<EPA

United States Office of Environmental EPA/240/R-02/007
Environmental Protection Information December 2002
Agency Washington, DC 20460

Guidance for Quality
Assurance Project Plans
for Modeling

EPA QA/G-5M






FOREWORD

The U.S. Environmental Protection (EPA) Agency has devel oped the Quality Assurance
(QA) Project Plan as atool for project managers and planners to document the type and quality of
data and information needed for making environmental decisions. This document, Guidance for
Quality Assurance Project Plans for Modeling (EPA QA/G-5M), contains advice and
recommendations on how to develop a QA Project Plan for projects involving the model
development or application using data acquired from other sources.

EPA works every day to produce qudity information products. The information used in these
products are based on Agency processes to produce quality data, such as the quality system described
in thisdocument. Therefore, implementation of the activities described in this document is congstent
with EPA’ s Information Qudity Guiddines and promotes the dissemination of qudity technicd,
scientific, and policy information and decisons.

This document was designed for internal use and provides guidance to EPA program
managers and planning teams. 1t does not impose legally binding requirements and may not apply
to a particular situation based on the circumstances. EPA retains the discretion to adopt
approaches on a case-by-case basis that differ from this guidance where appropriate. EPA may
periodically revise this guidance without public notice.

This document is one of the U.S. EPA Quality System Series documents. These
documents describe the EPA policies and procedures for planning, implementing, and ng
the effectiveness of the Quality System. Asdescribed in EPA Manual 5360 A1 (EPA, 2000a),
this document is valid for aperiod of up to five years from the official date of publication. After
five years, this document will be reissued without change, revised, or withdrawn from the U.S.
EPA Quality System Series documents. Questions regarding this document or other Quality
System Series documents should be directed to the Quality Staff at:

U.S. EPA

Quality Staff (2811R)

1200 Pennsylvania Ave., NW
Washington, DC 20460
Phone: (202) 564-6830

Fax: (202) 565-2441

E-mail: quality@epa.gov

Copies of EPA Quality System Series documents may be obtained from the Quality Staff
directly or by downloading them from its Home Page:

www.epa.gov/quality
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CHAPTER 1
INTRODUCTION

1.1  WHAT ARE EPA’'SQUALITY RELATED POLICIES REGARDING
ENVIRONMENTAL MODELING?

The EPA Quadlity System defined in EPA Order 5360.1 A2 (EPA, 2000d), Policy and
Program Requirements for the Mandatory Agency-wide Quality System, includes coverage of
environmental data produced from models. Environmenta data includes any measurement or
information that describe environmental processes, location, or conditions; ecologica or hedlth effects
and consequences, or the performance of environmenta technology. For EPA, environmenta data
includes informetion collected directly from measurements, produced from models, and compiled from
other sources such as databases or literature. The EPA Qudity System is based on an American
National Standard, ANSI/ASQC E4-1994.

Consistent with the Nationa Standard, E4-1994, Section 86.a.(7) of EPA Order 5360.1 A2
dates that EPA organizations will develop a Quality System that includes * gpproved Quality Assurance
(QA) Project Plans, or equivadent documents defined by the Qudity Management Plan, for dl
goplicable projects and tasks involving environmenta data with review and gpprova having been made
by the EPA QA Manager (or authorized representative defined in the Quality Management Plan).
More information on EPA’s policies for QA Project Plansis provided in Chapter 5 of the EPA
Manual 5360 Al (EPA, 2000a), EPA Quality Manual for Environmental Programsand
Requirements for Quality Assurance Project Plans (QA/R-5) (EPA, 2001). This guidance helpsto
implement the policies for models defined in Order 5360.1 A2.

12 WHAT INFORMATION DOES THIS GUIDANCE PROVIDE?

This guidance provides information about how to document quality assurance planning for
modding (e.g., modd development, modd gpplication, as well as large projects with a modeling
component). A “modd,” for the purpose of this guidance, is something that creates a prediction. The
elements of QA Project Plans for data collection are described in EPA Requirements for Quality
Assurance Project Plans (QA/R-5) (EPA, 2001) and EPA Manual 5360 Al (EPA, 2000a).
Further details on devel oping these QA Project Plans are described in EPA Guidance for Quality
Assurance Project Plans (QA/G-5) (EPA, 1998a).

This guidance is based on the recommendations and policies from the above EPA documents,
but is written especidly for modeling projects, which have different qudity assurance concerns than
traditiona environmental monitoring data collection projects. If you are familiar with the QA Project
Plan structure described in these documents, you will find that the structure for the QA Project Plan for
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modeling is consgtent with those in EPA Requirements for Quality Assurance Project Plans
(QA/R-5) (EPA, 2001) and EPA Guidance for Quality Assurance Project Plans (QA/G-5) (EPA,
19983), though for modeling not dl elements are included because not dl are relevant.

1.3 WHY ISPLANNING FOR MODEL DEVELOPMENT AND APPLICATION
IMPORTANT?

Panning for modeling projectsisjust asimportant as planning traditiona environmenta
measurements for data collection projects. In order to be able to use mode output for anything from
regulatory purposes to research, you should be sure that the mode is scientificaly sound, robust, and
defensble. Theway to ensure thisis by following a thorough planning process that incorporates the
following dements

. asysematic planning process including identification of assessments and related
performance criteria;

. peer reviewed theory and equations,

. acarefully designed life-cycle development process that minimizes errors,

. documentation of any changes from the origind plan;

. clear documentation of assumptions, theory, and parameterization that is detailed
enough o others can fully understand the modd outpu;

. input data and parameters that are accurate and appropriate for the problem;
. output datathat can be used to help inform decision making.

These features lead to confidence in results. The steps for documenting these processes will be
described in an EPA QA Project Plan for modeling efforts.

A QA Project Plan and good project management in modeing projects are closdly tied
together. A good QA Project Plan is vauable to amodeling project in the following ways.

. A QA Project Plan documents dl the criteria and assumptions in one place for easy
review and referrd by anyone interested in the mode!.
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. A QA Project Plan can be used to guide project personnel through the model
development or application process and helps ensure that choices are consstent with

the established objectives and project-specific requirements.

Using a condgtent format makes it easy for others to review information on models and ensures that no

steps are overlooked in the planning phase.

1.4  WHAT QUESTIONSDOES THIS GUIDANCE ADDRESS?

For quick reference to the information in this document, provides asummary of the
main questions addressed by this guidance and indicates the chapter and sections containing this

information.

Table1l. Questionsthis Guidance Addresses

Questions Chapter/Section

What are the guidelines for preparing QA Project Plans for projects that
involve modd development or model application? [Chapter 4 (details)
Who is responsible for developing and reviewing these QA Project Plans? @

How do | document changes from the planned process described in the QA @

Project Plan?

How do the modd development and model application processes relate to Chapter 3

the QA Project Plan contents? Figure 4
How does peer review relate to quality assurance activities? 3.2.2

How are acceptance and performance criteria used in amodeling project? B.1.3]B.2.2|4.1.7|
Where are the records and documentation planned for this modeling effort
described?

Where are the modd calibration plans described?

What information on non-direct measurements (i.e., secondary use of 4.2.2
exiging data) should beincluded in a QA Project Plan for moddl

devel opment or gpplication?

Where are the model evauation plans described? k3

Where are the assessment plans for acceptance of fina mode results @
described?

Where are assessment activities documented in a QA Project Plan? k.3]k4

Fina
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15 WHO CANBENEFIT FROM THISDOCUMENT?

This guidance has many potentid users, indluding dl those involved in planning and
implementing modeling projects or in reviewing modeling projects. Specificdly,

Modelers can use this guidance to see how the modedling development and application
processes are linked to the various e ements that are documented in the QA Project
Plan. Thisguidance will help them to prepare and review a QA Project Plan.

Managers of mode development and application projects will find this guidance ussful
for understanding how planning is related to devel oping good modds, and how the
EPA palicies defined in EPA Order 5360.1 A2 can be met.

QA reviewers and QA officers will find this guidance useful for understanding the steps
and details behind the planning—especidly those who might not be familiar with the
model development process. This guidance will help these users clearly understand
how the qudity system is applied to modd development.

16 WHATISTHE GRADED APPROACH TO QA PROJECT PLANS, AND HOW DO |
DETERMINE WHAT QUALITY ASSURANCE AND QUALITY CONTROL
ACTIVITIESARE NEEDED FOR A SPECIFIC PROJECT?

EPA defines the graded approach as “the process of basing the level of application of
manageria controls agpplied to an item or work according to the intended use of the results and degree
of confidence needed in the qudity of the results’ (EPA, 19984). Thisisan important ement of the
Quadity System because it alows the gpplication of quality assurance and quadity contral activitiesto be
adapted to meet the rigor needed by the project at hand. Models that provide an initid “ballpark”
edimate or non-regulaory priorities, for example, would not require the same level of quality assurance
and planning as models that will be used to set regulatory requirements. There are no explicit
categorizations or other specific guiddines for gpplying the graded gpproach, but the information in this
section and in the examples should provide someingght into how to do so.

In gpplying the graded approach, two aspects are important for defining the level of QA effort
that amodeling project needs: intended use of the modd and the project scope and magnitude.

EPA QA/G-5M

The intended use of the modd is adetermining factor in the level of QA needed
because it is an indication of the seriousness of the potentiad consequences or impacts
that might occur due to qudity problems. For example, shows that higher
standards would be set for projects that involve potentialy large consequences, such as
Congressond testimony, development of new laws and regulations, or the support of
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litigation. More modest levels of defengbility and rigor would be acceptable for data
used for technology assessment or “proof of principle,” where no litigation or regulatory
action are expected. Still lower levels of defenshility apply to basic exploratory
research requiring extremely fast turn-around, or high flexibility and adaptability. In
such cases, the work may have to be replicated under tighter controls or the results
carefully reviewed prior to publication. By andyzing the end-use needs, gppropriate
QA criteria can be established to guide the program or project. These examples are
presented for illustration only, and the degree of rigor needed for any particular project
should be determined based on an evaluation of the project needs and resources.

Table 2. Examplesof Modeling Projectswith Differing I ntended Uses

Purpose for Obtaining
M odel-Gener ated L evel
Information (Intended Use) Typical Quality Assurance | ssues of QA
» Regulatory compliance Lega defensibility of data sources
» Litigation Compliance with laws and regulatory mandates
» Congressond testimony applicable to data gathering
» Regulatory development Compliance with regulatory guiddines
o State Implementation Plan Exigting data obtained under suitable QA program
(SIP) attainment Audits and datareviews
« Vaeification of Mode
 Trends monitoring (non- Use of accepted data-gathering methods
regulatory) Use of widely accepted models
» Technology development Audits and data reviews
o “Proof of principle’
» Basicresearch QA planning and documentation at the facility leve
» Bench-scaetesting Peer review of nove theories and methodology
Fina
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. Other aspects of the QA effort can be established by consdering the scope and
meagnitude of the project. The scope of the model development and application
determines the complexity of the project; more complex models need more QA effort.
The magnitude of the project defines the resources at risk if qudity problemslead to re-
work and delays.

The scope and magnitude of the project should be consdered when defining:

. type and extent of programmer's and end user's documentation,
. testing effort and documentation of test results,

. rigor of quality objectives and criteria,

. cost and schedule control.

Specific examples of how the considerations described above may be used to define aproject's QA
effort are provided in

1.7 HOW DOESTHISGUIDANCE FIT IN THE EPA QUALITY SYSTEM?

The EPA Qudity
System structure was
designed for data collection oualty
activities. However, because Control
modeling can aso produce ¢

data that will beused in
decison making, qudity
issues are dso relevant for
these data. The paradigm
needs to be modified, as
indicated in for
application to data produced
by moddls rather than data
produced by sampling and

andytica measurement of ) - '
environmenta media. Figure1l. EPA Quality System Approach to Addressing

portrays the project Environmental Data Generated from Mode Application
portion of EPA’s Quality

Sysem. Systematic planning, an important first step, calls for sated and darified objectives. In this
step, objectives are clarified. Qudity control will include peer review of theory and gpproach, code
evauation, and/or procedures for modd cdibration. Quality assurance of input data and parameter
vaues are important to model quality. Because the input data will most likely be obtained from other

. Model
Systematic Development,
Planning (G-4, QA for Model
G-4A) Development and
(e.g. DQO Application (G5-m) Model

Process) Application,

Model Evaluation

Project

i

Documentation

|

PLANNING g IMPLEMENTATION —» ASSESrMENT
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sources, data quality procedures for secondary data use should be followed. After the process of
model development or gpplication is complete, evauation of the model output is completed.
Documentation is completed or updated at the end of the model development or gpplication process.

18 HOWISTHISDOCUMENT ORGANIZED?

This document will best be used as a reference document rather than a*“how-to” guideto be
read front-to-back. To that end, contains relevant information about EPA policies regarding
QA Project Plans. describes the typical planning processes a modeler would use to develop
or gpply amode and provides linkages to the dementsin a QA Project Plan for modeling.
contains a description of the QA Project Plan elements, interpreted for amodeling project. Findly,
contains examples of the content of a QA Project Plan that illustrate the planning process for
moded development and model application. Three types of projects are described to give an indication
of the graded gpproach and how different problems might be addressed with different levels of detail
and description. These are not full QA Project Plans, but are meant to give an idea of the information
that would be included in such aplan.

A checkligt is provided in Appendix C that can be used when writing a QA Project Plan for
modeling. This checkligt indicates the basic pieces of information that may be relevant for each eement.
A glossary and alist of references are aso included in the gppendices.
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CHAPTER 2
QA PROJECT PLAN PROCEDURES

This chepter provides asummary of guiddines for preparing QA Project Plansin projects that
involve modd development, modification, or application.

21  GENERAL EPA POLICY ON QA PROJECT PLANS

The QA Project Plan is a key component of the EPA Quality System and isthe “blueprint” by
which individua projects are implemented and assessed. EPA Order 5360.1 A2 (EPA, 2000d)
edtablishes a mandatory, Agency-wide Quaity System that gppliesto EPA and dl organizations
performing work for EPA. These organizations need to ensure that data collected and used for the
characterization of environmental processes and conditions are of the appropriate type and qudity for
their intended use. The gpplicability of this policy to modeling is based on the “use’ of environmentd
data (as gtated in the palicy).

A QA Prgject Plan is necessary in modding projects even when no monitoring or other
environmenta data measurements are performed because modding results frequently serve asa
surrogate for these data, or are used for ther interpretation. EPA dlowsflexibility in the organization
and content of a QA Project Plan to meet the unique needs of each project or program. Note that
while most QA Project Plans will describe project- or task-specific activities, there may be occasons
when ageneric QA Project Plan may be more appropriate. A generic QA Project Plan describes, in a
single document, the information that is not Site-, process-, or time-specific but gpplies throughout the
program (e.g., of aspecific modd for adefined use). Application-specific information is then added to
the approved QA Project Plan as that information becomes known or completely defined. A generic
QA Project Plan is reviewed periodically to ensure that its content continues to be vaid and gpplicable
to the program over time.

22 QA PROJECT PLAN RESPONSIBILITIES

The QA Project Plan for aprogram or project may be prepared by an EPA organization, a
contractor, an assistance agreement holder, or another Federal agency under an interagency agreement.
Except where specifically delegated, al QA Project Plans prepared by non-EPA organizations need to
be approved by EPA before implementation. However, EPA may grant conditiona approva to a QA
Project Plan to permit some work to begin while non-critica deficienciesin the QA Project Plan are
being resolved. EPA Order 5360.1 A2 dso states that dl QA Project Plans shal be implemented as
approved for the intended work. All personndl should understand the project-specific requirements
prior to the start of data generation activities (including generation or interpretation of environmenta
data using modding techniques).
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For modd development projects, one or more staff members who are intimately familiar with
the scientific and technicd details of the modeling (scientist, meteorologist, programmer, etc.) are
usualy designated as lead modder of the QA Project Plan. Input from the modding st&ff is criticd in
preparing sections of the QA Project Plan that ligt the critica model structure and parameters to be
tested, the criteriathat the tests need to meet, and the methods to evaluate the test results. In larger
projects involving a staff of model developers, it is appropriate to include one or more individuas with
software devel opment, testing, and QA expertise to contribute to the QA Project Plan in areas of
documentation, configuration control, test plan development, coding standards, etc. The project
manager is ultimately respongble for assessng whether the performance and acceptance criteriafor the
intended modding use were met and works iteratively with the intended users of the results.

In projects involving routine use of well-accepted environmental models, the project staff may
lack personne who are familiar with the software sinternd operations. In this Situation, a senior
scientist who understands the quality objectives and performance criteria and who can assessthe
mode's performance in the context of the project is a good candidate for preparing or reviewing the
QA Project Plan and deciding if modd documentation is sufficient (e.g., proprietary software). The
project manager is ultimately responsible for assessing the gppropriateness of the chosen mode(s) for
the particular application and ng whether the performance and acceptance criteria were met and
worksiteratively with the intended users of the results.

23 QA PROJECT PLAN ELEMENTSFOR ENVIRONMENTAL MODELING

This section ligts the elements of a QA Project Plan defined in EPA Requirements for Quality
Assurance Project Plans (QA/R-5) (EPA, 2001). Subsequent chapters of this document will provide
detailed information about these e ements with the emphasis on modeling projects. However, some
titles of the QA Project Plan dements listed below are dightly different in subsequent chaptersto
emphasi ze the gpplication to modding.

Elementsof a QA Project Plan
Defined in the EPA Requirements for Quality Assurance Project Plans (EPA, 2001)

A. Project Management

Al  Titleand Approva Sheet A6 Project/Task Description

A2  Tableof Contents A7  Quadlity Objectives and Criteria
A3  Didribution List A8  Specid Training/Cetification
A4 Project/Task Organization A9 Documents and Records

A5  Problem Definition/Background
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B. Measurement/Data Acquisition

Bl Sampling Process Design B6 I nstrument/Equipment Testing,
Ingpection, and Maintenance

B2  Sampling Methods B7 Instrument/Equipment Cdibration and
Frequency

B3 Sample Handling and Custody B8 I nspection/A cceptance Requirements for
Supplies and Consumables

B4  Andyticd Methods B9 Non-direct Measurements

B5 Qudlity Control B10 Data Management

C. Assessment and Oversight

Cl  Assessment and Response Actions C2  Reportsto Management

D. Data Validation and Usability

D1 Data Review, Verification, and D3 Reconciliation with User Requirements
Vdidation

D2 Verification and Vdidation Methods

24 REVISIONS AND RELATED GUIDANCE
2.4.1 Revisionsand Review

Because of the complex and diverse nature of environmenta data operations, changes to QA
Project Plans, methods, and objectives are sometimes needed. When a substantive change is
warranted, the QA Project Plan needs to be modified to reflect the change and those changes needs to
be submitted for gpproval. According to EPA palicy, arevised QA Project Plan needs to be reviewed
and gpproved by the same authorities that performed the origina review.

Changed procedures may be implemented only after the revision has been approved. Changes
to the technica procedures should be evaluated by the EPA QA Manager and Project Officer to
determine if they sgnificantly affect the technical and qudity objectives of the modding project. If the
procedura changes are determined to have significant quaity impacts, the QA Project Plan should be
revised and re-approved, and arevised copy should be sent to al persons on the distribution list. Only
after the revision has been received and gpproved (et least verbdly with written follow-up) by project
personnel, can the change be implemented.
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For programs or projects of long duration, QA Project Plans should be reviewed at least
annudly by the EPA Project Manager. Guidance for Quality Assurance Project Plans (QA/G-5)
(EPA, 1998a) and EPA Requirements for Quality Assurance Project Plans (QA/R-5) (EPA, 2001)
contain additiona information gpplicable to QA Project Plan revisons.

2.4.2 Rdated Guidance

EPA QA poalicy and guiddlines are based on the National Consensus Standard, ANSI/ASQC
E4-1994, Specifications and Guidelines for Environmental Data Collection and Environmental
Technology Programs (ANSI/ASQC, 1995). This standard describes the quality management
elements tha are generdly common to environmenta problems, regardless of their technicd scope. It
a s discusses the specifications and guiddines that goply to project-specific environmenta activities
involving the generation, collection, andys's, evauation, and reporting of environmenta data.

EPA Requirements for Quality Assurance Project Plans (EPA, 2001) and Guidance for
Quality Assurance Project Plans (EPA, 1998a) have been developed consistent with ANSI/ASQC
E4-1994. These documents are the primary references for preparing, approving, and revisng QA
Project Plansfor EPA projects and programs. Other guidance documents are available that provide
background information and techniques that may be helpful for preparing QA Project Plans for
modeling projects, induding: Quality Assurance of Multi-media Model for Predictive Screening
Tasks (EPA, 1999¢) and Systems Development Life Cycle Methodology (SDLCM) Satement of
Policy, Sandards and Guidelines (EPA, 2000f).
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CHAPTER 3

THE MODEL DEVELOPMENT AND APPLICATION PROCESS:
RELATIONSHIP TO QA PROJECT PLAN ELEMENTS

Wheat is the purpose of this chapter? This chapter shows the modeler which dements of a QA
Project Plan are linked to specific quality aspects or features of atypical model development or
gpplication project. In this chapter, the genera process for conducting a mode development or
application project is presented. The process is divided into three basic steps, which are further
subdivided into tasks. These tasks are then mapped to one or more elements of the QA Project Plan
according to the types of procedures conducted and the data quality issues that need to be addressed
within each task. Thus, this chapter introduces the modeer to the relevant e ements of a QA Project
Pan for amodding project, within the context of a genera modeling process with which the modder is
familiar.

Whet is the general process for conducting a modd development or application project? While
each modding project is unique, most projects that involve modd development and application typicaly
follow aprocess smilar to the oneillugtrated in The three gepsin this process are the
following:

1 Modeling Needs and Requirements Analysis: Use a systematic planning processto
determine modeling needs and project-specific requirements and to decide whether or
not amodd currently exists that can be used to achieve these needs and requirements.

2. Model Development: Develop anew modd in Stuations where no existing modd can
be used to address the particular Sudy objective.

3. Model Application: Apply an exigting modd (identified from amode sdection
procedure when more than one mode is relevant) or a newly developed modd.

For projects in which modeling is only apart of the totd effort, the modeling process may be
preceded by a systematic planning process asindicated in in which quality objectivesfor the
entire project are established. The processin ISiterative in nature, as reviews and checks
occur within the process to ensure that the model outputs will address al necessary project objectives
and meet necessary performance criteria. The iterative aspect dso provides flexibility to accommodate
the exploratory and evolutionary nature of many mode development projects.

Theindividud tasks performed within eech step in are linked to one or more eements
of the QA Project Plan. The QA Project Plan dements associated with a given task specify the type
and quality of information that is needed to execute that task. Thislinkage (or “crosswalk”) between
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Systematic Planning
[see Guidance for the Data Quality Objectives Process (EPA QA/G-4)]

Step 1: Modeling Needs
- and Requirements Analysis
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Figure2. Typical Life-Cycle of a Three Step Modeling Project
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the modeling tasks and the dements of the QA Project Plan is described in [Sections 3.1 through 3.3 of
this chapter.

31 MODELING NEEDSAND REQUIREMENTSANALYSIS
The firgt step of the modeling process conssts of the following three tasks:
. asess the need(s) of the modeling project;
. define the purpose and objectives of the modd and the modd output specifications;

. define the quaity objectives to be associated with the mode outputs as described in

and the examples in [Chapter 5]

The moddling planning team uses the outcomes of these three tasks to determine whether an existing
model can be used or anew model needs to be devel oped. indicates how information
generated in these tasks is documented in the specific QA Project Plan eements.

3.1.1 Needs Assessment

The regulatory or scientific need for usng amodd (versus, for example, using existing data or
collecting new measurements) and the necessary features of the model should be specified within
(Problem DefinitionVBackground) of the QA Project Plan. Theindividuals or organizations
that would address these needs (e.g., members of the planning team, decision makers, statigticians,
principd data providers and users, computer hardware and software devel opment personnel, Satistica
expertise, QA Manager), dong with their specific roles and responshilities and their relationships and
organizationa structure within the project, should be documented in (Project/Task
Organization).

Expertise or certification requirements within the study team should be documented in Element
@ (Specid Training Requirements/Certification) of the QA Project Plan. Examples are specidized
computer hardware/software programmers and anaydts, certified quality assurance managers, project
managers, and datisticians experienced in performing goodness-of-fit tests, characterizing uncertainty,
and conducting sengitivity anayses.

3.1.2 Define Purpose, Objectives, and Output Specifications

(Project/Task Description and Schedule) of the QA Project Plan describes the
gpproach that will be used to meet the needs identified in the needs assessment. Thisdement dso is
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used to provide an overal understanding of the modding project, the work to be performed, the mode
outputs to be obtained, and the project implementation schedule.

Relevant QA Project Plan Elements

Step 1: Modeling Needs
and Requirements Analysis

Needs Assessment

o

e ( A4: Project/Task Organization
s

Y

Define purpose, objectives,

K— A5: Problem Definition/Background

A8: Special Traning Requirements/
Certification

VAVAV.

and output specifications

Y

Define Quality Objectives,
desired performance criteria,
and documentation needs for

model output

Schedule

A7:Quality Objectives and Criteria for
Model Inputs/Outputs

(\ A6: Project/Task Description and

VRVIRV.

< A9: Documentation and Records

Is a
new model
needed?

Figure3. Map of QA Project Plan Elementsto Modeling Tasks. Information for the QA

Project Plan Elementsis generated in the indicated modeling task in the Modeling Needs and

Requirements phase of the modeling process.

3.1.3 Define Quality Objectives, Desired Performance Criteria, and Documentation Needs

for Mode Output

On amode development or gpplication project, quality objectives and the quditative and
quantitative model performance criteriato be associated with the model output are determined by

implementing a systematic planning process. This process addresses questions such as the following:
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. How accurately and precisely does the model need to predict a given quarntity at the
gpplication Ste or in the process step of interest in order to satisfy regulatory or
scientific objectives?

. What are gppropriate criteriafor making a determination of whether the modd estimate
is accurate and precise enough (e.g., based on past genera expertise combined with
dte or process specific knowledge)?

. How would these criteria be used to determine whether modd outputs achieve the
needed quaity? For example, what goodness-of-fit test [e.g., chi-square test on
predicted and observed frequency distributions (Snedecor & Cochran, 1989); t-test on
predicted and observed Robust Highest Concentrations (Cox and Tikvart, 1990); t-test
of differences in normaized means squared errors of regime averages from two models
(ASTM D6589)] would be performed (e.g., to compare predicted and observed
frequency distributions) and what significance level and power does this test need to
achieve and what other program specific criteriawill be consdered (e.g., Guideline on
Air Quality Models 40 CFR Part 51 Appendix W)?

The qudity objectives and performance criteriathat are established from implementing the
systematic planning process are to be documented in QA Project Plan (Quality Objectives
and Criteriafor Mode Inputs/Outputs). The possible negative consequences of making inappropriate
decisions due to poor mode prediction ability are a key concern.

(Documentation and Records) of the QA Project Plan will specify those project
records to be included in reports and other documents, the model testing or data assessment reporting
formats, document control procedures, documentation of response actions during the project to correct
mode development or implementation problems, and procedures for the find digposition of records and
documents, etc.

3.14 IsaNew Mode Needed?

In generd, anew model is developed for a given gpplication when an existing model cannot
meet the needs and requirements for the new application without mgor adjustments. The process of
identifying and assessing existing modds for a new application begins with the andys's of modding
needs and reguirements and makes use of the information documented in (Problem
Definition/Background), JAd (Project/Task Description and Schedule), and A7 (Quality Objectives and
Criteriafor Modd Inputs/Outputs) of the QA Project Plan, as discussed in the previous sections, aong
with information from (Non-direct Measurements). Given this information, the types of
questions that are generdly asked when assessing the need for anew mode include:
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For what specific tasks will the model be used in the given gpplication?

What datawill be collected or obtained to characterize the gpplication Site and to
develop asite conceptua modd that will be compared with existing modes? Whet is
the needed spatia and tempord scale of the modd inputs?

What model outputs are needed? What is the spatid and tempora scale needed for the
outputs?

What levels of uncertainty are acceptable in mode outputs?
What are the strengths and wesknesses of existing models?

If an existing modd is available, are its parameter default vaues, input data, boundary
conditions, and underlying assumptions acceptable?

Is the existing model software compatible with the modder’ s hardware/software
configuration requirements for the new application?

Are any improvementsin the existing modd’ s computer code operating characteristics
(e.g., run time) needed?

Do the quality and documentation associated with the existing model meet the project-
specific requirements?

In addition, if multiple options for amodd are being evauated, modd sdlection may involve
evauating the needed complexity of the modd relative to the given project. Using a complex model
over asmpler modd may have certain drawbacks if the project does not need such complexity, while
using asmpler modd to address a more complex problem may result in an inability to meet certain
performance criteria.

MODEL DEVELOPMENT

If the modeling needs and requirements specify that anew model is needed, then the model
development process (Step 2) in isexecuted. There are four phasesto Modd Devel opment:
Mode Design, Modeling Coding, Model Testing, and First Application, which are shown in
and described in the sections below.

Peer review can be incorporated in many different parts of the modd development, as
appropriate for the level of complexity of the modd and the degree of confidence needed in the mode
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output. There are different types of peer review, from asmple review by afew easly accessble
interna experts, to an elaborate peer review panel of independent experts who provide detailed written
evaduations. The placesin the processin which peer review can typicaly take place are described in
subsequent sections, and is indicated by an underlining of the phrase “peer review” o that these steps
can be easly found in the descriptions of the modd development processes.

3.21 Model Design

Asshownin the model design process congsts of three phases: theoretical
development, mathematical formulation, and identification of input data. Asthefirst step in theoretical
development, in order to develop a model which accurately reflects the process that takes place, a
conceptual model of this process may be developed (e.g., identifying what is known or hypothesized
to be the source, environmental transport, and fate of a contaminant) or assemble information on a
toxicological pathway. This conceptua model or information should be described in
(Problem Definition/Background) and E (Project/Task Description and Schedule) of the QA Project
Pan. The conceptud modd isthen used as a garting place for the construction of explanations behind
the process to be modeled. The theoretica formulation of the mode would include any formulation
known about the processes being modeled that will link it to the desired output.

Next, the modd theory is transformed into mathematica agorithms and equations, including
sub-models (modules) and mode parameters, so that appropriate mode outputs (predictions) can be
computed. This mathematical formulation of the theory involves identifying dgorithms and
equations that have been devel oped to support this mode theory or, if such equations are not aready
available, developing these equations. The sources of these agorithms, including assumptions and
limitations, should be documented according to project-specific requirements contained in
(Documentation and Records) of the QA Project Plan.

Once the dgorithms are developed, the identification of needed input data and parameter
values is undertaken. The data sets that are identified as possible sources should be evauated for
qudlity, including relevance and gppropriateness for the scenario thismodel is being developed to
address. If non-direct measurements (i.e, existing data from computer databases, programs, literature
files, or other historical sources) may be used as input to the mode or as values for modd parameters,
the methods to be used to evaluate these data for quality should be described in (Non-
direct Measurements) of the QA Project Plan.

The scientific concepts supporting model design can be assessed in a science peer review
during this phase. A science peer review would eva uate the soundness of the theoretica approach, the
relevance of the theory to the problem a hand, and the agppropriateness of the trandation of the theory
into mathematica formulation. The necessary documentation from this peer review process should be
described in (Documentation and Records), and might also be subject to project-specific
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Figure4. Map of the QA Elementsto Step 2 Model Design Tasks. Information from the QA
Project Plan Elementsisrelevant for the indicated modeling tasks in the Model Devel opment

phase of the modeling process.

requirements specified in (Assessment and Response Actions) of the project’'s QA Project

Plan.

3.2.2 Mode Coding
The process of converting the science formulations to model codeis usualy begun after any
science peer review has been completed and any necessary changes (corrective actions) have been
completed. The process begins by devel oping the data management process and the computer
hardware and software configuration requirements. The data management process consists of tracing
the path, mathematical and computationa operations, and quality control of “as-acquired” modd input
dataand modd predictions from their generation to their find use, sorage, and documentation.
Computer hardware and software configuration involves devising the data handling equipment and
Fina
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procedures, including required computer hardware/software and related code performance
requirements (e.g., run time) needed to compile, process, manipulate, evauate, and assess the input
dataand modd predictions. It dso involves establishing coding and configuration control requirements
to ensure consistency. Modules should be compartmentalized so that they can be tested independently,
and should be tested in sequence to verify consistency and compatibility between the modules.
provides more details on model testing. These requirements and criteria should be listed in QA
Project Plan (Data Management and Hardware/Software Configuration). During this
phase, the results of the assessments of these requirements should be documented according to the
project-specific requirements specified (Documentation and Records) of the project’s QA
Project Plan.

Then, model coding, or the transformation of the model equations and reated agorithmsinto
an integrated and efficient computer code, is undertaken. This process involves the work of computer
programmers working closdy with the scientists to ensure that the theory is accurately represented in
the code. Decisons might have to be made in cases where the theory cannot exactly be replicated in
the code for technicd reasons, and these compromises should be reached by the scientists and
programmers working together.

The next part of modd coding involves calibration. Calibration isthe process of refining the
model to achieve a desired degree of correspondence between the model output and actua
observations of the environmenta system or process the modd is intended to represent. Thefocusis
usudly on the estimation and characterization of empirica parameters and parameterizations of the
modeled processes. (Cdlibration) specifies the procedures to be implemented to ensure
that the mathematical representations and parameters used in models are reasonable to achieve the
accuracy requirements specified in (Qudlity Objectives and Criteria for Model
Inputs/Outputs) of the project’s QA Project Plan.

The final task in code development isto test the computer code and have it reviewed by
externd peer reviewers (if required) to ensure that the code is error free and achieves dl requirements
specified in (Quality Objectives and Criteriafor Model Inputs/Outputs) and B10 (Data
Management and Hardware/Software Configuration) of the QA Project Plan. The code assessment
process (i.e., when they are to occur and the possible corrective actions to be taken) is described in
Element Cil (Assessment and Response Actions).  Such assessments may result in revisonsto the
model code, which may need additiona follow-up assessments.

3.2.3 Modd Testing

Before forma model testing, uncertainty (i.e., lack of knowledge) should be characterized for
al stages of modd design, namely: the conceptuad modd, the theoreticd basis of the modd, the
mathematical formulation of the theory, the parameters and parameter vaues used, and the input data
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and assumptions. The naturd variability of

the relevant population(s) should aso be o varition S
characterized (note natural variability often intiodsl pagrﬂﬁn inmockl
limits certainty attainable, better data only A hins
provides better definition of those limits). As

seen in [Figure 5] these sources of variability /
and uncertainty affect how the mode outputs i

are digtributed and, as aresult, the level of .
uncertainty in the output vaues (see EPA
1996 and 1997 for more detail).
Requirements for the acceptable degree of
uncertainty should have been specified in
(Quality Objective an Criteria
for Modd Inputs/Outputs) in the QA Project -
Man during the planning stage. Element B9 " " ? ”
(Non-direct Measurements) defines Figure 5. Propagation of Uncertainty and
acceptable uncertainty associated with the Variability

exigting data used in the modding process.

Findly, the documentation and records of assessments of uncertainty and software performance
requirements are specified in (Documentation and Records).

Frequency

The modd design team then eval uates the uncertainty in the modeling output by comparing
the output with avallablefidd or lab data. If inadequacies are found [that is, if the uncertainty and
variability exceed the limits specified in (Quality Objectives and Criteria for Mode
Inputs/Outputs)], part of the mode design process may be revisited and changes made; this assessment
and review phase of modd development is frequently iterative in nature. Next, the model design team
as=sses whether the final form of the modd can achieve the remaining performance criteria
specified in (Quality Objectives and Criteriafor Model Inputs/Outputs) of the QA Project
Pan. Thisassessment may be done using satistica mode fitting and evauation methods (e.g., Draper
& Smith, 1981) if gppropriate data exist and can be obtained for comparison to mode predictions.
Other modd -specific Satigtica evaduations (e.g., American Society for Testing and Materials, 2000)
may aso be undertaken. If gppropriate data are not available, model outputs can be compared with
those of an accepted modd (also known as “benchmarking”) or other methods can be used (see Chen
& Beck, 2000 for some examples). The method and results of these assessments are documented
according to specifications given in (Documentation and Records). If the model design
team cannot be assured that the performance criteriawill be met by the given mode, then either the
mode’ s needs and performance criteria need to be reassessed or revisons made to the model such that
the criteriaare met.
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Once the modd design team determines that the modd will be able to achieve the overal
performance criterialisted (Quality Objectives and Criteriafor Modd Inputs/Outputs), a
peer review phaseis recommended to assess how well the modd design specifications were actudly
implemented. Although aforma peer review processis preferred, this may not dways be possible due
to project congraints. Scheduling of peer reviews, the peer review mechanism to be used, and
documentation of the responses to peer review comments throughout model development is
documented in (Assessment and Response Actions).  Reports to management resulting
from peer reviews are described in (Reports to Management) with management of peer
review recordsin (Documentation and Records).

The quality assurance assessment of the model is documented within the Group D QA Project
Plan dements. (Departures from Validation Criteria) details the criteria used to decide if
the modd outputs meet the requirements specified in EI ement A7 (Quality Objectives and Criteriafor
Modd Inputs/Outputs) of the project’s QA Project Plan. EI ement DZ (Validation Methods) describes
the process for determining whether errors exist in the model output or if model outputs achieve
required project qudity levels. (Reconciliation with User Requirements) describes the
methods to be used to analyze the modd outputs (as well as other Ste-related information and data) to
determine whether anomdies exigt or if assumptions established in the planning phase are not being met.

3.24 Firg Application

The first application of the model is considered to be apart of model development, because the
model cannot be deemed complete until it has been shown that it can be successfully gpplied in agiven
gtuation. Idedly, the developerswill be able to apply the model to a particular scenario during model
testing using data from field and/or lab studies to compare the output. The assessment of quality for
the output is assessed in the same manner that subsequent applications will be, will
describe the objectives and processes for these steps in more detall.

(Assessment and Response Actions) and [C3 (Reports to Management) would
apply to assessments of input data and model parameters as shown in and described in
Sections 3.3.2 to 3.3.5] During the first application, cdibrations may be employed to set parameter
vaues with site-specific data using procedures described in Cd ibration). The records of
calibration results are identified and their management defined in (Documentation and
Records). (Assessment and Response Actions) should describe when to assessthe
performance of the modd through comparisons with field or lab data, and aso describes any corrective
actions to be taken. Reports documenting the assessment methods and the results obtained are defined
in (Documentation and Records).
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3.3 MODEL APPLICATION

Once models have been identified (or developed) for the project or routine application, the

model gpplication process (Step 3) in is executed. shows how the various tasks in
the model application process are linked to specific QA Project Plan ements.

; Step 3: Model Application Relevant QA Project Plan Elements

A5: Problem Definition/Background >

Select the Most Appropriate |

Model
; A9: _Documentation and Records >
; i
- - C— A7: Quality Objectives and Criteria for Input/Output DaD
! : -
; i __,.n-"'r _— C A9: Documentation and Records )
! Data Development, AT T
: Model Parameterization, and Model %Ei‘-:———'—""_"‘ ( B7: Model Calibration >
Calibration for the Application Site “‘&‘:;h_”""-'-h.h__\_' N .
i'\:“"a_ B ( B9: Non-Direct Measurements (data acquisition >
: L requirements)
-

; A . ( C1: Assessment and Response Actions

<- C2: Reports to Management

Do Data/
Models/Parameters
for this Application
Meet Desired
Performance
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JRYAY

Pt C A7: Quality Objectives and Criteria for Input/Output Data

A9: Documentation and Records

C1: Assessment and Response Actions

! 1] C2: Reports to Management

Run the Computer Code

D1: Data Review, Evaluation, and Validation

Model Output Testing and

D2: Validation and Evaluation Methods

JUVY VU

: Peer Review i

1 H

! ‘ : D3: Reconciliation with User Requirements
i

; Summarize Results and i

: Document ; A9: Documentation and Records

Figure 6. Map of QA Project Plan Elementsto Modeling Tasks. Information for the QA
Project Plan Elements is relevant for the indicated modeling task in the Model Application phase
of the modeling process.

3.3.1 SdecttheMost Appropriate Model

When multiple models are rlevant to a particular model gpplication (see
www.epa.gov/epahome/model s.htm), the most appropriate model is determined by considering the
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particular problem that the project is addressing, any important background materid that may impact
the type of modd used, the project's scope and available resources, the underlying objectives, and any
results of statistica modeling procedures [e.g., as discussed in Draper and Smith (1981) and Berthouex
and Brown (1994)]. The criteria established for salecting an appropriate model are presented in
(Problem Definitior/Background), [A§ (Project/Task Description and Schedule), and A7
(Qaulity Objectives and Criteriafor Modd Inputs/Outputs) of the QA Project Plan. The results of the
model selection procedure, in addition to the information going into the selection process, are reported
according to the procedures specified in Element @ (Documentation and Records).

3.3.2 Consder Site- or Process (Pathway)-Specific I nformation

The second task isto tailor the modd to the specific gpplication by identifying the most current
and gppropriate data, parameter vaues, expert opinion, and assumptions that are consistent with model
requirements. If gppropriate, the model is calibrated using data and methods that apply to the Site,
process or pathway and gpplication of interest following procedures and methods defined in Element
@ (Cdlibration), with the results managed as specified (Documentation and Records).
Statisticd methods for fitting calibration curves using gppropriate data should be used whenever
possible [see e.g., Berthouex and Brown (1994, pp. 213-220)]. Additiona activities include
implementing qudity control (QC) for input data and specifying any specid data management, computer
hardware/software configuration, or project documentation requirements. The performance criteriafor
these activities are provided as gppropriate in (Quality Objectives and Criteriafor Model
| nputs/Outputs), E (Cdlibration), and E (Non-direct Measurements), and the documentation
requirements for these activities are provided as gppropriate in EI ements C4 (Reports to Management)
and @ (Documentation and Records) of the QA Project Plan. Element CJ] (Assessment and
Response Actions) describes when assessments will be conducted and the corrective actions, if any, to
be taken.

3.3.3 ArePeformanceCriteriaMet?

After thefirgt two tasks, the modd inputs and parameter estimates for the given gpplication are
evauated based on whether they meet the performance and acceptance criteria specified in Element A
(Quality Objectives and Criteriafor Model Inputs/Outputs). If not, previous steps and tasks (e.g.,
overdl modeling needs and requirements) need to be revisited, depending on the nature of the
discrepancy. Application of the modd using data from one or more field or lab studies not employed
during mode development alows assessments to support accepting, regecting, or qudifying the modd
output for itsintended use.
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3.3.4 Generateand Assess Model Outputs

If modd inputs and parameter estimates for the given gpplication meet performance and
acceptance criteria, the modd’s computer code is executed to obtain initid mode outputs (predictions),
and the outputs are assessed against performance criteria specified in QA Project Plan
(Quality Objectives and Criteriafor Mode Inputs/Outputs). Initia assessments (i.e., Ste-specific code
has no errors or mistakes and comparisons with field or |ab data) are conducted as indicated in QA
Project Plan (Assessment and Response Actions). Assessment findings (e.g., need for
corrective action) are reported asindicated in (Reports to Management) and documented
asindicated in (Documentation and Records). The methods for final assessments|i.e,
whether the find results are reasonable, address dl project objectives, are technically useable, and meet
performance specifications as specified in (Quality Objectives and Criteriafor Model
I nputs/Outputs) are documented in QA Project Plan El ements@ (Departures from Vaidation
Criteria) and D3 (Vaidation Methods). ElementsPd (Reconciliation with User Requirements) and [Ad
(Documentation and Records) define the documentation needed from the assessments specified in
ElementsP1 (Departures from Vaidation Criteria) and PJ (Vaidation Methods). Element D3
(Vdidation Methods) describes the methods to be used to andyze the modd outputs (as well as other
gterdaed information and data) to determine whether anomadies exist or if assumptions established in
the planning phase are not met. Onceit is determined that the mode provides technicaly useable
outputs, the full suite of modd runsis conducted. Each run would be subject to continued surveillance
of output quality using the methods and criteria specified in the QA Project Plan [Elements|Ad
(Documentation and Records), @ (Assessment and Response Actions), @ (Reportsto
Management), D1 (Departures from Vaidation Criteria), [P (Validation Methods), and D3
(Reconciliation and User Requirements)].

3.35 Summarize Results and Document

The last task in model application isto document the model outputs, the results of ng
these outputs, and the need to place cavests on the use of those outputs. The project-specific
documentation and reporting requirements are described in (Reconciliation and User
Requirements) and A9 (Documentation and Records) of the QA Project Plan.
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CHAPTER 4

ELEMENTSOF QUALITY ASSURANCE PROJECT PLANS
FOR MODELING PROJECTS

This chapter provides details on the types of information thet are included within each eement
of a QA Project Plan for amodeing project. This chapter differs from in that is
focused around the generd modeling process and provided an overview of how the dements of the QA
Project Plan were linked to various tasks within this process. followsthe typica sequence of
these tasks within amodeling project. In contrast, this chapter describes each QA Project Plan
element in the order in which the dements gppear in the QA Project Plan. Assuch, it is structured
amilarly to Chapter 3 of EPA Requirements for Quality Assurance Project Plans (EPA QA/R-5)
(EPA, 2001) and Chapter 5 of EPA Order 5360 A1 (EPA 20008).

Asdiscussed in EPA qudity assurance guidance alows for a graded approach to
preparing QA Project Plans, in which the leve of detail is based on the scope and magnitude of the
project and the intended use of the model. This chapter describes QA Project Plan elements for
projects where a new modd is developed or an existing modd is revised, and thismodd is being
gpplied for thefirgt time to a given test gpplication. Various types of modeing projects may need more
or less detail (e.g., subsequent gpplications) than what is suggested in this chapter based on the scope,
magnitude, and intended use of the mode outp.

Like the QA Project Plan, this chapter presents each eement in a separate section, with the
sections organized by the four dement groupings. Each section is preceded by atext box containing a
summary of the element’ s features as specified within EPA Requirements for Quality Assurance
Project Plans (QA/R-5) (EPA, 2001), with dterations occasondly made to this summary to make it
more specific to amodeling project.

41 GROUPA: PROJECT MANAGEMENT
All nine Group A dements presented in EPA Requirements for Quality Assurance Project

Plans (QA/R-5) (EPA, 2001) are revant and important to addressin the QA Project Plan for a
modeling project, and each is addressed in the following [Sections 4.1.1 through 4.1.9)

4.1.1 Titleand Approval Sheet (A1)

Includetitle of plan; name of the or ganization(s) implementing the project; effective date of
the plan; and names, titles, signatures, and approval dates of appropriate approving
officials.
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Thetitle and gpprova sheet documents the following information on the QA Project Plan:

. title, document number (if gppropriate), revison number (Revison O corresponds to the
firs versgon), and effective date of the given revison;

. name of each organization involved in implementing the various stages of the modding
project (e.g., modeling organization, software contractor);

. names, titles, and affiliation of the officids of each organization who will gpprove the
QA Project Plan (e.g., project managers, principal investigators, QA Managers, EPA
project manager/program officer, EPA QA Officer), dlong with space for their dated
sgnatures. [ These officias are dso represented in the project’ s organizationa chart

within (Project/Task Organization) ]

Examples of title and approval sheets can be found within QA Project Plansthat are posted on EPA’S
Quadity Staff web ste (Wwww.epa.gov/qudity). The signatures of the key project officias on this page
document their official awareness and gpproval of the QA Project Plan, and therefore, the project’s
gods and procedures. The specified dates of the signatures indicate when the plan was approved,
which condtitutes the earliest start date for the modd development and/or application efforts addressed
inthe plan (i.e., Steps 2 and 3 of the modeling process as documented in

4.1.2 Tableof Contentsand Document Control Format (A2)

Provide a table of contentsfor the document, including sections, figures, tables, references,
and appendices. Apply adocument control format on each page following the Titleand
Approval Sheet when required by the EPA Project Manager and QA Manager.

The table of contents alows easy accessto
information contained in the plan. 1t indludes thetitles of all

sections, subsections, tables, and figures, along with the Section No.__
page numbers within the document where each of these can SZ" sion No.
e

be found. When required by the EPA Program Manager
and QA Manager, a document control format such asthat in Page
appears in the upper right-hand corner of each
page of the QA Project Plan. It includesthe QA Project Figure 7. Example of a Document
Plan’s section number, revison number and date (assstated ~ Control Format

on the title and approva sheet), the page number, and the

total number of pages ether in the given section or the entire document.

of
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4.1.3 Didgribution List (A3)

Ligt theindividuals and their organizations who need copies of the approved QA Project
Plan and any subsequent revisions, including all per sonsresponsible for implementation
(e.g., project managers), the QA Managers, and representatives of all groupsinvolved.
Paper copies need not be provided to individualsif equivalent eectronic information
systems can be used.

The QA Project Plan’ s digtribution ligt facilitates the control of the document by helping ensure
that the most current QA Project Plan isin use by dl project participants.

4.1.4 Proect/Task Organization (A4)

Provide a concise organizational chart showing the relationships and the lines of authority
and communication among all project participants. Include other modd results userswho
may be outside the group that are developing and applying the modd, but for whom the
model outputsareintended. Identify any subcontractor reationshipsreevant to the
modeling project.

I dentify the individuals or organizations participating in the project and discusstheir
specific roles and responsbilities. Include the principal users of the model output, the
decison makers, the project QA Manager, and all persons responsible for implementation.
Theproject QA Manager must be independent of the unit generating the data or software.
| dentify the individual responsible for maintaining the official, approved QA Project Plan.

A mode development or gpplication project often conssts of severd different tasks that can
involve different groups and organizations. It isimportant for the QA Project Plan to officidly
document the responsible organizations and key players on the project, lines of authority and reporting,
and the relationships and officid lines of communication between and among them.

The organizations involved and their respongbilities on the project should be identified,
followed by text descriptions of key individuds participating in the project and an organizationa chart
such asthe examplein The key individuas on modeling projects may include the project
manager, project QA Manager, managers of the software/hardware configuration, the person
responsible for maintaining the QA Project Plan, principal users of the modd output, decision makers
(such asthe person responsible for modd sdlection, if asdection is possible), and other persons
responsible for implementing the QA Project Plan and for gpproving deliverables. The specific roles,
activities, and responghilities of these pogitions on the project should be highlighted in their descriptions.
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EPA Work Assignment/
Project Manager
*N. Wentworth
202-564-6830
Office of Research and Development

Principal Investigator
J. Warren

EPA Quality Assurance
Officer
L. Doucet
202-564-1416
Office of Research and Development

202-564-6876
Research Institute
Environmental Department

Modeling Coordinator and
Assessment
G. Johnson
919-541-7612
Research Institute
Environmental Modeling Department

Communication only

Project Quality
Assurance Officer

T. Dixon
202-564-6877
Research Institute

QA Department

Model Design
L. Kirkland
202-564-6873
Research Institute
Environmental
Modeling
Department

Model Inputs and
Parameter Estimates
F. Siegelman
202-564-6872
Research Institute
Data Systems Department

Coding
V. Holloman
202-564-5176
Research Institute
Model Programming
Department

Modeling Department

Model
Application
D. Sims
202-564-2872
Environmental

Figure 8. Example of an Organizational Chart for a Modeing Project

The project organization chart shows the lines of authority and communication among key individuas on
the project. If direct contact between project managers and users of modd output does not occur

(e.g., between modelers and decision makers), the organization chart should show the peth that the
information takes from one group to the other.

4.1.5 Problem Definition/Background (A5)

State the specific problem to be solved, decision to be made, or outcome to be achieved.
Include sufficient background information to provide a historical, scientific, and regulatory
per spective for thisparticular project.
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This dement of the QA Project Plan States the problem to be addressed by the modeling
project with detail sufficient to alow atechnicaly-trained reader to understand both the scientific need
for the project and how the project’ s objectives and activities will address the problem. The types of
decisions to be made are dso documented in this QA Project Plan dement. * Stating the Problem” and
“Identifying the Decison” are the first two steps of EPA’ s gpproach to systematic planning and the
Data Qudlity Objectives Process, as documented in Guidance for the Data Quality Objectives
Process (QA/G-4) (EPA, 2000b) and highlighted in below. Questions that the QA
Project Plan may address when defining the problem include the following:

. What is the specific problem? What are the goas and objectives of this project that
will address this problem?

. What population in the environment does the problem specificdly target, and what
measure(s) within this population does the problem address?

. Why should amodeling approach be used to address the problem? Istherea
regulatory requirement for amodding anadlyss?

. What specifically will this project produce to address this problem (e.g., anew
predictive tool, modding results for a new scenario)?

. What types of decisions regarding the problem may be made as aresult of this project?

. Who will be responsible for making these decisons?

. Will any aspect of the problem not be addressed in this project?

. What other types of problems may this project address?

It isimportant to place the problem in historical perspective to give readers and users a sense of
the project’ s purpose and pogition relative to other project and program phases and initiatives. Such
information aso indicates the importance of generating new information and suggests tools that may be
avalableto do this. Therefore, sufficient background information should be provided in the QA Project
Plan to answer the following types of questions, when applicable:

. Why isthis project important, and how may it support proposed or existing research,
programs, initiatives, regulations, or other legd directives?

. How may this project “fit in” with other on-going, broader efforts?
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. What types of conflicts or uncertainties currently exist that will be resolved by this
project?

. What information, previous work, or previous datamay currently exist that this project
can use?

. Given that the problem is best solved by a modding approach, what modds currently
exig (if any) that can be used to achieve this project’s gods and objectives? If multiple
models exist, how is one determined to be better than the others for this application?

The presentation of background information can include a discussion of initial idess or
approaches for model development or gpplication that were considered when selecting the approach
described under “Project/Task Description and Schedule” (Element A6)]

4.1.6 Project/Task Description and Schedule (A6)

Provide a summary of all work to be performed, productsto be produced, and the schedule
for implementation. The discussion need not be lengthy or overly detailed, but should give
an overall picture of how the project will resolve the problem or question described in

(Problem Definition/Background).

An overview of the various tasks to be involved in the mode development and/or gpplication
effort is provided in this section of the QA Project Plan, dong with the generd technica gpproach and
the qudity activities and procedures associated with these tasks. The discussion should present the
various tasks in relation to each other, and as aresult, should alow the effort to resolve the problem
specified in (Problem Definition/Background). This discussion need not be overly lengthy
or burdensome to prepare, asit is primarily meant to provide an overview. For detailed information,
references can be made to other available documents, other sections of the QA Project Plan, or to a
contact person who can distribute the information.

For modeling projects, examples of tasks that can be addressed in the overview (but not
necessaxily detailed here) include the following:

. how the conceptua mode of the problem or site will be developed;
. how the structurd mode and data processing software will be obtained;
. how data may be acquired for modd development, calibration, and testing;
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. the criteria used to decide whether probabilistic model output or point estimates are
needed; and

. assessments relative to associated project-specific quality requirements.

This element of the QA Project Plan aso lisgts the products, deliverables, and milestones to be
completed in the various stages of the project, dong with a schedule of anticipated start and completion
dates for the milestones and deliverables, and the persons responsible for them.

4.1.7 Quality Objectivesand Criteriafor Modd I nputsOutputs (A7)

Describe the quality objectivesfor the project and the performance criteria to achieve
those objectives. EPA policy isto use a systematic planning process [see EPA Order
5360.1 A2 (EPA, 2000d)] to define quality objectives and performance criteria.

This dement of the QA Project Plan introduces the qudlity criteria that the expected
components and outcomes of the modeling project need to achieve in order to meet the needs of the
user. These criteria are specified within performance or acceptance criteria that are developed in a
systematic planning process. Systematic planning identifies the expected outcome of the modeling
project, itstechnica gods, cost and schedule, and the criteriafor determining whether the inputs and
outputs of the various intermediate stages of the project, aswell as the project’ sfind product, are
acceptable. Thisisusudly an iterative processinvolving at leest modders and users. The god isto
ensure that the project will produce the right type, quality, and quantity of datato meet the user’s
needs. EPA Order 5360.1 A2 (EPA, 2000d) states that EPA environmental programs should use a
systemtic planning process to develop acceptance or performance criteriawhen collecting, evaluating,
or usng environmentd data (e.g., information produced from models).

The systematic planning process can be applied to any type of data-generating project. The
seven basic seps of the systematic planning process are illudtrated in The first three steps can
be conddered preliminary aspects of scoping and defining the modeding effort, while the last four steps
relate closdy to the establishment of performance criteria or acceptance criteriathat will help ensure the
qudity of the modd outputs and conclusons. While both are measures of data qudity, performance
criteria are used to judge the adequacy of information that is newly-collected or generated on the
project, while acceptance criteria are used to judge the adequacy of existing information thet is drawn
from sources that are outside of the current project. Generdly, performance criteria are used when
data qudity is under the project’s control, while acceptance criteria focus on whether data generated
outside of the project are acceptable for their intended use on the project (e.g., asinput to amodel)
[see Guidance on Systematic Planning for Environmental Data Collection Using Performance
and Acceptance Criteria (QA/G-4A) (EPA, 2002)].
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Systematic planning is based on a graded
gpproach. This means that the extent of systematic
planning and the approach to be taken should match
the genera importance of the project and the
intended use of the data. For example, when
modeling isto be used on a project that generates
data to be used ether for decision making (i.e.,
hypothesis testing) or to determine compliance with a
gtandard, EPA recommends that the systematic
planning process take the form of the Data Quality
Objectives (DQO) Process that is explained in detall
within Guidance for the Data Quality Objectives
Process (QA/G-4) (EPA, 2000Db).

The primary feature of this QA Project Plan
element isthe set of performance or acceptance
criteria associated with data qudity within the various
stages of the modeling process, as determined from
applying a systematic planning process. For
decison-making programs in which the sysematic
planning process takes the form of the DQO
Process, these criteria are represented within DQOs

| 1. State the Problem |

Y

| 2. Identify the Study Questions |

Y

3. Identify Information Needs

v

4. Specify the Characteristics
that Define the Population of
Interest

Y

5. Develop the Strategy for
Information Synthesis

Y

6. Specify Performance and
Acceptance Criteria

P

7. Optimize the Design for Obtaining and
Generating Adequate Data or Information

Figure9. The Systematic Planning Process

(EPA, 2000b) that express data quality relative to achieve tolerable levels of potentia decison errors.

What types of issues do the performance or acceptance criteriathat result from
systematic planning addressin a modeling project? The performance or acceptance criteria
developed by the project planning team (seeSection 3.1.1) address the following types of components

for modeling projects.

. the particular type of task being addressed and the intended use of the output (e.g.,
predictions) of the modeling project to achieve this task;

. the type of output needed to address the specific regulatory decision (if relevant),
including whether probabiligtic or point estimates are needed;

. the statistical criteria (e.g., limits on decison error) to be used in the modd-building
process to identify those variables congdered satistically important to the prediction
process and included as input to the modd;
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. desired limits placed on the probability of making a certain type of decision error due to
the uncertainty associated with the modd output (if a decision isto be made) and/or
criteriato demongtrate the model performs adequately (e.g., aswell or better than a
previoudy accepted model for a given Stuation);

. how the parameter, input, calibration, and test data necessary for this project are
acquired and evauated for use in modd development and/or in producing output;

. requirements associated with the hardware/software configuration (e.g., run time or
processing capabilities) for those studies involving software evauation.

While DQOs date the user’ s data needs relative to a given decision, corresponding criteria
need to be placed on the data to determine whether the data have satisfied these needs. For modeling
projects, such quality criteria can be placed on outcomes such as software performance (e.g., run time
or processing capabilities) and model prediction (e.g., acceptable level of uncertainty associated with
model prediction, relative to decison error). This dement of the QA Project Plan links the DQOs with
appropriate data quality indicators (DQIs), which measure fegtures of data quality such as precison
(i.e, variability in data under prescribed smilar conditions), bias (i.e., systematic error), accuracy,
representativeness, completeness, and comparability. Although the level of rigor with which thisis done
and documented within the QA Project Plan can vary widdly depending on the particular type of
modeling project, this linkage represents an important advancement in implementing quaity assurance.

Evauation of modd data may dso include uncertainty and variability assessment which can be
introduced here, with details provided in the Group C and D dements. Requirements for a specified
leve of uncertainty and/or variability can dso be specified under this dement.

Once the performance or acceptance criteria have been established, it is possble to specify
software performance and corresponding parameterization, input, and test requirements. These
specifications are made within the Group B elements of the QA Project Plan.

4.1.8 Special Training Requirementg/Certification (A8)

I dentify and describe any specialized training or certifications needed by personnel in order
to successfully complete the project or task. Discuss how such training will be provided
and how the necessary skillswill be assured and documented.

This dement identifies and documents any specidized training requirements and technical
expertise of the project team for the modding project. Training requirements can include expertisein
certain scientific disciplines (e.g., Saigtics), in code development or testing in a specific computer
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language, in data assessment, and in modd development, evauation or gpplication. Usualy the
organizations participating in the project are respongble for conducting training and obtaining any
required certification for their aff.

The issues outlined in this dement (when rlevant) include:

the specific training, expertise, and certifications required, and the project team
member(s) required to have them;

. specific dates or atime frame for training sessons or certifications,

. plans for securing the services of quaified Saff with the necessary training and/or
catification;

. plans for documenting the achievement of training requirements and certifications. (All
certificates or documentation representing completion of speciaized training should be
maintained in personnd files)

4.1.9 Documentation and Records (A9)

Describe the process and responsibilitiesfor ensuring that appropriate project per sonnel
have the most current approved version of the QA Project Plan, including version control,
updates, distribution, and digposition. Itemize the information and recordsthat must be
included in the given data reporting format and specify the reporting format for hard copy
and any electronic forms. Records can include data from other sources, model input and
output files, and results of modd calibration and testing. Identify any other recordsand
documents applicableto the project that will be produced, such astest or data assessment
reports, interim progressreports, and final reports. Specify or reference all applicable
requirementsfor thefinal digposition of records and documents, including location and
length of retention period.

Preparing appropriate documentation for quality assurance purposes is important for al
environmenta data operations, but especidly so for modding projects. Note thet the title for this
element uses the broader term documentation instead of “documents’ asin Requirements for Quality
Assurance Project Plans (QA/R-5) (EPA, 2001) because in modding items like interna notesin the
code may need to be described. Information on how a modd was selected, developed, evaluated, and
gpplied (as relevant) on a given project needs to be documented o that sufficient information is
available for modd testing and assessment, peer review, and future mode gpplication.
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Like the other QA Project Plan dements, the scope and magnitude of the project drivesthe
types of records and level of detailed documentation to be kept, and consequently, specified within this
element. For example, organizations conducting basic modd research have different reporting
requirements than organizations producing predictions for regulatory decison making, in which
documentation needs to be sufficient to alow the modd results to be re-crested. Examples of specific
types of issues related to records and documentation for amodeing project that this element may
address include the following:

. formats of the different types of data reporting packages (e.g., modd parameterization,
model input, mode calibration, modd output), which need to be consistent with the
requirements and procedures for data assessment described in the remainder of the QA
Project Plan;

. document control and distribution procedures,

. storage requirements (may be governed by regulatory requirements, organizationa
policy, or contractual project requirements);

. backup plans for paper and eectronic storage;
. approvas (e.g., when changes or updates to records or documents are necessary);
. retention periods, and

. persons responsible for the various facets of record keeping (e.g., storage, tracking,
access, updates, obtaining approvals, distribution, fina disposition).

contains examples of records and documentation that may be relevant for some
modeing projects. Note that the QA Project Plan itself is addressed here, dthough information on
document control, distribution, updates (as necessary), and approvals for the QA Project Plan are
specified in earlier dements.

Table 3. Examplesof Important Reporting and Documentation on a Modeling Proj ect

Project
Phase/Document Type of Documentation
Sysemdtic Planning Quality Assurance Project Plan
Implementation Approach/Concept Peer Review Reports
(Oversight) Modd User’'s Guide (indluding application examples)
Standard Operating Procedures
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Table 3. Examplesof Important Reporting and Documentation on a Modeling Proj ect

Project
Phase/Document Type of Documentation

Assessment Reports for Acquired Data

Input and Test Data Sets

Code Veification Report

Hardware/Software Configuration Test Report
Source Code

Cdlibration Report

Moded Assessment Reports (i.e., sengtivity analyses, comparison of output
to field or lab data or output of another model, reasonabl eness checks,
uncertainty analyses)

Configuration Management and Maintenance Manuds
Reaults Assessment Reports for Output Data

Assessment Output Data Set and Use Constraints Metadata
Report of Peer Review Comments

When peer review is necessary during the modeing process, the materias required for peer
review drive reporting and documentation needs on amodeing project. For example, peer reviewers
need access to modd evauation recordsin order to address the following types of peer review charge
questions (see EPA, 1994):

. What databases were used to provide an adequate test?

. What were key assumptions and the mode’ s sengtivity to them?

. Is the documentation of model code and verification testing adequate?

. How well doesthe modd report varigbility and uncertainty in its output?

This element of the QA Project Plan should specify the types of documentation that will be necessary
for peer review and how such information will be generated, maintained, and distributed.

If candidate models are assessed as part of amode selection process, certain documentation
(e.g., code verification, testing results, user’ s guide, application examples) are needed to ensure that the
model salected meets necessary acceptance criteria, such as criteria placed on hardware/software
configuration. Details on documentation of the project’ s hardware/software configuration are provided

within of this guidance document [QA Project Plan (Data Management and
Hardware/Software Configuration)].
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The final output data reporting package includesindividual records that represent actions taken
to achieve the objectives of the modeling project and the performance of specific QA functions. The
QA Project Plan should discuss how these various components will be assembled to represent a
concise and accurate record of dl activities that impact data qudlity.

Example of EPA policy on documentation EPA’s Risk Assessment Forum (EPA, 1997) has
established palicy requiring sufficient documentation of the gpproach to arisk assessment before its
conclusions can be considered acceptable (EPA, 1996). Examples of model-related features that
should be documented on risk assessment projects include:

. al models used and assumptions made that can impact results,

the rationde used to sdect the methods to propagate uncertainty and variability through
the moded and to conduct sengitivity analyses of the modd,

. the statistical goodness-of-fit methods and other rationale used to decide which
datistical distributions should be used to characterize the uncertainty or variability of
model input parameters,

. how the number of Monte Carlo Smulations necessary to achieve sufficiently stable
probabilistic model results was determined,

. how the methods used to dicit expert opinion on modds and model inputs were
selected and implemented.

42 GROUPB: MEASUREMENT AND DATA ACQUISITION

The Group B dements focus on the quality procedures that are implemented when acquiring,
generating, and handling data to develop or apply a predictive tool or modd. showed that
the Group B elements are addressed when determining whether a new mode needs to be developed,
when performing various tasks within modd design and coding, and when preparing amodd for a
particular application. The data acquisition methods are introduced within the project overview
provided in (Project/Task Description and Schedule), and the Group B elements provide
detailed information on these methods.

Input data for modd development and application efforts are typicaly collected outside of the
modeling effort or generated by other models or processing software. These data need to be properly
assessed to verify that amodel characterized by these datawould yield predictions with an acceptable
levd of uncertainty. To thisend, the Group B dements address various aspects of data acquisition, the
cdibration of the model based on these data, management of the data, and the software/hardware
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configuration needed for data processing. Of the ten Group B eements presented in EPA
Requirements for Quality Assurance Project Plans (QA/R-5) (EPA, 2001), the following three are
especidly relevant for amodeling project:

. [Model] Calibration (B7): Documenting the procedures for calibrating the moded that
will perform the designated regulatory predictive task.

. Non-direct measurements (data acquisition requirements) (B9): Introducing the
types and sources of existing data to be used in building and/or executing the model(s)
to be considered, specifying how these data will be acquired, and documenting the
qudity associated with these data and their relevance in addressing project objectives.

. Data management and hardwar e/softwar e configuration (B10): Documenting the
data management process from data acquisition through transmission and processing,
and to find use; documenting the components of the process to generate model outputs;
and highlighting the QA procedures associated with the configuration of the hardware
and software utilized by the modd.

Although other Group B eements may occasiondly be rdlevant for certain modding projects,
they are generaly geared toward projects that collect new data. These elements need to be
represented within the QA Project Plan for modeling projects, but they can be labeled as* not relevant”
for the given project if it is so determined. [Sections 4.2.1 through 4.2.3 provide guidance on the above
three QA Project Plan dements for modeling projects.

When addressing the Group B dements, detailed copies of quality assurance methods and/or
standard operating procedures (SOPs) can be either included directly in the discussion, provided as
attachments to the QA Project Plan, or, if eadily obtained and readily available to al project
participants [e.g., American Society for Testing and Materids (ASTM) methodg], cited within the
discusson and included in the reference list.

4.2.1 [MODEL] Calibration (B7)

I dentify all tools affecting quality that must be controlled and, at specified periods,
calibrated to maintain performance within specified limits. Describe or reference how
calibration will be conducted. 1f no nationally recognized standards exist, document the
basisfor the calibration. Identify the certified equipment (approved model) and/or
standards used for calibration. Indicate how records of calibration shall be maintained and
be traceable to theinstrument (modd!).
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Genera QA Project Plan guidance indicates that (Cdlibration) for data collection
addresses cdibration of the andytica instruments that will be utilized to generate andytical data. For
modeling projects, by analogy the “instrument” is the predictive tool (the modd) that isto be developed
and/or gpplied. All models, by definition, are asmplification of the environmenta processesthey are
intended to represent. When formulating the mathematical representations of these processes, there are
empirical relationships and parameters that need to be defined (e.g., the rate of formation or destruction
of achemicd). The esimation of parameters involved in formulating these empirica relationshipsis
cdled (model) calibration, and it is most often performed once in the modd devel opment phase.
However, some mode parameters may need to be estimated for every application of the modd, using
gte-specific fidld data. Similar to an andytica insrument, models are cdlibrated by comparing the
predictions (output) for a given set of assumed conditions to observed data for the same conditions.
This comparison alows the modeler to evauate whether the modd and its parameters reasonably
represent the environment of interest [as determined based on accuracy requirements specified in
(Qaulity Objectives and Criteriafor Model InputsOutputs) of the QA Project Plar].
Statistical methods typicaly applied when performing mode cdibrations include regresson anayses
(Draper & Smith, 1981) and goodness-of-fit methods (as discussed in EPA, 1999¢; Gilbert, 1987; and
D’ Agostino & Stephens, 1986). In this portion of the QA Project Plan, the details of the model
cdibration procedure, including any statistical anayses that are involved, are documented.

On projects supporting regulatory decison making, the level of detail on mode cdibration in
the QA Project Plan should be sufficient to dlow another modder to duplicate the cdibration method, if
the modeler is given access to the model and to the actua data being used in the cdibration process.
For other projects (e.g., sSome basic research projects), it may be acceptable to provide less detail on
thisissue for the QA Project Plan. For example, some projects may use procedures that are somewhat
different from standard cadlibration techniques, such as*benchmarking” procedures, and athough such
procedures may be rdlevant to document in (Cdibration), the level of detail may differ from
what is generdly portrayed for cdibration. Even though some modding projects may use techniques
other than standard cdibration techniques, this section uses the term “cdibration” to facilitate the
discusson.

Examples of different features of the modd calibration effort that the QA Project Plan may
address include the following:

. objectives of modd cdlibration activities, including acceptance criteria;

. frequency of mode calibration activities,

. details on the modd calibration procedure;

. method of acquiring the input data;

. types of output generated by the model cdibration;

. method of assessing the goodness-of-fit of the modd calibration equation to cdibration
data;
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. method of incorporating variability and uncertainty in the modd cdibration results;
. corrective action to be taken if acceptance criteria are not met.

Each of theseitemsis addressed in detall in the paragraphs that follow.
Objectives of Modd Cdlibration Activities, Including Acceptance Criteria — Information related

to objectives and acceptance criteriafor cdibration activities that generaly appear a the beginning of
this QA Project Plan dement includes the following:

. Objectives of the model calibration, including what the cdibration should accomplish
and how the predictive qudity of the model might be improved as aresult of
implementing the calibration procedures.

. Acceptance criteria: The specific limits, sandards, goodness-of-fit, or other criteria
on which amodd will be judged as being properly cdibrated (e.g., the percentage
difference between reference data values from the field or [aboratory and predicted
results from the modd). Thisincludes a mention of the types of data and other
information that will be necessary to acquire in order to determine that the modd is
properly calibrated (e.g., field data, |aboratory data, predictions from other accepted
models).

. Justifying the calibration approach and acceptance criteria: Eachtimeamodd is
cdibrated, it is potentidly dtered. Therefore, it isimportant that the different
cdibrations, the gpproaches taken (e.g., quditative versus quantitative), and their
acceptance criteria are properly judtified. Thisjudtification can refer to the overdl
quality of the standards being used as areference or of the quality of the input data
(e.g., whether data are sufficient for Satistica teststo achieve desired levels of

accuracy).

Frequency of Modd Cdiibration Activities— Inputs to the mode calibration process can highly
influence the quaity of information generated by the model. Therefore, the calibration process may
need to be iterative in nature, repeated whenever some key aspect of the environment changes. Each
iteration would utilize data that accurately portray the changing environment and, therefore, would
provide further necessary refinements to the model. This dement of the QA Project Plan should
contain a schedule for addressing modd cdibration issues, with explanation as needed for the specified
frequency and timing of cdlibration.

Details on the Model Calibration Procedure — The QA Project Plan documents the procedures
to be used when performing mode calibrations during the project, providing information such asthe
fallowing:
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An overview of each mode or model component requiring cdibration should be given,
aong with the various components of the cdibration procedure, some of which may
coincide with the modd’s components. This could be specified in text format and/or in
agraphic, flow diagram-typefigure. This presentation can incorporate how schedule
and other time-dependent factorsinterplay with the various stages of the cdibration
procedure.

Details on specific methods to be used to perform the calibration, for each portion of
the modd and at each stage of the procedure. SOPs detailing the methods can be
appended to the QA Project Plan.

Any need to modify the cdibration method to accommodate data acquired for
cdibration purposes (see below).

The resources necessary to conduct the model cdlibration, dong with the individua
responsble for directing the modd cdibration efforts [as specified in the organizationd
chartin (Project/Task Organization)].

The gpproach to maintaining calibration records and ensuring that the results can be
traced to the appropriate version of the modd should be specified [over and above
what has aready been discussed in Documentati on and Records) on this
subject].

Method of Acquiring the Input Data— Element B9 (Non-direct Methods) provides details on

the types of existing datato be acquired and used asinput to modd cdibration activities. This eement
can document some introductory information on these data, such as the following:

EPA QA/G-5M

The types of data hecessary at each stage of the calibration procedure and for each
mode component (or each modd), dong with any need for the data to represent a
specific environmenta Situation determined by location or some other unique
characteridtic;

How the datawill be acquired;

How the qudity of the datafor mode cdibration will be determined and verified
throughout the calibration procedure. If previous investigations on these data provide
information on the qudity of the data, references documenting the leve of data qudity
should be included in the QA Project Plan. Otherwise, any methods used to verify data
qudity in the context of this project should be documented.
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Types of Output Generated by the Model Cdlibration— The important measures and outputs
that are expected to be generated upon implementing the model calibration procedure and that will be
used to assess whether the modd is properly cdibrated should be documented. In addition, Satistica
QC techniques to be used to process the output data for comparison to reference values or other
acceptance criteria should be described. The quality assurance aspects of these analyses should dso
be addressed.

Method of Assessing the Goodness-of-fit of the Modedl Calibration Equation to Cdibration
Data— Statistical procedures such as chi-square tests and various regression diagnostic reviews (e.g.,
resdud plots, testsfor lack of fit) are generaly used when comparing the ditribution of model output
data that results from cdibrating the modd to the distribution of data measured within the particular
environment that the mode output isto smulate. If such procedures are used on the project, they
should be referenced here along with the criteria to be used in judging the “ goodness-of-fit” of the
model-generated distribution with the reference distribution.

Method of Incorporating Variability and Uncertainty in the Model Calibration Results — For a
given environmenta condition, uncertainty in the representativeness of the modd input deta (e.g.,
incompleteness, variability, and unintentiond bias) will affect uncertainty in the outcome of mode
cdibration. Deviationsto theinput data (reflecting the data s inherent uncertainty) or to the cdibration
methods and acceptance criteria can yield different model calibration outcomes. The QA Project Plan
addresses uncertainty in the outcome of modd calibration and its potentia impact on decisons being
meade from this outcome by documenting the following:

. The expected sources of uncertainty and variability in the modd and their potentid
effect on the outcome of mode cdibration.

. The tools to be used to characterize uncertainty and variability in the outcome of moded
cdibration (e.g., Monte Carlo techniques, sengtivity anayss).

. Acceptance criteria to be used to evaluate the level of uncertainty and variability,
relaive to whether the resulting uncertainty in the outcome of mode cdibration fdls
within acceptable limits.

Corrective Action to Be Taken If Acceptance Criteria Are Not Met — The QA Project Plan
should document what corrective action would be taken when stuations such as the following occur:

. when limits, sandards, or other criteriathat identify whether the mode is properly
cdibrated are not achieved;
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. when sengtivity or uncertainty andyssimply that uncertainty in the modd cdibration
outputs exceeds pre-specified criteria.

Situations in which the modd calibration process may need to be repeated after any corrective action is
taken should also be specified.

4.2.2 Non-direct Measurements (Data Acquisition Requirements) (B9)

I dentify any types of data needed for project implementation or decision making that are
obtained from non-measur ement sour ces such as computer data bases, programs,
literaturefiles, and historical databases. Describetheintended use of the data. Definethe
acceptance criteria for the use of such datain the project and specify any limitations on the
use of the data.

“Non-direct” measurements refer to data and other information that have been previoudy
collected or generated under some effort outside the specific project being addressed by the QA
Project Plan. Examplesinclude computer databases, literature files, and software processing.
Frequently, using existing deta rather than generating new data is sufficient to meet the needs of some
phases of amodeling project. Because the data have aready been collected and therefore, the needs
of the project cannot influence how the measurements were generated, these data need specia
consderation. Issues regarding how relevant non-direct measurements are identified, acquired, and
used on the project are addressed within this QA Project Plan eement. Additiona guidance on the
secondary use of datamay aso be found in other EPA documents currently under devel opment.

Congder an example where the sources of certain model input data are historical databases or
nationdly-representative surveys. This eement of the QA Project Plan would document how the
gpproach to collecting these data (as determined from the data’ s sources) could impact the ability to
meet the modeling project’s quality objectives [detailed in (Qaulity Objectives and Criteria
for Mode Inputs/Outputs)]. Theissueis not one of the credibility of the organization which generated
the data, but rather whether this particular data set is relevant for the problem at hand. When used
uncriticaly, datawith characteristics that do not meet the quality objectives of the project may lead to a
higher chance of making decison errors. Therefore, it isimportant to scrutinize the gpplicability of any
non-direct measurements to a project, regardless of their sources.

The QA Project Plan should address the following four issues regarding information on how
non-direct measurements are acquired and used on the project:

. the need and intended use of each type of data or information to be acquired,
. how the datawill be identified or acquired, and expected sources of these data;
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. the method of determining the underlying qudity of the data; and
. the criteria established for determining whether the level of qudity for agiven set of data
is acceptable for use on the project.

Each of these items is addressed in detall below.

The Need and Intended Use of Each Type of Data or Information to Be Acquired — This QA
Project Plan dement can begin by introducing those components of the modeling process [introduced in
(Project/Task Description and Schedule)] in which non-direct measurements are expected
to be utilized asinput. For each of these components, the following items should be addressed:

. the particular need for non-direct measurements, relaive to how the need will dlow the
objectivesin (Project/Task Description and Schedule) to be achieved;

. judtification for using non-direct measurements, rather than generating new data;
. details on the intended use of the data to satisfy the given need.

How the Data Will Be Identified or Acquired, and Expected Sources of These Data— Once
the need for and the intended use of non-direct measurements have been introduced, the approach to
obtaining data to meet these needs can be specified. Sources of non-direct measurements identified for
possible use on the project would be documented here. In addition, the procedure for selecting data
sources would be detailed here, dong with the types of information that these sources would be
anticipated to provide. This discusson would aso mention the criteriaand critica judgment that would
be used to determine whether certain data sources are relevant and how certain data sources would be
selected if competing sources were available. If sources of potentialy acceptable data are available but
would likely not be considered for the project, then reasons for not considering these sources should be
given to address the potentia for sdlection bias that this may introduce.

The QA Project Plan should aso indicate the extent to which project objectives (or other
criteria, such aslimits on decison errors) can be achieved by using specific sources and types of data
and parameters that have been identified through the data acquisition process. One example of how
this may be done isto rank the different data sources relative to how critica their data are to the
modeling process and its output and the extent to which the data have been collected according to
specifications of the modeling project. Data receiving high rankings would have a high likelihood of
being selected (if multiple sources exist or if budgeted resources are limited) and would be placed under
greater scrutiny during data assessment and software testing processes [ (Data
Management and Hardware/Software Configuration) and Ell (Assessment and Response Actions)].
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The Method of Determining the Underlying Qudity of the Data— Once specific types of data
and information and the sources of these data have been identified, it is necessary to express the
acceptance criteria introduced in (Qaulity Objectives and Criteriafor Model
Inputs/Outputs) relative to each anticipated data source and how these criteriawill determine whether
the given data source is an acceptable input to the modeling project. Because these acceptance criteria
are directly tied to the underlying quadity of the data, this QA Project Plan dement should precede this
discussion by specifying what is known about the qudity of the non-direct measurementsto be used in
the modding project.

A firgt step in gathering information on acceptance criteria for a given source of non-direct
measurement datais to determine whether a QA Project Plan or asampling and analysis plan exists and
isavailable for that source. Complete SOPs, other standard procedures, and |aboratory-specific
deviations and specifications associated with these procedures may aso be important to review and
reference in the QA Project Plan. When andytica data are being considered, it may be sufficient for
the QA Project Plan to smply cite the andytical method if it is a complete SOP. If other andytical
methods were used, a reference to a procedure (e.g., from Test Methods for Evaluating Solid
Waste, SW-846) should be identified, dong with other relevant information (e.g., options and
variations used by the lab, detection limits actualy achieved, calibration standards, and concentrations
used). If the analytical procedure is unique or an adaption of a*“standard” method, the QA Project
Plan should describe or cite the complete andytical and sample preparation procedures.

From these references, the results of data assessment and the quaity guidelines associated with
the given type of measurement may be cited in the QA Project Plan for the modeling project, aswel as
the extent to which the data abide by these guiddines. In particular, any limitations on the use of the
datathat may result from any uncertainty that may exist in the data' s qudity should be noted.

One gpproach to determining whether non-direct measurements satisfy acceptance criteria
involves referring to references obtained from the data sources to identify information on data quality
indicators (DQIs) associated with the measurements|Section 4.1.7)] The QA Project Plan should
document the relevant findings for the non-direct measurements.

Other information about the projects and procedures that generated the non-direct
measurements may aso be important to cite in the QA Project Plan. For example, the extent to which
the measurements reflect the modeling project’ s target population, the sampling and anaytica methods
used, and the parameters of interest to the modeling project would be important to document. The
sampling method can materidly affect the representativeness, comparability, bias, and precison of the
final anayticd result. Smilarly, the andytica methods influence the outcome of the measurements and,
asareault, their ability to achieve decison performance criteriafor the modd’ sintended predictive
task. These types of information serve as examples; the information relevant to a given project will
depend on the project’s overall scope and objectives.
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The Criteria Edtablished for Determining Whether the Leve of Qudlity for a Given Set of Data

is Acceptable for Use on the Project — Documenting how the non-direct messurements achieve pre-
established acceptance criteriais one step toward satisfying the quaity objectives for the modeling
project that were specified within (Quality Objectives and Criteriafor Model
Inputs/Outputs) of the QA Project Plan. Thus, as afirst step in determining acceptance criteria, the
project’s objectives for the quaity of the intended output [as determined through the systematic
planning process documented in Qudity Objectives and Criteriafor Moddl
Inputsy/Outputs)] are reviewed. During thisfirst step, the quality objectives can be trandated into a
gatement about the likelihood of making certain decision errors as aresult of using the modd output in
datigticd anayss. Thisfirst step corresponds to the first stage of the Data Quality Assessment process
that EPA has established to eva uate data based on scientific and statistical criteriain order to determine
whether the data are of theright type, qudity, and quantity to support their intended use. Thefird stage
of the Data Quality Assessment process is documented in Chapter 1 of Guidance for Data Quality
Assessment (QA/G-9) (EPA, 2000c).

Note that information on project objectives and/or limits placed on decision errors (as
determined within systematic planning) would be used as the basis for ranking the various data types by
ther criticality to achieving these objectives, as discussed previoudy.

Acceptance criteriafor individua data vaues generdly address issues such as the following:

. Representativeness. Were the data collected from a population sufficiently smilar to
the population of interest and the modd-specified population boundaries? Were the
sampling and analytica methods used to generate the collected data acceptable to this
project? How will potentidly confounding effectsin the data (e.g., season, time of day,
location, and scale incompatibilities) be addressed so that these effects do not unduly
impact the mode output?

. Bias: Would any characteristics of the data set directly impact the mode output (e.g.,
unduly high or low processrates)? For example, has biasin andysis results been
documented? Isthere sufficient information to estimate and correct bias? If usng data
to develop probahilitic digtributions, are there adequate data in the upper and lower
extremes of the tailsto dlow for unbiased probabilitic estimates?

. Precision: How isthe soread in the results estimated? |s the estimate of variability
aufficiently smal to meet the uncertainty objectives of the modeling project as Sated in
(Quality Objectives and Criteriafor Modd Inputs/Outputs) (e.g., adequate
to provide a frequency of distribution)?
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. Qualifiers. Have the data been evaluated in a manner that permitslogica decisonson
the data s gpplicability to the current project? Isthe system of qudifying or flagging
data adequately documented to dlow data from different sources to be used on the
same project (e.g., distinguish actua measurements from estimated values, note
differencesin detection limits)?

. Summarization: |sthe data summarization process clear and sufficiently conagtent
with the goals of this project (e.g., distinguish averages or datigticaly transformed
vaues from undtered measurement values)? Idedly, processng and transformation
equations will be made available so that their underlying assumptions can be evauated
againgt the objectives of the current project.

In addition to addressing these questions when establishing acceptance criteria, the QA Project
Plan can document the likely consequences (e.g., incorrect decision-making) for selecting data that do
not satisfy one or more of these areas (e.g., are non-representative, are inaccurate), aswell as
procedures in place to minimize the likelihood of sdecting such data.

Certain types of data may be needed to meet the project’ s data needs [ (Quality
Objectives and Criteriafor Modd Inputs/Outputs)] but may not need to meet the same level of qudity
as other data (e.g., data meant only to provide background information). This should be noted in the
QA Project Plan when relevant.

4.2.3 Data Management and Har dwar e/Softwar e Configuration (B10)

Describe the proceduresfor assuring that applicable Agency infor mation resour ce manage-
ment requirements (EPA Directive 2100) are satisfied (EPA QA Project Plansonly). If
other Agency data management requirements ar e applicable, such asthe data standards,
discuss how theserequirements are addr essed.

This QA Project Plan element focuses on the proceduresin place to manage (i.e., compile,
handle) the data that are expected to be ether acquired or generated by the modeling project.
Different phases of the project may consider different types and sources of data, and the use of certain
data may span across multiple project phases. Therefore, the first segment of this QA Project Plan
element (Data Management, labeled “Element B10a’) documents the approaches that the project will
take to manage the various forms and types of data on the project from acquisition or generation -
through their find use. The first subsection [Section 4.2.3.1) provides guidance on documenting the
approach to data management.
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Linked with data management is the hardware/software configuration required to input the
acquired data in an existing modd and to generate the model output necessary to meet the objectives of
the prediction task. Also, asindicated in the hardware/software configuration will influence
how amode is coded. Therefore, the second segment of this QA Project Plan eement
(Hardware/Software Configuration, or documents the software and hardware
configuration needed for data processing within the modeling project. The type of information included
about the hardware/software configuration should be consistent with what is specified in the Software
Quality Assurance Plan addressed by American National Standards I ndtitute/Ingtitute of Electrica and
Electronics Engineers Standard 730 (IEEE, 1999), as integrated into overal project planning. The
second subsection [Section 4.2.3.2) provides guidance on specifying the requirements of and the
gpproach to developing the hardware/software configuration.

4.2.3.1 Data Management (B10a)

In generd, the QA Project Plan should provide enough documentation on the project’ s data
management procedures (e.g., data entry, data tracking, data manipulation) to permit the data to be
traced from their source and acquisition through their transmission and processing, to their find use on
the project. Data management procedures are addressed for all types and sources of data, from the
non-direct measurements [introduced in (Non-direct Measurements)] used asinput to the
model through the mode outputs.

Describing how the various data sources can be traced through the life cycle of the project,
from initid sourceto fina use, can be adifficult task. It is often better to portray this process
graphicaly rather than textudly through one or more process flow diagrams  An example of a
process flow diagram is given in The process flow diagram shows the various datainputs
and outputs for each procedure in the modeling process, the interaction of these procedures, and the
reports that the process produces. Therefore, the diagram documents the intermediate and fina stages
of the datarelative to the flow of the different project phases, as well asthe roles that each type of data
play within the modeling process and in generating the find products.

The QA Project Plan dso documents the tools to be used to facilitate the data management
process. Examples of such toolsinclude forms, checklists, database documentation, on-line interactive
screens, and program code. Some tools can be included as attachments to the QA Project Plan.

This dement of the QA Project Plan should present an overview of the mathematica operations
and data processing operations that will be performed on the data during the pre-processing, model
computation, and post-processing stages of the modeling process, as described below.
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Figure 10. Example of a Process Flow Diagram for a M odeling Project

. In the pre-processing stage, the input data are prepared for use in the moddling stage
by performing procedures such as data formatting, reduction, transformations,
conversions, and subsetting. [Analyses used to verify whether the data satisfy pre-
determined assumptions for datistical analysis are addressed in QA Project Plan

lement D3 (Reconciliation and User Requirements).] As necessary, the discussion
should justify why certain data procedures need to be implemented and address the
impact that the data procedures may have on the ability to achieve the project’s quaity
objectives documented in (Quality Objectives and Criteriafor Mode
| nputs/Outputs).

. In the modd computationd stage, the mathematica equations within the mode are
derived and applied to the data. [ Thisis different from the mathematical approaches
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used to cdibrate the model, which are addressed in (Cdibration)] Whilea
purpose of the project may be to develop the specific mathematical procedures and
equations that condtitute the modd computationa stage, this dement can il highlight
the primary mathematical approaches that are expected to be gpplied and how these
approaches will ensure that the mode’ s underlying scientific principles will be properly
incorporated.

In the post-processing stage, statistical procedures are applied to anayze the model
output, to generate data summaries and reports introduced in
(Documentation and Records), and to characterize variability and uncertainty in the
modd outpuit.

This dement should outline the proposed methodology for data analyss (e.g., summary gatidtics,
frequency digtributions, etc.), verifying that the methodology can be applied successfully to collected or
exiding data. If the find report will provide details on the methodology, this should be mentioned in the
QA Project Plan. This dement should also address how the final forms of the data will be processed in
support of the project’ s requirements for the types of information generated from the outputs of the
project (i.e, reporting the synthesis of results in the form of charts, tables, graphs, figures, visudizations)
and how deviations from these requirements would be handled.

Examples of “control mechanisms’ associated with data management that can be documented
inthe QA Project Plan include the following:

EPA QA/G-5M

the gpproach to detecting and correcting errors that may occur during data entry to
forms, reports, or databases, and to preventing loss of data during data reduction and
data reporting;

interna checksto be implemented during data entry or data pre-processing;

the proposed approach to generating an audit trail associated with certain data
management activities such as data reduction and conversion;

guidelines for transmitting data from one person or location to another or copying data
from one form to another;

the gpproach to characterizing data transmittal error rates,

the approach to minimizing information loss during data transmitta; and
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. descriptions of the established procedures for tracking the flow of data through the data
processing system portrayed within the process flow diagram.

Relevant control procedures are determined based on the project’s overall scope and importance of
the project’s objectives.

Examples of what may be addressed in the QA Project Plan regarding documentation of the
data management process include standard record-keeping procedures, audit trails, a system for
controlling and tracing the whereabouts of data and documents, and the approach to storing and
retrieving data records for various storage media types (e.g., hardcopy, eectronic).

4.2.3.2 Hardware/Softwar e Configuration (B10b)

This section of the QA Project Plan provides information on the types of computer equipment,
hardware, and software to be used on the project, including information on how they will be used (e.g.,
for conducting the data management procedures specified earlier in this eement of the QA Project
Pan). If different types of equipment, hardware, and software are available, a brief judtification should
be provided, as necessary, for selecting certain types over other types. Reasons should aso be given if
a certain type of equipment, hardware, or software is required to be used on the project. Thistype of
information may be best presented in table format.

This element may aso address performance requirements (e.g., run times) and other features
that characterize and assess the hardware/software configuration. This discussion should be
incorporated within a genera overview of the configuration’s QA program. (Assessments that target
the modd itsdf and its ability to make predictions are addressed by the Group C ements within the
QA Project Plan.) The configuration’s QA program isjointly planned and implemented by the project
management team and the software developer’ s independent QA gaff, generdly as part of systematic
planning [ (Quality Objectives and Criteriafor Mode Inputs/Outputs)]. It addressesthe
use of standards, test planning and scheduling, level of documentation required, personnel assgnments,
and change contral. It also ensures that timely corrective action will be taken as necessary. Items
within the systems development life cycle that are rdevant to the particular modeling project should aso
be considered when establishing the configuration’s QA program. Examples of such items, taken from
Chapter 4 of EPA’s Information Resour ces Management Policy Manual (Directive 2100) (EPA,
1998b) and the Information Technology Architecture Roadmap?, are provided in

Ypublished by EPA’s Office of Technology Operations and Planning, formerly the Office of Information
Resources Management, Directive 2100 establishes a policy framework for managing information within EPA. It can
be accessed online at www.epa.gov/irmpoli8/polman/index.html. The Information Technology Architecture
Roadmap, which contains annual updates of this document, can be found at (Internal EPA website)
http://Basin.rtpnc.epa.gov:9876/etsd/I TARoadM ap.nsf.
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Table4. Typical Activitiesand Documentation Prepared Within the System Development

Life Cycle of a Modeling Project that Should be Consdered When Establishing the QA
Program for the Har dwar e/Softwar e Configuration

Life Cycle Stage

Typical Activities

Documentation

Needs A ssessment Assessment of needs and requirements Needs assessment documentation
and General interactions in systematic planning with users (e.g., QA Project Plan)
Requirements and other experts Requirements document

Detailed Listing of all inputs, outputs, actions, Detailed requirements document,
Requirements computations, etc., that the modeling including performance, security,
Analysis framework isto perform user interface requirements, etc.

Listing of ancillary needs such as security

and user interface requirements
Design team meetings

System devel opment standards

Framework Design

Translation of requirementsinto adesign to
be implemented

Design document(s) including
technical framework design,
software design (algorithms, etc.)

Implementation

Coding and configuration control

In-line comments

Controls Design/implementation team meetings Change control documentation
Testing, Verification that the modeling code, including Test plan
Verification, and algorithms and supporting information Test result documentation
Evaluation system, meets requirements Corrective action documentation
Verification that the design has been correctly Betatest comments
implemented Acceptance test results
Betatesting (users outside team)
Acceptance testing (for final acceptance of a
contracted product)
Implement necessary corrective actions
Installation and Installation of data management system and Installation documentation
Training training of users User'sguide
Operations, Usage instruction and maintenance resources User'sguide
Maintenance, and for model framework and data bases Maintenance manual or
User Support programmer’ s manual

It isimportant that the QA Project Plan specify the particular QA procedures that will be

implemented within the modeling project to ensure that the data generated by the modeling framework
(i.e, the model and its supporting hardware and operating system) are defensible and appropriate for
its planned fina use. This section of the QA Project Plan would address QA efforts performed as the
data management and processing systems are being developed. The schedule for these efforts should
aso beindluded in task scheduling [[Element A (Project/Task Description and Schedul€)]. These
efforts may include:
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. identifying necessary requirements for the hardware/software configuration and
edtablishing quality criteria that address these requirements within the systematic
planning and needs andysis phase of the project [ (Quality Objectives and
Criteriafor Mode Inputs/Outputs)];

. implementing an appropriate project management framework to ensure that the
requirements and quality criteria established for the hardware/software configuration are
achieved [as discussed in Elements[A4 through [Ad and BY (Non-direct
Messurements)]; and

. performing testing and other assessment procedures on the configuration to verify that
the project-specific requirements and quality criteria are being met [details on the
assessment procedures are addressed in (Assessment and Response
Actions)].

The magnitude of these QA efforts will depend on the underlying complexity of the modding effort and
the required hardware/software configuration. Therefore, EPA’s graded approach will
direct the overdl scope on which these QA efforts need to focus.

Elaborating further on the firgt bullet above, the systematic planning phase of the sudy [Element
@ (Quality Objectives and Criteriafor Mode Inputs/Outputs)] defines requirements and quality
criteriafor the data processing system to ensure that the project’ s end-use needs can be adequately
met. For example, criteria on errors propagated by data processing would be established during
systematic planning to ensure that uncertainty requirements for the moded outputs can be met. Such
requirements and criteria, therefore, impact the project’ s hardware/software configuration.

In systematic planning, questions such as the following may be addressed when defining these
requirements and qudlity criteria:

. What are the required levels of accuracy and uncertainty for numerical gpproximations?

. Are the selected mathematical features of the mode (e.g., agorithms, equations,
satistical processes) appropriate for the modd’s end use?

. Are the correct data € ements being used in the calculations performed within the
modd’ s dgorithms?

. What requirements regarding documentation and tracesbility are necessary for the
mode’ s inputs, interim outputs, and find outputs?
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Other items addressed during systematic planning that are likely to impact assessment of the
hardware/software configuration include security, communication, software indalation, and system
performance (e.g., responsetime). Theseissues are addressed briefly below.

Security issues: Examples of QA efforts that address security issues regarding data handling
and communication (e.g., viruses, hackers, email interception) and system vulnerability include the
following:

. ensuring that security needs are included among project requirements and can be found
within the project requirements documentation;

. ensuring that security features of the configuration are adequately and thoroughly tested
and the results documented;

. planning for audits addressing system vulnerability to be conducted by security
personnel outside the immediate project team.

Other security issues that may be relevant to a particular project (preferably during system planning) are
found in EPA’s Information Security Manual (Directive 2195A1) (EPA, 19993).

Communication issues. The QA program should address communication among the model
developers and users regarding configuration acceptance and control of changes, such as.

. ensuring that al user communication interfaces are adequately defined, and that beta
testing is performed to have users test the connections of these various interfaces,

. ensuring that proper and complete testing of the communications hardware and
software is done, preferably under “worst-case” (i.e., high-load, adverse) conditions.

Software installation issues: The QA program should specify those QA techniques
asociated with ingdling or uningaling the software configuration on users computers. Examples of
such techniques include the following:

. performing adequate beta testing to ensure that ingtalation can be performed
successfully on awide variety of different platforms, including various combinations of
processors, memory sizes, and video controllers;

. enuring that uningall routines are complete (e.g., removing entriesin the initidization
and regidry files aswell as ddeting files);
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ensuring that any “auto-ingdl” or “auto-uningal” routines are thoroughly tested and
debugged before release.

Response time issues. If the QA program provides explicit, testable objectives for response
time performance in various phases of the modeling procedure (e.g., red-time data processing, pre-
processing, post-processing, uncertainty anayses), these should be documented in the QA Project Plan
for dl interactive and red-time sysems.

When documenting planning and performance components of the hardware/software
configuration, project and QA Managers should tailor the documentation to meet the specific needs of
their project. Examples of different types of documentation that can be generated for various tasks
within the planning phase of the systen’s life cyde indude the following:

EPA QA/G-5M

Requirements Documentation (IEEE, 1998b): The generd requirements document
gives an overview of the functions that the mode framework will perform. Detalled
requirements documents define al critica functions that the completed framework
needs to support. Performance gods derived from analysis of the project's quality
objectives [QA Project Plan (Quality Objectives and Criteriafor Model
Inputs/Outputs)] should be included among the requirements. Requirements
documentation should be reviewed by the regulatory program end user, if possible, to
ensure that critical functions and other requirements have not been overlooked.

Design Documentation: Design documents plan and describe the structure of the
computer program. These are particularly important in multi-programmer projectsin
which modules written by different individuds interact. Evenin amdl or sngle-
programmer projects, aforma design document can be ussful for communication and
for later reference.

Coding Sandards or SOPs. These may gpply to asngle project or acumulative
mode framework and need to be consstent across the development team. Uniform
gstandards for code formats, subroutine caling conventions, and in-line documentation
can sgnificantly improve the maintainability of models and processors.

Testing Plans (IEEE, 1986): Testing needs to be planned in advance and address all
requirements and performance gods. Specific procedures for corrective action and
retesting process should be described in the QA Project Plan (Smilar to |EEE, 1999)
and implemented within the assessments discussed in the QA Project Plan’s Group C
elements.
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Data Dictionary: A datadictionary can be useful to developers, users, and
maintenance programmers who may need to modify the modding framework later. The
data dictionary is often devel oped before code is written as part of the design process.
The dictionary should be updated as necessary when new eements are added to the
data structure. A data dictionary need not be a separately written document. For
example, the record definition files needed for many database systems can serve this
purpose, provided that they are available in aform that isreadily accessible to the user
or maintenance programme.

User’sManual: The user's manua can often borrow heavily from the requirements
document because dl the software's functions should be specified there. The scope of
the user’s manua should take into account such issues as the level and sophistication of
the intended user and the complexity of the interface. Online help can aso be used to
serve thisfunction.

Maintenance Manual: The maintenance manud’s purpose isto explain aframework's
software logic and organization for the maintenance programmer. This manud should
aso contain crucid references documenting agorithms, numerica methods, and
assumptions. Ingructions for rebuilding the system from source code are included. The
maintenance manud will often borrow heavily from the desgn manud.

Source Code: It isvery important to securely store downloadable code and to archive
computer-readable copies of source code according to the policies of the relevant

regulatory program.

Configuration Management Plan (IEEE, 1998a): The configuration management
plan provides procedures to control the software/hardware configuration during
development of the origina model version and subsequent revisons. It ensures that
only approved deletions, additions, and changes are introduced in a controlled way to
maintain the integrity of the modd. The configuration management process starts when
the unit is successfully tested and placed under project configuration control. Upon
deployment, a documented product baseline configuration enhances the rdiability and
maintainability of the software/hardware configuration through the remainder of its
useful life

Additiond information and examples can be found in Chapter 17 of EPA’s Infor mation Resources
Management Policy Manual (Directive 2100) (EPA, 1998b). In generd, any discussion of
documentation in the QA Project Plan should be coordinated with information presented in
(Documentation and Records).
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The configuration should be designed to comply with gpplicable EPA information resource
management and data standard policies, which can be found within EPA’s Information Resources
Management Policy Manual (Directive 2100) (EPA, 1998b). Other policies and standards may also
be applicable and should be cited, such as the Federa Information Processing Standards, which govern
the acquisition of U.S. Government information processing systems. This portion of the QA Project
Plan should introduce these standards and discuss how the project will ensure that they will be
addressed.

Sources for determining specific types of standards include the following:

. EPA’s Information Resources Management Policy Manual (Directive 2100) (EPA,
1998b) includes the EPA hardware and software standards to promote consistency in
use of standard support tools such as computer-aided software engineering tools and
coding languages, as gpplicable, by contractors and EPA gaff in model software
development and maintenance efforts.

. Chapter 5 of EPA’s Information Resour ces Management Policy Manual (Directive
2100) (EPA, 1998b) defines applicable EPA data standards.

. EPA's Environmenta Data Registry (Www.epa.gov/edr) promotes data standardization,
which dlowsfor grester ease of information sharing.

. The EPA Information Technology Architecture Roadmap (Interna EPA website:
Basin.rtpnc.epa.gov:9876/etsd/ TARoadMap.nsf) provides guidance for the selection
and deployment of computing platforms, networks, systems software, and related
products that interconnect computing platforms and make them operate.

. Publications on Federd Information Processing Standards govern the acquisition of
U.S. Government information processing systems.

Directives and standards such asthese are frequently revised. Therefore, it isimportant that these
directives and standards be reviewed frequently to ensure that the latest versions are being utilized. The
QA Project Plan should specify how the acceptability of the configuration will be verified or
demongtrated according to these and other standards.

43 GROUPC: ASSESSMENT AND OVERSIGHT
The purpose of the assessment and oversight section of the QA Project Plan for amodeing

project (i.e., the Group C QA Project Plan lements) is to describe the internal and external checks
and activities necessary to assess the effectiveness of the modeing project implementation and
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associated QA and QC activities. These checks and activities are needed to detect errors and to
ensure that using the model being developed and applied achieves the modeling task (i.e., meets user
requirements) at the prediction ability and levels of quality specified in QA Project Plan
(Quality Objectives and Criteriafor Modd Inputs/Outputs) Furthermore, the
assessment is needed to ensure that adequate coordination and documentation of al planned interna
and externd assessments (e.g., peer reviews) are achieved, and that any needed corrective actions are
implemented and their effectiveness assessed and documented in atimely manner.

All models need to include this type of evauation in the planning Sages—even data-poor or
qualitative models for which traditiond mode evauations cannot be done. The QA Project Plan for
these projects should contain information to address the following questions:

. Are more studies needed?
. How good does my confidence have to be to move forward?
. What do | need to know to be able to show this modd is sound?

Assessment and Response Actions (Element C1) includes various model theory and agorithm
evauation assessments, assessments of the effect of variability within a population and uncertainty of
modd structure and parameter values on modd outputs, the sengtivity of model outputs to a particular
mode and model inputs used, data quaity assessments, model verification tests by satistical
comparisons of modd outputs with field or laboratory data, internd and externa peer reviews, and
hardware/software configuration testing. These assessments may lead to response actions to make
mid-course correctionsin project activities. Reports to Management identifiesthe
frequency and distribution of reportsissued to inform management of the project status and ensures
prompt and appropriate corrective actions are taken during model development or gpplication.

Because both Groups C and D of the QA Project Plan address assessment activities,
information presented in these two groups of eements may overlap (as discussed in
Generdly, Group C of the QA Project Plan focuses on interim assessments conducted iteratively
throughout both the mode development and application processes to ensure that pre-determined
modeling criteria are being achieved as the mode is being developed or implemented. In contrat,
Group D focuses on find assessments performed in the find stages of model development and after the
model has been gpplied in a given instance to evauate whether the outcomes meet the project’s origina
objectives. This digtinction between the Group C and Group D eementsis consstent with EPA
Requirements for Quality Assurance Project Plans (QA/R-5) (EPA, 2001) for environmenta
sampling and data andysis projects, which specifies that the assessments documented in Group C
occur firgt, focusng on how samples are being collected and data are being generated, while
assessmentsin Group D focus on ensuring that the newly generated data can be used to achieve the
project’s objectives.
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4.3.1 Assessment and Response Actions (C1)

Describe each assessment to be used in the project, including the frequency and type.
Discuss the information expected and the success criteria (i.e., goals, performance

obj ectives, acceptance criteria and specifications, etc.) for each assessment proposed. List
the approximate schedule of assessment activities.

For any planned self-assessments (utilizing personne from within the project groups),
identify potential participantsand their exact reationship within the project organization.
For independent assessments, identify the organization and person(s) that shall perform
the assessments, if thisinformation is available. Describe how and to whom theresults of
each assessment shall bereported. Define the scope of authority of the assessors,
including a description of when assessors are authorized to act.

Discuss how response actions to assessment findings, including cor r ective actions for
deficienciesand other non-conforming conditions, areto be addressed and by whom.
Include details on how the corrective actions will be verified and documented.

This element of the QA Project Plan documents the types of assessments to be performed
throughout the various stages of both modd development and application, the purpose of each
assessment and the specific modd features that each assessment isto address, and the expected
periods of time in which the assessments will take place. The specific assessments are based on a clear
understanding and statement of the purpose of the modd, the way the modd will be used in
management and/or regulatory tasks and decision making, and the accuracy of the model outputs
needed (predictions).

In generd, this QA Project Plan dement specifies the following types of information:
. adescription of the assessment/oversight strategies and schedule of assessment

activities, including the order in which the assessments will be conducted and how the
total set of assessmentsis structured to provide a complete and comprehensive

assessment;

. adescription of how each assessment will be planned and conducted;

. the organizations and individuas that are expected to participate in assessments,
including peer reviews,

. the information expected, success criteria, and documentation for each assessment;
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adescription of how and to whom the results of each assessment will be reported;

adiscussion of the limits of authority of assessors to recommend or direct changes
(including corrective actions) in the development or gpplication of modds, and

adescription of how, when, and to whom response actions to assessment findings will
be addressed and verified as successfully completed and documented.

When relevant, the QA Project Plan addresses the following two classes of project
assessments that are typicaly used on a modding project:

Internal assessments are those conducted by the organi zations devel oping or gpplying
the modd. These assessments are usudly initiated or overseen by the internd QA
Officer [specified within QA Project Plan (Project/Task Organization)].
Such assessmentsinclude:

- reviews of the modd theory, mathematical structure, parameters, and data to
ensure the objectives of the new modd or gpplication of an existing modd are
being met;

- reviews of the model evauation and hardware/software configuration testing
conducted to assure the qudity requirements for a new application of an
exising modd;

- reviews to assess the appropriateness of data being used or considered for use
in anew gpplication of amode.

External assessments are those conducted by organizations that are not directly
involved with the development and gpplication activities. Externd assessments are
often peer reviews. Such assessments typicaly address the same issues as listed above
for interna assessments, but the broader perspectives that externa reviewers may
provide can lead to new ingghtsinto problems not fully recognized or discussed by
interna reviewers.

Since models produce estimates that are averaged in many ways (e.g., in time, over some
volume or space), it is to be expected that the model output will differ from observed fidd data
Environmenta processes are inherently stochastic, so differences (often quite large) will be seen even
when conditions are gpparently identica. Evauating the effectiveness of modd development or model
gpplication projectsinvolves severd types of assessments so that dl significant sources of uncertainty
(i.e, lack of knowledge) in model output and input parameters and variability in rlevant populations
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and data can be evadluated. For these reasons, the assessments of model performance will involve both
qualitative and quantitative assessments.

. Quantitative Assessments. The uncertainty in some sources—such as some model
parameters and some input data—can be estimated through quantitative assessments
involving gatigtical uncertainty and sengtivity analyses. In addition, comparisons can be
made for the specia purpose of quantitatively describing the differences to be expected
between model estimates of current conditions and comparable field observations.
However, modd predictions are not what is directly observed, so specid care needsto
be taken in any exercise that attempts to make a quantitative comparisons of model
predictions with field data.

. Qualitative Assessments. Some of the uncertainty in modd predictions may arise
from sources whose uncertainty cannot be quantified. Examples are uncertainties about
the theory underlying the model, the manner in which that theory is mathematicaly
expressed to represent the environmental components, and theory being modeled. The
subjective evauations of experts may be needed to determine appropriate values for
modd parameters and inputs that cannot be directly observed or measured (e.g., air
emissons estimates). Qualitative assessments are needed for these sources of
uncertainty.

Additiona discusson of quantitetive and quditative assessments is provided in various
publications such as Sandard Guide for Satistical Evaluation of Atmospheric Dispersion Model
Performance (ASTM D 6589-00), A Guide for Uncertainty Analysisin Dose and Risk
Assessments Related to Environmental Contamination (NCRP, 1996), Uncertainty: A Guide to
Dealing with Uncertainty in Quantitative Risk and Policy Analysis (Morgan & Henrion, 1990),
and Uncertainty Analysis, (Kirchner, 2000), and in recent EPA documents available on the web,
Report of the Workshop on Selecting Input Distributions for Probabilistic Assessments (EPA,
1999d at www.epa.gov/NCEA/input.htm) and Risk Assessment Guidance for Superfund: Volume 3
(Part A): Process for Conducting Probabilistic Risk Assessments (EPA, 1999 at
www.epa.gov/superfund/pubs.htm).

The following two categories of assessment activities are typically addressed when preparing
the QA Project Plan for amodd development or application project:

. Surveillance Activities: Surveillance conggts of the continua or frequent monitoring of
the status and progress of the modeling project and the anadysis of records to ensure
that management and technica aspects are being properly implemented according to
the specified schedule and qudity requirements developed during systematic planning.
Surveillance activities are conducted to uncover any problems that may adversely
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impact the ability to achieve project goas. Surveillance activities include assessing how
project milestones are achieved and documented, corrective actions, budgets,
communications among project staff, peer reviews, data management and timely
acquisition of data, computers and software, and prompt attention to problems that
aise.

Model Performance Evaluations. Mode performance evauations are conducted to
answer the question, “ Does the model perform the required task while meeting the
qudity objectives?” Examples of such evauations include the following:

- model theory assessments which assess whether the theory underlying the
model is appropriate and capable of explaining the processes critical to the
regulatory task or scientific hypotheses being addressed by anew model or a
new gpplication of an exising modd;

- model algorithm assessments which ensure that the mathematica agorithms
(equations) used to obtain quantitative predictions provide an gppropriate
trandation of the accepted underlying theory into equation form;

- data acquisition assessments which assess the quaity of non-direct
measurements (e.g., computer databases, programs, literature files, and
hitorical detabases) using criteria specified in the QA Project Plan [Element BY
(Non-direct Measurements)|;

- model calibration studies, which quantitatively assess the uncertainty and
suitability of data used to develop vaues of modd parameters and the amount
of discrepancy between modd predictions and appropriate, measured field or

laboratory data [Element B7 (Calibration)];

- sensitivity analyses, which identify key modd inputs (assumptions, expert
opinion, data) and model parameters whose uncertainties account for alarge
proportion of the uncertainty of modd predictions;

- uncertainty analyses, which assess the range of predicted vaues from the
modd that could occur because of the uncertainty of model components,
assumptions and input data, or the uncertainty over space and time of the vaue
of some model parameters (if necessary to meet risk assessment guidelines);

- hardwar e and softwar e configuration testing for programming errors (e.g.,
the coded modd equations or modules are correctly inserted, linked, and used
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in the software code) and other problems with the development and
implementation of hardware and software needed for obtaining model
predictions (Element B10b)]

- data quality assessments which use datistical design and andysistoolsto
asess Whether (1) the mode input data have the precision and accuracy
needed and satisfy al assumptions (e.g., lognormality) needed for usein the
model, and (2) the variability and/or uncertainty of initiad mode outputs achieve
the specified Data Quality Objectives (decision performance criteria) and
model performance criteria specified in (Quality Objectives and
Criteriafor Mode Inputs/Outputs of the QA Project Plan;

- model evaluations (or verification tests), which compare mode results with
laboratory tedts, field data, analytica solutions, synthetic test data sets, or other
well-accepted models (* benchmarking”) to provide documented information
about the mode’ s strengths and weaknesses and permit programmatic
evauations to identify areas needing corrective action.

- internal and external peer reviews in which individua experts or a group of
experts not previoudy involved in the project review al aspects of the model
development, code preparation and use, modd application, and results.

Note: Thisisalig of examples of different types of mode performance eva uations that may be
performed on a modding project and is not meant to imply that al would be required on each project.

For data quality assessments, Guidance for Data Quality Assessment: Practical Methods
for Data Analysis (QA/G-9) (EPA, 2000c) provides nonmandatory satistica guidance for planning,
implementing, and evauating retrogpective assessments of the qudity of results from environmenta data
collection operations, including methods to characterize and describe data sets, test for outliers, test
distribution assumptions, test for differences between two data sets, and test for deviation from a
population standard. Other resources on data quality assessment include Goodness of Fit Techniques
(D’ Agostino & Stephens, 1986), Risk Assessment Guidance for Superfund: Volume 3 (Part A):
Process for Conducting Probabilistic Risk Assessment (EPA, 1999¢), and Satistical Methods for
Environmental Pollution Monitoring (Gilbert, 1987), which provide satistical goodness-of-fit tests
of datato hypothesized distribution forms.

If EPA contractual or regulatory requirements specify that peer reviews of certain aspects of
the modeling process are necessary on the project (e.g., on the theoretica basis for the model, the
mathematicd modd structure, mode dgorithms and methods of solution of the modd code, model
predictions and aternative interpretations, mode cdibration data, uncertainty and sengtivity andyss
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methods, data quality assessment methods, conclusons), the QA Project Plan should specify criteria
that the peer review will meet [eg., EPA’s peer review policy (EPA 2000e) and guidance given in
Guidance for Conducting External Peer Review of Environmental Regulatory Models (EPA,
1994)]. When peer review isto be performed on the project, the QA Project Plan implementation file
should include the names, titles, and positions of the peer reviewers, their report findings, the project
management’ s documented responses to their findings (or reference to where responses to peer review
comments are located).

Among the model performance eva uations discussed above, hardware and software
configuration testing is conducted to ensure that:

. programming errors are minimized;

. the coded model equations or modules are correctly inserted, linked, and used in the
software code;

. the code islinked to or performs anayses that assess the uncertainty and variability of
predicted results (if necessary to meet risk assessment guidelines); and

. the totd completed modeling software package meets dl user requirements.

While QA Project Plan (Hardware/Software Configuration) introduces the needs and
godls of the hardware/software configuration and presents the configuration’s QA program, this eement
of the QA Project Plan should address the tests performed to assess the configuration’ s adherence to
the requirements specified in the QA program. Examples of such tests include the following:

. Softwar e code development inspections.  Software requirements, software design, or
code are examined by an independent person or groups other than the author(s) to
detect faults, programming errors, violations of development standards, or other
problems. All errors found are recorded at the time of inspection, with later verification
that al errors found have been successfully corrected.

. Softwar e code performance testing: Software used to compute modd predictionsis
tested to assess its performance relative to specific response times, computer
processing usage, run time, convergence to solutions, stability of the solution agorithms,
the absence of termind fallures, and other quantitative aspects of computer operation.

. Tests for individual model module: Checks ensure that the computer code for each
module is computing module outputs accurately and within any specific time congraints.
(Modules are different segments or portions of the modd linked together to obtain the
fina mode prediction.)
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. Model framework testing: The full modd framework istested as the ultimate level of
integration testing to verify that al project-specific requirements have been implemented
asintended.

. Integration tests: The computationa and transfer interfaces between modules need to
dlow an accurate transfer of information from one module to the next, and ensure that
uncertainties in one module are not lost or changed when that information is transferred
to the next module. These tests detect unanticipated interactions between modules and
track down caus(s) of those interactions. (Integration tests should be designed and
goplied in ahierarchical way by increasing, as testing proceeds, the number of modules
tested and the subsysterm complexity.)

. Regression tests:  All testing performed on the origind verson of the module or linked
modules is repeated to detect new “bugs’ introduced by changes made in the code to
correct amode!.

. Sress testing (of complex models): This ensures that the maximum load (e.g., red-

time data acquisition and control systems) does not exceed limits. The stress test
should attempt to smulate the maximum input, output, and computationa |oad expected
during peek usage. The load can be defined quantitatively using criteria such as the
frequency of inputs and outputs or the number of computations or disk accesses per
unit of time.

. Acceptance testing: Certain contractually-required testing may be needed before the
new model or modd application is accepted by the client. Specific procedures and the
criteriafor passing the acceptance test are listed before the testing is conducted. A
dress test and a thorough evauation of the user interface is a recommended part of the
acceptance test.

. Beta testing of the pre-release hardware/software:  Persons outside the project
group use the software as they would in normal operation and record any anomalies
encountered or answer questions provided in atesting protocol by the regulatory
program. The users report these observations to the regulatory program or specified
developers, who address the problems before release of the find version.

. Reasonableness checks. These checksinvolve items like order-of-magnitude, unit,
and other checksto ensure that the numbers are in the range of what is expected.

Again, it should be noted that the actual of tests performed depend on the level of assessment
needed for the program. and not al of these tests would be performed on each project.
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Types of information that can be specified in the QA Project Plan for hardware and software
configuration tests include the following:

alist of user needs and code requirements based on the end use of the mode!;

adescription of the types, number, and frequency of configuration tests thet will be
conducted,

adructured, orderly, and documented test schedule for testing and audits;

aspecification of “correct” or “acceptable’ outputs for each configuration test to
compare with test results;

alig of necessary documentation for the planned configuration testing;

adiscusson of potentia corrective actions that could result from uncovered problems;
and

adescription of theinternd and externd peer reviews that are planned to assess the
hardware/software configuration testing effort and results.

When executed, the assessments discussed above may reved that the quaity measures
associated with the outcomes of the model development or application project do not conform to the
quality specifications defined in the QA Project Plan. The QA Project Plan may specify certain types
of documentation or assessment procedures, such as.

EPA QA/G-5M

occurrences of specific unsatisfactory conditions upon which the assessors are
authorized to act;

specific response actions needed,;

protocol for managing, conducting, eva uating, reporting, and documenting the response
actions and rationale for such actions,

person(s) responsible for seeing that response actions are successfully completed [see
Element CZ (Reports to Management)];

person(s) responsible for overseeing response actions and person(s) to whom the
results of the response action will be reported; and
decison-making hierarchy and the schedule and format for oral and written reports.
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4.3.2 Reportsto Management (C2)

| dentify the frequency and distribution of reportsissued to inform management (EPA or
otherwise) of the project status; results of softwar e tests, model performance evaluations,
and other assessments such as output data quality assessments; and significant quality
assurance problems and recommended solutions. Identify the preparer and the recipients
of thereports, and any specific action recipients are expected to take asaresult of the
reports.

Reports to management are acriticd part of the communication process anong dl participants
inamodel development or gpplication project. Planned reports provide a structure for notifying

management of the following:

. adherence to project schedule and budget;

. deviations from approved QA Project Plans, as determined from project assessment
and oversight activities (discussed in the previous subsection);

. the impact of these deviations on modd prediction, application quaity, and uncertainty;

. the need for and results of response actions to correct the deviations,

. potential uncertaintiesin decisions based on mode predictions and data; and

. Data Qudity Assessment findings regarding model input data and modd outputs
(predictions).

Reports to management should provide an understanding of the potentia effect that changes madein
one segment of the modd input data, the algorithms, or the development and gpplication process may
have on segments of the model agorithms, process, or predictions.

Certain management reports and ddliverables mandated by contractua or project requirements
should be specified in the QA Project Plan, dong with the necessary routing procedures, due dates,
and digtribution ligts [if they differ from the distribution list specified in (Digtribution List)].
Other reports thet are lessformd in nature (e.g., areport on the outcome of the model selection
process) can be handled less formaly in the QA Project Plan. The QA Project Plan specifies the
personnel responsible for preparing reports, evauating their impact, and implementing response actions.
It also specifies the planned frequency, content, and distribution of relevant reports to ensure that
management may be aerted to data quality problems, necessary changesto the data, viable response
actions, and proposed solutions.  The frequency of reports should alow management to properly
anticipate certain events and take corrective actions (e.g., propose viable solutions, procure additiond
resources).
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Examples of certain types of reports to management that may be relevant to mention for a
modeling project (depending on the scope of the project) include the following:

. find verson of the QA Project Plan,

. monthly progress reports detailing the status of each phase of the project from both a
technica and cost standpoint,

. needs assessment report,

. modeling framework report,

. model documentation,

. model calibration report,

. modd evauation report,

. model outputs uncertainty report,

. dispostion of peer review comments (for the various stages of peer review on the
project),

. summary report of the modd gpplication, and
. fina report of the modd gpplication.

44  GROUPD: DATA VALIDATION AND USABILITY

The primary purpose of this group of elementsis to describe the process to assess the usability
of the modd results (whether from the first gpplication of anew or revised modd or from application of
an accepted modd). Therefore, these dements refer to quality procedures that occur near or at the
end of the modeling project. The QA Project Plan contains the criteria and methods for deciding the
degree to which each component of the modeling process has met its quality specifications as described
in the Group B dements as wdll as the requirements for the final output [ (Problem
Definition/Background) and A7( Quality Objectives and Criteriafor Mode nputs/Outputs)].

As mentioned at the beginning of both Groups C and D of the QA Project Plan
address assessment-type activities regarding the model output (i.e., predictions) generated in agiven
goplication. Therefore, information in these dements may overlgp. Generdly, Group D eements focus
on find assessments performed in the find stages of modd development for afirst gpplication or in
subsequent applications to eval uate whether the outcomes meet the project’s origind objectives.

Group D of the QA Project Plan describes data review, verification, and validation processes
(EPA, 2001). For modding projects, thisis anadogous to confirming that the steps of the modeling
process were followed correctly to produce the model outputs and that the results meet project
objectives.

Data (or information) validation and usability activities for modeling projects are represented
within the following three QA Project Plan dements:
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. Departures from Validation Criteria (D1): Thisfirst dement documents the criteria
used to evauate how deviating from the specifications given in the QA Project Plan
may impact the quality and usability of find results and decisons that are made based
on these results.

. Validation Methods (D2): This second element describes the process and methods
for determining whether deviations have occurred within the model components.

. Reconciliation with User Requirements (D3): This eement combines the information
from the previous two dements to make afind assessment of the usability of the modedl
results.

Each dement is addressed in the following subsections.

4.4.1 Departuresfrom Validation Criteria (D1)

Statethe criteria used to review and validate—that is, accept, regject, or qualify—the model
results, in an objective and consistent manner.

Along with (Validation Methods), this dlement of the QA Project Plan elaborates
on the acceptance criteria mentioned in (Quality Objectives and Criteriafor Mode
Inputs/Outputs), which evauate the modd and its components based on its ability to produce results
that can be used to achieve project objectives. For example, this eement would state acceptance
criteria associated with the degree to which each modd output item has met its qudity specifications.
The possible types of discrepancies that may arise when the acceptance criteria and other QA Project
Plan specifications are not met in their entirety are aso addressed, dong with the effects that such
discrepancies are likely to have on the outcome of the model development and application processes.

Examples of such acceptance criteria and details about how such criteria may be evauated in
the various stages of the modeling process are as follows, presented in the context of specific model
goplications:

. Mathematical basis for the model: Criteriato be used to determine how well the
mathematica theory behind the mode represents the processes being moddled are
addressed, in addition to how the criteria were established. In dl cases, the possible
ways in which the criteria may not be met are specified, and the effects these conditions
may have on the model output are discussed.
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Numerical models: The criteria confirming that the numerica (coded) mode
accurately estimates the mathemeatica theory behind the modd are discussed, along
with how the modding outcome is affected if these criteriaare not met. The criteriafor
assessing the numerica modd (e.g., convergence criteria) and reasons for their
gppropriateness are discussed.  Also, the expected level of uncertainty from model
structure and parameterization and its effects on the mode output are addressed.

Code verification: Thefind st of computer code is scrutinized to assure that the
equations are programmed correctly and that sources of error, such as rounding, are
minima. This processislikely to be more extensve for new computer code. For
existing code, the criteria used for previous verification, if known, can be described or
cited. Any additiond criteria specific to the modeling project can be specified, dong
with how the criteriawere established. Possible departures from the criteriaare
discussed, along with how the departures can affect the modeling process.

Model evaluations. A modd can be evauated by comparing model predictions of
current conditions with smilar field or laboratory data not used in the mode cdlibration
process, or with comparable predictions from accepted models or by other methods
(uncertainty and sengtivity analyses).

Validation of input data: For afirst gpplication of the model, where parameter values
are specified and site-gpecific data are input into the modd or subsequent applications,
the input data may need to be vaidated for their requirements planned in Element A
(Quality Objectives and Criteriafor Mode Inputs/Outputs). In addition how the
criteria were established and the possible ways in which the criteriamay not be met are
specified, and the effects these conditions may have on the model output are discussed.

Model output: The criteria used to assess the usability of the mode output includeits
regulatory task requirements, as specified in (Quality Objectives and
Criteriafor Modd Inputs/Outputs) of the QA Project Plan. For modd applicationsin
production mode, mode outputs are Smilarly assessed againgt program uncertainty and
variability requirements. Comments on the process of choosing these criteriaand
objectives should refer to (Quality Objectives and Criteria for Model
Inputs/Outputs). |f the model output fails to meet these criteria, the resulting course of
action is detailed.

Note that many of the assessment approaches used to eva uate these acceptance criteriamay have
aready been provided in (Assessment and Response Actions), and references back to this
section are acceptable.
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4.4.2 Validation Methods (D2)

Describethe processto be used for validating the model results, including (if appropriate)
proceduresthat maintain the integrity of data throughout the life of the project or task.
Discuss how issues shall be resolved and the authoritiesfor resolving such issues.
Describe how the results are conveyed to users. Provide examples of any formsor
checkliststo be used. Identify any project-specific calculations required.

The purpose of this eement isto describe, in detail, the process for making afina assessment
of whether model components and their outputs satisfy the user requirements specified throughout the
QA Project Plan. The appropriate methods of evauation are determined by the quality objectives
developed for the project and detailed in (Quality Objectives and Criteria for Model
Inputs/Outputs). The individuals responsible for the eva uation of the various components of the mode
together with the lines of authority should be shown on the organizationd chart presented in [Element A4
(Project/Task Organization). The chart should indicate who is responsible for each activity within the
process.

The review process should be described for each component of the model and its results
discussed in (Departures from Vaidation Criteria). Discussion should addressthe
difference between processes for newly-devel oped versus established model s and between existing
versus new software code. The review procedure for al model output results should be documented in
the SOPs (e.g., graphica displays or videos).

Examples of issuesto be addressed include the following:

. Mathematical basis for the models. The process should be described that will be
used to assure that the mathematica basis for the moded accurately reflects the process
it represents. For example, the mathematical model can be assessed through peer
review. The method of modd evauation, including respongibilities and schedules for
peer review or other methods of assessment, should be described.

. Numerical models: For new or existing models, the process of measuring
characterigtics of the numerica model against the set criteria should be addressed,
aong with the procedure for confirming that the numerical mode is accurately
estimating the mathematicad modd.

. Code verification: The process of gpecifying how and when code will be checked to
ensure that the program correctly solves the equations representing the mathematical
mode should be discussed. The new software code is examined and existing code is
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evauated with respect to the current modeling process. If possible, the verification
status of existing code should be addressed.

. Model evaluation: The process of specifying how and when mode output will be
compared with independent data to ensure that the modeling results meet project
objectives.

. Validation of input data: The process of specifying how and when parameter vaues
and ste-specific datathat are input into the model will be validated for their
requirements planned in (Quality Objectives and Criteriafor Modd
Inputs/Outputs) [or BY (Non-direct Measurements)].

. Model output: The usability of the modd output is assessed by comparing it againg its
regulatory task requirements and other criteria specified in QA Project Plan Element
@ (Quality Objectives and Criteriafor Modd Inputs/Outputs). The procedure that
will be used to assess the modd output should be documented.

4.4.3 Reconciliation with User Requirements (D3)

Describe how the results obtained from the project or task will be reconciled with the
requirements defined by the data user or decision maker. Outline the proposed methodsto
analyze the output data and deter mine possible anomalies or departures from assumptions
established in the planning phase of the modeling process. Describe how reconciliation
with user requirementswill be documented, how issues will be resolved, and how limitations
on the use of the output data will bereported to decison makers.

The purpose of (Reconciliation with User Requirements) is to outline and specify, if
possible, methods for evauating (relative to user requirements) the mode outputs that the project
generates. These methods include scientific evaluations of the mode predictions to determine if they
are of theright type, quantity, and quality to support their intended use.

This element discusses the procedures in place to determine whether the find set of model
results meets the requirements for the data quaity assessment. This element should aso discuss how
departures from the underlying assumptions or output criteria associated with Satistica procedures
gpplied in the data quality assessment will be addressed, the possible effects of departures from
assumptions or specified output criteria on the mode results, and what potential modifications will need
to be made to adjust for these departures. Findly, the discussion should specify modd limitations that
may impact the usability of the results
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Data quality assessment (DQA) follows the procedures that are documented within the Group
DQA Project Plan dements. Discussed in detail within, Guidance for Data Quality Assessment:
Practical Methods for Data Analysis (QA/G-9) (EPA, 2000c), DQA determines how well the
validated output can support their intended use. In cases where forma DQOs have been established
[Element A7 (Quality Objectives and Criteria for Model Inputs/Outputs)], DQA isakey part of the
assessment phase of the datalife cycle. It focuses on evauating the ability of information to be used for
decision making and provides graphica and Satiticd tools. If a probabilistic modd has been
developed, then the digtribution of the model outputs, which is a measure of the uncertainty of the
mode predictions, should be compared with the alowable moded output uncertainties specified in
(Quality Objectives and Criteriafor Model Inputs’Outputs Data). The uncertainties of the
various inputs and assumptions used in the modd should be examined if that has not been done under
(Assessment and Response Actions). Also, sensitivity analyses may be used to gain
information on the particular model inputs that contribute the most uncertainty to mode outputs. This
information can be used to provide clues to how reductionsin modd output uncertainties can be most
cost-effectively reduced to acceptable levels.

Risk Assessment Guidance for Superfund: Volume 3 (Part A): Process for Conducting
Probabilistic Risk Assessment (EPA, 1999¢) provides uncertainty and sengtivity analysis methods.
Uncertainty Analysisin Ecological Risk Assessment (Warren-Hicks & Moore, 1998) and
Uncertainty Analysis (Kirchner, 2000) aso provide case studies describing current state-of-the-
practice ecological uncertainty anayses. Statistical methods should be used to assess the uncertainty
(e.g., variahility and unintended bias) and any abnormditiesin the differences (residuds) between model
outputs and comparable data. Graphica and statistical methods as discussed in Applied Regression
Analysis (Draper & Smith, 1981 and in ASTM D6589) are useful for this purpose.

For modeling projects that are data poor (i.e., that have high uncertainty in moded inputs and
consequently in model outputs), it is particularly important that procedures are in place to address
whether the high levels of uncertainty that are likely can dlow user requirements to be met, and if nat,
the actions needed to address that issue
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CHAPTER 5
EXAMPLES

This chapter is designed to provide an illugtration of the information that could beincludedin a
QA Project Plan for modeling. The previous chapters discuss the type of content that could be
included, and this chapter is meant to provide examples of this content. This chapter isimportant for
two reasons. (1) implementation of anew process is aways more understandable with examples and,
(2) these examples will provide the reader with some insght into the implementation of the “EPA
graded approach.”

In this chapter, three levels of projects are described to illudirate the varying leve of detail and
emphasis that may be needed for a QA Project Plan based on the nature of the modding project and
the intended use of the output data. The first example describes the devel opment of an entire model
made up of many different modules. The second example describes gpplication of aless complex
model. The third describes the planning information needed to test a single module in development as
part of building alarger modd system.

In each example, the information provided under each relevant QA Project Plan lement is
described to illugtrate the gpplication of the QA Project Plan lementsto that example. These
examples aso discuss the documentation appropriate for each project.

51 COMPLEX MODELS-LAKE MICHIGAN MASSBALANCE PROJECT

A QA Prgject Plan for this complex project describes how planning, implementation, and
assessment activities are coordinated across the extensive moded framework (see
www.epa.gov/glnpo/lmmb/planning.htm).  Although thiswould be an overview document, an adequate
level of detail is needed to clearly communicate agreed-upon devel opment, assessment, and reporting
activities and eva uaion criteria from project management to the modd developers. Referrd to
accompanying project documents would be used where possible to keep this QA Project Plan for the
entire framework at areasonable size.

511 Part A: Project Management

Section A3: Distribution List. Due to the large scope of this modding project, this section
contains an extendve lis of individuas who will be involved in the review and gpprova of the QA
Project Plan. Thisligt caninclude but is not limited to module project managers, QA Managers, data
suppliers, individua module developers, funding managers, and data users.,
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Section A4: Project/Task Organization. Because coordination among modeling teams and
communication of progress will be acritical part of this QA Project Plan, the management plan for the
project is described. Because thisis such along-term project, management will take a phased
approach to development in order to accommodate the increasing complexity of the sysem and
changes in resources over time. The stlages would be dearly defined, with reviews, evauations, and
interim decision making clearly identified and described. The planned stages for this project include
using historica data to refine modeing theory and sampling designs, working with data suppliers on
data qudity assessment, developing and testing the find models, and documenting the modds and
quaity assurance results.

Section A5: Problem Definition/Background. The purpose of thismodd isto develop a
tool to improve the understanding of the sources, transport, fate, and bioaccumulation of toxic
chemicasin Lake Michigan. The information needs driving the modd development are twofold: (1) to
determine sources of chemicasin tributary, atmosphere, and sediment categories and, (2) to predict
future in-lake chemica concentrations [e.g., polychlorinated biphenyls (PCBs) in lake trout] under
dternative management scenarios. The target fish species are lake trout and coho salmon.

Section A6: Project/Task Description and Schedule. It isimportant to have an overal
schedule so that individua module devel opers take into account testing and evauating of other modules.
This section ligts al the modules being developed, the schedule for testing and evauation, and the
schedule for testing interfaces between/among modules.

The modding
framework isshownin
igure 11| Therdaion- Lake Michigan Modeling Framework
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Od | d | Transport Balance Bioaccumulation
moaules are clear
e y . Hydrodynamic | Advective/ .
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. R (POM/3D) Transport Transport Model dynamics
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The mode framework QA Project Plan would include QA information on the individua
modules within the framework. Each modd team would develop its own individua quality assurance
plan to be included in the QA Project Plan for the framework. These QA plans would include:

. background and main features of the modd;

. source(s) and qudity of the data (e.g., used in cdibration or testing of the modd);

. plans for model software code development and maintenance;

. information on model parameters (source of the data, other values consdered and
reasons for regjection, information supporting the use of these data for this mode!);

. plans for modd documentation (e.g., equations, underlying assumptions, boundary
conditions, and numerica methods);

. plansfor code verification;

. plans for code documentation (e.g., code, interna documentation, documentation of
adaptations for the Great Lakes, user’ s guide);

. plansfor mode calibration, evauation, and uncertainty;
. references, especidly to any earlier documentation of the modd if it was previoudy
developed.

Section A7: Quality Objectivesand Criteriafor Modd InputsOutputs. This section will
describe severd different levels of qudity objectives. The Technicad Coordinating Committees for this
modeling project developed modding quality objectives (EPA, 1999b) that were trandated into quality
objectives for the individua modulesto be used to evauate the modd. The data quality objectives for
the entire framework specified that the modd should be capable of caculating pollutant concentrations
in Lake Michigan to within afactor of 2 of observed concentrations in the water column and target fish
species. Furthermore, study managers agreed to accept an uncertainty leve for each input to the model
within 20-30% of the mean at the 95% confidence level. The modding objective was to Smulate the
average water quaity within + 2 standard errors of the observed mean (by cruise/segment average) or
to provide 95% confidence that the actud mean falswithin this specified range.

Section A9: Documentation and Records. This section includes the plan for long-term
documentation, which is especialy important in a multi-year and multi-stage project like thisone. The
type of information that will be part of the record is itemized so that modelers are informed beforehand
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of the records they should keep. All records, including modder’ s notebooks and el ectronic files, would
be maintained by the laboratory QA officer in a centrd project archive upon completion of the project.

These records would include documentation of mode testing, caibration, and evauation.
Records would be kept of written rationale for selection of models, record of code verification (hand-
cac checks, comparison to other models), source of historica data, source of new theory, and
documentation of adjustments to parameter vaues due to cdibration. These records will be maintained
by each modeler and transferred to a central project archive. Agency standards and ANSI/IEEE
standards for software QA plans need to be followed.

5.1.2 Part B: DataAcquisition and Management

Section B7: Calibration. In thissection, outputs of interest are clearly identified, with specia
attention to issues that will need to be coordinated for consstency between different modules. The
analysis procedures and acceptance criteriawould be specified in the QA Project Plan for each module
(this might be done under the QA Project Plan for each module under If field or other
datawill be used for cdibration, the QA Project Plan would describe why those data were chosen,
how those data will be acquired, and how the quality of those data will be assessed.

Adjustments due to calibration need to agree with scientific knowledge and with the process
rates within a reasonable range of vauesfound in literature. A list of internd variables used to cdibrate
the modd outputs would be included in this section.

For thismodd, smulations will be used to attempt to reproduce the statistical distribution
properties of the data. Parameter optimization will be used to minimize resduds. Modd smulation
results will be compared to measurements obtained from the project data collection program.

Section B9: Non-direct M easurements (Data Acquisition Requirements). For this
project, the preferenceis to use published data that have been through a peer review process overseen
by an editorid board. Unpublished data can be used, and will be reviewed using data qudity
asessment (DQA) tools. Ingtructions for performing DQA are presented in this section. This section
aso includes atable listing mgjor data needs and potentia and confirmed sources for these data. A list
of the available QA information isincluded dong with identification of the QA information that will be
sought for data sources that are utilized.

For this QA Project Plan, historical datafrom avariety of sources and data collected for this
modeling project need to be assessed to determine if they meet the objectives of the modeding project.
Information on acquired data would be obtained from the relevant data collection QA Project Plans or
related materids. Thisinformation would be used to evauate indicators such as the comparability of
the data for aggregation and time analyses, its representativeness of lake conditions, bias, and precison.
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Assessment of the data by both the Great Lakes Nationa Program Office and the modelers would be
preferred.

Section B10: Data Management and Har dwar €/Softwar e Configuration. For this
modd, the Revison Control System will be used to coordinate version input and output files. The
compatibility of the input database formats and modeling framework will be worked out aong with
hardware/software requirements. Hardware/software configuration would be described in some depth
in accordance with document planning requirements for developers of the individuad models, and pre-
and post-processors.

Test planning and results reporting need to be specified and implemented to assure
compatibility of parts of the mode framework and find usability. Planswould be needed for
configuration management of revised code throughout the phased development.

5.1.3 Part C: Assessmentsand Response Actions

Uncertainty will be estimated in atwo-step process. The parameter variance-covariance matrix
resulting from cdibration will be estimated and gpplied to generate exceedence levels for model
predictions using Monte Carlo methods. The god of this process is 95% exceedence limits within a
factor of 2 of the predicted toxic chemica concentrations in water and top predator fish over the
duration of the calibration period (1994-1995).

The ability of the code to correctly represent modd theory will be assessed. 1n addition,
specific tests are planned to ensure operations are verified. Continuity checks, mass conservation
checks, and testing of numerical stability and convergence properties will be conducted.

5.1.4 Part D: Output Assessment and Model Usability

Plansfor testing need to be worked into the phases of the project. Modd smulations will be
planned to reproduce the satistica distribution properties of the field and laboratory data. Eval uation
will be done by comparing cumulative frequency digtribution plots of detato frequency didtributions
plots from comparable modd predictions. This quantitative evaluation will be integrated with quditative
assessment. A science review pand independent of the moded devel opment process will provide
reviews on aregular basis.

Astheindividua modules evolve through different scales and levels of uncertainty with
development (e.g., screening modds, a medium-resolution segment scheme, and a high level resolution
phase), assessments will be planned to determine if they are acceptable to pass on to the next phase.
Ultimately, the whole framework needs to be assessed, and these individua assessment results will
provide background for planning such an assessment.
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5.2 INTERMEDIATE MODELS—-PORT RIVER NITROGEN AND PHOSPHATE
TOTAL MAXIMUM DAILY LOAD (TMDL) PROJECT

In this example, a gate’'s Department of the Environment (DOE) wishes to estimate a Tota
Maximum Daily Load (TMDL) for selected nutrients (nitrogen and phosphorus) that have impaired the
ability of a given waterway to achieve water quaity sandards, and estimate how the TMDL is alocated
among different sources of these nutrients. A TMDL is an estimate of the maximum amount of a
pollutant that a waterway can receive and till remain within water quaity standards established by the
Section 303 of the Clean Water Act (CWA). The state DOE plansto use EPA’s existing Water
Quadity Andysis Smulation Program (WASPS), and in particular, its EUTROS component on water
qudity/eutrophication, as a modeling tool for obtaining the necessary information for establishing the
TMDL estimates. For this project, a QA Project Plan is prepared to describe how planning,
implementation, and assessment activities would be accomplished to achieve defengble outputs from
this modeling process. The following discussion indicates the type of information that would be
included in the QA Project Plan.

521 Part A: Project Management

Section A4: Project/Task Organization. Becausethisislargdy the effort of asngle date’'s
DOE, this section of the QA Project Plan would focus on roles and responsibilities of interna
departments and managers who will contribute to the modeling effort. For example, each department
that isto provide necessary mode input data would be specified here, aong with gppropriate contact
people. Departments that will contribute to TMDL development but may not be directly involved in the
modeling effort may aso be specified here. Individuaswill be noted according to their responsbilities
in overseeing various stages of the project. Examples of these project stages include the following:

. refining the problem using historica data

. working with data suppliers on data quaity assessment

. reviewing the modd for this specific gpplication

. cdibrating and testing the selected model

. performing modd fits and identifying appropriate modd inputs for eech fit
. conducting sengtivity andyses

. documenting the modd gpplication and qudity assurance results.

Section A5: Problem Definition/Background. The Port River, a8.5 mile-long tributary of
the Large River, wasincluded on the CWA Section 303(d) list of impaired waters due to demonstrated
eutrophication and low dissolved oxygen levelsthat violated water quality standards. Elevated nitrogen
and phosphorus levels in the river have contributed to excessive agae blooms and wide diurna
fluctuations in dissolved oxygen content which have the potentid to cause fish kills. Etimated TMDLSs
for total nitrogen and total phosphorus are needed because technol ogy-based controls and other types
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of controls did not dlow water quality standards to be attained for water contact recreetion, aguatic life
protection, and shellfish harvesting. The gods are to keep the concentration of chlorophyll-a (a
surrogate indicator of algae blooms) to below 52: g/l and dissolved oxygen to no lower than 5Smg/L.
Thus, the purpose of this modd application isto provide predictions (or projections) on tota nitrogen
and total phosphorus to be used in developing TMDL s that will be protective of the river’ s designated
uses. Information would be generated for both low (base) flow and annua average conditions.

Section A6: Project/Task Description and Schedule. It isimportant to establish a
schedule that will dlow time requirements on gpproving TMDLS to be met with a defensible product.
This section of the QA Project Plan ligis dl critica activities for planning criteria; acquiring and assessing
existing data; modd evduation for sdlection, cdlibration, and application; and reporting. A process for
tracking this schedule to complete these activitiesis aso needed to assure that deadlines in the overal
TMDL process are met.

Section A7: Quality Objectivesand Criteriafor Modd InputsOutputs. This section will
describe the severd different levels of qudity objectives for the various stages of this modeling project,
as determined from a systematic planning process. The following types of quality objectives are anong
those relevant for this effort:

. Acceptance criteriafor intended use of existing datar Exigting datawill be used as input
to the modeling effort. This datawill be judged acceptable for thair intended use if they
meet acceptance criteria that are determined from a systematic planning process and
documented here. The sources of existing data to be used in this effort and their
intended uses are documented in (Non-direct Measurements). Examples
of acceptance criteriaand the types of dataissues addressed by these criteriaare as
follows

- Datareasonableness. L oading data from surveys conducted in 1984 and 1985
will be used as input to the models when predicting basdine conditions. The
reasonableness of these dates needs to be documented here. For example,
these dates occur prior to the implementation of non-point source nutrient
reduction controls placed on this waterway.

- Data completeness. Data from &t least four surveys need to be available for dl
available sampling sations within the tidal portion of the Port River from its
confluence with the Large River to the upper free flowing areas of an unnamed
tributary located above the Orange Sewage Treatment Plant. This criterion
reflects the agreed-upon spatia domain of the model. Overdl, the data need to
achieve a 95% minimum criterion on completeness.
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- Data representativeness. Certain criteria on data representativeness will need
to be achieved, such astime and location for sample collection and
comparability in sampling and sample analyss methods for input data from the
DOE' swater quality monitoring and point source databases (e.g., point source
loading data from the most recent year for the four point sources). Other
methods for ng data representativeness rlative to current conditions
(e.g., photograph verification, visua assessment, consdering data from
bathymetric and ground truth land use surveys) can be detailed in Element C
(Assessment and Response Actions).

Acceptability of model calibration and testing inputs and outputs: [Flement B7
(Cdlibration) discusses the gpproach to be taken to determine whether the EUTRO5
modd is properly cdibrated. Project managers are defining modd cdibration in this
setting as how well the mode is able to reproduce current observed flow rates and
concentrations of nutrient, dissolved oxygen, and chlorophyll-a (e.g., trends and peak
vaues), as measured from multiple field surveys and stored in a state-maintained
monitoring database. Because water quality data for multiple surveys exist for each
sampling gation in the waterway, each station has multiple measurements for the water
quaity parametersthat are used asinput to the modds. Thus, the calibration procedure
isadleto divide the total variability of the mode predictionsinto two sources. within-
dation variability in the input measurements, and variability and uncertainty associated
with how well the modd fits the data (i.e., lack-of-fit). Thefollowing criteria, as
determined from stakehol ders consulting with study statisticians, have been established
for acceptable modd cdlibration inputs and outputs, respectively:

- At least 90% of the input nutrient concentration measurements at a given
sampling station should be within two standard errors of the mean measurement
at that sation.

- The percentage of totd variability and uncertainty that is attributable to lack-of-
fit of the modd should not exceed 25% in any of the cdibration modd fits.

Other goodness-of-fit evauations may also be consdered (EPA, 2000c; Gilbert, 1987)
when determining corrective action associated with these criteria. For example, data
may need to be transformed (e.g., logarithmic) to better achieve these criteriaand other
mode assumptions, or further investigations into specific data values may be necessary.
Such corrective actions are addressed in (Assessment and Response
Actions).
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. Acceptability of modd outputs: Any limitations on uncertainty associated with mode
outputs are specified here. For example, managers within the state’ s Wastewater
Management Program may specify agod that the uncertainty associated with the
predicted vaue a a given location will need to be within 25% of the predicted vaue
with 95% confidence.

. Acceptability of flow rate estimates: As discussed in (Non-direct
Measurements), multiple regression techniques will be used to predict low and average
flows within various segments of the watershed as afunction of land use data. The
regression equations will need to achieve certain criteria on their goodness-of-fit (e.g.,
R? of at least 0.90).

The above types of data quality criteriatend to be quantitative in nature. However, certain
stages of the model application process may benefit from assessments that are more genera and
quditative. For example, when evauating the outcome of modd calibration, qualitative assessments
may be done by evauating how well the outputs of the fitted mode are able to match the overal trend
in prediction over time or over the entire watershed area. This evauation would be documented in a
find report by using graphs — the axes of these graphs and the data to be used should be documented
inthe QA Project Plan. An evauation of how well these mode outputs reflect peaks and vdleysin the
predicted water quality values at specified time points or at certain pointsin the watershed can aso be
compared to what has been observed and collected in surveys. Again, these can be documented in the
find report by graphs that should be described in this eement.

Section A9: Documentation and Records. This section includes the plan for documentation
which will be important for defending the modd predictions used in supporting the TMDLs. The type
of information that will be part of the record would be itemized here so that modelers are awvare before
the project begins of the records that should be kept. Examples of gppropriate documentation in this
sudy include: cdibration and sengtivity andyses results, records of written rationae for selection of
models or modules, record of code verification (e.g., hand-caculated checks, comparison to other
models), sources of existing data used, and any adjustments to model parameter vaues that result from
mode cdibration. All records, including modeler’ s notebooks and eectronic files, should be
maintained by the project manager in a centra project archive upon completion of the project.

5.2.2 Part B: DataAcquisition and Management

Section B7: Calibration. Water qudity data on such measures as chlorophyll-a,
phosphorus, nitrate, and dissolved oxygen that were collected from earlier surveys on the waterway, in
addition to flow measurements obtained from the United States Geologica Survey, will be used in
caibrating the EUTRO5 model to this particular application. (Non-direct Measurements)
will document the sources of these data, and (Quality Objectives and Criteriafor Mode
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Inputs/Outputs) will specify the criteriafor which these datawill be judged acceptable for use in model
cdibration.

The cdibration will judge the extent to which the modd is able to predict current water quaity
measures that agree with what was actudly observed in the surveys. For instance, the extent to which
the modd accurately captures observed trendsin the water qudity data a the various sampling pointsin
theriver and itstributaries, after taking into account the underlying variability in these monitored data,
will be determined and appropriately documented. The discussion should note that in this particular
gpplication, modd testing is aso occurring during the mode cdibration process, as the inputsto the
mode cdibration and the modd’ s corresponding outputs represent a given water quality scenario that
will be used as part of the TMDL development process. The performance criteria upon which the
calibration will be deemed acceptable will be noted in (Quality Objectives and Criteriafor
Mode Inputs/Outpuits).

Within the model cdibration exercise, modd rate coefficients will be adjusted as necessary to
meet the calibration criteriaand to reflect current scientific knowledge and various process rates that fall
within a reasonable range of vaues found in the scientific literature. A ligt of interna variables used to
cdibrate the model outputs should be included in this section, dong with any adjustments made to the
modd. The rationale for any needed modd adjustments based on the results of the cdlibration process
would be documented according to the procedures specified in (Documentation and
Records).

Section B9: Non-direct Measurements (Data Acquisition Requirements). Asindicated
previoudy, different types of data aready existing within the state’ s databases will be used for mode
cdibration and asinput to the model. This section of the QA Project Plan discusses the different
sources of these data, the intended uses of these data on the project, the specific criteria for accepting
an exigting data source for use on the project, and any limitations that the use of these data may have on
this project.

The primary types of exising datato be used in the modeling effort are nutrient point source
loads and non-point source loads for the watershed. Loads for the contributing point sources are taken
from discharge monitoring reports that exist in the state’ s point source database. When average flow
conditions are assumed, non-point source loadings are ca culated as a sum (across the different types of
land uses) of land use areas multiplied by their respective land use loading coefficients. Land use aress
originate from the State' s Office of Planning. Land use loading coefficients are previoudy-published
outputs that resulted from fitting a continuous smulation mode representing the bay in which the river
deposits. Non-point sources represent such contributors as atmospheric deposition, as well as loads
from septic tanks, urban development, agriculture, and forest land.
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The modeling effort will consider four different scenarios that represent either basdline or future
conditions and low versus average flow characterigtics. These scenarios Smulate seasondity effects.
Therefore, different sets of existing data (i.e., point source loads and non-point source loads) will be
needed as modd inputs for each scenario. These data sources should be listed here for each scenario,
aong with any limitations that these data may have in terms of predicting the scenarios.

For this project, the water qudity and physica field data were collected by the sate' sfield
operations program in earlier surveys according to documented field and laboratory protocols and a
documented monitoring stations. In order to ensure this datais gppropriate for use in this modd,
survey records will be checked to assure conformance with procedures established for their initia
collection and to assure that the resuilting data meet the requirements established in (Quality
Objectives and Criteriafor Modd Inputs/Outputs). Data will be reviewed to be sure that their values
fal within previoudy-observed and reasonable ranges (e.g., base flow nutrients and groundwater).

As part of the modeling procedure, the watershed will be subdivided into subwatersheds, and
low and average flows will be determined a each subwatershed usng multiple regresson procedures
that predict flow as afunction of land use data (Draper & Smith, 1981). The regresson equation
predicting low flow was determined from flow data collected at two sampling stations. Because no
average flow data were available for the basin, the regresson equation for average flow was
determined using long-term average daily flow data originating from survey gauges and relating these
datato land use acres within the basins. The equations will need to achieve acceptance criteria
specified in (Quality Objectives and Criteriafor Moddl InputsOutputs). The source and
relevance of these regression equations will be documented in this dement of the QA Project Plan.

In determining whether existing data sources meet acceptance criteriafor the project [as
defined in Element A7 (Quaity Objectives and Criteriafor Modd Inputs/Outputs)], information on
acquired field data to be used for assessing acceptance criteriawould be obtained from the QA Project
Plans of the operations collecting these data or from related materids from the state’ s field operations
branch. Any limitations on the exigting data that may impact a modd’s predictive ability for this project
should be discussed here. For example, water quaity surveys for which data were used in model
calibration were collected over 15 years ago, and therefore, any changes to the waterway and its
environment since then needs to be taken into consideration.

Section B10: Data Management and Har dwar e/Softwar e Configuration. EPA’s model
WASP 5 and its sub-model EUTROS are being used to estimate the fate and transport of nutrients
because they are capable of studying time-variable or Steady state (up to three dimensiond), linear or
non-linear, kinetic water quality problems. This element of the QA Project Plan discusses the resource
needs for the modeling system. A process flow diagram would be included to illustrate how various
types of dataare input to the system and the different types of modd outputs. Details would be
provided on how the mode input and output data will be manipulated, managed, and maintained as part
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of thisproject (eg., dl datato beinput to the modd need to be stored in metric units), dong with how
the overal integrity of the datawill be ensured through the various stages of the project. For example,
information on how the water qudity survey dataused in model cdibration are averaged acrossthe
different surveys would be discussed here.

The future form of the model needs to be compatible with the input database formats and with
the hardware/software capabilities of the department (e.g., Department PC-compatible, pre- and post-
processors available from digtributor). Thus, these types of resource requirements are mentioned in this
element of the QA Project Plan. If available, case histories on prior use of this modd will be reviewed
with the test results generated in the model devel opment phase to assure that the modd is adequate to
meet the gods of this project.

523 Part C: Assessmentsand Response Actions

The different types of assessments and modd performance evauations to be performed in this

project are documented in (Assessment and Response Actions) of the QA Project Plan.
Examples are the following:

. Testing the Model - The ability of the sdlected model and modulesto correctly
represent modeled conditions will be assessed focusing on changesin eutrophication
dueto increasesin stream flow. A sengtivity andysswill be performed to determine
the effect of flow in the Port River systlem focusing on non-point flows and
corresponding loads. The god of thisanalysisisto test the sengitivity of the model
during high flows to assure its responses are reasonable. If needed, further verification
will be done by comparing mode prediction results with survey data for base
conditions.

. Performing Multiple Runs of the Model to Smulate Seasonality Effects- To assess
the extent to which seasondity impacts the modd outputs and, ultimately, to incorporate
seasondlity into the TMDL development process, the mode will be fitted under
different scenarios for nutrient loading and stream flow conditions. Some assessment is
necessary to verify that the different scenarios that are selected represent the critical
conditions for which the TMDL needs to satisfy water quaity sSandards. Results of all
runs will be used in the TMDL development process.

. Evaluating Existing Data - As described in (Non-direct Measurements),
modeling staff will evaluate data to be used in cdibration and as mode input according
to criteria discussed in (Quality Objectives and Criteriafor Model
Inputs/Outputs Data) and will follow-up with the various data sources on any concerns
that may arise.
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. Calibrating the Model - The modd cdibration procedure is discussed in Element B

(Cdlibration), and criteria for acceptable outcomes are provided in (Quaity
Objectives and Criteriafor Modd Inputs/Outputs).

. Sengitivity Analyses - The different congderations that are to be addressed in
sengtivity andyses will be documented here. One exampleisfitting the modd after
increasing the assumed non-point source flows and the corresponding loads, in order to
test the sengtivity of the modd under high flow Stuations.

5.24 Part D: Output Assessment and Model Usability

This section will describe how the modding staff will complete and document the following
tasks:

. review the set of future modd predictions for reasonableness and relevance based upon
observed fidd data and the literature,

. determine the congstency with the requirements documented in (Qudity
Objectives and Criteriafor Modd Inputs/Outputs) on acceptable uncertainty,

. verify the mode predictions relative to the requirements of the TMDL development
process, and

. confirm that al steps of the modeling process were followed correctly.

Any problems will be reported to the project manager and corrective actions discussed with the
Wastewater Management Program. The findings, including any limitations associated with their usein
developing TMDLSs, will be discussed in the project report.

Note from (Non-direct Measurements) above that estimated non-point source load
data for future conditions, representing future conditions after trestment improvement and used as input
to the model, includes amargin of safety factor to account for uncertainty in future projections thet are
based on existing data. This margin of safety is generdly specified in percentage terms within the QA
Project Plan and is based on previous knowledge of uncertainty in forecasting nutrient levels. It
generdly accounts for uncertainty in amanner that is conservative from the sandpoint of environmenta
protection. For example, it improves the likelihood that the alowable nutrient loads the system can
incorporate without incurring an impairment is not underestimated.  In determining whether this margin
of safety was selected gppropriately and meets user requirements, some eval uation should be
conducted to assess where the magnitude of this margin of safety is adequate relative to the level of
uncertainty associated with these modd inputs. In addition, this margin of safety may beincluded in the
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evauation of uncertainty in modd outputs thet is performed within the data quality assessments
documented within Group D of the QA Project Plan.

53 SINGLE MODULE -LAND APPLICATION MODULE

Thisis an example of critical QA Project Plan dements for a single module that is part of a
larger existing modd. This QA Project Plan covers the assessment phase of the moded devel opment
task. At the beginning of this project, the model has aready been developed and will be tested with
this project.

5.3.1 Background

The Land Application Unit (LAU) module is one of five source emisson modelsthat are
components of EPA’s Multimedia, Multipathway, Multi-receptor Risk Andyss (3MRA) software
gysdem. InaLAU, wasteis gpplied to the land a regular intervals and istilled into the soil. The LAU
module smulates this process and estimates how much of each waste condtituent volatilizesinto the air,
leaches into the groundwaeter, runs off into the stream, or remains bound to the soil. All of these output
concentrations (air emissions, leachate concentration, runoff concentration, and amount bound to the
s0il) are used as input to other modulesin BMRA. The LAU module is described in detail in atechnicd
background document (EPA, 1999c¢).

The SMRA modd was developed for use in implementing the Hazardous Waste [ dentification
Rule (HWIR). The 3MRA modd establishes risk-based concentration limits that, if exceeded for a
condtituent in awaste stream, will identify that waste stream as hazardous, necessitating management of
the waste in a regul ated waste management unit designed for hazardous waste. The SMRA system
schematic diagram is presented in Asa3MRA source module, the LAU Module isthefirst
module fired by the SMRA’s Multi-Media Smulation Processor.

53.2 Part A: Project Management

Section A4: Project Organization. Theteam will indude the following members dient
(Hazardous Waste Program Project Manager), program QA Manager, contractor (Project Manager),
modders, scientigs, information management personnd, and QA personnd. Some of the scientids,
information management personnd, and modelers assigned to the QA project are not assigned to the
LAU mode development project and, therefore, are independent in their assessments.

Section A5: Problem Definition/Background. The objective for this project isidentified as
follows. to evaluate whether the outputs of the LAU module are acceptable and correspond to the
expectations that the total mode places on the LAU module; and to summarize and report to the
project manager and client the results of those assessment tests. Because SMRA isa probabilistic risk

Fina
EPA QA/G-5M 90 December 2002



Source

Surface
Impoundment
Module

Module

Food Chain

Terrestrial
Food Chain
Module

Exposure/Risk

Ecological

Aerated
Tank
Module

Watershed
Module

Exposure/Risk
I Module

Landfill
Module

Vadose Zone
Module
Saturated Zone Farm
Food Chain
Module
Module

Figure 12. Module Componentsof 3SMRA.

Land Application
Unit Module

Wastepile
Module

- gt
Aquatic uman Human
‘ Surfacz VIVater Food Chain .l Exposure [ —%  Risk
‘ Module Module '| Module Module

assessment modd, reporting of uncertainty and variability associated with the output of the LAU
module is specified in EPA palicy.

Section A6: Project/Task Description and Schedule. It isimportant to document the
overal schedule because some assessments must be performed sequentialy while others may be
conducted independently. Thistask listsdl of the assessments and the time frame in which the tests
should be performed. The schedule for assessment of this module is constrained by the schedule for the
testing of the larger model. Thus, because this module is the first module run for the entire modd, it
needs to be assessed first. However, if unforseen problems with the output of this module are
discovered during the assessment of other modules receiving these data outputs, the LAU module must
be revised and re-assessed. Thisoverall project schedule is aso congtrained by regulatory deadlines.

Section A7: Data Quality Objectivesand Criteriafor Mode I nputsOutputs.
Because this project involves the assessment of module development, performance and acceptance
criteria are more gppropriate than DQOs. Modd performance criteriainclude: (1) evauation of pre-
smulation caculations and accuracy of caculated input data, (2) evaluation of agorithms for subarea
coupling and water baance, (3) performance of the Generdized Soil Column modd for benzene
diffuson and convection and the subarea coupling process, and (4) overdl performance of the LAU
module by benchmarking of the LAU module with the widely accepted HELP modd. The criteriafor
acceptance are specified for each test requirement in[Table 5

The module assessment requirements for the LAU module include testing of agorithms usng
hand calculations to ensure that the modd cal culates as intended, writing another program to ensure that
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the results of certain caculations within this model agree within + 0.1%, or benchmarking the model
using data from an externa source for comparison.

Table5. Description of Modeling Project Tasks

Quality
Technical Requirements Per sonnel Types of
Project Tasks Approach and Procedures | Requirements | Reports/Records
Read input data | Echo inputsto 100% agreement | Information Input and output
outputs, 10% specididts records
check of data
points
Pre-smulation Hand 100% agreement | Scientists Algorithm
cdculaions Cdculaions check. Spreadsheet and
Complete program
agreement with documentation
modeled vaues
Benzene diffuson | Independent Agreement Computer Output of model
computer between output modeler and independent
program to check | within 0.1% comparison model
verticd transport
cdculations
Subarea coupling | Set runoff Check of output | Scientists Inputs and outputs
process parameters to isanonzero vaue of modds,
nonzero and zero | and zero as checking nonzero
vaues expected and zero vaues
where appropriate
HELP Compare 10% of | 100% agreement | Scientists Modd outputs and
benchmarking modeled vaues familiar with corresponding
to externd externa externa
benchmarks from benchmark data | benchmark data
HELP model
Logicd flags Output logica Compareto see | Information Output of logica
flags to externa that 100% of specidist flags from multiple
fileand check for | logicd flagswere portions of the
agreement carried forward in model to assure
the andysis correspondence
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All data used in the model will be subjected to qudity control procedures. All datathat are
acquired through eectronic transfer from quality-controlled sources will be subjected to 10% check to
assure avdid data transfer has occurred. Any data that are hand entered specificdly for this module
will be subjected to a 100% check againgt primary or secondary data sources.

Section A8: Special Requirements/Certification. This section states that experience with
hazardous waste modding and information management is needed for this project.

Section A9: Documentation and Records. The documentation of the assessments from
Sections B7 and B9, and Groups C and D will include mode input and output files used in the
assessment process, inputs and outputs and modd code from any externa computer programs
developed to validate the modd, and any externd data sources used to benchmark the modeled
outputs. In addition, each module assessment step will include a signed QA documentation form for the
mode. Any changes made to the model code as aresult of QA checks will be documented using the
appropriate change control process.

5.3.3 Part B: Data Generation and Acquisition

Section B7: Calibration. Cdlibration will not be used for this mode dueto lack of data[see
Section C1 (Assessment and Response Actions) for benchmark testing].

Section B9: Non-direct Measurements (Data Acquisition Requirements). This section
documents the data used to generate the input data files (Ste layout data, LAU Module-specific
parameters, chemica properties parameters, and four types of meteorologica data—daily, monthly,
annud, and long-term average). This documentation will include the sources of these data, quality
assurance information about these data sources, and an indication of how the data were assessed to
determine if they were gppropriate for this moddl.

They will be assessed based on project requirements (e.qg., acceptable uncertainty and
variahility). All data used in mode testing are provided by EPA and will be evaluated for data quaity
for usein the LAU source model (e.g., representativeness, bias, completeness, and comparability to
expected input data). In addition, the data will be checked (100% for data that are hand-entered and
10% for data that are entered by direct eectronic transfer) to assure that the correct values have been
recorded in the data files. The sources of data used in the LAU modd will be numerous because many
types of data are necessary for thismodule. For example, meteorologic and climate data are acquired
from the Nationa Climate Center dectronicaly, soil texture data are available from an online database,
and chemica and physica data are available from literature sources (such as hard copies of
handbooks).
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Section B10: Data Management and

Har dwar e/Softwar e Configuration. Inthis 4 Chemical _ .
. i Y Site data Property Meteorologic) (LAU-specific
section, aflow diagram (like _Fléure 13] would be Data Data data

used to show the relationship between the parts of J { l

the module and describe how data flows through
these parts. The QA Project Plan would contain

details about how the data were pre-processed (in pre-processing
this case, unit conversions were needed) and how Generalized Soil
this pre-processing was done. Also in this section, Column Model
details would be included about how the data were l

entered into the Generaized Soil Column Modd— Model outputs

whether it was hand-entered, read from a database
or other file, generated interndly, or otherwise
entered into the modd.

Figure 13. Data Flow Diagram for the
LAU Module

The hardware and operating system for running this module would be described with enough
detall to determineif they meet the requirements specified for the mode (e.g., operaing system
compdibility, run time, memory).

534 Part C: Assessment and Response Actions

These assessments are representative examples of what was planned to be done, and are not a
complete list of model assessments.

Correctly Read Input Data. The LAU Module reads input deta from severd files, which are
ether preexisting (meteorological data) or are generated. Input data will be verified for: (1) Ste layout
data, (2) LAU Module-specific parameters, (3) chemica properties parameters, and (4) four types of
meteorologica data—daily, monthly, annud, and long-term average—by running the smulaionin a
mode that documents as output dl of the input parameter vaues to an externd file. Ten percent of the
parameter vaues documented in the output file will be randomly sdlected and compared with the
corresponding vaues from the inpuit files.

Resultswill be reported to the project QA officer in the format provided in If
exact agreement is not achieved between the input values and the output values, corrective action will
be taken by the modeling coordinator to assure that the correct files are read appropriately and the test
is repeated to document compliance.

Evaluation of Pre-smulation Calculations. Prior to executing the dgorithmsin the LAU
Module, each caculation in the spreadsheet will be evaluated for mathematical correctness (checked
againg the parent equation in the documentation, if applicable), reviewed for correct coding [e.g.,
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ensuring that parentheses were correctly placed in the assgnment statement or that the interna
cdculation order is correct, (e.g., multiplication before addition)], and reviewed for consistency among
units.

In addition, a number of parametersthat are interndly generated as a function of the input data
will be assessed to seeif they are correct. Single representative caculations of each type will be
selected for testing by the QA officer. A spreadsheet will be created to independently perform the
caculaions that generate the parameters of the selected representative LAU Module code for
comparison. To be correct, values can differ by no more than arounding error (usudly less than
+0.1%).

Results will be reported to the project QA officer and the modeling coordinator in the format
provided in If incorrect algorithms or deviations from the independent spreadisheet
caculation vaues are found, corrective action will be taken by the modeling coordinator to assure that
the agorithms are corrected and this test is repeated.

Assessment of Correct Operation of the Generalized Soil Column Model. The
Generdized Soil Column Modd is the fundamenta chemicad fate and trangport agorithm driving the
LAU dmuldion. It amulatesthe time-varigble, vertical digribution of chemicd massin aone-
dimensiond soil column aswell aslosses dueto interna sinks, emissions to the amosphere of volatile
and sorbed chemicd, losses from the surficid soil layer due to sorm water runoff and erosion, and
losses to the vadose zone from leaching. Computationdly, it is a semi-anaytica solution to the one-
dimensond, time-variable advective/diffusve differentia equation including firgt-order losses.

The assessment of correct operation of the Generdized Soil Column Mode will be conducted
by severa test cases, including benzene diffusion and convection, to check the mode’ s response to
severd individud key parameters. The planned test cases are described in this section.

Benzene Diffuson Thistest case will assess the most computationaly intensve aspect of the
LAU Module, the diffusive mass trandfer dgorithm, which smulates the diffusive mass flux emanating
from N individua computationa eements condtituting the “soil column,” combines the effects of each
element on dl the other dements, and performs the same operations in a“reflected” soil column to
achieve a zero concentration gradient boundary condition at the soil column’s lower boundary.

The diffuson dgorithm isimpractica to check in a Spreadsheet environment because of its
computationa complexity. Therefore, an independent computer program will be developed in BASIC
and usad to check these cdculations. Thiswill be a*clean-room” exercise in which only the
documentation and previous knowledge of the algorithm’s theoretical basiswill be used to develop it,
rather than by “reverse-engineering” the LAU Module code. The compiled program will be
documented and reported according to requirements specified in
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An output file of the vertica concentration profile will be produced by running the smulétion in
amode that will aso document dl of the corresponding input parameter vaues to an externd file. The
amulation will represent the times after the waste gpplication and again after the diffuson adgorithm are
goplied. Separatdly, the pogt-diffusion vertica concentration profile will be smulated by the module
and documented. The results will be reported to the project QA officer and the modeling coordinator
in the format provided in If deviations from the independent values are found, corrective
action will be taken by the modeling coordinator to assure that the algorithms are corrected, and this
testing process will be repeated to document compliance.

Benzene Convection Thistest case for benzene will be used to check the convective transfer
agorithm of the Generdized Soil Column Modd that shifts the vertica concentration gradient
downward by one computationa cell when a convection event occurs (i.e., when the chemica mass,
moving &t the effective convection velocity, has completely traversed the cdl’s depth). Thistest will be
conducted by producing before- and after-convection vertica profiles from a convection event in an
externd file mode and comparing them to ensure that the profile has been trandated downward by one
cel.

A spreadsheet presenting excerpts from the externd file on the convection event will document
the results of the Generdized Soil Column Mode convection agorithm assessment, and will be
reported to the project QA officer and the modeding coordinator in the format provided in
If the results do not show the downward trandation in the profile, corrective action will be taken by the
modeling coordinator to assure that the agorithms are corrected, and this testing process will be
repested to document compliance.

Assessment of the Correct Operation of the Subarea Coupling Processes. A locd watershed is
aland area containing the LAU and over which surface runoff is assumed to occur as sheet flow

(overland flow). It contains up to three subareas. the LAU, a downdope buffer between the LAU and
the water body, and possibly an up-dope subarea lying between the LAU and the local watershed
drainage divide. The locd watershed subarea coupling agorithm serves to take chemica (and solids)
meass being trangported off the LAU during a runoff event as overland flow and contaminating the
downdope buffer via settling and diffuson. The Generdized Soil Column Modd is essentidly aone-
dimensiond modd (vertical), smulating the fate and transport of chemicasin asingle subarea. These
subaress are coupled for purposes of smulating fate and transport across the local watershed by code
externa to the Generdized Soil Column Modd, which is the code of interest for assessng Requirement
4in (Quality Objectives and Criteria for Model Inputs/Outputs).

Subarea Coupling Algorithm Decoupling Test. As noted above, the mechanisms by which a
buffer area downdope of the LAU is contaminated are: (1) settling of eroded solids onto the buffer
and, (2) diffusive exchange of dissolved chemicas between the sorm water runoff and the underlying
pore space of the buffer’s surficid soil layer. These mechanisms are controlled by the solids' settling
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rate in sorm water runoff and the diffusion coefficient. A test case will be assessed asatwo-run
sengtivity andysisto ensure that cancdllation of these two coupling parameters would result in no
contamination of the downdope buffer subarea. Run 1 will use the default vaues (nonzero) for storm
water runoff and the diffusion coefficient to establish that contamination of the downd ope buffer occurs
when these values are nonzero. Run 2 will change these two parameter vaues to zero to assess
whether contamination will occur.

The buffer concentrations will be reported to the output file, and if the results of Run 1 were not
positive and the results of Run 2 were not zero, corrective action will be taken. The results will be
reported to the project QA officer and the modeing coordinator in the format provided in
If the results are not appropriate, corrective action will be taken by the modeling coordinator to assure
that the algorithms are corrected, and this testing process will be repested.

Benchmark Testing. Benchmark testing will be performed on portions of the module, and
additiond modd assessment will be performed to test modd performance. Benchmark testing is used
in this case because there are no existing datato usein mode cdibration. This assessment will
compare hydrology outputs of the LAU’ swater balance adgorithm to awidey accepted EPA
hydrology mode, the HEL P mode, which is more complex than the LAU module€' s water baance
agorithm but uses asmilar underlying mathematica construct. Approximate comparability of long-term
average results is expected with the benchmarks. Genera agreement of the various water balance
outputs with the outputs generated by the HEL P modd will be acceptable.

Thistest case will benchmark the water baance dgorithm againg results of the HEL P modd
for sx dtes(e.g., Miami, Ddlas, San Diego, Madison, Denver, and Sesttle) over five years.
Meteorologica files generated for these benchmark steswill be used with edited daily meteorological
filesto replace daily precipitation and daily temperature with the precipitation and temperature time
seriesfor the benchmark ste being run. The monthly meteorologicd file will aso be edited to replace
the monthly maximum and minimum average temperature time series vaues with those from the
benchmark gte. Each filewill end the time series a five years. The appropriate data file will dso be
edited to replace the Site latitude with the latitude of the benchmark ste. In addition, the appropriate
data file will be edited to make any non-LAU sub-areas have an area of 1.0 n? to minimize water
ba ance effects of those subareas. Identica vaues of the following water baance parameters will be
used for the HELP and HWIR water baance algorithm runs.

Results of comparisons of HWIR and HELP will be presented in spreadsheets for infiltration
rates and average run-off. In addition, this assessment will aso include average annua runoff rates for
the regions of the country pertaining to each of the Six Stes as taken from the Water Atlas (Geraghty et
d., 1973). Thefive-year average runoff values will be compared to those of the Water Atlas for each
of the six Stesaswdl asthe predictions of the HELP mode as a check of reasonableness of the HELP
output. This gpproach assumes that these empirica Water Atlas data are indeed an appropriate basis
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of comparisor?. The results will be reported to the project QA officer and the modeling coordinator in
the format provided in If the results do not show the appropriate correspondence with the
benchmarks, corrective action will be taken by the modeding coordinator to assure that the algorithms
are corrected, and this testing process will be repeated to document compliance.

5.3.5 Part D: Output Assessment and Model Usability

If the model outputs meet the internd criteria of the module as described in this test plan, they
should meet the requirements for the overall modd. Tota modd planning, development, and testing are
intended to assure that if each module meetsits own interna quality standards, the module output will
meet the requirements for the entire moddl.

Assessment of Correct Operation of System Requirements. Becausethe LAU isasource
module and is the firs module fired by the overdl modeding system, system-leve interactions with other
modules are relaively minor. However, some system-level functiondity is needed—for example,
outputting warning/error messages, output of logica flags, and time series management.

Logical Flags. A set of sevenlogica outputs will be generated by the LAU Module to check
that the outputs are properly generated. That is, the LAU need only have the potential to output that
variablefor theflagto be set a “true” It need not actudly have a non-zero output during the run. The
criteriafor properly generated flags will be checked via hand calculations.

The datafile results with the logical flags will be checked for agreement with the module
documentation, and the agreement will be reported to the project QA officer and the modeling
coordinator in the format provided in If the logic flags are incorrectly s, corrective action
will be taken by the modeling coordinator to assure that the logic flags are corrected, and this testing
process will be repesated to confirm compliance.

More benchmark testi ng would be required for more definitive statements regarding relative accuracy. For
example, only asingle curve number was used in the comparisons, and it is unknown to what extent that curve
number might represent average conditions as reflected by the Water Atlas data.
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APPENDIX B
TERMSAND DEFINITIONS

assessment - the eva uation process used to measure the performance or effectiveness of a system
and its ements.

audit (quality) - a systematic and independent examination to determine whether quaity activities and
related results comply with planned arrangements and whether these arrangements are implemented
effectively and are suitable to achieve objectives.

boundary condition - mathematica expresson of a state of the environmenta system that congtrains
the equations of the mathematical modd.

conceptual model - an interpretation or working description of the characteristics of the physica
sysem.

contractor - any organization or individua that contracts to furnish services or items or perform work;
asupplier in acontractud dtuation.

data quality assessment - adaidicd and scientific evauation of the data set to determine the validity
and performance of the data collection design and dtatistical test, and to determine the adequacy of the
data set for itsintended use.

design - specifications, drawings, desgn criteria, and performance requirements. Also the result of
deliberate planning, andysis, mathematica manipulations, and design processes.

environmental data - any measurements or information that describe environmenta processes,
location, or conditions; ecologica or hedlth effects and consequences; or the performance of
environmenta technology. For EPA, environmentd data include information collected directly from
measurements, produced from models, and compiled from other sources such as data bases or the
literature,

environmental data operations - work performed to obtain, use, or report information pertaining to
environmenta processes and conditions.

environmental processes - manufactured or natura processes that produce discharges to or that
impact the ambient environment.
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environmental programs - work or activities involving the environment, including but not limited to
characterization of environmenta processes and conditions; environmental monitoring; environmental
research and development; the design, construction, and operation of environmenta technologies, and
|aboratory operations on environmental samples.

evaluation - atest of the modd with known input and output information that is used to assess that the
cdlibration parameters are accurate without further change and to demonstrate mode performance.

graded approach - the process of basing the level of gpplication of managerid controls applied to an
item or work according to the intended use of the results and the degree of confidence needed in the
qudity of the results.

ingpection - an activity such as measuring, examining, testing, or gauging one or more characteristics of
an entity and comparing the results with specified requirements in order to establish whether
conformance is achieved for each characteridtic.

management system - a structured, non-technica system describing the policies, objectives,
principles, organizationd authority, responghbilities, accountability, and implementation plan of an
organization for conducting work and producing items and services.

method - abody of procedures and techniques for performing an activity (e.g., sampling, modeling,
chemicd andysis, quantification) systematicaly presented in the order in which they are to be executed.

mode! calibration - the process of refining the model representation of the environmenta framework,
properties, and boundary conditions to achieve a desired degree of correspondence between the model
smulations and observations of the environmental system and processes. The focusis usudly on the
estimation and characterization of empirical congtants used in parameterizations and mathematicd
representations of environmental processes.

participant - when used in the context of environmenta programs, an organization, group, or individua
that takes part in the planning and design process and provides specid knowledge or skillsto enable
the planning and design process to mest its objective.

performance evaluation - atype of audit in which the quantitative data generated in a measurement
system are obtained independently and compared with routingly obtained data to evauate the
proficiency of an analyst or laboratory.

quality - the totality of features and characteristics of a product or service that bear on its ability to
meet the stated or implied needs and expectations of the user.
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quality assurance - an integrated sysem of management activities involving planning, implementation,
documentation, assessment, reporting, and quality improvement to ensure that a process, item, or
sarviceis of the type and quality needed and expected by the client.

quality assurance manager - theindividua designated as the principad manager within the
organization having management oversight and responsibilities for planning, documenting, coordinating,
and asessing the effectiveness of the qudity system for the organization.

quality assurance project plan - adocument describing in comprehensive detall the necessary QA,
QC, and other technica activities that must be implemented to ensure that the results of the work
performed will satisfy the stated performance criteria

quality control - the overdl system of technicd activities that measures the attributes and performance
of aprocess, item, or service againgt defined standards to verify that they meet the Sated requirements
established by the customer; operationa techniques and activities that are used to fulfill requirements for

qudity.

quality system - a structured and documented management system describing the policies, objectives,
principles, organizationd authority, respongbilities, accountability, and implementation plan of an
organization for ensuring quality in its work processes, products (items), and services. The quaity
system provides the framework for planning, implementing, documenting, and assessing work
performed by the organization and for carrying out required QA and QC activities.

record - acompleted document that provides objective evidence of an item or process. Records may
include photographs, drawings, magnetic tape, and other data recording media.

sensitivity - the variaion in the value of one or more output variables or quantities caculated from the
output variables due to variability or uncertainty in one or more inputs to amodel.

sengitivity analysis - aquantitative evauation of the impact of variability or uncertainty in mode
inputs on the degree of calibration of amode and on its results or conclusions.

simulation - one complete execution of the computer program, including input and output.

sour ce code - the program ingtructions written in a programming language [FIPS PUB 106 (NIST)
definition].

specification - adocument stating requirements and which refers to or includes drawings or other
relevant documents. Specifications should indicate the means and the criteriafor determining
conformance.
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supplier - any individua or organization furnishing items or services or performing work according to a
procurement document or financid assstance agreement. Thisis an dl-inclusive term used in place of
any of the following: vendor, sdler, contractor, subcontractor, fabricator, or consultant.

surveillance (quality) - continua or frequent monitoring and verification of the status of an entity and
the andlysis of records to ensure that specified requirements are being fulfilled.

uncertainty —lack of knowledge about specific factors, parameters, or models.

variability - observed differences attributable to true heterogeneity or diversity in apopulation or
exposure parameter (variability can be better characterized but not reduced by further measurement or

study).

verification - confirmation by examination and provison of objective evidence that specified
requirements have been fulfilled. In design and development, verification concerns the process of
examining aresult of agiven activity to determine conformance to the stated requirements for that
activity.
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APPENDIX C
CHECKLIST FOR QA PROJECT PLAN ELEMENTSFOR MODELING

Name of Project this QA Project Planisfor:

GROUP A: PROJECT MANAGEMENT

Al. Titleand Approval Sheet
Contents this element may contain:

Title of QA Project Plan

Revison number of QA Project Plan

Effective date of QA Project Plan revison

Names of dl organizationsinvolved in modding project

Names of al key project officias responsible for the work, with space for dated signatures

D: D: D: D: OD:

A2. Tableof Contentsand Document Control Format
Contents this element may contain:

Title of dl sections, including subsections, tables, figures, references, gppendices
Page numbers for each section

Section for each QA Project Plan element

Document control box

D: D: D: OD:

A3. Didribution List
Contents this element may contain:

€ Lig of dl individuas (and their role on the project) who will be provided copies of the approved
QA Project Plan, including al persons responsible for implementation, including project managers,
QA Managers, and representatives of dl groups involved.

A4. Project/Task Organization
Contents this element may contain:

€ Concise organizaiond chart showing the rdationships and lines of communication among dl
project participants, other data users, and any subcontractors relevant to environmental data
operations

€ Project name and organizations involved, and a description of their respective responsibilities
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Ab5. Problem Definition/Background
Contents this element may contain:

Gods and objectives of this project that will address this problem

Definition of the population the problem targets and what measures within this populetion the
problem addresses

Reason the project includes a modeling approach to address the problem (isit anew predictive
tool?)

Types of decisions that may be made as aresult of this project

Names of those responsible for making these decisons

Any other types of problems that the project may address

Background information on the problem

Reasons the project isimportant, how it supports other existing research, programs, or regulations
Conflicts or uncertainties that will be resolved by this project

Reasons one modd is determined to be better than another for this gpplication

M: OD:

D:

(: M: @: @D: D: D: OD:

AG6. Project/Task Description and Schedule
Contents this eement may contain:

€ Summary of al work to be performed, products to be produced, and the schedule for
implementation

Ligt of products, ddiverables, and milestones to be completed in the various stages of the project
Schedule of anticipated start and completion dates for the milestones and deliverables, and
persons responsible for each

&
&

A7. Quality Objectivesand Criteriafor Mode InputsOutputs
Contents this element may contain:

Project data quality objectives (DQOs), performance criteria, and acceptance criteria
Description of task that needs to be addressed and the intended uses of the output of the
modeling project to achieve the task

€ Lig of requirements associated with the hardware/software configuration for those studies
involving software evauation

&
&

A8. Special Training Requirements/Certification
Contents this element may contain:

€ Typesof required training and certification needed by the project team
€ Panfor obtaining training and/or certification
€ Documentation of training and/or certification
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A9. Documentation and Records
Contents this element may contain:

M: @: D D D D D D D D D D

D: OD:

Description of information to be included in reports

Proper document control and distribution procedures

Detalls on document storage

Backup plan for records stored electronicaly

Description of the change control process (who approves changes, €tc.)

Length of retention periods for each record

Data assessment reports, interim project progress reports

Modd science formulation report, peer review reports

Mode assessment reports, interim project progress reports

Code standards, code auditing and testing reports, interim project progress reports

Modd cdlibration report

Mode evauation records (How well does the modd report varigbility and uncertainty in its
output?)

User's manua

Configuration management (after production version) and code maintenance (e.g., or software
internal documentation of logic and Structure) manuds

GROUP B: MEASUREMENT AND DATA ACQUISITION

B7. Calibration
Contents this eement may contain:

: D: D: D: D D D D OD:

Objectives of modd calibration activities, including acceptance criteria
Frequency of model cdibration activities

Details on the modd calibration procedure

Method(s) of acquiring input data

Types of output generated by the modd calibration

Approach to characterize uncertainty (e.g., sengtivity anayss)
Corrective action to be taken if criteria are not met

Resources and respongbilities for calibrating the model

Anaysis of mode output relative to acceptance criteria
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B9. Non-direct Measurements (Data Acquisition Requirements)
Contents this element may contain:

:

D: D: D: D: OD:

Types of data needed for implementing a project that are obtained from non-measurement sources
such as databases, literature files

Need for non-direct measurements, intended use of data

Method(s) of identifying and acquiring data

Method of determining the underlying quadlity of the data

SOPs and fidld or lab-specific deviations associated with these procedures

Acceptance criteriafor non-direct measurements. such as compl eteness, representativeness, bias,
precison, quaifying data

B10. Data Management and Har dwar e/Softwar e Configuration
Contents this element may contain:

D: D: D: D: OD:

Information on the project data management process (field, office, and lab)

Record-keeping procedures, document control system, audit trails

Control mechanism for detecting and correcting errors, preventing loss of data

Procedures for assuring gpplicable Agency resource management requirements are satisfied
Required computer hardware/software and any specific performance requirements

Data M anagement

M: OD:

M: d: Od:

Any dataforms, checkligts, on-line interactive screens used in the modeling process

Any graphics developed to document the data management process (process flow diagrams,
modeling flow charts, etc.)

Documentation of interna checks used during data entry

Data cd culaions and anayses that should to be highlighted in the QA Project Plan

Mans for characterization of uncertainty and varigbility in the modd results (e.g., summary
datistics, frequency distributions, goodness-of-fit tests)

Har dwar e/Softwar e Configuration

(@: D: @: @: OD: D: D:

List of equipment, hardware, and software that will be used on the project
Description of performance requirements

Decisons regarding security issues

Decision regarding communication issues

Decisons regarding software indalation issues

Decisons regarding response time issues

Pans for requirements documentation
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(: M: @: @D: D: @: O@:

Coding standards

Tedting plans

Pansfor data dictionary (may not need to be a separate document)

Plansfor auser’s manud

Fans for amantenance manud (explaining software logic and organization)

Plans for source code for the ultimate user of the model or modd framework

Configuration management plan (procedures to control software/hardware configuration during
development of the origind mode version)

GROUP C: ASSESSMENTSAND OVERSIGHT

C1l. Assessment and Response Actions
Contents this element may contain:

®: (@: : M: @: D: OD:

D: D: D: D: OD:

Assessment/oversight strategies and schedule of assessment activities, order of events
Organizations and individuas expected to participate in assessments, including peer reviews
Information expected, success criteria

Scope of authority of assessors to recommend or direct changes to the mode (corrective actions)
Quadlitative and quantitative assessments

Interna assessments (internal QA officer’ sreview of input data, code verification, cdibration,
benchmarking) and externa assessments (peer review of modd theory or mathematica structure)
Surveillance activities (continued monitoring of status and progress of the project, tracking project
milestones and budgets)

Pans for modd performance evauations

Mans for sengtivity andyss

Pansfor uncertainty anayss

Pansfor data qudity assessment

Pansfor code testing

Har dwar e/Softwar e Assessments

(M: D: @: @D: D: OD:

Pansfor hardware and software configuration testing, if appropriate
Pansfor code verification tests

Pansfor interna and externa peer reviews

Mansfor checking for programming errors

Pansfor checking for correct insertion of mode equations

Pansfor checking for code s linkage to andysis of uncertainty
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Har dwar e/Softwar e Configuration Tests

Plans for software code development inspections

Plans for software code performance testing

Pansfor atest of the mode framework

Pansfor integration tests (check computationa and transfer interfaces between modules)
Pansfor regression tests

Pansfor dress testing of complex models (to ensure that maximum load during peak usage does
not exceed limits of the system)

Plans for acceptance testing (contractua ly-required testing needed before a new mode or model
gpplication is accepted by the customer and final payment is made)

Plansfor betatesting of pre-release hardware/software, recording of anomalies

Mansfor checking for programming errors

(@: : M: @: D: OD:

:

M: OD:

Plansfor science and product peer review

Theoretical basis for the model

Mathematical mode structure

Modd dgorithms

Modd predictions

Modd calibration

Pansfor data quality assessment

Pansfor peer review of find technica product

(: M: @: @D: D: D: O@:

C2. Reportsto Management
Contents this element may contain: plans for documentation of:

Project reporting schedule

Frequency, content, and distribution of reports

Deviations from approved QA Project Plan

Need for response actions to correct deviations

Potentid uncertainties in decisons based on input data and mode limitations
Data Qudity Assessment findings

(M: M: @: @D: D: OD:
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GROUP D: DATA VALIDATION AND USABILITY

D1. Departuresfrom Validation Criteria
Contents this element may contain:

€ Criteriaused to review and validate (accept, rgiect, or qualify) model components such as theory,
mathematical procedures, code, and calibration (convergence criteria, etc.)

Criteria used to review and vdidate input data

Criteria used to test model performance

Criteria used to review or validate mode outputs

D: D: D:

D2. Validation Methods
Contents this element may contain:

€ Methodsfor review of mode components such as theory, mathematical procedures, code, and
cdibration (peer review, €tc.)

Methods for review of input data

Methods for review of model performance tests

Methods for assessment of mode output and usability

M: d: OD:

D3. Reconciliation with User Requirements
Contents this element may contain:

€ Discussion of project or task results
€ Lid of departures from assumptions set in the planning phase of the model
€ Report on limitations on use of output data for decision makers or users
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