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DATA QUALITY OBJECTIVES COURSE

FACILITATOR’S GUIDE
Format of Instructional Materials
The speaker notes include content that needs to be presented as well as instructions for activities and events that occur during the course.  The instructor notes contain four types of bullets:

1.
—
This bullet is followed by an action verb in bold (EXPLAIN, REFER, ASK, DISCUSS, DEFINE, AND DISPLAY) and pertinent information that you will present to the participants.

2.

This bullet is followed by the word “NOTE” and information directed to you, the instructor, about something you need to know or do.

3.

This bullet is followed by the word “DISTRIBUTE” and the name of a handout that needs to be given to the participants.

4.

This is a second level bullet is followed by information relevant to any of the bullets described above.

The cover slide for each module indicates the approximate amount of time that the module should take.  This will guide you in preparing to present the course.

Pre-Instruction Checklist

Get:



Flip chart paper



Multi colored markers



Become familiar with or practice DEFT


Organize for the Activity in Module 5



Determine the method for dividing the class into groups of 4-12 



Assign one facilitator per group



Provide student and facilitator’s materials to each facilitator.



Identify a location for each group to do its work


 Make copies of the following to distribute to the participants:



Agenda



Handout #1: Boundaries (Module 5 Activity)



Handout #2: Decision Rule (Module 5 Activity)



Handout #3: Limits on Decision Errors (Module 5 Activity)


Review the instruction.  Think about examples you can use that will be relevant to those you will be teaching.


Estimated instruction time is about 6 hours.  Plan where to insert two 10-minute breaks, using the agenda for guidance.
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	Time
	Description
	Approximate Length

	  9:00 a.m.
	DQO Process Overview
	30 minutes

	  9:30 a.m.
	Data Quality Objectives
	60 minutes

	10:30 a.m.
	Break
	15 minutes

	10:45 a.m.
	Data Quality Objectives Example
	60 minutes

	11:45 a.m.
	Lunch
	60 minutes

	12:45 p.m.
	Air Quality Exercise
	30 minutes

	  1:15 p.m.
	Small Group DQO - Overview
	15 minutes

	  1:30 p.m.
	Break
	10 minutes

	  1:40 p.m.
	Small Group DQO Activity
	70 minutes

	  2:50 p.m.
	Break
	10 minutes

	  3:00 p.m.
	Decision Error Feasibility Trials Software
	30 minutes

	  3:30 p.m.
	Beyond the Data Quality Objectives Process
	30 minutes

	  4:00 p.m.
	Wrap Up
	15 minutes


NOTE: If you start at 8:30, move the Air Quality Exercise to the 11:15 slot (before lunch) and allow the Small Group Exercise to last 90 minutes (from 1:10 to 2:40).

 SEQ CHAPTER \h \r 1MODULE 244

Air Quality Exercise

SCHEDULED TIME: Up to 30 minutes.

DISTRIBUTE Scenario 1 and make pointed comments about it while the students read it. 
PAGE 1:


EXPLAIN:  Data shows Midway is IN compliance but only just so.  
·      EXPLAIN how the data in the table from two years ago hovers around the

0.12 ppm mark.
PAGE 2:


ASK the students why the data on the graphs go up and down.  They should discuss the hydrocarbons, exhaust, etc. in their answer.
PAGE 3:

·      EXPLAIN that the first few steps of the DQO Process have been

          completed for them.
PAGE 4:



EXPLAIN the Decision Rule, stressing the “If. . .Then” aspect.
·      EXPLAIN: Being in compliance (‘Midway is presumed to be in 


compliance) represents a baseline condition.


EXPLAIN the Decision Performance Goal Diagram

PAGE 5:
·      EXPLAIN: This is usually given as an individual ‘exam’ but we will


answer as a group provided it is not the same person continually answering

     the questions.
PAGE 6:


EXPLAIN: This handout will be discussed later. 
CONDUCTING THE QUESTION AND ANSWER SESSION

General Guidelines

You have a copy of the answers; the students do not.
·      Ask the questions, let the students tell you what the answer must be.


Do not lead them to the right answer

Question F

SKETCH the diagram from page 5 on the flip chart.

ASK if the top RHS of the graph is false acceptance or false rejection.

WAIT for the students to answer false acceptance.

EXPLAIN the lower LHS must be the false rejection.


ASK the students to tell you the numerical value.
Question H:

ASK the students what the data indicates about the Mayor of Midway.

Wrap up

DISMISS the students if they promise to do Scenario 2 later.  
WORKSHEETS ON DECISION ERRORS
Scenario 1
A Problem in Midway
Two years ago Midway, Maryland, was in non-attainment of the National Ambient Air Quality Standard (NAAQS) for ozone.  The five highest days are shown in Table 1 below.  Last year they were in compliance, but barely so.  Note: A city is presumed to be in attainment unless the data show otherwise.
	
Date


	Highest 1-hour Average Ozone Concentrations

 

	
July 2
	
0.11 ppm

	
July 3
	
0.11 ppm

	
August 4
	
0.18 ppm

	
August 20
	
0.13 ppm

	
August 30
	
0.12 ppm


Table 1: Midway Ozone Concentrations
Federal Standards
[image: image1.wmf]The current federal short-term standard for ozone in ambient air is 0.12 ppm.  State and local governments operate continuous monitors at fixed stations (see Figure 1) to determine whether cities are in compliance with the standard. 

Data from "continuous" air monitors are used to calculate the average ozone concentration for each hour of each day.  A city is in "non-attainment" for ozone if on 2 or more days within a calendar year the highest one-hour-average ozone concentration is 0.12 ppm or greater (40 CFR Part 50).

Corrective Action
State and Federal environmental officials have agreed that Midway will be required to take two actions if it is in non-attainment again next year: 

Figure 1.  Continuous Air Monitoring Stations for Midway, MD
(1) initiate a program to require vapor collection systems at gasoline filling stations; and 

(2) implement measures to reduce emissions from "area sources," such as congested roadways, parking lots, toll plazas, etc. 

Ozone and VOCs
Ozone (O3) is a respiratory tract irritant that is produced when volatile organic compounds (VOCs) react with other gases in the presence of sunlight.  Emissions of VOCs are generally associated with gasoline vapors from automobiles and solvents from industrial sources.  As a result, areas that have a high density of cars, such as highways, inner city streets, parking lots, etc., and areas where VOCs are used or dispensed, such as gasoline filling stations or industrial areas, will tend to have high concentrations of ozone.

Ozone Concentration Fluctuations
The concentration of ozone varies throughout the day based on the amount of traffic, the level of industrial activity, and the amount of UV (ultraviolet) radiation, which is associated with sunlight.  Ozone concentrations are highest at midday when the amount of UV radiation is greatest and VOC concentration is the highest.  During the night the concentrations fall dramatically (see Figure 2). 
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Figure 2.  Weekly Ozone Concentration at a Monitoring Site
Health Effects of Ozone
The health effects of ozone are as follows:

	
Concentration


	
Effects

	
0.12 ppm
	Even short exposure (10 minutes) reduces lung function in people who are exercising and causes reversible changes in the behavior of test animals.

	
0.18 ppm
	Short exposure (<10 minutes) causes changes in the physiology of alveolar cells and red blood cells in test animals.

	
0.50 ppm
	Short exposure (<10 minutes) reduces lung function in people at rest; damages lung tissue in test animals

	
> 5.0 ppm
	Extended exposure to high concentrations may cause permanent damage to lung tissue in humans.


Table 2: Health Effects of Exposure to Ozone
Providing DQOs
The Maryland Department of Natural Resources (DNR) in conjunction with the EPA has directed the city to redesign the air monitoring network for the city's ambient air monitoring program and to provide DQOs due to the expected increase of hydrocarbon emissions.

The following is a list of the steps that must be taken and the information that must be reported as output from the Ambient Ozone DQO:

!
State the Problem

The City of Midway exceeded ozone standards for two years running, although they came close to attainment last year.  Federal and State officials agreed that the potential for more excursions exists and must be closely monitored since continuing growth and changes in economic activity have altered the production of ozone precursors. 

!
Identify the Decision


Principal Study Question


Do ozone levels exceed the standard?


Alternative Actions
Recommend initiation of corrective measures to reduce emission, or recommend that corrective measures are not needed.


Decision Statement
Decide whether ozone concentration exceeds the standard and requires corrective measures to reduce emissions.

!
Identify the Inputs


Ozone concentration measurements generated from ambient monitoring network.


Ozone action level is a regulatory standard.


Continuous monitors are available for sample collection and analysis.

!
Define the Boundaries


Spatial:  Midway metropolitan area.



Temporal:  Samples will be collected and analyzed hourly each day.  Decisions will apply to each calendar year.

!
Define a Decision Rule



Parameter of Interest:  The decision maker is interested in the mean.



Action Level:  The ozone action level is 0.12 ppm.



Decision Rule:  If the highest one-hour mean ozone concentration over Midway metro area is 0.12 ppm or greater on two or more days during the calendar year, then a corrective action program will be implemented.

!
Specify Limits on Decision Errors



Baseline Condition:  Midway is presumed to be in compliance.

Tolerable Decision Error Limits
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The designs must be approved by the Maryland DNR before implementation.  Under directions from Mayor Sexton, the City Manager has submitted the following "decision performance goal diagram" to express the Mayor's tolerable decision error limits (see Figure 3 below).

Figure 3.  Mayor’s Tolerable Probability of Declaring 

that a 1-hour Average Exceeds 0.12 ppm
[image: image4.wmf]0

0.12

0.24

0.36

0.48

0.6

0.72

0.84

0.96

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

 

True 1-hour Mean Concentration of Ozone (ppm)

Tolerable Probability of Deciding that a 1-Hour

Mean Ozone Concentration Exceeds 0.12 ppm



Scenario 2: Ten Years Later
Ten years have past since the above scenario about Midway.  Midway was in non-attainment with the ozone standard for the first five years after redesigning the ozone monitoring network.  Eight years ago Ms. Apple was elected mayor of Midway and initiated an aggressive program to reduce ozone concentration.  The city implemented vapor recovery controls at gas stations, required that parking lots be covered to reduce fugitive emissions from parked cars, changed traffic light patterns and constructed additional lanes on highways to reduce congestion, converted its municipal bus fleet and all city vehicles to natural gas fuels, gave tax incentives to companies that converted their private vehicle fleets, and provided rail transportation to its new baseball stadium.  These efforts paid off, and Midway achieved attainment with the 0.12 ppm standard five years ago and has been in attainment consistently since then.
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Three years ago EPA concluded a long-term study of human exposure to ozone.  This study produced conclusive results demonstrating that long-term exposure to ozone at concentrations of 0.16 ppm does not cause significant adverse health effects or permanent damage of lung tissue.  Health effects found in previous studies at 0.50 ppm and greater were reconfirmed.  Last year EPA raised the ambient ozone standard to 0.16 ppm.

MODULE 244

Air Quality Exercise
 Answer Sheet
Scenario 1
A.
State what a false rejection decision error would be.

Deciding an area is in non-attainment with the O3 standard based on an incorrect finding that the maximum 1-hour average O3 level was 0.12 ppm or greater for two or more  days. 
B.
State what a false acceptance decision error would be.

Deciding an area is in attainment with the O3 standard, when really for two or more days the maximum 1-hour average O3 level was 0.12 ppm or greater.
C.
Why should EPA/DNR be concerned with the false rejection decision errors?

EPA is concerned with taking actions that will impose potentially substantial costs on industry or individuals operating  vehicles when these actions are not needed to attain acceptable O3 levels.
D.
Why should EPA/DNR be concerned with false acceptance decision errors?

EPA is concerned about   failing to take action to protect human health and the environment from unacceptable O3 levels.

E.
Which type of error causes you greater concern?

False acceptance errors—more concerned about EPA operating a monitoring program that is inadequate to protect human health and the environment.
F.
What false rejection decision error limit does the Mayor find tolerable?

0.001 probability at 0.12 ppm or less.
G.  
Describe the degree of concern shown by the Mayor for false acceptance decision errors at true ambient concentrations around 0.17 ppm.

The Mayor appears not to be too concerned about false acceptance error at 0.17 ppm.  The gray region lies to the left of 0.17 ppm and a relatively large decision error limit of 0.35 is tolerable to the right of 0.17 ppm. 
H.
Is the Mayor more concerned about false rejection or false acceptance decision errors?

False rejection
Scenario 2
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NOTE:

This is only one example of an appropriate decision performance goal diagram for this problem; a great variety of diagrams could be appropriate, depending on the preferences and judgments of the decision maker.
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Water Contamination Exercise

SCHEDULED TIME: Up to 1 hour 15 minutes.

Prepare for the activity

� 
Plan how to divide large group into small groups of 4 to 12 people (6 to 9 is optimal).
� 
Provide one trainer/facilitator for each small group.  Make sure each trainer/facilitator has some familiarity with the DQO Process and can let the small group arrive at its own answers.

� 
Plan for separate breakout rooms for each group.  

� 
Provide each group a flip chart and pens, and at least one copy of the solutions.

NOTE: If it is infeasible to break up into groups, allow the audience to work as if they were a small group but act more as a facilitator in order to get as many people as possible involved.

Conduct the activity
1. 
DISTRIBUTE Handout and Worksheet and point out these highlights.

PROBLEM:

· EXPLAIN:  The high atrazine concentration has been detected in surface water, 

     whereas the community drinking water is supplied from ground water.

EXPLAIN:  Chlorination treatment occurs at a central storage tank.


BACKGROUND:

EXPLAIN:  Routine quarterly monitoring is in place.

INFORMATION ON ATRAZINE:
· EXPLAIN:  Atrazine may present a long-term risk of cancer at low levels, but 


acute effects are not observed until exposure reaches very high concentrations.

ACTIONS TO DATE:
· EXPLAIN:  This exercise is limited to the drinking water problem; how atrazine 


got into the surface water will be addressed by another jurisdiction.

REQUEST TO USEPA:

EXPLAIN:  Atrazine has not been detected in the water yet.

RESOURCE AND TIMING CONSTRAINTS
· EXPLAIN:  The cost information provides more context and may be useful in


 small group discussions.

· EXPLAIN:  This sampling effort is a quick-turnaround effort that will address the

specific nature of the atrazine contamination problem.  This is not a redesign of the routine monitoring program.

INPUTS

· DISCUSS the relationship between the MCL/MCLG (action level) and detection


 limit.
· EXPLAIN the dilution factor, which brings the possible concentration in ground


 water to within an order of magnitude of the MCL.

2. 
Identify each group's facilitator and room location clearly.  Explain that the facilitator

      will help with the DQO Process.  The group will provide the answers.

3. 
Each group should choose a time keeper, a recorder/scribe, and a presenter.

4. 
Tell students they have 45 minutes to complete the worksheet.  They will then return to the large group.  Groups will be called on to present their answers.

5. 
Monitor the students as they work.  Keep in mind that there are multiple right answers, but some answers can be wrong or implausible.  Sometimes the students need some guidance in arriving at the best answers.

6. 
Conduct the question and answer session.  You have a copy of the answers; the students do not.  Ask the questions and let the students tell you what the answer must be.  Do not lead them to the right answer, only gently guide them away from completely false leads.


ATRAZINE CONTAMINATION PROBLEM: 


SUMMARY FACT SHEET

Problem  
Atrazine, a pesticide used in the local area, has been detected in surface water in concentrations as high as 500 ppb.  Local citizens are alarmed and concerned that their drinking water may be contaminated at unsafe levels.  The community of Tarheel County is served by a water company, which pumps groundwater from a field of 6 wells.  Groundwater is chlorinated at a central location with an above-ground storage tank.  From this central location, water is distributed to the community.

Background
� 
Community water system has 6 wells.  

� 
Each well pumps up to 1000 gallons per minute.

� 
Central treatment is chlorination only and waters are combined in a large above ground tank.

� 
System serves 25,000 people.

� 
Aquifer is in unconfined gravel and sand.

� 
Routine monitoring is scheduled on a quarterly basis.  Each quarter, one water sample is tested for Phase II contaminants (semivolatile organic compounds), which include atrazine.

Information on Atrazine
� 
Classified as a Group C - Possible human carcinogen based on one-year dog study and two-generation reproduction study on rats. 

� 
 MCLG (maximum contaminant level goal) is based on a No Observed Adverse Effect Level (NOAEL) of 0.5 mg/kg/day.

� 
Potential health effects: liver, kidney, lung, cardiovascular.

� 
Atrazine is among Phase II contaminants that are regulated under the Safe Drinking Water Act (SDWA).

Actions to Date
No testing of system water has been conducted since the previous quarterly monitoring.  Management of the surface water contamination is beyond the scope of the project and is being addressed by a different program office.

Request to USEPA: Initiation of the DQO Process
The State of North Carolina has asked the U.S. EPA Region IV to assist in the design of a study to determine the safety of Tarheel's drinking water.

Resource and Timing Constraints
� 
A design is needed within one week.  This design will be implemented quickly, so that measurement data are available as soon as possible.

� 
The State will fund sampling and analysis.  The water company will cooperate, but will not pay for sampling and analysis beyond what is required by the SDWA.

� 
The average annual cost of monitoring of Phase II contaminants in the Tarheel community is only about $0.06 per household.  Total annual SDWA monitoring cost is $1.85 per household.

� 
Cost of sampling is minimal.  Cost of analysis is $350 per sample.

� 
Cost of treatment, if needed, is estimated as follows:  


$2 million capital costs  


$15,000 annual operating and maintenance cost (includes increased monitoring)

Inputs
� 
The MCL and MCLG are both 3 ppb.

� 
Detection limit is 0.1 ppb.

� 
Given the dilution factors involved between surface and ground waters, dilution of approximately 100 fold between surface and groundwater concentration is expected, bringing the expected range of concentration to below 8 ppb.

BOUNDARIES
Define the boundaries of the study by addressing the following issues:

Spatial Component

1.
Define the geographic area within which all decisions will apply.


2.
Specify the characteristics that define the population of interest. (The population of interest is the total collection of things that is being studied and from which samples will be drawn.)

3.
Consider dividing the population into strata or subcategories having relatively homogenous characteristics.

Temporal Component

1.
Determine the time frame to which the decision will apply.


2.
Determine when data should be collected so that they are representative of the population of interest.

DECISION RULE
Develop an "if...   then..." statement that defines the conditions that would cause the decision

maker to choose among alternative courses of action.


1.
Specify the parameter that characterizes the population of interest (such as a mean, median or proportion).

2.
Specify the action level for the study.

3.
Develop a decision rule.

LIMITS ON DECISION ERRORS
Define tolerable limits on potential decision errors, based on a consideration of decision error

consequences.

1.
Determine the possible concentration range of the parameter of interest.

2.
Describe both types of decision errors in relation to the action level and the parameter of interest. 

3.
Identify the consequences of  both decision errors regarding each of the following issues.  For each issue, discuss which type of error causes the most concern to you.

False Acceptance










False Rejection





!
Costs





!
Health risks






!
Ecological risks





!
Credibility






!
Political consequences



!
Social consequences
4.
Identify the decision error that caused the greatest concern to you.  Is this a false acceptance or false rejection?

LIMITS ON DECISION ERRORS (continued)
5.
Specify tolerable limits on decision errors and build a decision performance goal diagram.  Define the gray region and specify limits on decision errors by building a decision performance goal diagram that shows the relationship of atrazine concentration and the tolerable probability of making a decision error.

a.
Place a vertical line at the action level (standard) on the diagram.

b.
Specify a range of possible study results where the consequences of decision errors are relatively minor (gray region).

c.
Indicate the true concentration levels of atrazine at which you would decide to take action.

Almost Always

   ________________                              
Often



   ________________
                                 
Rarely



   ________________
                                 
Almost Never

   ________________
                                 
To assist in completing this exercise, refer back to the definition of false rejection and acceptance decision errors and your evaluation of the consequences of decision errors described in the previous section.
LIMITS ON DECISION ERRORS (continued)
d.
 Specify the rate at which (or how often) you can tolerate the potential occurrence of decision errors by assigning probabilities to the Almost Always, Often, Rarely, and Almost Never concentration levels indicated above.  Graph the results below.

e.
Check the limits on decision errors to ensure they accurately reflect the decision maker's concerns about the relative consequences for each type of decision error.

SPECIFY LIMITS ON DECISION ERRORS
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Suggested Responses
The following are some suggested responses.   Actual student answers may vary. 

BOUNDARIES
Define the boundaries of the study by addressing the following issues:

Spatial Component

1.
Define the geographic area within which all decisions will apply.




The decision will apply to the water in the storage tank.

2.
Specify the characteristics that define the population of interest. (The population of interest is the total collection of things that is being studied and from which samples will be drawn.)


Measures of atrazine in drinking water are of interest.
3.
Consider dividing the population into strata or subcategories having relatively homogenous characteristics.

Stratification is not applicable to this specific problem since trends are not of immediate concern.
Temporal Component

1.
Determine the time frame to which the decision will apply.




The decision will apply for at least one week.

2.
Determine when data should be collected so that they are representative of the population of interest.




The data should be collected as soon as the design is ready to be implemented.
DECISION RULE
Develop an "if...   then..." statement that defines the conditions that would cause the decision

maker to choose among alternative courses of action.


1.
Specify the parameter that characterizes the population of interest (such as a mean, median or proportion).

Mean concentrations will be calculated from samples collected at the designated sampling point.
2.
Specify the action level for the study.

Action level is 3 ppb.
3.
Develop a decision rule.

If the mean concentration of atrazine exceeds 3ppb, then corrective actions will be taken to resolve the problem.
If the mean concentration of atrazine is below 3ppb, then no action will be taken.
LIMITS ON DECISION ERRORS
Define tolerable limits on potential decision errors, based on a consideration of decision error

consequences.

1.
Determine the possible concentration range of the parameter of interest.

Possible concentration range of atrazine is (0-8)ppb.
2.
Describe both types of decision errors in relation to the action level and the parameter of interest. 

The Null Hypothesis (basic working assumption) is that there is contamination present.
i.e.: Mean concentration > 3ppb.
Deciding atrazine concentration is < 3ppb when it really is equal to or > 3ppb is false rejection error (rejecting the Null when the Null is true).
Deciding atrazine concentration is equal to or > 3ppb when it really is < 3ppb is false acceptance error (accepting the Null when the Null is false).

3.
Identify the consequences of  both decision errors regarding each of the following issues.  For each issue, discuss which type of error causes the most concern to you.

False Acceptance










False Rejection



!
Costs





!
Health risks





!
Ecological risks







!
Credibility










!
Political consequences






!
Social consequences
4.
Identify the decision error that caused the greatest concern to you.  Is this a false acceptance or false rejection?

This answer depends on the specific concerns expressed by the decision maker.  Generally, in this case EPA would be more concerned with false rejection error.
LIMITS ON DECISION ERRORS (continued)
5.
Specify tolerable limits on decision errors and build a decision performance goal diagram.  In the following exercise you will define the gray region and specify limits on decision errors by building a decision performance goal diagram that shows the relationship of atrazine concentration and the tolerable probability of making a decision error.

a.
Place a vertical line at the action level (standard) on the diagram.

At 3ppb.
b.
Specify a range of possible study results where the consequences of decision errors are relatively minor (gray region).

Between 2-3ppb. (Other answers are acceptable, depending on decision maker concerns.)
c.
Indicate the true concentration levels of atrazine at which you would decide to take action.

Almost Always


   > 5.0 ppb              
Often




   > (3.0-5.0) ppb     
Rarely




   > (1.5-2.0) ppb     
Almost Never


   > (1.5-2.0) ppb     
To assist in completing this exercise, refer back to the definition of false rejection and acceptance decision errors and your evaluation of the consequences of decision errors described in the previous section.
LIMITS ON DECISION ERRORS (continued)
d.
Assign probabilities to the Almost Always, Often, Rarely, and Almost Never concentration levels indicated above.  Graph the results below.  In other words, specify the rate at which (or how often) you can tolerate the potential occurrence of decision errors.

e.
Check the limits on decision errors to ensure they accurately reflect the decision maker's concerns about the relative consequences for each type of decision error.

SPECIFY LIMITS ON DECISION ERRORS
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Scenario 1 Exercise





A.	For the above example, state what a false rejection decision error would be:











B.	For the above example, state what a false acceptance decision error would be:











C.	Why should EPA/DNR be concerned with false rejection decision errors?














D.	Why should EPA/DNR be concerned with false acceptance decision errors?














E.	Which type of error causes you greater concern?














F.	What false rejection decision error limit does the Mayor find tolerable?














G.	Describe the degree of concern shown by the Mayor for false acceptance decision errors at true ambient concentrations around 0.17 ppm.














H.	Is the Mayor more concerned about false rejection or false acceptance errors?





Scenario 2 Exercise


The Maryland DNR has asked the city to redesign the ambient air monitoring program based on the new standard.  Draw a set of decision performance criteria and assign tolerable decision error probability limits that are associated with concentration ranges on the graph.
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