CSP

DQO-PRO Tutorial
Success-Calc

A PowerPoint Tutorial
by

Dr. Lawrence H. Keith

President, Instant Reference Sources, Inc

1

Chemical
Y AND




DQO-PRO Background

 DQO-PRO provides answers for three objectives:
1. Determining the rate at which an event occurs,

2. Determining an estimate of an average within a
tolerable error, and

3. Determining the sampling grid necessary to detect “hot
spots”

 This tutorial shows how it can be used to calculate
the number This of environmental or QA or QC
samples needed for some example objectives
iInvolving your personal Data Quality Objectives.
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% QA and QC Samples Assess

CSP

Environmental Samples

* QA and QC samples are used to provide an
assessment of the kinds and amounts of bias
and/or imprecision in the data that is obtained
from the environmental samples.

QA samples typically are blind samples to the
analyst while QC samples have known values.

— Thus, QA and QC samples are used to assess the
collection and measurement system in a similar way
that environmental samples are used to assess the
portion of the environment from which they come.
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% QA and QC Samples Assess
Environmental Samples (continued)

* Therefore, representative environmental samples
are collected and analyzed to form conclusions
about a particular site, and representative QA or
QC samples are analyzed to form conclusions
about the system that measures the
environmental samples.

e This similarity in environmental sample usage
and QA or QC sample usage is often not
appreciated or even recognized.
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 What percentage of false positives and false
negatives are you willing to accept?

What are Some Basic MQOs?

 Most other factors considered will affect the
amounts of false positives and false negatives in a
project.

‘)
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False Positives

What are some of the most important criteria in
environmental analytical data?

* Isn’t one of them an assurance that analytes have
been correctly concluded to be present from the
data?

—When incorrect conclusions are made the result is
False Positives.
* The wrong analytes are concluded to be present.
* This can result in severe consequences to clients.
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False Negatives

Correctly concluding from analytical data that
analytes are absent from samples is also
from important.

—Incorrect conclusions when analytes are really
present result in False Negatives.

 False negatives commonly occur from poor recovery
of analytes from environmental matrices or
Interferences.

* Minimization of false negatives is important with risk
assessment data and regulatory agencies.
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e Method Blanks are used to demonstrate the
absence of False Positives in analytical data.

Method Blanks

 They do NOT help to measure the presence
of False Positives caused by misidentification of
analytes!!
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& Method Spikes

 Method Spikes (Matrix Spikes) are used to

demonstrate the absence of False Neqgatives In
analytical data.

— Most laboratories have this kind of data for
analytes analyzed by various methods.

Note: Method Blanks and Method Spikes cover all
sources of lab errors. Additional QC samples are
needed to distinguish between different sources of lab
errors or sampling errors; Practical QC (an
Inexpensive program available separately from Instant
Reference Sources) helps to determine which of these
you need for specific purposes.].
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% Current Use of QA and QC
Samples

How do laboratories, their industrial
clients and regulatory agencies
typically use data from method

blanks and method spikes?

T
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Current Use of QA and QC Samples

*Isn’t it to demonstrate that false positive and
false negative conclusions are not occurring
In the data from the analytical/preparation
batch with which these QA or QC samples are

assoclated?

—Used this way isn’t that just one or two data

points with a sample set?

—Are one or two data points statistically
significant? (You know they are not).
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% Statistics of Typical Batch
Sample Data

 For example, if a laboratory analyzes two spiked
QC samples with a day’s batch of environmental
samples, there is only a 10% probability of
detecting false negatives with a 95% confidence
level if they occur at a rate of up to 5%.

* Likewise, there is only a 5% probability of
detecting false positives with a 95% confidence
level if they occur at a rate up to 5% when only
one method blank is run with a day’s batch.

J Chemical
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Are Your Assumptions Wrong?

e An implicit assumption that the environmental
samples analyzed in conjunction with a method blank
and one or two spiked method blanks (or matrix
spikes) do not contain false positives or false
negatives because the accompanying one or two QA
or QC samples did not contain them is not
necessarily correct.

* Thus, the present way of assessing QA and
QC data contains a basic flaw that is not
usually recognized.

J Chemical
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If the data from method blanks and method
spikes that laboratories have could be used
statistically, what would it mean?

Statistical Use of QA/QC Data

— That there is X probabillity that there will be no more
than Y% false positives (or false negatives) in the
samples associated with a particular QA or QC data
sel.

« Wouldn’t that be more useful than the present way
which provides no statistical conclusions?

J Chemical
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Power Curves Can Estimate

Numbers of QC Samples

\  Decision Rule: 0 Defectives = Meet DQO, 1 Defective = Does Not Meet

DQO
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Statistical Use of QA/QC Data

e How can a statistical treatment of available QA or QC data
better characterize environmental analytical programs better
programs?

1. The probability of not exceeding a selected rate of occurrence
of false positives or false negatives would be known;

— e.g., we want a 99% probability that there will be no more than 5%
false positives using Method 8270. How many method blanks are
needed? (ANSWER: 90)

— What if we decreased the confidence level to 90%? (ANSWER: 45)

— What if we changed the rate of false positives to 10% and the
confidence level to 95%7? (ANSWER: 29).

These answers were obtained using Success-Calc as you’ll
see in a minute.

CSP 17
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Statistical Use of QA/QC Data

« How can a statistical treatment of available QA and QC
data better characterize environmental analytical
programs?

2. The number of QA or QC samples needed to assure that a
desired rate of false positives or negatives would be
detected could be compared with the number analyzed.

— Furthermore, if the actual number of QA or QC samples was less

than the desired number, the increase in rate or decrease in
probability could be calculated.

— Using the example from the previous slide, what if only 20 method
blanks actually were run? (ANSWER: a 65% probability of not
exceeding 5% false positives or an 88% probability of not
exceeding 10% false positives).

J Chemical
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Statistical Use of Data & DQOs

« How Else Could Method Blanks and Method Spike
QA or QC Data be Used Statistically?

3. Regulators, engineers, project directors, etc. could
plan sampling and analytical projects so that they
will generate statistically valid data that will
demonstrate whether false positives and false

negatives are probable (or not) at some selected
rate of occurrence.

— This is a statement of a Method Quality Objective.

J Chemical
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 How Else Could Method Blanks and Method Spike QA
or QC Data be Used Statistically?

Measurable Failure of DQOs

4. 1f a MQO is not achieved (i.e., the rate of false
positives or false negatives in a data set are higher
than desired) then the degree to which it failed can be
calculated.

— For example, there may only be a 50% probability that one
analyte has no more than a 5% false positive rate of

occurrence in a particular EPA Method 8270 data set, while
others meet the 99% probability MQO.

—Wouldn’t that be very important to know?

J Chemical
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Success-Calc Uses

e Success-Calc iIs used to determine
the number of samples needed to

|

detect a specified characteristic in a gyt s

population of samples.

— For example, it may be used to calculate the number of
QA or QC samples (such as method blanks or matrix
spikes) needed in order to assure that no more than a
specified rate (e.g., 5%) of false positive or false negative
detections will occur in the environmental samples

associated with the QA or QC samples.

CSP 21
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Success-Calc Uses

e Success-Calc may also be used to calculate the
number of samples needed to assure detection of
any other characteristic of interest that occurs in
more than a specified portion of the population.

— For example, the percent contamination of a sampling site.

 In addition, Success-Calc also calculates the
maximum and minimum proportions corresponding
to the observed (sample) proportion.

— For example, the maximum and minimum rate of false
positives and false negatives that could occur in samples.

J Chemical
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|Inputs include:

Inputs to Success-Calc

—the maximum percentage of the selected
characteristic that is allowed to go undetected,

—the desired probability of detecting that
characteristic if it occurs in more than the
maximum percentage specified, and

—how many samples, if any, that will be allowed
to fail the specified criteria.

J Chemical
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Success-Calc Assumptions

« Assumption

— Each sample (including QA or QC samples) is
representative of the sample population they are being
used as substitutes for.

* This means that all significant criteria involving the

analyses must remain constant during the time period, or
the project, for which the statistical calculations are made:

—This may include analysts, instrumental conditions,
methods, matrix, standards, etc.

— However, the time period can be days, weeks, or
months as long as the above conditions are met.

J Chemical
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e This calculator does NOT calculate the number of
samples needed to estimate the frequency at
which a characteristic occurs:

Success-Calc Calculations

e Rather, it calculates the number of samples
required to decide when the true frequency of
occurrence exceeds some predefined frequency
using a specified decision rule.

CSP o5




% Where Can Extra QA or QC
Samples Come From?

« An important point is that many of the QA, QC or
environmental samples needed for a statistical
population are available (or can easily be made
available); they are just not used this way now.

* Thus, increased costs associated with large
numbers of samples may not be necessary — they
may, in fact, be minimal or even reduced with

proper planning. r

CSP 26
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% All Significant Parameters Must
Remain Constant

 The key to obtaining a statistically useable
population of sample data within a window of
time is that all significant parameters that can
affect analytical method performance must
remain constant.

e Significant parameters may include the
Instrumentation and method, the analyst, and the
matrix (e.g. soil, wastewater, etc.).

J Chemical
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1%Can Data from Multiple Instruments
or Analysts be Pooled?

 Laboratories can usually readily document the
consistent use of instrumentation and an analyst for a
given period of time or for a specific project.

* Therefore, the answer may be yes if documentation
exists that show the pooled data over a given period of
time is not statistically different when one or more
Instruments or one or more analysts are used with a
given method and matrix.

— The consequence of being wrong with either of these

assumptions is that the rates of false positives or false
negatives will be underestimated.

. Chemical
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Equation Used With Success-Calc
and Low Frequency Occurrences

If the frequency of the characteristic which is desirable to detect is less

than 10% the following equation is used:

n = nL(alpha)/nL(1-Y)
where: alpha =1 - the desired confidence,;
Y =the frequency to detect (this must be less than 10%).

The equation is based on the exponential distribution and assumes
that the characteristic to be detected occurs very infrequently, as
opposed to the binomial, which can tolerate any frequency from O

to 100%.

The reference for this approach is information available from EPA on "Xmax and

CSP
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the Exponential Distribution Model in the Development of Tolerance Intervals".
This information is used in conjunction with guidance on evaluating gas pipelines
for PCB contamination, but is currently not published.

R\ Chemical
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% Equation Used With Success-Calc
and >10% Frequency Occurrences

If the frequency of the characteristic which is desirable to detect
IS more than 10%, we must use the binomial equation and
iteratively solve for an appropriate n. In this case:

Pr=n!/rI(n —r)*q(n — r)*pr

where n = the number of samples in a sample collection
r = the number of samples with the characteristic to be detected

p = the true percentage of the population with the characteristic to be
detected

g = the true percentage of the population without the characteristic to
be detected

qg=1-p.

CSP 30
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Decision Rules With Success-Calc

The last portion of the Success-Calc program
determines the minimum and maximum percentage
of the population with the chosen characteristic given
that some number of samples collected indicated the
presence of this characteristic.

This calculation is analogous to setting an upper and
lower confidence level for a mean.

Chemical
31




N Success-Calc Equations for Upper and
Lower Confidence Levels

The equations for calculating the lower confidence level
(LCL) and upper confidence level (UCL) for the binomial
distribution are:

LCL = {1+((n-r+1)*F(1-alpha/2;2n-2r+2,2r)/r)}*

UCL = {1+((n-r)/(r+1)*F(1-alpha/2;2r+2,2n-2r))}*

where
F = the F statistic with the above specified degrees of freedom
n = the number of samples collected

r = the number of samples with some characteristic (r in the
earlier equations)
-1 = exponentiate the result to the negative 1

CSP 32
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% Problem 1. Use Success-Calc to
Calculate Numbers of Method Blanks Needed

e Success-Calc can be used to estimate the
number of QA or QC samples needed for a
desired objective.

— Estimate the number of method blanks needed
In order to assure, with 95% confidence, that
no more than 5% false positives would be in
the QC data, thus inferring that the same
assessment would be true for the associated
environmental samples.

J Chemical
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E Jucvess-Calu 2.0
File  Help
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 Maybe 59 is too many method blanks for a
particular project, especially if it only involved,
for example, 30 samples.

59 i1s a lot of Method Blanks

e But, remember, the 59 method blanks do NOT all
have to be analyzed with the samples in a specific
single project.

— They can be analyzed over a time period in which

significant analytical parameters do not change -
that could be over numerous months.

J Chemical
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 The key Is to obtain the data you need over a
period of time that (1) includes the environmental
samples of your project, and (2) where all
significant parameters that can affect the Data
Quality Assessment (DQA) criteria being used
remain essentially the same during that period of
time.

e Labs usually have this data but they may not
store it in a way that can easily be extracted and
added to a statistical pool of similar data. ASK
for it.

Labs Usually Have This Data

J Chemical
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% Problem 2. What if There Are
Not Enough QC Samples?

* What if only half of the desired QC samples were
available?

— Replace number of samples “n” with 30 and click on
the button labeled “Probability”

— What is your confidence level of detecting a maximum
rate at 5% false positives or false negatives reduced
to?

— What could the maximum rate of occurrence of false
positives or negatives be?

J Chemical
CSP 37




F Success-Calc 2.0 =] E4

File Help
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% Problem 3. What if There Are False
Positives or Negatives in the QC Data?

There may be times when the “zero” decision rule
IS not attained.

o |f, after a QC sample set has been analyzed there
are 3 false positives or false negatives among the
analyte identifications what is the identifications
confidence level reduced to?

* What would the minimum and maximum possible rate
of false positives or negatives be? (Use the results
from the previous slide)

J Chemical
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* This is the most sophisticated program of the
triad yet its power is made to seem trivial by the
ease of its use.

— With just a few clicks of your mouse key you can
easily evaluate the probability of detecting any
characteristic you want to in a group of samples as
long as the selected samples meet the criteria that
they represent the same opportunity for detection
of the same characteristic as the environmental
samples do.

Success-Calc 1s Powerful

J Chemical
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Thank You!

 We hope this tutorial will help you to understand better how
to use Success-Calc. It is only a tool to help you estimate
success.

* This program can be used to estimate how many samples it
should take to detect a characteristic of interest in a sample
population with the assumption that the samples you use
will have the same opportunities of detection of that
characteristic as your test samples.

 The purpose of Success-Calc is to help you make informed
decisions. If you don’t like the answers you get and choose
to use fewer numbers of samples, that’s okay. It’s your
decision and the purpose of Success-Calc is to help you
make informed decisions whatever they may be.

R\ Chemical
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DQO-PRO Tutorial

Enviro-Calc

A PowerPoint Tutorial
by
Dr. Lawrence H. Keith
President , Instant Reference Sources, Inc.
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DQO-PRO Background

 DQO-PRO provides answers for three objectives:

1. Determining the rate at which an event occurs,

2. Determining an estimate of an average within a
tolerable error, and

3. Determining the sampling grid necessary to detect “hot
spots”.
 This tutorial shows how it can be used to calculate
the number of environmental samples needed for
some example objectives involving your personal
Data Quality Data Objectives.

C .S P 5 Chemical
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Analytical Methods Affect Sampling

 Ways in which sampling can affect the
analysis of environmental samples are

typically direct and usually very clear. | |

 However, it is the relationship in the opposite
direction that can influence the number of
environmental samples needed

Chemical
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Analytical Methods Affect Sampling

* The analytical methods selected will

Influence not only the number of P,\
environmental samples that are @J
needed, but also the amount of \ )/ (\
sample (i.e., volume or weight) and f( ( /1‘
the way it is preserved if it is not v ——&"
analyzed immediately in the field. N 77

« Both the amount of a sample to be collected and the
way in which it is to be preserved (i.e., pH,
temperature, protection from light, heat, air, etc.)
Influence the sampling procedures.

C .S P 4 Chemical
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Analytical Methods Affect Sampling

* Thus, the effects of analytical procedures on
sampling are as important as the effects of sampling
procedures on the analysis.

* This is why plans for sampling and analysis are co-
dependent.

 When sampling and analytical plans are developed
Independently of each other, the probabillity of
obtaining data that will meet your objectives is
significantly reduced.

C .S P 5 Chemical
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'Which Method(s) Should You Use?

* There are methods for each of the major
types of pollutants.

* Metals
 Other inorganics(cyanides, anions, etc.)
* VVolatile organics
e Semivolatileorganics
* Nonvolatile organics

CSP 6
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Which Method(s) Should You Use?

e There are methods for various matrices:
— Drinking water
— Industrial waste waters

— Solls, sludges, solid and
liguid wastes

— Ambient air
— Indoor air

I:. S .F' . emical
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Which Method(s) Should You Use?

* Methods also vary by performance
— Some are more sensitive than others

— Some have more analytes they have
been validated for

— Some are more selective than others

— Some have less expensive detectors
than others and

— Some have longer holding times than
others.

Chemical




% Calculating Numbers of
Environmental Samples Needed

 Numbers of environmental samples needed for
many projects that involve random sampling can
be calculated.

 Statistical equations may be used when the
purpose of environmental sampling is to estimate
the average concentration of target analyte(s)
within the study boundaries.

* These types of samples are often used for fluid
matrices such as air and water.

C .S P 9 Chemical




% Numbers of Samples Based on
Average Pollutant Concentration

e The equation n = (zop/e)? was recommended by
ACS and published in "Principles of Environmental
Analysis" (L. H. Keith, et. al., Anal. Chem.,1983).

— It includes the assumption that pollutants are
distributed over the entire study boundaries.

* The objective Is assumed to be to determine the
average concentration of the pollutants.

* The resulting characterization is for the site as a
whole.

J Chemical
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% Numbers of Samples Based on
Average Pollutant Concentration

* However, the equation recommended by ACS does
not consider the number of samples you have in
order to estimate variability.

* Therefore, a similar approach was used with other
equations in Enviro-Calc which allow an iterative
determination of the number of samples needed to
meet objectives for tolerable error and confidence in
estimating a mean concentration.

J Chemical
CSP 11
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Equations Using Standard Deviation

e Equations for determining the number of
samples needed to estimate a mean
concentration when variability is estimated in
absolute terms using the SD are:

—First Pass
n = [Z(1-alpha/2)*SD/d]?

—Second Pass
n = [t(1-alpha/2)*SD/d]?

J Chemical
CSP 12
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Equations Using Relative Std. Dev.

e Equations for determining the number of samples
to estimate a mean concentration when variability
IS estimated in relative terms using the coefficient
of variation (relative standard deviation) are:

—First Pass

n = [Z(1-alpha/2)*CV/d(r)]?

—Second Pass
n = [t(1-alpha/2)*CV/d(r)]?

CSP 13

Chemical




| Y

CSP

Equation Term Definitions

Z = the standard normal deviate from the Z distribution
using alpha for a two-tailed distribution;

SD = the standard deviation for a sample set;

d = the amount of error tolerable in the estimate of the
average in absolute terms (e.g., 4 mg/L);

(r) = the amount of error tolerable in the estimate of
the average In relative terms (e.g., 5%); and,

2 = square the previous product.

Chemical
14




% Variability Affects Numbers
of Samples

* When the decision of "what" and “how” to sample is
complete, then a decision as to "how" the samples
will be analyzed is necessary because the RSD or
the SD for the method that will be used must be
known or estimated.

» Analytical methods often significantly differ in the
amount of variability they introduce in the data.

— Variability is usually method, analyte and matrix
specific. It is also concentration specific and the RSD
usually increases as the analyte concentration level
decreases.

d Chemical
CSP 15




% Variability Affects Numbers
of Samples

 Total variability consists of all the sources of
variability in the chain of events that include
sampling, sample preservation, sample preparation,
sample analysis and data handling and reporting.

* In a simplistic view it can be divided into components
from (1) sampling and (2) analysis.
— Variability from sampling activities (including the
heterogeneous distribution of the analytes in the

environmental matrix) are usually much larger than the
variability from analytical activities.

J Chemical
CSP 16




% Variability Affects Numbers
of Samples

« Unfortunately, variability data from sampling is often
not available and we are left with only the published
variability of the measurement system (typically
obtained by using a reagent water matrix under the
best analytical conditions).

* [n addition, observed variability is usually larger than
the true variablility because observed variability
Includes variability in the population around the mean
(sampling variability) plus the variability of the
analytical measurement system.

J Chemical
CSP 17




% Example of How Method Variability
Affects Numbers of Samples

* Most environmental analytical methods
accommodate multiple pollutants.

particular method may range from half a
dozen analytes to several hundred of
them.
— Exceptions involve some methods for
elements (involving atomic absorption

spectrophotometers), cyanide, ammonia,
etc.

e A list of pollutants covered by a U ' I
1l

. Chemical
CSP 18




% Example of How Method Variability
Affects Numbers of Samples

o [t IS clear that the numbers of samples to be
collected depends, In part, on the method
that will be used.

||||||||||u||u||q

 When multiple methods will be used
(in order to analyze all the pollutants of ¥ ‘7
Interest), and the samples will be
subdivided, then the number of samples to
be collected will depend on the method with
the largest variability (highest SD or RSD).

IR

J Chemical
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% Example of How Method Variability
Affects Numbers of Samples

 Values for SDs or RSDs may be obtained from each
of the methods or in one or more publications that
contain short method summaries.

— Several sources of method summaries contain all info
needed to decide which method would be best.

— Each contains SDs or RSDs, detection levels,
Instrumentation required, interferences, sample
collection and preservation, brief description of the
method and the matrices for which it is used, reference
source, etc.

* Help you quickly and easily find the info needed to
calculate how many samples are needed and which
method is the best for your DQOs.

J Chemical
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% Example of How Method Variability
Affects Numbers of Samples

e Enviro-Calc is an easy to use computer
program that calculates the number of samples
needed based on the iterative equations
discussed above. It uses the familiar user
Interface of a calculator.

* Programmed using Windows Visual Basic, it is
one of a trilogy of computer programs used to
help you calculate the number of samples
needed to meet your specific objectives.

J Chemical
CSP 21




% Example of How Method Variability
Affects Numbers of Samples

EPA Method
1625
625

8270
8040

RSDs are for pentachlorophenol in water at a
concentration of 100 ug/L.
They were calculated from published SDs in the
EPA methods.

: Chemical
CSP -




% Problem 1. How many samples are
_heeded for a method with RSD of 21%7?_

CSP

 How many water samples would be
needed for 100 ug/L (avg.) samples of
pentachlorophenolto not exceed a
maximum tolerance error of +/-10% and a
95% confidence level if EPA Method 1625

was used?

(RSD = 21%)

Chemical
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% Enviro-Calc 2.0
File Heln

Calculator for determining the number of samples
necessary o estimate an average concentration —I SD
within a tolerable error assuming a simple random

zampling plan and that the data are normally
dizstributed. | %HSD

Aszsumed variability of the population in terms of the
percent relative standard deviation [i.e.. the CY] using 21 2
a specihc analytical method:

M aximum tolerable error in the estimate of the average 10
[In percent - e.q.,. B¥]: %

The a nswe r is ired conhdence in estimating the average
concentration [in percent - e_g.. 95%]:
20 samples.

u Lol F 4

Mumber of zamples needed: =0

Y'ou muzt analyze 20 zamplez uzng a method capable of generating data with no _ﬂ
more than 21 relative standard desiation in order to have the average
concentration calculated trom theze 2 zamples tall witbun the tolerable error ot

+/- 102 with 35% confidence.

CSP
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% Problem 2. How many samples are
_heeded for a method with RSD of 24%7?

CSP

 How many samples would be needed for

100 ug/L (avg.) samples of
pentachlorophenol to not exceed a
maximum tolerance error of +/-10% and a
95% confidence level if EPA Method 8040

was used?

(RSD = 24%)

Chemical
25




 Enviro-Cale 2.0
ke  Help

With a
larger RSD
of 24%,
the answer
Is 25
samples.

Calculator fm determining the number of samples
neceszary bo estimate an average concentration
willari a lWderable enwm azzuminyg a smple andom

zamphng plan and that the data are nnrmally

diztnbuted.

Aszsumed vanabdity of the population in terms of the
pecenl iclalive slandad devialion e, lhe CY] uzsiny

a znecific analphcal methnd-

M atimum tolerable error in the estimate of the average

[in percent - e.g.. b

Deszired confidence in estimating the average

concentration [in percent - e.g., 9%

Mumbei of samples needed: |

_1 8D
I %RSD

T
10 %
[a5 %
2h

CSP

Toumu:t analpze 25 samplkes using a method capable of gererating data with no =
more than 24% -elalive standard devialion in oider to bave the averace
concenlration calculated from theszz 25 zamples Fdl wihin the talerablz eror of

+/- 0% with 95% confidence.

_D__IJD-F'FED EHUUEEE'Edlu Ernvuuv-Cale

Hul5pul-Cal.




< Problem 3. How many samples are
> y

CSP

needed for a method with RSD of 34%?

« How many samples would be needed for
100 ug/L (avg.) samples of
pentachlorophenol to not exceed a
maximum tolerance error of +/-10% and a
95% confidence level if EPA Method 625 or
8270 was used?

(RSD = 34%)

Chemical
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ﬁ Envire-Cale 2.0 =] E3
-lle  Help

Calculaton for determining the number of :amples
necessary to estimate an average concentration —' SD
wilhinn a Wlerable enw azzuminyg a znnple rardum

zamphng plan and that the data are inrmallp
distnbuted. B #RSD

Wlth a Assumed varability of the population in termsz ol the

peicenl ielabive slandad devigtivn e, the CY] wingy

I a rg e r a zpecihie analyhical methnrd-

M aximum tolerable error m the estimale of the average I

RS D Of (in percent - e.q.. 5%

Dezired confidence in eslimating the average '95

34(y0 y th e “""““"a‘:‘““ [:‘ PE;'—‘E"t -:-g-. ﬂjﬁ:;
= LUmDE! O Sampes needen:
answer Is [7

Toumust analyze 47 sampes using a nethod capable of gereraling data willy no =
47 nore than Z4% relaive standaid desvigiion in crder to have the average
zonzerration calculated fram hese 47 zamples fall vathir the tolerakle eror of
+/- |02 with 2% confidenze.

(24 ¥

samples

CSP
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% Problem 4. What is the effect of
changing the tolerable error?

« How many samples would be needed for
100 ug/L (avg.) samples of
pentachlorophenol to not exceed a
maximum tolerable error of +/-20% and a
95% confidence level if EPA Method 625 or
8270 was used?

* What is the effect if the maximum tolerable
error is changed to +/-5% with a 95%
confidence level.

(RSD = 34%)

CSP 29
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% Enviro-Calc 2.0
-ila dalp

Calculator for determining the number of samples
nece:;saly o estimate an average concentration L SD
within a tolcrable crror azzummng a simplc random

zampling plan and that the data are normaly I or ASD

D O u b I i n g th e diztributed.
TOIe ra b I e Aszumed variability of the population in terms of the

peicent iglalive slandad deviaton [1e., the CY] uxiny

i?'i
a specific analptical method:
E rror from 1 0 M aximum tolerable error in the estimate of the average r
53
I 14

to 200/0 [in percent - e.g., 5%):

Dezired confidence in estimating the average

red u ced the cuoncenibiglivn in pewcenl - ey, 30%]).
n u m be r Of Mumher nf zamples nerded-

Sa m p I eS Yiou muzt anakze 14 zamples using a method capable of generating dzta with no 2]

mole than 342 reative glandarc deviaton it ardel (o 1ave the average
fro m 47 to 1 4 concentralion calzulatad from theze 14 samples Fall within tha tdarable error of
+/- 20% with 55 confidence.

CSP
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B Enviro-Cale 2.0
Eile Help

Calculator for determinng the number of samples
neces:arny to estimate an average concentration —I ED
within a tolerable error aszuming 4 simple random

sampling plan and thal the dala e ioimally E"' %HSD

H d IVi n g th = diztributed.

Azzumed vanalihily ol the pupulalion in letnes ol Lhe I—
To I e ra b I e percent relabive standard deviotion hoc., the CV] using 34 ;4
a znecihe analvhical methnr-

Error from Maximum tolarable error in the selimata ol the average C— o

[in peicent - e.g.. B%):

1 O to 50/0 Dezired confidence in eztimating the averape
concenbiabion [in percent - e_g., 95%]):
Increased

the number
"o mus; analyee 187 sampes using a method capable of g=nerating data with =]
Of Sa m p I es nio more thas 344 relative standard deviation inorder to have the averags

conceribialiorn caloulaed fion ez 187 san ples [all vatkin he loleralle enoe of

from 47 to ||/ 5 vt 5% corfidence
181 )

CSP | DD0P30__ | CucsessCalc ) Emvim-Cal: | Hottpo:Cac |

|35 x

Number of samples needed: [T




% Problem 5. What is the effect of
changing the confidence level?

« How many samples would be needed for 100
ug/L (avg.) samples of pentachlorophenol to
not exceed a maximum tolerance error of +/-
5% and a 90% confidence level if EPA Method
625 or 8270 was used?

(RSD = 34%)

* What if the confidence level is 99%?
* What if the confidence level is only 50%?

J Chemical
CSP 30




W Eivire-Caic 2.0
File Halp

Calculator for determining the number ol zamples
necessary to estimate an average concentralion
vathin a tolerable error azsuming a smple random
sampling plan and that the data are nomally
distmbuted.

Azzumed varniability of the population in terms of the
percent relabive :tandard deviation [i.e., the CY] using
a zpacific analytical method:

Mazximum tolerable emor m the e:timate of the average
[iIn percent - e_g., 5%]:

Deswed confidence in eshmaling the average
concenlration [n percent - e.g.. 39

Mumber of zamples needed:

1 SD

[ %RSD

24

4

hz

Yol st analyze 127 sanpes uzirg 3 method capabe of generating data with ﬂ
noare that 34% elative stardard dew ataon in order ;o heave the average
concertration calculated rom hese 12+ zamplzs B withae the tolkerabe enor ot

+/- B itk 30E confidence

2

E LU =RO I Suczoss Lale | Enviro Calc HooSpo: Cale J

Decreasing
the
Confidence
Level from
95% to 90%
decreased
the number
of samples
from 181 to
127

@ Chemical
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M Enviro-Cale 2.0
Sl Help

Calculatar for determming the number of samples
necessary o estimate an average concentrabhon —I SD
within a tolerable error azsuming @ simpke random

zamphng plan and that the data arc normally
rizinhuted i- %HSD

Aztumed vanability of the population in teims of the

percent relative standard deviation [1.e.. the C¥] using 34 ;4
a specific analytical method:
M aximum tolerable ewror in the estimate of the average - -

[In percent - e_q.. b¥]:

Desired confidence in eztimating the average [ag
concentration [in percenl - e.q., 334]:

NHumbe:n ol zamples reeded. 211

oL muezt chalves 211 zamples uzing a metkod zapable of georcranng data with =]
tio more than 24% relztive standard dewiation inorder o hizve he average
concertraton zaleulaled ‘rom theze 311 samples fall vathir the tolzrable ermor of

+/- 2% mitk 99% confidenze.

EI_IZ.!EI-:FEEI .S_JI:EEEE-CEIE Envira-Calc HgtS aofCale

Increasing
the

Confidence

Level from
95 to 99%
Increased

the number
of samples
from 181 to

311

@ Chemical
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Problem 6. What is the effect of
Pushing the limits of the equations?

« How many samples would be needed for
a 95% confidence level to estimate an
average concentration of 500 ng/L of an
analyte using a method in which the
Standard Deviation was 100 ng/L and the
maximum tolerance level is 50 ng/L?

Chemical
35
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ﬁ Enviro-Calc 2.0 x| ‘
|

Calculaliur To delermnrnny Lhe namber ol samphess _I SD The answer

neceseary lo estimate an avelage concantration

within a tolerable error assuming a saimple random is 1 8 but
zampling plan and that the data are nomally
distunbuted. r" %HSD
what if the
Azszumed vanamhity atb the populatson in terms of the |’.-.1_
pricenl idative slandaid deviaglion [Le., the CY¥) using | £ M
a specihc analytical method: ax-
M azimum lolerabla ewror m the estmats of the averagae e
[in percent - e.g. . 53%]: E 4 T0|erab|e
Desired confidence in estimating the average !EEI_ 2 E rror is

concenlralion [in percent - e.qg . 35%%]:

NMumber of samples needed: !t.”_ increased tO
100 ng/L? or

{7v'ou nazt aqalvze 211 zample: uang amcthoc copable 2l gonoiaine deota with =l

a0 ol thar 34% relaive stardad cevialion in aidzi ko have th2 average to1 35 nglL?

zoncenlratian zalculatzd rom heze 317 zampes Fll within the talziaake eror of

- B2 wnlh £9% conlidenze.

: @ Chemical
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Tolerable Error Should not
Exceed 75% of the SD or RSD

e Using the previous example: when the
maximum tolerable error Is increased from 50
ng/L to 100 ng/L then the number of samples
calculated decreases from 18 to 8.

* When the maximum tolerable error is
Increased to 135 ng/L then the number of
samples increases to 90 - a change of
direction from decreasing to increasing
numbers.

Chemical
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Envire-Caic 2.0

fle_ o Note the

Calculator for determiring the number of samples

r!ﬁ:gesse;u.i to Eli.timate an average quncl:entra.;iun = SD Wa rn I n g
T i ki ?ﬁf.?'ﬂiﬁ”uili"ﬂfi;'gﬁﬁ'ﬂ | %RSD Text that
dppears
analyical method: W h e n th e
M aximum tolerable error in the esl[iiﬂit:mt: :::Ei:t :";:lg%E;: ﬁ_ M aXi m u m
——,| Tolerable
Error

Equals or
You rmus: anabze 8 samples usirg a method capable of generating data with no 2
more tat 10C uniks ol gtandaid deviaion in oider to hawve te average Exceeds

corcentration calculaled from these & samples fall within the tole-able ermar of +/-
10C umits witk 35% zoqfidance. The tolarable arror i zpproaching the leval of th e RD or
warablib, inthz populaticn whare zamale zize zaculators are imorecise o ugs

Azsumed vanability of the measurement populabon in

teimz of the standard dewiation uzing a specific AL

Desired confidence in estimating the average
concentration [in percent - e_g., 95%]:

Mumber of samples needed:

the esimated qunber of zampes wih caation,
RSD.
|

. % Chemical
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Do not use estimates from Enviro-Calc
when the maximum tolerable error
equals or exceeds the standard
deviation or relative standard deviation.

WARNING

. Chemical
CSP 39
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What Other Warnings are Applicable?

* Up to this point only the variability in
data from the analytical method has
been considered.

« What about other sources of
variability in data from environmental
samples?

J Chemical
CSP 40




% Estimates Based Only on
Analytical Variances Will Be Wrong

* Remember that calculations of estimated numbers of
samples needed based only on analytical method
SDs or RSDs will result in underestimated numbers

of samples because only the analytical variances are
considered.

— In fact, variances from the sampling operations are
usually larger than those from the analytical
operations.

e Thus, to obtain more accurate estimates of numbers
of samples needed, SDs or RSDs from overall
sampling and analysis operations should be used.

J Chemical
CSP 11
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Then How is Enviro-Calc Useful?

* In the preceding examples Enviro-Calc served to
evaluate the relative number of samples that
would be needed for a desired tolerable error and
confidence level from four different EPA
methods.

o If you preferred EPA Method 8040, perhaps
because it is a less expensive (but also less
specific) method using GC/ECD, the number of
samples needed based on analytical RSD was 25.

Chemical
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Then How is Enviro-Calc Useful?

* Thus, Enviro-Calc was useful by providing
information that showed EPA Method 8040 would
require about 20% more samples than the most
precise and more expensive method (EPA Method
1625).

 Assuming that you do not have information on
the RSD of the sampling components, how can
you estimate how many samples you need to
accommodate total variability using Method
80407?

J Chemical
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Then How is Enviro-Calc Useful?

* There is no good answer. A rule of thumb is that
you could estimate that the variability of sampling
is at least two to three times the analytical
variability.

o If we assumed that the total variability of
sampling and analysis for Method 8040 was about
50 to 75%, how many samples would be needed
to provide data with a 95% probability of a
tolerable error that won’t exceed +/-10% when the
concentration of pentachlorophenol is 100 ug/L?

J Chemical
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B Enviro-Calc 2.0

-ie Help

Calculator for determining the number of samples
neceszzary to ezlimate an average concentration e SD
withn a tolerable error assuming @ zimple random

sampling plan and that the data are normally I ¥ AsSD

diztribuled.

Azzumed variabilily of the population in terms of the
percent relalive standard deviation [i.e.. the CY] using a
specithc analplical method:

Maximum tolerable enor in the estimate of the average [in
percent - e.q.. bE]:

Dezred confidence in eslimating the average
concentration [in percent - e g, 35%]:

Mumber of zample: nesded: EEI—

1

4

4

Yo rruzt analpze 1 zanples weing 3 melhod capable ol generating data wiky no
mcre than L% elalive gandard deviztion i oidzr to 1ave the ave age
corcerration calculatec Forn thess 33 samples fall witqia tke tolerable enor of +¢-
10% waitq 35% confidercs.

=

About one
hundred
samples
would be

needed if we
assumed that

the RSD of

sampling and
analysis was

about 50%.

[~

OOO-PRO0 | SuscessZalc | Enviro-Cale | - 315 20t Cal:

|
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B EnviroCalc 2.0

Fil=

Hzla

Calculalor for determining the number of samples
necessap to ezhmate an average concentration .J SD
within a lnlaiahle ennr Azzuming a =imple random

sampling plan and that the data are normally = o RS[

distributed

Azzumed vanability of the populalion m terms of the
peicenl ielalive stladad Jeviabion e, Lhe CV] using
a zpecific analptical method

[7=

M aximum tolerable emor in the estimale of the average j1 0
[in pecrcont cog.. BXEE

Desred confidence in ezimatng the average [a=
concentration [in paicent - e_.g_, 356F}

Mumber of samples necded '21,:—'

oL nLgl ehalvze 279 zamples uzing & netkod zapable of geneaing data wath
an mnre lhar 75 relzbive stendard dessishion in arder ba havs the averan=
zoncertraton zalcualed rom tess 27 zamples fall vathin e bolzrable e of
v 10% vl 927% zomiidence

Over two
hundred
samples
would be
needed if we
assumed
that the RSD
of sampling

1 and analysis

—

was about
75%.

Sl
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CSP

Advantages of Enviro-Calc

* The great advantage lies in your ability to make rapid
assessments of DQO or project objective changes.

 Often initial objectives cannot be met due to budget or
time constraints, inability of the method to perform at its
published levels (matrix effects, interferences, etc.).

e You can quickly assess (either before or after samples
have been analyzed) the consequences of missed
DQOs and determine the conseguences to either the
maximum tolerable error or the confidence level would
be if fewer samples were analyzed.

Chemical
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* For example, if only 10 samples were able to be
analyzed using Method 8040, then:

— at the same 95% confidence level the maximum
analytical tolerable error would increase from 10% to
18% and the total tolerable error would range from
about 37% to 55% (assuming 50 -75% RSD) or,

— at the same 10% tolerable error the analytical
confidence level would decrease from 95% to 77%
and the total confidence level would range from
about 45% to 31% (assuming 50 -75% RSD,
respectively).

Advantages of Enviro-Calc

J Chemical
CSP 48




CSP 49

| Y

How Were These Estimated Determined?

* The estimates on the previous slide were
determined simply by leaving one of the two
parameters (tolerable error or RSD) alone
and varying the other until the answer was
estimated to be 10 samples.

* This Is very quick and easy to do.

Chemical




| Y

Advantages of Enviro-Calc (cont.)

* With this kind of information, people can readily assess
their DQOs and modify them as needed to meet time
and budget limitations.

e [n addition, when evaluating reports of analytical data, if
the minimum numbers of samples were not available for
your DQOs, you can quickly calculate the approximate
confidence levels that the data have for a desired
tolerable error in the data.

* This enables you to make a rapid assessment of
whether the data will be useful or not for your specific
needs.

d Chemical
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* We hope this tutorial will help you to understand better
how to use Enviro-Calc. It is only a tool to help you
estimate how many samples you need to meet your
specific goals.

* This program should be used to determine the number of

samples needed to estimate an average analyte
concentration in a specific matrix using a specific method.

o It's purpose is to help you make informed decisions. If
you don’t like the answers you get and choose to use
fewer numbers of samples, that’s okay. It's your decision
and the purpose of Enviro-Calc is to help you make
Informed decisions whatever they may be.

Thank Youl!

J Chemical
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% DQO-PRO Tutorial - HotSpot-Calc

CSP

Dr. Lawrence H. Keith, Director of Environmental Chemistry

Environmental & Chemical Safety Educational Insti
Monroe, Georgia USA

tute

» This Tutorial is based on the DQO-PRO Version 2

International LLC for the U.S. Government.

* DQO is free and may be copied and freely
distributed.

DQO-PRO Main Page)

* The program was written by Dr. Keith and two other
scientists (G.L. Patton and P.G. Edwards) at Radian

» (Basis for Equations are found on the HELP tab of

% Chemical
! "'-S.l..'!?"l" AND SECURITY TREMING
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DQO-PRO Background

DQO-PRO provides answers for three objectives:
1. determining the rate at which an event occurs,

2. determining an estimate of an average within a
tolerable error, and

3. determining the sampling grid necessary to detect
“hot spots”.

« This tutorial shows how it can be used to calculate
the number of samples needed for some example
objectives involving a sampling grid for systematic
sampling.
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* There are many different types of sampling

(stratified sampling, random sampling at sites
judgmentally chosen etc).

Basic Sampling Types - Review

 But they are all combinations or variations of three
basic types of sampling:

1. Systematic Sampling
2. Random Sampling,
3. Judgmental Sampling

CSP




Representative sampling iIs a
great challenge- sampling types

Judgmental Sampling

Systematic Sampling

Random Sampling

-7 From: Environmental Sampling and
CSP Analysis. 1991 Larry Keith

Chemical
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Systematic Sampling

o Systematic sampling typically involves placing a
grid over a map, or marking the sampling site, and
then collecting samples at every node where the
lines cross or in the center of each grid. Various
shaped grids are used.

A N

 The most common shapes are triangles, squares,

A2 4 or rectangles [

= i
Chemical
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o Systematic sampling using a grid is usually used with
contaminated land-based sites.

Systematic Sampling

It may be used to collect samples of soil from a
landfill, to drill wells to collect samples of
groundwater, or to collect aqueous sediments from
the bottom of a lake or the sea.

CSP




¥ HotSpot - Calc Assumptions

» HotSpot-Calc is designed to determine the grid spacing needed
to detect the presence of a single hot spot of a specified size
and shape with a specified probability of missing the hot spot. It
IS based on the following key assumptions:

1. That the hot spot is circular, short elliptical or long elliptical in
shape;

2. That sample measurements are collected on square,
rectangular, or triangular grids;

3. That the definition of a "hot spot" is clear and agreed to by all
decision makers; and,

4. That there are no classification errors (i.e., that there are no
false-positive or false-negative measurement errors).

-
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* The primary objective of hot spot sampling is to
determine If localized areas of contamination exist.

Hot Spot Sampling Objectives

— These localized areas of contamination may be due to
spills, leaks, buried waste, or any number of other
events where contamination might be confined to a
relatively small area.

— A single site might have multiple hot spots of different
origins.

CSP
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Systematically Sampling a Grid

 Basically, hot spot sampling involves performing a
systematic search of a site for "hot spots" of a certain
specified shape and area.

— The search is conducted by sampling every point on a
two-dimensional grid.

— Samples are usually taken either in the center of every
grid or randomly within every grid area.

q s
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Calculating Numbers of Samples

The number of samples required for hot spot sampling is

the number of samples required to sample all grid areas at

the site for the selected grid spacing. The number of

samples required for a square grid is approximated by the

equation:
n=A/G?

where,
n = number of samples,

A = area to be sampled, in the square of the units for G

G = grid spacing.

Chemical
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* The probability of finding a hot spot is determined as
a function of the specified size and shape of the hot
spot, the pattern of the grid, and the relationship
between the size of the hot spot and the grid spacing.

HotSpot - Calc Probability

* HotSpot-Calc is programmed based on the
probability of missing a hot spot if one exists rather
than on the probability of finding one.
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Words are
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i DOO-PRO 2.0

Fil2

Help

ofx]

Calculator for estimating numbers of environmental samples
and associated QC samples.

LH. Keith. G.L. Patton. and P.G. Edwards
Radian International. LLC  Austin, Tx.

Success- Calculates the number of samples necessary to detect a

S gpecified frequency of some characterigtic [such a: a ate

Calc of false positives, false negatives, or percent
contamination).

Enviro- Calculates the number of samples necessary to estimate

an average analyte concentration within a specified enor
[using either standard deviation or relative standard
dewiation] with a specihied conhidence.

Calculates the grid size and number of samples necessary
to detect a single localized area of pollubion with a
gpecified probability ol migsing the “hot spot”. Uses
selected grid shapes. hot spot shapes. and confidence

HEAD THE HELP TEXT FOR INFORMATION ON ASSUMPTIONS AND
CORRECT USAGE.

Public Domain Software This program may be fieely copied and
diztributed.

DOO-PRO_ | SuccsssCalc | EmvioCalc | HolSpe-Cac
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@ HotSpot-Calc

* HotSpot-Calc is used to determine the grid size
needed to detect the presence of a single localized
spot of pollutants (“hot spot”) of a specified size and
shape with a specified probability of missing its
detection if it is present.

* Once the grid size is calculated, then the number of
samples needed are automatically calculated by
dividing the sampling area by the square of the grid
Size
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@‘ Inputs to HotSpot-Calc

* The shape of the grid that will be used
— (e.q., triangle, square or rectangle),
* The size and shape of the spot
— (e.g., circle, ellipse, or long ellipse),
* The acceptable probability of missing it
—(e.g., 10%, 20%, etc.), and
* The size of the area to be sampled
— (e.g., 100 square meters, 2 square miles, etc.).
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i HotSpot-Cale 2.0
File  Help

Calculates the grid size necessary to

e ASssume a determine if a hot spot of specified size — > Bd
. and shape is present in an investigative _| Triangular E“d_
Rectangular Grid, a area. — Rectangulas Grid
ROU nd SpOt, and a Size of the hot spol to detect [ie., the length of the |1_

semimajol axiz of the hot spot]:

10% PrObabIIIty Of Shape of the hot spot to be
MlSSlng the Hot detected: . 9 i

Acceptable probability of 5% | 10z 20% | 40% | 60%
SpOt missing the hot spot:

Fequired grid spacing:

Size of the area to be sampled [use he :ame units as hot

spol size]:

Number of samples [based on grid spacing and total area)

G needed:

“fou st sample every node ol & rectangulargrid with a spacing of 1.02 units o detect 2]
a hot gpat of zize 1 unts inorder to have onlya 10% probability of migzing a hat gpat if

111

5
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< > ohe exists inthe sampling area. The nurrber of samples required, based on the grid unit
spacing and the batal zampling area, iz 49,
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i HotSpot-Cale 2.0
File  Help

Calculates the grid size necessary to :
determine if a hot spot of specified size = -0uoe Bnd
_| Triangular Grid

and shape is present in an investigative
area. __| HBectangular Grid

* What Iif the
Size of the hot spol to detect [ie.. the length of the |1_

G rld |S gemimajor axiz of the hot spot]:

Changed to peamemiiiy, @ O <=
a Square?

Acceptable probability of 5o \ 102 20% | 0% ‘ 60
missing the hot spot:

N Fequired gnd spacing: e

Size of the area to be sampled [use the :ame umits as hot |'IDD_

G spol size]
Mumber of samples [based on grid spacing and total area) I_
needed: 2]

\ ou must sample every node of 8 square gridwith a spacing of 1,82 units to detect & -l
hiot spot of sze 1 units in oder 1o have oaly a10% probabiliy of mizsng a haot zpat if
ane exigds inthe samping area, The nurber o samples required, based on the arid unit
spacing and the batal zampling area, is 31,

K
DIOPRO ] SuccessCalc ] EnwiroCale ) HotSoot-Calc
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File Help

CE[|EI:.I|Eltl_35 the grid size necessary to | Square Grid
determine if a hot spot of specified size = Triangular Giid
and shape is present in an investigative '— _"aradaruane

area. .| Hectangular Grid

° Wh at |f the Size of the hot zpot to detect [i.e.. the length of the I—1

semimaint axiz nf the hot =nntl

Grid is
Shape of the hot spot to be E
C h an g e d detected: . G

Acceptable probability of B3 H 0% | 10z ‘ G0 ‘
to a mizsing the hot zpot: 1
i ?

Trlangle . Required gnd spacing: 08
Size of the area to be sampled [use the same units as hot _1|:Il:l

spot size]:
Mumber of samples [based on gnd spacing and total area) _2?.

needed:

"ol mugt gample every node of a tnangular gnd with a spacing of 2.08 units to detect ﬂ
a hot zpot of zize 1 unitz in order to have only a 10% probability of mizzing a hot spat if
one exists in the zampling area. The number of zamples required, based on the gnd
unit zpacing and the total sampling area, iz 27,

DU0-FRO l Succesz-Calc l Ervirg-Lalc |, Hot5pot-Calc |
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Increased
Probability o
Miss to 20%

» Using a Square

Grid, What if the
Acceptable
Probability of
Missing a Hot Spot
was Increased?

* Doubling the

[ 3
.
=

CSP

Probability of
missing the spot
only decreased the
number of samples
needed by 6.

f k2 HotSpot-Cale 2.0
File Help

Calculates the grid size necessary to :
determine if a hot spot of specified size |~ Square Gnd

and shape is presentin an investigative | Triangular Grid
area, __| Bectangular Grid

Size of the hot spot to detect [i.e.. the length of the I—
semimajor axis of the hot spot|: !

Shape of the hot spot lo be .
detected: @ E

Acceptable probability of 5% 10% || 20%| 40% ‘ 602 ‘
missing the hot spot:

Required grnid spacing:

Size of the area to be sampled [use the same units as hot
zpot size|:

Number of samples [based on grid spacing and tolal area)
needed:

5 2] 2
=) =

You must sample every mode of a square gid with a spacing of 2.0 urits to detect & hot 2
zpot of zize 1 unts inorder to have onlpy a 0% probabilite of mizzing a hat zpot if one
exists in the sampling area. The number of samples iequired, bazed on the grid unit
spacing and the total sampling area, is 25,

[
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= HotSpot-Calc 2.0 - HAEHN
File Help

Calculates the grid size necessary to
determine if a hot spot of specified

' size and shape is presentin an —| Triangular Grid
 What if the Hot I B o — e oor G

I Square Gnd

SpOt was an Size of the hot spot to de!ec:t_ [i_e._,_ the length of the h—
E|||pse Instead of semimajor axis of the hot spotl:

Circular in Shape of the hot spot to be G o ——=
Shape?

Acceptable probabality of R 1I]I| 20 40% | 60X
e Then the number

mizzing the hot spot:

Required gnd spacing

of samples o e eamtod foee B

. 1ze of the area to zampled [uze the same umits as

increased from 25 T '; " o sp s 120
umber of samples [based on spaci tota Ii

'[O 39 ° gd=p E:Ea]needed: 33

“f'ou must zample every node of a square gnd with a spacing of 1.67 units to |
detect a haot spot of size 1 wnets in order bo have only a 20% probability of mizzing
a hot zpot if ore exists in the sampling area. The number of zamples reguired,

based on the gnd unit zpacing and the tokal sampling area. iz 39.
=
DOO-PRO |  SuccessCalc | EnwioCalc H otSpot-Calc
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@ Problem 1. What is the Effect of Decreasing
5 Size of a Spot on Numbers of Samples
Needed?

 Assume a Square Grid

e Assume the minimum size of a hot spot you are
willing to miss is a circle with a radius of 5.0 meters.

« Assume a Probability of Missing a Hot Spot, if one
existed, of 60%

o Assume a Sampling Area of 500 square meters.
« How many samples are required?

CSP




@ Problem 1. What is the Effect of Decreasing
L Size of a Spot on Numbers of Samples
Needed?

« How many samples are needed if the size of the spot
IS decreased from a radius of 5 meters to a radius of
4 meters?

— If the radius is decreased to 3 meters?
— If the radius is decreased to 2 meters?
— If the radius is decreased to 1 meter?

— If the radius is decreased to 0.5 meter?

» Use HotSpot-Calc to see the effects of these
changes.
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@ Problem 2. What is the Effect of Decreasing
¥ the Probability of Missing a Spot on Numbers
of Samples Needed?

* Assume a Square Grid

e Assume the minimum size of a hot spot you are
willing to miss is a circle with a radius of 2.5 meters.

« Assume a Probability of Missing a Hot Spot, if one
existed, of 60%

* Assume a Sampling Area of 4000 square meters.
 How many samples are required?

CSP




@ Problem 2. What is the Effect of Decreasing
L the Probability of Missing a Spot on
Numbers of Samples Needed?

 How many samples are needed if the probability of
missing a hot spot is decreased from 60% to 40%?

— Decreased to 20%
— Decreased to 10%
— Decreased to 5%

» Use HotSpot-Calc to see the effects of these changes

CSP




\\;@ Problem 3. What is the Effect of the shape of

CSP

a Spot on Numbers of Samples Needed?

* Assume a Square Grid

e Assume the minimum size of a hot spot you are
willing to miss is a circle with a radius of 1.0 meters.

« Assume a Probability of Missing a Hot Spot, if one
existed, of 10%

* Assume a Sampling Area of 500 square meters.
 How many samples are required?




\\;@ Problem 3. What is the Effect of the shape of
a Spot on Numbers of Samples Needed?

« Assume the shape of the hot spot is an ellipse
Instead of a circle. How many samples are needed?

* Assume the shape of the hot spot is a long ellipse;
how many samples are needed?

CSP




‘ Problem 4. What is the effect of the shape of

| Y

CSP

the grid on numbers of samples needed?

* Assume a Square Grid

e Assume the minimum size of a hot spot you are
willing to miss is a circle with a radius of 1.0 meters.

« Assume a Probability of Missing a Hot Spot, if one
existed, of 5%

* Assume a Sampling Area of 1000square meters.
 How many samples are required?




@ Problem 4. What is the effect of the shape of the
2 grid on numbers of samples needed? (continued)

* What is the effect of changing the shape of the grid
from a square to a triangle?

* What Is the effect of changing the shape of the grid to
a rectangle?

« Keeping the input to the rectangle the same, change
the shape of the hot spot from a circle to an ellipse.

— What happens?
— Is this a bug in the program?

CSP
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@ The Effects of Shapes

Four facts become apparent when various shapes
and probabilities are assessed:

1. The number of samples needed increases as the size of the
spot which is acceptable to miss decreases.

2. The number of samples needed increases as the acceptable
probability of missing a hot spot decreases,

3. If the hot spot is circular fewer numbers of samples are needed
than when it is elliptical and, the longer the horizontal axis is In
the ellipse the larger is the number of samples that will be
needed for a given probability and grid shape.

4. A triangular grid is the most efficient and a rectangular grid is
the least efficient for finding a hot spot using the same
assumptions.
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Three Dimensional Use

HotSpot-Calc does not provide confidence in
detecting a three dimensional hot spot; it only works
on a two dimensional plane. However, if a three-
dimensional grid is desired then multiple layers of the
two-dimensional grid may be used for an estimate.

— In a 3-D application, however, there is no allowance for

the three dimensional shape of the hot spot (i.e.,
whether it is a round sphere or an elongated sphere or

some other shape).




A Three Dimensional Example

Top of Soil

g

6m

6m

Bottom of Soil Sampling Depth

CSP

e Consider a 3-D example
where HotSpot-Calc
estimated that a 20
sampling point grid was
needed.

 How many samples would
be needed if holes were
bored 12 meters deep and

samples were collected
every 6 meters?




A Three Dimensional Example

Top of Soil

g

1/

6m

6m

Bottom of Soil Sampling Depth

CSP

 The answer is that 60
samples would be needed
for this three dimensional
application.

« 20 from the top,
e 20 from the middle,
e 20 from the bottom level.

60 samples total.




@ Answers to 1. What is the Effect of
> Decreasing Size of a Spot on Numbers of
Samples Needed?

* Assume a Square Grid

e Assume the minimum size of a hot spot you are
willing to miss is a circle with a radius of 5.0 meters.

* Assume a Probability of Missing a Hot Spot, if one
existed, of 60%

* Assume a Sampling Area of 500 square meters.
« How many samples are required? Answer: 3

CSP




Answer to 1. What is the Effect of
5 Decreasing Size of a Spot on Numbers of
Samples Needed?

*How many samples are needed if the size of the spot is decreased
from a radius of 5 meters to a radius of 4 meters? Answer: 4

— If the radius is decreased to 3 meters? Answer: 7

— If the radius is decreased to 2 meters? Answer: 16
— If the radius is decreased to 1 meter? Answer: 62

— If the radius is decreased to 0.5 meter? Answer: 245

* Use HotSpot-Calc to see the effects of these changes.

Chemical
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@ Answer to 2. What is the Effect of
¥ Decreasing the Probability of Missing a Spot
on Numbers of Samples Needed?

* Assume a Square Grid

e Assume the minimum size of a hot spot you are
willing to miss is a circle with a radius of 2.5 meters.

« Assume a Probability of Missing a Hot Spot, if one
existed, of 60%

* Assume a Sampling Area of 4000 square meters.
— How many samples are required? Answer: 79

CSP




@D Answer to 2. What is the Effect of
» ¥Decreasing the Probability of Missing a Spot
on Numbers of Samples Needed?

 How many samples are needed if the probability of
missing a hot spot is decreased from 60% to 40%?
Answer: 113

e Decreased to 20% Answer: 160
e Decreased to 10% Answer: 194
e Decreased to 5% Answer: 231

» Use HotSpot-Calc to see the effects of these
changes
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% Answer to 3. What is the Effect of the shape
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of a Spot on Numbers of Samples Needed?

* Assume a Square Grid

e Assume the minimum size of a hot spot you are
willing to miss is a circle with a radius of 1.0 meters.

o Assume a Probability of Missing a Hot Spot, if one
existed, of 10%

« Assume a Sampling Area of 500 square meters.

How many samples are required? Answer: 151




@ Answer to 3. What is the Effect of the shape
of a Spot on Numbers of Samples Needed?

» Assume the shape of the hot spot is an ellipse
Instead of a circle. How many samples are needed?
Answer: 232

* Assume the shape of the hot spot is a long ellipse;
how many samples are needed? Answer: 354

CSP




\\;@ Answer to 4. What is the effect of the shape
of the grid on numbers of samples needed?

 Assume a Square Grid

« Assume the minimum size of a hot spot you are
willing to miss is a circle with a radius of 1.0 meters.

o Assume a Probability of Missing a Hot Spot, if one
existed, of 5%

« Assume a Sampling Area of 1000square meters.

How many samples are required? Answer: 359

CSP




» Answer to 4. What is the effect of the shape
of the grid on numbers of samples needed?

* What is the effect of changing the shape of the grid from a
square to a triangle? Answer: Samples increase to 283

* What is the effect of changing the shape of the grid to a
rectangle? Answer: Samples increase to 500

« Keeping the input to the rectangle the same, change the shape
of the hot spot from a circle to an ellipse. What happens?
Answer: Grid Spacing is Incalculable from Current
Parameters

e Is this a bug in the program? Answer: No, it is a limitation of
the statistical equation used.
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