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Abstract

This user's guide describes Visual Sample Plan (VSP) Version 2.0 and provides instructions for using the
software. VSP selects the appropriate number and location of environmental samples to ensure that the
results of statistical tests performed to provide input to environmental decisions have the required
confidence and performance. VSP Version 2.0 provides sample-size equations or algorithms needed by
specific statistical tests appropriate for specific environmental sampling objectives. The easy-to-use
program is highly visual and graphic. VSP runs on personal computers with Microsoft Windows
operating systems (95, 98, NT, 2000, Millennium Edition, and XP). Designed primarily for project
managers and users without expertise in statistics, VSP is applicable to any two-dimensional geographical
population to be sampled (e.g., surface soil, a defined layer of subsurface soil, building surfaces, water
bodies, and other similar applications) for studies of environmental quality.
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1.0 Introduction

1.1 What is Visual Sample Plan?

Visual Sample Plan (VSP) is a software tool for selecting the right number and location of environmental
samples so that the results of statistical tests performed on the data collected via the sampling plan have
the required confidence for decision making. More than 1000 copies of VSP 1.0 are in distribution today;
sponsors of this public domain software include the U.S. Environmental Protection Agency (EPA),
Department of Energy, and Department of the Navy. VSP 2.0 is a major new release of the software and
incorporates many new features.

VSP provides sample designs and sample-size equations needed by specific statistical tests appropriate
for several types of environmental problems. Table 1.1 is a list of the sampling goals that can be

addressed in VSP 2.0.

Table 1.1. List of Sampling Goals

Sampling Goal User’s Guide Section
Compare Average to Fixed Threshold 3.2.1
Compare Average to Reference Average 3.22
Estimate the Mean 3.23
Construct Confidence Interval on Mean 3.24
Compare Proportion to Fixed Threshold 3.25
Compare Proportion to Reference Proportion 3.2.6
Estimate the Proportion 3.2.7
Locating a Hot Spot 3.2.8

VSP is easy to use, highly visual, and graphic. It has extensive online help and tutorial guides. Reports
produced by VSP can be pasted directly into a quality assurance project plan or a sampling and analysis
plan. VSP can be used to implement EPA’s systematic planning process (EPA 2000) for a variety of
problems: selection between clearly defined alternatives [Step 7 of the Data Quality Objectives (DQO)
process], studies where a confidence interval on an estimated parameter is needed, or determination of
whether a hot spot or target exists. The user specifies the criteria for “how good” the answer has to be
(Step 6 of the DQO Process), and VSP uses this as input to the formula for calculating the required
sample size. VSP is unique in this regard.

VSP is designed primarily for project managers and users who are not statistical experts, although those
individuals with statistical expertise also will find the code very useful. VSP is applicable to any two-
dimensional geographical population to be sampled, including surface soil, a defined layer of subsurface
soil, building surfaces, water bodies, or other similar applications.

September 2002 1.1 Visual Sample Plan Version 2.0



1.2 What’s New in VSP 2.0?

VSP 2.0 offers expanded sampling designs—sequential, adaptive, ranked-set, swath sampling. It includes
an Advisor menu selection to guide the user through the steps in designing a sampling plan. It has an
expanded set of Sampling Goals, along with the appropriate statistical test options for use in the sample
size formulas. It includes a Report View that describes in words the sampling plan designed by VSP,
along with the assumptions and formulas used in sample size calculations. VSP 2.0 allows the user to
format graphs, reports, and maps. It allows labeling of samples by attribute, input and tracking of
historical samples, and expanded graphics on maps. Many operations are streamlined, like a “one-click”
creation of Sample Area and an initial screen for selecting which version of VSP to use (different
sponsors have requested stylized versions of VSP).

The experienced user will notice many other changes and enhancements. The expanded Help function
provides an exhaustive list of formulas, definitions, and references used within VSP. Users are encour-
aged to liberally use the Help function as they navigate the expanded functionality within VSP 2.0. Help
is available on a topic basis when accessed from the Help menu item on the main screen, and on a tutorial
basis when accessed from the Help button at the bottom of the input screen for each of the sampling
designs.

The next beta test reload of VSP will include a new Sampling Design goal: Find an Unexploded
Ordnance (UXO) Target Area. This will add sampling along a parallel or grid swath and will provide
post-survey target detection evaluation.

Several sponsors are supporting the addition of new features to VSP. We look forward to including these
new features in a new revised version of VSP in the near future.

1.3 Installation and System Requirements

VSP 2.0 runs on Microsoft® Windows® 95 and later... Visual Sample Plan (VSP) Models and Code
Verification (Gilbert et al. 2001) documents the successful installation of VSP on personal computers
operating with Windows® 95, 98, Millennium Edition, and Windows 2000.

VSP will not run on Windows 3.1 or earlier Windows operating systems. VSP currently does not run on
Macintosh® or UNIX®/Linux systems. Any personal computer with sufficient hardware to run one of
the supported operating systems should run VSP. The minimum hardware recommended is

e Pentium processor
e 32 MB RAM
e 6 MB of free space on the hard drive.

The current version of the VSP setup file is available from http://dqo.pnl.gov/VSP. After the setup file is
downloaded, installation of VSP is almost automatic. Simply run the VSP setup file, VSP1.0.exe (or later
version), and follow the on-screen instructions. The VSP program and auxiliary files will be copied by
default to the C:\Program Files\Visual Sample Plan folder (subdirectory). However, you may specify a
different location for the files.

Visual Sample Plan Version 2.0 1.2 September 2002



Once installation is complete, you will start VSP using option Start > Program Files > Visual Sample
Plan > Visual Sample Plan. Alternatively, you may place a VSP shortcut on the desktop by selecting
New > Shortcut from the menu obtained by right-clicking the mouse on the desktop. The appropriate
command line for the default folder is

“C:\Program Files\Visual Sample Plan\VSample.exe”.

VSP may be uninstalled using the Control Panel icon labeled Add/Remove Programs. You may access
this option using the Start button and Settings > Control Panel.

New versions of VSP are often released as prototypes for testing. These demonstration (or beta) versions
all have expiration dates. After the expiration date has passed, you will be given the option of continuing
with the current version or going to the VSP website to download the latest version. Version 2.0 is not a
demonstration version and does not have an expiration date.

1.4 Overview of VSP

Sampling is the process of gaining information about a population from a portion of that population called
a sample. A key goal of sampling design is to specify the sample size (number of samples) and sampling
locations that will provide reliable information for a specific objective (called the Sampling Goal) at the
least cost. VSP does these required calculations for sample size and sample location and outputs a
sampling design that can be displayed in multiple formats. VSP does not address sample types to take,
sample collection methods, or sample results. It does address the trade-off between repeated analytical
measurements on a single sample to reduce overall sample result variability (MQOs) and provides a
sensitivity table for comparing analytical methods of varying accuracy and cost.

VSP can be used to develop a new sampling design. It can also be used to compare alternative designs.
VSP automates the mechanical details of calculating sample size, specifying random sampling locations,
and comparing sample costs with decision error rates. These activities can be accomplished in the context
of your own site map displayed onscreen with various sampling plans overlain on sample areas that you
select.

The first thing you will do after opening the program is to import or construct a visual map of the study
site. Next, you select the area or areas to be sampled. The Sample Area may be only a portion of the
study site (see the circular sample area in Figure 1.1, upper left window).

Then, for the Sampling Goal that you select, VSP will lead you through the quantitative steps of the DQO
process (Steps 6 and 7) so that the program has the information needed to compute the recommended
minimum number of samples (sample size). You can enter sampling costs and test alternative designs
against a fixed budget.

The locations of the samples over the Sample Area are determined by the specific sampling design
(pattern) that you select. For some Sampling Goals, and for some assumptions about the population, only
certain designs are allowed from a statistical theory perspective. For example, sequential sampling is
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Figure 1.1. Screen Capture from VSP Using Quad Window Option

appropriate only for the sampling goal of Compare Average to a Fixed Threshold when the population
units can be assumed to be distributed normally. When there is a choice of designs, VSP displays a drop-
down menu of the allowable designs. VSP 2.0 has an expanded set of sampling designs from which to
select, including adaptive sampling, sequential sampling, and ranked-set sampling.

VSP 2.0 allows the user to consider previously sampled locations (called historical samples) when
deciding where to take new samples. Historical samples can be imported and located on the map.
Samples can be given text labels and displayed on the map using a variety of symbol shapes. Samples
can be grouped and visually identified by using different symbols for each sample group (e.g., samples
taken at different times, or using different collection methods). Designed as a planning tool, VSP does
not keep track of sample values except in the case of sequential sampling (see Section XX).

On the site map, VSP displays the sample locations for easy visualization (see Figure 1.1, upper left
window). VSP also lists the geographical coordinates of the sample locations (see Figure 1.1, lower right
corner), which can be saved and exported as a Drawing Exchange Format (DXF) file for use in a geo-
graphical information system (GIS) or saved as a text file for use in global positioning system (GPS)
software.
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Two additional output formats for the design created in VSP are available: a Graph View of the design
(see Figure 1.1, upper right window), and a Report View (see Figure 1.1, lower left window). The Graph
View displays either a Decision Performance Goal Diagram for Sampling Goals that involved selecting
between alternative actions, or a performance graph comparing number of samples to a design parameter
for the other classes of sampling goals. The Report View is a text report that describes the sampling
design in detail. The report contains the input values, the assumptions, the cost of the design, a technical
description of the sample size formula used, and a sensitivity analysis table to assess what would happen
if more or fewer samples are collected than the optimal number calculated by VSP.

1.5 How Do I Use VSP to Provide a Defensible Sampling Plan?

To defend a sampling plan to a regulator concerned about safety and to a citizens’ group concerned about
saving taxpayer dollars requires balancing cost and risk. Defensible means that sufficient samples are
taken, in a non-biased way, in order to make a decision, estimate a proportion, or declare an area free of
UXO with a stated level of confidence. Additionally, once samples are taken and the results processed,
someone needs to apply a statistical test to actually make a decision based on the data or calculate a
confidence interval. VSP incorporates all this into the code it uses to calculate a sample size and sample
locations. It asks the user to enter the assumptions, acceptable risk, and costs it needs for these
calculations.

VSP follows the EPA-sanctioned planning approach for data collection and decision-making called the
Data Quality Objectives (DQO) process. The DQO process achieves the user’s limit on acceptable risk,
at a minimum cost. See EPA (2000) for an extended discussion of the DQO process. There are 7 steps in
the DQO process. Users must complete Steps 1 through 6 in order to have the inputs VSP needs. Then,
using VSP, the user can complete Step 7, “Optimize the Design for Obtaining Data,” because VSP can be
used to try out different sampling designs and find the optimal design for the current problem.

Users familiar with the DQO process know that often a single site may have multiple sampling goals and
multiple Sample Areas, each requiring its own set of DQO inputs and hence different sample require-
ments. VSP can help because it allows rapid prototyping and has many features that allow the overlay of
designs and comparisons across designs.
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2.0 Mechanics of Running VSP

2.1 Getting Started and Navigational Aids

Upon launching VSP, the
first screen you will see is
“Welcome to Visual
Sample Plan” overlain with
the initial navigational
screen, “Select”

(Figure 2.1).

The choice of VSP versions
is offered because different
versions of VSP have been
developed for different
sponsors. Versions were
designed to simplify the
options presented to the
single-purpose user as VSP
became more complex. For
example, users interested
only in MARSSIM
applications can select the
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Welcome to Visual Sample Plan
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How Do | Draw a Map?
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How Do | Create a Sample Plan?
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Fixed Threshold / Cah assume data wili be nort
sampiing from the menu. This will show a Sampiir
number of samples required. Press the Apply but
closing the dialog. Press the OK button to place s

To draw a simple map, select one of the Map / Draw functions from the menu. For example,
choose fap / Draw Rectangle or press EI then define 2 corners of the rectangle b
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WSP provides 4 different views of your sampling pl
and Coordinate. Choose Window / Quad Windol
views at once.
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What is the Fastest Way to Learn About Features in VEP? |

Figure 2.1. VSP Welcome Screen with Version Selection Menu

MARSSIM version. That version contains menu items relating to only rooms and surfaces, and its
statistical tests and sampling design options are limited to only those that are MARSSIM-approved.
Currently, all versions implement the full range of VSP functionality except EPA G-5S VSP
Implementation Version, which implements only those sampling designs discussed in Guidance for
Choosing a Sampling Design for Environmental Data Collection (EPA 2001). Future VSP releases will
implement this version control function.

Once a version has been selected, the second navigational menu pops up: Need Help? This Help screen
appears when VSP is first launched and again whenever Advisor > Show Advisor is selected from the
main menu (Figure 2.2). Clicking any of the items under Need Help? will launch Microsoft Word, where
a document will load that has the relevant information on that topic from the User’s Manual. Once in
Word, you must click the Close button (“X”) in the upper-most right-hand corner of the Word toolbar to
return to VSP. You can close the Need Help? screen by either clicking in the “X” button on the top bar
or selecting Close at the bottom of the screen.
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Figure 2.2. VSP Welcome Screen with VSP Advisor

Having closed Need Help?, you
are now at the third navigational
aid, the “Welcome to Visual
Sample Plan” screen. The
instructions on this page give
answers to the most commonly
asked questions from new VSP
users. This screen will stay up
until it is overlain with one of
the View options, for example,
when a map is loaded and you
are in Map View.

You now are ready to begin
using VSP after understanding
one more piece of housekeeping.
You have two ways to use VSP:
pull-down menus from the top
list of menu items, or the buttons
on the main tool bar (select
View > Main Toolbar to see
the buttons). The pull-down

menus offer a wider range of options. The buttons offer a quick one-click method for performing the
primary VSP functions. Pull-down menus and buttons are shown in Figure 2.3. Holding the mouse over
a button will reveal in text what that button does. For example, the Undo button is for undoing a key
stroke during a map drawing session.

Starting with the File menu item on the top menu bar, the pull-down menu shows the various options for

dealing with Projects.

¥isual Sample Plan - [¥Sampl2]

@File Map Edit Sampling Goals Tools Opbions  Wiew  Window  Help

DB s 4 - Blam@EE 91712

|| |

Figure 2.3. Main Menu Items (top row) and Buttons on the Toolbar (bottom row)
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VSP uses the term Project to refer to the map, report, sample
information, and cost information associated with one sampling
design. All this information is contained in the ‘filename.VSP’
created or selected by the user and is in a special VSP format file.
Upon starting VSP, you either create a new project, File > New
Project, or open an existing project, File > Open Project

(Figure 2.4). If you are creating a new project, you will automatic-
ally be put into the “Welcome to Visual Sample Plan” screen after
selecting File > New Project. If you are opening an existing
project, you will be shown a list of existing VSP files and asked to
select one.

2.2 Setting Up a Map

If you are starting a new project, you may obtain a map (drawing) of

the site in any of three ways:

1. Import the site map from a drawing interchange format (DXF)
file.
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Figure 2.4. Pull-Down Menu

Items Under File

2. Import the site map from a previous VSP project that was saved in VSP format (i.e., a .VSP file).

3. Draw the map or Sample Area using VSP’s drawing tools.

These three methods are illustrated below. Because VSP has a graphical user interface, the user may

specify the Map Extents to make the coordinates on the VSP map correspond to the actual coordinates
and distances at the physical site being replicated. This is done by selecting Map > Set Map Extents

from the Main Menu.

2.2.1 Importing a Site Map from a Drawing Interchange Format File

You can draw a complex site map in an architectural drawing program such as Autodesk Map™

AutoCAD®, or ArcView™ and save the drawing to a .DXF formatted file in that software package. The
resulting DXF file can be imported into VSP. The Millsite.dxf file is a sample DXF file provided with

VSP. The following steps illustrate how to use this file in VSP:

1. From the main menu, select Map > Load DXF. A quick alternative is to click on the Load Map

button on the VSP toolbar.

2. A list of available DXF files in the Visual Sample Plan folder is displayed. Select Millsite.dxf. You
may change folder names to search for the desired file using standard Microsoft file-searching if the

file is not in the Visual Sample Plan folder. Double-click on Millsite.dxf.

The site map should appear on your screen as illustrated in Figure 2.5.
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Figure 2.5. The Millsite.dxf File Opened in VSP

It is possible that your DXF file contains information that the current version of VSP cannot read. If you
have a file that cannot be imported successfully into VSP, please contact John Wilson at the e-mail
address or phone number listed in the Help > About VSP box.

2.2.2 Importing a Site Map File in the VSP Format

To open a VSP-formatted file, from the main menu select File > Open Project or use the Open button on
the VSP toolbar. A list of available .VSP files is displayed. Double click on the .VSP file to be opened.
Switch folders and/or directories if the desired file is in another folder or directory.

2.2.3 Importing Site Maps of Other Formats

Currently VSP imports only files in the DXF and VSP formats. Any other file types (such as .DWG)
must be converted to a DXF file, which can be done by software such as AutoCAD. In the future, we
hope to allow import of SHP formatted shape files, the format used by many geographical information
system (GIS) software packages.

VSP provides a basic set of drawing tools for users who do not have a drawing program to create a site
map. You can experiment with the drawing tools as follows:

e Create a new project by choosing File > New Project on the Main Menu or by clicking the New
button on the main toolbar. To dismiss the “Welcome to Visual Sample Plan” displayed upon
opening a new project, set the Map Extents (Map > Set Map Extents). Click the OK button to use
the VSP default values. You can now start drawing in the project window. Expand the project
window by pressing the Maximize button on the upper right corner of the project window.
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e Choose View > Map Drawing Toolbar from the Main Menu. This displays a toolbar used
specifically for drawing a map. This toolbar also may be docked if you prefer to remove it from the
project window. To dock the drawing toolbar, place the mouse cursor on the blue title bar and drag
the drawing toolbar onto the VSP toolbar.

All the drawing functions described below also are available from the Main Menu option Map.

Draw Line. Click the Draw Line button on the toolbar. The cursor will become a cross, indicating that
you are in drawing mode. Click a point on the map. You will now see a line between the cursor and
point you clicked. Continue clicking points to make a complex polygon. If you make a mistake, click the
Undo button on the VSP toolbar (or select Edit > Undo from the Main Menu or press Ctrl-Z on the
keyboard). This will remove the last point you entered.

Points can be entered also on the keyboard. Just enter the x, y coordinates for each point (for example:
type 32,48 and press the Enter key). You can see the coordinates that you are entering on the status bar at
the bottom of the window. To connect a line to a point already entered (for example, to connect the last
line to the first point to create a closed polygon), hold the Shift key while clicking with the mouse.
Holding the Shift key can be used in most drawing operations to select the nearest point on the map
without having to carefully position the cursor. Holding the Ctrl key while moving the mouse allows you
to draw a horizontal or vertical line without having to be careful. To finish the line, right-click the mouse
or click the Draw Line button on the toolbar again.

Draw Rectangle. Click the Draw Rectangle button on the toolbar. Click on a point on the map that you
want to be one corner of a rectangle. Holding the Shift key while clicking causes that point to be attached
to an existing point on the map. Move the cursor to the opposite corner of the rectangle and click the
mouse button. Holding the Ctrl key while moving and clicking forces the rectangle to be a square. The x,
y coordinates of the corner points can be entered on the keyboard also.

Draw Ellipse. Click the Draw Ellipse button on the toolbar. Drawing an ellipse is basically the same as
drawing a rectangle. Holding the Ctrl key forces the ellipse to be a circle.

Draw Curve. Click the Draw Curve button on the toolbar. Click a point on the map. Click a second
point on the map. A line is drawn between these first two points. As you move the cursor around the

map, this line is stretched to become a curve. When the curve has the shape you want, click the mouse
(this is the control point). The X, y coordinates for the three points also can be entered on the keyboard.

Draw MARSSIM Room. Click the Draw Room button on the drawing toolbar or select Main Menu
option Map > Draw MARSSIM Room. A tooltip box displays the three ways to draw a room using this
tool:

e Enter the room’s dimensions from the keyboard.
o Enter the room’s corner coordinates from the keyboard.
e Use the mouse to establish the corner points and the wall height.
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More detail on using these methods is provided below. x

L.

i ][t =
Enter the room length, width, and height dimensions and
press the Enter key. Separate the dimensions with the

ey, 9

letter “x”. For example, type 12x10x8 and press the Enter
key. A dialog box will ask if you want to include the
ceiling. Figure 2.6 is an example with the ceiling chosen.

The status bar at the bottom of the VSP screen displays the
dimensions as you enter them.

Enter the corner coordinates of the room on the keyboard
and the wall height. For example, start a new project
using Main Menu option File > New Project. Select
Main Menu option Map > Draw MARSSIM Room or
use the Draw Room button on the drawing toolbar. Type
50,50 and press the Enter key. For the opposite corner
coordinate, type 90,90 and press Enter. Type 9 for the
wall height and press Enter. Answer No to the “Include
Ceiling?” question. Your screen should be similar to that
shown in Figure 2.7.

Figure 2.6. Example of MARSSIM
Room with Ceiling Option Selected

The third method is to click the mouse for the first corner, then the second corner, and finally click
the third time after dragging the cursor out a distance to indicate the wall height.
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Figure 2.7. Example of MARSSIM Room Without Ceiling Option Selected
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2.2.4 Working with Maps

Deleting Segments of a Map. VSP imports DXF files and turns the objects into polylines or a series of
connected points. As such, if you want to remove a segment from either an imported map or a user-
drawn map, you may click on a segment and hit the Delete key on your keyboard. Right-clicking on any
segment in a map displays the vertices of the polyline in a outline of bold squares. With the outline in
bold squares displayed, hit the Delete key on your keyboard and that segment is removed.

Zooming In and Out. The Zoom In, Zoom Out, and Zoom Window buttons in the middle of the VSP
toolbar provide methods to focus in on a Sample Area or other region of a site map. Press once on the
Zoom In button and then click on the site map to make it grow larger. Turn off this mode by pressing the
Zoom In button again. The Zoom Out button works the same way except that it makes the site map
shrink. The location on the site map where you click determines the area of the new focus.

The Zoom Window button allows you to create an expanded rectangular window into the site map. For
an example, press the Zoom Window button, drag the cursor across part of the screen, and release. The
dashed lines illustrate the final window focus.

2.3 Sample Areas in VSP

2.3.1 Creating a Sample Area

Once a map is created, a Sample Area must be created. A Sample Area is an enclosed region in which to
locate samples. The user must identify the area to VSP in order to make sampling locations available.
(Note: You can use any of the sampling designs except Judgement Sampling without a Sample Area
defined, but they will not create sampling locations.)

Press the New Area button on the VSP toolbar (or from the Main Menu select Edit > Sample Areas >
Define New Sample Area). A Color dialog box appears. Use this dialog to choose the color of the
Sample Area. After the color is selected, a tooltip box appears on the map to provide information on the
selection method. Figure 2.8 shows a red Sample Area along with the dialog boxes for creating it.
Repeat the operation to create a second Sample Area.

There are two basic ways in which to create the Sample Area:

1. One-Step Method. Position the cursor inside one of the enclosed areas on the map and right-click
with the mouse. The Sample Area is created, and a dialog box appears. This dialog box shows the
size of the Sample Area and allows you to change the units of the map. Click the OK button on the
dialog when done.
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Figure 2.8. Map with a Single Sample Area

2. Corner-Selection Method. Position the cursor on each corner of the Sample Area and left-click with
the mouse. If you hold down the Shift key while clicking, the nearest point on the map will be
selected. If you make a mistake in choosing a corner, use the Undo feature. When you have finished
defining the Sample Area, either click the Finish Area button on the VSP toolbar, select Main Menu
option Edit > Sample Areas > Finish New Sample Area, or right-click the last segment in the
corner selection method. The area dialog box appears, allowing you to change the map units. Note:
A Sample Area cannot cross over itself. If this happens, an error message—"“This area is invalid and
will be removed”—appears.

A map may contain a single Sample Area or multiple Sample Areas. For example, OneAcre.VSP (an
example of a VSP file included with the program) is a single Sample Area, while Examplel.VSP could
have multiple Sample Areas because the map consists of several enclosed areas that could be selected as
Sample Areas. When multiple Sample Areas are selected, samples located on the map by VSP are
distributed across all the areas.
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2.3.2 Selecting or Deselecting Sample Areas

VSP allows the user to control which Sample Areas are available for locating samples. Creating a Sample
Area automatically “selects it” for locating samples. You know it is “selected” because it appears in a
solid color on the map. “Deselected” Sample Areas appear with only the outline of the Sample Area in
color and the interior blanked out. You may Select or Deselect a Sample Area in two ways: left click
within the Sample Areas, or from the Main Menu select Edit> Sample Areas > Select/Deselect Sample
Areas. The latter method brings up a dialog box that allows you to choose which areas to select or
deselect. Figure 2.9 shows a VSP map with two of the five Sample Areas selected.

i Wisual Gample Plan - [¥Sampl1.vsp]

E ==l
B Fle Map |Edt SampingGoals Tools Options Wiew Window Help =1 |

Dlelg ™ < | o FiomEE ¢l e el
Undo il z ! Sample Plan =

Phase 1

Define New Sample Area
samples ¥ Finish New Sample Arez
Titles. » Delete Selected Sample Areas

- setardange

Reset Grid Angle

Change Color

4 | o

Select | deselect which sample areas ko work with [watch here for user input [x=2264592.67 Y=10266670.00

Figure 2.9. Map with Multiple Sample Areas Selected

2.3.3 Deleting Sample Areas

If you make a mistake, or just want to delete one or more of the Sample Areas you created, you must first
make sure the Sample Area(s) is Selected (see above). Then, from the Main Menu, choose Edit >
Sample Areas > Delete Sample Areas.
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2.4 Individual Samples (Importing, Exporting, Removing, and Labeling

Them as Historical)

Individual samples have several attributes within VSP:

location (X, y coordinates)

label (descriptive text)
value (numerical value)

Shape (marker symbol)

type (sampling design used to collect them)

historical sample indicator (true/false indicator).

Some of these attributes are relevant for only certain functions within VSP and are explained in future

sections.

The primary way you will locate samples within a Sample Area is by pressing the Apply button from one
of the dialogs once a Sampling Goal is selected from the Main Menu. This process is described in
Section 3. Samples located in this way are automatically assigned Location, Type, and Shape. Samples
that are imported and samples that are located manually do not have the same status as those located by
VSP using a statistical approach. Imported samples and manually located samples must be assigned

attributes by the user.

2.4.1 Importing Samples

There are two ways to import sampling locations:

1. Copy them from the Windows Clipboard. Edit the coordinates in a text editor, a word processor, or a
spreadsheet. Each line (or row) represents a different sampling location. The first column is the x
coordinate; the second column is the y coordinate. The third column is the sample Type and is
optional. Valid sample Types are Random, Systematic, Hotspot, Manual, Adaptive-Fill, or
Unknown. The fourth column is the sample label and is optional. Spaces or tabs should separate
columns. (Tabs are preferable.) The coordinates must lie inside a selected Sample Area.

Example: Type the following coordinates into a text editor such as Notepad:

10 10 Random
50 10 Systematic
10 50 Hotspot
95 60 Manual
99 99 Adaptive-Fill
150 150 Unknown
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Now press Ctrl-A to select all the text and Ctrl-C to copy the text to the Windows Clipboard. Run
VSP and load OneAcre.Vsp. Select the Main Menu option View > Coordinates. Paste the
coordinates into VSP using either Ctrl-V or Main Menu option Edit > Paste. View the new sampling
locations using Main Menu option View > Map or Window > Quad Window. Your map view
should now look like Figure 2.10.

#i:¥isual Sample Plan - [OneAcre.vsp]
File Map Edit Sampling Goals Tools Options  Wiew Window Help

D|E|=(RE& ol slda o EaEEE ¢ @ w2
One Acre Field

“.daptiwve-Fill

" =
Rand0m| Bystematic|

I~
b
Figure 2.10. The OneAcre.VSP Project with Sampling Locations Added from Windows Clipboard

You can place the mouse on any sample point and right-click to see the attributes of the sample at that
sample Location. Figure 2.11 shows the Sample Information VSP has for the sample near the arrow.

2. Import sampling locations from a text file. The text file must be formatted as described above.
Choose Main Menu option Map > Sample Points > Import and enter the file name in the dialog
box.

Samples that are imported are assigned Shapes depending on the Type attribute assigned. Sample
Type can be edited by selecting Edit > Samples > Shapes from the Main Menu. The Dialog box that
appears shows both the shapes assigned to valid Types (use the pull-down menu to select among valid
Types), and gives a picture of the Shape. Figure 2.12 shows that when a sample was collected
according to a Random design, it will be displayed with a Small Cross within a Circle Shape.
Shapes can be edited using this Dialog box for imported and manually located samples only.
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Figure 2.11. Example of Sample Information Box
2.4.2 Historical Samples

Sample locations with the Historical box checked (see Figure 2.11) have a unique role in VSP. VSP
gives you “credit” for them in accounting for the total number of new samples needed. This is explained
in Section 3.2. The important point to remember here is that if you import samples, manually add
samples, or have a sampling design previously created within VSP, you can give specific samples a
“Historical” status by placing your mouse over the sample location while in Map View and, in the dialog
that comes up, checking the Historical box.
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2.4.3 Exporting Sampling Locations

To export sampling locations to a text file (for example, to use the coordinates in a ground penetrating
radar system),

L.

Select the Sample Area as described above and develop the sampling design as described in

Section 3.

Choose Main Menu option Map > Sample Points > Export. Provide a name for the text file and

click Save.

2.4.4 Removing Sampling Locations

This option is best explained with an example:

L.

Start VSP and open a new project using Main Menu option File > New Project.

Open the Millsite.dxf file using Main Menu option Map > Load DXF.

. Click the New Area button on the toolbar and, after choosing a color, select the large ellipse by right-

clicking inside the oval. If you accidentally get some other area, click the Remove Areas button and
start over. Place the cursor as far from other objects as possible but still inside the ellipse.

Choose the Main Menu; select Sampling Goals >
Compare Average to Fixed Threshold > Data not
required to be normally distributed > Simple
Random Sampling (Wilcoxon signed ranks test).
Click the Apply button to place samples in the
Sample Area. You should now have a Sample Area
with 24 sampling locations similar to that shown in
Figure 2.12.

Using the Main Menu option Map > Sample Points
> Export, save all the sampling locations to a text
file named Points.txt.

Now we are ready to remove some of the sampling
locations. First, delete the first 16 rows (sampling
locations) from file Points.txt using a text editor like
Notepad. Save the remaining 5 rows to a new file
named Remove.txt. These are the locations that
will be removed from the Sample Area.

an - [¥sampl1]

Sampling Goals Tools Options  Wiew  Sindow

g| w4 o =g

Sample Plan
Phase 1-———:

Figure 2.12. Example Sample Area with
Sampling Locations
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7. Finally, to remove the sampling locations listed in
Remove.txt from the Sample Area, choose Main Sampling Goals  Tools  Opkions  Wiew  Window
Menu option Map > Sample Points > Remove.
Select tII:e file Reglove.txtpand hit OPEN. You will @ :5?" }l 1;5" Al EI @I
see in Figure 2.13 there now are only 16 sample
points instead of the original 24 shown in
Figure 2.12.

Sample Plan
Phase 1~

In other words, the coordinates in the Remove.txt file
are the sampling locations that are deleted from the
Sample Area. Just one location or all the locations can
be removed.

2.5 Saving a VSP File Figure 2.13. Example Study Area after

. . Sampling
No matter how you imported or created a site map or

Sample Area for VSP, you can always save the

information in VSP’s own file format. From the Main Menu, select File > Save Project As and provide a
name for the project. VSP will add the VSP file extension automatically. Alternatively, you can use the
Save button with the disk icon on the VSP toolbar. After you have created a sampling design as

discussed later in this guide, saving your project as a VSP file also will save the input data, cost data, and
recommended sample sizes.
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3.0 Sampling Plan Development Within VSP

3.1 Sampling Plan Type Selection

Sampling plan components consist of where to take samples, how many samples to take, what kind of
samples (e.g., surface soil, air), and how to take samples and analyze them. We identified the general
areas of where to take samples in Section 2.3, Select a Sampling Area. In this section, we discuss where
within the Sampling Area to locate the samples. We also discuss siow many samples to take. The kind of
samples to take—i.e., soil vs. groundwater, wet vs. dry, in situ vs. send off to a lab—is determined during
Step 3 of the DQO process (Define Inputs) and is not addressed directly in VSP. The Measurement
Quality Objectives module in VSP (Section 5.4) deals with how the method selected for analytically
measuring the sample relates to other components of the sampling plan.

3.1.1 Defining the Purpose/Goal of Sampling

VSP follows the DQO planning process in directing users in the selection of the components of the
sampling plan. The first thing you must do is to select the type of problem for which the current data
collection effort will be used to resolve. In VSP, we call this the Sampling Goal. The following types of
problems are addressed currently in VSP. Future versions will expand on this list:

1. Compare a population parameter (such as the mean, the median, or a proportion) to a threshold. This
is called a one-sample problem in statistics terminology.

2. Compare the population parameters (such as the mean, the median, or a proportion) of two
populations to each other. This is typically used when a reference area has been selected (i.e., a
background area) and the problem is to see if the study area is equal to, or greater than, the reference
area. This is called a two-sample problem because the data from two sites are compared to each
other.

3. Estimate a population parameter (such as the mean or a proportion) and calculate a confidence
interval.

4. Find hot spots, i.e., small pockets of contamination.

VSP lists “Non-statistical sampling approach” under Sampling Goals, but this is not really a goal. Under
this category, VSP allows the user to specify a predetermined sample size and locate the samples
judgmentally. Because VSP has no way of knowing how the sample size and sample locations were
chosen, the sampling approach is considered to be “non-statistical.”

To give you an idea of how VSP threads from Sampling Goal to selection of a sampling design,

Figure 3.1 shows the sequence of pull-down menus for one of the goals, Sampling Goal of Compare
Average to a Fixed Threshold. All endpoints from the Sampling Goal main menu result in a dialog box
where the user provides inputs for the specific design selected. VSP allows only certain options and
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Figure 3.1. Options in VSP for Comparing an Average to a Fixed Threshold

designs (e.g., simple random, systematic) under each goal. This is because VSP contains the algorithms
for calculating sample number and locating samples for only certain goal-assumptions-statistical test or
method sequences. Future versions of VSP will expand on the number and type of algorithms offered.

3.1.2 Selecting a Sampling Design

A good discussion of how to select a sampling design is in EPA’s Guide for Choosing a Sampling Design
for Environmental Data Collection (EPA 2001). See Table 3-1 on pages 23-24 in that source for
examples of problem types that one may encounter and suggestions for sampling designs that are relevant
for these problem types in particular situations. Another guidance document, Multi-Agency Radiation
Survey and Site Investigation Manual (MARSSIM) (EPA 1997), also provides insight into how to select a
sample design. We highly suggest the user refer to these two documents before making a final selection
on a sampling design.

One of the valuable ways to use VSP is to run through the various designs and see for yourself what
changes across designs, how designs perform, and what assumptions are required for each design. This
trial and error approach is probably the best way to select a design that best fits your regulatory
environment, unique site conditions, and goals.

An important point to keep in mind is the linkage between 1) the minimum number of samples that must
be collected and where they are located, and 2) how you will analyze the sampling results to calculate
summary values (on which you will base your decisions). The user must understand this linkage in order
to select the appropriate design. Once the samples are collected and analyzed, the statistical tests and
methods assumed in the sample size formulas and designs—or tests and methods that are less restrictive
and hence have smaller sample size requirements—must be used in the analysis phase (Data Quality
Assessment).

We cannot discuss all the implications here, but the technical documentation for VSP (Gilbert et al. 2002)
gives sample size formulas used in VSP and provides references. The online help in VSP also provides
technical help and references. Finally, the reports that are available within VSP are a good source for
definitions, assumptions, sample size formulas, and technical justification for the design selected.
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VSP allows both probability-based designs and judgmental sampling:

Probability-based sampling designs apply sampling theory and involve random
selection. An essential feature of a probability-based sample is that each member
of the population from which the sample was selected has a known probability of
selection. When a probability based design is used, statistical inferences may be
made about the sampled population from the data obtained from the sampled
units. Judgmental designs involve the selection of sampling units on the basis of
expert knowledge or professional judgment (EPA 2001, pp. 9-10).

VSP currently deals only with two-dimensional spatial designs; however, with a little effort and repeated
runs, it could be used to select designs in three dimensions or over a time domain. VSP allows you to
select a design from the following list. All but the last are probability-based designs:

o simple random sampling — Sampling locations are selected based on random numbers, which are
then mapped to the spatial locations.

¢ systematic grid sampling — Sampling i True Mean vs. Action Level x|
locations are selected on a regular pattern OneSample tTest Gid | Costs |
(e.g., on a square grid, on a triangular grid, Ly
along a line) with the starting location and Grid Tope
orientation randomly selected. Sampling is  Square
done only at the node points of the grid. The & Triangular
grid pattern is selected in the dialog box that " Rectangular

appears once grid sampling is selected. Click
the Grid tab on the dialog box to see this
screen. Figure 3.2 shows this dialog box. I¥' Random Start

21 Samples
You can see an example of the grid pattern el T e = et (o e s
selected in the right-hand side of the dialog dier depending on the sttt of the gid and shaps of
box in red. You may specify Random Start
or a fixed start for the initial grid point using
the check box next to Random Start.
Choosing Ra?ndom S'tart will generate.a new ok |
random starting location for the first grid
location each time the Apply button is
pushed. Once all selections have been made, Figure 3.2. Dialog Box for Entering Type of
press Apply. Grid Design

Cancel | Apply | Help |

o stratified sampling — Strata or partitions of an area are made based on a set of criteria, such as
homogeneity of contamination. Samples are drawn from each stratum according to a formula that
accords more samples to more heterogeneous strata.
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o adaptive cluster sampling — An initial » samples are selected randomly. Additional samples are
taken at locations surrounding the initial samples where the measurements exceed some threshold
value. Several rounds of sampling may be required. Selection probabilities are used to calculate
unbiased estimates to compensate for oversampling in some areas.

o ranked set sampling — In this two-phased approach, sets of population units are selected and ranked
according to some characteristic or feature of the units that is a good indicator of the relative amount
of the variable or contaminant of interest that is present. Only the mth ranked unit is chosen from this
set and measured. Another set is chosen, and the m-1th ranked unit is chosen and measured. This is
repeated until the set with the unit ranked first is chosen and measured. The entire process is repeated
for r cycles. Only the m X r samples are used to estimate an overall mean.

o sampling along a swath or transect — Continuous sampling is done along straight lines (swaths) of a
certain width using geophysical sensors capable of continuous detection. The goal is to find circular
or elliptical targets. This design contains the two elements of traversing the target and detecting the
target. VSP application is for unexploded ordnance (UXO).

¢ judgment sampling — You simply point and click anywhere in a sampling area. These sampling
locations are based on the judgment of the user.

Because Judgement Sampling is not probability-based, users can bias the sampling results using this
method. There is no basis in statistical theory for making confidence statements about conclusions drawn
when samples are selected by judgment. However, some problem definitions might call for judgment
sampling, such as looking in the most likely spot for evidence of contamination or taking samples at
predefined locations. Figure 3.3 shows Judgement Sampling selected in VSP and six sampling locations
selected manually.

e Plan - ¥sampl3

|Sampling Goals Tools Options  Wiew ‘Window Help
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Determine Proparkion of Site that Musk Be Surveved for UxEo
Bost Uk Suryey: Evaluations using Bayesian Methods
Mon-statistical sampling approach Predetermined number of samples
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Figure 3.3. Judgement Sampling in VSP
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3.2 DQO Inputs and Sample Size

The inputs needed for VSP’s sample-size calculations are decided upon during the DQO process. If you
have not gone through the DQO process prior to entering this information, you can enter “best guess”
values for each of the inputs and observe the resulting computed sample size. New inputs can be tried
until a sample size that is feasible and/or within budget is obtained. This iterative method for using VSP
is a valuable “what if” tool with which you can see the effect on sample size (and hence costs) of
changing DQO inputs. However, be cautioned that all the DQO elements interact and have special
meaning within the context of the problem. To be able to defend the sample size that VSP calculates, you
must have a defensible basis for each of the inputs. There is no quick way to generate this defense other
than going through Steps 1 through 6 of the DQO process.

The core set of DQO inputs that affect sample size for most of the designs are as follows:

o Null Hypothesis Formulation — The null hypothesis is the working hypothesis or baseline condition of
the environment. There must be convincing evidence in the data to declare the baseline condition to
be false. VSP uses a default of “Site is Dirty” as the working hypothesis that must be disproved with
convincing evidence from the data.

o Type I Error Rate (Alpha) — This is called the false rejection rate in EPA’s DQO guidance (EPA
2000a). This is the probability of rejecting a true null hypothesis. For the typical hypothesis test in
which we assume the survey unit is dirty (above the action level), alpha is the chance a dirty site with
a true mean equal to or greater than the Action Level will be released as clean to the public. In
general, alpha is the maximum chance, assuming the DQO inputs are true, that a dirty site will be
released as clean.

o Type Il Error Rate (Beta) — This is called the false acceptance rate in EPA’s DQO guidance. This is
the probability of not rejecting (accepting) a false null hypothesis. For the typical hypothesis test in
which we assume the survey unit is dirty, beta is the chance a specific clean site will be condemned as
dirty. Specifically, beta is the chance that a clean site with a true mean equal to or less than the lower
bound of the gray region will be condemned as dirty. In general, beta is the maximum chance,
outside the gray region, that a clean site will be condemned as dirty.

o Width of Gray Region (Delta) — This is the distance from the Action Level to the outer bound of the
gray region. For the typical hypothesis test in which we assume the survey unit is dirty, the gray
region can be thought of as a range of true means where we are willing to decide that clean sites are
dirty with high probability. Typically, these probabilities are 20% to 95%, i.e., from beta to 1 - alpha.
If this region is reduced to a very small range, the sample size grows to be extremely large.
Determining a reasonable value for the size of the gray region calls for professional judgment and
cost/benefit evaluation.
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o FEstimated Sampling Standard Deviation — This is an estimate of the standard deviation expected
between the multiple samples. This estimate could be obtained from previous studies, previous
experience with similar sites and contaminants, or expert opinion. Note that this is the square root of
the variance.

Other inputs are required by some of the designs, and other inputs are required for design parameters
other than sample size. For example, the stratified designs require the user to specify the desired number
of strata and estimates of proportions or standard deviations for each of the stratum. These other inputs
are described below and in the Help function.

Note: The Help function in VSP provides a description of each of the design inputs. You can put the
curser in the input box for any of the DQO inputs, and a definition of what is being asked for will appear
in a Help window. In addition, pressing the Help button at the bottom of each screen will bring up a file
that contains a complete explanation of the design.

The next section contains a discussion of the inputs required by most of the designs available in VSP 2.0.
The designs are organized by the Sampling Goal under which they fall. Not all options for all designs are
discussed. The Help function describes all the options and is a good supplement to this User’s Manual.

3.2.1 Compare Average to a Fixed Threshold

Comparing the average to a fixed threshold is the most common problem confronted by environmental
remediation engineers. We present different forms the problem might take and discuss how VSP can be
used to address each problem formulation.

Continue where we left off in Section 2.3.3 with the Millsite.dxf map loaded. We selected a single
Sample Area from the site. The Action Level for the contaminant of interest is 6 pCi/g in the top 6 in. of
soil. Previous investigations indicate an estimated standard deviation of 2 pCi/g for the contaminant of
interest. The null hypothesis for this problem is “Assume Site is Dirty” or Hy: True mean >=AL.

We desire an alpha error rate of 1%. We also desire a beta error rate of 1%. According to EPA (2000a,
pp. 6-10), 1% for both alpha and beta are the most stringent limits on decision errors typically
encountered for environmental data. We tentatively decide to set the lower bound of the gray region at 5
pCi/g. We also decide that a systematic grid is preferable.

We will use VSP to determine the final width of the gray region and the number of samples required.
Assume the fixed cost of planning and validation is $1,000, the field collection cost per sample is $100,
and the laboratory analytical cost per sample is $400. We are told to plan on a maximum sampling
budget of $20,000.
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Case 1: We assume that the population from which we are sampling is approximately normal or that it is
well-behaved enough that the Central Limit Theorem of statistics applies. In other words, the distribution
of sample means drawn from the population is approximately normally distributed. We also decided that
a systematic pattern for sample locations is better than a random pattern because we want complete
coverage of the site.

VSP Solution 1: We start by choosing VSP Sampling Goal option of Compare Average to Fixed
Threshold > Can assume data will be normally distributed > Systematic grid sampling. A grouping
of the input dialogs is shown in Figure 3.4.
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Figure 3.4. Input Boxes for Case 1 with
Original Error Rates
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We see that for our inputs, using a one-sample t-test will require taking 90 samples at a cost of $46,000.
Clearly, we need to relax our error tolerances or request more money.

For the sake of argument, suppose all the stakeholders agree that an alpha error rate of 5% and a beta
error rate of 10% are acceptable. Figure 3.5 reveals that those changes lead to a significant reduction in
the sampling cost, now $19,000 for n = 36 samples.
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Figure 3.5. Input Boxes for Case 1 with Increased Error Rates

Are these new error rates justifiable? Only the specific context of each problem and the professional
judgment of those involved can answer that question.

What about the assumption that we will be able to use a parametric test, the one-sample t-test? Unless the
population from which we are sampling is quite skewed, our new sample size of n = 36 is probably large
enough to justify using a parametric test. Of course, once we take the data, we will need to justify our
assumptions as pointed out in Guidance for Data Quality Assessment Practical Methods for Data
Analysis (EPA 2000b, pp. 3-5).

Case 2: We now decide that we want to look at designs that may offer us cost savings over the

systematic design just presented. We have methods available for collecting and analyzing samples in the
field making quick turnaround possible. We want to be efficient and cost-effective and take only enough
samples to confidently say whether our site is clean or dirty. After all, if our first several samples exhibit
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levels of contamination so high that there is no possible scenario for the average to be less than a
threshold, why continue to take more samples? We can make a decision right now that the site needs to
be remediated. Sequential designs, and the tests associated with them, take previous sampling results into
account and provide rules specifying when sampling can stop and a decision can be made.

VSP Solution 2a: From VSP’s main menu, select Sampling Goal of Compare Average to a Fixed
Threshold > Can assume data will be normally distributed > Sequential Sampling (Known
Standard Deviation). The dialog box in Figure 3.6 appears. We begin by entering the DQO parameters
for Alpha, Beta, Action Level, etc. Next, enter the Number of Samples Per Round, shown here as 3.
This parameter indicates how many samples you want to take each time you mobilize into the field. Each
time you press the Apply button, VSP places a pattern of this many sampling locations on the map.

When you close this design dialog, this pattern of sampling locations is locked or “frozen.” In Figure 3.6,
we see the results of pressing Apply, and three locations are placed on the Map labeled “Seq-1, Seq-2,
Seq 3”.
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You must now exit this dialog (close the display by clicking the X in the upper right-hand corner of the
display), go out and take the samples, and analyze them. Once the sample results are available, re-open
the Sequential Probability Ratio Test (SPRT) design dialog box. You now see the Number of Samples
Collected as 3. Press the Input Values button and enter the measurement values for those three samples
into the grid on the data input dialog. We enter these values as 6.5, 8, and 5. Press the OK button and
VSP returns to the original SPRT dialog box. We now see that VSP calculated a mean of 6.5 and a
standard deviation of 1.5 for the values we entered. VSP cannot accept or reject the null hypothesis
within the error limits we specified based on these values and suggests that 9 additional samples are
needed to make a decision.
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Figure 3.7. Data Input Dialog for Sequential Probability Ratio Test and Results from First Round of
Sampling. Map View is shown in insert.

Switching over to the Graph View in Figure 3.8, we can see that in order to accept the null hypothesis that
the site is dirty by taking just three samples, we need a sample mean of approximately 9 (i.e., cross-hair
set at 3 on the x-axis, intersects the lower boundary of the red area at 9 on the y-axis). If we move the
cursor to the green area, the cross-hair intersects the upper boundary of the green area at approximately
2.5. In other words, we need a sample mean of 2.5 in order to reject the null hypothesis and declare the
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Figure 3.8. Graph View of Sequential Sampling

site clean with only three values. Remember, we told VSP that we knew the standard deviation to be 2, so
that is what the program is using to make the projection of additional samples needed. If we are wrong,
the VSP output will be misleading.

The two open circles in Figure 3.8 show the sample mean after the first two samples are collected. The
closed circle shows the mean at the end of the third sample. We take the next set of three samples and get
values 10, 5, and 12. VSP now tells us that we can Accept the Null Hypothesis and conclude the site is
dirty.

VSP Solution 2b: We now observe what happens when we do not know the true standard deviation of
units in the population and select Sampling Goal of Compare Average to a Fixed Threshold > Can
assume data will be normally distributed > Sequential Sampling (Unknown Standard Deviation).
The dialog box that appears is for a different test, Barnard’s Sequential Test, shown in Figure 3.9. We
enter the same DQO inputs of Alpha, Beta, Action Level, etc. We also say we will take 3 Samples Per
Round. Using Barnard’s test, VSP tells us that we need to take at least 10 samples in order to make a
decision. VSP places these 10 samples on the map.
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Case 3: We do not wish to assume that the population from which we are sampling is approximately
normal or that the Central Limit Theorem applies. In other words, we expect the possibility of a fairly
skewed distribution. We determine that a systematic grid is preferable.

VSP Solution 3: We start by choosing VSP option Compare Average to Fixed Threshold > Data not
required to be normally distributed > Systematic grid sampling (Wilcoxon signed ranks test). A
grouping of the input dialogs is shown in Figure 3.10.

For our inputs, and assuming that we will use a nonparametric Wilcoxon signed ranks test to analyze our
data, VSP indicates that we are required to take 42 samples at a cost of $22,000. This is $3,000 more than
the previous parametric case, given the same input parameters. Is the choice of a nonparametric test
worth the extra $3,000 in sampling costs beyond what was required for the parametric one-sample t-test?
VSP does not address that kind of question. Professional judgment is needed. You must make the
decision based on the best available data, the consequences of decision errors, and legal and ethical
considerations. If little pre-existing information is available, a pilot study to gain a better understanding
of the characteristics of the population may be indicated.
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Figure 3.10. Input Boxes for Case 3 Without the Normality Assumption
3.2.2 Compare Average to Reference Average

We again start with the Millsite.dxf map from Section 2.3.3 with a single Sample Area defined. The
Action Level for the contaminant of interest is 5 pCi/g above background in the top 6 in. of soil.
Background is found by sampling an appropriate Reference Area. Previous investigations indicate an
estimated standard deviation of 2 pCi/g for the contaminant of interest. The null hypothesis for this
problem is “Assume Site is Dirty” or Hy: Difference of True Means >= Action Level. In other words, the
parameter of interest for this test is the difference of means, not an individual mean as was the case in the
one-sample t-test.

We desire an alpha error rate of 1%. We also desire a beta error rate of 1%. We tentatively decide to set
the lower bound of the gray region to 4 pCi/g above background, i.e., a difference of means of 4 pCi/g.

Using VSP, we will determine the final width of the gray region and the number of samples required.
Assume that the fixed planning and validation cost is $1,000 for each area, and the field collection and
measurement cost per sample is $100. The laboratory analytical cost per sample is $0 because we are
able to justify the use of field measurements. We are told to plan on a maximum sampling budget of
$20,000 for both the Reference Area and the Study Area.

Case 4: We assume that the populations we are sampling are approximately normal or that they are well-
behaved enough so that the Central Limit Theorem of statistics applies. In other words, the distributions
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of sample means drawn from the two populations are approximately normally distributed. If that is the
case, the distribution of the differences also will be approximately normally distributed. We also assume
the standard deviations of both populations are approximately equal. In addition, we determine that a
systematic grid sampling scheme is preferable.

VSP Solution 4: We start by choosing from the main menu in VSP Sampling Goals > Compare
Average to Reference Average > Can assume data will be normally distributed > Systematic grid
sampling. A grouping of the input dialogs is shown in Figure 3.11.

We see that for our inputs, using a two-sample t-test will require taking175 field samples in the Sample
Area at a cost of $18,500. The sampling cost for the Reference Area also will be $18,500. The combined
sampling cost of $37,000 is significantly beyond our budget of $20,000. What will be the result if we
relax the error rates somewhat?

: zl i True Mean vs. Reference Area True Mean
Two-Sample t.TeN Grid | Costs I Two-Sample tTest | Gid  Costs |

Far Help, highlight an iterm and press F1 Tetal Area to Sample: I IFEEtA2 j
gogisf?;rence of True keans »= Action Level [Aezume Dirty] sty Yk el § I 1000.00
" Difference of Trug Means <= Action Level [Assume Clean) Field Collection Cost per Sample: $ IW
“r'ou have chozen as a baseline to azzume the survey unit iz "Dty Analytical Cost per Analysis: § I—DDD
Falze Rejection B ate (Alphal: I'IU— -4 Tatal Cost for 175 Samples: $15500.00
Falze Acceptance Rate [Betal: I'IU— 4
‘Width of Gray legion (Dekal [T )
Specified Difference of True Means: |5— Fl‘gul'e 3'1 1 : Input BOXCS for Case 4
Estimated Standard Deviation: |2— with Orlglnal Error Rates

Mo

tinimum Mumber of Samples in Survey Lnit: 175
Finimum Mumber of Samplez in Reference Area; 175

Cloze I Cancel | Apply | Help |

In Figure 3.12, by increasing both the alpha error rate and the beta error rate to 5%, the sampling cost for
one area has decreased to $9,800 based on n = 88 field samples. Thus, the new combined cost of $19,700
achieves our goal of no more than $20,000.

Can we justify these larger error rates? Again, only professional judgment using the best information
related to the current problem can answer that question.

What about our planned use of a parametric test, the two-sample t-test? A sample size of 88 is large
enough that we can probably safely assume the two-sample t-test will meet the assumption of normality
for the differences of sample means. We should test this assumption after the data are collected.
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What about the assumption of approximately equal standard deviations for the measurements in the
Sample and Reference Areas? When we collect the data, we will need to check that assumption. See
Guidance for Data Quality Assessment Practical Methods for Data Analysis (EPA 2000b, pp. 3-26) for
the use of Satterthwaite’s t-test when the standard deviations (or variances) of the two areas are not
approximately equal.

Case 5: We now look at the case in which the nonparametric Wilcoxon rank sum test is planned for the
data analysis phase of the project.

VSP Solution 5: We start by choosing from VSP’s main menu Sampling Goals > Compare Average to
Reference Average > Data not required to be normally distributed > Systematic grid sampling
(Wilcoxon Rank Sum Test). A grouping of the input dialogs is shown in Figure 3.13.

In Figure 3.13, you can see that the sample size increases to 102 for each sampling area, and the cost per
area is now $11,200. Is the larger sample size of 102 instead of the previous sample size of 88 justified?
Probably not. Again, professional judgment is needed.

Case 6: Next, assume that the population from which we will be sampling is definitely skewed and we
again desire to use a nonparametric Wilcoxon rank sum test. However, we are limited to a total sampling
budget for both areas of $10,000. By using VSP iteratively, we will adjust the various DQO input
parameters and try to discover a sampling plan that will meet the new goals.

VSP Solution 6: Figure 3.14 shows that with an alpha of 5%, a beta of 20%, and a lower bound of the
gray region of 3.75, the number of samples per area drops to 38. With a sampling cost of $4,800 for each
sampling area, we now have a combined cost of $9,600 and thus meet our goal of $10,000.
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Will relaxing the error tolerances and increasing the width of the gray region to meet the requirements of
the smaller sampling budget be acceptable to all stakeholders in the DQO process? Again, it depends on
the objectives and judgment of those involved in the process.

Case 7: Suppose our combined sampling budget is reduced to $5,000. Can VSP provide a sampling
design that meets that goal?

VSP Solution 7: Figure 3.15 shows a design with just 14 samples per sampling area that meets the new
sparse budget. We reduced the combined sampling cost, now $4,800, by increasing the width of the gray
region to 2.1 pCi/g (lower bound of the gray region is 2.9 pCi/g).
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There are definite consequences of reducing sampling requirements to fit a minimum budget. The
consequences could include a greater chance of concluding that a dirty site is clean or a clean site is dirty.
There is also a larger area of the gray region where you say you will not control (i.e., limit) the false
acceptance error rate.

Is it justifiable to keep reducing the sampling budget in the above manner? Again, the answer depends on
the specific problem. VSP, like most software, suffers from GIGO - Garbage In, Garbage Out. However,
a responsible DQO process can provide valid information to VSP that overcomes GIGO and lets VSP
help solve the current problem in an efficient manner.

Case 8: Now we assume we have seriously underestimated the standard deviation. Suppose that instead
of 2 pCi/g, it is really 4 pCi/g. Now how many samples should we be taking?

VSP Solution 8: Figure 3.16 shows the new sample size has jumped to 53, almost a four-fold increase
over the 14 samples used in VSP Solution 7. For many sample-size equations, the number of required
samples is proportional to the square of the standard deviation, i.e., the variance. Thus, an underestimate
of the standard deviation can lead to a serious underestimate of the required sample size.

If we seriously underestimate the standard deviation of the measurements, what will be the practical
implications of taking too few samples? Remember that we have as a null hypothesis “Site is Dirty.” If
the site is really clean, taking too few measurements means we may have little chance of rejecting the null
hypothesis of a dirty site. This is because we simply do not collect enough evidence to “make the case,”
statistically speaking.
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Figure 3.17. Dialog Box for Stratified
Sampling for Estimating a Mean

3.2.3 Estimate the Mean

When the Sampling Goal is to Estimate the Mean >
Data not required to be normally distributed, three
design options are more cost-effective (require fewer
samples) than simple random sampling or systematic
sampling. None of the three requires the assumption of
normality as the underlying distribution of units in the
population. The three options are

o stratified sampling

¢ ranked set sampling

o adaptive cluster sampling.
3.2.3.1 Stratified Sampling

In Figure 3.17, we see the dialog box for entering
parameters for stratified sampling. Prior to running
VSP to calculate sample sizes for the strata, the user
must have pre-existing information to divide the site
into non-overlapping strata that are expected to be more
homogeneous internally than for the entire site (i.e., all
strata). They must be homogeneous in the variable of
interest for which we want to calculate a mean. The
strata are the individual user-selected Sample Areas and
can be seen using Map View.

With the Sample Areas selected (VSP shows total
number of areas in Numbers of Strata), the dialog
shows the initial values VSP assigns to the various
inputs. The number of potential samples in each stratum
is initially set at the number of 1-square-foot (or
whatever units are used) units available to be sampled or
approximately the area of the Sample Area (shown
when the area is first selected). If the sample support is
not a 1-square-foot volume, the user should change this
to the correct value. The initial standard deviation
between individual units in the stratum is assigned the
value 1. It is in the same units as the mean. This is a
critical value in the sample size calculation, so the user
should make sure this is a good estimate. The sampling
and measurement costs per sample in each stratum and
the fixed costs are input in dollars. After entering the
values for stratum 1, the user selects the next stratum
from the pulldown list under Stratum #.
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VSP allows simple random sampling or systematic within the strata. This is selected using the pull-down
menu under Specify Sampling Design in Stratum n.

The other inputs required by VSP pertain to the method the user wants to use for determining 1) the total
number or samples in all strata and 2) the allocation of samples to strata. Methods are selected from the
pull-down lists. VSP Help offers some insight into why one method might be selected over another, but
the user should use the DQO process to flush out the site-specific conditions and project goals that will
determine these inputs. Different inputs are required depending on which method is selected for
determining the total number of samples. After you press Apply, the dialog shows in red the total
number of samples and the number of samples in each stratum (use the pull-down Stratum # to switch
between strata). You can see the placement of samples within strata by going to Map View.

3.2.3.2 Ranked Set Sampling

Ranked set sampling (RSS) is the second option for the Sampling Goal: Estimate the Mean > Data not
required to be normally distributed. The number of inputs required for RSS is the most of any of the
designs available in VSP. However, RSS may offer significant cost savings, making the effort to evaluate
the design worthwhile. The VSP Help, the VSP technical report (Gilbert et al. 2002), and EPA (2001,

pp. 79—-111) are good resources for understanding what is required and how VSP uses the input to create a
sampling design.

A simple example given here will explain the various input options. The user should have gone through
the DQO process prior to encountering this screen because it provides a basis for inputs.

Under the tab Ranked Set Sampling, the first set of inputs deals with whether this design has any cost
advantages over simple random sampling or systematic sampling where every unit that is sampled is
measured and analyzed.

We select Symmetric for the distribution of lab data, thus telling VSP we think the lab data is distributed
normally so VSP should use a balanced design. A balanced design has the same number of field
locations, say r = 4, sampled for each of the say m = 3 ranks. That is, a sample is collected at each of the
four locations expected to have a relatively small value of the variable of interest, as well as at the four
locations expected to have a mid-range value, and at four locations expected to have a relatively large
value. An unbalanced design has more samples collected at locations expected to have large values. EPA
says that a balanced design should be used if the underlying distribution of the population is symmetric
(EPA 2001, p. 86).

We select Professional Judgement as the ranking method. This selection requires us to say whether we
think there is Minimal or Substantial error in our ranking ability. We select Minimal. Note: if we had
chosen to use some type of Field Screening device to do the ranking, we would need to provide an
estimate of the correlation between the field screening measurements and accurate analytical lab
measurements. We choose a set size of 3 from the pull-down menu. The set size we select is based on
practical constraints on either our judgement or the field screening equipment available.
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Note: VSP uses set size to calculate the factor by which the cost of ranking field locations must be less
than lab measurement costs in order to make RSS cost-effective. For our example, VSP tells us this
factor must be at least 3 times.

The next set of inputs required for RSS is information required to calculate the number of samples needed
for simple random sampling. This value, along with cost information, is used to calculate the number of
cycles, r. We say we want a one-sided confidence interval (we want a tight upper bound on the mean
and are not concerned about both over- and underestimates of the sample mean), we want that interval to
contain 95% of the possible estimates we might make of the sample mean, we want that interval width to
be no greater than 1 (in units of how the sample mean is measured), and we estimate the standard
deviation between individual units in the population to be 3 (in units of how the sample mean is
measured). VSP tells us that if we have these specifications, we would need 26 samples if we were to
take them randomly and measure each one in an analytical lab.

The box in the lower right corner of this dialog gives us VSP’s recommendations for our RSS design: we
need to rank a total of 45 locations. However, we need to send only 15 of those off to a lab for accurate
measurement. This is quite a savings over the 26 required for simple random sampling. There will be

r =15 cycles required.

Note: If we had chosen an unbalanced design, VSP would tell us how many times the top ranked location
needed to be sampled per cycle. Also, the inputs for the confidence interval would change slightly for the
unbalanced design.

All costs (fixed, field collection per sample, analytical cost for sending a sample to the lab, and ranking
cost per location) are entered on the dialog box that appears when the Cost tab is selected. In Figure 3.18,
we see the two dialog boxes for RSS.
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your case, enter a walue for Ranking Cost per Location on the
Costs Page.

Definitions

number of times the ranked set sampling process for
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Cycle [r)

Set Size [m]  number of locations that are collected and measured in

each of r cycles of balanced ranked set sampling
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Figure 3.18. Dialog Boxes for Ranked Set Sampling Design
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Once we press Apply, the RSS toolbar appears on our screen. The RSS toolbar lets us explore the
locations to be ranked and the locations to be sampled and measured under Map View. VSP produces
sample markers on the map that have different shapes and colors. The color of the marker indicates its
cycle. The cycle colors start at red and go through the spectrum to violet. Selecting one of the cycles on
the pull-down menu displays only the field locations for that cycle. In Figure 3.19, all the green field
locations for Cycle 3 are shown. The shape of the marker indicates its set. Field sample locations for the
first set are marked with squares, locations for the second set are marked with triangles, and so on. We
show All Sets in Figure 3.19. For unbalanced designs, the top set is sampled several times, so a number
accompanies those markers. Our example is for a balanced design so we do not see numbers.

Ranked set field sampling locations are generated with a label having the following format:
RSS-c-s-1

where c¢ = the cycle number

= the set number (the unbalanced design for this number is also incremented for each iteration

of the top set)
i = a unique identifier within the set.

Use View > Labels on the main menu or the AB button on the main toolbar (button also on the RSS
toolbar) to show or hide the labels for the field sample locations. Figure 3.20 shows the labels on the map
for field sample locations associated with Cycle 3, All Sets.

—
W A
_| B [cvces =l IAIISets =l

~ i

Ranked Set Sampling | Costs I

|z Ranked Set Sampling Cost Effective? —How Many Samples Are Needed?

Lab D ata Distribution: ISymmetric j A balanced design will be used for the symmetric distibution.
. ) - - —How bany Samples IF Simple B andom Sampling 'Were Used?—
fenticbictod IF'ro.fessmnaI dudgment J Choose: & One-sided Corfidence nterval About the Mear
Rarking Emrar: IMinimaI 'l " Two-sided Corfidence Interval About the Mear

Figure 3.19.

Set Size: |3 'l

I the cost of ranking a field location iz at least 3 times lezs than the
laboratory measurement cost of a sample, it is cost effective to use
ranked zet sampling instead of simple random sampling.

To determine whether ranked zet sampling will be cost effective in
wour caze, enter a value for Ranking Cost per Location on the
Costz Page.

Confidence Level: ISE.DD %
Maximum acceptable width l—
of confidence interval: !
E stimated Standard Deviation: |3

Mumber of Samples for Simple Bandom Sampling: 26

Definitions:

number of times the ranked set sampling process for
obtaining m locations to sample iz repeated

Cycle 1)

number of locations that are collected and measured in
each of r cycles of balanced ranked set sampling

Set Size [m]

For Help, highlight an item and press F1

Map of RSS Field Sample Locations for All Sets in Cycle 3, Along with RSS Toolbar

—How Many Samples Meeded For Ranked Set Sampling?

Fequired number of zamples [mx ] 15
Chosen set zize [m]: 3
Mumber of cycles [1]: 5

Mumber of field locations to rank [m = m = 1] 45
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3.2.3.3 Adaptive Cluster Sampling

Adaptive cluster sampling is the third option for the
Sampling Goal: Estimate the Mean > Data not required to
be normally distributed. Because adaptive designs change
as the results of previous sampling become available,
adaptive cluster sampling is one of the two VSP designs that
requires the user to enter sample values while planning a
sampling plan. (The other design that requires entering

Figure 3.20. Map of RSS Field results of previous sampling is sequential sampling; see
Sample Locations Along with Section 3.2.1). The VSP Help, the VSP technical report
Their Labels (Gilbert et al. 2002), and the EPA (2001, pp. 105-112) are

good resources for understanding what is required and how

VSP uses the input to create a sampling design. A simple
example here will explain the various input options. The user should have gone through the DQO process
prior to encountering this screen because it provides a basis for inputs.

The first step in this design is to divide the Sample Area

into a grid of sampling units. VSP automatically does this /
for the user, but as we will see later, the initial grid size
and grid angle can be changed. We can see this grid by
selecting the Map View button on the toolbar or selecting i j
View > Map from the main menu. One or more Sample

Areas have previously been selected, as evidenced by the : e
colored sample areas on the map. (Hint: select a color for — TH GRS ]
the Sample Area OTHER THAN yellow, green, or red.)

We suggest using the Zoom In button on the toolbar to

make the Sample Area fill the screen so the grids can Figure 3.21. Map of the Sample
clearly be seen. The grid is overlain on the Sample Area Area with Grid Cells Displayed
by selecting the View All Grid Cells button on the

toolbar. The grid is shown in Figure 3.21.

[
BE
[

3\

The screen for entering values in the dialog box is displayed by selecting the tab Number of Initial
Samples. Adaptive cluster sampling begins by using a probability-based design such as simple random
sampling to select an initial set of field units (locations) to sample. To determine this initial sample
number, either a one-sided or two-sided confidence interval is selected. We select One-sided
Confidence Interval and enter that we want a 95% confidence that the true value of the mean is within
this interval. We want an interval width of at least 1 and we estimate the standard deviation between
individual units in the population to be 2 (units of measure for interval width and standard deviation is
same as that of individual sample values). VSP returns a value of 13 as the minimum number of initial
samples we must take in the Sample Area.

In Figure 3.22, we can see the 13 initial samples as yellow squares on the map.
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Hurnber of Initial Samples | Grid Size & Fallow-Up Gamples | Costs |

& Ore-sided Confidence Interval
 Twisided Confidence nterval

Confidence Level:  |95.00 %

Maximum acceptable width
of confidence interval:

Estimated Standard Devistior: |2

1

Minimum Mumber of 5amples in Survey Unit: 13

Figure 3.22. Map of Sample Area with Initial Samples
for Adaptive Cluster Sampling Shown as Yellow
Squares, Along with Dialog Box

Xl
*: 2265328.00 ¥ 1028576412
Raow: 15 Colurnt: 31
Network: 2 Iteration: 0
Measurement: |8
Label IAE1-15-31
Cocl_|

Figure 3.23. Dialog Input Box for Entering Sample
Measurement Values and Labels for Initial Samples in
Adaptive Cluster Sampling

The user now enters the analytical meas-
urement results for the initial 13 sampling
units. (Adaptive cluster sampling is most
useful when quick turnaround of analytical
results is possible, e.g., use of field
measurement technology.) Place the mouse
directly over each sample and right-click.
An input box appears as shown in

Figure 3.23. Enter a measurement value
(shown here as 8) and, if desired, a label
(shown here as AC1-25-62). Press OK.
Enter another sample value and continue
until all 13 sample values have been
entered.

Select tab Grid Size & Follow-Up
Samples on the Adaptive Cluster for
Estimating a Mean dialog box. Enter the
desired Grid Size for Samples, shown here
as 20 ft, and an upper threshold measure-
ment value that, if exceeded, triggers
additional sampling. We chose 10 as the
threshold. We have a choice of how to
expand sampling once the threshold is
exceeded: 4 nearest neighbors or

8 nearest neighbors. We choose 4. The
dialog box is shown as the insert in
Figure 3.24. The grid units can be
orientated at different angles by selecting
Edit > Sample Areas > Set Grid Angle
and Edit > Sample Areas > Reset Grid
Angle from the main menu.

Once Measurement values have been entered, the yellow squares turn to either green, indicating the
sample did not exceed the threshold, or red, indicating the sample exceeded the threshold. The red
samples are surrounded with additional yellow squares that now must be sampled. This process continues
until there are no more yellow grid cells. In Figure 3.24, we see examples of green, single yellow, red
surrounded by yellow, and red surrounded by green. Sampling and measurement continues until all the
initial samples are green or red and all the added samples are green or red.
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Figure 3.24. Examples of Combi-
nations of Initial and Follow-Up
Samples from Adaptive Cluster
Sampling, with Dialog Box for Grid
Size and Follow-Up Samples

Costs are entered using the Cost tab on the dialog box. The total
cost for the initial 13 samples is displayed. The Report for
adaptive cluster sampling shows the total cost for all the initial
samples plus follow-up samples and provides an (unbiased)
estimate of the mean and its standard error. Refer to VSP’s Help
for a complete discussion of adaptive cluster sampling.

3.2.4 Construct Confidence Interval on Mean

Only three DQO inputs are required for the confidence interval
sampling goal: the confidence you want to have that the interval
does indeed contain the true value of the mean, how large that
interval should be (width of confidence interval), and an estimate
of the standard deviation between individual units of the popula-
tion. You must also decide whether you want the confidence
interval to bound values on just one side of the mean (one-sided
confidence interval) or on both sides of the mean (two-sided

confidence interval). The two-sided confidence interval, smaller width sizes, and larger variation
generally require more samples. In Figure 3.25, we see an example of the design dialog for the
Confidence Interval on the Mean sampling goal, along with the sample size of 4 that VSP calculated.

3.2.5 Compare Proportion to Fixed

Proportion

For comparing a proportion to a threshold, the
designs available in VSP do not require the
normality assumption. A one-sample
proportion test is the basis for calculating
sample size. The inputs required to calculate
sample size are shown in the design dialog in
Figure 3.26. The DQO inputs are the same
ones we have seen before, but since the
variable of interest is a proportion (percentage
of values that meet a certain criterion or fall
into a certain class) rather a measurement, the
action level is stated as a value from 0.01 to
0.99. Based on the example shown in

Figure 3.26, VSP calculates that a sample size

of 23 is required.

[ | 2|

iii: Confidence Interval on True Mean

x|

Estimated Std Dey | Costs I

For Help, highlight an item and press F1
& One-sided Confidence Interval
" Two-sided Corfidence ntereal

Corfidence Level: |95-UU %
Maximum acceptable width |1_

of confidence interval:
Estimated Standard Deviation: n.a

MO0

Minimum Mumber of Samples in Survey Unit: 4

-

Figure 3.25. Design Dialog for Confidence Interval
on the Mean

[T Use Historical

Cloze |

Cancel | Apply I Help |
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3.2.6 Compare Proportion to Reference Proportion

VSP formulates this problem as an environmental cleanup
problem in which we have the proportion of contamination
within a survey unit (Population 1) and we want to see if the
difference between it and a reference area (Population 2) is
greater (or less than) a specified difference. This specified
difference becomes the action level. If we select the first
formulation of the problem (P1 — P2 >= specified difference),
we must enter a lower bound for the gray region. If we select
the second formulation (P1 — P2 <= specified difference), we
must enter an upper bound for the gray region. We must also
enter our best guess of what we think the proportion of

'oportion ¥s. Given Proportion 1'

One-5ample Propartion T est | Costs |

For Help, highlight an item and press F1
Choose:
&' True Propartion »>= Given Proportion

" True Propartion <= Given Proportion

Falze Rejection R ate [Alpha): |5.D &

False Acceptance Rate [Betal: [20.0 &

‘width of Gray Region [Delta):  |0.25

Given Proportion [Action Level]: IU-5

Minimum Murmber of Samples in Survey Unit: 23

[T Use Historical

contamination is in both the survey unit and the reference unit. |
Close

Cancel | Apply I Help

These two values are required to estimate the standard deviation

of the proportions, which are then used as inputs to the sample

size formula. Figure 3.26. Design Dialog for

Comparing a Proportion to a
Note that if the proportion of interest is the proportion of Fixed Proportion
positive units in the environment, say the proportion of one-acre

lots within a development area that have trees, then we need to

select the null hypothesis that affords us the greatest protection against a false acceptance. In Figure 3.27,
we see an example of the design dialog for this sampling goal. VSP calculates that we need 38 samples in
the survey unit and 38 samples in the reference area for this set of inputs.

Two-5ample Proportion Test | Grid | Costs I

For Help, highlight an item and press F1

Choose:

& P1 - P2 »= Specified Difference

" P1 - P2 <= Specified Difference

Area 1 is Study Area, Area 2 iz Reference Area

Falze Rejection Rate [Alphal: |5_D #

If no previous information is available on which to estimate
the proportions in the survey unit or reference area, use 0.5
because at that value the sample sizes are the largest (i.e., the
most conservative).

3.2.7 Estimate the Proportion

False Acceptance Rate 20.0 % L. . . . .
e - Similar to the designs available for estimating the mean, we
stimated Propartion in IDS— . A K
iz e e : see that VSP offers stratified sampling for the sampling goal of
e opotonin estimate the proportion because a stratified design may be
SpecedDiferce o [ more efficient than either simple random sampling or
Propartions [&ction Level: : . . . .
ropetins Ao Level systematic sampling. In Figure 3.28 we see the dialog box for
‘Width of Gray Region [Delta): ID.25 . . . . . .
inputting parameters for Stratified sampling. Prior to running
Minimum Mumber of Samples in Survey Unit: 38

Minimum Mumber of Samples in Reference Area: 38

o]

Cancel | Apply | Help

Figure 3.27. Design Dialog for
Comparing a Site Proportion to a
Reference Proportion

VSP to calculate sample sizes for the strata, the user must have
pre-existing information to use as the basis for dividing the site
into non-overlapping strata. The strata should be more
homogeneous internally than for the entire site (i.e., all strata).
They must be homogeneous in the proportion of units that fall
into one classification or another. The strata are the individual
Sample Areas that the user selected and can be seen using
Map View.
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X With the Sample Areas selected (VSP shows total
emele Froporton number of areas in Numbers of Strata), the dialog
bl s e shows the initial values VSP assigns to the various

DetermineT atal Mumber of Samples in All Strata . . .
inputs. The number of potential samples in each stratum
Spesity Total Budget: | 2000000 is initially set at the number of 1-square-foot (or
Specity Il Fsed Costs: $[ 0,00 whatever units are used) units available to be sampled,
Total Number of Samples: 40 or approximately the area of the Sample Area (shown
_ when the area is first selected). If the sample support is
Chooze Method of Allocation of IDptimaI j .
Samples to Shiata: not a 1-square-foot volume, the user should change this
MNumber of Strata] 1 Mote: Each I lected on th i ot
umber of St e to the correct value. The initial standard deviation
st [T 7] between individual units in the stratum is assigned the

Specify # of Potential Samples in Stratum 1: I 5037280
Specify Propartion in Stratum 1: I nz
Specify Cost per Sample in Stratum 1: $| 500,00

value 1. It is in the same units as the mean. This is a
critical value in the sample size calculation so the user
should make sure this is a good estimate. The sampling
and measurement costs per sample in each stratum and
the fixed costs are entered in dollars. After the values

Specify Sampling Design in Stratum 1: ISimpIe Fandaor 'l

Mumber of Samples in Stratum 1: 40

for stratum 1 are entered, the user selects the next
[0k | Corcsl | ooy | Heb | stratum from the pull-down list under Stratum #.

VSP allows simple random sampling or systematic
within the strata. This is selected using the pull-down
menu under Specify Sampling Design in Stratum n.

Figure 3.28. Dialog Box for Stratified
Sampling for Estimating a Proportion

The other inputs required by VSP pertain to the method the user wants to use for determining 1) the total
number or samples in all strata and 2) the allocation of samples to strata. Methods are selected from the
pull-down lists. VSP Help offers some insight into why one method might be selected over another, but
the user should use the DQO process to flush out the site-specific conditions and project goals that will
determine these inputs. Different inputs are required depending on which method is selected for
determining the total number of samples. Note that the user must provide a Variance estimate. This is
the variance of the overall proportion P. After pressing Apply, the dialog shows in red the total number
of samples and the number of samples required in each stratum (use the pull-down Stratum # to switch
between strata). You can see the placement of samples within strata by going to Map View.

3.2.8 Locating a Hot Spot

The locating hot spots sampling goal is not the same type of problem and does not have the same type of
algorithms for calculating sample size as the other sampling goals in VSP.

For one thing, the hot spot problem may be formatted in multiple ways:

e For a predetermined grid spacing, VSP will calculate the probability of finding a hot spot of a certain
size.
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e For a predetermined fixed cost, you can divide the area to be sampled into grids based on the budget,
and VSP calculates the probability of finding a hot spot of a certain size.

e For a given probability and a given hot spot size, VSP calculates the minimum number of samples
(minimum grid spacing) required to hit the hot spot.

For a given probability and a given grid spacing, VSP calculates the smallest hot spot that can be
detected.

The basic structure for all these problems is that there are four variables (grid spacing, size of hot spot,
probability of hitting a hot spot, and cost). You can fix any three of them and solve for the remaining
variable. Figure 3.29 shows the screens for selecting which formulation of the problem you want and the
dialogs that pop up in the active window after one formulation is selected.

The other unique feature of the hot spot problem is that there is only one type of error—the false negative
or alpha error. VSP asks for only one probability for some formulations of the problem—the limit you
want to place on missing a hot spot if it does indeed exist. The other error, saying a hot spot exists when
it doesn’t, cannot occur because we assume that if we do get a “hit” at one of the nodes, it is unambiguous
(we hit a hot spot) and we define hot spots as having a certain fixed size and shape (i.e., no amorphous,
contouring hot spots are allowed). The hot spot problem is not a test of a hypothesis. Rather, it is a
geometry problem of how likely it is that you could have a hot spot of a certain size and shape fitted
within a grid, and have none of the nodes fall upon the hot spot.

3.2.9 Hot Spot Screens and Dialogs

Other unique features of the hot spot problem, such as how the reports look, how the resulting design
depends on the size of the area to be sampled, how the number of samples calculated might not be equal
to the number of samples fitted onto the map, and how orientation of the grid plays a role, are discussed in
this section.

Problem Statement: A site has one Sample Area of one acre (43,560 square feet). We wish to deter-
mine the triangular grid spacing necessary to locate a potential circular pocket of contamination with a
radius of 15 feet. We desire the probability of detecting such a hot spot, if it exists, to be at least 95%.
More information on this general problem can be found in Statistical Methods for Environmental
Pollution Monitoring (Gilbert 1997). The fixed planning and validation cost is $1,000. The field
collection cost per sample is $50, and the laboratory analytical cost per sample is $100. Assume that the
budget will be provided to support the sampling design determined from these requirements.

Case 9: We assume that the assumptions listed in Gilbert (1987, p. 119) are valid for our problem. We
specify a hit probability of 95%, a shape of 1.0 (circular), and a radius (Length of Semi-Major Axis) of 15
feet. We will let VSP calculate the length of the side of the equilateral triangular grid needed for these
inputs.
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VSP Solution 9: First, open the file OneAcre.vsp using VSP Main Menu option File > Open Project.
(Note: This is a VSP-formatted project file and it contains a previously defined Sample Area of the entire
acre.) Next, from the VSP Main Menu select Sampling Goals > Locating a HotSpot > Systematic
Grid Sampling > Maximum Number of Samples. A grouping of the input dialogs is shown in

Figure 3.29.

Tools Optlvovlgs” Wiew window Help it Find Hotspot with Minimum Number x|
Find Grid ~HotSpat | Cost
x4l ©| EEEIEE ?le /] mnmn | IR i (B |
ind Hotspot with Minimum Numbe 1[
- m p [& shape of 1.0z a circle]
One Acre Field  Findid | HotSpat| coss |
Fior Help, highlight an item and press F1 Area: I?DB 858347 IFE'at 2 J i ‘
Probabiity of Hit: B2 %
* * *
i Togee Length of Semi-tajor Axiz: |15 noaooo IFeet '
" Square Angle of Origntation to Grid
* * * % Triangular ’7(" Degrees: ID ﬂ & Fandom
' Rectanaular
+ + + * #: Find Hotspot with Minimum Numb x|
Length of gid side: [25530715  [Feat =] Findl Grid | Hot Spet Costs |
* * * Total Area to Sample: I 435E0 IFeet"2 j
¥ Random Start :
o o © < » ) ) Field Collection Cost per Sample: $ I 50.00
In arder to have a 95% probability of lozating a circular hot spat
with a radiug of 15 feet using a tiangular grid, you need a Analytical Cost per Analysiz: § | 100.00
maximum spacing of 289807 feet. Thiz zpacing will result in .
* * * the fewest number of samples. For an arsa of 43560 feet™2, For total cost see the Report View
thiz will require approsimately B0 samples.

I, o | o | ey | e |

Figure 3.29. Input Boxes for Case 9

The recommended length of grid side is shown in the dialog box with the Find Grid tab. It is about
28.98 feet or, rounding up, a 30-foot triangular grid.

Note: For this set of inputs, VSP will always give the length of the triangular grid as 28.98 feet. The
Calculated total number of samples in the Report View is always 60 for this set of inputs. However, the
Number of samples on the map changes as you repeatedly press the Apply button. This occurs whenever
the Random Start check box in the dialog box tabbed Find Grid is checked. Because the starting point
of the grid is random, the way in which the grid will fit inside the Study Area can change with each new
random-start location. More or fewer sampling locations will occur with the same grid size, depending on
how the sampling locations fall with respect to the Sample Area’s s outside edges.

The input dialog boxes and report for the hot spot problem have some unique features:

o Placing the cursor in the Length of Semi-Major Axis on the Hot Spot tab and right-clicking displays
a black line on the picture of the circle for the radius.
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¢ Shape controls how “circular” the hot spot is. Smaller values (0.2) result in a more elliptical shape;

1.0 is a perfect circle.

e The user can specify the Area of the hot spot or the Length of the Semi-Major Axis. Both fields
have pull-down menus for selecting the unit of measurement.

o The Report provides additional information on the design such as the number of samples (both “on
the map” and “calculated”) and grid area.

Note: the Hot Spot Sampling Goal is the only Sampling goal in VSP that takes into account the Total
Area to Sample (see this field on the Cost tab) when calculating total number of samples. This is
because of the nature of the algorithms used to calculate sample size for the various designs. All the other
designs use the standard deviation to control sample size.

Figure 3.30 shows two examples of reported sample sizes for Case 9. In the top Report View, the
Number of samples on map is 54; in the bottom Report View, the Number of samples on map is 63. A
different number occurs each time the Apply button is pressed.

Also note that the curve in the graph is for the theoretical case of no edge effects. Therefore, values
obtained from the graph will often differ from the Report View values. This also explains why the blue
line on the graph will often change as you repeatedly press the Apply button.

The discussion above provides an insight into how to use VSP and how VSP user input supplied on the
dialog boxes is used to design a sampling plan.

Onefcre

Summary

Systematic sampling locations for detecting an area of elevated values (hot spot)

This report surnmarizes the sampling design used, associated statistical assumptions, as well as general guidelines for
conducting post-sampling data analysis. Sampling plan components presented here include how many sampling locations to
choose and where within the sampling area to collect those samples. The type of medium to sample (i.e., soil, groundwater, etc.)
and how to analyze the samples (in-situ, fixed laboratory, etc.) are addressed in other sections of the sampling plan.

The following table summarizes the sampling design used. A figure that shows sampling locations in the field and a table that
lists sampling location coordinates are also provided.

SUMMARY OF SAMPLING DESIGN

Prirmary Objective of Design

Detect the presence of a hot spot
with @ given size and shape

Type of Sampling Design

Hat spot

Sample Placement (Location)
in the Field

Systematic (Hot Spot) with a randorn start location

Farrnula for calculating
number of sampling locations

Singer and Wickman algorithm

Calculated total number of samples

60

Mumber of samples on map #

a4

(a)

Figure 3.30. Two Different Sample Sizes for Same Inputs to Case 9 Hot Spot Problem
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Systematic sampling locations for detecting an area of elevated values (hot spot)

Summary

This report surnmarizes the sampling design used, associated statistical assumptions, as well as general guidelines for
conducting post-sampling data analysis. Sampling plan components presented here include how many sampling locations to
choose and where within the sampling area to collect those samples. The type of medium to sample (i.e., soil, groundwater, etc.)
and how to analyze the samples (in-situ, fixed laboratory, etc.) are addressed in other sections of the sampling plan.

The following table summarizes the sampling design used. A figure that shows sampling locations in the field and a table that
lists sampling location coordinates are also provided.

SUMMARY OF SAMPLING DESIGN

Prirmary Objective of Design Detect the presence of a hot spot
with @ given size and shape

Type of Sampling Design Hat spot

Sample Placement (Location) Systematic (Hot Spot) with a randorn start location
in the Field

Farrnula for calculating Singer and Wickman algorithm

number of sampling locations

Calculated total number of samples |60

Mumber of samples on map # 63

(b)
Figure 3.30. (contd)

3.3 Setting Up Sampling Costs - Inputs for the General Screen

VSP allows users to enter sampling costs so that the total cost of a sampling program is available. Once a
sampling design is selected and the DQO inputs have been entered into one of the dialog boxes, click on
the Costs tab to enter costs. A sample Costs screen is shown in Figure 3.31.

VSP enables you to break down costs into the following

: True Mean ¥s. Action Level

categories: One-Sampls tTest Costs |
Total frea ta Sample: | 509780 [Fest2 x|
e fixed planning and validation costs - This is the fixed cost Fied Planning and Vaiidation Cost: $ 0.0
that is incurred, regardless of how many samples are et e et s e S © 100.00
taken. Examples of fixed costs are the cost to mobilize a Aol Costpr s $ [ 40000

sampling crew and get the equipment into the field. TotelBostfor 21 Sameles: $TTS00.00
pling g quip

o field collection cost per sample - This is the per-sample Figure 3.31. Screen for Entering
cost. Examples of per-unit field costs are the costs paid to Sampling Costs for Sampling Design
technicians to collect the sample and package and
transport it.

o analytical cost per analysis - This is the cost to analyze a specimen or a sample. As discussed in
Section 5.4, you can specify how many repeated analyses you want taken per sample or specimen.

VSP calculates a total cost for the design specified, shown here as $11,500. Total cost is the sum of the
fixed cost, shown here as $1,000, plus per-sample field collection cost of $100, plus analytical cost per
analysis of $400, multiplied by the number of samples, 21. No duplicate analyses were specified, so the
total per-unit cost is $500. Thus, the total sampling cost is $1000 + 21 x $500 = $11,500.
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The hot spot sampling goal has some unique cost features. First, costs are displayed in one of the tables
in the Report View and not on the Cost tab of the dialog box. Second, this is the only Sampling Goal for
which you can specify a cost as a design criteria and VSP will calculate the number of samples to meet
that goal (see Section 3.2.3). This is done by selecting from the main menu Sampling Goal > Locating a
Hot Spot > Systematic Grid Sampling > Predetermined fixed cost.
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4.0 Assessment of Sampling Plans

VSP provides multiple displays for allowing you to assess the sampling plan that has been designed/
selected. VSP calls the displays Views. You can view a representation of the sampling locations on the
map entered into VSP, view a graph of the performance of the design, look at a report that summarizes
the key components of the design (such as number of samples, size of sampling area, cost, probabilities
associated with the problem, assumptions, and technical justification), or see a listing of the coordinates
of each sampling location. This section describes each of these views and discusses how you can use the
views to assess the VSP sampling plan.

There are two ways to select/change views:

e Press one of the display buttons in the middle of the tool bar (MAP VIEW, GRAPH VIEW,
REPORT VIEW, COORDINATE VIEW)

¢ From the main menu select View > Map (or Graph, Report, Coordinate)

4.1 Display of Sampling Design on the Map: MAP VIEW button or View >
Map

In Section 2.1, we described how to set up a Map. In Section 2.2, we described how to set up a Sample
Area. In Section 3.1, we described how to select a Type of Sampling Plan. In this section, we find out
how to view the results of the sampling design we have just developed, displayed on the map.

In Figure 4.1, we see the display of a simple triangle we drew as our map and selected the entire triangle
as our Sample Area. This is available, in file GridSize.vsp, included with the VSP program. We then
selected from the main menu Sampling goals > Locating a Hot Spot > Systematic grid sampling >

Minimize number of samples. We selected the o Bl Tosb Offors B Ghibi B
Probability of Hit to be 90% and selected a Square grid. el x4 | EREEE 99w Emm
We entered 4.0 feet for the Length of Semi-Major Axis Hot Spot Sampling

Grid size for given hot spot

and indicated that we wanted to detect a circular hot spot
by selecting a Shape of 1.0. We press Apply, and when
we return to the map, we see a display similar to that
shown in Figure 4.1. Each time we press Apply, we
refresh the map display with a new set of random-start
sampling locations.

4.2 Display of Cost of Design

In Section 3.3, we described how to enter costs. For most
sampling designs, Total Cost (per unit plus fixed costs) is
tallied and displayed on the same screen where we enter

the per-unit costs—under the Costs tab on the dialog box

Figure 4.1. Display of Sampling
Locations on Map
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for entering design parameters. However, for the hot spot Sampling Goal, Total Cost is displayed only in
the Report View (from the main menu, select View > Report). Reports are discussed in detail in
Section 4.4.

As an example of how VSP displays the costs for a design, in Figure 3.31 we see that the Total Cost for
21 samples is $11,500.

4.3 Display of Performance of Design: GRAPH VIEW button or View >
Graph

VSP provides a display of the Performance of the Design for all of the sampling plans that result from
sampling goals where a quantitative decision criterion is supplied. When the sampling goal is to
“Estimate a Mean” or “Estimate a Proportion” and the only criterion the plans must meet is to minimize
the variance of the estimate or minimize cost, there is little to graph in terms of the performance of the
design, so no graph is available in VSP.

For the sampling goals that do specify decision error rates or have confidence bounds on the estimates,
VSP provides a graph of the performance of the sampling design that has just been created. Each
sampling goal, or problem type, has a performance display tailored to it. Each graph tries to show the
relationship between some parameter of the sampling design and how effective that design is at achieving
the decision criteria. Once a Sampling Goal has been selected, the DQO inputs entered on the dialog
box input screen, and the Apply button pressed to apply the design to the Sample Area, the display of the
performance can be seen by pressing the GRAPH VIEW button on the tool bar or selecting View >
Graph from VSP’s main menu.

The following sections describe the major displays available for various types of problems. Displays not
described are variants of those presented.

4.3.1 Performance of Design for Sampling Goal: Compare Average to a Fixed Threshold

The display for goal of comparing an average to a fixed threshold (i.e., the Action Level) is a graph of the
probability of deciding the true mean of the sample area is greater than or equal to the Action Level on the
vertical (y) axis as opposed to a range of possible true mean values on the horizontal (x) axis. Figure 4.2
is the Decision Performance Curve (DPC) described in EPA’s QA/G-4 guidance (EPA 2000a, pp. 6-7 —
6-11). Notice how the graph changes as we alternate the null hypothesis between “Assume Site Dirty” to
“Assume Site Clean.”
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1-Sample t-Test of True Mean vs. Action Level
n=21, alpha=5%, beta=10%, std.dev.=3
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Figure 4.2. Decision Performance Curve for Hyp: True Mean >= Action Level for Comparing Mean vs.
Action Level

The solid vertical red line is positioned at a true mean value of 10, which corresponds to the Action Level.
The area in gray hash marks is the gray region shown here from 8 to 10 and input as a delta (width) of 2.
The two dashed blue lines that extend from the y-axis to the x-axis mark the two types of decision error
rates, alpha, set here at 5%, and beta, set here at 10%. Recall that Alpha is the probability of rejecting
the null hypothesis when it is true (called a false rejection decision error), and beta is the probability of
accepting the null hypothesis when it is false (called a false acceptance decision error). The error rates
along with the user-supplied standard deviation of 3 and the VSP-calculated sample size n=21 is shown
on second row of the title. We also see in the title that we are using the sample size formula for the 1-
sample t-test.

The green vertical line marks off one standard deviation (3) from the action level. This allows the user to
visually compare the width of the gray region to how variable, on average, we expect individual
observations to be about the mean (definition of standard deviation). The sliding black lines (cross hairs)
that move on the graph when the mouse is moved are provided to facilitate reading the x, y values off the
graph. This cross-hair feature can be turned off or on by choosing Options > Graph > Cross Hairs.

One of the new features of VSP 2.0 is that most of the parameters displayed on the DPC can be changed
interactively by moving the lines on the graph, rather than having to change the values in the input dialog
box. Table 4.1 describes the interactive features.
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Table 4.1. Interactive Graph Features

To Change Do the Following
Alpha Drag the horizontal blue dashed line up or down
Beta Drag the horizontal blue dashed line up or down

Delta (and LBGR, or UBGR) | Drag the vertical edge of the shaded gray area to the left or right

Standard Deviation Drag the vertical section of the green line left or right
Action Level Drag the vertical red line left or right
Null Hypothesis Click on the y-axis title

As you change these parameters, you can see the new value of the parameter on the bottom status bar
after “watch here for user input.” You will notice that changing these values on the graph also changes
their values on the other displays, the sampling design is modified, and new samples are placed on the
map.

When the null hypothesis is stated as Hy: True Mean >= Action Level (Site is Dirty), the gray region is
on the left side of the Action Level. However, when the null hypothesis is stated as Hy: True Mean <=
Action Level (Site is Clean), the gray region is on the right side of the Action Level. In practical terms,
when we assume a site is dirty, the majority of the decision errors will occur for clean sites with true
means just below the Action Level. On the other hand, when we assume a site is clean, the majority of
decision errors will occur for dirty sites with true means just above the Action Level.

The DPC graph in Figure 4.2 is telling us that for the “Site is Dirty” null hypothesis,

e Very clean sites will almost always result in sets of random sampling data that lead to the decision
“Site is Clean.”

e Very dirty sites will almost always result in sets of random sampling data that lead to the decision
“Site is Dirty.”

What we may not know intuitively is how our choice of the null hypothesis affects decisions near the
Action Level. The graph in Figure 4.2 also is telling us

e (Clean sites with true means just below the Action Level will lead to mostly incorrect decisions.

o Dirty sites with true means just above the Action Level will lead to mostly correct decisions.
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However, when we reverse the null hypothesis and state it as Hy: True Mean <= Action Level, i.c.,
assume “Site is Clean,” we see in Figure 4.3 that the gray region where the majority of decision errors
occur shifts to the right side of the Action Level. Sites that are dirty now lead to the majority of decision
errors. Also note that alpha is now defined for values less than the action level, while beta is defined for
values above the upper bound of the gray region.

1-Sample t-Test of True Mean vs. Action Level
n=21, alpha=5%, beta=10%, std.dev.=3
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Figure 4.3 Decision Performance Curve for Hy: True Mean <= Action Level for Comparing Mean vs.
Action Level

You should carefully study EPA’s QA/G-4 guidance document (EPA 2000a, especially pp. 6-1 to 7-6) to
better understand how to use VSP to balance the choice of null hypothesis, decision error rates, the width
of the gray region, total sampling costs, and costs of incorrect decisions.

4.3.2 Performance of Design for Sampling Goal: Construct Confidence Interval on the
Mean

The display for assessing a confidence interval for a mean differs somewhat from that for comparing an
average to a threshold because this is an estimation problem, not a testing problem. As such, there is only
one type of decision error rate, alpha. Shown in Figure 4.4 is the Performance Design for a problem
where the user specified the width of the confidence interval as 1.0, the standard deviation as 3, and a
desired 95% one-sided confidence interval on the mean. We are using a one-sided confidence interval
(vs. a two-sided) because we are concerned only about values that exceed the upper bound of the
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Figure 4.4. Decision Performance Graph for One-Sided 95% Confidence Interval

confidence interval, not values both above the upper bound and below the lower bound. This is consistent
with problems in which the mean to be estimated is average contamination, so we are not concerned about
values below the lower bound of the confidence interval.

VSP calculated that a sample size of 26 was required. The performance graph is a plot of possible
confidence interval widths vs. number of samples for the problem specified. The dashed blue line
terminates at the y-axis at a confidence interval width of 1.0, as specified by the user, and at the x-axis at
the recommended minimum sample size of 26.

The solid black line is a locating aid you can slide up and down the graph to easily read the trade-offs
between increased width of the confidence interval and increased number of samples. In Figure 4.4, the
x-axis value (number of samples) and the y-axis value (width of confidence interval) for the current solid
black line can be seen in the status bar as X =2.72 and Y = 5.96.

4.3.3 Performance of Design for Sampling Goal: Comparing a Proportion to a Fixed
Threshold

The sampling design assessment display for comparing a proportion to a fixed threshold is a graph of the
number of samples vs. the decision error, beta. These parameters were selected for the performance
graph because they can be directly calculated and the graph provides a visual display of how increasing
the number of samples decreases one of the error rates (beta).

Note: If the appropriate statistical test is used, the test is designed to achieve the level of significance, or
alpha. It is beta, and the power of the test (1-beta), that are affected by sample size.
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For this sampling goal, there is no clear distinction between “Site Dirty” and “Site Clean,” depending on
how the null hypothesis is formulated. If the proportion we are talking about is the proportion of 1-acre
lots in a building development that have trees, then exceeding a threshold would be a “good thing.”
However, if the proportion is the proportion of acres that have contamination greater than 10 pCi, then
exceeding the threshold would be a “bad thing.” Alpha and beta are still defined as false acceptance and
false rejection rates, but the user must formulate the hypotheses and select limits on the error rates
consistent with the goals of the project and which type of error is most important to control.

In the example in Figure 4.5, the null hypothesis was set to True Proportion >= Given Proportion. As
such, beta is the probability of deciding the proportion exceeds the threshold when the true proportion is
equal to or less than the lower bound of the gray region. For this problem, we set alpha to 1% and beta to
5%, and the lower bound of the gray region to 0.35 (i.e., width of gray region = 0.15). The proportion we
want to test against (Action Level) is 0.5. This Action Level is the default for VSP because it is the most
conservative. That is, the most number of samples are needed to differentiate a proportion from 0.5 (vs.
differentiate a proportion from any other percentage). VSP calculated a sample size of 169. The dashed
blue line terminates on the y-axis at 169 samples and on the x-axis at a beta of 5%. The heading for this
graph reminds the user that the one-sample proportion test is the assumed test that will be used for
making the decision because the sample size formula in VSP is based on the one-sample proportion test.

Note the solid black line in Figure 4.5 and the values in the status bar. The black line shows that for a
beta of 20%, the minimum number of samples is reduced to 109. Moving the black line is a quick way to
play “what-if” games regarding sample sizes and beta error rates for a given alpha.

4.3.4 Performance of Design for Sampling Goal: Compare Average to Reference Average

The sampling design performance display for comparing the true means of two populations when the
assumption of normality can be made is a graph of the probability of deciding if the difference of true
means is greater than or equal to the specified difference (Action Level) vs. various differences of true
means. This graph is similar to the Decision Performance Curve discussed in Section 4.3.1, but this time
we are dealing with two populations, and the x-axis is a range of possible differences between the two
population means.

The graph shown in Figure 4.6 is for Hy: Difference of True Means >= Action Level. We revert back
to the notion that this null hypothesis implies a “ Dirty Site” condition. If the action level is a positive
number, we would classify the site as greater than background or “Dirty.” For this problem, the specified
difference of the two means (Action Level) is 5, the width of the gray region is 2, alpha = 5%, beta =
10%, and the estimated common standard deviation = 3.

Note: The standard deviation is the average expected difference between the individual units in a
population and the overall mean for that population. It is assumed that both populations (Sample Area
and Reference Area) have the same standard deviation. The graph is labeled “2-Sample t-Test” because it
is assumed that the two-sample t-test will be used as the statistical test.
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Figure 4.5. Decision Performance Graph for Comparing Proportion to Fixed Threshold

Figure 4.6 shows that we need to take 40 samples both in the Sample Area and 40 samples in the
Reference Area. The probabilities of deciding the Sample Area is 5 or more units (pCi/g, ppm, etc.)
above the Reference area are plotted against the true differences in means. The standard deviation is
shown as the green line at a distance of 3 from the Action Level.

When the assumptions of data are not required to be normally distributed is made, we can see from
the pull-down menu lists under Sampling Goals that two non-parametric statistical tests are proposed —
the Wilcoxon rank sum test and the MARSSIM WRS (Wilcoxon rank sum) test.

The MARSSIM WRS test is used when the Sample Area population is symmetrical, the contaminant of
concern in the SampleArea is present also in the background (Reference Area), and the contamination is
uniformly present throughout the Sample Area. The Multi-Agency Radiation Survey and Site
Investigation Manual (EPA 1997) contains a discussion of the MARSSIM WRS test. The manual is
available from the EPA Internet site at: http://www.epa.gov/radiation/marssim.
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Figure 4.6. Decision Performance Graph for Comparing a Sample Area Mean to a Reference Area True
Mean (Parametric Version)

The Wilcoxon rank sum test is discussed in Guidance for Data Quality Assessment (EPA 2000b, pp. 3-31
—3-34). The document can be downloaded from the EPA at: http://www.epa.gov/quality/qa_docs.html.
It tests a shift in the distributions of two populations. The two distributions are assumed to have the same
shape and dispersion, so that one distribution differs by some fixed amount from the other distribution.
The user can structure the null and alternative hypothesis to reflect the amount of shift of concern and the
direction of the shift. The verification testing done on VSP shows that the Wilcoxon rank sum test
requires slightly higher sample sizes than the MARSSIM WRS test for the same set of inputs, assuming
all the appropriate assumptions for each test are met.

The Decision Performance Graphs for the two nonparametric tests are similar to the DPG for the
parametric two-sample t-test. In Figure 4.7, we see the DPG for the MARSSIM WRS test using the same
inputs as the problem in Figure 4.6. The difference of true means or medians is plotted on the x-axis, and
the probability of deciding the difference is equal to or greater than the action level of 5 is shown on the
y-axis. For the MARSSIM formulation of the WRS test, the action level is the DCGLw. The lower
bound of the gray region is the difference in means or medians where we want to limit the beta error. It
can be shown that using the same parameters as in the two-sample t-test, the Wilcoxon rank sum test
requires 46 samples in both the Study and Reference Areas while the MARSSIM WRS test requires only
44 samples. The larger sample sizes required for the nonparametric tests reflects the premium that must
be paid for not making any assumptions about the underlying distribution of the populations.
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Shown in Figure 4.7, the input dialog for the MARSSIM WRS test allows the user to supply a percent
overage to apply to the sample size calculation. MARSSIM suggests that the number of samples should
be increased by at least 20% to account for missing or unusable data and for uncertainty in the calculated
values of Sample Size, 1 (MARSSIM, p. 5-29). With the extra 20%, the sample size now becomes 53
samples required in both the Sample Area (i.e., Survey Unit or Study Area) and Reference Area.

4.3.5 Performance of Design for Sampling Goal for Hot Spot Problem

The Decision Performance Curve for the hot spot problem is a graph of number of samples on the x-axis
and the probability of hitting a hot spot of a specified size on the y-axis. The heading of the performance
graph lists the size of the hot spot and the size of the sample area. The trade-off displayed is that by
increasing the number of samples (i.e., a tighter grid spacing and hence the higher cost), and/or changing
the grid type (say from square to triangular), there is a higher probability of hitting the hot spot with one
of the nodes on the grid. This is almost a straight-line relationship until we get into larger sample sizes,

and then the efficiency is diminished.
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Returning to the problem we laid out in Section 4.1, for the sampling goal of Sampling Goal > Locating
a Hot Spot > Systematic Sampling > Minimize the number of samples, the Decision Performance
Curve is shown in Figure 4.8. This graph is for the Sample Area 2577.6 ft* shown in Figure 4.1
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Figure 4.8. Probability of Hitting a Hot Spot vs. Number of Samples

and for finding a 4-ft round hot spot. The graph shows the desired input of 90% probability of hitting the
circular hot spot of radius 4 ft. and the 51 samples required to achieve this. The dashed blue may show
slightly different values, see discussion below.

This example shows how VSP may place a slightly different number of sampling points (nodes) on a map
than the exact number calculated. Shown on the performance curve, and displayed in the Report, are
anywhere from 45 to 55 samples placed on the map. The difference between the calculated number of
sample and the number of samples placed on the map is 1) grid edge effects, 2) adding judgment samples,
or 3) selecting or unselecting sample areas. Repeated pressing of the Apply button from the dialog box
will select a different random starting point for the grid and hence change the number of samples and the
probability of a hit associated with that number of samples, as shown by the dashed blue line on the
performance curve. This explains why the probability of a hit calculated from the samples placed on the
map may not be exactly the probability specified by the user. The report lists the actual number of
samples placed on the map. Deselecting the Random Start on the dialog box removes the random
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assignment of the grid and keeps the grid fixed with each repeated hit of the Apply button, thus
eliminating the sample size shifting problem.

Note that you can use the mouse to move the solid black line up and down the graph. You can use this
solid line to easily read off the probability vs. sample size trade-off options from the horizontal and
vertical axes. In Figure 4.8, we have the solid black line positioned at a 60% probability of hitting a hot
spot of radius 4 ft when there are only 31 grid samples in an area of 2577.6 ft*.

4.3.6 Performance of Design for Sampling Goal of Compare Proportion to a Reference
Proportion

The graph for displaying the performance of the design for comparing a proportion to a reference
proportion is similar to the comparison of two population means (see Figure 4.6). As such, the difference
between the two true proportions is shown on the x-axis, and the probability of deciding that the
difference between the two true proportions is greater than a specified difference (i.e., the Action Level)
is shown on the y-axis. The two proportions being compared could be, say, the proportion of children
with elevated blood lead in one area compared to the proportion in another area, or it could be the
percentage of 1-m squares within an acre that have contamination greater than 1 ppm of dioxin. The
comparison might be to compare the amount of contamination (stated as a percentage remaining at a site
after it has been remediated) to a background or reference area. Using the naming convention in EPA
(2000b, pp. 3-27 — 3-31), the site (also called the survey unit, Sample Area) is Area 1, and the reference
or background area is Area 2.

In Figure 4.9, we see the inputs from the dialog box along with the Performance Design Curve. The
example has as the null hypothesis “no difference between site and background,”or Ho: P1 — P2 <= 0.
The two estimated proportions are required to calculate the standard deviation for the pooled proportion
used in the sample size formula. With this formulation, the specified difference (Action Level) is 0, and
the false acceptance error rate (beta = 5%) is set at the difference of P1 — P2 =0.10. Thus, 0.10 is the
upper bound of the gray region, which VSP requires to be greater than the Action Level. When the null
hypothesis is changed to Difference of Proportions >= Specified Difference, the lower bound of the gray
region is less than the action level.

The graph in Figure 4.9, labeled the Two-Sample Proportion Test, lists the inputs of alpha, beta, and the
two estimated proportions in the heading line. The S-shaped curve shows that for larger differences in the
true proportions, the probability of correctly deciding the difference exceeds the Action Level increases.
This is intuitive because the more separated two populations are, the easier it is to correctly distinguish
their difference from a fixed threshold (Action Level).

4.4 Display of the Report

One of the biggest improvements in VSP 2.0 is the expanded report. The Report View for a sampling
design is available by either selecting the REPORT VIEW button on the toolbar, or by selecting View >
Report from the main menu. At the current time, VSP 2.0 does not contain all the reports for all the
designs. Future versions will have a complete set of reports available. The most frequently used designs
have reports available in VSP 2.0.
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Figure 4.9. Decision Performance Graph for Comparing a Sample Area Proportion to a Reference Area
True Proportion. Input dialog box for design shown as an insert.

The goal of the report is to provide the VSP user with a complete documentation of the sampling design
selected. This includes the assumptions of each design, sample size formula, inputs provided by the user,
a summary of VSP outputs including sample size and costs, a list of samples with their coordinates and
labels, a map with areas identified, and a sensitivity table. The reports are suitable for incorporation into
a quality assurance project plan or a sampling and analysis plan. Some of the output from VSP, for some
designs, is viewable only within the report.

A few selections from the report for the selection Sampling Goal > Compare Average to a fixed
threshold > Assume data normally distributed > Simple Random Sampling are shown in Figure 4.10.
Each time VSP calculates a new sample size, changes VSP input, or adds points to an existing design, the
report is updated automatically. The complete report can be copied to the clipboard for pasting into a
word processing application like Microsoft Word by having the cursor anywhere within the report, and
selecting Edit > Copy from the main menu. The text and graphics are copied using rich text format. The
user opens Microsoft Word, selects Paste, and the entire report is copied into a Word document.
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Summary

This report summarizes the sarmpling design used, associated statistical assumptions, as well as general guidelines for conducting post-sampling data analysis. Sampling
plan cormponents presented here include how rmany sampling locations to choose and where within the sampling area tg collect those samples. The type of medium to
sarnple (i.e., soil, groundwater, etc.) and how to analyze the samples (in-situ, fixed laboratory, etc.) are addressed in oth8r sections of the sampling plan.

The following table sumrmarizes the sampling design used. A figure that shows sampling locations in the field and a table that lists sampling location coordinates are also
provided.

SUMMARY OF SAMPLING DESIGN

Primary Objective of Design Cornpare a site mean to a fixed threshald
Type of Sampling Design Parametric

Sample Placement (Location) Sirmple randorm sampling

in the Field

Wyorking (Mull) Hypaothesis The mean value at the site

exceeds the threshold

Formula for calculating Student's t-test
number of sampling locations

Calculated total nurnber of samples |37

Number of samples on map ? 37

Murnber of selected sample areas ® |1
Sarnpling area © 509779.78 fi*
Total cost of sampling ¢ $18500.00

# This number may differ from the calculated number because of 1) grid edge effects, 2) adding judgment samples, or 3) selecting or unselecting sample areas
¥ Mumber of selected sample areas is the number of colored areas which contain sampling location on the map

° Sampling area is the surface area of the selectad sample areas

4 Including measurernent analyses and fixed overhead costs. See the Cost of Sampling section for an explanation of the costs presented here

Area 1

X Coord Y Coord Label | Value| Type [Historical

22053599.3101 | 102856149633 0|Randam
2264851.7999 | 102855911.3136 0
2265268.4785 | 10285633 6746 0

2265343.2430 | 102858148071 0|Randam
2264845.9484 | 10285503 5671 0

Randam

Random

Random

Figure 4.10. Report View of the Sampling Goal: Compare Average to a Fixed Threshold, Normality
Assumed, Simple Random Sampling
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Sensitivity Analysis
The sensitivity of the calculation of number of samples was explored by varying S, pand &
table shows the results of this analysis.

Number of Samples

o=5 |a=10|a=15

P=15| 167 | 125 100

$=1.2 |p=20| 144| 105| &2
p=25| 126| 89| &8

p=15| 43| 32| 26
S=0.6|p=20| 37| ZF| 2
PB=25| 33| 23| 18

3 = Standard Deviation
B = Beta (%), Probability of mistakenly concluding that L = action level
o = Alpha (%), Probability of mistakenly concluding that )L < action level

Costs

The total cost of the completed sampling program depends on several cost inputs, some of
and measured. Based on the numbers of samples determined above, the estimated total c
per sample cost of $500.00. The following table summarizes the inputs and resulting cost

COST INFORMATION
Cost Details Per Analy Per Sample |37 Sampl
Field collection costs $100.00 $3700.00
Analytical costs $400.00 $400.00|  §14300.00
Sum of Field & Analytical costs $500.00| $18500.00
Fixed planning and validation costs $0.00
Total cost $18500.00

Reports contain the following sections:

Figure 4.10. (contd)

e summary of design — Includes table of VSP inputs and outputs (including number of selected Sample
Areas), map with sample locations, list or coordinates of samples and sample labels.

o statement of sampling objective

e description of selected sampling approach and assumptions

e sample size formula along with inputs and parameters used in formula

e Performance Goal Diagram for this design along and assumptions

e sensitivity table showing how sample number changes as parameters change.

e costs of design categorized as field, analytical, and fixed costs.

o general discussion of recommended data analysis activities for how data should be used in the
appropriate statistical test to make a decision.

September 2002
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The sensitivity table in the Report View is one of the new additions to VSP 2.0. It allows the user to do
“what-if” scenarios with VSP input and output. For one sampling goal, the sensitivity table shows how
sample size changes with changes in the standard deviation and

Des - Samp“g o - Bothﬂ the two decision error rates, alpha and beta. Different sampling
P goals and sets of assumptions have different variables and
Standard Deviation | Beg [12 parameters in their sensitivity table. The user can change the
Steps: 2 | End: [05 variables and range of values shown in the sensitivity table by
1208 right-clicking anywhere in the report. A dialog box, as shown in
_T::.:Tj . Figure 4.11, comes up where the user can choose which of up to
s i = et [ four .Varlables that will be displayed, aloyg with ea(?h variable’s
15 o0 o starting and ending value, and the step-size shown in the
RS sensitivity table. Displayed in the table can be the number or
[ipha 72 S samples, cost, or both.
Steps: |3 j End: |15
51015
a4 Figure 4.11. Dialog Box for Changing Variables Displayed,
~Hore- =] and Range for Variables Shown, in Sensitivity Table in
Report View. Shown here is input dialog for sampling goal
123 of compare average to threshold, normality assumed
Cancel_| (parametric), simple random sampling.

¥isual Sample Plan - [¥5ampll.vsp]

4.5 Display Of Coordinates File Map Edit Sampling Goals Tools ©Options Yiew ‘Window Help

Dis@al@| o4 ©| BREEEE 9199
The fourth type of display in VSP is the list of Area 1

. . . 2265147.82 10285843.31
into a spreadsheet or word processing file using 226544154 10285682.54

2265602.09 10285565.63

Random False
Random False
Random False

Main Menu option Edit > Copy. Figure 4.12 2265566.31 10285603.29 Random False
is an example of the Coordinates view. 226511251 10285451.60 §S1-102 Random False

2265332.08 10285820.85
2265265.06  10285760.94
2265125.32 10285899.22

Random False
Random False
Random False

coordinates for each sample point on the map. XCoord ¥ Coord Label ~ Value Type  Historical
. 2265399.31 10285614.96 0 Random False
We can see this display by COORDINATE 2264951.80 1028591131 0 Random False
- 2265288.48 10285633.67 0 Random Fal
VIEW button on the toolbar, or by selecting 76534324 1028581481 0 Rondom  Falos
Main Menu option View > Coordinates. The ey S Random  False
X and y Coordinates are dlsplayed for each 2265h472.52 10285951.20 0 Random False
) i 2264766.31 10285627.64 0 Random False
sample point. New to VSP 2.0, also displayed 2265208.96 10285654.02 0 Random False
. : 2265319.86 10285589.06 0 Random False
are the sample points label, a value (if entered 226522153 10286019.53 S81-101 0 Random True
by th h d . 2265165.82 10285719.65 0 Random False
y the user), the type (e.g., random, systematic, 2265166.99 1028542458 0 Random False
“ 2 1 2265192.29 10285642.13 0 Random False
RSS), and a “true/false” indicator of whether or 92617017 10988576 27 0 Ramgom Eolee
not this sample point is an historical sample. 2264926.22 10285943.71 0 Random False
ott § sample po t1s an historical sample 2265095.74 10285448.71 5S1-104 0 Random True
Coordinates are segregated by Sample Area. 2265251.71  10285950.99 0 Random False
) i 2265242.96  10285986.36 0 Random False
These coordinates can be copied and pasted 226557136 10285816.68 S51-100 0 Random True
0
0
0
0
0
0
0
0

Figure 4.12. Coordinates Display of Sampling
Locations
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4.6 Multiple Displays

Multiple displays can be brought up on the same screen. Under Window from the Main Menu, select
Double Window to see the Map and the Graph together on the same screen; select Triple Window to see
the Map, Graph, and Report together on the same screen; and select Quad Window to see the Map,
Graph, Report, and Coordinates together on the same screen. The user can select the QUAD WINDOW
button from the toolbar for a single keystroke way to display the Quad Window. Figure 4.13 shows the
results of the Quad Window option.

To summarize, in Figure 4.14 we show the selection of a Sampling Goal and sample type (Simple
Random Sampling), we have entered the DQO inputs into the dialog box, Applied the design to our
Sample Area, and displayed the Map, Graph, Report, and Coordinates simultaneously using the Quad
Window from the Windows menu.

¥isual Sample Plan - ¥Sampll.¥sp = | = Ill

File Map Edit Sampling Goals Tools Options Yiew ‘Window Help
B e Y e =al= R =]
[@ vsampl1.vsp:3 I [= ] ) [.? vsampll.vsp:z =8|

Sample Plan I~ 1-Sample t-Test of True Mean vs. Action Level
Phase 150 n=37, alpha=5%, beta=20%, std.dev.=0.6

=&.L.

|
Probability of deciding true mean >

075 08 0 00 03 08 075 125 ; H
| L4 7 True Mean
=100 = ¥eampll.vsp:1 : =0 =%
=10 x| | [ : =10l x|
Rand pl for paring a mean with a fixed threshold il =
(parametric) Area 1
X Coord Y Coord Label Yalue Type Historical
Summary
This repart summarizes the sampling design used, associated statistical 2265399.31  10285614.96 0 Random False
assumptions, as well as general guidelines for conducting post-sampling data 2264951.80 10285911.31 0 Random False
analysis. Sampling plan components presented here include how many sampling 2265288.48  10285633.67 0 Random False
locations to choose and where within the sampling area to collect those samples. 2265343.24  10285814.81 0 Random False
The type of medium to sample (i.e., soil, groundwater, etc.) and how to analyze 2264945.95  10285903.57 0 Random False
the samples (in-situ, fixed labaratory, etc ) are addressed in other sections of the 2265380.15  10285947.22 0 Random False
sampling plan. -||| 2265472.52  10285951.20 0 Random False =
For Help, press F1 |Watch here for user inpuk |><=226824?‘69 Y=10283023.4E|_

Figure 4.13. Quad Display of Map, Graph, Report, and Coordinates on Same Screen
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¥isual Sample Plan - ¥sampll.¥sp

File Map Edit | Sampling Goals Tools Options  Yiew  Window Help

Estimate the Mean

Estimate the Propartion
Locating a Hot Spot
Finding a UxD Target Area

Mon-statistical sampling approach

e b Threshold
Compare Awverage ta Reference Average

Construct Confidence Interval on Mean
Compare Proportion ta Fixed Threshald
Compare Proportion to Reference Propartion

Determine Proportion of Site that Must Be Surveyed Far X
Post 0¥%@ Survey Evaluations using Bavesian Methods

===

Random sampling locations for compari
(parametric)

Summary

This repart summarizes the sampling desigl
assumptions, as well as general guidelines
analysis. Sampling plan components prese
locations to choose and where within the sz
The type of medium to sample (i.e., soil, gro
the samples (in-situ, fixed laboratory, etc.)

3 Can assume data will be normally sampling ...
3 Data not required to be normally distribuked  » Systematic grid sampling ...
3 Data from specified distribution (Simulation) k Sequential sampling (Known Std Dev) ... - E||1|
3 - . Sequential sampling {Unknown Std Dev) ...
| = 1-Sample on Level
. ; n=37, alpha=5%, beta=20%, std.dev.=0.6
P 1 [ O
» 1K)
3 =
» T og
A
» =
» g oz
£
True Mean ¥s. Ac il
One-Sample tTest |Eosts |
For Help, highlight an iterm and press F1
Choose:
& True Mean »= Action Level [&ssumne Site is Diry) -
 True Mean <= Action Level [Sssume Site is Clean)
You have chosen as a baseline to assume the site is "Dirty"
False Rejection Rate [Alphal: — [5.0 % AT AT T
5 i 025 05 075 125 15 2
False Acceptance Rate [Betal  [20.0 = True Mean
“Width of Gray Region [Delta): W =[S
Action Levet 1 =
Estimated Standard Deviation: 06
Label Value Type Historical
4.96 0 PRandom False
M0 1.31 0 FRandom False
3.67 0 PRandom False
inimum Murnber of Samples in Survey Unit 37 4.81 0 Random False
™ Use Historical 3.57 0 PRandom False
55 nisanea 7.22 0 Random False
1.20 0 Random False |

samnling plan.

# of samples needed to compare a mean {or median) ko

Ok | Cancel | Apply | Help

Figure 4.14. Combined Display of VSP Inputs and Outputs

h here For user input [¥=2264536,64 Y=10256562.42
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5.0 Extended Features of VSP

VSP 2.0 has many extended features that have not been described so far in this user’s guide. In this
section, we discuss some key extended features. The beginning user may not need these features, but a
more experienced user will find them invaluable. These features expand on VSP’s core capabilities.

They are useful once a user has identified basic sampling design and now wants to explore variations of
the design, explore features of the design that are not part of the initial selection parameters, and add more
capability to VSP.

5.1 Multiple Areas To Be Sampled

If you want to sample multiple areas, VSP allows you to select multiple areas as sampling areas. When
multiple areas are selected, VSP allocates the samples to the areas in proportion to the area of the
respective individual sample areas. For example, if one area is twice as large as the other sample area, it
will receive twice as many sample points. This is shown in Figure 5.1. We drew two sample areas, the
rectangle and the circle. We next assumed that a sampling-design algorithm not currently in VSP called
for n = 25 samples. Using option Sampling Goals > Non-statistical sampling approach >
Predetermined number of samples > Simple random sampling, VSP allocated 6 of the 25 requested
samples to the rectangle and 19 to the circle. This is because the circle covers an area approximately
three times larger than the rectangle.

¥isual Sample Plan - [¥5ampl1]

LE.]FiIe Map Edit Sampling Goals Tools  Options  View  Window Help

| DlzlElEls] x4 o FEEmE ¢l Dmn

Simple Random Sampling Proportional to Area
n=25 Simple Random Sampli x|
B Samples | Costs |
L2
o ® Mumber of Samples: |25
= [~ Use Historical
Cloze | Cancel | Apply | Help

Figure 5.1. Proportional Allocation of Samples to Multiple Sample Areas
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Note that when multiple sample areas are drawn on a Map, you can select or deselect sample areas using
Main Menu option Edit > Sample Areas > Select/Deselect Sample Areas. Alternatively, you can select
or deselect a sample area by clicking on it with the mouse.

The Change Color option can be used to change a sample area’s color. First, select those sample areas to
be given a new color. Then use the Edit > Sample Areas > Change Color sequence and choose the new
color for the currently selected sample areas.

Note that when multiple sample areas are selected, VSP-derived sampling requirements assume that the
decision criteria and summary statistic of interest (mean, median) apply to the combined sample areas and
not to the individual areas.

5.2 Lal'gest Unsampled SpOt i ¥isual Sample Plan - ¥sampl4

File Map Edit Sampling Goals | Tools Options  View Window Help

D] |

¥sampl4

If VSP has generated a sampling design Show Size ..,
for a Sample Area and you want to know Simple Random Sampling

the largest unsampled area, VSP can N=10

display this information. The largest
unsampled spot is defined as the largest
circle that will fit inside a Sample Area B
without overlapping a sample point. To
find this area, use Main Menu option
Tools > Largest Unsampled Spot >
Find. This is shown in Figure 5.2. The
SHOW UNSAMPLED SPOTS button
on the toolbar can also be used to find the

unsampled areas.

Inside Area ...

Figure 5.2. Largest Unsampled Spot Displayed on
Rectangular Sample Area

A dialog box, displayed in Figure 5.3, gives you the option of specifying the accuracy of the circle’s
radius, whether you want to consider area corners as additional sample points, and whether to allow the
spot to overlap the Sample Area.

Find Largest Unsampled Spok ﬂ

Thiz will find the largest circle whoze center point iz on
a square grid of the size specified. The circle's radius
will be accurate to within the accuracy specified.

Accuracy: (5.0 Feet

" Consider area comers as additional sample points

V' Da not allow spots to overlap edge of sample area

Ok I Cancel

Figure 5.3. Dialog Box for Largest Unsampled Spot
Allowing Accuracy and Other Options to be Specified
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Two other displays are available: Show Size... and Inside Area.... The Show Size... dialog box is shown
in Figure 5.4. It indicates that the radius of the circle is 27.61 feet. The total area of the circle is 2395.20
square feet.

The other display is the Inside Area... dialog box, shown in Figure 5.5. It indicates that 100% of the
circle is within the Sample Area. If you choose to allow the largest unsampled spot to overlap the Sample
Area edges when using the Tools > Largest Unsampled Spot > Find option, there will be situations in
which the circle extends beyond the boundary of the Sample Area.

¥isual Sample Plan - ¥5ampl4

File Map Edit Sampling Goals Tools Options  View Window Help

Simple Random Sampling
N=10

| T
Radius = 27.61 Feet
Area = 2395.20 Feet™2

Figure 5.4. Dialog Box for Largest Unsampled Spot Showing Size of Circle That Would Fit into
Largest Unsampled Area

¥isual Sample Plan - ¥5ampl4

File Map Edit Sampling Goals Tools Options  View Window Help

D[SZRIE o4 o FRnmmE 26 mEn el

Simple Random Sampling
N=10

vsample

Approximately:
100.0% ar

2395.20 Feet~2

is inside of sample area

Figure 5.5. Dialog Box for Largest Unsampled Spot Showing Percentage of Circle Within Sample Area
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i Wisual Sample Plan - ¥Sampll.¥sp
ile Map Edit Sampling Goals Tools | Options Yiew ‘Window Help
#| * Pseudo-Random Mumbers

A=) Random Mumbers
QIEIQIEI@I &I&I%I—‘ Sample Placement 3 Quasi-Random Mumbers
i »
MGDs
Sensitivity. Analysis, ..

5.3 Pseudo-Random and
Quasi-Random Sampling

VSP allows the user two options when
selecting how random numbers are

Preferences

generated. The random numbers are used
to pick coordinates for sampling locations
when the design calls for either a random-
start grid or random placement of all
points. The user selects the desired random Figure 5.6. Menu for Selecting Type of Random
number generator using Options > Number Generator

Random Numbers from the Main Menu.

The two options are Pseudo-Random Numbers and Quasi-Random Numbers. The user “toggles”
between these two options. This is shown in Figure 5.6. Note that once an option is selected, it remains
active until changed. VSP is initialized with the Pseudo-Random Numbers option active.

Sampling locations (i.e., the x and y coordinates of the location) chosen with a pseudo-random number
generator are not restricted in any way. The first location chosen and the tenth location chosen can be
right next to each other or far apart, like throwing darts at a dart board. The locations where the darts hit
can be clumped together or spread out, depending on chance.

Sampling locations chosen with a quasi-random number generator are restricted as to proximity. The
sampling locations are chosen to avoid previously selected locations in the current sampling design.
Conceptually, one can think of electrons in a box. At any moment, each electron is in a random location
but they all are avoiding other electrons because of like negative charges.

Quasi-random numbers are generated in pairs. The sequence of paired numbers is generated in such a
way that sample points are spread evenly over a sample area. VSP’s quasi-random-number generator
uses Halton’s Sequence. For a discussion of the algorithms used for both the pseudo- and the quasi-
random number generator, see Version 2.0 Visual Sample Plan (VSP) Models and Code Verification
(Gilbert et al. 2002).

If the current sampling design is being added to a study area with existing sampling locations, the quasi-
random number generator will have no knowledge of those locations and might by chance put a new
sampling location right next to an existing location. See the Adaptive-Fill option in Section 5.6 to handle
the problem of avoiding existing sampling locations.

5.4 Measurement Quality Objectives Module

The Measurement Quality Objectives (MQO) module in VSP provides a way to extend the sampling
design to consider not only the number and placement of samples in the field but also what happens in the
measurement or analysis process. After all, it is the final result of the “measured sample value” that gets
reported back to the project manager and used in statistical tests to make a decision.
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There is a trade-off between taking more samples using a crude (i.e., less precise) measuring device vs.
taking fewer samples using a precise measuring device and/or method. This is because total decision
error is affected by the total standard deviation of the samples. The total standard deviation includes both
sampling variability and analytical measurement variability.

There is also a trade-off between taking more measurements (i.e., replicate measurements) when using
these less precise analytical measuring devices and/or methods vs. taking few measurements and using
more precise analytical measuring devices and/or methods. The MQO module in VSP lets the user play
“what-if” games with various combinations of sampling standard deviation, analytical (i.e., measurement)
standard deviation, number of analyses (i.e., replicates) per sample, and number of samples to take. More
discussion of this topic and the sample size equations behind the VSP calculations can be found in
Version 2.0 Visual Sample Plan (VSP) Models and Code Verification (Gilbert et al. 2002).

5 True Mean vs. Action Level

The MQO option is selected from the screen that pops

up after a Sampling Design has been selected. In Figure One-Sample tTest | Costs |
5.7, we see the dialog box that appears on the screen For Help, highlight an tern and press F1
. . . Choose:
after pressing the MQO button. This dialog box allows & Trse Mean s= Action Level (Assume Site s Dity]
you to provide additional inputs, such as the analytical £ True Mean <= Action Level [bssume Site s Clean)
R ‘fou have chosen as a baseling to assume the site is "Dirty"
standard deviation and number of analyses per sample. -
K . . . X Falze Rejection Rate [Alphal: |5_U %
There is also a Pick button (not active at this time but . _
alse Acceptance Fate (Beta): IW %
planned in future versions of VSP) to provide access to a Width of Gray Region Detal [
library of standard analytical methods with their reported Action Levek fio
analytical standard deviations. Estimaled Sampling StdDev:  [3
E stimated Analytical StdDesw: IU Pick |
Note that the default values are 0 for the Estimated BB S [
Analytical Standard Deviation and 1 for the Analyses M m e S h e Ut 2
per Sample. This means that the user-selected B
analytical or measurement method does not add a 0K | Cocel | ey | Hem

significant component of variability to the total standard
deviation; i.e., the method provides essentially the same
numeric value when repeated measurements are made on
a sample. Using the input parameter values shown in
Figure 5.7 and with these default MQO values, we get

n =21 samples.

Figure 5.7. MQO Input Dialog Box
with Default Values Displayed

Now let’s start changing the MQO input values. First, we change the Estimated Analytical Standard
Deviation to 3. We still take only one analysis per sample. We see VSP now tells us we need to take
40 field samples to obtain the desired error rates we specified. This is shown in Figure 5.8.

If we take two repeated measurements of each sample (Analyses per Sample set to 2), we see in
Figure 5.9 that the number of field samples is now only 31.
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True Mean vs. Action Level 3 x|

One-5ample t-Test | Costs I

For Help, highlight an item and press F1

Choose:
& Tiue Mean »= Action Level [Assume Site is Dirty)

' True Mean <= Action Level [4ssume Site iz Clean)
“Y'ou have chosen as a bazeline to assume the site is "Diry"'

Falze Rejection Rate [Alpha): |5_U

Falze Acceptance Rate (Betal:  [10.0

a2

a2

Width of Gray Region [Delta): ~ [2~
Action Level: I‘IU—
E stimated S ampling StdD evw: |3—
E stimated Analytical StdDesy: l— M
Analyzes per Sample: l— _I
Iinimum Mumber of 5amples in Survey Unit: 40
[T Use Historical

Cloze | Cancel | Apply I Help

Figure 5.8. MQO Input Dialog Box
Showing Positive Value for Estimated
Analytical Standard Deviation with
1 Analysis per Sample

You can try different values in the MQO input boxes
and see the effect on the resulting number of field
samples.

When you select the COSTS tab at the top of the
screen, a new display and set of inputs is shown. This
is shown in Figure 5.10. In this dialog box, we can
enter costs for Field Collection (shown here as $100
per sample) and Analytical Cost per Analysis (shown
here as $400 per analysis). This screen also provides a
Cost Comparison between two possible options,
Analytical Methods A and B. We see the Method A
Analytical Standard Deviation of 3 that we entered on
the previous screen. We can also enter an Analytical
Standard Deviation for Method B. Initially, VSP
displays the default values of 0 for Method B as shown
in Figure 5.10. VSP displays the comparison for one,
two, or three replicate analyses for only Method A
because Method B has an analysis cost of $0.00.

True Mean ¥s. Action Level ﬂ

One-5ample t-Test | Costs I

For Help, highlight an item and press F1

Choose:
' True Mean »= Action Level [Assume Site is Dirty)

" True Mean <= Action Level [Sssume Site is Clean)
Y'ou have chozen as a baseline to azsume the gite is "Dirty"

Falze Rejection Rate [Alphal: |5_D %

Falze Acceptance Rate [Betal:  [10.0 %
Width of Gray Region (Deltal.  [2~
Action Level: I‘IU—
E stimated S ampling StdDev: |3—
E stimated Analytical StdDesw: l— M
Analyzes per Sample: l— _I
Minimum Mumber of Samples in Survey Unit: i
[T Use Historical
Cancel | Apply | Help

Figure 5.9. MQO Input Dialog
Showing Positive Value for Estimated
Analytical Standard Deviation with
Multiple Analyses per Sample

rue Mean vs. Action Level x|

One-Sample t-Test  Costs |

Total Area ta Sample: I BO0597E0 IFeet"2 j

Fixed Flanning and ‘alidation Cost: $ I 1000.00
Field Collection Cost per Sample: § I 100.00
Analytical Cost per Analysis: § I 400.00

Total Cost for 31 Samples: $28300.00

r— Cogt Comparison
Method & Analytical StdDew: 3

Method B Analytical StdDey: ID
Method B Analytical Cost per Analysis: § ID.DD

Fepz ASamples ACost B Samples B Cost

1 40 21000.00 21
2 il 28300.00 21
3 28 37400.00 21

Cloze |

Figure 5.10. Cost Input Dialog Box for
MQO Option
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Next we show input values for Method B. Here, we ]
enter a Method B Analytical Standard Deviation of 4 OneSample tTest Costs |
(somewhat higher than Method A), but with a lower Total breato Sample: | 503780 |Feet’2 7|
Cost per Sample (shown here as $100). In Figure 5.11 Fived Planning and Vaidaton Cost: ¢ [ 1000.00
we see that the Method Comparison is now filled in with etice st et ¢ [T
the new values. The lowest cost option (Method B with rales :°ftlp: ’T:a'y;? ! | _$2:;DD;DDD
1 Analysis per Sample) is highlighted in blue. o Comparion e
Method & Analytical StdDew: 3
Notice that the lowest cost sampling design for this Method B dnslytical StelDew: [4
problem has the most field samples, n = 55. This is Mathod B Anabtical Cost per Analysis: $[To000
because Method B has a very low analysis cost of only Aobs ASampes et e oo
$100 vs. the much higher cost for Method A of $400. 2 A mmmo 3 Tamo
Therefore, Method B can reduce the uncertainty in the
final decision by allowing many more field samples to
be analyzed compared with Method A. Okse | cancel |[f Help
Note also that the sampling design will not
automatically change to the Method B case highlighted Figure 5.11. Display of Cost Comparison
in blue. If you want a sampling design based on for Method A and Method B from MQO

Method B, you must update the Analytical Cost per Module
Analysis for Method A to match the Method B cost.

Then return to the One-Sample t-Test tab, change the Estimated MQO Method Comparison
Analytical Standard Deviation value to match the Method B $a0K
value, and press the Apply button to get the Method B-based saok

. . $30K
sampling design. E oo

T $20K
A graphical comparison of the analytical methods is shown on the F g156 O
Decision Performance Curve when Options > Graph > MQO $rok } : ;
Method Comparison is checked. Figure 5.12 shows an example. Wietrod Replicates
Mtethod B

The yellow circle is placed above the lowest-cost sampling design
that meets the objectives. In this case, the circle is above a green
bar representing the cost of using sampling design Method B with
one analysis per sample.

Figure 5.12. MQO Method
Comparison Chart

5.5 Judgement Sampling/Manually Adding Samples

VSP allows you to manually add sampling locations to the Sample Area. This is not a recommended way
to sample because it injects the bias of the sampler into the project, with the result being the probability
structure that underlies probability sampling is lost. However, if you have justification for the
intervention, VSP allows the option.

September 2002 5.7 Visual Sample Plan Version 2.0



You may manually add sampling locations by selecting Sampling Goals > Non-statistical sampling
approach > Judgement (authoritative) sampling. A Sample Area must have been defined and selected
in order for this option to be available. In Figure 5.13 we selected as our Study Area the large elliptical
area in the Millsite.dxf file. After selecting Sampling Goals > Non-statistical sampling approach >
Judgement (authoritative) sampling, we move the mouse over the Study Area; the mouse cursor
becomes a cross-hair. If we left-click the mouse, we see a small “x” appear on the map where we verify
that a sample should be taken. We can add as many samples as we choose in this way. In Figure 5.13,
we added 3 samples manually.

Note that when Judgement Sampling is used, no graph of the performance can be displayed. Displaying
the graph will show a “No Graph” title. The report also tells us that no performance goal diagram is
available for this user-supplied design. This is because VSP has no way of assessing the performance (or
decision error limits) of a design where the number and placement of samples is arbitrary and not
grounded in statistical sampling theory.
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Figure 5.13. Judgement Sampling with Three Sampling Locations Added Manually

5.6 Adaptive-Fill Option for Placement of Sample Points

The Adaptive-Fill option allows the addition of “random” sampling locations in such a way as to avoid
existing sampling locations. Adaptive Fill has to do with the placement of the sampling locations, not the
number of samples. The basic idea is to place new sampling locations so as to avoid existing locations
and still randomly fill the Sample Area. The current Sampling Design option determines the number of
locations.
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VSP usually places new sampling locations using the default option, Options > Sample Placement >
Regular Random. When Regular Random is selected, the sampling locations produced by either of the
two random number generators discussed in Section 5.3 are placed in the Sample Area without regard to
pre-existing samples. In fact, VSP removes all previous sampling locations prior to placing the new set of

sampling locations.

When the Options > Sample
Placement > Adaptive-Fill option
is selected, all pre-existing
sampling locations are left in place,
and new sampling locations are
placed in the Sample Area using an
algorithm to maximally avoid pre-
existing sampling locations. The
Adaptive-Fill algorithm can be
used with either random number
generator. The Adaptive-Fill
option is shown in Figure 5.14.

Note that in Figure 5.14 the

original sampling locations are
marked with a circular symbol. In
contrast, the Adaptive-Fill sampling
locations are marked with a square
symbol. If you right-click on a
sampling-location symbol, a
Sample Information message will
display the type of sample, the
coordinates, and a label input field.
The label input field allows a
specific sampling location to be
given an ID number or remark. The
label information is displayed in
only the Sample Information
window and the exported text file of
sampling locations (see

Figure 5.16). See Figure 5.15 for
an example of a message for an
Adaptive-Fill sampling location.
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Figure 5.14. Adaptive-Fill Option for Sample Placement
(Shown Here with Sample Area from Millsite Map)

¥isual Sample Plan - ¥Sampl?
File Map Edt SamplingGoals Tools | Options View Window Help

D | B| D><F| Hlél }gh?,'}l‘ Randam Mumbers

Pl @l el re
Sample Placement ¢ [ CE R

Graph 3 * Adaptive Fil
H'Sampl? MQ0s
Sensitivity Analysis,.,
Preferences b %
]

8 ]

]
o ]

Figure 5.15. Sample Information Window Displayed When
the User Right-Clicks on Selected Sample Points on Map
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If the sampling locations are exported to a text
file using Map > Sample Points > Export, an
Adaptive-Fill location will be noted and any
label the user might have added will be saved.
An example text file is shown in Figure 5.16.

&} adptfill. TXT - Motepad

File Edit Format Help

Area 1

» Coord ¥ Coord Label value  Type Historical
2264873,4615 10285559,0455 4] Random
2264780, 5956 102857159, 5641 4] Random
22654274867 10285598, 9890 4] Random
2265219, 5557 10285885.4722 4] Random
2265439, 5333 10285810, 3616 4] Random
2264521.4536 10285904, 2654 4] Random
2265160, 2016 10285751.6503 4] Random
2265168, 7425 10286032, 0601 4] Random
2265249,1045 10286033, 7379 4] Random
2265481, 7182 10285672.9950 4] Random
2265552.4115 10285841, 7924 4] Random
2264953,3272 10285708.4670 4] Random
2265154, 6471 10285794.1171 4] Random
2265033, 0677 10285958, 5216 4] Random
22651092, 6278 10285453, 7425 4] Random
2265418.4434 10285528, 8018 4] Random
2265267, 1161 10285685, 0950 4] Random
2265550, 8324 10285953, 9968 4] Random
2264759, 6408 10285832, 7508 4] Random
2265244, 0361 10286035, 6867 4] Random
2265287.3445 10285502, 0855 4] Random
2265650,1054 10285666, 5208 4] Adaptive-Fill
2265105,9763 10285611.1545 4] Adaptive-Fill
2265570, 1681 10285526.1472 4] Adaptive-Fill
2265304, 6907 10285970, 6423 4] Adaptive-Fill
2265003, 4862 10285461, 9863 4] Adaptive-Fill
2265031, 4461 10285825, 84091 4] Adaptive-Fill
2265300, 3467 10285816, 6476 4] Adaptive-Fill

Figure 5.16. Sample Exported Text File of
Sampling Locations
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