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Executive Summary

This report describes the test events and numbers of samples comprising an experimental and
sampling design developed to assess sampling approaches and methods for detecting contamination in a
building and clearing the building for use after decontamination. Idaho National Laboratory (INL)
identified Building PBF-632 as a test-bed facility for evaluating protocols for response to potential
contamination by biological agents. Building PBF-632 is an unoccupied, two-story office building with
each floor having an area of 4025 ft*. The first floor has 11 offices, a reception area (lobby), men’s and
women’s restrooms, and a mechanical room. The second floor has 15 offices, two storage rooms, men’s
and women’s restrooms, and a mechanical room. Building PBF-632 will be contaminated with BG
(Bacillus globigii, subsequently Bacillus subtilis var. niger, and recently renamed Bacillus atrophaeus), a
simulant for Bacillus anthracis (BA). The contamination, sampling, decontamination, and re-sampling
will occur as specified by the experimental and sampling design. This study is referred to as the INL-2
Sample Collection Operational Test, which is being planned by the Validated Sampling Plan Working
Group (VSPWG). The INL-2 study is a follow-up to the INL-1 Sample Collection Operational Test
conducted in 2007.

The VSPWG developed five objectives for the INL-2 study. These objectives are listed in
Section 1.2. The primary objectives that influenced developing the experimental and sampling design
presented in this report are summarized below.

o Evaluate judgmental and probabilistic sampling for characterization as well as probabilistic and
hybrid (judgmental and probabilistic) sampling approaches for clearance.

e Conduct these evaluations for gradient contamination (from low or moderate down to absent or
not detectable) for different initial concentrations of the contaminant.

e Explore judgmental composite sampling approaches to reduce sample numbers.

e (Collect baseline data to serve as an indication of the actual levels of simulant contamination in the
tests.

The hybrid approach is referred to as the combined judgmental and random (CJR) approach. The CJR
approach uses Bayesian methodology to combine judgmental and random (probabilistic) samples to make
clearance statements of the form “X% confidence that at least Y% of an area (or floor of the building)
does not contain detectable contamination.” These are referred to as X%/Y% clearance statements.®

The INL-2 experimental design described in this report includes five test events, the first of which is
an Operational Readiness Inspection (ORI). The test events 1) vary the floor of the INL building on
which the contaminant will be released, 2) provide for varying or adjusting the amount of contaminant
released to obtain desired concentration gradients across a floor of the building, and 3) investigate overt
as well as covert release of contaminants (i.e., the responders either know or do not know the release
point of the contaminant). Desirable contaminant gradients would have moderate to low concentrations

(a) The X%/Y% clearance statements of the CJR method are based on the posterior predictive distribution from a
modification of the Beta-Binomial Bayesian model (see Gelman et al. 2003). The X%/Y % clearance statements
can also be made using only probabilistic samples with continuous-variable responses based on the statistical
theory for X%/Y % tolerance intervals (see Hahn and Meeker 1991).
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of contaminant in rooms near the release point, with concentrations down to zero (i.e., not contaminated)
in one or more rooms. Such gradients would provide a range of contamination levels (from moderate to

low and down to zero) to challenge the sampling, sample extraction, and analytical methods that will be

used in the INL-2 study.

For each of the five test events, the specified floor of the INL PBF-632 building will be contaminated
with BG. The BG contaminant will be disseminated from a point-release device located in the room
specified in the experimental design for each test event. Then quality control (QC), reference material
coupon (RMC), judgmental, and probabilistic samples will be collected according to the pre-specified
sampling plan for each test event. Judgmental samples will be selected based on professional judgment
and prior information. Probabilistic samples were selected with a random aspect and in sufficient
numbers to provide desired confidence for detecting contamination or clearing uncontaminated (or
decontaminated) areas. Following sample collection for a given test event, the INL PBF-632 building
will be decontaminated using Cl,O gas.

For possibly contaminated areas (which may be individual rooms or a whole floor of the INL PBF-
632 building), the numbers of probabilistic samples were chosen to provide 95% confidence of detecting
contaminated areas of specified sizes. The numbers of judgmental samples were chosen based on
guidance from experts in judgmental sampling. For rooms that may be uncontaminated (or have
undetectable contamination) following a contamination event, or for whole floors after decontamination,
the numbers of judgmental and probabilistic samples were chosen using the CJR sampling approach. The
numbers of samples were chosen to support making X%/Y % clearance statements with X =95% and Y ~
98% for clearing a whole floor, and X =90% and Y = 94 — 96% for clearing a set of two offices. The
experimental and sampling design also provides for making X%/Y% clearance statements using only
probabilistic samples.

For each test event, the numbers of characterization and clearance samples were selected within limits
based on operational considerations while still maintaining high confidence for detection and clearance
aspects. The sampling design for all five test events specifies a total of 2085 samples, with 1142 after
contamination (characterization and clearance) and 943 after decontamination (clearance). These
numbers include QC, RMC, judgmental, and probabilistic samples. The experimental and sampling
design specified in this report provides a good statistical foundation for achieving the objectives of the
INL-2 Sample Collection Operational Test, despite some limitations of the experimental and sampling
design (discussed in Section 6).

In general, it is recommended that statisticians be involved in planning and developing experimental
and sampling designs, and conducting data analyses of future validation work as described in the
Interagency Strategic Plan.® Statistical involvement is critical to planning experimental studies and
analyzing the data that result from them. Statistical involvement provides for using resources efficiently,
accounting for testing and analytical uncertainties, and making conclusions with the desired statistical
confidence. Statistical planning combined with proper statistical analysis of data leads to defensible
conclusions that satisfy the research objectives.

(a) Interagency Strategic Plan for Validation of Environmental Sampling Methods Used in Detection and Cleanup
of B. Anthracis Contamination in Facilities, June 29, 2007.
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1.0 Introduction

This report describes the final experimental and sampling design for a contamination and
decontamination exercise conducted in an unoccupied building at the Idaho National Laboratory (INL).
The experimental and sampling design consists of the scenarios for five test events, as well as the
numbers of quality control (QC), reference material coupon (RMC), judgmental, and probabilistic
samples for characterization and clearance sampling in each test event.

The experimental and sampling design was developed by staff in the Statistics and Sensor Analytics
group at Pacific Northwest National Laboratory (PNNL). The specific contributors are listed as authors
of this report. Members of the Validated Sampling Plan Working Group (VSPWG) provided guidance
and input needed to develop the experimental and sampling design. Specific individuals who provided
inputs or guidance are listed in the Acknowledgments.

The PNNL work was funded by the Standards Office of the Test and Evaluation/Standards Division
in the Science and Technology Directorate (S&T) of the U.S. Department of Homeland Security (DHS).
The work was funded under the prime contract between the U.S. Department of Energy (DOE) and the
operator of PNNL for research, testing, evaluation, and/or development activities and pursuant to
Section 309(a)(1)(c) of the Homeland Security Act of 2002 (Public Law 107-296), which authorizes DHS
to task the DOE national laboratories on a “work for others” basis.

1.1 Background

The experience with Bacillus anthracis (BA) contamination of the Hart Senate office building in
Washington, DC and postal facilities that processed the mail containing BA demonstrated weaknesses in
the procedures and methods used to characterize and clear buildings contaminated by BA. A
congressional inquiry as well as the Government Accountability Office (GAO) identified two main
weaknesses (GAO 2005a, 2005b). One weakness was the reliance on sampling specific areas in postal
facilities where it was thought BA would be found. This type of sampling approach is referred to as
targeted sampling or judgmental sampling. The GAO reports identified the need to use probabilistic
sampling so that when all results are negative, a building (or area within a building) can be cleared with a
known level of statistical confidence. The second main weakness was that the sample collection and
analytical methods used were not validated, which raised questions about the reliability of the negative
results from sampling the postal facilities.

The VSPWG was formed in July 2006 in response to the congressional inquiry and GAO reports.
The VSPWG is headed by DHS S&T and includes experts from the Department of Defense (DoD), the
Environmental Protection Agency (EPA), the Centers for Disease Control and Prevention (CDC),
National Institute of Standards and Technology (NIST), and the Federal Bureau of Investigation (FBI).
The VSPWG is working towards the overall validation of sampling plans, including 1) sampling approach
(e.g., appropriate uses of judgmental and probabilistic sampling), 2) sample collection methods,
3) transportation of samples, 4) sample extraction methods (i.e., extraction of the contaminant from
samples), and 5) sample analysis (i.e., analytical methods).

1.1



An interagency testing effort led by the DoD, Joint Program Executive Office for Chemical and
Biological Defense (JPEO-CBD) and DHS S&T was planned to partially address some of these concerns.
This testing effort will consist of a series of contamination, sampling and sample analysis, and
decontamination events in an unoccupied two-story office building at INL facilities located outside of
Idaho Falls, ID. The study is referred to as the INL-2 Sample Collection Operational Test. The INL-2
testing leverages work performed in 2006-2007 by the Applied Physics Laboratory at Johns Hopkins
University (JHU-APL) for the JPEO-CBD to test sample-collection methods in a small-scale operational
environment.”) The INL-2 study relied heavily on work and lessons learned in the INL-1 Sample
Collection Operational Test performed in late 2007.® In both the INL-1 and INL-2 studies, BG (Bacillus
globigii, subsequently Bacillus subtilis var. niger, and recently renamed Bacillus atrophaeus) was used as
a simulant contaminant for BA.

1.2 Objectives

The VSPWG developed five objectives for the INL-2 study, which are listed here verbatim.

e Operationally evaluate judgmental and probabilistic sampling for characterization, as well as
evaluate and compare probabilistic and hybrid (judgmental and probabilistic) sampling
approaches for clearance, in a building with gradient contamination (from low or moderate down
to absent or not detectable) for different initial concentrations of the contaminant.

e Explore judgmental composite sampling approaches as a mechanism to reduce sample numbers
but retain the robustness of coverage for characterization.

o Identify operational factors that affect the minimum detectable concentration observed for agreed
sampling methods in the field compared to laboratory-validated performance data.

e Operationally compare an alternative analytical method for assessing contamination [Rapid
Viability Polymerase Chain Reaction (RV-PCR)] and evaluate the utility of filter-plate and spiral-
plate culturing methods.

e (Collect baseline data to serve as an indication of the actual levels of simulant contamination in the
tests.

The hybrid sampling approach is referred to as the combined judgmental and random (CJR) approach.
The CJR approach uses Bayesian methodology to combine judgmental and random (probabilistic)
samples. This approach provides for making clearance statements of the form “X% confidence that at
least Y% of an area (or floor of the building) does not contain detectable contamination.” These are

referred to as X%/Y % clearance statements' in the rest of the report.

(a) Test and Evaluation of Surface Sampling Approaches Before and After Small-Scale Fumigation-Based
Decontamination Events, NSTD-07-0592 (July 10, 2007 draft), John Hopkins University—Applied Physics
Laboratory.

(b)) September 2007: Indoor Field Evaluation of Sample Collection Methods and Strategies at Idaho National
Laboratory, May 2008 (For Official Use Only).

(c) The X%/Y% clearance statements of the CJR method are based on the posterior predictive distribution from a
modification of the Beta-Binomial Bayesian model (see Gelman et al. 2003). The X%/Y % clearance statements

can also be made using only probabilistic samples with continuous-variable responses based on the statistical
theory for X%/Y % tolerance intervals (see Hahn and Meeker 1991).
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1.3 Report Organization

The remainder of this report describes the experimental and sampling design of the INL-2 Sample
Collection Operational Test and the basis for its development. The report is organized as follows. The
five test events that form the main structure for the experimental design are discussed in Section 2. The
experimental factors that will be varied or held fixed (constant) in the experimental design are discussed
in Section 3. The methods used to determine the numbers of samples required to make statistical
detection or clearance statements are presented in Section 4. The experimental and sampling design and
the basis for its development are presented in Section 5. The limitations of the experimental and sampling
design for the INL-2 Sample Collection Operational Test are discussed in Section 6. The conclusions for
the work and recommendations for any future studies are presented in Section 7. The references cited in
describing the experimental and sampling design, and the methods used to generate it, are listed in
Section 8.
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2.0 Test Events

The test events were designed based on the dissemination characteristics of the BG contaminant, a
simulant for BA, rather than basing the design on specific terrorist event scenarios. Many contamination
motivations or “background stories” could be described to fit the proposed test events. The test-event
characteristics include contaminant concentration, point of dissemination, type of dissemination (only
aerosol releases will be performed during the INL-2 Sample Collection Operational Test), and knowledge
of the point of dissemination.

Section 2.1 briefly introduces the five test events comprising the experimental design for the INL-2
study. Section 2.2 provides some discussion and guidelines regarding the goal of achieving desirable
gradients of contamination concentrations over the test events. Section 2.3 discusses the order of
performing the test events.

2.1 Experimental Design of Test Events

The experimental design developed for the INL-2 Sample Collection Operational Test includes five
test events, the first of which is an Operational Readiness Inspection (ORI). Table 2.1 shows the
contamination characteristics for each of the proposed test events. The purpose of the ORI is to provide a
complete run that can be used to make any necessary adjustments before the remaining four test events.
If the ORI run is completed without any issues, it is possible that its data will be analyzed along with the
data from the other four test events. The five test events will each consist of

a separate contamination on one of the two floors of the INL building,®
sampling in selected rooms or the complete floor,

decontamination, and

sampling of the complete floor to determine clearance.

Ll

Test Event 1 (the ORI) as well as Test Events 2 and 3 are planned as covert releases in which the
response tea