970 loading estimate).  

The empirical models that predict lake response to TP (summarized in Lee et al., 1978) 
generally predict summer chlorophyll a and Secchi depths in the range of observed values. 
However, these models slightly under estimate AHOD values for Seeley Lake. 

DISCUSSION 

 So what does all this mean? Are Seeley and Salmon Lake at high risk for declining water 
quality? Should they still be listed as impaired? Should we be working to reduce nutrient 
loading to these lakes? 

One could take the view that despite the 8 fold increase in wells (and presumably a similar 
increase in population and septic systems) in Seeley Lake’s watershed since the 1970’s, most 
measures still put both lakes in the mesotrophic range. If the lakes are being harmed by 
increased nutrient loading from failing septic systems, land disturbance or other causes, 
shouldn’t we see a gradual decline in water quality? Won’t we get an early warning that will 
allow us to take steps to protect the lakes before it is too late? Here are some reasons why 
this hopeful thinking may not be true.  
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First, the long term data record involves a lot of inconsistency in methods and sample 
collection sites and timing. The high variability the data makes it difficult to detect subtle, 
early warning signals. The only signal that can be detected in such variable data would be a 
drastic change in lake condition – one that would signal a new set of conditions that would be 
very difficult to turn around. 

Second, lakes have been seen to undergo sudden shifts in behavior, after years of quietly 
accepting human disturbance with apparently little change.  Ecosystem ecologists call such 
shifts ‘tipping points’ (Scheffer et al 2001).  A common concern with increasing nutrient 
loading to lakes is that over time the lake sediments become highly enriched in nutrients and 
the bottom waters of the lake become anoxic from decomposing plant matter. Then the years 
of excess nutrient loading stored in the sediments are released back into the water column, 
maintaining those over-enriched conditions even after efforts are made  to reduce external 
loading (the nutrients bleeding out of the sediments are called internal loading). This positive 
feedback loop makes it very difficult to return the lake to its earlier condition once it has 
passed that tipping point. 

Lake Mendota, Madison, Wisconsin, is a well-studied lake that passed such a tipping point. 
In the mid 1800’s, Madison and the rural population of the Mendota watershed were at about 
the current population level of the Seeley Lake watershed (around 2000). P loadings were 
estimated to be around 0.2 g/m2/year (Watson 1985), placing Mendota in the mesotrophic 
zone according to Vollenweider. In just a couple of decades, the population increased about 
10 fold and much of the watershed was developed for agriculture. Sediment records show 
that Mendota rapidly changed from a mesotrophic lake to a highly eutrophic lake by the late 
1800’s. About the time that Mendota went through this rapid change, its ratio of human 
population to lake volume reached a level similar to that of Seeley Lake today (Mendota has 
about 7 times the volume of Seeley Lake).  When Madison was just a village of a few 
hundred people, Mendota was known for its rich population of ciscos (chubs), fish that were 
intolerant of low oxygen conditions. By the turn of the century, increased nutrient loads from 
sewage and land disturbance lowered oxygen levels in the deep waters of the lake so much 
that the cisco population crashed (Brock 1985). Obviously, Madison has since grown much 
larger, but much of the large changes in Mendota took place long ago, when loads and 
population levels relative to lake volume where not greatly different from Seeley Lake today.  
Toxic blue green algae blooms are now a regular summer occurrence on Mendota. Efforts to 
restore the lake by diverting sewage and improving land management have not been able to 
restore the lake. The failure is attributed to internal loading from the enriched sediments and 
the positive feedback loop of low oxygen conditions releasing nutrients which then feed the 
productivity that maintains the low oxygen conditions (Carpenter 2005).  

Interestingly, Lake Mendota and Seeley Lake are currently estimated to have about the same 
areal loading rate for phosphorus – about 0.8 g/m2/year (Lathrop et al 1998). However, 
Seeley Lake flushes about 10 times as fast as Lake Mendota which makes it better able to 
tolerate that level of loading. But as Figure 4 shows, mesotrophic behavior is confined to a 
fairly narrow zone of loading. As the calculations in Table 2 show, the loading to Seeley 
Lake would only have to increase to about 1.1 to 1.4 g/m2/yr to push Seeley Lake into 
eutrophic behavior. With greater productivity, the bottom waters would become lower in 
oxygen and more stressful to fish. If oxygen dropped low enough, nutrients would be 
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released from the sediments. And over time, the sediments are likely becoming richer in 
nutrients. Could internal loading from sediments push Seeley Lake (or Salmon Lake) over a 
tipping point as occurred with Lake Mendota?  

Currently, Mendota’s internal loading is estimated to vary from 1 to 10 times its external 
loading depending on runoff and weather conditions in a given year (Soranno, et al 1997). So 
internal loading at a minimum doubles Mendota’s total loading. Imagine what that could 
mean for Seeley which is already close to the eutrophic borderline.  

Is it possible to estimate the risk of such a tipping point scenario in Seeley and Salmon 
Lakes? Gertrude Nurnberg has performed extensive analysis of the factors that contribute to 
internal nutrient loading in North American lakes (Nurnberg 1994, 1995, 1996). Nurnberg 
has developed models to estimate internal P loading from sediment P levels and the area of 
anoxic sediments on the lake bottom and the amount of time a given area is anoxic. She 
proposes calculating the Anoxic Factor (number of days that a sediment area, equal to the 
whole-lake surface area is overlain by anoxic water). That factor is then multiplied by the 
areal release rate (mg P /m2/day). She argues that the Anoxic Factor (AF) is much more 
useful than the AHOD for assessing a lake’s risk of high internal loading.  

In 2010, Salmon Lake appeared to exhibit a greater area of anoxic sediment than Seeley, so I 
made a rough estimate of AF of Salmon (assuming that each of the 4 sampling sites 
represented a quarter of the area of the lake). The resulting AF was 15 days/for the summer 
of 2010. Nurnberg found that the median value for North American lakes is 14 days/summer 
season (Nurnberg 1996). She also noted that Lake Mendota’s AF is around 48 days 
(Nurnberg 1995). While Salmon is a long way from Lake Mendota’s AF, to see that Salmon 
exhibited higher than the median AF in 2010 does raise a concern. Certainly, future 
monitoring should assess the AF of Seeley and Salmon. This requires more frequent DO 
profiles than does the calculation of AHOD. In addition, sediment P levels should be 
assessed to determine the potential of internal loadings from Seeley and Salmon lake 
sediments. Another sediment study that would be of value is a paleo-ecological study of lake 
sediments to see if diatom frustules left in the sediments show a shift in diatom community 
make up that coincides with settlement and various stages of development. This would help 
us assess whether lake productivity and phytoplankton community have changed greatly 
since development.   

 Another concern for Seeley and Salmon lakes involves the age of the septic systems around 
these lakes. Since 1970, eight times as many wells were installed as existed before 1970. It is 
likely that a similar number of septic systems were installed. These systems may have 
trapped some nutrients for a while, but as septic systems age, the failure rate goes up. One 
kind of failure that often is overlooked by homeowners is the leaking of nutrients from the 
septic system. Kinsley and Joy (2005) estimate that the average operating life of a septic 
system is 25 years. Morganstern (2005) also considered systems over 20 years old to have a 
high risk of failure. So many of the septic systems installed in the 1970’s and 1980’s are 
beginning to fail now. And those installed in the 1990’s will begin to fail before long. Thus 
development effects that we thought the lakes were tolerating may just now be starting to 
reach them.  
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One good bit of news for the lakes that may have helped to reduce the impact of failing 
systems is the phosphate detergent ban that was adopted by Missoula in the 1980’s. Because 
Missoula and other cities in the region (such as Spokane) adopted phosphate detergent bans, 
very little phosphate detergent is brought it into the region. This reduced source of 
phosphorus loading may have bought the Clearwater lakes some additional time.   

CONCLUSIONS 

The purpose of this study was to use historic and recent water quality data on Seeley and 
Salmon Lakes to determine the lakes’ past and present condition and assess their risk of 
worsening condition. In addition the study was to recommend future monitoring and 
restoration or protective actions.  

Because of inconsistent approaches to water quality monitoring and a high degree of within 
year and among year variability in water quality parameters, no clear trend in water quality 
can be detected from the 1970’s to the present.  Only Secchi depth in Salmon seems to show 
a slight decline in transparency.  

Most indicators of lake trophic condition put both lakes in the mesotrophic range. Some 
recent measurements are worrying. 

Both lakes appear to be co-limited by both Nitrogen and Phosphorus, hence controlling both 
seems wise. 

EPA loading studies of the 1970s suggest that Seeley received a level of loading likely to 
produce mesotrophic conditions.   

Lake input/output models suggest that 35 to 80% increase in P loading could push the lake 
into a eutrophic state. The observed and past and recent levels of TP exceed that expected 
from the loading models however, suggesting that the models may be too conservative. 

Experience with other lakes passing a tipping point and suddenly entering a new stable state 
maintained by positive feedback loop means that the lack of evidence of much change in 
these lakes is not a guarantee that they are not changing. Their response may be hidden or 
delayed.  

RECOMMENDATIONS  

Recommendations for Studies and Monitoring  

 The CRC should continue monitoring key indicators of lake conditions (as described below), 
but it is even more critical that new water and nutrient budgets be constructed for these lakes. 
The Seeley Lake water and nutrient budgets were constructed in the 1970’s, and no budgets 
were found for Salmon Lake.   In the EPA (1977) Seeley loading estimates, Deer Creek and 
the Clearwater River were the major sources of nutrient loading for Seeley Lake, contributing 
17% and 64% of the total, respectively.  There is no new information to determine whether 
these sources have change substantially.  Montana Fish Wildlife and Parks has begun a 
program of road restoration in the West Fork Clearwater and further work may occur in Deer 
Creek.  The SWCC collaborative has also proposed extensive road restoration as part of the 
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CFLRP.   Total P observed at a single point of road runoff in May 2011 (Rieman et al in 
prep) was more than 15 times that observed in upper Morrell Creek a similar size, but less 
developed drainage, indicating that roads or other effects could continue to be an important 
source under some conditions.  Nutrient sources related to road erosion were also suggested 
as potentially important in the Swan lake TMDL.  Nutrient loading linked to road erosion has 
not been quantified in the Clearwater and further work here could be important to understand 
the implications of proposed restoration.  The EPA estimates of loading from septic systems 
were also based on several simple approximations and cannot account for patterns of 
groundwater flow and the relative effectiveness of past or current septic systems.  New and 
refined estimates of these and other potential nutrient sources and loadings for Seeley and 
Salmon lakes will be important to understand whether conditions in these lakes can be 
expected to improve or degrade in the future. 

Lake Condition Monitoring 

Annual Temperature and Dissolved Oxygen -- Depth profiles of temperature and dissolved 
oxygen should be collected at least monthly from May to September, so as to determine 
when the lake stratifies in spring and when it turns over in fall. This would also provide the 
necessary data to determine AHOD. However, based on the sampling in 2010, the most 
critical time for sampling DO to determine AHOD would probably be mid-June and late 
August or early September. At least one mid-lake site should be sampled. If time and budget 
permit, 2-3 sites per lake should be sampled, adding the southern basins of both lakes to the 
mid lake site. Also desirable would be weekly DO profile sampling at one site at least – to 
allow calculation of the Anoxic Factor. 

Secchi Depth (transparency) – Monthly sampling from May to September at 3-4 sites per 
lake. The current program supported by volunteers has provided a strong foundation for 
continued monitoring.  This should be maintained if possible. 

Nutrients -- For sampling nutrients, the most critical time is at spring turnover. Monthly 
sampling from May to September would be worthwhile, but given funding constraints, it is 
likely that annual sampling at turnover may be all that can be afforded. Spatially, one or two 
mid lake sites should be sampled, by collecting an integrated sample of the water column. 
When sampling during stratification, an integrated epilimnion sample, and samples from the 
top and bottom of the hypolimnion would be helpful. As for the forms of nutrients -- total 
phosphorus and total nitrogen should be determined. If budget permits samples could also be 
analyzed for soluble inorganic forms of these nutrients.  In addition, analysis of the 
phosphorus content of sediments would permit an estimate of internal loading from the 
Anoxic Factor, using the methods of Nurnberg.  

Chlorophyll a – Chlorophyll a is a useful indicator of algal biomass. If funding permits, 
monthly sampling of suspended algae should be performed at 1-2 sites per lake. An 
integrated sample of the epilimnion should be collected at each site, and 3 replicate samples 
filtered from that sample.  In addition, attached algae could be monitored on artificial 
substrates placed around the shoreline to identify which areas of the shoreline are receiving 
the highest nutrient loadings.   
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For handling and analysis of these samples, see Montana DEQ’s Standard Operating 
Procedures (MT DEQ 2011).  

Water and Nutrient Budgets  

Accurate water and nutrient budgets are needed to identify nutrient sources or causes of 
water-quality problems in lakes and are necessary for modeling the response in lake water 
quality to potential changes in nutrient loading. Constructing such budgets is scientifically 
and financially challenging. This is especially true of lakes suspected of having substantial 
groundwater inflow and/or outflow.  

Estimating water and nutrient inputs and outputs for a lake usually requires a combination of 
monitoring and modeling. Stream flows in and out of the lake are quantified, as are the major 
tributaries in the watershed. The timing of nutrient sampling is driven by flows (weekly 
sampling during spring high flows, and monthly sampling the rest of the year). Inputs from 
precipitation must also be quantified.   

A groundwater study of the area is needed to construct a groundwater model of the area that 
estimates the seasonal exchanges between surface and groundwater around each lake. Then 
monitoring of changing nutrient levels in groundwater could be used as input to the 
groundwater model which would estimate changing nutrient loading to the lake. Professor 
William Woessner of University of Montana’s River Center could design such a study; he 
has conducted some groundwater studies in the area in the past (Woessner, et al 1996).  

Water budget construction is hampered by the lack of USGS sites in the Clearwater basin. 
Historic sites in the Clearwater include:  
Clearwater River near Clearwater MT (12339450)    Oct 1974 to Oct 1976 
Clearwater River at Clearwater MT     (12339500)    June 1921 to Sept 1923 

CRC should approach the USGS and determine the cost of reinstating one of the Clearwater 
River stations. Measuring flows at any regulated lake outlets would also be useful.  

The UM Biological Station on Flathead Lake has extensive experience with constructing 
such lake budgets and would likely provide the most accurate budgets for the Clearwater 
lakes.  

Without sufficient funding for such a massive field study, another option is landscape level 
watershed yield modeling. The Montana DEQ uses such models in its TMDL work. The 
Middle Blackfoot/Nevada Creek TMDL (MT DEQ 2008) used SWAT (Soil and Water 
Assessment Tool) a time step simulation model to estimate nutrient loads to impaired water 
bodies in the area. Sometime between 1996 and 2006 the DEQ concluded that Seeley and 
Salmon lakes were not impaired and so did not perform SWAT modeling for these lakes as 
part of the Middle Blackfoot/Nevada Creek TMDL. In addition, there may have been 
insufficient information to drive the model. If lake monitoring demonstrates that the lakes are 
not fully supporting their uses, watershed yield modeling of the Clearwater basin may 
become a higher priority for DEQ.   
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Another option may be constructing nutrient budgets for key sub-watersheds within the 
Clearwater basin, particularly those with heavy roading or development. Using volunteers, it 
may be possible for CRC to accomplish this with a modest budget.    

Recommended Actions to Protect and Restore Water Quality  

Because of the population growth near Seeley and Salmon in recent years, and because the 
most recent total P  data suggest that these lakes are near the tipping point between 
mesotrophic and eutrophic, it is critical to take action to hold the line on nutrient loading to 
the lake. The two most important ways to hold the line on nutrient loading is to sewer the 
densest developments near the lake, and to protect lake and streamside natural buffers. As 
septic systems age, ultimately, nutrients begin to ‘break through’ the soil and reach 
groundwater and ultimately surface water. Hence the growth in septic systems around the 
lakes over the past few decades will ultimately increase loading to the lakes. Once the 
community has a sewer and wastewater treatment plant, treated wastewater should be land 
applied at the agronomic uptake rate. This may require storing the wastewater in a lagoon 
during the coldest months. However, irrigating a hybrid poplar plantation may make it 
possible to land apply year round.  

As for protection of stream side and lake side buffer, the scientific evidence for needed buffer 
widths are well explained in the work of Janet Ellis of Montana Audubon, (Ellis, 2008). 
Based on an extensive review of the scholarly literature, Ellis found that vegetated buffers 
needed to remove 80% of phosphorus pollution before it reached the water body ranged from 
100 feet (mean) to 200 feet (worst case). For nitrogen, even wider buffers are needed, from a 
mean of 170 feet to a worst case of 700 feet. Protecting such buffers from new development, 
and restoring buffers to the extent possible in developed areas are key parts of holding the 
line on nutrient loading.   

Note that Carlo Arendt, hydrogeologist with  PBSJ in his review of   Placid Lake, Montana: 
Report on Water Quality Status and Projected Impacts from Development by Water & 
Environmental Technologies (WET 2009), notes that MT DEQ requires that drainfields be 
set back at least 1000 feet from high quality waters, or 500 feet if the system is pressure-
dosed.  Areas of dense development that are less than 1000 feet from a waterbody should be 
high priority for sewering. Montana DEQ’s Septic System educational program should also 
be pursued vigorously in the Seeley Salmon lake area.  
 
Currently, Missoula County has a lakeshore protection zone of 20 feet (Missoula County 
1998). Clearly this is insufficient to trap nutrients and protect lake water quality from 
shoreline development. A landowner education program to reduce vegetation clearing and 
fertilizer use near the lake should be instituted. Flathead Lake’s education program is a good 
model.  
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Figure 1.    
 
Seeley and Salmon Lakes Sampling Sites used in 2009 and 2010 by CRC.  
Seeley Lake sites are approximately mid lake over the deepest points in each of the three 
basins. Site 2 coincides with earlier sampling in this lake. Salmon Lake sites are over the 
deepest point in each of four basins. 
 
Figure 2.  
 
Trophic State Index values for Seeley Lake (a) and Salmon Lake (b), based on summer 
chlorophyll a, Secchi depth, AHOD and spring turnover total phosphorus data from 1970’s to 
2011. 
 
Figure 3.  
 
Total Nitrogen to Total Phosphorus ratios in Seeley Lake (a) and Salmon Lake (b), based on 
available total nitrogen and total phosphorus data from 1970’s to 2011.  
 
Figure 4. 
 
Predicted Trophic State of Lake Mendota and Seeley Lake based on Vollenweider (1975) 
model and estimates of current loading and flushing rates in these lakes. The two curves 
represent the intersection of phosphorus loading rates, flushing rates and lake depth expected 
to produce in-lake concentrations of 10 ppb and 20 ppb TP (permissible and dangerous 
levels, respectively).  The area between the two curves is considered to represent 
mesotrophic conditions. Lake Mendota (M) currently falls in the eutrophic range, Lake 
Mendota before settlement (M bs) and Seeley Lake (S) fall in the mesotrophic range.  
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Figure 1:  Seeley and Salmon Lakes Sampling Sites used in 2009 and 2010 by CRC.  
Seeley Lake sites are approximately mid lake over the deepest points in each of the three 
basins. Site 2 coincides with earlier sampling in this lake. Salmon Lake sites are over the 
deepest point in each of four basins. 
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Figures 2a (top) & 2b (bottom): Trophic State Index values for Seeley Lake (a) and Salmon 
Lake (b), based on summer chlorophyll a, Secchi depth, AHOD and spring turnover total 
phosphorus data from 1970’s to 2011. 
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Figures 3a (top) & 3b (bottom): Total Nitrogen to Total Phosphorus ratios in Seeley Lake (a) 
and Salmon Lake (b), based on available total nitrogen and total phosphorus data from 
1970’s to 2011.  
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Figure 4:  Predicted Trophic State of Lake Mendota and Seeley Lake based on Vollenweider 
(1975) model and estimates of current loading and flushing rates in these lakes. The two 
curves represent the intersection of phosphorus loading rates, flushing rates and lake depth 
expected to produce in-lake concentrations of 10 ppb and 20 ppb TP (permissible and 
dangerous levels, respectively).  The area between the two curves is considered to represent 
mesotrophic conditions. Lake Mendota (M) currently falls in the eutrophic range, Lake 
Mendota before settlement (M bs) and Seeley Lake (S) fall in the mesotrophic range. 
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Table 1a: Seeley Lake Database Contents 

Year Source Site 
First 
Date 

Last 
Date 

Number of 
Samplings 

Parameter List 

1970 

Cladouhos 1971 

Middle Basin 
Jun Oct 17 ea. 

Secchi Depth; NO3; Oxygen, 
Dissolved, point; PO4, Ortho; 
Temperature, point South Basin 

1970 to 
1971 

North Basin Jun '70 Jun '71 22 

Secchi Depth; NO3; NO3, profile; 
Oxygen, Dissolved, point; Oxygen, 
Dissolved, profile; PO4, Ortho; PO4, 
Ortho, profile; Temperature, point; 
Temperature, profile 

1971 
Middle Basin 

May Jun 2 ea. Secchi Depth 
South Basin 

1972 Streebin 1973 

Middle Basin Jun Aug 8 
NO3; PO4, Acid Hydrolyzable ; PO4, 
Ortho, profile 

North Basin Jun Aug 8 
NO3; Oxygen, Dissolved, profile; 
PO4, Acid Hydrolyzable ; PO4, Ortho; 
Temperature, profile 

South Basin Jun Aug 8 
NO3; PO4, Acid Hydrolyzable ; PO4, 
Ortho 

1974 
Juday & Keller 

ca. 1975 
North Basin 

Jul Jul 1 ea. 
Oxygen, Dissolved, profile; 
Temperature, profile South Basin 

1975 USEPA 2012 

Middle Basin Sep Sep 1 Chlorophyll a, integrated, uncorrected; 
Secchi Depth; NH3, Total, profile; 
NH3, unionized, profile; NO2 + NO3, 
profile; Oxygen, Dissolved, profile; 
PO4, Ortho, Dissolved, profile; 
Temperature, profile; TKN, profile; 
TP, profile 

North Basin May Sep 3 

South Basin May Sep 3 

1975 
Juday & Keller 

ca. 1976 

North Basin Mar Sep 3 Oxygen, Dissolved, profile; 
Temperature, profile South Basin Feb Sep 4 

1976 
North Basin 

Mar Mar 1 ea. 
Oxygen, Dissolved, profile; 
Temperature, profile South Basin 

1976 
Juday & Keller 

ca. 1978 
North Basin 

Sep Sep 1 ea. 
Oxygen, Dissolved, profile; 
Temperature, profile South Basin 

1977 
Juday & Keller 

1984 
unknown Nov Nov 1 Chlorophyll a, point 

1977 
Juday & Keller 

ca. 1977 

North Basin Sep Sep 1 Chlorophyll a, profile 

South Basin Jul Sep 2 
Chlorophyll a, point; Chlorophyll a, 
profile 

unknown Sep Sep 1 Chlorophyll a, point 

1977 
Juday & Keller 

ca. 1978 

North Basin Aug Aug 1 
Oxygen, Dissolved, profile; 
Temperature, profile 

South Basin Aug Aug 1 
Oxygen, Dissolved, profile; 
Temperature, profile 

unknown Jul Aug 2 Secchi Depth 

1978 Juday & Keller 
1984 

unknown Jan Jun 3 Chlorophyll a, point; NO3; PO4, Total   

1979 South Basin Jun Jun 1 Chlorophyll a, point 
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1979 USEPA 2012 
Middle Basin 

Jul Oct 
43 

NO2 + NO3; TP 
South Basin 30 

1980 

Juday & Keller 
1984 

South Basin Nov Nov 5 

Chlorophyll a, point; Chlorophyll a, 
profile; Secchi Depth; NO3, profile; 
Oxygen, Dissolved, profile; PO4, 
inorganic, total, profile; PO4, Total, 
profile; Temperature, profile 

1981 

Middle Basin Jun Jun 1 

Chlorophyll a, profile; NO3, profile; 
Oxygen, Dissolved, profile; PO4, 
inorganic, total, profile; PO4, Total, 
profile; Temperature, profile 

South Basin Feb Nov 9 

Chlorophyll a, profile; Secchi Depth; 
NO3, profile; Oxygen, Dissolved, 
profile; PO4, inorganic, total, profile; 
PO4, Total, profile; Temperature, 
profile 

1982 South Basin Dec Dec 14 

Chlorophyll a, point; Chlorophyll a, 
profile; Secchi Depth; NO3; NO3, 
profile; Oxygen, Dissolved, profile; 
PO4, inorganic, total, profile; PO4, 
Total, profile; Temperature, profile 

1983 South Basin Feb Sep 7 

Chlorophyll a, profile; Secchi Depth; 
NO3, profile; Oxygen, Dissolved, 
profile; PO4, inorganic, total, profile; 
PO4, Total, profile; Temperature, 
profile 

1993 USEPA 2012 South Basin Jun Jun 1 Secchi Depth; TP 

2003 USEPA 2012 Middle Basin Jul Sep 3 

Chlorophyll a, integrated, corrected for 
pheophytin; Secchi Depth; NO2 + 
NO3, integrated; Oxygen, Dissolved, 
profile; Temperature, profile; TKN, 
integrated; TP, integrated 

2008 

Rieman et al., 
2012 

Middle Basin 

Aug Aug 1 ea. Secchi Depth; Temperature, point North Basin 

South Basin 

2009 

Middle Basin May Sep 5 Secchi Depth; Temperature, point 

North Basin May Oct 14 Secchi Depth; DOC, profile; NH4, 
profile; NO3, profile; PO4, profile; 
Temperature, point; TN, profile; TP, 
profile 

South Basin May Sep 6 

2010 
Middle Basin Jun Sep 6 Secchi Depth; Temperature, point 

South Basin Jun Jun 1 Secchi Depth 

2010 Watson 2012 

Middle Basin May Oct 7 Secchi Depth; Oxygen, Dissolved, 
point; Oxygen, Dissolved, profile; 
Temperature, point; Temperature, 
profile 

North Basin May Sep 6 

South Basin May Oct 7 

2011 
Rieman et al., 

 in prep 

Middle Basin 

Jun Oct 

11 

Secchi Depth; Temperature, point North Basin 11 

South Basin 13 

North Basin 
May May 1 ea. 

DOC, NH4, NO2 + NO3, PO4, TN, 
TP: composite and profiles for all South Basin 
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Table 1b:  Salmon Lake Database Contents 

Year Source Site 
First 
Date 

Last 
Date 

Number of 
Samplings 

Parameter List 

1975 
Juday & Keller 

ca. 1976 
Mid-North Basin Jul Sep 2 

Oxygen, dissolved, profile; 
Temperature, profile 

1976 
Juday & Keller 

ca. 1978 
Mid-North Basin Jul Jul 1 

Oxygen, dissolved, profile; 
Temperature, profile 

1977 
Juday & Keller 

1984 
Mid-North Basin Nov Nov 1 Chlorophyll a, point 

1977 
Juday & Keller 

ca. 1977 
Mid-North Basin Jul Sep 3 

Chlorophyll a, point; Chlorophyll a, 
profile 

1977 
Juday & Keller 

ca. 1978 
Mid-North Basin Feb Sep 6 

Secchi Depth; Oxygen, dissolved, 
profile; PO4, inorganic, total, profile; 
PO4, total, profile; Temperature, 
profile 

1978 
Juday & Keller 

1984 
Mid-North Basin Jan Jun 6 Chlorophyll a, point; NO3; PO4, total    

1979 
Juday & Keller 

1984 
Mid-North Basin Jun Sep 2 Chlorophyll a, point 

1980 
to 
1983 

Juday & Keller 
1984 

Mid-North Basin Jan Dec 37 

Chlorophyll a, point; Chlorophyll a, 
profile; Secchi Depth; NO3; NO3, 
profile; Oxygen, dissolved, profile; 
PO4, inorganic, total; PO4, inorganic, 
total, profile; PO4, total   ; PO4, total, 
profile; Temperature, profile 

2003 
to 
2008 

USEPA 2012 North Basin May Aug 
15          

3/yr 

Chlorophyll a, integrated, corrected for 
pheophytin; Secchi Depth; NO2 + 
NO3, integrated; Oxygen, dissolved, 
profile; Temperature, profile; TKN, 
integrated; TP, integrated 

2009 Rieman et al 2010 

Mid-North Basin Jun Jun 1 

Secchi Depth; Temperature, point 
Mid-South Basin Jun Oct 9 

North Basin Jun Oct 9 

South Basin Aug Sep 3 

2010 Watson 2012 

below Mid-
South Basin 

May May 1 
Oxygen, dissolved, profile; 
Temperature, profile 

east of South 
Basin 

May May 1 Temperature, point 

Mid-North Basin May Sep 6 

Secchi Depth; Oxygen, dissolved, 
profile; Temperature, profile 

Mid-South Basin May Oct 6 

North Basin May Sep 6 

South Basin May Oct 7 

2011 
Rieman et al., in 

prep 

Mid-South Basin 

May May 1 

DOC, composite; DOC, profile; NH4, 
composite; NH4, profile; NO2 + NO3, 
composite; NO2 + NO3, profile; PO4, 
composite; PO4, profile; TN, 
composite; TN, profile; TP, composite; 
TP, profile 

North Basin 

Mid-South Basin 

Jun Sep 

3 

Secchi Depth; Temperature, point North Basin 4 

South Basin 4 
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Table 1c: Streams Database Contents 

Year Source Site 
First 
Date 

Last 
Date 

Number of 
Samplings Parameter List 

1970 
- 

1971 
Cladouhos 1971 

Clearwater River > 
Seeley Lake Jun '70 Jun '71 27 

Oxygen, Dissolved, point; NO3; 
PO4, Ortho; Temperature 

Clearwater River 
outlet from Seeley 
Lake Jun '70 Jun '71 27 

Oxygen, Dissolved, point; NO3; 
PO4, Ortho; Temperature 

1971 Streebin 1972 

Clearwater River @ 
Boyscout Rd. Bridge Jun Aug 9 

NO3; Oxygen, Dissolved, point; 
PO4, Ortho; PO4, total, Temperature 

Clearwater River 
inlet to Seeley Lake Jun Aug 8 

NO3; Oxygen, Dissolved, point; 
PO4, Ortho; PO4, total, Temperature 

Deer Cr. @ Boyscout 
Rd. Bridge Jun Aug 9 

TN; NO3; Oxygen, Dissolved, point; 
PO4, Ortho; PO4, total, Temperature 

Seeley Creek @ Hwy 
83  Jun Aug 9 

NO3; Oxygen, Dissolved, point; 
PO4, Ortho; PO4, total, Temperature 

1972 Streebin 1973 

Clearwater River @ 
Boyscout Rd. Bridge May Aug 9 

NO3; Oxygen, Dissolved, point; 
PO4, Ortho; PO4, Acid 
Hydrolyzable, Temperature 

Clearwater River 
inlet to Seeley Lake May Jul 8 
Deer Cr. @ Boyscout 
Rd. Bridge May Aug 22 
Seeley Creek @ Hwy 
83  May Aug 11 

1974 
Juday & Keller 

ca. 1975 
Clearwater River 
inlet to Seeley Lake Jul Jul 1 Oxygen, Dissolved, point 

1976 Appert 1977 

Clearwater River 
outlet from Seeley 
Lake Aug Aug 1 Chl a, Temperature 

1980 

Juday & Keller 
1984 

Clearwater River @ 
Boyscout Rd. Bridge Aug Nov 3 

NO3; PO4, inorganic; PO4, total 

1981 
Clearwater River @ 
Boyscout Rd. Bridge Jun    Jun    1 

1982 Upper Deer Cr. Sep Sep 1 

1983 

Clearwater River @ 
Boyscout Rd. Bridge May May 1 
Deer Cr. @ Boyscout 
Rd. Bridge May May 1 

Upper Deer Cr. May May 1 

2011 
Rieman et al., 

in prep 

Clearwater River 
outlet from Seeley 
Lake May May 1 NO2 + NO3; SRP, TN, TP 
Deer Cr. @ Boyscout 
Rd. Bridge May May 1 
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Table 1d: Wells Database Contents 

Year Source Site 
First 
Date 

Last 
Date 

Number of 
Samplings 

Parameter List 

1979 Ruffatto 

Ruffatto 1 May Oct 7 NO3, PO4 
Ruffatto 2 May Oct 5 NO3, PO4 
Ruffatto 3 May Oct 7 NO3, PO4 
Ruffatto 4 May Oct 7 NO3, PO4 
Ruffatto 5 May Oct 7 NO3, PO4 
Ruffatto 6 May May 1 NO3, PO4 
Ruffatto 7 Jun Jun 1 NO3, PO4 
Ruffatto 8 Aug Aug 1 NO3, PO4 
Ruffatto 9 Jun Jul 3 NO3, PO4 
Ruffatto 10 Jun Oct 5 NO3, PO4 
Ruffatto 11 Jun Jun 1 NO3, PO4 
Ruffatto 12 Aug Aug 1 NO3, PO4 
Ruffatto 13 Oct Oct 1 NO3, PO4 

2004 
Chappel, 
undated 

Riverview Bridge May Nov 5 NO2 + NO3, Temperature 
Lindey's Dock May Nov 5 NO2 + NO3, Temperature 
Well 1 May Nov 4 NO2 + NO3, Temperature 
Well 2 May Nov 5 NO2 + NO3, Temperature 
Well 3 May Nov 5 NO2 + NO3, Temperature 

2005 
to 

2009 

Chappel, 
undated 

Riverview Bridge 
Jan 
2005 

Dec 
2009 

20 NO2 + NO3, Temperature 

Lindey's Dock 
Jan 
2005 

Dec 
2009 

20 NO2 + NO3, Temperature 

Well 1 
Jan 
2005 

Dec 
2009 

20 NO2 + NO3, Temperature 

Well 2 
Jan 
2005 

Dec 
2009 

20 NO2 + NO3, Temperature 

Well 3 
Jan 
2005 

Dec 
2009 

20 NO2 + NO3, Temperature 

2010 
to 

2011 

Chappel, 
undated 

Riverview Bridge 
Mar 
2010 

Dec 
2011 

8 NO2 + NO3, Temperature 

Lindey's Dock 
Mar 
2010 

Dec 
2011 

8 NO2 + NO3, Temperature 

Well 1 
Mar 
2010 

Dec 
2011 

8 NO2 + NO3, Temperature 

Well 2 
Mar 
2010 

Dec 
2011 

8 NO2 + NO3, Temperature 

Well 3 
Mar 
2010 

Dec 
2011 

8 NO2 + NO3, Temperature 

New Well 1 
Sep 
2010 

Dec 
2011 

6 NO2 + NO3, TKN, TOC 

New Well 2 
Sep 
2010 

Dec 
2011 

6 NO2 + NO3, TKN, TOC 

New Well 3 
Sep 
2010 

Dec 
2011 

6 NO2 + NO3, TKN, TOC 
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Table 2: Modeled and observed responses of Seeley Lake to past, present and future 
scenarios of total phosphorous loading 

 1970s 2010 Hypothetical Scenariosd

 
                               Total Load P (kg/yr) 3,320a 3,600b 4,500  6,000 

 
Total P at spring turnover (µg/L)c      
     Vollenweider 1975 model prediction 15 16 20  27 
     Dillon and Rigler 1974 model prediction 11 12 15  20 
     (Observed  TP) (BD to 20) (15-19) --  -- 
Lake Conditions  
   Predictede and Observedf  

     

   Predicted Summer  Chlorophyll a (ug/L) 3 - 4 4 - 4.5 4 - 5  5 - 7 
   (Observed Summer Chlorophyll a) (1 - 10) -- --  -- 
   Predicted Summer Secchi depth (m) 3.5 – 3.2 3.4 – 3.1 3.2 – 2.9  2.9 – 2.6 
   (Observed Summer Secchi depth) (2-5) (3 – 6) --  -- 
   Predicted AHOD (g O2/sq m/day) 0.26-0.3 0.27-0.31 0.30-0.34  0.34-0.39 
   (Observed AHOD) (0.49) (0.3-0.43) --  -- 
      
 

a. Estimated by EPA (1977) 
b. Estimated for this study by assuming increased septic loading based on number of new wells and  

no change in tributary sources since EPA (1977) 
c. Predictions of total P at spring turnover from estimated or hypothetical loading based on lake 

response models described by Vollenweider (1975) and Dillon and Rigler (1974) 
d. Loadings required to reach an in lake TP of 20 µg/L at turnover, according to above models. 
e. Lake conditions predicted by the empirical models summarized in Lee et al., (1978) based on the 

range of TP values predicted by Dillon and Rigler model vs the Vollenweider 1975 model. 
f. Observed ranges from data summarized in this report. Note that the detection limit for TP in some 

of the data from the 1970’s was 10 ug/L 
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APPENDIX A:  Annotated Bibliography of sources of data in the Seeley Salmon Lakes Water 
Quality database 
 
Appert, S.A. 1977. A comparative study of lake outlet ecosystems. M.S. Thesis, University of 
Montana, Missoula. 
 
Sue Appert of the University of Montana conducted a comparative study of 13 lake outlets in 
Montana, including Salmon and Seeley Lakes.  Data collected includes macro-invertebrate sampling 
and water chemistry.  In-field water chemistry data includes water temperature, pH, and alkalinity.  
pH was measured using a Sargent-Welch, Model PBX pH meter, conductivity was measured with a 
Lab-Line Instruments, Inc. conductivity meter, and alkalinity was measured using Hach chemicals. 
 
Water samples were collected for laboratory analyses at outlet sites.  Samples were analyzed for 
color, calcium and magnesium, particulate carbon, and total chlorophyll content.  Color was 
analyzed on a Beckman spectrophotometer.  Calcium and magnesium were analyzed on an atomic 
absorption spectrophotometer.  Quantitative analyses of total micro-seston were done by dichromate 
oxidation of filtered residues, generally following the procedure outlined by Strickland and Parsons 
(1968), with modifications for fresh water.  The particulate carbon in mg C/m^3 was calculated 
using the formulae of Strickland and Parsons (1968).  Chlorophyll content was used as an indicator 
of the biomass of plankton coming out the outlet.  The total chlorophyll concentrations were 
calculated using Holden’s formula (Total chl (mg/l) = 25.5 D650 + 4.0 D665) (Goodwin 1976). 
 
Chappel, V. Undated. Well monitoring, results for Seeley Lake Sewer District from 2004 through 
2011.  Unpublished data on file at the Seeley Lake Water District, Seeley Lake, MT.  Phone 
contact  406-677-2559 
 

Methodology for the Seeley Lake Sewer District well data: 

NO2+NO3: 353.2  These were tested by two different labs over the years, using the 
same method with the same detection limit (0.01mg N/L). 

TKN: 351.2, DL 0.22 mg N/L                   TOC: A5310C, DL 0.10 mg C/L 

 
Cladouhos, J.W. 1971.  The water quality and cultural eutrophication of Seeley Lake, Montana.  
M.S. Thesis, University of Montana, Missoula. 
 
A limnological investigation of Seeley Lake was conducted by Joseph Cladouhos of the University 
of Montana.  The aims of the study were: (a) to relate the physical and chemical environment to the 
primary productivity, (b) to inventory the flora and fauna of the lake, (c) to assess general types and 
probable sources of nutrients, and (d) to make recommendations about retarding the productivity due 
to these nutrients.  The report contains good background information on the study area, including 
geology, climate, vegetation, human population and land use, and morphometry data. 
 
Weekly samples were taken at 11 stations from June 20 to October 30, 1970, and monthly thereafter 
at six stations until June, 1971.  Surface samples were taken directly in polyethylene bottles, and 
depth samples were taken with a one-liter Kemmerer water sampling bottle.  All storage bottles were 
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rinsed twice before being filled with samples.  Samples were placed immediately on ice to minimize 
gas loss or chemical change due to a rise in temperature during transport.  All analyses were 
performed within 48 hours of collection. 
 
pH measurements were determined with a Corning Model 12 research pH meter.  Carbon dioxide 
and alkalinity values (bicarbonate and carbonate) were determined by standard titrations with N/44 
sodium hydroxide and 0.02 N sulfuric acid, respectively (Needham and Needham 1962).   
 
The other chemical tests were carried out using methods and materials supplied by the Hach 
Chemical Company.  These tests involved the uses of the Hach field kit, model DR-EL, and the 
Bausch and Lomb Spectronic 20 Colorimeter.  The specific tests used were as follows: 
 
 A. Hach field kit 
  1. Ortho-phosphate  -- StannaVer method 
  2. Chloride – Mercuric Nitrate method 
  3. Calcium hardness – EDTA method 
  4. Total hardness – EDTA method 

5. Dissolved Oxygen – Modified Azide-Winkler method using PAO (60 ml. water 
samples were collected and “fixed” in the field.  29 ml. water samples were used in 
the titrations). 

B. Spectronic 20 Colorimeter 
 1. Turbidity – Direct measurement in Jackson units 
 2. Sulfate – Turbidimetric method 
 3. Iron – Ferrover powder, 1, 10 Phenanothroline method 
 4. Manganese – Cold Periodate Oxidation method 
 5. Copper – Cuprethol powder method 
 6. Nitrate – NitraVer 11 method 
 7. Nitrite – NiriVer method 
 

Biochemical oxygen demand determinations were made as described by the American Public 
Health Association (1971).  A Foxboro Portable Temperature Indicator model 7125 was used 
to make temperature profiles.  Water transparency was measured using a Secchi disc.  Lake 
bottom samples were collected.  Fecal and total coliform data was obtained by the Millipore 
Filter technique, according to Standard Methods (APHA 1971). Plankton counts and 
planktonic primary productivity determinations were also made. 
 
Summary: Seeley Lake is dimictic and  moderately eutrophic. Oxygen content is relatively 
uniform at all depths except during the summer, when a significant decrease occurs in the 
hypolimnion. 
 
Series of report by Juday and Keller. Because the reports were undated, these reports 
are numbered 1-4 in database.  

 
(1) Juday, R.E. and Edward J. Keller.  Appx. 1975.  Progress Report on a Water Quality 

Survey of Placid Lake and its Drainages, May 1, 1974 to October 19, 1974. 
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(2) Ibid. Appx. 1976.  Progress Report on a Water Quality Survey of Placid Lake and its 
Drainages II, November 3, 1974 to March 27, 1976. 

 
(3) Ibid.  Appx. 1977.  Progress Report on a Water Quality Survey of Placid Lake and its 

Drainages III, March 27, 1976 to October 2, 1977. 
 

(4) Ibid.  Appx. 1978.  A Water Quality Survey of Placid Lake and its Drainages.  Montana 
Water Resources Research Center Final Report Project  No. A–087–MONT. MWRCC 
Report 110.  Montana State University.  Bozeman, MT. 

 
UM Professor Richard Juday and UM chemist Edward Keller collected water quality data 
from 1974-1977 from Placid Lake and other waters of the Clearwater River drainage, 
including Salmon and Seeley lakes.   The first three reports are progress reports on the study, 
with the final report in 1980 summarizing the earlier work. While the Final report contains 
much of the data in the progress reports, it includes only a subset of the detailed temperature 
& DO depth profiles that appear in the progress reports. That is, the progress reports may 
show DO values at every meter of depth, while the final report may show values only every 5 
meters or so. 
 
Data collected include Secchi disk transparency, seasonal depth profiles for dissolved oxygen 
and temperature, an algae and macrophyte survey, and various other water chemistry 
parameters related to water quality, including chlorophyll a, color, dissolved organic carbon, 
major cations and anions, and nutrients, primarily nitrate and phosphorus.  A trophic status 
evaluation of Placid Lake and other area lakes is also provided.  Data are also provided for a 
number of tributary streams within the watershed. The report mentions heavy summer 
blooms on Seeley Lake in 1968, 1969, and 1970. 
 
There is minimal discussion of lab methods in these early reports, however the Juday and 
Keller (1984) report (below) provides a detailed description of lab methods used  throughout 
their work .  
 
Juday, R. E. & E. J. Keller. 1984. The Effect of Ash Fallout on Water Quality in Western 
Montana. Final Report Project No. 14-34-0001-1469. Funded by US Dept of Interior.  147 
pp.  
 
Lake data – contains a summary of their earlier lake data (1977-78) 
New Lake data --Lakes sampled at  dates below: Alva, Inez, Seeley, Salmon & Placid  
Dates sampled: 1980 (July, Aug, Oct, Nov), 1981 (Jan, early & late March, April, early & 
late July, Oct, Nov), 1982 (March, May, July, Aug, Nov, Dec), 1983 (March, May, July, 
Aug, Sept) 
Parameters sampled: nitrates, inorganic P, TP, chl a & phaeophytin, cyanophyte colony 
counts (not all months for algae parameters); major cations & anions.  Also Temperature & 
DO profiles & Secchi depth-- not as many dates & varied from lake to lake. Here are some 
dates I noted (but additional dates on other lakes) : 1980 (July & Aug), 1981 (early & late 
March, April, early July), 1982 (May, Aug, Sept, Nov), 1983 (March, May, July). 
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The report also summarized some data from these lakes: Indian Post Office, Fish, Elsina 
(1979-83) 
 
Stream data –  Parameters: pH, major cations & anions, nitrates, inorganic P, TP 
Creeks sampled:  Placid, Boles, Finley, North Fork  -- not as many dates as Clearwater which 
is below  
Clearwater River, several sites on these dates:  1980 (May, June, July, Aug, Sept, Nov), 1981 
(Feb, Mar, Apr, June, July), 1982 (May, June, July, Sept, Nov), 1983 (Feb, May, July). 
 A scattering of samples on Deer Creek: Sept 1982, May 1983 
 
Lab methods—Chlorophyll a/phaeophytin samples were filtered onto a 0.45 micron 
membrane filter which was ground in DMSO to extract the pigments. The homogenate was 
then diluted with 90% acetone and read in a Turner Fluorometer. The calibration was 
checked against an EPA reference standard and was found to agree within 0.3% of that 
standard. Duplicate lake samples agreed within 5%.  
All water samples were collected in acid-washed, distilled-water-rinsed bottles. 
All mineral analyses (except phosphate forms) were performed on samples filtered through 
0.45 micron cellulose acetate membrane filters, which had been shown to add no measurable 
contamination.  
Nitrate -- was analyzed by STORET method 00630 (Cadmium reduction column). They 
checked their method with EPA reference standards (and unknowns), and achieved ‘excellent 
results’.  
Phosphate, total and total inorganic (unfiltered) – To avoid contamination, these samples 
were not filtered. The analytical procedure used was based on Procedure 425 F of the 14th 
edition of Standard Methods of Water Analysis. Digestion of total phosphate followed 
Procedure 425 C III. 
 
Cation analyses were performed by atomic absorption. Results were tested using cation/anion 
balance analysis.  
Note: Juday and Keller were experienced chemists, and refined some of the Standard 
Methods, but always checked their techniques using EPA reference samples and EPA 
laboratory test unknowns and indicated they were in good agreement with these.  
 
MT DEQ = Montana Department of Environmental Quality. Montana EQuIS Water 
Quality Exchange (MT-eWQX) database  [Internet] [updated frequently] 
 
MT-eWQX is MT DEQ’s main repository for water quality monitoring data. This database is 
not accessible to the public, but Michael Suplee of DEQ extracted Seeley and Salmon Lake 
data in the database and provided these data to this project.  The MT-eWQX  database 
includes Seeley and Salmon lake data from historic sources as well as data collected by the 
DEQ in 2003-2008 on Salmon Lake and in 2003 on Seeley Lake.  Database includes: Secchi 
depth (transparency), and depth profiles of water chemistry parameters, including dissolved 
oxygen and temperature. 
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The database is described at http://deq.mt.gov/wqinfo/datamgmt/MTEWQX.mcpx 
This website also provides a link to instructions of what is required of data before it can be 
entered into this database. 
MT DEQ has an extensive data quality assurance program which can be accessed at 
http://deq.mt.gov/wqinfo/qaprogram/default.mcpx 
Their standard operating procedures including lab methods can be accessed at 
http://deq.mt.gov/wqinfo/qaprogram/sops.mcpx  
 
Note that the MT-eWQX database can only be accessed by DEQ personnel. However, all 
data in the MT-eWQX database is transferred to the US EPA STORET database where it is 
available to the public at www.epa.gov/storet/ 
Joann Wallenburn accessed DEQ’s  Seeley & Salmon lakes data through STORET to check 
the Seeley/Salmon database contents. 
 
Rieman, B., M. Birzell, J. Wallenburn. 2010. Adopt-A-Lake Monitoring Program 2009 
Progress Report. Clearwater Resource Council, Seeley Lake, MT  
 
Clearwater Resource Council (CRC) trained volunteers performed the following sampling. 
Water samples for Electrical conductivity (EC), pH, turbidity, total nitrogen, ammonia, 
nitrate, total phosphorous, soluble reactive phosphorous, and dissolved organic carbon were 
collected from Seeley, Inez and Alva lakes in September & October, 2009. Secchi Depth was 
measured from May to October in Alva, Big Sky, Clearwater, Inez, Placid, Rainy, Salmon 
and Seeley. 
 
Sampling was replicated in varied combinations of depth and location to provide an 
assessment of within lake variation in chemistry at the time of sampling. Samples were 
collected at all depths with a Kemmerer bottle and stored in 150 ml nalgene sample bottles.  
Sample bottles were acid washed and triple rinsed with double de-ionized water before 
sample collection. In the field each bottle was rinsed three times with water from the sample 
site/depth before being filled. Lake, station, depth, date, and replicate were recorded on the 
bottles. Samples were frozen and transferred to the analytical laboratory on dry ice.   
 
Sample analysis was conducted at the University of California, Davis.  Electrical 
conductivity (Fisher conductivity meter), pH (Fisher pH meter), and turbidity (Hach turbidity 
meter) were measured on unfiltered subsamples using calibrated laboratory meters. A 
subsample was filtered through a 0.2 µ polycarbonate membrane (Millipore) for 
quantification of soluble reactive phosphorus (SR-PO4), nitrate+nitrite-N (NO3/NO2-N), 
ammonium (NH4-N), and dissolved organic carbon (DOC).  SR-PO4 was determined using 
the ammonium molybdate spectrophotometric method (LOD ~5 µg/L) (Clesceri et al., 1998). 
The vanadium chloride method was used to spectroscopically determine NO3-+NO2--N 
(MDL=0.01 mg/L) (Doane and Horwath, 2003).  NH4+-N was determined spectroscopically 
with the Berthelot reaction, using a salicylate analog of indophenol blue (LOD ~ 10 µg/L ) 
(Forster 1995).  DOC was measured using a Dohrmann UV enhanced-persulfate TOC 
analyzer (EPA Standard  Method 5310C; Phoenix 8000; LOD ~0.1 mg/L). 
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Rieman, B., J. Wallenburn, and K. Barber. 2011. Adopt-A-Lake Monitoring Program 2010 
Progress Report. Clearwater Resource Council, Seeley Lake, MT. 
 
Appendix C contains Temperature & Dissolved Oxygen depth profiles collected in Seeley & 
Salmon Lakes, summer 2010 by Dan Hatley, UM Watershed Clinic. Analytical Methods 
same as in Rieman, et al. 2010.  
 
Rieman, B., J. Wallenburn, and K. Barber. In prep (will be 2012). Adopt-A-Lake 
Monitoring Program 2011 Progress Report . Clearwater Resource Council, Seeley Lake, 
MT.  
 
In May 2011, CRC trained volunteers  sampled 2 sites on Salmon Lake,  2 sites on Seeley 
Lake, 2 sites on Clearwater River (Placid Lake Road and DARLOA bridge), Morrell Creek 
(at Highway 83, at Cottonwood Lakes Rd, at Seeley Swan High School and at a bank seep 
near the high school).  Analytical methods were the same as in Rieman et al. 2010.   
 

Ruffatto, Chris J.  1980.  Water Quality in the Five Valleys Region Western Montana, Problems 
and Recommendations.  Five Valleys District Council 208 Water Quality Project. Available from 
Lolo Forest.  

Ruffatto sampled 9 wells in the Seeley Lake community, each month from May to Oct 1979, with a 
second sampling event in June.  (7 sample events)  Additionally, in June, two surface water sites on 
the Clearwater River adjacent to test wells were sampled, and one surface water site on Seeley Lake 
adjacent to a test well in August was sampled.  In October, a sample from the Seeley Lake water 
system was also taken.  The only parameters of interest for this report are NO3 and ortho PO4, both 
in ppm.  Testing was performed under the supervision of Dr. Juday at UM, but beyond that, no 
methodologies are described, nor any detection limits stated. 

Streebin, L.E., S. M. Allen, D. E. Guffey, H.  S. Peavy.  1972.  Water Quality Survey, Lolo NF, 
Missoula, MT. School of Civil Engineering and Environmental Science.  Univ. of  Oklahoma.  
Norman, OK. Available from Lolo Forest.       and 

Streebin, L.E., Steven M. Allen, William B. Heller, James Westoff.  1973.  Water Quality 
Study of the Clearwater River and Selected Tributaries, Lolo NF. School of Civil 
Engineering and Environmental Science.  Univ. of Oklahoma.  Norman, OK. 
 
A study was conducted during May to August 1972 by the University of Oklahoma School of 
Civil Engineering and Environmental Science in conjunction with the Lolo National Forest.  
This study primarily focuses on the Clearwater River and tributary streams (including Rice 
Creek and Deer Creek); however, some data are for Seeley Lake.   
 
“Water from Seeley Lake was taken for analysis on a regular basis.  Specific conductivity, 
alkalinity, turbidity, chemical oxygen demand, nitrate, ortho and acid-hydrolyzable 
phosphates, and tannin-lignin determinations were made.  At the time of sampling, a 
dissolved oxygen and temperature profile at each sampling point was made.  Also a 
biological sample was taken for algal counts.  Water samples were taken with a two liter 
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Kemmerer bottle at 18 feet or at one-half of the depth, whichever was less.”  Temperature 
and DO were measured with a Yellow Springs Instrument Company model 54 DO meter. 
 
“Definite patterns in downstream changes in the water parameters tested are apparent.  
Alkalinity declines steadily downstream with a parallel decline in conductivity.  COD 
increases downstream, as does tannin-lignin, due to the assimilation of inorganics by algae.  
Total phosphates generally decrease downstream, which is to be expected, with increased 
algal growth.” 
 
“Tests were performed by procedures outlined in Standard Methods for the Examination of 
Water and Wastewater, 13th edition, 1971, American Public Health Association, New York, 
NY.” 

 
USEPA. 1977.  Report on Seeley Lake Missoula County Montana.  EPA Region VIII 
Working Paper No. 799.   
 
The National Eutrophication Survey was initiated in 1972 to investigate the threat of accelerated 
eutrophication to freshwater lakes and reservoirs.  This report presents data collected on Seeley Lake 
in 1975 and summarizes lake & basin characteristics.  
 
Conclusions: The report concluded that: Seeley Lake was meso-eutrophic and nitrogen limited at the 
time of the study.  
     Point sources contributed 1.2 percent of the total phosphorous load, while non-point sources 
accounted for 98.8 percent. 
 
“Seeley Lake was sampled three times during the open-water season of 1975 by means of a pontoon-
equipped Huey helicopter.  Each time, samples for physical and chemical parameters were collected 
from a number of depths at two stations in May and July and from three stations in September.  
During each visit, a single depth-integrated (4.6 m to surface) sample was composited from the 
station for phytoplankton identification and enumeration; and during the first and last visits, a single 
18.9 liter depth-integrated sample was composited for algal assays.  Also each time, a depth-
integrated sample was collected from each of the stations for chlorophyll a analysis.” 
 
Parameters measured include temperature, dissolved oxygen, conductivity, pH, total alkalinity, total 
p, ortho p, NO2 + NO3, ammonia, Kjeldahl N, inorganic N, total N, chlorophyll a, and Secchi depth 
readings.  In addition, annual phosphorous and nitrogen loading was estimated. 

 
USEPA. 2012. STORET Data Warehouse.  www.epa.gov/storet/dw_home.html .  Accessed 
01/21/2012 
 
The STORET Data Warehouse is EPA's repository of the water quality monitoring data 
collected by water resource management agencies and groups across the country.  Full 
description at www.epa.gov/storet/about.html 
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Watson, V. J. 2012. Lake Water Quality, Trophic Status, and Potential Loading Sources for 
Clearwater Lakes. -- Final Report, March 2012. Prepared for Clearwater Resource Council.      
 
Seeley and Salmon Lake Data collected by Daniel Hatley (with funding from UM Watershed 
Health Clinic), summer 2010.   
Temperature and dissolved oxygen profiles were measured at three sites on Seeley Lake and 
four sites on Salmon Lake at roughly two week intervals from May through October, 2010.  
Temperature and oxygen concentrations were measured with a YSI Pro 20  meter using the 
saturated air calibration method controlled for atmospheric pressure. Samples were taken 
from 0.5 m below the surface to 0.5 meter above the bottom at each site.  Measurements were 
taken at 1 m increments when a strong gradient in oxygen (e.g., > 0.2 mg/L/m) was apparent 
and over a larger depth range when a strong gradient did not exist. Measurements were taken 
directly by lowering the probe to depth and “jigging” until the oxygen measurement 
stabilized.   Secchi transparencies were measured with a 20 cm (7.9”) black- white quadrant 
disk suspended on a fiberglass tape measure.  Sampling was planned for two week intervals 
from ice-off in May to early October. Both lakes were sampled on: 6/18/2010, 7/15/2010, 
8/12/2010, 9/2/2010.  Salmon was also sampled on 5/21/2010 and 8/3/2010, and Seeley was 
also sampled on 6/8/2010.  The SAP for the volunteer transparency sampling is in Rieman et 
al., 2010.  Note: these data also appear in Rieman et al 2011.  

 
Sources cited in above annotated bibliography (often for methods used in above studies) 
 
American Public Health Association. 1971.  Standard Methods for the Analysis of Water and 
Wastewater. 13th edition.  
 
Clesceri, L.S., A.E. Greenberg, and A.D. Eaton (eds.). 1998. Standard methods for the examination 
of water and wastewater, 20th ed. American Public Health Assoc., American Water Works Assoc., 
and Water Environment Assoc., Washington, DC. 
 
Doane, T. A.; Horwath, W. R., Spectrophotometric Determination of Nitrate with a Single Reagent. 
Analytical Letters 2003, 36 (12), 2713-2722. 
 
Forster, J.C. 1995 Soil Nitrogen, p. 79-87. In Alef, K., and P. Nannipieri (eds). Methods in applied 
soil microbiology and biochemistry. Academic Press. 
 
Goodwin, T. W.  1976.  Chemistry and biochemistry of plant pigments. Academic Press, NY.  
 
Needham, J. G. and P. R. Needham 1962.  A guide to the study of freshwater biology. Holden-Day. 
San Francisco.    
 
Strickland, J. D. H and T. R. Parsons. 1968.  A Practical Handbook of Seawater Analysis. Ottawa: 
Fisheries Research Board of Canada, Bulletin 167. 293 pp 
 
EPA Standard Methods are available online at 
http://yosemite.epa.gov/water/owrccatalog.nsf/e673c95b11602f2385256ae1007279fe/673cd7d5ddae
f93885256b0600725232!OpenDocument   
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APPENDIX B:  References that may be Useful to Management of Clearwater Lakes 
 
Appert, S.A. 1977. A comparative study of lake outlet ecosystems. M.S. Thesis, Univ. Montana, 
Missoula. 577.63 A646c  
 
Arendt, C. 2009. Letter to Missoula County Planning Board & Commissioners, reviewing WET’s 
report:  Placid Lake, Montana: Report on Water Quality Status and Projected Impacts from 
Development. Available from Bruce Rieman.  
 
Baehr, M.M. 2000.  In situ chemical sensor measurements in a Freshwater Lake: An analysis of the 
short-term and seasonal effects of Ice cover, ice out, ant turnover on CO2 and O2.  Doctoral 
dissertation, Univ. Montana, Missoula. (Study of Placid Lake) 
 
Baehr, M. M. and M. D. Degrandpre. 2002. Under ice CO2 and O2 variability in a freshwater lake. 
Biogeochemistry. 61:95-113 
 
Black, J. D. 1979.  A History of the Seeley Lake Area. 978.685 B627h at UM Library 
 
Browman, A. A. 1994. Seeley-Swan Valley. 978.685 B877s. at UM Library 
 
Cladouhos, J.W. 1971.  Water quality and cultural eutrophication of Seeley Lake, Montana.  M.S. 
Thesis, University of Montana, Missoula.  577.63158 C583w  
 
Carlson, J. (Director of Env. Health, Missoula Health Department).  2009. Letter to Missoula 
Consolidated Planning Board, concerning water quality issues related to Seeley Lake Regional Plan.  
Available from Bruce Rieman.       
 
Darling, J.  1976. Factors affecting the trout fishery of Big Sky Lake, Montana Big (Fish lake) 
799.1757  D2214F  (UM) 
 
Juday, R.E. and E.J. Keller. 1978. A water quality study of Placid Lake and its drainages. Montana 
Water Resources Research Center, Final Report Project  A-087-MONT, MWRRC Report No. 110, 
Montana State University, Bozeman. Also a series of progress reports on same from approx. 1975-
78. At UM 551.49 M4w-r no.110 
 
Juday, R. E. & E. J. Keller. 1984. The Effect of Ash Fallout on Water Quality in Western 
Montana. Final Report Project No. 14-34-0001-1469. Funded by US Dept of Interior.  147 
pp.  At UM 628.1609786 J92e 
 
Land and Water Consulting, Inc.  1996.  Missoula County Carrying Capacity Study: Effects of 
Septic System Loading on Groundwater quality.  Phase I, Phase II and Phase II;  Final Report 
Volume 1.  Report to Missoula County Commissioners. (Copy of portions of all phases with specific 
reference to Seeley in appendix T in McCleod and Aune 2004; including specific references to 
Seeley.)  Not in UM library catalog. 
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Land and Water Consulting, MtDEQ, Lake County Conservation District.  2004.  Water quality 
protection plan and TMDLs for the Swan Lake Watershed.  (Rieman has on file, also available from 
DEQ webpage)   

 
Lolo National Forest (1979) Seeley lake nutrient and algae status check, Autumn 1979.  (Copy in 
McCleod and Aune; blue green blooms, U of M analysis) 
 
McLeod, K.C. and D.M. Aune.  2004. Seeley Lake sewer district wastewater preliminary 
engineering report, final.  ENTRANCO, Engineering. (Conclusions of groundwater contamination 
and likely lake influence.) Not in UM library catalog 
 
McLeod, K.C. and D.M. Aune.  2008.  Addendum preliminary engineering wastewater report, 
Seeley Lake, Montana.  (Further design of treatment alternatives.)  Not in UM library catalog 
 
Montana Bureau of Mines and Geology 2008 Missoula Co. Hydrogeology of Ravalli, Missoula, and 
Mineral counties  (Tom Patton, John LaFave (496-4306) contact for web based maps or 
http://mbmggwic.mtech.edu links to  well data  GWCP map products.) 
 
Montana Department of Environmental Quality. 2012. Montana EQuIS Water Quality Exchange 
Database. Helena, MT: Montana Department of Environmental Quality. Accessed ??/??/2012    
Available only to DEQ staff. 

 
MT DEQ/Blackfoot Challenge.  2008.  Middle Blackfoot/Nevada Creek Total Maximum Daily 
Loads and Water Quality Improvement Plan. Sediment, Nutrient, Trace Metal and Temperature 
TMDLs (& appendices). 450 pp. access at  http://deq.mt.gov/wqinfo/TMDL/finalReports.mcpx  

 
Norbeck, P.M. and McDonald, C.  1998.  Groundwater evaluation Seeley Lake, MT.  Montana 
Bureau of Mines and Geology.  MTDNRC Grant RRG-96-1037.  (Copy available in McCleod and 
Aune 2004.)  (Difficult to detect nutrient enrichment in lake, may be most obvious in shoreline algae 
or clarity.) Not in UM library catalog. 
 
Oral history of Salmon Lake.  Ott-212-1,2,3,4 and transcript, level 4 archives, Toole collections. Not 
in UM library catalog. 
 
Petersen-Perlman, J. D. 2010.  An assessment of municipal water rights and water systems in the 
Clark Fork River Basin [electronic resource]. MS thesis, University of Montana.  
 
PBS&J. 2008. Swan Lake Watershed TMDL Implementation Program. Target Status Report. Project 
No. B15530. 29 pp.  Prepared for Swan Ecosystem Center and MT DEQ.  

 
PBS&J.  2009 (Aug. 24).  Memorandum to Missoula County Planning Board regarding the WET 
report on Placid Lake and projected impacts from development. (Electronic copy available from 
County, Placid Lake Homeowners. Rieman has copy)  
 
Rieman, B., M. Birzell, and J. Wallenburn. 2010. Adopt-A-Lake Monitoring Program 2009 Progress 
Report. Clearwater Resource Council. 22 pp.  
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Rieman, B. J. Wallenburn, and K. Barber. 2011. Adopt-A-Lake Monitoring Program 2010 
Progress Report. Clearwater Resource Council, Seeley Lake, MT. 
 
Ruffatto, Chris J.  1980.  Water Quality in the Five Valleys Region Western Montana, Problems and 
Recommendations.  Five Valleys District Council 208 Water Quality Project. Available from Lolo 
Forest.  
 
Ruffatto, C. J. 1980. Recommendations to local government for the protection of water quality: 
Mineral, Missoula, and Ravalli counties, Montana.  UM Library 628.16 R922r 

 
Seeley Lake Sewer District Test Well monitoring of Nitrate/Nitrite and Chloride, total coliform, pH. 
(Rieman has copy.) 
 
Seeley Lake Water District intake monitoring of TOC and coliform. Available from V. Chappell at 
water district. 
 
Streebin, L.E., Stephen M. Allen, Don E. Guffey, Howard S. Peavy.  1972.  Water Quality Survey, 
Lolo NF, Missoula, MT. School of Civil Engineering and Environmental Science.  Univ. of  
Oklahoma.  Norman, OK. Available from Lolo Forest.  

 
Streebin, L.E., Robertson, J.M., Allen, S.M., Heller, W.B., and Westhoff, J. 1973.  Water quality of 
the Clearwater River and Selected tributaries.  Lolo National Forest Missoula Ranger District, 
Missoula MT. School of  Civil Engineering and Environmental Science.  Univ. of  Oklahoma.  
Norman, OK. Available from Lolo Forest. UM library 333.9162; S9142W (Copy in McLeod and 
Aune, 2004.) 
 
USEPA.  1977.  National Eutrophication Survey. Report on Seeley Lake Missoula County Montana.  
EPA Region VIII Working Paper No. 799.  21 pp.  Available from Lolo Forest.  UM library E 
1.28PB 270.636 
 
USEPA.  2004, Water Quality Assessment and TMDLs for the Flathead River Headwaters Planning 
Area, Montana . Prepared by USEPA, Flathead National Forest & Tetratech. Available at 
http://deq.mt.gov/wqinfo/TMDL/finalReports.mcpx 
 
Walker-Smith, K. 1995.  Environmental and biological factors limiting reproduction recruitment and 
growth of largemouth bass in Seeley and Echo Lakes, Montana.  M.S. Thesis, University of 
Montana, Missoula. (DO & temperature profiles for 1991 & 1992 -- O2 deficit in south basin) 

 
Watson, V. J. 2012. Lake Water Quality, Trophic Status, and Potential Loading Sources for 
Clearwater Lakes. -- Final Report, March 2012 -- Final Report, March 2012. Prepared for Clearwater 
Resource Council.      

 
WET (Water and Environmental Technologies) 2008 (September).  Placid Lake water quality 
summary, Missoula County, Montana. (electronic copy available from County, Placid Lake 
Homeowners.  (Rieman has copy.) Not in UM library catalog 
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WET (Water and Environmental Technologies) 2009 (July).  Placid Lake, Montana Report on water 
quality status and projected impacts from development.  (Electronic copy available from County, 
Placid Lake Homeowners.  Rieman has copy) 
 
Witkind. I. J. 1977. Preliminary map showing surficial deposits in the Seeley Lake East quadrangle, 
Missoula and Powell Counties, Montana.  US Geological Survey. UM call number I 19.76:77-202  
 
Winslow, N. 2009.  Big Sky Lake water quality monitoring report, 2006-2008 results.  Big Sky Lake 
Homeowners Association.  P.O. box 1338, Seeley lake, MT  59868  Not in UM library catalog. 

 
Woessner, W.W., King, J., Lambert, S. Michalek, T. and Hinman, N. 1996.  Effects of Septic system 
loading on groundwater quality.  Cumulative effects of domestic sewage disposal on groundwater of 
Missoula County.  An analysis of carrying capacity.  Phase II volume 2.  Department of Geology, 
University of Montana. (partial copy in appendix T in McCleod and Aune 2004;  Including specific 
references to Seeley).   Not in UM library catalog. 
 
Misc. References without complete citation or location: 
 
Druyvestein (1968), Summary report of water quality on Seeley Lake (referenced in Lolo Natl. 
Forest 1979) Not in UM library catalog 
 
Moos, Moyer, and Frankie (1969).  Water quality study referenced in Lolo Nat. Forest 1979) Not in 
UM library catalog 
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APPENDIX C: Key Condition Parameters for Seeley and Salmon Lakes (1970-2011) 

 

Table C1.  Areal Hypolimnetic Oxygen Depletion rate (AHOD) for Seeley & Salmon Lakes 
over time 

 

Appendix C Figures and Captions  

 

Figure C1. Seeley Lake data including:  

C1a. Chlorophyll a  

C1b. Secchi depth 

C1c. Total Phosphorus 

C1d. Total Nitrogen 

C1e. Nitrites and Nitrates 

C1f. Dissolved Organic Carbon 

C1g. Dissolved Oxygen Profiles for various basins and dates 

 

Figure C2.  Salmon Lake data including:  

C2a. Chlorophyll a  

C2b. Secchi depth 

C2c. Total Phosphorus 

C2d. Total Nitrogen 

C2e. Nitrites and Nitrates 

C2f. Dissolved Organic Carbon 

C2g. Dissolved Oxygen Profiles for various basins and dates 

 

(Note -- where appropriate, figures include lines delineating breaks between oligotrophic, 
mesotrophic and eutrophic conditions) 
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Table C1.  Areal Hypolimnetic Oxygen Depletion rate (AHOD) for Seeley & Salmon Lakes over time 

SEELEY  
Lake annual 

mean 
flow 
(cfs)* 

mean 
AHOD 
g/m2/yr 

AHOD 
all values 
g/m2/yr 

TSI AHOD 
 based on 

mean 
depth (m) of  

18.3 

time period(s) 
over which  

AHOD  
calculated 

Comments 

  

Year   

1975 2155 0.49 0.49 38 6-27 to 9-13 

1980 1535 0.64 0.64 43 7-31 to 9-25 

1981 1624 0.36 0.36 31 6-28 to 8-8 

1982 2008 0.3 0.3 27 7-11 to 8-21 

1983 1325 0.85 0.85 49 7-30 to 9-19 

2003 1324 0.33 0.33 29 7-15 to 9-13 

2010 1072 0.3 0.3,0.3,0.43 27 6-18 to 9-2 for sites 1,2,3 

  

SALMON  
Lake annual 

mean 
flow 
(cfs) 

mean 
AHOD 
g/m2/yr 

AHOD 
all values 
g/m2/yr 

TSI AHOD 
 based on 

mean 
depth (m) of  

9.7 

time period(s) 
over which  

AHOD  
calculated   

Year   

1975 2155 0.31 0.31 27 7-3 to 9-13 

1977 700.4 0.24 .23-.26 22 7-27 to 9-7 & 6-12 to 9-7 

1981 1624 0.37 0.37 31 5-25 to 7-26 

1982 2008 0.3 0.06-0.43 27 May to Sept 

2003 1324 0.08 0.08 na 7-15 to 8-10 
no significant 
depletion 

2004 1206 0.33 0.19-0.47 29 7-21 to 8-16 & 7-21 to 9-16 

2005 1225 0.23 0.19-0.27 21 7-29 to 8-23 & 6-22 to 7-29 

2006 1415 0.23 0.23 21 7-14 to 8-1 

2008 1521 0.44 0.42-0.46 35 7-16 to 8-13 & 6-20 to 8-13 

2010 1072 0.3 see below 27 
mean of values 
below 

2010 site 1 0.22,0.41,0.24 6-18 to 9-2;  to 8-12;  to 7-15 Note variability 
across sites & for 
different time 
intervals used to   
calculate AHOD 

site 2 0.32,0.35,0.24 same 

site 3 0.3,0.34,0.21 same 

site 4 0.32,0.40,0.41 same 

*  based on USGS station at Bonner on the Blackfoot River, from October to September of year when AHOD calculated 
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Figure C1:  Seeley Lake Database Key Data Graphed (1970’s to 2011) 
 
C1a. 

 
 
 
C1b. 
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C1c. 

 
 
 
C1d. 
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C1e. 

 
 
 
C1f. 
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Figure C1g: Dissolved Oxygen Profiles for various basins and dates 
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Figure C2:  Salmon Lake Database Key Data Graphed (1970’s to 2011) 
 
 
C2a. 

 
 
 
C2b. 

 
 
 
 

Salmon Lake 
Chlorophyll a

0

5

10

15

20

25

30

1970 1980 1990 2000 2010

Date

C
h

lo
ro

p
h

yl
l a

 (
u

g
/L

)
North Basin

Mid-North Basin

Oligotrophic

Mesotrophic

Eutrophic

Salmon Lake
Secchi Disk Depth

0

1

2

3

4

5

6

7

1970 1980 1990 2000 2010 2020

Date

D
ep

th
 (

m
)

North Basin
Mid-North Basin
Mid-South Basin
South Basin

Oligotrophic

Mesotrophic

Eutrophic



58 
 

C2c.

 
 
 
C2d.  

 
 
 
 

Salmon Lake
Total Phosphorus

0

5

10

15

20

25

30

2000 2005 2010 2015

Date

u
g

 P
/L

North Basin

Mid-South Basin

Oligotrophic

Mesotrophic

Salmon Lake 
Total Nitrogen

0

50

100

150

200

250

300

350

2000 2005 2010 2015
Date

u
g

 N
/L

North Basin

Mid-South Basin

Oligotrophic



59 
 

C2e.

 
 
 
 
C2f.  

 
  

Salmon Lake 
Nitrite, Nitrate

0

50

100

150

200

250

300

350

1970 1980 1990 2000 2010 2020
Date

u
g

 N
/L

North Basin

Mid-North Basin

Mid-South Basin

Salmon Lake
Dissolved Organic Carbon

0

2

4

6

8

10

12

2010 2011 2012 2012 2014 2015

Date

m
g

 C
/L

North Basin

Mid-South Basin



60 
 

Figure C2g:  Dissolved Oxygen Profiles for various basins and dates 
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