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FOREWORD

The U.S. Environmental Protection Agency (EPA) has devel oped the Data Quaity Objectives
Decision Error Feasbility Trials (DEFT) software (Windows Version 1.0) to support the application of
the Data Qudity Objectives (DQO) Process, a systematic planning process developed by EPA. The
DQO Processisthe Agency’s preferred planning process when making decisions that involve selecting
between opposing conditions. The DQO Processis an important tool for project managers and
plannersto define the type, quaity, and quantity of data needed to make defensible decisions.

This document provides guidance to EPA program managers and planning teams. It does not
impose legdly binding requirements and may not gpply to a particular Stuation based on the
circumstances. EPA retains the discretion to adopt approaches on a case-by-case basis that differ
from this guidance where gppropriate. EPA may periodicaly revise this guidance without public notice.

This document is one of the U.S. Environmental Protection Agency Quality System Series
documents. These documents describe the EPA policies and procedures for planning, implementing,
and assessing the effectiveness of a qudity system. 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 Avenue, NW
Washington, DC 20460

Phone: (202) 564-6830

Fax: (202) 565-2441

emall: quaity@epagov

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

http://mww.epa.gov/qudity
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CHAPTER 1
GETTING STARTED

11 INTRODUCTION
What isthe DEFT software and this User’s Guide?

The Decision Error Feasbility Trids (DEFT) software (Windows Version 1.0) was devel oped
to asss in determining the feasibility of data quality objectives (DQOs) developed using the Data
Qudlity Objectives Process. DEFT alows decison makers and members of a planning team' to
quickly generate cost information about several Smple sampling designs based on the DQOs. If
necessary, the planning team can change the DQOs and evaduate the effect of these changes.

This user’ s guide contains detailed ingtructions on how to use DEFT. It isdesigned to
supplement the EPA Guidance on the Data Quality Objectives Process (QA/G-4) (EPA, 2000c)
which describes the DQO Process in detail. Therefore, this user’ s guide does not provide ingtructions
on implementing the DQO Process, but instead contains information on how to use the DQOs
generated through the DQO Process in DEFT.

How does DEFT determine feasibility?

DEFT uses the DQOs developed by a planning team to provide an estimate of sample number
and codt. It determines feasihility based on economic considerations, not policy or other quditative
criteria
How does this version of the software differ from the last [Version 4.0 (DOS)]?

Thisisthe Windows Verson 1.0 of DEFT. Mgor changes from the previous release of DEFT,
which was DOS verson 4.0, include:

. added capabilities for addressing hypotheses concerning population proportions and
population percentiles,

. new routines for determining fal se acceptance error rates when asample szeis
Specified;
. the ability to save, print, and copy the decision performance goa diagram; and

! The DQO Process emphasi zes using a multi-disciplinary team approach to offer different kinds of perspectives
for reaching consensus about critical elements of the planning process, such as decision statements and decision
error limits that are acceptable. An example DQO planning team might include a chemist, engineer, geologist, and
toxicologist to support the project manager and QA officer.

DEFT Windows Version 1.0
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. aWindows platform design (i.e., the software is now designed to run in a Windows

environment instead of DOS).

Other minor changes have dso been implemented, such as the ability to consder afixed sampling cost
or the use of a coefficient of variation instead of a standard devition.

What isthe DQO Process and how does DEFT assist in its implementation?

The DQO Process (Figure 1) is a 7-step systematic planning process developed by EPA (EPA
2000c). It provides a systematic procedure for defining the criteria that a data collection design should
satisfy, including when to collect samples, where to collect samples, the tolerable level of decison

errors for the study, and how many samplesto collect.
The DQO Process usudly is conducted using a multi-
disciplinary team approach.

Two difficult stepsin the DQO Process are Step
6: Specify Tolerable Limits on Decison Errors, and Step
7. Optimize the Design. During Step 7, the DQOs are
incorporated into a sampling design. If the DQOs are not
feasble, it is necessary to iterate through one or more of
the earlier steps of the DQO Process to revise or relax the
criteriauntil the planning team is able to identify a sampling
design that will meet the budget and generate data that are
adequate for the decison. Thisiteration can betime-
consuming and costly. DEFT reduces the need for this
iteration by determining the feasibility of the DQOs before
the final step of the DQO Process isimplemented.

What are DQOs and how do they related to DEFT?

DQOs are quditative and quantitative statements
derived from the outputs of the first Six steps of the DQO
Process that:

. Clarify the study objective;

. Define the most gppropriate type of data
to collect;

. Determine the most appropriate conditions
from which to collect the data; and

DEFT
EPA QA/G-4D 2
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Figurel. DEFT and the DQO Process
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. Specify tolerable limits on decison errors which will be used as the basis for
edtablishing the quantity and quality of data needed to support the decision.

The DQOs are then used to develop a scientific and resource-effective data collection design. DEFT
hel ps determine the feasihility of the DQOs before a data collection design is devel oped.

Where can | find information on the DQO Process?
The DQO Processis described in the following two documents:
. Guidance for the Data Quality Objectives Process (QA/G-4) (EPA, 2000c)

. The Data Quality Objectives Process for Hazardous Waste Ste Investigations
(QAIG-4HW) (EPA, 2000a)

The first document provides generd guidance; the second provides guidance for Superfund and
Resource Conservation and Recovery Act applications.

This User’s Guide does not describe the DQO Process or its outputs (DQOS) in detail because
thisinformation is contained in the documents listed above. It is strongly recommended that those who
are unfamiliar with the DQO Process use the above documents and the help screensin DEFT to obtain
more information on the DQO Process.

1.2 CONSIDERATIONSFOR DECIDING WHEN TO USE DEFT
When should | use DEFT during the DQO Process?

DEFT was developed primarily as atool for the program manager and planning team to use
before consulting with a datigtician to develop a sampling design. The software is mostly used between
Step 6: Specify Limits and Decision Errors and Step 7: Optimize the Design of the DQO Process.
DEFT generates cost information about severd ample sampling designs based on the outputs from the
fird Sx steps of the DQO Process. The planning team can use this information to evaluate whether the
DQOs generate codt-feas ble sample sizes before the sampling and analys's design team begins
developing afind sampling design in the last step of the DQO process.

What are some additional applications of DEFT?

In addition to the standard application of the DQO process described above, DEFT can
address dternative Stuations indluding:

DEFT Windows Version 1.0
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. Egtimation of population parameters;

. Reconciling project results with the DQOs,
. Testing hypothesis for percentiles, and
. Egimating sample szes for grid sampling.

These topics are discussed in Chapter 4.
What planning should | do before using DEFT?

Before usng DEFT, the planning team should complete Steps 1 through 6 of the DQO Process
to define the DQOs required to achieve data of appropriate quality for itsintended use. For example,
the planning team should carefully define the decision rule to be tested (Step 5 of the DQO Process) in
order to properly frame the use of the outputs from DEFT. The team should aso carefully consider the
consequences of decison errors and use this analysis to set the limits on decison errors (Step 6 of the
DQO Process). Note that there are no rules for setting the limits on decision errors, and thereis no
easy way to sdlect limits. EPA recommends setting the limits based on an analys's of the consequences.
A lack of serious condderation about the consequences of making afase rgection or afdse
acceptance decison undermines the effectiveness of using DEFT to caculate sample Size.

For what problems can DEFT generate sample sizes?

Thisverson of DEFT will generate sample sizes using different sampling designs for the
following questions

. |s the population mean greater/less than a fixed standard? For example, does the
mean concentration of hazardous waste in a drum exceed the regulatory threshold?

. |s the population proportion/percentile greater/less than a fixed standard? For
example, in astorage yard where waste drums of many types have been placed, does
the proportion of drums containing hazardous waste exceed 50%?

. |s the difference between two population means significant? For example, does
the mean concentration of radioactive soil contaminants at the former fuel processng
facility exceed the mean concentration of radioactive soil contaminants in the downtown

city park?

. Is the difference between two population proportions/percentiles significant? For
example, does the 98" percentile of daily PM,, particulate concentration measurements
taken during 1998 in St. Louis differ ggnificantly from the same measurements taken
during 1999?

DEFT Windows Version 1.0
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Chapter 2 describes the sampling designs available in DEFT that can be used in designing a study to
answer these questions and Chapter 3 provides examples of these gpplications usng DEFT.

When shouldn’t | use DEFT?

DEFT isnot an expert system that considers the appropriateness of the DQOs or ensures an
optima (or even feasble) sampling design. Therefore, the software should not be used to vdidate the
DQOsor to select afind sample sze. DEFT should be used only to evauate the feasihility of the
DQOs generated through Step 6 of the DQO Process. In Step 7 of the DQO process, more
sophigticated tools may be used to aid in design optimization, which may yield alower-cost design.

Thereis no easy method for developing an optima sampling design. Factors such as
environmental medium, parameter of interest, contaminant of interest, and sampling boundaries as well
as components of cost and variance al affect the choice of a sampling design. The gpplication of DEFT
for calculating a number of samplesis straightforward for random sampling across space when the
population remains relaively datic over time. For example, DEFT is particularly applicable for
cdculating sample szes when investigating dow-moving contaminants in surface soil because the
samples can be collected randomly across space, and the concentrations do not change much over
time. On the other hand, when investigating contaminants in ground water, sampling locations may need
to be redtricted to locations where wells currently exist, and the concentrations at any given location
may vary greetly over rdatively short periods of time, making the problem much more dynamic. DEFT
is not designed to handle problems that involve streams of data over time, which require careful
congderation of how corrdations affect the andyss.

Volatile contaminants may present complex chalenges because they may move quickly through
an environmenta medium, thereby creating a dynamic sampling problem in the fid, while aso posing
difficultiesin implementing andytical methods, thereby creating measurement problems in both the field
and the |aboratory. DEFT does not address these types of problems involving dynamic fate and
trangport for processes such as volatilization, retardation, or decay.

DEFT has capabilities that can be misused aswedl. A composite sampling design is gpplicable
for testing hypotheses concerning the mean; however, it is not gpplicable for testing hypotheses
concerning percentiles. An optimal sampling design accounts for al factors relevant to the problem at
hand, and is practicd, feasible, and satisfiesthe DQOs. DEFT cannot take adl of these factorsinto
account, hence it should not be used to determine the sampling design or find sample size.

What statistical assumptions does DEFT make?

For the one-population cases, it is assumed that the action level isfixed (i.e, the action levd isa
known quantity) and that thereis only oneinfinite (or extremely large) population. For the two-
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population cases, it is assumed that both sample Szes are large and that the variability of the two
populations are gpproximately equal. For example, the one-population case tests whether the mean
concentration of a contaminant at a Site exceeds a hedth-based standard. A two-population case tests
whether or not the mean concentration of a contaminant at an industria Site exceeds the concentration
a anearby resdentia dte (each Steis considered to have a separate population of interest, and
samples from both sites are required for the caculation). DEFT aso assumes that a design comparable
to elther asmple random sampling design or a sratified Smple random sampling design is feesble. For
example, DEFT isnot designed to be used to determine the number of drinking water wells to be
selected when the sample wells will be selected on the basis of hydrogeology instead of sdected
randomly.

What quality control procedures has DEFT been subjected to?

This software was peer reviewed and incorporates revisions recommended by the reviewers.
It has been tested extensively including an andysis of the inputs, processes and expected outpuits for
eech routine. Thistesting is documented in the Test Plan for the Data Quality Objectives Decision
Error Feasbility Trials (DQO/DEFT) Software (Flanagan and Aanstoos, 2001).
13 INSTALLATION AND USE
What computerswill run DEFT?

Any computer running Windows 95 or Windows NT or their successors should be able to run
DEFT. Itsmemory and disk requirements are negligible compared with other Windows applications.
The minimum graphic resolution required is 640x480, with 800x600 recommended.
Howdo |l install DEFT?

Toingdl DEFT, save the file gdd-find.exe to your computer. Then

1 Sdect “Run” from the Taskbar Start menu

2. Enter “x:\gdd-find.exe’ subgtituting the location where you saved the gdd-find .exefile

for x. If you received the DEFT software on afloppy disk, enter the drive letter for x.

The DEFT software is then ingtaled in the in the default folder c:\deft.
Howdo | start DEFT?

After DEFT has been ingtdled:

DEFT Windows Version 1.0
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1 Click on the Start button found on the Windows task bar
2. Sdect “Run’
3. Enter “c:\deft\deft.exe” by the ‘Open’ prompt and then press“OK”.

Alterndively, you can run DEFT directly from afloppy disk by entering “x:\deft.exe’” (where x isthe
letter of your disk drive) in Step 3. Also, you can manudly create an icon from which to launch DEFT
and place it on your desktop and/or Start menu. See your Windows documentation for directions.

When DEFT islaunched it displays an opening screen with generd information about the
program’ s purpose and proper use. After you click the OK button, DEFT then prompts you for your
initid DQO inputs which are described in Chapter 2.

How do | skip the entry screens?

DEFT prompts the user to enter the information from the DQO Steps 1 through 6 based on a
series of five entry screens. Thefirgt entry screen determines the parameter of interest (see Section
2.1). To skip theremaining entry screens, click on the Summary button in the bottom right corner of
the second entry screen. Thiswill take you directly to the Desgn/DQO Summary Screen (Section 2.3)
using the default vaues contained in DEFT.

Howdo | start a new analysis?

To exit DEFT through the Desgn/DQO Summary Screen, press the Exit button on the bottom
right-hand corner of the Desgn/DQO Summary Screen. DEFT will then ask if you want to “Start a
new DQO analysis?’ Pressing the No button will exit the program.

Wherecan | get help?

An dectronic copy of this User’s Guide is accessible by clicking on the Help button contained
on each DEFT window or didog box.

How do | exit DEFT?

To exit the software at anytime, click on the close button (the X in the upper right hand button)
of an DEFT window or diaog box.

14 RELATED SOFTWARE PRODUCTS

In addition to DEFT, there are severd free computer-based programs available that are related
to the DQO Process. Each of the programs listed below operate on an IBM PC with aVGA monitor.

DEFT Windows Version 1.0
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Visual Sample Plan (VSP) (dgo.pnl.gov/V SP/Index.htm) — VSP is designed to
select the number of samples and provide random or gridded sampling locations, based
on various sampling schemes, overlad on aste map. VSP includes SampTOOL, an
Internet tool to guide the user in selecting an gppropriate sampling design given the type
of problem and environmenta medium (surface soil, subsurface soil, sediment, surface
water, groundwater, air, biota, contaminated materia, and surface).

DQO-PRO (www.acs-envchem.dug.eduw/dgopro.htm) — DQO-PRO helps a user
understand the significance of the DQOs by showing the reationship between the
numbers of samples and DQO parameters such as confidence levels for fase
acceptance and false rgjection decision errors; tolerable error versus andyte
concentration, standard devition, etc.; and confidence levels versus sampling area grid
sze. DQO-PRO can be used to caculate the number of samples required to meet the
DQOs or satisfy the desired confidence interva widths.

GEOPACK (www.epa.gov/ada/csmos/'model s'geopack.html) — GEOPACK isa
comprehengve geodtatisticd software system for conducting analyss of the spatia
variability of one or more random functions. GEOPACK is menu-driven, user-friendly,
requires a minimum number of input data, and includes on-line help.

In addition to the programs listed above, there are numerous statistical packages that are useful in

implementing the DQO process.
DEFT Windows Version 1.0
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CHAPTER 2
USING THE SOFTWARE

DEFT usesthe DQOs defined in Steps 1 - 6 of the DQO Process to determine their feasibility
basad on severd smple sampling designs. Thisis donein three seps:

1)
2)
3)

the information from DQO Steps 1-6 are entered into DEFT (Entry Screens),
thisinformation is then verified and saved (the Input Verification Screen), and
findly DEFT uses thisinformation with different sampling designs to estimate sample
sze and costs (the Desigr/DQO Summary Screen).

These steps are described in detail in this Chapter and examples are provided in Chapter 3.

Note: The information below describes information required for
the software and constraints related to the software. It does not
describe the DQO Process or its outputs in any detail. For this
information, consult the EPA Guidance for the Data Quality
Objectives Process (EPA, 2000c).

21 ENTRY SCREENS

DEFT prompts the user to enter the information from the DQO Steps 1 through 6 based on a
series of five entry screens. Thisinformation is described below and summarized in Table 1. For each
item, the relevant step of the DQO Processis provided.

Note: To skip all entry screens after thefirst, click on the
Summary button in the bottom right corner of the second entry
screen. Thiswill take you directly to the Design/DQO Summary
Screen (see Section 2.3) using the default values contained in
DEFT and described below.

The software automatically starts with a smple random sampling design o that the user only
enters the minimum amount necessary to generate asample size. On each entry screen thereisa
NEXT button which must be clicked in order to accept the values shown on that screen and advance to
the next screen. (Note: The ENTER key will NOT advance to the next screen; you must click
NEXT.) Onadl but thefirst entry screen there aso appears a BACK button which will dlow you to
back up to the previous screen. When each screen initidly appears, the fiedlds on it arefilled in with
default values which you can ether accept or change. To move between fidds for the purpose of
entering or changing vaues, you may ether click in the desired field with the mouse or use the TAB key
to move to the next field.

DEFT
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Tablel. DQOsto Enter Into DEFT

Valid DQO
DQOs Entries Step Entry Screen
Parameter Of IntereSt Paraﬂ 5 DEFT - Parameter Selection HE
M ean or Proportl on Select the Parameter of Interest
Number of PODUlati ons " Population Propartion
Oneor Two _
Select Hurmber of Populations
% One Population
" Two Populations
The parameter of interest should have been identified in
Step b, Develop a Decision Rule. of the DQO Process.
MEST »»
Minimum Value of the Parameter For Means 6
of Interest (MIN) MIN < MAX [DEFT - One Sample Meanimpuis

For Proportions
0if 1 population
-1if 2 populations

Maximum Vaue of the Parameter
of Interest (MAX)

For Means
MAX > MIN

For Proportions
1 for both 1 and 2
populations

Help
Other Bound of the Gray Region

Estimate of Minimurn ¥ alue: ] The Gray Region is bounded on one side by the
action level [the lower bound]. Because of the
Estimate of Maximum Y alue: 100 selected baseline condition, the ather bound [the
upper bound) must be greater than the action level.
Action Level [AL]: 50 Enter the upper bound.

e

Estimate of Standard D evistion

® Use This Value: 1667

" Coefficient of Yariation: [2g ZafAL(=10 )

MOTE: These values should have been identified in Steps 5 and B of the DOO Process.

SUMMARY

Select Bazeline Condition Upper Bound:

" Ho: mean >= AL ve. Ha: mean < AL

& Ho: mean <= AL vs. Ha: mean » AL

<< BACK, NEKT 5> |
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Tablel. DQOsto Enter Into DEFT

For two populations,
AL =0.

Basdine and Alternative
Conditions

1. H,: parameter>AL
vS. H,: parameter<AL

2. H,: parameter<AL
vs. H,: parameter>AL

Help

Action Level [AL)

Bounds of the Gray Region (GR)

MIN < GR < AL or
AL <GR<MAX

Estimate of Mirimurn Y alue:

Estimate of Maximum Yalue:

Select Baseling Condition
" Ho: mean »= AL vs. Ha: mean < AL

@ Ho: mean <= AL vs. Ha: mean > AL

Valid DQO
DQOs Entries Step Entry Screen
Action Level (AL) MIN <AL <MAX 5
[DEFT - 0 Sample Meanmpus —————— —

]
W action level [the lower bound). Because of the
a0 Enter the upper bound.

Upper Baund:

® Use This Value:

" Coefficient of Variation: [20 Zofal(=10 )

MOTE: These walues should have been identified in Steps 5 and B of the DOO Process.

<< BACK MEXT »»

Other Bound of the Gray Region
The Gray Region is bounded on one side by the

selected baseline condition, the other bound [the
upper bound) must be greater than the action lewvel,

—

Estimate of Standard Deviation

16.67

SUMMARY

Estimate of Standard Deviation
(SD)

0<SD<2* (MAX-MIN)

Sampling and Analysis Costs

Costs > 0

DEFT - Laboratory and Field Costs
Help

These may have been determined in Step 3, Identify
Inputs to the Decision, of the DEO0 Process.

Laboratony Cost Input

Labaratory Costs Per Sample: 1000.00
Field Cost Input
Field Costz [Per Sample]: 50.00
s éﬁé.{..g.é.ﬁal.%
" Total

<< BACK, NEXT »»

EPA QA/G-4D

11

Windows Version 1.0
September 2001



Tablel. DQOsto Enter Into DEFT

Valid DQO
DQOs Entries Step Entry Screen
False Rgection (FR) and False O<FR <05 6
Acceptance (FA) error limits at the O<FA <05 DEFT - Decision Error Limits
bounds Of the gray rQI on Enter the decizion error limits corezponding o the upper
and lower bounds of the gray region.
Thesze should have been identified in Step B, Specify
Limits on Decizion Errors, of the DOO0 Process.
Lower Eound [50]:
Falze Rejection Error Limit. FR 0.05
Upper Bound [E0]:
False Acceptance Eror Limit, FA 01
<< BACK NEXT >> |
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Tablel. DQOsto Enter Into DEFT

p = Probability associated with x)

Valid DQO
DQOs Entries Step Entry Screen
Additional Error Limits Above and Below the Gray Region 6
Below the Gray Region MIN <x < GR
Or DEFT - Additional Decision Error Limits
(x = Concentration/Proportion, MIN < x < AL ote Dt o o Lirhs Snis b el e © < Evs Ui 205 1o

Below Gray Region:

Above the Gray Region

GR <x <MAX 0
or
AL <x<MAX

(Limit of two additional

False Rejection Error Limit, FR

Concentration  Decizion Eror Limit® - Concentration  Decizsion Eror Limit Concentration

Gray Region: Abave Gray Region:
False Acceptance Ermar Lirmit, FA

Decision Erar Limit*

o 50 0os [0 s
I & 01 I e—

If ha additional error limits are desired, press 'WEXT >3\

<< BACK NEAXT »»

entries above and
below.)

O<p<05
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Parameter of Interest: The parameter of interest is a descriptive measure of some
characterigtic or attribute of the satistical population. Defining the parameter of interest
consists of two parts - selecting the parameter (valid entries are mean and proportior?)
and identifying the number of populations (either a Sngle population for comparing the
parameter to afixed standard, or two populations for determining the difference
between the parameters from each population). Note:  Once the parameter of interest
has been sdlected, it may not be changed. (DQO Process Step 5)

Minimum and Maximum Values (Range) of the Parameter of I nterest: If the
parameter of interest is a population mean or the difference between two population
means, estimates of the minimum and maximum possible vaues are necessary for
scaing, graphing, and computing default values. The range of the population mean must
fdl within the range of possible concentrations. If the parameter of interestisa
proportion, the minimum vaueis automaticaly set to 0 and the maximum vaue is
automatically set to 1. If the parameter of interest is the difference between two
proportions, the minimum vaue is automaticaly set to -1 and the maximum vaue is
automatically set to 1. These vaues are referred to throughout the rest of DEFT asthe
“minimum” and “maximum” concentrations. (DQO Process Step 6)

Action Level: Theaction leve isavauethat provides the criterion for selecting
among dternative actions. For the one sample casg, this software assumes thet the
action level isfixed, such as aregulatory standard. For the two sample case, the default
action levd is zero to indicate “no difference between the two populaion parameters.”
(DQO Process Step 5)

Baseline and Alternative Hypotheses: The basdine (H,) and dternative (H,)
conditions are used to identify which error isafase rgection error and which isafase
acceptance error. There are two choices for the basdline and aternative conditions:

1) H,: Parameter > Action Levd vs. H,; Parameter < Action Leve and
2) H,: Parameter < Action Level vs. H, Parameter > Action Leve.

Once selected, these may not be changed. Because the dternative condition isthe
opposite of the basdine condition, DEFT will only state the basdine condition after this
sdlectionis made. (DQO Process Step 6)

2Note that determining sample sizes for testing hypotheses concerning percentiles is equival ent to determining
sample sizes for hypotheses concerning proportions. Therefore, only proportions are displayed in the software.
Chapter 3 describes the process of translating hypotheses concerning percentilesinto hypotheses concerning

proportions.
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Gray Region: The gray region isarange of possble parameter values where the
consequences of afase acceptance decision error are relatively minor. The gray region
is bounded on one Sde by the action level and on the other Sde by that parameter vaue
where the consequences of making a fa se acceptance decision error begin to become
ggnificant. The program will automaticaly determine whether this bound should be less
than or greater than the action level, based on your choice of basdine condition. (DQO
Process Step 6)

Estimate of Standard Deviation: When the parameter of interest is a population
mean or the difference between two population means, an estimate of the standard
deviation of the population of interest is necessary for computing sample sizes. (If the
parameter of interest is a proportion or the difference between two proportions, an
estimate of the standard deviation is not required.) The standard deviation is the square
root of the variance. An estimate of this value may be available from a pilot sudy or
the user can use the DEFT default value? If the difference between two meansisthe
parameter of interest, DEFT assumes that the stlandard deviations of both populations
areequa. The standard deviation must be greater than zero and less than or equa to
two times the range of the population parameter (i.e., the standard deviation must be
less than or equd to two times the maximum concentration minus the minimum
concentration). Alternatively, the standard deviation may be specified as afixed
percentage of the action level. This percentage is sometimes referred to as the
coefficient of variation, and this option may be chosen from the standard deviation entry
screen. (DQO Process Step 3)

Sampling And Analysis Costs. The average unit cost of anadyzing asample and the
average unit cost of collecting asamplein the field are used to compute the total cost of
asampling desgn. The average cost of anadlyzing asample isreferred to asthe
“|laboratory cost” and the average unit cost of collecting asampleisreferred to as the
“fiddd cost” in DEFT. Both the laboratory and field costs must be greater than or equa
to zero. For the field sampling cog, an dternative to specifying a per-sample cost isto
gpecify the tota cost for al samples regardiess of their number. For the case where
sample collection and measurement andysis are one process, you should enter the cost

3If there is no estimate available, then the (Maximum Concentration - Minimum Concentration) / 6 may be used as
arough approximation of the standard deviation. The default value assumes the population is normally distributed,
i.e., that 99% of the values are represented by the mean + 3o, and, therefore, the max-minisequivaent to 60. Note
that this approximation is based on the range of the population, not the range of the population parameter and it
should only be used if there is absolutely no other information available. The approximation isonly valid for the
purposes of DEFT, i.e., determining the feasibility of the DQOs. Y ou should consult a statistician before developing
an estimate for use in the actual sampling design.
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of this process as the ether the laboratory cost or the field cost and set the other cost
equa to zero. (DQO Process Step 3)

. Probability Limits on Decision Errorsfor the Bounds of the Gray Region:
Limits on the probability of false rgection error and a fal se acceptance error must be
specified in order to compute sample sizes. DEFT will prompt you to enter these
probabilities after it automatically determines which error is afase acceptance error
and which isafasergection error. Both probabilities must be greater than 0 and less
than or equal to 0.5. (DQO Process Step 6)

. Additional Limitson Decision Errors. The DQO Process dlows the planning
team to set additiond limits on decision errors besides those on the bounds of the gray
region, athough thisis not required. In generd, tolerable limits for making a decison
error should decrease as the consequences of a decision error become more severe
farther away from the Action Levd. For example, the economics of making afdse
acceptance decison error may become more important as the true concentration is
farther from the Action Leve and the limits on decision error may be reduced at this
point. DEFT will dlow you to enter up to two additiond limits below the lower bound
of the gray region and up to two additiona limits above the upper bound of the gray
region. All probabilities must be greater than 0 and less than or equal to 0.5. (DQO
Process Step 6)

22 THEINPUT VERIFICATION SCREEN

Once the DQOs are entered, DEFT displaysthe Input Verification Screen (Figure 2). This
screen is used to verify the inputs from the entry screens. Any incorrect vaues can be corrected et this
time by pressng the Change button undernegth that value. For example, press the Change Input
Values button to change the minimum possible vaue for the parameter of interest. Once the
information has been verified and corrected if necessary, press NEXT to advance to the Design/DQO
Summary Screen.

Note: Thisisthe last chance to adjust the minimum, maximum, and
baseline condition as these can not be changed on the Design/DQO
Summary Screen.

The information on the Input Verification Screen is saved asthe “ Origind DQOs,” asthis
information represents the DQOs of the planning team. This gives you the opportunity to select a
sampling design, evauate the performance of the design based on these origind DQOs, then modify the
DQOs to improve the performance of the sampling design. 'Y ou may then select a different sampling
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DEFT - Input Verification HE

Inputs Decizion Error Limits

Farameter of [nterest: b ean concentration  problermrar] type

Mirirnum Mean Concentration: 0 | | FR

b awirnum b ean Concentration: 100

Action Level 50 |40 .o FR

B azeline condition: mean <= 5000 . FR

Gray Region: a0 - B0 50 0.05

Standard Deviation: 20 kO 0.01 FA
Change Input Y alue(z) |EE| ||:|.|:|5 Fa,

Cozt of Sample | | FA

Analpziz in the Labaratony: 1000.00 * 1ze the Change Input W alue(z)
50,00 Change Costs button to change these values.

Collection in the Field:
MEXT =3

Figure 2. Input Verification Screen

design and restore the origind DQOsin order to evauate the new sampling design’s performance
againg the origina DQOs (i.e,, the DQOs of the planning team).

23 THE DESIGN/DQO SUMMARY SCREEN

After you verify the DQOs on the Input Verification Screen, DEFT estimates sample size,
computes the total cost, and verifies that the decision error limits are satisfied using a Smple Random
Sampling Desgn. Thisinformation is then digplayed on the Desgn/DQO Summary Screen (Figure 3)
aong with the DQOs and information on the current sampling design. Y ou can investigete the feasibility
of the DQOs and save your analysisby:

. Modifying the DQOs (Section 2.3.1)

. Sdecting aNew Sampling Design (Section 2.3.2)

. Modifying Design-Specific Information (Section 2.3.3)

. Specifying a Sample Size or Budget (Section 2.3.4)

. Displaying the Decison Performance Goal Diagram (Section 2.3.5)
. Saving the Current Information (Section 2.3.6)

. Restoring the Original DQOs (Section 2.3.7)

DEFT has asample size limitation of 30,000 tota samples. If the sample Size required to meet
the DQOs exceeds this number, DEFT informs you of thisin apop-up error message. Y ou will then
need change the DQOs (such as reduce the false rgjection error rate and/or the false acceptance error
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DEFT [Beta) - Design/DA0 Summary HE
Sampling Pararieters

Sampling Design:  Simple Random Sampling Change Sampling Design |
Design-Specific Inputs:

Mo design-specific inputs for Simple A andom Sampling.

Mumber of Samples [per population]: 36

Update
Total Cost: 4 |37800.00
LA0 Input Summary
Costs Decizion Erar Limits
Laboratory Costs Per Sample:  1000.00 concentiation  probleror] type
Field Costs Per Sample: 50.00 FR
40 0o FR
Chahge Costs 50 ’F FR
Input Walues 50 ’D'I— F&.
Parameter of Interest:  Mean
F&
Action Level: 50 &0 005
Gray Region: 50 - 60 Fa
Baseline conc!ltlgn: mean <= 50.00 *|Jse Change Input alue(s] button
Standard Deviation: 20
Change Input Walue(z)
Graph  Save | Original DA0s | E it |

Figure 3. Example Design/DQO Summary Screen

rate or increase the width of the gray region) before continuing with the DQO constraint
feasibility analysis.

The sample size formulas used in DEFT guarantee that the decision error limits set on the
bounds of the gray region are satisfied. However, the sample size formulas do not account for
any additional decision error limits. Therefore, DEFT verifies that these additional limits are
satisfied. If alimitisnot satisfied, the limit is marked “NS’ in the Decision Error Limits Table.

2.3.1 Maodifying the DQOs

. The minimum, maximum, and baseline condition can not be changed at this
point (see Section 2.2).

. The Action Level can be modified by selecting the Change Input Value(s) button.
Thiswill display a screen where this item may be changed. Once the changeis
made, press the NEXT button to return to the Design/DQO Summary Screen.
Sample sizes and costs are automatically updated.

. The Other Bound of the Gray Region can be modified by selecting the Change
Input Value(s) button. Thiswill display a screen where this item may be changed.
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Once the change is made, press the NEXT button to return to the Design/DQO
Summary Screen. Sample sizes and costs are automatically updated.

The Estimate of the Standar d Deviation can be modified by sdecting the Change
Input Value(s) button. Thiswill display a screen where this item may be changed.
Once the change is made, press the NEXT button to return to the DesignyDQO
Summary Screen. Sample Szes and costs are automaticaly updated.

Additional Decision Error Limits can be adjusted by changing the vduesin the
gpace provided and new limits may be added by entering them in the space available (in
this case, both a concentration and probability must be entered). After changing or
entering new limits, you must press the Update button to determine the new sample sze
and if the additiond Decison Error Limits are satidfied. If alimit is not satisfied, the limit
is marked “NS’ in the Decison Error Limits Table.

Laboratory cost and field cost estimates can be changed by selecting the Change
Costs button to reflect the potentid cogts of a different sampling and/or andysis
method. Thiswill display ascreen where these items may be changed. Once your
changes are made, press the NEXT or BACK button to return to the Desgn/DQO
Summary Screen. Sample sizes and costs are automaticaly updated.

2.3.2 Selecting a New Sampling Design

DEFT aways darts with a smple random sampling design but alows you to consider other
sampling designs which may perform more efficiently. To investigate other sampling designs, pressthe
Change Sampling Design button. Y ou will then be prompted to select from the relevant sampling
designs shown in Table 2. For hypotheses about a single population mean, you may sdect either
composite sampling or dratified sampling. For hypotheses about a single population proportion, you
may select dratified sampling. These sampling designs, dong with design-specific information, are
discussed in Chapter 4.

Table2. Sampling Designs Availablein DEFT

One Population Two Populations
Mean - Smple Random Sampling - Smple Random Sampling
- Composite Sampling
- Stratified Sampling
Proportion - Smple Random Sampling - Smple Random Sampling
- Stratified Sampling
Windows Version 1.0
EPA QA/G-4D 19 September 2001



Thefirg time a sampling design is selected, you are prompted to enter the desgn-specific
information. For example, an estimate of the proportion of measurement variability to the total
variability isrequired for the composite random sampling design. The design-specific information is
described below by sampling design and summarized in Table 3. The information first specified is
saved as part of the “Origind DQOS’ (see Section 2.2). 'Y ou may then modify the design-specific
information to evauate the DQOs in relation to this sampling design.

Composite Sampling: DEFT uses composite samples with a smple random sampling design,
which isreferred to as “composte sampling.”  The software computes the number of composite
samples required to meet the DQOs based on a given number of individual samples per
compogite. To determine the number of composite samples, DEFT requires the following
design-specific information:

. An egtimate of theratio of the rdative sandard deviation of measurement error to tota
dandard deviation. Thisratio must be less than one and grester than zero.

. The number of individud samplesto be mixed to form each composite sample. This
number should be greater than one.

. The cost of combining the individual samples to form a composte.

Stratified Sampling: DEFT uses drdification with asmple random sampling design within
each drata, which isreferred to as “dratified sampling.”  The software computes the number of
samples required per stratato meet the DQOs. To estimate the sample size required for a
dratified design, DEFT requires the following design-specific information:

. The number of strata. This number must be greater than one and lessthan six. (There
isalimit of 9x gratain DEFT because the software only demondrates feasibility of the
DQOs and five strata should be sufficient for this purpose.)

. A weght factor (weight) for each stratum, The stratum weight is the proportion of the
volume or area of the environmental medium contained in the stratum in relation to the
total volume or area of the sudy Ste. The sum of the strataweights must be 1, so the
program automaticaly computes the weight of the find stratum. The default weight
corresponds to equa weighing among the strata.

. If the population parameter is a Sngle mean, an estimate of the sandard devidtion is
needed for each stratum. The estimated standard deviation for each stratum must be
greater than zero and less than two times the range of the population parameter, and the
default vaue isthe estimated totd standard deviation.
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Table3. Summary of Design Information

If the population parameter is asingle proportion, an estimate of the stratum proportion
is needed for each stratum. Each estimate must be greater than zero and less than one.

Sampling Design Information Limits Default
Design
Testsfor a Single Mean
Composite Ratio (r) of measurement SD to 0<r<1 0.10
Sampling total SD
Number of individua samples (m) 1<m 4
per composite
Cost (€) of composting c > $0.00 $5
Stratified Number of strata (L) 2<L <5 2
Sampling Stratum weights (W) 0<W, <1 Equa weights
Stratum standard deviation (Gy,) 0 <Gy, < 2(max-min) Ototal
Testsfor a Single Proportion
Stratified Number of strata (L) 2<L <5 2
Sampling Stratum weights (W) 0<W,<1 Equd weights
Estimated stratum proportions (P;,) 0<P,<1 Action Leve

2.3.3 Modifying Design-Specific I nfor mation

To update design-specific information, select the Change Design Inputs button. DEFT will
prompt you through changing the design specific information described in Section 2.3.2.

2.3.4 Specifying a Sample Size or Budget

Sometimes the total budget available for sampling and andysis may be set in advance. With
this information, you can determine the total number of samples dlowed and then determine what
decison error limits are possible within this budget. For this Situation, you specify the number of
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samples and then DEFT adjusts the probability of afalse acceptance decision error to meet your
samplesize* Y ou can do this by changing either the “Number of Samples’ fidd or the “Total Cost”
fied (in which case DEFT will compute the number of samples afforded by this cost using the cost input
data). To change either of these fields, firg click in its box and edit the value currently gppearing. Then
press the Update button to use the new value. Notethat it isnot valid to change both the Total Cost
and the Number of Samples before clicking the Update button — if you do, then DEFT will ignore
your cost entry and use your number of samplesin computing the result. 'Y ou may enter any sample
Sze greater than 1 and less than or equal to 30,000.

2.3.5 Displaying the Decision Performance Goal Diagram

Y ou can digplay the Decision Performance God Diagram by pressing the Graph button in the
bottom, right-hand corner of the DesgryDQO Summary Screen. Thisdiagram is discussed in detail in
Section 2.4.

2.3.6 Savingthe Current Information

Once it has been determined that the DQOs are feasible for a sampling design, you may save
the DQOs and design information to a plain text file by pressng the Save button in the lower right-hand
corner of the Desgn/DQO Summary Screen. Thistext file can then be imported into any standard
word processor.

The firg time the Save option is dicked the user is prompted for afile name into which the text
summary issaved. If the file name chosen is the same as an exidting file, you will be asked if you want
to overwrite the exigting file. If you indicate you do not want to overwrite, you will be asked to sdlect a
new name. Once a new filename has been sdlected, al subsequent uses of the SAVE option (until the
program is exited) cause a new summary to be gppended to the samefile. A new fileis not crested for
each summary, and previous results of the current sesson are not overwritten.

2.3.7 Restoringthe Original DQOs

Sdecting the Original DQOs button on the bottom right-hand corner of the Design/DQO
Summary Screen will restore the origind DQOs (Section 2.2). Thisis useful for comparing variations
of severd sampling designs. For indance, if a sampling design istoo expengve to satisfy the DQOs, s0
you may relax some condraints to obtain afeasble sample Sze. After thisis complete, you may want
to examine the performance of another sampling design using the Origind DQOs. This option saves
you from re-entering the origind information manudly.

“When specifying asample size, DEFT may adjust the sample size to be slightly larger than the value provided by
you, due to theway DEFT performs the cal culations under these conditions.
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24 THE

DECISION PERFORMANCE GOAL DIAGRAM SCREEN

To display the Decision Performance Goal Diagram and associated options, press the
Graph button in the bottom, right-hand corner of the Design/DQO Summary Screen. This will
bring up a Performance Goal Diagram Screen like the one shown in Figure 4. This screen
contains the following:

EPA QA/G-4D

Decision Performance Goal Diagram - See Section 2.4.1 for adiscussion of this
diagram.

DQO Summary button - This button will return you to the Design/DQO
Summary Screen described in Section 2.3.

Print Graph button - This button lets you print the diagram using the standard
Windows print dialog.

Copy Graph button - This button allows you to copy the graph to other Windows
applications (Section 2.4.2).

Save Graph button - This button will let you save the diagram to a picture file
(Section 2.4.2)

Help - This option displays help and version information.

Exit - Thisoption will exit DEFT.

II]Dell - Deft for Windows
DO0Summary  Copy Graph Print Graph ~ Save Graph Help  Ewit

Estimated Performance Curve

0.9 ; 0.100

Action Lewel --»

Fi

¥ 050
H

[} 0.0 .o 2.0 40.0 50,0 Eo.m .0 0.0 .0 1000

Probability aof deciding that the trus
mean is greater than the action lewel

True Mean Concentration

Sipple Random Samplireg Decision Error Limits

Action Lewel = 50.00 concentration prob(E) type

Cost = §37800.00 40,00 0.010 FR

Sample Size = 36 50.00 0.050 FE
60.00 0.100 Fi
g0.00 0.050 F&

Ready ML

Figure 4. Example Design Performance Goal Diagram Screen

Windows Version 1.0
23 September 2001



24.1 TheDecison Performance Goal Diagram

DEFT has an option available to view the DQOs and design performance graphicdly on a
separate screen. Thisis done using a decision performance god diagram with the performance curve
overlad. The performance god diagram summarizes the gray region, the limits on decison errors, and
the action level. Information on the sample Sze and cost of the design are dso summarized on this
screen. The performance curve can be used to determine how well a design performsin relation to the
limits on decison errors.

The sample size reported by DEFT is dways greater than or equal to 2 so that an estimate of
the standard deviation can be ca culated from the data collected. In this case, the performance curve
may satisfy a more stringent fal se acceptance decison error rate a the bound of the gray region than
that displayed by the software. If s0, use the option to specify the sample size (Section 2.3.4) to sdlect
asample Size of 2 to determine the exact decison error rate satisfied by the two samples.

Note that the performance curve displayed by DEFT is an estimate of the performance curve of
the desigr®. Therefore, the curve may appear to show that adecision error limit is satisfied when it is
not. The caculations performed in the software to determine if a particular error limit is satisfied are
more accurate than those used to draw the performance curve. Therefore, you should use the text
indication (* NS’) in the Decison Error Limits Table to determine whether or not alimit is satisfied.

The performance curve is dways the probability of deciding thet the true parameter vaue (such
as amean or proportion) is greater than the action leve, irrespective of the directions of the basdine
and dternative hypotheses. Thusthe curve aways starts at the lower left hand corner and risesto the
upper right hand corner. Thisisin contrast to agtatistical power curve. For more information
regarding the performance curve, see the Guidance on the Data Quality Objectives Process (EPA
QA/G-4) (EPA, 2000c).

2.4.2 Copying and Saving the Diagram

To save the Performance God Diagram, click on Copy Graph on the menu bar of the
Performance God Diagram Screen. Thiswill copy the current diagram to Windows Clipboard which
dlowsit to be pasted into any Windows gpplication that supports the pasting of bitmap pictures. To
paste the diagram, open the Windows application and use the “Paste’ command. Thisdiagram can
then be saved in any format dlowed by the Windows gpplication you are usng. The diagram can aso
be printed or saved to afile asaWindow bitmap (.bmp), using the appropriate options available on the
menu bar.

SDEFT uses anormal distribution to approximate the power curve which is actually based on a non-central
t-distribution.
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CHAPTER 3
EXAMPLESOF DEFT APPLICATIONS

This chapter contains four examples where DEFT is used to determine the feasibility of the
DQOs. Each example explains the planning team’ s choice of DQOs and shows, screen-by-screen,
what inputs were entered into DEFT. Actud text from DEFT is shown in italics and quotations; actud
buttons from DEFT are shown initalics. Note: The purpose of the examplesis to show how DEFT
may be used to generate data based on various scenarios and assumptions.  Although the examples
refer to various EPA requirements and stlandards, these are used for illustrative purposes only; they are
not examples of EPA-gpproved decision error limits or other data quality objectives.

31 TESTING A MEAN AGAINST A FIXED STANDARD —CADMIUM IN FLY ASH

A wadte incineration facility located in the Midwest routingly removes fly ash from its flue gas
scrubber system and diposes of it inamunicipd landfill. Previoudy, the waste fly ash was not
hazardous according to Federal environmentd regulations. Due to trestment of a new waste stream,
representatives of the incineration company are concerned that the waste fly ash now contains
hazardous levels of cadmium. If the fly ash meets the Federal standard and thusis considered non-
hazardous, it can be digposed of inamunicipd landfill. 1f not, then the ash would have to be sent to a
higher-cost specid hazardous waste disposa landfill.

Entry Screens

Parameter of Interest: The planning team congdered the population mean to be the
gopropriate parameter of interest because thereis alarge mixing effect when collecting the ash.
The planning team is interested in looking at potential scenariosin preparation for making a
decison for each load of fly ash so that only hazardous loads are disposed of in a specid
landfill. Hence, each load of fly ash is a separate population for which adecison is needed.

Entry Screen 1. DEFT —Parameter Selection. Sdlect ‘ Population Mean' under “Select the
Parameter of Interest” and sdect ‘One Population’ under “Select Number of Populations.” Press
the NEXT button.

Minimum and Maximum Values (Range) of the Parameter of I nterest: The possble
minimum vaue of cadmium is 0.0 mg/L and the team agreed to use a possible maximum vaue
of 2.0 mg/L for planning purposes.

Action Level: Theregulatory sandard for cadmium concentration in the leechate resulting
from Toxicity Characteristic Leaching Procedure (TCLP) extractionis 1.0 mg/L.
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Baseline and Alternative Conditions. The basdine condition is specified under the
regulations as the case where the fly ash is consdered hazardous (Basdine: Mean > 1.0 mg/L)
and the dternative condition as the case where the waste is not considered hazardous
(Alternative: Mean < 1.0 mg/L).

Gray Region: The gray region isthe area adjacent to the Action Level of 1.0 mg/L wherethe
planning team considers the consequences of a fase acceptance decison error to be minimd.
A fase acceptance error would result in unnecessary and costly disposd in aspecid landfill.
The planning team specified awidth of .25 mg/L for the gray region based on their preferences
to guard againgt false acceptance decison errorsat .75 mg/L.

Estimate of Standard Deviation: The planning team conducted a pilot sudy of the fly ash to
determine the variability in the concentration of cadmium within loads of fly ash. This study
showed that each load of fly ash isfairly homogenous and the sandard deviation in the
concentration of cadmium among samples within loads of ash is gpproximately 0.6 mg/L.

Entry Screen 22 DEFT —One-Sample Mean Inputs. Enter 0.0 for “Estimate of Minimum
Value,” 2.0 for “Estimate of Maximum Value,” and 1.0 for “Action Level.” Under “Select
Hypotheses’ sdect ‘H,: mean > AL vs. H; mean<AL." Enter 0.75 for the ‘Lower Bound' and
0.6 for “Estimate of Sandard Deviation” by “Use this Value.” Pressthe NEXT button.

Sampling And Analysis Costs: The cost of sdlecting asampleis $10. The cost of TCLP
andlyssis $150 asample.

Entry Screen 3: DEFT — Laboratory and Field Costs. Enter 150.00 for “Laboratory Costs
per Sample,” 10.00 for “Field Costs per Sample,” and check the “Per Sample” box. Pressthe
NEXT button.

False Rejection Error Limit: Regulations specify a 5% fase rgjection decision error.
Consequences of afdse rgection error (deciding that the waste is not hazardous when it istruly
hazardous) are that the incineration company disposes of the hazardous waste in a sanitary
landfill, possibly endangering human hedlth and the environment.

False Acceptance Error Limit: The planning team set the maximum tolerable probability of

making a fase acceptance error a 20% at the bound of the gray region (0.75 mg/L). Since the
basdline condition and the false rgection error limit are fixed by regulation, thisisthe only error

limit the planning team can adjust and its primary consequence is economic. The consequence

of afase acceptance error is an increase in unnecessary expenses from using a specia disposa
facility when it is not needed.
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Entry Screen 4: DEFT —Decision Error Limits. Enter 0.20 for the “False Acceptance
Error Limit” (under “Lower Bound”) and 0.05 for “False Rejection Error Limit” (under
“Upper Bound”) Pressthe NEXT button.

Additional Limitson Decision Errors: The planning team wanted to use additional
decision error limits and set the maximum tol erable probability of making afalse
acceptance error at 10% when the true mean is below 0.25 mg/L.

Entry Screen 5: DEFT — Additional Decision Error Limits. Inthe*® Below Gray Region”
section, enter 0.25 under “Concentration” and 0.10 under “Decision Error Limit.” Pressthe
NEXT button.

Input Verification Screen

DEFT - Input Verificalion HE
Inpuit; Diecision Emar Limit:
Prrlgn:eter of Interest: Mean ceocrggglra'tlloorn Im;ob[enol] type
H HY 4 H Minimum Mean Concentration: 0
The input verification M Mo Concaniars 2 *
. . . Action Level: 1 0.25 01 Fa
Hull Hypothesis [Ho] mean =1 .
screen (Figure 5) is used to verify Nty e B
. - 1% FR
the inputs from the previous entry SerdsdDedlon o ooe
{Change Inpul Vol PR
Screens. FR

Cost of Sample
Analysis in the Labaratony; 150.00 # Usze the Change Input Walue(s)
1000 Change Costs buttan to change these walues.

Collection in the Field:
MEXT »»

Input Verification Screen. Use
the appropriate Change button to
make any changes. Pressthe

Figure5. Input Verification Screen for Example 1

NEXT button.
. DEFT - Design/DaD Summay
Design/DQO Summary Screen Help
Sampling Parameters
. Szm;ing Design:  Simple Random Sampling Change Sampling Design
—_ Design-5 pecific [nputs:
The D El_—r ) Des gn/DQO Ngo deZign-specFi'fic inputs for Simple Random Sampling.

Summary Screen (Figure 6) shows
that Undel' S mpl e random Sampl | ng, Mumber of Samples: 7 Hpdate Sereen Data
the minimum number of Total Cast: s[FEmm
observations needed to satisfy the O pp—
da:l S on error Ilmlts IS 37 and the I_anbséfalory Costz Per Sample: 1580.00 Dc:eocr::zln::tfa[t[is;um::ob[enor] type
total costis $5,920_ The incineration Field Casts (Per Sample) 10.00 [ =
company would like to hold the S 025 o e

ange Costs 075 ’02— Fa
study costs to around $2,500 per I Vs . T
load of fly ash, so the planning team et et e — —
d 1 ded t i eﬁ m t Gray Region: 075-1 R

ecided to investigate composite GropRoge: " I

Sampl | ng tO see |f |t meetS the' r Standard Deviation: 0E " Use Change Input Yalusls) buttan
DQOS M Graph  Save | DriginaIDQDs| Exit |

Figure 6. Design/DQO Summary Screen for Example 1
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For composite sampling, the planning team needed to consider some additional
parameters. Using the results of the pilot study, the variability among subsamples within a
composite sample is expected to be negligible. Thus, the measurement standard deviation was
estimated to be a very small proportion of the total standard deviation (.0001). Also, the
planning team decided that the load of fly ash could be easily divided into eight strata of equal
size. Toform each composite sample, the containers will be divided into eight strata of equal
size, a sample taken randomly from within each stratum, and then the eight samples would be
composited. The planning team assumed the cost for the compositing would be minimal so $0
was used as the compositing cost.

Design/DQO Summary Screen. Pressthe Change Sampling Design button. On the box that
appears, select “Composite Sampling” and press the OK button. The “Composite Design
Inputs’ box will appear. Enter 0.0001 for “Measurement SD/Total SD,” 8 for “ Aliquots per
Composite Sample,” and 0.0 for “ Cost for Compositing the Aliquots.” Press the OK button.

Press the Graph button to see the Decision Performance Goal Diagram shownin Figure7. To
return to the Design/DQO Summary Screen, press the DQO Summary button.

For this composite sampling design, the e
number of samplesis 6 and the cost is $1,380. Clomms Lot Dot Seefoh o B
Therefore, these data quality objectives are 5
feasible and the planning team can continue with
Step 7 of the DQO Process, Optimize the Design.

< Action Level

During Step 7 of the DQO Process, the 5
planning team decided to take eight composite TS _
samplesto improve the likelihood that their error True Mean Concentration
limits would be satisfied for every load of fly ash. o T R A
This design came to atotal cost of $1,840 and the
false acceptance error rate has decreased from 0.2
(20%) t0 0.082 (8.2%). Note: thisis one potential
scenario, the planning team could have specified a Figure 7. Decision Performance Goal
different width for the gray region or a different Diagram for Example 1
false acceptance error rate depending on their
concern about costs. However, the risk to human health (controlled by the selection of the
baseline condition and the false rejection error rate) can not change as thisis specified by EPA
through the regulations.

Design/DQO Summary Screen. To changing the composite sample size from 6 to 8, enter 8
for the “Number of Samples.” Then press the Update button to see the effect on cost and the
false acceptance error rate.
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3.2 TESTING A PERCENTILE AGAINST A FIXED STANDARD —URBAN AIR
QUALITY COMPLIANCE

Representatives of a metropolitan areain the Northeast want to determine if their areawill meet
the PM,, 5 (PM,, 5, particulate matter of aerodynamic diameter less than or equd to 2.5 micrometers)
standard over the next year. Federal regulations specify the 24-hour standard PM., 5 as a concentration
of no more than 65 pg/nt, based on the 3-year average of the annual 98" percentiles. Their sampling
network congdts of three fixed-ste multiple-filter gravimetric devices for measuring daily concentrations
(24-hr averages) of PM, 5. Each of the three monitors measures concentrations once every 3 days, for
atotal of 365 measurements per year.

Entry Screens

Parameter of I nterest: The population parameter of interest to the planning team was the 98"
percentile of PM, 5 concentrations, as specified in the regulations. However, the sample sze
required to estimate a population percentile is usualy determined by caculating the sample sze
needed to estimate the corresponding population proportion (see Section 4.4). Thus, the
planning team formulated their sudy design requirements in terms of estimating a population
proportion.

Entry Screen 1. DEFT — Parameter Sdlection. Select ‘ Population Proportion’ under “ Select
the Parameter of Interest” and select * One Population’ under “ Select Number of Populations.” Press
the NEXT button.

Minimum and Maximum Values (Range) of the Parameter of Interest: For testsof a
sangle proportion, the minimum vadue is 0 and the maximum is 1.

Action Level: Because the 24-hour standard for PM,, < is a concentration of no more than 65
ug/m? based on the 3-year average of the annual 98" percentiles, the action level isthe 98th
percentile, or a proportion of 0.98.

Baseline and Alternative Conditions: The planning team designated the basdline condition
as the case of non-attainment (98™ percentile at or above 65 pg/n?) and the dternative
condition as the case of attainment. Determining whether the 98" percentile of PM,, ¢ is greater
than or equd to 65 pg/n? is equivaent to determining whether the proportion of daily
concentrations less than or equa to 65 pg/m? isless than or equal to 0.98. Thus, the planning
team agreed on the equivadent conditions. H,: P< 0.98 vs. H,; P> 0.98, where P represents
the proportion of daily concentrations less than or equal to 65 pg/ne.
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Gray Region: The gray region is the area adjacent to the Action Level (0.98) where the
planning team consders the consequences of a fase acceptance decision error to be minimal.

A fase acceptance error would result in the implementation of unnecessary and costly control
drategies. The planning team specified awidth of .015 for the gray region based on their
preferences to guard against fal se acceptance decison errors, thereby establishing agray region
of 0.98 to 0.995.

Entry Screen 22 DEFT —One-Sample Proportion Inputs. Enter 0.98 for the “Action Level”,
sdlect ‘H,: proportion < AL vs. H,; proportion > AL’ under “Select Hypotheses,” and enter 0.995
for the “Upper Bound.” Pressthe NEXT button.

Sampling And Analysis Costs. There are no cogts for the air sampling and analysis because
the air monitoring system is aready operationd.

Entry Screen 3: DEFT — Laboratory and Field Costs. Enter 0.0 for both the “Laboratory
Costs per Sample” and the “Field Costs per Sample.” Check the “Per Sample”’ box. Pressthe
NEXT button.

False Rejection Error Limit: The planning team agreed that the tolerable false rgjection
error rate should be no more than 10%. While lowering the tolerable bound on such error was
desrable, the planning team believed that a Sgnificantly smdler error rate was unobtainable for
al but the most extensive and costly network designs.

False Acceptance Error Limit: The team wanted to protect against unnecessary and costly
control Strategies (i.e., incorrectly faling to rgect the basdline condition), but was willing to
tolerate a greater probability of making this false acceptance decison error. They decided the
limit should be no more than 30% at proportions above the upper bound of the gray region.

Entry Screen 4. DEFT —Decison Error Limits. Enter 0.1 for “False Rgection Error Limit”
(under “Lower Bound”) and 0.3 for the “False Acceptance Error Limit” (under “Upper Bound”).
Press the NEXT button.

Additional Limitson Decision Errors; No additiond limits on decison errorswere
specified by the planning team.

Entry Screen 5. DEFT — Additional Decision Error Limits. Pressthe NEXT button.
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Input Verification Screen

The input verification screen (Figure 8) is used to verify the inputs from the previous
entry screens.

DEFT - Input Verification
Imputs Decision Error Limits
Input Ver ification Screen. Use ﬁ?;f‘;j‘f,;fj;gfﬁ;ﬁ“ Fiopotton °|’°"°'“°” prob{enor ‘”F";
the appropriate Change button to mum Poportor: s [
make changes. Once the i s e S
information is correct, press the N ,ﬂ — i)
NEXT button. Costof Sample [
o LT S
Design/DQO Summary Screen NEXT >>
The Design/DQO Summary

Screen shows that the minimum Figure 8. Input Verification Screen for Example 2

number of observations needed to

satisfy the decision error limits with a simple random sampling design is 209. If each of the three
monitors in the network continues to sample once every 3 days, the planning team will have a
total of 365 samplesfor the year which will be more than sufficient.

The planning team then continues with Step 7 of the DQO Process, “Optimize the
Design.” Once the sampling design is optimized, the planning team documents the design and
quality objectives and submit this information to the appropriate regul atory body for approval.

Design/DQO Summary Screen. Press the Save button to save the Design/DQO Summary
Screen to afile. Pressthe Exit button to exit DEFT.

3.3 TESTING THE DIFFERENCE BETWEEN TWO MEANS—-CYANIDE
CONTAMINATION IN GROUND WATER

EPA is concerned that storage of waste materials at an abandoned factory had resulted in
environmental contamination. Test wells at the site showed high concentrations of cyanide were
found in these wells, ranging from 1.5 parts per million (ppm) to over 300 ppm (at the plant site).
Prior activities at the site included moving the waste to a containment area and removal of the
surface and subsurface soils where the waste had been stored. EPA will now determine if
cyanide in the ground water has decreased to levels comparable to an area that was never
contaminated (areference site). For purposes of this example, sampling costs will be less than
$12,500. Note: sampling costs may vary depending upon the particular scenario and applicable
requirements.
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Entry Screens

Parameter of Interest: The planning team consdered the difference in population meansto

be the appropriate parameter of interest. The team is comparing the remediated Steto a
reference Ste to determine if the remediated Ste' slevels of cyanide are the same asthe
reference levels; S0, there are two populations of interest.

Entry Screen 1. DEFT —Parameter Selection. Sdlect ‘ Population Mean' under “Select the

the NEXT button.

Parameter of Interest” and sdect ‘ Two Population’ under “Select Number of Populations.” Press

Minimum and Maximum Values (Range) of the Parameter of I nterest: Because the soil

was remediated, the most that the reference levels could exceed the Site levelsis by 20 ppm

and the most that Ste levels could exceed reference levelsis by 100 ppm. Therefore, the range

of the differenceis-20 to 100 ppm.

Action Level: If the remediation methods worked, then the two sites should be approximately

equa in average contamingation levels, so the action leve is“no difference’ or O.

Baseline and Alternative Conditions: The planning team designated the basdline condition

as the case where the remediated site remains contaminated H,: mean, - mean, >0 where
mean, isthe mean of the remediated Site and mean, is the mean of the reference areq).

Gray Region: The gray region isthe area adjacent to the Action Level where the planning
team considers the consequences of a fase acceptance decison error to be minima. A fase
acceptance error would result in the implementation of unnecessary and costly higher-stage

remediation efforts. The planning team specified awidth of 5 ppm for the gray region based on
their preferences to guard against fal se acceptance decison errors, thereby establishing agray

region of -5.0to 0.0.

Estimate of Standard Deviation: The planning team conducted a pilot study of the cyanide
in the remediated wells and determined the standard deviation be 3.5 ppm. They dso assumed

the standard deviation in the reference wells would be the same.

Entry Screen 2. DEFT — Two-Sample Mean Inputs. Enter -20.0 for “Estimate of Minimum
Value,” 100.0 for “Estimate of Maximum Value,” and 0.0 for “Action Level.” Under “Select
Hypotheses’ sdect ‘H,: mean, - mean, > AL vs. H,; mean, - mean, <AL." Enter -5.00 for the
“Lower Bound” and 3.5 for “Estimate of Sandard Deviation” by “Use thisValue.” Pressthe
NEXT button.
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Sampling And Analysis Costs. The cost of selecting a sampleis $150 and the cost of
andyzing asample is $500.

Entry Screen 3: DEFT —Laboratory and Field Costs. Enter 150.00 for “Laboratory Costs
per Sample,” 500.00 for “Field Costs per Sample,” and check the “Per Sample” box. Pressthe
NEXT button.

False Rejection Error Limit: The planning team determined thet the tolerable false rgjection
decison error rate should be no more than 1% when the basdline condition istrue. The
planning team firmly believed that to protect human hedth and the environment it was necessary
to have such asmadl fase rejection error rate.

False Acceptance Error Limit: The team wants to protect against unnecessary and costly
higher-stage remediation efforts (i.e. incorrectly failing to rgect the basdline condition), and
decided the error limit should be no more than 5%.

Entry Screen 4: DEFT —Decision Error Limits. Enter 0.05 for the “Fal se Acceptance Error
Limit” (under “Lower Bound”) and 0.01 for “False Rejection Error Limit” (under “Upper
Bound”). Pressthe NEXT button.

Additional Limits on Decision Errors: No additiond limits on decison errors were
specified by the planning team.

Entry Screen 5: DEFT — Additional Decison Error Limits. Pressthe NEXT button.

Input Verification Screen

The input verification screen is used to verify the inputs from the previous entry screens.

Input Verification Screen. Use the gppropriate Change button to make any changes. Once the
information is correct, press the NEXT button.

Design/DQO Summary Screen

The DEFT — DesignyDQO Summary Screen (Figure 9) shows that the minimum number of
observations needed to satisfy the decison error limits with a smple random sampling design is 40 (20
per site) and the total cost is $26,000. Since EPA would like to hold the study costs under $12,500,
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the DQOs are not feasible. To reduce the
cost, the planning team decided to change
the false acceptance error limit to 15% and
the false rgjection error limit to 5%.

Design/DQO Summary Screen. In
the Decision Error Limits section
under prob(error), change 0.05 to
0.15 (next to -5.0) and change 0.01 to
0.05 (next to 0.0). Pressthe Update
button.

The number of samples (per
population) is now 36 (18 per site) and the
total cost has decreased to $11,700. The
planning team now has DQOs that are
feasible. These DQOs will be used in Step
7 of the DQO Process. Then thefinal
sampling design and DQOs will be

Help
Sampling Parameters
Sampling Design:  Simple Bandom Sampling
Diezign-5pecific Inputs:
Mo design-zpecific inputs for Simple Fandom 5 ampling.

Update Screen Data
Mumber of Samples [per population): 91
[182 Samplzs Taotal] Update
Tatal Cost: $(191100.00
OO0 Ihput Surmary
Costs Decision Error Limits
Laboratary Costs Per Sample: 1000.00 concenfration  problerar) type
Field Costs [Per Sample]: 50.00 FR
"
Change Costz
g 0 0.0 FR
Input Y aluesz
Farameter of Interest: Two-Sample Mean 5 oo i
Aition Lewvel: i Fa
Gray Region: 0-5 l— l— FA

B azeline Condition: mean - meand <= 0.000
Standard Deviation: E.EE7

Change Input Y alue(z)

*|Jze Change Input Value(z) buttan

Graph = Save | DriginaIDQDs| Exit |

Figure 9. Design/DQO Summary Screen for

documented in a Quality Assurance Project Example 3

Plan.

34 TESTING THE DIFFERENCE BETWEEN TWO PROPORTIONS—-DIOXIN

CONTAMINATION

At ahazardous waste site, EPA investigators must determine whether an area suspected
to be contaminated with dioxin needs to be remediated. The potentially contaminated area (area
1) will be compared to areference area (area 2) to seeif dioxin levelsin area 1 are greater than
thosein area2. Aninexpensive surrogate probe will be used to test each individual sample.

Entry Screens

Parameter of Interest: Because the presence of dioxin in the areawill be represented as
aproportion of all samplesthat are contaminated, the population proportion is the
appropriate parameter of interest. The planning team is comparing the suspect siteto a
reference site to determine if the suspect site is contaminated with dioxin so there are two

populations of interest.

Populations.” Pressthe NEXT button.

Entry Screen 1. DEFT — Parameter Selection. Select ‘ Population Proportion’ under
“Select the Parameter of Interest” and select ‘ Two Population’ under “Select Number of
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Minimum and Maximum Values (Range) of the Parameter of Interest: When
comparing two population proportions, the minimum difference is-1 and the maximum
differenceis 1.

Action Level: The hedth sandard for dioxin is 1 ppb.

Baseline and Alternative Conditions: The planning team designated the basdline condition
as the case where the suspect Siteis clean and the dternative condition as the case where the
suspect Ste is contaminated (H,,: mean, - mean, <0 where mean, is the mean of the remediated
Ste and mean, is the mean of the background areq).

Gray Region: The gray region isthe area adjacent to the Action Level of O where the
planning team considers the consequences of a fase acceptance decison error to be minimd.
A fase acceptance error would result in the failure to clean up the contaminated Site, thereby
posing risks to human hedth and the environment. The planning team specified awidth of 0.10
for the gray region based on their preferences to guard againgt fal se acceptance decision errors,
thereby establishing agray region of 0.00 to 0.10.

Entry Screen 22 DEFT — Two-Sample Proportion Inputs. Under “Select Hypotheses® select
‘H,: propl - prop2 < AL vs. H, propl - prop2 > AL." Enter 0.10 for “Upper Bound.” Pressthe
NEXT button.

Sampling And Analysis Costs: The cost of sdecting a sampleis $0 and the cost of analyzing
asampleis $17.

Entry Screen 3: DEFT —Laboratory and Field Costs. Enter 17.00 for “Laboratory Costs per
Sample,” 0.00 for “Field Costs per Sample,” and check the “Per Sample”’ box. Pressthe NEXT
button.

False Rejection Error Limit: The team wants to protect against unnecessary and costly
remediation efforts so it has specified that the fase rgection decison error rate should be no
more than 10%.

False Acceptance Error Limit: The planning team firmly believed that to protect human
hedlth and the environment it was necessary to have a small false acceptance error rate. The
team decided that the probability of making this false acceptance decision error should be no
more than 5%.
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Entry Screen 4: DEFT —Decision Error Limits. Enter 0.05 for “False Rejection Error
Limit” (under “Lower Bound”) and 0.10 for the “False Acceptance Error Limit” (under
“Upper Bound”). Pressthe NEXT button.

Additional Limitson Decision Errors: No additiona limits on decision errors were
specified by the planning team.

Entry Screen 5: DEFT — Additional Decision Error Limits. Pressthe NEXT button.

Input Verification Screen

The input verification screen is used to verify the inputs from the previous entry screens.

Input Verification Screen. Use the appropriate Change button to make any changes. Once
the information is correct, press the NEXT button.

Design/DQO Summary Screen
| JDeft - Deft for Windows

The 113 DEI_—I' _ Desgn/DQO DOO0 Summary  Copy Graph  Print Graph  Save Graph  Help  Exit
&Jmmary” &:r%n ShOWS that the » Estimated Performance Curve
minimum number of observations needed oo ool i i
to satisfy the decision error limitswith a s T
simple random sampling design is 644 jg
(322 per site) and the total cost is $10,948. £3 8 L
Sincethisis close to the actual budget i e prent T prens 5 ¢
allocated of $10,000, the planning team Ez .
will proceed to Step 7 of the DQO process. | | © | ———— o
(Note: there are other decision error limits T Mo A Cneperbiens
that would meet project constraints such as | | serien tever - 2320 sroportion | pron(®) csve
cost. Thisisjust one example of feasible Sl S = o e
DQOs for this problem.) During Step 7,
the planning team expects that the actual e e
budget will be met using these DQOs Figure 10. Decision Performance Goal Diagram
when the sampling design is optimized. for Example 4

Design/DQO Summary Screen. Pressthe Graph button to see the Decision Performance
Goal Diagram shown in Figure 10. To return to the Design/DQO Summary Screen, press the

DQO Summary button.
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CHAPTER 4
EXTENDED APPLICATIONS OF DEFT

41  USING DEFT TO DETERMINE SAMPLE SIZESFOR ESTIMATION

Although DEFT has been designed to determine the minimum sample size needed for
hypothesis testing problems, it so can be used to determine the minimum sample size needed to obtain
aaufficiently precise estimate of a population mean or a population proportion. In either case, the
estimation problem is to determine the minimum sample size needed to produce a 100 (1 - «)%
confidence interva estimate (e.g., a 95% confidence interva where o = 0.05) of a population mean or
proportion such that the maximum width of the confidence interva isless than or equd to apre-
gpecified vaue. That is, the confidence interva estimate should be no wider than “the point etimate +
1/2 of pre-specified width,” where the point estimate is the sample mean or proportion.

To use DEFT to estimate the sample size needed to obtain a confidence interval of a specified
width, make the following adjustments to the DQOs entered into DEFT. First select an action level —
for amean, this can be any vaue you like; for a proportion, this should be a preliminary estimate of the
proportion. Then sat the maximum width for the confidence interva, determine what accuracy you
would like the confidence interva (for example, a 90% confidence interva or a 95% confidence
interval), and develop estimates of the standard deviation and sampling and andysis costs. The
remaining DQOs are specified in Table 4.

Table4. Usng DEFT for Estimation
DQO Use

Minimum Vdue Action Leve minus twice the maximum
width (W), eg., AL - 2W

Maximum Vdue Action Levd plus twice the maximum
width (W), eg., AL + 2W

Basdline Condition mean < AL

Gray Region Action Levd + 1/2 the maximum width

False Acceptance Error Rate 0.50

Fase Regection Error Rate « /2, 0 if you want a 90% confidence

interval, o = .1, and the false rgjection
error rate is 0.05

Additiona Limits on Decison Errors None
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4.2 USING DEFT TO RECONCILE SAMPLE DATA WITH PROJECT DQOs

During data quality assessment, it is necessary to determine if the project DQOSs have been
achieved in order to properly interpret the results of the study. Guidance regarding this processis
provided in EPA Guidance on Data Quality Assessment (EPA/QA G-9) (EPA, 2000b). The
process of data quality assessment has two distinct phases.

1. Determining if the assumptions underlying the estimation and/or hypothess testing
procedures are satisfied; and

2. Determining if the sample size (number of observations) is sufficient to make a decison
based on the data obtained.

DEFT can be used for the second phasg, i.e., determining if the sample size is sufficiently large,
assuming that the assumptions underlying the estimation or hypothesis testing procedure are satisfied
(see Chapter 4 of EPA, 2000b). Use of DEFT for this determination is discussed in the below first for
esimation and then for hypothesis testing.

4.2.1 Edgimation Problems

If the study objective was to estimate a population parameter, the required sample size should
have been determined by specifying the maximum alowable width for a confidence interval estimeate of
the parameter. In this case, one can determineif the sample size was sufficiently large by smply
observing if the width of the actud confidence interva isless than or equd to the pre-specified
maximum width. If so, the DQOs have been satidfied; if not, the sample sze should be increased.

4.2.2 Hypothesis Testing

If the study objective was to test a hypothesis, the required sample size should have been
determined by specifying the maximum probabilities for making decison errors — fase rgjection and
fa se acceptance of the basdine condition. If the basdine condition is rejected, the probability of fase
rejection has been controlled by the critical vaue of the test statistic used to specify the threshold at
which the decision was made to regject the basdline condition, and there is no need to determine if the
sample sze was adequate. However, if the basgline condition is not rejected, one needs to determine if
the sample sizeis sufficiently large to provide adequate protection againgt false acceptance error.
Guidance for determining if the sample Sze is sufficient is provided in Chapter 5 of the EPA Guidance
on Data Quality Assessment (EPA/QA G-9) (EPA, 2000b) and DEFT can be used to implement the
caculationsthat are required. The following discusses how to use DEFT to perform these
computations for each type of hypothess test that the software supports.
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4.3

Testing a mean against a fixed standard with simple random sampling. Use the actua
gtandard deviation from the sample in place of the pre-specified population standard deviation
(Section 2.1) to calculate the required sample size. The DQO requirements have been satisfied
if the actual sample Szeis greater than or equa to the required sample size,

Testing a mean against a fixed standard with stratified simple random sampling. Use
the actual standard deviation of the sample for each stratum instead of the pre-specified
population standard deviation for each stratum to calculate the sample size required for each
stratum (see Section 2.3.3). The DQOs have been satisfied if the actud sample Szeis greater
than or equal to the required sample size for each stratum.

Testing a proportion (or percentile) against a fixed standard with simple random
sampling. In this case, the DQOs depend on the population proportions that define the action
level (specified in the basdine condition) and the boundary of the gray region for which the
maximum fal se acceptance error rate was specified. Therefore, the power of the test does not
depend on the actual sample proportion (or percentile), and the adequacy of the DQOs does
not need to be verified.

Testing a proportion (or percentile) against a fixed standard with stratified simple
random sampling. For each stratum, use the actud proportion from the sample in place of
the pre-specified population proportion to caculate the sample size required for each stratum
(see Section 2.3.3). The DQOs have been satisfied if the actual sample size is greater than or
equal to the required sample size for each stratum.

Testing the difference between two means with simple random sampling. Usethe
pooled standard deviation [Box 3.3-1 of the EPA Guidance on Data Quality Assessment
(EPA/QA G-9) (EPA, 2000b)] of the samplein place of the pre-specified population standard
deviation to calculate the required sample size (see Section 2.3.3). The DQOs have been
satisfied if the actud sample size for each population is greater than or equd to the required
samplesze.

Testing the difference between two proportions with simple random sampling. Usethe
actua proportions from the samplein place of the pre-specified population proportions to
caculate the required sample Size (see Section 2.3.3). The DQOs have been stisfied if the
actua sample sze for each population is greater than or equd to the required sample size,
USING DEFT FOR GRID SAMPLING DESIGNS

The smple random sampling option may be used to estimate the sample Sze for arandomized

systematic sampling design (grid sampling with arandom gdarting point). To do so, use DEFT to
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develop asample sze and cost estimate for a Smple Random Sample (Chapter 2) and adjust the
sampling protocols accordingly.

44  TESTING A PERCENTILE AGAINST A FIXED STANDARD

A population parameter commonly of interest in environmenta studies is an upper percentile
(upper proportion) because this parameter conservatively protects againgt extreme hedth affects. The
median, ameasure of central tendency, isthe 50" percentile. A percentile providesinformation
regarding extreme vaues and is useful when the population contains alarge number of vaueslessthan
the andlytical method detection limit.

A population percentile represents the percentage of eements of a population having vaues less
than or equal to some threshold C. Thus, if C isthe 95" percentile of a population, the values of 95%
of the e ements of the population are less than or equd to C and 5% of the population have values
greater than C. For example, if the 95™ percentile of achemica digtribution is 40 ppm, then 95% of
the concentration levels are less than or equa to 40 ppm.

Determining sample sizes for hypotheses concerning population percentiles is equivaent to
determining sample sizes for hypotheses concerning the corresponding population proportions. Asa
result, DEFT only considers proportions. Therefore, to use DEFT for percentiles, the DQO inputs to
DEFT must be transformed. Consider the decision to determine whether the 95" percentile of the
cadmium concentration in aload of fly ash wasteislessthan 1 mg/L. The basdline condition in this case
isthat the 95" percentile of cadmium islessthan or equa to 1 mg/L. Now, instead of considering the
population (the load of fly ash) to congst of differing levels of cadmium, consider the population to
consgt of abinary varidblethat is*1’ if the cadmium leve at aparticular point in theload of fly ashis1
mg/L or lessandis‘ O if theleve isabove 1 mg/L. Inthis case, the hypothesis may be changed to a
hypothesis for a proportion so that the baseline condition becomes “the proportion of cadmium levels 1
mg/L or lessin theload of fly ashis greater than 0.95.”

Once the hypotheses have been transformed, the other DQOs must dso be transformed. This
includes the other bound of the gray region and additiond limits on decison errors. For example, the
other bound of the gray region should have been specified as another percentile. This percentile will
als0 need to be converted into aproportion. Table 5 describes the conversion necessary for dl the
DQO Process information required for DEFT; column 3 contains an example of the conversion from
percentiles to proportions.
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Table5. Trandating DQOsfor Percentilesinto DQOsfor Proportions

Trandation from Percentiles
DEFT Input to Proportions Example Trandation
Parameter of Use Population Proportion
Interest
Minimum 0
Maximum 1
Action Leve Convert the ection level toa The 95" percentile becomes a
proportion by dividing by 100. proportion of 0.95.
Basdineand Basdline condition, The basdline condition
Alterndive H,: Q" Percentile > x, becomes H,: 95" percentile > 5 ppm
Conditions H,: P < Q/100 trandatesinto H,: P < 0.95 where P
is the population proportion with
Basdline condition, observations coded as being 1 if
H,: Q" Percentile < x, becomes they arelessthan or equd to 5 ppm
H,: P> Q/100 and O otherwise.
where P is the proportion with
observations coded as 1 if they are
less than x and O otherwise.
Gray Region (GR) Convert the percentile that The 97.5" percentile trandates into
describes the other bound of the aproportion of 0.975.
gray region to a proportion by
dividing by 100.
Sampling Cost No change necessary. No change necessary.
Andyss Cost No change necessary. No change necessary.
Fase Rgection No change necessary. No change necessary. Thefdse
Error Limit (FR) rgection error rateis fill 5%.
False Acceptance No change necessary. No change necessary. Thefase
Error Limit (FA) acceptance error rate is still 20%.
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Table5. Trandating DQOsfor Percentilesinto DQOsfor Proportions

Trandation from Percentiles
DEFT Input to Proportions Example Trandation
Additiona Error Convert the percentileto a An eror limit of 10% at the 99"
Limits Above or proportion by dividing by 100. The | percentiletrandatesinto afase
Below the Gray probabilities remain the same. acceptance error rate of 10% at a
Region. proportion of 0.99.
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CHAPTER 5
ALGORITHMSUSED IN DEFT

This chapter briefly describes the algorithms used in DEFT to calcul ate the minimum
required sample sizes under the various sampling design options. For more information
regarding these algorithms, see Gilbert (1989), Thompson (1992), or EPA (2000b).

51 TESTING A MEAN AGAINST A FIXED STANDARD

A population mean represents the center of a population. This parameter is useful when
the action level is based on long-term average health effects (e.g., chronic conditions and
carcinogenicity). The mean is most useful when the population is homogeneous and has a
relatively small variance. Estimating the mean generally requires a smaller number of samples
than estimating other population parameters. However, the mean is not a very representative
measure of the center of the population if the underlying distribution of the population is highly
skewed, or if the population contains alarge proportion of values that are less than the analytical
method detection limit.

5.1.1 Simple Random Sampling

The simplest probability sample is a simple random sample where every possible
sampling point has an equal probability of being selected and each sample point is selected
independently from all other sample points. Simple random sampling is appropriate when little
or no information about a population is available. 1f someinformation is available, smple
random sampling may not be the most cost-effective sampling design.

DEFT assumes that at-test will be used to analyze the data. Therefore, the corresponding
sample size formulais used in the computations:

UAZ(Zl-a + 21-13)2 4 le_o,

Az > D

n =

estimated variance;

false rgjection error rate;

fal se acceptance error rate;

the p™ percentile of the standard normal distribution (from standard statistical
tables);

the difference between the action level and the other bound of the gray region;
the number of samples.

where;

™R Q

N
©

S B
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A derivation of thisformulais contained in Appendix C of the Guidance for the Data Quality
Objectives Process (EPA 2000c). The sample size reported by DEFT is always greater than or
egual to 2 so that an estimate of the standard deviation can be calculated from the data collected.
Therefore, if the formula above yields avalue less than 2, DEFT will automatically report a
sample size of 2. If the sample size calculated is greater than 30,000 DEFT will warn the user
and make adjustments to the fal se rgjection and fal se acceptance error rates (as discussed in
Section 2.3.4).

The formulafor computing the total cost of the simple random sampling design is:
Total Cost = n ($ per field sample + $ per |aboratory analysis)

The performance curve calculations are also based on the t-test. The software only
approximates this performance curve instead of computing the exact curve. Asaresult of this
approximation, the performance curve may appear to show that a decision error limit is satisfied
when it is not, especially on the false rejection side of the gray region. Therefore, DEFT labels
any decision error limit that is not satisfied as“NS.” Thislabel should be used to determine
whether or not alimit is satisfied, rather than the graph of the performance curve.

5.1.2 Composite Sampling

If analysis costs are high compared to sampling costs and the parameter of interest isa
mean, then it may be appropriate to use composite samples to reduce analysis costs. A composite
sample is a sample obtained by physically mixing (physically averaging) two or more samples
before analysis. The use of composite samples in association with a sampling design can be a
cost-effective way to select alarge number of sampling units and provide better coverage of a
population without analyzing each individual sample.

DEFT uses composite samples with a simple random sampling design, which isreferred
to as“composite sampling.” The software computes the number of composite samples, k,
required to meet the DQOs based on a given number of individual samples, m, per composite
sample. To determine the number of composite samples, an estimate of the ratio, r, which isthe
relative standard deviation of measurement error to total standard deviation, isrequired, along
with the number of individual samples, m, to be mixed to form each composite sample. Note
thaam=>1,and0<r <1

DEFT assumes that at-test will be used to analyze the data. The software then uses the
corresponding sample size formula to determine the required number of composite samples, k, of
size mto satisfy the current DQOs. DEFT assumes that the total variability between composite
samples can be represented as.

0% = O+ 0% 2
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where ¢?; isthe total variance, ¢, is the true variance between composite samples (i.e., the
“natural” variability with no measurement error), and &2, is the measurement error variance.

If one forms composite samples of size m, then the variance between the composite
samples can be approximated as:

Y(m) =% [(1-rf)/m+ r?] ©)

wherer = U,/ o;. DEFT usesthis estimate of ¥(m) in place of &*in Equation 1 for simple
random sampling. The resulting sample size is then the number of composite samples, k, of size
m that should be selected in order to satisfy the DQOs.

The sample size reported by DEFT is always greater than or equal to 2 so that an estimate
of the standard deviation may be calculated from the data collected. Therefore, if the formula
aboveyields avalue less than 2, DEFT will automatically report a sample size of 2. In addition,
if the sample size calculated is greater than 30,000, DEFT will adjust the false acceptance error
rate (see Section 2.3.4).

The formulafor computing the total cost of the composite sampling design is:
Total cost = k[m($ per field sample) + ($ per lab analysis) + ($ per composite)]

The performance curve calculations are also based on the t-test. The software only
approximates this performance curve instead of computing the exact curve. Asaresult of this
approximation, the performance curve may appear to show that a decision error limit is satisfied
when it is not, especially on the false rejection side of the gray region. Therefore, DEFT labels
any decision error limit that is not satisfied as“NS.” Thislabel should be used to determine
whether or not alimit is satisfied, rather than the graph of the performance curve.

5.1.3 Stratified Sampling

Stratified random sampling can be used to improve the precision of a sampling design.
To create a stratified sample, the study population is divided into two or more non-overlapping
subsets, called strata, that cover the entire population. Strata should be defined so that physical
samples within a stratum are more similar to each other than to samples from other strata.
Previous data, information about concentration levels, previous studies, and knowledge about
contamination sources can be used as the basis for creating strata. Once the strata are defined,
DEFT assumes each stratum will be sampled separately using a simple random sampling design.

Thereisalimit of six stratain DEFT. (Thislimit was set because the software was
designed only to demonstrate feasibility of the DQOs and six strata should be sufficient for this
purpose.) To determine sample sizes for each stratum, a weighing factor (weight) and an
estimate of the standard deviation is needed. The stratum weight is the proportion of the volume
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or area of the environmental medium contained in the stratum in relation to the total volume or
area of the study site. The sum of the strata weights must be 1, so the program automatically
computes the weight of the final stratum. The default weight corresponds to equal weighing
among the strata. The estimated standard deviation for each stratum must be less than two times
the range of the population parameter, and the default value is the estimated total standard
deviation.

DEFT assumes that at-test will be used to analyze the data. Therefore, the corresponding
sample size formula® (repeated for each stratum) is used in the computations:

Loz, )
n, = [Z\Nhoh] [ 8
h-1

W, (4)

where n, = thenumber of samplesfor stratum h;
L = total number of strata;
W, = weight for stratum h;
o« = fasergection error rate;
B = faseacceptance error rate;
0, = estimated standard deviation for stratum h;
A = thedifference between the action level and the other bound of the gray region;
z, = the p™" percentile of the standard normal distribution (from standard statistical

tables).

The sample size reported by DEFT is always greater than or equal to 2 so that an estimate of the
standard deviation may be calculated from the data collected in each stratum. Therefore, if the
formula above yields avalue less than 2, DEFT will automatically report a sample size of 2. This
means that the minimum sample size for a stratified design is equal to two times the number of
strata. If the total sample size calculated is greater than 30,000 times the number of strata, DEFT
will adjust the fal se acceptance error rate (see Section 2.3.4). In addition, this sample size
formula assumes that the costs of sampling each stratum are the same. If not, see Chapter 6 of
Methods for Evaluating the Attainment of Cleanup Standards (EPA, 1989) for a sample size
formulathat accounts for unequal stratum costs.

The formulafor computing the total cost of the stratified sampling design is:

L
Total Cost = Z n,($ per field sample + $ per laboratory analysis)
h=1

This sample size formula assumes that the standard deviation is known. Therefore, when the standard deviation
is estimated and the calculated sample size is small, consider increasing the sample size by 2 or 3 samples per
stratum.
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The performance curve calculations are based on the t-test. The software only
approximates this performance curve instead of computing the exact curve. Asaresult of this
approximation, the performance curve may appear to show that a decision error limit is satisfied
when it is not, especially on the false rejection side of the gray region. Therefore, DEFT labels
any decision error limit that is not satisfied as“NS.” Thislabel should be used to determine
whether or not alimit is satisfied, rather than the graphical display of the performance curve.

52 TESTING A PROPORTION AGAINST A FIXED STANDARD

A proportion represents the number of objects in a population having (or not having)
some characteristic divided by the total number of objectsin the population. This characteristic
may be qualitative, such as leaking drums versus non-leaking drums, or quantitative, such asthe
drums with concentration levels of a contaminant greater than some fixed level. A proportionis
useful if the population consists of discreet objects such as drums or a population of fish. The
following discussion assumes that the population is either infinite or extremely large.

5.2.1 Simple Random Sampling

The simplest probability sample is a simple random sample where every possible
sampling point has an equal probability of being selected and each sample point is selected
independently from all other sample points. Simple random sampling is appropriate when little
or no information about a problem isavailable. If some information is available, it may not be
the most cost-effective design.

DEFT assumes that alarge-sample, normal approximation method will be used to analyze
the data. Therefore, the corresponding sample size formulais used in the computations:

2
2, 3/GR(1L-GR) + 7, /AL(1-AL) 5
n =
A
where:  « = fasergection error rate;
B = false acceptance error rate;
z, = the p" percentile of the standard normal distribution (from standard
statistical tables);

AL = actionlevd;
GR = other bound of the gray region; and
n = the number of samples.

Thisformulais based on Box 7.2 on page 7-6 of Methods for Evaluating the Attainment of
Cleanup Sandards. Volumel: Soilsand Solid Media (EPA, 1989). The sample size reported
by DEFT is always greater than or equal to 2 so that an estimate of the standard deviation may be
calculated from the data collected. Therefore, if the formula above yields a value less than 2,
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DEFT will automatically report a sample size of 2. In addition, if the sample size calculated is
greater than 30,000, DEFT will make adjustments to the false rgjection and fal se acceptance error
rates as explained in Section 2.3.4.

The formulafor computing the total cost of the simple random sampling design is:
Total Cost = n ($ per field sample + $ per laboratory analysis)

The performance curve calculations are also based on the large sample approximation.
Asaresult of this approximation, the performance curve may appear to show that a decision
error limit is satisfied when it is not, especialy on the false rejection side of the gray region.
Therefore, DEFT labels any decision error limit that is not satisfied as“NS.” This label should
be used to determine whether or not alimit is satisfied, rather than the graphical display of the
performance curve. Note that due to the approximation process, the performance curve may not
intersect the false acceptance error limit. Thisisaresult of a correction factor in the sample size
formulathat does not cancel out in the performance curve calculations. However, the sample
size given by DEFT should satisfy the decision error limits regardless of the appearance of the
performance curve unless these limits are otherwise marked.

522 Stratified Sampling

Stratified random sampling is used to improve the precision of asampling design. To
create a stratified sample, the study population is divided into two or more non-overlapping
subsets, called strata, that cover the entire population. Strata should be defined so that physical
samples within a stratum are more similar to each other than to samples from other strata.
Previous data, information about concentration levels, previous studies, and knowledge about
contamination sources or activities can be used as the basis for creating strata. Once the strata
have been defined, DEFT assumes each stratum will be sampled separately using asimple
random sampling design.

To estimate the sample size required for a stratified design, DEFT requires information
regarding each individual stratum including aweighing factor (weight) and a preliminary
estimate of the stratum proportion. The stratum weight is the proportion of the volume or area of
the environmental medium contained in the stratum in relation to the total volume or area of the
study population. The sum of the strata weights must be 1, so the program automatically
computes the weight of the final stratum. The default weight corresponds to equal weighing
among the strata. The estimated stratum proportions may be based on historical information. If
there is no information available for estimating these proportions, use the action level or else the
average of the action level and the other bound of the gray region. Thereisalimit of six stratain
DEFT. (Thislimit was set because the software was designed only to demonstrate feasibility of
the DQOs and six strata should be sufficient for this purpose.)
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DEFT assumes that alarge sample approximation will be used to analyze the data.
Therefore, the corresponding sample size formula (repeated for each stratum) is used in the
computations:

2
N
N, = WyPpy(1-Py) e Zlﬁ] (6)
A
where n, = thenumber of samplesfor stratum h;
o« = fasergection error rate;
B = falseacceptance error rate;
A = thedifference between the action level and the other bound of the gray region;
W, = weight for stratum h;
P, = estimated proportion for stratum h; and
z, = the p™ percentile of the standard normal distribution (from standard statistical

tables).

Thisformulais based on Box 7.7 of Methods for Evaluating the Attainment of Cleanup
Standards (EPA, 1989).

The sample size reported by DEFT is always greater than or equal to 2 so that an estimate
of the standard deviation may be calculated from the data collected in each stratum. If the
formula above yields avalue less than 2, DEFT will automatically report asample size of 2. This
means that the minimum sample size for a stratified design is equal to two times the number of
stratum. If the sample size calculated is greater than 30,000 times the number of strata, DEFT
will adjust the false acceptance error rate (see Section 2.3.4). In addition, this sample size
formula assumes that the costs of sampling each stratum are the same. If not, see Chapter 6 of
Methods for Evaluating the Attainment of Cleanup Sandards (EPA 1989) for a sample size
formulathat accounts for unequal stratum costs.

The formulafor computing the total cost of the stratified sampling designis:

L

Total Cost = n,($ per field sample + $ per laboratory analysis)
h=1

where L represents the total number of strata.

The performance curve calculations are also based on the large sample approximation.
Asaresult of this approximation, the performance curve may appear to show that a decision
error limit is satisfied when it is not, especialy on the false rejection side of the gray region.
Therefore, DEFT labels any decision error limit that is not satisfied as“NS.” This label should
be used to determine if alimit is satisfied, rather than the graph of the performance curve.
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5.3 TESTING THE DIFFERENCE BETWEEN TWO MEANS

The ssimplest probability sample is a simple random sample where every possible
sampling point has an equal probability of being selected and each sample point is selected
independently from all other sample points. Simple random sampling is appropriate when little
or no information about a population is available. 1f someinformation is available, smple
random sampling may not be the most cost-effective sampling design.

DEFT assumes that at-test will be used to analyze the data. Therefore, the corresponding
sample size formulais used in the computations:

26%(z, , + 2, 9" 7

= = +
m=n X 7 (7)

where: 82 = egtimated variance for both populations;

o« = fasergection error rate;

B = faseacceptance error rate;

z, = the p™ percentile of the standard normal distribution (from standard statistical

tables);

A = thedifference between the action level and the other bound of the gray region;

n = thenumber of samplesfor population 1; and

m = the number of samplesfor population 2.

Thisformulais based on Section 3.3.1.1 of the EPA Guidance for Data Quality Assessment:
Practical Methods for Data Analysis (QA/G-9) (EPA, 2000b).

The sample size reported by DEFT is always greater than or equal to 2 so that an estimate
of the standard deviation may be calculated from the data collected. Therefore, if the formula
aboveyields avalue less than 2, DEFT will automatically report a sample size of 2. In addition,
if the sample size calculated is greater than 30,000, DEFT will make adjustmentsto the false
regjection and false acceptance error rates as described in Section 2.3.4.

The formulafor computing the total cost of the simple random sampling design is:
Total Cost = (m+ n) ($ per field sample + $ per laboratory analysis)

The performance curve calculations are also based on the t-test. The software only
approximates this performance curve instead of computing the exact curve. Asaresult of this
approximation, the performance curve may appear to show that a decision error limit is satisfied
when it is not, especially on the false rejection side of the gray region. Therefore, DEFT labels
any decision error limit that is not satisfied as“NS.” Thislabel should be used to determine
whether or not alimit is satisfied, rather than the graphical display of the performance curve.
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54  TESTING THE DIFFERENCE BETWEEN TWO PROPORTIONS

The ssimplest probability sample is a simple random sample where every possible
sampling point has an equal probability of being selected and each sample point is selected
independently from all other sample points. Simple random sampling is appropriate when little
or no information about a population is available. 1f someinformation is available, smple
random sampling may not be the most cost-effective sampling design.

DEFT assumes that alarge sample normal approximation method will be used to analyze
the data. Therefore, the corresponding sample size formulais used in the computations:

22, , + 2, )* P (1 - P)
n = 8
(P, - P) ®)

where: (P, +P,) /2

false rejection error rate;

fal se acceptance error rate;

. the p™ percentile of the standard normal distribution (from standard
statistical tables);

the action level;

the other bound of the gray region;

the number of samplesfor population 1; and

the number of samples for population 2.

Thisformulais based on Box 3.3-5 of the EPA Guidance for Data Quality Assessment:
Practical Methods for Data Analysis (QA/G-9) (EPA, 2000b).

The sample size reported by DEFT is always greater than or equal to 2 so that an estimate
of the standard deviation may be calculated from the data collected. Therefore, if the formula
aboveyields avalue less than 2, DEFT will automatically report a sample size of 2. In addition,
if the sample size calculated is greater than 30,000, DEFT will make adjustmentsto the false
rejection and fal se acceptance error rates as discussed in Section 2.3.4.

The formulafor computing the total cost of the simple random sampling designis:
Total Cost = 2n($ per field sample + $ per laboratory analysis)

The performance curve calculations are also based on the large sample approximation.
As aresult of this approximation, the performance curve may appear to show that a decision
error limit is satisfied when it is not, especially on the false rejection side of the gray region.
Therefore, DEFT labels any decision error limit that is not satisfied as“NS.” Thislabel should
be used to determine whether or not alimit is satisfied, rather than the graphical display of the
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performance curve. Note that due to the approximation process, the performance curve may not
intersect the false acceptance error limit. Thisisaresult of a correction factor in the sample size
formulathat does not cancel out in the performance curve calculations. However, the sample
size given by DEFT should satisfy the decision error limits regardless of the appearance of the
performance curve unless these limits are otherwise marked.

55 ESTIMATING A POPULATION MEAN

The formula used by DEFT to calculate the sample size required for testing a mean
against afixed standard (Equation 1) is used to calculate a minimum sample size needed to
generate a 100 (1-a)% confidence interval estimate (e.g., a 95% confidence interval where
o = 0.05) of a population mean with a specified maximum width. In Equation 1, A = Action
Level + 1/2 the maximum width.

5.6 ESTIMATING A POPULATION PROPORTION

The formula used by DEFT to calculate the sample size required for testing a proportion
against afixed standard (Equation 5) is used to cal culate the minimum sample size needed to
generate a 100 (1 - «)% confidence interval estimate (e.g., a 95% confidence interval where
o = 0.05) of a population proportion with a specified maximum width. In Equation 1,

A = Action Level + 1/2 the maximum width.
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