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	“I am an agitator, and an agitator is the center post in a washing machine that gets the dirt out.”

Jim Hightower


About This Step – This step is designed to accomplish 3 things:

1. Understand the different considerations related to choosing sites.

2. Consider the effects of scale and variability on your choice of sites. 

3. Help you decide when and how frequently to sample.

The focus of this step is to help you select the sampling locations that will meet your purposes, the needs of your data user, and will be appropriate to your capabilities.

Why Do This Step

In Step 1, you identified your waters of interest. Now it’s time to identify the specific locations where you will collect monitoring information. First, refer to the following chapters for the site selection considerations for each type of assessment you selected.

Consult with your technical committee to help you refine these considerations into criteria you will use to select your sites to answer your questions. Next, use a topographic map to do a preliminary selection of sites that appear to meet your criteria. Determine how many of these sites you can monitor. Consider safety, accessibility, your human resources and how many samples you can analyze. Field check each site for accessibility, representativeness, safety and appropriateness. Record directions to the site, a brief description of the site and other relevant information in a site log notebook. Get landowner permission to use sites on private property. Drop the sites where you cannot obtain permission. Finalize your list of sampling sites. Photograph each site at the sample collection point and place the site description and the photograph in a loose-leaf binder for permanent archiving. Locate each final site on your topographic map. Finally, identify the laboratory where the analysis of samples will be performed.

As described earlier, a larger assessment area typically means there will be a greater amount of variability to account for in your data analysis. This means that it's especially important to understand the natural changes in a watershed. Site selection may be the most important tool you have to distinguish among the 3 types of variability.

This step will get you to clarify why each site was chosen and what you hope the results will tell you about the river or lake.

The parameters and indicators you monitor vary over space. We’ve mentioned natural changes that can happen upstream to downstream as a result of changing gradient, forest cover, altitude, etc.  Properly locating your sampling sites can reveal the role of the changing landscape and the character of the eco-region, in causing natural variability. For example, the same stream can change dramatically as it comes down out of its origin in the arctic alpine meadows of the Rockies, through tree line, thickly forested areas, canyons, and finally into the desert. You really can’t use the artic alpine stream as a reference condition for the desert part.

This step will get you to think about different types of sites, each of which represents a whole class of sites (e.g. mountain streams, oligotrophic lakes), and then by function (e.g. reference sites, impact sites). 

Where are we in the Big Picture Illustration?
Phase 1
 
Step 1: Share Watershed Vision and Desired Outcomes (Results)

Step 2: Scope Inventory (Physical, People and Information)

Step 3: Identify Monitoring Reason(s) and Data Use(s) (Assessment Type)


Step 4: Develop Monitoring Questions (Refinement of Monitoring Reason)


Step 5: Target Decision Makers and Info Needs (Refinement of Data Use)



Step 6: Summarize with Information Blue Print-Data Pathway Fact Sheet)
Phase 2
 
Step 7: What Will You Monitor?


Step 8: When Will You Monitor?
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Step 9: Where Will You Monitor?



Step 10: How Will You Monitor to Meet Data Quality Objectives? 


Step 11: Management of Raw Data (Data Management Plan Part 1)

Phase 3

Step 12: Data Summary and Analysis



Step 13: Interpretation, Conclusions and Recommendations


Step 14: Communicating and Delivery


 
Step 15: Management to Generate Info (Data Management Plan Part 2)
Phase 4

Step 16: Who Will Do What?  Task Identification


Step 17: Evaluation of Effectiveness (of Plan and Implementation)


Step 18: Documentation and Communication (of M & A Plan)
Product (see Figure Phase 2 Product List):
A list of sampling stations, which includes type of site and purpose for each one that will answer monitoring questions and achieve desired outcomes. 



What Should Be Done Before This Step

A list of indicators (Step 7) for each monitoring question per Assessment Type, a characterization of monitoring frequency for each indicator (Step 8).  

The information listed in the Final Information Blue Print-Data Pathway Fact Sheet, Worksheet 6.3.a in Step 6.  This information needs to be provided for every monitoring question per each Assessment Type.  The summary sheet should be completed as much as possible but is a starting point.  Worksheet 5.4.a and 5.4.a lists the information needed by targeted decision makers and associated data quality objectives.  You may also have found valuable information from the Scoping Inventory, especially Worksheet 2.9.a, Worksheet 2.11.a, Worksheet 2.12.a and Worksheet 2.13.a.

· Worksheet 6.3.a is the summary Information Blue Print – Data Pathway Fact Sheet for each monitoring question per Assessment Type, selection of Assessment Type was Worksheet 3.4.a.

· Worksheet 5.4.a and 5.4.b, information needed by targeted decision makers and associated data quality objectives

· Worksheet 2.9.a, Physical Attributes of target water bodies

· Worksheet 2.11.a, Impact Features of target water bodies.

· Worksheet 2.12.a Water body stressor Identification.

· Worksheet 2.13.a Water body Status and/or condition

The assessment type narrows down the parameters you need to consider. Further, tables later in this chapter will help you narrow the field even further. 

Steps 1 through 6, Phase 1, do not need to be completed per say, but the information that is a result of those steps are necessary to identify and define to design the monitoring components of what, when, where and how you will gather data. This information is also necessary to plan how the data will generate information, be managed, analyzed, interpreted, delivered to decision makers and evaluated. Information generated in Steps 1-6, Phase 2 are the foundation of every monitoring program. 

Thus, ideally you need to have identified a watershed vision and desired outcomes with associated assumptions and external factors. Defined combination of monitoring reasons and uses, we call Assessment types. For each assessment type a list of monitoring questions the data is to answer and how that question will be answered. For each monitoring question, a list of targeted decision makers, their decision, how they make that decision and what information they need to make the decision. Once you have this, you can summarize the results in any format, we suggests the information blueprint we suggests the information blueprint – data pathway fact sheet from Step 6, Worksheet 6.3.a. 
Basic Tasks

Basic Tasks are numbered to correlate with the overall 1-18 Steps provided in these guidance modules followed by the basic task sequence step to complete. For example Step 4, basic task 2 would be numbered as Basic Task Step 4.2, Step 3.3 correlates to Step 3, Basic Task 3.

[image: image6.wmf]  9.1
Identify who will make the decisions about this step and who should be involved in the planning process (they may be different).

[image: image7.wmf] 9.2
Self Assessment: If you’ve been monitoring before you’ve undertaken this process, have the parameters you’ve measured worked well? 

[image: image8.wmf] 9.3
Identify Sampling sites.
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Describe where at each site samples will be collected

[image: image10.wmf]  9.5
Update Inventory Master List and Plan.

[image: image11.wmf]  9.6
Update Information Blueprint – Data Pathway Fact Sheet for each monitoring question.

[image: image12.wmf] 9.7
Place Products in your Watershed Monitoring and Assessment Plan.

[image: image13.wmf] 9.8
Place your identified gaps and needs regarding this step in the Action Plan (what you need to plan to complete this step and or overall monitoring and assessment plan).

Worksheets

Work sheets are listed below. Not all Basic Tasks have an associated work sheet. To simplify completion of products for each step, the worksheets or broken into small subsets of tasks. This requires moving the results of one task into the next task and will seem redundant, especially if completing worksheets by hand. Worksheets are provided in word here for ease of reproducibility. These are a starting point; we encourage you to customize these and reproduced them in an electronic format, in Excel for example, where it is easy to move information from one area to another by cutting and pasting. 

Work Sheets are numbered to correlate with Basic Steps and the overall Steps in these guidance modules. Each consecutive work sheet is lettered a, b, c and so forth, preceded by the Basic Task sequence step, preceded by the Step number. For example, Worksheet Step 4.2.a and Step 4.2.b, correlates to Step 4, Basic Task 2, Worksheet a and Worksheet b. In theory worksheet a needs to be completed before worksheet b. 

Worksheet 9.2.a
Self Assessment Step 9 Worksheet and Products to be completed Prior to this Step, Part 1 and Part 2.  If you’ve been monitoring prior to using this planning process, you’ve got some experience with some of the parameters. In this worksheet, you will evaluate the use and effectiveness of your current parameters.
Worksheet 9.3.a
Sampling Site List
Worksheet 9.4.a
Describe where samples will be taken at each site
Worksheet 9.7.a
Place Products in your Watershed Monitoring and Assessment Plan.
Worksheet 9.8.a
Place your identified gaps and needs regarding this step in the Action Plan (what you need to plan to complete this step and or overall monitoring and assessment plan).

How To Do Worksheets

For Sheet 9.2.a  
Self Assessment Step 9 Worksheet and Products to be completed Prior to this Step. Part 1.
Part 1. Complete the self assessment section of the worksheet to evaluate what you have or what decisions have already been made.  This will help you focus on what you need from this step and incorporate valuable existing information or products into this plan.

Part 2. Next, to prepare to complete this step the following, you need to have the following items addressed:  
· Desired set of outcomes or results that the monitoring and assessment activities will be designed to help achieve
· Identified monitoring and assessment activities, specific combinations of a monitoring reason plus an associated data use; we call this an Assessment Type. You may have multiple Assessment Types.  
· For each Assessment Type, the list of specific monitoring questions the monitoring and assessment will be designed to answer.
· For each monitoring question, the targeted decision makers, the type of decisions they will make and the information they need to make them (as specific as possible).  
· A minimal scoping inventory that identifies the watershed boundary and water bodies you are focusing on (rivers, lakes or wetlands), physical attributes of water bodies (including status, uses, etc.), relevant cultural or historical aspects, existing data sets or monitoring efforts and others in the watershed who either you want to influence or could help you implement.
· Technical sample plan including what monitor (indicators, benchmarks, criteria, etc.), where and when monitor, how will meet data quality objectives (methods, how good does the data need to be for decision makers, quality assurance and control measures), and how will manage and verify raw data/information- AT THIS  POINT WHAT YOU KNOW, if you don’t know it, Phase 2 and 3 help you determine these items.

· Set of indicators from Step 7 and frequency characterization from Step 8
This is the ideal list, if you do not have any of these, they become a gap or need that should be addressed before any data is collected or analyzed, even if the answers aren’t perfect or you don’t have a large degree of confidence surrounding them, they should be attempted as the starting point.  This is what you are evaluating in this step-your monitoring and assessment plan.

Worksheet 9.2.a  
Self Assessment Step 9 Worksheet and Products to be completed Prior to this Step.

Part 1 Self Assessment of Known Evaluation Products and Processes

1. Determine if you “have” or “don’t have” the item, mark the appropriate box.  If you don’t have it and determine you don’t need it, explain why in the comments document.  You may not need to know but perhaps your target decision makers, board or membership might want to know.
2. If you have the item “documented”, mark that box.  If so, list in the comments where, hard copy, chapter in a document, electronic file name and location, etc.  The assumption is you value the ultimate goal to document and communicate your M & A plan, activities and results.
3. If you have the item, assess the use of it, use the scale below or provide your own answer and comments.

Rating Scale for USE:


0=doesn’t exist so use is nil


1=don’t know why would need or understand item


2=exists, don’t know where it is, if it is used, etc. so use is essentially nil


3=exists and use some of time


4=exists and use all the time


5=wish it existed, would use it lots
4. If you have the item, assess the effectiveness of it, just because something exists or is used does not mean it is effective in its use, use the effectiveness scale below or provide your own answer and comments.
Rating Scale for EFFECTIVENESS, assumes material exists:


0=not effective or functional at all


1=incomplete (all elements are not there) and some existing parts need revising


2=incomplete but what is there is okay


3=complete (all elements are there), some parts okay but need revising


4=complete and effective
	Item
	Have
	Don’t Have
	DOC
	Assessment of Use

(Scale 0-5)


	Assessment of value / effectiveness

(Scale 0-4)
	Comments/Notes

	26. Identification of where data/information is needed, water bodies, station location, up/down, pre/post, etc.?
	
	
	
	
	
	

	Other?
	
	
	
	
	
	


*DOC=Documentation,  *M & A= Monitoring and Assessment

5. To make this assessment useful, determine what your gaps and needs are regarding this step in order to focus your effort in completing this step.  

Worksheet 9.2.a   
Self Assessment Step 9 Worksheet and Products to be completed Prior to this Step. Part 2.
Part 2 Products to be completed before this step, in order to complete this step, what know from Step 5 and Step 6, Worksheet 6.3.a.  Step 7 finalized indicators to this point. If you don’t know, you will after this Step.

	Item
	Response

	Desired set of outcomes or results that the monitoring and assessment activities will be designed to help achieve:
	

	Assessment Types, specific combination of one monitoring reason and data use(r):
	

	For each Assessment Type, the list of specific monitoring questions: 
	

	For each monitoring question, the targeted decision makers, the type of decisions they will make and the information they need to make them (as specific as possible):  
	

	Watershed(s) and Water bodies of focus:
	

	Physical attributes of Water bodies (status, use, etc.)
	

	Existing Data or monitoring efforts:
	

	Indicators, benchmarks and criteria list (STEP 7):
	

	For each indicator, when monitor? (STEP 8):
	

	List of monitoring locations/rationale:
	

	List of monitoring frequencies:
	

	Methods list, list of data quality objectives (methods, how good does the data need to be for decision makers), quality assurance and control measures)
	

	What you know now about decision makers data-to-information needs, analyses, interpretation and reporting
	


For Sheet 9.3.a 
Sampling Site List

This table is your list of all your sampling locations chosen through a site selection process.   As needed, refer back to your Information Blueprint (Worksheet 6.3.a) at your response to Numbers 4: Data Uses, and Number 6: Type of Info needed by Decision Makers.

When researchers select sampling locations they will monitor, they may use complex statistical approaches that are geared to producing sites that are representative of the area being monitored. Describing these methods is beyond the scope of this workbook. However, we describe types of sampling sites below and site selection considerations for each of the surveys in the chapters that follow.

· Site Number

Assign a unique number to each site. There are various site numbering schemes available. Pick one that allows you to easily add sites. In general, a site numbering system based on the name of a stream and the distance of the site from the mouth seems to work best. An example for the Snake River might be SnaR085. SnaR stands for Snake River and "085" means the site is located 85 miles from the mouth of the Snake River.

· Brief Description of Location

Include a brief phrase that describes the location of the site. Also, include any state codes for the segment that includes the site.

· How and Where the Site Will Be Sampled

Describe the sampling technique and where the sample will be taken at the site. For example: “grab sample taken from boat in mid-channel.” For water sampling, the two main issues are where in the water column and where across the stream you will collect samples.

· Type of site

Using the list of different types of sites (see Background section below), write the type(s) of habitat found at each site. For the most part, we recommend sampling the cobble-bottom micro-habitats (an area within a riffle that has cobble in the substrate) at riffle, largely because they contain the most abundant and diverse communities. However, if riffles and cobble are not available, rock baskets can be suspended in the water column in “run” type macro-habitats. Other microhabitats can be sampled directly, including: aquatic vegetation, large woody debris, leaf packs and root wads along the banks. A similar habitat should be sampled at each station for meaningful comparison.

· Indicators that will be sampled at each site: 

Include what specific parameters will be monitored.  Refer back to your list of parameters and indicators completed in worksheet 7.2.

Worksheet 9.3.a.  
Sampling Site List

	Site #
	Brief Description of Location (Code for Segment, if any)
	How and Where the Site Will Be Sampled
	Type of Site

(Include Habitat Type)
	Parameters/Indicators

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


For Sheet 9.4.a
Describe where samples will be taken at each site

· Where In the Water Column (what depth)? 


In streams, the main thing to consider is whether the water is evenly mixed from surface to bottom. If not, water quality may vary quite a bit at different depths, due to different water velocities. This is especially true for sediment in deep rivers with smooth bottoms. In this case, the different velocities at different depths would each be capable of carrying certain size particles in certain quantities. In these rivers, you may need to collect samples from multiple depths, depending on the indicator you are monitoring. Otherwise, a sample collected about eight inches below the surface may be sufficient. In shallow, high velocity, turbulent streams, we generally make the assumption that the water mixes fairly evenly from top to bottom. In these streams, water samples should be about half way between the surface and the bottom. 

Lakes are usually not homogenous throughout the water column. Generally, lakes stratify into three layers determined by the different density of water at different temperatures. These are the epilimnion, the metalimnion and the hypolimnion, from surface to bottom. So, for some indicators, such as dissolved oxygen and nutrients, samples should be collected at regular intervals (usually every meter or so) down through each layer. These samples may be analyzed separately if your questions concern conditions at each layer. If not, the samples may be combined into a depth-integrated sample.

· Where Across the Transect?


Water, habitat and aquatic communities can also vary significantly across the stream or lake transect (across the water) due to uneven mixing of the indicator you are measuring. So, where you decide to collect the sample is important. In streams, we recommend that water samples and most measurements be collected in the main stream current and away from the banks, at sites where the stream seems to be evenly mixed. Uneven mixing across streams occurs where tributaries join, downstream of structures such as dams or diversions, and at meanders. In these cases, you may want to collect samples at regular intervals across the stream. These samples can be analyzed separately, if you wish to measure the variation across the stream, or combined into an integrated sample to “average” the variation. Lakes vary even more dramatically than streams. This is especially true when the lake has many bays and coves. We recommend the deepest part of the main lake and bays for overall characterization and near shore areas for water use assessment and aquatic weed monitoring.

Worksheet 9.4.a.  
Describe where at each site samples will be collected
	Indicator
	Where In the Water Column?
	Where Across Transect?

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


For Sheet 9.7.a
Place Products in your Watershed Monitoring and Assessment Plan.

· Site locations for each monitoring question/Assessment Type, associated indicators and frequencies, including location description and specifically where at each site samples will be collected

Worksheet 9.7.a
Add products of Step to Watershed Monitoring and Assessment Plan.
If you completed any Steps this Worksheet is cumulative, use that document.  If you have not you complete that aspect that is highlighted for your plan documentation. *Italics mean a sub plan that might be attached or live somewhere else, location of document and contact is what would go in the plan.
I. People Design, Phase 1

A. Shared Watershed Vision and Desired Outcomes (Step 1) 

1. Logic Model of Desired Outcomes/Results and activities/target audiences to employ to achieve outcomes

B. Keepers of the M & A Plan (Step 1)

C. Watershed Boundary (Step 2)

D. Water bodies of Interest (Step 2)

E. Scope Inventory Master List* (Step 2)

1. Physical Inventory * (Step 2)

2. People Inventory* (Step 2)

3. Information Inventory* (Step 2)

a. Existing Monitoring Efforts (Step 2)  

b. Existing Data Sources (Step 2)

4. Inventory Action Plan* (Step 2)

F. Assessment Type(s) List – Monitoring Reason + Use (Step 3)

1. Monitoring Question(s)  (Step 4)

2. Targeted Decision Maker(s)  (Step 5)

a. Information Needs (Step 5)

3. Information Blue Print – Data Pathway Fact Sheet Per Monitoring Question* (Step 6)

II. Technical Design, Phase 2

A. What (Indicators, Benchmarks, etc.) and why? (Step 7)

B. When and why? (Step 8)

C. [image: image14.png]


Where and why? (Step 9)

D. W(how) will meet data quality objectives? (Step 10)

1. Data quality objectives (Step 5 and 10)

2. Quality Assurance and Control Measures (Quality Assurance and Control Plan)* (Step 10)

E. Data Management for Raw Data (Data Management Plan Part 1)* (Step 11)

III. Information Design, Phase 3

A. Data Summary and Analyses  (Step 12)

1. Starting Point (Step 12)

2. Changes (Later)

B. Data Interpretation, Conclusions, Recommendations

1. Starting Point (Step 13)

2. Changes (Later)

C. Communication and Delivery

1. Starting Point (Step 14)

2. Changes (Later)

D. Management Plans to Generate Information (Data Management Plan Part 2)* (Step 15)

IV. Evaluation Design, Phase 4

A. Who Will Do What?  (Step 16)

1. Task Identification Matrix (Step 16)

2. Communication Structure and Tools (Step 16)

B. Evaluation Plans (Step 17)

1. Evaluation Plans for M & A Components (Step 17)

2. Evaluation Plans for M & A Implementation (Step 17)

3. Evaluation of inter/intra M & A Activities (Step 17)

C. Documentation and Communication (Step 18)

1. M & A Plan (this document, updated Sub documents) (Step 18)

2. Communication and Peer Review Plan (Step 18)

3. Action Plan* (Step 17)

*Italics mean a sub plan that might be attached or live somewhere else, location of document and contact is what would go in the plan

For Sheet 9.8.a  
Place your identified gaps and needs regarding this step in the Action Plan (what you need to plan to complete this step and or overall monitoring and assessment plan).
Worksheet 9.8.a 
Final Action Plan Part 1, Summary:

If you have completed each Step, or for those you have, you have a cumulated list of gaps and needs related to that Step. Use that same worksheet/document.  If you did not complete each Step, look at what each Step is supposed to accomplish and record what your gaps and needs are related to that topic.  The goals are to get the gaps and needs in one place to evaluate and prioritize.
	Phase 1 Step 1: (completed in Step 1)

	Phase 1 Step 2: (completed in Step 2)

	Phase 1 Step 3: (completed in Step 3)

	Phase 1 Step 4: (completed in Step 4)

	Phase 1 Step 5: (completed in Step 5)

	Phase 1 Step 6: (completed in Step 6)

	Phase 2 Step 7: (completed in Step 7)

	Phase 2 Step 8: (completed in Step 8)

	Phase 2 Step 9:


	Phase 3 and 4 Steps:  Will add Action and Needs as complete each Step and at the end prioritize




Background and Content 

Variability and Site Selection

1. Natural variability: Sites that represent the "least altered" conditions in the watershed are known as reference sites. Having a good set of reference sites that reflect the natural condition of different types of waters throughout the watershed is a great way to get a handle on natural variability upstream to downstream. By monitoring these sites, you can actually find out what the natural variability is, because you actually measure it. For example, high elevation headwater streams are typically colder and have more shading than streams at lower elevations. If you find a measurable difference in dissolved oxygen levels when comparing a high and low elevation stream, it's likely a result of the natural variability from upstream to downstream. Many lakes "stratify" during the summer, where the upper water layers warm up and don't mix with colder layers below. So where in the water column you take your measurements can affect your results dramatically. 

2. Human-caused variability: Site selection to isolate this type of variability usually involves "bracketing" a pollution source: one site directly upstream of the source, and two sites downstream. Differences in conditions between the upstream and downstream sites are a sign that pollution from this source is likely the cause of the change. When possible, choose sites with relatively uniform conditions (e.g., thorough mixing of the water, equal exposure to sunlight). 

3. Sampling and analysis variability: Site selection is not the most important way to isolate errors in gathering field and lab data. However, some sites may be more difficult to sample than others and sampling errors may be more likely. Other sites may have complex flow patterns that make it difficult to sample. Deciding where at that site to collect a representative sample is a challenge, since conditions may vary across the channel. This makes it more likely that you will collect samples that are not representative of the entire site. 

Generally, if you are doing a comparison among sites, their characteristics should be as similar as possible (e.g., geology, flow, size) in every way but the indicator you are measuring. This helps you to isolate the cause of any differences in results.

Selecting Sites - Basic Approaches

Two general approaches to picking sites reflect the scope of the assessment discussed earlier. If a broad assessment of the probable status of your water bodies in a large area is your goal, then the comprehensive scope is likely your best choice. If your focus is on finding and restoring impaired waters, then the targeted approach is probably best.

Comprehensive Assessment

Sites are either chosen to represent as many of the conditions in the watershed as possible or located randomly. For example, A "Cultural Ecosystem Story" may define sites throughout the watershed that support healthy fish populations-possibly at different times of the year. If so, start there! You could also randomly locate your sites using a probabilistic design. This design is used to assess conditions at the landscape or watershed scale, and the number of sites is chosen using statistical methods. Sites are placed into relatively homogenous groups, based on their geology, chemistry, aquatic life, etc. A relatively small number of sites are chosen that represent each group. Then they are placed in one of two types:

· Reference Sites are locations that reflect minimal change from natural or un-impacted conditions. These sites are used as benchmarks against which the conditions of the assessment sites are compared. In a comprehensive approach, reference sites are selected for each water body type. Ideally, you determine the condition of your assessment sites by comparing the results to those at the reference sites and determining the degree of change (usually a percent similarity; e.g., the assessment site is X% like the reference site). 

· Assessment Sites are locations used to assess the degree of change resulting from the impact or process in which you are interested. Conditions at these sites are compared with those at reference sites or with water quality standards. 

The comprehensive assessment will provide an overall sense of the watershed's health, but the information is not typically detailed enough to assess specific problems at specific locations. Examples of the comprehensive scope design include some state water quality assessments18, the USGS National Water Quality Assessment (NAWQA), and EPA's Environmental Monitoring and Assessment Protocol (EMAP).

Targeted Assessment

Sites are chosen to assess a particular problem source, source such as a discharge pipe, disturbed land area, eroding bank, etc. These problem sources may be suspected, presently known or upcoming. Problem sources may be at specific locations, but sometimes involve an area of disturbed land, such as an extensive construction site or paved urban area. The targeted approach usually focuses on assessing conditions at the reach scale, and provides information that can be used to identify or confirm problems, develop site-specific solutions or restoration strategies, and assess their performance. Because of this location-specific focus, the results do not really represent the current status of all waters.

In targeted assessments, sites are chosen to “bracket” a specific known or suspected pollution source: 

· Control Sites are locations that represent the condition of the indicators being measured before they enter the problem area. These are sites that reflect minimal change from natural conditions. These sites are used as benchmarks against which the conditions at impact and recovery sites (see column to the right) are compared.


In a targeted design control, sites are usually located just upstream of the problem area to be assessed. However, sometimes it's not possible to locate a good control site upstream of the problem area. In that case, the control site may be located on another reach that is similar in all respects to the reach being assessed. In either case, you determine the condition of your assessment sites by comparing the results to those at the control sites and determining the degree of change (usually a percent similarity; e.g., the assessment site is X% like the reference site).

· Assessment Sites are locations used to assess the degree of change resulting from the impact or process in which you are interested. Conditions at these sites are compared with those at control sites. Or, if you can't find workable control sites, use the water quality standards. 


Two common types of assessment sites are:


Impact Sites: These are sites where the conditions have been altered by impacts such as point or non-point sources of pollution or a particular tributary. You compare the values from these sites to the control sites in order to assess the effect of the impact. Impact sites are typically located either immediately downstream or just outside of the source of the problem where the impact is thoroughly mixed into the water.


Recovery Sites: These sites are located further away or downstream, where it is assumed that water quality has begun to recover from the impact(s). The values from these sites are compared to the impact sites in order to assess whether the water quality has improved, and also compared to the reference sites in order to assess whether the water quality is anything like it was before the impact. 

General Site Selection Criteria

	
	Comprehensive Assessment

Reference and Assessment Sites
	Targeted Assessment

Control, Impact, and Recovery Sites

	Water Body Type
	Representative sites on all water body types in the watershed: Lakes, rivers, wetlands and groundwater
	Sites focused on problem areas in the water of concern: Lakes, rivers, wetlands or groundwater

	Human Uses
	Representative of all human uses: ceremonial, drinking, bathing, swimming, travel, fishing
	Sites focused on problem areas that affect the use(s) of concern

	Aquatic Life Uses
	Representative of all aquatic life uses: fish, invertebrates, algae, aquatic vegetation
	Sites focused on problem areas that affect the aquatic animals or plants of concern

	Physical Habitat
	Representative of all habitat types: lakes, ponds, wetlands, streams/rivers (riffles/runs/pools), cold and/or warm water processes that create and maintain them: geomorphic classes, hydrology, substrate types (rocky to muddy), riparian vegetation
	Sites on reaches with pollution sources that affect habitat

	Water Column
	Representative of different water column types: deep/slow, deep/fast, shallow/fast, shallow/slow
	Sites focused on a problem area with the same water column type


A More Detailed Look at Types of Monitoring Sites

First, we will describe the different types of monitoring sites. Note that appropriate types of sites for each assessment are listed in the “Site Location Considerations” section of the surveys in the chapters that follow. Then we will describe some site-specific sampling location considerations – where to collect samples, measurements or observations at the site. Next, we will describe some practical considerations that you need to consider when selecting sites. Finally, we will cover the basic options for locations to analyze samples. In this section, we will discuss four different categories of monitoring sites:

General Watershed Assessment

· Watershed Reference Sites: Sites located in the least-developed parts of the watershed that represent “least-impaired” conditions.

· Stream Impact Assessment Sites: These sites include upstream reference, impact and recovery sites that bracket some sort of human alteration of the river system. See Section 2 below for a description of each. Locate these three sites wherever you wish to assess impacts in the watershed.

· Fish Habitat Area Sites: There may be various types of habitat areas, including areas designated as “cold water” and “warm water” habitats, and others which may be used by fish as spawning, nursery or resting areas.

· Benthic Macroinvertebrate Macro-Habitats: Riverine sites that include riffles, runs and pools:

Riffle Sites: Shallow (1-2’ deep), fast moving (0.4 - 2.5 feet per second), cobble bottom areas.

Run Sites: Deeper (>2’ deep), moderately fast moving (0.4 - 2.0 feet per second), sand and gravel bottom areas.

Pool Sites: Deep (>2’ deep), slow-moving (<0.4 feet per second), mud-bottom areas.


Within these larger macro-habitat areas and at each site, there will also be microhabitats that include different types of habitat structures: cobble bottoms, large woody debris, aquatic vegetation and submerged bank vegetation.

· Water Use Sites: These are sites where various types of human water use occur, such as swimming areas (formal and informal), boat launch areas, fishing access areas and water supply intakes.

· Tributary Impact Assessment Sites: These sites assume that the tributary may be considered a pollution discharge to the main stem of the stream (see figure 1 below). The idea is to bracket the mouth of each tributary assessed with four sites:

Tributary Reference Sites: These sites are in the main stem of the stream, upstream of the confluence with the tributary. They represent conditions in the main stem prior to the impact of the tributary.

Tributary Impact Sites: These sites are in the main stem of the stream, downstream of the confluence with the tributary, where the water from the tributary is completely mixed with the main stem
. Impact sites represent conditions in the main stem after the impact of the tributary.

Tributary Recovery Sites: These sites are in the main stem of the stream, downstream of the impact site. They represent conditions in the main stem after the impacts of the tributary have begun to diminish.

Tributary Integrator Sites: These sites are at the mouth of the tributary. They represent the condition of the tributary, integrating all the upstream impacts, before it enters the main stem.

· Lake Assessment Sites: The main differences between monitoring lakes and monitoring streams are that the water flow through lakes is much slower, and lakes tend to be deeper. Frequently, in summer and winter, lakes stratify into layers of similar temperature that don’t mix until spring and fall. So, in order to know what is going on in a lake, you need to look vertically in the water column as well as in different parts of the lake. Following are some different types of lake assessment sites that account for the horizontal and vertical variations:

Deepest Sites: The water in the deepest places in the main lake and in embayments tends to be the most representative of critical conditions in the lake. At these sites, you need to decide at what depth(s) you will take samples in order to assess the condition of different layers.

Mouths of Tributaries (Inlets): These are the same as the “tributary integrator sites” described above. They represent the condition of the tributary before it enters the lake.

Lake Outlet: These sites are located where the lake spills over a dam or enters a stream. They represent the conditions of the water as it leaves the lake.

Water Use Sites: These are sites where various types of human water use occur, such as swimming areas (formal and informal), boat launch areas, fishing access areas and water supply intakes. The idea is to assess conditions that affect these uses at these sites.

Near Shore Areas: Sites near the lakeshore are frequently the most heavily used and biologically productive areas of the lake. Many of the water use sites are located here as are many of the places most suitable for nuisance aquatic weed growth.

General Impact Assessment Sites

These include at least three sites that bracket some sort of human alteration of the stream system. These sites would be relevant to the Impact Survey Chapter.

· Upstream Reference (Control) Sites: These sites are upstream of some sort of human alteration of the stream. They represent conditions in the stream prior to the impact of the alteration.

· Impact Sites: These sites are downstream of some sort of human alteration of the stream. They represent conditions in the stream after the impact of the alteration.

· Recovery Sites: These sites are downstream of some sort of human alteration of the stream. They represent conditions in the stream after the impacts of the alteration have begun to diminish.

Public Health Monitoring Sites

The focuses for these sites are areas where people are coming into contact with the water or aquatic life. Examples include:

· swimming areas (formal and informal);

· boat launch areas; and

· fishing access areas.

The idea is to collect samples of water at these recreation sites to assess whether they are contaminated. 

Habitat Assessment Locations

Habitat assessments can be carried out anywhere in the watershed, depending on the habitat of the organisms you are assessing. For the most part, habitat assessments focus on the channel and/or the riparian area:

· Channels: The channel carries the water during various magnitudes of flow in streams and lakes. It provides the physical structure and foundation for life in the stream or lake.

· Shorelines and Riparian Areas: As you move upland from the channel itself, there is a gradation to shorelines, riparian areas and the watershed itself. This is the land that drains into the stream or lake, from the top of the banks, to the floodplain, to upland areas.

Recommended Sites for The Four Assessments

As you think about recommendations for each kind of assessment, make note of your possible Data Quality Objectives (Step 10).  Specifically, in Step 9, consider the following:

Representativeness: How many samples will you collect and where will you collect them to ensure that they represent the actual environmental condition or population you are sampling? This is important because, in most cases, you are only sampling a very small part of the watershed. 

· the appropriateness of your sampling site selection for describing the general characteristics of the water body and specific impacts. 

· the appropriateness of the location of the sample collection point: spatial location (mid-stream, mid-lake, etc.), sampling depth, number of sites, etc. 

Following is a list of the types of sites we recommend for the 4 types of assessment covered in this workbook.

Condition and Trend Assessment

Water, habitat, and benthic macroinvertebrate sampling should be carried out at a variety of sites that represent a variety of conditions in the watershed.  Select as many of the following types of sites as you can:

· sites on streams of different orders (sizes) and at different altitudes.

· watershed reference sites.

· stream impact assessment sites:

upstream reference (control) sites

impact sites

recovery sites

· benthic macroinvertebrate riffle habitats.

· tributary impact assessment sites:

reference sites

impact sites

recovery sites

integrator sites

· cold and warm water fish habitat areas (spawning, nursery, and resting sites).

· where possible, sites historically monitored by the DEP.

· stream channel reference sites that are stable and represent different stream types.

Point and Non Point Source Impact Assessments

Water, habitat, and benthic macroinvertebrate sampling should bracket specific pollution sources or groups of pollution sources (see Chapter 2, Step 6 for definitions of types of sites):

· watershed reference sites.

· stream impact assessment sites that bracket the source:

upstream reference (control) sites

impact sites

recovery sites

· where possible, sites historically monitored.

· benthic macroinvertebrate sampling from riffle habitats.

· sites which are representative of the reach of the stream of interest.

· sites which are safely accessible.

· sites where the main stream current is accessible -- where the water is thoroughly mixed.

Use Support Assessment

Water, habitat, and benthic macroinvertebrate sampling should be carried out at a variety of sites that represent a variety of conditions in the watershed. If you have done an Impairment Screening/Biological Assessment (B1), you may have pinpointed one or more particular problem reaches. Then you may only need to sample a few sites on that reach. However, you will need to establish some sort of reference site, if you plan to carry out benthic macroinvertebrate monitoring. If a good one is not present in your reach, you may need to sample one elsewhere in the watershed.

Select as many of the following types of sites as you can:

Watershed Sites:

· sites on streams of different orders (sizes) and at different altitudes.

· watershed reference sites.

· stream impact assessment sites:

upstream reference (control) sites

impact sites

recovery sites

· benthic macroinvertebrate riffle habitats.

· tributary impact assessment sites:

reference sites

impact sites

recovery sites

integrator sites

· cold and warm water fish habitat areas (spawning, nursery, and resting sites).

· where possible, sites historically monitored.

· benthic macroinvertebrate sampling from riffle habitats.

· boat launch ramps and fishing access areas.

· cold and warm water fish habitat areas (spawning, nursery, and resting sites).

Reach Sites:

· sites which are representative of the reach of the stream of interest.

· sites which are safely accessible.

· sites where the main stream current is accessible -- where the water is thoroughly mixed.

Water Contact Recreation Sites

· Designated beaches and areas designated for swimming, wading, diving, and water skiing.

· Informal swimming, wading, diving, and water skiing areas.

· Boat launch ramps and fishing access areas.

· Below pollution sources.

· Where possible, sites historically monitored .

Practical Considerations for Site Selection

· Accessibility and Safety - Avoid steep, slippery or eroding banks or sites where landowner permission cannot be obtained. 

· Distance between sites - Make sure any difference in values between sites is NOT a result of natural variation in time of day. For example, because dissolved oxygen levels can naturally increase in a short period of time in the morning, measurements or samples at all of your sites should be taken within a fairly narrow window of time. You will also have to consider distance between sites when you are taking samples that have short holding times. For a period of time, financial and staff resources may also limit the number of sites and how far apart they can be. 

· Previously collected information - Where possible, it helps to choose sites that have been previously assessed in order to build on that information.

Case Study 1

Case Study 2

References

Barbour, Michael et al, 1999, Rapid Bioassessment Protocols for Use in Wadeable Streams and Rivers: Periphyton, Benthic Macroinvertebrates and Fish. Report # EPA841-B-99-002, U.S. EPA, Washington D.C., May 1989.

Federal Interagency Stream Restoration Working Group (FISRWG), 1998. Stream Corridor Restoration: Principles, Processes, and Practices. National Technical Information Service (NTIS) , Springfield, VA. (Available online: http://www.usda.gov/stream_restoration/newgra.html)

Harrelson, Cheryl C., 1994. Stream Channel Reference Sites: An Illustrated Guide To Field Technique, U.S. Forest Service General Technical Report RM-245, Fort Collins, CO.

U.S. EPA, 1997. Guidelines for Preparation of the Comprehensive State Water Quality Assessments (305(b) Reports) and Electronic Updates: Assessment and Watershed Protection Division (4503F) Office of Wetlands, Oceans, and Watersheds, Washington, D.C. 20460.

U.S.EPA, Selecting a sample design, where/when factors for analyses, quick check list, http://www.epa.gov/quality/qksampl.html

Resources

[image: image15.png]



Step 11





Step 10





Step 9





Step 8





Step 7





Raw Data Management (part 1)





How meet Data Quality Objectives





When





Phase 2 Product Illustration:





Where





What





Step 16-18





Steps 12-15





Summary Info Blue Print-Data Pathway Fact Sheet





Scope Inventory, water bodies





Steps 1-6








PEOPLE Design





Phase 1 =Foundation 





Phase 4





Phase 3





Phase 2





Evaluation Design





Information


Design





Technical Design





Dec Makers & Information needed to answer MO 5





Monitoring questions





WS Vision – Outcomes or Results





Assessment


Type 


=


Purpose


+


Use (user)








� This is not easy to determine. It depends on the current velocity, the distance from the tributary outlet to the farthest bank, the depth of flow and the hydraulic forces across the stream. You may need to actually sample across the stream at various distances downstream of the tributary to determine where complete mixing occurs.
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