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Key Dates in Lake Management
• Late 1800s/early 1900s – Birge and Juday 

performed descriptive limnological studies
• 1947 – Sawyer established relationship 

between in-lake P concentrations and algal 
blooms

• 1968 – Vollenweider published relationship 
between P loading, flushing rates, and 
eutrophication

• 1970 – Edmondson published study on Lake 
Washington showing removal of point 
sources could reverse eutrophication

• 1972 – EPA Clean Lakes Program 
Established



EPA Clean Lakes Program
• Formed basis of lake and watershed 

management project in the United States
• Types of Projects

– Phase I Diagnostic/Feasibility Studies
– Phase II Restoration Projects
– Phase III Long-Term Monitoring Projects

• Total funding from 1976-1995 = $145 million
• Led to establishment of similar state 

programs for lake restoration and 
management

• Management activities are currently funded 
by the non-point source control program



Key Lessons Learned

1) The long-term effectiveness of lake 
clean-up efforts hinge on controlling 
pollution within the watershed

2) Local support and involvement are 
critical for success



The Planning Process

7. Evaluating

2. Gathering 
information

3. Conceptualizing 
the alternatives

4. Making a 
formal decision

5. Defining 
measureable 
objectives

6. Implementing

1. Clarifying 
goals

8. Repeating 
the process



Diagnostic-Feasibility Studies

• Steps are similar to the planning 
process outlined

• Include extensive lake and 
watershed monitoring to provide 
information for assessing 
alternatives

• Lead to the development of lake and 
watershed management plans



Step 1 – Determine 
Management Objectives

• Several processes are available to 
reach a consensus on management 
objectives

• The best management plans have  
clear visions, goals, and action items

• Find the process that produces clear 
objectives for the outcome of the 
project



Definitions

• Visions - general statements of where the 
lake community wants to go and what it 
will accomplish over a given time span 
(usually 5 to 10+ years).  Visions should 
be comprehensive enough to capture the 
thrust of the planning process

• Goals - more specific than visions, breaks 
into logical pieces what is needed to 
obtain vision, refer to components of 
overall effort, sometimes quantifiable



Definitions (Continued)

• Objectives - steps to achieve the goals, 
describes types of management or 
activities and are quantifiable where 
possible

• Action Items - explain who is going to do 
what, where, and when; they generally 
articulate how to implement the objectives 
and should be quantified if possible; 
benchmarks of existing conditions and/or 
indicators should be developed for action 
items



Step 2 – Gather Existing 
Information

• Watershed delineation is the first and 
most important step

• Other types of information
• Hydrology, geology, soils, land use

• Chemical and biological characteristics

• Affected population





Buckley Reservoir, Nebraska, Land Use



Step 3 – Develop a Monitoring 
Program
• Purpose:

– To fill critical information gaps
– To provide data needed to evaluation 

management alternatives
• The measured variables depend on 

project objectives
• The following slide includes monitoring 

parameters when eutrophication is of 
concern



Typical Lake and Reservoir 
Monitoring Parameters
• Profiles for 

temperature, DO, 
conductivity, pH

• Nutrients (nitrogen 
and phosphorus)

• Alkalinity/hardness
• Fe/Mn (drinking 

water reservoirs)
• Metals/pesticides

• Secchi depth
• Chlorophyll a
• Phytoplankton
• Zooplankton
• Bacteria
• Fish populations
• Sediment 

characteristics



Watershed Monitoring 
Parameters
• Stream flow

• Include both wet and dry weather 
conditions

• Include seasonal variations
• Nutrients
• Suspended solids
• Other pollutants of concern



Step 4 – Develop 
Hydrologic and Pollutant 
Budgets

• Quantifies inputs of nutrients, 
sediments, and other pollutants

• Helps identify point and nonpoint 
pollutant sources

• Used in the selection and 
prioritization process for 
management measures

• Results can be used to model 
expected changes



Step 5 - Evaluate Lake and 
Watershed Management 
Alternatives

• Identify feasible alternatives
• Evaluate with respect to 

potential water quality 
improvements, environmental 
impacts, and cost



Step 6 - Develop a Lake and 
Watershed Management Plan

• Two keys to success:
– Pursuing feasible alternatives
– Preparing a realistic budget

• A budget is necessary to determine which 
resources will be needed so that those 
resources can be obtained

• If alternatives are not feasible or if budget 
is insufficient, only part of the 
management plan may implemented, 
which often leads to failure

Presenter
Presentation Notes
The core mission of the Bureau of Reclamation is to operate and maintain Reclamation projects to ensure continued delivery of water and power benefits to the Western States.



Elements of a Management 
Plan

• Typically includes both in-lake 
techniques and watershed 
management measures
– In-lake techniques can provide 

immediate relief from existing problems
– Watershed management leads to long- 

term improvements in water quality



Pinchot Lake Areas for Macrophyte Harvesting
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Step 7 – Implement the 
Management Plan

• The management plan should answer management plan should answer 
the question:  Who will do what by the question:  Who will do what by 
when and with what expectedwhen and with what expected result?
•• ““WhoWho”” refers to who will be investing their refers to who will be investing their 

time and effort in the management plantime and effort in the management plan
•• ““WhatWhat”” refers to management actions that refers to management actions that 

will be taken and are directed toward a will be taken and are directed toward a 
meaningful and measurable objectivemeaningful and measurable objective

• “When” is important because without a 
deadline, the is no commitment



• Focus should be on whether or not 
objectives were met
• An objective that specifies a quantity to be 

accomplish by a certain date is easy to 
evaluate

• Some objectives are difficult to quantify and 
thus harder to evaluate 

• Failing to attain an objective does not 
always represent a failure of the 
management program – it may be an 
opportunity to make adjustments and 
improvements

Step 8 – Evaluate Results



• No plan is static
• Conditions change
• Scientific and technological advances occur
• Human values and attitudes change

• Continuing evaluation and monitoring will 
eventually lead to a new management 
plan

Step 9 – Repeat the Process
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