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Executive Summary  

 
1. Project Background 

Lake Auburn, the principal drinking water supply for the communities of Lewiston and Auburn, Maine, 

has been known for its excellent water quality as a result of a strong watershed protection program 

implemented by the two communities. In 2011 and 2012, however, water quality was degraded due 

to a combination of factors that raised turbidity in the lake to near the limit allowed under the 

filtration avoidance waiver granted to the Auburn Water District and Lewiston Water Division 

(AWD/LWD). In 2012, dissolved oxygen was severely reduced throughout the bottom waters of the 

lake, compromising the cold water fishery habitat and resulting in the death of some lake trout 

(Togue) in September 2012. 

While relationships between drivers of decreased water quality are not completely known, it is clear 

that if the quality in the lake continues to degrade construction of more advanced water treatment 

facilities may be required. Also, if levels of algae in the fall were to increase further, there could be 

taste and odor issues in the distribution system and threats to the fishery in the lake.  

This study was divided into two phases: 

� Phase 1 – Examined available data to investigate the causes of the recent degradation in water 

quality, and made recommendations on short-term actions that could be taken if poor water 

quality recurred 

� Phase 2 – Used additional data from 2013 to re-assess short-term actions and recommend long-

term actions to reduce the sources and mitigate the adverse impacts of excess phosphorus on 

the water quality of Lake Auburn. 

Water quality data from AWD/LWD and Bates College1 underpins this study.  The study team includes 

Comprehensive Environmental, Inc. (CEI) to address watershed changes and management actions, and 

Dr. Ken Wagner of Water Resource Services Inc. to advise on lake water quality and in-lake 

management options.  

2. Phase 1 Summary 

The March 2013 Phase 1 report concluded that while the degraded water quality was a serious 

concern, and watershed management programs needed to be continued and strengthened, an 

immediate in-lake management action did not need to be implemented.  Instead, the following short-

term management actions were recommended: 

� Implement an enhanced monitoring program in the watershed and lake, and  

                                                           

1
 Dr. Holly Ewing and co-Principal Investigators (see Section 2) provided valuable water quality data used in this study. Their 

data were collected, analyzed and compiled under grants from the National Science Foundation (NSF): (1) NSF DEB-0749022, 

(2) NSF EF-0842112, (3) NSF EF-0842125, and (4) NSF EF-0842267. 
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� Obtain permits to allow for application of algicide to control nuisance algal blooms as a short-

term contingency plan if turbidity levels were elevated as in 2011 and 2012. 

In 2013, AWD/LWD and LAWPC implemented these recommendations, and also implemented several 

measures to further strengthen the watershed management program.  

3. Key Findings from 2013 Water Quality Data 

What was Measured 

Observations from the 2013 water quality monitoring program are provided below along with a 

discussion of trend in the data compared to 2011/2012.  

� Surface phosphorus levels were similar to 2012; Figure 1 – Monthly average surface 

phosphorus concentrations in 2013 ranged from 9 to 17 µg/l, similar to 2012. These values are 

10 to 50 percent higher than the limited data in 2005 and 2010, which ranged from 6 to 14 µg/l. 

Surface phosphorus concentrations fuel algal blooms; values below 10 µg/l are considered 

desirable, while values above 25 µg/l are undesirable. 

� Low dissolved oxygen in the bottom waters improved; Figure 2 – The area of bottom layer of 

the lake exposed to very low oxygen was similar to 2011, but smaller than 2012. On the other 

hand, oxygen in the bottom waters did not reach low levels until early fall 2013 about a month 

later than in 2012. The anoxic factor, which combines duration and extent of low oxygen, 

showed significant improvement in 2013. It was 9.9 in 2013 and greater than 18 in 2011/2012; 

prior to 2011 the anoxic factor was zero or less than one except in 2002. Low oxygen can be 

harmful or fatal to fish and other life, and cause phosphorus to be released from sediment, 

which can fuel algal blooms. 

� Shallow Secchi depth occurred in late Summer/Fall; Figure 3 -- Secchi depth is another 

measure of transparency, which is a surrogate for algae in Lake Auburn. Late summer/fall of 

2011-12 produced the shallowest Secchi depth readings recorded since 1978, with record low 

values from mid-September through October. In 2013 Secchi depth was close to the long-term 

average until August, and then they became shallower relative to the long-term average. Except 

for a couple of weeks, the 2013 values were deeper than 2011 and 2012. 

� Number of days of elevated turbidity improved; Figure 4 -- Turbidity is a measure of water 

transparency; high turbidity in Lake Auburn indicates increases in algae2. In 2013, the number of 

days with turbidity above 2 NTU dropped significantly, while the number of days with turbidity 

above 1 NTU was similar. Turbidity has historically been far below 1 NTU, with only rare 

excursions above 2 NTU. To maintain the filtration waiver turbidity must not exceed 5 NTU for 

more than two events per year and not more than 5 events in ten years. The reportable 

turbidity at the Lake Auburn intake has never exceeded 5 NTU, with the highest level occurring 

in 2011. 

� No significant blue-green algal bloom in 2013 – The algal community differed from 2011/2012 

by not having a large fall blue-green algal bloom. Instead the dominant algae were diatoms and 

                                                           

2
 Particle size distribution matters as much as the overall quantity of particles to turbidity, so there can be substantial 

variation in turbidity with changing algal communities 
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golden browns. Bates College data show Gloeotrichia levels in 2013 were lower than 

2011/2012.  

� Tributary phosphorus data – 2013 monitoring data was used to compare phosphorus 

concentrations and estimate annual loads at Townsend Brook and the North Auburn Dam. The 

concentrations at Townsend Brook are nearly double those measured at the North Auburn 

Dam, but the much higher flow at the North Auburn Dam results in an estimated annual 

phosphorus load of 180 kg vs. 120-130 kg from Townsend Brook. 

� Rainfall was below normal; temperature was typical; no fish kill occurred; Figure 5 – Annual 

rainfall in 2013 was about 8 inches below average, but the distribution of monthly rainfall in 

2012 differed significantly with a dry winter and fall and a very wet June. Water temperatures 

at the intake were average, and the combination of sufficient oxygen in a portion of the bottom 

waters combined with a return to typical water temperatures supported the coldwater fishery 

throughout the late summer and fall. 

What This Means 

Overall many indicators showed significant improvement in 2013 compared to 2011/2012, but the 

water quality was still notably degraded from previous years. The reduction in maximum turbidity 

values and lack of large blue-green algal blooms meant that an algicide application was not necessary 

in 2013. 

Watershed loads could be estimated from a robust set of dry and wet weather measurement of total 

phosphorus levels at Townsend Brook and the North Auburn Dam. These data suggest watershed 

loads alone would support excellent lake water quality. 

The 2013 data support the Phase 1 analysis results that both internal and external loads can 

contribute to explaining the increase in phosphorus concentrations in the surface water, though the 

most likely explanation is that increased internal loads are largely responsible. Because the 2013 

phosphorus measurements in the two main tributaries to Lake Auburn did not suggest significant 

uncontrollable loads discharging to the lake, it will likely be difficult to make a large reduction in 

watershed load (in part because of the strong watershed management program that exists today, 

which must be maintained and strengthened). Thus, if future conditions require implementation of a 

scheme to reduce phosphorus to control algal growth, reduce turbidity, and protect the coldwater 

fishery, the most effective approach would be to implement a measure to control the internal load 

from the sediments. 

The 2013 data were also used to revisit the question of whether water quality changes in Lake Auburn 

since 2010 are part of long-term trend or result from single year events. Overall, the factors that 

would suggest a long-term trend improved in 2013, and there were no unusual meteorological events 

(as in 2011/2012) to drive further degradation of water quality in 2013.  
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Figure 3: 2011-12 Secchi Depths Compared to 

1978-2010 Average and Long-term Range  
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Figure 2: Bottom Area of Lake Auburn with 
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Is Degraded Water Quality Likely to Continue? 

Factors that would indicate if degraded conditions are likely to continue are: 

� High spring total phosphorus in the surface water -- fuels early algal growth and results in early 

high turbidity values; 

� Unusual warm temperatures -- strengthens stratification and possibly the magnitude and 

extent of oxygen depletion in the bottom water, and promotes blue-green algal blooms; and 

� Large intense storms – increases phosphorus load to the lake spurring algal growth. 

Of these factors, there was only evidence of the first one in 2013.  Spring total phosphorus 

concentrations were similar to 2012, and this resulted in a bloom of golden brown algae and 10 

occurrences of maximum daily turbidity above 1 NTU in May, which was much higher than the 

previous record of two in May 2007.  

While 2013 saw improvements in many water quality indicators, it would take a long time (in absence 

of unusual meteorological events) for the lake to return to pre-2010 phosphorus concentrations 

(closer to the desirable concentration of 10 µg/l). Lake Auburn has a 4.8-year residence time (USGS, 

2004) and additional total phosphorus mass that became present in the lake in 2011 and 2012 would 

require nearly a decade to be reduced in concentration to levels that result from watershed loads 

alone.  Enhanced control of watershed loads would aid this process. 

Looking to the future, AWD/LWD need to watch for signs of degraded water quality and consider the 

need to implement additional in-lake management measures. Two key questions to be addressed are 

(1) will the lake’s phosphorus levels in the surface water increase, stabilize or decrease from where 

they are today, and (2) is the algal community that develops each year from these phosphorus levels 

acceptable from the point of view of treatability, aesthetics, and risk for losing the filtration avoidance 

waiver?  

4. Long-term Management Recommendations 

The recommended long-term management plan for Lake Auburn consists of three elements: 

� Continued monitoring of the watershed and lake water quality  

� Watershed management activities 

� In-lake management activities 

Continued Monitoring 

The 2013 monitoring program for the watershed and the lake should be continued with a few changes 

that are documented in the Phase 2 report. Data from the monitoring program should be evaluated 

on both an on-going and annual basis.  On-going evaluation allows for identification of trends that 

need to be addressed immediately. These could include increases in turbidity in the lake, atypical 

results from watershed monitoring, or occurrence of nuisance algae. In addition, an annual data 

summary should be prepared at the end of each year. 
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Watershed Management 

AWD/LWD and the LAWPC should continue and strengthen their on-going watershed management 

program that serves as the first barrier in their multiple barrier approach to providing safe drinking 

water.  

Estimates of the external load of phosphorus to Lake Auburn show that it has been controlled to a 

substantial extent through existing watershed programs to control non-point sources of phosphorus. 

However, recent investigations (CEI, 2013a and Summit Environmental, 2014) have suggested some 

areas of concern within the watershed, particularly the occurrence of many sediment deltas of recent 

origin around the lake’s perimeter and in the watershed and in the Townsend Brook watershed. Both 

concerns focus on erosion which is of concern because sediment adds phosphorus load to the lake 

and most likely oxygen demanding substances as well. Ultimately, the reserves of phosphorus in Lake 

Auburn’s sediments have their origin in the watershed and minimizing watershed loading is in the best 

interest of the lake and its users. 

One of the most important controls for sediment load that exists in the watershed today are the 

impoundment behind the North Auburn Dam (the Basin) and other upstream ponds that exist as part 

of a linked stream pond system. These ponds serve as natural sedimentation basins and monitoring 

sediment accumulation and maintaining their capacity to store sediment (e.g., through dredging if 

needed) should be a high priority.  

CEI (2013b) prepared a Phase 2 report that included recommendations for structural and non-

structural BMPs for the watershed.  The structural BMPs focused on controls of sediment from 

problem areas noted in the lake and watershed or control of potential spills that could occur from the 

roads that surround the lake. AWD/LWD should continue to take advantage of opportunities to 

implement these BMPs as they arise (e.g., through use of dedicated watershed funds and available 

grant funding), focusing initially on controlling erosion at locations that discharge directly to the lake.  

The CEI Phase 2 report also included recommendations on non-structural BMPs. The 

recommendations from that report are summarized below.  AWD/LWD has already started to 

implement many of these and we recommend full implementation of these recommendations.  

� Amending regulations to promote low impact development, amend the zoning ordinance to 

strengthen subsurface watershed disposal requirement, update the phosphorus control 

ordinance, amend the ordinance to prohibit certain land uses within the watershed, and adding 

a steep slope ordinance. 

� Developing a public education program, including an enhanced website and educational 

materials, and education programs for schools, farmers, residents on the value of buffers and 

gravel road maintenance. 

� Continuing watershed monitoring activities including tributary water quality and forestry 

activity.  

� Setting aside funds for maintaining watershed lands. 

� Continuing with key parcel land acquisition and conservation efforts of environmentally 

sensitive lands. 
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� Developing trail networks on LAWPC properties. 

� Continuing to control invasive species. 

� Continuing with the gull management program. 

In addition, we recommend that AWD/LWD continue with identification and control of sources of 

phosphorus in the watershed including working with the golf course to reduce use of fertilizers, 

working with farmers in the surrounding area to encourage best practices, and modeling best 

management practices concerning the timber harvesting plan that was developed in 2013 and 

encouraging their use throughout the watershed.  

In-lake Management 

During Phase 2, a wide range of in-lake management options were assessed with respect to their 

ability to reduce or prevent future algal blooms, episodes of high turbidity and to protect the 

coldwater fishery in Lake Auburn. The short list of feasible and applicable in-lake management 

measures are provided below along with the selection of specific treatment techniques for Lake 

Auburn. 

� Dredging – this option was subsequently eliminated due to its much higher cost 

� Hypolimnetic oxygenation – Among several types of hypolimnetic oxygenation systems, a 

diffused oxygen distributor system was selected for Lake Auburn based on its lower installation 

cost, simpler operation (this oxygen system requires no power or moving parts), and similar 

operational costs (oxygen vs. power requirements for other oxygenation systems)  

� Phosphorus inactivation – Among the techniques for inactivating phosphorus an aluminum 

sulfate (alum) application targeting the surficial sediments was selected for Lake Auburn. 

Table 1 provides a comparison of the diffused oxygen distributor system for hypolimnetic oxygenation 

and alum application for phosphorus inactivation. 

Implementation of an in-lake management system could be needed within the next several years to 

drive a significant improvement in water quality in Lake Auburn. It is not needed immediately, 

however, due to the contingency plan AWD/LWD has to apply algicide if algal blooms similar to 

2011/2012 recur.  While the lake’s water quality could continue to improve, as was seen in many 

indicators in 2013, changing climatic factors (e.g., more frequent intense rain events and the increase 

in stratification stability) will pose hurdles to continued water quality improvement. Nonetheless, 

because recurrence of degraded water quality similar to 2011 or 2012 is heavily dependent on climate 

and other factors outside of our control, it is sensible to begin planning now to implement an in-lake 

management system. 

From the perspective of effectiveness of phosphorus control, there is no technical reason to prefer 

one of these treatments over the other.  Planning level costs for these two systems are similar, with 

the higher capital cost of alum being balanced with the operation and maintenance cost of the 

oxygenation system. We recommend AWD/LWD conduct the necessary preparations to be able to 

implement either system should an in-lake system be required. Ultimately the selection of a system 

will require consideration of the tradeoffs related to operating an aeration system on an on-going 
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basis, stakeholder acceptance, regulatory approval, potential for benefits to the lake’s aquatic life, and 

flexibility provided by the management action.   

 

Table 1 

Comparison of Hypolimnetic Oxygenation with Phosphorus Inactivation 

Factor Hypolimnetic Oxygenation Phosphorus Inactivation 

Capital cost1 $2.6 to 4.2 million (best est. $3.4 
million) 

$1.8 to 6.2 million (best est. $4.1 million) 

Annual 

operational cost1 

$68,000 to $310,000 (best est. 
$155,000) 

None 

Mode of algal 

control 

Suppresses phosphorus release 
from sediment; also reduces iron 
release, which may aid in control of 
blue-green algae 

Suppresses phosphorus release from 
sediment, removes some phosphorus 
from water column during treatment 

Additional 

benefits 

Enhances deep-water habitat for 
coldwater fishery through 
increased oxygen levels; may 
reclaim entire bottom layer or any 
targeted portion thereof 

May reduce oxygen demand from settling 
algae; tends to reduce oxygen demand in 
the middle layer and may extend oxygen 
about 10 feet deeper into bottom layer 
than might otherwise occur 

Longevity of 

benefits 

Indefinite while system is running; 
benefits lost quickly (days to 
weeks) when system is not running. 
System would likely run about 2 
months each year.  

Typically at least 10 years for deeper lakes, 
usually close to 20 years, not expected 
beyond 30 years. Control of watershed 
load needed to extend longevity. 

Longevity of 

equipment 

Most systems have maintenance 
schedule to replace in-lake portion 
of system about every 10 years 

No equipment to replace, but may require 
repeat application any time after 10 years 

Toxic impacts None Risk during actual treatment depends on 
pH and dose. 

Sediment Impacts Will encourage decomposition of 
organic sediment and lowering of 
oxygen demand; may have 
decreasing (but not eliminated) 
need for oxygen addition with time. 

Adds minor amount of material to 
sediment. Some smothering of some 
benthic organisms expected; recovery 
expected within 2 years, possibly with 
better quality assemblage 

1 The capital and O&M costs presented in this table were marked up to include 35% for contingencies given the 

planning level basis of the cost estimates.  
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5. Proposed Action Plan 

The proposed plan of action is as follows.  

1. Continue to monitor the lake water quality with the modified monitoring program, and 

prepare an annual summary of the monitoring data. 

2. Continue to maintain and strengthen the watershed management program to control external 

loads of phosphorus through both structural and non-structural BMPs as both a best practice 

as part of a multiple barrier system for providing safe drinking water, and also actions that 

could potentially delay the need for and/or improve the success of any large scale in-lake 

management system. 

3. Maintain the ability to apply algicide (by renewing the permit as necessary) as a short-term 

measure to control a significant algal bloom before it develops. The timing of treatment would 

be triggered by an increase in turbidity above 1.5 NTU as a rolling two-day average with 

collaboration that algae are responsible for the elevated turbidity.  

4. Plan for the implementation of either a diffused oxygen distributor system to oxygenate a 

portion or all of the hypolimnion in Lake Auburn or an alum treatment to bind phosphorus in 

the sediment in the lake, including: 

a.  initiating outreach to the regulatory agencies and stakeholders  

b. establishing  the ability to fund the capital costs to implement either management 

approach and to continue to fund operation and maintenance of an oxygenation 

system, 

c. identifying the location for land facilities for an oxygenation system (secured fenced 

area for liquid oxygen storage tank on a concrete pad and vaporizer), 

d. collecting additional sediment samples to help refine the area for an alum treatment,  

e.  identifying permitting requirements for both management approaches, and 

f. preparing a draft procurement document for both management approaches with 

performance specifications, which will need to be reviewed and validated with most 

recent information after the decision is made to implement one of the approaches. 

5. If an algicide treatment is required, immediately review that current year’s water quality data 

and climatic events to determine a likely cause(s), and unless the cause(s) is highly unusual 

(e.g., 2011’s breakdown of stratification due to passage of Hurricane Irene) initiate design and 

permitting to implement either a diffused oxygen distributor system or alum application by 

July of the following year. The design of the oxygenation system would use all the 

temperature and dissolved oxygen profiles, including those collected in the year when the 

algicide was applied. The area to be treated with alum would be informed by current and 

additional data on sediment phosphorus levels. 
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Section 1  

Introduction and Overview 

Lake Auburn is the drinking water supply for the communities of Lewiston and Auburn, Maine. 

Historically, Lake Auburn has been known for its excellent water quality, and the Auburn Water 

District and Lewiston Water Division (AWD/LWD) were granted a filtration waiver for Lake Auburn 

from Maine Division of Environmental Health in 1991. Lake Auburn’s excellent water quality results 

from its largely undeveloped watershed and the strong watershed protection program implemented 

by the utilities. The ongoing work to protect the watershed and the lake to maintain the filtration 

waiver has resulted in significant cost savings to AWD/LWD by avoiding filtration over the years.  

In late summer/fall 2012, water quality in Lake Auburn was degraded due to a combination of factors 

that raised turbidity in the lake close to the limit allowed under the filtration avoidance waiver 

granted to AWD/LWD. Dissolved oxygen (DO) was severely reduced throughout the bottom waters of 

the lake (DO was <2 mg/l) creating anoxic conditions, compromising the cold water fishery habitat, 

and resulting in the death of some lake trout (Togue). Following the fish kill, Maine’s Department of 

Inland Fisheries and Wildlife conducted a survey where they netted and identified the fish and found 

that some of the lake trout survived. 

While the causal relationships in water quality are not completely known, it is clear that if the lake’s 

water quality continues to degrade it would put AWD/LWD at risk for violation of the compliance 

parameters for filtration avoidance waiver, and thus, could require the need for more advanced water 

treatment facilities. Increased nutrient levels in the lake, especially phosphorus, led to an increase in 

late summer/early fall algal blooms that caused the increase in turbidity, which is one of the 

compliance parameters for maintaining the filtration waiver. This compliance criterion requires that 

turbidity at the point of withdrawal at Lake Auburn must not exceed 5 NTU for more than two events 

per year and not more than 5 events in ten years. The primary agency may waive an exceedance (a 

‘turbidity event’) if they determine that the event or the circumstances leading to the event exceeding 

5 NTU are unusual and unpredictable. If the turbidity levels are exceeded and not waived, filtration 

would be required to be added to the existing water treatment plant. 

An additional concern related to an increase in algal activity is the potential for increased taste and 

odor issues throughout the distribution system and threats to Lake Auburn’s cold water fishery. The 

dominant algae in late summer/fall blooms in 2011 and 2012 have the potential to generate 

unpleasant taste and odor; although not a health issue or specifically a regulatory compliance issue, it 

is an aesthetic issue that impacts water customers. When these algae die, decomposition consumes 

dissolved oxygen in the lower waters of the lake, jeopardizing the health of the fishery there.  

The Lake Auburn Watershed Protection Commission contracted with CDM Smith Inc. to investigate 

the causes of recent degradation in water quality and to recommend short-term and long-term 

management options to mitigate the adverse impacts of excess phosphorus on the water quality of 

Lake Auburn. The study team includes Comprehensive Environmental, Inc. (CEI) to address on 
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watershed changes and management actions, and Dr. Ken Wagner of Water Resource Services Inc. to 

provide advice on lake water quality and in-lake management options. Phase I of this study (CDM 

Smith, 2013) involved reviewing available water quality sampling data, analyzing the data to 

understand the causes of poor water quality in Lake Auburn, and recommending short-term lake and 

watershed management options; the watershed sub-report (CEI, 2013a) also recommended 

management options that would be implemented over several years. 

Since the March 2013 Phase I report, AWD/LWD have implemented many of the recommendations in 

the report, including:   

� Revised monitoring program for both in-lake and watershed sampling – The revised 

monitoring program was designed to collect data to enhance our understanding of the drivers 

behind the decline in water quality. Description and analysis of the data collected under the 

revised data collection program is in Section 2 of this report.  

� Obtained an algicide application permit from Maine DEP – AWD/LWD received a permit to 

apply a copper sulfate algicide for use as a contingency stopgap measure should water quality 

conditions that could jeopardize the filtration waiver reoccur in 2013. An algicide application 

was not required in 2013. The permit is valid for five years after the effective date and allows 

for one application or a series of applications not to exceed six months in length; and two 

applications or series of applications over the 5-year term of the permit. 

� Implementation of several non-structural BMPs -- AWD/LWD hired an education and outreach 

manager to both perform outreach and education to watershed residents and oversee other 

parts of the watershed management program. Among the non-structural activities that have 

been started or completed are: 

o A school-based education program has been developed and delivered at schools in 

Turner, Hebron, Lewiston, and Auburn.  The program consists of a series of hands-on 

lessons designed to provide an overview of water resources, management, and 

protection.  Topics include the water cycle, properties of water, surface and 

groundwater dynamics, stormwater issues, water wildlife, FishKids (raising brook trout 

in the classroom) and other concepts as requested by teachers or community groups. 

o The Lake Auburn Watershed Protection Commission (LAWPC) is now Maine’s sponsor 

for Project WET (Water Education for Teachers) - an award winning water-focused 

curriculum guide.  Using Project WET, each year more than 100 Maine educators are 

trained to deliver hands-on water lessons.  In addition, the LAWPC education and 

outreach manager collaborates with other state partners for educational programs 

delivered in the region, such as the Southern Maine Children’s Water Festival.  

o LAWPC sponsored homeowner and watershed resident assistance programs include 

Septic Sense, providing septic system education and pump out assistance; Farm 

Friends to enable manure management plan development and support; and Rooting 
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for Shorelines which provides funding for buffer planting projects.  A grant from the 

Maine Drinking Water Program was obtained to provide these protection programs.  

o A review of the LAWPC properties management strategy is underway.  The timber 

harvest plan was updated in 2013 and will be modified to reflect goals under 

development. Representatives from the LAWPC are partnering with the Lewiston 

Auburn Community Forest Board, Androscoggin Land Trust, Androscoggin Soil and 

Water Conservation District, Lake Auburn Community Center, and others to formulate 

goals for the lands that will protect water quality while allowing the possibility of 

increased public access and recreational opportunities.  

� Construction and implementation of several structural BMPs – AWD/LWD has built or is 

planning to build several structural BMPs in areas recommended by CEI (Richard, 2014). 

o Worked with the Department of Transportation to remediate a site on Route 4 that 

was adding sediment to the lake. 

o Addressed two large sites on Whitman Spring Road and one on West Auburn Road. 

Both of these sites had severe erosion problems and were discharging to the lake.  

o Provided guidance to the City of Auburn for an upcoming project on Holbrook Road 

where flow will be diverted to a treatment area.  

This report reviews and analyzes water quality data collected throughout 2013 and make long-term 

recommendations for both holistic watershed management and in-lake remediation activities. Section 

2 describes and analyzes data collected throughout 2013. Section 3 provides information on in-lake 

management options applicable to Lake Auburn, and recommends holistic watershed and lake 

management measures to ensure AWD/LWD’s compliance with the terms of its filtration avoidance 

waiver and to maintain Lake Auburn’s historically high water quality.  
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Section 2  

Summary of 2013 Data 

The recent changes to water quality in Lake Auburn prompted the design of a revised water quality 

monitoring program for the 2013 sampling period. Goals of the revised monitoring program are to: 

1. Collect data sufficient to improve the understanding of key drivers of water quality in the lake; 

2. Build on existing sampling programs to maximize the usefulness of existing data; and 

3. Design the sample collection to obtain sufficiently frequent data with both time and in vertical 

depth. 

2.1 Brief Description of 2013 Monitoring Program 

The 2013 monitoring program was an extensive effort. AWD/LWD collected over 6,000 data points 

throughout the year providing a comprehensive picture of Lake Auburn’s water quality. Sampling 

locations were revised from AWD/LWD’s historical sampling sites and include both in-lake and 

tributary locations. These sampling locations represent an overall reduction in the number of locations 

but an increase in the frequency of sampling. The 2013 monitoring program consisted of five open 

water lake sampling locations, five shoreline sampling stations to continue the Bates College 

Gloeotrichia monitoring, two principal tributary sampling locations (the Basin before the North 

Auburn Dam and Townsend Brook), the lake’s outlet, and two sites in the contributing watershed, 

Mud Pond and Little Wilson Pond. Sampling locations are shown in Figure 2-1 and are described 

below.  

Open Water Lake Sampling 

1. The current intake (#12) 

2. The deep hole (#8)  

3. In the north toward the Basin inlet (#32) 

4. In the northeastern lobe of the reservoir (#30) 

5. In between the deep hole and the Basin where the water depth reaches 30 m (#31) 

Vertical profile data for the lake’s physical structure were collected at each station, as was Secchi 

depth.  Analysis for nutrient parameters was collected from discrete samples, most often taken at 

near-surface and near-bottom locations. Profiles of nutrient parameters were taken on three dates for 

a total of six profiles: four profiles were taken at the deep hole plus sites 30, 31, and 32 on November 

13, and two additional profiles were taken at the deep hole sampling location on March 7 and 

November 4. Epilimnetic cores (depth-integrated samples) of the water column (surface to 1 m below 

the thermocline) were taken approximately biweekly and analyzed for nutrients and chlorophyll; algae  
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in these samples were also identified and enumerated. A smaller number of cores were collected in a 

3-m vertical region around the thermocline to identify algae there. 

Gloeotrichia Sampling Sites 

Bates College again sampled for Gloeotrichia echinulata at five sites around the perimeter of the lake. 

In 2013, Bates added samples at the five open water lake sites. The Bates College Gloeotrichia sites 

are also shown on the sampling map in Figure 2-1. 

Throughout 2013 the perimeter locations were sampled weekly for total phosphorus, Gloeotrichia, 

and chlorophyll and the open water lake locations were sampled weekly for Gloeotrichia.   

Outlet/Tributary Sampling Sites 

1. Outlet (#1); only sampled when water is being released from the lake 

2. Townsend Brook (#2) 

3. The Basin before the North Auburn Dam (#16) 

Dry weather sampling at these locations included weekly sampling for physical parameters, nutrients 

and TSS. Wet weather sampling was also conducted on 25 dates at the tributary stations. 

In addition to collecting discrete water samples, AWD/LWD installed flow metering equipment at 

Townsend Brook and the North Auburn Dam to allow estimates of constituent loads into the lake to 

be developed.  

This section describes data collected at each site and provides analysis and comparison of the data to 

the historic monitoring data discussed in Phase 1 of this study.  

2.2 Weather and Climatological Data  

Several sources of climatological data were used in this analysis. The principal data source of 

meteorological data is the National Climatic Data Center (NCDC), part of the National Oceanic and 

Atmospheric Administration (NOAA). Four National Weather Service Cooperative Observer Program 

(COOP) stations are active within a 15-mile radius of Auburn, Maine; they are located at Durham, 

Poland, Gray and Turner. Another COOP station was formerly located in Lewiston, but the 

completeness of its dataset dropped beginning in 2002, and recordkeeping ceased in 2010. Data from 

each station was compared in the Phase 1 report (CDM Smith, 2013) and the stations were found to 

be sufficiently similar such that Poland was selected for use in this analysis because it is the closest 

station to Lake Auburn. Total annual precipitation in 2013 was 42.33 inches which is below the 

average between 1998 and 2013 of 50.8 inches and below the 2011 and 2012 total precipitation 

values. Histogram plots comparing the annual precipitation for 2001 through 2013 and monthly 

precipitation for 2011 through 2013 against the long term average are shown in Figures 2-2 and 2-3.  
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Figure 2-2 
Annual Precipitation Totals Compared to the 1998-2013 Average   

 Precipitation at the NWS COOP Station 176856 in Poland, ME 

 

 

 

Figure 2-3 
Monthly Precipitation Totals for 2011-2013 Compared with the 1998-2013 Average Monthly  

Precipitation at the NWS COOP Station 176856 in Poland, ME 

 

These plots show that 2013 was a below-average year in terms of total precipitation. January through 

April were drier than average, as were July, October, and December. June, August, and November 

were just about average, and May and September were slightly above average.  

In addition to official records from the NCDC, AWD/LWD maintains a weather station at the water 

treatment plant that measures and reports hourly air temperature, wind speed, and wind direction. 

Hourly precipitation is measured at the Main Street pump station in Lewiston. While the Lewiston 

precipitation record has not recently tracked well with surrounding gages, the Lewiston gage 

measured 41.84 inches of precipitation in 2013. It should be noted, however, that the engineer in 

Lewiston responsible for maintaining the station states that the heater does not work so the snow 

water equivalent is estimated. A comparison of 2013 monthly precipitation totals between the Poland 

COOP and the Lewiston precipitation gage is shown in Figure 2-4.  This figure shows that the two 
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gages agree well with each other in most months, suggesting that the hourly Lewiston gage could be 

used to estimate storm intensity from the daily Poland COOP gage. For consistency this analysis 

continues to use the Poland COOP gage.  

 

Figure 2-4 
Comparison of 2013 Monthly Precipitation at the NWS Poland COOP Gage and the Lewiston Hourly 

Precipitation Gage at the Main Street Pump Station 

 

In addition, the wind speed and direction measurements at the water treatment plant in Auburn were 

analyzed to determine the primary direction of wind. This information is commonly presented in a 

wind rose, a plot that shows the frequency and wind velocity in each cardinal direction. A wind rose 

depicting wind data collected in 2013 superimposed on Lake Auburn is shown in Figure 2-5.  

In this figure the wind rose elements show the direction from which wind comes. The size of each slice 

represents the frequency of wind occurring in each direction. This shows that the principal wind 

directions are along the long axis of the lake, blowing towards the intake, and along the short axis of 

the lake, blowing towards the outlet. The direction and relative strength of the wind is important for 

understanding the hydrodynamics and potential for mixing within the lake.  

2.3 Physical Lake Parameters 

Physical lake parameters describe the overall structure of the water body, such as the strength and 

duration of stratification, the amount of dissolved oxygen, and the water clarity. This section describes 

measurements taken in 2013 and compares them to values collected prior to this year’s sampling 

program.  

Vertical data for physical lake parameters was collected using two different methodologies: discrete 

profiles and a temperature-dissolved oxygen meter array. As in the past, discrete profiles were taken 

weekly at 1-meter intervals at the deep hole site (#8). In 2013, four additional profile sites were added 

at sites 12, 30, 31, and 32 (see Figure 2-1). Each of these profiles included conductivity, pH, 

temperature, and dissolved oxygen measurements. Secchi depth was also collected at each open 

water station.  
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Figure 2-5 

Wind Rose Computed from 2013 Wind Data Collected at the Auburn Water Treatment Plant 
 

2.3.1 Discrete Profiles 

Examination of the discrete profiles shows that the lake structure is generally uniform, meaning that 

the depth of the thermocline and the relative extent of anoxic conditions is similar across all five sites. 

This is best observed by comparing isopleths of temperature and dissolved oxygen at the three 

deepest sites (the Deep Hole, site 31, and site 32), presented in Figures 2-6 through 2-11. The vertical 

profile data for temperature are typical of a stratified northern temperate lake. The vertical profile 

data for oxygen are further analyzed for the onset and extent of anoxia, which is a driver for 

phosphorus release from sediment. 

In addition to the general consistency among the five sites, the dissolved oxygen data show how the 

temporal and spatial extent of anoxia differs from prior years. Beginning in late July/early August 

2013, a region of low oxygen occurs at a mid-depth below the thermocline at all locations in the lake; 

this region continues to lose oxygen until anoxic (<2 mg/l) values occur in early September. This is 
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seen in the dissolved oxygen isopleth figures as an overhanging lens of low dissolved oxygen water 

and can be attributed to decay of organic matter at the thermocline. This lens, called a dissolved 

oxygen minima, results in a very sharp vertical gradient of dissolved oxygen at the top of the 

thermocline. In the hypolimnion, contemporary dissolved oxygen values are 1 to 2 mg/l higher. 

Oxygen in the thermocline drops below 2 mg/l on September 9, several weeks before the dissolved 

oxygen in the hypolimnion uniformly drops below 2 mg/l at the end of September. 

This set up of low oxygen values in Lake Auburn is not unique in pattern, as vertically discontinuous 

regions of lower dissolved oxygen levels have happened in the past (though not in 2011 or 2012). 

2013, however, is unique in that it is the first time on record that the minima in the thermocline 

reached anoxic levels.   

Section 2 of the Phase 1 report (CDM Smith, 2013) included a description of Nϋrnberg’s (1995) anoxic 

factor (AF), which is a method for understanding the potential impact of varying anoxic conditions on 

water quality. The anoxic factor is expressed in units of days per year and represents the total number 

of days that sediment area equal to the surface area of the lake is exposed to low oxygen water. The 

threshold for anoxia at 2 mg/l dissolved oxygen was used in the calculations below.  In general, a 

healthy, oligotrophic lake will have an AF of less than 10 days per year. If the AF exceeds 20, lake 

health is in danger, but can be recovered with appropriate management. AF over 100 indicates a 

hypereutrophic lake with widespread anoxia throughout the bottom waters. The anoxic factor is 

presented in Table 2-1 for 2001 through 2013.  

The trend in anoxic factor alone shows a dramatic and significant increase in the potential for internal 

nutrient load in 2011. In 2011 and 2012, the potential for anoxic release of phosphorus increased by a 

factor of 100 when compared with most other years with a nonzero anoxic factor. The 2013 anoxic 

factor is significantly less than 2011 and 2012, mainly due to the delayed onset of anoxia during 2013. 

While just on the border of a healthy oligotrophic lake, the value is still significant, particularly as it is 

about double the highest value calculated from data prior to 2011.  

In general, improved oxygen conditions were seen in Lake Auburn in 2013. The duration that bottom 

sediments were exposed to anoxic water was about half of the duration in 2011 and 2012. The onset 

date for anoxia in the reservoir was a couple of weeks later for any point in the lake, and about 5 

weeks later in the hypolimnion than in the prior two years.  Unlike 2012, when the entire hypolimnion 

was devoid of oxygen from early September to turnover in November, there was a region between 

about 15 and 20 m depth with oxygen concentrations sufficient for coldwater fish, thus avoiding a 

repeat of the fish kill in 2012.  
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Figure 2-6
2013 Site 8 (Deep Hole) Temperature Isopleth
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2013 Site 8 (Deep Hole) Dissolved Oxygen Isopleth
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Figure 2-8
2013 Site 31 Temperature Isopleth
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Figure 2-9
2013 Site 31 Dissolved Oyxgen Isopleth
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Figure 2-10
2013 Site 32 Temperature Isopleth
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 Appendix A    Initial Screening of Long‐term Management Alternatives 
 

 

  A‐1 
 

Table A‐1 
Initial Screening of Long‐term Management Alternatives 

Reprinted from the Diagnostic Study of Lake Auburn and its Watershed: Phase I (CDM Smith, 2013) 

OPTION  MODE OF ACTION  ADVANTAGES  DISADVANTAGES 

APPLICABILITY TO 

LAKE AUBURN 

PREVENTION 

1)     Watershed 
Management 

 

 Includes wide 
range of 
watershed and 
lake edge 
activities 
intended to 
eliminate 
nutrient 
sources or 
reduce delivery 
to lake 

 Essential 
component of 
algal control 
strategy where 
internal 
recycling is not 
the dominant 
nutrient source, 
and desired 
even where 
internal 
recycling is 
important 

 Acts against the 
original source 
of algal 
nutrition  

 Creates 
sustainable 
limitation on 
algal growth 

 May control 
delivery of 
other 
unwanted 
pollutants to 
lake 

 Facilitates 
ecosystem 
management 
approach which 
considers more 
than just algal 
control 

 May involve 
considerable 
lag time before 
improvement 
observed 

 May not be 
sufficient to 
achieve goals 
without some 
form of in‐lake 
management 

 Reduction of 
overall system 
fertility may 
impact fisheries 

 May cause shift 
in nutrient 
ratios to favor 
less desirable 
algae 

 Applicable, but 
not as a short‐
term measure to 
control algae 
and thus limit 
potential high 
turbidity to 
avoid violating 
the terms of the 
filtration waiver. 
Watershed 
management is a 
required part of 
comprehensive 
plan to reduce 
nutrient 
concentrations 
in the lake. 
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A‐2 

OPTION  MODE OF ACTION  ADVANTAGES  DISADVANTAGES 

APPLICABILITY TO 

LAKE AUBURN 

IN‐LAKE MECHANICAL/PHYSICAL CONTROLS 

2) Circulation and 

destratification 

 Use of water or 
air to keep 
water in motion

 Intended to 
prevent or 
break 
stratification 

 Generally 
driven by 
mechanical or 
pneumatic 
force 

 

 Reduces 
surface build‐
up of algal 
scums 

 May disrupt 
growth of blue‐
green algae  

 Counteraction 
of anoxia 
improves 
habitat for 
fish/inverte‐
brates 

 Can eliminate 
localized 
problems 
without 
obvious impact 
on whole lake 

 May spread 
localized 
impacts 

 May lower 
oxygen levels in 
shallow water 
 

 Not applicable. 
Although 
circulation 
would reduce or 
eliminate 
internal loading 
of phosphorus 
from sediments, 
it would disturb 
the cold water 
fishery, reducing 
habitat for lake 
trout.  

3) Drawdown   Lowering of 
water over 
autumn  period 
allows 
oxidation,  
desiccation and 
compaction of 
sediments 

 Duration of 
exposure and 
degree of 
dewatering of 
exposed areas 
are important 

 Algae are 
affected mainly 
by reduction in 
available 
nutrients. 

 May reduce 
available 
nutrients or 
nutrient ratios, 
affecting algal 
biomass and 
composition 

 Opportunity for 
shoreline clean‐
up/structure 
repair   

 Flood control 
utility 

 May provide 
rooted plant 
control as well 

 Possible 
impacts on 
non‐target 
resources  

 Possible 
impairment of 
water supply 

 Alteration of 
downstream 
flows and 
winter water 
level 

 May result in 
greater nutrient 
availability if 
flushing 
inadequate 

 Not applicable. 
The water 
surface elevation 
in Lake Auburn 
cannot be 
lowered enough 
to achieve these 
benefits. 
Furthermore, 
before managed 
releases could 
occur measures 
to retain salmon 
in the lake would 
need to be 
implemented.   



 Appendix A    Initial Screening of Long‐term Management Alternatives 
 

 

  A‐3 
 

OPTION  MODE OF ACTION  ADVANTAGES  DISADVANTAGES 

APPLICABILITY TO 

LAKE AUBURN 

4) Dredging   Sediment is 
physically 
removed using 
suction or 
cutterhead 
dredges 

 Dredges create 
a slurry that is 
hydraulically 
pumped to 
containment 
area and 
dewatered. 
Sediment is 
retained; water 
is discharged. 

 Nutrient 
reserves are 
removed and 
algal growth 
can be limited 
by nutrient 
availability 

 Can control 
algae if internal 
recycling is 
main nutrient 
source 

 Can reduce 
sediment 
oxygen demand 

 Can improve 
spawning 
habitat for 
many fish 
species 

 Allows 
complete 
renovation of 
aquatic 
ecosystem 

 Possible 
mechanism to 
control 
Gloeotrichia 
cysts 

 Often leaves 
some sediment 
behind 

 Temporarily 
removes 
benthic 
invertebrates 

 Interference 
with recreation 
or other uses 
during dredging 

 Can result in 
short term 
elevated 
turbidity levels 

 Applicable but 
costly compared 
other 
approaches. 
Control of 
sediment 
phosphorus 
would require 
dredging in 9 to 
15 m of water.  
Dredging to 
control 
Gloeotrichia 
would require 
dredging of 
shallow 
sediments down 
to either 4.6 or 
13 m. Further 
investigation on 
Gloeotrichia 
recruitment 
areas would be 
needed before 
dredging would 
be 
recommended. 
In both cases, 
dredging would 
be truly 
restorative. 

5)  Selective 

withdrawal 

from the water 

intake 

 

 Discharge of 
bottom water 
which may 
contain (or be 
susceptible to) 
low oxygen and 
higher nutrient 
levels 

 May be 
pumped or 
utilize passive 
head 
differential 

 Removes 
targeted water 
from lake 
efficiently  

 May prevent 
anoxia and 
phosphorus 
build up  in 
bottom water 

 May remove 
initial phase of 
algal blooms 
which start in 
deep water 
 

 May promote 
mixing of 
remaining poor 
quality bottom 
water with 
surface waters 

 May cause 
unintended 
drawdown if 
inflows do not 
match 
withdrawal 

 Potentially 
applicable but 
not in the short 
term; raw water 
intake was 
recently 
extended 900 ft. 
and cannot be 
modified for a 
hypolimnetic 
withdrawal. This 
alternative 
would require 
construction of a 
new longer 
intake.   
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A‐4 

OPTION  MODE OF ACTION  ADVANTAGES  DISADVANTAGES 

APPLICABILITY TO 

LAKE AUBURN 

6)  Hypolimnetic 

aeration or 

oxygenation 

 Addition of air 
or oxygen 
provides oxic 
conditions 

 Maintains 
stratification 

 Can also 
withdraw 
water, 
oxygenate, 
then replace 

 Oxic conditions 
reduce P 
availability 

 Oxygen 
improves 
habitat  

 Oxygen reduces 
build‐up of 
reduced 
compounds 

 May disrupt 
thermal layers 
important to 
fish community 

 Theoretically 
promotes 
supersaturation 
with gases 
harmful to fish 

 Applicable. 
Would prevent 
anoxic 
conditions from 
occurring, 
reducing 
phosphorus 
release rate 
from sediments 
and protecting 
the cold water 
fishery.  

7)   Phosphorus 

inactivation 

 Typically salts 
of aluminum, 
iron or calcium 
are added to 
the lake, as 
liquid or 
powder 

 Phosphorus in 
the treated 
water column is 
complexed and 
settled to the 
bottom of the 
lake 

 Phosphorus in 
upper sediment 
layer is 
complexed, 
reducing 
release from 
sediment 

 Permanence of 
binding varies 
by binder in 
relation to 
redox potential 
and pH 

 Can provide a 
decrease in 
phosphorus 
concentration 
in water 
column 

 Can minimize 
release of 
phosphorus 
from sediment 

 May remove 
other nutrients 
and 
contaminants 
as well as 
phosphorus 

 Flexible with 
regard to depth 
of application 
and speed of 
improvement 

 Possible toxicity 
especially by 
aluminum  

 Possible release 
of phosphorus 
under anoxia or 
extreme pH 

 May cause 
fluctuations in 
water 
chemistry, 
especially pH, 
during 
treatment 

 Possible 
resuspension of 
floc in shallow 
areas  

 Adds to bottom 
sediment  

 Applicable; 
internal load is a 
major source of 
phosphorus and 
inactivation with 
aluminum is 
possible. 
Requires more 
local data to 
implement, so 
cannot be used 
as a short term 
mitigation 
technique.  
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OPTION  MODE OF ACTION  ADVANTAGES  DISADVANTAGES 

APPLICABILITY TO 

LAKE AUBURN 

8)   Dilution and 

flushing 

 Addition of 
water can 
dilute nutrients 
and flush 
system to 
minimize algal 
buildup 

 Can occur 
continuously or 
periodically 

 Dilution 
reduces 
nutrient 
concentrations 
without altering 
load 

 Flushing 
minimizes 
detention so 
the response to 
pollutants may 
be reduced 

 Diverts water 
from other uses 

 Flushing may 
wash desirable 
zooplankton 
from lake 

 If water used is 
of poorer 
quality nutrient 
loads can 
increase 
 

 Not applicable. 
Although 
groundwater 
resources could 
be used to 
enhance dilution 
and flushing, 
they have not 
been quantified 
and if taken from 
within the basin 
would ultimately 
reduce baseflow 
in tributary 
streams.  

 
 
 
 
 
 

ALGICIDE 

9) Algicides   Liquid or 
pelletized 
algicides 
applied to 
target area  

 Algae killed by 
direct toxicity 
or metabolic 
interference    

 Typically 
requires 
application at 
least once/yr, 
often more 
frequently 

 Rapid 
elimination of 
algae from 
water column , 
normally with 
increased water 
clarity 

 May result in 
net movement 
of nutrients to 
bottom of lake 

 Possible toxicity 
to non‐target 
species  

 Restrictions on 
water use for 
varying time 
after treatment 

 Increased 
oxygen demand 
and possible 
toxicity  

 Possible 
recycling of 
nutrients 

 Applicable. Can 
be applied as a 
temporary 
stopgap measure 
until more 
permanent 
measures can be 
implemented. 
Most effective 
when applied 
prior to the 
exponential 
growth phase.  
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A‐6 

OPTION  MODE OF ACTION  ADVANTAGES  DISADVANTAGES 

APPLICABILITY TO 

LAKE AUBURN 

9a) Copper sulfate   Cellular 
toxicant, 
disruption  of 
membrane 
transport 

 Applied as wide 
variety of liquid 
or granular 
formulations 

 Effective and 
rapid control of 
many algae 
species 

 Approved for 
use in most 
water supplies 

 Possible toxicity 
to aquatic fauna 

 Accumulation of 
copper in 
system  

 Resistance by 
certain green 
and blue‐green 
nuisance 
species  

 Lysing of cells 
releases 
nutrients and 
toxins 

 Applicable; 
requires a 
permit from 
Maine DEP. This 
is the 
recommended 
form of algicide 
for application to 
Lake Auburn.   

9b) Peroxides 

 

 Disrupts most 
cellular 
functions, tends 
to attack 
membranes 

 Applied as a 
liquid or solid. 

 Typically 
requires 
application at 
least once/yr, 
often more 
frequently 

 Rapid action 

 Oxidizes cell 
contents, may 
limit oxygen 
demand and 
toxicity  

 Much more 
expensive than 
copper  

 Limited track 
record 

 Possible 
recycling of 
nutrients 

 Applicable. Less 
disruptive than 
copper, but 
more expensive. 
Tends to work 
best on 
cyanobacteria, 
but unlikely to 
prevent all 
blooms in fertile 
system. This 
form of algicide 
is not 
recommended 
for Lake Auburn. 

 
 

CULTURAL CONTROLS 

10) Enhanced 

grazing 

 Manipulation of 
biological 
components of 
system to 
achieve grazing 
control over 
algae 

 Typically 
involves 
alteration of 
fish community 
to promote 
growth of 
grazing 
zooplankton 

 May increase 
water clarity by 
changes in algal 
biomass or cell 
size without 
reduction of 
nutrient levels 

 Can convert 
unwanted algae 
into fish 

 Harnesses 
natural 
processes  

 May involve 
introduction of 
exotic species 

 Effects may not 
be controllable 
or lasting 

 May foster 
shifts in algal 
composition to 
even less 
desirable forms 

 Potentially 
applicable, but 
the addition of 
fish may have 
detrimental 
trophic effects 
on the existing 
fish population. 
Minimal 
information 
available on 
current grazing 
capacity. 
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