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1.0 PURPOSE AND SCOPE

This procedure identifies how the data quality assessment (DQA) process shall be integrated into the Environmental Restoration Contractor (ERC) program.  This procedure ensures that all quantitative data (e.g., field screening and fixed laboratory analytical data) collected by the ERC program are of the right type, and meet the data quality objectives (DQO), and/or performance specifications to support the decision‑making process.  This procedure addresses the review of implemented project activities to determine whether they conform with the requirements of the project DQOs and Sampling and Analysis Plan (which includes the Quality Assurance Project Plan).  

This procedure provides guidance on DQA activities required to support the following types of sampling schemes:

· Random

· Stratified random

· Randomized systematic

· Systematic

· Sequential

· Judgmental.

General guidance has been provided on the types of statistical hypothesis tests that should be used to support the DQA process.  However, individual project teams shall use qualified functional support specialists (i.e., statistician) to select and implement the appropriate statistical hypothesis tests. 

2.0
DEFINITIONS

Data Quality Assessment:  A comparison of the implemented sampling approach and resulting analytical data against the sampling and data quality requirements specified by the DQOs.  The results will determine whether the data are of adequate quality and quantity to support the decision-making process. 

Data Quality Objectives:  Qualitative and quantitative statements derived from the DQO process that clarify study objectives, define the appropriate type of data, specify decision rules, and specify the tolerable levels of potential decision errors that will help establish the quality and quantity of data needed to support decisions.

Nonconformance:  A deficiency in characteristic, documentation, or procedure that renders the quality of an item or activity unacceptable or indeterminate.  It is also defined as the nonfulfillment of a specified requirement.

Quality:  The degree to which an item or process meets or exceeds the user’s requirements and expectations.

Sampling and Analysis Plan:  A project document comprised of the project-specific Quality Assurance Project Plan and Field Sampling Plan, and is designed to ensure that the collected analytical data are of adequate quality and quantity to support the decision-making process.

Statistical hypothesis test:  A method by which the statistical significance of a data set is assessed.   Statistical hypothesis tests are classified as follows:

· Parametric - Statistical hypothesis tests that assume the data have some distributional form (i.e., normal distribution).

· Nonparametric - Statistical hypothesis tests that do not require assumptions about the distribution of the data set.

· Binary - Statistical hypothesis tests where yes/no categories are the only values possible.  These tests are not distributional analytical methods.
3.0
RESPONSIBILIITIES

ERC Manager of Projects:  Identifies fiscal year project workscope and activities.  

Project Engineer (or Primary Designee):  Oversees the implementation of all DQA project activities.  These activities include the following: 

· Receive the laboratory data verification/validation data package

· Assemble the DQA Team 

· Notify the DQO coordinator

· Conduct a DQA planning meeting

· Develop a schedule and budget

· Oversee the implementation of the five-step DQA process

· Ensure that the results from the DQA process are considered when drawing conclusions from the analytical data set.

DQO Coordinator:  Submits a list of fiscal year project tasks requiring the DQA process to the U.S. Department of Energy, Richland Operations Office (RL) DQO coordinator, distributes DQA guidance material to DQA teams, attends DQA planning meetings, and develops consistency between project teams. 

Statistical Support:  One or more qualified functional support specialists (i.e., statistician) shall be used to support the DQA process. 

4.0
REQUIREMENTS

DQA activities implemented under the ERC program shall be consistent with the requirements specified in this procedure.  Final conclusions from analytical data should not be drawn by project teams until DQA activities have been completed.  The DQA workbook should be used by the project team to support and document the implementation of the DQA process.

5.0
PROCEDURE

This procedure specifies duties for the following ERC personnel:  ERC Manager of Projects, BHI project engineer (or Primary Designee), DQO coordinator, and function support specialist (i.e., statistician). 

5.1
Fiscal Year Programmatic Planning Activities

The ERC Manager of Projects and project engineer shall identify all fiscal year project tasks that will require the implementation of the DQA process.  The project engineer should consult the DQO coordinator when making these projections.

Responsibility
Action

ERC Manager of Projects 
1.
Coordinate the identification of fiscal year project work activities (i.e., workscope).  Develop overall list of project tasks to be conducted during the fiscal year.

Project Engineer (or Primary Designee) in consultation with the DQO Coordinator
2.
Identify the project tasks that shall require the DQA process and develop a preliminary schedule and budget.  Prioritize and schedule the DQA process for specified project tasks.  As a rule of thumb, all project tasks requiring formal DQOs will require the implementation of the DQA process.

DQO Coordinator
3.
Submit list of project tasks requiring the DQA process to the RL DQO coordinator.

5.2
Task-Specific Planning Activities

A number of task-specific planning activities must be performed to prepare for DQA activities.  These activities include the following:

· Receive the project data verification/validation package

· Notify the DQO coordinator of the upcoming DQA activities

· Select the DQA team members

· Conduct a DQA planning meeting

· Develop a schedule and budget

· Distribute the appropriate DQA guidance materials.  

These activities should be implemented, as outlined below.

Responsibility
Action


Project Engineer (or Primary Designee)
1.
Receive the data verification/validation package from Sample Management. 

2.
Notify the DQO coordinator of the intent to begin DQA activities for a specific project task.

3.       Select DQA team members (typically one to three staff members with technical expertise in the areas of statistics, analytical chemistry, and/or have direct experience implementing the project sampling and analysis activities and are familiar with any sampling design changes made in the field).


3.
Conduct a DQA planning meeting to be attended by the project engineer (or primary designee), DQO coordinator, and all DQA team members.

This meeting should clearly define the following:

· Project task objectives/scope/milestones

· Budget

· Deliverable requirements

· Support needs

· Action list that includes roles,  responsibilities, and specific assignments.

Prepare and distribute meeting minutes to attendees to document the issues discussed, and plans for proceeding.  A copy of these meeting minutes shall be filed with the Bechtel Hanford, Inc. (BHI) Document and Information Services.


4.
Develop a project task DQA schedule and budget.

DQO Coordinator
5.
Distribute DQA guidance materials to the DQA team, as necessary.  These materials include EPA 1998, ASTM 1998, and this procedure.  

5.3
Implementing and Documenting the DQA Process

Statistical data evaluation methods are designed to evaluate random, stratified random, randomized systematic, systematic, sequential, and judgmental sample populations.  Data from each type of sample populations should be evaluated in the same manner.  However, care should be taken when evaluating data from a judgmental sample population, since they will typically reflect worst-case conditions. 

The DQA team shall implement the five step DQA process outlined below.  The project engineer (or primary designee) shall make individual assignments for each DQA team member, consistent with their technical capabilities.   The size of the DQA team should be kept as small as possible to minimize cost (one qualified person often will suffice).  The DQA workbook should be used by the DQA team for guidance, and to document the results from each DQA step.  The completed DQA Workbook represents the official documentation of the DQA and its conclusions.  This workbook shall be submitted to the BHI DIS.

5.3.1
DQA Step 1:  Review DQOs and Sampling Design

This step identifies any discrepancies that exist between the sampling and analytical requirements specified in the Sampling and Analysis Plan (which include the Quality Assurance Project Plan) and what was actually performed.  The DQA checklist presented in Attachment 1 shall be used to assist the evaluation.

Responsibility
Action


Project Engineer (or Primary Designee) and Functional Support
1.
Distribute a copy of the DQA checklist (Attachment 1), project DQO workbook, Sampling and Analysis Plan, data verification/validation package, map showing final sampling locations, and design change notices to the DQA team member(s) responsible for implementing this DQA step.


2.
Review the project DQO workbook and Sampling and Analysis Plan to become familiar with the project data requirements that must be compared with the collected analytical data and sampling design. 


3.
Review the data verification/validation package, map showing final sampling locations, and design change notices with the intent of identifying any discrepancies that exist between the sampling and analytical requirements specified in the Sampling and Analysis Plan, and what was actually performed.


4.
Complete the DQA checklist (Attachment 1).

5.3.2 
DQA Step 2:  Conduct Preliminary Data Review

This step conducts a preliminary review of the analytical data, as well as any related quality assurance/quality control reports that are relevant to the project. 

Responsibility
Action


Project Engineer (or Primary Designee) and Functional Support
1.
Ensure that a copy of the data verification/ validation package and EPA 1998 has been distributed to DQA team member(s) responsible for implementing this DQA step.


2.
Review the data verification/validation package, and available quality control reports, laboratory audit reports, and any other relevant quality assurance reports that describe the data collection and reporting process as it was actually implemented.  Remove all invalid data from the data set.  Clearly document the rationale for removing any data from the data set.  

NOTE:  Analytical support shall be provided by ERC Sample and Data Management, as required. 


3.
Calculate basic statistical quantities (summary statistics) from the data set.  Examples of statistical quantities include mean, median, percentile, range, standard deviation, and coefficient of variation.  Use a spreadsheet to present the results.  


4.
Graph the analytical data to identify distribution patterns and trends, and to identify potential problems with the data set.  Graphical representations that should be considered include frequency plots, histograms, ranked data plots, normal probability plots, scatter plots, and time plots.

5.3.3
DQA Step 3:  Select the Statistical Hypothesis Test

This step selects an appropriate statistical hypothesis test that will be used to draw conclusions from the data.  Statistical hypothesis tests should be run on both statistical and nonstatistical (i.e., judgmental ) data sets.  As cautioned earlier, care should be taken when evaluating data from a judgmental sample population, since they will typically reflect worst-case conditions.

All statistical hypothesis tests make assumptions about the data set.  Parametric tests assume the data have some distributional form (e.g., the t-test assumes the data have a normal distribution), whereas nonparametric tests do not make this assumption (e.g., the Wilcoxon test only assumes the data are symmetric, but not necessarily normal).  Attachment 2 presents some of the more common statistical hypothesis tests that should be considered to support the DQA.  The statistical hypothesis tests about a single population, are the tests that should most frequently be used under the ERC program since these tests are designed for a comparison against a fixed threshold (i.e., a regulatory cleanup guideline). 

When selecting a statistical hypothesis test, it is important to consider the sensitivity of each test to departures from the assumptions.  The DQA workbook should be used to document any sensitive assumptions where relatively small deviations could jeopardize the validity of the test results. 

When evaluating small sample populations (<10 samples), it is recommended that a nonparametric statistical hypothesis test be selected to draw conclusions from the data.  This selection will avoid incorrectly assuming the data are normally distributed when there is simply not enough information to test this assumption.  If a parametric statistical hypothesis test is selected to evaluate a small sample population, clear justification shall be provided.  In all cases, the rationale for the selected statistical hypothesis test shall be clearly documented.  

Responsibility
Action


Project Engineer (or Primary Designee) and Functional Support
1.
Distribute the results from the DQA Step 2 to the team member(s) responsible for implementing DQA Step 3. 


2.
Review the statistical quantities and graphical data plots generated in DQA Step 2. 

3.
Select the appropriate statistical hypothesis test.  Document all of the assumptions made about the data set to justify the selection.  Note any sensitive assumptions where relatively small deviations could jeopardize the validity of the test results.

5.3.4
DQA Step 4:  Verify the Assumptions of the Statistical Hypothesis Test

This step shall be implemented at the discretion of the project engineer and in consideration of advice provided by the function support specialist (i.e., statistician).  This step assesses the validity of the statistical hypothesis test chosen in DQA Step 3.  This step determines whether the data support the underlying assumptions necessary for the selected test, or if the data set must be modified before further statistical analysis.  The graphical representations of the data developed in DQA Step 2 (Section 5.3.2) should be used to provide important qualitative information about the reasonableness of the assumptions.  Statistical analysis of the data set should also be considered to confirm or reject the assumptions of the selected statistical hypothesis test. 

If the results from this statistical analysis support the key assumptions of the statistical hypothesis test, the DQA process continues on to DQA Step 5 where conclusions are drawn from the data.  However, if one or more of the assumptions are questioned, then one must return to DQA Step 3 and reevaluate the selection of the most appropriate statistical hypothesis test.

Responsibility
Action


Project Engineer (or Primary Designee) and Functional Support
1.
Distribute the results from the DQA Step 3 to the team member(s) responsible for implementing DQA Step 4. 


2.
Review the assumptions about the data set to justify the statistical hypothesis test selection. 


3.
Use the graphical representations of the data set developed in DQA Step 2 to provide an initial determination of the reasonableness of the assumptions.


4.
Perform a statistical analysis of the data set to confirm or reject the assumptions of the statistical hypothesis test used in DQA Step 3.  


5.
If the results from this assessment support the key assumptions of the statistical hypothesis test, proceed to DQA Step 5; otherwise, return to DQA Step 3 and reevaluate the most appropriate statistical hypothesis test.

5.3.5
DQA Step 5: Drawing Conclusions from the Data

In this step, the selected statistical hypothesis test shall be performed and conclusions shall be drawn from the results.  The results from the statistical hypothesis test shall either:
(a)
Reject the null hypothesis or 

(b)
Fail to reject the null hypothesis.
In case (a), the data have provided the evidence needed to reject the null hypothesis, so the decision can be made with sufficient confidence and without further analysis.  This is acceptable because the statistical hypothesis test inherently controls the false positive decision error rate within the data user’s tolerable limits.

In case (b), the data do not provide sufficient evidence to reject the null hypothesis.  Therefore, the data shall be analyzed further to determine whether the data user’s tolerable limits on false negative decision errors have been satisfied (Attachment 4). 

One shall evaluate the overall performance of the sampling design by performing a statistical power calculation on the statistical hypothesis test over the range of possible parameter values.  The power of a statistical test is defined as the probability of rejecting the null hypothesis when the null hypothesis is false.  A power analysis helps the DQO team evaluate the adequacy of the sampling design when the true parameter value lies near the action level.
Responsibility
Action


Project Engineer (or Primary Designee) and Functional Support
1.
Distribute the results from DQA Step 4 to the team member(s) responsible for implementing DQA Step 5. 


2.
Perform the selected statistical hypothesis test. 


3.
Use the flowchart presented in Attachment 4 to identify the activities to be performed based on the results from the statistical hypothesis tests.


4.
Summarize the results from DQA Steps 1 through 5 in the DQA workbook. 


5.
If the DQOs specify that one or more decisions are based on risk, then risk calculations must be performed by the appropriate functional staff and integrated into Step 5 of the DQA workbook.


6.
Submit the draft DQA workbook for functional and project team review.  Allow for sufficient review time.


7.
Make required revisions and issue final DQA workbook.

6.0
RECORDS
DIS shall retain the following records:

· The DQA workbook distributed for review

· Signed DQA workbook review forms (documenting reviewers and disposition of comments)

· Final DQA workbook.

The signed review forms (documenting the reviewers and the disposition of their comments) are retained by DIS. 

7.0
REFERENCES
ASTM, 1998, Guide for Data Assessment for Environmental Waste Activities.

EPA, 1998, Guidance for Data Quality Assessment – Practical Methods for Data Analysis, EPA QA/G-9, January.

EPA, 1992, Guidance Document on the Statistical Analysis of ground-Water Monitoring Data at RCRA Facilities, EPA/530/R-93/003.

EPA, 1994, Guidance for the Data Quality Objectives Process, EPA QA/G-4.

Gilbert, R.O., 1987, Statistical Methods for Environmental Pollution Monitoring, Van Nostrand Reinhold, New York.

8.0
FORMS

None.

9.0
ATTACHMENTS

1
DQA Checklist

2
List of Statistical Hypothesis Tests for Consideration

3
List of Test for Verifying the Assumptions of the Statistical Test

4
Flowchart for DQA Step 5

The following checklist was prepared to assist the DQA team in completing Step 1 of the DQA process.  This step identifies any discrepancies that exist between the sampling and analytical requirements specified in the Sampling and Analysis Plan (which include the Quality Assurance Project Plan) and what was actually performed.  If one or more of the tasks identified below were not performed, an explanation shall be provided. 

Task
Completed
Name
Date
Explanation


Yes
No




DQO Workbook

1.
Reviewed the project-specific DQO Workbook






1a.
Reviewed decision statements






1b.
Reviewed decision rules






1c.
Reviewed the null hypothesis






1d.
Reviewed the gray region and tolerable limits on decision error






1e.
Reviewed the sampling design rationale






Sampling and Analysis Plan

2.
Reviewed the project-specific Sampling and Analysis Plan






2a.
Reviewed maps showing proposed sampling locations






2b.
Reviewed analytical method, detection limit, and precision and accuracy requirements






2c.
Reviewed field and laboratory quality control sampling requirements (i.e., duplicates, rinsate blanks, matrix spikes)






2d.
Reviewed sample bottle and preservation requirements






2e.
Reviewed field and laboratory quality assurance requirements






Data Verification/Validation Package

3.
Reviewed project-specific data verification/validation package






3a.
Reviewed all assigned data qualifiers (i.e., U, J, R)






3b.
Reviewed analytical method, detection limit, and precision and accuracy for analyses performed, and compare against the requirements specified in the Sampling and Analysis Plan






3c.
Reviewed laboratory quality assurance sampling performed, and compare against the requirements specified in the Sampling and Analysis Plan






Maps Showing Actual Sampling Locations

4.
Reviewed project-specific maps showing actual sampling locations, and compare against the requirements specified in the DQA workbook and Sampling and Analysis Plan






ATTACHMENT 2

LIST OF STATISTICAL HYPOTHESIS TESTS FOR CONSIDERATION

Type of Test
Test Name

Tests of hypotheses about a single population

Test for a Mean
One-Sample t-Test


Wilcoxon Signed Rank (One‑Sample) Test for the Mean 

Tests for a Proportion or Percentile
One-Sample Proportion Test

Tests for a Median
One-Sample Proportion Test


Wilcoxon Signed Rank (One‑Sample) Test for the Median

ATTACHMENT 3

LIST OF TEST FOR VERIFYING THE ASSUMPTIONS OF THE STATISTICAL TEST

Type of Test
Name of Test

Tests for Distributional Assumptions
Shapiro WilK W Test


Filliben’s Statistic


Coefficient of Variation Test


Skewness and Kurtosis Tests


Geary’s Test


Range Test


Chi-Square Test


Lilliefors Kolmogorov-Smirnoff Test

Tests for Trends
Regression-Based Methods

-
Estimation of a trend using slope of regression line

-
Testing for trends using regression methods


General Trend Estimation Methods

-
Sen’s slope estimator

-
Seasonal Kendall slope estimator


Hypothesis Tests for Detection Trends

-
One observation per time period for one sampling location

-
Multiple observations per time period for one sampling location

-
Multiple sampling locations with multiple observations

-
One observation for one station with multiple seasons

Outliers
Extreme Value Test


Discordance Test


Extreme Value Test (Dixon’s Test)


Discordance Test


Rosner’s Test


Walsh’s Test


Multivariate Outliers

Test for Dispersions
Confidence Intervals for a Single Variance


The F-Test for the Equality of Two Variances


Bartlett’s Test for the Equality of Two or More Variances


Levene’s Test for the Equality of Two or More Variances

ATTACHMENT 4

FLOWCHART FOR DQA STEP 5
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