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Executive Summary
ES1

SSRA Overview and Conclusions

The Site‐Specific Biosafety and Biosecurity Mitigation Risk Assessment (SSRA) has provided the
Department of Homeland Security (DHS) with conclusions and recommendations for the optimization of
biosafety and biosecurity at the proposed National Bio and Agro‐Defense Facility (NBAF) that will be
built in Manhattan, Kansas. Results from this highly‐integrated multi‐disciplinary data gathering,
modeling, and assessment process are intended to assist DHS by providing input on design strategies,
operational considerations, and mitigation and response planning at the early stages of the facility
development program. Since there are inherent risks associated with basic research, diagnostics testing,
and countermeasures development of exotic and emerging infectious diseases, DHS has concluded that
a proactive approach to the management of these risks is the best solution for the long‐term interests of
the United States. DHS requirements for the performance of the SSRA are consistent with this approach
and with legislative guidance. In addition to the SSRA, DHS has incorporated other techniques for the
management of NBAF risks, including: the use of interagency teams of government experts that have
provided input and review; the selection of a highly‐qualified and experienced design team; and the
development of international partnerships that have enabled exchanges of relevant experiences and
expertise.
The NBAF biocontainment strategy is predicated on modern facility design, specialized technologies and
equipment, and the use of good laboratory practice. Based on quantitative analyses and qualitative
assessments performed during the SSRA, the greatest NBAF risks are the consequences of an animal
disease (Foot and Mouth Disease—FMD) outbreak resulting from human errors that violate the overall
biocontainment strategy. The highest risk‐ranked cases assessed during the SSRA are 1) the inadvertent
loss of biocontainment via an inanimate object (shoes, personal effects, or other items) removal from
the laboratory by a staff member or visitor, and 2) the unintentional removal and distribution of a
pathogen carried on/in a person that has been in a containment area. These results include the
assumptions that the facility and its supporting infrastructure are properly specified, constructed, and
installed in a manner consistent with the current design strategy, adjusted in accordance with DHS
consideration of the SSRA recommendations, and enhanced, when appropriate, by additional best
practices information.
This principal conclusion would indicate that DHS should continue and accelerate the development of
protocols, procedures, and other operational management, mitigation, and response planning tools as
the facility design matures under the continued guidance of government, academia, and private‐sector
subject matter experts. NBAF’s operational plans will require the close cooperation and aggregation of
regulations and best practices from two technical communities (human disease research and animal
disease research) that have many similar requirements but different cultures and practices. An
accelerated integration program will help manage these identified risks.
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Given the combination of proven biocontainment design, robust operational procedures, and response
planning for NBAF, the facility introduces extremely low risk relative to the greater risk the country faces
if FMD is intentionally or accidentally introduced. The purpose of this SSRA was not to assess the risk or
impact of an intentional or accidental release of FMD by an external source. However, it is because of
this National vulnerability that DHS believes there is a pressing need for a facility with the NBAF’s
capabilities in Manhattan, Kansas specifically aimed at enhanced surveillance, rapid identification, and
countermeasures development to foreign animal diseases.
The remainder of the Executive Summary describes the purpose and benefits of the proposed facility,
summarizes the NBAF risk management strategy and SSRA conclusions and recommendations, and
presents an overview of the path forward.

ES2

NBAF Purpose and Benefits

The U.S. food and agriculture industry is a highly
integrated, global, and complex system that relies on a
sophisticated agricultural infrastructure. These
characteristics make the industry inherently vulnerable
to foreign animal, emerging, and zoonotic disease
outbreaks that could threaten the stability of the
economy, food security, and the Nation’s public health.
DHS has the responsibility and the national stewardship mandate to detect, prevent, protect against,
and respond to terrorist attacks within the U.S. (Homeland Security Act of 2002, 6 U.S.C 182). DHS
shares these responsibilities, as they apply to the defense of animal agriculture, with the U.S.
Department of Agriculture (USDA); hence, a coordinated, multi‐agency strategy is required to
adequately protect the Nation.
Consultations between DHS and USDA regarding the coordinated agricultural research strategy, as called
for in the Homeland Security Act of 2002 and Homeland Security Presidential Directive 9 (HSPD‐9),
“Defense of U.S. Agriculture and Food,” January 30, 2004, revealed a capability gap in the development
of new countermeasures against the introduction or natural occurrence of animal and zoonotic diseases.
HSPD‐9 also specifically identified the need for “safe, secure, and state‐of‐the‐art agriculture
biocontainment laboratories that research and develop diagnostic capabilities for foreign animal and
zoonotic diseases.” To address the capability gap and need for modern biocontainment facilities, DHS is
building the National Bio and Agro‐Defense Facility (NBAF) to conduct advanced research, diagnostic
testing, and biologic countermeasure development for high‐threat foreign animal diseases affecting
livestock.
In December 2003, the White House Office of Science and Technology Policy (OSTP) organized a Blue
Ribbon Panel to examine research and development requirements to support efforts to mitigate the
potential threat of bioterrorism directed against agricultural livestock. This panel presented a series of
recommendations including a prioritization of pathogens requiring study [Kelly, 2003]. DHS and USDA
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have since partnered to identify the following high‐consequence diseases that threaten the U.S. for
research in the NBAF: Foot‐and‐Mouth Disease, African Swine Fever, Classical Swine Fever, Japanese
Encephalitis, Rift Valley Fever, and Contagious Bovine Pleuropneumonia. These diseases were identified
for study based on the threats and consequences of their introduction into the U.S. In addition, the
NBAF will be the first facility of its kind in the U.S. to conduct critical studies on Nipah and Hendra and
other emerging zoonotic viruses in large livestock (e.g., cattle and swine).
Foreign animal diseases (FADs) affect livestock, poultry, and wildlife and are not indigenous to the U.S.
For the past 50 years, much of the Nation’s FAD research has been conducted off the coast of Long
Island, New York, at the Plum Island Animal Disease Center (PIADC). Because the food and agriculture
industries are significant contributors to U.S. economic prosperity, any disruptions from a deliberate or
natural FAD introduction that caused a significant loss in the agro business chain, would have significant
economic consequences. In addition, FADs that also result in zoonoses (transmission from animals to
humans) may cause a human health crisis. Since June 2003, PIADC has been operated by DHS with two
tenant USDA institutes: The Foreign Animal Disease Diagnostic Laboratory (FADDL), which is a part of
the Animal and Plant Health Inspection Service (APHIS); and the Foreign Animal Disease Research Unit
(FADRU), a unit in the Agricultural Research Service (ARS). The NBAF will replace the PIADC and expand
the research that is currently available. Facilities at the PIADC have limited laboratory space, antiquated
infrastructure, and do not include Biosafety Level 4 (BSL‐4) laboratories, which are required to safely
conduct research on emerging and high‐threat exotic pathogens, such as the Nipah and Hendra viruses.
The NBAF will enable DHS and USDA to conduct comprehensive research of high‐threat foreign animal
and zoonotic diseases within the U.S. and will therefore serve to protect the Nation’s animal agriculture
and public health against numerous foreign animal and emerging diseases. Specifically, the NBAF will
provide:
•

Capabilities to perform basic and advanced research;

•

Enhanced means to perform laboratory diagnostic detection and response;

•

Expanded capabilities for development of new vaccines against high‐threat foreign animal
diseases; and

•

Facilities for training veterinarians in preparedness and response to high‐consequence foreign
animal disease outbreaks.

ES3

NBAF Risk Management Strategy

Safety and security are of paramount importance in the planning, design, construction, and operations
of the NBAF. From selection of the site to the design of the facility and, finally, the operation of the
NBAF, DHS is committed to understanding the associated safety and security risks and mitigating those
risks through the necessary design, engineering, operational protocols, and response planning efforts.
To date, DHS has completed an Environmental Impact Statement (EIS) including a Health and Safety
Chapter [DHS, 2008], a Threat and Risk Assessment (December 2008) and a Site‐Specific Threat and Risk
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Assessment [Sandia, 2010] that considered intentional acts. In addition, as a necessary part of the design
development process, DHS conducted this SSRA for the Manhattan, Kansas, site. Identifying and
understanding the site‐specific risks will assist DHS in developing appropriate risk mitigation strategies
for NBAF and is a critical part of the planning process for the safe operation of large animal
biocontainment laboratories.
The National Research Council (NRC) report “Technical Input on Any Additional Studies to Assess Risk
Associated with Operation of the National Emerging Infectious Diseases Laboratory” [Boston University,
2008] suggests answering the following list of overarching questions as part of understanding risks for a
high containment laboratory:
1. “What could go wrong? That is, what might be the sequence of events that could cause an
infectious agent to escape the laboratory, set up a chain of transmission, and cause infectious
disease in the surrounding community?
2. What are the probabilities of such a sequence of events?
3. What would be the consequences of such a sequence of events?”
This SSRA answers these questions based upon the known baseline design and response infrastructure.
These answers lead to a better understanding of risks that, in turn, will be used to inform and enhance
the design, operational protocols, and the emergency response planning to minimize the identified site‐
specific risks.
Another component of risk management is active engagement and transparent communication with
state and local responders and the community stakeholders. There is a strong public and stakeholder
interest in NBAF and, as such, DHS has and will continue to place significant emphasis on the importance
of effective risk analysis and risk communication. DHS has developed a plan entitled the “Stakeholder
Engagement Plan” (see Appendix A) to ensure that risks and mitigation strategies are communicated to
the public and key stakeholders. Communication with the public includes publication of the results of
this SSRA, as well as continuing communication throughout the design, construction, and operation of
the NBAF.

ES3.1 NBAF Site‐Specific Biosafety and Biosecurity Mitigation Risk Assessment
An integrated, strategic, and risk‐based approach was used in the decision‐making process to select a
site for the NBAF that was in the best interests of protecting the Nation’s agriculture, public health, and
economy. Safety and security risks were major factors that DHS considered during the selection of the
Manhattan, Kansas, location for NBAF. Following the NBAF site selection, DHS entered into a contract
with Signature Science, LLC, to conduct the SSRA, recognizing that completion of the SSRA is an
important step to establish confidence in NBAF design, operation, and mitigation strategies at the
Manhattan location. The overall approach for the SSRA is to:
•

Review the baseline design (based on the current design from the Architectural‐Engineering
Firm), baseline operational protocols, and baseline response strategies;
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•

Perform scenario modeling and risk analyses; and

•

Provide recommendations to enhance the design, operational plans, and/or emergency
response.

Additionally, the SSRA will serve as a tool for future and on‐going risk assessments that will be
conducted during the projected 50‐year life‐cycle of the NBAF as new information or risks are
encountered (e.g., advancements in engineering controls, knowledge about specific pathogens, and
changes in mission requirements). NBAF design, construction, and operations will be directed by federal
regulations and guidelines, local codes, and international standards that will provide opportunities for
systematic safety and security reviews. This SSRA will establish a risk baseline and a consolidated
approach that can be used to inform future risk assessment efforts. The transparent and detailed
reporting of all data and methods in this SSRA for scenarios, pathways, event failure frequencies, source
terms, initial conditions, meteorological conditions, fate and transport modeling parameters, and data
source terms can be leveraged for future risk assessment efforts. In particular, the Scenario Database, a
database housing relevant source term data and supporting references constructed as part of this SSRA,
meets this objective and provides a dynamic and accessible tool that encourages future SSRA efforts
(see Appendix B for Scenario Database details).
To effectively achieve the stated objectives, a multi‐disciplinary, integrated SSRA team and process were
developed to perform a qualitative assessment of all eight NBAF research pathogens; review baseline
best practices; collect data on susceptible populations, vectors, or carriers; review scenarios and
transportation pathways; perform quantitative epidemiological modeling of FMD and RVF; and execute
economic impact analyses. Figure ES‐1 illustrates how these components of the SSRA (each with unique
and specific sub‐objectives) are interrelated and how they serve the ultimate goal of informing design,
operation, and mitigation response planning for the NBAF.

Quantitative Risk Assessment of Representative
Pathogens (FMDv and RVFv)

Qualitative
Assessment of
Eight Research
Pathogens

Scenario and
Pathway
Review

Epidemiological
Impact
Modeling

Economic
Impact
Modeling and
Risk Ranking

Figure ES1: Components of the SSRA
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ES3.2 Regional Considerations
This SSRA addresses specific local (Manhattan, Kansas) and regional (contiguous states) characteristics
and uses high fidelity modeling techniques based on current NBAF design plans to generate a current
and comprehensive assessment of safety and security risk. Properties unique to the Manhattan NBAF
site such as location and density of susceptible human and animal populations, location of livestock
transportation hubs, insect vector populations, sanitary sewer systems, solid waste‐handling facilities,
local meteorological conditions, and regional economics were factored into this evaluation of risk. An
analysis of the meteorological conditions prevalent in the Manhattan, Kansas, region was performed
using a 21‐year (1985–2005) historical weather database, specifically developed to support aerosol
transport modeling and simulation [Rife, 2010]. An example of the individual weather patterns that
were used to calculate the aerosol plume and deposition patterns used in subsequent epidemiological
modeling are shown in Figure ES‐2.

Figure ES2: Conceptual Diagram of Aerosol Fate and Transport (Plume) Modeling
Inputs/Outputs
Additionally, the total number of cattle in Kansas was estimated through detailed evaluation of Kansas‐
specific data sets. Figure ES‐3 illustrates a sample of the level of fidelity that was developed by indicating
the numerous susceptible livestock locations used in the modeling. Susceptible species were also
identified (density, geographic location, and facility type) for other states of agricultural importance,
including states that are contiguous to Kansas (Oklahoma, Colorado, Iowa, Missouri, Arkansas, and
Nebraska) as well as others with significant numbers of livestock that could be impacted during a foreign
animal disease outbreak.
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Figure ES3: Susceptible Livestock Facility Locations in Kansas
The addition of facility type (cow‐calf operation, dairy, sales barn, feedlot, etc.) and the compilation of
animal movement trends in and out of Kansas to twenty other states in the primary and secondary
modeling regions resulted in the ability to predict long‐distance spread of disease and provide greater
confidence in the modeling of the impact of a FAD outbreak (as illustrated in Figure ES‐4). The addition
of sales barns enhanced the ability of NAADSM (a computer program designed to simulate the spread
and control of foreign animal diseases) to simulate disease spread while accounting for animal
movement patterns.
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a)

b)

Figure ES4: a) Spread of FMD without Sales Barns (original NAADSM), b) Spread of FMD with
Sales Barns (SSRAenhanced NAADSM)
As seen in Figure ES‐4, the inclusion of the sales barns (livestock auction facilities) resulted in a wider
geographical distribution of infected premises (compare ES‐4a to ES‐4b). Without sales barns (Figure ES‐
4a), the infection is more localized around the Manhattan, Kansas, area and grows in a more concentric
fashion away from the source area. In comparison, ES‐4b shows that multiple foci of FMD appear
(yellow) well outside the Manhattan, Kansas, area (red) because of the animal shipment from sales
barns.

ES3.3 Pathogens Evaluated
Eight pathogens have been proposed for the NBAF research mission in Manhattan, Kansas: African
Swine Fever virus (ASFv), Classical Swine Fever virus (CSFv), Foot and Mouth Disease virus (FMDv), Rift
Valley Fever virus (RVFv), Hendra virus (Hev), Japanese Encephalitis virus (JEv), Nipah virus (Niv), and
Mycoplasma mycoides (the causative agent of Contagious Bovine Pleuropneumonia, or CBPP). All eight
of these NBAF research pathogens were described in a Qualitative Hazard and Risk Assessment (QRA)
entitled “A Subject Matter Expert Panel Review of the Qualitative Assessment of Hazards and Risks
Associated with Research on Eight (8) Specific Pathogens at the Planned National Bio‐ and Agro‐Defense
Facility (NBAF) in Manhattan, Kansas,” (Appendix C) performed as part of this SSRA.
While the SSRA provides a comprehensive, qualitative evaluation of risk associated with these eight
pathogens, FMDv and RVFv were selected for a more detailed quantitative assessment, which included
epidemiological and economic impact modeling. Inclusion of FMDv in the SSRA was mandated by
Congress in the Homeland Security Appropriation Act of 2010 (P. L. 111‐83 §560). Additionally, FMDv
was used because it is persistent as a dry virus in the environment, is highly contagious, is transmissible
as an aerosol and in other modes, and has a sufficiently characterized etiology to be modeled
effectively. Furthermore, The Food Conservation and Energy Act of 2008 (P.L. 110‐246) specifically

October 2010

ES‐8

NBAF SSRA Report
amended a prohibition on FMDv research on the mainland in 121 U.S.C 113(a) to allow FMDv research
at a designated facility on the U.S. mainland. Thus, an assessment of the economic impact from a
potential outbreak of FMDv on the mainland was critical to understanding the risk and developing
appropriate mitigation strategies. In an effort to expand the scope of the SSRA to include another
representative risk, DHS included RVFv in the SSRA. RVFv was selected from among the seven other
research pathogens because it is a zoonotic, vector‐borne virus that is spread by several species of
mosquito native to North America.
Based on the qualitative evaluation of the etiological, biosafety, biosecurity, and host range properties
of all eight NBAF research pathogens, DHS and the QRA Subject Matter Expert (SME) panel determined
that the magnitude of potential consequences and risks of a loss of containment/outbreak from the
NBAF were well represented by the quantitative assessment of FMDv and RVFv (i.e., a highly contagious
animal disease and a zoonotic, insect‐borne pathogen) in this SSRA. Some NBAF priority research
pathogens were not considered for additional scrutiny because they were not zoonotic and therefore
did not provide an opportunity to model the risks to human health. In addition, although there is
currently a lack of data on the etiology of other NBAF priority research pathogens, such as Nipah (Niv)
and Hendra (Hev), and thus a lack of sufficient data for quantitative modeling, DHS remains committed
to continuing the risk assessment process as more data and validated models become available for
these pathogens.

ES3.4 Scenario and Pathway Review and Development
The SSRA modeled the NBAF risks by assessing thirteen different release scenarios. For all scenarios,
whether accidental or intentional, the transport and fate of pathogenic materials could occur along one
or more of four different transport mechanism pathways:
Fomite: An inanimate
object capable of
• Liquid (viable pathogen contamination of the NBAF sanitary
transferring infectious
sewerage);
material.
• Solid (viable pathogen contamination of the NBAF solid
Vector: An arthropod or
waste disposal process);
living organism that
transmits an infectious
• Fomite/Vector/Carrier (F/V/C); and
agent.
• Air and Deposition (viable pathogen release of aerosols that
Carrier: an individual that
pose an inhalation threat to susceptible species and the
harbors infectious material
deposition of such aerosols that pose ingestion or exposure
but is not infected.
threat).
Eight of these scenarios were originally developed in the Health and Safety Chapter of the EIS [DHS,
2008]. Three additional scenarios were developed to provide specific consideration for additional types
of accidents. Two intentional release scenarios were developed as a result of the Site‐Specific Threat
and Risk Assessment (TRA) [Sandia, 2010]. A panel of SSRA SMEs and the SSRA Interagency Government
Review Team reviewed the scenarios and considered them to be representative of the risk‐space.
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The correlation between the transport mechanisms and scenarios evaluated in this SSRA is summarized
in Table ES‐1.
Table ES1: Scenario and Transport Pathways
Scenario
No.

Transport Pathway

Description

Liquid

Solid

F/V/C

Air and
Deposition

1

Small/Medium Laboratory Spill with Creation of
Aerosol

2

Laboratory Acquired Infection

9

3

Lost or Escaped Vector

9

4

Loss of Containment by Liquid/Solid Waste

5

Single Room Fire

9

6

Single Room Deflagration/Overpressure

9

7

Seismic (Earthquake) or High Wind (non Tornado)
Event

8

Small Aircraft Crash Into Facility

9

Human Carrier (non Infection)

9

10

Loss of Containment by Fomite

9

11

Tornado

9

12
13

9

9

9

9

9
9

Theft and Subsequent Intentional Pathogen
Release
Sabotage of NBAF Systems or Processes with
Subsequent Pathogen Release

9

9
9

9

9

Each of the 13 scenarios listed above included multiple cases that were examined in the SSRA. A case
identifier was created for each pathogen and for a specified set of conditions. The general methodology
used for the estimation of case modeling parameters such as the source terms, initial conditions, and
failure frequencies was derived from peer‐reviewed literature and techniques used in the EIS that were
reviewed by SSRA SMEs. Details regarding the development of the source terms and initial conditions
(including assumptions and corresponding references) are provided in this report and are included in a
Scenario Database (SD), a deliverable of the SSRA. The “splash” screen (initial screen) for the SD
application is shown in Figure ES‐5.
The SD allows for transparent and detailed reporting of all data and methods in the SSRA regarding
scenarios, pathways, event failure frequencies, source terms, initial conditions, meteorological
conditions, fate and transport modeling parameters, and data source terms. The SD will also provide a
solid framework for future NBAF pathogen risk assessments. The scenario and pathway review and
resulting SD documented the set of potential NBAF loss‐of‐biocontainment scenarios that were used to
model epidemiological outcomes and economic consequences for the SSRA.
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Figure ES5: Scenario Database Splash Screen

ES3.5 Epidemiological and Economic Modeling
Epidemiological modeling was performed on the spread and subsequent control of FMD and RVF that
may result from any of the loss‐of‐containment scenarios. Epidemiological modeling served to test
various hypotheses on the relative value of risk mitigation measures and enabled the SSRA team to
quantify (for risk‐ranking applications) the overall impact (in terms of number of susceptible populations
infected) of a release from the NBAF. The epidemiological modeling incorporated pathogen fate and
transport modeling data that determined the extent to which agents such as FMDv and RVFv would be
dispersed by the pathway mechanisms in the event of a containment loss. The output of the
epidemiological models served as input for the economic models.
Based on epidemiological impact data, economic consequence assessments were performed to
determine the economic effect of a pathogen release (e.g., FMDv or RVFv) on the susceptible
populations and to project costs and disruptions to public and private trade activities (such as animal
commodity flow, and collateral industry and workforce populations). The economic modeling included
four market sectors of significance: beef, swine, dairy cattle, and grain at both the regional and national
levels. This assessment served to provide cost‐benefit analyses of proposed countermeasures and
mitigation strategies (e.g., containment, clean up, and animal stock movement zones) that factored into
the overall risk ranking and final recommended design, operations, and response mitigation strategies
for NBAF.

ES4

Key Results of the SSRA

The highest risk‐ranked loss of containment cases are ultimately assignable to human error. An overview
of these results and a summary of SSRA recommendations are presented in ES4.1 and ES4.2.
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ES4.1 Risks and Risk Rankings
The estimated frequencies and economic consequences of each of the 44 modeled cases were identified
and the relative risk of each case ranked according to the overall risk (economic consequences
multiplied by the case frequency to yield risk dollars) to provide prioritization for the principal NBAF
recommendations. As illustrated in Figure ES‐6, the majority (97%) of the risk space (as defined by risk
dollars) was represented by the Fomite/Vector/Carrier transport pathway. The air and deposition
transport pathway represented <3% of the overall risk space while the liquid effluent and solid waste
pathways were minor contributors to the overall observed risk.

Figure ES6: Percentage of Risk Consequences by Pathway
The results for several of the modeled cases indicated that a disease outbreak would not result from the
modeled pathogen release. Other cases were found to be of low‐medium risk because of a low accident
frequency—even if the consequences were high. For example, an FMD outbreak occurring as a result of
a failure in the liquid effluent decontamination system has very significant economic consequence
(>$23B), but due to the many redundancies that are built into the engineering and operational
protocols, this event had an estimated frequency of once every 2.1 million years. Thus, this is a medium
risk case. Many of the cases that involved the accidental transfer of FMDv through a fomite or non‐
infected human carrier are considered high risk because of the relatively higher accident frequency and
the substantial economic consequences.
Ultimately, the risk rankings were used to prioritize the recommendations presented in Section ES4.2.
These recommendations were made to inform the current stage of the NBAF design and other planning
activities. While in the process of collecting data to support the SSRA modeling processes and risk
ranking, many other potentially useful observations were made and suggestions were developed that
are documented in Section 7.3. While not directly correlated to the conclusions or ranked risks, they
provide additional information that may be used to inform the NBAF development process.
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ES4.2 SSRA Recommendations for Enhancements to Current Design, Operations,
and Mitigation Strategies
DHS commissioned the SSRA early in the NBAF design and operational planning phase to purposefully
solicit the best design, operations, and response strategies and to ensure that the NBAF is a safe and a
secure agricultural research facility. This SSRA sought to validate design and operations best practices
that are appropriate for NBAF and to identify enhanced design, operations, and response planning
recommendations above and beyond the applicable standards—to further mitigate risks. The analyses
from the SSRA conclude that the NBAF can be designed and operated in a safe and secure manner.
Several of the recommendations developed from the results of the SSRA analyses were previously
anticipated by DHS and will be addressed prior to commissioning of the NBAF. The conclusions of the
SSRA are summarized in Table ES‐2.
Table ES2: SSRA Conclusions
1

2
3

4
5

6
7

8

9

The Fomite/Carrier/Vector pathway was found to be the pathway of greatest risk, provided that the
evolution of the current NBAF schematic design (modified with SSRA recommendations) continues to
be consistent with applicable regulations, appropriate standards, and best practices used in this
assessment.
The current NBAF design strategy was found to be generally consistent with requirements and best
practices for containment facilities used for animal and human pathogens.
DHS has developed and is successfully using an integrated NBAF planning team comprised of
engineers, architects, scientific end‐users, biosafety, biosecurity, and animal husbandry experts to
inform the design, operational strategy development, and mitigation and response planning efforts.
The design and engineering strategies that are being used by the NBAF Design Partnership are
consistent with current construction and engineering code requirements.
The SSRA assessment of the current NBAF design (90 mph design load with 1.15 Importance Factor
and 1.6 Factor of Safety) indicated that an F2 or greater intensity tornado may cause a loss of
biocontainment. DHS has specified that the NBAF should be able to maintain containment if struck
by an F2 or lesser intensity tornado, and planning efforts are underway to modify the schematic
design to be consistent with this requirement.
Security features included in the NBAF site layout, as recommended by the TRA, have been
successfully integrated into the current plans.
NBAF’s central location (Manhattan, Kansas) provides timely access to all parts of the country for
sample receipt and handling while minimizing staff commuting demands and fostering advanced
research opportunities with other government, academic, and private institutions.
NBAF operational strategies are in the early stages of development and are expected to produce
comprehensive operational and management plans to provide NBAF with the highest levels of safety,
security, animal care, and research capabilities.
NBAF mitigation and response strategies are being developed that will involve local, regional, state,
and tribal governments as well as relevant academic and private entities. This integrated mitigation
strategy serves several purposes and will provide another layer of biosafety and biosecurity for the
NBAF.

Recommendations developed for the SSRA were prioritized using the risk ranking presented in Section 6.
The prioritized recommendations are presented in Table ES‐3. This table includes the recommendation
number, a summary of the recommendation, a summary of the supporting rationale, and comments on
the impact of the recommendation.
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ES‐13

The early development of training programs
will facilitate the incorporation of best
practices from facilities that perform research
on animal and/or human pathogens. The
aggregation of these different standards may
highlight divergences in operational
protocols, procedures, and training. It is
important to identify such compatibility
issues early to provide as much time as
possible to adjust and validate new protocols,
procedures, and training methodologies
before the NBAF is commissioned.
Each carcass disposal technology has
inherent risks and benefits. The DHS/NDP
strategy to use redundant technologies at
NBAF is excellent. The selection of these
technologies, however, may warrant a more
detailed assessment and analysis than has
been performed to date. Nearly every
disposal option is constrained, to some
extent, by technical limitations and
regulatory requirements.

DHS should initiate the development of NBAF
staff training programs as soon as is
practically possible. The control of fomites,
vectors, carriers, and laboratory acquired
infections is one of the most important
elements of risk control for the facility.

DHS should convene professionals from the
design team and other subject matter experts
to explore all of the options available to the
NBAF for carcass disposal systems. Currently,
incineration is the primary technology and
alkaline hydrolysis is designated as a
secondary process. (However, very recent
developments have indicated that rendering
might be considered as the primary
technology.) This group should make a final
recommendation to DHS before the
schematic design evolves to the next level.

ES‐14

Rationale

Recommendation
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No.

Table ES3: Prioritized Recommendations

The safe and effective neutralization of
pathogenic material in infected carcasses
is a key element in the overall strategy to
mitigate the risks associated with the
release of fomites. Since these systems
are inherently large, complicated, and
integrated into the facility, the design
should be informed with a high‐
confidence selection of carcass disposal
systems.

When implemented, well‐established
training programs provide mitigation for
the risk associated with containment loss
by human error.
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Visitors and FADD school attendees will
potentially have the least experience and
familiarity with NBAF biosafety requirements
and containment systems. For safety and
security reasons, these individuals should be
limited to specific laboratory areas—only
those designated for training activities or
other official business.
While there are potential risks associated
with the non‐infected pathogen‐carrying
human, the safety and efficacy of working
with large animals while wearing respiratory
protection are problematic. Wearing
respiratory protection may limit the field of
vision or distract individuals while in the
midst of performing high‐risk procedures or
animal transfers. Thus, the determination of
need for respiratory protection for humans
working in the BSL‐3Ag area should be made
after careful consideration by the Biosafety
Officer of the animal pathogen (disease),
animal species, and risk associated with the
specific activity.

DHS should strictly limit access to the NBAF
laboratory areas and minimize the potential
for unauthorized visitors. When access to the
containment block is required (FADD
students), strict escort protocols must be
followed and visitors must be provided with
ingress/egress training and/or supervision.

The NBAF Biosafety Officer is responsible for
developing respiratory protection guidelines
with specific regard to staff and visiting
researchers who work in a BSL‐3Ag
environment with large animals infected with
non‐zoonotic pathogens. The appropriate
guidelines for evaluating respiratory
protection should be prepared prior to
completing the facility design.

ES‐15

Rationale

Recommendation
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The SSRA assessed that the risks
associated with the inadvertent transfer
of viable pathogenic material from a
containment area can be relatively high.
The Biosafety Officer will be in the best
position when working with researchers
and other biosecurity professionals to
make program or case‐specific
respiratory protection policies that will
help mitigate these risks in accordance
with federal and facility‐specific
guidelines.

Limited access is an important aspect of
the mitigation for the risk associated with
containment loss by human error.
Untrained, undertrained, or improperly
trained persons enhance the risk of
containment loss. In addition, biosecurity
concerns and current regulations require
strict access limitations.

Impact
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ES‐16

The current design team has done a very
good job accommodating requirements that
have been provided to them in a dynamic
environment that is challenged by balancing
mission needs, schedule issues, and
budgetary concerns. An outside entity with
wind engineering design expertise will
enhance the real and perceived
responsiveness of DHS to the tornado threat
issue.

Quantitative modeling of FMDv and RVFv
indicated that there was the potential for
FMD disease outbreak (models indicated no
outbreak of RVF would follow a tornado
strike) if NBAF were struck by a tornado with
wind speeds above its design load. The
estimated mean economic consequence of
an FMD outbreak could exceed $5B.

Non‐operational containment integrity (static
containment) should be maintained for up to
an F2 event. DHS will implement this
requirement in the schematic design and
construction plan. This recommendation also
applies to portions of the Central Utility Plant
(CUP) that provide essential services to the
laboratory facility while in “shut down” mode
after a tornado strike. In addition, the design
team should perform a technical assessment
to determine if the F2 working loads would
provide F3 static containment. If not, the
design team should assess the marginal costs
of satisfying F3 requirements for static
containment and DHS should evaluate the
cost/benefit analysis before finalizing the
facility design.

DHS should provide additional expertise to
the design team to include an engineering
organization that has extensive design
experience in high‐wind event mitigation
practices. This additional resource would
assist DHS in setting the most appropriate
design specifications and reviewing the
developments of the NBAF design as it
evolves.

Rationale

Recommendation

No.

Table ES3: Prioritized Recommendations

The expertise and focused discussion and
design enhancements will help satisfy the
requirements of Recommendation 5.

Facility hardening will help mitigate the
risks of biocontainment loss for an F2 (or
F3) tornado event and provide mitigation
for other natural disasters and intentional
scenarios.

Impact
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The resolution of this issue is part of the
overall strategy to reduce the risks
associated with releases from
fomites/vectors/carriers.

Even though all solid waste will be serially
autoclaved before removal from the
containment block, it is important to
maintain positive control until it can be
destroyed or permanently stored in a
controlled‐access landfill. The motivation for
the positive control is twofold: 1) prevent the
release of sterilized but recognizable solid
waste, and 2) provide a final level of
protection in the unlikely case that the solid
waste is not properly sterilized.

DHS should resolve details regarding the final
disposition of solid waste removed from the
high‐containment areas. The current plans
require double (series) autoclaving of solid
waste, followed by temporary storage of
sterilized waste in an uncontained area before
transfer to an unidentified witnessed waste
incineration provider in the Kansas City area.

8

9

The integrated response team must be
equipped with the appropriate tools and
have the opportunity to exercise the
plans in order to provide response
actions that will minimize the impact of
any containment loss—potentially
preventing disease outbreak.

Albeit a very unlikely event, local and regional
entities will be on the “front lines” of a
response to any NBAF FAD issue. The ability
of the initial responders to quickly and
effectively execute response plans
significantly reduces the potential
consequences of an event and enhances the
perception of response readiness—further
reducing risks.

DHS should develop and implement a plan for
identifying resources with local and regional
entities to enhance and exercise Foreign
Animal Disease (FAD) Emergency Response
Plans. Observations and suggestions regarding
implementation of this recommendation are
provided in Section 7.3.3. DHS conducted a
meeting with regional and state officials on
May 25, 2010, to begin this exchange.

7

An onsite sanitary sewage retention
system will provide additional response
options for an accidental release and will
provide mitigation for risks associated
with the temporary loss or denial of
municipal discharge capacity.

Although the SSRA indicates the risk of liquid
waste effluent contamination is very low, the
temporary wastewater retention capability
adds another layer of protection to the
facility and provides mitigation for several
identified risks.

DHS should consider adding a requirement to
install an on‐site underground sanitary
sewage waste retention system. This system
should be able to accommodate at least one
day’s worth of liquid effluent and incorporate
the ability to be sanitized and/or bypassed as
needed.

Impact

Rationale

Recommendation

No.
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ES‐18

Having a source of guaranteed potable water
would permit NBAF research to continue in a
safe and normal mode unless the anticipated
service interruption would cause exhaustion
of the reserves or available supplies. A
service interruption elevates risk levels
because there may be fewer
decontamination procedures, higher levels of
animal culling (if the situation becomes
critical) and less diluent (washdown water)
introduced to the NBAF Effluent
Decontamination System (EDS).

Riley County does not currently have an
operational landfill. There is some small
potential for contaminated waste to errantly
leave NBAF through the non‐containment
solid waste pathway.

DHS should evaluate additional solid waste
disposal options for non‐containment waste
located in close proximity to the NBAF. A
dedicated site for disposition with
controllable access and scavenger exclusion
features would minimize this risk. It is
recommended that DHS engage with Riley
County officials to investigate the possibility
of developing a local landfilling option (as a
county function) that has limited access and
practices/features that will minimize the
potential of animal/insect/human contact
with NBAF refuse.

DHS should consider adding an NBAF
requirement to identify an emergency
supplier for potable water (mobile provider)
or install an on‐site potable water supply
reservoir. In either case, 1‐3 days of potable
water should be available in case normal
potable water supplies are temporarily
unavailable.

Rationale

Recommendation

No.

Table ES3: Prioritized Recommendations

Continued access to potable water during
a temporary denial of service will help
mitigate the risks associated with the
suspension of normal operational
procedures and hygiene practices that
are necessary to manage multiple
containment risks.

The resolution of this issue is also part of
the overall strategy to reduce the risks
associated with releases from
fomites/vectors/carriers.

Impact
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The current schematic design and BSL‐3Ag
and ABSL‐4 layouts have not yet identified
the design features that should ultimately be
incorporated into the NBAF construction
plans. While it is anticipated that large animal
movement considerations will be included as
the design matures, early consideration of
these issues may drive changes to the facility
layout. Such considerations are important
because there are many risks associated with
the movement of ill‐tempered or agitated
large animals.

The NBAF should incorporate basic design
features to facilitate the safe and humane
movement of animals through the facility.
Examples include rounded corners, adjustable
penning, lighting considerations, and other
features that will help maintain animal
temperament and minimize animal agitation.

12

13

The permanent mock‐up facility provides
additional risk management
opportunities for several of the identified
risks, particularly during orientation,
training, and development of procedures.

A permanent mock‐up provides a useful
resource to evaluate new systems or to
determine how systems from different
suppliers may be successfully integrated. The
permanent facility can also be used for
orientation training, public outreach, and
media relations.

DHS should accommodate the permanent
addition of a laboratory mock‐up facility. A
mock‐up facility is critical to preliminary
equipping of the facility and DHS has included
a temporary mock‐up as part of the NBAF
development process. The recommendation is
to provide an on‐site location for the mock‐up
so that it can become a permanent non‐
operational fixture that may facilitate training
and operational readiness exercises.

Risks to personnel and biocontainment
are minimized when the handling of large
animals can be performed without the
additional hazards associated with
uncooperative livestock.

Impact

Rationale

Recommendation

No.
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Preventative and predictive maintenance
programs not only extend the functional
lifespan of the facility, but also decrease the
overall operational costs and risks.

In conjunction with other federal, state, and
local agencies, several potentially‐disruptive
natural phenomena could be anticipated
(blizzard, heavy snow, hail, high‐wind,
tornado, flooding, lightning, and potentially
seismic events) and operational procedures
may be temporarily adjusted or limited to
minimize risks to staff, animals, and the
public.

The NBAF should develop a proactive
maintenance program that includes
preventative and predictive maintenance
procedures.

DHS should consider developing site‐specific
natural disaster and enhanced disease
surveillance and response plans for inclusion
in NBAF’s operating procedures. Disease
surveillance plans for local and regional
facilities should also be developed in
conjunction with public and private sectors.

ES‐20

All persons and entities involved in
design, operations, and response
planning should be informed of the full
potential suite of pathogens that will be
used at the facility. Transparency and
proactive communications are key to
mitigating many identified risks.

From some public documentation regarding
the planned activities at NBAF, it could be
inferred that the eight proposed research
pathogens are the only pathogens that will
be stored and manipulated at the facility.
DHS’ proactive inclusion of the pathogens
associated with diagnostics and training,
when referencing the research pathogen list,
will prevent miscommunication and facilitate
mitigation and response planning.

Documentation and publications that describe
NBAF activities and pathogens should identify
the current capabilities associated with
research, diagnostics and training
demonstrations.

Information from natural disaster and
disease surveillance are critical to facility
response protocols and will minimize
risks associated with these events.
Local/regional disease surveillance is an
important part of the risk reduction
strategy because the spread of disease
may be curtailed when disease is
identified early in susceptible species
outside of containment.

The assumptions used to develop the risk
rankings are predicated on having a
sound maintenance program. If a
proactive maintenance program is not
used, the risk ranking would need to be
adjusted to reflect the higher
probabilities of failures associated with
engineered systems.

Impact

Rationale

Recommendation
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The findings of the SSRA indicate that a
culture of personal responsibility and
technical vigilance are important components
of NBAF biosecurity and biosafety strategies.
Personnel screening programs and security
requirements provide significant risk
mitigation for several of the identified risks
and provide the foundation needed to
cultivate a laboratory culture that is based on
professionalism and mutual trust. Scientific
peers at NBAF will have the flexibility to share
data and laboratory observations with the
assurance that all personnel and visitors are
vetted, responsible, and trusted with
information, findings, and materials that are
critical to the NBAF mission.

DHS should implement all personnel
screening requirements from the Employee
Access program as well as security
requirements currently in use at the PIADC,
and consider adding personnel security
requirements recommended by the Working
Group on “Strengthening Laboratory
Biosecurity in the United States” established
by Executive Order 13386 on 9 January 2009,
and the report “Responsible Research with
Biological Select Agents and Toxins” prepared
by the Committee on Laboratory Security and
Personnel Reliability Assurance Systems for
Laboratories Conducting Research on
Biological Select Agents and Toxins of the
National Research Council.

ES‐21

Rationale

Recommendation
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No.
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Highly‐selective personnel screening and
security requirements for employees and
authorized laboratory visitors may
complicate the processes associated with
hiring and vetting NBAF researchers and
staff. However, the investment in this risk
mitigation technique will help minimize
the potential for a loss (intentional or
unintentional) of biocontainment and the
resulting economic and/or public health
consequences. Long‐term support of the
NBAF’s mission depends on avoiding
incidents that have a negative impact on
the economy, food security, and US
public health. The complexities
associated with stringent personnel
security are considered to be minimal in
comparison to the potential
consequences.

Impact
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1. Introduction
1.1

National Bio and Agro‐Defense Facility (NBAF) Project Background

1.1.1 NBAF Purpose and Benefits
The U.S. food and agriculture industry is a highly integrated, global, and complex system that relies on a
large agricultural infrastructure. These characteristics make the food and agriculture industry vulnerable
to foreign animal, emerging and zoonotic disease outbreaks that would threaten the stability of the
economy and the nation’s public health. Foreign animal diseases (FADs) affect livestock, poultry, or
wildlife and are not indigenous to the U.S. Because the food and agriculture industries are significant
contributors to U.S. economic prosperity, any deliberate or natural disruptions from a FAD introduction
that caused a significant loss in a food market, would have dire economic consequences. FADs that also
result in zoonoses (transmission from animals to humans) may cause a human health crisis. The
Department of Homeland Security (DHS) has the responsibility and the national stewardship mandate to
detect, prevent, protect against, and respond to terrorist attacks within the U.S. (Homeland Security Act
of 2002, 6 U.S.C 182). DHS shares these responsibilities, as they apply to the defense of animal
agriculture, with the USDA; hence, a coordinated, multi‐agency strategy is required to adequately
protect the nation.
Consultations between DHS and USDA on a coordinated agricultural research strategy, as called for in
the Homeland Security Act of 2002 and Homeland Security Presidential Directive 9 (HSPD‐9), “Defense
of U.S. Agriculture and Food,” January 30, 2004, revealed a capability gap in the development of new
countermeasures against the introduction or natural occurrence of animal and zoonotic diseases.
HSPD‐9 recommended that this gap be filled by an integrated research, development, test, training, and
evaluation infrastructure for combating agricultural and public health threats posed by foreign animal
and zoonotic diseases. HSPD‐9 also specifically identified the need for “safe, secure, and state‐of‐the‐art
agriculture biocontainment laboratories that research and develop diagnostic capabilities for foreign
animal and zoonotic diseases.” To address the capability gap and need for modern biocontainment
facilities, DHS is building the NBAF to conduct advanced research, diagnostic testing and biologic
countermeasure development for high‐threat foreign animal diseases affecting livestock.
In December 2003, the White House Office of Science and Technology Policy (OSTP) organized a Blue
Ribbon Panel to examine research and development requirements to support efforts to mitigate the
potential threat of bio‐terrorism directed against agricultural livestock. This panel presented a series of
recommendations including a prioritization of pathogens to be studied [Kelly, 2003]. DHS and USDA
have since partnered to identify the following high‐consequence diseases that threaten the U.S. animal
industry for study in the NBAF: Foot‐and‐Mouth Disease (FMD), African Swine Fever (ASF), Classical
Swine Fever (CSF), Japanese Encephalitis (JE), Rift Valley Fever (RVF), and Contagious Bovine
Pleuropneumonia (CBPP). These diseases were identified for study based on the threats and
consequences of their introduction into the U.S. In addition, the NBAF will be the first facility of its kind
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in the U.S. to conduct critical studies on Nipah and Hendra and other unknown emerging zoonotic
viruses in large livestock (e.g., cattle and swine).
For the past 50 years, much of the nation’s foreign animal disease research has been conducted off the
coast of Long Island, New York at the Plum Island Animal Disease Center (PIADC). Since June 2003,
PIADC has been operated by DHS with two tenant USDA institutes: The Foreign Animal Disease
Diagnostic Laboratory (FADDL), which is a part of the Animal and Plant Health Inspection Service
(APHIS); and the Foreign Animal Disease Research Unit (FADRU), a unit in the Agricultural Research
Service (ARS). The NBAF will replace the PIADC and expand the research that is currently done at the
PIADC. Facilities at the PIADC have limited laboratory space, antiquated infrastructure and do not
contain biosafety level 4 (BSL‐4) laboratories, which are necessary to safely conduct research on
emerging and high‐threat exotic pathogens in livestock, such as Nipah and Hendra.
The NBAF will enable DHS and USDA to conduct comprehensive research of high‐threat foreign animal
and zoonotic diseases within the U.S. and will therefore serve to protect the nation’s animal agriculture
and public health against numerous foreign animal and emerging diseases. Specifically, the NBAF will
provide:
•

Capabilities to perform basic and advanced research;

•

Enhanced capabilities to perform laboratory diagnostic detection and response;

•

Expanded capabilities for development of new vaccines against high‐threat foreign animal
diseases; and

•

Facilities for training veterinarians in preparedness and response to high‐consequence foreign
animal disease outbreaks.

1.1.2 DHS and USDA Strategic Partnership
The U.S. food and agriculture infrastructure is a key component of economic productivity and growth.
To safeguard the U.S. against impacts of naturally occurring and intentional animal disease outbreaks,
the USDA engages in animal disease research, including research and diagnostics into highly contagious
animal pathogens and animal disease not native to the U.S. These research and diagnostics activities
have historically been done at PIADC. The Homeland Security Act of 2002 (6 U.S.C. 182) authorizes the
Undersecretary for Science and Technology to collaborate with the USDA to mitigate the threat of
biological terrorism to U.S. livestock. The HSPD‐9 establishes that “The Secretaries of Agriculture and
Homeland Security will develop a plan to provide safe, secure, and state‐of‐the‐art agriculture
biocontainment laboratories that research and develop diagnostic capabilities for foreign animal and
zoonotic diseases.” The resulting interdependence of the DHS and USDA missions requires development
of a coordinated strategy to adequately protect the nation against biological threats to agriculture. The
first step in the strategic partnership between USDA and DHS was the transfer of PIADC from USDA to
DHS. DHS now owns and operates PIADC, and USDA is a major tenant of PIADC’s common scientific
campus.
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Currently, PIADC hosts several FAD research and diagnostic programs:
•

APHIS FADDL provide capabilities for the early detection of introduction of a FAD;

•

The ARS, FADRU delivers information on the prevention, detection, control and eradication of
FAD through basic scientific research; and

•

The DHS Science and Technology (S&T) Foreign Animal Disease scientific program, which includes
the Targeted Advanced Development (TAD) group that is focused on the development, tests and
evaluates new FAD countermeasures (vaccines and diagnostics).

In summary, DHS develops and translates the results of basic science research into applications for FAD
countermeasures, and USDA focuses on basic science research and FAD diagnosis and detection.

1.1.3 Planning Basis for Research
APHIS FADDL, ARS FADRU and the DHS S&T have specific requirements that necessitate the expansion of
existing research capabilities. APHIS FADDL needs to expand veterinary training, proficiency testing,
diagnostic reagents, and reference materials for the National Animal Health Laboratory Network
(NAHLN) and National Veterinary Services Laboratories (NVSL) to include emerging, vector‐borne, and
zoonotic agents (e.g., Nipah and Hendra viruses). The ARS FADRU scientific mission, which currently
focuses on FMDv, Vesicular Stomatitis Virus (VSv) and Classical Swine Fever Virus (CSFv), also needs to
expand to include diseases like CBPP, RVFv, ASFv, and vector‐borne and zoonotic diseases. Finally, the
DHS S&T TAD program is currently constrained in efforts to significantly expand veterinary
countermeasure development by an insufficient number of large biocontainment animal rooms as well
as a space that meets good manufacturing processes (GMP) regulatory requirements. More of these
types of rooms will be required to more readily attract veterinary biologics industry partners to further
develop next‐generation biotechnology product candidates. Together, the interagency scientific
programs require:
•

Capability to conduct research on emerging and high‐threat exotic pathogens in a BSL‐4;

•

Reliable facilities able to conduct 24/7 diagnostic mission responsibilities;

•

A greater depth in the development of new countermeasure technologies;

•

Inclusion of additional FADs addressed by countermeasure development;

•

A biotechnology development capability that will allow for the development of vaccines,
therapeutics and diagnostics to a stage acceptable for transition to industry; and

•

Facilities that meet or exceed the requirements for International Standards Organization (ISO)
17025 “General requirements for the competence of testing and calibration laboratories”
accreditation.

Ultimately, the research agenda for NBAF is developed on current threat assessments and therefore
subject to change as future risk assessments are conducted.
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Program Summary

The current agenda for NBAF required specific design and operational planning requirements for
advanced, specialized high containment facilities. The requirement for research using large livestock at
NBAF further punctuates the need for controls that may be unique to the institute. These requirements
include agricultural BSL‐3Ag and BSL‐4 laboratories as described in Biosafety in Microbiological and
Biomedical Laboratories, 5th Edition (BMBL‐5) [USDHHS/CDCP, 2007].
The NBAF laboratory will be approximately 500,000 to 520,000 gross square feet (GSF) to accommodate
the DHS and USDA program requirements. The NBAF program includes BSL‐2, BSL‐3Ag, BSL‐3
Enhanced,1 Biotechnology Development Module (BSL‐2, BSL‐3E), and BSL‐4 large animal laboratory
space for researching zoonotic diseases. NBAF will be the first laboratory in the U.S. to provide large
animal BSL‐4 laboratory space—critical infrastructure that the nation currently lacks. BSL‐4 space
accounts for approximately 10% of the overall NBAF program requirements. Table 1‐1 displays NBAF
space requirements by net square feet (NSF) and GSF and Figure 1‐1 presents the NBAF blocking
diagram. NSF is defined as the occupied space, while GSF includes the occupied space and all associated
mechanical support space. Typically, BSL‐4 space requires a higher gross‐to‐net space ratio due to
specific engineering and building controls needed to support operations.

Table 11: Program Requirements for NBAF Laboratory Facility
Type of Space

NBAF NSF*

NBAF GSF**

BSL‐4 Laboratories

14,600

68,700

BSL‐3Ag Laboratories

42,800

148,300

BSL‐3E Laboratories

29,300

112,800

BSL‐2 Laboratories

6,800

17,000

Biotechnology Development Module

7,700

19,200

Office & Support Space

74,100

147,900

175,300

513,900

NBAF Space Requirements

*NBAF NSF = NBAF Net Square Feet (total usable square footage of a facility—the square footage that is measured
from the inside wall surfaces)
**NBAF GSF = NBAF Gross Square Feet (the sum of all areas on all floors of a building included with the outside faces
of its exterior walls, including all vertical penetration areas, for circulation and shaft areas that connect
one floor to another)

1

A BSL-3 Enhanced laboratory includes enhanced environmental or personal protection typically found in a higher
containment level due to the specific agent, risk assessment of the activity to be conducted, and/or applicable local,
state, or federal regulations.
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BSL-3Ag
BSL-3Ag Support
Office/Support

BSL-4

Biotechnology
Development
Module

BSL-3E

Figure 11: NBAF Blocking Diagram (Main Floor)

1.1.4 NBAF Site in Manhattan, Kansas
DHS issued a record of decision (74 Fed. Reg. 3065‐3080) on January 19, 2009, announcing the selection
of Manhattan, Kansas, as the site for the NBAF. The site is based on the need for approximately 520,000
GSF to support a campus composed of a laboratory building, a transshipping facility, surface parking and
ancillary support facilities. The 45.426‐acre NBAF site offers sufficient buildable area. It is located on the
Kansas State University (KSU) campus in the Agricultural Research District on the North Campus. The site
is adjacent to the Westar facility (electrical substation) to the northwest and Pat Roberts Hall, home to
the Biosecurity Research Institute (BRI), to the southwest. The site has significant frontage and setback
from two roads that can support the additional traffic circulation anticipated by NBAF personnel and
support vehicles. The site was selected over other options, including a no‐action option for foreign
animal research and diagnostics (i.e., to remain on Plum Island). The following criteria developed by
USDA and DHS led to the eventual selection of the Manhattan, Kansas, site:
•

Proximity to other animal research capabilities;

•

Proximity to the workforce and workforce training capabilities;

•

Acquisition, construction and operations requirements; and

•

Community acceptance.
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1.1.5 Design Baseline
NBAF will be designed using a “campus” concept
which includes a main laboratory building as well as
several outbuildings to support the NBAF operations.
These outbuildings include several guard houses, a
transshipping/receiving facility, and an access control
facility. Figure 1‐2 displays how this campus concept
is employed on the NBAF site.
DHS and USDA program representatives and the
design team began the site‐specific design process in
June 2009. The project team is working together to
create a design that maximizes the safety and
security aspects of the facility. NBAF will be designed
and constructed to meet modern biocontainment
design principles and standards and will comply with
recommendations and requirements from the
following codes and standards (as well as additional
codes/standards that are not listed here):

DHS selected the NBAF Design Partnership (NDP)
Associates of Atlanta, GA, to design the NBAF.
NDP is comprised of the following architect‐
engineering firms:
• Perkins + Will
• Flad & Associates
• Weiblinger Associates, Inc.
• Haynes Whaley Associates
• Affiliated Engineering, Inc.
• CCRD Partners
• Travis Pruitt & Associates
• Kroll
• Merrick & Company
Each of these firms has significant experience in
designing high‐containment facilities such as:
USDA Ames Modernization Project; Pfizer Animal
Health Building; Ohio University Ag Facility,
Arthropod‐Borne Animal Disease Research
Laboratory, Laramie, Wyoming; CDC Building 110;
and USAMRIID, Fort Detrick, MD.

Main Laboratory
Transshipping
Central Utility Plant

Visitors Center

Biosecurity Research
Institute (Not part of
NBAF)

Entry Control Point
Figure 12: NBAF Campus Concept
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•

Biosafety in Microbiological and Biomedical Laboratories (BMBL), 5th Edition;

•

USDA Agricultural Research Service (ARS) Facilities Design Standards, Manual 242.1;

•

International Building Codes (IBC), 2009 Edition, International Code Council (ICC);

•

Federal Occupational Safety and Health Act (OSHA) of 1970;

•

U.S. Environmental Protection Agency Regulations;

•

Department of Defense Unified Facilities Criteria (UFC); and

•

ISC Security Design Criteria.

The design team began by benchmarking other high‐containment laboratory facilities. Benchmarking
trips included both touring the facilities and interviewing personnel to determine facility design and
operations best practices. The team toured the National Centers for Animal Health (NCAH) and the
National Animal Disease Center (NADC) in Ames, Iowa; the National Biodefense Analysis and
Countermeasures Center (NBACC) in Fredrick, Maryland; and the St. Jude current Good Manufacturing
Practices (cGMP) facility in Memphis, Tennessee. The project team also considered lessons learned from
previous tours of the Canadian Science Centre for Human and Animal Health (CSCHAH) in Winnipeg,
Canada. The design team incorporated design features and best practices from these facilities to
enhance the NBAF design.
In January 2010, expert biocontainment and research scientists from premier research institutes
participated in a review of the NBAF design. This review panel included representatives from the
Australian Animal Health Laboratory (Geelong, Australia), the Institute for Animal Health (Pirbright, UK),
the CSCHAH and the Lovelace Respiratory Research Institute (Albuquerque, New Mexico). The panel
provided advice for ensuring relevant standards and regulations are met, explored the practicality of
design from the laboratory workers’ points of view to ensure their safety and ease of use, and presented
an international perspective based on lessons learned from their laboratory facilities. Lessons learned
from this review session were incorporated into the NBAF design.
A site‐specific threat and risk assessment (TRA) (intentional acts only) was also completed in January
2010 to inform the design process. This document assessed the likelihood and consequences of the
potential threats and risks from intentional acts associated with operating NBAF. This document was
used to formulate the physical security features to mitigate identified threats, and will be used going
forward in the design development process. The findings of the TRA were used to develop scenarios
presented in this document to further assess the consequences of the intentional acts alongside
unintentional acts.
As of June 2010, DHS completed the 15% design stage, which is commonly referred to as “schematic
design.” Schematic design includes a completion of a program review, a layout of campus components,
primary program layouts, and documentation of the basis of design. The outputs from this SSRA have
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been incorporated into the design. The SSRA team has been in close consultation with the design team
to ensure correct assumptions and facility information were being used. As design decisions were being
discussed, the design team worked directly with the SSRA team to discuss minimization of risk. This
document is a reflection of the design in its current state (as of 20 June 2010) and accounts for inputs
made by the consolidated team of experts used in the process. Additionally, based on the results of the
TRA and this document, DHS will formulate a security design criteria document to outline design
recommendations that adequately mitigate potential threats and risks. The NBAF design is now entering
the 35% design stage, commonly referred to as “design development.” This document will be used going
forward in the design process, not only in the incorporation of the recommendations in design
development, but in the consideration of future design decisions.

1.1.6 Integrated Timeline
The following timeline (Figure 1‐3) depicts the integrated project timeline beginning with the design
process and ending when NBAF begins full (R&D) operations.
January 2015
Begin Onsite
O&M Activities
January 2010
Start Transition
Planning

October 2017
Lab Accredited
Begin PIADC Move
May 2016
Begin Select
Agent Accreditation

January 2015
Award O&M
Contract

Design

Mission Stand-up

Construction
2010

2011

2012

2013

2014

2015

2016

2017

Commissioning
Complete
April 2016

2009
2010

May 2018
PIADC Relocated
Transition Phase 4

2018

Begin Limited
Select Agent Research
October 2017

2018

2011

2009

NBAF Full
R&D Operations
June 2018

2011
15% Design
May 2010

35% Design
September 2010
50% Design
February 2011

Design Complete
October 2011
75% Design
June 2011

2012

2013

2014

2011

Begin CUP Construction
February 2011

2015

2016
2016

Begin Main Lab
Bldg Construction
February 2012

Construction Complete
January 2016

Figure 13: Integrated Project Timeline

1.1.7 Operational Planning
Several operational planning efforts will be undertaken in advance of facility commissioning and
scheduled full‐scale operations. Operational planning can be broken into several areas that cover the
full spectrum of NBAF operations, including facility operations and maintenance (O&M), security, and
laboratory research procedures. Risk mitigation approaches fall into two major categories:
administrative controls, which are based on procedures and staff training; and physical controls, which
are derived from facility design parameters and installation of specified safety equipment. The concept
June 2010
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of organizing risk mitigation into these two broad categories is well established in the safety field and is
a cornerstone of the BMBL‐5 approach to safety. Administrative controls must be incorporated in
operational plans that ultimately drive the development of standard operating procedures and training
plans for NBAF. When NBAF completes commissioning and all physical controls are deemed fully
operational, a trained, reliable workforce will be available for the safe, secure operation of NBAF.
DHS’s S&T Directorate (through the Office of National Laboratories) has the primary responsibility to
develop the NBAF Emergency Response Plan (ERP). The NBAF ERP will provide guidance and direction to
assure an integrated and coordinated response to emergency situations at the NBAF (e.g., accidental or
intentional release of FMDv or other hazardous pathogen from the facility, hazardous chemical spill, and
weather‐related event). The ERP for the NBAF will be the framework for coordinating efforts among
city, regional, state and federal officials and agencies. The ERP will be developed (delineating the
steps/actions needed for mitigation, preparedness, response, and recovery) and implemented prior to
beginning operations of the NBAF. A kickoff meeting to review DHS planning for the NBAF ERP and
obtain feedback from local emergency management officials (KSU, BRI, City of Manhattan, Riley County,
FBI Kansas City) was held at the BRI in Manhattan, Kansas on May 25, 2010. No issues were identified
with the planning process. These discussions will facilitate the ERP process going forward. Future
meetings are being planned that will incorporate first responders and emergency management officials
from surrounding counties, the state of Kansas, the regional area, and others as appropriate.
The timeline and details for the major NBAF operational planning efforts are outlined as follows:
Operational Planning Timeline

Operational planning for O&M (see Figure 1‐4) will ensure in‐place and operational services have been
established prior to research program commencement, including, management, operation, and
protection of government‐owned facilities and infrastructure. Critical to operational planning are the
following milestones:
1.

2.

3.

Develop NBAF staffing plan (O&M, scientific) based on mission requirements. A study of the
staffing levels required to efficiently and effectively operate the NBAF to meet its mission will be
undertaken. All staff will require appropriate security clearances. Research personnel that will
be working with biological select agents and toxins (BSAT) will require a security risk
assessment. Staffing schedule and timing must include allowances for recruitment and required
training.
Develop facility management practices, policies and procedures such as:
•

Emergency Management Program and ERP – refer to Appendix D;

•

Continuity of Operations Plan;

•

Employee Health and Safety Program; and

•

Regulatory Compliance Plan

Develop cooperative agreements and Memorandums of Understanding (MOUs) with local
support entities
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4.
5.

Develop and implement a comprehensive training program for laboratory and facility personnel
Obtain all regulatory and operating permits and inspections

2015
Begin Onsite
O&M Activities

NBAF Construction

2011

2012

2013

2017
Lab Accredited
Begin PIADC Move

2016
Begin Select
Agent Registration

2018
PIADC Relocated
Transition Phase 4

Research Mission Standup

2014

2015

2016

2010

2017

Commissioning
Complete
2016

2018

Begin Limited
2018
Select Agent Research
NBAF Full
2017
R&D Operations
2018

May 2014 - Feb 2016
Develop O&M Plan, SOPs & Permits

Commissioning
2015

2014
2013

O&M Staffing Plan
Jan 2013 - Apr 2013

2016
2017

O&M Contract Aquisition
Apr-13 - Jan-15

O&M Plan & SOP
Implementation and Training
Mar 2016 - Oct 2016

NBAF O&M Stand-up

August 2016 - December 2016
ERP Drills
& Excercises

Jan 2015 - Jun 2016
Develop NBAF ERP

2016
2015

2016

NBAF ERP Developement

Local, State and Federal
Coordination & Interface
Jun 2016 - Aug 2016

Figure 14: O&M Planning for NBAF
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Site Security Operations

Figure 1‐5 shows the timeline for advance security operations planning. Critical to site security planning
are the following milestones:
2015
Begin Onsite
O&M Activities

2016
Begin Select
Agent Registration

NBAF Construction

2011

2012

2013

2014

2015

Construction
Complete
2016

2014

2013

2018
PIADC Relocated
Transition Phase 4

Research Mission Standup

2010

Dec 2013 - Feb 2015
External Support MOUs

2017
Lab Accredited
Begin PIADC Move

2016

Commissioning
Complete
2016

2017

2018

Begin Limited
2018
Select Agent Research
2017
NBAF Full
R&D Operations
2018

2015
Begin Onsite
O&M Activities

2015

2015

Security Ops Plan Dev.
Apr 2013 - Sep 2013

Security Contract Acquisition
Sep 2013 - Dec 2014

Develop Security SOPs
Feb 2015 - Oct 2015

Figure 15: NBAF Security Operations
1.

2.
3.

Develop and implement a comprehensive, approved physical security plan. The security plan
with its policies and procedures shall provide a disciplined, integrated security approach and
address all local, state, and federal security requirements. Therefore, the plan shall be
developed in coordination and cooperation with the appropriate local, state and federal
agencies.
Provide contract trained security guards via the Federal Protective Service.
Develop required cooperative agreements and MOUs with other organizations and entities.

Laboratory Operations Initiation/Standup Plan

Figure 1‐6 depicts the timeline for developing the program for laboratory operations from which
laboratory training will be based. Advanced planning for laboratory operations will ensure that all
research program activities and all laboratory operations (to include procedures, facilities, security and
personnel) are in accordance with current and appropriate rules, regulations, guidelines and policies as
they pertain to laboratory operations for use of BSAT, controlled substances, animal use, and other
relevant laboratory biosurety regulatory requirements (e.g., BMBL, 5th Edition)[USDHHS/CDCP, 2007],
and USDA regulations).
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April 2015
Begin Onsite
O&M Activities

NBAF Construction

2011

2012

2013

2015

2016

2017

Establish Biosafety
Committee & IRB
February 2016

2010

Aug 2014 - Jun 2016
Biosurety Program
ERP/MOUs/SOPs

May 2016 - Sep 2017
Select Agent Registration
ISO Certification

LAB SOPs Dev

PIADC Relocation
Sep 2017 - Jul 2018

2016

2014

June 2015

Establish Animal
Care & Use Committee

August 2015

2018

Begin Limited
2018
Select Agent Research
NBAF Full
October 2017
R&D Operations
June 2018

Jun 2015 - Jul 2016
2015

Responsible Official at Site

May 2018
PIADC Relocated
Transition Phase 4

Research Mission Standup

2014

February 2014 - August 2014
Staffing Plan

October 2017
Lab Accredited
Begin PIADC Move

May 2016
Begin Select
Agent Registration

2017

2018

2018

NBAF Biosurety
Program Development

May 2015 - Feb 2017
Biosafety/Biosecurityt/Lab SOPs Staff Training
2016

Mar 2017 - Feb 2018
BSL-3/3Ag/4/4Ag Training
2017

2015

2018

2018

Figure 16: Laboratory Operations Timeline
Critical to laboratory operations planning are the following milestones:
1.

2.

3.

Ensure registration of BSAT with the USDA APHIS agricultural select agent program and the
Center for Disease Control (CDC) Division of Select Agent and Toxins (DSAT) program for
overlapping select agents, such as zoonotic agents, will comply with 42 CFR 73, 7 CFR 331, and 9
CFR 121.
Develop a biosafety program, manual, and training regime that identifies the hazards that will or
may be encountered, and that specifies practices and procedures designed to minimize or
eliminate exposures to these hazards.
Develop a biosecurity program that promotes an ethical, security‐conscious culture. The
biosurety program shall include personnel reliability, biosafety, and biosecurity, plus the
following (at a minimum):
•

Laboratory work practices and SOPs covering biosurety

•

Environment, Health and Safety Plan

•

Incident Report Plan(s) to include contingency, emergency preparedness, operations
and response procedures, medical monitoring, and surveillance program per 42 CFR
73.14, 7 CFR 331.14 and 9 CFR 121.14

•

Charter and establish a Biosafety Committee, Institutional Review Board (IRB), and
Institutional Animal Care and Use Committee (IACUC)

•

Obtain required BSAT registration and permitting (see Appendix E, “Procedure for NBAF
Select Agent Registration and Permitting”)
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1.2

•

Obtain Association for Assessment and Accreditation for Laboratory Animal Care
(AAALAC) certification

•

Obtain required International Standards Organization (ISO) certification(s)

SSRA Purpose and Objectives

1.2.1 Enhance Current and Future Design, Operations, and Response Planning for
the NBAF
The primary purpose and objective of this SSRA is to provide recommendations and develop strategies
that enhance NBAF design, operations, and response planning through:
•

Review of NBAF baseline design (based on the current design from the Architectural‐
Engineering Firm), baseline operational protocols, and baseline response strategies;

•

Scenario modeling and risk analyses including:
‐ Plume modeling and epidemiological impact modeling of pathogen dispersion,
taking into account specific local, state and national risk mitigation strategies (per P.L.
111‐83, Section 560 signed by President Obama on 28 October 2009);
‐

•

Economic impact analysis of epidemiological modeling to identify and rank risks; and

Submittal of recommendations to enhance the design and/or operational plans.

A secondary objective of the SSRA is to develop a tool to enhance future NBAF pathogen risk
assessments. The transparent and detailed reporting of all data and methods in this SSRA for scenarios,
pathways, event failure frequencies, source terms, initial conditions, meteorological conditions, fate and
transport modeling parameters, and data source terms can be leveraged for future risk assessment
efforts. In particular, the Scenario Database, a dynamic database housing relevant source term data and
all supporting references constructed as part of this SSRA, meets this objective and provides a dynamic
and accessible tool that enhances future SSRA efforts (Appendix B).
To effectively achieve the stated objectives, a multi‐disciplinary, integrated SSRA team and process were
developed to perform a qualitative assessment of all eight NBAF research pathogens; review baseline
best practices; collect data on susceptible populations, vectors, or carriers; review scenarios and
transportation pathways; perform quantitative epidemiological modeling of FMD and RVF; and execute
economic impact analyses. Figure 1‐7 illustrates how these components of the SSRA (each with unique
and specific sub‐objectives) are interrelated and how they serve the ultimate goal of informing design,
operation, and mitigation response planning for the NBAF in Manhattan, Kansas.
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Figure 17: Detailed Components of the SSRA

1.2.2 Qualitative Assessment of Eight NBAF Research Pathogens
The purpose of the qualitative assessment was to identify the qualitative site‐specific risks (hazards)
associated with the full suite of eight NBAF research pathogens to further inform the quantitative risk
assessment (which focused on the epidemiological modeling and economic analysis of FMDv and RVFv),
and supplement recommendations and conclusions for NBAF design and operations feedback. This
included determining those pathogen and research characteristics that may influence NBAF
containment design considerations and assessing the adequacy of current NBAF containment design
strategies for all eight of the research pathogens (see Appendix C).

1.2.3 Design, Operations and Response Planning Best Practices
A sub‐objective of the SSRA was to identify industry best practices, lessons learned, and innovative (yet
proven) recommendations derived from interviews with local, state, federal, and international partners
to inform NBAF design, operations, and ERPs. NBAF design and construction baseline best practices will
specifically inform the design of air and waste treatment, space allocation, physical security,
construction and personnel training, and occupational health programs for the NBAF. Operations best
practices will serve to enhance the safety of and reduce the risk to the surrounding communities, food
production industries, consumer health, and the agricultural economy in the Manhattan, Kansas region.
The end goal is to deliver strategic recommendations on the processes and activities that should be
considered in developing and implementing both on‐ and off‐site NBAF ERPs and preparedness
capability.

June 2010

14

NBAF SSRA Report

1.2.4 Susceptible Populations, Vectors, or Carriers Data Collection
The purpose of this SSRA sub‐objective is to prepare a thorough and detailed data set of the susceptible
animal and human populations, transportation hubs, vectors, carriers and building infrastructure in the
Manhattan, Kansas and surrounding areas to support quantitative epidemiological modeling of the
pathogen release scenarios. The level of detail collected on the number and location of susceptible
animal species, farms, feed lots, sales barns, animal transportation hubs, buildings, human population,
and mosquito vectors in Kansas and the surrounding states (AR, NE, OK, CO, IA and MO) is
unprecedented, representing a level of granularity never previously compiled or modeled for this region.

1.2.5 Scenario and Pathway Review
The scenario and pathway review defined the set of potential NBAF loss‐of‐biocontainment scenarios
that were used to model outcomes and economic consequences for the Manhattan, Kansas NBAF
location, identified the design, operation, and response practices or failures that were likely to lead up
to the scenarios; calculated the frequency that those failure events might occur; and categorized the
scenarios according to transport mechanism pathway (i.e., liquid effluent, solid waste,
fomite/vector/carrier, or air and deposition).
Source Terms, Initial Conditions, and Fate and Transport Dispersion Modeling

Preparation of corresponding sets of initial conditions and source terms (e.g., particle size distribution,
virion size, material at risk (MAR)) for each of the loss‐of‐biocontainment scenarios supported
subsequent modeling. Source terms prepared for scenarios that fall within the liquid effluent, solid
waste, and fomite/carrier/vector transport pathways fed directly into epidemiological modeling. Source
terms prepared for scenarios associated with air and deposition transport fed into transport and
dispersion (T&D) modeling efforts prior to epidemiological modeling. The primary purpose of the
pathogen T&D modeling was to determine the extent to which agents such as FMDv and RVFv would be
dispersed by the wind (airborne concentrations and deposition patterns) in the event of a containment
loss of aerosolized pathogens. The T&D modeling provides the relative exposures of humans and
animals due to the airborne release of the pathogens, and the risk probabilities of these exposures
based on the relative likelihood that the weather conditions driving the dispersion will be present.

1.2.6 Quantitative Epidemiological Modeling
The primary purpose of performing epidemiological modeling on the spread and subsequent control of
FMD and RVF from an incident at the NBAF was to determine which risk mitigation measures would be
most effective, rather than to determine the absolute impact of an incident at the NBAF.
Epidemiological modeling served to test various hypotheses on the relative value of various risk
mitigation measures and enabled the SSRA team to quantify risk in order to parametrically evaluate the
efficacy of various risk mitigation strategies. The output of these models served as input for the
economic models as discussed below.

June 2010

15

NBAF SSRA Report

1.2.7 Economic Consequence Assessments
The objective of the economic consequence assessments was to determine the effect of a pathogen
release (e.g., FMDv or RVFv) on the susceptible populations and to project costs and disruptions to
public and private trade activities (such as animal commodity flow, and collateral industry and
workforce populations). The economic assessment serves to provide cost‐benefit analyses of proposed
countermeasures and mitigation strategies (e.g., containment, clean‐up and animal stop movement
zones) that factor into the overall risk ranking and final recommended design, operations, and response
mitigation strategies for the NBAF.
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2. Baseline Best Practices for Design,
Operations and Response Planning at
the NBAF
2.1

Baseline Best Practices Technical Approach

A baseline mitigation strategy was developed through review of current practices and local, state, and
federal response plans employed by high‐containment research facilities in the U.S. and abroad. These
baseline best practices were developed by an SME panel, with experience in facility design, biosafety,
biosecurity, and emergency response/preparedness, and domestic and international facility partners.
This evaluation of current practices did not include an exhaustive review of the accepted best practices
or codes that all facilities must adhere to in regards to design, construction, and operations of
containment facilities (such as published guidelines in BMBL‐5th edition) [USDHHS/CDCP, 2007]. Rather,
the goal of this effort was to collect additional practices and lessons learned beyond the accepted
guidelines to inform specifically the NBAF design and operations plan.
Site visits were conducted with community and facility planners to compare existing community
response plans with the expected response from the surrounding jurisdictions. High‐containment
laboratories working with FAD pathogens in large animals were visited to determine how other facilities
approach similar risks. The solicited best practices focused on the strategies and controls critical for
animal research safety and identified potential gaps in the NBAF design. When possible, the NBAF Basis
of Design was compared to the best practices to identify potential design gaps; however, as the NBAF
design was at the 15% completion stage during this SSRA, only general comparisons were possible.

2.1.1 Emergency and Contingency Response Plans
Information regarding existing Emergency and Contingency Plans was collected either through personal
interviews or telephone discussions with representatives from state/county/local agencies (including
medical facilities), Kansas State University, local and national USDA‐APHIS officials, and the Kansas
Livestock Association. The study was designed to:
•

Identify current animal or human health plans and response capability at the state and local
levels;

•

Determine what additional steps or actions may be required for the inclusion of the NBAF in those
plans; and

•

Provide recommendations to address those additional steps or actions as part of the ongoing
NBAF planning process.
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Also documented were any concerns or issues the representatives voiced regarding either the
construction of the facility or its presence in the community. These meetings and interviews were
intended to determine the existing planning efforts and requirements as they relate to the off‐premises
preparedness for the NBAF by state or local officials.
The following documents were reviewed during this process:
NUREG 0654, FEMA Rep 1 Rev 1 ‐ Criteria for
Preparation and Evaluation of Radiological
Emergency Response Plans and Preparedness in
Support of Nuclear Power Plants

Kansas Animal Health Department ‐ County Foreign
Animal Disease Standard Operating Guidelines
(template)

Animal Stop Movement Order Functional and Full‐
Scale Exercise Report ‐ October 2009 ‐ After Action
Report and Improvement Plan December 2009

United Kingdom, Department of Environment, Food
and Rural Affairs (DEFRA), Contingency Plan for
Exotic Diseases of Animals, Version 4 ‐ 2009

Kansas Department of Health and Environment
Crisis/Emergency Risk Communications Plan, 2008
(Draft)

State of Kansas ‐ Nuclear Facilities Incidents
Response Plan (to ESF #10 of the Kansas Response
Plan)

Germs, Viruses and Secrets: Government Plans to
Move Exotic Disease Research to the Mainland U.S.
(Congressional Hearing compilation prepared by the
Naval Postgraduate School Center for Homeland
Defense and Security)

APHIS – Foot and Mouth Disease (FMD)
Preparedness and Response Plan (PReP) Appendix B,
Federal, State and Local Actions, Timelines and
Responsibilities for Responding to FMD Outbreaks ‐
Draft October 2008

Town Hall Meeting Georgia (NBAF)

APHIS PReP Appendix B3 ‐ Surveillance ‐ Draft
October 2008

Kansas County Foreign Animal Disease annex for
County Emergency Operations Plans (EOPs)

APHIS PReP Appendix B4 ‐ Diagnostic Sample
Testing, Surge Capacity and Testing ‐ Draft October
2008

Foot and Mouth Review 2007 ‐ Summary and
Recommendations ‐ The Story of the Outbreak

APHIS PReP Appendix B10 ‐ Quarantine and
Movement Control: Continuity of Business Planning
and in Control Zones ‐ Draft October 2008

Kansas Incident Specific Plan for Foreign Animal
Disease, 2008 (to ESF #11 of the Kansas Response
Plan)

APHIS PReP Appendix B11 ‐ Depopulation and
Euthanasia ‐ Draft October 2008

Australian Veterinary Emergency Plan
(AUSVETPLAN)

APHIS PReP Appendix B12 ‐ Disposal ‐ Draft October
2008

Kansas Animal Health Department ‐ Foreign Animal
Disease Annex

APHIS PReP Appendix B14 ‐ Vaccination ‐ Draft
October 2008

Kansas Hazard Mitigation Plan, 2007 ‐ Agricultural
Infestation Plan

APHIS PReP Appendix B15 ‐ Wildlife Management ‐
Draft October 2008

Homeland Security Presidential Directive (HSPD) 9

APHIS PReP Appendix B19 ‐ EMRS and Information
Management ‐ Draft October 2008
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Two international plans were also reviewed: the Australian Veterinary Emergency Plan (AUSVETPLAN)
[AUSVETPLAN, 2006] and the United Kingdom Contingency Plan for Exotic Diseases of Animals [DEFRA,
2009], and both provided valuable guidance on ways to identify an FMD outbreak and provided
strategies to reduce the spread and impact, including depopulation with reduced social, psychological,
and environmental effects. Although not a planning document, information on the release associated
with the IAH laboratory in Pirbright, UK discussed in the Foot and Mouth Review 2007 [Anderson, 2008]
provided valuable insight into factors contributing to a release and potential planning concepts that
were incorporated into the SSRA recommendations.

2.1.2 Facility Operations, Management, and Design
Observations and recommendations for NBAF design, construction and operation were developed
through site visits and discussions with staff from the following facilities, all of which perform large
animal FAD research within BSL‐3 containment:
•

CSCHAH, Winnipeg, Manitoba, Canada

•

Institute of Animal Health (IAH), Pirbright, Surrey, UK

•

PIADC, Orient Point, New York, U.S.

•

BRI Manhattan, Kansas, U.S

•

Australian Animal Health Laboratory (AAHL), Geelong, Victoria, Australia

The AAHL and the CSCHAH have additional BSL‐4 capacity for FAD research programs and provided key
information regarding establishment of a BSL‐4 large animal laboratory facility, including construction
and design philosophies. At each domestic or international site visit, the following details were
discussed:
•

Research programs and priorities

•

Air and waste treatment
-

•

Air handling
Liquid waste treatment
Solid waste treatment
Carcass disposal

Space allocation
-

Flexibility
Ratio of containment to non‐containment laboratory areas

•

Physical security

•

Construction
-
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o
o
•

“Cold” period to test systems and processes
Computational fluid dynamics modeling

Renovation and repair issues

Personnel
-

Training programs
Occupational health programs
Employee screening and clearance
Recruitment and retention of qualified staff

•

Energy supply

•

Operational budget

•

Development of facility specific SOPs

•

Biosafety and biosecurity programs

•

Community outreach

•

Occupational health
-

Immunization program
Local medical capacity/capability
Identification cards

2.1.3 Emergency Response and Contingency Planning Observations
DHS is preparing the “Draft Plan for Preparing the NBAF Emergency Response Plan,” (ERP), June 2010
(Appendix D), which will describe the necessary steps that will need to be taken to implement a robust
response in the event of an incident. All of the best practices and observations noted in this section will
be considered in the NBAF ERP. Interviews indicated that the state and local emergency management
agencies in Kansas have significant emergency preparedness strengths, as well as identified gaps, in
their ability to maintain an appropriate capability to respond to or recover from an accident or release
from the NBAF.
Emergency Response Plan Strengths

To adequately establish a sound facility that integrates effective on‐ and off‐site planning and
preparedness, it must be understood that there are many interdependencies which will require
considerable preparedness integration throughout the lifetime of the NBAF. Even though state and local
NBAF specific planning has not started, the appropriate local jurisdictions and organizations appear to
have a long history of cooperation and effective communication. This strong collaborative emergency
management practice should assist the partners in efficiently completing the off‐site NBAF emergency
preparedness planning task once the detailed NBAF information required for its completion has been
generated and communicated. The Kansas state and local emergency planning community also
considers Manhattan, Kansas‐based KSU to be a strong partner that is highly regarded for its integrated
planning efforts involving the BRI, a BSL‐3 high containment animal research facility already on the
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Manhattan, Kansas campus. The consolidation of law enforcement functions and local public safety
organizations of the city and county jurisdictions around KSU and the NBAF site (e.g., Riley County Police
Department) further enhances local emergency response capability.
The State of Kansas has been a national leader in FAD emergency planning. The state’s current and past
emergency planning efforts will serve as a strong foundation for what the NBAF will require. Kansas
continues to frequently exercise its emergency response plans and procedures within the state but also
in conjunction with the Multi‐State Partnership for Security in Agriculture and with federal agencies such
as USDA APHIS (as recently as October 2009). This experience, coupled with resources and
preparedness activities, will facilitate the NBAF planning process once it begins.
In addition to the FAD planning, Kansas has extensive experience in off‐site radiological emergency
preparedness for the Wolf Creek Nuclear Operating Corporation’s power plant and the Cooper Nuclear
Station owned and operated by the Nebraska Public Power District. The state has maintained the
Annual Letter of Certification for their preparedness efforts. These efforts include working within an
Emergency Planning Zone (EPZ) for the Wolf Creek facility, as well as the 50‐mile radius ingestion
pathway zones for both facilities. The Nuclear Regulatory Commission (NRC) requires an ongoing and
structured inter‐governmental exercise regimen that has enhanced state and local preparedness as well
as strengthened agency partnerships. It would appear that this collective competency and experience is
also a foundation for response capability, as well as, potentially, a model for the NBAF preparedness
guidelines. KSU also houses a TRIGA Mark II research reactor, which provides training for nuclear reactor
operators, indicating university‐level expertise in similar response protocols.
The Superfund Amendments and Reauthorization Act (SARA) of 1986 created the Emergency Planning
Community Right‐to‐Know Act (also known as EPCRA or SARA Title III). EPCRA requires local
communities throughout the U.S. to establish Local Emergency Planning Committees (LEPCs) and
empowers these LEPCs to serve a pivotal role in local hazard planning efforts. Additionally, each county
in Kansas is required to have an emergency management agency. Accordingly, a strong emergency
management organizational design exists in Kansas that will be beneficial to the future success of the
NBAF off‐site emergency preparedness, planning and response efforts. Also of key importance is the
Kansas Commission on Emergency Planning and Response. This commission has extensive membership
requirements, as well as advisory responsibility, for emergency management matters within the state;
and therefore, this Commission could also serve as a solid foundation for success.
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Various state agencies agreed to provide all or key
portions of existing ERPs to DHS to demonstrate their
preparedness activities and to leverage development
of future NBAF plans. Each of these documents, which
were evaluated during this assessment, provided a
different perspective and, in total, outlined a planning
structure that will allow state agencies to:

Mercy Regional Health Center (MRHC)
Capabilities
• A hospital licensed for 150 beds (but the
current daily census is usually 75‐100)
• Nine isolation rooms with HEPA filtration and
negative pressure
- Two in the Emergency Room area

•
•
•

Develop effective inter‐agency emergency
notifications;

- Two in the Intensive Care Unit
- Remaining five spread throughout the other
wards

Stand‐up an effective emergency operations
center;

• All medical specialties are represented with the
exception of neurosurgery

Link with local jurisdictions to initiate
emergency response and communication
functions.

Both Riley and Pottawatomie Counties have all‐hazard
emergency plans with access to the County Foreign
Animal Disease Standard Operating Guidelines
(planning template) developed by the Kansas Animal
Health Department.
Manhattan, Kansas Local Medical
Response Capability

Current medical readiness in the Manhattan, Kansas
area was also evaluated. Should an incident involving
human cases occur in the Manhattan, Kansas,
community, either through accidental or deliberate
exposure of a zoonotic pathogen being researched at
the NBAF, it is critical that the region have the
medical capacity and staff to respond in an effective
manner.
Unlike the current PIADC, NBAF staff will be working
with zoonotic agents. As such, the NBAF must develop
an occupational health program to monitor not only
physical injuries but also potential human pathogen
exposures or laboratory‐acquired infections (LAIs). A
major medical provider and resource in the
Manhattan, Kansas, area is the Mercy Regional Health
Center (MRHC), part of the larger Via Christi Health
System in Wichita, Kansas.
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- The hospital is a self‐sufficient medical
system that can treat almost all medical
emergencies on‐site without the need for
transport out of the area
• A heli‐pad for helicopter access to/from the
hospital
• An infectious disease physician on staff that is
currently working closely on Occupational
Health issues with the BRI at KSU
• The Emergency Medical Service (EMS) is
managed by the hospital and is not a separate
entity
- EMS has already performed drills at the BRI
and determined that the VHF‐based radios
had issues due to the wall thickness in the
lab; however, they are considering internal
repeaters to boost performance
• Two decontamination units
- One is located in the hospital with hot and
cold water
- One is a deployable field system with cold
water only
• Unified command system in use for
communication and response
• Ability to tap into the Via Christi Health System
in Wichita, Kansas for additional surge
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The MRHC Occupational Health Services (OHS) is already working closely with the high‐containment
laboratory BRI in Manhattan, Kansas to prepare an occupational health program for its employees.
There is currently no financial relationship between the two identities, but both organizations recognize
the benefit in open communication and incident planning. MRHC OHS currently provides a variety of
services to BRI including respirator fit testing, baseline serology assays for Select Agent work, and
occupational therapy. The BRI staff has identification cards that can be presented to hospital staff or
local physicians that identify their place of employment and potential risks. MRHC is coordinating with
BRI to receive periodic updates on the agents in possession and active experimental programs in order
to disseminate that information to the OHS and hospital staff. BRI and OHS are currently drafting a
24‐hr response plan for sick/injured BRI employees. This level of interaction could be leveraged for NBAF
occupation health planning efforts and the MRHC staff expressed willingness to work with NBAF
management to provide services as needed.
MRHC clearly has many capabilities in this area and is willing to support the NBAF. To be effective,
MRHC had the following requests:
•

Pre‐coordination with the NBAF concerning agents with active research programs or any new
agents introduced to the primary research agenda.

•

Development of a medical education program about agents currently used in active research
programs at the NBAF that may impact human health.

•

MRHC has only one infectious disease expert on staff currently, so additional resources may need
to be identified to support supplementary professional staff in this specialty.

•

Faster turnaround from the CDC for baseline serology tests ‐ baseline serum draws from BRI
employees currently take longer than three weeks. The OHS staff asked if priority status was
possible for future serology tests (especially when NBAF is completed) or the development of
capacity near Manhattan, Kansas, to perform baseline serology on a range of Select Agents or
rare infectious diseases.

•

Development of a communication system to push information to over 100 private physicians in
the area.

•

Provision of occupationally‐related human vaccines on the shelf in Manhattan, Kansas for use by
OHS staff, and any experimental vaccines that might be in use at NBAF.

•

Provision of emergency contacts at the NBAF in case of an odd infectious disease case that might
be somehow related to the facility.

•

Provision of direct contact between medical staff and CDC experts for streamlined
communications regarding vaccine consults, disease information, and potential therapies in case
of an LAI.

•

Collaboration between all medical and response groups and the federal government to identify
any NBAF‐related needs, and the provision to address those needs cooperatively.
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Other emergency support operations may be provided by the Manhattan, Kansas, Fire Department
(MFD) which was found to be ready and willing to develop and practice NBAF‐specific response plans as
the facility nears completion. The MFD is located one block away from the proposed NBAF site and is
currently comprised of 77 uniformed officers and 35 Hazardous Materials‐trained officers. The MFD
Level A suits are tested twice per year, but are reportedly five to eight years old. The MFD has interacted
with the BRI and discussed facility response plans, and as such, MFD staff is already familiar with some
aspects of high‐containment laboratories. The current protocol for a BRI emergency response dictates
that the MFD wait until injured individual(s) are removed from containment prior to providing individual
assistance. Discussions are currently in progress between MFD and BRI to determine the plan for
providing a response should a severely injured person require medical assistance or stabilization prior to
removal from a containment laboratory.
The Riley County Emergency Management (RCEM) team is also prepared to work with DHS and the
NBAF to clearly define the roles and responsibilities of each party. The RCEM team has a good working
relationship with nearby Ft. Riley, with whom they participate in joint exercises (e.g., standing up a
mobile field hospital in Manhattan, Kansas). RCEM expressed an interest in continuing these
collaborative efforts with Ft. Riley and also suggested that Ft. Riley Military Police (MP) could be a
potential resource for providing traffic control operations if a stop movement order for animals was
issued. The RCEM office also communicated interest in developing pre‐packaged community
engagement and outreach plans for a variety of potential threats in order to streamline communications
after an incident and increase message unity among first responders and local leaders.
Emergency Response Planning

DHS will leverage the existing set of response plan networks in Kansas. DHS has begun to meet with local
emergency responders and review existing capabilities; however, as the facility is in the initial design
stages, the emergency response planning (ERP) is just beginning. Throughout the interviews and
meetings conducted, state and local representatives requested additional information from DHS as to
the emergency preparedness requirements and expectations for local, state, and tribal governments,
and university organizations. The representatives interviewed stated that for the emergency
preparedness process to begin, the state, local and tribal governments must receive detailed and
specific information from federal partners (i.e., DHS and USDA) on the NBAF configuration and the
potential risks to serve as their planning basis. The State of Kansas, local jurisdictions, KSU, and
American Indian Tribes are waiting to begin their planning process. As indicated in Figure 1‐4, the NBAF
ERP will be developed starting in January 2015; however, DHS has begun its coordination and planning
efforts, through the development of the NBAF Plan for the Emergency Response Plan (Appendix D).
Finally, although state and local jurisdictions have a strong all‐hazards emergency preparedness system,
it is evident through discussions with these groups that they do not have adequate resources to
undertake the spectrum of preparedness activities necessary to develop or implement an NBAF off‐site
emergency plan.
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Facility Operations and Design Observations

The laboratories visited to determine the best practices in facility operations, management and design
each shared the same core mission areas including:
•

Research programs for foreign animal disease and other important agricultural pathogens;

•

Diagnostic laboratories for the detection of animal diseases; and

•

Training programs for veterinarians and scientists to detect animal diseases.

Information regarding animal research space, proximity of susceptible livestock, training programs,
treatment of waste, etc., were obtained from each of the facilities and compared to the proposed NBAF
design and research plans – these data are summarized in Table 2‐1. The NBAF design details used as
the basis of comparison for this SSRA were current as of the April 29, 2010 Basis of Design.
The facilities visited were located in various climates and encompassed both urban and rural settings.
All of the facilities had large animal research programs with at least BSL‐3 containment space. Of the site
visits performed, only the CSCHAH had BSL‐4 facilities used for animal research; however, other
international laboratories do have this capability (e.g., Australian Animal Health Laboratory in Geelong,
Australia).
As indicated in Table 2‐1, the overall mission, containment measures, and proposed design of the NBAF
are very similar to other facilities operating elsewhere across the globe with a few notable exceptions,
and these exceptions reflect new or expanded capabilities to be included in the NBAF research mission.
First, the overall size of the NBAF is significantly larger compared to most laboratory facilities. One
reason for the increased size is the need to perform vaccine studies to investigate efficacy and duration
of immunity in large animals. These types of studies, if they are to be conducted with meaningful
statistical rigor, must have a sufficiently large study group (i.e., animal count). Therefore, the facility
must accommodate multiple options for size and number of study groups to provide flexibility and
optimize testing of new vaccines or other countermeasures. Second, the facility will contain a
Biotechnology Development Module (BDM) that can operate under cGMP to produce animal vaccine
seed stocks. No other facility examined had this enhanced capability. Third, unlike PIADC, the NBAF will
have an area dedicated to the FAD training mission. The FAD school will have its own laboratory and
preparation areas that are separate from the research laboratories. This will facilitate greater flexibility
for both the training and research mission, and allow for these activities to take place concurrently
without hindering either program.
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Table 21: Facility/Design Comparison
Canadian Science Centre for Human
and Animal Health, Winnipeg,
Manitoba, Canada

Institute for Animal
Health, Pirbright, Surrey,
United Kingdom

Plum Island Animal
Disease Center, Plum
Island, New York, U.S.A.

Operational Start Date

1999

1924

1954

Facility Location
Number of employees

Urban
400‐500
Yes
Yes
Yes
305,000 ft2
84,000 ft2
20,450 ft2
5,400 ft2
None
Yes
Yes
Yes
Yes (rarely used)

Suburban/Rural
380‐400
Yes
Yes
No
The facility is in the
process of
decommissioning space
and adding a new
laboratory
None
None
Yes
No
Yes
Yes

No

No

None

None
Suburban/Rural facility
with both susceptible
livestock and wildlife
bordering the facility

Topic

Research Program

Facility Space

Animal Research Programs

Animal Exclusion Zone
Sentinel Animals
Proximity of Livestock or Wildlife

Insectary
Education Programs and Foreign
Animal Disease Training
Sewage Treatment

Air Handling

October 2010

Sub‐Topic

Foreign Animal Diseases
FMD
Zoonotic Diseases
Total Facility Area
BSL2
BSL3
BSL3‐Ag
BSL4
GMP Laboratory
Small mammal
Primate
Small livestock
Large livestock

8,600 ft2

Urban environment with no
susceptible animals immediately
adjacent to facility
Yes
Foreign Animal Disease Training
Batch system with cookers within
the facility with release to public
system
Single high efficiency particulate air
(HEPA) supply and double HEPA
exhaust

Yes, clean only
Foreign Animal Disease
Training
Batch system in an
adjacent facility with
release to public system
Single HEPA supply and
double HEPA exhaust

Biosecurity Research Institute,
Manhattan, Kansas, U.S.A.

National Bio and Agro‐Defense Facility,
Manhattan, Kansas, U.S.A. (Proposed)

Island
250‐300
Yes
Yes
No
226,560 ft2
4,488 ft2
28,311 ft2

Facility completed in 2008; BSL3 activity
expected in 2010
Suburban/Rural
50‐100
Approval pending (No FMD research)
No
Approval pending
113,000 ft2
None
19, 000 ft2

Full R&D operations
Expected in 2018
Suburban/Rural
> 300
Yes
Yes
Yes
513,900 ft2
6,800 ft2
29,300 ft2

31,868 ft2

12,000 ft2

42,800 ft2

None
None
For reagent generation
No
Yes
Yes
FMD susceptible wildlife
rare on the island
None

None
None
Yes
No
Yes
Yes

14,600 ft2
7,700 ft2
Possible for reagent generation
No
Yes
Yes

No

No

None

Not determined

No susceptible livestock or
wildlife immediately near
the facility

Suburban/rural environment with
susceptible university research animals
near the facility

Suburban/rural environment with
susceptible university research animals
near the facility

Space allocated, but not complete

Insectaries in both BSL‐2 and BSL‐3

Biosafety and Laboratory Training

Foreign Animal Disease Training

Batch system with cookers within the
facility with release to public system

Batch system with cookers within the
facility and release to public system

Single HEPA supply and double HEPA
exhaust

Single HEPA supply and double HEPA
exhaust for BSL‐3 Ag, BSL‐3 Special
Procedure, and BSL‐4 labs; Single HEPA
supply and single HEPA exhaust for general
BSL‐3

Yes, but not frequently
used
Foreign Animal Disease
Training
Semi‐continuous system in
adjacent treatment facility

Single HEPA supply and
HEPA exhaust
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Table 21: Facility/Design Comparison
Topic

Institute for Animal
Health, Pirbright, Surrey,
United Kingdom
Yes

Plum Island Animal
Disease Center, Plum
Island, New York, U.S.A.
Yes

Renderer

Canadian Science Centre for Human
and Animal Health, Winnipeg,
Manitoba, Canada
No
Yes (Carcasses have to be cut into
50‐ lb sections)

No

Digester

No

No

Sub‐Topic
Incinerator

Carcass Disposal

Solid Waste

Double autoclave out

Typical/Maximum # of infected
animals

Research focuses mainly on smaller
livestock and fewer number based
on space limitations

Prohibitions on animal contact after
leaving lab

5 day exclusion period; employees
cannot keep susceptible animals at
home

Double autoclave out,
then incinerated offsite
with point‐to‐point
transfer
Small and large livestock
usually under 400‐500 lbs;
avoid adult animals if
possible; has capacity for
100 small cows
5 day exclusion period;
employees cannot keep
susceptible animals at
home

Biosecurity Research Institute,
Manhattan, Kansas, U.S.A.

National Bio and Agro‐Defense Facility,
Manhattan, Kansas, U.S.A. (Proposed)

No

Yes

No

No

No

No

Yes (Solid bone material to landfill and
liquid waste treated as liquid effluent)

Potentially (solid bone material to landfill
and liquid waste treated as liquid effluent)

Double autoclave out, then
incinerated offsite with
point‐to‐point transfer

Autoclaved and deposited to city
landfill

Double autoclave out with point‐to‐point
transfer to incinerator

Large and small livestock;
vaccine challenge studies
of 40‐50 animals

Large and small livestock with capacity
of thirty two 800 lb cows

Focus on larger animals including cattle,
sheep, pigs with larger study groups

5 day exclusion period;
employees cannot keep
susceptible animals at
home

Yes

PIADC restrictions will be instituted

Extensive programs with Community
Liaison Committee, media
engagement, and education
programs that are the model for the
other facilities

Community outreach is
growing due to new
construction projects and
community interest

Community outreach is
increasing, but isolation
makes site visits difficult

Strong community outreach program
including facility tours

To Be Defined

Break/Lunch Room in Containment

Yes

Yes, but in separate
building within the
containment zone

Yes

No

To Be Determined

Annual Operational Budget in U.S.
Dollars

$9.5 million

$6 million

$35 million

$5 million

To Be Determined

Facility‐Associated External Release

No

Yes, FMD in 2007 and 1960

No

Not Applicable

Cold weather extremes, winds

Inclement weather

Tornados, Inclement weather

Tornados, inclement weather

Community Outreach Programs

Natural Disaster Threats

October 2010

Yes, FMD in 1978, but
limited to island, no
disease on mainland
Hurricanes
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Note that for all high‐containment facilities, only a fraction of the total facility area is dedicated to the
high‐containment laboratories (BSL‐3 and above). As seen in Table 2‐1, the amount of space dedicated
to research is usually less than a third of the total facility due to the space requirements for the
mechanical and electrical systems, laboratory support, and common areas. For example, the air
handling and liquid effluent treatment systems typically have entire floors dedicated to those systems to
facilitate maintenance and general operations. This allotment of high‐containment space for the NBAF
is approximately the same as other facilities in operation, with only 20% of the total proposed 513,900
gross square feet devoted to high‐containment labs (BSL‐3 or above). The BSL‐4 laboratories will
represent less than 3% of the total floor space occupied of the NBAF, which is similar to the relative size
of BSL‐4 labs at the CSCHAH in Winnipeg, Canada.
The facility operational budgets shown in Table 2‐2 include only those costs required to keep the facility
running including utilities, salaries, maintenance, etc. This figure does not include the research budget.
The PIADC budget also includes the ferry system that is required to move both staff and other materials
to and from the island. Another difference in the NBAF design compared to other laboratories is the
ratio of BSL‐2 to BSL‐3/BSL‐4 space. In other facilities with BSL‐4 labs, there is typically a greater
percentage of BSL‐2 space than proposed at the NBAF. At CSCHAH, there is almost twice the amount of
BSL‐2 lab space compared to the BSL‐3 and BSL‐4 labs. According to CSCHAH, their operational costs per
square meter for each type of lab are:
Table 22: CSCHAH Laboratory Operational Costs Per Square Meter
Laboratory Type
BSL‐2
BSL‐3
BSL‐3 Enhanced
BSL‐4
Common space

Cost per Square Meter
$337/m2
$627/m2
$1230/m2
$1932/m2
$314/m2

At CSCHAH, the operational cost associated with BSL‐3 or BSL‐4 laboratory space ranges from almost 2‐
to 6‐fold more than the cost associated with operating comparable BSL‐2 labs or common space. This
difference in operational cost can dramatically increase the overall budget of facility operations as the
proportion of BSL‐3 or BSL‐4 space increases.
All high‐containment laboratory facilities use negative pressure systems as recommended in the BMBL
5th Edition [USDHHS/CDCP 2007]. Negative pressure systems limit the accidental release of pathogens
by controlling air circulation pathways within individual rooms or hallways. All exhaust air from the
containment areas pass through at least one high efficiency particulate air (HEPA)‐filter to remove any
potential pathogens. All facilities use HEPA‐filtration on both exhaust and supply air. In areas with
higher risk, most of the facilities reported use of a double HEPA‐filter system. Each facility uses a slightly
different design to control and filter air supplies, but the overall concept was the same—negative
pressure cascades with HEPA‐filtration of supply and exhaust air.
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The liquid waste handling systems were comparable between the various sites. The NBAF will use a
similar batch‐processing system with redundant liquid effluent cookers—a widely used and accepted
practice within high‐containment laboratories. For a more detailed description of the NBAF waste
effluent system and its capacity, see Section 3.2 (Scenarios and Pathways) in this report.
The carcass disposal systems used varied by site, but all of the systems observed have been proven
successful in high‐containment laboratories in their ability to inactivate a wide range of pathogens
(including bacteria, bacterial endospores, viruses, and fungi). The three major carcass disposal systems
in use included incineration, alkaline digestion, and rendering. Incineration uses a staged burning
process to inactivate remaining infectious material using direct heat. Alkaline digestion is a chemical
process performed at a high pH under heat that degrades animal material, including the pathogens, into
amino acids [NABC/KSU, 2004]. Effluent from an alkaline digestion system usually requires downstream
processing to inactivate the high pH before it can be released into a public waste system. Rendering
uses high heat to degrade animal products, including infectious materials, into solids, fat, and water
[NABC/KSU, 2004]. Each method poses unique benefits and risks, so facilities use the system best suited
for their applications and local laws (e.g., some locations were under strict air quality rules that limit the
use of incineration systems). The current NBAF plans include multiple incinerators as well as the
installation of a back‐up alkaline digestion process. The NBAF carcass disposal systems will have
openings sufficient to accommodate large carcasses with minimal additional cutting. A complete
description of the NBAF solid waste (carcass) disposal system can be found in Section 3 .2 (Scenario and
Pathway Review).
The AAHL in Geelong, Australia enforces an animal exclusion zone to restrict the presence of certain
susceptible animals within a defined perimeter around the laboratory. However, none of the facilities
visited as part of this SSRA enforced animal exclusion zones and few other labs take such rigid measures.
Both the BRI and the IAH have susceptible animals in the nearby vicinity, but no sentinel animal herds
are currently used for possible detection of potential release events. Of note, only the IAH has had a
recent external facility‐associated release of FMDv. In 2007, several farms near the IAH campus were
infected with FMDv (see Appendix F, “A Review of Recent Outbreaks of Foot and Mouth Disease and Rift
Valley Fever”). The source of the release remains unclear as both the IAH and the nearby Merial vaccine
facility share the wastewater treatment system that was presumed to be the release point. The PIADC
had an FMD external release (1978) in animals in an outside holding area, but the FMDv was never
detected on the mainland. The PIADC has also had several internal cross contaminations (kept inside
the laboratory), including two incidents in 2004 that resulted in the infection of several animals with
FMDv. These cross contaminations resulted in the implementation of enhanced animal handling SOPs at
PIADC.
All of the facilities use similar personnel reliability and clearance programs to screen potential
employees before allowing workers unescorted into containment areas ‐‐ these reliability screens are
used to minimize the risk of the “insider threat.” Other security measures used include cameras to
monitor Select Agent storage areas and/or central key locations, and the use of keycards or personal
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identification number codes to restrict access to certain areas of the laboratory and to track employee
movements. Another method reported was the development of a modern pathogen inventory tracking
system to monitor the location and use of certain pathogens. Systems are also in place to allow staff to
report unusual or high‐risk activities to management.
All facilities reported biosafety, biosecurity, and operations training programs that include required
periodic refresher training. Employees at most facilities are also encouraged to report “near misses” in
which an accident or incident, that if not averted, would have lead to bodily harm or the loss of
containment. These incidents and resultant mitigation strategies are incorporated into facility training
programs to highlight risk, and to reduce future occurrences.
Beyond construction, operations, and design issues, two
Components of a Successful
other topics that were strongly emphasized during the
Community Outreach Plan
site visits were: 1) the importance of dynamic
community engagement and outreach programs, and 2)
• Demystify laboratory operations through
the hiring and retention of a skilled workforce. DHS has
education programs and/or tours
recognized the need to engage in an active stakeholder
• Build community trust through
outreach effort and has developed a plan with USDA to
transparency and openness
reach out to the community (Appendix A). Several site
• Build community pride by highlighting
visit sources suggested that the key to a properly
major research accomplishments and
“good news” stories
functioning facility is the people that operate it,
emphasizing that the staff is the first line in protecting
• Communicate honestly to the
community about any incidents or
the facility and maintaining containment. As a result, it
accidents that may impact human or
was recommended that great attention and
animal health
consideration be given to the staffing plan. At the
• Acknowledge the perception of risk in
facilities visited, the key engineering and biosafety
the community
personnel were hired during the construction phase to
encourage an intimate level of knowledge about how all key
systems integrate into the facility. Multiple sources stated that they are relying less on contract labor
and more on dedicated, full‐time staff in key positions. The sources reported that full‐time, non‐
contract employees tend to take more pride in the facility and develop a sense of ownership that builds
reliability and responsibility, as opposed to unreliable or unskilled employees who may introduce a level
of risk in facility operations. For instance, at PIADC, a disgruntled employee was convicted in 2002 of
sabotaging the water treatment system after a labor dispute. An individual that feels pride in a facility
and understands the inherent risks would be less likely to attempt such an act. It was recommended by
several sources to develop a system that rewards a responsible and reliable staff.
For community outreach, the CSCHAH in Winnipeg, Canada sets the standard. The CSCHAH has
developed an extensive community outreach and engagement program that has been emulated
elsewhere, including at the Galveston National Laboratory (GNL), Galveston, TX. The core strength of
the CSCHAH program is active participation and collaborative input from the community. For example,
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the CSCHAH and the GNL have Community Liaison Committees comprised of local stakeholders.
CSCHAH also hosted multiple open houses and tours before the facility was fully operational. These
open house events were targeted at special stakeholder populations, including the media, and were
used to attract/recruit potential employees. Similarly, the director at the BRI in Manhattan, Kansas, has
developed strong community relations by providing numerous tours of the BRI (to both its supporters
and opponents) to demonstrate laboratory operations and the control measures used to protect the
staff, the community and the environment. It is clear that a policy of active engagement of concerned
groups and citizens is critical to success.
A lack of understanding of risk within a community can damage community trust. It was recommended
by multiple sources that any communication strategy developed for the NBAF should provide a level of
understanding of the risk, even if the actual risk is low. In the rare cases where incidents do happen, the
CSCHAH has developed an incident reporting system composed of a tiered communication strategy that
reports incidents to various stakeholders based upon a risk analysis. The more serious the incident and
the potential risk, the more high‐level official positions outside the facility and media are contacted.
FMD-Specific Observations

This section outlines the basic precautions/practices that were generally recommended by all facilities
interviewed working with FMD to limit internal or external releases. These practices cover a broad area
including personnel management, training, and SOPs. Safety and security precautions are only reliable if
all staff know and understand the associated risks when working with FMD.
One topic of great interest discussed during site visits and interviews was the use of respiratory
protection by staff while working with FMD‐infected animals. While the virus does not readily infect
humans, there is concern that infectious material may be physically transported into the nasal passages
or the upper respiratory tract of a human, thus providing a potential source of infection (via the
“carrier” transport pathway) if the individual comes into contact with a susceptible animal after leaving
the facility. During laboratory site visits, biosafety staff were asked to elaborate on how the facility
addresses this issue. The overwhelming response was that the increased risks of donning respiratory
protection far outweigh the risk of spreading the disease, in that the respiratory protection required
potentially limits the user’s visual field and has other physical hindrances that could increase the risk of
bodily harm to staff while handling large animals.
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One biosafety officer commented that, for
years, animal handlers have moved from
rooms with infected animals to rooms
with uninfected animals, employing
certain procedures and precautions in
between, with few cases of cross
contamination. The current standard
precautions of showering after leaving
infected animal rooms and restricting
susceptible animal interactions for
employees, contractors, and visitors
after leaving the facility, limit the overall
risk considerably. Ultimately, it will be
up to the NBAF biosafety officer, as part
of preparing facility standard operating
procedures, to analyze the specific
operation(s) and protocols with FMD‐
infected animals and develop tailored
solutions that protect the animal care
workers, the animals themselves, and
the outside environment.
The box at the right summarizes the
best practices associated with working
with FMD as compiled from the various
interviews and literature review
conducted as part of this SSRA. These
best practices will be incorporated into
the facility operating plans and
procedures.

Suggested FMD Best Practices
• Staff should undergo a background clearance investigation
for reliability and security
• Animal handlers should have a specified level of education
as a requirement for the position
• Staff should receive periodic, routine medical
examinations to ensure the ability to work with large
animals safely
• All staff working with or near FMDv or infected animals
should receive ongoing training on operations, relevant
SOPs, and biosafety
- This training must be periodically reviewed and updated
as new procedures are developed or modified
• Animal holding areas should be limited to staff that are
required to enter
• Staff must change into dedicated clothing (scrubs) before
entering animal holding or containment laboratories
• Staff must shower and change back into clean clothes
after leaving animal holding or containment areas as well
as blow nose before showering and spray disinfectant in
the shower after leaving
• Loading dock staff must don dedicated clothing and
thoroughly clean the area after every animal shipment
• Staff and visitors should avoid contact with susceptible
animal species for at least five days after leaving the
containment area
- Staff should be restricted from owning susceptible
animals
• All samples leaving the high containment area should be
inactivated using procedures that are validated. A certain
percentage of diagnostic samples should be quality tested
to ensure that inactivation protocols are working as
expected
• All infectious samples should be opened and manipulated
only in a biological safety cabinet
• Animal area cleaning flow rules should dictate working
from cleanest to dirtiest area
• Develop animal handler staff rotations that limit entry into
uninfected animal areas after working in areas with
ongoing FMD research
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3. Scenario and Pathway Development
and Review
3.1

Technical Approach

With the assistance of DHS and NBAF Design Partnership (NDP), the SSRA team collected information
needed to develop an overall understanding of the NBAF mission, facility requirements, motivating
design, and engineering and construction strategies that will be used to build a safe and effective facility
in Manhattan, Kansas. The NBAF will be a unique facility where proven engineering, biosecurity,
biosafety, and operations experiences, including techniques from existing animal pathogen research
facilities and human pathogen research facilities will be combined into a critical new facility. While it is
important for the SSRA team to grasp the overall design strategy, it is critical that the SSRA team
understand the sub strategies that are being used to provide and maintain containment of pathogens
involved in research and diagnostic activities at the facility. To this effort, the SSRA team extensively
reviewed NDP engineered containment system designs (15% schematic design drawings) from 22
December 2009 [NDP, 2009, December], and preliminarily reviewed a more recent set of budget‐
reconciled schematic design drawings (15%) from April 2010 [NDP, 2010, May]. In addition, the SSRA
team conducted multiple interviews with NDP engineers and architects and participated in several
planning and review meetings with the fully‐integrated NBAF team. The SSRA team also completed a
significant data collection effort for Baseline Best Practices (see section 1) that provide insight to the
DHS strategies for NBAF operations and mitigation planning needed to complement the successful
facility design and planning.
With sufficient background knowledge in hand, SSRA strategy leveraged the previous NBAF‐related
efforts by using the Hazard and Accident Analysis performed for the EIS in conjunction with input from
the TRA to build the framework for a scenario‐driven SSRA. The NBAF EIS [DHS, 2008] developed eight
accidental release scenarios from the Hazard and Accident Analysis that were used in its Risk
Assessment. With some modifications, these eight scenarios (Scenarios 1‐8) were included in the SSRA.
Three additional accident scenarios were developed in cooperation with DHS and included in the SSRA
(Scenarios 9‐11). Lastly, two intentional release scenarios (Scenarios 12 and 13) were derived from
descriptions and boundary conditions provided by the TRA [Sandia, 2010, January 25] which used the
Design Basis Threat (DBT) [Sandia, 2009, June] written by Sandia National Laboratory as input. To ensure
that all reasonable loss of biocontainment or release conditions were appropriately represented in the
SSRA, the scenarios were reviewed by a panel of subject matter experts (SME) in the fields of veterinary
virology, biology, microbiology, biosafety, biosecurity, engineering, epidemiology, tropical virology, and
veterinary science, plus representatives from the NBAF Scientific End‐user’s Group.
The convened National Academy of Sciences (NAS) SSRA Review Committee provided input that DHS has
used to organize the assessment by pathogen transport mechanisms; specifically, liquid effluent, solid
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waste, fomites/vectors/carriers, and aerosol/deposition. The final hybridized approach combines the
use of the aforementioned scenarios and the pathogen transport mechanism assessment methodology.
This enhanced approach resulted in a well‐organized and systematic methodology for assessing NBAF
containment systems (engineered and operational) both by pathogen transport pathway and by using
realistic scenarios and models. This strategy also enhances the mechanisms and format that the SSRA
uses to develop conclusions and provide constructive feedback for NBAF design, operation, and
mitigation strategies.
As a result of this approach, each pathogen transport mechanism contains multiple scenarios used to
assess the pathway—and many scenarios are applicable to several of the pathogen transport
mechanisms. Each scenario has multiple cases that correspond to different pathogens, different
transport mechanisms, and/or different circumstances (potential sequences of events that culminate in
the scenario). Each of these resulting scenario cases were reviewed and compared with information
(e.g., published literature, unpublished literature, interview and meeting notes, anecdotal information)
gleaned from scientists currently working in high containment facilities (e.g., Winnipeg, PIADC, Pirbright,
Colorado State University, Tulane University, Michigan State University, BRI) and other SMEs to assess
the realism and representativeness of the complete set of scenarios and cases (see Section 8 for a
comprehensive list of experts consulted).
Scenario source terms (assumed quantities of stored and working volumes of FMDv and RVFv that may
potentially be released) and applicable initial modeling conditions (e.g., particle size distribution,
velocity of release, time of day, concentration of pathogen, matrix, total pathogen content,
temperature) were derived from extensive literature reviews, site visits and interviews conducted with
other current practitioners and operators of containment facilities and subsequently verified by SSRA
SMEs and compared with the EIS. The source terms, initial conditions and related references have been
compiled into a Scenario Database. The Scenario Database documents the detailed reference(s) for each
source term or initial condition for every case of every scenario. The Scenario Database was created
using Microsoft Access and the data are contained in multiple tables in a relational database format. The
user interface was created using Microsoft Access forms, with Visual Basic for Applications (VBA) used as
the underlying code. Appendix B of this SSRA describes the Scenario Database content and use.
Demand failure probabilities and case failure frequencies for each of the scenario cases were calculated
based on the methodology developed in the EIS Risk Assessment. This process involved identifying the
sequence of failed events that results in the loss of containment and assigning a probability to each
significant, sequential event in order to calculate the total demand failure probability, P (the probability
that the failure will occur given the opportunity). The frequency of opportunities (for failure to occur)
per year, O were also estimated and the resulting case accident frequencies per year, F, were calculated
as:
Accident Frequency (F) = Failure Probability (P) x Opportunities/Year (O)
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Each case frequency was placed into an accident frequency category (used for subsequent rating and
risk ranking) using the following definitions (Table 3‐1). Complete detail regarding the development of
frequencies can be found in the Source Term and Frequency Summary Table (Appendix G). For events
which cause damage to the HEPA systems (and aerosols with pathogens are generated in the
containment areas) the accident frequency is less likely to occur because of the lack of functional HEPA
filtration.
Table 31: Accident Frequency Categories and Definitions
Accident Frequency
Category

Approximate Range
(accidents/year)

Frequent

>10

Occasional

10

1

Infrequent

1

0.01

Rare

1.0 x 10‐2

1.0 x 10‐4

Very Rare

1.0 x 10‐4

1.0 x 10‐6

Improbable

< 1.0 x 10‐6

Description
Likely to occur multiple times per year ‐ incidents
likely to occur during normal operations
Likely to occur several times per year ‐ occasional
incidents
Likely to occur several times during the lifetime of
the facility (50 years)
Unlikely, but possible, to occur during the lifetime
of the facility (50 years)
Unlikely to occur during the lifetime of the facility
(50 years)
Improbable for event to occur during the lifetime
of the facility (50 years)

These case failure frequencies, where appropriate, were combined with the modeled economic impact
to provide the risk ranking. Some of the scenario cases involved estimation of the frequency of a natural
event, such as a high‐wind, a tornado or an earthquake. In these cases, analyses were performed to
calculate the opportunities per year for each natural event for the specific Manhattan, Kansas location.
The demand failure probability for these events was determined by an assessment of the anticipated
NBAF effect/damage and the potential for a loss of containment that may result from these natural
events. Scenarios 12 and 13 model the potential consequences of intentional acts and therefore, no
frequency information was associated with these acts.

3.2

NBAF Systems

The NBAF will provide a safe and modern research facility
for high‐consequence, biological threats including
potentially zoonotic and foreign animal diseases. It will
enable continued research; diagnostics development,
testing and validation; advanced countermeasure (vaccines,
biotherapeutics, diagnostic assays, therapies, and vector
control) development; and training for high‐consequence livestock diseases. NBAF will integrate aspects
of public and animal health research that have been determined to be central to national security and
will incorporate the latest, most secure design practices in order to operate safely and securely. The new
facility will include the main Laboratory Building and several support buildings, as shown in Figure 3‐1.
The first floor of the Laboratory Building comprises office, common, and public spaces, support areas,
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and containment areas, as illustrated in Figure 3‐2. The containment “block” will include the BSL‐3, BSL‐
3E (including BSL‐3E “Special Procedure” rooms), BSL‐3Ag, and BSL‐4 facilities—the BSL‐4 being designed
as a “box within a box.”

Figure 31: NBAF Site Plan [NDP, June 2010]

Figure 32: First Floor of NBAF Laboratory Building [DHS, May 2010]
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Containment is maintained by providing redundant systems and processes that decontaminate and/or
sterilize everything that leaves the containment block. There are four pathways, or transport
mechanisms, by which infectious materials might leave the containment block:
•

As a liquid through the NBAF liquid effluent treatment system,

•

As “solid” waste through the NBAF solids waste management system for the containment areas,

•

As a fomite, in a vector, or as a human carrier, and/or

•

As an aerosol.

Liquids (i.e., all materials discharged into the NBAF liquid effluent treatment system) in containment
areas are disinfected, by protocol, prior to being collected and processed by a liquid Effluent
Decontamination System (EDS). Solids (i.e., all materials exiting containment by autoclave, dunk tank,
wipe down, or vapor decontamination) are sequentially decontaminated. For example, materials leaving
the BSL‐4 area are processed through a pass‐through autoclave into the BSL‐3 area. These same
materials are re‐autoclaved in a second batch autoclave before leaving containment. Fomites are
controlled by access restrictions and procedural requirements for the decontamination and/or
sterilization of everything prior to removal from a containment area and by protective
garments/garment changes and shower out requirements (including a chemical shower required on exit
from BSL‐4). Vectors are controlled by layered confinement systems and strict adherence to vector
control procedures. Human carriers are managed by access restrictions, contact restrictions from
susceptible species, and personal hygiene practices. Aerosols, including laboratory aerosols and animal
respiratory aerosols, will be controlled by the use of biosafety cabinets (BSC) and high‐volume HEPA
filtration systems. Each of these containment systems/practices is described in more detail below.

3.2.1 Liquid Effluent Decontamination Systems
The liquid effluent pathway includes the fixtures and facilities in the containment areas that can receive
liquid wastes—primarily drains. All liquid wastes from the containment block that go down a drain will
be treated by an EDS. The EDS will be located in a containable space (Ground Floor) underneath the
First‐Floor containment areas. Effluent from drains passes through a trap—the trap serves as a seal and
a decontamination element (by the direct addition of a disinfectant or by the accumulation and mixing
of liquid wastes including residual disinfectant) of the EDS. From there, effluent flows into holding tanks
that will be used to store the waste until it is transferred to a cook tank for final sterilization. After
“cooking”, the sterile effluent will be cooled (heat exchangers) and mixed with other sterilized
containment and non‐containment liquid effluent (office/domestic sewage) before being discharged
from the NBAF. From the Laboratory Building, effluent flows through on‐premises gravity flow lines (of
iron construction) to an NBAF‐dedicated lift station just west of NBAF and north of the BRI, but on NBAF
property (see Figure 3‐1). The lift station and its integral sump and pumps move the effluent, via a force
main, in a northerly direction to the top of the hill on the north side of Kimball Avenue. There, the NBAF
force main terminates and the effluent will empty into a City of Manhattan, Kansas, gravity drain system
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where it will be eventually processed by the municipal Waste Water Treatment Plant (WWTP).
Additional detail on the movement of NBAF sanitary sewage is provided in section 3.4.1.
NBAF liquid effluent EDSs comprise several components and provide two independent treatment
pathways—one for BSL‐4 facility wastes and one for all other containment area (BSL‐3Ag, BSL‐3E, and
BSL‐3) wastes—each with built‐in redundancies. The BSL‐4 facilities (including laboratories, small animal
holding rooms, procedure rooms, BSL‐4 large animal rooms, and necropsy suites) are serviced by an EDS
(referred to herein as “EDS‐4”) that also receives the effluent from the BSL‐4 chemical showers. The EDS
for all other containment areas (referred to herein as “EDS‐C”) provides liquid effluent treatment for the
BSL‐3Ag containment areas (including animal receiving rooms, “clean” hallways, “dirty” hallways, large‐
animal holding rooms, laboratories, support rooms, and necropsy suites); BSL‐3E containment areas
(including laboratories, “Special Procedure” rooms with showers, insectaries, and other office, storage
and support rooms); and the central shower facility, laundry, in‐containment restrooms, autoclaves
(BSL‐3Ag, BSL‐3E, BSL‐2), and other liquid effluent sources. The current design requirement provides
effluent processing capabilities for up to 40,000 gallons per day (gpd) through the EDS‐C and 10,000 gpd
through the EDS‐4. The effluent sources for the EDS‐C and EDS‐4 are depicted in Figure 3‐3 and
components are described in Table 3‐2 [NDP, 2010, March].

Figure 33: NBAF Effluent Decontamination Systems (EDSC and EDS4) Sources
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Table 32: NBAF Effluent Decontamination System Estimated Component Descriptions

Capacity, each (gallons)

Est. # of Cycles/day

Daily Capacity, Each
(gallons)

Redundancy

20,000

11

4,167

40,000

N

8

2,779

Up to 6

48,000

N+1

10,000

5,000

4

2,500

10,000

N+1

3

1,667

Up to 3

15,000

N+1

Min. Number of Tanks

Total Capacity (gallons)

40,000

Redundancy

Capacity, each (gallons)

EDS‐2

Min. Number of Tanks

EDS‐4

BSL‐3Ag
BSL‐3E
BSL‐3
BSL‐4

Est. Daily Effluent (gallons/day)

EDS‐1

Cooking Tanks

Design Capacity (gallons/day)

NDP ID

EDS‐C

Containment Level

SSRA ID

Storage (Holding) Tanks

All treatment systems (EDS‐C and EDS‐4) are gravity fed. Liquid effluent in each system will be collected
in holding tanks (interconnected within each system). The holding tanks are not pressurized during
effluent collection. However, these tanks may be pressurized to test for tank/valve integrity prior to the
receipt of liquid effluent. In addition, positive pressure may be applied to assist with drainage when the
holding tanks are being drained into the cook tanks. All holding tanks will be equipped with HEPA‐
filtered ventilation and pressure release valves.
Wetted surfaces in each EDS will be stainless steel (316L) or non‐porous high‐performance resin finish
(sinks and basins). Operationally, all liquid waste effluents will be chemically treated with a disinfectant
(the specific disinfectant, concentration, and protocols depend on the research pathogen) prior to or
during discharge into the EDS. For example, in animal handling rooms, necropsy suites, dirty hallways,
etc., chemical pretreatment is accomplished by spraying surfaces with disinfectant and/or priming drain
traps with disinfectant in accordance with protocols. Animal watering systems will have an auto‐flush
capability, but it is not currently known if these systems will have auto‐priming disinfectant traps. No
other auto‐priming traps or automated systems for the addition of disinfectant to the storage tanks are
included in the facility design at present. All traps will maintain a minimum 2” trap seal during room‐
pressure fluctuations.
Neither EDS is intended to handle large animal waste solids or other solids such as unused feed or large
pieces of necropsy waste tissues. SOPs will provide direction on the collection and disposal of solid
wastes that need to be removed from the containment areas without being washed into the EDS. Gross
removal of solid wastes, in accordance with the SOPs, will prevent most solids from being discharged
into the EDS. In all but animal holding/handling areas, floor drains will be capped and sealed unless
needed for wash down. In the animal holding/handling areas, the use of drain screens and strainers for
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trench drains will restrict/minimize the volume of solids being introduced to the system between
cleanouts/washdowns. No other solid filtration or removal systems are included in the current design.
The BSL‐3E areas will not have floor drains.
The holding tanks will be typically used to collect a full day’s worth of effluent before discharging into
cook tanks for sterilization. As previously stated, the EDS‐4 will be designed to collect and process at
least 10,000 gallons of effluent per day; the EDS‐C will be designed to collect and process at least 40,000
gallons of effluent per day. The EDS‐4 and the EDS‐C are not interconnected in any way until the
sterilized effluents are blended in a heat exchanger prior to discharge from the facility. The holding
tanks within each system are interconnected to accommodate maintenance needs, unusual demand
cycles, valve/tank problems, and other anomalous events.
The cook tanks will be pressure tested prior to receiving effluent from the holding tanks. All cook tanks
have high‐pressure HEPA filtration‐protected vents. In the cook tanks, the accumulated effluent will be
sterilized by using a high‐temperature, high‐pressure batch treatment process. Specific operating
protocols and temperature and pressure profiles have not yet been determined. Utilities (air, steam, and
water) will be provided by the plant (with appropriate backflow prevention) with redundant valves used
at every critical point. The cook cycle will be monitored and controlled by automated systems that will
maintain the prescribed pressure and temperature for the specified period of time. Agitation and mixing
of the effluent being treated will be achieved by use of steam injection.
A heat exchanger will provide heat recovery/dissipation and cools the sterilized effluent prior to
discharge. Consideration is currently being given to using the holding tanks as heat sinks for the high‐
temperature sterilized effluent. Sterilized effluent will be mixed (from both the EDS‐4 and EDS‐C) with
other sanitary effluent from non‐containment areas of the NBAF, including administrative spaces, the
utility plant, and the transshipping facility. This mixing will take place in a secondary heat
exchanger/mixing configuration. Effluent temperature may be further lowered by the addition of fresh
water—with multiple backflow prevention valves on the supply. Conceptual details of an EDS (applicable
to either the EDS‐4 or EDS‐C) are depicted in Figure 3‐4.
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Valve

Figure 34: Conceptual Details of Effluent Decontamination System

3.2.2 Solid (Non‐Liquid) Decontamination Systems
The solid (non‐liquid) decontamination systems will include: carcass disposal systems, autoclaves, dunk
tanks, laundry systems, and decontamination rooms/chambers. All solid (non‐liquid) materials that are
removed from a containment area must be sterilized by one of these methods (or another acceptable
method such as multiple wipe‐down). The solid waste flow is illustrated in Figure 3‐5.
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Figure 35: NBAF Solid Waste Flow [DHS, 2010, May]
Carcass Disposal Systems

The current NBAF design includes two incinerators (IN‐1, IN‐2) and one tissue digester (TD‐1) (a backup
technology) in the BSL‐3Ag facilities, and one incinerator (IN‐3) in the BSL‐4 facilities. (At the time of this
writing, consideration is being given to the use of rendering systems in the place of incinerators.) The
identification number, load capacity, and a description of the spaces served for each of the carcass
disposal systems are indicated in Table 3‐3 [NDP, 2010, May].
Table 33: NBAF Carcass Disposal Systems
Identification No.
IN‐1
IN‐2
IN‐3
TD‐1

Technology
Incineration
Incineration
Incineration
Alkaline Hydrolysis

Containment Level
BSL‐3Ag
BSL‐3Ag
BSL‐4
BSL‐3Ag

Spaces Served
Shared Necropsy
Training Necropsy
Necropsy
Shared Necropsy

Load Capacity (lbs)
4,000
4,000
4,000
5,000

The incinerators will be mounted on the Ground Floor directly beneath the First‐Floor containment
areas. For each incinerator, a loading chute will connect the necropsy suite to the primary combustion
chamber. A secondary combustion chamber completes the incineration process and the exhaust will be
vented through a stack. This conceptual arrangement is depicted in Figure 3‐6. When the incinerator is
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in an inactive (“cool”) state, its internal voids and
combustion chambers will be at a higher relative
pressure than the containment area. Any leaks in
the containment penetration and/or the
incinerator loading chute (including top door
seal) should generally flow from the containable
(but uncontained) area where the incinerator is
mounted (Ground Floor) into the containment
area. The direction of this potential flow reduces
the likelihood containment loss due to the
incinerator penetration. Notably, there is no
expectation of biocontainment seal between the
primary combustion chamber and the
containable area of the Ground Floor. When the
incinerator is not active, an exchange of air
between the primary combustion chamber and
the containable area of the Ground Floor may be

Figure 36: Inactive (“Cool”) Incinerator
expected. The configuration of the incinerators has not
yet been determined and the specific sealing
mechanisms between the containment area and the
primary combustion chamber (Top Door, Intermediate
Door, and Bottom Door) have not been defined.
When active, combustion air for the primary and
secondary combustion chambers may be drawn from
external (outside) air sources but leakage may occur
between the combustion chamber and the containable
area of the Ground Floor, as depicted in Figure 3‐7.
After the incinerator is started, there may be some
increase in pressure in the combustion chambers
before the exhaust flow is fully established.
Figure 37: Hot Incinerator
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After the incinerator reaches the appropriate
operating temperature(s), carcass components,
waste tissue, blood, and other potentially
contaminated animal products are introduced to
the incinerator by opening the top door while the
Intermediate Door and Bottom Door remain
closed, as indicated in Figure 3‐8.
Once all solid wastes have been loaded in the
chute, the Top Door is closed and the Intermediate
Door (the mechanism and/or configuration of the
door has not been determined) is remotely
opened. The solid waste should fall down the
loading chute and rest on the Bottom Door of the
chute, as depicted in Figure 3‐9.

Figure 38: Animal Products Loaded in
Incinerator Chute
After the intermediate door is closed
(remotely) the bottom door will be opened
and the animal products will fall into the
primary combustion chamber (Figure 3‐10).

Figure 39: Animal Products on Bottom Door of
Loading Chute
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The temperature of the primary and
secondary combustion chambers must be
closely monitored to ensure that minimum
temperatures are maintained during the
incineration process. The specific target
temperatures will be specified by protocols
and may be a function of pathogen(s), weight
(of animal products), largest volume (of
animal products) and time. Common
temperatures in the primary and secondary
chambers are 800°C (1,472°F) and 1,000°C
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(1,832°F), respectively. Partially‐combusted
products from the primary combustion chamber
are burned again in the secondary chamber, as
depicted in Figure 3‐11. Residual materials (ash)
will be removed between burns and treated as
uncontaminated waste.
A tissue digestion system is planned for NBAF to
serve as a backup system for surge capacity and/or
alternative technology for the sterilization of
animal products. The digestion of animal products
by alkaline hydrolysis commonly uses sodium
hydroxide (NaOH) or potassium hydroxide (KOH) to
catalyze the hydrolysis of biological material. The

Figure 310: Animal Drop into Primary
Combustion Chamber
specific configuration/location of the tissue
digestion system within NBAF has not yet been
determined. However, large capacity digesters,
capable of processing 3,000‐5,000 pounds
(~1,360‐2,268 kilograms) of animal products in
one batch, may have to be mounted in the
containable area of the Ground Floor with
penetration for the primary vessel into the
containment area—similar to the anticipated
mounting configuration of the incinerators. The
current NBAF design specifies a 5,000 pound
capacity digester. An illustration of a large
(4,000 pound capacity) digester is shown in
Figure 3‐12

Figure 311: Animal Products Incinerated
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Top Hatch (in
containment area)

Figure 312: BioSAFE / WR2 Tissue Digestor™ [BioSAFE Engineering Worldwide, 2010]
Carcass components, waste tissue, blood, and other potentially contaminated animal products are
introduced to the digester through the top hatch of the vessel that extends into the containment area.
Once all biological waste products have been loaded, the top hatch is sealed. Supply tanks will
automatically add alkali (NaOH or KOH) and water, based on the weight (waste materials weighed by
internal load cells) of the animal products. To accelerate the hydrolysis process, a steam jacket can be
used to heat the contents of the vessel to ~150°C (~300°F). Continuous recirculation of the aqueous
material in the vessel is used during the cycle (typically 3‐4 hours) to ensure complete mixing and tissue
hydrolysis. It is estimated that the total time of processing a batch is 5‐8 hours, including loading,
heating, cooling, rinsing, and draining. The digester is monitored and controlled by automated systems
that will maintain the prescribed pressure, pH, and temperature for the specified period of time as well
as conduct agitation and mixing of the effluent being treated.
The resulting effluent of a 4,000 pound capacity digester will be approximately 1,250 gallons, (or ~4,732
liters) of sterile aqueous solution and solid residuals (remaining in the vessel) of bones and teeth (Figure
3‐13), commonly referred to as “bone shadows.” A basket at the bottom of the vessel can be lifted out
after the cycle is complete to remove the solid residuals (constituting approximately 2% of the original
product weight). These materials will be sterile after a successful digester cycle.
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Figure 313: Bone and Tooth Residuals [BioSAFE Engineering Worldwide, 2010]
The sterile aqueous solution would ultimately be mixed with other sanitary effluent. It is important to
note that while the Manhattan, Kansas, WWTP currently accepts waste from two large tissue digesters
installed at Kansas State University and BRI, discharge from these two digesters cannot be accepted at
the same time. This necessitates close cooperation and schedule coordination between the digester
operators. The additional waste water burden of routine digester operations at NBAF will be
problematic unless the WWTP is upgraded or an NBAF‐dedicated waste water treatment facility is
constructed on the premises. Thus, final disposition of liquid effluent from the digester is not currently
defined.
Autoclaves

Pass‐through autoclaves are used to sterilize materials before removal from a containment area. NBAF
plans will require that all waste materials subject to autoclaving (including solid fractions of animal
waste, discarded animal feed, disposable laboratory equipment, and disposable personal protective
equipment (PPE)) will be sealed in (red) autoclave biohazard waste bags—preferably with an integral
processing indicator. Non‐waste items may also be autoclaved out of containment, depending on
compatibility of the item and other sterilization methods available for treatment before removal. The
NBAF design and operational strategy for BSL‐3/BSL‐4 autoclave wastes provides complete redundancy.
Any materials to be removed by the autoclave process are first autoclaved on removal from
containment area (BSL‐3Ag, BSL‐3E, or BSL‐4) and are then re‐autoclaved at the NBAF biocontainment
barrier, as illustrated in Figure 3‐14.
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Figure 314: NBAF Autoclave Waste Flow [NDP, 2010 May]

Four autoclaves are currently planned for BSL‐2 (cGMP), 9 for BSL‐3E, 2 for BSL‐3Ag, and 2 for BSL‐4. A
summary of the purpose and capacity of these autoclaves is provided in Table 3‐4 [NDP, 2010 May].
Sterilized solid (non‐liquid) waste residuals are stored at either the loading dock at the back (east side)
of the laboratory building or at the transshipping facility in a hydraulically‐powered compacter bin. The
bin(s) will be periodically removed and hauled to a commercial incineration facility for witnessed
burning.
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Table 34: NBAF Autoclave Systems
Originating
Area

Destination
Area

Size

# of
Autoclaves

Redundancy

BSL‐4
BSL‐3Ag
BSL‐3E
BSL‐2
BSL‐2
BSL‐3
BSL‐3
BSL‐3

BSL‐3
BSL‐3
BSL‐3
Out
Out
Out
Out
Out

Bulk
Bulk
Medium
Small
Medium
Bulk
Bulk
Bulk

2
2
9
2
2
2
1
1

N+1
N+1
Shared
N+1
N+1
N+1
N+1
Redundant

Capacity
(Bags/Cycle)
Each
16
16
4
2
4
16
16
16

Capacity
(Bags/Cycle)
Total
32
32
36
4
8
32
16

Cycles/Day

1
2
1‐2
1
1
2
1
2

Capacity
Bags/Day
(Total)
32
64
36‐72
4
8
64
16
64

Est. Bags
of
Waste/Day
4
32
40
4
76

3.2.3 Fomite, Vector, and Carrier Control Systems
Fomites (inanimate objects that may transfer infectious materials) have been linked to the spread of
viral pathogens, including FMD, in past events. However, with regard to RVFv, a 2005 European scientific
panel concluded that “whilst fomites may be a vehicle for transmission of RVFv, the probability is
considered low” [EFSA, 2005]. Early consideration of risk mitigation for fomites associated with research
on robust and hardy pathogens, like FMDv, is critical to the NBAF design. For the purposes of the SSRA,
fomites were considered separately from infectious materials inadvertently released from containment
in solid or liquid waste streams. Non‐waste fomites include, but are not limited to, clothing, footwear,
personal items (glasses), office supplies, service equipment, tires, containers, printed materials/paper,
animal handling equipment, emergency response equipment, PPE, and many other ordinary items.
Ultimately, in addition to design considerations, containment of fomites in the NBAF (and other similar
facilities) requires practices in accordance with diligent process and procedural requirements. Basic
strategies for fomite containment include the use of good laboratory practices, PPE, centralized
ingress/egress pathways, and access limitations. Implementation of these strategies must be carefully
considered in the design of a laboratory in order to maintain the proper operational efficiency.
In the context of the SSRA, vectors are living carriers of infectious disease (FMD or RVF) that are either
infected or harboring the pathogen. Common vectors for FMD include susceptible and non‐susceptible
species. For RVF, the most common vector is the mosquito. Unlike vectors, carriers are defined as
contaminated, but non‐infected, persons. It has been reported that humans, independent of personally‐
carried fomites, can carry and subsequently infect susceptible species with FMD [Sellers, 1970]. Since
RVFv is a zoonotic pathogen, the distinction of a carrier state is not used.
In addition to the waste flow diagram previously discussed (Figure 3‐14), NDP has developed flow
diagrams for personnel (Figure 3‐15), materials (Figure 3‐16), animals (Figures 3‐17 and 3‐18), feed
(Figure 3‐19), and laundry (Figure 3‐20). These figures are useful in assessing the design considerations
relative to the control of fomites, vectors, and carriers. For example, NBAF design features shown in
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Figure 3‐15, specifically the centralized ingress/egress shower facility and access control points, are
useful fomite/vector/carrier mitigation factors. Figure 3‐16 shows that flow of materials into the
containment block can only originate from either a building support area adjacent to the BSL‐3Ag
facilities, or a BSL‐2 area adjacent to the BSL‐3E facilities. Presumably, all material flow transfer points
(for materials going into containment) will use air‐locks (as indicated in two areas), dunk tanks (for the
maintenance of the biocontainment boundary), or other validated barrier management system. It is
important to design, develop, and validate the systems and practices for each of these material transfer
points because while the purpose is to move materials into containment, fomites and vectors may also
be able to move in the opposite direction.

Figure 315: Personnel Flow for Routine NBAF Operations [NDP, 2010, May]
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Figure 316: Material Flow for Routine NBAF Operations [NDP, 2010, May]
The movement and handling of animals (Figures 3‐17 and 3‐18) into and inside of containment is a
potential source of fomites and carriers. NBAF animal flow diagrams show the conceptual pathways for
the movement of incoming animals. All animals will be received at the BSL‐3Ag dock by a site‐restricted
vehicle (the transfer of animals from commercial/private carrier to the site‐restricted vehicle will occur
at the transshipping facility). For the introduction of animals into the laboratory, the site‐restricted
vehicle will be backed into a docking bay and the outside door will be closed before the animal
unloading begins. Once unloaded, all animals will be confined to a holding area while the site‐restricted
vehicle leaves the docking bay. An air lock system will be used between the docking bay and the actual
BSL‐3Ag area. New, uninfected animals will be moved down “clean” corridors of the BSL‐3Ag area to
reach the assigned animal holding room. The concept of “clean” corridors and “dirty” corridors (light
grey and dark grey colors, respectively, in the two figures) in the BSL‐3Ag is a critically important
element of fomite/vector/carrier control. Infected animals, wastes, materials, and persons working with
such infected materials will use only the “dirty” corridors. The current NBAF design allows “clean” or
“dirty” access to each animal holding area.
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Figure 317: Animal Movement InFlow for Routine NBAF Operations [NDP, 2010, May]
There are three necropsy areas in the current NBAF plan. The “training necropsy” area is primarily used
as a training venue for veterinarians and other animal disease specialists. Many elements of the Foreign
Animal Disease Diagnostician (FADD) School will be performed in the training necropsy area. The
principal BSL‐3Ag necropsy area is called “shared necropsy.” The shared necropsy will most often be
managed and maintained as a BSL‐3Ag area. However, there is some small potential for anomalous
situations that would require the use of the shared necropsy facility for BSL‐4 necropsies. The potential
use of the shared necropsy for BSL‐4 work is part of the NBAF contingency and risk mitigation plan. The
restoration of the shared necropsy to a BSL‐3Ag level after BSL‐4 necropsies are performed will require
the development of detailed sterilization and validation processes in order to minimize the potential for
fomites/vectors/carriers and laboratory‐acquired infections.
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Figure 318: Animal Movement OutFlow for Routine NBAF Operations [NDP, 2010, May]
Animal feed and other BSL‐3Ag consumables will be delivered to containment through a receiving area
adjacent to the animal receiving area on the east side of the laboratory facility. The conceptual feed flow
confirms that such materials will be transported through clean corridors, minimizing the potential for
fomites and carriers. Waste feed is removed from the BSL‐3Ag as solid waste.
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Figure 319: Animal Feed Movement for Routine NBAF Operations [NDP, 2010, May]
The management and control of fomites/vectors/carriers also includes the use of laboratory‐specific
clothing/clothing changes, hygienic practices (e.g., showers, hand‐washing), personal property
management/movement strategies, education and training, out‐of‐laboratory susceptible species
avoidance, and PPE. The laundry flow diagram, shown in Figure 3‐20, indicates that all laboratory‐
specific clothing will be laundered and maintained inside the containment block. This practice will
significantly reduce the risk of fomites (and carrier) incidents.
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Figure 320: Laundry Movement for Routine NBAF Operations [NDP, 2010, May]

3.2.4 Air Handling/Filtration Systems
Like all high‐containment facilities, NBAF design and operational strategies depend on sound laboratory
practices and layered engineering solutions. Specifically with regard to air handling/filtration systems,
good laboratory practices are used to minimize the creation of aerosols. Layered engineering solutions
include the use of BSCs, negative pressure/directional airflow, in‐laboratory flow patterns, air exchange
rates, HEPA filtration, single‐pass circulation, biocontainment dampers, and other manual and
automated safety systems. In BSL‐3Ag and BSL‐4 animal holding rooms, the rooms themselves usually
becomes the primary containment barrier and effective building air handling and filtration systems are
critical to successful biocontainment.
In containment areas inside of the containment block (i.e., BSL‐3, BSL‐3E, BSL‐3Ag, and BSL‐4 areas) that
do not house large animals, BSCs are effective and will be used as the primary engineering control for
aerosols. There are three general types of BSCs available (Class I, II, III). Properly maintained Class I and II
BSCs, when used in conjunction with good microbiological techniques, provide an effective containment
system for safe manipulation of moderate and high‐risk microorganisms, including BSL‐2 and BSL‐3.
Class II BSCs also protect the research material itself through HEPA filtration of the laminar air flow
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down across the work surface. Class III BSCs offer the maximum protection to laboratory personnel
because all hazardous materials are contained in a totally enclosed, sealed cabinet.
A summary of the containment block air filtration systems is provided in Table 3‐5. [NDP, 2010, May]

Room Supply HEPA

Room Supply
Bioseal

Cabinet Supply
Integral HEPA

Cabinet Exhaust
Integral HEPA

Cabinet Exhaust
Bioseal

Cabinet Exhaust
HEPA

Cabinet Exhaust
HEPA Bioseal

Supplied Breathing
Air

Room Exhaust
Bioseal

Room Exhaust
HEPA

Room Exhaust
HEPA Bioseal

BSL‐3E
BSL‐3E (Vented BSC)
BSL‐3E Isolation
Room
BSL‐3E Isolation
Room (Vented BSC)
BSL‐3E Special
Procedures Room
BSL‐3Ag
BSL‐4 Supplied Air
Room
BSL‐4 Cabinet Room

HEPA Intake Bioseal

Room Type

Table 35: HEPA Filtration Strategy
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Yes
Yes
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No

Yes

Yes

Yes
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No
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No

No

No
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2
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Yes
Yes

Yes
Yes

Yes
Yes

No
No

No
Yes

No
No

No
No

No
No

No
Yes

Yes
Yes

2
2

Yes
Yes

Yes

Yes

Yes

Yes

2

Yes

Yes

Yes

No

Yes

2

Yes

In the BSL‐3E areas, the nominal laboratory ventilation system does not include HEPA filtration of the
supply air. Some of these laboratories will be equipped with BSCs that recirculate HEPA filtered air in the
room (Figure 3‐21) and others will have BSCs that exhaust HEPA‐filtered air through the building
ventilation system (Figure 3‐22). The general exhaust air for both of these room configurations will be
HEPA‐filtered.
The heating, ventilation, and air conditioning (HVAC) and HEPA filtration strategy for BSL‐3E “Isolation”
laboratories will be augmented with HEPA filtration supply air (Figure 3‐23) and, where non‐recirculating
BSCs will be used, dedicated BSC exhaust filtration by building HEPA (Figure 3‐24). The BSL‐3E area will
also include some rooms that will be designated as “Special Procedure” rooms. The BSL‐3E Special
Procedure rooms are intended to be used for research activities that are more likely to generate high‐
risk aerosols and/or large production volumes. The HVAC and HEPA filtration strategy for these rooms
will use double HEPA (HEPA filtration units in series) exhaust filtration (Figure 3‐25).
BSL‐3Ag rooms (including animal holding) will use HEPA‐filtered supply air and double‐HEPA exhaust
filtration (Figure 3‐26). Some BSL‐4 rooms (including animal holding) will use the same strategy, HEPA‐
filtered supply air and double HEPA exhaust filtration, but these rooms will also include supplied
breathing air for laboratory personnel (Figure 3‐27). BSL‐4 cabinet rooms will use HEPA‐filtered supply
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air and double HEPA exhaust filtration. The cabinets will use HEPA supply (from the room) filtration and
double HEPA cabinet filtration in series with single HEPA exhaust filtration by building HEPA systems, as
shown in Figure 3‐28. (
Filtration Strategy
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BIOWASTE TREATMENT

Figure 321: BSL3E Laboratory with Recirculating BSC
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Figure 322: BSL3E Laboratory with Vented BSC
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Figure 323: BSL3E Laboratory Isolation Room with Recirculating BSC
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Figure 324: BSL3E Isolation Room with Vented BSC
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Figure 325: BSL3E Special Procedure (High Risk Isolation) Room
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Figure 326: BSL3Ag Room
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Figure 327: BSL4 Supplied Air Room

Figure 328: BSL4 Cabinet Room
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3.3

Scenarios

The use of best practices and experience‐based knowledge compiled from the operation of similar
animal pathogen and human pathogen facilities greatly reduces the risk to U.S. citizens and agricultural
infrastructure. However, it is impossible to eliminate all of the risk associated with high‐consequence
pathogen research. The principal objective of the SSRA is to assess the risks associated with the current
NBAF design (15% completion stage) in order to provide feedback to DHS regarding the current facility
design, operational strategy plans, and current response mitigation planning processes. In the end, the
feedback on these activities is prioritized by modeling the potential economic consequences of a
biocontainment failure in order to provide semi‐quantitative (and in some cases, qualitative) relative risk
rankings. (Biosecurity failures in the form of intentional incidents are included in this assessment but are
not ranked with the accidental events.)
The SSRA models the NBAF risks by assessing thirteen different release scenarios. For all scenarios,
whether they are accidental or intentional, the transport and fate of pathogenic materials can occur
along one or more of the four different transport mechanism pathways:
•

Liquid (viable pathogen contamination of the NBAF sanitary sewerage);

•

Solid (viable pathogen contamination of the NBAF solid waste disposal process);

•

Fomite/Vector/Carrier (viable pathogen release via fomites, vectors (includes hosts), and human
carriers); and

•

Air and Deposition (viable pathogen release of aerosols as an inhalation threat to susceptible
species and the deposition of such aerosols as an ingestion or exposure threat).

Eight of these scenarios were originally developed in the Hazard Identification and Risk Assessment
performed for the EIS [DHS, 2008]. Three additional scenarios were developed to provide specific
consideration for additional types of accidents. Two intentional release scenarios were developed as a
result of the site‐specific Threat and Risk Assessment (TRA) [Sandia, 2010, January 25]. A panel of SSRA
SMEs and the SSRA Interagency Government Review Team reviewed the scenarios and considered the
scenarios representative of the realm of containment release scenarios (accidental and intentional) that
are feasible for this site‐specific NBAF assessment. The correlation between the transport mechanisms
and scenarios used in this assessment is summarized in Table 3‐6.
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Table 36: Scenario and Transport Pathways
Scenario
No.

Description

Transport Pathway
Liquid

Solid

F/V/C

1

Small/Medium Laboratory Spill
with Creation of Aerosol

2

Laboratory Acquired Infection

9

3

Lost or Escaped Vector

9

4

Loss of Containment by
Liquid/Solid Waste

5

Single Room Fire

6
7

9

9

9
9

Single Room
Deflagration/Overpressure
Seismic (Earthquake) or High
Wind (non Tornado) Event

9
9

8

Small Aircraft Crash Into Facility

9

Human Carrier (non‐infection)

9

10

Loss of Containment by Fomite

9

11

Tornado

9

12
13

Theft and Subsequent
Intentional Pathogen Release
Sabotage of NBAF Systems or
Processes with Subsequent
Pathogen Release

Air and
Deposition

9
9

9

9
9

9

9

Each scenario was comprised of multiple cases. Each case was developed assuming a single pathogen
and a specific set of conditions. The general methodology used for the estimation of parameters such as
the source terms, initial conditions, and failure frequencies were adopted from the EIS. The source term
is the total quantity of pathogenic materials that are potentially at risk in the scenario/case. This term is
also referred to as the material available for release or MAR. The fraction of the MAR that was included
in a scenario was determined by setting the damage ratio, or DR. The DR is a value between 0 and 1 that
represents the fraction of the MAR that was actually involved in the scenario/case. For example, if
100 mL of culture media is in a flask but only 50 mL is actually spilled, the DR would be 0.5. If the
transport mechanism is Liquid, Solid, or Fomite/Vector/Carrier, there are no further reductions to the
MAR—the resulting pathogen quantity is referred to as the initial condition release quantity, or Q. The
release Quantity is the amount of pathogen modeled as having been released from NBAF as a result of
the scenario/case. If the transport mechanism under consideration is air and deposition, an aerosolized
fraction (also referred to as airborne release fraction), or ARF, of the source term is determined, based
on the physical conditions that generate the aerosol. (The aerosol deposition model uses aerosol
particle size distributions that are described later in this report.) The aerosol source term was also
reduced from some cases, based on pathogen aerosol losses called leak path factors (LPF) in ducting
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through exhausted HEPA filtration. For modeling purposes, the LPF reduction factor was either turned
“on” (with a pathogen reduction of 1 x 10‐5) or “off” (with no reduction in pathogen (1.0)) [DHS, 2008].
To summarize, the total viable pathogen available for release (Q) for each case is calculated [Q = MAR x
DR x ARF x LPF] from the source term (MAR).
For each scenario, the following subsections provide:
•

General Description;

•

Modeled Case Pathways (description of events or conditions that lead to the scenario incident);

•

Assumptions;

•

Transport Mechanisms (Liquid, Solid, Fomite/Vector/Carrier, Air and Deposition);

•

Source Terms (pathogenic material at risk);

•

Initial Conditions (conditions at release from biocontainment);

•

Case Frequencies (estimated failure frequency of scenario occurrence); and

•

Case Summary Tables.

For each modeled case involving release of pathogens, a brief description of the cause of release, source
terms, initial conditions, failure frequencies, and failure frequency category can be found at the end of
each scenario section in the case summary tables. In addition, details related to the failure frequency
probabilities, opportunities, opportunity rate (the number of opportunities per year for each potential
failure event), and the overall failure frequencies (the product of the failure frequency and the
opportunity rate on a per‐year and per‐NBAF lifetime (50 years)) for each modeled case can be found in
the Source Term and Frequency Summary Table (Appendix G) as well as the Scenario Database
(Appendix B). Details on the development of the source terms and initial conditions including
assumptions and references for each case are also featured in the Scenario Database.

3.3.1 Scenario 1: Small/Medium Laboratory Spill with Creation of Aerosol
General Description

Small to medium spills and other mishaps occur with some regularity in any laboratory. Multiple layers
of containment/engineering and successful use of protocols mitigate the potential loss of
biocontainment that could result from such an accident. However, there is some small possibility that
the aerosol fraction of a small/medium spill, or equivalent equipment malfunction, could result in
pathogens being released from containment through, or around, the laboratories’ HEPA exhaust
filtration. This scenario develops specific cases for assessment and modeling based on such accidents in
the containment area. The cases include dropped containers and equipment (i.e. centrifuges and
homogenizers) failures that result in the production of an aerosol and potential loss of biocontainment
through or around the HEPA exhaust system.
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BSL‐3 and BSL‐4 laboratory spills are typically mitigated by the use of small volumes, break‐resistant
containers, engineering controls (e.g., BSCs and HEPA filtration systems), and Standard Operating
Procedures (SOPs). These spills can be easily cleaned using disinfectant(s), and engineering controls
generally minimize or prevent the release of an aerosol to the environment. However, the following
examples are potential small to medium spill accidents (or the creation of an equivalent aerosol by
equipment and other protocol failures) that could occur in NBAF laboratories with potential aerosol‐
producing consequences and the potential loss of containment:
•

Spills or drops during routine handling and movement, due to procedural or personal error, while
performing routine activities;

•

Spills or drops during inappropriate handling and movement due to procedural violation or
personal error;

•

Equipment (primary containment) malfunction during routine activities;

•

Equipment malfunction caused by inadequate maintenance or procedural error/violation; and

•

Drops during transportation, packaging, or unpackaging of infectious materials.

For most of the cases assessed in this scenario, a number of controls and safety features must fail in a
series of unlikely events in order for an environmental release to occur – making this a low probability
event. Four cases (two FMDv and two RVFv) were considered for this “inside the laboratory” event
scenario, with and without HEPA filtration.
While very rare, spills and leaks of infectious materials can occur during shipment and receipt of
packages. The packaging and shipping of infectious materials require the use of specific procedures and
the personnel responsible for preparing such packages must be trained and certified in order to ship
packages by land (DOT Regulations) or air (IATA Regulations). Select agent infectious materials
packaging and handling requirements are covered by Select Agent Regulations for Possession, Use, and
Transfer of Select Agents and Toxins, published by HHS (42 CFR part 73) and by USDA (9 CFR part 121
and 7 CFR part 331) [USDHHS/USDA, 2007]. These regulations provide many requirements, including:
•

Required permits (e.g., granted by the U.S. Public Health Service, USDA, DOT, U.S. Department of
Commerce, and IATA) shall be obtained before select agents are prepared for transport. Standard
operating procedures should be in place for import and export activities;

•

Packaging, labeling, and transporting select agents must be performed in conformance with all
applicable local, federal, and international transportation and shipping regulations;

•

Personnel who package, handle, and ship these agents should be subject to all applicable training.
Hazardous materials shipping training and certification is required for shippers; and

•

Recommendations for facilities are to avoid hand‐carrying select agents when transferring them
to other external facilities and to develop and follow protocols for intra‐facility transfers.
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Two (FMDv and RVFv) additional cases assessed for this scenario include a small—medium spill or leak
from a package containing infectious materials while in route from the NBAF transshipping facility to the
laboratory. A series of failures must occur outside of a biocontainment area in order for this case to
transpire.
Modeled Case Pathways

There are two types of cases for this scenario: one type (comprising four cases) takes place within the
NBAF biocontainment laboratories, and the other type (comprising two cases) occurs outside of
biocontainment. Table 3‐7 summarizes all six cases modeled in this scenario.
Table 37: Small/Medium Spill Modeled Case Pathways
1FA
1FB
1FC
1RA
1RB
1RC

FMDv Spill Inside Biocontainment with Functional HEPA
FMDv Spill Inside Biocontainment with Non‐functional HEPA
FMDv Spill Outside Biocontainment
RVFv Spill Inside Biocontainment with Functional HEPA
RVFv Spill Inside Biocontainment with Non‐functional HEPA
RVFv Spill Outside Biocontainment

Four cases for this scenario involve the loss of viable pathogen through the laboratory HEPA exhaust
systems (two cases when the system is not properly filtering laboratory exhaust). The opportunities for
these cases (cases 1FA and 1FB for FMDv, and 1RA and 1RB for RVFv) arise from a spill within BSL‐3Ag or
BSL‐3E biocontainment areas, respectively. The failure sequence for these cases includes: 1) dropped
containers or equipment failure, and 2) primary container failure (complete failure – all material
released). Cases 1FB and 1RB include 1 and 2 above plus a third failure: 3) non‐functioning HEPA exhaust
filtration.
The next set of cases (cases 1FC and 1RC, for FMDv and RVFv, respectively) for this scenario include an
aerosol release outside of the biocontainment facility due to the series of events that include: 1)
dropped package containing infectious material; 2) failure of primary container; 3) failure of secondary
container; and 4) failure of tertiary shipping container (i.e., outside box). The opportunities for these
cases could occur on or outside of the NBAF grounds, as with any infectious materials package. For the
purpose of this SSRA; however, the location is assumed to be between the transshipping facility and the
laboratory.
Assumptions

•

It is assumed that an unusually high concentration (1 x 1010 iu/mL) of pathogen is in the
dropped/spilled container. A pathogen concentration (N) of 1 x 1010 iu/mL is at the very high
end of observed/referenced concentrations for FMD and RVFv production in cell culture,
according to SSRA SMEs. Typical production final concentrations are 106 ‐ 108 iu/mL for FMDv
and 107 ‐ 108 iu/mL for RVFv in cell culture; concentration steps are usually required to produce
higher concentrated materials. While a concentration of 1 x 1010 is unlikely to occur for FMDv or
RVFv in cell culture at NBAF without concentration, the GAO Report to Congressional
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Committees [Kingsbury, 2009] concluded that the EIS‐estimated concentration of 1 x 108 was
too low. This assessment uses the higher concentration in order to address GAO comments and
observations.
•

An assumed volume of 100 mL of virus cell culture is used. The 100 mL culture could be in a single
or multiple containers (i.e., T‐flasks or vials) or from equipment malfunction. This volume of
culture is representative of medium sized containers that might be involved in a laboratory
accident. Higher concentration samples (> 1 x 1010 iu/mL) are possible, but typically are in smaller
volumes (1‐2 mL). This scenario could also represent a larger volume (i.e., 1 liter) spill of lower
concentration material—similar to that of typical virus production (1 x 108 pfu/mL) process.

•

Scenario spill was due to a series of accidental events; no intentional failures were involved.

•

For the four “inside” scenario cases, the spill occurred in the laboratory but release to the
environment occurs from the facility exhaust stack(s). For modeling purposes, no reduction of
pathogen is assumed within laboratory due to time (decay), UV, temperature, or relative
humidity. Stack height is 85 feet [NDP, 2010, May].

•

NBAF emergency management plan and training is extensive and covers a wide range of topics
ranging from basic awareness and familiarity of emergency equipment layout to life‐safety
equipment with designated personnel to transport injured staff to triage.

•

Release to the environment from the exhaust stack assumed the release rate and duration was
nearly instantaneous (1 second) rather than over an extended period of time (which would dilute
the instantaneous “puff”).

•

While it was assumed that the pathogen would be present in tissue culture media (virus cell
culture), some media characteristics were assumed to be the same as water: density, viscosity,
and vapor pressure. Matrix temperature was assumed to be the general ambient laboratory
temperature of 72° F.

•

For PUFF modeling, matrix dry biological density was assumed to be similar to that of Smallpox.
Smallpox is the only virus for which dry biological density data is available [DTRA, 2008].
Transport Mechanism

For all cases of this scenario, only the Aerosol and Deposition transport mechanism is considered. The
non‐aerosol fraction of the spill was assumed to be remediated in accordance with standardized
procedures and no viable pathogenic material would be directly discharged into the NBAF Effluent
Decontamination System. All solid waste generated from the cleanup will be disposed of with other
contaminated solid waste. Fomites/vectors/carriers would be prevented by the use of good handling
practices, hygiene, and use of applicable PPE.
Source Terms

The quantity of material (source term) used for both FMDv and RVFv for the cases assessed for this
scenario was 1.0 x 1012 iu (100mL x 1.0 x 1010 iu/mL). As previously mentioned, this quantity is referred
to as the MAR. The estimate of this source term was developed using input from current FMDv and RVFv
researchers (Scientific End‐users Group) and the SSRA SME panel.
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Initial Conditions

In summary, the source term, or MAR, is reduced by several factors in order to estimate the amount of
pathogenic material that is actually released from biocontainment, or directly released into the
environment. The first potential reduction factor is the damage ratio, or DR. For this scenario, the DR
was set to 1 (on a continuous scale from 0 to 1, representing 0% to 100%), indicating that all of the
pathogen matrix in the container/equipment was involved in the accident.
However, only a fraction of the pathogen matrix will actually become aerosolized in the accident. The
aerosolized fraction (ARF) in all cases for this scenario is 1 x 10‐4. While lower fractions were generated
in plant scale production experiments [Ashcroft, 1983], the EIS developed a conservative estimate of 1 x
10‐4 [DHS, 2008]—this is a nominal value and was used in this SSRA unless otherwise noted. Note that
for a spill of 100 mL with no additional external forces applied, the aerosol fraction is likely to be much
less than that observed for plant scale accidents making this a conservative estimate.
The last factor that is used in developing the initial release quantity from the source term is the LPF. The
LPF accounts for pathogen reduction by losses (of aerosols) to walls, ducting, and HEPA filtration
systems. For cases 1FA and 1RA, where the HEPA exhaust filtration system is functioning properly, the
LPF is set to 1 x 10‐5. For cases 1FB and 1RB, in which the HEPA system was not functioning properly, the
value was set to 1.0 (no reduction in source term). Cases 1FC and 1RC occur outside of biocontainment
and the LPF is not applicable (set to 1.0) [DHS, 2008].
Case Frequencies

For this scenario, the total number of opportunities per year was determined by estimating (with
assistance from the Scientific End‐users Group) the number of employees that may be handling
pathogenic material containers every day (20), the number of opportunities each employee has to
handle such materials each day (50), and the number of work days in one year (260). The resulting
opportunity frequency (Opportunities/Year) was = 20 x 50 x 260 = 2.6 x 105.
The failure probability for the spill cases ranged from 1.0 x 10‐5 to 1.0 x 10‐13, and was dependent on the
location of the release (inside or outside of biocontainment) and the HEPA filtration functionality at the
time of the release, among other factors. The resulting accident frequency categories for the 6 cases
involving small to medium spills are presented in the summary tables.
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Case Summary Tables
Modeled Case: FMDv Spill Inside Biocontainment with Functional HEPA
Case Identifier:
1FA
Transport Mechanism:
Air and Deposition
Scenario:
Small/Medium Laboratory Spill with Creation Aerosol
Pathogen:
FMDv
Cause:
A small/medium spill inside biocontainment creates an aerosol
release due to series of events to include dropped container(s) or
equipment failure and failure of primary container(s).
Source Terms:
MAR = 1.0 x 1012 iu
N = 1.0 x 1010 iu/mL
Initial Conditions:
Q = 1.0 x 103 iu.
Fate & Transport:
Plume Modeling
Accident Frequency
2.6/year
Likelihood (NBAF Lifetime)
1.3 x 102/50 years
Frequency Category
Occasional
Modeled Case: FMDv Spill Inside Biocontainment with Non‐functional HEPA
Case Identifier:
1FB
Transport Mechanism:
Air and Deposition
Scenario:
Small/Medium Laboratory Spill with Creation Aerosol
Pathogen:
FMDv
Cause:
A spill inside biocontainment creates an aerosol release due to
series of events to include dropped container(s) or equipment
failure, failure of primary container and failure of HEPA filtration.
Source Terms:
MAR = 1.0 x 1012 iu
N = 1.0 x 1010 iu/mL
Initial Conditions:
Q = 1.0 x 108 iu.
Fate & Transport:
Plume Modeling
Accident Frequency
2.6 x 10‐3/year
Likelihood (NBAF Lifetime)
1.3 x 10‐1/50 years
Frequency Category
Rare

Modeled Case: FMDv Spill Outside Biocontainment
Case Identifier:
1FC
Transport Mechanism:
Air and Deposition
Scenario:
Small/Medium Laboratory Spill with Creation Aerosol
Pathogen:
FMDv
Cause:
A spill outside of biocontainment creates an aerosol release due to
series of events to include dropped package containing infectious
material and failure of primary, secondary and tertiary shipping
containers.
Source Terms:
MAR = 1.0 x 1012 iu
N = 1.0 x 1010 iu/mL
Initial Conditions:
Q = 1.0 x 108 iu.
Fate & Transport:
Plume Modeling
Accident Frequency
2.6 x 10‐8/year
Likelihood (NBAF Lifetime)
1.3 x 10‐6/50 years
Frequency Category
Improbable
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Modeled Case: RVFv Spill Inside Biocontainment with Functional HEPA
Case Identifier:
1RA
Transport Mechanism:
Air and Deposition
Scenario:
Small/Medium Laboratory Spill with Creation Aerosol
Pathogen:
RVFv
Cause:
A small/medium spill inside biocontainment creates an aerosol
release due to series of events to include dropped container(s) or
equipment failure and failure of primary container(s).
Source Terms:
MAR = 1.0 x 1012 iu
N = 1.0 x 1010 iu/mL
Initial Conditions:
Q = 1.0 x 103 iu.
Fate & Transport:
Plume Modeling
Accident Frequency:
2.6 /year
Likelihood (NBAF Lifetime):
1.3 x 102/50 years
Frequency Category:
Occasional
Modeled Case: RVFv Spill Inside Biocontainment with Non‐functional HEPA
Case Identifier:
1RB
Transport Mechanism:
Air and Deposition
Scenario:
Small/Medium Laboratory Spill with Creation Aerosol
Pathogen:
FMDv
Cause:
A spill inside biocontainment creates an aerosol release due to
series of events to include dropped container(s) or equipment
failure, failure of primary container and failure of HEPA filtration.
Source Terms:
MAR = 1.0 x 1012 iu
N = 1.0 x 1010 iu/mL
Initial Conditions:
Q = 1.0 x 108 iu.
Fate & Transport:
Plume Modeling
Accident Frequency
2.6 x 10‐3/year
Likelihood (NBAF Lifetime)
1.3 x 10‐1/50 years
Frequency Category
Rare
Modeled Case: RVFv Spill Outside Biocontainment
Case Identifier:
1RC
Transport Mechanism:
Air and Deposition
Scenario:
Small/Medium Laboratory Spill with Creation Aerosol
Pathogen:
RVFv
Cause:
A spill outside of biocontainment creates an aerosol release due to
series of events to include dropped package containing infectious
material and failure of primary, secondary and tertiary shipping
containers.
Source Terms:
MAR = 1.0 x 1012 iu
N = 1.0 x 1010 iu/mL
Initial Conditions:
Q = 1.0 x 108 iu.
Fate & Transport:
Plume Modeling
Accident Frequency
2.6 x 10‐8/year
Likelihood (NBAF Lifetime)
1.3 x 10‐6/50 years
Frequency Category
Improbable
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3.3.2 Scenario 2: Laboratory Acquired Infections (LAI)
Microbiological laboratories are unique work environments that pose identifiable infectious disease
risks to personnel. Infections have been contracted in the laboratory throughout the history of
microbiology; however, over the years engineering controls and procedures have been introduced to
minimize these risks. The NBAF shall be constructed with the most recent and technically advanced
equipment and design to further reduce LAI.
LAIs are defined as all infections acquired through laboratory or laboratory‐related activities regardless
of whether infection is symptomatic or asymptomatic. In this scenario, a LAI was modeled as resulting
from inhalation, injection (includes autoinoculation as well as contact through mucus membranes), and
ingestion routes of entry.
General Description
LAIs occur in both clinical and research laboratories [Kimman, 2008; Pike, 1976; Rusnak et al., 2004a;
Rusnak et al., 2004b]. For this site‐specific risk assessment only RVFv was considered as a laboratory
acquired infection. Foot and mouth disease virus was modeled as a human carrier case; not a laboratory
acquired infection.
LAIs may result from occupational exposure to infectious agents. At least three types of errors lead to
LAIs: personnel errors, equipment failures, and standard practice failures. The most common routes of
exposure include inhalation (i.e. aerosols), percutaneous inoculation, contact between mucous
membranes and contaminated material (hands or surfaces), and ingestion. Some types of laboratory
related accidents which may lead to a LAI include:
•

Aerosolized pathogen from handling and manipulations;

•

Aerosolized pathogen from equipment malfunctions (i.e. centrifuges, homogenizers) – this
scenario is covered under Small/Medium Spill scenario although also could fall under the LAI
event as well;

•

Needle and syringe punctures, cuts or abrasions from contaminated items,

•

Animal bites and scratches;

•

Aerosol, splash, or direct contact with mucus membranes (i.e. nasal passage, eyes); and

•

Personal contamination from routine activities or improperly disinfected items leading to
ingestion (hand to mouth, smoking or eating).

In the LAI scenario three cases were assessed for RVFv pertaining to the route of infection; in all three
cases, a number of procedural errors or violations and safety features fail in a series of events in order
for the laboratory acquired RVF infection to occur. RVFv is not known to have specific physical
characteristics making it more prone to LAI over other viral agents; however, many operations in the
laboratory, such as necropsy, may put an employee at high risk if SOPs are not carefully followed.
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According to the Scientific End‐users Group, aerosolized pathogens and dry materials are not routinely
worked with or stored. Use of BSCs also reduces the risks associated with aerosol hazards.
Modeled Case Pathways

There are three types of cases for this scenario—differentiated by the route of entry: inhalation,
inoculation, and ingestion. Each case takes place within the NBAF BSL‐3E or BSL‐3Ag biocontainment
areas. Table 3‐8 summarizes the three cases assessed in this scenario.
Table 38: Laboratory Acquired Infection Modeled Case Pathways
Case Identifier
2RA
2RB
2RC

Modeled Case Pathways
RVFv Laboratory Acquired Infection – Inhalation
RVFv Laboratory Acquired Infection – Injection
RVFv Laboratory Acquired Infection – Ingestion

All cases for this scenario involve a LAI using a similar set of failures in the failure sequence. The type of
accidents, mishaps, procedural errors and violations may be different for the cases but overall the
failure events are similar. The LAI cases include: 1) human error and/or equipment failure, 2) improper
handling or procedural violation, and 3) failure or improper use of PPE or decontamination failure. One
example of a case in the BSL‐3Ag holding area includes: 1) routine or improper use of syringe leads to
blocked filter, 2) worker continues to press on syringe with resulting pressure forcing the filter off the
syringe created aerosolized suspension, [Bennett, 2006] 3) worker neglects to report the incident
because they were wearing PPE, and 4) PPE was not properly fitted leading to a RVFv infection via
inhalation. Consequences from this case example include: worker exposure to pathogen, RVFv infection,
worker continues routine activities during incubation period, and the infection goes unknown until
clinical symptoms are present.
Assumptions

•

Assumed a number of personnel errors and/or violations in series;

•

Assumed improper use of PPE or failure of disinfection process;

•

Worker or visitor was exposed to RVFv with subsequent infection; and

•

The NBAF laboratory has well trained workers with equipment and materials in good condition
and working order with proper preventative maintenance.
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Transport Mechanisms

For all cases of this scenario, only the Fomite/Vector/Carrier transport mechanism was considered. The
infected person was a host/vector which could potentially spread disease to other susceptible species.
No solid or liquid waste is generated nor are waste systems applicable to this scenario. The source term
and initial condition data is transferred directly to epidemiological modeling and no Liquid, Solid, or Air
and Deposition transport mechanisms are assessed in this scenario.
Source Terms

The quantity of pathogen (source term) of RVFv in all assessed LAI cases is an unspecified quantity, but is
greater than an infectious dose. It is not necessary to know the actual quantity of inoculum for the
purposes of epidemiological modeling. The infected individual is the carrier of pathogenic virus outside
of biocontainment. Following the incubation period, the virus replicates with subsequent signs,
symptoms, and viremia.
Initial Conditions

The source term, or MAR, was assumed to be greater than an infectious dose. Initial conditions assumed
the individual was infected, continues routine activities during the incubation period in which the virus
could be transmissible to susceptible species including humans, mosquitoes, and cows—to be assessed
in the epidemiological model. The epidemiological model, then, examined the potential spread of
disease.
Case Frequencies

For this scenario, the total number of opportunities/year was determined by estimating (with assistance
from the Scientific End‐users Group) the number of employees that may be handling pathogenic
material or infected animals every day (50), the number of LAI opportunities each employee has to
handle such materials each day (12), and assuming the number of work days in one year is 260. The
resulting opportunity frequency (Opportunities/Year) is = 50 x 12 x 260 = ~1.6 x 105.
The employees considered susceptible for LAIs are shown in Table 3‐9 along with the estimated handling
opportunities per position. The estimated mean number of LAI handling opportunities is 12 per
employee. The failure probability for all route of entry case pathways is 1.0 x 10‐6 leading to an
estimated LAI accident frequency of less than one per year.
Table 39: Estimated Handling Opportunities for LAI
Employee Position
Research Laboratory
Animal Handling
a

Employee Number
20
10

Estimated LAI Handling
Opportunities/Day
5
10

Estimated LAI Handling
Opportunities/Day Averagec
12

a

Necropsy

10

40

Waste Systemsb

2

NAb

Other*

8

NAb

NAb

*Other included to account for additional staff not necessarily involved in the above tasks
a Highest risk position and tasks for potential LAIs
b Scientific‐users group estimated Waste systems handling opportunities per day to be 1; no estimation was given for 'Other'. These employees
were not used in calculating handling opportunities average.
c Average was calculated using employee number and estimated opportunities for the three applicable employee positions.
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Case Summary Tables
Modeled Case: RVFv Laboratory Acquired Infection ‐ Inhalation
Case Identifier: 2RA
Transport Mechanism: Fomite/Vector/Carrier
Scenario: Laboratory Acquired Infection
Pathogen: RVFv
Cause: Inhalation of RVFv by worker or visitor due to human or
mechanical error, procedural violation (improper handling of
incident), and failure or improper use of PPE.
Source Terms: MAR = ≥ infectious dose
Initial Conditions: Individual is not quarantined, goes about routine activities and has
the potential to spread disease
Fate & Transport: Direct to Epidemiological Modeling
Accident Frequency 1.0 x 10‐1/year
Likelihood (NBAF Lifetime) 7.8 /50 years
Frequency Category Infrequent

Modeled Case: RVFv Laboratory Acquired Infection ‐ Injection
Case Identifier: 2RB
Transport Mechanism: Fomite/Vector/Carrier
Scenario: Laboratory Acquired Infection
Pathogen: RVFv
Cause: Injection, laceration or puncture of RVFv by worker or visitor due
to human or mechanical error, procedural violation (improper
handling of incident), and failure or improper use of PPE.
Source Terms: MAR = ≥ infectious dose
Initial Conditions: Individual is not quarantined, goes about routine activities and has
the potential to spread disease
Fate & Transport: Direct to Epidemiological Modeling
Accident Frequency 1.0 x 10‐1/year
Likelihood (NBAF Lifetime) 7.8 /50 years
Frequency Category Infrequent
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Modeled Case: RVFv Laboratory Acquired Infection ‐ Ingestion
Case Identifier: 2RC
Transport Mechanism: Fomite/Vector/Carrier
Scenario: Laboratory Acquired Infection
Pathogen: RVFv
Cause: Ingestion of RVFv by worker or visitor due to human or mechanical
error, procedural violation (improper handling of incident), and
failure or improper use of PPE.
Source Terms: MAR = ≥ infectious dose
Initial Conditions: Individual is not quarantined, goes about routine activities and has
the potential to spread disease.
Fate & Transport: Direct to Epidemiological Modeling
Accident Frequency 1.0 x 10‐1/year
Likelihood (NBAF Lifetime) 7.8 /50 years
Frequency Category Infrequent

3.3.3 Scenario 3: Lost or Escaped Vector
The NBAF mission includes research in the area of agriculture and animal research which makes it
necessary to use large and small animal models, as well as arthropod vectors in various experiments.
This scenario considers the loss of an infected live animal or arthropod (mosquitoes) which results in
environmental contamination.
General Description

Transmission experiments are often conducted in which both animals and vectors will be involved.
Working with infected animals in biocontainment poses increased risks over routine laboratory
operations and procedures. At the NBAF, research will be conducted in the safest manner possible by
including appropriate training and protocols specific to experimental tasks. When working with animals,
it is extremely important to follow all established protocols, guidelines, and regulations including select
agent requirements, biosecurity, guidelines found in the BMBL – 5th edition [USDHHS/CDCP, 2007], the
institution’s occupational health and safety program, the Occupational Health and Safety in the Care and
Use of Laboratory Animals, a publication from the National Research Council’s Institute for Laboratory
Animal Research (ILAR) [ILAR, 1997], and the Arthropod Containment Guidelines by the American
Committee of Medical Entomology of the American Society of Tropical Medicine and Hygiene [Aultman,
2001, December 20]. These resources are key to protecting the health and safety of the people who care
for and work with animals as well as the public and environment. Even when animals/arthropods are
uninfected, they can represent a serious risk to the community if, by escaping, they become the crucial
link to completing the transmission cycle for a disease as well as for public perception.
Applicable animal holding areas in the NBAF for FMDv and RVFv are located in the BSL‐3Ag section and
include various animal holding rooms and necropsy suites. Animal movement within the facility centers
around the BSL‐3Ag; animals enter through airlocks from the animal loading dock, are taken through the
clean corridor to the appropriate animal holding area. Animals will leave the BSL‐3Ag only through dirty
corridors and carcass disposal system. [NDP, 2009]
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Insectaries are set up similar to biological safety levels and aim to prevent inadvertent escape and
establishment of the organisms in the environment, protection for laboratory workers, and public
health. Arthropod containment levels (ACL‐3 for FMDv and RVFv infected arthropods) includes specific
facility design, practices, and safety protocols. Laboratory design includes use of small cages within
incubators (primary containment) within a white (or light colored) room (secondary containment). The
NBAF infected insectary laboratory is located within the BSL‐3E laboratory section.
Modeled Case Pathways

There were three cases for this scenario; each case was specific to common pathogen hosts and vectors.
Cases 3F and 3RA begin in the BSL‐3Ag animal holding areas; case 3RB initiates in the BSL‐3E Infected
Insect Holding/Experiments laboratory [NDP, 2010, May]. Table 3‐10 summarizes the three cases
assessed in this scenario for FMDv and RVFv.
Table 310: Lost or Escaped Vector Case Pathways
Case Identifier
3FA
3RA
3RB

Modeled Case Pathways
FMDv Loss of Infected Pig
RVFv Loss of Infected Cow
RVFv Loss of Infected Mosquitoes

All three cases for this scenario assume that an infected animal or mosquitoes are, by some means,
released from NBAF confinement and move to an uncontained space which may be on or off facility
grounds. Facility design and structure includes multiple physical barriers, containment doors, and
engineering controls to prevent the escape of animals and vectors from contained spaces within the
facility. Protocol mandates that with the exception of humans, no living organism that enters BSL‐3 and
BSL‐4 biocontainment areas may exit. Strict procedures enforce this requirement. In the rare event that
an animal escapes, there are internal and external alarms and detection equipment in place as well as
procedures for emergency response. The failure sequence for cases 3FA and 3RA for FMDv and RVFv
respectively include: 1) improper handling by worker or visitor, 2) primary confinement failure,
3) internal detection and alarm failure, 4) secondary confinement failure, and 5) external detection and
alarm failure. Initial improper handling could be due to procedural error, violation or equipment
malfunction; examples include worker accident, gate failure, and uncontrolled large animal. For these
cases, it is assumed that the lost animal escapes both the primary (animal holding) as well as the
secondary (access to facility grounds) areas. A success of any physical barrier prevents the loss of animal
and scenario from occurring.
Case 3RB addressed the loss of infected arthropods to uncontained space which could be within the
NBAF or to the outside environment. The failure sequence for this case included: 1) improper handling
by worker or visitor, 2) primary confinement failure or improper use (incubator and cages), 3) internal
detection and alarm failure, 4) secondary confinement failure (released from insectary), and 5) tertiary
confinement failure (release from BSL‐3E). As previously mentioned, insectaries are designed to mitigate
release of flying insects. Multiple physical barriers are used to prevent escape.
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Assumptions

•

A number of personnel errors and violations, as well as mechanical and engineering controls are
required to occur in series for release of animal hosts or vectors. Scenario is due to a series of
accidental events; no intentional explosions or failures are involved.

•

The NBAF has well trained workers with equipment and materials in good condition and working
order with proper preventative maintenance.

•

NBAF emergency management plan and training is extensive and covers a wide range of topics
ranging from basic awareness and familiarity of emergency equipment layout to life‐safety
equipment with designated personnel to transport injured staff to triage.

•

Index case in epidemiological model assumed for modeling purposes of single lost pig and cow for
3FA and 3RA respectively.
Transport Mechanisms

For all cases of this scenario, only the Fomite/Vector/Carrier transport mechanism was considered. The
infected vector released could potentially spread disease to other susceptible species. No solid or liquid
waste was assumed to be generated nor are waste systems applicable to this scenario. The tornado and
seismic/high wind scenarios already cover infectious animal respiration under the Air and Deposition
transport mechanism using multiple pigs (rather than one pig in the 3F FMDv case pathway). The Lost or
Escaped Vector scenario was bounded to cover only epidemiological modeling with a primary focus on
potential index cases that could arise in the Manhattan, Kansas, region as consequence to an
undetected lost animal or arthropods. The initial condition data was transferred directly to
epidemiological modeling and no Liquid, Solid, or Air and Deposition transport mechanisms are assessed
in this scenario.
Source Terms

The source term for lost vector case pathways includes all animals and arthropods at the NBAF on a
specific day. SSRA SMEs agreed that the loss of a single large animal was extremely unlikely—the loss of
more animals even more unlikely. The initial conditions reduce the source term to reasonable estimates
for a lost or escaped animal or mosquitoes. The actual quantity of pathogen (infectious units) is
unnecessary to specify for subsequent epidemiological modeling. For the Fomite/Vector/Carrier
transport mechanisms the MAR and Q values are only qualitative and instead a number of animal
hosts/vectors are used.
Initial Conditions

The initial conditions (at exit from NBAF) for lost vector case pathways included a single lost animal (3FA
and 3RA) or 10 infected mosquitoes (3RB). In summary, for each case involving in the loss of
animal/arthropod, infected hosts/vectors were assumed to be at the height of viremia which could lead
to subsequent transmission to susceptible species. The major components of the initial conditions
assumed the animal/arthropod was infected and is released to the environment, with assumed index
case(s) in susceptible species being assessed in the epidemiological model. Epidemiological modeling
examines the potential spread of disease following index case(s).
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The MAR in the lost host/vector scenario was not reduced by the same factors as those for plume
modeling (DR, ARF, and LPF) as they are not applicable to the Fomite/Vector/Carrier transport
mechanism. The total viable pathogen released (Q) with subsequent spread to susceptible species was
greater than an infectious dose.
The number of mosquitoes was determined using a series of estimations (with the help of an
experienced RVFv SSRA SME). Estimate included the number of mosquitoes per incubator (200),
assumed 1 incubator fell over or door was left open. One half of the cartons inside incubator (4) opened
which release approximately 100 mosquitoes. One tenth of the mosquitoes could potentially be
released from the secondary and tertiary containment if detection went unnoticed for an extended
duration of time. Final number of mosquitoes released in case pathway 3RB was 10.
Case Frequencies

For this scenario, the failure probability for all loss of animal/arthropod cases is 1.0 x 10‐10. The total
number of opportunities/year was determined by estimating the number of infected animal handling
opportunities with assistance from the Scientific End‐users Group and their animal handlers. Table 3‐11
illustrates the estimated number of opportunities per day for handling infected large animals, small
animals, and arthropods. Table 3‐12 details the calculation data for Accident Frequency. Each handling
opportunity for scientists and animal handlers introduces a risk for release.
Table 311: Estimated Handling Opportunities for Loss of Animal/Arthropods
Large Animal
Employee Position
Scientist
Animal/Insect
Handler
Totals

Small Animal (#
of cages/day)

Insectary (# of
cages or
incubators/ day)

Cows

Pigs

Sheep/Goats

8

15

15

2

2

20

30

30

10

0

28

45

45

12

2

a

Estimates based on Scientific End-users group with assistance from their animal handlers. For all cases in which a range
was given the larger value was used for SSRA frequency calculations.

Table 312: Estimated Case Pathway Accident Frequency
Case ID
3F
3RA
3RB

Animal
Type
Pig
Cow
Mosquitoes

Opportunities/Daya
45
28
12

Days
365
365
365

a

Opportunity/Year
Frequency
1.6 x 104
1.0 x 104
4.4 x 103

Accident
Frequency
1.6 x 10‐6
1.0 x 10‐6
4.4 x 10‐7

Opportunities calculated by multiplying number of scientists handling arthropods by the number of entry/exit
opportunities per day
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Case Summary Tables
Modeled Case: FMDv Loss of Infected Pig
Case Identifier: 3FA
Transport Mechanism: Fomite/Vector/Carrier
Scenario: Lost or Escaped Vector
Pathogen: FMDv
Cause: Series of events resulting in loss of infected pig by human,
mechanical and/or procedural errors (improper handling) with
primary and secondary confinement failures and internal and
external detection and alarm failures.
Source Terms: Loss of single pig
Initial Conditions: Infection at height of viremia
Qdynamic = 6.65 x 104 iu/minute via respiration
Fate & Transport: Direct to Epidemiological Modeling
Accident Frequency 1.2 x 10‐6/year
Likelihood (NBAF Lifetime) 5.9 x 10‐5 /50 years
Frequency Category Very Rare
Modeled Case: RVFv Loss of Infected Cow
Case Identifier: 3RA
Transport Mechanism: Fomite/Vector/Carrier
Scenario: Lost or Escaped Vector
Pathogen: RVFv
Cause: Series of events resulting in loss of infected cow by human,
mechanical and/or procedural errors (improper handling) with
primary and secondary confinement failures and internal and
external detection and alarm failures.
Source Terms: Loss of single cow
Initial Conditions: Infection at height of viremia
Fate & Transport: Direct to Epidemiological Modeling
Accident Frequency 7.3 x 10‐7/year
Likelihood (NBAF Lifetime) 3.6 x 10‐5 /50 years
Frequency Category Improbable
Modeled Case: RVFv Loss of Infected Mosquitoes
Case Identifier: 3RB
Transport Mechanism: Fomite/Vector/Carrier
Scenario: Lost or Escaped Vector
Pathogen: RVFv
Cause: Series of events resulting in loss of infected mosquitoes by human,
mechanical and/or procedural errors (improper handling) with
primary and secondary confinement failures and detection and
alarm failures.
Source Terms: Loss of 10 mosquitoes
Initial Conditions: Infection at height of viremia
Fate & Transport: Direct to Epidemiological Modeling
Accident Frequency 3.1 x 10‐7/year
Likelihood (NBAF Lifetime) 1.6 x 10‐5 /50 years
Frequency Category Improbable
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3.3.4 Scenario 4: Loss of Containment by Liquid/Solid Waste
NBAF design will incorporate state‐of‐the‐art waste management systems and strategies but it is
impossible to eliminate all risks. Although the potential for an index infection is very small, it is possible
that pathogens could be released from containment through either the liquid waste stream or solid
waste handling processes. This scenario develops specific cases for assessment based on the potential
release of FMDv or RVFv through these (liquid/solid) waste treatment and containment systems.
General Description

The NBAF’s operational strategy will require all liquid effluent from containment areas to be treated
with a disinfectant before being discharged into the EDS. The EDS will accumulate effluent in holding
tanks and then discharge the aggregated effluent into cook tanks for sterilization before the effluent is
released from the facility. For a non‐insignificant loss (a loss of enough pathogenic material to cause an
index case) of biocontainment to take place, multiple operational and engineering failures must occur—
making this a low probability event. A series of failures in the effluent decontamination process/system
was the basis for two (FMDv and RVFv) cases considered for this scenario.
Solid (non‐liquid) wastes are removed from BSL‐3, BSL‐3E, BSL‐3Ag, and BSL‐4 containment areas
through a series of steps that will typically include two autoclaving processes, temporary storage at
NBAF, and witnessed incineration at a remote commercial facility (refer to Figure 3‐14). A series of
failures in the solid waste disposal process/system is the basis for two (FMDv and RVFv) additional cases
considered for this scenario.
Modeled Case Pathways

Two cases (4FL and 4RL) for this scenario involve the loss of viable pathogen through the liquid EDS
serving infected animal holding/handling rooms (FMDv) or a necropsy suite (RVFv) in the BSL‐3Ag area.
The second set of cases (4FS and 4RS for FMDv and RVFv, respectively) for this scenario included the loss
of viable pathogen through the solid (non‐liquid) waste handling system. Table 3‐13 summarizes all four
cases assessed in this scenario.
Table 313: Liquid/Solid Waste Cases
Case Identifier
4FL
4FS
4RL
4RS

Modeled Case Pathways
FMDv Loss Through Liquid EDS
FMDv Loss Through Solid Waste Handling System
RVFv Loss Through Liquid EDS
RVFv Loss Through Solid Waste Handling System

The opportunities for cases involving a loss of contaminated liquid effluent (4FL and 4RL) occur with
daily animal holding room washdowns, for the FMDv case, or a series of necropsies in the shared
necropsy suite for the RVFv case. The failure sequence included: 1) an operational/procedural error that
omits the addition of disinfectant to the drain trap and/or the use of disinfectant as a washdown
pretreatment; 2) a failure of any residual disinfectant action in the liquid effluent holding tanks; and 3) a
series of other failures that was modeled as a single failure of one cook (sterilization) batch of liquid
effluent prior to discharge from NBAF.
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The opportunities for the cases involving a loss of contaminated solid waste arise when solid waste is
being processed for removal from a containment area. The failure sequence included: 1) failure of the
first autoclave process; 2) failure of the second autoclave bulk process; and 3) improper handling and/or
chain of custody that prevents the waste from being incinerated.
Assumptions

•

Scenario is due to a series of accidental events, no intentional releases or failures involved; and

•

The NBAF laboratory has well‐trained workers with equipment and materials in good condition
and working order.

Additional assumptions for Case 4FL, FMDv in liquid effluent, include:
•

½ of twelve animals in a BSL‐3Ag Type C animal holding room are infected with FMD and shedding
virus in urine and feces;

•

Daily washdown performed after the removal of bulk solids/animal wastes;

•

No virus decay occurs during effluent holding, failed ‘cook’, or within the sanitary sewer;

•

In violation of protocol, no disinfectant is used to prime drain trap or during washdown of room;
and

•

No residual disinfectant/disinfection action in holding tanks.

Additional assumptions for Case 4RL, RVFv in liquid effluent, include:
•

Eight RVFv‐infected pregnant ewes included in necropsy in one 24‐hour day;

•

50% of fluids from carcasses (blood and amniotic fluid) enter EDS; and

•

Daily washdown performed after removal of large pieces of tissue and other solids.

•

No virus decay occurs during effluent holding, failed ‘cook’, or within the sanitary sewer;

•

In violation of protocol, no disinfectant is used to prime drain trap or during washdown of room;
and

•

No residual disinfection/disinfectant action in holding tanks.

Assumption for Case 4FS (FMDv) and Case 4RS (RVFv) in solid waste handling system, include:
•

Fraction of contaminated solid waste does not reach the incineration facility due to improper
handling; and

•

Incompletely‐incinerated carcass pieces are not considered to represent a realistic threat (see
below) for FMDv and RVFv.
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Transport Mechanisms

For the liquid effluent waste cases (4FL and 4RL), only the liquid transport mechanism was considered.
For the solid waste cases (4FS and 4RS), only the solid transport mechanism was considered.
Fomite/vector/carrier pathways were considered in Scenarios 9 and 10. Aerosol releases inside of the
containment area are assessed in other scenarios, thus the Air and Deposition transport mechanism was
not considered in this scenario.
In the solid waste handling cases, the SSRA review of planned systems and processes determined that
contaminated solids will be processed out of containment by autoclaves, carcass incineration, and vapor
sterilization; wipe down, dunk tank, or other approved method. The scenarios assessed in the SSRA
represent the potential failure of these methods with the exception of carcass incineration. There has
been speculation about the potential residual viable pathogens in the incineration residue—potentially
resulting from a “cold spot” in the combustion chamber or a cold center in a large carcass section. An
improperly “cooked” carcass residual is sometimes referred to as a “roast.”
However, FMDv‐infected animal tissue, such as cattle marrow (femur), is reported to include
approximately 106TCID50/g [Sellers, 1971; Ryan, 2008]. If carcass parts are in the incinerator for an
insufficient time or low temperature, it is possible (but unlikely) that the tissue may only reach 72°C
(~162°F)—consistent with the Pasteurization temperature of milk—for a period of only 15 seconds. The
reported FMDv inactivation for this time and temperature is 10‐6 [Tomasula, 2007]. The oral infectious
dose of FMDv in pigs (wild pigs may be landfill scavengers) is reported to be on the order of 105 TCID50
[Kitching, 2002]. The resulting calculations indicate that approximately 10 kg (22 lbs.) of partially
“cooked” tissue—a roast—would have to be recovered and disposed of in sanitary landfill in order to
generate an infectious dose for a scavenger like a pig. Thus, the incomplete incineration scenario is not
explored in more detail for this assessment.
Source Terms

For FMDv contamination via an animal holding room washdown, pathogen contributions were
considered from urine, feces, blood, semen, saliva, and respiration of 12 cows (½ infected) in a BSL‐3Ag
Type C animal holding room for a 24‐hour period. The principal virus contributions for this case were
determined to be from urine and 1% (estimated residual after removal of bulk solids) of the feces. Given
these conditions, the total quantity of the pathogenic (FMDv) MAR was 7.92 x 109 iu.
For the case of RVFv contamination of the EDS via a BSL‐3Ag shared necropsy suite, the total pathogen
contributions were considered from eight necropsies (an unusually high number of necropsies in one
day) of pregnant ewes. Pathogen contributions, at the height of viremia, from blood (50% of total blood
volume), fetal/amniotic fluid (50% of volume), and small pieces of animal tissue (bulk solids removed
prior to washdown in accordance with procedures) were used to calculate the total quantity of the
pathogenic (RVFv) MAR to be 1.54 x 1013.
Estimating the source term for the loss of containment of FMDv or RVFv by the solid waste effluent
pathway is difficult. Any solid waste that is processed in accordance with the current NBAF design and
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operational strategy (autoclave/autoclave/incineration) has no realistic pathogenic potential. (Fomites
are modeled in Scenario 10.) The NBAF EIS developed an estimate of 10 mL of solution at a
concentration of 1 x 108 iu/mL, for a total pathogen quantity, or MAR, of 1 x 109 iu for either FMDv or
RVFv in the solid waste handling system.
Initial Conditions

For the two cases involving the release of pathogens through the EDS, the initial conditions (at exit from
NBAF) were estimated by assuming the MAR was not decreased by pathogen degradation or
disinfectant action in the waste effluent. The estimated total volume of liquid effluent in the holding
tank system (comprising multiple individual tanks) was 20,000 gallons (½ of design capacity), yielding a
holding tank system concentration of 1.05 x 102 iu/mL for FMDv and 2.03 x 105 iu/mL for RVFv. Each
cook tank has a maximum volume of 4,000 gallons per batch. It is further assumed that only one cook
tank batch fails in these modeled cases, resulting in only ⅕ (4,000 gallons/20,000 gallons) of the MAR
actually being released from the facility. The total discharge effluent volume was estimated to be 30,000
(~1.14 x 108 mL) gallons per day and comprises contributions from the BSL‐3Ag EDS (20,000 gallons),
BSL‐4 EDS (5,000 gallons), and domestic sewage from non‐containment parts of the facility and
outbuildings (5,000 gallons). For FMDv, the total viable pathogen discharge, Q, is 1.58 x 109 iu, resulting
in a concentration, N, of 1.4 x 101 iu/mL in the 30,000 gallons of discharged sewage. For RVFv, the total
viable pathogen discharge, Q, is 3.08 x 1012 iu, resulting in a concentration, N, of 2.70 x 104 iu/mL in the
30,000 gallons of discharged sewage.
For the two cases involving the release of pathogens through the solid waste disposal process, it is
assumed that the solid waste is mishandled and/or misdirected so that it not ultimately incinerated at
the remote commercial incineration facility. Instead, the solid waste is not successfully sterilized and is
discarded in the non‐containment solid waste pathway. For this assessment, the source term is reduced
by 106 to account for at least partial effectiveness of one of the two failed sterilization (autoclave)
systems/processes. For both FMDv and RVFv, the resulting total viable pathogen discharge, Q, is 1 x 103
iu, which is unlikely to produce an index infection between the NBAF and the final location of the
misdirected waste‐‐Perry, Kansas. However, the SSRA epidemiological modelers were given the
flexibility and direction to select the location of an index case to provide the modeled outcome of a
“what if” incident.
Case Frequencies

For the liquid effluent cases, it is estimated that there will be 2.34 x 103 failure opportunities per year (9
cook tank batches per day, 260 days per year). The sequence of events results in an estimated demand
failure probability of 1 x 10‐8 (10‐2 x 10‐3 x 10‐3). Thus, the liquid effluent cases (4FL and 4RL) have a
frequency of 2.34 x 10‐5 cases per year.
For the solid effluent cases, the estimated demand failure probability of three sequential complete
system malfunctions without human recognition/response is on the order 10‐11 (10‐3 x 10‐3 x 10‐3 x 10‐2).
(Theft and/or sabotage of engineered systems or procedures are modeled in Scenarios 12 and 13.) A
more realistic alternative is the mishandling of infectious waste and/or the coincident failure of
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sterilization systems and processes. In these cases, the demand failure probability is 1 x 10‐8. The failure
opportunity rate is estimated to be 4.16 x 103 opportunities per year, resulting in case frequency (for
both cases) of 4.16 x 10‐5 cases per year.
Case Summary Tables
Modeled Case: FMDv Loss Though Liquid EDS
Case Identifier: 4FL
Transport Mechanism: Liquid Effluent
Scenario: Loss of Containment by Liquid/Solid Waste
Pathogen: FMDv
Cause: Series of events to include failure to use disinfectant in drain trap
and during wash down, failure of residual disinfectant in holding
tank, and failure of cooker tank sterilization (1 batch).
Source Terms : MAR = 7.9 x 109 iu
Initial Conditions: Q = 1.6 x 109 iu
N = 1.4 x 101 iu/mL
Fate & Transport: Sanitary Sewer Dilution Model
Accident Frequency 2.3 x 10‐5/year
Likelihood (NBAF Lifetime) 1.2 x 10‐3/50 years
Risk Category Very Rare
Modeled Case: FMDv Loss Through Solid Waste Handling System
Case Identifier: 4FS
Transport Mechanism: Solid Waste
Scenario: Loss of Containment by Liquid/Solid Waste
Pathogen: FMDv
Cause: Series of events to include failure of primary autoclave, failure of
secondary (batched) autoclave, and failure of loading dock
placement (improper handling) which leads to city landfill as final
destination.
Source Terms: MAR = 1.0 x 109 iu
Initial Conditions: Q = 1.0 x 103 iu. (< infectious dose for susceptible species)
Fate & Transport: Solid Waste
Accident Frequency 4.2 x 10‐5/year
Likelihood (NBAF Lifetime) 2.1 x 10‐3/50 years

Risk Category Very Rare
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Modeled Case: RVFv Loss Through Liquid EDS
Case Identifier: 4RL
Transport Mechanism: Liquid Effluent
Scenario: Loss of Containment by Liquid/Solid Waste
Pathogen: RVFv
Cause: Series of events to include failure to use disinfectant in drain trap
and during wash down, failure of residual disinfectant in holding
tank, and failure of cooker tank sterilization (1 batch).
Source Terms: MAR = 1.5 x 1013 iu
Initial Conditions: Q = 3.1 x 1012 iu
N = 2.7 x 104 iu/mL
Fate & Transport: Sanitary Sewer Dilution Model
Accident Frequency 2.3 x 10‐5/year
Likelihood (NBAF Lifetime) 1.2 x 10‐3/50 years
Risk Category Very Rare
Modeled Case: RVFv Loss Through Solid Waste Handling System
Case Identifier: 4RS
Transport Mechanism: Solid Waste
Scenario: Loss of Containment by Liquid/Solid Waste
Pathogen: RVFv
Cause: Series of events to include failure of primary autoclave, failure of
secondary (batched) autoclave, and failure of loading dock
placement (improper handling) which leads to city landfill as final
destination.
Source Terms: MAR = ≥ infectious dose for susceptible species
Initial Conditions: NA
Fate & Transport: Solid Waste
Accident Frequency 4.2 x 10‐5/year
Likelihood (NBAF Lifetime) 2.1 x 10‐3/50 years
Risk Category Very Rare

3.3.5 Scenario 5: Single Room Fire
Small and large fires could result from use of flammable and combustible materials and/or mechanical
failures within the NBAF. Multiple layers of containment/engineering and successful use of protocols
mitigate the potential loss of biocontainment that could results from such accidents in the containment
areas. This scenario covers a single room facility fire with multiple accidents in series for a subsequent
loss of equipment and facility structure resulting in pathogen spills and environmental release through
the HVAC system. The specific modeled examples of this accident type include improper handling of
materials, human or mechanical errors, drops or spills with primary container failure, fire detection
failure, and possibility of non‐functional HEPA filtration.
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General Description

Large room and facility fires in the NBAF were evaluated in the hazards analysis of the EIS and were
found to produce significant consequences to the laboratory workers, the public and as a potential
subsequent release of pathogens to the environment. While the EIS focuses on a large facility fire, the
SSRA SMEs determined that a fire consuming the entire laboratory or large area of the biocontainment
area within the facility was highly unlikely given standard practices, engineering controls, and structure
of biocontainment design. A fire requires an ignition source with sufficient energy source (fuel), oxygen,
and heat to sustain the reaction and spread. A more probable and reasonable scenario involves a small
fire which starts in a single laboratory, room, or corridor that is controlled, contained, and burns out
without further spread to other areas within the facility.
Operations and processes that may be encountered in the NBAF with potential for resulting fire should
be minimized as much as possible with removal of potential ignition sources. The following are examples
of hazardous materials that may be encountered in the NBAF:
•

Flammable and combustible chemicals for microbial operations (i.e. natural gas, molecular
biology reagents, ethanol);

•

Flammable chemicals and gases for use as small surface and large‐room disinfection (i.e. ethanol,
paraformaldehyde, ethylene oxide);

•

Exothermic chemical reactions; and

•

Electrical equipment.

With the initial hazards identified above, accidents could occur with fire initiators present, improper
mixing of chemicals, and mechanical or electrical malfunctions. For all cases assessed in this scenario, a
number of controls and safety features must fail in a series of unlikely events in order for an
environmental release to occur– making this a low probability event. Two cases were considered for this
scenario, with and without HEPA filtration—for both FMDv and RVFv.
The sequences of events that could occur as a result of a fire being initiated is addressed in the modeled
case pathways.
Modeled Case Pathways

There are two types of case pathways for this scenario which take place in the NBAF biocontainment
laboratories – for both FMDv and RVFv. The distinction between the cases is whether the HVAC system
has functional or non‐functional HEPA filtration. Table 3‐14 summarizes all four cases assessed in this
scenario.
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Table 314: Single Room Fire Modeled Case Pathways
Case Identifier
5FA
5FB
5RA
5RB

Modeled Case Pathways
FMDv Fire with Functional HEPA
FMDv Fire with Non‐functional HEPA
RVFv Fire with Functional HEPA
RVFv Fire with Non‐functional HEPA

All cases for this scenario involve the loss of viable pathogen through the laboratory HVAC exhaust
systems, with and without functional HEPA filtration. The opportunities for these example cases (cases
5FA and 5FB for FMDv and 5RA and 5RB for RVFv) arise from a single room fire within a BSL‐3Ag
laboratory room or within the BSL‐3E biocontainment area. The failure sequence for 5FA and 5RA
includes: 1) Improper handling of chemicals with ignition source assumed; 2) drops, spills or equipment
malfunction with primary container failure (complete failure – all material released); 3) Fire detection
failure; and 4) no fire suppression (no change to frequency as this is per design). Cases 5FB and 5RB
include all of the prior, plus 5) non‐functioning HEPA exhaust filtration.
Assumptions

•

Ignition source was assumed but is highly unlikely to be available in biocontainment space
according to standard practices.

•

There were no subsequent explosions or overpressure events following fire ignition.

•

Scenario was due to a series of accidental events; no intentional fire or failures are involved.

•

Initial pathogen concentrations were assumed to be 1.0 x 106 and 1.0 x 108, for FMDv and RVFv,
respectively. These are average representative virus production concentrations according to the
SSRA SMEs given the large volume of material at risk (30 liters).

•

An assumed volume of 30 liters (30,000mL) of virus cell culture was used as the source term. This
is the largest production volume likely to occur at the NBAF in a single room although atypical and
rare according to Scientific End‐users Group.

•

A small fire erupts due to equipment malfunction, procedural error or procedural violation. The
fire spreads from initial area throughout a single laboratory but was contained (does not spread
to other labs or areas) due to facility design, and structure. SSRA SMEs agree that the fire should
be contained.

•

Fire consumes infectious material containers or spills occur as a result of the fire producing
aerosolized pathogen within the laboratory. Complete failure of primary container was also
assumed with all pathogen at risk.

•

In areas where heat was significant there was destruction of pathogen and reduction of the total
quantity that is available for release. The Damage Ratio (DR) assumes 99% virus destruction from
the fire [DHS, 2008], thus only 1% of the virus remains for potential release.
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•

Spill occurred outside of a biological safety cabinet (BSC) or there was a BSC malfunction. If the
spill were to occur inside a working BSC it would reduce aerosol exposure (via HEPA filtration) in
the laboratory with no release to environment.

•

Spill occurred in the laboratory but release to the environment occurred from the HEPA exhaust
stack. For modeling purposes, no reduction of pathogen is assumed within the laboratory due to
time (decay), wall/pathway losses, UV, temperature or relative humidity.

•

Current NBAF design indicates no fire suppression system is included in the BSL‐3Ag or BSL‐4
areas. [NDP, 2010, May]

•

Release to environment from the HEPA exhaust stack assumed the release rate and duration is
nearly instantaneous (1 second) rather than over an extended period of time which would dilute
the puff.

•

While it was assumed the pathogen would be in tissue cell culture media (virus cell culture), some
media characteristics were assumed to be the same as water: density, viscosity, and vapor
pressure. Matrix and temperature in the stack is assumed to be the ambient laboratory
temperature of 72º F.

•

For PUFF modeling, matrix dry biological density was assumed to be similar to that of Smallpox.
Smallpox is the only virus for which dry biological density data is available [DTRA, 2008].
Transport Mechanisms

For all cases in this scenario only the Air and Deposition transport mechanism is considered. The non‐
aerosol fraction of the spill would be remediated in accordance with standardized procedures and no
viable pathogenic material would be directly discharged into the NBAF EDS. All solid waste generated
from the cleanup would be disposed of with other contaminated solid waste. Fomites/vectors/carriers
are prevented by the use of good handling practices, hygiene, and use of applicable PPE.
Source Terms

The quantity of source terms (MAR) used for these scenario cases is 3.0 x 1010 iu (30 liters x 1.0 x
106 iu/mL) for FMDv and 3.0 x 1012 iu (30 liters x 1.0 x 108 iu/mL) for RVFv. The estimate of this source
term was developed by using input from current FMDv and RVFv researchers (Scientific End‐users
Group) and the SSRA SME panel.
Initial pathogen concentrations are representative virus production concentrations in cell culture
according to the SSRA SMEs given the large volume of material at risk (30 liters). Initial pathogen
volume of 30 liters was assumed as a worst case scenario. Thirty liters is the largest production volume
to occur at the NBAF in a single room. This large volume for viable pathogens would be atypical for the
NBAF but possible for production of a vaccine or reagent in rare circumstances. Virus production of 30
liters could be produced in multiple roller bottles, cell cubes, or a single bioreactor or wave bag.
According to Scientific End‐users Group, production volumes of this magnitude are standard for cGMP
operations or inactivated cultures for scale up studies but would be rare for viable infectious FMDv or
RVFv.
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Initial Conditions

The source term is reduced by several factors in order to estimate the amount of pathogenic material
that was actually released from biocontainment. The first potential reduction factor was the damage
ratio, DR. For this scenario (all cases) the DR is set at 0.01 assuming 99% of virus is destroyed by heat
and fire. The DR reduces the MAR by 0.01 (two orders of magnitude) indicating that 1% of the pathogen
matrix was involved in the accident. SSRA SMEs agree that the virus reduction from heat and fire is
conservative given both viruses sensitivity to temperature.
A fraction of the pathogen matrix will actually become aerosolized in the accident. The aerosol fraction
is referred to as the ARF. The aerosolized fraction in all cases for this scenario was 1 x 10‐2 to account for
dynamic stress on MAR caused by aerodynamic shock and pressure rise from the burning materials
within the room. While it is expected that any materials burning with an aerosol fraction of 1 x 10‐2
would be killed, this conservative value taken from the EIS was used as no other data was available. This
ARF value for this scenario is higher than that for the spill scenarios. [DHS, 2008]
The last factor that was used in developing the initial release quantity from the source term is the leak
path factor, or LPF. The LPF accounts for pathogen reduction by losses (of aerosols) to walls, ducting,
and HEPA filtration systems. For cases (5FA and 5RA) where the HEPA exhaust filtration system was
functioning properly, the LPF was set to 1 x 10‐5. For cases (5FB and 5RB) in which the HEPA system was
not functioning properly, the value was set to 1.0 (no reduction in source term). [DHS, 2008]
Case Frequencies

For this scenario, the total number of opportunities/year was determined by estimating (with assistance
from the Scientific End‐users Group) the number of employees that may be handling pathogenic
material containers every day (20), the number of opportunities each employee has to handle such
materials each day with available ignition source (1), and assuming the number of work days in one year
was 260. The number of handling opportunities could vary widely depending on the workers specific
tasks. Within the biocontainment areas of the NBAF, fire hazards and ignition sources are minimized
through engineering controls and standard procedures to reduce fire risks. Fires are still possible given
human or mechanical errors when working with flammables, combustibles and electrical equipment.
Assuming NBAF uses best laboratory practices; fire hazard with ignition source opportunities should be
minimal and less than 1 opportunity per day for most employees. To be conservative each employee in
the BSL‐3E laboratory is assumed to have 1 opportunity per day for potential fire ignition. The resulting
opportunity frequency (Opportunities/Year) is = 20 x 1 x 260 = 5.2 x 103.
The failure probability for the fire cases ranges from 1.0 x 10‐8 to 1.0 x 10‐11, as indicated in the Source
Term and Frequency Summary Table, and was dependent on HEPA filtration functionality at the time of
the release, among other factors. The resulting accident frequency category for the four cases involving
single room fires ranges from Very Rare to Improbable.
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Case Summary Tables
Modeled Case: FMDv Fire with Functional HEPA
Case Identifier: 5FA
Transport Mechanism: Air and Deposition
Scenario: Single Room Fire
Pathogen: FMDv
Cause: A fire inside biocontainment creates an aerosol release due to
series of events to include human or mechanical error, dropped
container(s) or equipment failure and failure of primary
container(s).
Source Terms: MAR = 3.0 x 1010 iu
N = 1.0 x 106 iu/mL
Initial Conditions: Q = 3.0 x 1011 iu.
Fate & Transport: Plume Modeling
Accident Frequency 5.2 x 10‐5/year
Likelihood (NBAF Lifetime) 2.6 x 10‐3/50 years
Frequency Category Very Rare
Modeled Case: FMDv Fire with Non‐functional HEPA
Case Identifier: 5FB
Transport Mechanism: Air and Deposition
Scenario: Single Room Fire
Pathogen: FMDv
Cause: A fire inside biocontainment creates an aerosol release due to
series of events to include human or mechanical error, dropped
container(s) or equipment failure, failure of primary container(s)
and failure of HEPA filtration.
Source Terms: MAR = 3.0 x 1010 iu
N = 1.0 x 106 iu/mL
Initial Conditions: Q = 3.0 x 106 iu.
Fate & Transport: Plume Modeling
Accident Frequency 5.2 x 10‐8/year
Likelihood (NBAF Lifetime) 2.6 x 10‐6/50 years
Frequency Category Improbable
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Modeled Case: RVFv Fire with Functional HEPA
Case Identifier: 5RA
Transport Mechanism: Air and Deposition
Scenario: Single Room Fire
Pathogen: RVFv
Cause: A fire inside biocontainment creates an aerosol release due to
series of events to include human or mechanical error, dropped
container(s) or equipment failure and failure of primary
container(s).
Source Terms: MAR = 3.0 x 1012 iu
N = 1.0 x 108 iu/mL
Initial Conditions: Q = 3.0 x 103 iu.
Fate & Transport: Plume Modeling
Accident Frequency 5.2 x 10‐5/year
Likelihood (NBAF Lifetime) 2.6 x 10‐3/50 years
Frequency Category Very Rare

Modeled Case: RVFv Fire with Non‐functional HEPA
Case Identifier: 5RB
Transport Mechanism: Air and Deposition
Scenario: Single Room Fire
Pathogen: RVFv
Cause: A fire inside biocontainment creates an aerosol release due to
series of events to include human or mechanical error, dropped
container(s) or equipment failure, failure of primary container(s)
and failure of HEPA filtration.
Source Terms: MAR = 3.0 x 1012 iu
N = 1.0 x 108 iu/mL
Initial Conditions: Q = 3.0 x 108 iu.
Fate & Transport: Plume Modeling
Accident Frequency 5.2 x 10‐8/year
Likelihood (NBAF Lifetime) 2.6 x 10‐6/50 years
Frequency Category Improbable

3.3.6 Scenario 6: Single Room Deflagration/Overpressure
On rare occasions explosions, deflagration, and overpressure accidents occur in laboratories. Multiple
layers of containment/engineering and successful use of protocols mitigate the potential loss of
biocontainment that could result from such an accident. However, there is some small possibility that
the aerosol fraction of a deflagration or overpressure event could result in pathogens being released
from containment through, or around, the laboratories HEPA exhaust filtration. This scenario develops
specific cases for assessment and modeling based on such accidents in the containment area. The
specific modeled examples of this accident type included creation of flammable/overpressure
environment, source of ignition or autoclave rupture, and BSC and/or primary container failure that
results in the production of an aerosol and potential loss of biocontainment through the HEPA exhaust
system.
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General Description

Operations and processes within the NBAF routinely require the use of hazardous chemicals and high
pressure equipment which could lead to an explosion (or rupture) within the laboratory and subsequent
overpressure within the contained space releasing viable pathogens. The following are plausible
examples of accidental events which could occur at the NBAF.
•

Natural gas buildup in a BSC with ignition source;

•

Autoclave explosion – Overpressure from steam feeding an autoclave; and

•

Deflagration of flammable materials used in large‐volume disinfection operations (i.e.
paraformaldehyde or ethylene oxide gas sterilization methods).

Explosions, deflagrations, and overpressure events are a risk when using hazardous chemicals. In most
circumstances these accidents are mitigated in BSL‐3 and BSL‐4 laboratories by the use of small volumes,
proper storage, use of engineering controls (BSCs and HEPA filtration systems), lack of Bunsen burners
or flames in BSCs, single‐use disposable tools, and SOPs; ignition sources are minimized during gas use
or generation and large room disinfection operations are strictly controlled.
The following case examples are potential accidents that could occur in NBAF laboratories with potential
aerosol‐producing consequences and the potential loss of containment. For all cases assessed in this
scenario, a number of controls and safety features must fail in a series of unlikely events in order for an
environmental release to occur from, or around, the HEPA exhaust system–making this a low probability
event. Four cases (two FMDv and two RVFv) were considered for the deflagration and overpressure
event scenario, with and without HEPA filtration.
Within this scenario we also examined, but did not model, the potential for subsequent overpressure
within the containment laboratory. This event is not modeled because multiple failures are necessary
for the episode to occur making the accident frequency extremely improbable. However, an event such
as deflagration could cause a significant pressure drop within the lab in comparison to the outside
environment. Given a large pressure differential, a remote possibility exists in which the event causes a
blow out of the filters and/or forces air back through the HVAC intakes (i.e. causing a reverse cascade).
The reverse pressure gradient could force contaminated air from a high titer room (i.e. laboratories with
viable pathogens) back into non‐contained areas of the facility or escape to the environment. A reverse
cascade is improbable with good engineering. Since the NBAF will contain the latest technical
improvements, facility design will mitigate this scenario. Some current BSL‐3 facilities have had issues
with reverse cascade in single laboratory areas in relation to atmospheric pressure changes (adverse
weather events) but did not have full loss of containment due to secondary barriers. In order for this
event to happen, a turnaround (failure) would need to occur in several areas of containment in series.
An overpressure cascade is also discussed in the Tornado Scenario in relation to tornado meteorological
conditions.

October 2010

93

NBAF SSRA Report
Scenario Cases

There are two types of case pathways for this scenario which take place in the NBAF biocontainment
laboratories – for both FMDv and RVFv. The distinction between the cases is whether the HEPA exhaust
system has functioning or non‐functioning HEPA filtration. Table 3‐15 summarizes all four cases assess in
this scenario.
Table 315: Single Room Fire Modeled Case Pathways
Case Identifier
6FA
6FB
6RA
6RB

Modeled Case Pathways
FMDv Deflagration/Overpressure with Functional HEPA
FMDv Deflagration/Overpressure with Non‐functional HEPA
RVFv Deflagration/Overpressure with Functional HEPA
RVFv Deflagration/Overpressure with Non‐functional HEPA

All cases for this scenario involved the loss of viable pathogen through the laboratory HEPA exhaust
systems. The opportunities for these example cases (cases 6FA and 6FB for FMDv and 6RA and 6RB for
RVFv) arise from a single room deflagration or overpressure event within BSL‐3Ag or BSL‐3E
biocontainment. The failure sequence for 6FA and 6RA included: 1) creation of a
flammable/overpressure environment (i.e. improper handling or equipment malfunction); 2) source of
ignition or autoclave rupture; and 3) biological safety cabinet and/or primary container failure (complete
failure – all material released). Cases 6FB and 6RB includes the previous three failure sequences, plus 4)
non‐functional HEPA exhaust filtration.
Assumptions

•

Ignition source for deflagration was assumed but is highly unlikely to be available in
biocontainment space according to standard practices.

•

There were no subsequent explosions or fire following the initial deflagration/overpressure event.

•

Scenario was due to a series of accidental events; no intentional explosions or failures are
involved.

•

Assume failure of BSC or that material at risk is not within the BSC. If the spill were to occur inside
a working BSC it would reduce aerosol exposure (via HEPA filtration) in the laboratory with no
release to environment.

•

Initial pathogen concentrations were assumed to be 1.0 x 106 and 1.0 x 108 for FMDv and RVFv
respectively. These are average representative virus production concentrations according to the
SSRA SMEs given the large volume of material at risk (30 liters).

•

An assumed volume of 30 liters (30,000mL) of virus cell culture was used as the source term. This
is the largest production volume to occur at the NBAF in a single room although atypical and rare.
(Scientific End‐users Group, 2010)

•

Deflagration consumes infectious material containers or spills occurred as a result of the
explosion producing aerosolized pathogen within the laboratory. Complete failure of primary
container is also assumed with all pathogen at risk.
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•

The DR is 0.1 assuming 90% virus destruction as a result of the flash‐heat of deflagration [DHS,
2008], thus only 10% of the virus remains for potential release.

•

Spill occurred in the laboratory but release to the environment occurred from the HEPA exhaust
stack. For modeling purposes, no reduction of pathogen was assumed within the laboratory due
to time (decay), wall/pathway losses, UV, temperature or relative humidity.

•

For the applicable examples above, flammable gas detection systems inside BSCs and other
routine use areas were assumed to malfunction.

•

Release to environment from the HEPA exhaust stack assumes release rate and duration is nearly
instantaneous (1 second) rather than over an extended period of time which would dilute the
puff.

•

While it was assumed the pathogen would be in tissue cell culture media (virus cell culture), some
media characteristics were assumed to be the same as water: density, viscosity, and vapor
pressure. Matrix and temperature in the stack was assumed to be the ambient laboratory
temperature of 72º F.

•

For PUFF modeling, matrix dry biological density was assumed to be similar to that of Smallpox.
Smallpox is the only virus for which dry biological density data is available. [DTRA, 2008]
Transport Mechanisms

For all cases of this scenario, only the Aerosol and Deposition transport mechanism is considered. The
non‐aerosol fraction of the spill would be remediated in accordance with standardized procedures and
no viable pathogenic material would be directly discharged into the NBAF Effluent Decontamination
System. All solid waste generated from the cleanup would be disposed of with other contaminated solid
waste. Fomites/vectors/carriers were prevented by the use of good handling practices, hygiene, and use
of applicable PPE.
Source Terms

The quantity of source terms, MAR, used for these scenario cases was 3.0 x 1010 iu (30 liters x 1.0 x
106 iu/mL) for FMDv and 3.0 x 1012 iu (30 liters x 1.0 x 108 iu/mL) for RVFv. The estimate of this source
term was developed by using input from current FMDv and RVFv researchers (Scientific End‐users
Group) and the SSRA SME panel.
Initial pathogen concentrations are representative virus production concentrations in cell culture
according to the SSRA SMEs given the large volume of material at risk (30 liters). Initial pathogen
volume of 30 liters was assumed as a worst case scenario. Thirty liters is the largest production volume
to occur at the NBAF in a single room. This large volume for viable pathogens would be atypical for the
NBAF but possible for production of a vaccine or reagent in rare circumstances. Virus production of 30
liters could be produced in multiple roller bottles, cell cubes, or a single bioreactor or wave bag.
According to Scientific End‐users Group, production volumes of this magnitude are standard for cGMP
operations or inactivated cultures for scale up studies but would be rare for viable infectious FMDv or
RVFv.

October 2010

95

NBAF SSRA Report
Initial Conditions

For each case involving the release of pathogens in this scenario, the complete set of initial conditions
and corresponding references can be found in the Scenario Database (Appendix B).
In summary, the source term was reduced by several factors in order to estimate the amount of
pathogenic material that was actually released from biocontainment. The first potential reduction factor
is the damage ratio, DR. For this scenario (all cases) the DR was set at 0.1 (on a continuous scale from 0
to 1, representing 0% to 100%) assuming 90% of virus is destroyed by the flash‐heat and/or pressure
wave. The DR reduced the MAR by 0.1 with remaining 10% of the pathogen matrix involved in the
accident.
However, only a fraction of the pathogen matrix would actually become aerosolized in the accident. The
airborne release fraction is referred to as the ARF. The aerosolized fraction in all cases for this was 1 x
10‐3 to account for stress on MAR caused by aerodynamic shock and pressure rise. While the EIS uses an
ARF of 1 x 10‐1 two studies conducted by Ashcroft suggest the aerosol fraction is much lower. Ashcroft
examined aerosol fractions using two types of vessel ruptures; 1) breakage of a glass fermentor with a
6 mm steel ball missile and 2) rupture of a metal container using a detonator and plastic explosive
charge. Ashcroft data suggests the mean aerosol fraction is 3.8 x 10‐5 and 1.1 x 10‐3 for the glass and
metal vessels respectively [Ashcroft, 1983]. To be conservative the lower value was used for these
deflagration/overpressure cases. This ARF value is lower than the fire scenario but greater than that for
the spill scenario.
The last factor that was used in developing the initial release quantity from the source term is the leak
path factor, or LPF. The LPF accounts for pathogen reduction by losses (of aerosols) to walls, ducting,
and HEPA filtration systems. For cases (6FA and 6RA) where the HEPA exhaust filtration system is
functioning properly, the LPF was set to 1 x 10‐5. For cases (6FB and 6RB) in which the HEPA system is
not functioning properly, the value was set to 1.0 (no reduction in source term) [DHS, 2008].
Case Frequencies

For this scenario, the total number of opportunities/year was determined by estimating (with assistance
from the Scientific End‐users Group) the number of employees that may be handling pathogenic
material containers every day (20), the number of opportunities each employee has to handle such
materials each day (1), and the number of work days in one year (260). The number of handling
opportunities for each worker per day could vary widely depending on the workers specific tasks. Within
the biocontainment areas of the NBAF, explosion hazards and ignition sources will be minimized through
engineering controls and standard procedures. Given human or mechanical errors when working with
flammables (such as natural gas in BSCs or paraformaldehyde solids for gas sterilization), combustibles,
autoclaves and other electrical equipment, deflagration events are still possible. Assuming NBAF uses
best laboratory practices; explosion hazard opportunities should be minimal and less than 1 opportunity
per day for most employees. To be conservative each employee in the BSL‐3E laboratory was assumed
to have 1 opportunity per day. The resulting opportunity frequency (Opportunities/Year) was = 20 x 1 x
260 = 5.2 x 103.
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The failure probability for the deflagration/overpressure cases range from 1.0 x 10‐7 to 1.0 x 10‐10 and
were dependent on the whether HEPA filtration is functional at the time of the release. The accident
frequency categories for the four cases involving a deflagration/overpressure event range from Rare to
Improbable.
Case Summary Tables
Modeled Case: FMDv Deflagration/Overpressure with Functional HEPA
Case Identifier: 6FA
Transport Mechanism: Air and Deposition
Scenario: Single Room Deflagration/Overpressure
Pathogen: FMDv
Cause: A deflagration event inside biocontainment creates an aerosol
release due to series of events to include human or mechanical
error, ignition source or autoclave pipe rupture, failure of BSC or
primary container(s), rapid pressure differential with functional
HEPA filtration.
Source Terms: MAR = 3.0 x 1010 iu
N = 1.0 x 106 iu/mL
Initial Conditions: Q = 3.0 x 101 iu.
Fate & Transport: Plume Modeling
Accident Frequency 5.2 x 10‐4/year
Likelihood (NBAF Lifetime) 2.6 x 10‐2/50 years
Frequency Category Rare

Modeled Case: FMDv Deflagration/Overpressure with Non‐functional HEPA
Case Identifier: 6FB
Transport Mechanism: Air and Deposition
Scenario: Single Room Deflagration/Overpressure
Pathogen: FMDv
Cause: A deflagration event inside biocontainment creates an aerosol
release due to series of events to include human or mechanical
error, ignition source, failure of primary container(s), rapid
pressure differential, and failure of HEPA filtration.
Source Terms: MAR = 3.0 x 1012 iu
N = 1.0 x 106 iu/mL
Initial Conditions: Q = 3.0 x 106 iu.
Fate & Transport: Plume Modeling
Accident Frequency 5.2 x 10‐7/year
Likelihood (NBAF Lifetime) 2.6 x 10‐5/50 years
Frequency Category Improbable

October 2010

97

NBAF SSRA Report
Modeled Case: RVFv Deflagration/Overpressure with Functional HEPA
Case Identifier: 6RA
Transport Mechanism: Air and Deposition
Scenario: Single Room Deflagration/Overpressure
Pathogen: RVFv
Cause: A deflagration event inside biocontainment creates an aerosol
release due to series of events to include human or mechanical
error, ignition source or autoclave pipe rupture, failure of BSC or
primary container(s), rapid pressure differential with functional
HEPA filtration.
12
Source Terms: MAR = 3.0 x 10 iu
8
N = 1.0 x 10 iu/mL
Initial Conditions: Q = 3.0 x 103 iu.
Fate & Transport: Plume Modeling
Accident Frequency 5.2 x 10‐4/year
Likelihood (NBAF Lifetime) 2.6 x 10‐2/50 years
Frequency Category Rare
Modeled Case: RVFv Deflagration/Overpressure with Non‐functional HEPA
Case Identifier: 6RB
Transport Mechanism: Air and Deposition
Scenario: Single Room Deflagration/Overpressure
Pathogen: RVFv
Cause: A deflagration event inside biocontainment creates an aerosol
release due to series of events to include human or mechanical
error, ignition source, failure of primary container(s), rapid
pressure differential, and failure of HEPA filtration.
Source Terms: MAR = 3.0 x 1012 iu
N = 1.0 x 108 iu/mL
Initial Conditions: Q = 3.0 x 108 iu.
Fate & Transport: Plume Modeling
Accident Frequency 5.2 x 10‐7/year
Likelihood (NBAF Lifetime) 2.6 x 10‐5/50 years
Frequency Category Improbable

3.3.7 Scenario 7: Seismic (Earthquake) or High Wind (Non Tornado) Event
The EIS grouped the hazard modeling for accidents resulting from natural phenomena into a single
category in its risk assessment analysis. Specifically, the EIS risk assessment considered the potential of
tornadoes, hurricanes, floods, lightning, earthquakes, and high winds in a single scenario. For the SSRA,
tornadoes are addressed in a separate scenario (Scenario 11) due to the NBAF location within “Tornado
Alley”. The risk to NBAF (Manhattan, Kansas) from hurricanes is low, as depicted in Figure 3‐29. In this
figure, the number (20‐40) of hurricanes expected to occur during a 100‐year period based is indicated
in light blue. The dark blue and red areas are expected to have more frequent hurricanes. With the
NBAF location at the center of the US, it can be inferred that it is unlikely that NBAF will suffer the direct
effects of a hurricane. Any effects of a hurricane that may impact the NBAF location will take the form of
high winds or a tornado. Thus, the hurricane was not directly considered in the SSRA analysis.
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Number of
Predicted
Hurricane Impacts
in 100 Years
Light blue: 20‐40
Dark blue: 40‐60
Red: More than 60

Figure 329: Hurricane Return Period (National Atlas and the USGS)
FEMA flood data (Figure 3‐30) for the NBAF area classify the location as “Zone X”—indicating there is
less that a 0.2% likelihood of flooding in any given year. Inspection of topographic contours (Figure 3‐31)
of the area indicate that the NBAF location is near the top of hillside and away from any terrain that
appears to be subject to flooding or fast‐moving high water. Thus, a flood event was not considered in
the SSRA.

Figure 330: FEMA Flood Classification of NBAF Area
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Figure 331: Topographic Map of NBAF Area
As a result, this scenario only includes NBAF accidents resulting from two types of natural phenomena:
earthquake and high wind.
General Description

The potential consequences of a significant earthquake at NBAF result from the generation of spills and
primary container failures that make large quantities of pathogens potentially subject to release. In one
pair of cases (for FMDv and RVFv), NBAF maintains structural and containment integrity and the only
opportunity for containment loss is from elevated source terms and associated aerosols inside of
containment—challenging the HEPA exhaust filtration. In a second pair of cases, NBAF loses structural
and/or containment integrity from the earthquake and/or non‐functional HEPA filtration, resulting in
the release of larger quantities of viable pathogenic material.
For the high‐wind case, it was assumed that there was no cause for elevated source terms inside of
containment if there was no loss of NBAF structural integrity, containment, or the building envelope.
Damage to ventilation stack (without underlying damage to the HEPA filtration system or dampers) will
not cause a loss of biocontainment. The risk of pathogen release was limited to the case where there
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was damage to the building envelope or structural components which compromise the HEPA filtration
systems.
Modeled Case Pathways

Two cases for FMDv (7FSA and 7FSB) and RVFv (7RSA and 7RSB) for this scenario involve the loss of
viable pathogen as the result seismic activity. In the first cases (7FSA and 7RSA), the earthquake causes
limited damage to NBAF structures but equipment, working volumes of infectious materials, containers,
and other primary barriers were broken or rendered nonfunctional. The integrity of the biocontainment
area, including HEPA exhaust systems, was maintained. The potential for a loss of biocontainment was
due to the elevated levels of source term inside the containment area. HEPA exhaust filtration is very
effective (removing 99.97% of aerosols of diameter 0.3µ). The 0.3µ particle size is generally considered
to be the most penetrating particle size and smaller or larger aerosols will be filtered more efficiently
[Donaldson, 1972]. The multi‐log reduction in aerosols may still allow enough pathogen to be release
from the facility to cause a downwind index case.
The second set of earthquake cases (7FSB and 7RSB) assess the consequences of an earthquake that
causes internal damage (elevated source term) and are accompanied by a loss of biocontainment
systems: either structural element failure and/or HEPA exhaust failures.
The high wind cases for FMDv and RVFv are represented by cases 7FW and 7RW, respectively. Both of
these cases were based on a high‐wind event (straight line winds in excess of 119 mph) that damages
the building envelope, mechanical systems, including HEPA exhaust filtration systems, and causes a loss
of biocontainment.
All Scenario 7 cases are summarized in Table 3‐16.
Table 316: Seismic/High Wind Modeled Cases
Case Identifier
7FSA
7FSB
7FW
7RSA
7RSB
7RW

Modeled Case Pathways
FMDv Seismic Event with Functional HEPA
FMDv Seismic Event with Non‐Functional HEPA
FMDv High‐Wind Event with Non‐Functional HEPA
RVFv Seismic Event with Functional HEPA
RVFv Seismic Event with Non‐Functional HEPA
RVFv High‐Wind Event with Non‐Functional HEPA

Assumptions

•

The full facility was affected by the seismic or high wind event, rather than a specific lab or area.
All viable pathogenic materials in the NBAF were potentially subject to release MAR with the
exception of live animals.

•

NBAF containment systems would be maintained in high‐wind events < 119 mph.

•

NBAF containment systems would be maintained in a seismic event up to the design loads of
0.207g (short periods) and 0.053g for 1‐sec periods.
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•

The damage ratio, DR, was 0.01 assuming 99% of materials are properly stored in freezers,
refrigerators, incubators, etc. or we not being handled or manipulated at the time of the event.
The remaining 1% (100 liters) of pathogen was available for release or spills during the high wind
or earthquake event.

•

Assumed the aerosol fraction was similar to that of spills (1.0 x 10‐4) and that materials were not
within a BSC during the time of aerosol release.

•

For cases in which there was damage to the building envelope or structural components the
release was modeled using an 86,287 sq ft. (containment area) large Gaussian (similar to a circle)
over the NBAF center coordinate. The biocontainment area release was applicable to cases 7FSB,
7RSB, 7FW and 7RW.

•

The NBAF laboratory has well trained workers with equipment and materials in good condition
and working order with proper preventative maintenance.

•

Animal dynamic respiration release occurs for 60 minutes. SSRA SMEs agreed this is a reasonable
amount of time to move or put down animals following potential release of biocontainment due
to breach of roof or seismic damage.
Transport Mechanisms

For all cases of this scenario, only the Air and Deposition transport mechanism is considered. It was
assumed that as the result of a significant event caused by natural phenomena such as an earthquake or
high‐wind event, normal liquid and solid waste operations would be suspended until all systems were
inspected and/or repaired as needed. Thus, the liquid waste effluent and solid waste transport
mechanisms were not assessed for this scenario. Fomites/vectors/carriers were not considered in this
scenario and were instead modeled in Scenarios 3, 9, and 10.
Source Term

The source terms for MAR in the catastrophic earthquake and high wind events are the same for both
FMDv and RVFv pathogens. The source term included an estimate of the average amount of FMDv or
RVFv in all NBAF laboratory materials to be 1.0 x 1012 iu (animals not included although infectious
respiration is included as applicable to case). The MAR assumed that the average concentration, N, of all
FMDv or RVFv materials in the NBAF was approximately 1.0 x 106 with a total volume of 1,000 liters
(1,000,000 mL). The EIS used a total pathogen quantity of 1 x 1015 iu probably applying the assessments
consistent concentration of 1.0 x 108 and 100,000 liter volume. SSRA SMEs agreed that the average
concentration across all laboratory materials (including stocks, tissues, and working volumes) were likely
to be lower than the EIS estimate and 100,000 liters of viable FMDv or RVFv material at one time was
not possible. SMEs agreed that the source terms outlined above (MAR = 1 x 1012 iu) were conservative
and reasonable pathogen estimates for the catastrophic event scenarios (7 and 11).
In the FMDv release cases where containment of the animal holding areas is lost, additional source
terms include the static bolus of aerosolized contamination (always present in animal holding rooms),
estimated (using design‐specified air exchanges per hour, room sizes, and assumed numbers and species
of animals) to be 9.7 x 107 iu, and the continued respiration of live animals (for 60 minutes) in an
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uncontained environment, estimated to be 1.45 x 109 iu. Detailed calculations for infected animal static
and dynamic respiration can be found in Appendix B. For cases 7FSB and 7SW the source term MAR was
calculated as MARLabs + MARAstatic + MARAdynamic (1.0 x 1012 iu + 9.7 x 107 iu + 1.45 x 109 iu) with MAR still
equal to 1.0 x 1012 total infectious units.
Initial Conditions

The laboratory source term (MARLabs) was reduced by several factors in order to estimate the amount of
pathogenic material that was actually released from biocontainment. The first potential reduction factor
is the damage ration, DR. For all cases in this scenario, it is assumed that the DR was set to 0.01; only 1%
of the total pathogen (stocks, tissues, and laboratory working volumes) would actually be released in a
seismic or high wind event because most materials should be securely stored in freezers, refrigerators,
and incubators and are not being handled or manipulated. In addition, most materials would be in small
volumes and break resistant containers. The aerosolized fraction of spilled laboratory materials during
the event was set to 1.0 x 10‐4 (same as Small/Medium Spill Scenario). The last factor that is used in
developing the initial release quantity from the laboratory source term was the LPF. The LPF accounts
for pathogen reduction by losses (of aerosols) to walls, ducting, and HEPA filtration systems. For
earthquake cases 7FSA and 7RSA where structural and biocontainment integrity is maintained with
functional HEPA systems, the LPF was set to 1.0 x 10‐5. For cases 7FSB, 7RSB, 7FW and 7RW in which
there was seismic structural damage and/or HEPA system is not functioning properly, the value was set
to 1.0 (no reduction in source term) [DHS, 2008].
Cases 7FSB and 7FW assume that structural and biocontainment integrity was not maintained in the
animal holding areas (BSL‐3Ag) as well as in the laboratories. Additional pathogen contributions from
the animal holding areas included the previously‐mentioned static bolus of 9.7 x 107 iu. Thus, the
quantity of pathogen in the initial condition for release in this case was 9.8 x 107 iu (9.7 x 107 + 1.0 x 106).
In addition, it was estimated that the infected animals would survive the seismic/high‐wind event and
continue to respire, providing an additional source term that was estimated to be 1.45 x 109 iu per hour.
This source was modeled for 1 hour after which time it was assumed that the surviving animals would
be euthanized or moved to a properly contained area.
Initial failure of containment includes a nearly instantaneous release of the aerosol fraction of NBAF
pathogens. The modeling also includes the release of respiratory aerosols for a 60‐minute period
(allowing time for euthanasia or alternative containment arrangements) from infected laboratory
animals.
Case Frequencies

An earthquake is the result of a sudden release of energy in the Earth’s crust that creates seismic waves
that are commonly measured with seismometers. The Richter magnitude scale was developed to
compare the size of earthquakes. The magnitude of an earthquake is determined from the logarithm of
the amplitude. On the Richter scale, magnitude is expressed in whole numbers and decimal fractions.
For example, a magnitude 5.3 might be computed for a moderate earthquake, and a strong earthquake

October 2010

103

NBAF SSRA Report
might be rated as magnitude 6.3. Because of the logarithmic basis of the scale, each whole number
increase in magnitude represents a tenfold increase in measured amplitude.
Different metrics are used to characterize earthquakes for building and laboratory design practices.
Mapped spectral accelerations for short periods (often 0.1 or 0.2 seconds) and 1 second are specified for
design practices and engineering consideration. The United States Geological Survey (USGS) collects and
publishes data on the probability of exceedance of such accelerations for all locations in the United
States. Figure 3‐32 shows the spectral accelerations for which there is a 2% probability of exceedance
over a 50‐year period. The Manhattan, Kansas, NBAF location is in an area characterized by 0.12‐0.16
g’s, where g is the acceleration of gravity. Thus, there is a 2% probability that the location will see an
event of greater than 0.16 g’s (0.2 seconds). From Figure 3‐33, it can be estimated that the 2%
probability of exceedance over a 50‐year period for 1‐second accelerations at the NBAF location is less
than 0.06 g’s.

NBAF (estimated location)

Figure 332: Spectral Accelerations over 0.2 second with Probability of
2% Exceedance over 50 Years
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Figure 333: Spectral Accelerations over 1.0 Second with Probability of
2% Exceedance over 50 Years
The NBAF design specifications, 2% probability of exceedance (in 50 years) metric (Mapped Spectral
Accelerations for Short Periods and 1‐Second Period), and the probability of exceedance are presented
in Table 3‐17.
The probability of exceedance for the 50‐year period, P50, can be used to estimate the probability of
exceedance for a 1‐year period, P1, as indicated below:
P50 = 0.02 = 1‐(1‐P1)50
P1 = 1‐(1‐0.02)1/50
P1 ~4 x 10‐3
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Thus, the probability of exceedance for each metric and a corresponding frequency can be determined
(Table 3‐17).
Table 317: Probability of Exceedance and Corresponding Frequency for Each Metric
Metric

MSA (Short periods,
0.2 second)
MSA (1 second)

USGS Data for
Manhattan,
Kansas
0.16 g’s
0.06 g’s

NBAF (NDP
Specifications)

Frequency (USGS Data
exceedances/year)

0.206 g’s

Probability of
Exceedance (1 year)
of USGS Data, P1
0.004

4 x 10‐3

0.053 g’s

0.004

4 x 10‐3

Since the NBAF specification for short periods of acceleration is higher (0.206 g’s) than the USGS data
(0.16 g’s), the actual frequency of an event (with short period accelerations in excess of NBAF
specifications) is less than 4 x10‐3. However, since the NBAF specification for 1‐second accelerations
(0.053 g’s) is lower than the USGS data (0.06 g’s), the actual frequency of an event (with 1‐second
accelerations in excess of NBAF specifications) is more than 4 x 10‐3.
The National Earthquake Hazards Reduction Program (NEHRP) uses a factor that is called the Seismic
Occupancy Importance Factor, or I. For the NBAF design, I as been set to 1.5—the highest value (Basis of
Design), [NDP, 2010, May]. The higher value of this factor during NBAF design will reduce the ductility
demands and result is less damage to the facility in an event. When combined with more stringent drift
limits (lateral deflections), the result is improved earthquake performance for the facility (American
Society of Civil Engineers (ASCE) 7‐10). NDP also plans to use a high factor of safety (5 in some cases) in
the design to further minimize the potential for failure of the containment.
If there is an earthquake that causes the release of aerosols that include pathogenic materials (a toppled
flask or bottle that falls and creates/releases an aerosol, for example) while the HEPA filtration systems
remain intact—the potential for an airborne release becomes a function of the pathogen reduction due
to HEPA filtration. This scenario was modeled on a large internal release and the associated frequency of
such an event was estimated to be the same (4 x 10‐3) as the predicted seismic event frequency.
If the earthquake caused damage to HEPA systems (and aerosols with pathogens were generated in the
containment areas, as described above), the potential quantities of released pathogen would increase
(because of the lack of HEPA filtration). However, the frequency of this event was reduced by the
probability of containment systems failure (P=0.1) that was applied to account for design and
construction strategies that are described above.
Thus, the frequency associated with the scenarios modeled for the seismic events were 4.0 x 10‐3 and
4.0 x 10‐4 for the HEPA‐mitigated (intact systems) and non‐HEPA mitigated (systems failure) cases,
respectively. The resulting accident frequency categories for the six seismic/high wind cases range from
Very Rare to Improbable.
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Case Summary Tables
Modeled Case: FMDv Seismic Event with Functional HEPA
Case Identifier: 7FSA
Transport Mechanism: Air and Deposition
Scenario: Seismic (Earthquake) or High‐Wind (Non‐Tornado) Event
Pathogen: FMDv
Cause: A significant seismic event (earthquake) resulting in loss of
containment due to structural damage and possible engineering
systems failure but functional HEPA filtration.
Source Terms: MAR = 1.0 x 1012 iu. (includes labs and animal respiration)
Initial Conditions: Q = 1.0 x 101 iu.
Fate & Transport: Plume Modeling
Accident Frequency 4.0 x 10‐6/year
Likelihood (NBAF Lifetime) 2.0 x 10‐4/50 years
Frequency Category Very Rare
Modeled Case: FMDv Seismic Event with Non‐Functional HEPA
Case Identifier: 7FSB
Transport Mechanism: Air and Deposition
Scenario: Seismic (Earthquake) or High‐Wind (Non‐Tornado) Event
Pathogen: FMDv
Cause: A significant seismic event (earthquake) resulting in loss of
containment due to structural damage and failure of engineering
systems and HEPA filtration.
Source Terms: MAR = 1.0 x 1012 iu. (includes labs and animal respiration)
Initial Conditions: Qlab = 1.0 x 106 iu
QAnimal static = 9.7 x 107 iu
QAnimal dynamic = 1.5 x 109 iu.
Fate & Transport: Plume Modeling
Accident Frequency 4.0 x 10‐9/year
Likelihood (NBAF Lifetime) 2.0 x 10‐7/50 years
Frequency Category Improbable
Modeled Case: FMDv High Wind with Non‐Functional HEPA
Case Identifier: 7FW
Transport Mechanism: Air and Deposition
Scenario: Seismic (Earthquake) or High‐Wind (Non‐Tornado) Event
Pathogen: FMDv
Cause: A high wind event resulting in loss of containment due to structural
damage and failure of engineering systems and HEPA filtration.
Source Terms: MAR = 1.0 x 1012 iu. (includes labs and animal respiration)
Initial Conditions: Qlab = 1.0 x 106 iu
QAnimal static = 9.7 x 107 iu
QAnimal dynamic = 1.5 x 109 iu.
Fate & Transport: Plume Modeling
Accident Frequency 3.0 x 10‐8/year
Likelihood (NBAF Lifetime) 1.5 x 10‐6 / 50 years
Frequency Category Improbable
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Modeled Case: RVFv Seismic Event with Functional HEPA
Case Identifier: 7RSA
Transport Mechanism: Air and Deposition
Scenario: Seismic (Earthquake) or High‐Wind (Non‐Tornado) Event
Pathogen: RVFv
Cause: A significant seismic event (earthquake) resulting in loss of
containment due to structural damage and possible engineering
systems failure but functional HEPA filtration.
Source Terms: MAR = 1.0 x 1012 iu.
Initial Conditions: Q = 1.0 x 101 iu.
Fate & Transport: Plume Modeling
Accident Frequency 4.0 x 10‐6/year
Likelihood (NBAF Lifetime) 2.0 x 10‐4/50 years
Frequency Category Very Rare

Modeled Case: RVFv Seismic Event with Non‐Functional HEPA
Case Identifier: 7RSB
Transport Mechanism: Air and Deposition
Scenario: Seismic (Earthquake) or High‐Wind (Non‐Tornado) Event
Pathogen: RVFv
Cause: A significant seismic event (earthquake) resulting in loss of
containment due to structural damage and failure of engineering
systems and HEPA filtration.
Source Terms: MAR = 1.0 x 1012 iu.
Initial Conditions: Q = 1.0 x 106 iu.
Fate & Transport: Plume Modeling
Accident Frequency 4.0 x 10‐9/year
Likelihood (NBAF Lifetime) 2.0 x 10‐7/50 years
Frequency Category Improbable

Modeled Case: RVFv High Wind with Non‐Functional HEPA
Case Identifier: 7RW
Transport Mechanism: Air and Deposition
Scenario: Seismic (Earthquake) or High‐Wind (Non‐Tornado) Event
Pathogen: RVFv
Cause: A high wind event resulting in loss of containment due to structural
damage and failure of engineering systems and HEPA filtration.
Source Terms: MAR = 1.0 x 1012 iu.
10 infected mosquitoes
Initial Conditions: Q = 1.0 x 106 iu.
Fate & Transport: Plume Modeling
Accident Frequency 3.0 x 10‐8/year
Likelihood (NBAF Lifetime) 1.5 x 10‐6 / 50 years
Frequency Category Improbable
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3.3.8 Scenario 8: Small Aircraft Crash into Facility
The number of General Aviation aircraft crashes has been declining for many years, along with the
number of General Aviation hours flown, as indicated in Figure 3 ‐34. However, the potential for the
crash of a general aviation aircraft into the NBAF must be considered. The Manhattan, Kansas, Region
Airport (MHK) is located approximately 6 ½ miles southwest of NBAF (Figure 3‐35) and has a primary
7,000 foot (by 150 foot) runway that is generally oriented southwest/northeast (Runway 3/21). This
scenario models the consequences of a potential aircraft crash into the NBAF.

Figure 334: General Aviation Flight Hours and Crashes [NTSB]

Figure 335: Manhattan Kansas [Google Earth, 2010]
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General Description

The aircraft crash scenario was defined as the NBAF being directly struck by a small general aviation
aircraft. The cases used in modeling this scenario include an assessment of the release of pathogen if the
aircraft strikes the side of the facility or the top (mechanical space) of the facility. In all cases it was
assumed there is a subsequent fire but no explosions other than the original crash incident.
Modeled Case Pathways

Two cases were used to model the release of FMDv for the aircraft crash scenario and two are used to
model the release of RVFv. The first cases (8FA for FMDv and 8RA for RVFv) represent a small aircraft
crash into the side of the building. The second cases (8FB and 8RA for FMDv and RVFv) represent a small
aircraft crash into the top of the building that includes the mechanical spaces that house the HEPA
exhaust filtration systems (penthouse). In all cases, a fire, coincident with the release of pathogens, was
modeled as well (Table 3‐18).
Table 318: Small Aircraft Crash into Facility Modeled Cases
Case Identifier
8FA
8FB
8RA
8RB

Modeled Case Pathways
FMDv Aircraft Crash into Side of Biocontainment Area with No HEPA
Filtration
FMDv Aircraft Crash into Penthouse with Non‐functional HEPA
RVFv Aircraft Crash into Side of Biocontainment Area with No HEPA
Filtration
RVFv Aircraft Crash into Penthouse with Non‐functional HEPA

Assumptions

•

No special preparations or operational adjustments were made in anticipation of the aircraft
crash. A single room laboratory was involved in the incident containing the largest virus culture
volume (30 liters) to occur at the NBAF (or 3 labs involved in event each with 1 liter standard
maximum culture volume).

•

No case pathways were modeled in which HEPA exhaust filtration was in working order because
they are similar to Scenario 1.

•

Following small aircraft crash, subsequent fire and structural damage is assumed with no
explosions. The damage ratio reduces the source term by 0.01 assuming 99% of the viable
pathogens (FMDv and RVFv) were destroyed from fire and heat.

•

It is assumed that all normal NBAF operations would cease after a aircraft strike and there would
be no continued discharge into to the municipal sanitary sewer systems or solid waste systems
until some remedial actions and testing had occurred.

•

Initial pathogen concentrations were assumed to be 1.0 x 106 and 1.0 x 108, for FMDv and RVFv,
respectively. These are average representative virus production concentrations according to the
SSRA SMEs given the large volume of material at risk (30 liters).

•

Current NBAF design indicates no fire suppression system is included in the BSL‐3Ag or BSL‐4
areas. [NDP, 2010, May]
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•

Release to environment was at ground level (crash into side of facility) or 63 feet which is 10 feet
below mechanical systems roof (crash into penthouse).

•

While it was assumed the pathogen will be in tissue cell culture media (virus cell culture), some
media characteristics were assumed to be the same as water: density, viscosity, and vapor
pressure. Matrix and temperature in the stack is assumed to be the ambient laboratory
temperature of 72º F.

•

For PUFF modeling, matrix dry biological density was assumed to be similar to that of Smallpox.
Smallpox is the only virus for which dry biological density data is available. (DTRA, 2008)
Transport Mechanisms

For all cases of this scenario, only the Aerosol and Deposition transport mechanism was considered. No
viable pathogenic material would be directly discharged into the NBAF EDS. All solid waste generated
from the cleanup would be disposed of with other contaminated solid waste. Fomites/vectors/carriers
were covered and bounded by scenarios 9 and 10.
Source Term

The MAR in the aircraft crash scenario cases was 3.0 x 1010 iu (30 liters x 1.0 x 106 iu/mL) for FMDv and
3.0 x 1012 iu (30 liters x 1.0 x 108 iu/mL) for RVFv. The estimate of this source term was developed using
input from current FMDv and RVFv researchers (Scientific End‐users Group) and the SSRA SME panel.
Initial pathogen concentrations are representative virus production concentrations in cell culture
according to the SSRA SMEs given the large volume of material at risk (30 liters). Thirty liters was the
largest production volume to occur at the NBAF in a single room. This large volume of viable pathogens
will be atypical for the NBAF but possible for production of a vaccine or reagent in rare circumstances.
Virus production of 30 liters could be produced in multiple roller bottles, cell cubes, or a single
bioreactor or wave bag. According to Scientific End‐users Group, production volumes of this magnitude
are standard for cGMP operations or inactivated cultures for scale up studies but would be rare for
viable infectious FMDv or RVFv.
Initial Conditions

For all four cases, the MAR is reduced by several factors in order to estimate the amount of pathogenic
material that would actually be released from biocontainment. There was a loss of pathogen available
for release because of ruggedized containers and as a result of the associated fire. These reductions
were modeled, as mentioned above, by setting the DR to 10‐2 assuming that 99% of the aerosolized virus
was destroyed by heat and fire. SSRA SMEs agree that the virus reduction from heat and fire is
conservative given both viruses sensitivity to temperature.
For case pathways 8FA and 8RA in which the plane crashes into the side of the building, the ARF of the
pathogen is 10‐2 to account for dynamic stress on MAR similar to that for the fire scenario. For cases 8FB
and 8RB where the plane crashes into the mechanical space the ARF was 10‐4 (same as spill scenario) as
no direct forces are acting on the material. There were no pathogen reductions taken for HEPA filtration
or other aerosol containment systems.
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Case Frequencies

The NBAF EIS did a thorough analysis of the airplane crash frequency that used a four‐factor formula
described in U.S. DOE STD 3014‐96 [USDOE, 1996]. The resulting frequency estimate considered the
number of aircraft operations, the probability that an aircraft will crash, the probability that, given a
crash, the aircraft crashes into a one‐square mile area of the NBAF, and the size of the facility. The
resulting crash frequency was 3.5 x 10‐4. However, the actual accident frequency that involves the
release of pathogens as a result of the crash is 3.5 x 10‐11, as indicated in the frequency table, and is
dependent on the location of the crash site. The resulting accident frequency category for all four cases
is Improbable.
Case Summary Tables
Modeled Case: FMDv Aircraft Crash into Side of Biocontainment Area with No HEPA Filtration
Case Identifier: 8FA
Transport Mechanism: Air and Deposition
Scenario: Small Aircraft Crash Into Facility
Pathogen: FMDv
Cause: A small aircraft crashes in to side of biocontainment area resulting
in fire and aerosol release due to structural damage, spills and
failure of primary container(s) with release through cracks in walls
or damaged doors.
Source Terms: MAR = 3.0 x 1010 iu
N = 1.0 x 106 iu/mL
Initial Conditions: Q = 3.0 x 106 iu.
Fate & Transport: Plume Modeling
Accident Frequency 3.5 x 10‐11/year
Likelihood (NBAF Lifetime) 1.8 x 10‐9 / 50 years
Frequency Category Improbable

Modeled Case: FMDv Aircraft Crash into Penthouse with Non‐functional HEPA
Case Identifier: 8FB
Transport Mechanism: Air and Deposition
Scenario: Small Aircraft Crash Into Facility
Pathogen: FMDv
Cause: A small aircraft crashes in to penthouse resulting in fire and aerosol
release due to damage to engineering systems, spills and failure of
primary container(s) with release through non‐functional HEPA
filtration system.
Source Terms: MAR = 3.0 x 1010 iu
N = 1.0 x 106 iu/mL
Initial Conditions: Q = 3.0 x 104 iu.
Fate & Transport: Plume Modeling
Accident Frequency 3.5 x 10‐11/year
Likelihood (NBAF Lifetime) 1.8 x 10‐9 / 50 years
Frequency Category Improbable
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Modeled Case: RVFv Aircraft Crash into Side of Biocontainment Area with No HEPA Filtration
Case Identifier: 8RA
Transport Mechanism: Air and Deposition
Scenario: Small Aircraft Crash Into Facility
Pathogen: RVFv
Cause: A small aircraft crashes in to side of biocontainment area resulting
in fire and aerosol release due to structural damage, spills and
failure of primary container(s) with release through cracks in walls
or damaged doors.
Source Terms: MAR = 3.0 x 1012 iu
N = 1.0 x 108 iu/mL
Initial Conditions: Q = 3.0 x 108 iu.
Fate & Transport: Plume Modeling
Accident Frequency 3.5 x 10‐11/year
Likelihood (NBAF Lifetime) 1.8 x 10‐9 / 50 years
Frequency Category Improbable
Modeled Case: RVFv Aircraft Crash into Penthouse with Non‐functional HEPA
Case Identifier: 8RB
Transport Mechanism: Air and Deposition
Scenario: Small Aircraft Crash Into Facility
Pathogen: RVFv
Cause: A small aircraft crashes into penthouse resulting in fire and aerosol
release due to damage to engineering systems, spills and failure of
primary container(s) with release through non‐functional HEPA
filtration system.
Source Terms: MAR = 3.0 x 1012 iu
N = 1.0 x 108 iu/mL
Initial Conditions: Q = 3.0 x 106 iu.
Fate & Transport: Plume Modeling
Accident Frequency 3.5 x 10‐11/year
Likelihood (NBAF Lifetime) 1.8 x 10‐9 / 50 years
Frequency Category Improbable

3.3.9 Scenario 9: Human Carrier (Non‐infection)
The transient human carrier scenario covers the inadvertent transfer of FMDv pathogenic material by
incomplete hygiene practices or unsatisfactory engineering systems resulting in contamination of
laboratory personnel (human carrier) or visitor with subsequent loss of containment. Rift Valley Fever
virus was covered and bounded previously as a laboratory acquired infections and was not modeled
under the human carrier cases.
General Description

According to Sellers et al., transmission of FMD by humans to susceptible species primarily occurs in two
ways: 1) by rough handling of a cattle tongue with hands previously contaminated with the virus
(epithelium damage or scratching is essential) or 2) by previously inhaling contaminated air from
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infected animals then dispersing the virus by exhalation, sneezing or coughing [Sellers, 1969, 1970].
While the first transmission occurrence is highly unlikely to occur by inadvertent means, the latter
transmission is a risk for NBAF workers who come into contact with infected animals.
It is possible for people examining clinically infected animals to harbor the FMDv in their nasal cavity.
Usually the carrier period is 4‐5 hours, but in one case, virus was recovered from a human after 28 hours
[Sellers, 1970]. Sampling of humans who have been in close contact with FMDv infected animals showed
that the virus could be recovered from the nose, throat, and saliva and from respiratory aerosols
expelled during breathing, coughing, sneezing and talking. Sellers also found that transmission, from
humans to cattle, could occur via respiratory droplet transmission causing subsequent FMD infection.
Since healthy individuals may harbor FMDv subclinically in their nasal passages for up to 36 hours, a
common quarantine, or ‘stand‐down’ time, used during outbreaks for veterinarians and others directly
exposed to the virus before they enter a clean susceptible animal area is three days [AUSVETPLAN,
2002] for safety reasons. Scientists at Purdue University completed experiments in which the goal was
to determine personal hygiene protocols and animal avoidance periods necessary to prevent
transmission of FMDv. They found that FMDv was transmitted when standard biosecurity procedures
were not used; however, contaminated personnel did not transmit FMDv to susceptible pigs after hand
washing or showering, and donning clean outerwear. In addition, they found that FMDv was not
detected in the nasal secretions of the investigators. The study concluded that extended animal
avoidance periods do not appear to be necessary to prevent transmission of FMDv by workers to pigs
when these protocols were completed. The discrepancy between these studies still remains to be
resolved.
Those responsible for developing standard operating procedures at the NBAF consider all applicable
literature when preparing their protocols. Current protocols at PIADC include, at a minimum, the above
biosecurity procedures including use of PPE and engineering controls as applicable when handling viable
FMDv or infected animals, frequent glove changes and hand washing, showering and change of clothes
prior to exit of containment areas). In addition, current protocols include a 5‐day quarantine in which
workers may not come into contact with susceptible species. Current procedures are above and beyond
the necessary requirements cited by Purdue University.
While respiratory protection would be one more barrier to reduce the probability of a human carrier
event; there are also disadvantages when increasing PPE requirements. Increased cost of safety aspects
such as reduced visibility, and increased difficulty manipulating small objects and handling large animals
are a potential disadvantage. When examining protocols, it is imperative to consider all of these aspects.
Scenario Cases

There were two case pathways for this scenario, one in which no respiratory protection is used during
FMDv material and animal handling and one in which respiratory protection is included in PPE and
standard procedures. Each case takes place within the NBAF BSL‐3E or BSL‐3Ag biocontainment areas.
Table 3‐19 summarizes the two cases assessed in this scenario for FMDv only.
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Table 319: Transient Human Carrier Case Pathways
Case Identifier
9FA
9FB

Modeled Case Pathways
FMDv Worker with No Respiratory Protection
FMDv Worker with Respiratory Protection

All cases for this scenario involve a laboratory or animal handling process in which virus harbors the
respiratory passages of a worker or visitor. Both include the same sequence of events in order for the
scenario to occur with the exception of the types of PPE required in the NBAF SOPs for FMDv handling.
The type of accidents, mishaps, procedural errors and violations may be different for the cases but
overall the failure events are similar. The use of respiratory protection is currently not required for all
activities.
Case pathways 9FA and 9FB both assumed a worker or visitor wearing standard PPE for FMD in the BSL‐
3E and BSL‐3Ag laboratories, animal holding areas and necropsy suite. Case 9FA included the following
series of events: 1) human respiratory exposure from routine activities with standard PPE without
respiratory protection (no reduction in failure probability), 2) improper decontamination prior to leaving
facility from human error, disinfectant failure or procedural violation, and 3) worker was assumed to
harbor FMDv in nasal secretions and commits a procedural violation in which direct contact was made
with a susceptible species prior to end of quarantine time period (5‐days). Case 9FB series of events is
similar; however, respiratory protection is required and therefore an additional 1.0 x 10‐2 reduction was
included in the failure probability of the scenario making a loss of containment less likely to occur.
Assumptions

•

Assumed a number of personnel errors and/or violations; quarantine of worker to susceptible
species was necessary for direct contact with subsequent index case for scenario to occur. Given
no personnel violation this scenario would not occur;

•

For cases involving use of PPE with respiratory protection, the case pathway assumed improper
use of PPE or PPE failure/malfunction;

•

The NBAF laboratory has well trained workers with equipment and materials in good condition
and working order with proper preventative maintenance;

•

Upon departure from NBAF, a worker or visitor temporarily harbors viable FMDv in nasal
passageway and was not infected; no virus replication or decay occurred during this time period;

•

Assumed virus in worker (or visitor) nasal secretions was greater than an infectious dose to
susceptible species via intranasal route; and

•

Index case in epidemiological model assumed for modeling purposes.
Transport Mechanisms

For all cases of this scenario, only the Fomite/Vector/Carrier transport mechanism was considered. No
solid or liquid waste was generated nor were waste systems applicable to this scenario. The Air and
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Deposition transport mechanism using plume modeling was not applicable in this scenario as the source
term and initial condition data was transferred directly to epidemiological modeling.
Source Terms

The quantity of pathogen (source term) of FMDv for all carrier cases assessed in this scenario was an
unspecified quantity greater than an infectious dose to a susceptible species. The actual quantity of
inoculum is unnecessary to specify as the individual was the carrier of pathogenic virus outside of
biocontainment with a modeling requirement for a subsequent index case. Since humans under natural
conditions do not become infected with FMDv, the virus remains viable in the respiratory tract of a
worker or visitor with no replication. For the Fomite/Vector/Carrier transport mechanisms the MAR was
only qualitative. The simplistic estimate of this source term was developed using input from SSRA SMEs.
Initial Conditions

For both FMDv carrier cases, upon departure of the NBAF it was assumed that the worker (or visitor)
harbored viable FMDv and went about their routine activities, but with a procedural violation. Standard
procedure at PIADC, which shall continue at the NBAF, is a strict quarantine in which workers handling
viable FMDv or infected animals with no respiratory protection must quarantine themselves from
susceptible species for a minimum of 5 days. This procedure was assumed to be violated; and the virus
MAR, which the individual harbors, had the potential to be transmitted to a susceptible animal. These
initial conditions were forwarded directly to epidemiological modeling with a requirement for a
subsequent index case.
The MAR in this scenario was not reduced by the same factors as those for plume modeling (DR, ARF,
and LPF) as they are not applicable to the Fomite/Vector/Carrier transport mechanism. The total viable
pathogen available for release (Q) and spread to susceptible species in each case was the same as the
source term MAR (≥ infectious dose to susceptible species).
Case Frequencies

For this scenario, the total number of opportunities/year was determined by estimating (with assistance
from the Scientific End‐users Group) the number of employees that may be handling pathogenic
cultures, inoculum or infected animals every day (40), the number of laboratory acquired personal
contamination events upon departure from facility each day (1), and assuming the number of work days
in one year was 260. The resulting opportunity frequency (Opportunities/Year) was = 40 x 1 x 260 = 1.0 x
104.
For this scenario, the number of employees that could potentially handle pathogenic FMDv materials
and infected animals was greater than that for the spill scenario; however less than the laboratory
acquired infections scenario (RVFv only). Employee positions considered at risk for carrier scenario are
scientists (20 laboratory workers) who work in the lab but may occasionally visit or work in animal areas,
animal handlers (10), and workers in necropsy (10). It was assumed that not all of the laboratory
workers will have the same risks as those in the animal handling area due to additional PPE
requirements; however, to err on the conservative side all laboratory positions were included. The
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sanitary systems and other workers included under the LAI scenario were not applicable to these case
pathways as their protocols and PPE requirements should be the same regardless of pathogen.
The failure probability for a case pathway involving carrier with proper PPE, including respiratory
protection, was 1.0 x 10‐6; the failure probability for a carrier without respiratory protection was 1.0 x
10‐4. Frequency details are indicated in the following tables. The frequency category is dependent on
whether PPE includes respiratory protection. The resulting accident frequency category is Occasional for
the case with no respiratory protection and Infrequent for the case with respiratory protection.
While the frequency category indicates reduced risk with additional PPE use, including respiratory
protection, it should be noted that the rate without respiratory protection was still very low. While a
worker may harbor the FMDv in their respiratory tract upon leaving the NBAF the virus has a decay rate,
and does not replicate in the human system under normal conditions (at the dose expected following
routine activities), and requires a subsequent exposure greater than an infectious dose to susceptible
species. While there have been documented cases of clinical disease manifestation in a small number of
humans, the United States Animal Health Association (USAHA) states that “FMDv infections in humans
are rare and of little consequence” [USAHA, 2008]. As noted above the maximum time period in which
FMDv has been detected in human nasal secretions is usually 4‐5 hours [Sellers, 1970]. In addition,
multiple sources state that standard procedures without respiratory protection are effective in
prevention of FMDv transmission.
Case Summary Tables
Modeled Case: : FMDv Worker with No Respiratory Protection
Case Identifier: 9FA
Transport Mechanism: Fomite/Vector/Carrier
Scenario: Human Carrier (Non‐infection)
Pathogen: FMDv
Cause: A worker or visitor harbors FMDv via routine activities with no
respiratory protection, improper shower out of facility, and
procedural violation(s).
Source Terms: MAR = ≥ infectious dose to susceptible species
Initial Conditions: Spread to susceptible species outside of NBAF
Fate & Transport: Direct to Epidemiological Modeling
Accident Frequency 1.0 /year
Likelihood (NBAF Lifetime) 52 / 50 years
Frequency Category Occasional
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Modeled Case: : FMDv Worker with Respiratory Protection
Case Identifier: 9FB
Transport Mechanism: Fomite/Vector/Carrier
Scenario: Human Carrier (Non‐infection)
Pathogen: FMDv
Cause: A worker or visitor harbors FMDv via routine activities using PPE
including respiratory protection with improper shower out of
facility, and procedural violation(s).
Source Terms: MAR = ≥ infectious dose to susceptible species
Initial Conditions: Spread to susceptible species outside of NBAF
Fate & Transport: Direct to Epidemiological Modeling
Accident Frequency 1.0 x 10‐2/year
Likelihood (NBAF Lifetime) 5.2 x 10‐1 / 50 years
Frequency Category Infrequent

3.3.10 Scenario 10: Loss of Containment by Fomite
A fomite is an inanimate object or substance, such as surgical equipment, clothing, or vehicles, which
can carry a biological agent and spread the disease through mechanical transmission. Viruses can be
readily spread via contaminated utensils, clothing and PPE in laboratory environments. Careful
disinfection and sterilization of objects is necessary to prevent and mitigate cross‐contamination and
cross‐infection. This scenario includes the spread of viable infectious materials resulting from improper
development/application of protocols and/or engineering systems resulting in a release of FMDv or
RVFv via a fomite.
General Description

Contamination control is essential in a laboratory environment to protect the individual worker,
colleagues, and the public. Routine activities as well as several types of errors and violations can lead to
contamination and improper disinfection with subsequent transmission via fomites.
There are numerous references stating the importance of preventative measures to avoid the
mechanical spread of diseases. Managing fomites usually includes proper cleaning and disinfection
procedures and proper storage of materials. As learned from the 2007 Pirbright loss of biocontainment
with subsequent outbreak at a Normandy farm, preventative maintenance of equipment can also aide
to prevent fomite transmission [Logan, 2007].
The NBAF mission for FMDv and RVFv includes research in BSL‐3 and BSL‐3Ag laboratories with
occupational tasks likely to create aerosolized pathogen, material and worker contamination. Standard
procedures require the use of PPE appropriate to the pathogen, frequent glove changes, single‐use
disposable items, disinfection of contaminated materials, clothing, and waste, as well as hand washing
and shower out requirements. These are only a few preventative features of the NBAF which are
standard across biocontainment laboratories.
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While these procedures are standard and relatively easy to perform on a daily basis, accidents, mishaps,
procedural errors and violations can and do occur. Unusual events can also lead to chaos and procedural
errors.
Modeled Case Pathways

There are two types of cases for this scenario; one involving an emergency event inside of containment
and the other due to typical personal contamination. Both cases take place within the NBAF BSL‐3E or
BSL‐3Ag biocontainment areas. Table 3‐20 summarizes the four cases assessed in this scenario.

Table 320: Fomite Case Pathways
Case Identifier
10FA
10FB
10RA
10RB

Modeled Case Pathways
FMDv Fomite – Emergency
FMDv Fomite – Personal Contamination
RVFv Fomite – Emergency
RVFv Fomite – Personal Contamination

The emergency case pathway was included as a recommendation from the SSRA SMEs. Individuals with
experience working inside BSL‐3 and BSL‐4 laboratories stated that proper training and disinfection
methods should prevent loss of biocontainment via fomites; however, in emergency situations staff and
response teams could modify standard methods due to urgent situation, chaos, and/or fear. Often a
proper decontamination process for normal egress from a BSL‐3 requires 15 minutes or more; it is
understandable that for emergency situations responders could rush the process. It is important that
the NBAF emergency preparedness plan and training is thorough and extensive enough to cover a wide
range of scenarios including those in this SSRA. Dr. Stefan Wagener, CSCHAH's chief administrative
officer and scientific director for Biosafety and Environment, stresses the need to develop preparedness
strategies in three important areas: response teams, business continuity, and crisis communication.
[Stahl, 2003]
Case pathways 10FA and 10RA are examples of response team failures which could lead to loss of
pathogen via contaminated objects or substances. The failure sequence for these cases included:
1) procedural failure in which the proper responders did not attend to the accident, 2) emergency
responders and/or staff failed to properly decontaminate in accordance with NBAF protocols, and
3) failure of routine emergency responder decontamination and infection control procedures.
Case pathways 10FB and 10RB included routine operations in which procedural errors or violations
occur in series. Routine activities can become monotonous over time with subsequent lack of attention
to detail. It is important for staff to get recurring training on disinfection and similar protocols to prevent
simple mistakes. The failure sequence for these cases included: 1) worker or visitor fails to properly
decontaminate immediately after handling, and 2) failure to properly decontamination on exit from
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containment. Case 10FB for FMDv also included 3) failure to avoid susceptible species (quarantine) for
specified time period.
An often‐overlooked aspect of emergency response is lay training in life‐safety equipment. For instance,
given the normal egress from a BSL‐4 lab, with a decontamination process that can take 15 minutes or
more, an initiative to train scientists in a defibrillator could be appropriate.
Assumptions

•

Assumed a number of personnel or response team made errors and/or violations;

•

The NBAF laboratory has well trained workers with equipment and materials in good condition
and working order with proper preventative maintenance;

•

NBAF emergency management plan and training is extensive and covers a wide range of topics
ranging from basic awareness and familiarity of emergency equipment layout to life‐safety
equipment with designated personnel to transport injured staff to triage;

•

Fomite is contaminated with a qualitative amount of pathogen greater than an infectious dose to
a susceptible species; and

•

Index case in epidemiological model assumed for modeling purposes.
Transport Mechanisms

For all cases of this scenario, only the Fomite/Vector/Carrier transport mechanism was considered. The
fomite (inanimate object) could potentially spread disease to susceptible species via direct contact with
the object. The fomite scenario was bounded to include only epidemiological modeling with
requirement for subsequent index case(s).
Source Terms

The quantity of pathogen (source term) of FMDv for all fomite cases assessed in this scenario is an
unspecified quantity greater than an infectious dose to a susceptible species. The actual quantity of
inoculum is unnecessary to specify as the scenario requires a subsequent index case detailed in the
epidemiological modeling results. For the Fomite/Vector/Carrier transport mechanisms the MAR, or
Material at Risk is only qualitative. The simplistic estimate of this source term was developed using input
from SSRA SSMEs.
Initial Conditions

For all four cases involving fomites the complete set of initial conditions is presented in Appendix B.
Upon departure of the NBAF it is assumed that a contaminated object or substance from
biocontainment remains viable. The fomite was then transferred off‐site with subsequent direct contact
to susceptible species causing infection via mechanical transmission. Procedural errors, violations,
and/or disinfection failure is necessary in order for viable pathogen to escape the facility. These mishaps
are more likely to occur in urgent and emergency situations.
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The MAR in this scenario was not reduced by the same factors as those for plume modeling (DR, ARF,
and LPF) as they are not applicable to the Fomite/Vector/Carrier transport mechanism. The total viable
pathogen available for release (Q) and spread to susceptible species in each case was the same as the
source term MAR (≥ infectious dose to susceptible species).
Case Frequencies

For this scenario, the total number of opportunities/year was determined by estimating (with assistance
from the Scientific End‐users Group) the number of employees that may be handling pathogenic
cultures, inoculum, solid and liquid waste, or infected animals every day (50), the number of departure
events from facility each day (1), and assuming the number of work days in one year is 260. The
resulting opportunity frequency (Opportunities/Year) was = 50 x 1 x 260 = 1.3 x 104.
The number of employees that may be handling pathogenic materials was greater than that for the spill
and transient human carrier scenarios but equal to that for the LAI scenario. The employees considered
at risk for fomite transmission are shown in Table 3‐21. While some tasks are higher risk for personal
contamination (necropsy) each employee is assumed to have only one opportunity at the end of their
work day to improperly decontaminate prior to leaving the facility.

Table 321: Estimated Employees with RVFv/FMDv Handling Opportunities
Employee Position
Research Laboratory
Animal Handling
Necropsya
Waste Systemsb
Other*

Employee Number
20
10
10
2
8

*Other included to account for additional staff not necessarily involved in the above
tasks; no estimation was given by Scientific End-users Group.
a Highest risk for personal contamination and fomite transfer
b Scientific-users group estimated Waste systems handling opportunities per day to
be 1.

The failure probability for the case pathways ranged from 1.0 x 10‐4 to 1.0 x 10‐6 and was dependent on
type of event (emergency vs. routine daily activities). The resulting accident frequency category for the
four cases, involving fomites, ranged from Occasional for RVFv routine activities to Very Rare for
emergency events.
Although catastrophes leading to emergency events seem most plausible for panic and subsequent
disinfection errors; when you calculate the probability vs. the number of opportunities, daily routine
activities are more at risk for errors and violations leading to fomite transmission.
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Case Summary Tables
Modeled Case: FMDv Fomite ‐ Emergency
Case Identifier: 10FA
Transport Mechanism: Fomite/Vector/Carrier
Scenario: Loss of Containment by Fomite
Pathogen: FMDv
Cause: Emergency event inside biocontainment causes chaos and
necessity of emergency medical services. Series of events leading
to loss of FMDv includes contamination of material(s), improper or
failure of shower out/disinfection and/or procedural violations.
Source Terms: MAR = ≥ infectious dose to susceptible species
Initial Conditions: Spread to susceptible species outside of NBAF
Fate & Transport: Direct to Epidemiological Modeling
Accident Frequency: 6.0 x 10‐6/year
Likelihood (NBAF Lifetime): 3.0 x 10‐4/ 50 years
Frequency Category: Very Rare

Modeled Case: FMDv Fomite – Personal Contamination
Case Identifier: 10FB
Transport Mechanism: Fomite/Vector/Carrier
Scenario: Loss of Containment by Fomite
Pathogen: FMDv
Cause: Personal contamination and series of events including improper or
failure of shower out/disinfection and/or procedural violations.
Source Terms: MAR = ≥ infectious dose to susceptible species
Initial Conditions: Spread to susceptible species outside of NBAF
Fate & Transport: Direct to Epidemiological Modeling
Accident Frequency: 1.3 x 10‐2/year
Likelihood (NBAF Lifetime): 6.5 x 10‐1
Frequency Category: Infrequent

Modeled Case: RVFv Fomite ‐ Emergency
Case Identifier: 10RA
Transport Mechanism: Fomite/Vector/Carrier
Scenario: Loss of Containment by Fomite
Pathogen: RVFv
Cause: Emergency event inside biocontainment causes chaos and
necessity of emergency medical services. Series of events leading
to loss of RVFv includes contamination of material(s), improper or
failure of shower out/disinfection and/or procedural violations.
Source Terms: MAR = ≥ infectious dose to susceptible species
Initial Conditions: Spread to susceptible species outside of NBAF
Fate & Transport: Direct to Epidemiological Modeling
Accident Frequency: 6.0 x 10‐6/year
Likelihood (NBAF Lifetime): 3.0 x 10‐4/ 50 years
Frequency Category: Very Rare
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Modeled Case: RVFv Fomite – Personal Contamination
Case Identifier: 10RB
Transport Mechanism: Fomite/Vector/Carrier
Scenario: Loss of Containment by Fomite
Pathogen: RVFv
Cause: Personal contamination and series of events including improper or
failure of shower out/disinfection and/or procedural violations.
Source Terms: MAR = ≥ infectious dose to susceptible species
Initial Conditions: Spread to susceptible species outside of NBAF
Fate & Transport: Direct to Epidemiological Modeling
Accident Frequency: 1.3/year
Likelihood (NBAF Lifetime): 65/50 years
Frequency Category: Occasional

3.3.11 Scenario 11: Tornado
Tornadoes have struck every U.S. state, including Alaska and Hawaii. But most tornadoes form in a belt
from Nebraska southward through Kansas and Oklahoma, known as "Tornado Alley," and in the
Southeastern United States in an area known as “Dixie Alley,” as illustrated in Figure 3‐36. A tornado is
defined as a violently rotating column of air extending from the base of a thunderstorm to the ground.
Air moves very rapidly upward around a tornado center. This upward movement of air distinguishes
tornadoes from microbursts (which often do tornado‐like damage). Microbursts result from air that
blasts rapidly downward from thunderstorms. [FEMA, 2003]

Figure 336: Tornado Alley and Dixie Alley [Frates, 2010]
The intensity of tornadoes is commonly measured on the Fujita (or F) scale. Tornadoes are assigned a
scale number (based on a scale of F0 to F5, although the F6 has been envisioned) that is inferred from
an analysis of resulting wind damage, as described in Table 3‐22.
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Table 322: Fujita Scale
Rating

Wind, Damage

F0 (weak)

40‐72 mph, light damage

F1 (weak)

73‐112 mph, moderate damage

F2 (strong) 113‐157 mph, considerable damage
F3 (strong) 158‐206 mph, severe damage
F4 (violent) 207‐260 mph, devastating damage
F5 (violent) 260‐318 mph (rare), incredible damage

All tornadoes are assigned a single number from this scale according to the most intense damage caused
by the storm [NWS, 2009]. An F4 tornado struck Manhattan, Kansas, on June 11th, 2008, causing
substantial damage on its path from the southwest to northeast, terminating near the campus of Kansas
State University.
Tornadoes are considered separately from high wind events (Scenario 7) in this SSRA. The frequency of
occurrence and the prevailing wind conditions are different for the high‐wind and tornado events. The
source terms, however, are very similar.
General Description

The scenarios for the tornado cases modeled in the SSRA are much the same as the catastrophic high
wind cases of Scenario 7. If a tornado strikes the NBAF, this assessment does not automatically assume
that there is a loss of biocontainment. Current design and construction strategy will provide structural
integrity and continued containment if the NBAF is directly hit by a tornado of F2 intensity or less
(Figure 3‐37). In these cases, the SSRA assumes there is no loss of containment and there is nothing to
model because the tornado will not result in the loss of pathogen.
NBAF
Fujita Scale

Structural
Integrity

Containment
Integrity

F2

Yes

Yes

F3

No

No

F4

No

No

F5

No

No

Figure 337: Current NBAF Structural and Containment Integrity Design Objectives
[NDP, 2010, May]
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If however, NBAF is hit by an F3 (or greater) tornado, the SSRA assumes that there is some probability
that the facility will be damaged and containment could be lost. This probability is based on three
considerations: 1) probability of an F3 tornado being in the F3 state when it strikes the facility; 2)
probability of full involvement, or overlap, of the damage radius of the tornado with the NBAF, and 3)
probability of structural and containment failure prevention derived from the engineered factors of
safety. The product of these three estimated considerations is 0.1. Thus, the SSRA assumed a 10%
probability for catastrophic loss of containment from an F3 (or greater) tornado impact.
Modeled Case Pathways

Two cases were used to model the release of FMDv for the tornado scenario and two were used to
model the release of RVFv (Table 3‐23). The first case (11FA for FMDv and 11RA for RVFv) represents
loss of biocontainment with no loss of hosts/vectors. The second case (for FMDv and RVFv) represents
the complete loss of biocontainment and the loss of appropriate vectors. In the case of FMDv (11FB),
the lost vector was a single infected pig that is displaced from the facility into a location where there are
other susceptible animals (before the tornado). In the case of RVFv (11RB), the lost vectors were
modeled as 100 escaped RVF‐infected mosquitoes.
Table 323: Tornado Modeled Cases
Case Identifier
11FA
11FB
11RA
11RB

Modeled Case Pathways
FMDv Tornado Release (without Loss of Vectors)
FMDv Tornado Release and Loss of Infected Animal
RVFv Tornado Release (without Loss of Vectors)
RVFv Tornado Release and Loss of Vectors

Assumptions

•

No special preparations or operational adjustments were made in anticipation of the tornado
strike.

•

NBAF containment would be maintained for all tornado strikes of magnitude F2 and below and
NBAF containment systems would l be maintained in high‐wind events < 119 mph.

•

The full facility was affected by the tornado, not a specific lab or area. All viable pathogenic
materials in the NBAF are potentially subject to release including animals and vectors.

•

NBAF containment systems would be maintained in a seismic event up to the design loads of
0.207g (short periods) and 0.053g for 1‐sec periods.

•

The DR was 0.01 assuming 99% of materials are properly stored in freezers, refrigerators,
incubators, etc. or were not being handled or manipulated at the time of the event. The
remaining 1% (100 liters) of pathogen was available for release or spills during the high wind or
earthquake event.

•

Damage to the building envelope and/or structural components use a release area of 86,287 sq ft.
(containment area) large Gaussian (similar to a circle) over the NBAF center coordinate.
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•

Animal dynamic respiration release occurred for 4 hours. SSRA SMEs agreed this was a reasonable
amount of time to move or put down animals following potential release of biocontainment due
to tornado damage.
Transport Mechanisms

All normal NBAF operations would cease after a tornado strike and there would be no continued
discharge into to the municipal sanitary sewer systems or solid waste systems until some remedial
actions and testing have occurred. The potential for displaced vectors is included in the modeling as
were the dissemination of aerosols after the tornado strike. Lost or escaped vectors were addressed
under the Fomite/Vector/Carrier transport mechanism with initial condition data transferred directly to
epidemiological modeling. Lost vector models were similar to those used in scenario 3: Lost or Escaped
Vector.
Source Term

The source term for MARLabs in all catastrophic natural phenomena events were the same for both RVFv
and FMDv pathogens. MARLabs was an estimate of the average amount of FMDv or RVFv in all NBAF
laboratory materials. The value of 1 x 1012 iu assumed the average concentration, N, of all FMDv or RVFv
materials in the NBAF was approximately 1.0 x 106 with a total volume of 1,000 liters (1,000,000 mL).
SMEs agreed that these source terms are conservative and reasonable pathogen estimates for the
catastrophic events scenarios 7 and 11.
In the FMDv release cases, where containment of the animal holding areas was lost, additional source
terms include the static bolus of aerosolized contamination was (always present in animal holding
rooms), estimated (using design‐specified air changes per hour, room sizes, and assumed numbers and
species of animals) to be 9.7 x 107 iu. The continued respiration of live animals (for 240 minutes) in an
uncontained environment was estimated to be 5.81 x 109 iu. Detailed calculations for infected animal
static and dynamic respiration can be found in Appendix B. For cases 11FA and 11FB the source term
MAR was calculated as MARLabs + MARAstatic + MARAdynamic (1.0 x 1012 iu + 9.7 x 107 iu + 5.81 x 109 iu) with
total MAR still equal to 1.0 x 1012 total infectious units. For the latter FMD case (11FB), it is assumed that
one pig was relocated, to an uncontrolled/uncontained location, by the tornado winds after the NBAF
structure fails
There are no additional contributions for RVFv cases with respect to animal respiration; however, the
second RVFv scenario (11RB) included loss of vectors. All NBAF infected vectors are considered at risk.
However, only a single cow and 100 infected mosquitoes escape NBAF biocontainment in this tornado
scenario, as described in the initial conditions section below.
Initial Conditions

Initial conditions for quantity of released pathogen in labs (QLabs) and lost vectors (QVector) was
determined with the help of SSRA SMEs and Science End‐users Group. SMEs agreed that these source
terms and initial conditions used in this scenario are conservative and reasonable pathogen estimates
for a tornado event. Initial failure of containment included a nearly instantaneous release of the aerosol
fraction of NBAF pathogens. The model also included the release of respiratory aerosols for four hours
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(allowing time for euthanasia or alternative containment arrangements) for infected laboratory animals.
Initial conditions are detailed in the case summary tables.
The laboratory source term (MARLabs) was reduced by several factors in order to estimate the amount of
pathogenic material that was released from biocontainment. The first potential reduction factor was the
damage ratio, DR. For all cases in this scenario, it was assumed that the DR was set to 0.01; only 1% of
the total pathogen (stocks, tissues, and laboratory working volumes) would actually be released in a
seismic or high wind event because most materials would be securely stored in freezers, refrigerators,
and incubators and were not being handled or manipulated. In addition, most materials were in small
volumes and break resistant containers. The aerosolized fraction of spilled laboratory materials during
the event was set to 1.0 x 10‐4 (same as Small/Medium Spill scenario). The last factor that is used in
developing the initial release quantity from the laboratory source term is the LPF which accounts for
pathogen reduction by losses (of aerosols) to walls, ducting, and HEPA filtration systems. For all tornado
cases in which there is structural damage with non‐functional HEPA system, the value was set to 1.0 (no
reduction in source term) [DHS, 2008].
For both FMDv cases (11FA and 11FB) additional contributions from the animal holding areas included
the previously‐mentioned static bolus of 9.7 x 107 iu and animal dynamic (4 hour pig respiration)
pathogen contribution of 5.81 x 109 iu.) Case 11FB was identical to the initial conditions for 11FA except
that a single living pig was displaced from NBAF grounds with subsequent epidemiological modeling and
requirement for subsequent index case. The lost pig initial conditions were similar to that of scenario
3FA (Lost or Escaped Vector).
The second RVFv scenario (11RB) included the loss of a single cow and 100 infected mosquitoes. The
number of mosquitoes was determined using a series of estimations (with the help of an experienced
RVFv SSRA SME). The estimate included the number of mosquitoes per incubator (200) and assumed
one incubator fell over from high winds or a direct tornado hit. One half of the cartons inside incubator
(4) open which released approximately 100 mosquitoes. With loss of the building envelope, it was
assumed that all mosquitoes could potentially escape biocontainment through various mechanisms
(structural damage or mechanical failures).
Case Frequencies

A detailed NBAF Manhattan, Kansas, site‐specific analysis performed by the STAR predicted the
frequency of tornado events, for each level of the Fujita scale, as presented in Table 3‐24 and illustrated
in Figure 3‐38 (details presented in Appendix H). The mean return period for an F3 event is 300 years—a
frequency of 3.33 x 10‐3 F3/year.
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Table 324: Tornado Mean Return Period and Frequency for NBAF Location
F‐Scale
F0 or Greater
F1 or Greater
F2 or Greater
F3 or Greater
F4 or Greater
F5 or Greater

Mean Return Period (Years)
16
33
77
300
1,687
18,370 Years

Mean Frequency (1/Years)
6.25 x 10‐2
3.03 x 10‐2
1.30 x 10‐2
3.33 x 10‐3
5.93 x 10‐4
5.44 x 10‐5

Figure 338: Tornado Mean Return Period and Frequency for NBAF Location
NBAF design and construction standards have been established that will provide the central
biocontainment area (comprising BSL‐3, BSL‐3E, BSL‐3Ag, and BSL‐4 areas) with containment integrity
for F0‐F2 tornadoes. As previously described, the SSRA assumed that there was a complete loss of
containment—meaning that all infectious materials in the principal containment and animal holding
areas were at risk—in 10% of F3 (or greater) strikes. That is, complete loss of containment is not an
automatic conclusion of an F3 event and therefore, does not have the exact same period or frequency of
an F3 event striking the facility. At least three mitigating factors are included in the assessment of the
probability of complete loss of containment given an F3 event: 1) The actual Fujita scale intensity at time
of facility strike (estimated probability of F3 damaging winds at the time of the NBAF strike is 0.4). The
intensity of a tornado changes along it track and what is predicted to be an F3 tornado may be of only F2
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intensity, or less, when coincident with the NBAF; 2) The overlap of the F3 damage influence and the
containment area footprint (estimated probability of alignment between damage area and footprint is
0.625, using a path width of 250 yards and a facility width of 150 yards); and 3) The engineering and
design factors of safety (estimated effect on probability for safety factors included in design is 0.4). Thus,
for the purposes of the SSRA, the probability of a complete loss of containment resulting from an F3
event (300 year period) is 10% (1.0 x 10‐1). The resulting frequency of the complete loss of
biocontainment from an F3 event is 3.33 x 10‐4 (3.33 x 10‐3 x 10‐1). The resulting accident frequency
category for the four tornado cases is Very Rare.
Case Summary Tables
Modeled Case: FMDv Tornado Release (without Loss of Vectors)
Case Identifier: 11FA
Transport Mechanism: Air and Deposition
Scenario: Tornado
Pathogen: FMDv
Cause: A direct tornado hit resulting in loss of containment due to
structural damage and failure of engineering systems and HEPA
filtration.
Source Terms: MAR = 1.0 x 1012 iu (includes labs and animal respiration)
All vectors at risk
Initial Conditions: Qlab = 1.0 x 106 iu
QAnimal static = 9.7 x 107 iu
QAnimal dynamic = 5.8 x 109 iu (4 hours)
No loss of vectors
Fate & Transport: Plume Modeling
Accident Frequency: 3.3 x 10‐5
Likelihood (NBAF Lifetime): 1.7 x 10‐3
Frequency Category: Very Rare
Modeled Case: FMDv Tornado Release and Loss of Infected Animal
Case Identifier: 11FB
Transport Mechanism: Air and Deposition and Fomite/Vector/Carrier
Scenario: Tornado
Pathogen: FMDv
Cause: A direct tornado hit resulting in loss of containment due to
structural damage and failure of engineering systems and HEPA
filtration plus loss of infected animal
Source Terms: MAR = 1.0 x 1012 iu (includes labs and animal respiration)
All vectors at risk
Initial Conditions: Qlab = 1.0 x 106 iu
QAnimal static = 9.7 x 107 iu
QAnimal dynamic = 5.8 x 109 iu (4 hours)
QVector = 1 infected pig
Fate & Transport: Plume Modeling, Direct to Epidemiological Modeling
Accident Frequency: 3.3 x 10‐6
Likelihood (NBAF Lifetime): 1.7 x 10‐4
Frequency Category Very Rare
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Modeled Case: RVFv Tornado Release Without Loss of Vectors
Case Identifier: 11RA
Transport Mechanism: Air and Deposition
Scenario: Tornado
Pathogen: RVFv
Cause: A direct tornado hit resulting in loss of containment due to
structural damage and failure of engineering systems and HEPA
filtration.
Source Terms: MAR = 1.0 x 1012 iu
All vectors at risk
Initial Conditions: Qlab = 1.0 x 106 iu
No loss of vectors
Fate & Transport: Plume Modeling
Accident Frequency 5.9 x 10‐5
Likelihood (NBAF Lifetime) 3.0 x 10‐3
Frequency Category Very Rare

Modeled Case: RVFv Tornado Release and Loss of Vectors
Case Identifier: 11RB
Transport Mechanism: Air and Deposition and Fomite/Vector/Carrier
Scenario: Tornado
Pathogen: RVFv
Cause: A direct tornado hit resulting in loss of containment due to
structural damage and failure of engineering systems and HEPA
filtration plus loss of vectors
Source Terms: MAR = 1.0 x 1012 iu
All vectors at risk
Initial Conditions: Qlab = 1.0 x 106 iu
QVector = 1 cow plus 100 mosquitoes
Fate & Transport: Plume Modeling, Direct to Epidemiological Modeling
Accident Frequency: 5.9 x 10‐6
Likelihood (NBAF Lifetime): 3.0 x 10‐4
Frequency Category: Very Rare

3.3.12 Scenario 12: Theft and Subsequent Intentional Pathogen Release
The TRA [Sandia, 2010, January 25] provided a qualitative assessment of risks to the NBAF from
intentional events and placed different events in a “High, Medium, or Low” risk category. Four of the
seven incidents described in the TRA’s “High Risk” category involve the theft of a pathogen by someone
(employee or visitor) with full access to the building. Other types of theft described by the TRA include
the theft of other select or priority agents and information. While all types of theft are important, for
the purposes of this SSRA the theft of FMDv and RVFv resulting in the loss of NBAF biocontainment and
potential for release and index cases were assessed.
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General Description

The TRA analysis indicated that the highest risk (from the 418 scenarios analyzed in the TRA) is from an
insider (employee or visitor), with full building access, “sabotaging the FMD vaccine bank and then using
stolen FMD in a malicious attack against the United States.” The SSRA modeled that theft and successful
introduction of at least one index infection for this scenario, through the use of two cases.
Modeled Case Pathways

There are a multitude of methods that a perpetrator (or perpetrators) could use to cause an index
infection outside of NBAF once the pathogenic material has been removed from containment. To
maintain consistency with the organization of the SSRA, and to not divulge sensitive information on the
specific TRA methods, the methods that could be used by a perpetrator include the Liquid, Solid, and
Fomite/Vector/Carrier pathways. However, all stolen materials are likely to leave the NBAF by the
central shower/change facility and are thus only the Fomite/Vector/Carrier transport mechanism is
assessed for loss of containment due to theft. While theft of an animal or vectors is possible; a more
probable event includes theft of a small vial or other article less likely to be noticed by security detection
systems. A summary of the cases used to assess Scenario 12 is presented in Table 3‐25.
Table 325: Theft Cases
Case Identifier
12FF
12RF

Modeled Case Pathways
FMDv Theft with Intent to Release
RVFv Theft with Intent to Release

Assumptions

•

Perpetrator(s) was familiar with viral pathogens and successfully removed a sufficient quantity of
infected material (by intentionally defeating protocols) to be used in a subsequent attack.

•

Infectious material was removed from NBAF in a primary container, on a fomite, in a vector, or
in/on a human carrier; and

•

The NBAF has well trained security officers, strict security protocols and extensive engineering
systems in place to prevent acts of theft and sabotage.
Transport Mechanisms

The theft of materials from NBAF would most likely involve the theft of materials leaving the
containment area through the central shower/change facility. Thus, the transport mechanism is
technically a part of the Fomite/Vector/Carrier mechanism used throughout the SSRA. Intentional
introduction of a pathogen into liquid EDS, solid‐waste handling system, or air handling system are
considered sabotage and are addressed in Scenario 13.
Source Term

It was assumed that the perpetrator was not bound by the same protocols and good laboratory
practices of other laboratory workers and was therefore not restricted or limited in the amount of
available source term. A reasonable assumption is that the perpetrator may have access to the same
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source term considered for the accidental spill scenario. For FMDv (Case 12 FF), this was determined to
be 100 mL with a concentration, N, of 1 x 1010 iu/mL for a total FMDv quantity of 1 x 1012 iu. Likewise, for
RVFv (Case 12 RF), the source term was 100 mL of 1 x 1010 which resulted in a total RVFv quantity of 1 x
1012 iu. These source terms were conservative as it would be extremely difficult to evade NBAF security
systems with theft of such a large pathogen volume. Virus concentration is very high for both FMDv and
RVFv similar to that of concentrated or purified virus.
Initial Conditions

Initial conditions assumed there was no loss of source term, thus quantity of pathogen released from
NBAF is 1 x 1012 iu. The initial conditions of the point of attack were assumed to be sufficient to cause at
least one index case, but the specific concentration and quantity of pathogen were not modeled. Initial
condition data was transferred directly to epidemiological modeling for the Fomite/Vector/Carrier
transport mechanism.
Case Frequencies

DHS and Sandia National Laboratories have suggested that no frequency information should be
associated with this scenario in the SSRA analysis.
Case Summary Tables
Modeled Case: FMDv Theft with Intent to Release
Case Identifier: 12FF
Transport Mechanism: Fomite/Vector/Carrier
Scenario: Theft
Pathogen: FMDv
Cause: Scenario covers theft of viable pathogenic virus by worker or visitor
with intention of release.
Source Terms: Various mechanisms of theft possible
MAR = 1 x 1012 iu
Initial Conditions: Q = 1 x 1012 iu
Malicious action results in subsequent outbreak. Modeling and
consequences the same as Scenario 10 with subsequent index case.
Fate & Transport: Direct to Epidemiological Modeling
Accident Frequency: NA
Likelihood (NBAF Lifetime): NA
Frequency Category: Not Assessed
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Modeled Case: RVFv Theft with Intent to Release
Case Identifier: 12RF
Transport Mechanism: Fomite/Vector/Carrier
Scenario: Theft
Pathogen: RVFv
Cause: Scenario covers theft of viable pathogenic virus by worker or visitor
with intention of release.
Source Terms: Various mechanisms of theft possible
MAR = 1 x 1012 iu
Initial Conditions: Q = 1 x 1012 iu
Malicious action results in subsequent outbreak. Modeling and
consequences the same as Scenario 10 with subsequence index
case.
Fate & Transport: Direct to Epidemiological Modeling
Accident Frequency: NA
Likelihood (NBAF Lifetime): NA
Frequency Category: Not Assessed

3.3.13 Scenario 13: Sabotage of NBAF Systems or Processes with Subsequent
Pathogen Release
The TRA [Sandia, 2010, January 25] provided a qualitative assessment of risks to the NBAF from
intentional events and placed different events in a “High, Medium, or Low” risk category. There are a
total of 7 scenarios outlined in the TRA’s “High Risk” category of the assessment. Four incidents
described in the “High Risk” category involve the theft of a pathogen by someone (employee or visitor)
with full access to the building. Two of the “High Risk” events describe sabotage of the FMD vaccine
bank. Other types of sabotage described by the TRA include the sabotage of other select agents, security
systems and information. While all of these types of sabotage are important, the SSRA SMEs believe it is
most important, for the purposes of this SSRA, to consider the potential sabotage of engineered systems
and protocols that would result in the loss of NBAF biocontainment.
General Description

Biocontainment systems depend upon engineered systems, good laboratory practices and appropriate
human control and maintenance. NBAF will use a modern building automation system, consistent with
best laboratory design practices, to optimize the control of several engineered systems that will provide
biocontainment. A potential saboteur may be able to reprogram or change the control settings on a
containment system if they have unrestricted access and sufficient knowledge. It may be possible;
however, to sabotage a system without having full access to automated systems but by directly
damaging system components and the built‐in sensors that monitor equipment performance.
Biocontainment and the NBAF (and every other containment facility) depend on restricting access to
automation systems and containment systems to those individuals that are approved to work in such
areas. Unauthorized access to the automation systems or containment systems may result in a loss of
biocontainment that have the potential to cause a disease outbreak associated with NBAF.
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The cases considered for this scenario were representative but not all‐inclusive of the types of sabotage
events that can be envisioned for NBAF. However, the most important aspect of the sabotage scenario
was the effectiveness of the sabotage attempt at releasing a quantity of pathogen needed to cause one
or more index cases in the surrounding community and/or region.
Sabotage acts could involve the liquid effluent decontamination systems—an individual (or multiple
individuals) could conspire to cause the complete failure of a cook tank sterilization (likely to be
unsuccessful with index case unless procedural protocols were also sabotaged that would prevent the
use of disinfectant in discharged effluent.) Sabotage of the solid waste pathway could also be
perpetrated by someone intentionally bypassing a step in the engineered processes or by
damaging/adjusting settings to prevent the system from operating effectively. Lastly, a perpetrator may
be able to compromise the HEPA systems and cause a loss of biocontainment if they had sufficient
access and information on the building and systems.
Modeled Case Pathways

Six different case pathways are assessed for the Sabotage scenario: 3 FMDv cases and 3 RVFv cases. For
both FMDv and RVFv, a case of sabotage related to the liquid EDS, solid waste handling system, and the
room exhaust HEPA filtration system were considered, as described in Table 3‐26.
Table 326: Scenario 13 Modeled Cases
Case Identifier
13FL
13FS
13FA
13RL
13RS
13RA

Modeled Case Pathways
FMDv Sabotage of Liquid EDS
FMDv Sabotage of Solid Waste Handling System
FMDv Sabotage of HEPA Filtration System(s)
RVFv Sabotage of Liquid EDS
RVFv Sabotage of Solid Waste Handling System
RVFv Sabotage of HEPA Filtration System(s)

Assumptions

•

Saboteur had full access to all necessary building and facility controls;

•

Saboteur had knowledge of building automation systems;

•

Saboteur had knowledge necessary to successfully sabotage the liquid effluent decontamination
system, the solid waste disposal system, and some part of the HEPA exhaust filtration system;

•

Sabotage was not identified and/or corrected before the release occurs; and

•

The NBAF had well trained security officers, strict security protocols and extensive engineering
systems in place to prevent acts of theft and sabotage.
Transport Mechanisms

The Fomite/Vector/Carrier pathway is not considered in this scenario. The intentional removal of
pathogenic materials on/in fomite/vector/carrier is considered theft and was assessed in Scenario 12.
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Only the Liquid, Solid and Air and Deposition transport mechanisms were assessed as part of this
sabotage scenario.
Source Term

It was assumed that the perpetrator was not bound by the same protocols and good laboratory
practices of other laboratory workers, and were not restricted or limited in the amount of available
source term. A reasonable assumption was that the perpetrator may initiate a sabotage event at the
most opportune time. These opportunities were derived from source terms calculated for Scenario 4
(liquid or solid waste) and for Scenario 1, an aerosol release.
Initial Conditions

Initial conditions for each case follow the scenario in which they were derived. For example, 13FA has a
DR set to 1.0, ARF 1.0 x 10‐4 for spill, and LPF of 1.0 for non‐functional HEPA filtration. Initials condition
data is transferred directly to epidemiological modeling for the Liquid and Solid pathways and to plume
modeling for Air and Deposition transport mechanism. Source terms and initial conditions are detailed
in the case summary tables. The initial conditions of the point of attack were assumed to be sufficient to
cause at least one index case, but the specific concentration and quantity of pathogen were not
modeled.
Case Frequencies

DHS and Sandia National Laboratories have suggested that no frequency information should be
associated with this scenario in the SSRA analysis.
Case Summary Tables
Modeled Case: FMDv Sabotage of Liquid EDS
Case Identifier: 13FL
Transport Mechanism: Liquid
Scenario: Sabotage
Pathogen: FMDv
Cause: Sabotage of liquid effluent system with intentional release of viable
pathogens equal to that of one failed cooker tank sterilization
process.
Source Terms: MAR = 7.2 x 109 iu
Initial Conditions: Q = 1.6 x 109 iu
N = 1.4 x 101 iu/mL
Subsequent index case
Fate & Transport: Sanitary Sewer Dilution Model
Accident Frequency: NA
Likelihood (NBAF Lifetime): NA
Frequency Category: Not Assessed
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Modeled Case: FMDv Sabotage of Solid Waste Handling System
Case Identifier: 13FS
Transport Mechanism: Solid
Scenario: Sabotage
Pathogen: FMDv
Cause: Sabotage of solid waste resulting in intentional release of viable
pathogens to the municipal landfill or other location
Source Terms: MAR = 1.0 x 109 iu.
Initial Conditions: Q = 1.0 x 103 iu. (< infectious dose for susceptible species)
Subsequent index case
Fate & Transport: Solid Waste
Accident Frequency: NA
Likelihood (NBAF Lifetime): NA
Frequency Category: Not Assessed

Modeled Case: FMDv Sabotage of HEPA Filtration System(s)
Case Identifier: 13FA
Transport Mechanism: Air and Deposition
Scenario: Sabotage
Pathogen: FMDv
Cause: Sabotage or bypass of HEPA filtration systems resulting in loss of
biocontainment
Source Terms: MAR = 1.0 x 1012 iu
Initial Conditions: Q = 1.0 x 108 iu
Subsequent index case
Fate & Transport: Plume Modeling, Direct to Epidemiological Modeling for index case
Accident Frequency: NA
Likelihood (NBAF Lifetime): NA
Frequency Category: Not Assessed

Modeled Case: RVFv Sabotage of Liquid Effluent Decontamination System
Case Identifier: 13RL
Transport Mechanism: Liquid
Scenario: Sabotage
Pathogen: RVFv
Cause: Sabotage of liquid effluent system with intentional release of viable
pathogens equal to that of one failed cooker tank sterilization
process.
Source Terms: MAR = 1.5 x 1013 iu
Initial Conditions: Q = 3.1 x 1012 iu
N = 2.7 x 104 iu/mL
Subsequent index case
Fate & Transport: Sanitary Sewer Dilution Model
Accident Frequency: NA
Likelihood (NBAF Lifetime): NA
Frequency Category: Not Assessed
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Modeled Case: RVFv Sabotage of Solid Waste Handling System
Case Identifier: 13RS
Transport Mechanism: Solid
Scenario: Sabotage
Pathogen: RVFv
Cause: Sabotage of solid waste resulting in intentional release of viable
pathogens to the city landfill.
Source Terms: MAR = 1.0 x 109 iu.
Initial Conditions: Q = 1.0 x 103 iu. (< infectious dose for susceptible species)
Subsequent index case
Fate & Transport: Solid Waste
Accident Frequency NA
Likelihood (NBAF Lifetime) NA
Frequency Category: Not Assessed

Modeled Case: RVFv Sabotage of HEPA Filtration System(s)
Case Identifier: 13RA
Transport Mechanism: Air and Deposition
Scenario: Sabotage
Pathogen: RVFv
Cause: Sabotage or bypass of HEPA filtration systems resulting in loss of
biocontainment
Source Terms: MAR = 1.0 x 1012 iu
Initial Conditions: Q = 1.0 x 108 iu
Subsequent index case
Fate & Transport: Plume Modeling, Direct to Epidemiological Modeling for index case
Accident Frequency: NA
Likelihood (NBAF Lifetime): NA
Frequency Category: Not Assessed

3.4

Transport Pathways

In the unlikely event that an infectious quantity of pathogen escapes biocontainment and is released
into the outside environment, as considered by the thirteen scenarios, the pathogen would travel from
the NBAF by one or more of four transport pathways: liquid; solid, fomite/vector/carrier, or aerosol. An
index case for epidemiological modeling may be anticipated the pathogen is transported by one of these
pathways and remains viable in the process. This section discusses each of the four pathways in detail.

3.4.1 Liquid Effluent Pathway
As depicted in Figure 3‐39, aggregated liquid effluent was discharged from the NBAF into ductile iron
piping near the southwest corner of the building. The effluent flowed approximately 550 feet (west) to a
lift station near the demarcation between the NBAF and BRI property. Currently, some design
consideration is being given to an on‐site wastewater treatment system but this option was not
assessed as part of this SSRA.
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NBAF Force Main Sanitary Sewer

NBAF Gravity Sanitary Sewer
Figure 339: NBAF and Lift Station
From the lift station, the effluent is carried through a force main in a northerly direction (under the
NBAF parking lot)—angling slightly to the west to avoid the Westar sub‐station. The force main
continues under Kimball Avenue. On the north side of Kimball Avenue, the force main connects with a
municipal gravity line behind the Manhattan, Kansas, Fire Department station on the northeast corner
of Denison Avenue and Kimball Avenue, as seen in Figure 3‐40. This is the first point at which the NBAF
effluent is mixed with effluent from other sources (e.g., BRI, fire station) in the sanitary sewer system.
This is also the point where responsibility for the sanitary sewer line changes from NBAF to the city.

North

Figure 340: NBAF Lift Station to Municipal Gravity Line (Note: North to the left)
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The gravity line then turns to the west and then north again—continuing north in the existing right‐of‐
way along Denison Avenue all the way to Marlatt Avenue. Effluent then flows east all the way to
Casement Road. At Hays Drive, the sewer line turns south until it reaches McCall Road. The sewer line
goes west for a short distance and then south, routed under U.S. 24. The line then goes east on Linear
Road to the WWTP located near the confluence of the Blue River and the Kansas River. Figure 3‐41
depicts the entire NBAF‐to‐WWTP sanitary sewer route. The entire route is approximately 6 miles long
and, under average flow conditions, NBAF effluent will take between 5 and 10 hours to complete the
route from the NBAF to the WWTP.

Figure 341: NBAF to WWTP Sanitary Sewer Path
The Manhattan, Kansas, WWTP uses an activated sludge treatment process. Oxygen is mixed with
incoming effluent (i.e., influent) to promote aerobic microbiological activity. Air is also pumped into
diffusers at the bottom of each of four aeration basins in which the influent is treated to assist in the
sludge activation process. From the aeration basins, the influent is processed in a clarifying basin, where
solids settle. The sediments from the clarifying basin are used in the aeration basins or in aerobic
digesters as waste‐activated sludge. Clarified water (from the clarifying basin) is processed in the
disinfection building with ultraviolet light before being discharged into the Kansas River. Manhattan,
Kansas, has a well‐established biosolids management program. Solids residuals from the aerobic
digesters are recovered and dried in a holding barn. Periodically, the residuals are applied to local (plant
product) farms at a rate of up to 2 dry tons per acre.
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Modeling of the sanitary sewer system was performed by estimating dilution factors along the sewerage
routing—based on confluence and pipe diameters. Evidence suggests that, given the right conditions,
FMDv may remain viable for long periods in the sewer effluent. For this reason, the model did not
include a decay or degradation factor for pathogen concentrations; rather, the model only included
reductions in concentration due to dilution. Regardless, the activated sludge treatment process and
advanced biosolids management program practices by the WWTP will eliminate the threat of viable
pathogen accumulation and/or further conveyance. The resulting dilution model used in this assessment
is presented in Table 3‐27.
Table 327: Manhattan, Kansas, Sanitary Sewer Dilution Model for NBAF Effluent
Segment Start Point

Segment Stop Point

1 (NBAF)
2 (Lift Station)
A (City Gravity Line)
D (Tuttle
Creek/Marlatt)
E (Tuttle
Creek/Marlatt)
J (Casement)
Y (Sarber)

2 (Lift Station)
A (City Gravity Line)
D (Denison/Marlatt)
E (Tuttle
Creek/Marlatt)
J (Casement)
Y (Sarber)
End Gravity Line

Dilution
Factor
1
1
1/2
1/2

Concentration
(fractional)
N
N
N/2
N/4

Concentration
(decimal)
1.0N
1.0N
0.5N
0.25N

1/2

N/8

0.125N

1/2
1/3

N/16
N/48

0.0625N
0.0208N

3.4.2 Solid Effluent Pathway
Residuals of sterilized solids from NBAF containment areas will be stored in an exterior bin on the east
side of the laboratory building or at the transshipping facility. The transshipping facility serves as the
interface between NBAF and all pickup/delivery services. Conveyance of the sterilized solid waste from
the laboratory building to the transshipping facility will be performed by site‐restricted vehicles. From
the transshipping facility, the bins (containing the sterilized solid waste) will be transported (in
commercial vehicles) to an incineration facility (currently planned to be in the Kansas City area) for
witnessed burning.
All solid waste that originates from non‐containment areas of NBAF will be processed by Riley County.
However, the Riley County Sanitary Landfill is currently closed. The current location for Riley County
landfilling is the NR Hamm Quarry located at 16920 3rd Street in Perry, Kansas. This landfill is
approximately 83 miles from NBAF—about 1 ½ hour drive. The location of this landfill in relation to
NBAF is shown in Figure 3‐42.
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Figure 342: Relative Location of Landfill (Hamm Quarry) to NBAF
Currently, it is not known if non‐containment solid
waste will be handled by the county as routine
waste and be aggregated with other municipal solid
waste at the Riley County Transfer Station or if the
NBAF waste will go directly to the Hamm Quarry.
The location of the transfer station relative to NBAF
is shown in Figure 3‐43.

3.4.3 Fomite, Vector, and Carrier
Pathways
Fomite, vector, and carrier pathways are numerous
and varied—any of these mechanisms can carry
viable pathogenic materials to distant locations. In
certain conditions, FMDv fomites can harbor viable
virus for over 20 weeks [CIDRAP, 2010]). RVFv is
known to be very sensitive to high temperatures
and pH levels, but it has been reported
[AUSVETPLAN, 1996; Brès, 1981] that RVFv can
survive for up to four months at 25°C. Thus, it is
possible that fomites may be responsible for long‐
range spread of either FMDv or RVFv.
Figure 343: Relative Location of Riley County
Transfer Station to NBAF
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As for vectors, the FMD host range includes domestic and wild cloven‐hoofed animals—any infected
animal can be a disease vector. FMD vectors also include species that may not be susceptible to
infections but may harbor and transport the virus to susceptible animals. In the SSRA, humans are
considered FMDv carriers as opposed to vectors. Some experimental results and primary sources
indicate that humans can harbor FMDv in their respiratory tract for 24–48 hours. Because of FMDv’s
highly‐infectious nature and relative robustness, there is a potential for the long‐range spread of FMDv
through vectors and carriers. Of particular concern may be locations where susceptible animals are
gathered and redistributed—such as sales barns.
With regard to RVF, several different species of mosquito (mainly the Aedes species) are able to act as
vectors for virus transmission. The dominant vector species varies between different regions and
different species can play different roles in sustaining the transmission of the virus. To date, no human‐
to‐human transmission of RVF has been documented. However, RVF is able to infect many species of
animals causing severe disease in domesticated animals including cattle, sheep, camels and goats (OIE,
2009). Thus, there is the potential of spread of RVFv by vectors. The range and efficacy of vector‐borne
spread of RVFv, and even potential endemicity, are currently being studied.

3.4.4 Air ‐ Aerosol Fate and Transport (Plume) Modeling
In order to estimate downwind exposure to susceptible animal and human populations from an airborne
release of pathogen from the proposed NBAF, aerosol fate and transport simulations were performed.
Utilizing aerosol release parameters derived for each airborne transport scenario/pathway described
above, aerosol airborne concentrations and surface depositions were calculated for a range of
meteorological conditions specific to the Manhattan, Kansas, region (Figure 3‐44). Resulting inhalation
exposure levels and surface deposition amounts were derived for all surrounding susceptible animal and
human population locations and provided the initial conditions for determination of any resulting
infections and spread of the diseases (see section 4 for determination of density and location of
susceptible animals and subsequent Epidemiological Modeling). For each individual aerosol exposure
result, an associated probability of occurrence was provided based on the relative frequency of the
driving Manhattan, Kansas meteorological conditions. These probabilities were later used to calculate
the overall frequency of each event. This approach is presented in Figure 3‐44 and discussed in greater
detail within the following paragraphs.
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Figure 344: Aerosol Fate and Transport Modeling Work Flow
Site-specific Meteorological Data Preparation

An analysis of the meteorological conditions prevalent in the Manhattan, Kansas, region was performed
using a 21‐year (1985–2005) historical weather database, specifically developed to support aerosol
transport modeling and simulation [Rife, 2010]. The database provides hourly estimates of various
meteorological parameters, including winds, temperature, and relative humidity, from the surface up to
a height of approximately 30,000 feet, at every 40 kilometers around the globe. From this dataset, a
subset of characteristic meteorological conditions (200, 24‐hour periods), that represent the worst case
conditions in regards to aerosol decay and transport processes (i.e., those that resulted in the maximum
potential exposures), were extracted and assigned a representative frequency of occurrence.
Of all the meteorological parameters, it can be argued that the FMDv and RVFv aerosol transport and
decay calculations were most sensitive to ambient winds and relative humidity. Figure 3‐45 highlights
the 24‐hour evolution of winds and humidity for one of the two‐hundred meteorological patterns
produced. In general, winds over the Manhattan, Kansas, area ranged from 1 to 7m/s with an average
speed equal to 4m/s. Similarly, relative humidity ranged from 50 to 100 %, with an average of
approximately 75%. For a complete description of the meteorological data preparation methodology
and associated results see Appendix J, “Aerosol Fate and Transport (Plume) Modeling”.
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a)

b)

Figure 345: a) 24Hour Wind Speed Evolutions (10meter) and b) 24Hour Percent Relative
Humidity Evolution for One Meteorological Pattern
In Figure 3‐45, the white circle designates the location of Manhattan, Kansas. Valid time (UTC) is listed
in the top left corner of each panel. The white circle designates Manhattan, Kansas.
The original 200 meteorological conditions, which represent conditions that occur at any time of the
day, were further reduced based on scenario‐specific initial considerations; including time of release,
high wind speed conditions, and tornadic conditions. Depending on the case, time of release occurred
either during work hours (defined as 0700‐1800 local) or anytime over the course of a 24‐hour day. High
wind speed conditions were winds greater than 70 knots (~81 mph), while tornadic conditions
represented weather patterns that occurred during recorded tornadic events. Further analysis was
required for Scenarios 7 (Tornado) and 11 (High Wind) to both identify weather patterns prevalent
during these rare weather events, and determine each event’s probability of occurrence. Using a
specialized historical database, consisting of tornado and severe weather records from 1950 to 2009,
corresponding event frequencies were compiled for the greater Manhattan, Kansas, region. The dates
of these events were then used to identify a subset (72 tornado patterns, 73 high wind patterns) of
representative larger scale weather conditions, used to drive the resulting transport calculations
(detailed in Appendix H). The combination of these three criteria dictated which matrix of
meteorological condition was used for each specific scenario/event pathway. The final meteorological
matrix designators are shown in Table 3‐28.
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Table 328: Meteorological Condition Matrix Criteria
Time of Release
Anytime
0700‐1800
Anytime
Anytime

Wind Speed
All
All
> 70knots
All

Tornado
NA
NA
NA
Tornado Occurred

Met Matrix
All Hours
Work Hours
High Wind
Tornado

Met Patterns (n)
200
153
73
72

Aerosol Transport Modeling

Using the meteorological conditions described
above, FMDv and RVFv aerosol transport
simulations were performed using the Second‐
order Closure Integrated PUFF model
(SCIPUFF) of Sykes et al. [Sykes, 2008]. The
SCIPUFF model has a variety of desirable
features and capabilities, which prompted its
use for this study.

SCIPUFF Model Allowed Simulation of:
• The effect of terrain and buildings on
turbulence generation and subsequent plume
dispersion;
• The effect of land‐use characteristics on the
plume dispersion;
• Pathogen specific decay associated with relative
humidity and ultra‐violet light exposures;
• Aerosol releases as “wet particles” where the
pathogens are transported in liquid water
droplets;

Aerosolized pathogen source terms (quantity,
particle size distributions, location, time)
• This treatment includes the effects of
prescribed for the various event pathways
evaporation of the water from the particles and
coupled with the matrix of meteorological
the effects of gravitational settling of the wet
particle aerosols and dry deposition.
conditions, were used to define the initial
Gravitational settling is based on a prescribed
conditions for each aerosol transport
aerosol size distribution, which influences the
simulation. Pathogen decay was calculated
deposition rates.
based on the relative humidity and ultraviolet
exposure data extracted from each
meteorological condition matrix. The relative
humidity and ultraviolet light decay rates were calculated for FMDv and RVFv as detailed in Appendix I
“FMDv and RVFv Stability Studies and Minute Tidal Volume Calculations”. In addition to pathogen decay
other important effects factored in the aerosol transport simulations included:
•

The impact of local terrain and land‐use on the aerosol transport;

•

The impact of aerosol liquid droplet evaporation on aerosol particle size evolution; and

•

Dry deposition and gravitational settling of particles, based on the aerosol particle size
distribution

These aerosol transport simulations were performed for six of the thirteen scenarios. Each
scenario/pathway/pathogen combination required a separate aerosol transport simulation, using the
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appropriate meteorological condition matrix. The simulation conditions applied to each of the resulting
26 runs are presented in Table 3‐29.
Table 329: Aerosol Transport Scenario Matrix
Scenario
No.
1
1
1
1
1
1
5
5
5
5
6
6
6
6
7
7
7
7
7
7
8
8
8
8
11
11

Scenario Description
Small/Medium Spill
Small/Medium Spill
Small/Medium Spill
Small/Medium Spill
Small/Medium Spill
Small/Medium Spill
Single Room Fire
Single Room Fire
Single Room Fire
Single Room Fire
Overpressure
Overpressure
Overpressure
Overpressure
Seismic/High Wind Event
Seismic/High Wind Event
Seismic/High Wind Event
Seismic/High Wind Event
Seismic/High Wind Event
Seismic/High Wind Event
Aircraft
Aircraft
Aircraft
Aircraft
Tornado
Tornado

Case
Identifier
1FA
1FB
1FC
1RA
1RB
1RC
5FA
5FB
5RA
5RB
6FA
6FB
6RA
6RB
7FW
7FSA
7FSB
7RW
7RSA
7RSB
8FA
8FB
8RA
8RB
11FA
11RA

Pathogen
FMDv
FMDv
FMDv
RVFv
RVFv
RVFv
FMDv
FMDv
RVFv
RVFv
FMDv
FMDv
RVFv
RVFv
FMDv
FMDv
FMDv
RVFv
RVFv
RVFv
FMDv
FMDv
RVFv
RVFv
FMDv
RVFv

Q (pfu)
1.00E+03
1.00E+08
1.00E+08
1.00E+03
1.00E+08
1.00E+08
3.00E+01
3.00E+06
3.00E+03
3.00E+08
3.00E+01
3.00E+06
3.00E+03
3.00E+08
1.55E+09
1.00E+01
1.55E+09
1.00E+06
1.00E+01
1.00E+06
3.00E+06
3.00E+04
3.00E+08
3.00E+06
5.80E+09
1.00E+06

Met Matrix
Work Hours
Work Hours
Work Hours
Work Hours
Work Hours
Work Hours
All Hours
All Hours
All Hours
All Hours
All Hours
All Hours
All Hours
All Hours
High Winds
All Hours
All Hours
High Winds
All Hours
All Hours
Work Hours
Work Hours
Work Hours
Work Hours
Tornado
Tornado

The output from each individual aerosol simulation included instantaneous airborne pathogen
concentration (pfu/m3), time‐integrated airborne concentration (pfu‐sec/m3), surface deposition
(pfu/m2), and a frequency of occurrence for the specific meteorological condition used to drive the
simulation. Figure 3‐46 shows the frequency of the individual weather pattern that resulted in the
greatest aerosol deposition pattern for this example was 1.2%.
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Figure 346: Conceptual Diagram of Aerosol Transport Inputs/Outputs
Figures 3‐47 and 3‐48 illustrate the time‐integrated airborne concentration (pfu‐sec/m3) and surface
deposition (pfu/m2) of FMDv from Case 1FB (a spill in biocontainment with non‐functional HEPA).

Figure 347: a) Timeintegrated Airborne Concentration and b) Surface Deposition for Case
1FB, Met ID 159
The colored contour represents concentration and deposition values greater than or equal to 48.41 pfu‐
sec/m3 and 0.1 pfu/m2, respectively. Light purple squares designate farm locations, while the red star
designates the release location.
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Figure 348: Zoomed in View of a) Timeintegrated Airborne Concentration and b) Surface
Deposition for Case 1FB, Met ID159
Aerosol Inhalation Exposure Calculation

Based on the raw aerosol transport results, inhalation exposure levels were calculated for the range of
susceptible species (cattle, swine, sheep and humans). Inhalation exposure represents the quantity of
pathogen inhaled by a particular species based on their average breathing rate and the ambient
concentration of pathogen. As shown in the following equation, inhalation exposure is simply the
product of the time‐integrated concentration (pfu‐sec/m3) and the breathing rate of the exposed
species (m3/sec).

E=D x BR
Where;
E=Inhalation exposure in plaque forming units (pfu)
D=Time‐integrated concentration (pfu‐sec/m3)
BR= Breathing rate m3/sec

The list of susceptible species and their associated breathing rates are summarized in Table 3‐30, below.
The calculation of minute tidal volume (MTV) – the amount of air inhaled or exhaled from the lungs in
one minute– for each of the susceptible species can be found in Appendix I. As is evident, cattle
breathing rates are approximately ten times larger than all other susceptible species. Due to this fact,
when exposed to particular pathogen concentration level, cattle will subsequently inhale approximately
ten times more pathogen. Similarly, swine will inhale more pathogen, than sheep, which will inhale
more than humans.
Table 330: Average Breathing Rates per Susceptible Species
Species
Cattle (beef)
Swine
Sheep
Humans
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Breathing Rate (L/min)
123.95
18.28
12.77
6.0
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2.1 x 10‐3
3.0 x 10‐4
2.1 x 10‐4
1.0 x 10‐4
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This behavior is further illustrated in Figures 3‐49 and 3‐50, which show exposure levels when cattle (a),
swine (b), and sheep (c) breathing rates are applied to the time‐integrated concentration values. The
colored contour area represents exposure levels, which equal or exceed a minimum infective exposure
level of 0.1 pfus, and therefore denotes an area of infection risk. As expected, the downwind risk area
for cattle, is substantially larger than corresponding risk areas for swine and sheep, and even less so for
humans (not shown).

Figure 349: a) Cattle Inhalation Exposure, b) Swine Inhalation Exposure, and c) Sheep
Inhalation Exposure for Case1FB, MetID 159
(The colored contour represents exposure levels greater than or equal to 0.1 pfu)
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Figure 350: Zoomed in View of a) Cattle Inhalation Exposure, b) Swine Inhalation Exposure,
and c) Sheep Inhalation Exposure for Case1FB, MetID 159
(The colored contour represents exposure levels greater than or equal to 0.1 pfu)

Before these exposure levels were used to estimate number of initial infections, they were correlated
with known animal population locations which surrounded the release point. These exposure levels
were then correlated with the susceptible species population datasets detailed in Section 4 and
illustrated in Figure 3‐51. These results, combined with the meteorological condition frequencies, were
used as the starting points for further epidemiological model processing and analysis for the aerosol
transport scenario cases.
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Figure 351: Susceptible Animal Locations and Type
For scenarios involving an aerosol release of RVFv, human exposure levels were calculated for specific
locations on the Kansas State University campus and for a grid of locations surrounding the NBAF site.
The exposure grid resolution (100 meters) was based on the resolution of the underlying gridded
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population data (Landscan USA Gold). For a detailed explanation of how animal, vector, and human
locations and numbers were determined, refer to Section 4‐1.
Summary of Aerosol Fate and Transport Modeling Results

The following summarizes the inhalation exposure results for all the aerosol transport scenario cases
and pathogens used as the basis for subsequent epidemiological modeling. A detailed and
comprehensive analysis of aerosol fate and transport modeling results are available in Appendix J. The
aerosol transport simulation data described herein were consolidated according to:
•

Maximum Areal Coverage
o

•

Maximum Downwind Range
o

•

Defined as the maximum number of animal population centers that received an inhalation
exposure level greater than or equal to a specified threshold, over all meteorological
conditions.

Probability of Exceeding a Specified Area Size
o

•

Defined as the maximum downwind range (in kilometers, km) that received a time‐
integrated concentration, surface deposition, and inhalation exposure value greater than or
equal to a specified threshold over all meteorological conditions.

Maximum Animal Population Locations
o

•

Defined as the maximum surface area (in square kilometers, km2) which received a time‐
integrated concentration, surface deposition, and inhalation exposure value greater than or
equal to a specified threshold, over all meteorological conditions.

Defined as the probability that the plume surface area (in square kilometers, km2) will
exceed a specified size threshold, for time‐integrated concentration, surface deposition, and
inhalation exposure, over all meteorological conditions. It should be noted that this
probability only accounts for the meteorological condition frequencies of occurrence and
does not account for the associated release event/pathway probabilities.

Probability of Exceeding a Specified Downwind Range
o

Defined as the probability that the plume downwind range (in square kilometers, km2) will
exceed a specified threshold for time‐integrated concentration, surface deposition, and
inhalation exposure over all meteorological conditions. It should be noted that this
probability only accounts for the meteorological condition frequencies of occurrence and
does not account for the associated release event/pathway probabilities.

It should be noted that for any particular release scenario, the meteorological condition that produced
the maximum areal coverage and/or maximum plume downwind range was not necessarily the same
condition that also resulted in the maximum number of animal location exposures. This was due to the
orientation of the resulting aerosol plume and location of surrounding susceptible animal populations.
For example, in release scenario 1FB, the aerosol plume with the largest areal extent (Figure 3‐52a)
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covered fewer animal population centers (magenta squares) as compared to the plume that
encompassed the largest number of population locations (Figure 3‐52b). This was due to its (Figure 3‐
52a) northern orientation and the distribution of animal population centers north of the NBAF. Note
that the scale of Figure 3‐52b was enlarged relative to Figure3‐52a to allow the reader to visualize the
increased number of animal population centers within that plume.

Figure 352: Cattle Inhalation Exposure Footprints from Case 1FB
(biocontainment spill with nonfunctional HEPA) for a) The Maximum Exposure Area
Meteorological Condition 17 (MET ID 17) and b) The Largest Number of Animal Location
Exposures Meteorological Condition 159 (MET ID 159)
The maximum aerosol area coverage (km2) of each case modeled by output product (cattle, swine,
sheep or human) is presented in Table 3‐31. Here, a threshold value of 48.4066 pfu‐sec/m3 was used to
define the time‐integrated concentration area coverage, while 0.1 pfu/m2 and 0.1 pfu were used to
define the surface deposition and inhalation exposure areas, respectively. Also shown is the associated
meteorological pattern frequency of occurrence (%) that resulted in the maximum area coverage. In
every case, the frequency of the corresponding meteorological pattern was less than ~1 %.
Table 331: Maximum Aerosol Area Coverage (km2) for each Release Scenario
Case
ID

1FA
1FB
1FC
1RA
1RB
1RC

Met
Frequency
(%)

NA
0.104316
0.104316
NA
0.002371
1.032492

October 2010

Time‐integrated
Concentration
Area
(km2)

0
38.374141
35.197682
0
0.111205
0.199598

Surface
Deposition
Area
(km2)

0
92.741785
77.997196
0
0
0

Cattle
Exposure
Area
(km2)

0
38.374141
35.197682
0
0.111205
0.199598
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Swine
Exposure
Area
(km2)

0
2.577666
3.658346
0
0.01996
0.082691

Sheep
Exposure
Area
(km2)

0
1.58823
2.509232
0
0
0.062731

Human
Exposure Area
(km2)

NA
NA
NA
0
0
0.034217
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Table 331: Maximum Aerosol Area Coverage (km2) for each Release Scenario
Case
ID

5FA
5FB
5RA
5RB
6FA
6FB
6RA
6RB
7FW
7FSA
7FSB
7RW
7RSA
7RSB
8FA
8FB
8RA
8RB
11FA
11RA

Met
Frequency
(%)

NA
0.550376
NA
0.862781
NA
0.550376
NA
0.862781
0.31
NA
0.444973
NA
NA
0.448776
0.104316
NA
1.032492
NA
0.131062
NA

Time‐integrated
Concentration
Area
(km2)

0
1.602487
0
0.222409
0
2.232646
0
0.225261
1057.515826
0
1040.367507
0
0
0.01996
0.573131
0
0.316505
0
1922.673357
0

Surface
Deposition
Area
(km2)

Cattle
Exposure
Area
(km2)

Swine
Exposure
Area
(km2)

Sheep
Exposure
Area
(km2)

0
3.222082
0
0
0
0.553172
0
0
425.597113
0
642.782548
0
0
0
2.17847
0
0
0
1013.396114
0

0
1.602487
0
0.222409
0
2.232646
0
0.225261
1057.515826
0
1040.367507
0
0
0.01996
0.573131
0
0.316505
0
1922.673357
0

0
0.025663
0
0.037068
0
0.031365
0
0.037068
294.12191
0
272.251672
0
0
0.005703
0.085542
0
0.134016
0
696.18927
0

0
0
0
0.014257
0
0
0
0.014257
212.186931
0
201.642454
0
0
0.002851
0.057028
0
0.108353
0
613.330437
0

Human
Exposure Area
(km2)

NA
NA
0
0
NA
NA
0
0
NA
NA
NA
0
0
0.002851
NA
NA
0.082691
0
NA
0

Figure 3‐53 plots the maximum number of animal populations that received an inhalation exposure of 0.1 pfu
or greater for each of the cases modeled across all meteorological conditions. The meteorological pattern
frequencies were not included; however in every case the frequency of the corresponding meteorological
pattern occurring was less than ~1%.

October 2010

154

NBAF SSRA Report

Figure 353: Number of Animal Locations that Received an
Inhalation Exposure of 0.1 pfu or Greater
While useful to ascertain the maximum plausible impact for each scenario, the metrics, above, don’t
illustrate the overall impact probabilities, associated with the underlying meteorological conditions. As
noted earlier, these maximum impacts, in terms of areal coverage, downwind range, and animal
locations exposed, may occur infrequently when compared to the range of aerosol plume results for any
one scenario. Therefore, it is more useful to analyze the results in terms of probability of a specific
impact occurring, based on the range of input meteorological conditions. Therefore, the probability of
exceeding a specified set of both aerosol plume areas (1, 10, and 100 km2) and plume downwind ranges
(1, 10, 50 km) were calculated and have been summarized in Tables 3‐32 through 3‐34 and Figures 3‐54
through 3‐59.
Table 332: Probability of Exceeding an Area greater than or equal to 1km2 (PoE1km2)
Case ID

Time‐Integrated
Concentration
Area
2
PoE‐1km
(%)

Surface
Deposition Area
2
PoE‐1km
(%)

Cattle Exposure
Area
2
PoE‐1km
(%)

Swine Exposure
Area
2
PoE‐1km
(%)

Sheep Exposure
Area
2
PoE‐1km
(%)

Human
Exposure
Area
2
PoE‐1km
(%)

1FA
1FB
1FC
1RA
1RB
1RC
5FA
5FB

0
47.781505
46.309226
0
0
0
0
0.550376

0
72.17013
69.492289
0
0
0
0
0.61177

0
47.781505
46.309226
0
0
0
0
0.550376

0
5.294041
5.400728
0
0
0
0
0

0
2.29851
4.714375
0
0
0
0
0

NA
NA
NA
0
0
0
NA
NA
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Table 332: Probability of Exceeding an Area greater than or equal to 1km2 (PoE1km2)
Case ID

Time‐Integrated
Concentration
Area
2
PoE‐1km
(%)

Surface
Deposition Area
2
PoE‐1km
(%)

Cattle Exposure
Area
PoE‐1km2
(%)

Swine Exposure
Area
PoE‐1km2
(%)

Sheep Exposure
Area
PoE‐1km2
(%)

Human
Exposure
Area
PoE‐1km2
(%)

5RA
5RB
6FA
6FB
6RA
6RB
7FW
7FSA
7FSB
7RW
7RSA
7RSB
8FA
8FB
8RA
8RB
11FA
11RA

0
0
0
0.550376
0
0
99.92
0
100
0
0
0
0
0
0
0
100
0

0
0
0
0
0
0
83
0
91.136937
0
0
0
0.301094
0
0
0
95.01966
0

0
0
0
0.550376
0
0
99.92
0
100
0
0
0
0
0
0
0
100
0

0
0
0
0
0
0
95.85
0
96.082714
0
0
0
0
0
0
0
100
0

0
0
0
0
0
0
82.07
0
89.517864
0
0
0
0
0
0
0
100
0

0
0
NA
NA
0
0
NA
NA
NA
0
0
0
NA
NA
0
0
NA
0

Table 333: Probability of Exceeding an Area greater than or equal to 10km2 (PoE10km2)
Case
ID

Surface
Deposition
Area
PoE‐10km2
(%)
0

Cattle
Exposure Area
PoE‐10km2
(%)

Swine
Exposure Area
PoE‐10km2
(%)

Sheep
Exposure Area
PoE‐10km2
(%)

Human
Exposure Area
PoE‐10km2
(%)

1FA

Time‐Integrated
Concentration
Area
PoE‐10km2
(%)
0

0

0

0

NA

1FB

8.960514

23.637075

8.960514

0

0

NA

1FC

8.794557

13.06796

8.794557

0

0

NA

1RA

0

0

0

0

0

0

1RB

0

0

0

0

0

0

1RC

0

0

0

0

0

0

5FA

0

0

0

0

0

NA

5FB

0

0

0

0

0

NA

5RA

0

0

0

0

0

0

5RB

0

0

0

0

0

0
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Table 333: Probability of Exceeding an Area greater than or equal to 10km2 (PoE10km2)
Case
ID

Surface
Deposition
Area
PoE‐10km2
(%)
0

Cattle
Exposure Area
PoE‐10km2
(%)

Swine
Exposure Area
PoE‐10km2
(%)

Sheep
Exposure Area
PoE‐10km2
(%)

Human
Exposure Area
PoE‐10km2
(%)

6FA

Time‐Integrated
Concentration
Area
PoE‐10km2
(%)
0

0

0

0

NA

6FB

0

0

0

0

0

NA

6RA

0

0

0

0

0

0

6RB

0

0

0

0

0

0

7FW

91.78

72.67

91.78

30.06

25.68

NA

7FSA

0

0

0

0

0

NA

7FSB

94.220237

81.169318

94.220237

53.573369

43.365063

NA

7RW

0

0

0

0

0

0

7RSA

0

0

0

0

0

0

7RSB

0

0

0

0

0

0

8FA

0

0

0

0

0

NA

8FB

0

0

0

0

0

NA

8RA

0

0

0

0

0

0

8RB

0

0

0

0

0

0

11FA

100

93.053736

100

59.239843

48.230669

NA

11RA

0

0

0

0

0

0

Table 334: Probability of Exceeding an Area greater than or equal to 100km2 (PoE100km2)
Case
ID

Surface
Deposition
Area
PoE‐100km2
(%)
0

Cattle
Exposure Area
PoE‐100km2
(%)

Swine
Exposure Area
PoE‐100km2
(%)

1FA

Time‐Integrated
Concentration
Area
PoE‐100km2
(%)
0

0

1FB

0

0

1FC

0

1RA

Human
Exposure Area
PoE‐100km2
(%)

0

Sheep
Exposure
Area
PoE‐100km2
(%)
0

0

0

0

NA

0

0

0

0

NA

0

0

0

0

0

0

1RB

0

0

0

0

0

0

1RC

0

0

0

0

0

0

5FA

0

0

0

0

0

NA

5FB

0

0

0

0

0

NA
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Table 334: Probability of Exceeding an Area greater than or equal to 100km2 (PoE100km2)
Case
ID

Surface
Deposition
Area
PoE‐100km2
(%)
0

Cattle
Exposure Area
PoE‐100km2
(%)

Swine
Exposure Area
PoE‐100km2
(%)

5RA

Time‐Integrated
Concentration
Area
PoE‐100km2
(%)
0

0

5RB

0

0

6FA

0

6FB

Human
Exposure Area
PoE‐100km2
(%)

0

Sheep
Exposure
Area
PoE‐100km2
(%)
0

0

0

0

0

0

0

0

0

NA

0

0

0

0

0

NA

6RA

0

0

0

0

0

0

6RB

0

0

0

0

0

0

7FW

30.06

18.16

30.06

4.08

2.2

NA

7FSA

0

0

0

0

0

NA

7FSB

54.916438

32.112509

54.916438

8.682684

5.139197

NA

7RW

0

0

0

0

0

0

7RSA

0

0

0

0

0

0

7RSB

0

0

0

0

0

0

8FA

0

0

0

0

0

NA

8FB

0

0

0

0

0

NA

8RA

0

0

0

0

0

0

8RB

0

0

0

0

0

0

11FA

64.482307

56.618611

64.482307

9.82962

6.290957

NA

11RA

0

0

0

0

0

0

0

Similarly, the maximum plume downwind ranges for each scenario are summarized in Figures 3‐54
through 3‐59, below.
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FMDv

Figure 354: Maximum Downwind Range, Which Received a TimeIntegrated Concentration,
Surface Deposition, and Inhalation Exposure of FMDv Greater Than or Equal to 48.4 PFU
s/m3, 0.1 PFU/m2, and 0.1 PFU, Respectively, Over All Meteorological Conditions
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Figure 355: Probability of Receiving a Timeintegrated Concentration, Surface Deposition,
3
2
and Inhalation Exposure of 48.4 PFUs/m , 0.1 PFU/m , and 0.1 PFU Greater Than 1km
Downrange from the NBAF
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Figure 356: Probability of Receiving a Timeintegrated Concentration, Surface Deposition,
3
2
and Inhalation Exposure of 48.4 PFUs/m , 0.1 PFU/m , and 0.1 PFU Greater Than 10km
Downrange from the NBAF
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Figure 357: Probability of Receiving a Timeintegrated Concentration, Surface Deposition,
3
2
and Inhalation Exposure of 48.4 PFUs/m , 0.1 PFU/m , and 0.1 PFU Greater Than 50 km
Downrange From the NBAF
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RVFv

Figure 358: Maximum Downwind Range, Which Received a Timeintegrated Concentration,
Surface Deposition, and Inhalation Exposure of RVFv Greater Than or Equal to 48.4 PFU
3
2
s/m , 0.1 PFU/m , and 0.1 PFU, Respectively, Over All Meteorological Conditions
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Figure 359: Probability of Receiving a Timeintegrated Concentration, Surface Deposition,
3
2
and Inhalation Exposure of 48.4 PFUs/m , 0.1 PFU/m , and 0.1 PFU Greater Than 1 km
Downrange from the NBAF
FMDv Case Observations
Upon examination of the results summarized above, it is immediately evident that the rare event FMDv
release scenarios—7FSB (Seismic), 7FW (High Wind), and 11FA (Tornado)—all resulted in the largest
aerosol plume area footprints, (Sheep Exposure Area > 200 km2), plume downwind ranges (Sheep
Exposure Range > 50 km), and highest number of animal location exposures (> 190). This comes as no
surprise, given the large quantities of viral material released (greater than 1E+09 pfus) in these
scenarios. It is important to remember, however, that these results only represent the worst case
meteorological conditions in terms of aerosol transport and decay, and occur only a small percentage of
the time relative to all other possible conditions. For example, the meteorological condition associated
with the worst‐case seismic release inhalation exposure result (1FSB), only occurred 0.64% of the time.
Additionally, the probability that these rare release events will occur (such as a tornado) is also very
small. Lastly, these results do not include the associated probabilities of infection, given a certain
exposure level. Even though a large number of animal populations may be exposed to a certain
threshold inhalation exposure level, only a percentage of the total population will become infected.
Those calculations, and the resulting number of infections for each case, are presented in Section 4.
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The accidental spill scenarios, 1FB (biocontainment spill, nonfunctional HEPA) and 1FC (exterior spill),
produced the next largest set of plume footprints (Sheep Exposure Area > 1 km2), plume downwind
ranges (Sheep Exposure Range > 8 km), and animal location exposures (> 70). The remaining scenarios
either resulted in relatively small footprints, short downwind ranges, and few exposures (5FB, 6FB, 8FA)
or approximately zero footprints, ranges, and exposures (1FA, 5FA, 6FA, 7FSA, 8FB). As expected, all
scenario/event pathways that represented normally functioning HEPA filtration systems produced zero
plume footprints, downwind ranges, and animal location exposures.
Upon analyzing the plume surface area and downwind range probabilities of exceedance, it is
immediately apparent that the rare event FMDv release scenarios, 7FSB (Seismic), 7FW (High Wind), and
11FA (Tornado), produced the highest probabilities. This is most apparent when reviewing the
probabilities of exceeding an exposure area greater than 100 km2 and downwind range greater than
50 km. As shown, the rare event releases are the only scenarios, which have a non‐zero probability of
exceedance. The remaining scenarios either resulted in medium to low or zero probabilities of exceeding
an area of 1 km2 and a range of 10 km.
The probability of any scenario/event pathway, which represented normally functioning HEPA filtration
systems, producing an aerosol exposure footprint of 1 km2 and a downwind range of 1 km was 0%.
RVFv Case Observations
Generally speaking, the RVFv release scenarios resulted in smaller plume footprints, downwind ranges,
and fewer animal location exposures compared to similar FMDv releases, even though many of the
same RVFv scenarios contained a larger initial source amount (Q). For example, the overpressure,
nonfunctioning HEPA scenario (6FB and 6RB) release quantities (Q) are 3.00E+06 and 3.00E+08 pfus for
FMDv and RVFv, respectively. Given the large difference between the two source amounts, one would
expect the RVFv aerosol transport simulations to result in much larger plume footprints, downwind
ranges, and exposure locations. These counterintuitive findings can be directly attributed to the
different decay behavior of each pathogen under the same meteorological conditions. RVFv decay rates
are directly proportional to relative humidity levels (e.g. higher humidity equates to faster decay), while
FMDv decay rates are inversely proportional to humidity levels (e.g. higher humidity equates to slower
decay). As noted previously, Manhattan, KS, frequently experiences high relative humidities. Given these
conditions, RVFv will rapidly decay upon release, while FMDv will remain viable over longer periods of
time. This behavior is not only evident when comparing the RVFv results to the corresponding FMDv
results, but is also evident when analyzing the RVFv results in isolation. As shown, all the RVFv scenarios
resulted in aerosol plume footprints of less than 0.5 km2, with many equal to 0 km2 (1RA, 5RA, 6RA,
7RW, 7RSA, 8RB, 11RA). Additionally, the maximum plume downwind range over all scenarios was less
than 2.5 km, with many equal to 0 km (1RA, 5RA, 6RA, 7RW, 7RSA, 8RB, 11RA). Consequently, due to
the small RVFv aerosol footprints and downwind ranges, only a few nearby animal population centers
received inhalation exposures above the defined minimum threshold of 0.1 pfus. With respect to human
inhalation exposures, these areas were also restricted to the immediate vicinity of the NBAF, with the
vast majority of scenarios producing exposure areas of approximately 0 km2 and exposure downwind
ranges of 0 km. The largest human exposure area (8RA) covered an area less than 0.1 km2 and
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downwind range less than 1 km. This is consistent with expectations, given the small average breathing
rates of humans; a much larger quantity of material would be required to exceed the inhalation
exposure threshold of 0.1 pfu.
These findings are also evident, when analyzing the associated probabilities of exceedance. As
expected, based on the small size of the maximum areal footprint sizes (all less than 1 km2), the
probability of exceeding a minimum exposure area of 1 km2 is 0% for all the RVFv scenario/event
pathways. Similarly, the probability of exceeding a plume downwind range of 10 km is 0% for all
scenarios, with only a few scenarios resulting in non‐zero probabilities (< 2.5%) of exceeding a range of
1 km.

October 2010

166

NBAF SSRA Report

4. Epidemiological Modeling
Epidemiological modeling was performed to assess the relative economic consequences of the modeled
case scenarios and to test the relative value of risk mitigation measures for the NBAF should any of the
FMD and RVF scenarios occur. Source terms, initial conditions and transport and dispersion data (when
applicable) described for each of the release scenarios in Section 3 supported the epidemiological
modeling of FMD and RVF. This section describes the approach, parameters and results of the
epidemiological modeling of potential FMD and RVF releases from the NBAF in Manhattan, Kansas,
including the methodology used to prepare a thorough and detailed data set of the FMD and RVF
susceptible animal, human and vector populations for Manhattan, Kansas, and surrounding regions.

4.1

Susceptible Animal, Human and Vector Populations

The number and specific location of FMD and RVF susceptible animal, human, and vector populations
within the Manhattan, Kansas, and relevant surrounding areas were determined by an extensive data
collection effort. For FMD, enumeration of susceptible populations included cloven‐hoofed animals of
agricultural importance in the United States (such as beef cattle, dairy cattle, swine and sheep). For RVF,
a zoonotic, vector‐borne pathogen, enumerated susceptible populations included humans (in addition
to cattle and sheep). Additionally, the availability of vector populations able to transmit RVF was
determined so that their role in spread of the disease could be assessed.
The Interstate Livestock Movements report [Shields, 2003] was reviewed to determine which states or
regions should be included in the epidemiological model. The Interstate Livestock Movements report
describes the distribution of cattle and swine across the United States and defines regions around states
with the greatest numbers of cattle and hogs. For modeling purposes, the resulting “primary region”
consisted of states near to, and including Kansas. These states were Kansas, Oklahoma, Nebraska, Iowa,
Missouri, Colorado, and Arkansas, as indicated in Figure 4‐1. The “secondary region” consisted of states
that were not in close proximity to Kansas, but received a significant number of cattle or swine from the
primary region. The “secondary region” included California, Florida, Illinois, Indiana, Michigan,
Minnesota, and Wisconsin.
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Figure 41: Primary and Secondary Epidemiological Modeling Regions for FMD

4.1.1 Domestic Livestock
The susceptible domestic livestock population density and location from each state within the modeling
region was estimated using Concentrated Animal Feed Operation Permit (CAFO) data, purchased Dunn
and Bradstreet (D&B) business database data, telephone directory listings, Kansas Department of Health
and Environment (KDHE), United States Department of Agriculture (USDA) National Agricultural
Statistics Service (NASS) data, as well as the information on the distribution of livestock obtained by
using GoogleTM Earth. Table 4‐1 summarizes the source of datasets, described further below, that were
evaluated and used as the basis for livestock enumeration for each state in both the primary and
secondary regions.
Table 41: Datasets Reviewed for Livestock Enumeration
State

NASS

Arkansas (AR)
Colorado (CO)
Iowa (IA)
Kansas (KS)
Missouri (MO)
Nebraska (NE)
Oklahoma (OK)

X
X
X
X
X
X
X

California (CA)

X

October 2010

Telephone
Directories
Primary Region
X
X
X
X
X
X
X
X
X
X
X
X
X
Secondary Region

CAFO

D&B

GoogleTM Earth

KDHE

X

X

X
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Table 41: Datasets Reviewed for Livestock Enumeration
State

NASS

CAFO

X
X
X
X
X
X

X
X
X
X
X
X

Florida (FL)
Illinois (IL)
Indiana (IN)
Michigan (MI)
Minnesota (MN)
Wisconsin (WI)

D&B

Telephone
Directories

GoogleTM Earth

KDHE

X
X

X

NASS conducts a census of agriculture every five years, with the most recent census taking place in
2007. Each state is required to obtain a census response rate of at least 80%. Non‐responses and other
variables were factored into the census data by NASS using complex algorithms. Data from these census
surveys were assumed to be an accurate estimate of current livestock numbers and were used as a
guideline for all estimates.
The number of cattle and swine in each state were also estimated through review of concentrated
animal feeding operation (CAFO) listings from various state agencies. Most states require large CAFOs to
obtain waste‐water permits. The waste‐water permit records contained location information (address or
coordinates) as well as the number and type of animals at each facility. CAFO datasets were obtained
from MI, AR, MO, IL, FL, OK, NE, CO, IN, MN, IA, and WI. CAFO datasets were not used as the basis for
Kansas, as more detailed and accurate data were available through local sources and data collection
activities performed during site visits. CAFO datasets were also not evaluated for California as those
records were not available to the SSRA team. The source(s) of each CAFO dataset as well as the number
of listings, and the number of animals accounted for, are shown in Table 4‐2.
Table 42: Concentrated Animal Feed Operation Listings and Sources
State
AR

Source

# Listings

Beef Cows

Dairy Cows

Swine

Primary Region
322
184

2,279,407

IA

Permits Branch, Water Division,
ADEQ
Environmental Agriculture Program,
Colorado Department of Public
Health & Environment
Iowa DNR

9,131

1,331,587

133,839

18,956,842

KS

Not Available (NA)

NA

NA

NA

NA

MO

Missouri Department of Natural
Resources, Water Protection
Program
Records Management Section
NE Dept of Environmental Quality
Oklahoma Department of
Agriculture, Food, and Forestry

571

794,271

13,665

87,276

15,152

717,943

280

852,561

58,775

2,275,901

CO

NE
OK
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Table 42: Concentrated Animal Feed Operation Listings and Sources
State
CA
FL
IL
IN
MI
MN
WI

Source
Not Available (NA)
FDEP, Industrial Wastewater
Illinois EPA
Indiana Department of
Environmental Management
DNRE Water Bureau
MN Pollution Control Agency
Wisconsin DNR

# Listings

Beef Cows

Secondary Region
NA
NA
1,483
183
532
20,410
216
34,736
195

2,066,842
13,366

Dairy Cows

Swine

NA

NA

161,117

2,488,348

1,346,944
309,870

10,465,530
14,979

CAFO permit datasets were standardized and transformed into a format useful for the model (model
inputs included animal type, animal number and facility location in geographic coordinates). In instances
where datasets contained addresses but not latitude and longitude coordinates, an online geocoding
tool, (http://www.gpsvisualizer.com/geocoder/), was used to convert the addresses to coordinates.
Telephone directories were mined to identify additional cattle or livestock facilities using various search
strategies. This search identified approximately 2,300 sites that were added to the master Kansas
dataset. Any of the facilities duplicated by D&B and KDHE datasets were removed.
According to the NASS Kansas Field Office, auction
facilities do not contribute to NASS estimates, as cattle
generally spend less than 48 hours at auction barns
before sale. Since it was important to determine the
sources and destinations of cattle moving through
auction facilities; data from three Kansas sales barns
(identified herein as Sales Barn A, Sales Barn B and Sales
Barn C) were used to characterize the operations of
auction facilities in Kansas. Auction house cattle were
listed by several distinct classifications, which were used
to determine their origins and destinations.
Sheep numbers were estimated using the various
datasets described above. However, because sheep
represented less than 1% of the total susceptible animal
population in the Manhattan, Kansas, area, they were
not included in the model except for locations very close
to the NBAF.
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Auction House Cattle Classifications
• Feeders: Cattle from farms that are sold directly
to feedlots
• Bulls/Cows: Cattle from feedlots that may go
directly to slaughter if they are bought by the lb,
or may be used for breeding if bought by the
head
• Heifers: Some go to slaughter from feedlots,
some are used for breeding..
• Cow‐calf pairs: Pairs are sold from one farm to
another, where the calves are raised.
• Calves: Calves are sold from one farm to
another where they are raised. Calves are under
550lbs
• Holsteins: Holsteins are dairy cattle and are
assumed to be raised at and sold to dairies.
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4.1.2 Wildlife
In addition to domestic livestock, wildlife and feral animals have the potential to aid in the spread of a
foreign animal disease (FAD). Even though they probably contribute to risk, based on review of all
available information on the Kansas deer and elk populations, it was determined that insufficient data
exist to include these wildlife animals into the model. Elk were not considered a substantial concern
because of their small number in the area. Free‐ranging elk herds were introduced into the wild at only
two sites in Kansas; with total numbers estimated at less than 200 [Conrad, 2006], furthermore, these
elk do not roam within a 6 mile radius of the NBAF [Kansas Department of Wildlife and Parks, 2010].
Additional elk sightings are reported around the State, however most are limited to the occasional
sighting of a single or pair of animals [Conrad, 2006].
Deer are present in substantially greater numbers across Kansas; however, the available information on
the actual number and location of deer in Kansas is limited. Kansas is divided into 19 deer management
units and as such most deer population data are expressed as deer density per square mile per deer
management unit [Fox, 2005]. This was the case for surveys conducted by the Docking Institute of Public
Affairs as well as distance sampling from spotlight surveys conducted by the Kansas Department of
Wildlife and Parks. The Docking Institute of Public Affairs estimates of the deer densities were derived
from the average number of deer reported on private properties through telephone surveys (rather
than an established method of deer sighting) and not considered adequate for modeling [Zollinger,
2007; 2010; 2004]. The Kansas Department of Wildlife and Parks data on deer densities, although likely
technically accurate, was again presented as a density per deer management unit [“Deer Density Chart
03‐08,” received from the KDWP, 2010]. Deer management units are vast and do not coincide with
county borders, making the mapping of these units difficult. Additionally, the deer densities within these
units do not discriminate between rural and urban areas or agricultural land and forests [Extracted from
the figure in Slide 8 from “KS Deer Survey Data for Kerry Morrison,” received from the KDWP, 2010].
High densities of deer may occur in specific small areas, while other areas may be void of deer
[Personnel correspondence with the KDWP, 2010]. Data were available from a limited number of deer
check stations, however the numbers could not be interpreted in a manner to guide modeling of the
locations and numbers of deer across the state [Fox, 2005]. Deer‐related vehicle accident data [“CO
Deer Veh Acc 81 – 08 short,” received from the KDWP, 2010; Fox, 2010] provided information regarding
overall trends in the deer population but did not provide data that was relevant for modeling purposes.
While it was understood that the wildlife population in Kansas could be involved in disease spread
during a foreign animal disease outbreak, the wildlife data currently available were too limited to draw
substantial conclusions and as such were excluded from the model.
The number of livestock facilities and animals identified across the primary and secondary regions
through evaluation and reconciliation of all the datasets are provided in Table 4‐3. For additional detail
regarding compilation of starting units, refer to Appendix K “Epidemiological Modeling Supporting
Data.”
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16,219

Total

745

51
686

NA
8,350
7,808

NA

8

NA
NA
NA

61

NA
NA
NA

112
296
241
2,597
747
859
320
5,172

Feedlots

CA
FL
IL
IN
MI
MN
WI

277
197
230
910
545
244
155
2,558

Dairy

AR
CO
IA
KS
MO
NE
OK
Total

State

NA
NA
NA
NA
NA
NA
NA

NA
NA
NA

NA
NA
NA

0

42

42

Sales Barns

Number of Facilities
Cattle

72,604

54,618
NA
NA
14
NA
16,735
1,237

533
1,848
1,650
4,550
3,369
3,027
1,963
16,940

Cow‐calf

8,795
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3,858,878

628,420

NA
NA
NA
18,150
NA
119,393
490,877

Secondary Region
244
NA
NA
NA
NA
NA
398
161,117
NA
NA
7,713
1,352,393
440
2,345,368

Feedlots
309,995
155,480
1,645,028
4,550,335
935,652
2,913,306
339,569
10,849,365

Dairy

Primary Region
239
203,642
950
225,735
6,033
351,639
899
414,634
926
302,109
1,639
154,589
809
215,452
11,495
1,867,800

Total

Swine

NA
NA
NA
NA
NA
NA
NA
0

NA
NA
NA
562,550
NA
NA
NA
562,550

Sales Barns

Number of Animals

7,380,030

5,106,332
NA
NA
2,260
NA
1,707,765
563,673

1,375,244
2,218,823
1,853,591
1,516,027
2,912,305
3,182,108
3,594,976
16,653,074

Cow‐calf

Table 43. Number of Livestock Facilities and Animals Identified Across the Primary and Secondary Regions

12,854,117

100,040
NA
NA
3,601,071
NA
8,793,002
360,004

554,321
729,993
18,956,842
2,736,970
3,000,086
2,999,619
2,999,977
31,977,808

Total

Swine
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4.1.3 Livestock in Kansas and Near the NBAF
The total numbers of cattle in Kansas were estimated through detailed evaluation of Kansas‐specific
datasets (KDHE, D&B, KSU).The total number of cattle from the KDHE, D&B, and KSU data sets was
subtracted from 6.7 million, the total number of cattle in Kansas as reported by the USDA 2007
Agricultural Census. The remaining cattle were evenly distributed to the sites identified by the
telephone directory search and these facilities were designated as feedlot, based on the number of
animals held at those locations. In accordance with information gained from on‐site interviews with
Kansas sales barns and feed lots operators, sale barns were assumed to be operating at one‐third (1/3)
capacity, and feedlots at two‐thirds (2/3) capacity to reflect the number of cattle in Kansas at any given
time. Figure 4‐2 illustrates the location of these 9,000 mapped facilities within the state of Kansas that
house susceptible livestock.

Figure 42: Map of Susceptible Livestock Facilities in Kansas

4.1.4 Livestock Movement
An important aspect of disease modeling is accounting for the movement of infected animals.
Given the flow of livestock across state lines, there is the potential for an infected animal to be
transported out of the primary region and into other regions of the country. To account for this, animal
in‐shipment and out‐shipment data was used to calculate the percent chance that any given animal
would be transported from any state in the primary region to any state in a secondary region. This
information was used to create secondary models that would represent a FAD occurring in a secondary
region if triggered by livestock movement during initial model runs.
Based on data derived from Sales Barn A and confirmed by NASS listings; the following assumptions
were made regarding cattle movement. All calves (animals <500lbs), animals too light for slaughter
(animals >500lbs but <1250lbs), cow‐calf pairs, cows sold by the head (breeding stock) and replacement
cattle were assumed to be coming from cow‐calf operations. All cattle over 1250lbs (average weight of
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cattle at slaughter) [USDAa, 2010] were assumed to be coming from feedlots and going to slaughter
houses. All Holsteins were assumed to be moving between dairies. In cases where a group of cattle had
a wide weight range and could not be clearly classified, an average weight was used. In cases where no
weight was given for cattle and there was no other classifying factor, 96% of unknown cattle were
attributed to cow‐calf operations and 4% were attributed to feedlots as these were general percentages
of origin for known cattle. This analysis yielded the following estimates:
Table 44: Source of Cattle In Kansas Sales Barns
Origin
Total Dairy
Total Feedlot
Total Cow‐Calf
All

Number of
Sales
455
1755
42791
44921

% Of Total
1.0
3.9
95.1
100

# Listings
36
1432
3296
4764

In particular, it was necessary to calculate the movement of cattle out of Manhattan, Kansas; Riley
County; and Pottawatomie County. Data on the movement of cattle out of the two sales barns in closest
proximity to the NBAF was used to estimate the probability any cow was moved (data from a third Sales
Barn in Kansas were evaluated; however the number of animals within this sales barn were relatively
small and did not impact the overall trends observed with data from Sales Barns A and B). Local
stakeholders informed us that more than 90% of the movement of animals out of these counties was
facilitated by the sales barns in the county because this part of Kansas does not have many large
facilities that would sell their animals directly to buyers.
With Sales Barn A, the total number of sales from January 2009 to February 2010 was 44,921 cattle,
resulting in an average daily export rate of 105.9 cattle. Approximately 40% (20,000) of the animals from
Sales Barn A were transferred to feedlots in western Kansas, about 30% (15,000) were transferred out of
state, about 10% (5000) went back to the farms and about 20% (10,000) went directly to slaughter
houses. Sales Barn B estimated sales at 80,000 cattle per year, resulting in an average daily export rate
of 219.2 cattle. Approximately 50% (40,000) of the cattle sold by this sales barn went to feedlots, 25%
(20,000) were sent out of state 12.5% (10,000) went back to farms, and 12.5% (10,000) went straight to
slaughter.
Combined, the two facilities above sold 130,000 cattle annually. Of those roughly, 47% went to feedlots,
27% were transferred out of state, 12% were transferred to other sales barns, and 15% went directly to
slaughter.

4.1.5 Interstate Transport Data
Animal out‐shipment data was collected from states in the primary region and in‐shipment data was
collected from states in the secondary region. The Interstate Livestock Movements report [Shields,
2003] was used as the basis for the number of cattle and hogs moved from any state in the United
States to any other state. Additional data were generated through personal correspondence with the
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individual states and evaluation and tallying of existing shipment data. Telephone and email
correspondence with the individual animal industry departments were utilized to gather complete in‐
shipment datasets from Pennsylvania [McLaughlin, 2010], Michigan [Weld, 2010], Kentucky [Billings,
2010], Illinois [Rhodes, 2010], Indiana [Derrer, 2010], North Carolina [Williams, 2010], and California [
Fowler, 2010], while complete out‐shipment datasets were obtained from South Dakota [Poile, 2010],
Minnesota [Schwabenlander, 2010], and Texas [Hallmark, 2010]. Out‐shipment data for Wisconsin
[USDA/NASS, 2010b, August] was obtained from the Wisconsin NASS field office.
Not all states had complete records readily available; therefore remaining data gaps (in‐shipment to
primary regions) were filled using educated estimates. The number of 2008 in‐shipments for all
secondary states [USDA/NASS, 2009, May] was multiplied by the percent of total US cattle and hogs
contained in each primary state. The percent of total US cattle and hogs housed in each primary state
was then determined by dividing the number of total cattle and hogs in the United States as of January
1, 2008 or December 1, 2007, respectively, by the total number of cattle and hogs in each individual
primary state as of 2008 or 2007 [USDA/NASSb, 2010; USDA/NASSc, 2010]. This approach assumed that
the percentage of US total cattle or hogs that a primary state contained would parallel the percentage of
in‐shipments each secondary state received from that state.

4.1.6 Completeness of the Long‐Distance Animal Movement Data Set
The SSRA team is not claiming that all long‐distance animal movements were completely recapitulated
in the model. Within the primary region in the model, the only long‐distance movements that occurred
happened when animals were sent through a sales‐barn in Kansas. These animals could be shipped
anywhere in the state (but biased to the large feedlots in the southwest of the state) and to the other
states in the primary region. Although it is known that other long distance animal movements are
common (large cow‐calf operations and swine operations often sell directly to large finishing operations
without passing through a sales‐barn), the data on these movements was not available and therefore
this type of movement was not included in the model. Furthermore, the SSRA team found that, because
livestock operations near the NBAF site tend to be relatively small, the three sales‐barns near the NBAF
account for more than 90% of the long‐distance movement of animals in the region likely to host the
initial focus of infection and therefore the greatest risk of transport before the infection is recognized.
Generally speaking, the furthest these animals move in the primary region was to Colorado (typically,
eastern Colorado).
Sales‐barn locations were not modeled in other states (so infections that reached these states were not
further spread by long‐distance animal movement). Shipment of animals from Kansas to states in the
secondary region used all data available on the interstate shipment of animals and therefore is likely
close to the true value. The furthest state that received a significant quantity of animals from Kansas
was California. If the movement of an infected animal were predicted to occur, it would initiate a
secondary NAADSM run in the state that received an infected animal [Hill, 2006]. Therefore, for the
purpose of a site‐specific risk assessment of the NBAF site, this approach, while inadequate to capture
the complexity of the US livestock system as a whole, is sufficient to capture the additional risk that
long‐distance animal transport poses to an outbreak originating from the NBAF.
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4.1.7 GoogleTM Earth
GoogleTM Earth Pro (GEP) was instrumental throughout the scope of this modeling project; it was utilized
to geographically represent relevant agricultural livestock locations in both the primary and secondary
region. For the purposes of this study “relevant” locations were defined as facilities that were most
vulnerable in the event of a FAD outbreak (e.g., densely populated with a susceptible population). GEP
was also used to visually locate the aforementioned relevant locations based on the scenario transport
pathway (Table 4‐5).
Table 45: Scenario Index Case Location Selection
Transport Pathway
Liquid Effluent

Scenario Description
Accidental release of pathogen in
the liquid effluent system

Solid Waste

Accidental release of pathogen in
solid waste disposal process
Human carrier and Fomite

Fomite/Vector/Carrier

Infected animal release
Intentional release of pathogen

Air

October 2010
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Relevant Location
Dense agricultural facilities within close
proximity to sanitary sewage line (see
Figure 4-3)
Facilities within 1 mile of the route to the
designated solid waste landfill (see
Figure 4-4)
Facilities in close proximity to areas of
dense human populations (see Figure 45, 4-6a,b,c,d
Facilities within .5, 1.5, 3.0, and 6.0 mi
radii of the NBAF. (Figure 4-7)
Each of three sales barns
Along major Kansas highways
Affected locations were determined by
the aerosol fate and transport modeling
(described in Section 3.4.4)
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Figure 43: NBAF Sanitary Sewage Pathway

Figure 44: Potential Solid Waste Transport Route
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4.1.8 Manhattan, Kansas, Human Population Data
The majority of the information on the human population on‐campus was provided by KSU (KSU
contact: Mary Lou Marino, PhD.). KSU provided the location and occupancy (at several times of day) of
all the major buildings and dormitories on campus accounting for staff, faculty, and students (Figure 4‐
6). For two of the most populous buildings with high occupancy turnover rates, additional, detailed
population data were collected for two weeks at both 10 AM and 2 PM to provide bounding numbers.
The summer KSU dormitory population was also evaluated yet not included in the model as the
numbers were negligible. Human population data outside of the KSU campus were derived from the
2006 Riley County census estimates in conjunction with Landscan USA Gold. Figure 4‐5 indicates those
counties in Kansas with a population density greater than 10 persons per square mile and their
geographic relation to the NBAF.

Figure 45: Kansas Counties with Population Density > 10 Persons/Square Mile
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a. Entire KSU Campus Population View

b. Southern View

c. Central View
d. Jardine Apartments
Figure 46: Human Population density Near the NBAF
Legend:
-Dormitory

-Average number of people: 100-199

-Other buildings (named) or on-campus apartment (numbers
& letters)

-Average number of people: 200-299

Average number of people: < 20

-Average number of people: 300-399

-Average number of people: 20-49

-Average number of people: 400-499

-Average number of people: 50-99

-Average number of people: 500+
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Figure 47: Distance Rings from NBAF: 0.5, 1.5, 3.0 and 6.0 Miles

4.1.9 Vectors ‐ Mosquito Populations
In order to predict how RVFv may spread in the U.S., it was determined if there were vectors capable of
transmitting the disease and their relative prevalence in the study area. There are 46 species of
mosquito in Kansas (Table 4‐6) [Darsie, 2005], of which nine species are suspected to be able to transmit
the RVFv. The nine species suspected to be able to transmit RVFv are indicated with an asterisk within
Table 4‐6 [Jupp, 2002; Romoser, 1991; Harrison, 2007; Moore, 1997; Turell, 2008; House, 1992;
Brubaker, 1998; Dohm, 1991; Gargan, 1988].
Table 46: Presence of RVF Mosquito Vectors in Kansas
Aedes (Aedes) (Ae.)

vexans*
aegypti*

albopictus*
cinereus *

Culex (Cx.)

erraticus*
peccator
pipiens*
quinquefasciatus *

restuans
salinarius*
tarsalis*
territans

Anopheles (An.)

barberi
crucians
earlei
franciscanus

pseudopunctipennis
punctipennis
quadrimasculatus
walkeri
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Table 46: Presence of RVF Mosquito Vectors in Kansas
Coquillettidia (Cq.)

perturbans

Culiseta (Cs.)

inornata
melanura

Orthopodomyia (Or.)

alba
signifera

Psorofora (Ps.)

ciliata
columbiae
cyanescens
discolor
ferox

Toxorhynchite (Tx.)

rutilus septentrionalis

Aedes (Ochlerotatus) (Oc.)

atlanticus
altropalpus
canadensis
dorsalis
dupreei

Uranotaenia (Ur.)

sapphirina

horrida
howardii
longipalpus
signipennis

epactius
flavescens
hendersoni
mitchellae
nigromaculis

*Species with demonstrated ability to serve as competent vectors of RVFv (9 total).

The relative abundance of mosquito species throughout Kansas were derived by trapping data provided
by KSU (Administrative Record). Mosquitoes were trapped at various time periods from May through
October for several years at multiple sites in Kansas including Manhattan, Topeka, Cheyenne Bottoms,
Wakeeney, and Hill City. Although the relative proportion of species changed between the years, more
than 90% of the mosquitoes caught were always species suspected of being competent vectors for RVFv.

4.2

FMD Modeling Approach and Parameters

The purpose of performing epidemiological modeling on the spread and subsequent control of FMD
from an incident at the NBAF was to primarily determine which risk mitigation measures would be most
effective, rather than to determine the absolute impact of an incident at the NBAF. Epidemiological
modeling was used to test various hypotheses on the relative value of various risk mitigation measures.
Given this purpose, the choice of model to employ came into sharp focus given the strengths and
weaknesses of various models.

4.2.1 Choice of Model
Regarding the prediction of the spread of FMDv from cases caused by a notional aerosol release, there
are several models that are described in the peer‐reviewed literature that attempt to predict the spread
of FMDv from a set of index infections. These models include AusSpread, Interspread Plus, Multiscale
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Epidemiological/Economic Simulation and Analysis (MESA), Davis Animal Disease Simulation (DADS) and
North American Animal Disease Spread Model (NAADSM, version 3.1.23, revised 10 August 2009), each
of which is able to consider a variety of starting conditions and control measures to predict the spread of
FMD. After considering all these models, the NAADSM model was selected for the SSRA FMD modeling.
DADS was also considered for use in this project, however, DADS is not an open source model and would
not be given freely to the SSRA Team. In addition, DADS is not designed for easy manipulation of
outbreak or disease control parameters by those who are not familiar with the code.
The strengths of the NAADSM model include the ability to consider specific spatial distribution of
susceptible animals, specific collections of animals of varying susceptibilities (cattle, swine or mixed) and
control actions specific to the type of animals. It has been used widely in the academic community to
evaluate the efficacy of a variety of control measures that were considered in this project and it has
been used in the modeling of outbreaks in Kansas. The main weakness of the NAADSM model is that it
considers spread within only a single region of the US. Another concern is that the NAADSM model
would yield fewer cases of FMD than the other two models considered (NAS Committee concern).
The main modes of transmission of infection between herds in the NAADSM model are direct and
indirect contacts between herds. Although the NAADSM model does consider aerosol transmission
between herds to account for some additional spread of disease, it is a minor term in the model
compared to disease spread fostered by these other models. Sensitivity analysis performed further
indicates that the contribution of aerosol spread of FMDv between herds was a minor contributor to the
outbreak (see below).
It was recognized that for any model to be useful to decision makers, it must be loaded with specific
data from the study area, to reflect its unique density, distribution and interconnectedness of livestock
facilities. Therefore, an extensive effort gathered very specific data for human and animal populations in
Kansas and surrounding states, as described above. Given the amount of data collected, this study’s use
of the NAADSM model may be the most comprehensive described.
Furthermore, the SSRA team did not use a network model because the data necessary to underpin such
a model was not available. Although a network model could have been used, the lack of information
would vitiate any advantage the model would have over a model such as NAADSM because the links in
the network would have to be estimated based on very limited data.
Despite repeated and persistent attempts by the SSRA team, the facility owners would not disclose—
and public records were insufficient to obtain—the detailed quantitative data regarding animal
movements to and from the various facility types required for a network model.
To match the granularity of the NAADSM model used in the SSRA analysis, animal movement (and
indirect contact information) would have had to be obtained from more than 10,000 facilities of five
different types, of various sizes and in seven states. Given that the SSRA team determined that
geography informs the network as does the size of the facility (for example, the large feedlots in the
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Southwest tend to receive animals from sales‐barns as opposed to smaller feedlots in central Kansas and
small cow‐calf operators in the East tend to sell their animals through the sales‐barns near Manhattan
whereas larger operators tend to sell their animals directly to feedlots), collecting sufficient information
to feed a network model was prohibitively difficult if possible at all.
Despite the extensive use of the NAADSM model, it was recognized that improving long‐distance
transport and addressing the role of wildlife in the spread of FMD would greatly enhance the utility of
the model.
Model Enhancement – Long-Distance Transport

The NAADSM model does not inherently consider that animals can be moved long distances, most likely
because this model is designed to be used over a relatively small region where these movements are
less important than the constant contact between local herds (direct contacts) and the people and
vehicles that tend to these herds (indirect contacts). However, it was desirable to capture how long‐
distance animal movement possibly exacerbates an outbreak and complicates control measures.
Moreover, it was recognized that the study area is a hub of animal movement for the entire U.S. This
modeling weakness was evaluated by examining the patterns of a sample FMD outbreak in the NAADSM
model. From this run, a steady and radial growth of the area of infection was observed (Figure 4‐8a). In
reality, as infected animals are moved throughout the country, pockets of infection would be expected
to occur great distances from the initial focus of infection.
Two measures were implemented to address this concern. First, to model long‐distance animal
transport within a region, special sales barns locations were developed and built into the NAADSM
model. Secondly, inter‐regional animal transport data was used to trigger further runs of the NAADSM
model.
Including Sales Barns in the NAADSM model
The importance of long‐distance animal movements was well understood by the SSRA team and
therefore significant effort was undertaken to address this NAADSM limitation. Animal scientists and
agricultural economists confirmed that long‐distance animal movements originating in the study area
occurred primarily in the following way: local cow‐calf operations (and, to a lesser extent, dairies) move
young animals to one of three sales barns in the Manhattan, Kansas, area, which are then sold and
moved either to the large feedlots in Southwest Kansas or out of state. Therefore the SSRA team worked
extensively with local sales barns to gather all available data from these locations; such as the type of
customers who buy most of the sales barns stock in state and how many head are in a sales barn at any
given time compared to their permitted capacity (see Section 4.1).
Using this information a special facility location called “sales barn” was built within the NAADSM model
that would allow the consideration of the effect of long‐distance movement of animals. A direct contact
probability function was built into the model using the frequency and destinations of animal movements
gathered from the local sales barn data. As a production type, sales barns were treated like any other
cattle operation in the disease options section because more than 90% of the animal handled in the
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sales barns near the NBAF site are cattle. The only NAADSM parameters for which sales barns were
treated differently from the other operations was under disease spread, since this was the section
where the addition of sales barns would make a difference in the spread of FMD to adjacent states. The
implementation of sales‐barns within the contact spread parameters is described on page 185 (Sales
barn and State‐to‐State Contact Parameters). The value was set empirically; baseline values were
estimated given the number of animal movements expected, and the model was run to determine if the
proper number of infections occurred at the expected distances. The parameters were then adjusted
until the disease spread to the expected degree and distance. This part of the document describes how
the baseline contact rates were determined as well as the probability of infection and the distance
distribution of recipient units. Shipping delay functions were based on expert testimony describing the
amount of time an animal would typically be in the sales‐barn or with other animals before reaching the
recipient herds. Stop movements were adjusted to reflect the closing of sales barns which would reduce
the animal movement from 100% to 0% within a day. Sales‐barn production type combinations were
limited to cow‐calf, dairy and feedlot operations in Kansas as the disease source with sales barns as the
recipient. In turn, Sales barns could be the disease source for out‐of‐state cowcalf, dairy and feedlot
operations, as well as feedlots in Kansas. Because swine are not typically sold in the sales barns near the
NBAF site, no contact between sales‐barns and swine operations was modeled. The effect of uncertainty
in these parameters was explored in the sensitivity analysis as explained below.
With the sales barn locations implemented in the NAADSM model, the model outputs indicated that
soon after a contagious animal arrives in a sales barn, infections appear at locations away from the
primary focus of infection (Colorado, Nebraska, Iowa and Southwest Kansas) which received the vast
majority of animals from the local sales barns (Figure 4‐8b). Note even when the baseline NAADSM
model was allowed to run longer than the model enhanced with sales barns, separated foci of infections
did not occur. Based on these results, the concern regarding the inability of the NAADSM model to
accurately predict long‐distance spread within the primary study region was addressed.

a)

b)

Figure 48:a) Spread of FMD without Sales Barns (original NAADSM) Run to Day 25 of the
Outbreak b) Spread of FMD with Sales Barns (SSRA enhanced NAADSM) Run to day 15 of the
Outbreak
Note: Black dots indicate location of susceptible facilities (farms, feedlots, etc.,) in the United States
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Sales Barn and State-to-State Contact Parameters

The parameters used to characterize contact between the various operations (cow‐calf, dairy, feedlot,
and swine) in the NAADSM model relied on the assumption that traffic between operations was local,
excluding the nuances of interstate livestock export. Specifying out‐of‐state operations provided the
option of additional “out‐of‐state” contact values for the mean baseline contact rate and the probability
density function (pdf). Proportions of animals and rates per day were used to estimate the mean
baseline contact rate for animal efflux from sales barns to out‐of‐state operations. Distance functions
were defined by a uniform function for all distances less than the farthest state border for a particular
recipient state. Given that NAADSM identified recipient units by looking for the locations closest to the
distance sampled from the pdf, there was a slight bias towards out‐of‐state locations that were closest
to the sales barn. The sales barn data helped identify contact parameters that characterized livestock
influx from local operations to the sales barns. While smaller operations tended to use sales barns and
larger operations tended to conduct out‐of‐state business independently, specifying operations as small
or large would have increased the operation parameters by orders of magnitude. For this reason, the
sales barns were used as the sole method of out‐of‐state contact regardless of whether an operation
was large or small. Once contact was made with an out‐of‐state operation, contacts between operations
within that state followed the normal cowcalf, dairy, feedlot and swine parameters.
Predicting Extra-Regional Spread of FMD

There are many regions in the U.S. that produce livestock in quantity outside of the Midwest. However,
the NAADSM model does not consider the movement of animals from one region of the U.S. to another.
To address this concern, the U.S. was divided into several regions that together represent the significant
swine and cattle producing areas. Data on the movement of animals out of the Kansas study region to
other regions throughout the country was obtained largely from two sources: interviews with the state
departments of animal agriculture in 10 states and a comprehensive study by the USDA‐Economic
Research Service [Shields, 2003] or estimated as discussed previously in Section 4.1.
The number of animals moving was compared to the total number in the state to determine the chance
that any given animal in a state would be moved to another state. Moreover, by comparing the total
number of infected animals in a state to the total number and the number moved, the probability that
any given infected animal would be moved to any given other state to start an infection at that location
could be determined. If this movement were predicted to occur in the model, the subsequent spread
within that region (and the control of the outbreak) could be calculated by running the NAADSM model
again on this additional region. The impact of the outbreak nationwide, could be estimated by
considering outbreak duration, herds culled and control resources needed across all infected regions.
Together, these measures not only addressed these concerns about the NAADSM model but also begin
to mitigate concern regarding the total number of infected animals compared to other models. Although
it is difficult to say that the prediction of more cases is closer to the reality of an outbreak, the addition
of long‐distance spread not only mimics a known and troublesome mechanism for spread of the disease
but also significantly increases the number of cases predicted by the NAADSM model.
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Furthermore, NAASDM (and Venism, the model used for RVF discussed in the following segment), were
supplemented with thorough analysis of recent FMD and RVF outbreaks (see Appendix F “A Review of
Recent Outbreaks of FMD and RVF”) to provide ground‐truth data, in particular the effect of direct
contacts (animal‐to‐animal) and indirect contacts (fomites, vectors, and personnel), delays in diagnosis,
and the effectiveness of mitigation strategies in controlling disease spread.
The Role of Wildlife in the Spread of FMD

None of the models reviewed appear to adequately address the role of wildlife in the propagation of an
outbreak of FMD. Research is ongoing by the designers of the DADS model to incorporate considerations
of wildlife, but this research is not anticipated to be complete for use by the SSRA. It is recognized that
the local ecosystem could significantly affect the spread, persistence and control of an FMD outbreak. As
such, several possibilities for modeling the role of wildlife in an FMD outbreak were considered for the
SSRA (see section 4.1). However as so few data were available to accurately determine wildlife density,
wildlife was not included in the epidemiological modeling. Instead, throughout the report, the ways in
which the presence of wildlife could impact the results and conclusions were discussed.
The Role of Contaminated Fodder in the Initiation and Spread of FMD

Although the SSRA team considered the risk that an aerosol could contaminate feed that may be
consumed by animals at the infected premises, the team did not consider that contaminated fodder
would be transported to cause infections elsewhere.
The SSRA team has information that enables only a partial consideration of the risk from this
component, including:
•
•
•

The amount of pathogenic material deposited on the ground at any given site (which was low)
The decay rate of the pathogen on fodder (which was low)
The oral mean infectious dose for cattle and swine of FMDv (which was much greater than the
inhalational mean infectious dose)

Given these data points, the risk posed by the transport of infected fodder outside of the area seemed
much lower than the risk that an infection would occur from inhalation near the NBAF site.
Furthermore, as long as the contaminated fodder caused an infection in the same part of Kansas as
aerosol infections were initiated, the impact would not vary significantly from what was predicted in the
effort. Calculating the risk posed by the transportation of contaminated feed out of the region requires
the following information, which the SSRA team does not possess and may be very difficult to obtain:
•
•
•
•
•
•

The location of farms that produce feed that is shipped elsewhere
The percent of feed on those farms that is used offsite
Steps used to process the feed that may impact the concentration or viability of the pathogen
Storage conditions and time in storage of the feed (temperature, humidity and protection from
rain, which may washout the pathogen)
Amount of mixing of feed from various sources
The amount of feed consumed by an animal from any given source
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•

The location of farms that use feed from a potentially contaminated farm

Given these unknowns, the best the SSRA team could estimate at this time was that the risk from the
transport of feed contaminated by an FMDv aerosol generated at the NBAF is low, but not zero.
However, the risk from the initiation of an outbreak by this mechanism is certainly significantly less than
the risk posed by direct aerosol exposure and therefore the current estimates adequately represent the
true risk form aerosol generating scenarios.

4.2.2 FMD Parameters
Published NAADSM parameter values were identified during a literature search of peer‐reviewed
journals and government reports. All published values were considered and a consensus value was
selected from the literature. In many cases, the NAADSM default values, which are not necessarily based
on the best scientific evidence, were significantly different from values used in peer‐reviewed
publications and were, therefore, not included in the selection of the consensus values. In very few
cases were the NAADSM default values close to the consensus value used in the model. Because there
was a wide variety of parameter values reported in the literature, a sensitivity analysis for each of the
parameter values that we did not use in the baseline model was performed to determine the effect on
the results (see Sensitivity Analysis in 4.3.4).
Cow-Calf, Feedlot, and Dairy

Each phase of FMD development was modeled using a probability density function in NAADSM. These
phases include the latent (incubation) period, infectious subclinical period, infectious clinical period, and
immune period. Parameter values for each phase as presented in the various literatures reviewed are
presented in Table 4‐7. The alpha and beta variables pictured were used to characterize the Weibull and
gamma functions that provide the probability density functions for the length of the disease periods. In
both functions the value of alpha represents the shape parameter while the value of beta represents the
scale parameter. At values for alpha lower than 1, the peak of the curve begins at y=0 and has a steep
decline followed by a gradual decline. As alpha increases above 1, the peak moves away from y=0 giving
the curve an initial incline followed by a decline. Alpha is independent of the location and scale
parameters. Beta represents the scale parameter which characterizes the statistical dispersion of the
probability distribution. As beta increases, the peak height decreases as the spread increases. In both
the Weibull and gamma functions the location parameter was held as a constant within NAADSM. Some
researchers refer to the alpha variable as “kappa” and the beta variable as “lambda” for Weibull
functions and “theta” for gamma functions. The mu and sigma variables represent the mean and
standard deviation, respectively, and are used to characterize the normal distribution. Mu provides the
location of the peak on the x axis and sigma influences the spread and height of the peak. As sigma
increases, the peak height decreases and the spread widens. Mu and sigma do not completely describe a
Weibull or gamma function and therefore were not presented.
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Table 47: FMD Transition State Parameters for Cattle (days)
Publication

Latent

Infectious Subclinical

Infectious Clinical

Immune

Mardones 2010
(Ibid)

Weibull
(α=1.782, β=3.974)

Gamma
(α=1.222, β=1.672)

Pendell 2006
(Ibid)

Similar to
Triangular (3.25,6,8.75)A

Similar to
Triangular(‐1,2.7,6) A

Carpenter 2004
(Ibid)

Normal (µ=3.7, σ=.8)
Triangular (1,3.75,6) A

Normal (µ=2.6,
σ=1.05); Similar to
triangular(‐1,2.5,6) B

Schoenbaum
2003 (Ibid)
Ward 2009 (Ibid)

Triangular (5,7.5,10)

Bates 2003 (Ibid)

Normal (µ=3.7, σ=.8)
Similar to Triangular
(1,3.75,6) A

Weibull (1.42, 20.23);
Similar to triangular
(‐50,10,70) A
Weibull (1.42, 20.23);
Similar to triangular
(‐50,10,70)
Triangular
(0,21,81)B
Feedlot Triangular
(7,18,33)B,C
Dairy Triangular
(6,15,29)
Cow‐Calf Triangular
(8,19,41)
Normal (µ=2.6, σ=1.1);
Similar to triangular
(‐1,2.5,6) B

Ward 2007 (Ibid)

4‐7 days

2‐7 days B

90‐180

NAADSM Defaults
(Harvey, N., 2007)
Consensus

Triangular (0,3,9)

Triangular (1,3,5)

Weibull
(α=1.782, β=3.974)

Gamma
(α=1.222, β=1.672)

Triangular
(0,21,80)
Triangular
(0,16.3,70)

Triangular
(180,270,360)
Triangular
(130,240,365)

Triangular (2,3,5) or
(2,3,7)

Similar to
triangular
(180,270,360) A
20

Triangular
(180, 270, 365)
Feedlot and Cow‐
Calf triangular
(60,180,365);
Dairy triangular
(90,210,430)

A

Distributions were plotted and converted to other distribution types
Some models combined the infectious subclinical and infectious clinical period
C
Some models gave a specific breakout for different facilities
B

The duration of the latent period was reported as a pdf, with either a triangular or normal distribution.
The minimum reported value for the distribution was zero and the maximum value was 10 days, with a
maximum spread of 9 days and a minimum spread of 3 days. The peak of the probability distribution
function typically occurred between 3 and 7.5 days. Mardones reported an especially detailed analysis
of disease parameters for FMD based on clinical data. The Mardones data was selected as the consensus
value [Mardones, F., 2010].
The duration of the subclinical infectious period was reported as a probability density function, with
either a triangular or Weibull distribution (which is similar to a triangular distribution (50,10,70)). The
minimum reported value for the distribution was 0, and (values must be greater than or equal to zero)
the maximum value was 7 days with a maximum spread of 7 days and minimum spread of 4 days. The
peak of the probability distribution function typically occurred between 2 and 3 days. Again, the
Mardones value was selected as the consensus value for the model [Mardones, F., 2010].
The duration of the infectious clinical period was reported as a probability density function, with either a
triangular or Weibull distribution. The minimum reported value for the distribution was 50 days and the
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maximum value was 80 days, with a maximum spread of 140 days and minimum spread of 23 days. The
peak of the probability distribution function typically occurred between 15 and 21 days. The consensus
distribution was a pdf with a triangular (0, 16.3, 70) distribution.
The duration of the immune period was reported as a probability density function, with either a
triangular or piecewise distribution. The minimum reported value for the distribution was 90 days and
the maximum value was 430 days, with a maximum spread of 340 days and minimum spread of 90 days.
The peak of the probability distribution function typically occurred between 180 and 270 days. The
consensus distribution was a pdf with a triangular (130,240,365) distribution.
Swine

As with cows, each phase of FMD development for swine was modeled by a probability density function
in NAADSM. These phases include the latent (incubation) period, infectious subclinical period, infectious
clinical period, and immune period. There was less information available for swine FMD than for cows,
but a high degree of confidence in the swine parameters was held because they were based on clinical
research. Parameter values for each phase in swine are presented in Table 4‐8.
Table 48. FMD Transition State Duration Parameters for Swine (days)
Publication

Latent

Mardones, 2010 (Ibid)

Gamma
(α=1.617, β=1.914)

Pendell, 2006 (Ibid)

Similar to triangular
(3.25,6,8.75)

Ward, 2009 (Ibid)

Triangular
(2,3,5)
Normal (µ=6, σ=.9)
Similar to triangular
(3,6,9)

Bates, 2003 (Ibid)

Infectious
Subclinical

Similar to
triangular
(‐1,4.25,10)

Infectious Clinical

Immune

Similar to triangular
(4,10.5,16)

Similar to triangular
(180,270,360)

Triangular
(6,14,33) B
Normal (µ=4.3, σ=1.9),
Similar to triangular
(‐2,4.25,10)B

Triangular
(60,150,270)
Not given

Harvey, 2007
(NAADSM Defaults)
(Harvey, N., 2007)

Triangular
(0,1.5,3)

Triangular
(0,1,2)

Triangular
(0,20,81)

Triangular
(180,270,360)

Consensus

Gamma
(α=1.617, β=1.914)

Triangular
(0,3,7)

Triangular
(3,15,43)

Triangular
(140,230,330)

A

Distributions were plotted and converted to other distribution types
Some models combined the infectious subclinical and infectious clinical period

B

The duration of the latent period was reported as a probability density function, with either a triangular
or normal distribution. The minimum reported value for the distribution was 0 and the maximum value
was 10 days, with a maximum spread of 9 days and minimum spread of 3 days. The peak of the
probability distribution function typically occurred between 3 and 7.5 days. Mardones reported an
especially detailed analysis of disease parameters for FMD based on clinical data. The Mardones data
was selected as the consensus value [Mardones, 2010].
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The duration of the subclinical infectious period was reported as a probability density function, with
either a triangular or normal distribution. The minimum reported value for the distribution was 0 days
and the maximum value was 10 days, with a maximum spread of 12 days and minimum spread of 2
days. The peak of the probability distribution function typically occurred between 1 and 4.25 days. The
consensus distribution was a probability density function with a triangular (0, 3, 7) distribution.
The duration of the infectious clinical period was reported as a probability density function, with either a
triangular or Weibull distribution. The minimum reported value for the distribution was 0 and the
maximum value was 81 days, with a maximum spread of 81 days and minimum spread of 8 days. The
peak of the probability distribution function typically occurred between 10.5 and 20 days. The consensus
distribution was a pdf with a Triangular (3, 15, and 43) distribution.
The duration of the immune period was reported as a probability density function, with either a
triangular or piecewise distribution. The minimum reported value for the distribution was 60 and the
maximum value was 360 days, with a maximum spread of 210 days and minimum spread of 180 days.
The peak of the probability distribution function typically occurred between 150 and 270 days. The
consensus distribution was a pdf with a triangular (140, 230, 330) distribution.
Disease Spread

For all disease spread parameters a literature review was conducted. Parameters were compiled from
ten different sources [Bates, T.W., 2003; Carpenter, T.E., 2004; Elbakidze, L., 2009; Harvey, N, 2007;
Mardones, F., 2010; Pendell, D.L., 2006; Schoenbaum, M.A., 2003; Ward, M.P., 2009; Ward, M.P., 2007;
Yoon, H., 2006]. The maximum and minimum value previously used for each parameter was determined
along with the most frequently used parameters. For single point values, an average or consensus
number was chosen based on this information. For relational functions and probability distribution
functions a consensus function was determined.
Baseline Mitigation Measures

A literature review (as described in “disease spread parameters”) was conducted to determine baseline
mitigation measure parameters for FMD detection, tracing, destruction and vaccination. Information
collected from SME interviews was also used to generate an expert consensus value to support/factor
into each relevant parameter (details are provided within the “NAADSM Parameters Interviews” table as
part of Appendix K.

4.2.3 Uncertainty in the FMD Model
Regarding the parameters used in NAASDM, there are two types of evidence basis. Parameters that are
likely to be within the ability of local stakeholders to estimate (such as culling capacity) were based on a
consensus of estimates drawn from a variety of knowledgeable stakeholders (as described in Appendix
K). Parameters not likely to be estimated accurately by local stakeholders (such as indirect contact rates)
were based upon a consensus of values published in the peer reviewed literature on NAADSM. In each
case, significant uncertainty exists as to the true value of these parameters, so extensive sensitivity
analysis was performed (described in Section 4.3.4).
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Two approaches were used in the sensitivity analysis. In the first approach, all values published in the
peer reviewed literature were tested, one at a time. In the second approach, a parameter was varied
from its base value regardless of the appearance of these alternate values in the literature. This second
approach was used to explore the effects on the resulting outbreak should detection or control
approaches vary from the baseline. These results inform estimates of the benefit of improving detection
and control measures (or the cost of not achieving the estimates for the efficacy of detection and
control measures).
Because the SSRA team strove to ensure that each parameter had the strongest possible evidence basis,
the team did not alter baseline parameters (especially as it relates to control measures) without a solid
evidence basis. That is, local stakeholders, for whom the control of livestock disease is central to their
daily lives, are likely more familiar than the SSRA team regarding the complexity of mass culling and the
resources that could potentially be available. Although some of these parameters may seem optimistic
to outsiders, local stakeholders informed us that their plans include the mobilization and training of all
slaughterhouse workers (who would otherwise be out of work), the National Guard and other resources
to control an outbreak of FMD. Also, if a different baseline value were chosen for this parameter, an
evidence basis would have to be found to support this new value and the SSRA team found that the
evidence supporting specific other values was insufficient. The sensitivity analysis in Section 4.3.4
presents an analysis of the effect of changing these parameters by more than an order of magnitude in
many cases. This analysis should be sufficiently robust to enable reviewers to determine the impact of
changing any parameter in NAADSM.
One aspect that was not explored in the formal sensitivity analysis (because it was not a NAADSM
parameter) was the threshold mean inhaled dose to produce an infection (0.1 pfu) of FMDv. Recall that
facilities that hold more than 100 animals that received a dose in excess of this value were predicted to
develop at least one infection. Examining the data from the plume modeling, if this value were increased
to 1 pfu, no aerosol transport pathway would have resulted in an infection at a livestock facility beyond
the NBAF. If this value were decreased to 0.01 pfu, a greater proportion of aerosol releases would result
in at least one infected premises and more premises would be infected per release. We know from the
analysis performed (page 200) that the number of premises initially infected by surreptitious releases
has little impact on the magnitude of the outbreak. Therefore, the output was insensitive to this
parameter for every outbreak that occurred from a release (that is, the average impact of an outbreak
would not change assuming an outbreak occurred in the first place). However, if this parameter were
decreased outbreaks would result more frequently from the sets of releases modeled, increasing the
overall risk posed by any aerosol release pathway. This increase in risk was extremely modest for most
of the catastrophic release scenarios (in which the NBAF was partially or completely destroyed), such as
a Tornado and High‐Wind Event, because the vast majority of meteorological conditions that led to an
outbreak given the default parameter.
It should be noted that the uncertainty surrounding the probability of infection from very low dose
aerosols in large herds was likely irreducible because the experiment would be prohibitively expensive
to carry out (this experiment would require a series of controlled dose experiments with each
experimental group consisting of 1,000 large animals). For this reason (and to facilitate comparison to
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release pathways in which the probability of an infection occurring after an accident at the NBAF was
impossible to accurately estimate—such as the Fomite pathway), the impact from each aerosol pathway
was presented using a threshold value as the baseline to calculate the probability that an outbreak
would occur (and the initial distribution of infected premises) AND presented assuming that an infection
occurs after the release (initiation assumed). In this way, risks from the various pathways could be
compared without the underlying uncertainty in the probability of the initiation of the outbreak.

4.3

FMD Epidemiological Modeling Results

To model the impact of an outbreak of FMD caused by a release from the NBAF, over 400,000 NAADSM
iterations were run in more than 500 experiments. NAADSM was adapted to the study area through the
collection of real data on locations and holdings of 10,000 livestock premises in a region comprising of
seven states in the area of Kansas with significant livestock populations. Also, to replicate the risk from
long‐distance animal transportation in the outbreak within the region, sales‐barn locations were
developed and included in the model. Long distance transport of animals outside the region was
included by nested runs of the model given shipment data between states.

4.3.1 Summary of Impact
Surreptitious releases of FMD resulted in median outbreaks that involved the culling of about 3,000,000
animals and outbreaks that lasted nearly 100 days. Various experiments performed reinforced this
conclusion, but some parameters resulted in the estimation of 1,500,000 to 4,500,000 animals with
outbreak durations of 40‐250 days. Although accidents that resulted in the partial destruction of the
NBAF (such as a tornado) resulted in many premises initially infected, the fact that these incidents were
self‐announcing enabled control measures to be immediately implemented and the outbreak to be
controlled more quickly than in surreptitious, smaller releases. These self‐announcing accidents typically
resulted in less than 300,000 head culled in outbreaks that lasted less than 30 days. The transport
pathways modeled cover the entire risk space for accidents and intentional acts involving FMDv at the
NBAF. The impact of the cases varied significantly and are summarized in Table 4‐9; the detailed
assessment of each case is described in later sections.
In a typical outbreak, the average time until the outbreak was detected and reported was roughly 15
days from outbreak initiation and 17 days for the p75 case. Typically, the third or fourth generation
infections occurred by this point. On pages 201‐207, the SSRA team demonstrated how changes in these
parameters altered the nature of the outbreak. While changing these parameters had a modest effect
on the day that the outbreak was reported (increasing or decreasing by a day or two), there was a
significant impact on the extent and duration of the outbreak and the chance that it would spread to
other states, underpinning the importance of good disease surveillance and producer education on the
signs of FMD and the importance of reporting suspicious cases.
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Transport
Mechanism

Liquid

Solid

Scenario Name

Loss of Containment by
Liquid/Solid Waste
Sabotage of NBAF Systems or
Processes with Subsequent
Pathogen Release
Loss of Containment by
Liquid/Solid Waste

4

3FA
9FA

Human Carrier (Non Infected)

9

Theft and Subsequent
Intentional Pathogen Release

12

12FF

10FB

10FA

Loss of Containment by
Fomite
Loss of Containment by
Fomite

10

10

9FB

Human Carrier (Non Infected)

9

3

Sabotage of NBAF Systems or
Processes with Subsequent
Pathogen Release
Lost or Escaped Animal

13FS

4FS

13FL

4FL

Case
Number

13

4

13
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FMDv Loss of Infected
Pig
FMDv Worker with No
Respiratory Protection
FMDv Worker with
Respiratory Protection
FMDv Fomite ‐
Emergency
FMDv Fomite –
Personnel
Contamination
FMDv Theft with Intent
to Release

FMDv Loss Through
Solid Waste Handling
System
FMDv Sabotage of Solid
Waste Handling System

FMDv Loss Through
Liquid EDS
FMDv Sabotage of Liquid
EDS

Case Name

7,150,000

7,150,000

7,150,000

7,150,000

7,150,000

7,150,000

7,150,000

4,500,000

4,500,000

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

The intentional use of FMDv could result in as many as
15,000,000 animals culled if a hostile actor successfully infected
several sales barns throughout Kansas.

3,200,000

3,200,000

3,200,000

3,200,000

3,250,000

3,250,000

3,250,000

3,200,000

3,200,000

Epidemiological Impact
Not Assuming Initiation
Assuming Initiation
High Impact,
High Impact,
Median
Median
Low Probability
Low Probability
(head)
(head)
(head)
(head)

Table 49: Summary of Epidemiological Impact by Transport Mechanism, Scenario and Case

Scenario

October 2010

Fomite/Vector/Carrier

Transport
Mechanism

5FA
5FB

Single Room Fire
Single Room Fire

5

5

6FB

7FW

Single Room
Deflagration/Overpressure

Seismic (Earthquake) or High‐
Wind (Non‐Tornado) Event
Seismic (Earthquake) or High‐
Wind (Non‐Tornado) Event
Seismic (Earthquake) or High‐
Wind (Non‐Tornado) Event
Small Aircraft Crash Into
Facility

6

7

8

7

8FA

7FSB

7FSA

6FA

Single Room
Deflagration/Overpressure

6

1FC

1BF

1FA

Small/Medium Laboratory
Spill with Creation of Aerosol

1

Case
Number

Scenario Name

7
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FMDv
Deflagration/Overpressu
re with Functional HEPA
FMDv
Deflagration/Overpressu
re with Non‐Functional
HEPA
FMDv High‐Wind event
Non‐Functional HEPA
FMDv Seismic Event
with Functional HEPA
FMDv Seismic Event
with Non‐Functional
HEPA
FMDv Aircraft Crash Into
Side of Biocontainment
Area with No HEPA
Filtration

FMDv Spill Inside
Biocontainment with
Functional HEPA
FMDv Spill Inside
Biocontainment with
Non‐Functional HEPA
FMDv Spill Outside
Biocontainment
FMDv Fire with
Functional HEPA
FMDv Fire with Non‐
Functional HEPA

Case Name

34,000

120,000

N/A

120,000

36,000

360,000

N/A

380,000

3,100,000

32,0001 or
3,000,0002
N/A

32,0001 or
3,000,0002
N/A
3,000,000

N/A

5,900,000

5,900,000

N/A

N/A

3,250,000

3,150,000

N/A

0

80,000

0

120,000

0

0

0

0

0

0

0

0

360,000

0

380,000

0

0

0

0

3,500,000

3,200,000

0

Epidemiological Impact
Not Assuming Initiation
Assuming Initiation
High Impact,
High Impact,
Median
Median
Low Probability
Low Probability
(head)
(head)
(head)
(head)

Table 49: Summary of Epidemiological Impact by Transport Mechanism, Scenario and Case

Scenario
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Air and Deposition

Tornado
Sabotage of NBAF Systems or
Processes with Subsequent
Pathogen Release
Sabotage of NBAF Systems or
Processes with Subsequent
Pathogen Release
Sabotage of NBAF Systems or
Processes with Subsequent
Pathogen Release

11

13

13

Impact with preemptive stop movement
Impact without preemptive stop movement

13

Small Aircraft Crash Into
Facility

Scenario Name

8

Scenario

October 2010

2

1

Transport
Mechanism

13FA

13FS

13FL

11FA

8FB

Case
Number

195

FMDv Sabotage of HEPA
Filtration System(s)

FMDv Sabotage of Liquid
Effluent
Decontamination
System
FMDv Sabotage of Solid
Waste Handling System

FMDv Aircraft Crash Into
Penthouse with Non‐
Functional HEPA
FMDv Tornado Release

Case Name

3,150,000

3,250,000

120,000
3,200,000

N/A

5,900,000

7,150,000

380,000
4,500,000

N/A

0

N/A

120,000
N/A

0

3,200,000

N/A

325,000
N/A

0

Epidemiological Impact
Assuming Initiation
Not Assuming Initiation
High Impact,
High Impact,
Median
Median
Low Probability
Low Probability
(head)
(head)
(head)
(head)

Table 49: Summary of Epidemiological Impact by Transport Mechanism, Scenario and Case
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Several control measures were demonstrated to reduce the impact of an outbreak. Educating producers
on the signs of FMD and the importance of reporting an outbreak could significantly reduce the extent
and duration of the outbreak. Given the importance of early outbreak identification, active surveillance
may also be worthwhile in reducing the risk of an FMD release. Once the outbreak was recognized,
complete and rapid cessation of contacts with infected premises was essential in reducing the outbreak
and therefore resources should be dedicated to movement restriction establishment and enforcement.
In the sections that follow, the details regarding a common outbreak starting condition are explained so
that the detailed analyses that follow for each of the possible transport pathways is understood in
context.

4.3.2 Comparing SSRA Results to that of Other Modeling Teams
Modeling was used in this study primarily to identify the release pathways of greatest risk and to
ascertain the relative importance of control and mitigation measures to reduce the risk of performing
cutting‐edge science with high‐consequence livestock and zoonotic pathogens at the NBAF. For this
reason, the absolute impact of any outbreak predicted by the models used less important than the
relative impact between scenarios and the reduction in impact that various control and mitigation
measures afford. Given the primary purpose of the study, comparing the results with models analyzing
the impact of outbreaks in different areas would not augment the analysis.
Given the complexity and scale of US agriculture and irreducible uncertainty in parameterizing some
aspects of an FMD outbreak (e.g. What is the chance than an infected deer would infect a nearby cattle
herd?), no model can predict the extent or duration of an outbreak in the US with certainty and the
models used in the SSRA are no exception. In order to determine why two models differ in their results
is extremely difficult and beyond the scope of this analysis. Even if two models were given the exact
same question (the consequences of an outbreak in Manhattan, for example), understanding why they
produce different results requires extensive testing of BOTH models (the manipulation of input variables
to determine the consequences on the results) and, likely, access to the code underlying the models.
Without these resources, any hypothesis regarding the reasons behind the differences in output
between two models would simply be conjecture.
That being said, getting the best prediction possible of the scale and duration of a possible FMD
outbreak in the US will support decision‐making related to livestock disease control in general. From
scrutinizing the similarities and differences of several modeling approaches (and the consequent results)
a better estimate of a true value could be obtained. Over the next few years, perhaps several teams
could be tasked with estimating the scale and duration of an outbreak starting at the NBAF (or from an
accidental introduction into any area in the US) to this effort.

4.3.3 Impact of a Representative Release Event
Several of the FMD cases modeled (including those that spanned both aerosol and non‐aerosol
transport pathways) lead to the infection of a single premise near the NBAF. The majority of livestock
operations closest to the NBAF were determined to be cow‐calf facilities (the model indicated 27 cow‐
calf facilities near the NBAF out of a total of 50 livestock facilities). Therefore, it was assumed that an
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infection at a cow‐calf operation was more likely to be compared to all other livestock facilities (and this
assumption was proven by subsequent analysis as detailed in the transport pathway section below). For
this reason and because this event occupied the majority of the observed risk space (discussed below),
the single, surreptitious infection of a single cow‐calf operation was used as a representative event.
NAADSM was run with two latent infections in a single cow‐calf operation near the NBAF for 1,000
iterations. As expected, the outbreak spread explosively, slowed after controls were implemented, and
was eventually stamped out (see Figure 4‐9).

Figure 49: Animals Infected with FMD, Representative NAADSM Outputs
The impact, in terms of animals culled and premises culled across all seven states in the primary region,
is shown in Table 4‐10. The p50 represents the median case, in which half of the model runs are above
the reported number of premises culled or animals killed and the other half are below that number. The
p75 data represents the top quartile in which 75% of the model runs yielded a lower number than
reported in Table 4‐10. The p25 data represent the bottom quartile in which 25% of the model runs
resulted in a lower number than reported in Table 4‐10. The outbreak resulting from a single,
surreptitious infection of a single cow‐calf operation lasted for 97 days on average with a standard
deviation of 17 days. The median run value (p50) resulted in 3 million animals culled in 3,300 premises in
seven states. The top quartile (p75) run resulted in more than 6 million animals culled in almost 6,000
premises whereas the bottom quartile run (p25) resulted in only 1,000,000 animals culled in more than
3,000 premises and was generally confined to Kansas and Nebraska.
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Table 410: Premises and Animals Culled for a Representative Outbreak Event
in the Primary Region
Type

Cow‐
Calf

Dairy

Feedlot

Sales‐
barn

Swine

TOTAL

Premises Culled
Stddev
P25
909
524
93
4
135
7
33
1
104
7
55
5
328
43
1656
590
235
155
19
1
29
2
32
2
18
1
9
1
48
6
390
168
405
190
18
1
22
1
5
‐
17
1
10
1
88
12
565
206

State
KS
IA
MO
AR
OK
CO
NE
TOTAL
KS
IA
MO
AR
OK
CO
NE
TOTAL
KS
IA
MO
AR
OK
CO
NE
TOTAL

P50
1293
23
54
10
42
23
219
1,664
377
5
13
15
9
5
34
458
486
8
8
1
6
4
60
573

KS

24

11

KS
IA
MO
AR
OK
CO
NE
TOTAL
TOTAL

459
28
17
8
16
8
101
637
3,355

240
160
50
14
45
21
183
713
3,335

Animals culled
Stddev
P25
267,886
129,844
110,578
5,038
115,575
10,849
59,930
2,557
196,134
3,293
157,495
6,472
334,283
41,396
1,241,882
199,448
104,092
45,795
34,537
2,365
10,971
442
20,052
975
30,383
92
13,554
82
30,585
1,928
244,175
51,678
619,064
210,342
116,839
9,853
27,587
333
18,848
‐
20,702
275
6,424
62
273,644
23,838
1,083,108
244,702

P75
2019
74
152
36
118
64
481
2945
558
12
36
48
23
12
73
762
839
21
23
5
18
11
133
1,051

P50
337,729
29,433
52,347
17,690
30,821
34,924
233,822
736,764
112,007
19,847
4,758
9,411
1,396
4,482
14,040
165,939
649,047
49,856
11,458
5,327
4,232
1,652
159,317
880,888

P75
551,515
91,054
136,092
65,581
85,931
130,743
495,404
1,556,319
210,718
38,035
13,120
29,429
4,508
11,399
37,514
344,722
1,172,346
129,541
31,726
22,173
15,911
5,473
368,643
1,745,811

14

32

307,638

151,483

181,104

429,074

213
3
2
‐
2
2
19
241
1,219

611
101
56
24
48
26
242
1,107
5,896

718,456
71,795
39,860
35,763
4,859
18,981
144,175
1,033,888
3,125,116

585,380
447,969
173,515
55,873
252,355
53,522
308,824
1,877,438
4,598,087

301,014
8,863
859
‐
430
762
17,601
329,528
1,006,459

1,127,090
266,432
170,334
101,509
21,532
50,206
374,862
2,111,965
6,187,891

In the baseline case, 16 days, on average, passed before a stop movement order was issued. Hence,
Table 4‐11 indicates the probability and impact of moving an infected animal from Kansas into another
state which receives most of its cattle population from Kansas (California, Wisconsin, Minnesota, and
Indiana) during this time.
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Table 411: Probability and Impact of Moving an Infected Animal out of Kansas in the
Representative Outbreak Event
State
California
Wisconsin
Minnesota
Indiana

Chance of infected animal
movement
3.5%
3.1%
1.3%
1.1%

Impact in state/head
166,000
1.270.000
3,270,000
2,390.000

Weighted additional
impact/head
5,800
39,000
43,000
26,000

None of the states which received infected animals in Table 4‐11 experienced an outbreak that lasted
longer than those in the primary region; therefore, the transport of infected animals out of the primary
region did not extend the overall outbreak duration (97 ± 17 days).
Several of the aerosols generating scenarios lead to the surreptitious infection of multiple premises at
once. Even though many more premises were initially infected in these scenarios, the overall impact (vs.
a single premise infection event) was reduced (shown in Figure 4‐10) as a result of the more rapid
identification of and response to an outbreak while the outbreak is relatively small. For this reason, a
surreptitious infection of a single location represented the majority of the impact risk space regarding a
release from the NBAF.

Figure 410: Effect of Number of Initial Infected Premises on Number of Animals Culled
(Numbers shown are the average of the p50 and p75 animals culled across various starting locations plus and
minus one standard deviation of this average).
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As shown, while the number of initially infected premises
• Early detection of an outbreak had a large
grew, the impact of the outbreak decreased. This finding
effect on reducing the number of animals
leads to the hypothesis that, due to control measures
culled, even when the initial rate of spread
taken, early detection of the outbreak had a large effect on
was significant.
reducing the number of animals culled, even when the
initial rate of spread was significant. In other words, the initial rate of spread was less important on
impact than the probability that the event was detected early, therefore reducing contact rates and risk
of long distance spread.
This hypothesis is supported by the relationship between starting premises and the time until the
outbreak is detected (Figure 4‐11), in which outbreaks that start larger are shown to be detected earlier.

Figure 411: The Relationship Between Number of CowCalf Premises Initially Infected by an
Outbreak and the Time Until Detection of That Outbreak
Furthermore, as the number of initially infected premises increased, the duration of the outbreak
decreased from 97 days on average for one initially infected premise to 92 days for 4 initially infected
premises (Figure 4‐12). This decrease was significant; the standard deviation for the outbreak duration
was less than a day.
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Figure 412: Effect of Number of Initial Infected Premises vs. Duration of Outbreak
(Note the Y axis is not based on zero to illustrate the effect).

The correlation between an increase in the number of premises initially infected and a reduction in the
outbreak impact held even if the initial premises infected were dairies, feedlots and swine production
facilities (not shown). This correlation did not hold true for sales barns. In fact, as more sales barns were
initially infected, the outbreak had a larger impact (Figure 4‐13). However, the duration of the outbreak
did not change as more sales barns were initially infected. Although very few accidental scenarios
resulted in the infection of more than one sales barn initially, we considered the infection of multiple
sales barns as a starting condition for intentional acts.
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Figure 413: Number of Animals culled (for p50 and p75 output) as a Function of Number of
Sales Barns Initially Infected by the Release of FMD
Effect of Starting Location

Most NBAF release cases modeled in this study resulted in a single premise infected. These cases
spanned multiple transport pathways and included: loss of FMD contaminated fomites, loss of infected
animal(s), contaminated waste streams, and most aerosol releases (including laboratory spills and
deflagration events). Interestingly, when these cases were modeled, the specific type of facility that
served as host to the first index case significantly determined the extent of the outbreak and number of
animals ultimately culled. The effect of the index case starting location on the overall outbreak was
examined by choosing 37 possible starting locations around the NBAF, and performing 1,000 NAADSM
runs on each of these 37 facilities (Figure 4‐14). It should be noted that these starting facilities were
generally within the greater Manhattan, Kansas, area; with the exception of the facilities involved in the
solid waste transport pathway cases (see Figure 4‐4 in Section 4.1) that were located several miles to the
east of Manhattan, Kansas.
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Figure 414: Animals Culled as a Function of Starting Location for Facilities Near the NBAF
cc=cowcalf facility, sw=swine facility, d=dairy, f=feedlot and sb=sales barn.

From these data it was clear that the exact starting geographical location did not significantly impact the
number of animals culled, as long as the type of facility was the same. An outbreak near the NBAF which
started at a dairy or feedlot had a significantly greater impact than an outbreak which started in a cow‐
calf or swine operation. This finding is driven by the fact that large feedlots and dairies have a higher
indirect contact rate (as a result of more human interaction and not a function of different observation
and reporting frequencies as shown in the sensitivity analysis section, below). Sales barns, as could be
expected, were extremely damaging locations for the start of an outbreak because many animals
traveled to other regions and many farms before the outbreak was recognized. Although swine are
more likely to transmit the infection to other animals, very few swine facilities were located near the
NBAF, so the contact rates were less than other types of facilities that share resources.
Neither the type of starting facility, nor its exact location, had any significant effect on the duration of
the outbreak (the standard deviation [stddev] of the average of p50s was less than 1 for all types of
facilities). Although the facility type starting location did have a significant impact on the total number of
animals culled, it did not impact the duration of an outbreak (Figure 4‐15).

October 2010

203

NBAF SSRA Report

Figure 415: Dependence of Outbreak Duration on Starting Location Type
cc=cowcalf facility, sw=swine facility, d=dairy, f=feedlot and sb=sales barn.
The impact of the average starting locations of a particular type p50 and p75 scenarios are shown. The standard
deviation of the average within a type of facility was less than one for all facility types.

Although the starting location had a significant impact on the total number of animals culled, it did not
impact the relative damage to the various types of livestock facilities (feedlots, dairies, sales barns, cow‐
calf operations and swine producers – Figure 4‐16). Across the different types of facilities, on average,
25% of animals came from cow‐calf operations (stddev 1%), 6% of animals came from dairies (stddev
1%), 27% of animals came from feedlots (stddev 2%), 8% came from sales barns (stddev 2.5%) and 35%
came from swine producers (stddev 3%). An event that began in sales barns impacted the proportions
slightly because sales barns ship animals longer distances than other operations, thereby increasing the
probability of an outbreak starting in the swine producing regions of Iowa and proportionally less impact
on the feedlots and other cattle facilities in common in Kansas.
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Figure 416: Dependence of the Type of Animal Culled in the FMD Response as a Function of
Starting Location of the Outbreak
(Very little dependence on starting location was observed)

The type and proportion of animals culled in this representative event had very little dependence on
starting location. Because the type of animal culled and the duration of the outbreak did not change
significantly, the total number of animals culled (as opposed to number of beef cattle, dairy cattle,
swine, etc.) will be referred to when discussing the impact of outbreaks.
Effect of Initial Number of Infected Animals in a Single Premise

Some cases lead to multiple animals infected within a
• This finding indicates that events that
single location, whereas most (six of 11) scenarios lead
result in the initial infection of only one or
to only one or two animals infected in single location. To
two animals within a premise should be
determine the effect of the number of animals initially
treated similarly (i.e., with the same rigor)
infected on an index premise, several locations of
as those events that result in many initial
animal infections.
various facility types were chosen and NAADSM was run
with 2, 5, 10, 20 and 50 initially infected animals at those
premises. As shown in Figure 4‐17 for cow‐calf operations, increasing the quantity of initially infected
animals within an infected premise had a very minimal effect (if any). Similar results were obtained for
other facility types, including sales barns, dairies, feedlots and swine operations (data not shown).
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Figure 417: Relationship between Animals Culled and Number of Animals Initially Infected
in a CowCalf Facility to Start an FMD Outbreak
The number in the column denotes the number of animals initially infected in a premises and “a” and “b” denote
two different premises loaded with the same number of initially infected animals. The “2” column represents the
average of 20 cowcalf premises loaded with two infected animals.

Given these data, the variability of the consequences of the various release scenarios was evaluated
more explicitly in the following sections.

4.3.4 FMD Epidemiological Impact by Scenario
Calculating Rate of Infections from an Aerosol

When the aerosol transport pathways were considered, many premises received much less than an ID50
(the dose of agent required to infect half the population that receives it) for an average aerosol dose.
The ID50 value was taken to be 25 TCID50s (a quantity of virus required to infect half of the tissue culture
samples inoculated) for cattle [Alexandersen, 2003] and 800 TCID50s for swine [Alexandersen, 2002] for
FMDv [Miller, 1963]. The probability of infection at any dosage value can be calculated using the probit
slope of the dose‐response relationship (including quantities much more and much less than the ID50).
However this approach cannot capture the uncertainty of the infections caused by dilute aerosols over a
large population.
To capture this component of risk, any livestock premises where animals inhaled 0.1 pfu (plaque forming
unit‐‐roughly equivalent to one viable virus) or more on average was considered to be a point where a
single infection could occur for several reasons. Firstly, the plume models calculated mean dosage, while
in reality some of the animals in this location received more than this amount and some received less.
Secondly, a viral aerosol is composed of discrete biological particles which cannot deliver a non‐zero
dose less than 1 pfu (that is, an animal either inhales more than one virus particle, one virus particle, or
inhales none). Therefore in an area with a mean inhaled dose of 0.1 pfu, most of the animals present
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likely would inhale no pathogens, and a minority of the animals present would inhale one. Although a
minimum infectious dose (MID) is often reported for FMD, other experts state that “when sufficient
numbers of susceptible animals are exposed to products which have low levels of contamination (even if
all animals receive less than the reported MID) there is still a likelihood of infecting one animal from the
group” [Sutmoller, 1997]. For this reason, as a worst case scenario this study conservatively assumed
that an infection started at any premise that received more than 0.1 pfu on average.
Furthermore, if the MID is considered as a guideline (or if a dose of 1 pfu is considered to be the
minimum required to initiate an infection), none of the modeled surreptitious aerosol releases resulted
in any infections (no animals inhaled more than one pfu at any location in these releases according to
plume modeling).
Comparison of Direct Aerosol Exposures and Indirect Exposure from Aerosol Via
Deposition

In this study, an aerosol was considered to pose two possible infection pathways for susceptible species:
direct inhalation of pathogens suspended in an aerosol by an animal, or ingestion by an animal of grass
or fodder contaminated by pathogens deposited by an aerosol. However, when the dose that was likely
to be directly inhaled was compared to the amount that was likely to be consumed after deposition, it
was found that the inhaled dose was several‐fold larger. Also, for FMD the oral ID50 is several orders of
magnitude greater than the ID50 for inhalation [Alexandersen, 2003]. In addition, while an aerosol dose
is inhaled in a short period of time, the ingested dose would be taken up over the course of days. Lastly,
many animals in Kansas are fed processed feeds which present a much smaller surface area to aerosol
contamination compared to grass‐based forage. For all of these reasons, it is very unlikely that a herd
will have an animal that received an infection via ingestion of aerosol‐contaminated material that does
not have an animal infected directly from the aerosol. For this reason, although infection from
pathogens deposited by an aerosol was considered, it was determined that this pathway posed no
additional risk over direct infection from the aerosol itself.
Comparison of Non-aerosol to Aerosol Scenarios

All of the non‐aerosol FMD release scenarios did not have a defensible evidence basis to link the
probability of an incident to the probability of infection. There were simply too many uncertainties on
which to base a calculation; such as, 1) the volume of laboratory workers’ contact with livestock, and 2)
the efficiency of pathogens to transfer from fomites to susceptible species. For this reason, presented
below are risk distribution functions for non‐aerosol scenarios assumed an infection would occur at a
single location. To enable a direct comparison of these outputs to aerosol scenarios which did allow an
evidence‐based quantitative prediction of an infection occurring after an accident (because
meteorological probability data and exact dosage estimates were available), results were presented
both with and without this additional probability calculation.
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Small/Medium Spill (Case ID 1FA, 1FB, 1FC)

According to the plume modeling performed and reported in Section 3.4.4; when HEPA filtration was
operating properly (1FA), there were no meteorological conditions which resulted in an infection
outside of the NBAF if infected material were spilled inside containment. That is, no animal anywhere
inhaled more than 0.1 plaque‐forming units (pfu) (which this SSRA considered the worst‐case minimum
infectious dose).
In case 1FB, a spill occurred inside containment but the HEPA filtration was not operating properly.
Plume modeling indicated that 37 distinct weather patterns could have led to an infection at one or
more livestock premises near the NBAF in this case. However, these 37 weather conditions were
prevalent in the Manhattan, Kansas, area no more that 22% of the time. Each of these weather
conditions were assigned a frequency and therefore, the relative probability of an infection starting
outside the NBAF could be calculated. The resulting Cumulative Risk Distribution Function (CRDF)
illustrates outcomes ranked by impact and probability (Figure 4‐18). The CRDF indicated that more than
75% of the time, meteorological conditions near the NBAF did not support any FMD infections (zero
premises infected). The majority of the conditions that did result in an infection did so at a single
premise only, and only rare conditions led to the infection of five or eight premises.

Figure 418: Number of Premises Initially Infected Resulting from an Aerosol Release Caused
by a Spill in the Absence of HEPA Filtration (1FB) in the NBAF
The mix of meteorological conditions that led to an infection was incorporated with NAADSM modeling
to determine the impact of each of these possibilities. The probability and impact of these possibilities is
shown in the CRDF below (Figure 4‐19).
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Figure 419: CRDF of the Impact for a Spill in the Absence of HEPA Filtration
(1FB) in the NBAF
Impacts of the median outcome and lowprobability, highconsequence outcome are shown.

As the CRDF shows, most meteorological conditions led to no impact because the release resulted in no
infections. However, in the worst 10% of meteorological conditions, about 3,000,000 animals were
culled. The starting conditions that led to this outcome (or results within 500,000 animals culled) were
infections in one or more cow‐calf or swine operations near the NBAF. A small minority of
meteorological conditions led to 6,000,000 animals culled; these were starting locations in feedlots and
dairies. Meteorological conditions that led to 8,000,000 animals or more culled, infected a single sales
barn as the starting location (with or without other premises being infected), and the worst case
scenario resulted in a plume which infected two sales barns, with a total impact of over 9,000,000
animals culled.
Recall that the analysis of the non‐aerosol transport pathways assumed initiation of the outbreak after
an accident. So that the non‐aerosol generating cases could be compared with the non‐aerosol cases
(like this case), the aerosol generating cases (those for which a meteorological condition probability was
available) were re‐analyzed assuming that initiation of the outbreak occurred. In other words, all the
meteorological conditions that led to no infections were removed. The resulting impact of case 1FB
assuming initiation is provided in the following CRDF (Figure 4‐20).

October 2010

209

NBAF SSRA Report

Figure 420: CRDF for a Spill in the Absence of functioning HEPA Filtration (1FB)
Assuming Initiation
Impacts of the median outcome and lowprobability, highconsequence outcome are shown.

When initiation was assumed after a spill with non‐functional HEPA filtration, the median case resulted
in just over 3,000,000 animals culled, whereas the low‐probability, high‐consequence case resulted in
just fewer than 6.000,000 animals culled.
In case 1FC, a spill occurred outside of containment (also without any protection from HEPA filtration,
such as during transport to containment). In this case, plume modeling indicated 59 distinct weather
patterns that could have led to an infection at one or more livestock premises near the NBAF. However,
these 59 weather conditions were prevalent in the Manhattan, Kansas, area no more that 38% of the
time. Each of these weather conditions were assigned a frequency and therefore, the relative
probability of an infection starting outside the NBAF could be calculated. The CRDF below shows the
outcome ranked by impact and probability (Figure 4‐21). The CRDF indicated that, more than 60% of the
time, the meteorological conditions near the NBAF resulted in no infections from this spill. The majority
of meteorological conditions that resulted in an infection did so at a single premise, and only rare
conditions led to the infection of five or seven premises.
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Figure 421: Number of Premises Initially Infected Resulting From an Aerosol Release
Caused by a Spill Outside of Containment (1FC) in the NBAF
The mix of meteorological conditions that led to an infection was incorporated with NAADSM modeling
to determine the probability and impact of case 1FC as shown in the CRDF below (Figure 4‐22).

Figure 422: CRDF of the Impact for the Spill Outside of Containment (1FC)
Impacts of the median outcome and lowprobability, highconsequence outcome are shown.

October 2010

211

NBAF SSRA Report
As the CRDF shows, most meteorological conditions led to no impact because the release led to no
infections. However, in the worst 10% of meteorological conditions more than 3,000,000 animals were
culled. The starting conditions that led to this outcome (and other instances where two to three million
animals were culled) are infections in one or more cow‐calf or swine operation near the NBAF. A small
minority of meteorological conditions led to 6,000,000 animals culled; these were starting locations in
feedlots and dairies. Meteorological conditions that led to 7,000,000 or more animals culled are
infections at a single sales barn as the starting location (with or without other premises being infected).
For comparison (to other non‐aerosol generating cases), the analysis of case 1FC assuming initiation is
provided in CRDF Figure 4‐23, for which all the meteorological conditions that led to no infections were
removed.

Figure 423: CRDF for the spill Outside of Containment (1FC) Assuming Initiation
Impacts of the median outcome and lowprobability, highconsequence outcome are shown

When initiation was assumed for spill case 1FC, the median impact resulted in over 3,000,000 animals
culled whereas the low‐probability, high‐consequence case resulted in just under 6,000,000 animals
culled. Given these values, the impact of the two spills (1FB and 1FC) would seem very similar. However,
it should be noted that an additional 10% of meteorological conditions led to an infection in case 1FC,
where the spill occurred outside of containment (as opposed to case 1FB which occurred within
containment).
Loss of an FMD-Infected Pig (Case ID 3F)

A lost animal was considered not only as a source of infection from the NBAF, but also as a mechanism
to spread infected materials to nearby livestock facilities. The starting conditions for this scenario were
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defined as a single premise, located in close proximity to the NBAF, receiving contact from an infected
animal or that received contaminated material created by the infected animal. Fifty (50) possible
starting locations were modeled with 1,000 runs each in NAADSM to predict the possible consequences.
Because there was no way to predict which of the starting locations was more probable than another, all
locations were assigned an equal probability. In the CRDF below (Figure 4‐24), the impact of the
outbreak, in terms of animals culled, was ranked, in order to estimate what percent of the release
scenarios resulted in an outbreak of at least the determined size. The median scenario (in which half of
the starting locations had a larger and half had a smaller impact) resulted in over 3,000,000 animals
culled. In contrast, the low‐probability, high‐consequence impact resulted in the loss of over 7,000,000
livestock. The differences in impact were entirely due to the type of starting location, with the majority
of locations being cow‐calf operations (as there were more of these in the vicinity of the NBAF) and the
highest consequence starting locations being feedlots and the nearby sales barns.

Figure 424: CRDF for the Lost Animal Scenario
(Impacts of the median scenario and lowprobability, highconsequence scenario are highlighted. These data
assume that an initiating index case occurred).

Loss of FMD through Liquid Effluent Decontamination System (Case ID 4FL)

Even though the concentration of release material estimated for case 4FL was below the infectious
dose, (Section 3) an index case was “forced” in an effort to identify the potential impact and appropriate
mitigation strategies should this release event occur. As described in the transport pathways (Section
3.4.1), liquid waste from the NBAF runs past four livestock facilities. It was assumed that the likelihood
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of an outbreak starting at any of these four locations was identical. The risk of an outbreak resulting
from contaminated liquid effluent is shown in CRDF Figure 4‐25.

Figure 425: CRDF for a Release caused by a Failure in the Liquid Effluent System
(Impacts of the median scenario and lowprobability, highconsequence scenario are highlighted)

The median impact of the contaminated liquid effluent resulted in approximately 3,000,000 animals
culled. The low‐probability, high‐consequence release resulted in less than 5,000,000 animals culled.
Specifically, this impact was the result of an infection of a dairy; as there were no feedlots or sales barns
along the path of the NBAF liquid waste system.
Loss of FMD through Solid Waste Treatment System (Case ID 4FS)

Because the concentration of release material estimated for case 4FS (loss of FMD through solid waste
treatment system) was below the infectious dose (Section 3), an index case was “forced” to identify the
potential impact and appropriate mitigation strategies should this release event occur. As described in
the transport pathways section (Section 3.4.2), solid waste from the NBAF may be transported several
miles to an off‐site disposal (see Figure 3‐42 in Section 3.4.2). In this scenario each of the 47 livestock
facilities along the route from the NBAF to the proposed disposal site were considered as possible
starting locations (each with equal probability). The risk of this transport pathway is shown in
Figure 4‐26. The distribution of risk from this scenario was very similar to that of the lost animal scenario
because similar mixtures of facility types were located along the waste disposal route. Also, the density
and distribution of livestock operations were similar.

October 2010

214

NBAF SSRA Report

Figure 426: CRDF for a Release caused by a Failure in the Solid Waste System
(Impacts of the median scenario and lowprobability, highconsequence scenario are highlighted).

The median outbreak caused by a failure in the solid waste system results in just over 3,000,000 head
culled whereas the low‐probability, high‐consequence case results in more than 7,000,000 head culled.
Fire (Case ID 5FA and 5FB)

In case 5FA, fire within a containment laboratory with functional HEPA filtration, not enough material
was aerosolized to result in any infections in any livestock premises near the NBAF via inhalation or via
ingestion of deposited material.
In case 5FB (fire with non‐functional HEPA), there was a single meteorological condition that caused the
aerosol to impinge on a livestock premises in sufficient concentration to potentially cause an infection in
the herd. Despite this low probability, the impact of infections caused at this location was modeled.
Because of the low probability of an infection outside of the NBAF resulting from a fire, it was unknown
if a preemptive stop movement order would be issued for livestock premises near the NBAF until it was
certain that no infections occurred or if business as usual would continue in the surrounding area. In
Figure 4‐27, the impact of this scenario is shown assuming that a preemptive stop movement order was
issued when the fire was announced (A) and when business continued as usual (B). Although the impact
was two orders of magnitude greater should business continue as usual if an infection occurred, the
probability of an infection was so remote that the median and low‐probability, high‐consequence
outcome of this transport pathway was zero regardless of which choice was taken.
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Figure 427: CRDF for the Fire Scenario Case B Assuming that a Preemptive Stop Movement
Order is Issued When the Fire is Announced (A) or if Business Continues as Usual (B)
Impacts of the median scenario and lowprobability, highconsequence scenario are highlighted.

Although the initiation of an infection outside the NBAF had a very low probability, in order to compare
this scenario to the non‐aerosol transport scenarios the risk of this scenario was considered assuming
that the accident led to an infection. In this case, the low‐probability, high‐consequence and median
outcomes were the same because only one possible starting location was identified. In this case, just
over 30,000 animals were culled when a preemptive stop movement order was issued or just under
3,000,000 animals were culled when business continued as usual. Also, if a preemptive stop movement
order was issued, the outbreak lasted for a median time of 22 days instead of more than 90 days for the
outbreak that was not preempted.
In this scenario, as with all other aerosol‐generating scenarios, the amount deposited by the aerosol and
likely ingested by an animal was much less than the amount inhaled by an animal. Because the mean
infectious dose of the ingested route was much greater than the inhaled route, no animal that escaped
infection via aerosol was likely to have been infected by the ingestion of deposited material.
Overpressure Events (Case IDs 6FA and 6FB)

For accidents resulting from over‐pressurization, there were no meteorological conditions that led to an
infection at any livestock premises near the NBAF when HEPA filtration was intact (case 6FA). That is, no
animal inhaled more than 0.1 pfu (which this SSRA considered the worst‐case minimum infectious dose).
Furthermore, no significant deposition of material occurred at any livestock premises. As the amount
deposited was significantly less than the amount inhaled and the infectious dose from ingestion is
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several orders of magnitude greater, no infections resulted from deposition following an over‐
pressurization event.
If HEPA filtration was somehow disabled and allowed air to leave the facility unfiltered, an overpressure
scenario could lead to infections. There were two meteorological conditions (out of 200 modeled) that
led to an exposure at one livestock premise in which an animal could be infected. Although the dose
received by these animals was far less than the ID50—and less than 1 pfu on average—the number of
animals in these premises suggested that an infection could occur if the worst case figure for the
minimum infectious dose (0.1 pfu) was used. One meteorological condition led to the infection of a cow‐
calf operation and the other initiated infection at a swine facility (it should be noted that swine are more
resistant to aerosols of FMDv than cows but the worst case MID was still retained for the purposes of
this analysis). The amount of virus deposited at either location in this scenario was far less than the
inhaled dose received at these locations by aerosol and the ingested ID50 was several orders of
magnitude greater, suggesting that no infections would occur from ingestion at any premises that had
no infections from the aerosol.
The risk distribution of this transport pathway is shown in Figure 4‐28. When all of the meteorological
conditions that produced no significant exposures at any location were included, only the worst 1% of
meteorological conditions produced at least one index case (Figure 4‐28A). When it was assumed that at
least one infection occurred from this accident (ignoring all meteorological conditions that led to no
infections), the median case resulted in slightly more than 3,000,000 animals culled (Figure 4‐28B). The
low‐probability, high‐consequence case also resulted in just over 3,000,000 animals culled. To better
understand the non‐aerosol cases in which disease initiation was assumed, the meteorological
conditions that resulted in no infections must be ignored (represented by Panel B in Figure 4‐28).
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Figure 428: CRDF for the Overpressure Event Without Intact HEPA Filtration
(Panel A is the CRDF if all meteorological conditions that result in no infections are considered. Panel B
illustrates the impact when only those meteorological conditions that led to an infection are considered. Note
that Panel A shows only the top of the Yaxis so that these two lowprobability cases can be examined.

It should be noted that the animals in the two locations modeled as starting points of the infection
received less than 1 pfu of FMDv on average. Therefore, if the canonical minimum infectious dose had
been used, neither of incidents would have resulted in infections. Also, if the risk from this lose dose
aerosol to swine is considered too conservative, that single infection condition can be ignored with very
little impact on the analysis.
High Wind Event (Case ID 7FW)

A high wind event could cause a loss of containment at the NBAF. If this event were to occur, the vast
majority of meteorological conditions associated with this event in the study area would result in the
infection of at least one livestock premises near the NBAF (and some premises significantly downwind
from the NBAF). The probability‐weighted distribution of the number of premises infected based on the
variety of meteorological conditions modeled is shown in Figure 4‐29. The median weather condition
resulted in an infection at five premises and the low‐probability, high‐consequence condition led to the
initial infection of 75 premises.
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Figure 429: CRDF for the Number of Premises Infected by the Release of FMDv
After a High Wind Event (7FW)
From the analysis above, it was clear that this case generated very complex starting conditions.
Therefore, the model was run 45 times with infections starting in a variety of premises to represent the
variety of starting conditions. Across these 45 model runs (1,000 iterations each), the model was started
with one premise to 180 premises infected. Also, because a high wind event is a self‐announcing event,
the model considered that control measures (primarily stop movement orders) were given
preemptively. For this reason, the impact of this case was significantly less than other scenarios in which
the release was surreptitious. The probability weighted impact of this case is shown in the CRDF below
(Figure 4‐30). The median outcome resulted in 120,000 animals culled and the low‐probability, high‐
consequence outcome resulted in 380,000 animals culled. These outbreaks have a median duration of
22 to 23 days and no p75 case extends beyond 30 days.
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Figure 430: CRDF for the High Wind Scenario on Animals Culled, Not Assuming Initiation
The impact of the median and lowprobability, highconsequence cases are shown. This graph was developed by
interpolating between 45 modeled starting conditions.

The distribution of impact was largely defined by the number of initial starting premises, because
outbreaks that started in many premises were harder to control than outbreaks that started in a few
premises (given the same scenario type). However, there was also an effect of geography in that
infections that started in dense clusters of farms seemed to have a larger impact. Because only a small
minority of meteorological conditions did not result in an infection, the CRDF assuming initiation
(Figure 4‐31) was almost identical to the CRDF above (Figure 4‐30) in which initiation was not assumed.

Figure 431: CRDF for the High Wind Scenario on Animals Culled, Assuming Initiation
The impact of the median and lowprobability, highimpact case is shown. This graph was developed by
interpolating between 45 modeled starting conditions.
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In this scenario, as with all other aerosol‐generating scenarios, the amount deposited by the aerosol and
likely ingested by an animal was much less than the amount inhaled by an animal. Because the mean
infectious dose of the ingested route is much greater than the inhaled route, no animal that escaped
infection via aerosol was likely to have been infected by the ingestion of deposited material.
Seismic Event (Case ID 7FSA and 7FSB)

In this scenario, a seismic event caused infectious material to be aerosolized. There were two cases in
this scenario, one in which HEPA filtration was functional (7FSA) and one in which the HEPA filtration
was disabled (7FSB). Plume modeling indicated that if HEPA filtration was operational, no infections
would occur outside of the NBAF as no animal in any livestock premises inhaled more than 0.1pfu.
Therefore, this case had no consequence in terms of an FMD outbreak.
When HEPA filtration was disabled (Case 7FSB), however, many meteorological conditions led to an
infection at one or more premises. The probability‐weighted distribution of the number of premises
infected based on the variety of meteorological conditions modeled is shown in Figure 4‐32. In this case,
the median meteorological condition led to the infection of five premises near the NBAF and the unlikely
meteorological conditions led to the infection of more than 100 premises initially.

Figure 432: CRDF for the Number of Premises Infected by the Release of FMDv After a
Seismic Event in the Absence of Functional HEPA Filtration
It was clear that this case also generated very complex starting conditions. Therefore, the model was run
40 times with infections starting in a variety of premises to represent the variety of starting conditions.
Across these 40 model runs (1,000 iterations each), the model was started with one premise to 120
premises infected. Also, because a seismic event is a self‐announcing event, the model considered that
control measures (primarily stop movement orders) were given preemptively. For this reason, the
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impact of this case was significantly less than other scenarios in which the release was surreptitious. The
probability weighted impact of this case is shown in the CRDF below (Figure 4‐33). The median condition
resulted in 80,000 animals culled and the low‐probability, high‐consequence condition resulted in
360,000 animals culled. These outbreaks have a median duration of 22 to 23 days and no p75 case
extends beyond 30 days.

Figure 433: CRDF for the Seismic Scenario on Animals Culled (Not Assuming Initiation)
The impact of the median and lowprobability, highimpact cases are shown. This graph was developed by
interpolating between 40 modeled starting conditions.

The distribution of impacts was largely defined by the number of initial starting premises, because
outbreaks that started at a large number of premises were harder to control than outbreaks that started
in a few premises. However, there was also an effect of geography in that infections that started in
dense clusters of farms seemed to have a larger impact. Because only a small minority of meteorological
conditions did not result in an infection, the CRDF assuming initiation (Figure 4‐34) was very similar to
the graph above in which initiation was not assumed (Figure 4‐33). However, the median case shifts
from 80,000 to 120,000 animals culled when initiation was assumed.
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Figure 434: CRDF for the Seismic Scenario on Animals Culled Assuming Initiation
The impact of the median and lowprobability, highimpact cases are shown. This graph was developed by
interpolating between 40 modeled starting conditions.

In this scenario, as with all other aerosol‐generating scenarios, the amount of FMD deposited by the
aerosol and likely ingested by an animal was much less than the amount inhaled by an animal. Because
the mean infectious dose of the ingested route is much greater than the inhaled route, no animal that
escaped infection via inhalation was likely to have been infected by the ingestion of deposited material.
Aircraft Crash (Case ID 8FA and 8FB)

In this scenario, an aircraft crashed into the NBAF, possibly releasing material. There were two scenarios
considered, that a plane crashed into the side of the building (8FA) or the penthouse (8FB).
In case 8FA, there were only two meteorological conditions that resulted in a possible infection outside
of the NBAF because much of the material was not productively aerosolized or was consumed in the
resulting fire. Together, these meteorological conditions occurred less than 1% of the time in
Manhattan. Clearly, this incident would have triggered preemptive stop movement orders and other
control measures immediately in the surrounding area to prevent the spread of any diseases caused by
the release of pathogen from the facility. Given this condition, the impact of this scenario was relatively
small even when an infection did occur (Figure 4‐35) with both possibilities leading to less than 40,000
head culled. These outbreaks have a median duration of 22 to 23 days and no p75 case extends beyond
30 days.
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Figure 435: CRDF for an Aircraft Crashing into the Side of the NBAF
Impacts of the median scenario and lowprobability, highconsequence scenario are highlighted.

To compare this case with the non‐aerosol cases in which initiation of the outbreak was assumed, all of
the meteorological conditions in which no infections outside the NBAF occurred were eliminated. The
CRDF assuming initiation is shown in Figure 4‐36.

Figure 436: CRDF for an Aircraft Crashing into the Side of the NBAF, Assuming Initiation
Impacts of the median scenario and lowprobability, highconsequence scenario are highlighted.
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Note that the two possible outbreak locations were very close in impact to each other but one was
caused by a much more likely meteorological condition. Because there were just two outputs, their
impacts were simply averaged. When an outbreak was assumed to occur after this accident, the median
scenario caused slightly less than 35,000 head to be culled and the high‐consequence, low‐probability
scenario cased slightly more than this value to be culled.
When a plane crashing into the penthouse (Case 8FB) of the NBAF was modeled; FMD material was
predicted to be released into the atmosphere. However, because most of the material was not
productively aerosolized and because a portion of the material was consumed in the crash related fire,
there were no meteorological conditions in which an animal in any livestock premises was found (by
plume modeling) to inhale more than 0.1pfu. Therefore, this scenario had no impact in terms of an FMD
outbreak. Since no premises were infected even in unlikely meteorological conditions, initiation of the
outbreak could not be assumed.
In this scenario, as with all other aerosol‐generating scenarios, the amount deposited by the aerosol and
likely ingested by an animal was much less than the amount inhaled by an animal. Because the mean
infectious dose of the ingested route is much greater than the inhaled route, no animal that escaped
infection via inhalation was likely to have been infected by the ingestion of deposited material.
Human-Carried FMDv (Case ID 9FA, 9FB, 10FA, 10FB)

This section considers the transport of FMDv on or in a person unbeknownst to the carrier (scenarios
9FA, 9FB, 10FA, 10FB). In these scenarios, the locations most vulnerable to contamination were
considered, including those near the NBAF and those near workers’ homes. Agricultural facilities
proximate to significant concentrations of housing near KSU and the city of Manhattan, Kansas, were
chosen as starting locations (11 facilities). Of these eleven facilities, nine were cow‐calf operations, one
was a feedlot and one was a sales barn. This distribution represented a similar mix of facility types found
in the Manhattan, Kansas, area (except for the lack of a dairy) and along the route to the solid waste
disposal site. Although the median and low‐probability, high‐impact scenarios had similar outcomes, a
much larger portion of the risk space was occupied by the contamination of a cow‐calf facility (Figure 4‐
37).
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Figure 437: CRDF for a Release caused by Accidental Human Carried FMDv out of the NBAF
(Impacts of the median scenario and lowprobability, highconsequence scenario are highlighted).

In the human carried FMD scenario, the median case resulted in just over 3,000,000 animals culled and
the high‐consequence, low‐probability case resulted in approximately 6,500,000 animals culled.
Tornado (Case 11FA)

Should a sufficiently powerful tornado strike the NBAF, a release of FMD could occur. Meteorological
modeling was conducted to determine the possible consequences should the tornado cause a
containment failure. If this incident occurred, plume modeling indicated that 69 distinct weather
patterns could lead to an infection at one or more livestock premises near the NBAF. These 69 weather
conditions were prevalent in Manhattan, Kansas almost 90% of the time that a tornado was predicted to
strike. The CRDF for the number of premises initially infected is shown in Figure 4‐38.
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Figure 438: CRDF for the Number of Premises Initially Infected by a Tornado
Striking the NBAF
From the analysis above, it was clear that this case generated very complex starting conditions.
Therefore, the model was run an additional 35 times with infections starting in a variety of premises to
represent a multitude of starting conditions. Across these 35 model runs (1,000 iterations each), the
model was started with one premises to 180 premises infected. Also, because a tornado is a self‐
announcing event, the model considered that control measures (primarily stop movement orders) were
issued preemptively. For this reason, the impact of this case was significantly less than other scenarios in
which the release was surreptitious. The probability weighted impact of this case is shown in the CRDF
below (Figure 4‐39). The median condition resulted in 120,000 animals culled whereas the low‐
probability, high‐consequence condition resulted in 325,000 animals culled. These outbreaks have a
median duration of 22 to 23 days and no p75 case extends beyond 30 days.
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Figure 439: CRDF for the Tornado Scenario on Animals Culled
The impact of the median and lowprobability, highimpact cases are shown. This graph was developed by
interpolating between 35 modeled starting conditions.

Because this was a self‐announcing event, the distribution of impacts was largely defined by the number
of initial starting premises. However, there was also an effect of geography in that infections that
started in dense clusters of farms seemed to have a larger impact. Because only a small minority of
meteorological conditions did not result in an infection, the CRDF assuming initiation was very similar to
the graph above in which initiation was not assumed (Figure 4‐40). However, the high‐consequence,
low‐probability condition shifted from 325,000 to 380,000 animals culled when initiation was assumed.

Figure 440: CRDF for the Tornado Scenario on Animals Culled Assuming Initiation
The impact of the median and lowprobability, highimpact cases are shown. This graph was developed by
interpolating between 35 modeled starting conditions.
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In this scenario, as with all other aerosol‐generating scenarios, the amount deposited by the aerosol and
likely ingested by an animal was much less than the amount inhaled by an animal. Because the mean
infectious dose of the ingested route is much greater than the inhaled route, no animal that escaped
infection via inhalation was likely to have been infected by the ingestion of deposited material.
Theft and Subsequent Intentional Release (Case 12FF)

Predicting what a hostile actor would do with a sample of FMDv is fraught with difficulty. Compounding
this difficulty is fact that for the FMDv samples in the NBAF to pose a risk of intentional use, a hostile
actor must be clever enough to successfully smuggle a sample out of the NBAF, but naïve enough to try
(acquisition of FMDv from the NBAF, where it is secure, is a lot more difficult than acquisition from
nature). Although probabilities could not be assigned to the various possibilities, some damaging
options were apparent.
Clearly, the hostile actors could infect premises near the NBAF, and the impact of those incidents would
be no different from many of the “unannounced” accidental scenarios described above. Also, a hostile
actor could possibly infect a premise with a relatively large number of cattle. For this reason, the effect
of infecting the largest feedlots in Kansas was modeled. Additionally, it has long been reported in the
open literature that sales barns are an acute vulnerability in the US livestock system [Casagrande, 2000].
Therefore, the spread of infections initiated in the sales barns near the NBAF were modeled, as well as
multiple sales barns in the area and even the infection of all sales barns that lie along the route from the
NBAF to the southwest of Kansas (where large feedlots could be contaminated). As shown in
Figure 4‐41, the impact of these acts were truly catastrophic, with a median impact of the
contamination of a few sales barns of more than seven‐million animals culled and an impact of
12,000,000 or more animals culled for the top quartile runs. Clearly, the infection of many sales barns
along the highway was very damaging, with a median impact of more than 10,000,000 animals culled. In
contrast, infection of the largest feedlots was not much more damaging than an infection of small
feedlots near the NBAF. The simultaneous infection of more feedlots actually reduced the impact, as it
did with other facility types that were not sales barns.
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Figure 441: Impact of Theft and Subsequent Intentional Release of FMD
Sabotage (Case 13FL, 13FS, 13FA)

The impact of an outbreak associated with intentional sabotage of any of the transport pathway
mechanisms at the NBAF was assumed to represent the successful circumvention of the liquid effluent,
solid waste or air handling systems at the NBAF. The sabotage cases also assumed that the resulting
pathogen release from these transport mechanisms was sufficient to infect susceptible animals around
these systems. The impact for case 13FL (sabotage of the liquid EDS) was identical to that previously
described for 4FL. The impact for case 13FS (sabotage of the solid waste management system) was
identical to that previously described for 4FS. The impact for case 13FA was identical to that previously
described for 1FB.

4.3.5 FMDv Mitigation and Sensitivity Analysis
Effect of Observation Probability

• Results demonstrated the
In order for control measures to be implemented, a clinical
importance of educating
case must be observed and reported. In this analysis, the
producers and veterinarians near
baseline observation probability is a function particular to the
the NBAF on the signs of FMD to
type of location. For example, the probability of observation
support its recognition
at a cow‐calf operation starts at 10% and then increases to
100% over the course of seven days. To determine how changes
in the probability of observation affected the outbreak, these functions were varied. Time taken for
probability of detection to reach 100% (for swine and cow‐calf operations) or a plateau (for all other
operations) was doubled, tripled, halved or cut by a third. That is, if the detection probability normally
increased to 100% over 6 days, halving this parameter would have detection increase to 100% over 3
days, a vast improvement. In Figures 4‐42 and 4‐43, the effect of better and worse detection probability
at all facility types on head culled and outbreak duration is shown. As demonstrated below,
improvements in detection of infected animals can lead to a significant reduction in the impact and
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duration of the outbreak. If detection capability was worse than expected, the outbreak would be more
severe and last longer (a reduction in detection probability by half increased the outbreak severity by
about 50%). These results demonstrated the importance of educating producers and veterinarians near
the NBAF regarding the signs of FMD to support its recognition.

Figure 442: Effect of Observation Probability on the Impact of the Outbreak

Figure 443: Effect of Observation Probability on Outbreak Duration
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Reinforcing this conclusion is the relationship between detection probability and the chance that an
infected animal would have been moved out of state, which would occur during the latent or sub‐clinical
periods of the infection because an animal showing signs of FMD is unlikely to be given a health
certificate (Figure 4‐44). As observation probability improves, the outbreak was more likely to be
contained within the primary region, as it worsens, the outbreak had a much greater chance (more than
2x) of being exported along with an infected animal to California, Indiana, Minnesota or Wisconsin.

Figure 444: Effect of Observation Probability on the Time until the Outbreak is Detected
(which involves observation and reporting of the disease) and the chance that an infected animal would be
moved to another state in the model

Effect of Reporting Probability

Once a disease is observed, it must be reported for control measures to be implemented. The baseline
parameter used for reporting probability in the model for cow‐calf operations was 10% on the first day
after observation, growing linearly to 100% over 50 days (assuming that producers were unaware that
the disease was serious or may attempt to hide infected animals). For other types of facilities, the
baseline detection parameter was greater, but otherwise used the same linear increase over 50 days.
The effect of changing these parameters (days after first clinical animal and probability of observation)
to test the benefit of better reporting were explored using the representative scenario of the single,
surreptitious infection of a single cow‐calf operation. In Figure 4‐45, the impact of reducing the initial
chance of reporting immediately after observation are shown (in every case, the reporting chance went
to 100% over 50 days). Changing the time over which the reporting rate increased to 100% did not
significantly affect the outcome (times up to 200 days were tested—data not shown). This outcome was
not surprising because as long as the outbreak was uncontrolled, many more facilities would become
newly infected than those that have been infected for a long time.
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Figure 445: Effect of Reporting Probability on Outbreak Impact
(The X axis displays the initial reporting probability for cowcalf operations and all other reporting types
(X%/Y%). In all cases, the reporting probability linearly increased to 100% over 50 days.

In Figure 4‐45 above, the reporting probability was varied at all locations simultaneously. However, due
to the predominance of cow‐calf operations in the Manhattan, Kansas, area, it was an open question if
increasing the reporting probability at only these facilities would affect the outbreak. Therefore, the
reporting frequency at cow‐calf operations was varied while reporting at all other facilities was held
constant (Figure 4‐46). A significant reduction in the impact of the outbreak was obtained when focusing
on better reporting at cow‐calf operations alone. In fact, if reporting frequency at these locations could
be increased to 40%, no increase in the reporting at other operations would be necessary.
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Figure 446: Effect of Increasing Reporting Probability at Cowcalf Operations
A small increase in the reporting probability at cow‐calf operations makes up for a significant decrease in
the reporting probability at all other locations due to the predominance of cow‐calf operations in
Manhattan, Kansas, (Figure 4‐47). In fact, an increase in reporting probability at cow‐calf operations by
5%, made for a 55% decrease in reporting probability at all other locations (compared to the baseline
reporting frequency of 10%). If reporting probability could be doubled at cow‐calf operations, a
significant reduction in the outbreak could be realized even with a decrease in reporting at other
operations.
Furthermore, the improvement in reporting frequency at cow‐calf operations reduced the length of the
outbreak. If the reporting probability at all locations was brought to 30%, the duration of the outbreak
dropped to 90 days (if cow‐calf reporting probability alone was brought to 40%, the duration of the
outbreak dropped to 87 days).
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Figure 447: Effect on Animals Culled as Related to Changing Reporting Probability in all
Premises to the Values Shown
(Note that all of these values—except the 10% mark—represent an increased reporting probability at cowcalf
operations and decreased reporting probability at all other operations).

The effect of reporting surity was significant. As reporting probability increased, the impact of the
outbreak (animals culled) dropped dramatically. As reporting
• Producer education was critical as
became less likely, the costs of the outbreak increased
outbreak mitigation. Third‐party
dramatically. This result demonstrates how important producer
inspections of livestock at high
risk for accidental infection were
education is as an outbreak mitation. Also, this result suggests
valuable.
that third‐party inspections of livestock at high risk for
accidental infection may be valuable as discussed further below.
Effect of Active Surveillance

The previous modeling results assumed that producers (or veterinarians) were the first to recognize and
report an outbreak. However, other options exist for disease surveillance near the NBAF. A cadre of
trained animal health experts could be used to inspect livestock in the Manhattan, Kansas, area to
ensure that any disease outbreak is recognized early. Alternatively, sentinel animals could be used
(perhaps even university herds) and examined daily for early signs of illness. The effect of early
detection was modeled by assuming reporting was 100% upon observation of the illness and that
disease would be detected the day symptoms appeared or up to three days later (Figure 4‐48 and 4‐49).
As demonstrated, active surveillance significantly curtailed the impact of the outbreak. Even when the
first signs of illness were not detected until three days after they appeared (say by animal health experts
who visited all the farms in the Manhattan, Kansas, area once a week), the outbreak would be reduced
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by an order of magnitude (270,000 animals culled as opposed to more than three million) and the
outbreak duration could be reduced from nearly 100 days to only 31 days.

Figure 448: Effect of Active Surveillance on Outbreak Impact
The yaxis is shown in log scale so that the results are comparable. The various columns show how many days
after symptoms appear that detection and reporting occurs.

Figure 449: Effect of Active Surveillance on Outbreak Duration
The various columns show how many days after symptoms appear that detection and reporting occurs.

Similarly, if the release itself was detected (for instance, by air samplers, strict inventory and animal
control or active sampling of waste streams) after the pathogen escaped but prior to the first infection,
the outbreak would be nearly completely mitigated. For example, detection of the release of the
pathogen just as animals were becoming infected reduced the damage from an infection in a cow‐calf
operation to 35,000 animals culled on average (Figure 4‐50) and an outbreak duration of 25 days (not
shown). Cleary, if early detection could address the most risky transport pathways, it would be
extremely valuable to significantly curtail the outbreak.
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Figure 450: The Effect of Detection Prior to the First Infection of FMD
on the Number of Animals Culled
The yaxis is shown in log scale so that the results are comparable between early detection cases
and the baseline case.

Taken together, these results demonstrated that active
• Active surveillance was extremely
surveillance was extremely valuable at reducing the outbreak
valuable at reducing the outbreak
duration by more than 60% and the number of animals culled
duration by more than 60% and
by more than an order of magnitude. Active surveillance could
the number of animals culled by
more than an order of magnitude
include the deployment of sentinel herds near the NBAF, the
use of teams of animal health experts to inspect nearby
premises or the emplacement of systems to detect the releases themselves. If any of these systems
address the highest risk transport pathways, their addition to the safety systems at the NBAF should be
strongly considered.
Effect of Improving Movement Restriction

In the baseline model, when an infected animal was reported in a facility, the direct contacts dropped to
20% of what they had been previously and the indirect contacts dropped to half of what they had been
previously, all by the next day. Over the next five days, the direct and indirect contacts dropped to zero.
These parameters simulated the immediate cessation of normal business in infected premises and the
slower complete movement restrictions of the infected location. To explore the effect of longer or
shorter times to completely quarantine the infected location, the impact of longer and shorter
movement restriction times (from two to seven days‐‐Figure 4‐51) was modeled. If the complete
restriction of animal movement could be established in half the time, the outbreak was 30% smaller
than it otherwise would have been. Conversely, if the restriction of animal movement was established in
seven days (two days longer than the baseline), the outbreak infected 50% more animals. Several
experiments exploring variation in movement restriction controls are presented in the Sensitivity
Analysis.
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Figure 451: Effect of Establishing Movement Restriction Faster or Slower Than the
Baseline of Five Days
Similarly, the initial stoppage of normal business at infected premises could be more or less effective
than the baseline predicted in the first day after the disease was reported. Therefore, the model was
used to simulate the effect of more or fewer direct and indirect contacts in the day after an outbreak
was reported (Figure 4‐52). If the direct and indirect contacts were further halved in the first day (to
10% and 25%, respectively) a modest reduction in the impact
• These results indicated that
of the disease was observed (about 20% reduction in animals
immediate and partial reduction
culled). A similar increase in the impact of the outbreak was
in contacts was less important
observed when this initial reduction was less robust. These
than the rapidity and the speed of
results indicated that immediate and partial reduction in
the complete cessation of
contacts was less important than the rapidity and the speed
contacts later on.
of the complete cessation of contacts later on.
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Figure 452: Effect of Various Levels of Contact Control in the Immediate Aftermath of the
Disease Being Reported
(The number before the slash is the amount of direct contacts remaining and the number after the slash is the
number of indirect contacts remaining.)

The baseline model considered that five days after FMD was identified, all contacts would completely
cease. However, in reality, although it is a goal of a movement restriction to completely eliminate
outside contacts, there is no guarantee this will be maintained. For this reason, imperfect movement
restriction was modeled. In Figures 4‐53 and 4‐54, the impacts of outbreaks with imperfect movement
restrictions are shown (assuming that 0.01% and 0.1% of contacts
• To minimize the impact and
remain). Although very small breaches of movement restrictions
duration of an FMD outbreak,
(0.01%) did not extend the outbreak or increase the impact
significant resources should be
significantly, somewhat larger breaches had a significant impact
spent to enforce and maintain
movement restrictions because
(0.1% of contacts remaining). These results indicate that, to
even small breaches significantly
minimize the impact and duration of an FMD outbreak, significant
extended the outbreak.
resources should be spent to enforce and maintain movement
restrictions because even small breaches significantly extended the
outbreak.
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Figure 453: The Effect of Imperfect Movement Restrictions on the Number Of Animals
Culled During the Outbreak

Figure 454: The Effect of Imperfect Movement Restrictions on the Duration of the Outbreak
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Effect of Culling Rate

Because there has never been a disease outbreak in the US that has required the culling and disposal of
millions of cattle and swine, exactly how quick culling could proceed was uncertain. The SSRA team
obtained data from animal health experts in the study area and the surrounding states to determine a
likely culling rate as described in the data collection section. The model baseline assumed culling started
five days after the disease was reported and assumed that 120 herds per day could be culled when
culling starts. This culling rate increased to 720 herds per day after 20 days of the outbreak when all
livestock workers were assumed to be pressed into service. Because of the uncertainty of these
parameters, the model was used to determine the effect of a shorter or longer delay from outbreak
reporting to culling (Figure 4‐55). As demonstrated below, the timing of the commencement of culling
had a modest effect on the scale of the outbreak (about a 10% reduction in the number of animals
culled for a reduction of delay to the start of culling from 5 to 0 days). Moreover, the timing of the start
of culling had no effect on the duration of the outbreak (not shown).

Figure 455: The Effect of a Delay from the Reporting of the Outbreak to the Start of Culling
on the Number of Animals Culled
The model was used to test how culling rate (the number of animals culled per day) effected the
outbreak. Because the rate of culling accelerates throughout the outbreak period, the reduction of
culling rate by “1/2” means that culling started at 60 herds a day and ended at 360 herds per day.
Surprisingly, the reduction in culling rate had no significant effect on the size of the outbreak (less than
10% between the baseline and a 1/25th reduction) but did have a significant effect on the duration of the
outbreak (Figure 4‐56). Increasing the culling rate neither reduced the number of animals culled nor the
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outbreak duration (not shown). If the culling rate was within a factor
• State plans for mass culling should
of four of what state veterinarians predict they are capable of, an
be thoroughly exercised and
increase in culling capacity would have a very limited effect on the
evaluated to ensure that 100
outbreak. However, if the culling rate was much less than 30 herds
herds per day can be culled and
per day, then culling rate would become critical to reduce the
disposed of in order to limit the
duration of the outbreak. State plans for mass culling should be
duration of the outbreak.
thoroughly exercised and evaluated to ensure that 100 herds per
day can be culled and disposed of in order to limit the duration of the
outbreak. If states cannot meet this threshold, resources should be spent to improve culling rate to limit
the duration of the outbreak.

Figure 456: Effect of Reducing Culling Capacity on the Duration of the Outbreak
Baseline culling rate starts at 120 herds a day and increases to 720 herds a day over a 20day period. “1/10”
reduction corresponds to 12 herds a day, increasing to 72 herds a day over a 20day period.

Effect of Eliminating Airborne Spread

The role of aerosols caused by swine and cattle in the propagation of an FMD outbreak is somewhat
controversial. In NAADSM, FMD spread by aerosol was a minor factor in the overall propagation of the
outbreak and was a much smaller component than direct and indirect contacts between infected
premises. However, once movement restrictions were emplaced, aerosols were the only means of
disease spread outside the containment zones. For this reason, the model was run with and without
aerosols contributing to the spread of infection from infected premises (Figure 4‐57). As demonstrated,
complete elimination of aerosols as a driver of spread of FMD only reduced the impact of the outbreak
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by 15% on average (3 starting locations, 1,000 iterations each). Outbreak duration was reduced by 5
days in the median (p50) case and 10 days in the top quartile case (data not shown), underscoring the
importance of aerosols in the propagation of the outbreak after strict movement restrictions have been
enforced.

Figure 457: Effect of Eliminating Aerosols as a Mechanism of Disease Spread Between
Infected Premises
Effect of Changing the Initial Number of Animals Infected in a Premises.

NAADSM simulates disease spread using groups of animals as its basic unit where the “disease state is
an attribute of the unit as a whole rather than a direct reflection of the state of a particular animal in the
unit” [Harvey, 2008]. Although the program requires the number of animals within a unit be specified,
both experimenting with unit size and analyzing the program’s mathematical structure have shown that
the starting unit size had no significant influence over the epidemic size or duration. The model was
used to test the effect of changing the number of infected animals starting in a premise (from 1 to 50),
and found no significant change in impact. Documentation on NAADSM further supports this conclusion.
The functions underlying disease progression within a group of animals, and overall disease spread were
reviewed. According to the program specifications [Harvey, 2008] the length of each disease phase per
new infection was determined stochastically based on probability density functions and there was no
indication that the number of animals within a unit played any mathematical role. The movement of
animals to simulate direct contact spread did not change the unit size, and the number of contacts made
was determined by sampling from Poisson distribution whose mean was specified for each group type to
group type relationship, and was scaled by values obtained from the stop movement functions which
exist independently of animal number. The only instance the unit size seemed to have had any influence
was in deciding on a recipient location when there was more than one at a selected distance. The
greatest unit size was chosen in that case, which might have more direct influence on the direction of
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the epidemic rather than the size. Furthermore, as disease status remained an attribute of the unit as a
whole, when a unit was infected it was a random number that indicated whether a recipient unit would
turn latent and not an average of individual infections within a unit.
Effect of Changing Detection and Reporting Parameters

Because models seek to parameterize biological processes, which are fundamentally not easily
described by simple mathematical formulas, the parameters underlying any epidemiological model are
uncertain. When determining values for each NAADSM parameter input was considered from as many
as seven sources, including peer reviewed literature, SME interviews and state and national emergency
plans. The final parameter value reflected a consensus or average of parameters from multiple sources.
As part of the sensitivity analysis, for those parameters for which there was a significant range in
previously reported parameters, sensitivity experiments were run to determine the modeling outcome
for the high and the low ends of the reported parameter range. A total of 41 experiments (1,000 runs
each) were run and in 26 of those experiments the tested parameter did not impact the modeling
outcome. Those experiments where the modeling outcome was affected (total animals culled was more
than 500,000 different from the average in either direction) are discussed in the following sections.
It is an open question if the fact the functions that define observation and reporting are different for the
different facility types is what is driving the differences in impact of outbreaks that start at these
locations. For example, the probability that the disease will be recognized at feedlots was much smaller
than cow‐calf operations, but the chance to report the illness was much greater. Given the uncertainty
underlying this parameter, it was important to understand if these differences drove the results
presented. Therefore, the observation and reporting functions for all facility types were set to the values
for cow‐calf operations and the model was re‐run with the outbreak initiated at each facility type (Figure
4‐58). As demonstrated, outbreaks initiated at sales barns, feedlots and dairies still had a larger impact
than those initiated at cow‐calf operations even if observation and reporting statistics were equal. Also,
each facility type retained its order in terms of impact (sales barn>feedlot>dairy>cow‐calf>swine) as
observed in the baseline case. This change however, did reduce the impact of an outbreak by about
10%. Interestingly, this change also shortened the outbreak duration to 40‐45 days, which was much
shorter than other historical outbreaks and therefore presumably less representative of how an
outbreak would likely present in the U.S. This result demonstrates that the impact of an FMD outbreak
in the model was more of a function of contact rates and geographical concentration and distribution of
various facility types than it was a function of observation and reporting rates.
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Figure 458: Impact of Outbreaks Starting at Various Facility Types when Observation and
Reporting Probability is Equivalent across all Facility Types
Changing Disease Parameters

Three disease parameter variants were tested and all three impacted the modeling outcome
(Table 4‐12). The NAADSM default parameter for the swine infectious subclinical period was tested. The
test parameter shortens the subclinical infectious period for swine, which results in a significantly less
severe FMD outbreak both in terms of duration and number of animals culled. Similarly, the NAADSM
default parameter for the swine infectious clinical period was tested. The test parameter lengthened the
clinical period, which resulted in a decrease in outbreak severity. Notably, throughout the project most
scenarios that increased the number of swine infected early in the outbreak decreased the severity of
the outbreak. It was hypothesized that this outcome was driven by the larger number of animals that
were infected earlier in these cases, and as a result detection occurred sooner and the outbreak was
controlled more quickly. Mardones et al. developed a set of disease parameters for FMD based on an in
meta‐analysis of the primary literature [Mardones, 2010]. For several parameters the Mardones’
findings were used, but for the Cow Infectious subclinical period parameter a different value was used
based on the consensus of several other studies. Therefore, the Mardones parameter value was tested
as part of the sensitivity analysis and found that it resulted in a decreased number of animals culled and
had no effect on outbreak duration. For Cow Infectious Clinical Period, only two values differed
significantly from the values that were used in the baseline model: values published in Bates 2003 and
values obtained via a personal communication with the Centers for Epidemiology and Animal Health
(CEAH). The Bates value increased the number of head culled by 15‐30% while not changing the
outbreak duration, whereas the value provided by the CEAH decreased the impact by approximately
20% but shortened the duration of the outbreak by approximately 30% (see Table 4‐12).
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Table 412: Disease Parameters Tested in Sensitivity Analysis.
Animals Culled

Units Culled

Duration

Experiment

Swine Infectious
Subclinical Period
Swine Infectious
Clinical Period

Normal
Setting
Triangular
(0,3,7)
Triangular
(3,15,43)

104

Cow Infectious
Subclinical Period

Triangular
(0,3,7)

Gamma
(1.222,1.672)

58.5

65

Cow Infectious
Clinical Period

Triangular
(0,16.3,70)

Triangular
(0,15,20)

96.5

105

Cow Infectious
Clinical Period

Triangular
(0,16.3,70)

Weibull
(1.42,20.23

p50

p75

p50

p75

p50

p75

1,371,239

2,292,071

1,923

2,959

86

94

2,897,904

4,471,687

3,568

4,988

93

102

2,232,570

4,958,190

2,428

4,721

95

2,581,838

5,248,890

2,817

5,073

3,815,788

6,964,878

3,755

6,344

Parameter Name

Test Setting
Triangular
(0,1,2)
Triangular
(0,20,81)

Changing Direct Contact Rate

Fifteen alternate direct contact rate parameters were tested and four notably affected outbreak
outcome (Table 4‐13). As expected, increasing the direct contact rate increased the number of animals
culled for dairy to swine contacts and for feedlot to dairy contacts. Increasing swine to swine contacts
decreased the outbreak severity, which fit with the hypothesis that parameters which increase the
number of swine infected early in an outbreak will decrease the severity of the outbreak, as discussed in
the previous section. Slightly decreasing cow‐calf contacts increased outbreak severity, which was a
surprising result.
Table 413: Direct Contact Parameters Tested
(Lines in bold resulted in outbreaks that were 500,000 head larger or smaller than the baseline model.)

Animals Culled

Units Culled

Duration

Experiment

p50

p75

p50

p75

p50

p75

Parameter Name

Normal
Setting

Test
Setting

3,137,586

6,827,015

3,439

6,299

97

105

Cow‐Calf>Cow‐Calf

0.11

0.03

2,898,004

6,333,493

3,109

5,891

96

105

Cow‐Calf>Cow‐Calf

0.11

0.4

3,226,451

6,219,421

3,321

5,711

97

106

Cow‐Calf>Dairy

0.0515

0.01

3,204,231

6,535,131

3,233

5,911

97

105

Cow‐Calf>Dairy

0.0515

0.1

3,010,061

6,453,994

3,158

5,904

98

107

Cow‐Calf>Swine

0.0412

0

3,392,448

6,427,295

3,400

5,842

97

106

Dairy>Dairy

0.3052

0.01

3,247,016

6,673,971

3,342

6,190

97

106

Dairy>Dairy

0.3052

0.575

3,109,792

6,559,076

3,165

5,947

97

106

Dairy>Feedlot

0.13

0.28

3,034,643

6,274,564

3,149

5,726

97

106

Dairy>Swine

0.01912

0

3,502,074

6,838,639

3,546

6,287

97

106

Dairy>Swine

0.1912

0.575

2,755,770

5,877,031

2,886

5,454

97

106

Feedlot>Dairy

0.64

0.28
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Table 413: Direct Contact Parameters Tested
(Lines in bold resulted in outbreaks that were 500,000 head larger or smaller than the baseline model.)

Animals Culled

Units Culled

Duration

Experiment

p50

p75

p50

p75

p50

p75

Parameter Name

Normal
Setting

Test
Setting

3,418,180

6,948,001

3,471

6,304

97

106

Feedlot>Dairy

0.64

1

3,137,507

6,319,885

3,332

5,773

97

106

Feedlot>Cow‐Calf

0.28

0

2,333,680

5,541,733

2,668

5,572

96

105

Swine>Swine

0.159

0.4125

3,407,995

6,058,484

3,312

5,616

97

103

Swine>Swine

0.661

0.4125

Changing Direct Contact Distance Distribution

Only one of the tested Direct Contact Distance Distribution settings impacted the outcome of the
disease outbreak (Table 4‐14). The distance in which a dairy‐to‐dairy contact could occur was increased
as described by Pendell [Pendell, 2006]. This modification resulted in a larger number of animals culled.
Table 414: Direct Contact Distance Distribution Parameters Tested.
(The parameter that changed the number of animals culled by more than 500,000 is in bold.)

Animals Culled

Units Culled

Duration

Experiment

p50

p75

p50

p75

p50

p75

Parameter
Name

3,206,529

6,513,219

3,333

6,055

97

106

Cow‐Calf>Cow‐
Calf

2,811,441

6,315,479

2,949

5,820

96

106

Cow‐Calf>Cow‐
Calf

3,006,376

6,465,514

3,119

5,891

97

106

Dairy>Dairy

3,367,234

6,870,682

3,465

6,202

97

106

Dairy>Dairy

3,409,445

6,667,389

3,400

5,989

97

106

Swine>Swine

3,139,120

6,676,238

3,241

6,090

97

107

Swine>Swine
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Normal Setting

Test Setting

Triangular

Triangular

(0,15,77.5)

(10,20,30)

Triangular
(0,15,77.5)

Triangular
(0,0.9,100)

Triangular

Weibull

(0,22.5,120)

(1.35,24.3)

Triangular
(0,22.5,120)

Triangular
(0,30,190)

Triangular

Triangular

(0,18,97)

(10,20,30)

Triangular

Triangular

(0,18,97)

(0,20,181)
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4.4

RVF Modeling Approach and Parameters

After an incident at the NBAF, initial RVF infections in the environment could occur through several
means: a laboratory worker could accidentally infect himself or herself, an infected mammal could
escape containment, an infected mosquito could escape containment, or a plume of pathogen could
escape and generate infections downwind. A model was developed to predict the spread of RVFv from
the initial focus and, most importantly, test the effectiveness of mitigation efforts to limit this spread.

4.4.1 RVF – Choice of Model
There are several models that attempt to predict the risk of spread from areas from which RVF is
endemic based on meteorological or insect vector data, but these models were not appropriate for the
prediction of spread from the few index cases that may be caused by an aerosol release in Kansas
[Linthicum, 1999; Indeje, 2006; Clements, 2007]. One group published a mathematical model that
considered the interrelationship of vector and host species, but this model would be extremely difficult
to adapt to predict the risk of spread from a few index cases in an otherwise disease‐free location [Gaff,
2007]. Therefore, there were no existing models that could be substantially leveraged to predict spread
of RVFv after a release from the NBAF.
The modeling software Vensim was used to model the spread of RVFv from index cases or infected
vectors. Vensim is a visual modeling tool based on systems dynamic principles that assume the
importance of feedback relationships and multiple variables in a dynamic process, and facilitates
creating a mathematical framework that can characterize and simulate complex behavior caused by
these relationships. With RVFv, Vensim allowed characterization of the epidemic by interweaving the
growth of infected mosquito populations with the growth of infected human and cattle populations.

4.4.2 Model Development and Evaluation
The model was developed for four areas of interest: 1) Riley and Pottawatomie Counties, Kansas 2) the
greater Manhattan, Kansas, urban area, 3) the KSU campus, and 4) Haskel County in Southwest Kansas
(pop. 4,000 but more than 350,000 cattle). Population statistics were gathered from the U.S. Census,
LandScan, or the detailed survey of the KSU population. Cattle statistics were gathered from NASS or
from counting the farm locations as described in the data collection section of this report. Because
mosquitoes can move among farm locations, we ran the model on a county‐wide, city‐wide, and
campus‐wide level to determine if the boundaries of the study area affected the conclusions of the area
moves to large cattle feedlots in Nebraska or Southwest Kansas. The model determined the chance that
an animal would have been moved out of the primary modeling area (which is a function of the
detection latency of the disease), the number of animals infected up to that time, and the movement
rate of animals. If an animal was moved out of the area, the model was run again using the southwest
part of the state as the area of interest to determine the outcome of secondary outbreaks.
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Because temperature affects the lifecycle of RVFv, daily average temperatures for Manhattan, Kansas,
were also obtained. The model tracked the temperature on a daily basis and varied the chance that a
mosquito would become able to transmit RVFv and also the incubation time of the disease in
mosquitoes. The model may be initiated in the winter, spring, summer or fall.
The model considered the interplay of vector and host populations within the environment and
eradication measures implemented after the identification of the outbreak. The flow of data in the
model is depicted in Figure 4‐59. The model can start with infected people, infected cows, or infected
mosquitoes, and will predict the spread into the other populations with time.

Figure 459: Flow of Data in the RVF Model
Estimation of Bite Rate

The model starts with infected animals or mosquitoes with a disseminated infection (a necessary
condition to transmit RVFv). If not part of the starting condition (caused by a release of infected vectors
from the NBAF), infected mosquitoes were generated by the model when they bite viremic animals. The
number of mosquito bites suffered by a viremic animal then determined how many infected mosquitoes
would be generated. Studies were reviewed that tracked the number of bites suffered by livestock and
these data vary greatly by study location (between 300 and more than 10,000 bites per day). An average
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of 6,000 bites per day were assumed in this model; based on research on cows in Wyoming. Humans
were considered to suffer far fewer bites than cattle before being forced indoors. The mosquito bite
rate was also affected by temperature. Whenever the average daily temperature drops below 7 °C, the
mosquito bite rate falls to zero.
To determine the validity of these bite rate parameters assumed, the effect of changing any one of the
parameters was explored through sensitivity analysis. This analysis indicated that if a viremic animal was
bitten, the chance that the mosquito would develop a disseminated infection (if it lived long enough)
and would be able to transmit RVFv was dependent on the viral load in the blood of the host (Table 4‐
15). [Turell, 2007; Turell, 1998, Turella, 2008; Turellb, 2008; Gad, 1987]
Table 415: Relationship of Host Viremia and Transmission Rate of Infected Mosquitoes
Viremia level of host
4

Transmission rate of infected mosquitoes

5

Low (10 ‐10 pfu/ml)

0.5%

Moderate (106‐107 pfu/ml)

4.9%

High (108‐109 pfu/ml)

9.2%

Very High (1010 pfu/mL or more)

11.8%

Note: These numbers consider the chance that a mosquito will become infected, the presence of anatomical
barriers that prevent transmission, and the percent that develop a disseminated infection.

The values presented in the table represent average viremia from various mosquitoes normalized to
room temperature. The model was developed so that transmission rate was temperature dependent
and would change accordingly (according to data identified in the literature) [Brubaker, 1998]. The
length of time required to develop a disseminated infection was also a function of temperature (and will
not occur below 7°C) [Turell, 2007; Turell, 1998; Turella, 2008; Turellb, 2008, Gad, 1987].
It was assumed that once mosquitoes are infected with RVFv, they are infected for life. This was based
on the observation that at least one species of mosquito has been shown to transmit RVFv more than a
month after infection. Infected mosquitoes and mosquitoes incubating illness were considered to die off
at a rate of 10% per day, which was derived from six studies that report survival rates between 86% and
97% per day for relevant mosquito species [MacDonald, 1956; Dietz, 1993; Nur Aida, 2008; Muir, 1998;
Almeida, 2005; Rebollar‐Tellez, 1995]. Below a 7°C average daily temperature, the survival rate of
mosquitoes was modeled to drop to 10% per day. The fact that the model does not consider that all
mosquitoes die in this temperature reflects the ability of some mosquitoes to survive by finding warm
microclimates for short periods of time (for example, barns). As such, the population of mosquitoes that
would be able to transmit was reduced every day during the incubation period. The percent of
mosquitoes that bite a viremic animal that were able to transmit disease was a function of the number
of bites that animal suffers, the viral load in the blood of that animal, and the temperature.
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The model did not consider transovarial transmission because pupae from a variety of species (including
Cx. pipiens) that were inoculated with RVFv failed to emerge successfully (although all control larvae and
those inoculated with LaCrosse virus emerged successfully) [Turell, 1992; 1985]. Furthermore, modeling
this mode of transmission required a greater understanding of the life cycle of mosquitoes in Kansas
than was available. The model did not account for the fact that RVFv could over‐winter in eggs and,
therefore, may underestimate the possibility for the disease to become persistent in the U.S.
When the SSRA team originally developed the RVF model, it was desired to have a compartment in the
model that tracked the population of uninfected mosquitoes, which could become infected by RVF.
However, after consulting the entomological literature and talking to subject matter experts in
entomology at Kansas State, at the USDA and at mosquito trap and repellent developers, it was found
that the density of mosquitoes (mosquitoes/area) in Kansas is unknown. Also, attempts to extrapolate
this value from other sources (such as bite rates or mosquito trapping data) were unsuccessful because
critical data were unavailable (such as the capture efficiency of traps). For example, the efficacy of a
spraying campaign is known not by a reduction in the absolute count of mosquitoes but because fewer
mosquitoes were trapped after spraying than before. Therefore, the model had to be developed
without this information.
Instead, the model considered that infected hosts “generate” infected mosquitoes (or that there is an
unlimited pool of susceptible mosquitoes). Each animal supporting a sufficient viremia will generate
infected mosquitoes depending on the bite rate per animal per day and the efficiency of disease transfer
from a vertebrate to a mosquito that takes a bloodmeal. Spraying, which in reality reduces the pool of
susceptible mosquitoes, reduces the bite rate of infected animals and thereby reduces the number of
infected mosquitoes generated. In this manner, the paucity of data was mitigated in the model.
Transmission from Mosquitoes to Vertebrates

Like uninfected mosquitoes, mosquitoes able to transmit must feed. It was assumed that an infected
mosquito takes a bloodmeal every other day, derived from the average of three studies that examined
the feeding rates of relevant species [Scott, 2000; Almeida, 2005; Canyon, 1999]. However, many of
these bloodmeals may be taken from species not considered in the model, such as unsusceptible and
dead‐end species (swine, birds) and wildlife with unknown ability to support a sufficient viremia to infect
a mosquito (deer, squirrels). Not all of these species contributed to the viral life cycle in the model. For
this reason, the host choice for mosquitoes in a city like Manhattan, Kansas and in rural Kansas was
evaluated.
Data was abstracted from papers that analyzed the bloodmeals taken by mosquitoes trapped in a cow‐
producing, rural areas and a Midwestern, small city (Iowa City, IA) [Ritchie, 1981; Kuntz, 1982]. The data
suggested that in urban areas, most bloodmeals were taken from birds or rodents, but a few humans
and cows were also bitten. In a rural area, most bloodmeals were reportedly taken from cows. Based on
the observation that almost all bites lead to an infection in these experiments, the model was developed
to assume that an animal would become infected if a mosquito (capable of transmitting RVFv) bit a cow
or human.
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Transmission from Vertebrates to Mosquitoes

Living viremic animals can infect mosquitoes based on the level of viremia and the temperature. There
were four types of susceptible vertebrate hosts included in the model: adult cows, juvenile cows,
newborn cows, and humans. The total number of adult and juvenile cattle in the area was obtained
from the USDA, and the number of newborns was calculated by their age range compared to juveniles
[USDA/NASSb, 2010]. Although more cows were born in the spring than in other seasons, the only data
available from the USDA was a yearly average. The baseline case/sensitivity analysis suggested that, if
bitten by a mosquito that can transmit RVFv, each host incubated the illness, developed viremia,
became sick, and then either died or cleared the infection. The rate and probability of each step of
illness is shown in Table 4‐16.
Table 416: RVF Disease Course in Modeled Animals.
Animal
Newborn cow
[USAHA, 2008;
Easterday, 1965;
Peters, 1994]
Juvenile cow
[Loftkin, 1996]
Adult cow
[Loftkin, 1996]
Human [House,
1992]

<10d

Probability
of Death
70%

Incubation
Time
0.5‐3d

Time to
Viremia
0.5‐3d

Time to
Death
2‐8d

6‐9d

<16mo

40%

1‐3d

2‐6d

6‐9d

6‐9d

>16mo

20%

1‐3d

2‐6d

6‐9d

6‐9d

Any

1%

1‐3d

1d

5‐8d

5‐8d

Age

Time to Viral Clearance

The duration of viremia for each animal type is also shown in Table 4‐15. The model assumed that all
animals have the same viral load in the blood, although it is understood that there may be significant
variability regarding this parameter. The model also assumed that humans are available throughout the
viremic period to be bitten by mosquitoes. Specifically, the model was developed to allow a 5‐day lag
period that represents the period when a person is viremic, yet still accessible to mosquitoes (i.e.,
before a person realizes they are ill and are confined within a home or hospital). These represented a
reasonable worst case; after the 5‐day viremic period the model assumed sick individuals were indoors
and were no longer accessible. Each viremic vertebrate may be bitten a number of times per day and as
a probability of becoming able to transmit RVF, thus feeding into the cycle of disease amplification from
vector to vertebrate.

4.4.3 Evaluation of Mitigation Measures
In the RVF model, the effectiveness of mitigation measures were examined that focused on reducing the
mosquito population, reducing the access of the vertebrate population to mosquitoes, and the culling of
susceptible, latent, or clinically ill livestock. In these analyses, the baseline model assumed that the RVF
outbreak was detected when either 100 cows or 10 humans became ill (this parameter was highly

October 2010

252

NBAF SSRA Report
uncertain and explored with sensitivity analysis). In obvious incidents, such as a plane crashing into the
NBAF, mitigation measures were assumed to be implemented immediately.
This analysis indicated that large‐scale insecticide spraying reduced the mosquito population, thus
reducing the bite rate by about 80% and the daily survival rate to 40%. In the baseline case, spraying
began a week after detection. This measure did not affect the number of bites taken by an infected
mosquito because mosquitoes that were alive (even if infected) fed as normal.
Mitigation measures could also protect susceptible livestock and people. For example, people could be
directed to stay indoors and apply repellent, thus reducing the bites that people receive per day by 0‐
100% in the model. Cows could also be treated with repellent. Based on interviews with producers in
Kansas, repellent‐coated ear tags are normally in use, which could reduce biting rate by 50%. The
effectiveness of various repellants is shown in Table 4‐17.
Table 417: Effectiveness of Various Mosquito Repellants
Mosquito
Aedes melanimon
[Schmidtmann, 2001]
Aedes dorsalis [Schmidtmann,
2001]
Aedes vexans [Loftkin, 1996]
Aedes vexans [Loftkin, 1996]
Aedes vexans [Loftkin, 1996]
Aedes vexans [Loftkin, 1996]
Aedes vexans [Loftkin, 1996]

Mitigation
Pour on permethrin‐treated
concentrate
Pour on permethrin‐treated
concentrate
Saber tag
Ivomec
Ectrin tag
Ectrin spray
Terminator tag

% Reduction
87 %
83 %
55%
50%
46%
43%
17%

In general, the mitigation measures reduced the bites that a host received per day and also skewed
mosquito host choice towards unprotected species. That is, given the choice of a permethrin‐treated
cow and an unprotected bird, a mosquito was more likely to choose an unprotected bird. During
baseline analysis, when cows were assumed to be coated with permethrin, the mosquito bite rate was
reduced by 85% one week after detection. When the human population was assumed to have been
instructed to remain indoors during peak biting hours and apply repellent when venturing outdoors, the
biting rate of mosquitoes was reduced by 85%. This measure took place two days after detection.
Lastly, susceptible, latent, or clinically ill livestock could be culled en masse or clinical cows could be
selectively culled. Because RVF is not communicable cow‐to‐cow, it was assumed that selective targeting
of clinical animals would occur initially to stamp out the disease, followed by the destruction of latent
cows. It was assumed that 10 clinically ill cows could be identified and slaughtered in one day once the
outbreak was detected. It was also assumed that detection stopped cattle movement to other areas.

4.4.4 Model Assumptions and Limitations
This model made the following simplifying assumptions because the underlying data required additional
basic research. As described above, transovarial transmission was not modeled, which implies that the
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model may underestimate the probability that the disease will persist and potentially underestimates
the explosiveness of the outbreak. The role of infected wildlife (such as rodents and deer) was not
modeled. This simplification suggests that the outcome of control measures focused on vertebrate
populations in the model was overly optimistic. No data was found regarding the susceptibility of North
American cervids and wild rodents (such as squirrels, chipmunks) or other small mammals (raccoons,
moles, etc). If these animals are susceptible and could support a sufficient viremia to productively infect
mosquitoes, the outbreak would likely expand more quickly than predicted by the model and will be
much more difficult to eradicate.
It was assumed that febrile animals do not preferentially attract mosquitoes. Although mosquitoes are
likely to choose an animal with a higher body temperature given the availability of two otherwise
identical hosts, it was poorly understood to what degree the mosquito may prefer the febrile animal.
The model did not include barns or other indoor spaces in which mosquitoes could overwinter. Perhaps
most importantly, the model considered a simple module for the transportation of animals out of the
Manhattan, Kansas, area. The model did not consider that infected mosquitoes leave the area –as little
data exists to predict mosquito transport in this area. In addition, the study area was artificially
restricted though there were no natural barriers that would prevent mosquitoes from leaving the
greater Manhattan, Kansas, or Southwest Kansas areas.
Animal populations within the study area were not discrete. That is, animal and human populations
were considered to have no geographic location in the model, and a mosquito in the model would have
the same chance of biting a cow that came from one farm as any other. This simplifying assumption
overestimated the impact of the mosquitoes, because newly infected mosquitoes would tend to appear
in areas where animals have already been infected and, therefore, the local population was less likely to
be susceptible. This assumption was partially balanced by another; that the borders of the study area
were finite. The model did not consider that mosquitoes could leave the study area and infect animals
outside of Riley and Pottawatomie Counties. Although all models must define the area that is simulated,
this assumption would lead to the underestimation of the impact of outbreaks as mosquitoes are blown
into nearby areas to start new foci of infections.
Taken together, these assumptions suggest that the model was optimistic when predicting the impact of
the outbreak and the ability of control measures to contain or stamp out the outbreak. As such, the
model should be refined as new data become available in order to better define the risks posed by an
accidental release of RVFv.

4.5

RVF Epidemiological Modeling Results

To determine the relative risk of releases of RVFv from the NBAF, the first model to assess the initiation
and spread of RVF in the U.S. was developed and used. This novel model considered the meteorological
conditions prevailing in Manhattan, Kansas, and their interplay with the local susceptible animal, human
and vector population.
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4.5.1 Summary of Impact
The resulting RVF model predicted that most of the releases of RVFv from the NBAF would occur at a
time when mosquitoes would not be able to propagate the outbreak. However, when a release occurred
in the late spring or summer, the data indicate that approximately 150 people and 20 cattle may
develop RVF infections in Manhattan, Kansas, if the release was not identified early. Additionally, there
was a small risk that an infected cow would be exported from the region, triggering an outbreak in a
rural area that could infect more than 30,000 cattle and 400 people. A summary of the modeled case
impacts is presented in Table 4‐18. The table describes the impact of the median (p50) case and the low‐
probability but high impact case (p75); when initiation of the disease was assumed (for comparison
across transport pathways) and when initiation of disease was not assumed (when meteorological
conditions that cause no starting infections were retained).
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Loss of Containment by
Liquid/Solid Waste
Sabotage of NBAF Systems or
Processes with Subsequent
Pathogen Release
Loss of Containment by
Liquid/Solid Waste
Sabotage of NBAF Systems or
Processes with Subsequent
Pathogen Release
LAI

4

LAI

Lost or Escaped Vector

Lost or Escaped Vector

Loss of Containment by
Fomite

2

3

3

10

2

2

13

4

LAI

Scenario Name

13
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10RA

3RB

3RA

2RC

2RB

2RA

13RS

4RS

13RL

4RL

Case
Number

No additional
infections
No additional
infections

RVFv LAI‐ Injection

20 cattle,
168 humans

No additional
infections
No additional
infections

RVFv Loss of Infected
Mosquitoes

256

RVFv Fomite – Emergency

16 cattle,
142 humans

No additional
infections

RVFv Loss of Infected Cow

20 cattle,
168 humans

No additional
infections

RVFv LAI‐ Ingestion

16 cattle,
140 humans

16 cattle,
140 humans

16 cattle,
140 humans

N/A

N/A

N/A

NA

NA

NA

N/A

N/A

N/A

NA

NA

NA

N/A

N/A

RVFv LAI‐ Inhalation

N/A

N/A

RVFv Loss Through Solid
Waste Handling System
RVFv Sabotage of Solid
Waste Handling System

20 cattle,
168 humans
20 cattle,
168 humans

No additional
infections
No additional
infections

RVFv Loss Through Liquid
EDS
RVFv Sabotage of Liquid
EDS

Case Name

Epidemiological Impact
Assuming Initiation
Not Assuming Initiation
High Impact,
High Impact,
Median Case
Median Case
Low Probability
Low Probability
No additional
20 cattle,
N/A
N/A
infections
168 humans
No additional
20 cattle,
N/A
N/A
infections
168 humans

Table 418: Summary of RVF Epidemiological Impact by Transport Mechanism, Scenario and Case

Scenario

October 2010

Transport
Mechanism

Liquid

Solid

Fomite/Vector/Carrier

Scenario Name

Loss of Containment by
Fomite
Theft and Subsequent
Intentional Pathogen Release

Small/Medium Laboratory
Spill with Creation of Aerosol

10

1

Single Room Fire

Single Room Fire

Single Room
Deflagration/Overpressure

Single Room
Deflagration/Overpressure

5

5

6

6

12
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6RB

6RA

5RB

5RA

257

RVFv
Deflagration/Overpressure
with Functional HEPA
RVFv
Deflagration/Overpressure

RVFv Spill Inside
Biocontainment with Non‐
Functional HEPA
RVFv Spill Outside
Biocontainment
RVFv Fire with Functional
HEPA
RVFv Fire with Non‐
Functional HEPA

1RB

1RC

RVFv Spill Inside
Biocontainment with
Functional HEPA

RVFv Fomite – Personnel
Contamination
RVFv Theft with Intent to
Release

Case Name

1RA

12RF

10RB

Case
Number

10 cattle,
2 humans

N/A

65 cattle,
13 humans

0 humans
N/A

65 cattle, ,1
13 humans
OR
4 cattle2

10 cattle,1
2 humans
OR
3 cattle,2
0 humans

0

0

0

0

0

2 cattle
N/A

0

4 cattle

N/A

2 cattle

4 cattle

0

0

0

0

0

0

Epidemiological Impact
Assuming Initiation
Not Assuming Initiation
High Impact,
High Impact,
Median Case
Median Case
Low Probability
Low Probability
20 cattle,
N/A
No additional
N/A
168 humans
infections
The intentional use of RVFv could result in 450,000 cattle and 20,000
people infected if a hostile actor infected a few (2) cows in 10 rural
counties with more than 100,000 cattle.
0
0
0
0

Table 418: Summary of RVF Epidemiological Impact by Transport Mechanism, Scenario and Case

Scenario

October 2010

Transport
Mechanism

Air and Deposition

Seismic (Earthquake) or High‐
Wind (Non‐Tornado) Event
Seismic (Earthquake) or High‐
Wind (Non‐Tornado) Event
Seismic (Earthquake) or High‐
Wind (Non‐Tornado) Event
Small Aircraft Crash Into
Facility

Small Aircraft Crash Into
Facility

Tornado

Tornado

Sabotage of NBAF Systems or
Processes with Subsequent
Pathogen Release

7

8

11

11

13

13RA

11RB

11RA

8RB

8RA

7RSB

7RSA

7RW

Case
Number
Case Name
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with Non‐Functional HEPA
RVFv High‐Wind Event with
Non‐Functional HEPA
RVFv Seismic Event with
Functional HEPA
RVFv Seismic Event with
Non‐Functional HEPA
RVFv Aircraft Crash Into
Side of Biocontainment
Area with No HEPA
Filtration
RVFv Aircraft Crash Into
Penthouse with Non‐
Functional HEPA
RVFv Tornado Release
(Without Loss of Vectors)
RVFv Tornado Release and
Loss of Infected Vectors
RVFv Sabotage of HEPA
Filtration System(s)

Impact without immediate implementation of a vector control program
Impact with immediate vector control program

8

7

7

Scenario Name

Scenario

October 2010

2

1

Transport
Mechanism

4 cattle

NA

N/A

4 cattle

NA

N/A

N/A

4 humans

2 humans

N/A

N/A

N/A

N/A

N/A

N/A

N/A

0

0

0

0

2 humans

0

0

0

0

0

0

0

2 humans

0

0

0

Epidemiological Impact
Assuming Initiation
Not Assuming Initiation
High Impact,
High Impact,
Median Case
Median Case
Low Probability
Low Probability

Table 418: Summary of RVF Epidemiological Impact by Transport Mechanism, Scenario and Case
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The risk associated with an RVFv release from the NBAF could be significantly mitigated if vector control
plans were implemented upon any identified break in containment at the NBAF. Furthermore, the
outbreak could be mitigated if public health practitioners in Manhattan, Kansas, were educated on the
signs and symptoms of RVF so that the outbreak could be recognized early in the disease outbreak.
Likewise, in rural areas, an outbreak of RVF could be significantly curtailed if producers and animal
health practitioners were educated on (and recognized) the signs of RVF and the importance of early
reporting. Because of the role of mosquitoes in propagating the illness, the quick implementation of
robust vector control plans was essential to mitigate the outbreak. Public information campaigns that
provide techniques/guidance on how to avoid mosquito bites could also curtail the number of humans
infected.

4.5.2 Representative Impact Case
According to the epidemiological analysis performed, the accidents involving the loss of an infected
animal (Scenario 3), the loss of infected vectors (Scenario 3) and an LAI (Scenario 2) resulted in the
greatest epidemiological impact. Because these scenarios occupied most of the identified risk space
(that is, they were more likely [at least in the case of Scenario 2 – see Section 3.3 and Section 6] and
more damaging in terms of number of animals/humans infected than other accidents); these scenarios
were used to represent the overall impact of a release of RVFv from the NBAF.
The RVF model was run starting with an infected animal, an infected person or 10 infected mosquitoes
(capable of transmitting RVFv) escaping out of NBAF containment into the Manhattan, Kansas, area.
Figure 4‐60 represents the outbreak that resulted from the escape of an infected animal in the month of
May. There were more human infections than cattle infections observed in this incident, largely due to
the fact that there were relatively few cattle on the KSU campus and in the immediate Manhattan,
Kansas, area compared to humans. Also note that the outbreak initially had a cyclical nature due to the
relatively long incubation time of RVF in mosquitoes. The disease was stamped out rapidly after
recognition, largely due to changes in human behavior (the application of insect repellent and avoidance
of the outdoors) and by large‐scale insecticidal spraying that was initiated after the 70th person was
infected (which represents when the probability of a fatal human case exceeding 50%).
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Figure 460: Number of Humans (Blue) and Cattle (Red) with RVF as a Function of Time after
the Escape of an Infected Animal
The impact of all three of the representative incidents in terms of; animals infected (and culled), humans
infected and recognized duration of the outbreak (from outbreak identification until the last animal case
is killed) is presented in Table 4‐19.
Table 419: Humans and animals infected by the representative scenarios.
Duration of outbreak is time from recognition until the last infected cow is killed or the
last human infection occurs.

Incident
Escaped Mosquitoes (10
capable of transmitting
RVF)
Loss of Infected Cow (1)

RVFv Laboratory Acquired
Infection (LAI) (1)

October 2010

Time of year
Spring
Summer
Fall
Winter
Spring
Summer
Fall
Winter
Spring
Summer
Fall
Winter

Humans
infected
143
127
2
0
171
152
0
0
143
122
0
0
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Cattle
Infected
16
14
0
0
21
19
0
0
16
13
0
0

Days to
recognition
55
46
Never
Never
42
28
Never
Never
83
78
Never
Never

Duration of
outbreak
15 days
16 days
N/A
N/A
15 days
15 days
N/A
N/A
15 days
29 days
N/A
N/A
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Four release periods representing the spring (May), summer (July), winter (February) and fall
(November) seasons were modeled and any seasonally related outbreak impacts were evaluated. The
fact that the release impact was reduced or non‐existent in the fall and winter reflected the seasonality
of the mosquito population in Kansas. The lack of a large observable difference in RVF outbreak impact
between releases in the summer and releases in the spring was possibly due to an earlier recognition of
the outbreak in summer before a large number of mosquitoes could be infected even though the
outbreak spreads more quickly up to that point in the summer. Regardless of the season, the
combination of spraying, culling and the application of repellents was effective at stopping the outbreak.
Without mitigation measures, the outbreak continued to grow until the susceptible population dwindles
or the cold fall weather killed the mosquitoes.
Additionally, because these outbreak events were not recognized immediately, there was a chance that
an infected animal/vector was transported out of the Manhattan, Kansas, area. Given that a stop
movement order wasn’t given until the outbreak was recognized and, on average 0.3% of the cattle in
the Manhattan, Kansas, area are shipped to Southwest Kansas or out of state on a daily basis, the risk
that an infected cow was moved to another area (either in the state or out of state) existed. This risk
assumed that the disease went undetected in the animal (i.e., the animal was infected and not yet
symptomatic or the clinical signs went unnoticed). (The model did not consider that vectors or infected
people could move out of the primary area.) The probability that an infected animal would be
transported out of the area was approximately 1.5% for an outbreak caused by the release of
mosquitoes or by an infected laboratory worker in the Summer or the Spring, 2.5% for an outbreak
started by the release of an infected animal (cow) in the Spring and 1.5% for an outbreak caused by an
infected animal (cow) in the Summer. The chance for disease spread out of the area was limited because
it was assumed that movement controls would be enacted for the region affected by RVF after the
outbreak was recognized. If movement controls were not enacted, the chance of an animal being
transported could reach as high as 25%.
Animal transport out of the Manhattan, Kansas, area must be strongly considered in the impact of a
release of RVF because data suggest that an outbreak of RVF was much more widespread and difficult to
control outside of an urban area such as Manhattan, Kansas, (see Table 4‐20). For example, in rural
Haskel County, there are many more cows than humans, as such mosquitoes bit these important hosts
more frequently and the outbreak took longer to control.
Table 420: Impact of RVF introduction via one infected cow to rural Haskel County, Kansas
Note that the outbreak required fourfold longer to control and had a much greater impact than an outbreak in
Manhattan, Kansas.

Incident

Time of year

1 infected
animal
imported

Spring
Summer
Fall
Winter

October 2010

Humans
infected
440
440
0
0

Cattle Infected
13,844
31,283
0
0
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Days to
recognition
31
20
Never
Never

Duration of
outbreak
87 days
64 days
N/A
N/A
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Because the transportation of an infected animal to a rural part of the state had such a large effect on
the impact of the outbreak, this effect was considered separately in the risk analysis of each of the
transportation pathways (described later in this section). That is, for each of the release cases evaluated,
the modeling also assumed some fraction of transportation out of the area occurred.

4.5.3 Effect of More Initial Infections
The major factor driving the difference in the epidemiological impact of the aerosol and non‐aerosol
scenarios was that the non‐aerosol scenarios considered that only a single animal or person was initially
infected. In contrast, a productive aerosol release from the NBAF could infect many individuals
simultaneously. To provide an overview of how various scenarios would change the outcome, the effect
of the number of initially infected people and animals on the duration and magnitude of the outbreak
was investigated.
Figure 4‐61 shows that as the initial number of cows infected by an RVF release increased, the impact of
the outbreak, in terms of the number of infected people, increased dramatically. This trend held true
until the number of cows released itself triggered outbreak identification, at which point the outbreak
was controlled quickly.

Figure 461: Number of Human and Cattle Infections as a Function of the Number of Cows
Involved in the Initial Release
Note: The initial number of cows infected was removed from the total cattle infected to demonstrate the impact
of vectorborne spread.
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In Figure 4‐62, the detection latency (or the time when an outbreak was detected compared to when it
started) is presented as a function of the initial number of cows infected. The outbreak presumably
increased in impact as more cows were initially infected because the detection latency did not drop
significantly when more than 10 cows were infected. If the detection latency were to decrease as the
initial number of infections continued to increase, then the additional impact of the outbreak would be
mitigated.

Figure 462: Detection Latency vs. the Number of Cows Initially Infected by an RVFv Release
Note: Detection latency at first quickly decreased but then leveled off as the number of cows initially
infected exceeds 10.

Because RVF is not contagious from animal‐to‐animal, the outbreak dynamics were cyclical (mosquitoes
became infected from biting infected hosts and then incubated the disease before infecting more hosts).
This cyclical nature was reflected in the relationship between outbreak duration and number of cows
infected, which demonstrated significant “sweet spots” (that is, numbers of animals initially infected
that produced greater numbers of casualties than larger numbers of animals initially infected‐‐Figure 4‐
63). At two (2) and one‐hundred (100) cows initially infected, a wave of infected animals presented but
did not exceed the detection threshold of 200 cows infected. It was not until the next wave of infections
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that the number of infected animals was pushed beyond and vastly exceeded the detection threshold.

Figure 463: Duration of Outbreak as a Function of the Number of Cattle Initially Infected
In addition to cattle, people can be infected by the initial release of RVF. In Figure 4‐64, the relationship
between people initially infected by the release and the impact of the outbreak is shown. In addition to
cattle, an aerosol can infect people with RVF. “Sweet spots” of initial infections of 2 and 100 cattle cause
more total infections than relatively larger numbers of initially infected cattle.
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Figure 464: The Relationship Between Numbers of Total Infections vs. the Initial Number of
People Infected by an RVFv Release
Note: The people infected by the initial release were subtracted from the total infections to give the additional
infections produced after the initial release.

In Figure 4‐65, the relationship between number of initially infected people and the time until detection
is demonstrated. Once the initial number of infected people
• Outbreaks that had more people
exceeded the detection threshold (70 people), the outbreak was
infected initially resulted in a
detected by the end of the incubation period, as was also the case
smaller overall impact due to
with the start of 100 people. Taking Figures 4‐64 and 4‐65 together,
earlier detection and the ability to
more rapidly implement control
it was clear that detection latency was more important than initial
measures.
number of people infected when considering the impact of an
outbreak of RVF. That is, outbreaks which had more people
infected initially resulted in a smaller overall impact due to earlier
detection and the ability to more rapidly implement control measures.
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Figure 465: Detection Latency vs. Number of People Initially Infected by RVFv—X axis is
Presented on a Log Scale
There was significant uncertainty underlying the number of infected mosquitoes that could escape
containment simultaneously (especially when considering only a subset of the mosquitoes would be
able to transmit RVF). For this reason, the effect of the initial number of escaped mosquitoes on the
duration and magnitude of the outbreak was investigated (Figure 4‐66). The number of total human and
cattle infections was relatively insensitive to the number of mosquitoes initially released largely because
the detection latency dropped dramatically (Figure 4‐67). In fact, as more mosquitoes were released,
the outbreak was detected in the first wave of human infections, which mitigated the subsequent
impact. Although the day of detection changed dramatically, the duration of the outbreak was
insensitive to the number of mosquitoes released initially; as all outbreaks that weren’t detected in the
first wave of human infections were controlled in 16 days.
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Figure 466: Infections of Humans and Cattle Caused by the Release of a Varying Number of
Infected Mosquitoes
Note: A one hundredfold increase in the number of infected mosquitoes released affects the number of humans
infected by about 10%.

Figure 467: Detection Latency vs. the Number of Infected Mosquitoes Released
Note: Detection latency strongly correlates with the number of mosquitoes released, thereby mitigating the
impact of larger releases.
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4.5.4 Risk of Transport Pathways
Calculating Number of Infections from an Aerosol Exposure

Several of the transport pathways involve the release of RVFv as an aerosol. If inhaled by people or
cattle, the pathogens in the aerosol can directly cause casualties. For humans or animals that received
more than one pfu of RVFv, the probability of infection was calculated using an ID50 of 5pfu and a probit
slope calculated from controlled dose experiments in mice [Brown, 1981].Probability of infection was
thus calculated for all doses above one pfu. The number of infected subjects at a location was
determined by multiplying the probability of infection by the number of occupants of the location.
However, for subjects in any location that received less than one pfu but more than 0.1 pfu, two
infections were considered to have occurred for several reasons. Firstly, the dosage calculated was an
average for that location so some occupants were expected to get more than the average amount.
Secondly, a biological aerosol cannot deliver less than one but more than zero infectious particles. That
is, the aerosol cannot actually deliver half a virus. The particulate nature of the aerosol would indicate
that in an area with an average exposure of less than 1 pfu, some occupants would receive one virus
particle. For these reasons, locations with many occupants were considered to suffer two infections
from these low doses. Recall that LandScan locations on campus (which were considered to have only a
few occupants because the vast majority would be in the academic buildings already accounted for in
the KSU data set) were considered to have only one or two occupants, so these locations only produced
an infection if they received more than one pfu and none from the lower doses just described.
Ingestion of deposited RVFv resulting from the aerosolized plumes was not considered to represent a
likely mode of transmission especially considering the resulting concentration and coverage of virus
deposited (see 3.4.4) therefore; deposited virus was not considered in the subsequent epidemiological
impact analysis.
Spill (Cases 1RA, 1RB, 1RC)

Based on plume modeling, case 1RA, a laboratory spill of RVFv inside functioning HEPA containment,
caused no infections outside of the NBAF (see Section 3.4.4). Therefore this case had no associated RVF
epidemiological impact.
In case 1RB, the same spill (as case 1RA) was modeled, the HEPA filtration was not functioning. When
the RVFv spill was modeled with no functioning HEPA filtration in place, only one meteorological
condition led to a release of RVFv that supported an infection outside the NBAF. This condition occurred
0.002% of the time in Manhattan, Kansas, and only occurred in the dead of winter. In this case, four
cattle were considered to develop RVF due to two premises that were covered by a low concentration
aerosol. The lack of mosquitoes in the winter suggested that this outbreak would not spread beyond
these four cases.
In case 1RC, the spill of RVFv occurred outside of biocontainment (i.e., a package containing infectious
RVFv was dropped with subsequent failure of the primary, secondary and tertiary shipping containers).
In this case only one meteorological condition led to a release of RVFv that supported an infection
outside of the NBAF. As will case IRB, this condition only occurred 0.002% of the time in Manhattan,
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Kansas, and only occurred in the dead of winter. In this case, two cattle were considered to develop RVF
due to one premise that was covered by a very low concentration aerosol. The lack of mosquitoes in the
winter suggested that this outbreak would not spread further.
Considering this analysis, when initiation of the outbreak was not assumed (i.e., when meteorological
conditions that cause no starting infections were retained), no infections would occur in the median
case or in the low‐probability, high‐consequence case. In order to directly compare this aerosol scenario
to other non‐aerosol scenarios (in which the chance of an infection leading from an accident could not
be calculated), initiation was assumed by ignoring all meteorological conditions that didn’t lead to an
infection. When initiation was assumed, then the single meteorological case that led to an infection (of 4
or 2 cattle, respectively) was both the median case and the low‐probability, high‐impact case.
Laboratory-Acquired Infection (LAI) (Case 2RA, 2RB, 2RC)

If a worker accidentally inoculated him or herself with RVFv and an infection ensued, it was possible that
mosquitoes in the Manhattan, Kansas, area could bite this worker when he or she was viremic, and
subsequently spread the infection by biting other people and cattle in the area. Clearly, the further
spread of RVF from an infected worker is only a risk if humans sustain a high enough viral load in the
blood to infect mosquitoes (which was determined to be somewhat contentious as described in Section
4.4). For the purpose of this pathway, it was considered that humans infected in the laboratory could
infect mosquitoes and thereby sustain the disease cycle. The epidemiological impact of all of the
laboratory accidents leading to the RVFv infection of a lab worker (via inhalation‐2RA, injection‐2RB or
ingestion‐2RC) were considered together because the initial outcome was the same.
In these cases (2RA, 2RB, 2RC), the RVFv laboratory acquired infection was considered to have an equal
probability of occurring at any time in the year, and therefore a separate iteration of the model was run
using a start date of the first of each month of the year with one infected person. Furthermore, in some
instances there was up to a 2.5% chance that an infected animal would have been moved to a rural area.
As such, the worst outcomes presented include the impact from the introduction of the disease to a
rural area. The distribution of risk across this scenario is shown in the CRDF below (Figure 4‐68) for cattle
deaths and Figure 4‐69 for human infections).
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Figure 468: CRDF for Cattle Culled in the LAI Case; Assuming the Release had an Equal
Probability of Occurring any Time Of Year
Note: The xaxis is shown in log scale to exhibit the impact of the release should an infected cow be
surreptitiously exported from Manhattan, Kansas, to a rural feedlot.

Figure 469: CRDF for Humans Infected in the LAI Cases; Assuming the Release had an Equal
Probability of Occurring Any Time of Year
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The median case resulted in no additional infections from this scenario because most months do not
support a mosquito population for long enough to support vector‐mediated spread. The high‐impact,
low‐probability case resulted in 16 cattle infected (and culled) and 140 humans infected. Additionally, in
the five months of the year where the disease propagated until mitigation measures were enacted,
there was about a 2% chance that an infected cow was transported outside of the Manhattan, Kansas,
area. Because this occurred only in some months of the year, the overall probability of an infection
being initiated in a rural area was less than 1%. However, if this movement occurred, the impact of the
infection was significantly greater, with up to 1,000 humans infected and over 30,000 cattle culled.
In the LAI cases, the outbreak duration did not vary as much as the number of animals infected even if
an infected animal was exported from the Manhattan, Kansas, area (Figure). When the outbreak was
contained to Manhattan, Kansas, it lasted only 10‐25 days, if the outbreak could not be contained to
Manhattan; it lasted about 60 days (assuming the outbreak occurred in the Spring or Summer).

Figure 470: CRDF for Duration of Outbreak in the LAI Cases; Assuming the Release had an
Equal Probability of Occurring Any Time of Year
Loss of RVFv-Infected Animal (Case 3RA)

If an infected laboratory animal (cow or small vertebrate) escaped containment, it is possible that
mosquitoes in the Manhattan, Kansas, area could bite this animal while it was viremic, become infected
and spread RVF to people and cattle in the area. In this case, the loss of the laboratory infected animal
was considered to have an equal probability of occurring at any time in the year, and therefore a
separate iteration of the model was run using a start date of the first of each month of the year with one
infected animal. Furthermore, in some instances, there was up to a 2.5% chance that an infected animal
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would have been moved to a rural area. As such, the worst outcomes presented include the impact from
the introduction of infected cattle to a rural area. The distribution of risk across this scenario is shown in
the CRDF below (Figure 4‐71 for cattle deaths and Figure 4‐73 for human infections).

Figure 471: CRDF for Cattle Culled Caused by the Loss of Infected Animal; Assuming the
Release had an Equal Probability of Occurring Any Time of Year
Note: The xaxis is shown in log scale to exhibit the impact of the release should an infected cow be
surreptitiously exported from Manhattan, Kansas, to a rural feedlot.
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Figure 472: CRDF for Humans Infected Caused by the Loss of Infected Animal; Assuming the
Release has an Equal Probability of Occurring Any Time of Year.
The median loss of infected animal case resulted in no additional infections because it was too cold for
mosquitoes to propagate the infection during a significant portion of the test period (fall and winter
months). The high‐impact, low‐probability case resulted in 20 cattle infected (and culled) and 168
humans infected. Additionally, in the five months of the year where the disease propagated until
mitigation measures were enacted, there was about a 2% chance that an infected cow would be
transported outside of the Manhattan, Kansas, area. Because this occurred only in some months of the
year, the overall probability of an infection being initiated in a rural area was less than 1%. However, if
this movement did occur, the impact of the infection was significantly greater, with up to 1,000 humans
infected and over 30,000 cattle culled.
As in the LAI cases, the outbreak duration from the loss of an infected animal did not vary as much as
the number of animals infected. This was true even when an infected animal was exported from
Manhattan, Kansas, to a rural area (Figure 4‐73). If the outbreak was contained to Manhattan, it lasted
only 10‐25 days, if it was not contained; the outbreak lasted about 60 days (assuming the outbreak
occurred in the spring or summer).
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Figure 473: CRDF for Duration of Outbreak Caused by the Loss of an Infected Animal;
Assuming the Release had an Equal Probability of Occurring Any Time of Year
Loss of RVFv-Infected Mosquitoes (Case 3RB)

If infected mosquitoes capable of transmitting RVFv escaped containment, it was possible that these
mosquitoes bit animals and people in the Manhattan, Kansas, area and thus spread RVF. The loss of the
infected mosquitoes was considered to have an equal probability of occurring at any time in the year,
and therefore a separate iteration of the model was run using a start date of the first of each month of
the year with one infected person. In this case, the release of 10 mosquitoes capable of transmitting
RVFv was used as the starting conditions of the model. As shown in the representative‐case analysis, the
number of mosquitoes released did not significantly affect the epidemiological impact and therefore
these outcomes represent cases where more or fewer mosquitoes were released as well.
In some instances, there was up to a 2.5% chance that an infected animal would have been moved to a
rural area, so worst outcomes include the impact from the introduction of the infection to the rural
area. The model did not consider that mosquitoes or people can be transported long distance, so the
threat to other areas derived from cows being transported that were infected by mosquitoes.) The
distribution of risk across this scenario is shown in the CRDF below (Figure 4‐74 for cattle deaths and
Figure 4‐75 for human infections).
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Figure 474: CRDF for Cattle Culled Caused by the Loss of Infected Mosquitoes; Assuming the
Release had an Equal Probability of Occurring Any Time of Year
Note: The xaxis is shown in log scale to exhibit the impact of the release should an infected cow be
surreptitiously exported from Manhattan, Kansas, to a rural feedlot.

Figure 475: CRDF for Humans Infected Caused by the Loss of Infected Mosquitoes; Assuming
the Release had an Equal Probability of Occurring Any Time of Year
The median impact of the case of the loss of RVFv infected mosquitoes resulted in only two human
infections because it was too cold for mosquitoes to propagate the infection during a significant portion
of the test period (fall and winter months).This outbreak was not detected as it was likely that these two
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infections would not lead to a life‐threatening illness. The high‐impact, low‐probability case resulted in
16 cattle infected (and culled) and 142 humans infected. Additionally, in the five months of the year
where the disease propagated until mitigation measures were enacted, there was about a 2% chance
that an infected cow was transported outside of the Manhattan, Kansas, area. Because this occurred
only in some months of the year, the overall probability of an infection being initiated in a rural area was
less than 1%. However, if this movement did occur, the impact of the infection was significantly greater,
with up to 1,000 humans infected and over 30,000 cattle culled.
The outbreak duration did not vary as much as the number of animals infected even if an infected
animal was exported from the Manhattan, Kansas, area (Figure 4‐76). If the outbreak was contained to
Manhattan, Kansas, it lasted only 10‐25 days; if the outbreak was not contained to Manhattan, Kansas,
and entered a rural area, it lasted about 65 days (assuming the outbreak occurs in the Spring or
Summer).

Figure 476: CRDF for Duration of Outbreak Caused by the Loss of Infected Mosquitoes;
Assuming the Release had an Equal Probability of Occurring Any Time of Year
Liquid Effluent and Solid Waste (Case 4RL, 4RS)

The estimated concentration of pathogen in the liquid effluent or solid waste streams resulting from a
failure in and loss of containment of either of these systems at the NBAF was low (see Section 3.3); so
low in fact that they would not be expected to cause disease in susceptible animals or vectors. However,
because the efficacy of this route of transmission (ingestion) is not well understood, and because it was
useful to identify the “what‐if” impact of a release into the liquid and solid waste stream should these
incidents occur; these cases were modeled. For both the liquid (4RL) and solid (4RS) waste cases; it was
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assumed that the quantity of material available was sufficient to cause infection of a susceptible animal
outside the NBAF; and that this accident would have the same probability of happening at any time of
the year (therefore the epidemiological impact of both cases are the same).
Because, the contamination of the liquid effluent or solid waste streams was considered to have an
equal probability of occurring at any time in the year, a separate iteration of the model was run using a
start date of the first of each month of the year with one infected animal. In some instances, there was
up to a 2.5% chance that an infected animal would have been moved to a rural area. As such, the worst
outcomes presented include the impact from the introduction of infected cattle to a rural area. The
distribution of risk across this scenario is shown in the CRDF below (Figure 4‐77 for cattle deaths and
Figure 4‐79 for human infections).

Figure 477: CRDF for Cattle Culled Caused by Loss of Containment in Solid/Liquid Waste;
Assuming the Release Had an Equal Probability of Occurring Any Time of Year
Note: The xaxis is shown in log scale to exhibit the impact of the release should an infected cow be
surreptitiously exported from Manhattan, Kansas, to a rural feedlot.
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Figure 478: CRDF for Humans Infected Caused by the Loss of Containment in Solid/Liquid
Waste; Assuming the Release Has an Equal Probability of Occurring Any Time of Year
The median loss of containment in solid/liquid waste case resulted in no additional infections because it
was too cold for mosquitoes to propagate the infection during a significant portion of the test period
(fall and winter months). The high‐impact, low‐probability case resulted in 20 cattle infected (and culled)
and 168 humans infected. Additionally, in the five months of the year where the disease propagated
until mitigation measures were enacted, there was about a 2% chance that an infected cow would be
transported outside of the Manhattan, Kansas, area. Because this occurred only in some months of the
year, the overall probability of an infection being initiated in a rural area was less than 1%. However, if
this movement did occur, the impact of the infection was significantly greater, with up to 1,000 humans
infected and over 30,000 cattle culled.
As in the LAI cases, the outbreak duration from the loss of containment in solid/liquid waste case did not
vary as much as the number of animals infected. This was true even when an infected animal was
exported from Manhattan, Kansas, to a rural area (Figure 4‐79). If the outbreak was contained to
Manhattan, it lasted only 10‐25 days, if it was not contained; the outbreak lasted about 60 days
(assuming the outbreak occurred in the spring or summer).
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Figure 479: CRDF for Duration of Outbreak Caused By the Loss of Containment in
Solid/Liquid Waste; Assuming the Release Had an Equal Probability of Occurring
Any Time of Year
Fire (Case 5RA and 5RB)

In the case of a fire with functioning containment and HEPA filtration (5RA), no infections outside the
NBAF were predicted based on plume modeling (Section 3.4.4). In the case of a fire without functioning
containment (5RB), two meteorological conditions led to an infection at one or two premises. These
meteorological conditions together occurred less than 1% of the time in Manhattan, Kansas. No humans
were infected by the resulting RVFv aerosol.
It was unknown if a fire at the NBAF would immediately call a vector control plan into action. If a vector
control strategy was implemented in the immediate aftermath of a fire at the NBAF, these releases
would have led to only two or four infected cows (which would probably not be detected as an RVF
infection) and no further infections in cattle or livestock would occur. The CRDF for this case is shown
below in Figure 4‐80.
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Figure 480: CRDF for the Livestock Infected After a Fire with NonFunction HEPA at the
NBAF Assuming That Vector Control Strategies Are Implemented As Soon
As the Fire Is Reported
If the report of a fire at the NBAF did not immediately trigger vector control plans, then mosquitoes in
the area could spread the disease from the initial infections. One of the two weather conditions that led
to the RVFv infections occurred in late August, when mosquitoes could spread the disease. In this case,
additional cattle and some human infections occurred before the outbreak was recognized and
controlled. Also, there was a small chance in this case that an infected cow would be transported out of
the area (which would have occurred in September, in this case). If an infected cow was transported out
of the area; a significant outbreak could occur. The impact and associated probabilities are shown in the
CRDF below for cattle and humans (Figure 4‐81 and 4‐82, respectively).
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Figure 481: CRDF for Cattle Infected After a Fire with NonFunction HEPA at the NBAF That
Does Not Immediately Trigger Vector Control Plans

Figure 482: CRDF for Human Infections after a Fire with NonFunctional HEPA at the NBAF;
Assuming That Vector Control Strategies Are Not Immediately Implemented
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Although there were a few conditions from the fire with non‐function HEPA case that could have led to a
significant number of infections, these conditions together comprised less than a 1% probability. In
order to compare these cases with the non‐aerosol transport pathways, meteorological conditions that
did not lead to infections were ignored. If initiation of the outbreak was assumed and vector control
plans were immediately implemented upon announcement of the fire, only two or four cattle were
infected. If initiation was assumed and these vector control plans were not implemented until the
outbreak was detected; a larger outbreak resulted. The risk of this scenario is shown in the CRDFs below
for cattle (Figure 4‐83) and humans (Figure 4‐84).

Figure 483: CRDF for Cattle Culled Assuming Initiation and Assuming That the
Announcement of the Fire Did Not Trigger Immediate Vector Control Strategies
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Figure 484: CRDF for Human Infections Assuming Initiation and Assuming That the
Announcement of the Fire Did Not Immediately Trigger Vector Control Plans
As shown above, when initiation was assumed and vector control plans were not immediately
implemented, the median outbreak resulted in the infection of about 10 cattle and 2 humans. The low‐
probability, high‐consequence case, resulted in the infection of 65 cattle and 13 humans. (If control
strategies were initiated, the median impact led to the infection of three cattle and the high‐impact,
low‐probability case led to the infection of four cattle.)
Together, these results indicated that it may be beneficial to initiate low regret actions ‐ such as the
implementation of vector control strategies ‐ should an event such as a fire occur at the NBAF (even
though the chance of an infection outside the NBAF was reportedly small).
Deflagration/Overpressure (Case 6RA and 6RB)

In the case of an overpressure or deflagration event with functioning HEPA containment (6RA), no
infections outside the NBAF were predicted to occur as indicated by plume modeling (3.4.4). In the case
of an overpressure or deflagration event without functioning HEPA containment, two meteorological
conditions resulted in an infection at one or two premises. No humans were infected by the aerosol
plume. These two meteorological conditions together occurred less than 1% of the time in Manhattan,
Kansas.
An overpressure/deflagration event was not assumed to immediately trigger vector control plans, so
mosquitoes in the area were available to spread the disease from the initial infections. One of the two
weather conditions that led to an infection occurred in late August, when mosquitoes were active in
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Kansas. In this deflagration case, additional cattle and some human infections occurred before the
outbreak was recognized and controlled. Also, there was a small chance in this case that an infected cow
was transported out of the Manhattan, Kansas, area. When an infected cow was transported into a rural
area, a significant outbreak was observed. The impact and the associated outbreak probabilities are
shown in the CRDF below for cattle and humans (Figure 4‐85 and 4‐86, respectively).

Figure 485: CRDF for cattle Infected After a Deflagration/Overpressure Event at the NBAF
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Figure 486: CRDF for human Infections After a Deflagration/Overpressure Event
at the NBAF
Although there a few conditions that could lead to a significant number of infections following a
deflagration event at the NBAF, these conditions together comprised less than a 1% probability. In order
to compare these cases with the non‐aerosol transport pathways, meteorological conditions that did not
lead to infections were ignored (initiation was assume). The risk of this scenario if initiation was
assumed is shown in the CRDFs below for cattle (Figure 4‐87) and humans (Figure 4‐88).
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Figure 487: CRDF for Cattle Culled Assuming Initiation After a Deflagration/
Overpressure Event

Figure 488: CRDF for Human Infections Assuming Initiation for a
Deflagration/Overpressure Event at the NBAF
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As shown in Figures 4‐88 and 4‐89, when initiation was assumed, the median outbreak resulted in the
infection of about 10 cattle and 2 humans. The low‐probability, high‐consequence case, resulted in the
infection of 65 cattle and 13 humans.
High Wind/Seismic (Case 7RSA, 7RSB and 7RW)

Aerosol plume modeling indicated that none of the meteorological conditions evaluated for the seismic
event with functional HEPA (7RSA), the seismic event with non‐function HEPA (7RSB) and the high‐wind
event with non‐functional HEPA (7RW), resulted in an exposure greater than 0.1pfu of RVFv in an area in
Manhattan, Kansas, with either a significant number of people or susceptible animals. Some locations on
campus with one or two people had exposures greater than 0.1pfu on average (but less than 1pfu) and
were not considered to generate any infections (the chance of an infection would be much less than
1%). Therefore, these cases were considered to carry no risk for the establishment of RVF.
Aircraft Crash (Case 8RA and 8RB)

An aircraft could collide with the penthouse of the NABF and take out the HEPA filtration system (Case
8RB) or could impact and damage the side of the NBAF, also resulting in loss of containment (8RA). If the
collision damaged the penthouse of the NBAF, plume modeling indicated that no infections outside the
NBAF would occur. Should the collision damage the side of the building, plume modeling indicated that
several meteorological conditions could result in the infection of people in one or more locations on the
KSU campus near the NBAF. Together these conditions occurred more than 60% of the time in
Manhattan. The CRDF for initial human infections is shown below (Figure 4‐89). However, because the
crash of an aircraft is an obvious event, the model assumed that vector control strategies were
immediately implemented. Therefore, no further infections resulted, even in the summer limiting the
impact to those who were infected by the initial aerosol.

Figure 489: CRDF for Human Infections Following An Aircraft Crash With
The Side of the NBAF
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As shown, both the median and high‐consequence, low‐probability case resulted in two human
infections, but some rare cases result in four, six or even up to 26 human infections.
Furthermore, in 0.2% of meteorological conditions, two cattle were infected. In this case, even if vector
control strategies were immediately implemented (because the event was self‐announcing), only a
single human would become infected by infected mosquitoes.
To compare this scenario to non‐aerosol scenarios, initiation of the outbreak was assumed by ignoring
the minority of cases that did not result in infections outside of the NBAF (shown in Figure 4‐90). If
initiation was assumed, the median case remained the same, but the low‐probability, high‐consequence
case resulted in four human infections.

Figure 490: CRDF for Human Infections Following an Aircraft Crash  Assuming Initiation
This scenario underscores the importance of robust vector control strategies that should be
implemented as soon as an incident that breaks containment occurs at the NBAF. If humans are
considered dead‐end hosts for RVF, this accident would cause no further infections even in the absence
of outbreak control measures because all starting infections were in people except in the rare case when
cattle were initially infected by the aerosol.
Fomite (10RA and 10RB)

Currently, investigations into the transmission of RVFv by fomite contact are limited. Fomite
transmission of RVFv was considered a low risk due to the high levels of virus titer and contact necessary
to cause human disease [EFSA, 2005, Pépin, 2010]. Direct contact with infected tissues or fluids and
infectious aerosols remain the most probable transmission routes of RVFv for laboratory workers. Based
on these factors, there were no epidemiological impacts for these cases.
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However, if an infection of a susceptible cow outside of the NBAF were to occur from this type of
accident (in other words to address the “what if” factor), the impact would be identical to that of
release of an infected animal (3RA above) assuming that the accident had the same probability of
occurring in any time of year.
Tornado (Case 11RA and 11RB)

Scenario 11 examined the impact of a tornado event on the NBAF. The two cases modeled included
11RA, a tornado event without the loss of vectors, and 11RB a tornado event with loss of infected
vectors (infected mosquitoes).
If a tornado were to hit the NBAF, containment would be lost and RVFv could be aerosolized. However,
the amount of active material considered to be productively aerosolized by the tornado in both cases
(11RA and 11RB) was so small that plume modeling predicted that no cow or human would inhale more
than 10‐5 pfu on average. Therefore, no infections occurred from this case (11RA) due to an aerosolized
release of RVFv. Case 11RB assumed that RVF infected mosquitoes were also released during the
tornado (all other conditions remained the same). The impact associated with the loss of RVFv infected
vectors during a tornado was negligible (given that a tornado is a self‐announcing event) and therefore
did not contribute to any observable infections.
Theft and Intentional Use (Case 12RF)

Determining what a hostile actor is likely to do with illicitly obtained RVFv from the NBAF is difficult.
There was no reason to believe, a priori, that the actor would use the material to cause infections
specifically near the NBAF but it was reasonable to assume one would target Kansas in general due to its
importance to the cattle industry (assuming that the target was agriculture and not people).
To capture a sample of the possible range of impacts from the hostile use of RVFv, the impact of an
outbreak initiated in several rural locations was modeled (which also simulated the infection of several
cows that were transported to several areas from a sales barn, for example) and also the intentional
infection of several animals in one rural location. In both cases, it was assumed that 10 animals were
infected by the actor.
If a hostile actor infected several animals in a rural location, up to 45,000 culled cattle and nearly 2,000
people could become infected by RVFv, especially if the hostile actor chooses to act in the spring when
mosquitoes have the longest opportunity to bite and transmit RVFv before the cold of the fall sets in. If a
hostile actor infected cows in several regions (or infected cows set to be transported to several regions),
it was predicted that up to 450,000 cattle could be culled and nearly 20,000 people could be infected if
the animals were in rural areas such as Haskel County with more than 100,000 cows and fewer than
10,000 people.
Sabotage (13RL, 13RS, 13RA)

The impact of an outbreak associated with intentional sabotage of any of the transport pathway
mechanisms at the NBAF was assumed to represent the successful circumvention of the liquid effluent,
solid waste or air handling systems at the NBAF. The sabotage cases also assume that the resulting
pathogen release from these transport mechanisms was sufficient to infect susceptible animals around
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these systems. The impact for cases 13RL (sabotage of the liquid EDS) and 13RS (sabotage of the solid
waste management system) were identical to that previously described for 3RA. The median loss of the
sabotage of the liquid effluent and solid waste systems resulted in no additional infections (beyond the
initial one) because it was too cold for mosquitoes to propagate the infection during a significant portion
of the test period (fall and winter months). The high‐impact, low‐probability case resulted in 20 cattle
infected (and culled) and 168 humans infected. Additionally, in the five months of the year where the
disease propagated until mitigation measures were enacted, there was about a 2% chance that an
infected cow would be transported outside of the Manhattan, Kansas, area. Because this occurred only
in some months of the year, the overall probability of an infection being initiated in a rural area was less
than 1%. However, if this movement did occur, the impact of the infection was significantly greater, with
up to 1,000 humans infected and over 30,000 cattle culled.
The impact for case 13RA (sabotage of a single room HEPA filtration system) was identical to that
described for 1RB. In this case, four cattle were considered to develop RVF due to two premises that
were covered by a low concentration aerosol. The lack of mosquitoes in the winter suggested that this
outbreak would not spread beyond these four cases.

4.5.5 Mitigation and Sensitivity Analysis
Effect of Detection Sensitivity

In RVF releases in the Manhattan, Kansas, area, infected humans accumulated much more quickly than
infected livestock because there are relatively few cattle near the NBAF. For this reason, unlike with
outbreaks of FMD, the reporting of an RVF outbreak was much less of an issue than the recognition of
the outbreak because there are no perverse incentives for clinicians to not report the infection of a
person. Many factors influenced recognition of the outbreak. The baseline model assumed that RVF was
detected in Manhattan, Kansas, once the 70th person became ill (this was the point at which the chance
of a fatal human illness surpassed 50%). An outbreak could be recognized earlier if clinicians were
trained to recognize the symptoms of RVF in patients presenting to medical facilities and therefore could
identify the outbreak given very few patients presenting with symptoms. Alternatively, the outbreak
could be detected later than the baseline models predicted when clinicians were unfamiliar with RVF
and more cases had to accumulate before the outbreak was recognized. The effect of earlier and later
detection on the extent of an RVF outbreak in Manhattan, Kansas, is shown in Figure 4‐91.
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Figure 491: Effect of Detection Threshold On An Outbreak Of RVF In Manhattan
Note That Both Axes Are Log Scale.

As shown in Figure 4‐91, if the outbreak was detected with fewer sick people than the baseline model
suggested (70) many lives would be saved. For example, if 35 sick people were sufficient to detect the
outbreak, more than 2/3 of the human cases would be prevented (and, since only 50 people would have
been infected, no deaths would have likely occurred from RVF). In contrast, if 140 sick people were
needed to trigger detection of the outbreak, three‐times more
• Results demonstrated that
people would become ill. Furthermore, early detection
training clinicians regarding the
decreased the chance that an infected animal would be
signs and symptoms of RVF greatly
exported from the region. If 35 infected people were sufficient
mitigated the impact of an RVF
release
from the NBAF.
to trigger detection, the chance that an infected animal was
exported dropped to less than two percent (from almost five
percent for the baseline—data not shown). In contrast, if 140 infected people were required to trigger
detection, the chance that an infected animal was exported reached almost 10% (data not shown).
Together, these results demonstrated that training clinicians regarding the signs and symptoms of RVF
greatly mitigated the impact of a RVF release from the NBAF. Absence of this type of training led to a
RVF outbreak with a much greater impact.
In rural areas infected livestock accumulated much more quickly than infected people. In the baseline
case, 200 infected cattle were required for reporting and this condition occurred prior to the first fatal
human case was expected (and therefore, the accumulation of ill cattle was the trigger for detection). To
determine the impact of better and worse detection and reporting, disease outbreaks in rural Haskel
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County (all starting with an infected, imported animal) were modeled using outbreak detection
thresholds from 12 to 800 cattle (1/16‐fold to 4‐fold the baseline threshold) as shown in Figure 4‐92).

Figure 492: Effect of Detection Threshold on an Outbreak of RVF in Rural Haskel County
Note that both axes are log scale.

Improvements to identification of an RVF outbreak in infected cattle via quick and proper diagnosis and
reporting severely curtailed the outbreak in rural areas, as the identification 100 sick cattle from the
outbreak was sufficient to decrease the impact of the
• Results demonstrated the
outbreak by more than four‐times for both livestock and
importance of RVF education and
humans. A drop in the detection threshold from 100 to 50
outreach to veterinarians and
producers in rural areas that may
(infected cattle was enough to curtail the outbreak almost
receive livestock from near the
ten‐times. In contrast, when detection and reporting was
NBAF; as early detection and
poor, the outbreak grew in impact. For example, if 400
reporting significantly reduced the
cattle were needed to identify the RVF outbreak (at which
impact of a release.
point, although many cattle have been infected, one fatal
human case was still not likely to have occurred and therefore detection will occur by the accumulation
of sick cattle) the number of cattle culled and the number of humans infected with RVFv was doubled.
These results demonstrated the importance of education and outreach to veterinarians and producers
in the rural areas that may receive livestock from near the NBAF; as early detection and reporting
significantly reduced the impact of an RVF release.
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Effect of Delay in the Application of Pesticides

The baseline model assumed that widespread pesticide application would begin seven days after an RVF
outbreak was recognized. The model was then used to explore the effect of pesticide application earlier
or later than this baseline to estimate the value of pre‐positioning resources for the application of
pesticides near the NBAF and the cost if these resources were not available quickly. Figure 4‐93 and
Figure 4‐95 indicate the effect of a delay in pesticide application on the impact of the RVF outbreak.

Figure 493: Effect of the Delay of Pesticide Application on the Impact of the
Outbreak in Rural Areas
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Figure 494: Effect of the Delay of Pesticide Application on the Impact of the
Outbreak in Urban Areas
A more rapid deployment of resources for mass spraying of pesticides significantly curtailed the
outbreak (cattle and human infections were cut about 75% when the pesticides were deployed in three
days). In contrast, a significant delay in the application of
• A rapid deployment of resources
pesticides from the baseline was catastrophic (approximately
for mass spraying of pesticides
ten‐fold more cattle infections resulted when pesticide
significantly curtailed the
spraying was delayed by a second week). Although the effect
outbreak (cattle and human
of the delay was less dramatic in an outbreak in Manhattan,
infections were cut about 75%
when pesticides were deployed in
Kansas, (vs. a rural area) the trend was still the same ‐ longer
delays in pesticide application led to significantly more human
and cattle infections. For this reason, it was recommended to use outbreak mitigation resources to
ensure that pesticide application occurs as quickly as possible after an outbreak is detected.
Effect of Pesticide Efficacy

The baseline model assumed that the use of pesticides increased the death rate of mosquitoes from
10% per day to 60% per day as explained in the data collection section previously. The resulting cattle
deaths and human infections of an outbreak were modeled to determine how differences in spraying
efficacy might affect the overall impact using both rural (Figure 4‐95) and urban (Figure 4‐96) areas.
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Figure 495: Effect of Spraying Efficacy On Cattle Deaths and Human Infections From RVF in
Rural Haskel County, Kansas

Figure 496: Effect of Spraying Efficacy on an RVF Outbreak in Manhattan, Kansas
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This analysis demonstrated that the efficacy of a pesticide spraying campaign was significant regarding
the impact of the disease in rural areas, but much less so on the
• Investments in robust pesticide
outbreak in Manhattan, KD. Pesticide applications that increased
spraying campaigns were valuable
the daily death rate of mosquitoes from 60% (baseline) to 80%
in decreasing the impact of an
reduced the casualties of people and cattle by one‐half (50%) in
outbreak of RVF in rural areas.
outbreaks in rural areas. Spraying campaigns that were only half
as effective as originally predicted (death rate of 30% instead of
60%), led to a four‐fold increase in number of human infections and a six‐fold increase in number of
cattle culled in rural areas. However, the efficacy of spraying campaigns in urban Manhattan, Kansas,
varied by two‐fold without a significant effect on the overall outbreak impact. Investments in robust
pesticide spraying campaigns were valuable in decreasing the impact of an outbreak of RVF in rural
areas.
Effect of Effective Public Communication

Once an outbreak of RVF was announced, the public could be told
to seldom venture outdoors for extended periods of time and to
• Timely and informative public
communication campaigns aimed
apply mosquito repellent when they had to go out of doors. The
to
reduce the risk of an RVF
baseline model assumed that this message could be delivered
outbreak by avoiding mosquito
and acted upon two days after an RVF outbreak was recognized,
bites were effective at reducing
and that it would result in a 75% reduction in the number of
human infections (assuming the
bites the average person received per day. When humans did
public adhered to the guidance).
not change their behavior following the announcement of the
outbreak (i.e., they went out of doors and did not apply repellent), the model predicted that nearly 50%
more humans would become infected by RVF (248 vs. 171). There was no change in the number of
infected cattle. This result underscored the importance of timely and informative public communication
campaigns to reduce the risk of the RVF outbreak to people by avoiding mosquito bites.
Effect of Culling Rate

Because RVF is not directly contagious between cattle, culling efforts targeted at infected animals only
may be practiced preferentially over mass culling. The baseline model assumed that 10 infected cows
could be identified and culled per day. Resources could be expended to improve the culling rates;
therefore the effect of increasing the culling rate was modeled for rural (Figure 4‐97) and urban areas
(data not shown).
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Figure 497: Effect of Culling Rate (from no culling to 2,500 head per day) on Impact of an
RVF Outbreak in a Rural Area
In an outbreak of RVF the ability to quickly cull infected animals was not a significant driver of the overall
consequences of the outbreak. As shown above, in rural areas a
• An increase in culling rate did not
250‐fold increase in culling rate decreased human and cattle
significantly reduce the impact of
infections by only about 10%. In Manhattan, Kansas, the culling
an RVF outbreak in either rural or
rate was even less important as comparatively few cattle became
urban areas examined.
ill. In Manhattan, no human infections were spared when the
culling rate was increased beyond the baseline to any value. Furthermore only four additional humans
became ill when no culling effort was implemented in Manhattan, Kansas, at all. The relative lack of
observed disease responsiveness to culling efforts likely stemmed from the fact that RVF infected
animals are only viremic for a short period of time before they recover from or die of the disease.
Uncertainty in the Role of Humans in the Virus Lifecycle

There was great uncertainty regarding the ability of humans
• The predicted impact of the RVF
(when infected by a mosquito) to support a viremia sufficient to
illness (in the model) was
infect mosquitoes that subsequently bit that same human. For
independent of the ability of
this reason, the model was run with the assumption that
viremic humans to infect
infected humans could not infect mosquitoes. In these cases,
although the outbreak evolved slightly slower in urban areas, the same number of both cattle and
people were infected by the time the outbreak was controlled (+/‐ 2%). Therefore, the predicted impact
of the illness in the model was independent of the ability of humans to infect mosquitoes. If humans
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were a dead‐end host, the scenario in which a laboratory worker accidentally infected him‐ or her‐ self
posed a risk only to that worker and not the livestock and people outside the NBAF.
Uncertainty Analysis of Bite Rate

A highly uncertain parameter in the model was the number of times that cattle and humans get bitten in
rural and urban areas. To determine how this parameter affected model output, the bite rate for cattle
and people were varied (the number of times a cow or human got bit per day was reduced or multiplied
by a factor of two and four). The effect of changing the bite rate in rural and urban areas is shown in
Figure 4‐98 and Figure 4‐99.

Figure 498: Effect of Bite Rate Adjustments On Cattle And Human Casualties In An RVF
Outbreak in Manhattan, Kansas
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Figure 499: Effect of Bite Rate Adjustments On Cattle And Human Casualties In A RVF
Outbreak in Haskel County, Kansas
Both human and cattle infections were strongly correlated to
the biting rate of cattle in both urban and rural areas and
insensitive to differences in the biting rate of humans. This
effect likely stemmed from the fact that even in urban areas
with few cows, viremic cows were bitten far more often than
viremic people and therefore drove the population of
mosquitoes able to transmit RVFv.

• Both human and cattle infections
were strongly correlated to the
mosquito biting rate of cattle in
both urban and rural areas and
insensitive to differences in the
biting rate of humans.

Also, the model considered that an infected mosquito can bite targets other than cattle or humans,
thereby “wasting” some potential to spread RVF. In urban areas, infected mosquitoes bite cattle only 1%
of the time because of their relative rarity and people 6% of the time (in rural areas, mosquitoes bit
cattle 67% of the time). The model was used to determine the dependence of host choice on the
evolution of the outbreak, and, as expected, a strong correlation was found between the frequency that
an infected mosquito would bit a cow and the number of infected people and cattle by the end of the
outbreak (for example, Figure 4‐100). A modest correlation was demonstrated between the frequency
of bites directed at people and the outbreak (not shown).
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Figure 4100: Relationship Between Biting Frequency Of Cattle In Urban Areas And The
Number Of Humans Infected By RVF By The End Of The Outbreak
Uncertainty in Incubation Time in Mosquitoes

Although the time required for a mosquito to develop a disseminated infection has been widely studied,
there was still some uncertainty regarding the incubation time given the environment in Kansas. For this
reason, the model was run assuming varying incubation times at room temperature (incubation time at
room temperature was a static parameter in the model and the actual incubation time was adjusted up
or down depending on the average daily temperature during the outbreak). The results of varying the
incubation time are shown for urban (Figure 4‐101) and rural areas (Figure 4‐102). As demonstrated,
either halving or doubling the incubation time of mosquitoes in rural areas had a modest effect (halving
the incubation time increased casualties by about 25%
• Mosquito incubation time was a
whereas doubling the incubation time decreased casualties by
critical parameter when large
about 50%). Therefore, significant uncertainty in this
numbers of livestock were
available (such as in a rural area)
parameter would have only a modest effect on the predicted
but less so in the immediate
impact in urban areas. In contrast, the same reduction in
vicinity of the NBAF.
mosquito incubation time tripled the casualties in rural areas;
and the same increase, reduced the number of infections by one‐
third. This result suggested that incubation time was a more critical parameter when the outbreak was
more explosive when large numbers of livestock available (such as in a rural area) but less so in the
immediate vicinity of the NBAF.
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Figure 4101: The Effect of Varying Incubation Time at Room Temperature on Both Human
and Cattle Infections in Manhattan
Note: The baseline value for this parameter is seven days

Figure 4102: The Effect of Varying Incubation Time at Room Temperature on Both Human
and Cattle Infections in Manhattan
Note: The baseline value for this parameter is seven days. The yaxis is in log scale to enable comparison of
human and cattle infections.
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5. Economic Assessment
5.1

Objective

The Economic Assessment task evaluated producer and consumer welfare impacts to the agricultural
sector resulting from unintentional releases of FMDv and RVFv, projected the costs and disruptions to
non‐agricultural activities in the primary and secondary regions that were epidemiologically impacted,
estimated human health costs, and assessed the costs of response — surveillance, quarantine, appraisal,
euthanasia, disposal, clean‐up and disinfection, and indemnity payments — traditionally associated with
risk scenarios and disease outbreaks.

5.2.

Technical Approach

The economic approach is multifaceted. The primary modeling approach used to determine the
economic effects on agricultural producers and consumers included (but was not limited to) the
following four market sectors of significance: beef, swine, dairy cattle, and grain at both the regional and
national levels. The general methodology relied on the use of a partial equilibrium, multi‐market model
of the livestock and grain sectors supplemented with a regional input‐output economic model to
account for regional impacts on the nonagricultural sectors (following Pendell et al., 2007). Input‐output
models provide measures of short‐run impacts across broad sectors of the economy. Assessment of a
finer level of fidelity is facilitated with the use of partial equilibrium and/or multi‐market models [Rich,
Winter‐Nelson and Miller, 2005]. In the case of FMD, no human health concerns were realized and
human health costs were not incorporated. In the case of RVF, human health impacts were included.
A partial equilibrium, multi‐market, microeconomic model provided the appropriate level of fidelity to
assess consequences for the SSRA, beginning with livestock and grain production to meat processing
through the supply chain and onto domestic and international customers. Changes in producer and
consumer surplus presented in the report provide a comprehensive measure of the market changes for
all products in the livestock and grain sectors along the entire supply chain [Just, Hueth, and Schmitz,
2004]. Assessing the grain sector is important as it provides input (i.e., feed) to the livestock sector.
Information on the direct cost to the government was drawn from recent economic literature and
combined with output from the epidemiological model and market data to calculate government costs.
The additional impact on businesses in allied nonagricultural sectors was assessed using the Bureau of
Economic Analysis’ RIMS II (Regional Input Output Modeling System). Human health costs of mortality
and morbidity from RVF were estimated using a contingent valuation method based upon data from a
survey in the primary region.
Given the wide range of potential outcomes from, and inherent uncertainty in, an FMD outbreak,
economic consequences were assessed to represent a range of the distribution of outcomes provided by
the epidemiological model. More specifically, economic consequences are reported for the distribution
of outcomes at the P5 level (meaning 5% of the epidemiological model outcomes resulted in lower
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economic costs), at the mean, and at the P95 level (meaning 95% of the epidemiological model
outcomes resulted in lower economic costs). In effect this provides lower, average, and upper measures
of economic consequences that may arise from an FMD outbreak. Given the small number of infected
and culled animals from the RVF outbreaks reported in the epidemiological outcomes, only the mean of
the distribution of outcomes is used to assess economic consequences (as the P95 level would make
little difference in the impact on outcomes).

5.2.1 Regional Background
The primary region for the economic impact analysis includes Kansas, Nebraska, Oklahoma, Colorado,
Missouri, Arkansas, and Iowa. Other states (Indiana, California, Minnesota, and Wisconsin) making up
the secondary region, which are not contiguous with or part of the primary region, were evaluated
separately contingent upon the likelihood of these states incurring losses due to FMD or RVF. The
primary and secondary regions were defined by the output of the epidemiological model.
From 2008 USDA/NASS data, cattle and calves are the most valuable agricultural commodity in four
states in the study. Nebraska, Kansas, Iowa, and Colorado are ranked in the top five for cattle on feed.
However, hogs are recognized as one of the top five commodities in seven of the states. Dairy is also
significant percentage of state farm receipts in six of the states and is ranked first in California and
Wisconsin.
Additional background on the economic value of livestock sectors in the regions of interest is provided in
Table 5‐1. These data were taken from USDA/NASS reports and summarize the estimated gross income
generated by beef cattle and swine in 2009. The final column reports the value of milk produced for the
same year. In the primary region, income from beef cattle clearly dominates as gross income is roughly
three times larger than for swine which is second in magnitude. In the secondary regions, dairy is more
prominent as the value of milk production nearly triples beef income, which slightly exceeds swine
income.
Table 51: Regional Economic Value of Livestock Sectors
Beef Cattle
State

AR
CO
IA
KS
MO
NE
OK
Total for Primary
Region
CA
IN

October 2010

Gross Income

$443
$ 2,612
$ 2,478
$ 5,558
$ 1,272
$ 6,250
$ 2,246

Swine
Gross Income
(Millions $s)
Primary Region
$ 86
$138
$ 4,431
$365
$767
$658
$512

$20,863
$ 1,686
$235

$6,957
Secondary Region
$ 26
$835
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Milk Production
Value of Milk Produced

$ 22
$364
$578
$348
$204
$161
$152
$1,829
$ 4,540
$453
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Table 51: Regional Economic Value of Livestock Sectors
State

Beef Cattle

Swine

Milk Production

Gross Income

Gross Income
(Millions $s)
$ 1,663
$ 94

Value of Milk Produced

MN
$ 1,001
$ 1,209
WI
$744
$ 3,306
Total for
$ 3,668
$ 2,618
$ 9,508
Secondary Region
US Total
$44,162
$14,427
$24,477
Sources: http://usda.mannlib.cornell.edu/usda/current/MeatAnimPr/MeatAnimPr-04-29-2010.txt and
http://usda.mannlib.cornell.edu/usda/current/MilkProdDi/MilkProdDi-04-29-2010.txt

5.2.2 Special Considerations
Trade Bans

The OIE requires immediate notification from member countries when listed or emerging diseases [OIE,
2009]. Member countries can self declare freedom of a country, zone or compartment from an OIE
listed disease. However, OIE does not recognize self declaration for Bovine Spongiform Encephalopathy,
FMDv, Rinderpest and Contagious Bovine Pleuropneumonia. If a notification is made for a particular
disease, immediate international and domestic trade restrictions are likely for specific species. In
addition to trade bans specified by national and international regulations, an important consideration is
an effective trade ban which may be realized by the uncontrolled release of any of pathogen.
FMD
The United States has been an FMD‐free country since 1929.
FMDv is an OIE listed and notifiable disease. Agricultural sectors with high probability of immediate
international trade restrictions after notification include cattle, swine, sheep, and goats. Chapter 8.5 of
the OIE Terrestrial Animal Health Code provides protocol for FMD.
Article 8.5.8 outlines the guidelines for Recovery of Free Status:
When an FMD outbreak or FMDV infection occurs in an FMD free country or zone where
vaccination is not practiced, one of the following waiting periods is required to regain
the status of FMD free country or zone where vaccination is not practiced: a) 3 months
after the last case where a stamping‐out policy and serological surveillance are applied
in accordance with Articles 8.5.40. to 8.5.46.; or b) 3 months after the slaughter of all
vaccinated animals where a stamping‐out policy, emergency vaccination and serological
surveillance are applied in accordance with Articles 8.5.40. to 8.5.46.; or c) 6 months
after the last case or the last vaccination (according to the event that occurs the latest),
where a stamping‐out policy, emergency vaccination not followed by the slaughtering of
all vaccinated animals, and serological surveillance are applied in accordance with
Articles 8.5.40. to 8.5.46., provided that a serological survey based on the detection of
antibodies to nonstructural proteins of FMDV demonstrates the absence of infection in
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the remaining vaccinated population. Where a stamping‐out policy is not practiced, the
above waiting periods do not apply, and Article 8.5.2. or 8.5.4. applies.
RVF
The historic distribution of RVF is the sub‐Saharan African continent, Madagascar and the Arabian
Peninsula. The United States is currently free of RVF.
RVF is an OIE listed and notifiable disease. Agricultural sectors with high probability of immediate
international trade restrictions after notification include cattle, bison, sheep, and goats (also includes
camels). Chapter 8.11 of the OIE Terrestrial Animal Health Code provides protocol for RVF. Hide and
skins, as well as wool and fiber, are not subject to OIE import or transit conditions (Article 8.11.2 Trade
in Commodities).
Article 8.11.10 outlines the guidelines for recommendations for importation from RVF infected countries
or zones with disease for ruminants:
Veterinary Authorities should require the presentation of an international veterinary
certificate attesting that the animals: 1) showed no evidence of RVF on the day of
shipment;2) were vaccinated against RVF at least 21 days prior to shipment with a
modified live virus vaccine; OR 3) were held in a mosquito‐proof quarantine station for at
least 30 days prior to shipment during which the animals showed no clinical signs of RVF
and were protected from mosquito attack between quarantine and the place of
shipment as well as at the place of shipment.
Article 8.11.11 outlines the guidelines for recommendations for importation from RVF infected countries
or zones with disease for meat and meat products of domestic and wild ruminants:
Veterinary Authorities should require the presentation of an international veterinary
certificate attesting that the carcasses: 1) are from animals which have been slaughtered
in an approved abattoir and have been subjected to ante‐mortem and post‐mortem
inspections for RVF with favorable results; and 2) have been fully eviscerated and
submitted to maturation at a temperature above +2°C for a minimum period of 24 hours
following slaughter.
Effective Trade Bans

In addition to trade bans specified by national and international regulations, an important consideration
is an effective trade ban. Effective trade bans reflect the changes in commerce (e.g., consumer behavior)
that can augment the impacts of actual trade bans or cause significant economic disruption in the
absence of any officially mandated ban. Effective trade bans can be persistent over long periods of time.
For example, while many countries have lifted trade bans on U.S. beef products, Japan still imposes
trade restrictions on U.S. beef imports due to the three BSE cases in the U.S. from 2003 to 2006.
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5.3

Methods

5.3.1 Partial Equilibrium Model for the Agricultural Sector
The current study utilized Paarlberg, Seitzinger, Lee, and Mathews’ [Paarlberg, 2008] partial equilibrium
model to assess the economic impacts of the livestock and grain sectors. Although other economic
models for disease outbreaks exist for the U.S. [Pendell et al., 2007; Zhao et al., 2006], the Paarlberg
[2008] model is the most comprehensive economic model available to complete the analysis for the
SSRA. Similar to Rich and Winter‐Nelson [2007], who assessed FMD outbreaks in South America, it
incorporates both spatial and temporal dimensions ‐ as well as farm and trade policy information ‐
necessary to appropriately model impacts of disease outbreaks in livestock. The modeling framework
integrated the North American Animal Disease‐Spread Model (NAADSM) epidemiological model results
(i.e., supply shocks) as input into the economic components to estimate the economic impacts of
outbreaks of FMD and RVF. It assessed the effects of a disease outbreak on major agricultural sectors—
livestock and crops—along vertical market chains, for agricultural inputs (wheat, coarse grains, rice,
soybeans, soybean meal, soybean oil, forage and pasture), production (cattle, hogs, poultry, lamb and
sheep, dairy, and eggs), processing (beef and cattle, pork and hogs, lamb and sheep, poultry and birds),
and consumption (beef, pork, poultry, lamb and sheep, dairy, eggs, rice, coarse grains, wheat, soybean
oil); and it projected the impacts of the disease outbreak over 20 calendar quarters. Of particular
importance to the SSRA, this model allowed the opportunity to assess impacts of FMD and RVF supply
shocks on the beef cattle, dairy cattle, swine, and grains sectors for domestic and international markets,
as well as the feed sector. It also allowed for the flexibility to include domestic consumer shocks and
adjustment of the duration and magnitude of trade bans specific to a species of livestock or crop.
Complete documentation of the model is provided in the Paarlberg et al. Economic Research Report
[Paarlberg, 2008].
A brief overview of the data, parameters, and inputs (e.g., supply, demand, and trade shocks) used to
implement the model is provided below.
Data

This section contains a summary of the data used in the model taken from Paarlberg [2008]. Quarterly
supply, use, and price data were primarily sourced from the Livestock Marketing Information Center
(LMIC). The LMIC database does not include data for some crops and trade. Quarterly supply, use, and
price data for coarse grains, wheat, and rice came from situation reports prepared by the Economic
Research Service of the U.S. Department of Agriculture (USDA/ERS, Outlook series). Quarterly supply
and use tables for the soybean complex prepared by ERS cover the later years. Forage prices are from
the LMIC database. Total quarterly use was generated by feed balance equations from which data on
animal numbers were combined with standard feeding practices to produce quarterly amounts of forage
and pasture. Production of hay, corn silage, and sorghum silage was reported by the National
Agricultural Statistics Service, U.S. Department of Agriculture. Uncut grazed pasture was imputed for
quarters 2 and 3. Trade data were derived from LMIC and ERS reports, as well as the U.S. Customs
through the Foreign Agricultural Service, U.S. Department of Agriculture. Policy information affecting
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the crop components of the model came from various sources; including Provisions of the Federal
Agriculture Improvement and Reform Act of 1996 [Nelson, 1996] and the 2002 Farm Act [Westcott,
2002].
Parameters

Model parameters included livestock‐feed balance information, revenue and factor shares, and
elasticities. The livestock‐feed balance information, revenue shares, and factor shares were retained as
defined in the Paarlberg et al. Economic Research Report [Paarlberg, 2008]. The retail elasticity values
(provided in Table 5‐2) for final meat demand for beef, pork, and poultry [Tonsor, Mintert, and
Schroeder, 2010], lamb, [Shiftlett et al., 2007] and milk [Zheng and Kaiser, 2008] were updated for this
study. Substitution elasticities for derived demand and trade elasticities remained unchanged.
Table 52: Retail Demand Elasticities for Agricultural Commodities
Retail Elasticities
Beef
Pork
Poultry
Lamb
CGrain
Wheat
Rice
Milk
Soyoil
Eggs

Beef
‐0.4219
0.0151
‐0.0414
0.789
0
0
0
0
0
0

Pork
0.0295
‐0.7397
0.0082
0
0
0
0
0
0
0

Poultry
‐0.1100
0.0131
‐0.0985
0.263
0
0
0
0
0
0

Lamb
0.789
0
0.263
‐1.052
0
0
0
0
0
0

CGrain
0
0
0
0
‐0.3
0
0
0
0
0

Wheat
0
0
0
0
0
‐0.309
0.229
0
0
0

Rice
0
0
0
0
0
0.036
‐0.328
0
0
0

Milk
0
0
0
0
0
0
0
‐0.301
0
0

Soyoil
0
0
0
0
0
0
0
0
‐0.314
0

Eggs
0
0
0
0
0
0
0
0
0
‐0.1103

Price Expectations
The model required an assumption about livestock grower expectations regarding prices and future
returns. In this study, producer decisions regarding livestock production were adjusted, to the outbreak,
by equating expected future returns to current returns for livestock (i.e., naïve expectations) [Paarlberg,
Hillberg Seitzinger, Lee, and Mathews, 2009]. In the model, expectations were set by the modeler, and
naïve price expectations were assumed for all scenarios.
Economic Shocks

An FMD or RVF outbreak will result in supply shocks (resulting from culling of animals and movement
restrictions), international demand shocks (resulting from trade bans or restrictions), and domestic
demand shocks (resulting from adverse reaction from consumers to the outbreak). The supply shocks
were derived from the epidemiological disease spread models for FMD and RVF and were integrated
into the quarterly economic model as percent changes in quantity. The model was simulated for 20
quarters. Economic impacts for the agricultural sector were determined by summing the quarterly
impacts to producer and consumers to determine the economic impacts of the FMD and RVF outbreaks.
The model solved for the percent changes in the endogenous variables (prices and quantities) for each
quarter and each agricultural sector. The percent changes were applied to a baseline defined by the
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observed data for the first quarter of 2009 through the fourth quarter of 2013. Thus, actual market price
and quantity movements during the 20‐quarter period were reflected in the baseline.
Supply Shocks
For the RVF scenarios, the production shocks were derived from the CRDFs generated by the RVF
epidemiological model. In particular, the CRDFs were used to calculate the expected number of animals
and humans infected for each scenario. The means used to define the shocks are given in Table 5‐3. The
mean number of cattle infected was proportioned between cow‐calf and feedlot cattle according to
data in the CRDFs and was converted to percentage changes in supply relative to the initial equilibrium.
These inputs served as the key supply shock inputs in the partial equilibrium model. Table 5‐3 reports
the mean numbers of people and animals infected. This human data was not entered into the partial
equilibrium model, but was used to determine the human health impacts as is described in section 5.3.3.
Table 53: Expected Number of Humans and Cattle Infected with RVFv Used To
Define Supply Shocks In The Economic Models
Case ID

Scenario

Mean # People Infected

3RB

Infected Mosquitoes

71.35

207.62

3RA

82.68

198.03

61.44

182.32

0.06

0.30

5RB

Infected Animal
Laboratory Acquired
Infection (LAI)
Deflagration without
Containment
Fire

0.06

0.30

8RA

Plane Crash

1.81

0.00

2RA, 2RB, 2RC
6RB

Mean # Animals Infected

Tables 5‐4 through 5‐7 report the average number of animals culled from FMDv and RVFv releases.
Table 5‐8 and 5‐9 report the average number of herds that were culled from an FMDv outbreak. The
average number of herds culled for RVFv was assumed to equal the average number of animals culled.
For FMDv, the average numbers of animals culled reported below were used in calculating the supply
shock. Additionally, the average number of animals culled and average herds culled were used in
estimating the governmental costs, which are discussed in the Government Costs section.
Table 54: Average Number of Animals Culled From An Accidental Release of FMDv
(Representative Case)
Region
Cow‐Calf

Swine

9,393

14,165

Mean

1,106,351

p95

3,663,239

Facility Type
Dairy

Feedlot

Sales Barn

2,663

13,295

54,834

1,541,965

255,779

1,157,824

294,233

5,299,073

790,353

3,403,694

536,091

Primary
p5
Cow‐Calf
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Table 54: Average Number of Animals Culled From An Accidental Release of FMDv
(Representative Case)
Region

Swine

Dairy

Feedlot

Sales barns

Facility Type
Dairy
262,329

Feedlot
0

Sales Barn
120,423

1,164,730

314,369

262,769

304,732

3,211,755

2,851,161

966,404

855,838

494,326

p5

Cow‐Calf
254,731

Swine
0

Mean

1,404,443

p95
p5

265,929

433,601

56,868

304,694

180,164

Mean

1,564,825

2,205,461

329,922

1,689,207

387,445

p95

3,701,815

5,601,672

776,284

3,531,285

543,325

p5

211,321

359,821

57,915

273,174

184,627

Mean

1,947,955

2,718,546

406,626

2,062,278

423,293

p95

4,792,800

6,859,408

911,039

4,325,296

562,550

p5

320,890

489,604

92,350

407,672

157,147

Mean

2,544,982

3,976,323

509,641

2,190,966

399,212

p95

6,279,842

10,453,397

1,098,483

4,699,159

548,150

a

Secondary ‐ California
Cow‐Calf

Mean

1,470

1,470

1,470

1,470

1,470

Dairy

Mean

4,789

4,789

4,789

4,789

4,789

Feedlot

Mean

3,363

3,363

3,363

3,363

3,363

Swine

Mean

184

184

184

184

184

Secondary ‐ Wisconsin

b

Cow‐Calf

Mean

3,856

3,856

3,856

3,856

3,856

Dairy

Mean

20,403

20,403

20,403

20,403

20,403

Feedlot

Mean

11,621

11,621

11,621

11,621

11,621

Swine

Mean

3,856

3,856

3,856

3,856

Cow‐Calf

Mean

2,313

2,313

2,313

2,313

Dairy

Mean

3,305

3,305

3,305

3,305

3,305

Feedlot

Mean

4,916

4,916

4,916

4,916

4,916

Swine

Mean

32,042

32,042

32,042

32,042

Cow‐Calf

Mean

1,469

1,469

1,469

1,469

Dairy

Mean

1,291

1,291

1,291

1,291

1,291

Feedlot

Mean

2,006

2,006

2,006

2,006

2,006

b

32,042
Secondary ‐ Indianad
1,469

Mean

20,230
20,230
20,230
20,230
20,230
The number of expected animals culled in California, as determined by the disease spread model, was multiplied by
the percent chance (3.5%) of an infected animal movement. The resulting value (as seen above) is the expected
number of culled animals in California. The expected number of culled animals in California is added to the number
culled animals in the primary region. This estimated value of total culled animals is then converted to a percentage
change in supply and is incorporated in the partial equilibrium model.
The expected number of animals culled in Wisconsin, as determined by the disease spread model, was multiplied
by the percent chance (3.1%) of an infected animal movement. The resulting value (as seen above) is the expected

Swine
a

3,856
Secondary ‐ Minnesotac
2,313
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Table 54: Average Number of Animals Culled From An Accidental Release of FMDv
(Representative Case)
Region

Facility Type
Cow‐Calf
Swine
Dairy
Feedlot
Sales Barn
number of culled animals in Wisconsin. The expected number of culled animals in Wisconsin is added to the
number culled animals in the primary region. This estimated value of total culled animals is then converted to a
percentage change in supply and is incorporated in the partial equilibrium model.
c
The expected number of animals culled in Minnesota, as determined by the disease spread model, was multiplied
by the percent chance (1.3%) of an infected animal movement. The resulting value (as seen above) is the expected
number of culled animals in Minnesota. The expected number of culled animals in Minnesota is added to the
number culled animals in the primary region. This estimated value of total culled animals is then converted to a
percentage change in supply and is incorporated in the partial equilibrium model.
d
The expected number of animals culled in Indiana, as determined by the disease spread model, was multiplied by
the percent chance (1.1%) of an infected animal movement. The resulting value (as seen above) is the expected
number of culled animals in Indiana. The expected number of culled animals in Indiana is added to the number
culled animals in the primary region. This estimated value of total culled animals is then converted to a percentage
change in supply and is incorporated in the partial equilibrium model.
Note: Total susceptible in the primary region by scenario is 61.9 million head. Total susceptible in the secondary states
was calculated as the total culled per state times the ratio of the total susceptible in the primary region to the total
culled in the primary region.

Table 55: Average Number of Animals Culled From a
SelfAnnouncing Release of FMDv
Region
Primary
Tornado

High Wind

Seismic

Plane Crash

Cow‐Calf
10,013

Swine
12,007

Facility Type
Dairy
3,296

Mean

28,978

61,284

20,824

41,155

11,527

p5

Sales Barn
3,400

p95

61,183

150,189

38,268

99,433

39,114

p5

3,748

3,548

1,484

17,716

0

Mean

20,344

46,270

14,190

60,098

9,495

p95

59,153

129,872

36,830

135,671

63,446

p5

10,013

12,007

3,296

8,229

3,400

Mean

28,978

61,284

20,824

41,155

11,527

p95

61,183

150,189

38,268

99,433

39,114

p5

450

29

110

1,398

0

11,856

30,515

8,970

17,772

5,604

65,219

33,930

Mean
p95

45,114
130,310
30,800
Note: Total susceptible in the primary region by scenario is 61.9 million head.
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Table 56: Average Number Of Animals Culled From An Accidental
Release of RVFva
Laboratory
Acquired Infection
(LAI)
41

1 Infected
Animal Escapes

10 Infected
Mosquitoes Escape

44

43

0

0

0

563

563

165

Sales barn

0

0

0

Swine

0

0

0

Region (Primary)
Cow‐Calf
Dairy
Feedlot

a

Total units culled is the same as total number of animals destroyed.
Note: Total susceptible in the primary region by scenario is 1.5 million head.

Table 57: Average Number Of Animals Culled From A
SelfAnnouncing Release of RVFva

0.3

Deflagration without
Containment
0.3

Dairy

0

0

0

Feedlot

0

0

0

Sales barn

0

0

0

Swine

0

0

0

Region (Primary)
Cow‐Calf

Fire

Plane Crash
0

a

Total units culled is the same as total number of animals destroyed
Note: Total susceptible in the primary region by scenario is 1.5 million head.

Table 58: Average Number Of Herds Culled From An Accidental
Release of FMDv (Representative Case)
Region
Primary

Cow‐Calf
46

Swine
15

Mean

1,942

768

p95

5,220

p5

p5
Cow‐Calf

Swine

Dairy

Feedlot

Sales barn

October 2010

Facility Type
Dairy
17

Feedlot
16

Sales Barn
5

519

688

23

2,170

1,258

1,792

40

751

689

0

0

11

Mean

2,673

199

330

105

24

p95

4,916

1,412

1,022

334

36

p5

832.5

15

225.9

279.7

327.75

Mean

2896.53

1097.14

722.38

1010.73

29.71

p95

5444.8

2243.2

1260.2

1862.2

40

p5

683

15

223

258

1,289

Mean

3,319

32

824

1,187

291

p95

6,318

42

1,416

2,157

2,703

p5

156

213

11

548

221

Mean

3,238

1,554

779

1,060

31

p95

6,861

3,627

1,503

2,144

42
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Table 58: Average Number Of Herds Culled From An Accidental
Release of FMDv (Representative Case)
Region
Primary

Facility Type
Cow‐Calf
Swine
Dairy
Secondary ‐ Californiaa
5
5
5

Cow‐Calf

Feedlot

Sales Barn

5

5

Dairy

16

16

16

16

16

Feedlot

12

12

12

12

12

Swine

1

1

1

1

Cow‐Calf

9

9

9

9

Dairy

48

48

48

48

48

Feedlot

28

28

28

28

28

Swine

9

9

9

9

Cow‐Calf

7

7

7

7

1
Secondary – Wisconsina
9

9
Secondary – Minnesotaa
7

Dairy

10

10

10

10

10

Feedlot

15

15

15

15

15

Swine

97

97

97

97

Cow‐Calf

0.2

0.2

0.2

0.2

97
Secondary – Indianaa
0.2

Dairy

0.2

0.2

0.2

0.2

0.2

Feedlot

0.3

0.3

0.3

0.3

0.3

Swine

2.7

2.7

2.7

2.7

2.7

a

To arrive at the culled units, the raw number of culled units in each state was multiplied by the chance of an infected animal
movement. The number of culled units for each state was then apportioned by the NASS distribution across production types.

Table 59: Average Number Of Herds Culled From A SelfAnnouncing
Release of FMDv
Region
Primary

Swine
13

Mean

136.24

50.03

63.98

42.98

2.52

p95

289.05

115

137.1

98.1

4

p5

17

5

11.95

21

0

Mean

82.33

35.83

57.78

59.24

0.57

p95

230.2

100.15

141.1

127

2

p5

52.95

13

18.95

8

2

Mean

136.24

50.03

63.98

42.98

2.52

p95

289.05

115

137.1

98.1

4

p5
Tornado

High Wind

Seismic

p5
Plane Crash

October 2010

Facility Type
Dairy
Feedlot
18.95
8

Cow‐Calf
52.95

Sales Barn
2

4

0.95

2

1

0

Mean

52.58

22.63

28.27

18.25

0.37

p95

192.05

93.05

109

66

2
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Tables 5‐10 through 5‐12 report the supply shocks used in this study. All supply shocks were calculated
by taking the number of culled animals divided by the total number of animals by production type.
Table 510: Supply Shocks Used For FMDv Representative Case and Self
Announcing Scenarios
Production Type
Beef Slaughter
Beef Cows
Dairy
Swine
Cattle
P5a
‐0.259%
‐0.084%
‐0.156%
‐0.093%
b
Mean
‐4.580%
‐3.474%
‐1.378%
‐1.663%
Cow‐Calf
c
P95
‐12.432%
‐11.215%
‐3.981%
‐5.559%
P5
‐0.389%
‐0.849%
‐0.143%
‐0.332%
Mean
‐1.433%
‐4.365%
‐1.660%
‐1.271%
Swine
P95
‐4.127%
‐9.849%
‐4.835%
‐3.018%
P5
‐1.530%
‐0.914%
‐0.417%
‐0.510%
Mean
‐5.438%
‐4.886%
‐1.735%
‐2.354%
Dairy
P95
‐12.861%
‐11.333%
‐3.913%
‐5.873%
P5
‐1.440%
‐0.754%
‐0.422%
‐0.433%
Mean
‐7.837%
‐6.045%
‐2.105%
‐2.887%
Feedlot
P95
‐15.466%
‐14.590%
‐4.567%
‐7.178%
P5
‐1.801%
‐1.065%
‐0.588%
‐0.569%
Mean
‐8.188%
‐7.807%
‐2.602%
‐4.196%
Sales barns
P95
‐16.630%
‐14.655%
‐5.477%
‐10.909%
P5
‐0.036%
‐0.032%
‐0.016%
‐0.013%
Mean
‐0.163%
‐0.092%
‐0.100%
‐0.064%
Tornado
P95
‐0.424%
‐0.203%
‐0.184%
‐0.156%
P5
‐0.057%
‐0.011%
‐0.007%
‐0.004%
Mean
‐0.219%
‐0.066%
‐0.068%
‐0.048%
High Wind
P95
‐0.605%
‐0.210%
‐0.177%
‐0.135%
P5
‐0.036%
‐0.032%
‐0.016%
‐0.013%
Mean
‐0.163%
‐0.092%
‐0.100%
‐0.064%
Seismic
p95
‐0.424%
‐0.203%
‐0.184%
‐0.156%
P5
‐0.005%
‐0.001%
‐0.001%
0.000%
Mean
‐0.072%
‐0.038%
‐0.043%
‐0.064%
Plane Crash
P95
‐0.300%
‐0.152%
‐0.148%
‐0.136%
a
For the P5 scenarios, 100% of the supply reduction occurred in the first quarter.
b
For the Mean scenarios, 95% of the supply reduction occurred in the first quarter with the
remaining 5% reduction occurring in the second quarter.
c
For the P95 scenarios, 80% of the supply reduction occurred in the first quarter with the
remaining 20% reduction occurring in the second quarter.
Scenario
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Table 511: Supply Shocks Used For An Accidental Release of RVFv by Scenarioa
Production Type

Laboratory Acquired
Infection (LAI)

1 Infected Animal Escapes

10 Infected Mosquitoes Escape

‐0.0018%

‐0.0018%

‐0.0005%

‐0.0001%

‐0.0001%

‐0.0001%

Dairy

0%

0%

0%

Swine

0%

0%

0%

Beef Slaughter
Cattle
Beef Cows

Table 512: Supply Shocks Used For A Self Announcing Release Of
RVFv By Scenario
Production Type

Fire

Plane
Crash

Deflagration without
Containment

Beef Slaughter Cattle

0%

0%

0%

‐0.000001%

0%

‐0.000001%

Dairy

0%

0%

0%

Swine

0%

0%

0%

Beef Cows

a

50% of the supply reduction occurred in the 2nd quarter with the
remaining 50% reduction occurring in the 3rd quarter.

Consumer Shocks
Consumer demand shocks were incorporated to allow variations in the level of consumer perception of
health risks. These parameters indicate the share of the population cutting consumption of a final good
and provide a policy instrument by which to manage impacts on final demand. Various studies have
quantified the impact of consumer demand in the U.S. to livestock disease outbreaks. Piggott and Marsh
[2004], using quarterly annual data from 1982 to 1999 for the U.S., reported that the impact on beef
demand to public food safety information was statistically significant, but on average small and short
lived (i.e., a shock of 1 quarter). Beef demand decreased as much as 5.9% in one quarter to public food
safety information over the period from 1982 to 1999. Coffey et al. [2005] provided a summary of
survey results from different sources related to BSE announcements. They reported that across five
different surveys that between 14 and 29 percent of respondents reported reducing their beef
consumption. Survey results from Thilmany, Umberger, and Ziehl [2004] concluded that the BSE incident
generated a 13% demand reduction. Several studies have examined response to BSE using weekly
grocery store scanner data. Kuchler and Tegene [2006] used weekly sales from 1998 to 2004 to examine
the impact of the BSE case in 2003. For the Washington State BSE case, they find the impact on fresh
beef purchase to be short‐lived with week 1 purchase to be 32.6% lower and week 2 purchase to be
18.7% lower. Schlenker and Villas‐Boas [2009], using transaction level data, reported that sales (not
demand) fell 21% during the first 35 days following the announcement of BSE. Losses recovered to
about a 10% decline by day 90. While informative as to the duration of consumer shock, scanner data is
not based on statistically drawn sample, which makes the magnitude of the shock less useful for
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analyzing current market conditions [Hahn et al., 2009]. FMD outbreaks have been experienced in other
countries, including the UK in 2001. Consumers in the UK decreased their average weekly per capita
carcass meat consumption from 235 grams in 2001 to 229 grams in 2002 (or 2.7%). Consumption in the
UK recovered to pre‐outbreaks levels by 2006 [UK DEFRA, updated 1/14/2010].
Given the above information, demand shocks were specified for FMD and RVF across accidental and self
announcing releases. For example, following a large (small) accidental release of FMD, it was assumed
that 10% (2.5%) of people would refrain from consuming beef and pork while 5% (2.5%) would stop
consuming milk and dairy products during the first quarter. In the second, third, and fourth quarters,
consumer demand for beef and pork declined by 5% (2.5%), 2.5% (0%), and 1.25% (0%), respectively
(Table 5‐13). Because the number of animals stamped‐out was significantly smaller for the self‐
announcing scenarios, the changes in consumer demand were smaller. In the self‐ announcing larger
(smaller) FMD release scenario, it was assumed consumer demand decreased by 5% (2.5%) in the first
quarter for beef and pork while demand for milk and dairy products decreased by 2.5% (1.25%).
Demand for beef and pork declined to 2.5% (0%) and 0% (0%) in the second and third quarters,
respectively, while demand for milk and dairy products fully recovered by the second quarter (Table 5‐
13). For the mean scenarios, consumer shocks were linearly interpolated between the smaller (P5) and
larger (P95) shocks for each quarter.
Note: The percentage changes in consumer demand listed above are for beef and pork. The percentage
changes in consumer demand for milk and dairy products were assumed to occur only during the Initial
Outbreak Quarter 0 and are half the size of the decline in beef and pork demand (e.g., a 2.5% decline in
demand for milk and dairy products occurred in the Initial Outbreak Quarter 0 for the P5 Cow‐Calf
scenario).
Similar to BSE, but unlike FMD, RVF poses potential serious human health concerns and consequences
[WHO, 2010]. In 1997‐1998 an outbreak of RVF in Kenya resulted in 170 deaths, while in 1977‐1978 and
outbreak in Egypt reported 598 deaths [Woods et al., 2002]. Hence, it was assumed that 5% of people
would refrain from consuming beef in the first quarter while 2.5% would stop consuming beef in second
quarter following an accidental release of RVF (Table 5‐14). Because less than one animal and two
people were infected with RVF following a self‐announcing release, it was assumed consumer demand
did not change in the self‐announcing release scenarios (Table 5‐14). Although the magnitude of
consumer reaction to RVF in the accidental scenarios may seem large relative to the number infected
and culled animals, market evidence suggests that consumers in the U.S. respond more dramatically to
initial or novel outbreaks as opposed to repeated events [McCullough, Marsh, and Huffaker, 2010].

October 2010

316

NBAF SSRA Report
Table 513: Demand Shocks For FMD Representative Case and SelfAnnouncing Scenarios
Scenario

Cow‐Calf

Swine

Dairy

Feedlot

Sales barns

Tornado

High Wind

Seismic

Plane Crash

p5
Mean
p95
p5
Mean
p95
p5
Mean
p95
p5
Mean
p95
p5
Mean
p95
p5
Mean
p95
p5
Mean
p95
p5
Mean
p95
p5
Mean
p95

Outbreak

Outbreak +1

End of Outbreak +2

End of Outbreak +3

‐5.00%
‐7.50%
‐10.00%
‐7.50%
‐8.75%
‐10.00%
‐7.50%
‐8.75%
‐10.00%
‐7.50%
‐8.75%
‐10.00%
‐7.50%
‐8.75%
‐10.00%
‐2.500%
‐3.750%
‐5.000%
‐2.500%
‐3.750%
‐5.000%
‐2.500%
‐3.750%
‐5.000%
‐2.500%
‐3.750%
‐5.000%

‐2.50%
‐3.75%
‐5.00%
‐3.75%
‐4.38%
‐5.00%
‐3.75%
‐4.38%
‐5.00%
‐3.75%
‐4.38%
‐5.00%
‐3.75%
‐4.38%
‐5.00%
0%
‐1.875%
‐2.500%
0%
‐1.875%
‐2.500%
0%
‐1.875%
‐2.500%
0%
‐1.875%
‐2.500%

0%
‐1.250%
‐2.500%
‐1.250%
‐1.875%
‐2.500%
‐1.250%
‐1.875%
‐2.500%
‐1.250%
‐1.875%
‐2.500%
‐1.250%
‐1.875%
‐2.500%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%

0%
0%
‐1.250%
0%
0%
‐1.250%
0%
0%
‐1.250%
0%
0%
‐1.250%
0%
0%
‐1.250%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%

Table 514: Demand Shocks For RVF Accidental and SelfAnnouncing Scenarios
Scenario
10 Infected Mosquitoes Escape
1 Infected Animal Escapes
Laboratory Acquired Infection (LAI)
Deflagration without Containment
Fire
Plane Crash

Initial Outbreak
Qtr 0
0%
0%
0%
0%
0%
0%

Ongoing Outbreak
Qtr +1
‐5.0%
‐5.0%
‐5.0%
0%
0%
0%

Post Outbreak
Qtr +2
‐2.5%
‐2.5%
‐2.5%
0%
0%
0%

Trade Shocks
The magnitude and duration of trade shocks assumed for this study were based on observations from
previous events in, and studies about, the U.S. and across the world. In 2003 and 2004, due to isolated
incidences of BSE, the U.S. and Canada faced complete bans on beef in major overseas markets while
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beef and cattle imports and exports continued among the North America Free Trade Agreement
countries (Canada, Mexico, and the United States) under a variety of restrictions [Blayney, 2005]. The
U.S. has experienced a long recovery relative to pre‐outbreak trade status as a result the isolated BSE
events. U.S. beef exports, as a percentage of beef production was 9.6% in 2003, dropped dramatically to
1.9% in 2004, and recovered to 7.1% in 2008 [USDA‐ERS].
A review of the economic literature on previous events and research is useful in identifying plausible
time lengths defining trade bans for FMD and RVF scenarios. The European Union imposed a one year
ban on the UK following its 2001 FMD outbreak. Rich and Winter‐Nelson [2007] studied FMD outbreaks
during 2000‐2001 in the southern cone of South America, reporting short lived impacts on exports to
Argentina, Brazil, and Uruguay. In modeling exercises, they assumed exports to fully resume sixteen
weeks after the end of the outbreak was declared. Randolph et al [2005] examined FMD outbreaks in
Zimbabwe, and assumed a 12 month export ban. Cagnolati et al [2005] analyzed economic impacts of
RVF in Somali for both 1998 and 2000, reporting one and two year export bans, respectively. In 2000,
RVF was reported for the first time outside of the African continent. Import bans were imposed by
Bahrain, Oman, Qatar, Yemen and the United Arab Emirates for one year. Saudi Arabia imposed a six
year ban on imports [Desta 2007]. Although the actual length of export restrictions will depend upon the
actual product, disease, trade agreements, and countries involved, these observations provide
informative guidelines for the economic model assumptions and simulations.
Based on the above information trade shocks were constructed in the following manner. First, 95% of all
U.S. exports of beef, pork, lamb meat, cattle, swine, and lambs and sheep were halted during the full
quarter of the outbreak and for one quarter after the last case appears. This assumes some
processed/cooked beef is still exported after the outbreak. Interrupting exports for one quarter beyond
the end of the outbreak was consistent with OIE guidelines and practices (Chapter 8.5) during FMD
outbreaks [OIE, 2009]. Second, after the additional quarter ended with no FMD reported, it was
assumed that U.S. exports of the embargoed products gradually recovered over the subsequent
quarters towards the baseline levels. Full recovery was assumed to occur in approximately two years
(immediately following one full quarter after the outbreak is contained) as defined in Table 5‐15.
Identical trade shocks were assumed for average and larger FMD outbreaks, but reduced for smaller
outbreaks. Based on the previous experience in the U.S. with BSE and documented experiences with RVF
across the world, trade disruptions for RVF were assumed to recover over a two year period, similar in
duration and magnitude to those for FMD (Table 5‐16). For both FMD and RVF, the duration of the
outbreak becomes a critical element in determining the economic effects from trade disruptions.
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P5
Mean
P95
P5
Mean
P95
P5
Mean
P95
P5
Mean
P95
P5
Mean
P95
P5
Mean
P95
P5
Mean
P95
P5
Mean
p95
P5
Mean
P95

October 2010

‐
Cow‐Calf ‐
‐
‐
Swine
‐
‐
‐
Dairy
‐
‐
‐
Feedlot
‐
‐
‐
Sales barns ‐
‐
‐
Tornado
‐
‐
‐
High Wind ‐
‐
‐
Seismic
‐
‐
‐
Plane Crash ‐
‐

Scenario

Initial
Outbreak
Qtr 0
‐ 95%
‐ 95%
‐ 95%
‐ 95%
‐ 95%
‐ 95%
‐ 95%
‐ 95%
‐ 95%
‐ 95%
‐ 95%
‐ 95%
‐ 95%
‐ 95%
‐ 95%
‐ 95%
‐ 95%
‐ 95%
‐ 95%
‐ 95%
‐ 95%
‐ 95%
‐ 95%
‐ 95%
‐ 95%
‐ 95%
‐ 95%

Ongoing
Outbreak
Qtr +1
95%
95%
95%
95%
95%
95%
95%
95%
95%
95%
95%
95%
95%
95%
95%
95%
95%
95%
95%
95%
95%
95%
95%
95%
95%
95%
95%

Post
Outbreak
Qtr +2
‐85%
‐95%
‐95%
‐85%
‐95%
‐95%
‐85%
‐95%
‐95%
‐85%
‐95%
‐95%
‐85%
‐95%
‐95%
‐85%
‐85%
‐85%
‐85%
‐85%
‐85%
‐85%
‐85%
‐85%
‐85%
‐85%
‐85%

Post
Outbreak
Qtr +3
‐70%
‐85%
‐85%
‐70%
‐85%
‐85%
‐70%
‐85%
‐85%
‐70%
‐85%
‐85%
‐70%
‐85%
‐85%
‐70%
‐70%
‐70%
‐70%
‐70%
‐70%
‐70%
‐70%
‐70%
‐70%
‐70%
‐70%

319

Post
Outbreak
Qtr +4
‐50%
‐70%
‐70%
‐50%
‐70%
‐70%
‐50%
‐70%
‐70%
‐50%
‐70%
‐70%
‐50%
‐70%
‐70%
‐50%
‐50%
‐50%
‐50%
‐50%
‐50%
‐50%
‐50%
‐50%
‐50%
‐50%
‐50%

Post
Outbreak
Qtr +5
‐ ‐40%
‐ ‐50%
‐ ‐50%
‐ ‐40%
‐ ‐50%
‐ ‐50%
‐ ‐40%
‐ ‐50%
‐ ‐50%
‐ ‐40%
‐ ‐50%
‐ ‐50%
‐ ‐40%
‐ ‐50%
‐ ‐50%
‐ ‐40%
‐ ‐40%
‐ ‐40%
‐ ‐40%
‐ ‐40%
‐ ‐40%
‐ ‐40%
‐ ‐40%
‐ ‐40%
‐ ‐40%
‐ ‐40%
‐ ‐40%

Post
Outbreak
Qtr +6
30%
40%
40%
30%
40%
40%
30%
40%
40%
30%
40%
40%
30%
40%
40%
30%
30%
30%
30%
30%
30%
30%
30%
30%
30%
30%
30%

Post
Outbreak
Qtr +7
‐20%
‐30%
‐30%
‐20%
‐30%
‐30%
‐20%
‐30%
‐30%
‐20%
‐30%
‐30%
‐20%
‐30%
‐30%
‐20%
‐20%
‐20%
‐20%
‐20%
‐20%
‐20%
‐20%
‐20%
‐20%
‐20%
‐20%

Post
Outbreak
Qtr +8
‐10%
‐20%
‐20%
‐10%
‐20%
‐20%
‐10%
‐20%
‐20%
‐10%
‐20%
‐20%
‐10%
‐20%
‐20%
‐10%
‐10%
‐10%
‐10%
‐10%
‐10%
‐10%
‐10%
‐10%
‐10%
‐10%
‐10%

Table 515: Percentage Change Of International Trade Following FMDv Outbreaks by Scenario
Post
Outbreak
Qtr +9
‐5%
‐10%
‐10%
‐5%
‐10%
‐10%
‐5%
‐10%
‐10%
‐5%
‐10%
‐10%
‐5%
‐10%
‐10%
‐5%
‐5%
‐5%
‐5%
‐5%
‐5%
‐5%
‐5%
‐5%
‐5%
‐5%
‐5%

Post
Outbreak
Qtr +10
0%
‐5%
‐5%
0%
‐5%
‐5%
0%
‐5%
‐5%
0%
‐5%
‐5%
0%
‐5%
‐5%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
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10 Infected Mosquitoes
Escape
1 Infected Animal Escapes
Laboratory Acquired
Infection (LAI)
Deflagration Without
Containment
Fire
Plane Crash

Scenario

100%
100%
100%
100%
100%

‐100%
‐
‐100%
‐
‐100%
‐

‐85%
‐85%

‐85%

‐100%
‐100%

‐70%
‐70%

‐70%

‐85%
‐85%

Ongoing
Post
Post
Outbreak Outbreak Outbreak
Qtr +1
Qtr +2
Qtr +3
100%
‐100%
‐85%

‐100%
‐
‐100%
‐

Initial
Outbreak
Qtr 0
‐100%
‐

320

‐50%
‐50%

‐50%

‐70%
‐70%

Post
Outbreak
Qtr +4
‐70%

‐ ‐40%
‐ ‐40%

‐ ‐40%

‐ ‐50%
‐ ‐50%

Post
Outbreak
Qtr +5
‐ ‐50%

30%
30%

30%

40%
40%

Post
Outbreak
Qtr +6
40%

‐20%
‐20%

‐20%

‐30%
‐30%

Post
Outbreak
Qtr +7
‐30%

‐10%
‐10%

‐10%

‐20%
‐20%

Post
Outbreak
Qtr +8
‐20%

Table 516: Percentage Change Of International Trade Following RVFv Outbreaks by Scenario

‐5%
‐5%

‐5%

‐10%
‐10%

Post
Outbreak
Qtr +9
‐10%

0%
0%

0%

‐5%
‐5%

Post
Outbreak
Qtr +10
‐5%
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Outcomes

Consumer and Producer Surplus
The model provided estimates of changes in per capita consumer surplus between the baseline case
with no FMD or RVF outbreak and one of the previously defined outbreak scenarios. The economic
welfare of consumers was measured by the difference between what consumers were willing to pay and
what they must pay for each unit consumed. The changes in consumer surplus were adjusted by the
consumer surplus foregone by non‐consuming individuals.
Producer surplus was represented by changes in quasi‐profits and captured by returns to capital and
management (not sales). Producer surplus measured surplus changes along the supply change including
meat processing, egg and layers, dairy cattle and milk, beef cattle, swine, lambs and sheep, crops and
soybeans.

5.3.2 Regional Non‐Agricultural Impacts
Input‐output modeling can be traced back to the Nobel Prize winning work of Leontief [1936] [Irwin,
Issermann, Kilkenny, and Partridge, 2007]. The input‐output model is a system of linear equations that
describe the circular flow of income and product throughout an economy. A key issue in economic
impact analysis is defining the region of interest. The more narrowly defined a region the greater degree
income will ‘leak’ out of the region and fail to further affect the region’s economy. Likewise one must
understand the concept of an economic multiplier which measures the effect of an economic shock
(either positive or negative) on a specific sector of the economy. Multipliers are in general greater than
1.0 as they measure a total effect which subsumes indirect effects relative to the direct effects alone.
The economic impact of a shock in one industry on other industries in the region will depend on the
degree of economic dependence or interaction that exists between those industries. Thus, an industry
using locally‐produced inputs would have more effect on an economy than an industry that does not.
Agricultural economists have applied input‐output modeling to rural issues and improved the technique.
For example, Little and Doeksen [1968] devised a procedure to measure leakages from the local
economy and Heady and Sonka [1974] combined input‐output and math programming. For many years
survey‐based input‐output modeling was utilized and was extremely expensive. Eventually researchers
turned to governmental income accounting data [Round 1983]. While various input‐output models
arose during this period, two systems, developed with initial government funding, have continued to be
expanded and refined. The first develop by the Bureau of Economic Analysis is RIMSII (Regional Input‐
Output Modeling System), which is the approached used in the current SSRA. The second is IMPLAN
(Impact Analysis for Planning) originally developed by the Forest Service, which is now privately‐
maintained.
The livestock sectors affected by an outbreak are directly linked to both input and output markets.
Production inputs such as feed, fuel, and fertilizer are directly purchased by livestock producers.
Similarly, the animals produced by various farm types may move from farm to farm, or as a finished
animal or product moves into the agribusiness value chain for processing. While clear direct market
chain relationships exist, the effects of which are captured by the partial equilibrium model for the
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agricultural sector, there are also well‐known indirect effects on a local economy when an economic
enterprise increases or decreases production. For example, a processing plant will create employment
and those employees are likely to purchase a wide variety of goods and services such as medical care,
entertainment and other goods that are not directly related to the manufacturing plant. Thus, the
regional impacts of an economic shock were evaluated separately because of the localized effects.
These impacts may be contrasted with the broader economy consumer demand and trade shocks
resulting from an outbreak.
For the non‐agricultural impacts, input‐output industrial multipliers were obtained from the Bureau of
Economic Analysis (BEA) and these data were chosen because they provided a well accepted and
validated methodology to evaluate these impacts. Moreover, the multipliers were readily available with
flexibility to define the states defined in the primary and secondary regions in the study. The outcomes
of the RIMS II model compare favorably to alternative regional economic models. Specifically, a RIMS II
(Regional Input‐Output Modeling System), which combines BEA’s national I‐O table integrates the input
and output relationships of approximately 500 U.S. industries and regional economic accounts. The
final‐demand multipliers for output are used in this analysis to estimate the indirect economic activity
generated by a specific economic activity in a region (with the producer and consumer welfare measures
of the partial equilibrium model capturing the direct effects on the agricultural sector). Thus, the intent
of using the RIMS II data was to measure the effects of an FMD or RVF event on the non‐agricultural
regional economy. Calculations were structured to remove duplication or double counting of losses.
Three indirect effects were evaluated in the primary region economic modeling: first, the effect of
culling and destroying animals on the non‐agricultural regional economy (e.g. retail trade); second, the
economic implication of a travel ban that would limit recreational and non‐essential travel in and out of
a regional; and third, the indirect effects from the stimulus to the region created by the expenditures
during government clean‐up efforts. To some extent, the government expenditures and purchases of
goods and services while performing a clean‐up will stimulate the regional economy.
One critical aspect of using regional input‐output models to quantify economic impacts is clearly
defining the region of interest as the multipliers capture the associated economic activity of a specific
industry in a region. If the region is too tightly defined there is ‘leakage’ of economic activity out of the
region that is not represented. An important attribute of RIMS II is the flexibility to define regions in
terms of any combination of contiguous counties. For this analysis, five regions—consistent with the
epidemiological analysis and output—were defined. The primary economic region was composed of six
states ‐ Kansas, Nebraska, Missouri, Arkansas, Oklahoma, and Colorado. Four secondary state‐level
economic regions, California, Minnesota, Wisconsin and Indiana, were also modeled. Note that the
effects examined in this report are largely temporary shocks due to culling and animal disposal. Thus, as
production returns to pre‐release conditions, the indirect effects to these regions dissipate.
Because of government indemnification for culled cattle in an FMD or RVF event, it is assumed that a
farm will resume production after stop movement and quarantines are lifted and the owner is
compensated for his losses. After a return to production, the farm would resume its previous
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contributions to the economic activity in the region. For this analysis it was assumed that, on average,
farms returned to operations six months after culling. Thus, there would be a loss of six months of
economic activity that could induce indirect impacts on allied and non‐agricultural businesses.
The economic impact from the loss in travel expenditures can be measured using RIMS II [Mak, 1989].
Total domestic travel expenditures for overnight trips and day trips of over 50 miles in 2007 were
obtained from the U.S. Statistical abstract produced by the U.S. Census Bureau. These data are reported
on a state‐by‐state basis. However, the RIMS II data separates the economic effects of various forms of
travel (Table 5‐17). Thus, using data on the percentage allocations of travel expenditures from the
Bureau of Labor Statistics, expenditures were allocated by category for each state in the primary and
secondary regions (U.S. BLS).
Table 517: Allocation of Travel Expenditure by Category
Air transportation

29.1

Transit and ground
passenger
transportation
13.95

Spectator sports

10.8

Hotels and motels,
including casino
hotels
19.075

Food service

27.075

The magnitude of travel reductions was determined by assuming that travel reductions would last
approximately one quarter and would not affect all travel to and from major metropolitan areas. In
many cases, impacts would be limited to less than an entire state. While not insignificant, travel and
tourism is not a dominate sector in the primary region. Kansas, Nebraska, Oklahoma and Arkansas each
constitute less than 1% of the U.S. domestic travel visits and expenditures (3.1% combined). It is more
important in Colorado and Missouri which make up 2% and 1.8% of domestic travel visits and
expenditure, respectively. Tourism expenditure reduction in the UK following the FMD outbreak in 2001
was 13% [Blake et al., 2002]. Thus, a travel reduction of two percent per quarter of annual travel due to
an FMD release and a one percent per quarter reduction for RVF release was assumed. This is
representative of 8% and 4% annualized reductions, respectively. It is smaller than the UK experience
because of the limited impact a potential movement ban could have on travel expenditures in the
primary region. The higher percentage for FMD reflects the concerns associated with the disease being
carried out of the infected area.
Government Costs
Government costs included in this study were appraisal, euthanasia, disposal, cleaning and disinfection,
surveillance, indemnification, and quarantine. Indemnification costs reflect the value of culled animals in
the first quarter prior to an FMD or RVF release using LMIC price data. Costs per head and herd and
other assumptions are provided in Table 5‐18.
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Table 518: Government Cost Used in Calculations
Cost of Appraisal ($/Herd)*
Cost of cleaning and disinfection ($/herd)*
Fixed costs of surveillance($/herd)**
Variable costs of surveillance($/visit)**
Quarantine costs($/head/day)***
Euthanasia ($/animal)*
Carcass disposal ($/animal)*

Cow‐Calf
84
1565
200
75
1.25
24.59
13.19

Dairy
84
3315
200
75
1.25
5.02
1.97

Feedlot
210
9844
200
100
1.25
5.1
1.83

Sales Barn
210
9844
200
75
1.25
5.1
1.83

Swine
84
1127.5
200
75
1.25
3.61
2.55

* Pendell, D.L. (2006).
** Elbakidze, L. et al. (2009). Assumed 3 surveillance visits per herd.
*** Assumed 30 day quarantine period with all susceptible premises in each state incurring quarantine.

Mosquito control costs for RVF releases were calculated for Riley, Pottawatomie, and Haskell counties in
Kansas. Mosquito Control Cost = ($/acre)*(number of acres)*(number of spray applications). Table 5‐19
provides additional mosquito control cost detail and total control costs.
Table 519: Government Costs – Mosquito Control
Aerial Mosquito Control Cost ($)*

$8,573,531.52

Aerial Spray Cost ($/acre)**

$1.49

Number of Spray Applications

6

Total Acres***

959,008

* Mosquito Control Cost =sum of ($/acre)*(acres per county)*(number of spray applications).
**Aerial ULV $/acre for Malathion. Costs reported by City of Laramie Mosquito Control, Parks and Recreation
Department, August 25, 2009, Laramie, Wyoming.
***Expected Total Acres is determined by Riley County (398,080 acres) plus Pottawatomie County (551,680
acres) plus .025 times Haskell County (369,920 acres).

Surveillance costs were calculated by assuming a sample size of 800 cow‐calf, 800 dairies, 800 feedlots,
800 swine and 168 sales barns distributed over a two year period.

5.3.3 Valuing Human Impacts
Estimating the human costs of RVFv required estimation of the value of mortality and morbidity from
the disease. What follows is a discussion on the methods used to calculate the value of mortality and
morbidity from RVFv.
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1. Value of Mortality

The standard approach to determining the value of mortality is to use the value of a statistical life (VSL).
Value of Mortality = # of lives lost * VSL.
The most common approach to determining VSL is hedonic wage analysis. In such an analysis, one uses
data on differences in wages earned by people employed in occupations with different rates of
mortality.VSL is calculated by determining the implied extra wage required to get a worker to accept
(and an employer willing to pay for) a higher level risk of death. A large number of studies have
estimated VSL using such hedonic wage analyses. As a result, several government agencies have relied
on meta analyses such as that by Viscusi and Aldy [Viscusi, 2003] to arrive at a single VSL for use in cost‐
benefit analysis. The meta analysis conducted by Viscusi and Aldy suggested that the mean VSL from
U.S. studies varied from $5.5 to $7.6 million (in 2000 dollars).Taking the midpoint of this range ($6.55
million) and adjusting for inflation from 2000 to 2009 yielded a VSL of $8.16 million. This implies:
Value of Mortality from RVF = # of lives lost from RVF * $8,160,000.
2. Value of Morbidity

Unlike VSL, which need not conceptually vary by cause of death, determining the value of morbidity
from RVF was less straightforward because the value depends on the nature, severity, and length of the
disease.
There are two general approaches to determining the value morbidity. One is the cost of illness (COI)
approach and the other is the willingness‐to‐pay (WTP) approach. The COI approach is perhaps the most
widely used and it involves adding up direct medical costs (e.g., cost of hospital stay, cost of medicine,
cost of ambulance, etc.) borne directly by the infected individual or by the health care system and the
indirect costs which include losses in productivity (e.g., days of work lost * daily wage rate).
There were three drawbacks to the COI approach in the current context.
•

First, the COI approach ignored intangible factors like the “pain and suffering”; however, most
people would be willing to pay some amount above and beyond the aforementioned direct and
indirect costs to avoid the discomfort of the disease. That is, COI is likely to under‐estimate the
true cost of morbidity. This is a general and widely know critique of COI, but is especially true for
RVF, about which the WHO indicates, “As most human cases of RVF are relatively mild and of
short duration, no specific treatment is required for these patients.”[WHO, 2010]. That no specific
treatment is required does not imply that people would not prefer to avoid the disease.

•

Second, in this site‐specific risk assessment there was the potential for a highly localized outbreak
which could put strain on the local medical facilities and labor market. Assuming constant (or
exogenous) wage rates and medical prices (as is normally the case in COI calculations) was likely
to underestimate the true cost of illness because there were likely to be supply/demand shifts
that altered the relevant prices.

•

Finally, most COI studies use ex post data collected after the illness or incident to determine costs.
No such data exist as RVF has not been reported in the U.S.
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Each of the above considerations and particularly the absence of data on costs of RVF outbreaks outside
the U.S. necessitated an alternative to the COI approach. Therefore, to evaluate these costs, a WTP
approach was employed, the methods of which are described below. Survey‐based WTP measures have
their own criticisms, and the particular methods of implementation used for this study are meant to
circumvent or alleviate them.
For example:
•

Some studies suggest that in surveys people are not as sensitive to changes in the magnitude and
severity as one would expect (i.e., survey data often fail to pass the “scope” test).
o

•

Rather than using the contingent valuation method, in which a person is asked whether he
is willing to avoid a particular illness in a given scenario, the now widely accepted “choice
experiment” of “choice‐based conjoint” method in which people are asked to choose
between competing alternatives in several choice tasks was used. Failure of sensitivity to
scope is less common in choice experiments.

In hypothetical surveys there is no commitment and people often indicate they are willing to pay
much more than they actually are [Lista, 2001]; that is, contingent valuation surveys are often
prone to “hypothetical bias.”
o

Several studies have shown that choice experiments (in contrast to contingent valuation)
are less prone to hypothetical bias – particularly as it relates to marginal WTP (i.e., WTP to
have one good vs. another) as opposed to total WTP (i.e., WTP to have a good vs. not having
the good) [Carlsson, 2001; Lusk, 2004].The methods in this evaluation employed a choice
experiment and the values of morbidity and mortality derived from the survey were
calculated using marginal WTP. This suggests hypothetical bias was less likely to be an issue.

o

Moreover, Cummings and Taylor [Cummings, 1999] and List [Listb, 2001] have shown that
hypothetical bias can be alleviated with the use of a “cheap talk” script in which people are
requested to avoid hypothetical bias and Lusk [Lusk, 2003] shows the method has the
potential to remove hypothetical bias in contingent valuation mail surveys. In this survey, a
cheap talk script was used to help mitigate against hypothetical bias.

5.3.4 Survey Methods
Sample

During May 2010, a web‐based survey was administered to a random sample of residents of Kansas,
Oklahoma, Nebraska, and Missouri who are members of the Knowledge Networks panel. Although
Knowledge Networks uses a web‐based platform, the company utilizes random digit dialing methods
(using both listed and unlisted numbers as well as conventional and cell phone numbers) and address‐
based sampling methods to recruit members. Representativeness was insured by providing randomly
selected respondents with computers and on‐line access if not previously available. Thus, the panel was
comprised of both Internet and non‐Internet households, all of which were provided the same
equipment for participation in Internet surveys. Probability sampling was used to recruit participants,
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avoiding well known problems with “opt in” panels. More information on the panel, recruitment
methodology, studies comparing the Knowledge Network panel to other sampling techniques, and a
bibliography of published academic papers which have employed the Knowledge Network panel can be
found on their website [Knowledge Networks, 2010].
The survey was sent to 1,651 individuals in the four state region and 1,120 completed at least a portion
of the questions, implying a response rate of 68%. A portion (121) of the observations was removed
from the sample due to administrative error. In the analysis that follows, all results were computed
using a survey weight constructed by Knowledge Networks, which forced the sample to mirror the
Kansas population in terms of a host of demographic factors; the weight controls for ex ante known
sources of deviation from an equal probability of selection design as well as ex post differences in the
sample and the population of interest in terms of gender, age, race, education, metropolitan area, and
internet access.
Survey Instrument

To measure individuals’ WTP to avoid RVF, contingent valuation methods were generally used to value
mortality and morbidity [Alberini, 2004] with one important change – rather than contingent valuation
method, the choice experiment method was used [Louviere, 2000].The value of morbidity is most often
estimated from survey‐based approaches by requesting individuals to evaluate changes in risk
associated with a particular illness [Hammitt, 2007; Johnson, 1997].Because people have difficulty
understanding changes in risk, several studies suggested the need to provide illustrations to convey risks
and test individuals for understanding [Corso, 2001; Hammitt, 1999].As such, the initial survey questions
were context‐free and sought to educate and test individual about changes in risk. Figure 5‐1 shows the
initial screen shown to respondents and Figure 5‐2 shows one of the two risk test questions posed to
respondents. If a respondent incorrectly answered the question in Figure 5‐2, a prompt was given asking
the individual to choose again.
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Figure 51: Risk Communication

Figure 52: Test of Risk Understanding
After the introductory questions, the valuation scenario was introduced. To avoid bias, RVF was not
specifically mentioned by name; rather, individuals were introduced to a potential new disease that
could enter the U.S. Then, the symptoms of RVF were described.
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In order to determine peoples’ values to avoid the morbidity (and mortality) associated with RVF,
respondents were asked whether they would be willing to pay to purchase a vaccine to avoid the illness.
Note that the questions were framed in this way because it was a convenient mechanism to solicit
people’s WTP to avoid the disease. The intent was not to place a value on a vaccine per se or to value
vaccination as a potential mitigations strategy. Rather, vaccinations represented a credible and widely
known method for preventing disease, and as such they presented a useful way to measure people’s
tradeoffs between money (vaccine price) and health. Figure 5‐3 provides the exact information provided
to respondents prior to the choice questions. The information was split over two web‐screens to
facilitate reading and comprehension.
For this study, we are interested in understanding what you are willing to pay for a single dose of a
vaccine that provides immunity against a new flu‐like illness.
Individuals who become infected with this virus typically experience the following signs and
symptoms:
Fever, muscle pain, joint pain, and headache
Occasionally, people develop neck stiffness, sensitivity to light, loss of appetite and vomiting
Symptoms typically last from 2 to 7 days
Rarely (about 1% of cases), individuals who contract this virus report an eye condition that leads
to blindness
Also, in approximately 1% of cases, individuals that contract this virus die from it
Now, we want to ask you to answer several repeated questions about your willingness to buy and take
different vaccines that will provide partial immunity against this virus. Several vaccines are being
developed and some are more effective than others. The vaccines differ in terms of the effectiveness
of preventing the illness, the number of days symptoms are experienced, and in the likelihood of
preventing blindness and death if the virus is contracted. In all cases, the vaccines are administered
with a nasal spray which typically does not cause pain or notable side effects.
When answering the next questions, we ask that you answer honestly. Our research shows that in
surveys such as this one, people often indicate that they are willing to pay more than they actually are
when real money is on the line. Please don’t do this. Think carefully about each question and only pick
a vaccine option if you really would be willing to pay the stated amount for the vaccine.
Finally, please answer the questions in regard to your own health. You might also be willing to pay
something to prevent illness in family members, but right now we are only interested in your
willingness to prevent your own illness. Also, assume the cost of the vaccine would not be covered by
health insurance and you would have to pay out of pocket to receive your dose.
Figure 53: Information Provided to Survey Respondents
Following the provision of information, individuals were asked 8 choice questions similar to the one
provided in Figure 5‐4. Each choice question had a status quo or “No Vaccine” option in which the cost
was $0 and the chances of contracting flu‐like symptoms was fixed at 10% for 7 days, and in which the

October 2010

329

NBAF SSRA Report
chances of blindness and death from the virus were both 0.5%.The cost and chances of illness were held
constant at the same values across all eight questions.
An experimental design was used to create vaccine options A and B. In particular, there were five choice
attributes or characteristics, each of which was varied at two levels:
•

Chance of flu‐like symptoms: 5% or 1%

•

Length of flu‐like symptoms: 2 days or 5 days

•

Chance of blindness: 0.1% or 0%

•

Chance of death: 0.1% or 0%

•

Vaccine cost: $300 or $50.

The overall probabilities of illness, blindness and death from RVF were unknown at the time of the
survey, and as such levels that could be easily conveyed to respondents were used; the relative
probabilities of between illness from flu‐like symptoms and blindness/death, similar to actual RVF
outbreaks were used. In terms of estimating the value of morbidity, the choice of overall level of risk
was somewhat immaterial as the estimates relied on a calculation of how much people were willing to
pay for a change in risk. Before final administration of the survey, a pre‐test was conducted with
approximately 100 respondents and based on this information some slight modifications were made to
the original cost and probability values; the final levels used in the survey are those shown above.
Given that there were five attributes each varied at two levels, there were 25 = 32 possible vaccine
options that could be created for each vaccine option A and B or 2525=1,024 possible choice scenarios
that could be presented to respondents. As this would have been too many options to present to
respondents, a main effects orthogonal design was constructed such that each attribute was completely
uncorrelated with every other attribute both within and across options. This design required 16 choice
questions, which were blocked into sets of 8. Each respondent was randomly assigned one block of 8
choice questions.
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Figure 54: Example Choice Experiment Question Used to Estimate Value of
Morbidity in Adults
Because research shows that individuals are often willing to pay (WTP) more to prevent morbidity in
their children, following the 8 choice experiment questions, respondents were asked if a child was living
in their household under the age of 18. If the respondent answered yes, he/she was asked to complete
another 8 choice questions, this time corresponding to whether he/she would be willing to pay for a
vaccine for their child. An example of one such question is shown in Figure 5‐5. The same experimental
design was used for the child questions as the adult questions, with the only modification being that the
price levels of $300 and $50 were replaced with $400 and $100, respectively, given the expectation that
WTP would be higher for children.
Following these questions, respondents were asked standard demographic questions. They were also
asked whether they had a religious, moral or medical reason for avoiding vaccines all together. Any
respondent who answered affirmatively to this question was removed from the sample (less than 1%
answered affirmatively) because such individuals were unlikely to say they were willing to purchase a
vaccine even though they are likely to value reductions in the chances of morbidity. Also, any individual
who choose Vaccine Option A in all 8 choice questions or Vaccine Option B in all 8 choice questions was
removed from the sample. Because the vaccine options were “generic” in the sense that attribute levels
were randomly assigned, it is highly unlikely that someone would have a set of preferences that would
rationalize such a pattern of choices. Thus, someone who chose the same option in all 8 choice tasks
was probably not considering the tradeoffs implied in the questions. This left a total of 960 respondents
available for analysis, each of whom answered 8 choice questions about themselves, providing at
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dataset of 7,680 choices for analysis2. Two‐hundred fifty‐six of these respondents indicated the presence
of children in their home, and thus the final data set used to estimate the value of morbidity in children
consisted of 256*8=2,056 choice observations.

Figure 55: Example Choice Experiment Question Used to Estimate Value of
Morbidity in Children

5.3.5

Econometric Methods

To determine WTP from choice data, the random utility model of McFadden [1973] was utilized. Assume
respondent i in the choice derives the following utility for vaccine option j: Uij = Vij + εij, where Vij is the
deterministic and εij is the stochastic portion of utility. The systematic portion of the utility for option j is
defined as:
(1)

ܸ ൌ ߙ ܵݑݍݏݑݐܽݐ  ߚ, ܲ, ݀  ߚ,ௗ ܲ,ௗ  ߚ,ௗ ܲ,ௗ  ߛ ݐݏܥ

where Statusquoj is a dummy variable that equals 1 if option j is the “no vaccine” option, αj is an
alternative specific constant measuring the so‐called status quo bias (i.e., a measure of the utility an
individual derives from the status quo that cannot be explained by the other model parameters), Pj,ill,
Pj,blind, and Pj,die are the probabilities of flu‐like illness, blindness and mortality, respectively, βi,ill, βi,blind,
and βi,die are the disutilities of contracting the flu‐like illness for dj days, blindness and mortality,
respectively, Costj is the cost or price of alternative j, and γi is the disutility of price increases (or
equivalently, the marginal utility of income multiplied by ‐1).
2

Dropping individuals who initially gave an incorrect answer to one of the two risk test questions was considered at the beginning of the survey
(note: all respondents eventually answered both questions correctly because they were prompted when a wrong answer was given); however, the
model estimates were very similar with and without such individuals, and as a result they were left in the sample.
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Conceptually, it was straightforward to derive the value of morbidity or mortality from the utility
function in equation (1) (e.g., see Alberini, 2005). In particular, individual i’s WTP to avoid the flu‐like
illness lasting d days is: ߚ, ݀/ߛ .Similarly individual i’s WTP to avoid a case of blindness and death are
given, respectively, by ߚ,ௗ /ߛ and ߚ,ௗ /ߛ .These were the maximum amounts of money people
would be willing to pay to avoid a certain case of illness, blindness, or death; it was the maximum
vaccine cost that would make the individual indifferent to being vaccinated if they knew with certainty
they would contract the flu‐like illness, blindness, or death.
If faced with J choice options (J=3 vaccine options in this case), an individual was assumed to choose
option j if Uij > Uik for all j ≠ k. If the εij were distributed iid extreme value, then McFadden [1974] showed
that the probability of individual i choosing option j is:
(2)

Probሺoption ݆ is chosenሻ ൌ

ೇ
 ೕ

∑ೖసభ
 ೇೖ

If all individuals were assumed to be identical (e.g., βi = βk for all k), equation (2) gave rise to the well‐
known multinomial logit model. The assumption of preference homogeneity was likely to be overly
restrictive. To allow for heterogeneity in valuations across individuals, a mixed logit model was
estimated. In particular, it was assumed that the parameters above (let θ denote a vector of all
coefficients) were distributed in the population according to the distribution f( θ ). Then, preferences
could be described via a mixed logit. The probability of choosing alternative j became:
(3)

Probሺoption ݆ is chosenሻ ൌ 

ೇ
 ೕ

∑ೖసభ
 ೇೖ

݂ሺߠሻ݀ߠ ,

which was the average logit formula above weighted by f( θ ).The probability of purchase conditional on
θ was simply the multinomial logit in equation (2). McFadden and Train showed that the mixed logit
could approximate any random utility model [McFadden, 2000].
To implement the model, the distribution f( θ ) must be specified. The parameters αij, βi,ill, βi,blind, and βi,die
each specified as being distributed univariate normal in the population such that, for example, βi,blind in
ҧ
ҧ
equation (1) was replaced with ߚ,ௗ ൌ ߚௗ
 ߪௗ ߟ,ௗ , where ߚௗ
was the mean disutility
of blindness, ߪௗ was the standard deviation of this preference in the population, and where ηi,blind
was normally distributed with mean zero and unit standard deviation. Similar substitutions were made
ҧ  ߪ ߟ, and ߚ,ௗ ൌ ߚௗ
ҧ  ߪௗ ߟ,ௗ
for the illness, death, and status‐quo parameters: ߚ, ൌ ߚ
and ߙ ൌ ߙത  ߪ௦௧௧௨௦௨ ߟ,௦௧௧௨௦௨ .
Economic theory suggests the cost parameter, λi cannot be positive (i.e., a price increase must decrease
the probability of an option being chosen holding all else constant). Likewise, Hensher and Green argued
that to derive behaviorally meaningful WTP values, the distributions from which random parameters
were drawn (particularly the price parameter) often need be constrained. A common option used to
force the price parameter to have a particular sign is to assume it is distributed lognormal [Hensher,
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2001 or Hensher, 2005]. Because the lognormal distribution is defined only for positive numbers, to
estimate the price effect, price data must first be multiplied by a negative one. This procedure
generated a price parameter that was positive and distributed lognormally. A well known drawback to
lognormal distribution is that it has “fat tails” and can produce unrealistically large WTP estimates. An
alternative distribution suggested by Greene was a quasi‐Rayleigh distribution which has a shape similar
to log‐normal but with a thinner tail [Greene, 2007].This distribution was used here; ߛ ൌ expሺߛ  ߜݒ ሻ,
ݒ ൌ 2ሺെ lnሺݑ ሻሻ√.ହ , ݑ ~ܷሾ0,1ሿ, where γ and δ are location and scale parameters that govern the
shape of the distribution price distribution (multiplied by ‐1).
Following Train, the model was estimated via simulation [Train, 2003]. In particular, the parameters
were estimated by maximizing a simulated log‐likelihood function, which was comprised of the average
choice probability calculated at 100 pseudo‐random Halton draws for the ηi, and ui terms [Train, 2003].
The random draws were individual‐specific, a fact which took into consideration the repeated nature of
the choice task. See Train for computational details [Train, 2003].

5.3.6

Survey Results

Table 5‐20 contains the results of the mixed logit estimates. Overall, the models fit the data well. The
hypothesis that all model parameters were equal to zero was rejected at the p<0.001 level of
significance according to a likelihood ratio test for both the adult and child models. In addition,
likelihood ratio tests strongly rejected the conventional multinomial logit model (which assumes no
random effects and all the standard deviation parameters are zero) at the p<0.001 level for both
models. Moreover, the models reported in Table 20 fit the data better than a number of alternative
models. In particular, AIC and BIC values were lower for the models in Table 5‐20 (i.e., the models in
Table 5‐20 were a better fit) than models where:
•

All parameters were specified as normally distributed,

•

All parameters were specified as lognormally distributed,

•

The price parameter was fixed at a constant value (i.e., non‐random in population) as was
commonly done and other parameters were specified as normal,

•

The price parameter was distributed lognormally and other parameters were distributed
normal, or

•

Heterogeneity was modeled through inclusion of demographic variables in the multinomial logit
as opposed to using the mixed logit which modeled unobserved heterogeneity.
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Table 520: Mixed Logit Estimates for Adult and Children Choices
Parameter

a

Description

Mean or location parameters
ߙത
Status‐quo
ҧ
Disutility of flu‐like illness
ߚ
ҧ
Disutility of blindness
ߚௗ
ҧ
Disutility of death
ߚௗ
ߛ
Marginal utility of income
Standard deviation or scale parameters
ߪ௦௧௧௨௦௨
Status‐quo
ߪ
Disutility of flu‐like illness
ߪௗ
Disutility of blindness
ߪௗ
Disutility of death
δ
Marginal utility of income
Number of Choices
Number of Respondents
Log‐likelihood Function
Pseudo R2
Implied Mean WTP to Avoid a Case of . . .
Flu‐like illness for 2 days
Flu‐like illness for 5 days
Flu‐like illness for 7 days
Blindness
Death

Sample
Adultsb

Childrenc

6.861*a (0.411)
‐3.553*(0.435)
‐973.226*(70.438)
‐1109.51*(62.26)
‐6.104*(0.092)

4.821*(1.233)
‐7.331*(0.722)
‐855.454*(127.005)
‐2054.17*(156.639)
‐7.466*(0.209)

0.096(0.250)
6.516*(0.442)
801.379*(56.387)
414.378*(60.892)
1.465*(0.048)
7,680
960
‐4105.3
0.510

7.373*(0.892)
0.224(0.750)
412.306*(108.347)
1264.430*(121.873)
2.084*(0.084)
2,056
257
‐1099.9
0.552

$610*(89)
$1,525*(223)
$2,136*(313)
$85,324*(7962)
$96,739*(9,073)

$3,398*(668)
$8,494*(1,671)
$11,892*(2,340)
$198,728*(44,161)
$475,592*(91,284)

One asterisk implies significance at the p=0.01 level or lower
For an adult the 95% confidence interval on the mean for blindness is [70,075, 101,597]; death is [80,341, 115,620]; illness
for 2, 5, and 7 days are [446, 792], [1114 , 1981], [1560 , 2773], respectively.
c
For a child the 95% confidence interval on the mean for blindness is [122,890, 298,244]; death is [333,722, 683,696]; illness
for 2, 5, and 7 days are [2289 , 4887], [5723 , 12217], [8012 , 17103], respectively.
b

Looking specifically at the model parameters in equation 1, all were of expected sign and of reasonable
magnitude. The expected value of the marginal utility of income (the cost parameter multiplied by ‐1)
was ܧሾߛ ሿ ൌ  ܧሾexpሺെ6.104  1.463ݒ ሻሿ, ݒ ൌ 2ሺെ lnሺݑ ሻሻ√.ହ , ݑ ~ܷሾ0,1ሿ.Numerical evaluation of this
expectation yieldsܧሾߛ ሿ ൌ 1.242. Results also revealed that moving from a 0% chance of flu‐like illness
to a 100% chance of illness resulted in a utility decline of 3.553 for each day experienced for adults.
Similarly, moving from a 0% to 100% of blindness decreased adult utility by 973.226; the comparable
figure for death was 1109.51.
The last rows in Table 20 convert the utility estimates to the implied mean WTP values. The estimated
values of morbidity for the flu‐like illness and for blindness appeared reasonable. For example, implied
WTP to prohibit a 5‐day episode of flu‐like illness was $1,525 in adults and $8,494 in children. That
people value morbidity higher in children than for themselves was consistent with several previous
studies [Hammitt, 2007]. The values attributed to flu‐like illness were also reasonable in comparison to
estimates for similar diseases. For example, Meltzer, Cox, and Fukunda found using 1995 data that
individuals aged 20‐60 who were hospitalized due to influenza experienced costs of $6,842; those who
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have outpatient visits due to influenza had costs of $330; and those who sought no medical care
experienced $202 in lost productivity (all figures in 1995 dollars) [Meltzer, 1999].Using survey data from
202 people in North Carolina, [Lee ,2002] found people’s WTP to avoid 1 day of influenza of $15.49; of
nausea, $61.79; and of central nervous system effects, $56.39.Zohrabian studied the cost of illness
associated with West Nile virus in Louisiana in 2002 and found that the median medical cost of
impatient treatment for people with the illness was $8,274 [Zohrabian, 2004].
No current estimates of the value of avoiding blindness were located in the literature. However, the
wage‐hedonic studies studied in the review by Viscusi and Aldy [Viscusi, 2003] indicated most studies
estimate a statistical value of a serious on‐the‐job injury between $20,000 and $70,000 per injury. The
estimated value of adult blindness from this study, $85,324, appeared reasonable in comparison to
these values given that blindness is a permanent disability.
Although the economic analysis used the value of a statistical life from the meta analysis in Viscusi and
Aldy, for sake of completeness and comparison the implied WTP to avoid death from the current survey
was also reported in Table 20 [Viscusi, 2003]. The values estimated from the present survey, $96,739 for
adults and $475,591 for children, were significantly lower than the $5.5 to $7.6 million range reported
by Viscusi and Aldy [2003]. However, there were good reasons to expect a lower value from the current
study as compared to the estimates resulting from the hedonic‐wage studies reviewed by Viscusi and
Aldy [Viscusi, 2003], including:
•

Conceptually, the hedonic price functions analyzed in most value of statistical life studies showed
how wages in equilibrium vary with mortality risk, which relate to a point on the marginal
willingness‐to‐pay schedule, but did not reveal a full willingness‐to‐pay schedule. Wages reflect
both workers’ willingness to supply labor as well as employers’ willingness to pay for labor at a
given level of risk. As Alberini [Alberini, 2005, p. 784] suggested, “many compensating wage
studies fail to recognize that they capture market equilibrium loci, and not the workers’ demand
for safety, which ultimately determines WTP.”

•

Empirically, Kochi, Hubbell and Kramer showed in meta analysis that the implied value of
statistical life from contingent valuation studies was significantly lower than as compared to
hedonic‐wage approaches ($2.8 million as compared to $9.6 million on average) [Kochi, 2006].
Other contingent valuation studies such as that by Loomis and du Vair found values of statistical
life as low as $200,000 [Loomis, 1993].

•

The present study used the choice experiment method and not contingent valuation. Lusk
discussed several legitimate reasons why value of morbidity and mortality might be expected to
be lower in choice experiments as compared to contingent valuation [Lusk, 2007].
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5.3.7 Human Impacts Costs of RVFv Morbidity and Mortality
Output from the epidemiological model provided the total number of humans infected with RVF. Based
on the World Health Organization Rift Valley Fever Fact Sheet [WHO website, June 2010] it was assumed
that 1% of the cases would result in severe illness leading to blindness, 1% of cases would result in death
and the remaining 98% of cases would result in flu‐like symptoms lasting 5 days. It was also assumed
that the RVF infections would be distributed among adults and children at the same rate as their
prevalence in the population. U.S. Census data indicates that 84.2% of the population of Manhattan,
Kansas, is 18 years old or older whereas the remaining 15.8% are under the age of 18.
Thus, given a total number of RVF cases (T), the total direct economic effect from human illness from
RVF was calculated as:
T[0.842(0.01WTPblind,adult + 0.01WTPdie,adult + 0.01WTP5dayill,adult) +
0.158(0.01WTPblind,child + 0.01WTPdie,child + 0.01WTP5dayill,child)]
The values for WTPdie,adult and WTPdie,child were both set at $8,160,000 based on the analysis of Viscusi
and Aldy [2003].The other WTP values were provided by the survey, the estimates of which were
provided in Table 1. Substituting these values into the above equation implied that the expected cost for
each RVF case (i.e., expected cost per T) was $85,206.

5.4

Overall Economic Impact

The subsections below summarize the model outputs for the scenarios of epidemiological significance
and economic impact. The producer and consumer welfare effects monetize the changes in the well‐
being of producers and consumers of agricultural products. The total impact for a scenario was
determined as the sum of agricultural producer and consumer surplus plus the government
indemnification and non‐indemnification expenditures. These results were then added to the non‐
agricultural sector results for the total impact. For RVFv, human health impacts were also included the
total.
It is important to first provide some general observations regarding the welfare assessments of FMD and
RVF releases. First, the combined sum of producer and consumer welfare dominates the economic
impacts arising from government costs and regional non‐agricultural impacts. Second, results indicate
that in most cases agricultural producer welfare effects are several times larger than the consumer
welfare effects. Producer effects are always negative due to lost output and reduced prices. While
producers are burdened with losses, consumers are better off with reduced prices. However, in some
cases where supply shocks are small or localized, positive consumer welfare changes could outweigh
producer losses (see Paarlberg [2008] and Tozer et al. [2010] for further discussion of such cases). In
other words, if adverse consumer reaction to a disease outbreak is small, it is possible for consumers of
agricultural products to benefit from a small FMDv or RVFv outbreak because bans on agricultural
exports lead to oversupply and reduce domestic meat and dairy prices; these price reductions benefit

October 2010

337

NBAF SSRA Report
consumers. Third, government cost of indemnification and non‐indemnification costs are, in general,
much lower than the changes in agricultural producer and consumer welfare. Fourth, another general
result is that the regional non‐agricultural impacts typically exceed the government indemnification
costs largely due to either a reduction in travel and recreation in the region and/or the non‐agricultural
impacts of depopulating livestock farms and temporarily eliminating the positive economic impact those
enterprises have on the surrounding region. In every case, the regional non‐agricultural effect is
negative as the government indemnification replaces the value of lost animals, but not the full economic
impact they have on the region.

5.4.1 FMDv Economic Impacts
Some of the epidemiological outputs for FMDv resulted in similar numbers of animals infected. For
example, when an outbreak was initiated in a specific type of operation (i.e., cow‐calf, swine, dairy,
feedlot or sales barn), then a subset of the epidemiological outcomes for FMDv resulted in similar
numbers of animal infections. In other words, when FMDv was released and initiated in one type of
cow‐calf operation, the epidemiological outputs were similar to initiation in a different cow‐calf
operation (the same being true for swine, dairy, feedlot and sales barn operations). Because of this, a
representative case was used when certain scenarios had similar outcomes. As such, the economic
model was evaluated assuming initiation in each of the five production facility types and then to arrive
at a final expected economic impact, a weighted average was calculated according to the relative
number of facilities in the Manhattan, Kansas, area.
The FMD results summarized in Table 5‐21 indicate the total losses range from about 1 billion dollars to
over 50 billion dollars in damage. These results are consistent with Zhao et al. [2006], who examined
FMD outbreaks for the U.S. beef cattle sector. Producers share the largest burden from over 12 to nearly
18 billion dollars in losses. Consumers realize negative or positive effects primarily contingent upon the
size of the outbreak, export losses, and assumed demand shocks. Indeed, for self‐announcing scenarios
with smaller supply shocks and lower assumed consumer demand reaction, consumers benefit from the
outbreak due to lower prices. Regional non‐agricultural losses ranged from 2 to over 12 billion dollars
across the scenarios. Government costs impose the smallest impacts, but still are not insignificant.
Overall, the self‐announcing scenarios result in lower supply shocks, and hence smaller negative impacts
relative to the unannounced scenarios. The information reported in Table 5‐21 summarizes the
cumulative economic impact across the entire study period for the specified scenarios. However,
consequences of disease outbreaks are inherently dynamic in nature with benefits and costs accruing
differently to producers and consumers over time; this interplay has important policy implications [Zhao
et al., 2006]. To better illustrate the changes in producer and consumer surplus relative to baseline
levels over time and along the supply chain, Figures 5‐6 and 5‐7 are provided for the dairy facility
(representative scenario) FMD outbreak (results for other cases are mostly qualitatively similar, but do
vary according to the degree of the outbreak).
Figure 5‐6 shows the decomposition of changes in producer surplus for meat processing, egg and layers,
dairy cattle and milk, beef cattle, swine, lambs and sheep, crops and soybeans. Swine facilities, beef
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cattle operations, and meat processing are immediately impacted after an outbreak and realize the
largest and longest economic distortions. Dairy cattle and milk also are immediately impacted, but to a
lesser degree as consumer confidence is quickly restored and because of the smaller number of dairies
in the primary region. Crops are negatively affected primarily because of demand for feed grains. Again
the impact is smaller, which is due in part to farm programs. Lamb and sheep, eggs and layers, and
soybean processing are unaffected by the outbreak. As trade restrictions are lifted, changes in producer
surplus become positive due to reduced herd sizes and higher prices. By the end of the 20 quarter study
period, changes in producer surplus are converging to zero, implying markets are returning to baseline
levels. Although periods exist where producer surplus was negative and positive for different sectors,
the cumulative change in total producer surplus is negative across all sectors as reported in Table 5‐21.
Figure 5‐7 illustrates changes in total producer and consumer surplus over the study period for the
mean dairy facility type scenario during an average FMD outbreak. During the outbreak, changes in
consumer and producer surplus are negative. However, after the outbreak is contained, because of
lower prices and recovery of consumer demand, consumers become better off. Producers remain worse
off until trade restrictions are almost fully removed. After which, both changes in consumer and
producer surplus converge to zero. As reported in Table 5‐21, the cumulative changes in producer and
consumer surplus are both negative for this scenario.
1,000
End of outbreak

Consumer demand f ully recovered
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Figure 56: Changes in Producer Surplus Over the Study Period for a Dairy Facility with a
Representative FMD Outbreak
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Figure 57: Changes in Producer and Consumer Surplus Over the Study Period for a Dairy
Facility with a Representative FMD Outbreak
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‐
‐
Sales barns
‐
‐
Tornado
‐
‐
High Wind
‐
‐
Seismic
‐
‐
Plane
Crash
‐

‐

‐

P5
Mean
P95
P5
Mean
P95
P5
Mean
P95
P5
Mean
P95
P5
Mean
P95
P5
Mean
P95
P5
Mean
P95
P5
Mean
P95
P5
Mean
P95

Agricultural
Producer
Surplus
$13,484
‐$16,505
$17,014
$14,169
‐$17,024
$17,964
$14,235
‐$16,821
$16,939
$14,267
‐$16,674
$16,596
$14,274
‐$16,553
$16,846
$12,625
‐$12,762
$13,473
$12,624
‐$13,149
$13,468
$12,625
‐$12,762
$13,473
$12,625
‐$13,148
$13,470
$7,162
$2,334
‐$9,293
$213
‐$1,017
‐$8,150
$9
‐$1,651
‐$9,369
$61
‐$2,253
‐$10,662
‐$95
‐$2,907
‐$10,999
$13,937
$10,355
$7,107
$13,943
$9,886
$7,052
$13,937
$10,355
$7,107
$13,943
$9,914
$7,141

Consumer
Surplus
$124
$2,128
$6,255
$334
$1,862
$4,541
$809
$2,947
$6,361
$779
$3,577
$7,805
$787
$4,251
$9,484
$19
$85
$191
$15
$78
$225
$19
$85
$191
$1
$37
$145

Govt Costs ‐
Indemnification
$177
$160
$323
$108
$158
$256
$110
$192
$328
$107
$216
$390
$110
$246
$475
$78
$80
$84
$78
$80
$85
$78
$80
$84
$77
$79
$82

Govt Costs ‐ Non
Indemnification

Regional Non‐
Agricultural
Impacts
‐$2,490
‐$4,766
‐$9,423
‐$2,716
‐$4,448
‐$7,499
‐$3,280
‐$5,693
‐$9,535
‐$3,251
‐$6,407
‐$11,157
‐$3,250
‐$7,141
‐$12,954
‐$2,441
‐$2,517
‐$2,637
‐$2,437
‐$2,510
‐$2,680
‐$2,441
‐$2,517
‐$2,637
‐$2,421
‐$2,462
‐$2,585

‐$9,113
‐$21,224
‐$42,308
‐$17,113
‐$24,509
‐$38,410
‐$18,425
‐$27,304
‐$42,531
‐$18,344
‐$29,128
‐$46,610
‐$18,516
‐$31,100
‐$50,758
‐$1,226
‐$5,089
‐$9,278
‐$1,211
‐$5,931
‐$9,405
‐$1,226
‐$5,089
‐$9,278
‐$1,182
‐$5,811
‐$9,141

Total Impact
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* The mean economic impact of the representative FMDv scenario weighted by facility type for consequence ranking is ‐$23,549 (Millions $s)

8FA

7FSB

7FW

11FA, 11FB

‐

‐

‐
Feedlot

Dairy

Swine

‐
Cow‐Calf

1FB, 1FC,
3F,
4FL, 4FS, 5FB,
6FB, 9FA, 9FB,
10FA, 10FB*
‐

Facility
Type

Case

Table 521: FMDv Economic Impacts Results Summary (Millions $s)
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5.4.2 RVFv Economic Impacts
Only a subset of scenarios resulted in epidemiological impacts to animals, insects or humans. Of the
twenty‐three scenarios considered for RVFv, only eight yielded economic impacts and these are
summarized in Table 5‐22. Because both the production shocks (i.e., numbers of culled animals) and the
number of human infections were small, the economic consequences for RVFv outbreaks were much
smaller than FMDv outbreaks. As a result, the economic consequences were estimated and reported at
only the mean of epidemiological outcomes. Similar to the self‐announcing FMD scenarios, consumers
of agricultural products can benefit from an RVFv outbreak. Welfare results for the three accidental
release scenarios—infected animal escapes, infected human worker, and infected mosquitoes—suggest
producers’ losses were slightly larger than the consumers’ gains from trade bans.
In the three self‐announcing scenarios—fire, deflagration without containment, and plane crash—the
gains consumers receive from trade bans completely offset the losses to producers. This positive welfare
measure reflects the result of no reduction in supply, but a loss of export markets, which creates an
oversupply of products and reduces prices. Similar results have been found by Paarlberg [2008] and
Tozer, Marsh, and Perevodchikov [2010]. As seen in Table 5‐22, producers are negatively impacted by
$15.0 to $18.0 billion while consumers in aggregate are much better off ($17.5 to $20.0 billion). The
government indemnification costs for the RVF outbreaks are very small (less than $30,000) due to the
few animals culled. Other government costs (primarily quarantine and surveillance) range between
$10.6 and $16.4 million. Regional non‐agricultural losses were estimated at $2.2 billion. When
combining the producer and consumer welfare measures with the governmental costs, regional non‐
agricultural impacts, and human health impacts, the results were losses of $3.5 billion for the accidental
release scenarios to more than $2 billion in gains for the self‐announcing scenarios.
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Laboratory
Acquired
Infection (LAI)
Infected ‐Animal
Infected
Mosquitoes
Fire
Deflagration
without
Containment
Plane
‐ Crash

Scenario

$15,010

‐$15,153

‐$15,153

‐$18,776

$18,776

‐$18,776

Agricultural
Producer Surplusa

$19,374

$20,050

$20,050

$17,525

$17,524

$17,524

Consumer Surplusa

$0

$0

$0

$0

$0

$0

‐

‐

‐

‐

‐

‐

Govt Costs –
Indemnificationb

$10

$10

$10

$12

$16

$16

Govt Costs ‐Non
Indemnificationc

‐

‐

‐

$2,232

$2,232

$2,232

$2,228

$2,232

$2,218

Regional Non‐
Agricultural
Impactsd

$0

$0

$0

$6

$7

$5

Human
Health
Impactse
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Output derived from the partial equilibrium, multi‐market model of the agricultural sector
b
Output determined as the value of animals culled. Government Costs associated with Indemnification are realized but are less than $28,000
c
Other non‐indemnification government costs include appraisal, euthanasia, disposal, cleaning and disinfection, surveillance, and quarantine. Calculations are described in the
Government Cost section above
d
Output determined using the Bureau of Economic Analysis’ RIMS II (Regional Input Output Modeling System)
e
Output determined using the results of the regional choice‐experiment survey and estimates of the value of a statistical life. Scenarios indicating zero human health impacts, have
minimal human impacts: ‐$4,763, ‐$4,763 and ‐$154,190 for 5RB, 6RB and 8RA, respectively.

a

6RB

5RB

3RB

3RA

2RA,2RB,2RC

Case ID

Table 522: RVFv Economic Impacts Results Summary (Millions $s)

$2,120

$2,653

$2,653

‐$3,498

‐$3,507

‐$3,491

Total
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Overall, the RVFv impacts on agricultural producers are lower than in the FMDv cases because the
number of infected animals is much smaller. Nevertheless, agricultural producer losses are not
inconsequential (estimated from ‐$18.8 billion to ‐$15 billion) primarily due to the loss in export markets
and the reduction in prices that could occur following an RVFv outbreak. In every scenario, agricultural
consumers are projected to benefit from an RVFv outbreak and their gains offset the producer losses for
the self‐announcing scenarios. Consumer gains occur because trade bans result in an increase in
domestic supplies of meat and dairy, leading to lower domestic prices. The scenario involving the
release of one infected animal (3RA) leads to the largest human health consequence. Such an incident
will, on average, result in 82.68 human infections. Because each human infection was projected to
impose an expected human health costs of $85,206, the total human health costs are projected to be
$7,044,844 (82.68*85,206).
Note that, if consumer reaction is more strongly averse to RVFv across all releases, then total benefits
could become negative across all scenarios. However, this would not impact the relative ranking of the
RVFv releases (smaller impacts) to the FMDv releases.
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6. Risk Ranking
DHS has been committed to NBAF safety and security since the inception of the facility concept.
Experienced architects, engineers, biocontainment designers, operations and management experts, and
mitigation and response planners have been used by DHS during the development of NBAF
requirements and the schematic design process to address biosafety and biosecurity issues and
minimize the potential risks from NBAF‐related research pathogens. However, pathogens, by definition,
are disease causing organisms and it is not possible to eliminate all of risks associated with pathogen
research. Fortunately, the frequency of adverse events that involve biocontainment facilities and
pathogen research is small. A number of BSL‐3 and BSL‐4 facilities have operated safely in the United
States for over 30 years. Rare accidents, such as needlesticks, may cause exposure of laboratory staff;
but immediate treatment, or observation, of any person so exposed avoids danger to other workers or
to the community [NIAID, 2009]. The SSRA provides conclusions, recommendations, and observations
(Section 7) intended to provide information that DHS may opt to include during the development of the
NBAF. The SSRA provides a quantitative assessment of the risks and consequences associated with the
potential release of pathogens along four different release pathways for two different pathogens and
eleven accidental (and two intentional) scenarios. The risks were ranked (using frequencies and
consequences) to provide prioritization for the principle recommendations. The risk ranking required
the development of an accident frequency (for every modeled accident) and a case frequency (the
frequency of index cases). Section 6.1 provides an overview of the accident frequencies. The case
frequencies were developed in Section 6.2. Ranked risks are presented in Section 6.3.

6.1

Accident Frequencies

The analyses performed for the SSRA included 13 different scenarios involving the release of pathogens
along four different transport mechanisms: Liquid Waste Effluent, solid waste effluent, Fomite/Vector/
Carrier Pathways, and Aerosol and Deposition. These analyses comprised 52 different cases
(44 accidental and 8 intentional), each with a unique case identifier; 25 (21 accidental) for FMDv and 27
(23 accidental) for RVFv. For all cases except theft or sabotage, an accident frequency was developed by
modeling the accident (failure) probability and the failure opportunity rate. Consistent with the TRA and
in consultation with DHS and other risk‐modeling experts, it was decided to separate the risk ranking of
accidental and intentional (theft and sabotage) scenarios. For the accident scenarios, the accident
probability, Pa, is the product of all Pn:
n

Pa = ∏ Pn
1

where Pn is the event failure probability (likelihood) for each of the n events in the accident sequence
(i.e., all of the failures that led to the accidental release). The units of Pa are failures/opportunity. The
calculation of the accident probability was discussed earlier in the SSRA (Section 3) and the details used
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in the calculation of Pa for each case are included in Appendices. In general, the SSRA used a
methodology for the estimation of Pa that was very similar to that used in the NBAF EIS.
The failure opportunity rate, Ro, is the product of all m opportunity rates and was calculated as:
m

Ro = ∏ Rm
1

The units of Ro are opportunities per year. For example, if the opportunity for a failure happened twice
per employee (for 50 employees) per working day, Ro would be: R1 x R2 x R3 = 2
(opportunities/employee) x (50 employees) x (260 working days/year) = 26,000 or 2.6 x 104
opportunities per year. The accident frequency, Fa, expressed in accidents per year, for each case was
then determined by:
Fa = Pa x Ro
The values of Pa, Ro, and the resulting Fa for each accidental case assessed in the SSRA are presented in
Table 6‐1. The cases are presented by scenario order and are not ranked in this table.
Table 61: Pa, Ro, and Fa for Each Accidental Case
Case ID
1FA
1FB
1FC
1RA
1RB
1RC
2RA
2RB
2RC
3FA
3RA
3RB
4FL
4FS
4RL
4RS
5FA
5FB
5RA
5RB
6FA
6FB

Pa
1.00 x 10‐5
1.00 x 10‐8
1.00 x 10‐13
1.00 x 10‐5
1.00 x 10‐8
1.00 x 10‐13
1.00 x 10‐6
1.00 x 10‐6
1.00 x 10‐6
1.00 x 10‐10
1.00 x 10‐10
1.00 x 10‐10
1.00 x 10‐8
1.00 x 10‐8
1.00 x 10‐8
1.00 x 10‐8
1.00 x 10‐8
1.00 x 10‐11
1.00 x 10‐8
1.00 x 10‐11
1.00 x 10‐7
1.00E‐10
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Ro
2.60 x 105
2.60 x 105
2.60 x 105
2.60 x 105
2.60 x 105
2.60 x 105
1.56 x 105
1.56 x 105
1.56 x 105
1.64 x 104
1.02 x104
4.38 x 103
2.34 x 103
4.16 x 103
2.34 x 103
4.16 x 103
5.20 x 103
5.20 x 103
5.20 x 103
5.20 x 103
5.20 x 103
5.20 x 103

Fa
2.60 x 100
2.60 x 10‐3
2.60 x 10‐8
2.60 x 100
2.60 x 10‐3
2.60 x 10‐8
1.56 x 10‐1
1.56 x 10‐1
1.56 x 10‐1
1.64 x 10‐6
1.02 x 10‐6
4.38 x 10‐7
2.34 x 10‐5
4.16 x 10‐5
2.34 x 10‐5
4.16 x 10‐5
5.20 x 10‐5
5.20 x 10‐8
5.20 x 10‐5
5.20 x 10‐8
5.20 x 10‐4
5.20 x 10‐7

Case ID
6RA
6RB
7FW
7FSA
7FSB
7RW
7RSA
7RSB
8FA
8FB
8RA
8RB
9FA
9FB
10FA
10FB
10RA
10RB
11FA
11FB
11RA
11RB
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Pa
1.00 x 10‐7
1.00 x 10‐10
1.00 x10‐5
1.00 x 10‐2
1.00 x10‐5
1.00 x10‐5
1.00 x 10‐2
1.00 x10‐5
1.00 x 10‐7
1.00 x 10‐7
1.00 x 10‐7
1.00 x 10‐7
1.00 x10‐4
1.00 x 10‐6
1.00 x 10‐6
1.00 x 10‐6
1.00 x 10‐6
1.00 x10‐4
1.00 x 10‐1
1.00 x 10‐2
1.00 x 10‐1
1.00 x 10‐2

Ro
5.20 x 103
5.20 x 103
3.00 x 10‐3
4.00 x 10‐4
4.00 x 10‐4
3.00 x 10‐3
4.00 x 10‐4
4.00 x 10‐4
3.50 x 10‐4
3.50 x 10‐4
3.50 x 10‐4
3.50 x 10‐4
1.04 x104
1.04 x104
6.00 x 100
1.30 x104
6.00 x 100
1.30 x104
1.30 x10‐3
1.30 x10‐3
1.30 x10‐3
1.30 x10‐3

Fa
5.20 x10‐4
5.20 x10‐7
3.00 x 10‐8
4.00 x 10‐6
4.00 x 10‐9
3.00 x 10‐8
4.00 x 10‐6
4.00 x 10‐9
3.50 x 10‐11
3.50 x 10‐11
3.50 x 10‐11
3.50 x 10‐11
1.04 x100
1.04 x10‐2
6.00 x 10‐6
1.30 x10‐2
6.00 x 10‐6
1.30 x100
1.30 x10‐4
1.30 x10‐5
1.30 x10‐4
1.30 x10‐5
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6.2

Case Frequencies

It is important to note that every time a pathogen release was predicted by the accident frequency,
there was not necessarily a resulting index case (or cases) of disease with associated costs and
consequences. The probability, or likelihood, of an index case resulting from a pathogen release is
represented by Pi. This probability was used with the Accident Frequency, Fa (Section 6.1), to calculate
the overall Case Frequency, Fc. The Case Frequency is the product of the probability (or likelihood) of an
index case, Pi, and the Accident Frequency, Fa:
F c = P i x Fa
The method used to estimate the index case probability (likelihood),Pi ,for each pathway is described in
the following paragraphs.

6.2.1 Liquid Waste Effluent Pathway
There was no practical and validated model that could be used to accurately estimate, with high
confidence, the probability of an index case from a release of pathogen into the Liquid Effluent
Pathway—the Manhattan, Kansas, sanitary sewer system. The SSRA used a conservative methodology
(for risk modeling purposes) to estimate Pi for the Liquid Effluent Pathway cases. Therefore, the
quantities and concentrations of pathogen (both FMDv and RVFv) that would be released into the
municipal sanitary sewer system were so low that index cases would not normally be anticipated at any
susceptible animal species facility along the sanitary sewer route. For completeness, however, the SSRA
included an assessment of the Liquid Effluent Pathway cases for FMD to provide data to inform the SSRA
and NBAF on the “what if” consequences of a release. Thus, the SSRA risk ranking assumed that the
source term (concentration) was large enough that an index case could occur as the result of an
accident, subject to the estimated value of Pi. An index case was modeled as the result of a Sanitary
Sewer Overflow (SSO) failure (overflow, spill, release, discharge, or diversion of untreated wastewater)
that caused effluent to rise to ground level. The probability, or likelihood, was related to the modeled
number of SSOs per year and data on the number of facilities with susceptible species along the NBAF
sewer routing.
As a result of an SSO, it was assumed that wastewater would be accessible for consumption or
significant contact to susceptible species and competent vectors. SSOs often contain high levels of
suspended solids, pathogens, and other undesirable constituents from many different sources.
Fortunately, most relatively modern sanitary sewer systems, such as Manhattan’s, use design and
construction techniques combined with routine and responsive operational maintenance to minimize
the number of SSOs that occur each year.

October 2010

347

NBAF SSRA Report
The City of Manhattan Sanitary Sewer
Collection System Master Plan Update
[CDM/BG Team, 2009] provided
modeled data developed for the Plan
Update that predicts the Manhattan,
Kansas, SSO locations in wet weather
conditions (generally the most
problematic for SSOs) with the existing
sanitary sewer collection system
capacity. None of the identified SSO
locations were on the sewerage routing
between the NBAF and the waste water
treatment plant (WWTP), as indicated
Figure 61: Wet Weather SSO Predictions
in Figure 6‐1. Note that the NBAF
(CDM/BG, 2009)
location and the approximate routing
of sanitary sewerage from NBAF to the WWTP are depicted in red.
A 2008‐2009 California study [California Water Boards, 2009] concluded that an average of 6.34 SSO
events could occur per 100 miles of sewerage per year. Similar data on the Manhattan, Kansas, system
was not available. Even though the California data was for a different sanitary sewer system, it was
assumed to be useful for estimating the likelihood of an SSO in Manhattan, Kansas, along the NBAF
sewerage routing. Thus, the rate of SSOs, RSSO, from the California study was used.
RSSO = (6.34 SSOs/100 miles)/year = 6.34 x 10‐2 SSOs per mile per year
The number of SSOs per year, NSSO, which could be expected along the 6.2 mile path length, dNBAF, from
the NBAF to the WWTP was calculated as:
NSSO = RSS0 x dNBAF = 0.39 = 3.9 x 10‐1 SSOs per year
Data collection efforts identified four properties with susceptible species along the routing and an
assessment of data provided by the City of Manhattan, Kansas, indicated that there were approximately
76 sewer access points along the pathway. This information was used to estimate that the likelihood of
an SSO being coincident with one of the susceptible species locations was 4/76 = 0.05, or 5.0 x 10‐2.
With these assumptions, Pi for every Liquid Waste Effluent Pathway case assessed was:
Pi = Nsso x 5.0 x 10‐2 = 3.9 x 10‐1 x 5 x10‐2 = 1.95 x 10‐2 (Liquid Effluent Pathway, FMDv and RVFv)

6.2.2 Solid Waste Effluent Pathway
For cases that involved the release of pathogen along the Solid Waste Pathway, Pi was estimated by
modeling the likelihood of solid waste mishandling or equipment failure and subsequent exposure of a
susceptible species or competent vector to improperly “sterilized” waste. The current NBAF strategy is
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to double‐autoclave all solid waste that is removed from a high‐containment area (BSL‐3E, BSL‐3Ag, or
BSL‐4). The first sterilization step is used to remove the solid waste from its original containment area to
a BSL‐3E waste staging area. From the BSL‐3E waste staging area, the solid waste will be re‐autoclaved
and then stored in a large waste container that will either be located on the east side of the laboratory
building or at the transshipping facility. Periodically, the sterilized waste will be removed from the NBAF
by a commercial company that will provide witnessed incineration. The accident frequency, Fa,
(developed and presented for all solid waste effluent cases in Section 2) represents the modeled
frequency with which contaminated solid waste will leave the NBAF. Thus, the accident frequency
failure sequence included the mishandling of waste inside of the facility. Therefore, the events that were
represented by the probability of an index case, Pi, included an unobserved failure of the waste
container in transit (along the containment waste route), an unobserved failure of the incinerator (for
containment waste only), or a failure of an individual or equipment in the non‐containment solid‐waste
route/destination (applicable when solid waste in the NBAF containment area was misdirected before
the second sterilization step.) The SSRA estimate was based on the failure of an individual or equipment
in the non‐containment solid‐waste route because the likelihood of having contamination in the solid
waste was higher if the second sterilization step was missed. With this assumption, the highest
probability event was the mishandling of the waste in transit or mismanagement of the waste at the
landfill (currently anticipated to be in Jefferson County.) The NBAF EIS estimated the error rates as 1 x
10‐2 failures per opportunity [DHS, 2008].
Since the transit route is not currently known, this SSRA did not attempt to incorporate the probability
of a failure coincident with susceptible animal species, even though the animal data was collected for
the epidemiological modeling. In addition, susceptible species or competent vectors were not
constrained to any property boundaries. Much like the liquid effluent pathway, it was found that the
source term for the solid effluent pathway resulted in initial conditions (as described in Section 3) that
were smaller than the infectious dose for susceptible species. However, the solid waste effluent
pathway case for FMD was modeled in the same manner as the liquid effluent cases—to inform DHS on
the consequences of the “what if” scenarios. The result of these assumptions was that for all cases that
involve the solid waste pathway,
Pi = 1 x 10‐2 (Solid Effluent Pathway, FMDv and RVFv)

6.2.3 Fomite/Vector/Carrier Pathway
Fomites have been studied for many years in attempts to determine the role of the fomite in FMDv
transmission. The most common and efficient mechanism of spread of FMDv is direct contact. The
fomites considered for the SSRA pathway included personal items or equipment improperly removed
from the containment area. The likelihood of index case(s) given an accident related to the
fomite/vector/carrier pathway was determined by the most conservative estimates available for the
potential of an infection from a fomite, vector, or carrier. FMDv and RVFv were considered separately in
this assessment of Pi. For FMDv, the vector‐to‐susceptible animal transmission rates varied widely and
many approached 100%. Thus, it was decided to use Pi = 1 x 100 for the probability of infection given an
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accidental FMDv release through the fomite/vector/pathway. It was recognized that this probability is
high, but it represented the probability of the pathway and was appropriate for the vector case. The
spread of FMDv from a human carrier to a susceptible species was modeled as an additional human
error that has an estimated failure probability of 10‐2 failures/opportunity [DHS, 2008]. However, the
opportunity for an RVFv infection from a fomite was considered very low [EFSA, 2005]. So low that the
SSRA assumed the Pi for fomite transmission of RVFv was much less significant (set to zero) than the
transmission by a competent vector. (The “carrier” description was not applicable to RVF—humans
“carrying” RVF from the NBAF were considered laboratory acquired infections.) The LAI was an index
infection, but the likelihood of other subsequent infections depended on the infected individual
reporting the infection and the success of post‐reporting response of the cognizant medical authorities.
Therefore, the Pi for the LAI was set to 1.0 x 10‐2. Thus,
Pi = 1.0 x 100 (Fomite/Vector/Pathway, FMDv)
Pi = 1.0 x 10‐2 (Carrier/Pathway, FMDv)
Pi = 0.0 x 100 (Fomite Pathway, RVFv)
Pi = 1.0 x 100 (Vector Pathway, RVFv)
Pi = 1.0 x 10‐2 (LAI Pathway, RVFv)

6.2.4 Aerosol and Deposition Pathway
The index case frequency for the Aerosol and Deposition Pathway was determined for each applicable
case by the results of the meteorological modeling (frequency associated with 200 distinct weather
patterns), fate and transport (plume) modeling (described in Section 3.4), and the spatial intersection of
the aerosol plume and deposition with susceptible animal species. For each case, the index frequency
was determined by the inhalation and ingestion threshold dose with the predicted pathogen distribution
from the plume model. In many cases, the aerosol and deposition model did not intersect with
susceptible animal species at concentrations that were high enough (under any meteorological
condition) to cause an index case. The index case probability, Pi, for these cases was zero—as was the
resulting case frequency, Fc.
The accident frequencies, Fa, case probability, Pi, and resulting case Frequencies, Fc, for all pathways and
accidental cases are summarized in Table 6‐2.
Table 62: Fa, Pi, and Fc for Each Accidental Case
Case ID
1FA
1FB
1FC
1RA
1RB
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Fa

Pi
0

2.60 x 10
2.60 x 10‐3
2.60 x 10‐8
2.60 x 100
2.60 x 10‐3

Fc
0

0.00 x 10
2.20 x 10‐1
3.80 x 10‐1
2.00 x 10‐5
2.00 x 10‐5

Case ID
0

0.00 x 10
5.72 x 10‐4
9.88 x 10‐9
5.20 x 10‐5
5.20 x 10‐8

6RA
6RB
7FW
7FSA
7FSB
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Fa

Pi
‐4

5.20 x10
5.20 x10‐7
3.00 x 10‐8
4.00 x 10‐6
4.00 x 10‐9

Fc
0

0.00 x 10
6.40 x 10‐3
9.25 x 10‐1
0.00 x 100
7.60 x 10‐1

0.00 x 100
3.33 x 10‐9
2.78 x 10‐8
0.00 x 100
3.04 x 10‐9
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Table 62: Fa, Pi, and Fc for Each Accidental Case
Case ID
1RC
2RA
2RB
2RC
3FA
3RA
3RB
4FL
4FS
4RL
4RS
5FA
5FB
5RA
5RB
6FA
6FB

Fa

Pi
‐8

2.60 x 10
1.56 x 10‐1
1.56 x 10‐1
1.56 x 10‐1
1.64 x 10‐6
1.02 x 10‐6
4.38 x 10‐7
2.34 x 10‐5
4.16 x 10‐5
2.34 x 10‐5
4.16 x 10‐5
5.20 x 10‐5
5.20 x 10‐8
5.20 x 10‐5
5.20 x 10‐8
5.20 x 10‐4
5.20 x 10‐7

Fc
‐5

2.00 x 10
1.00 x 10‐2
1.00 x 10‐2
1.00 x 10‐2
1.00 x 10‐1
1.00 x 100
1.00 x 100
1.95 x 10‐2
1.00 x 10‐2
1.95 x 10‐2
1.00 x 10‐2
0.00 x 100
5.50 x 10‐3
0.00 x 100
6.40 x 10‐3
0.00 x 100
8.60 x 10‐3

Case ID
‐13

5.20 x 10
1.56 x 10‐3
1.56 x 10‐3
1.56 x 10‐3
1.64 x 10‐7
1.02 x 10‐6
4.38 x 10‐7
4.56 x 10‐7
4.16 x 10‐7
4.56 x 10‐7
4.16 x 10‐7
0.00 x 100
2.86 x 10‐10
0.00 x 100
3.33 x 10‐10
0.00 x 100
4.47 x 10‐9

7RW
7RSA
7RSB
8FA
8FB
8RA
8RB
9FA
9FB
10FA
10FB
10RA
10RB
11FA
11FB
11RA
11RB

Fa

Pi
‐8

3.00 x 10
4.00 x 10‐6
4.00 x 10‐9
3.50 x 10‐11
3.50 x 10‐11
3.50 x 10‐11
3.50 x 10‐11
1.04 x100
1.04 x10‐2
6.00 x 10‐6
1.30 x10‐2
6.00 x 10‐6
1.30 x100
1.30 x10‐4
1.30 x10‐5
1.30 x10‐4
1.30 x10‐5

Fc
0

0.00 x 10
0.00 x 100
0.00 x 100
9.97 x 10‐3
0.00 x 100
6.63 x 10‐1
0.00 x 100
1.00 x 10‐2
1.00 x 10‐2
1.00 x 100
1.00 x 100
0.00 x 100
0.00 x 100
8.69 x 10‐1
8.69 x 10‐1
0.00 x 100
0.00 x 100

0.00 x 100
0.00 x 100
0.00 x 100
3.49 x 10‐13
0.00 x 100
2.32 x 10‐11
0.00 x 100
1.04 x10‐2
1.04 x10‐4
6.00 x 10‐6
1.30 x10‐2
0.00 x 100
0.00 x 100
1.13 x 10‐4
1.13 x 10‐5
0.00 x 100
0.00 x 100

All cases were sorted by case frequency as presented in Table 6‐3.
Table 63: Accidental Cases Ranked by Case Frequency
Case
Frequency
Rank
1
2

10FB
9FA

3
3
3
6
7
8

2RA
2RB
2RC
1FB
11FA
9FB

9
10
11
12

1RA
11FB
10FA
3RA

13
13
15

4FL
4RL
3RB
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Case
ID

Case Description
Fomite, Personal
Worker w/o
Respiratory Protection
LAI, Inhalation
LAI, Injection
LAI, Ingestion
Spill, no‐HEPA
Tornado
Worker with
Respiratory Protection
Spill, with HEPA
Tornado with Vector
Fomite, Emergency
Loss of Infected
Animal
Loss through EDS
Loss Through EDS
Loss of Infected
Mosquitoes

Case
Frequency
(cases/year)
1.30 x10‐2
1.04 x10‐2

Period (number of
years between cases)

Pathogen

Pathway

77
96

FMDv
FMDv

F/V/C
F/V/C

1.56 x 10‐3
1.56 x 10‐3
1.56 x 10‐3
5.72 x 10‐4
1.13 x 10‐4
1.04 x10‐4

641
641
641
1,748
8,850
9,615

RVFv
RVFv
RVFv
FMDv
FMDv
FMDv

F/V/C
F/V/C
F/V/C
A&D
A&D
F/V/C

5.20 x 10‐5
1.13 x 10‐5
6.00 x 10‐6
1.02 x 10‐6

19,231
88,496
166,667
980,392

RVFv
FMDv
FMDv
RVFv

A&D
A&D
F/V/C
F/V/C

4.56 x 10‐7
4.56 x 10‐7
4.38 x 10‐7

2,192,982
2,192,982
2,283,105

FMDv
RVFv
RVFv

L
L
F/V/C
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Table 63: Accidental Cases Ranked by Case Frequency
Case
Frequency
Rank
16

Case
ID
4FS

16

4RS

18

3FA

19
20

1RB
7FW

21
22
23
24

1FC
6FB
6RB
7FSB

25
26
27

5RB
5FB
8RA

28
29

1RC
8FA

30
30
30
30

1FA
5FA
5RA
6FA

30

6RA

30

7FSA

30

7RW

30

7RSA

30

7RSB

30

8FB

30

8RB

30
30
30

10RA
10RB
11RA
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Case Description
Loss through Solid
Waste
Loss through Solid
Waste
Loss of Infected
Animal
Spill, no HEPA
High Wind
(Containment
Damage)
Outside Spill
Deflagration, no HEPA
Deflagration, no HEPA
Seismic Event, no
HEPA
Fire, no HEPA
Fire, no HEPA
Aircraft Crash, Side of
Lab
Outside Spill
Aircraft Crash, Side of
Lab
Spill, with HEPA
Fire, with HEPA
Fire, with HEPA
Deflagration, with
HEPA
Deflagration, with
HEPA
Seismic Event, with
HEPA
High Wind
(Containment
Damage)
Seismic Event, with
HEPA
Seismic Event, no
HEPA
Aircraft Crash,
Mechanical Space
Aircraft Crash,
Mechanical Space
Fomite, Emergency
Fomite, Personal
Tornado

Case
Frequency
(cases/year)
4.16 x 10‐7

Period (number of
years between cases)

Pathogen

Pathway

2,403,846

FMDv

S

4.16 x 10‐7

2,403,846

RVFv

S

1.64 x 10‐7

6,097,561

FMDv

F/V/C

5.20 x 10‐8
2.78 x 10‐8

19,230,769
35,971,223

RVFv
FMDv

A&D
A&D

9.88 x 10‐9
4.47 x 10‐9
3.33 x 10‐9
3.04 x 10‐9

101,214,575
223,713,647
300,300,300
328,947,368

FMDv
FMDv
RVFv
FMDv

A&D
A&D
A&D
A&D

3.33 x 10‐10
2.86 x 10‐10
2.32 x 10‐11

3,003,003,003
3,496,503,497
43,103,448,276

RVFv
FMDv
RVFv

A&D
A&D
A&D

5.20 x 10‐13
3.49 x 10‐13

1,923,076,923,077
2,865,329,512,894

RVFv
FMDv

A&D
A&D

0.00 x 100
0.00 x 100
0.00 x 100
0.00 x 100

NA
NA
NA
NA

FMDv
FMDv
RVFv
FMDv

A&D
A&D
A&D
A&D

0.00 x 100

NA

RVFv

A&D

0.00 x 100

NA

FMDv

A&D

0.00 x 100

NA

RVFv

A&D

0.00 x 100

NA

RVFv

A&D

0.00 x 100

NA

RVFv

A&D

0.00 x 100

NA

FMDv

A&D

0.00 x 100

NA

RVFv

A&D

0.00 x 100
0.00 x 100
0.00 x 100

NA
NA
NA

RVFv
RVFv
RVFv

F/V/C
F/V/C
A&D
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6.3

Risk Dollars and Categories

The epidemiological modeling was performed for each applicable case analyzed in the SSRA and an
economic assessment of the consequences of each case was performed for risk‐ranking purposes. For
each case, the estimated consequences (expressed in dollars) were multiplied by the case frequency, Fc,
to get the risk consequence (expressed in risk dollars, indicated by $'). Note that case frequencies were
determined assuming accidental events and not events due to intentional acts. The modeled economic
consequences for each accidental case and the calculated risk dollars for each case are provided in
Table 6‐4.
Table 64: Accidental Cases Ranked by Risk Dollars
Risk
Dollar
Rank
1
2

Case
ID

Case
Description

10FB
9FA

3
4
4
4
7

1FB
2RA
2RB
2RC
9FB

8
9

11FA
10FA

10

11FB

11

4FL

12

4FS

13

3FA

14

3RA

15

3RB

16
17

1FC
7FW

18

6FB

19

7FSB

Fomite, Personal
Worker w/o
Respiratory
Protection
Spill, no‐HEPA
LAI, Inhalation
LAI, Injection
LAI, Ingestion
Worker with
Respiratory
Protection
Tornado
Fomite,
Emergency
Tornado with
Vector
Loss through
EDS
Loss through
Solid Waste
Loss of Infected
Animal
Loss of Infected
Animal
Loss of Infected
Mosquitoes
Outside Spill
High Wind
(Containment
Damage)
Deflagration, no
HEPA
Seismic Event,
no HEPA
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Mean
Consequence ($)
$23,548,890,063
$23,548,890,063

Case
Frequency
(cases/year)
1.30 x10‐2
1.04 x10‐2

Period (number of
years between
cases)
77
96

$23,548,890,063
$3,491,829,532
$3,491,829,532
$3,491,829,532
$23,548,890,063

5.72 x 10‐4
1.56 x 10‐3
1.56 x 10‐3
1.56 x 10‐3
1.04 x10‐4

1,748
641
641
641
9,615

$5,089,372,249
$23,548,890,063

1.13 x 10‐4
6.00 x 10‐6

$5,089,372,249

Pathogen

Pathway

$'306,135,571
$'244,908,457

FMDv
FMDv

F/V/C
F/V/C

$'13,469,965
$'5,447,254
$'5,447,254
$'5,447,254
$'2,449,085

FMDv
RVFv
RVFv
RVFv
FMDv

A&D
F/V/C
F/V/C
F/V/C
F/V/C

8,850
166,667

$'575,099
$'141,293

FMDv
FMDv

A&D
F/V/C

1.13 x 10‐5

88,496

$'57,510

FMDv

A&D

$23,548,890,063

4.56 x 10‐7

2,192,982

$'10,738

FMDv

L

$23,548,890,063

4.16 x 10‐7

2,403,846

$'9,796

FMDv

S

$23,548,890,063

1.64 x 10‐7

6,097,561

$'3,862

FMDv

F/V/C

$3,507,273,738

1.02 x 10‐6

980,392

$'3,577

RVFv

F/V/C

$3,498,082,846

4.38 x 10‐7

2,283,105

$'1,532

RVFv

F/V/C

$23,548,890,063
$5,930,929,037

9.88 x 10‐9
2.78 x 10‐8

101,214,575
35,971,223

$'233
$'165

FMDv
FMDv

A&D
A&D

$23,548,890,063

4.47 x 10‐9

223,713,647

$'105

FMDv

A&D

$5,089,372,249

3.04 x 10‐9

328,947,368

$'15

FMDv

A&D
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Table 64: Accidental Cases Ranked by Risk Dollars
Risk
Dollar
Rank
20
21

5FB
8FA

22
22
22
22
22

1FA
1RA
1RB
1RC
4RL

22

4RS

22
22
22

5FA
5RA
6FA

22

6RA

22

7FSA

22

7RW

22

7RSA

22

7RSB

22

8FB

22

8RB

22

10RA

22
22
22

10RB
11RA
11RB

NA
NA

5RB
6RB

Case
ID

Case
Description
Fire, no HEPA
Aircraft Crash,
Side of Lab
Spill, with HEPA
Spill, with HEPA
Spill, no HEPA
Outside Spill
Loss Through
EDS
Loss through
Solid Waste
Fire, with HEPA
Fire, with HEPA
Deflagration,
with HEPA
Deflagration,
with HEPA
Seismic Event,
with HEPA
High Wind
(Containment
Damage)
Seismic Event,
with HEPA
Seismic Event,
no HEPA
Aircraft Crash,
Mechanical
Space
Aircraft Crash,
Mechanical
Space
Fomite,
Emergency
Fomite, Personal
Tornado
Tornado with
Vector
Fire, no HEPA
Deflagration, no
HEPA

Mean
Consequence ($)

Case
Frequency
(cases/year)
2.86 x 10‐10
3.49 x 10‐13

Period (number of
years between
cases)
3,496,503,497
2,865,329,512,894

$0
$0
$0
$0
$0

0.00 x 100
5.20 x 10‐5
5.20 x 10‐8
5.20 x 10‐13
4.56 x 10‐7

$0

Pathogen

Pathway

$'7
$'0

FMDv
FMDv

A&D
A&D

NA
19,231
19,230,769
1,923,076,923,077
2,192,982

$'0
$'0
$'0
$'0
$'0

FMDv
RVFv
RVFv
RVFv
RVFv

A&D
A&D
A&D
A&D
L

4.16 x 10‐7

2,403,846

$'0

RVFv

S

$0
$0
$0

0.00 x 100
0.00 x 100
0.00 x 100

NA
NA
NA

$'0
$'0
$'0

FMDv
RVFv
FMDv

A&D
A&D
A&D

$0

0.00 x 100

NA

$'0

RVFv

A&D

$0

0.00 x 100

NA

$'0

FMDv

A&D

$0

0.00 x 100

NA

$'0

RVFv

A&D

$0

0.00 x 100

NA

$'0

RVFv

A&D

$0

0.00 x 100

NA

$'0

RVFv

A&D

$0

0.00 x 100

NA

$'0

FMDv

A&D

$0

0.00 x 100

NA

$'0

RVFv

A&D

$0

0.00 x 100

NA

$'0

RVFv

F/V/C

$0
$0
$0

0.00 x 100
0.00 x 100
0.00 x 100

NA
NA
NA

$'0
$'0
$'0

RVFv
RVFv
RVFv

F/V/C
A&D
A&D

3.33 x 10‐10
3.33 x 10‐9

3,003,003,003
300,300,300

*
*

RVFv
RVFv

A&D
A&D

$23,548,890,063
$5,811,322,876

‐$2,653,837,992
‐$2,653,837,992

Mean Risk
Dollars ($')

*For the indicated cases, the positive sum of consumer and producer surplus arises in very small outbreaks and has been reported in the literature. While
producers are negatively impacted, consumers in aggregate are much better off (e.g., BSE in Canada). For this reason, the welfare model used results in
a positive impact which exceeds the government costs categories, non‐agricultural impacts and in the case of RVFv, human impacts.
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The same consequence and risk ranking is presented in Tables 6‐5 and 6‐6 for FMD and RVF,
respectively.
Table 65: Accidental FMD Cases Ranked by Risk Dollars
Risk
Dollar
Rank
1
2

10FB
9FA

3
4

1FB
9FB

5
6

11FA
10FA

7

11FB

8
9

4FL
4FS

10

3FA

11
12

1FC
7FW

13

6FB

14

7FSB

15
16

5FB
8FA

17
17
17

1FA
5FA
6FA

17

7FSA

17

8FB

Case
ID

Case Description
Fomite, Personal
Worker w/o
Respiratory
Protection
Spill, no‐HEPA
Worker with
Respiratory
Protection
Tornado
Fomite,
Emergency
Tornado with
Vector
Loss through EDS
Loss through
Solid Waste
Loss of Infected
Animal
Outside Spill
High Wind
(Containment
Damage)
Deflagration, no
HEPA
Seismic Event, no
HEPA
Fire, no HEPA
Aircraft Crash,
Side of Lab
Spill, with HEPA
Fire, with HEPA
Deflagration, with
HEPA
Seismic Event,
with HEPA
Aircraft Crash,
Mechanical Space

October 2010

Mean
Consequence
($)
$23,548,890,063
$23,548,890,063

Case
Frequency
(cases/year)
1.30 x10‐2
1.04 x10‐2

Period
(number of years
between cases)
77
96

$23,548,890,063
$23,548,890,063

5.72 x 10‐4
1.04 x10‐4

1,748
9,615

$5,089,372,249
$23,548,890,063

1.13 x 10‐4
6.00 x 10‐6

$5,089,372,249

Mean Risk
Dollars ($')

Pathogen

Pathway

$'306,135,571
$'244,908,457

FMDv
FMDv

F/V/C
F/V/C

$'13,469,965
$'2,449,085

FMDv
FMDv

A&D
F/V/C

8,850
166,667

$'575,099
$'141,293

FMDv
FMDv

A&D
F/V/C

1.13 x 10‐5

88,496

$'57,510

FMDv

A&D

$23,548,890,063
$23,548,890,063

4.56 x 10‐7
4.16 x 10‐7

2,192,982
2,403,846

$'10,738
$'9,796

FMDv
FMDv

L
S

$23,548,890,063

1.64 x 10‐7

6,097,561

$'3,862

FMDv

F/V/C

$23,548,890,063
$5,930,929,037

9.88 x 10‐9
2.78 x 10‐8

101,214,575
35,971,223

$'233
$'165

FMDv
FMDv

A&D
A&D

$23,548,890,063

4.47 x 10‐9

223,713,647

$'105

FMDv

A&D

$5,089,372,249

3.04 x 10‐9

328,947,368

$'15

FMDv

A&D

$23,548,890,063
$5,811,322,876

2.86 x 10‐10
3.49 x 10‐13

3,496,503,497
2,865,329,512,894

$'7
$'0

FMDv
FMDv

A&D
A&D

$0
$0
$0

0.00 x 100
0.00 x 100
0.00 x 100

NA
NA
NA

$'0
$'0
$'0

FMDv
FMDv
FMDv

A&D
A&D
A&D

$0

0.00 x 100

NA

$'0

FMDv

A&D

$0

0.00 x 100

NA

$'0

FMDv

A&D

355

NBAF SSRA Report
Table 66: Accidental RVF Cases Ranked by Risk Dollars
Risk
Dollar
Rank
1
1
1
4

Case
ID

Case
Description

2RA
2RB
2RC
3RA

5

3RB

6
6
6
6

1RA
1RB
1RC
4RL

6

4RS

6
6

5RA
6RA

6

7RW

6

7RSA

6

7RSB

6

8RB

6

10RA

6

10RB

6
6

11RA
11RB

NA
NA

5RB
6RB

NA

8RA

LAI, Inhalation
LAI, Injection
LAI, Ingestion
Loss of Infected
Animal
Loss of Infected
Mosquitoes
Spill, with HEPA
Spill, no HEPA
Outside Spill
Loss Through
EDS
Loss through
Solid Waste
Fire, with HEPA
Deflagration,
with HEPA
High Wind
(Containment
Damage)
Seismic Event,
with HEPA
Seismic Event,
no HEPA
Aircraft Crash,
Mechanical
Space
Fomite,
Emergency
Fomite,
Personal
Tornado
Tornado with
Vector
Fire, no HEPA
Deflagration, no
HEPA
Aircraft Crash,
Side of Lab

Mean
Consequence
($)
$3,491,829,532
$3,491,829,532
$3,491,829,532
$3,507,273,738

Case
Frequency
(cases/year)
1.56 x 10‐3
1.56 x 10‐3
1.56 x 10‐3
1.02 x 10‐6

Period
(number of years
between cases)
641
641
641
980,392

$3,498,082,846

4.38 x 10‐7

2,283,105

$0
$0
$0
$0

5.20 x 10‐5
5.20 x 10‐8
5.20 x 10‐13
4.56 x 10‐7

$0

Mean Risk
Dollars ($')

Pathogen

Pathway

$'5,447,254
$'5,447,254
$'5,447,254
$'3,577

RVFv
RVFv
RVFv
RVFv

F/V/C
F/V/C
F/V/C
F/V/C

$'1,532

RVFv

F/V/C

19,231
19,230,769
1,923,076,923,077
2,192,982

$'0
$'0
$'0
$'0

RVFv
RVFv
RVFv
RVFv

A&D
A&D
A&D
L

4.16 x 10‐7

2,403,846

$'0

RVFv

S

$0
$0

0.00 x 100
0.00 x 100

NA
NA

$'0
$'0

RVFv
RVFv

A&D
A&D

$0

0.00 x 100

NA

$'0

RVFv

A&D

$0

0.00 x 100

NA

$'0

RVFv

A&D

$0

0.00 x 100

NA

$'0

RVFv

A&D

$0

0.00 x 100

NA

$'0

RVFv

A&D

$0

0.00 x 100

NA

$'0

RVFv

F/V/C

$0

0.00 x 100

NA

$'0

RVFv

F/V/C

$0
$0

0.00 x 100
0.00 x 100

NA
NA

$'0
$'0

RVFv
RVFv

A&D
A&D

*
*

3.33 x 10‐10
3.33 x 10‐9

3,003,003,003
300,300,300

*
*

RVFv
RVFv

A&D
A&D

*

2.32 x 10‐11

43,103,448,276

*

RVFv

A&D

*For the indicated cases, the positive sum of consumer and producer surplus arises in very small outbreaks and has been reported in the literature.
While producers are negatively impacted, consumers in aggregate are much better off (e.g., BSE in Canada). For this reason, the welfare model
used results in a positive impact which exceeds the government costs categories, non‐agricultural impacts and in the case of RVFv, human impacts.

The ranked cases were used to prioritize the recommendations for NBAF design, operational strategy
development, and mitigation planning in the next section.
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7. Conclusions, Recommendations,
Observations, and Path Forward
During the preparation of the SSRA, many SMEs, scientists, and engineers had the opportunity to assess
current NBAF plans and strategies while reviewing: plans and strategies from existing high‐containment
facilities, required regulations and statutes, and relevant information related to the NBAF research
pathogens. As a result, the conclusions and recommendations developed during the SSRA were based
not only on the outputs from the detailed quantitative modeling or the final risk ranking, but also with
consideration of all the qualitative information and empirical data available to the SSRA team. These
conclusions are presented in Section 7.1. Ultimately, the quantitative risk rankings developed in this
assessment were used with subjective observations and data to prioritize the recommendations made in
Section 7.2. These recommendations were developed for consideration by DHS during the current stage
of the NBAF design, operational planning, and mitigation strategy development. Other potentially useful
observations and suggestions are documented in Section 7.3. These observations and suggestions were
not directly correlated to the conclusions or ranked risk but may provide DHS with additional
information that can be used to inform the NBAF development process. The DHS plan for response to
this SSRA is presented in Section 7.4.

7.1

SSRA Conclusions

The conclusions of the SSRA regarding the design, operations, and mitigation strategies are summarized
in Table 7‐1. This table also includes references to relevant recommendations that are presented in
Section 7.2. Comments on each conclusion are included in italics.
Table 71: SSRA Conclusions
1

The Fomite/Carrier/Vector pathway was found to be the pathway of greatest risk, provided that
the evolution of the current NBAF schematic design (modified with SSRA recommendations)
continues to be consistent with applicable regulations, appropriate standards, and best
practices used in this assessment.
This conclusion is consistent with observations on actual containment laboratory accidents in
which human errors, not mechanical errors, have ultimately been responsible for a release. All
NBAF staff and visitors must understand the importance of the containment SOPs and be
provided with effective and ongoing training opportunities (Recommendation 1). Ultimately,
staff members are the most important element of a safe and effective biocontainment
environment at NBAF—or any other high‐containment facility. Emerging pathogen research has
safely been conducted in international facilities that have relatively minimal or poorly‐
maintained laboratories and containment systems. The advanced design and containment
systems that are planned for NBAF are expected to provide an optimal environment for safe
research activities, but staff members (and visitors) who work in the high‐containment areas are
key to the prevention of a pathogen release.

October 2010

357

NBAF SSRA Report
Table 71: SSRA Conclusions
2

The current NBAF design strategy was found to be generally consistent with requirements and
best practices for containment facilities used for animal and human pathogens.
Complete compliance with best practices requires the optimization of the facility layout to
include the minimization of internal movement distances for common/routine activities. NBAF
scientific program requirements resulted in the NBAF design including nearly all levels of
biocontainment. The integration of the different containment levels in one facility make it
important to clearly define and segregate areas of “high containment” (BSL‐3E, BSL‐3Ag, ABSL‐
4, BSL‐4) from laboratory areas of lower containment.

3

DHS has developed and is successfully using an integrated NBAF planning team comprised of
engineers, architects, scientific end‐users, biosafety, biosecurity, and animal husbandry experts
to inform the design, operational strategy development, and mitigation and response planning
efforts.
The NBAF design was informed by representatives from government, academia, and industry. A
team of international subject matter experts was assembled from similar high containment
facilities across the globe and lessons learned from the construction of other facilities were
incorporated into the design process. As NBAF systems are refined and finalized, continued input
from these contributors may provide updated information or lessons learned. Moreover,
consultation with additional experts in structural design for the mitigation of wind events
(Recommendation 6) may be useful for the next incremental design stage.

4

The design and engineering strategies that are being used by the NBAF Design Partnership are
consistent with current construction and engineering code requirements.
The NBAF design strategy is compliant with engineering and biosafety standards and codes that
are required for safe and secure operations. Specifications for all major systems meet or exceed
the standards required to protect both the NBAF staff and the surrounding environment. An
update to ASCE 7‐10, released in May, 2010, may be accepted for use in the International
Building Code (IBC) at which time DHS should consider adopting this standard.
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Table 71: SSRA Conclusions
5

The SSRA assessment of the current NBAF design (90 mph design load with 1.15 Importance
Factor and 1.6 Factor of Safety) indicated that an F2 or greater intensity tornado may cause a
loss of biocontainment. DHS has specified that the NBAF should be able to maintain
containment if struck by an F2 or lesser intensity tornado, and planning efforts are underway to
modify the schematic design to be consistent with this requirement.
The current design standards meet the necessary code requirements, but do not protect the
facility from loss of containment resulting from an F2 or more intense tornado. It is
recommended (Recommendation 5) that NDP enhance the schematic design (in progress) to
include the ability to maintain non‐operational containment integrity (static containment) after
a strike by an F2 tornado, or preferably an F3. Given the small but significant risk of a direct
tornado hit, the design should incorporate elements that provide hardening to the areas where
additional structural integrity is essential.

6

Security features included in the NBAF site layout, as recommended by the TRA, have been
successfully integrated into the current plans.
The TRA recommended important features that provide additional security to both the staff and
the material inside the NBAF. Hardening of outside walls and the incorporation of recommended
stand‐off distances into the early design were used to mitigate risks identified in the TRA. The
SSRA‐recommended structural hardening (Recommendation 5) will provide additional mitigation
for intentional threat scenarios.

7

NBAF’s central location (Manhattan, Kansas) provides timely access to all parts of the country
for sample receipt and handling while minimizing staff commuting demands and fostering
advanced research opportunities with other government, academic, and private institutions.
The area contains one of the largest concentrations of animal health research and education
facilities in the U.S. The ease of access to potential collaborators and researchers will drive new
research programs and potentially lead to greater development of the animal health and
research industry in the area.
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Table 71: SSRA Conclusions
8

NBAF operational strategies are in the early stages of development and are expected to
produce comprehensive operational and management plans to provide NBAF with the highest
levels of safety, security, animal care, and research capabilities.
As the first of its kind in the U.S., NBAF will set the international standard of excellence for
research and containment facilities supporting large animal research models in the highest
levels of containment. NBAF operations will include best practices developed over years of
experience at PIADC and numerous international high containment facilities. The best practices
from these facilities along with the modern containment systems design will become the model
for biosecurity and biosafety at large animal research facilities in the U.S. As with all newly
constructed facilities, the NBAF will require an extended commissioning period. The scheduled
transition of research programs from other laboratories to the NBAF should be planned
accordingly.

9

NBAF mitigation and response strategies are being developed that will involve local, regional,
state, and tribal governments as well as relevant academic and private entities. This integrated
mitigation strategy serves several purposes and will provide another layer of biosafety and
biosecurity for the NBAF.
The U.S. government, DHS, and NBAF are expected to lead in the development of highly‐
integrated and visible mitigation strategies for the highly unlikely event of a pathogen release
from the NBAF. Recommendation 8 and suggestions in Section 7.3.3 detail the role
recommended for DHS in the development of these mitigation strategies. Significant
coordination efforts will be required to involve all entities, including US government and
state/local/tribal authorities, in the development and routine exercise of an integrated NBAF
emergency response plan. Existing response plans should be augmented and leveraged to assist
in the development of the new plans. State and local planners/responders are eager to
collaborate with DHS and the federal government to define roles and responsibilities.

7.2

Prioritized Recommendations

Recommendations developed for the SSRA were prioritized using the risk ranking, presented in Section
6, and other data collected and reviewed during the assessment process. The final prioritized
recommendations are presented in Table 7‐2. This table includes a summary of each recommendation,
supporting rationale, and a general summary of the impact.
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The early development of training programs
will facilitate the incorporation of best
practices from facilities that perform research
on animal and/or human pathogens. The
aggregation of these different standards may
highlight divergences in operational
protocols, procedures, and training. It is
important to identify such compatibility
issues early to provide as much time as
possible to adjust and validate new protocols,
procedures, and training methodologies
before the NBAF is commissioned.
Each carcass disposal technology has
inherent risks and benefits. The DHS/NDP
strategy to use redundant technologies at
NBAF is excellent. The selection of these
technologies, however, may warrant a more
detailed assessment and analysis than has
been performed to date. Nearly every
disposal option is constrained, to some
extent, by technical limitations and
regulatory requirements.

DHS should initiate the development of NBAF
staff training programs as soon as is
practically possible. The control of fomites,
vectors, carriers, and laboratory acquired
infections is one of the most important
elements of risk control for the facility.

DHS should convene professionals from the
design team and other subject matter experts
to explore all of the options available to the
NBAF for carcass disposal systems. Currently,
incineration is the primary technology and
alkaline hydrolysis is designated as a
secondary process. (However, very recent
developments have indicated that rendering
might be considered as the primary
technology.) This group should make a final
recommendation to DHS before the
schematic design evolves to the next level.
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Rationale

Recommendation
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2

1

No.

Table 72: Prioritized Recommendations

The safe and effective neutralization of
pathogenic material in infected carcasses
is a key element in the overall strategy to
mitigate the risks associated with the
release of fomites. Since these systems
are inherently large, complicated, and
integrated into the facility, the design
should be informed with a high‐
confidence selection of carcass disposal
systems.

When implemented, well‐established
training programs provide mitigation for
the risk associated with containment loss
by human error.

Impact

NBAF SSRA Report

Visitors and FADD school attendees will
potentially have the least experience and
familiarity with NBAF biosafety requirements
and containment systems. For safety and
security reasons, these individuals should be
limited to specific laboratory areas—only
those designated for training activities or
other official business.
While there are potential risks associated
with the non‐infected pathogen‐carrying
human, the safety and efficacy of working
with large animals while wearing respiratory
protection are problematic. Wearing
respiratory protection may limit the field of
vision or distract individuals while in the
midst of performing high‐risk procedures or
animal transfers. Thus, the determination of
need for respiratory protection for humans
working in the BSL‐3Ag area should be made
after careful consideration by the Biosafety
Officer of the animal pathogen (disease),
animal species, and risk associated with the
specific activity.

DHS should strictly limit access to the NBAF
laboratory areas and minimize the potential
for unauthorized visitors. When access to the
containment block is required (FADD
students), strict escort protocols must be
followed and visitors must be provided with
ingress/egress training and/or supervision.

The NBAF Biosafety Officer is responsible for
developing respiratory protection guidelines
with specific regard to staff and visiting
researchers who work in a BSL‐3Ag
environment with large animals infected with
non‐zoonotic pathogens. The appropriate
guidelines for evaluating respiratory
protection should be prepared prior to
completing the facility design.
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4

3

No.

Table 72: Prioritized Recommendations

The SSRA assessed that the risks
associated with the inadvertent transfer
of viable pathogenic material from a
containment area can be relatively high.
The Biosafety Officer will be in the best
position when working with researchers
and other biosecurity professionals to
make program or case‐specific
respiratory protection policies that will
help mitigate these risks in accordance
with federal and facility‐specific
guidelines.

Limited access is an important aspect of
the mitigation for the risk associated with
containment loss by human error.
Untrained, undertrained, or improperly
trained persons enhance the risk of
containment loss. In addition, biosecurity
concerns and current regulations require
strict access limitations.

Impact
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The current design team has done a very
good job accommodating requirements that
have been provided to them in a dynamic
environment that is challenged by balancing
mission needs, schedule issues, and
budgetary concerns. An outside entity with
wind engineering design expertise will
enhance the real and perceived
responsiveness of DHS to the tornado threat
issue.

Quantitative modeling of FMDv and RVFv
indicated that there was the potential for
FMD disease outbreak (models indicated no
outbreak of RVF would follow a tornado
strike) if NBAF were struck by a tornado with
wind speeds above its design load. The
estimated mean economic consequence of
an FMD outbreak could exceed $5B.

Non‐operational containment integrity (static
containment) should be maintained for up to
an F2 event. DHS will implement this
requirement in the schematic design and
construction plan. This recommendation also
applies to portions of the Central Utility Plant
(CUP) that provide essential services to the
laboratory facility while in “shut down” mode
after a tornado strike. In addition, the design
team should perform a technical assessment
to determine if the F2 working loads would
provide F3 static containment. If not, the
design team should assess the marginal costs
of satisfying F3 requirements for static
containment and DHS should evaluate the
cost/benefit analysis before finalizing the
facility design.

DHS should provide additional expertise to
the design team to include an engineering
organization that has extensive design
experience in high‐wind event mitigation
practices. This additional resource would
assist DHS in setting the most appropriate
design specifications and reviewing the
developments of the NBAF design as it
evolves.

Rationale

Recommendation

No.

Table 72: Prioritized Recommendations

The expertise and focused discussion and
design enhancements will help satisfy the
requirements of Recommendation 5.

Facility hardening will help mitigate the
risks of biocontainment loss for an F2 (or
F3) tornado event and provide mitigation
for other natural disasters and intentional
scenarios.

Impact
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The resolution of this issue is part of the
overall strategy to reduce the risks
associated with releases from
fomites/vectors/carriers.

Even though all solid waste will be serially
autoclaved before removal from the
containment block, it is important to
maintain positive control until it can be
destroyed or permanently stored in a
controlled‐access landfill. The motivation for
the positive control is twofold: 1) prevent the
release of sterilized but recognizable solid
waste, and 2) provide a final level of
protection in the unlikely case that the solid
waste is not properly sterilized.

DHS should resolve details regarding the final
disposition of solid waste removed from the
high‐containment areas. The current plans
require double (series) autoclaving of solid
waste, followed by temporary storage of
sterilized waste in an uncontained area before
transfer to an unidentified witnessed waste
incineration provider in the Kansas City area.

8

9

The integrated response team must be
equipped with the appropriate tools and
have the opportunity to exercise the
plans in order to provide response
actions that will minimize the impact of
any containment loss—potentially
preventing disease outbreak.

Albeit a very unlikely event, local and regional
entities will be on the “front lines” of a
response to any NBAF FAD issue. The ability
of the initial responders to quickly and
effectively execute response plans
significantly reduces the potential
consequences of an event and enhances the
perception of response readiness—further
reducing risks.

DHS should develop and implement a plan for
identifying resources with local and regional
entities to enhance and exercise Foreign
Animal Disease (FAD) Emergency Response
Plans. Observations and suggestions regarding
implementation of this recommendation are
provided in Section 7.3.3. DHS conducted a
meeting with regional and state officials on
May 25, 2010, to begin this exchange.

7

An onsite sanitary sewage retention
system will provide additional response
options for an accidental release and will
provide mitigation for risks associated
with the temporary loss or denial of
municipal discharge capacity.

Although the SSRA indicates the risk of liquid
waste effluent contamination is very low, the
temporary wastewater retention capability
adds another layer of protection to the
facility and provides mitigation for several
identified risks.

DHS should consider adding a requirement to
install an on‐site underground sanitary
sewage waste retention system. This system
should be able to accommodate at least one
day’s worth of liquid effluent and incorporate
the ability to be sanitized and/or bypassed as
needed.

Impact

Rationale

Recommendation

No.

Table 72: Prioritized Recommendations
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Having a source of guaranteed potable water
would permit NBAF research to continue in a
safe and normal mode unless the anticipated
service interruption would cause exhaustion
of the reserves or available supplies. A
service interruption elevates risk levels
because there may be fewer
decontamination procedures, higher levels of
animal culling (if the situation becomes
critical) and less diluent (washdown water)
introduced to the NBAF Effluent
Decontamination System (EDS).

Riley County does not currently have an
operational landfill. There is some small
potential for contaminated waste to errantly
leave NBAF through the non‐containment
solid waste pathway.

DHS should evaluate additional solid waste
disposal options for non‐containment waste
located in close proximity to the NBAF. A
dedicated site for disposition with
controllable access and scavenger exclusion
features would minimize this risk. It is
recommended that DHS engage with Riley
County officials to investigate the possibility
of developing a local landfilling option (as a
county function) that has limited access and
practices/features that will minimize the
potential of animal/insect/human contact
with NBAF refuse.

DHS should consider adding an NBAF
requirement to identify an emergency
supplier for potable water (mobile provider)
or install an on‐site potable water supply
reservoir. In either case, 1‐3 days of potable
water should be available in case normal
potable water supplies are temporarily
unavailable.

Rationale

Recommendation

No.

Table 72: Prioritized Recommendations

Continued access to potable water during
a temporary denial of service will help
mitigate the risks associated with the
suspension of normal operational
procedures and hygiene practices that
are necessary to manage multiple
containment risks.

The resolution of this issue is also part of
the overall strategy to reduce the risks
associated with releases from
fomites/vectors/carriers.

Impact
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The current schematic design and BSL‐3Ag
and ABSL‐4 layouts have not yet identified
the design features that should ultimately be
incorporated into the NBAF construction
plans. While it is anticipated that large animal
movement considerations will be included as
the design matures, early consideration of
these issues may drive changes to the facility
layout. Such considerations are important
because there are many risks associated with
the movement of ill‐tempered or agitated
large animals.

The NBAF should incorporate basic design
features to facilitate the safe and humane
movement of animals through the facility.
Examples include rounded corners, adjustable
penning, lighting considerations, and other
features that will help maintain animal
temperament and minimize animal agitation.

12

13

The permanent mock‐up facility provides
additional risk management
opportunities for several of the identified
risks, particularly during orientation,
training, and development of procedures.

A permanent mock‐up provides a useful
resource to evaluate new systems or to
determine how systems from different
suppliers may be successfully integrated. The
permanent facility can also be used for
orientation training, public outreach, and
media relations.

DHS should accommodate the permanent
addition of a laboratory mock‐up facility. A
mock‐up facility is critical to preliminary
equipping of the facility and DHS has included
a temporary mock‐up as part of the NBAF
development process. The recommendation is
to provide an on‐site location for the mock‐up
so that it can become a permanent non‐
operational fixture that may facilitate training
and operational readiness exercises.

Risks to personnel and biocontainment
are minimized when the handling of large
animals can be performed without the
additional hazards associated with
uncooperative livestock.

Impact

Rationale

Recommendation

No.

Table 72: Prioritized Recommendations
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Preventative and predictive maintenance
programs not only extend the functional
lifespan of the facility, but also decrease the
overall operational costs and risks.

In conjunction with other federal, state, and
local agencies, several potentially‐disruptive
natural phenomena could be anticipated
(blizzard, heavy snow, hail, high‐wind,
tornado, flooding, lightning, and potentially
seismic events) and operational procedures
may be temporarily adjusted or limited to
minimize risks to staff, animals, and the
public.

The NBAF should develop a proactive
maintenance program that includes
preventative and predictive maintenance
procedures.

DHS should consider developing site‐specific
natural disaster and enhanced disease
surveillance and response plans for inclusion
in NBAF’s operating procedures. Disease
surveillance plans for local and regional
facilities should also be developed in
conjunction with public and private sectors.
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All persons and entities involved in
design, operations, and response
planning should be informed of the full
potential suite of pathogens that will be
used at the facility. Transparency and
proactive communications are key to
mitigating many identified risks.

From some public documentation regarding
the planned activities at NBAF, it could be
inferred that the eight proposed research
pathogens are the only pathogens that will
be stored and manipulated at the facility.
DHS’ proactive inclusion of the pathogens
associated with diagnostics and training,
when referencing the research pathogen list,
will prevent miscommunication and facilitate
mitigation and response planning.

Documentation and publications that describe
NBAF activities and pathogens should identify
the current capabilities associated with
research, diagnostics and training
demonstrations.

Information from natural disaster and
disease surveillance are critical to facility
response protocols and will minimize
risks associated with these events.
Local/regional disease surveillance is an
important part of the risk reduction
strategy because the spread of disease
may be curtailed when disease is
identified early in susceptible species
outside of containment.

The assumptions used to develop the risk
rankings are predicated on having a
sound maintenance program. If a
proactive maintenance program is not
used, the risk ranking would need to be
adjusted to reflect the higher
probabilities of failures associated with
engineered systems.

Impact

Rationale

Recommendation

October 2010

16

15

14

No.

Table 72: Prioritized Recommendations

NBAF SSRA Report

The findings of the SSRA indicate that a
culture of personal responsibility and
technical vigilance are important components
of NBAF biosecurity and biosafety strategies.
Personnel screening programs and security
requirements provide significant risk
mitigation for several of the identified risks
and provide the foundation needed to
cultivate a laboratory culture that is based on
professionalism and mutual trust. Scientific
peers at NBAF will have the flexibility to share
data and laboratory observations with the
assurance that all personnel and visitors are
vetted, responsible, and trusted with
information, findings, and materials that are
critical to the NBAF mission.

DHS should implement all personnel
screening requirements from the Employee
Access program as well as security
requirements currently in use at the PIADC,
and consider adding personnel security
requirements recommended by the Working
Group on “Strengthening Laboratory
Biosecurity in the United States” established
by Executive Order 13386 on 9 January 2009,
and the report “Responsible Research with
Biological Select Agents and Toxins” prepared
by the Committee on Laboratory Security and
Personnel Reliability Assurance Systems for
Laboratories Conducting Research on
Biological Select Agents and Toxins of the
National Research Council.
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Rationale

Recommendation
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Highly‐selective personnel screening and
security requirements for employees and
authorized laboratory visitors may
complicate the processes associated with
hiring and vetting NBAF researchers and
staff. However, the investment in this risk
mitigation technique will help minimize
the potential for a loss (intentional or
unintentional) of biocontainment and the
resulting economic and/or public health
consequences. Long‐term support of the
NBAF’s mission depends on avoiding
incidents that have a negative impact on
the economy, food security, and US
public health. The complexities
associated with stringent personnel
security are considered to be minimal in
comparison to the potential
consequences.

Impact
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7.2.1 Additional Discussion on Recommendation 5 (Tornado Hardening)
The SSRA recommendation for NBAF hardening for F2 or F3 tornadoes was driven by more than the
relative risk modeling for a tornado event. Because a tornado would be an observed accident that would
trigger immediate surveillance and response activities, the modeled economic consequences of a
disease outbreak resulting from the tornado are less than ¼ of the economic consequences from some
of the other potentially unobserved biocontainment losses that result in an outbreak. Specifically, the
modeled consequences of a tornado (~$5B) were approximately 21% of the consequences (~$23.5B) of
an unrecognized release of FMDv that resulted in an outbreak. (SSRA models indicate that an RVF
outbreak would not occur as a result of the loss of RVFv from a tornado event.) Furthermore, the risk
dollars ($’575,099) calculated for the FMDv tornado case (11FA) were less than 1% of the risk dollars
($’306,135,571) associated with case 10FB—an FMD outbreak from a fomite.
However, Recommendation 5 (hardening) is a tangible risk reduction feature that provides collateral risk
management benefits for other accidental and intentional NBAF threats. These benefits, combined with
the real and perceived risks of the tornado hazard in Manhattan, Kansas, provide the motivation for this
recommendation. The following paragraphs provide additional background about tornadoes and
present specific analysis of tornadoes performed for this SSRA.
Tornadoes are natural phenomena that occur all
over the world (Figure 7‐1), but conditions in the
United States are particularly favorable for their
development. Tornadoes have struck every U.S.
state, including Alaska and Hawaii. However,
there are regions with a disproportionately high
frequency of tornadoes (Figure 7‐2). In "Tornado
Figure 71: Increased Likelihood of
Tornadoes
(NOAA National Climatic Data Center)

Alley" in the south‐central U.S., warm, moist air moves
northward from the Gulf of Mexico while cooler, drier air
that has passed over the Rocky Mountains spills
eastward. The two air masses can clash and form
supercells that are capable of producing tornadoes
[NOAA/NCDC, 2008]. However, “Dixie Alley” has the
highest frequency of long‐track Fujita scale 3 to Fujita
scale 5 (F3‐F5) tornadoes [Frates, 2010].
The Fujita scale, or F‐scale, is used to rate the intensity of
a tornado by examination of the damage in the tornado
[Frates, 2010]
path. The scale uses intensity ratings from F0‐F6 (F6
being the most damaging intensity, but F5 being the highest practical intensity level). Since 2007, an
Enhanced Fujita (EF) scale has been used by many observers and organizations. This assessment uses
Figure 72: U.S. Tornado Regions

October 2010

369

NBAF SSRA Report
the older F‐scale, however, because most historical data is recorded in the F‐scale format. Estimated
wind speed ranges were designated for each intensity level. Tornado tracks of all confirmed tornadoes
in the region (NBAF location indicated by the red dot) from 1950‐2009 are illustrated in Figure 7‐3.
(Black lines represent F0‐F1, blue lines represent F2‐F3, and red lines represent F4‐F5 in this figure.)
Damage estimates and consequences from tornadoes
can vary significantly. For the NBAF, the modeled
consequences of a catastrophic tornado strike (one that
results in the loss of significant amounts of infectious
materials and results in the manifestation of disease),
although very unlikely, were large. The SSRA modeling
results indicated that the economic impact of an FMD
outbreak resulting from such an event was
approximately $5B. As part of the SSRA process, STAR
Figure 73: F0F5 Tornado Tracks
Institute performed a detailed analysis on the frequency
from 19502009 (STAR, 2010)
of tornadoes (by intensity) for the NBAF location. The
results of the STAR analysis are presented in Table 7‐3.
At the NBAF site, the mean return period, for an F2 or greater tornado is 77 years. For an F3 or greater
tornado, the period is 300 years and for an F4 or greater tornado the period is 1,687 years. However, the
return period (by intensity) was not the same as the predicted period of a pathogen release, or
catastrophic tornado strike. The predicted period of a pathogen release was calculated as the product of
the tornado return period and the likelihood of containment failure from the tornado strike.

Table 73: Recommended Change to Design Requirements for Tornado Hardness
Current NBAF
Design

NBAF Site
Fujita
Scale

Maximum
(¼‐mile)
Winds
(mph)

F2

Loss of
Containment
Containment
Integrity (Static)
‐1
Frequency (years )

Recommended
NBAF Design

Tornado
Period
(years)

Tornado
Frequency
‐1
(years )

157

77

1.3 x 10‐2

1.3 x 10‐3

No

Yes

F3

206

300

3.3x10‐3

3.3x10‐4

No

TBD

F4

260

1,687

5.9 x 10‐4

5.9 x 10‐5

No

No

No

No

F5

318

18,370

5.4x10

‐5

5.4x10

‐6

Containment
Integrity (Static)

In this analysis, the failure likelihood, Pt, was estimated from an assessment of three mitigating factors:
P1) the overlap between the tornado damage radius and the NBAF containment space, P2) the fraction of
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the highest intensity (F scale) along the tornado path, and P3) parameters used in the facility design and
construction specifications including the Importance Factor, and the Factor of Safety. Using an assumed
damage radius of 125 yards and a nominal containment area width of 150 yards, P1 was estimated to be
0.625. An approximation of the fraction of the total path length that was at the highest intensity was
used to estimate P2 as 0.4. Current NBAF design specifications were for an Importance Factor of 1.15
and a Factor of Safety of 1.6 (BOD, 2010) which led to an estimate of P3 of 0.4. Thus,

Therefore, the SSRA estimation was that a release of pathogen (FMDv) could be expected for 10% of the
tornado strikes in excess of the wind design load.
The current NBAF design specification satisfies code requirements and uses a Basic Wind Speed of 90
mph. Thus, the containment and structural features of the NBAF may fail in an F2 or more intense
tornado event. The calculated F2 tornado frequency (period‐1) was 1.3 x 10‐2 F2 tornadoes/year which,
using the estimated value of Pt, resulted in a catastrophic tornado strike frequency of 1.3 x 10‐3
outbreaks per year (or one outbreak that is attributed to an F2 or greater intensity tornado strike every
770 years). Based on very preliminary construction modification cost estimates (from NDP) for the F2
hardening (<$60M) and the other collateral risk management benefits, the SSRA recommendation is to
ensure that NBAF be designed and constructed to maintain containment after an F2 strike. Furthermore,
it is recommended that DHS and NDP assess the marginal costs of enhancing the design to harden the
facility for static containment after an F3 event. Since the F2 requirements may necessitate a
fundamental change in the construction techniques, the marginal costs of achieving F3 containment
may warrant these additional design modifications.

7.3

Observations and Suggestions

This section presents observations and suggestions in three primary areas: NBAF design and
engineering, facility operations, and emergency preparedness and response capabilities. The
suggestions and lessons learned regarding baseline best practices were derived from SME interviews
and site visits to facilities with similar operational missions and strategies as the NBAF. These
suggestions were not ranked in any order of importance nor are they directly associated with the risks
identified in this SSRA. Rather, they represent the best practices of the collective FAD research
community and should be considered for implementation at the NBAF. As the NBAF schematic design is
only 15% complete at the time of this writing, it is likely that many of the suggestions in the following
sections have already been addressed by DHS or the NDP.

7.3.1 Design and Engineering
Modern high‐containment laboratory designs require a high level of flexibility to meet the needs of
current and unspecified future research programs. The NBAF final design should incorporate elements
that allow for adaptation of animal rooms for diverse animal housing requirements. Future pathogens
may require the use of novel animal models with special animal welfare requirements. A flexible design
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will more easily accommodate unforeseen research needs and should include a well‐planned ratio of
high containment to non‐high containment research areas. SSRA SMEs noted that the current NBAF
schematic design strategy incorporates an unusually high ratio of BSL‐3E, BSL‐3Ag, and BSL‐4 to BSL‐2
space, but the space apportionment appears to be consistent with future program objectives. For
additional information regarding the potential need for non‐traditional animal models or special animal
welfare needs at the NBAF, refer to the Qualitative Hazard and Risk Assessment in Appendix C.
In containment facilities such as the NBAF, biosafety requires good laboratory practice, special
equipment for safety and containment, and facility design and engineering features. The applicable
standards and requirements for containment design and engineering features depend on the research
pathogens. The World Health Organization (WHO) has recommended a pathogen/agent risk group
classification system that is based on four risk groups. NIH established a comparable classification for
human agents. Both systems assign pathogens/agents into one of four risk groups (Risk Group 1, Risk
Group 2, Risk Group 3, or Risk Group 4) depending on the basis of hazard. There is a high level of
correlation between the assigned Risk Group and the required Biosafety Levels (already referred to in
this report), which describe combinations of laboratory practices and techniques, safety equipment, and
laboratory facilities [BMBL, 2005]. However, it is important to note that the assigned Risk Group and the
Biosafety Level are not necessarily the same. The Biosafety Levels (BSL‐1, BSL‐2, BSL‐3, and BSL‐4),
indicate the degree of the protection afforded to personnel, the environment, and the community from
the pathogens/agents. (Note that there are certain facility, equipment, and practice enhancements
which can be used to enhance the biosafety of a BSL‐3 facility—the resulting facility is referred to as a
BSL‐3E (E for “enhanced”) facility or laboratory.) For research work that includes the use of infected
animals, the Biosafety Levels for the facility (vivarium) are designated by an Animal Biosafety Levels,
ABSL. The four ABSLs describe facilities and practices applicable to work with animals infected with
pathogens/agents assigned to the corresponding Biosafety Levels. USDA has also developed facility
requirements and work practices for handling pathogen/agents of agricultural significance, Animal
Biosafety Level‐3 Agriculture. This level is referred to as BSL‐3Ag in the SSRA and in many other NBAF
documents and references. It is recommended that FMDv only be handled in vitro in BSL‐3 laboratories
with enhancements as required by the USDA and in vivo only in USDA‐approved BSL‐3Ag animal facilities
[USDHS/CDCP, 2007].
The current NBAF design includes laboratories and areas that will be designated as BSL‐2 (Figure 7‐4),
BSL‐3E, BSL‐3Ag, and BSL‐4 (Figure 7‐5). There are no areas designated at BSL‐3 space that do not
include generally accepted BSL‐3E enhancements. There are several governmental (domestic and
international) organizations that describe the laboratory practices, equipment and facility design needed
for these designated levels. In the United States, the U.S. Department of Health and Human Services
(DHHS) Public Health Service (PHS) Centers for Disease Control and Prevention (CDC) and the National
Institutes of Health (NIH) Biosafety in Microbiological and Biomedical Laboratories (BMBL), Fifth Edition
(2007) provides biocontainment guidelines and is the most comprehensive and frequently‐referenced
resource on biosafety practices. Other resources that assisted in the development of recommendations
include the United States Department of Agriculture (USDA) Agricultural Research Service (ARS) ARS
Facilities Design Standards, 242.1‐ARS (2002), the National Research Council: Guide for the Care and Use
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of Lab Animals, and the Association for Assessment and Accreditation of Laboratory Animal Care
International (AAALAC). According to the current NBAF Basis of Design (NDP, 2010), the NDP uses the
criteria established by BMBL, ARS‐FDS, and AAALAC as the NBAF compliance guidelines.

Figure 74: BSL2 Floor Plan
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Figure 75: Delineation of Containment Areas (10 June 2010)
The most recent (10 June 2010) NBAF containment area designation diagram(Figure 7‐5) indicates that
most corridors and support spaces in the containment block are at the BSL‐3E level, including spaces for
laundry, toilets, and support rooms. These common BSL‐3E spaces are used to provide ingress/egress
controls for the containment block and facilitates the movements from one containment area (such as
BSL‐3E or BSL‐3E Special Procedures, BSL‐3Ag, ABSL‐4,or BSL‐4) to another (BSL‐3E, BSL‐3E Special
Procedures, BSL‐3Ag, ABSL‐4, or BSL‐4) without requiring a complete exit sequence (usually a second
shower‐out and change to street clothes). The containment block is indicated by the dashed red
boundary line in this figure.
Chapter IV of the BMBL provides Laboratory Biosafety Level Criteria—the essential elements of all
standardized biosafety levels. This chapter of the BMBL includes the following sections: standard
microbiological practices (section A), special practices (Section B), safety equipment (Section C), and
laboratory facilities (Section D) for each standardized biosafety level (BSL‐1, BSL‐2, BSL‐3/BSL‐3E, and
BSL‐4). Similar requirements and recommendations are found in BMBL Appendices D.II and D.III for BSL‐
3Ag and ABSL‐3 with additional enhancements, respectively. A comparison of the current NBAF design
cGMP
(15%) against the
interpretation of the BMBL requirements by the SSRA team was used to identify issues
(not necessarily problems) with the current design that may warrant additional consideration by DHS
and/or NDP in order to be fully‐compliant with BMBL standards. In general, the current containment
design is consistent with BMBL requirements and recommendations.
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The facility requirements provided by the BMBL, Fifth Edition, [USDHHS/CDCP, 2007] include some
statements that could potentially obscure the non‐requirement for pressure decay testing of the BSL‐3E
areas. Specifically, Appendix D.III states that “Because all work with infectious material is conducted
within primary containment, there is no requirement for pressure decay testing of the room itself.”
However, D.III.8 states that “Each BSL‐3 enhanced containment space shall have its interior surfaces and
penetrations sealed to create a functional area capable of being decontaminated using a gaseous or
vapor phase method” but it does not mention a requirement for pressure decay testing. Furthermore,
D.III.9 requires “All exhaust ductwork prior to the HEPA exhaust filter serving BSL‐3 enhanced spaces
shall be subjected to pressure decay testing before acceptance of the facility for use.” It is the opinion of
the SSRA team that pressure decay testing is not required for the BSL‐3E areas by the BMBL. This
position is consistent with the current NBAF design.
Additionally, DHS is asked to consider the following suggestions:
1) DHS should consider increasing the number (and type) of autoclaves servicing the BSL‐3Ag
areas. It is anticipated that the frequency and bulk of animal waste and other solid wastes from
the animal holding rooms will be significant. In the current design, only one batch autoclave is
positioned to conveniently process and remove these materials.
2) DHS should consider convening a group of planning experts to review the overall containment
block layout and resulting flow patterns for NBAF staff and trainees. Of particular concern is the
long ingress for trainees in transit to the FADD school area (Figure 7‐6). There is elevated risk
that results from having non‐staff members routed by some of the most sensitive and high‐risk
NBAF areas in route to the FADD animal holding rooms and shared necropsy space.
3) DHS should carefully review the requirements and proposed placements of eyewash stations in
the NBAF. Personnel in need of emergency eyewash should not have to exit a laboratory area in
order to find the eyewash station.
4) DHS should consider convening a SME panel to address the issue related to the BMBL
requirement for complete redundancy of double HEPA (sequential) exhaust filtering systems
and if findings indicate that this is not necessary, prepare a written response to the BMBL
authors with an alternative suggestion. The current NBAF design is consistent with other
laboratory exhaust systems, but it does not seem to be in full compliance with the text of the
BMBL.
5) DHS should consider adding BSC exhaust attachments to a limited number of animal handling
rooms for future, unplanned studies.
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Figure 76: Trainee Flow
The large animal BSL‐4 research areas will be of the greatest risk to the NBAF employees due to the risk
of the pathogens themselves coupled with those inherent in working with large (potentially infected)
animals. Special care must be used when designing BSL‐4 animal holding areas and pens to limit animal
damage to the facility which may cause cross‐contamination or even a loss of containment. Handlers will
generally require 360° access around animal caging and pen placement should allow for animal handler
escape routes. Pinch points for air lines must eliminated during design and managed, if needed, during
operations. Some labs now integrate supply air lines into the containment suit, limiting exposure to
animals so an agitated animal does not accidentally remove them. An inspection system for personal
showering and wash down is recommended to ensure that all fecal matter and other debris on the
exterior of the suit and boots are completely removed. Additional information regarding the facility’s
BSL‐4 design and associated animal handling recommendations are detailed in the Qualitative Risk
Assessment (Appendix C).
Modern high‐containment laboratories now use predictive and
preventive maintenance programs instead of reactive
maintenance. These systems extend the lifespan of the facility
and allow for the routine repair of key systems. For example,
vibration sensors are frequently used to predict when
ventilation fans require servicing or replacement. NBAF should
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implement similar systems in the facility operation plan and design.
Facilities validate their waste treatment process in a variety of ways, ranging from mechanical
measurements to periodic live agent or spore test strip challenges. Typically, these testing points are
designed into the treatment process in a manner that is safe and easily accessible. NBAF should consider
incorporating similar procedures and validation systems to ensure waste treatment systems are
performing as required. Detailed records should be kept for review by auditors and in the event they are
needed for release investigations.
Redundant carcass disposal systems are not typically found at modern high‐containment facilities.
Facilities typically use one of the three major systems: incineration, alkaline digestion, or rendering to
dispose of carcasses. All three methods have been shown to inactivate a wide range of pathogens
including bacteria, viruses, and fungi. The proposed NBAF design includes redundant systems to provide
this level of flexibility to meet the mission and to ensure that a back up technology is available.
In addition to the high‐containment areas in the central containment block, the main laboratory building
comprises the Biotechnology Development Module, which is capable of operating under current Good
Manufacturing Practices (cGMPs). A critical asset of the NBAF, the BDM will provide the dedicated space
and equipment needed for small‐scale production of biological countermeasure materials and biological
reagents. These materials (master seed) and reagents will be used to support the manufacturing of
diagnostic‐ and vaccine‐related products. The BDM will be operated in accordance with U.S. Code of
Federal Regulations (CFR Title 9 & Title 21), Parts 210, 211, 600 and 610. The majority of the cGMP
manufacturing and support space will be a BSL‐2 facility, but there will be a small viral production area
that will be a BSL‐3E (Enhanced). According to the NBAF Feasibility Study [DHS, 2007], the nature of
cGMP manufacturing environments tends to be more controlled than research environments. The well‐
defined facility requirements, thoroughly regulated operations, and small pathogen quantities make the
cGMP a low risk when compared to the research (BSL‐3E, BSL‐4) and large animal (BSL‐3AG, ABSL‐4)
facilities in other parts of NBAF. For these reasons, specific scenarios and cases for the SSRA were not
developed for the BDM. The developmental nature of this facility will significantly advance technology
transfer opportunities to potential external partners for manufacturing of large scale materials in
support of countermeasures.

7.3.2 Operations
The BRI in Manhattan, Kansas, has many resources that could support and serve the NBAF mission such
as a multi‐media system for recording training material and demonstrations as well as a mock BSL‐3
training facility. With permission from BRI, existing instructional resources should be leveraged to
complement training and education program development and execution for the NBAF.
Often, new high‐containment laboratories use a 1‐2 year cold
period before going fully operational with pathogen research
programs. This allows staff to safely and fully test equipment
and systems with non‐pathogenic agents to determine if any
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procedural or facility changes are required. The NBAF should design such a program to evaluate/verify
all practices and procedures including (but not limited to) animal care, carcass disposal, personnel
decontamination, and liquid/solid waste disposal. During this time, community outreach activities
should also take place and these could be enhanced by hosting tours of the containment areas prior to
pathogen introduction.
Research facilities require routine maintenance programs to extend the lifespan of a facility. Standard
laboratory practice also includes periodic research pauses for maintenance and disinfection. Such
programs require the cessation of research activities in order to provide the proper level of safe access
to maintenance workers. Some facilities schedule maintenance cycles to coincide with periods of high
risk.
To reduce the cost of animal housing, some facilities rely upon offsite farms to hold experimental
animals that have not yet been exposed to a pathogen. For example, animals that are immunized with
experimental products are held offsite until the time of challenge. The remaining activities take place in
the laboratory after the challenge. This potentially provides a
The NBAF should develop a strong
significant operational cost savings as housing animals in a BSL‐
employee vetting process to ensure
3Ag space for the entire duration of a vaccine study, including
the recruitment of reliable and
pre‐challenge activities, is expensive. If possible, the NBAF
responsible employees.
should determine if such arrangements are feasible.
Personnel Management
The NBAF should hire and engage
High‐containment laboratories require a dedicated,
key facility engineers and biosafety
knowledgeable workforce to maintain the facility and achieve
staff as early as possible in the
construction phase to ensure that
success in the research mission. Other high‐containment
ongoing staff have intimate
laboratories are moving away from contractor‐based
knowledge of the facility.
engineering services to full‐time employees in key positions.
These employees feel a level of ownership and pride in the
facility that builds a greater sense of personal responsibility. The NBAF should develop a strong
employee vetting process to ensure the recruitment of reliable and responsible employees. Excellent
employees should be rewarded and recognized as part of an NBAF staff retention program. The risks of
disgruntled employees are real and are documented [GAO, 2003]. Such actions are less likely with high
morale and a dedicated staff.

At other domestic high‐containment projects, key facility engineers and biosafety staff were present and
engaged in the construction phase. International laboratories also reported that key facility engineers
were present at the onset of construction in order to understand the building and its design. Biosafety
staff was hired at a later point, but before construction of the interior was completed. NBAF should
consider a similar hiring scheme that allows for key staff an opportunity to gain intimate knowledge of
the facility and its overall design and construction.
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NBAF should develop thorough occupational health and medical surveillance programs that address the
zoonotic pathogens on the research agenda. Staff should
NBAF should develop thorough
retain identification cards that indicate place of employment.
occupational health and medical
Staff should also be required to report certain medical signs
surveillance programs that address
the zoonotic pathogens on the
to a local infectious disease specialist or a facility physician
research
agenda.
that is knowledgeable in diagnosis and treatment of the
pathogens used at the NBAF. Workers should be offered
necessary vaccinations and prophylaxis free of charge.
Community Engagement

A strong community relations program is required to
Before the NBAF is fully operational,
moderate the perception of risk in communities surrounding
a strong community outreach
the NBAF. A model program that has been used with great
program should be developed to
address risk concerns and build the
success is the Canadian Science Centre for Human and Animal
trust of the local community. The
Health’s (CSCHAH’s) “Community Liaison Committee” that is
NBAF should develop an outreach
comprised of community and regional leaders and
program to Manhattan‐area doctors
stakeholders. Frequent opportunities to engage with the
and veterinarians to educate them
community including: ambassador programs, community
on the agents in the facility and the
signs and symptoms of disease.
meetings, brochures, and press releases are standard
practice. Before the NBAF is fully operational, a strong
community outreach program should be devised to address risk concerns and build the trust of the local
community. Activities such as facility tours, job fairs, and ambassador programs have been used by
other facilities to demystify the facility and the associated research programs, and therefore should be
considered for the NBAF. Additionally, trusted community leaders should be recruited to become
spokespeople for the NBAF laboratory and its mission.
High‐containment laboratories typically engage the surrounding human or animal health providers in
the area in order to keep them informed about ongoing research programs. The NBAF should develop
an outreach program to Manhattan‐area doctors and veterinarians to educate them on the agents in the
facility and the signs and symptoms of disease.
Safety and Security

Infectious agent materials generated for research at higher biosafety levels, such as BSL‐4, are usually
inactivated as soon as possible and moved to a lower biosafety level to limit potential exposure to
infectious agents. This practice decreases not only the amount of time a researcher resides in the BSL‐4,
but also reduces the resources needed at a BSL‐4. As BSL‐4 labs do not currently exist at PIADC, the
NBAF will have to establish and validate methods for moving inactivated samples from BSL‐4 to BSL‐3Ag
or BSL‐2 laboratories for molecular analyses.
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To mitigate the risk of an insider threat, similar facilities are
The NBAF should develop a modern
increasing security via facility work area restrictions and
inventory control system that
updated pathogen inventory control mechanisms. The NBAF
incorporates need‐to‐know
should develop a modern inventory control system that
principles and strict pathogen
incorporates need‐to‐know principles and strict pathogen
accountability guidelines. Employee
access to all areas should be
accountability guidelines. For example, persons who do not
managed via electronic key cards or
typically work in the BSL‐4 laboratory do not need a key card
pin codes.
or pin code access to that area, nor do they require knowledge
of the exact location of BSL‐4 pathogen storage. Select Agent
access points should be monitored at all times. Keys to Select Agent repositories or freezers should be
consolidated in secure areas with limited access and should also be monitored. In general, employee
access to all areas in the NBAF should be managed via key card or pin code.
As with most high‐containment animal research facilities,
including PIADC, employees should be restricted from owning
susceptible animals. Also, the five‐day animal contact exclusion
period after working in the containment zone should be
continued. All visitors and contractors must also agree to this
stipulation prior to accessing the containment areas.

All employees, visitors, and
contractors must be restricted from
owning susceptible animals and
must be excluded from susceptible
animal populations for at least 5
days after being in the lab.

Facilities without on‐site solid waste incinerators often
The NBAF should identify a local
transport autoclaved waste using a point‐to‐point transport
provider in the general vicinity to
which solid waste will be
system with locked and tagged vehicles that do not stop en
transported and at which final
route. At the destination, the autoclaved solid waste is burned
incineration can be observed.
under constant supervision. NBAF should locate an appropriate
provider in the vicinity for observed incineration practices. (The
current plan is based on a remote incinerator facility that may be too far away.)
Facility biosafety programs typically have a mechanism to report events that may have lead to an
exposure or major accident, but did not result in any harm. The lessons learned from such incidents are
incorporated into future training programs as case studies to
The NBAF should develop an
minimize future risks. Furthermore, the NBAF biosafety
internal risk management system
that allows employees to highlight
program should integrate facility‐specific examples into a
perceived laboratory risks or report
regularly reviewed, dynamic training program. The IAH at
potentially dangerous situations
Pirbright, United Kingdom has developed a system of risk
ownership that may be used as a model by the NBAF.

7.3.3 Mitigation and Response
The State of Kansas has done an effective job of incorporating the in‐state resources into its current
emergency response plans and has a strong inter‐disciplinary, all‐hazard emergency preparedness,
response and recovery platform upon which the NBAF plans can be built. Immediate access to NBAF
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hazard information is crucial for this process to get underway and allow sufficient time for training,
exercising, and plan revision.
However, the State of Kansas and the local jurisdictions surrounding the NBAF do not have the resources
to fully implement their existing Foreign Animal Disease (FAD) plans. Also, it is unlikely that the area’s
American Indian tribes or the animal production industry have had the opportunity to develop FAD
plans that would be adequate for the potential risks, however rare, associated with the NBAF. Even
though state and local jurisdictions have a strong all‐hazards emergency preparedness system, it is
evident that they do not have adequate resources to undertake the spectrum of preparedness activities
necessary to develop an emergency plan (for NBAF incidents) nor to implement it. This gap should be
addressed as soon as possible to ensure that a realistic response plan is adequately developed in time
for the start of facility operations and is the basis for Recommendation 8.
Response Planning

To ensure a comprehensive and collaborative approach to the NBAF off‐site emergency preparedness,
each of the suggestions discussed below should be considered individually. Once emergency
preparedness activities commence, there may be other issues and needs that will arise which were not
identified in the SSRA. Therefore, the preliminary plans should be considered “living documents” which
will require periodic updates and refinements as needed.
The Nuclear Regulatory Commission (NRC) documented its
Use existing NRC off‐site emergency
off‐site emergency preparedness guidelines in NUREG 0654,
response plans and preparedness
guidelines as a model for the NBAF
Criteria for Preparation and Evaluation of Radiological
off‐site emergency response plans.
Emergency Response Plans and Preparedness in Support of
Nuclear Power Plants. According to interviews and research,
this integrated planning and preparedness process is well understood and routinely exercised by state
and local government entities in Kansas and was frequently recommended as a model for the NBAF.
It is important that the NBAF off‐site emergency preparedness activities have oversight and involvement
from all levels of government including federal, tribal, state, county, and city. It is suggested that the
Federal Emergency Management Agency (FEMA) be given a
FEMA should have a key role in the
development and oversight of off‐
key federal support role for all off‐site emergency
site
emergency preparedness.
preparedness oversight, similar to its role in nuclear power
plant off‐site emergency preparedness.
The current approach to an animal disease outbreak with the potential of having nationwide impact is a
patchwork of federal and state rules and regulations. USDA‐APHIS assumes responsibility, along with
DHS, in developing inter‐governmental plans, resources, and communication tools for outbreak
response. Funding sources, within the boundaries of the Stafford Act, should be clearly delineated
including the initial response phase, continued response operations, and the eventual recovery phase.
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USDA‐APHIS has also developed a viable FMD Preparedness
USDA‐APHIS should make excerpts
and Response Plan Draft that outlines “Federal, State and
of its FMD Preparedness and
Local Actions, Timelines, and Responsibilities for FMD
Response Plan available for use by
Outbreaks.” However, interviews identified that most, if not
state, tribal, and local planners.
all, state and local planners were not very familiar with this
resource. It was difficult to obtain access to the electronic version of the draft plan during the research
phase of this study. While there is good reason to restrict the availability of emergency plans to the
general public, it may be necessary for APHIS to develop excerpts of the plan for use by state, tribal and
local planners. It is also suggested that APHIS provide training resources to support state and local
planners as they develop plans that link with the APHIS plan.
The federal government should provide strategic leadership
and direction to state leaders nationwide to develop a
seamless framework for potential animal disease notification
and containment, and to address the following specific
suggestions:

The federal government should
provide strategic leadership and
direction to state leaders to develop
a seamless framework for potential
animal disease notification and
containment.

•

Federal, state, and local policies, plans and
procedures should be developed, integrated and implemented to ensure disease outbreaks
are contained and controlled in the most effective and efficient manner to limit the impact
upon the communities, the livestock industry, natural resources, and the economy.

•

The Kansas Division of Emergency Management’s Commission on Emergency Planning and
Response (CEPR) could be used in an advisory capacity for the interdisciplinary off‐site
emergency preparedness activities associated with the NBAF. The State of Kansas CEPR has
oversight of EPCRA/SARA Title III activities and already has members from the Kansas
Livestock Association and the Kansas Department of Agriculture. CEPR may also request
routine involvement of federal agencies in commission discussions. (See
http://www.kansas.gov/kdem/commissions/cepr_charter.shtml)

•

The Local Emergency Planning Committees (LEPCs), which have an “all hazards”
responsibility in Kansas, could play a critical role in integrating local emergency planning
efforts within the counties. To maintain effective integration, the NBAF should have
continuous and ongoing cooperation with the LEPCs.

The ability for officials to make informed decisions in the
event of a disease outbreak is contingent upon having the
appropriate systems in place to formulate the informed
decisions. The European Union (EU) found (following the
Institute of Animal Health‐related release in Pirbright in
2007) that decision‐making should be delegated to those on
the ground who have the best perspective of the real‐time
response. Defining this decision‐making algorithm
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beforehand will clarify and streamline emergency response in Kansas. Some of the other lessons learned
from the recent FMD incidents in the United Kingdom are:
•

Make emergency preparedness a core function of the facility;

•

Establish an adequate facility that will accommodate around‐the‐clock investigation while
experts work to characterize the virus and identify its source;

•

Establish more than one independent review panel to expeditiously investigate each
potential source of an outbreak;

•

Maintain complete and accurate herd data to support effective tracing and surveillance
efforts during and following an outbreak;

•

Work with susceptible animal production groups to define and pre‐plan a vaccination
decision tree, including development and testing of policies and arrangements for
emergency vaccination;

•

Allow sufficient time after the last identified case before declaring the disease as “over” and
removing restrictions on animal movements;

•

Ensure that producers of all of the various susceptible animal populations agree beforehand
on how restrictions will be implemented and rescinded so that decisions will not be
inappropriately based on specific animal markets;

•

Undertake large scale serology in order to ensure the disease outbreak is over;

•

Maintain constant vigilance and effective surveillance during all phases of facility operation;
and

•

Communicate the importance of fully understanding all relevant risks and develop a
regionalized and risk‐based approach to disease management.

There should be continued rigorous cost benefit analysis modeling for disease control measures to
inform policy making. Sound data and information management practices, with GIS technology
incorporated, are important to guide policy decisions and support operations. The animal and farm
location information collected throughout this study may provide a useful database to guide future
efforts.
It is suggested that DHS and APHIS collaborate with local,
state, private, and tribal officials, as well as other federal
department and agencies, to define the emergency
preparedness roles and responsibilities for all major
stakeholders. Stakeholders are more likely to support
planning efforts if they feel that their opinions and input are
valuable and will be integrated into the process. Knowledge
of local resources and approaches is critical to an effective
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and efficient response. The state, local, tribal, and university planners have a rich background in all‐
hazards emergency planning associated with their specific activities, so their inclusion at the beginning
of the planning phase is critical. Federal planners should seek opportunities to build relationships and
define acceptable processes that ultimately leading to collaborative decision‐making.
NBAF emergency management staff should actively participate within the county, State, and federal
emergency management system. A new or separate system should not be created to address
emergency preparedness activities inside or outside the NBAF fenceline. As indicated above, this would
include active participation with each of the LEPCs planning and preparedness activities. And, given the
potential impact on surrounding states, the Multi‐State Partnership for Agriculture Security should be a
part of the emergency preparedness activities. This thirteen‐state partnership could serve as a resource
for interstate collaboration.
Also, the NBAF should be required to participate in the development of off‐ and on‐site emergency
response plans and conduct regular training and exercises in
The NBAF should be required to
conjunction with local, state, tribal, and federal agencies and
participate in regular training and
animal production industry leadership. The jurisdictions and
exercises in conjunction with local,
agencies involved identify and agree to use the same disease
state, tribal, and federal agencies;
and animal production industry
reporting process and protocols and practice these with
leadership.
periodic exercises.
To provide for an enterprise‐wide state of readiness, the following planning considerations are
recommended:
•

The Kansas Foreign Animal Disease Emergency Response Plan is a foundation for off‐site
NBAF emergency planning, but training and exercises do not always include all levels of
government. Given the scarcity of local funding, the U.S. government may have to identify
and secure the planning and financial resources necessary to assist Kansas to further
develop its plans to address the NBAF. This would include funding for planning, training, and
exercise support that will require and ensure participation from all state agencies as well as
local, tribal, and industry representatives identified in the plan.

•

The NBAF should utilize the National Incident
Management System (NIMS) as is required by
State of Kansas Executive Order for all state and
local agencies. NIMS concepts should permeate
all aspects of planning, training, and exercises
inside the NBAF to ensure seamless integration
with other levels of government for effective
preparedness, response, and recovery.

•

The NBAF should incorporate the
Kansas National Incident
Management System (NIMS) in its
planning, training, and exercise
development.

In the event there is an accidental or intentional release of FMDv or insect vectors are
infected with RVFv, consideration should be given to an automatic declaration of an incident
of national significance and/or a presidential disaster declaration. As research continues on
zoonotic diseases and emerging infectious diseases such as Niv or Hev, these automatic
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declarations will likely require further, on‐going review. It is critical that all resources, to
include activation of the Emergency Management Assistance Compact (EMAC) and federal
response, are immediately available to stop movement of animals and reduce the potential
for a significant widespread outbreak to occur. Adequate emergency response funding
should be available at the first indication of a possible release or outbreak. DHS should lead
this effort consistent with HSPD‐9.
•

The jurisdictions and organizations in Kansas
DHS should provide additional
responsible for emergency preparedness require
guidance on the extent of the NBAF
additional guidance regarding the extent of the
emergency planning requirements
NBAF emergency planning requirements, as well as
to the jurisdictions and
planning guidelines for a designated Emergency
organizations in Kansas responsible
Planning Zone (EPZ) and transportation corridors.
for emergency preparedness.
For example, an EPZ should be established to
identify the emergency planning parameters for
different disease and vector risks. Disease surveillance zones and animal tracking
procedures should be established as a mitigation strategy to reduce the spread of disease,
as well as alleviate future agribusiness concerns.

•

Timely and thorough information sharing is
The State of Kansas Fusion Center
essential to early detection of a release. The State
processes should be used as a key
of Kansas Fusion Center should be used as a key
resource through which information
resource through which information can be shared
can be shared among all agencies.
across all agencies. Enhanced outreach is required
to ensure that ranchers are aware of the signs and
symptoms of the diseases studied at NBAF so they can alert local veterinarians
appropriately. Local veterinarians around Kansas, and particularly near the NBAF, must be
educated in the process and protocols for notification upon the discovery of a suspect case.

•

The ability to communicate during a potential or actual emergency situation using
compatible systems, as well as having access to a
full suite of communication capabilities, is critical
The Kansas statewide interoperable
for the local jurisdictions surrounding the NBAF.
communication system should be
The State of Kansas supports and has invested in
completed, particularly in the areas
a state‐wide interoperable communication
adjacent to and near the NBAF.
system but has been delayed by limited funding.
It is important that this interoperable communication system be completed, specifically in
the jurisdictions surrounding and adjacent to the NBAF and that an adequate supply of
essential communications equipment be provided to the local jurisdiction agencies, State
government agencies, KSU, and tribal nations to use in the event of an emergency.

•

Responsible organizations and jurisdictions should have the capability to communicate
emergency protective actions to the appropriate stakeholders in the event of a release from
the NBAF. Effective protective action communication systems, procedures, and protocols
should be established. Currently, Riley County has a Reverse 911 system, but messages are
only transmitted to subscribers and the system notes the message is delivered if it is
transmitted to a voice‐mail system with a human voice greeting. A more sophisticated
Reverse 911 system is one potential solution. Riley County also promotes the use of a
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“weather radio” type system that could deliver emergency messages to each home in the
NBAF EPZ.
•

The existing Kansas Department of Health and
Environment (KDHE) communication system
The existing Kansas Department of
and the Health Alert Network (HAN) should be
Health and Environment (KDHE)
integrated into a protective action system.
communication system and the Health
This system was funded by the Department of
Alert Network (HAN), should be
Health and Human Services’ Bio‐Terrorism
integrated into a protective action
grants and is regularly used to communicate
system.
with many of the emergency response
stakeholders. The KDHE is planning to expand
the user database to include local veterinarians who would be the first line of defense if a
rancher notes signs and symptoms in his or her livestock consistent with pathogens at the
NBAF. The HAN system is in place in health departments and other emergency management
centers nationwide. Conceptually, this system could be used to provide information about a
FAD outbreak to HHS and other states, although it is likely that USDA‐APHIS has a similar
capability with more targeted outreach.

•

Develop detailed, scalable local and state response plans with realistic capacity estimates
for level of effort (vaccination or culling) and material requirements. Resources should be
provided to exercise these plans on a periodic basis and to review/update these plans as
new research programs are adopted by the NBAF.

•

In coordination with the State of Kansas, enable APHIS to establish potential preliminary
isolation and quarantine areas around the facility with clearly defined animal stop
movement protocols.
Develop local and regional insect
Develop local and regional insect control
control programs to better manage the
programs to better manage the size of insect
size of insect populations around the
populations around the NBAF.
NBAF.

•

Outbreak Mitigation

A release from the NBAF would have significant state and local impact; therefore, rapid and continuous
communication is critical to reducing the impacts and curtailing the spread. In the UK, an outbreak of
FMD led to the postponement of a general election for a month and the cancellation of sporting/leisure
activities (see Appendix F “A Review of Recent Outbreaks of Foot and Mouth Disease (FMD) and Rift
Valley Fever (RVF)”). This level of response required close communication across various levels of
government, the private sector, and impacted citizenry. Emergency planning in a new area or for
operations with unique vulnerabilities is inherently challenging. When planning efforts require
coordination at all levels of government and also integrate private businesses, these challenges are
magnified. When there is no specific model and great risk associated with any gaps in planning efforts,
effective, multi‐faceted communication is needed to foster effective collaboration, response, and
cooperation.
Both state and local agencies individually suggested that the communication model used for nuclear
power plants be implemented for NBAF. For example, the Coffey County, Kansas, citizens residing within
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the Wolf Creek Power Plant Emergency Planning Zone receive a wall calendar in the mail each year. This
communication tool serves as a readily available reminder of what to look for as an indicator of a
release, as well as instructions about actions to take if there is any sign a release has occurred.
It has been recommended that the susceptible animal production industries in conjunction with local,
state and tribal nations develop a communication plan in collaboration with the lead federal planning
agencies (DHS and USDA). These communication plans should begin with an analysis of the
communication procedures between and among stakeholders. This analysis should include input from
local and industry media sources and provide a multi‐layered preparedness approach as well as a
response and recovery communication plan. The planners should seek to provide messages in very clear
and “reader friendly” language to reduce the risk that the messages will be misconstrued. There is value
in determining how to communicate specific topics and response strategies such as vaccination,
depopulation, and disposal. Various methods for communicating these messages should be tested with
different stakeholders to ascertain the respective audiences’ potential responses.
DHS and USDA should assist in the development of local accidental release or natural outbreak
instructions and response information documents targeted to the Manhattan, Kansas, community
stakeholders, local elected officials, and the media to ensure message cohesion and integrity. The
central role of the NBAF in any FAD response should be emphasized.
It will be important for multiple resources to be immediately available should there be any indication of
a release from the NBAF. Effective data collection and data management is also vital. Validated
dispersion and plume modeling software tools and the necessary related expertise should be offered to
the state and local emergency management officials to inform the decision‐making process during
response and recovery. This should include the appropriate training, education, and personnel to
interpret the modeling data.
The International Animal Health Emergency Reserve
(IAHER) agreement should be included in the Kansas plans
as a potential resource after an incident. This resource has
the capacity to provide an international mutual aid system.
Implementation of solutions to limit the spread of animal
disease has international significance and experts from
around the world should be integrated into the discussion
whenever possible.

The International Animal Health
Emergency Reserve (IAHER)
agreement should be included in
the Kansas plans as a potential
resource after an incident. This
resource has the capacity to provide
an international mutual aid system.

The State of Kansas FAD plan requires the activation of the interstate EMAC to provide resources.
Veterinarians from other states will be essential to sustaining this investigation, if required, to assist
with vaccination, surveillance, and depopulation operations. In the event the outbreak is widespread
and other states cannot deploy assistance through veterinary mutual aid, the State of Kansas should be
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resourced from within the state to provide a strong multi‐disciplinary response to ensure depopulation
activities are sensitive to social, psychological, and environmental concerns.
It is recommended that DHS, in collaboration with Kansas
DHS, in collaboration with Kansas
officials, establish national and local contingency
officials, should establish national
agreements to quickly meet anticipated needs in a
and local contingency agreements
and supply contingency
potential or actual disease outbreak. Identified suppliers
arrangements
and equipment to
should be vetted and subjected to regular review to ensure
quickly meet anticipated needs in a
their ongoing suitability for use in an outbreak. These
potential or actual disease outbreak.
agreements and arrangements should address all of the
relevant response and recovery requirements in all federal, state, local, tribal, and industry plans.
Local/State responders have requested that, at a minimum, equipment and supply caches be
established at the local, state and tribal levels to meet initial incident response requirements. As the
planning process matures, specific information as to the exact types and quantities of equipment
needed and whether/where such equipment is to be pre‐staged must be clearly defined.
Manhattan, Kansas, has a medical facility that can provide
The NBAF should facilitate ongoing
isolation rooms and treatment for individuals with
education programs with area human
potential laboratory exposures or LAIs. Medical and
and animal health professionals to
emergency response groups in the area are already
inform the community about signs
developing communication strategies and occupational
and symptoms for those diseases
being researched at the NBAF.
health programs with BRI. The NBAF should consider
building upon these existing relationships between the BRI
and MRHC for occupational health program needs. The NBAF could also facilitate ongoing education
programs with regional human and animal health professionals to inform the community about signs
and symptoms for those diseases being researched at the NBAF.
The local medical, fire, and emergency response groups need
The NBAF should work closely with
additional clarification from DHS regarding specific roles and
the MFD to develop internal
responsibilities. The NBAF should work closely with the MFD to
recovery SOPs to remove injured
develop internal recovery SOPs to remove injured workers
workers from high‐containment
from high‐containment areas. If MFD personnel cannot enter
areas.
high‐containment areas because equipment cannot be easily
decontaminated, alternative extraction SOPs should be developed that rely upon trained NBAF
personnel for patient stabilization and removal.
Plans for all major emergencies (e.g., fire, flood, high wind
event, tornado, loss of power) should be developed and
integrated into the NBAF training program. All community
responders that may be involved in a response should
periodically practice or test equipment within and around the
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NBAF to ensure its function. Key community stakeholders should be informed of and actively engaged in
preparation of these response plans.
Modern facilities prepare disaster or accidental release plans to expedite the emergency response. The
NBAF disaster or accidental release response plans should include specific credible natural and
deliberate threat event responses that address both staff and animal welfare. For instance, in the
unlikely event that severe weather damages the ventilation system or compromises animal housing,
plans should be developed to move and/or euthanize animals as appropriate. Adequate food and water
inventories should be made available in case delivery schedules are suspended or delayed.
NBAF should stage resources that monitor high‐risk
meteorological conditions which precede tornados or severe
weather events. Corresponding protocols should be developed
so that when defined weather alert conditions are met, high‐risk
NBAF activities are suspended until the conditions improve and
the threat subsides. Monitoring daily weather patterns may also
support post‐release response measures – as the information
could be used to determine the potential plume and pathway of
a release. Similarly, many facilities record and archive waste
treatment records and measurements to better identify and
respond to a release in the waste treatment stream, should one
occur.

NBAF should monitor high‐risk
meteorological conditions that
precede tornados or severe weather
events. Corresponding protocols
should be developed so that when
defined weather alert conditions
are met, high‐risk NBAF activities
would be suspended until the threat
diminishes.
The US government should continue
to develop Geospatial Information
Systems (GIS) response tools to map
human and animal populations
around the NBAF. These tools can
be used for emergency response
planning or for an accidental release
response.

Modern high containment laboratories differ in the use of active
surveillance programs or sentinel animal herds to monitor for
accidental releases. The area immediately surrounding the NBAF
would not support sentinel animals herds due to space
limitations. As a safety precaution, KSU may consider an active
surveillance program for cattle and pig operations on campus. For instance, cattle in a campus herd may
be tested before sale or removal from the campus, and the resulting serological evidence evaluated for
pathogen exposure. The animal populations could also be monitored for visible signs of disease.

7.4

DHS Path Forward

This SSRA has provided a comprehensive analysis of the risks associated with potential pathogen release
from NBAF in Manhattan, Kansas, in order to determine the requirements necessary to ensure safe
operation of the facility. Specifically, 9 conclusions and 17 recommendations to enhance NBAF design,
operations, and mitigation/response strategies are included. DHS will act on all SSRA recommendations
and use them to inform design and response planning. However, incorporation of some of the
recommendations will lead to an increase in construction and operational planning costs over the
current baseline. It is important to note that NBAF is presently in the early stages of design—designs
that accurately describe individual spaces, floor plans, and major safety and security specifications do
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not yet exist. In addition, DHS is in the early stages of operational and mitigation strategy planning,
which goes hand‐in‐hand with facility design, and these activities will continue throughout the
construction and commissioning phase. Additionally, DHS notes that as design and operational decisions
are made, this SSRA may need to be updated to ensure that the assessment of risks is current and
accurate. DHS intends to review the parameters of the SSRA as well as incorporate changes in
assumptions when necessary to make key decisions in design, planning, and operations.
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8. Site‐Specific Risk Assessment (SSRA)
Contributing Expertise
The collection and interpretation of data, aggregation of best practices, development and analysis of
transport mechanisms and scenarios, epidemiological modeling, financial consequences assessments,
risk rankings, and development of conclusions, recommendations, and observations required the
coordinated efforts of a large multidisciplinary team. The SSRA comprised a broad collaborative team
that combined the experience, talents, and effort of a variety of domestic and international experts.
Expertise was provided by individuals and consultants from private industry; academia; and
international, national, state and local government entities, selected for their detailed knowledge of
Department of Homeland Security (DHS) and United States Department of Agriculture (USDA) foreign
animal disease programs or specific technical expertise. Below is a list of the individuals whose
combined expertise and efforts performed the SSRA and produced this Final Report. Some of these
contributors were asked only to provide input and comments for the SSRA. In such cases the reviewers
and experts provided valuable input and suggestions and made substantive contributions to the SSRA,
but they were not asked to endorse the product in its entirety.

8.1

Contractors

Sections 8.1.1 through 8.1.4, below, list the individuals who were compensated for their contributions to
the SSRA. Section 1.1 lists the Prime Contractor, Signature Science, LLC’s, key personnel. Sections 8.1.2
and 8.1.3 list key personnel from subcontractors Gryphon Scientific, LLC and STAR Institute, respectively.
Section 8.1.4 lists consultants who were paid under agreement with Signature Science, LLC or a
subcontractor.

8.1.1 Prime Contractor, Signature Science, LLC
Adam L. Hamilton, P.E., M.S., C.H.S.
Program Manager
Engineering, Biosafety, Program Management

Brian J. Schimmoller, M.S.
Plume Modeling
Meteorology, Environmental Engineering

Dana R. Kadavy, Ph.D.
Deputy Program Manager
Microbiology, Biosafety, Biosecurity

Nicole M. Westfall
Scenarios Development
Biology

Sara C. Szmania, M.B.A., CQA
Program Coordinator
Microbiology, Public Health, Management

Christopher R. Simpson
Data Management
Database development, Data validation and
management
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H. James Wood, M.B.A.
Scenarios Development
Microbiology

Elaine Stotts
SSRA Final Report Production
Administration

Michelle Gomez
SSRA Final Report Production
Administration

Renee M. Williams
QRA Task Manager
Project Management

8.1.2 Subcontractor, Gryphon Scientific, LLC
Travis J Taylor, Ph.D.
Principal Investigator
Virology, Biosafety

Lauren Trabert, M.S., M.P.P.
Data Collection

Rocco Casagrande, Ph.D.
Epidemiology
Biology, Agricultural Threats, Modeling

Louise Sumner
Data Collection

Susan Jones‐Hard, M.A.
Baseline Development
Emergency Response & Planning

Mark Mussante
Data Collection

Ellen Gordon, M.A.
Baseline Development
Emergency Response & Planning

Anna Kushnir, Ph.D.
Baseline Assessment

Neelima Yeddanapudi, S.M.
Epidemiology
Disease Modeling

Nickolas Wills
Modeling

Kimberly Legrow
Administration

Patrick McGhee
Data Collection

Alexander Josephs
Data Collection

Rachel Kurinsky
Data Collection

Jennifer Byers, Ph.D.
Data Collection

Margaret Rush, Ph.D.
Data Collection, Modeling

Jillian McVae
Data Collection

Jessica Austin, M.S.
Data Collection, Modeling

Kerry Morrison
Data Collection
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8.1.3 Subcontractor, STAR Institute
Paul Bieringer, Ph.D.
Plume Modeling
Meteorology

Scott Swerdlin, M.S.
Senior Management

George Bieberbach, M.S.
Plume Modeling
Meteorology

Scott Longmore, M.S.
Software Engineering Support

Jeffrey Copeland, Ph.D.
Plume Modeling
T&D Modeling, Climatology

Ryan Cabell
Software Engineering Support

Branko Kosovic, Ph.D.
Plume Modeling
T&D Modeling, Boundary Layer Meteorology

Jonathan Hurst
Software Engineering Support

Jeffrey Weil, Ph.D.
Plume Modeling
T&D Modeling, Boundary Layer Meteorology

John Exby
IT Support

Kelly Hellman
Financial and Security Officer

Carey Reynolds
Office Manager

Tom Warner, Ph.D.
Senior Scientific Management

Courtney Gomez
Administrative Support

8.1.4 Compensated (Consultant or Subcontractor) Subject Matter Experts
Mark A. Hopper, P.E., M.S.
Broaddus & Associates
Sanitary Sewer Assessment
Sanitary Sewers, Containment Facilities
Development

R. Ian Sykes, Ph.D.
Sage Management
Plume Modeling
T & D Modeling

Gerrod W. Kilpatrick, P.E., M.S.
Broaddus & Associates
Sanitary Sewer Recommendations
Sanitary Sewers

Daran Rife, M.S.
NCAR
Plume Modeling
Climate downscaling; SOM

James Bowers, M.S.
Kona Science Consulting
Plume Modeling
T & D Modeling SME

David S. Alburty
AlburtyLab, Inc.
Plume Modeling
Aerosol science

Steven Hanna, Ph.D.
Harvard School of Public Health
Plume Modeling
T & D Modeling, Source Terms

Dustin Pendell, Ph.D.
Colorado State University
Economic Modeling
Agricultural Economics
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Jayson Lusk, Ph.D.
Oklahoma State University
Economic Modeling
Agricultural Economics

Dennis Perrotta, Ph.D.
TAMU Health Science Center
Scenarios SME
Epidemiology

Keith Coble, Ph.D.
Mississippi State University
Economic Modeling
Agricultural Economics

Kimothy Smith, DVM, Ph.D.
Operational Surveyors
Scenarios SME
Epidemiology

Thomas L. Marsh, Ph.D.
Washington State University
Economic Modeling
Agricultural Economics

Paul Kitching, B.Sc., B.Vet.Med., M.Sc., Ph.D.,
M.R.C.V.S.
Chief Provincial Veterinary Officer, British
Columbia, Canada
Scenarios SME and QRA SME
Foreign Animal Disease

John Bilotta
O’Connor, Bilotta & Associates, LLC
Public Relations

Robert Ellis, Ph.D.
Colorado State University
Scenarios SME and QRA SME
Microbiology, Biosecurity

Mary‐Liz Lichtenfels
O’Connor, Bilotta & Associates, LLC
Public Relations

Steven Bolin, DVM, Ph.D.
Michigan State University
Scenarios SME and QRA SME
Veterinary Virology

Ken Linthicum, Ph.D.
USDA
Epidemiology
Virology, Modeling

Jon Crane, A.I.A.
CUH2A, HDR
QRA Reviewer
Science facility design

Holly Gaff, Ph.D.
Old Dominion University
Epidemiology
Disease Modeling

Robin Cosgrove
Zephyr Environmental Corporation
Technical Editing

Michael Ward, Ph.D.
University of Sydney
Epidemiology
Disease Modeling

Jeanne Yturri
Zephyr Environmental Corporation
Technical Editing

John Clements, Ph.D.
Tulane University
Scenarios SME and QRA Reviewer
Microbiology

Cindy Wilson
Zephyr Environmental Corporation
Technical Editing

CJ Peters, M.D.
UTMB at Galveston
Scenarios SME
Tropical Viruses
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8.2

Uncompensated Contributors

Many SMEs from national, state, and local government institutions and entities lent their time and
energy to the SSRA without compensation from the Prime or Subcontractors. These experts contributed
in interviews, peer review, panel discussions, and data collection.

8.2.1 Non‐U.S. Government Expertise
Kansas State University

Stefan Wagener, Ph.D., C.B.S.P.
Scientific Director, Biorisk Management
National Microbiology Laboratory
Public Health Agency of Canada

Scott Rusk
Director, Pat Roberts Hall
Biosecurity Research Institute

Catherine Robertson, M.Sc.
Head, Safety and Environmental Services,
Public Health Agency of Canada

Lance Luftman
Facility Security Manager
Biosecurity Research Institute

Patti Gillespie
Biorisk Manager
Public Health Agency of Canada

Jerry Jaax, DVM
Associate V.P. for Research Compliance
University Veterinarian

John Copps, DVM
Deputy Director
National Centre for Foreign Animal Diseases
Canadian Food Inspection Agency

Institute for Animal Health (IAH), Pirbright, UK
Darren Pascoe
Head, Quality Assurance; Institute Risk Manager
David Shadwell
Site Engineer

Kelly Keith
Senior Communications Officer
Public Health Agency of Canada

Jason Tearle
Biorisk Advisor to the IAH Development
Programme

Les Wittmeier
Facilities Manager
Public Health Agency of Canada

Jef Hammond, Ph.D.
Head, World Reference Laboratory for FMD
Australian Animal Health Laboratory,
Geelong, Australia

Lee Caines
Head of Security

Martyn Jeggo, Ph.D.
Director

Steven Copping
Head of Compliance, Regulatory Affairs & Risk
Uwe Mueller‐Doblies, Ph.D.
Head of Biosecurity
Canadian Science Centre for Human and Animal
Health (CSCHAH), Winnipeg, Canada
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8.2.2 United States Government Experts
James V. Johnson, M.S.
Director
DHS, S&T, ONL

Danny T. Hager
Procurement Executive
DHS/FLETC

James Helt, Ph.D.
Operations Branch Chief
DHS, S&T, ONL

Robert E. Driggers, M.S.
Contracting Officer
DHS/FLETC

Dave Williams, M.S.
Construction Branch Chief
DHS, S&T, ONL

Renee Hickson
Contracting Officer
DHS/FLETC

Larry Barrett, DVM, M.S., DACVPM
Center Director, PIADC
DHS, S&T, ONL
QRA Reviewer

William R. White, BVSc., M.P.H.
Director
USDA, APHIS, FADDL
QRA SME

Joanne Jones‐Meehan, Ph.D.
Biosurety Officer
DHS, S&T, ONL

Samia Metwally, DVM, Ph.D.
Head, Diagnostic Services Section
USDA, APHIS, FADDL

Steve Bennett, Ph.D.
Assistant Director, Risk Analytics
DHS, NPPD
Risk Assessment

Elizabeth Lautner, DVM, M.S.
Director, National Veterinary Services
Laboratories
USDA, APHIS

Bruce Harper, Ph.D.
Director of Science, PIADC
DHS, S&T, ONL

Daisy Witherspoon
Veterinary Services
USDA, APHIS

Michelle M. Colby, DVM, M.S.
Agricultural Branch Chief
DHS, S&T, Chem Bio Division

Jane Rooney, DVM
Veterinary Services
USDA, APHIS

Julie S. Brewer, M.S.
COTR, SSRA
DHS, S&T, ONL
NBAF PM

Jonathan T. Zack, DVM
Director, Preparedness & Incident Coordination,
Emergency Management and Diagnostics
USDA, APHIS

L. Eugene Cole, II, R.A.
COTR, NBAF Design & Construction Contract
DHS, S&T, ONL
QRA SME

José R. Díez, DVM
Associate Deputy Administrator, Emergency
Management and Diagnostics
Veterinary Services
USDA, APHIS
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Michael Gallagher
Contractor Acquisition Specialist, Emergency
Management and Diagnostics
Veterinary Services
USDA, APHIS

James Palmieri
Security Manager, PIADC
DHS
Luis L. Rodriguez, DVM, Ph.D.
Research Leader, PIADC
USDA, ARS

Moon Paik
National Animal Health Emergency Response
Corp Advisor, Emergency Management and
Diagnostics
Veterinary Services
USDA, APHIS

Marvin J. Grubman, Ph.D.
Supervisory Research Chemist, PIADC
USDA, ARS
Thomas Sawicki
Biological Safety Officer, PIADC
USDA, ARS, NAA

Rodney White
Supervisory Logistics Specialist, Emergency
Management and Diagnostics
Veterinary Services
USDA, APHIS

Nicki Pesik, M.D.
Associate Director for Biosecurity;
Epidemiology Team Lead;
Bacterial Zoonoses Branch
National Center for Emerging and Zoonotic
Diseases (NCEZID) (proposed)
Centers for Disease Control and Prevention
QRA SME

Sharon Fisher
Chief of Staff, Emergency Management and
Diagnostics
Veterinary Services
USDA, APHIS
Joseph Kozlovac, M.S., R.B.P., C.B.S.P.
Biological Safety Specialist
USDA, ARS
QRA SME

Stuart T. Nichol, Ph.D.,
Chief, Special Pathogens Branch,
Division of Viral and Rickettsial Diseases,
NCEZID (proposed)
Centers for Disease Control and Prevention,

Cyril G. Gay, DVM, Ph.D.
Senior National Program Leader
USDA, ARS

Pierre E. Rollin, M.D.
Special Pathogens Branch
Centers for Disease Control and Prevention

Charles Wenderoth
Facility Engineer, PIADC
DHS

8.2.3

NBAF Design Partners

Dan Watch, A.I.A.
Perkins + Will
Project Executive

Steve Freson, A.I.A.*
Flad Architects
Lead Vivarium Planner
QRA SME

Michael Moreland
Perkins + Will
Project Manager

Chris Kronser, A.I.A.
Flad Architects
Large Animal Architect
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Paul Langevin, P.Eng.*
Merrick & Company
Biocontainment Engineer
QRA SME

David Duthu, P.E.*
CCRD Partners
Project Manager
QRA SME

Chris Kiley, P.E.
Merrick & Company
Senior Mechanical Engineer

Jennifer Gaudioso, Ph.D.
Sandia National Laboratories
Biosecurity

Ken Meschke, P.E.*
Affiliated Engineers, Inc.
Project Manager
QRA SME

*Compensated by Signature Science, LLC
for their participation in the QRA SME
Panel Meeting and contribution to the
QRA Final Report.

8.2.4 Booz Allen Hamilton (DHS S&T SETA)
Ben Perman, Ph.D.
Biosecurity, Biosafety

Naeem Brewington
Architect

Lindsay Odell, Ph.D.
Biosecurity, Biosafety

Douglas Smith, Jr., M.S.
Architect

Tony Bonanno, M.S.
Planner

8.2.5 Persons Interviewed for Baseline Data Collection, Emergency Response &
Planning
Arkansas
Joslyn Burleson
Program Coordinator
Arkansas Dept. of Environmental Quality
Water Division Permits Branch

Colorado
Billy W Bennett, DVM
Director, Homeland Security
Colorado Commissioners Office, Colorado
Dept. of Agriculture

California
Kent Fowler, DVM
Animal Health Branch Chief
California Dept. of Food and Agriculture

Erin Kress
Colorado Dept. of Public Health &
Environment
Environmental Agriculture Program

Nicole Elbert
Livestock Inspector
California Dept. of Food and Agriculture,
Animal Health Branch

Keith Roehr, DVM
State Veterinarian
Colorado Dept. of Agriculture

Tammy Hernandez
California Dept. of Food and Agriculture

Nick Striegel, DVM, M.P.H.
Assistant State Veterinarian
Colorado Dept. of Agriculture
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Florida
Mary Smith
Environmental Consultant
Florida Dept. of Environmental Protection

Kansas
Mary Lou Marino, Ph.D.
Development Director
Office of Research and Sponsored
Programs, Kansas State University

Iowa
Claire Hruby
Geologist
Iowa Dept. of Natural Resources

Angee Morgan
Deputy Director
Kansas Division of Emergency Management
(KDEM)

David Schmitt, DVM
State Veterinarian
Iowa Dept. of Agriculture and Land
Stewardship

Brad Moeller
Hazard Mitigation Planner
KDEM

Randy Wheeler, DVM
Assistant State Veterinarian and
Iowa Veterinary Rapid Response Team
Coordinator
Iowa Dept. of Agriculture and Land
Stewardship

Bill Brown, DVM
Kansas Livestock Commissioner, Elect

Janet Bowers
Iowa Import Clerk
Iowa Depart. of Agriculture and Land
Stewardship

Brandt Haehn
Planning & Mitigation Branch Chief
KDEM

Illinois
Janet Christer
FOIA Coordinator
Illinois Bureau of Water

Bruce Brazzle
Fire Supervisor
Pottawatomie County Emergency Mgmt.

Linda Rhodes
Illinois Dept. of Agriculture

Chris Trudo
Emergency Manager
Pottawatomie County Emergency Mgmt.

Indiana
Denise Derrer
Public Information Director
Indiana State Board of Animal Health

Gary Brinker
Director
Docking Institute of Public Affairs
Fort Hays State University

Randall Tauer
Agricultural Liaison
Indiana Dept. of Environmental
Management

Brett Zollinger, Ph.D.
Senior Policy Fellow
Docking Institute of Public Affairs
Fort Hays State University
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Craig Beardsley
Program Administrator
National Agricultural Biosecurity Center Kansas
State University

Larry Couchman, R.N., M.I.C.T.
Director
Emergency Services & Riley County EMS
Mercy Regional Health Center, Manhattan

Steven J. Galitzer
Director
Dept. of Environmental Health & Safety
Kansas State University

Dr. Asad Mohmand, M.D.
Infection Disease Specialist
Mercy Regional Health Center
Manhattan

Laurie Harrison
Coordinator
Riley County Emergency Mgmt

Danny Woodworth
Director
Plant Engineering, Safety, and Security
Mercy Regional Health Center, Manhattan

David Vogt, DVM
Veterinarian‐in‐Charge
Vet‐in‐Charge, USDA‐APHIS

Lloyd B. Fox, Ph.D.
Big Game Program Coordinator
Kansas Dept. of Wildlife and Parks

Maj. Dave Young
Kansas National Guard (detailed to KDEM)
Evaluation and Education
Eisenhower Center for Homeland Security
Research

Don Francis
Deputy Chief
Manhattan, Kansas Fire Dept.

Mindee Reece
Director
Center for Public Health Preparedness
KDHE

Marty Vanier, DVM
Director of Operations
Kansas State University
National Ag Biosecurity Center

James Laurino, M.D.
Medical Director, Occupational Health Services
Mercy Regional Health Center, Manhattan

Michael McNulty
Operations Director
Bureau of Public Health Preparedness
KDHE

Julie Miller, R.N.
Clinical Coordinator
Emergency Dept.
Mercy Regional Health Center, Manhattan

George Teagarden
Livestock Commissioner
Kansas Animal Health Dept.

Karen Domer
Administrative Specialist
Kansas Animal Health Dept.

Kyle Voth
Inspector
Manhattan Fire Dept.

Ingrid C. Garrison
Environmental Health Officer and State Public
Health Veterinarian
KDHE

Mike Heideman
Communications and Training Specialist
Bureau of Public Health Preparedness,
KDHE
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Captain Rob Ladner
Regional Law Enforcement Supervisor (Topeka)
Kansas Dept. of Wildlife and Parks

Patrick R. Collins
Director, Emergency Management and
Fire Chief
Riley County Emergency Management

Shane Hesting
Wildlife Disease Coordinator
Kansas Dept. of Wildlife and Parks

Clayton Hughesman
Executive Director
Feedlot Division
Kansas Livestock Association

Rick McKee
Senior Vice President
Kansas Livestock Association

Matt Peek
Kansas Dept. of Wildlife and Parks

Sam Dameron
Chief Training Officer
Manhattan Fire Dept.

Ryan Almes
Fire Marshall
Manhattan Fire Dept.

Scott French
Assistant Chief
Manhattan Fire Dept.

Swapan Saha, Ph.D.
Environmental Scientist
KDEM

Steven Galitzer, Ph.D.
Director
Dept of Environmental Health and Safety,
Kansas State University

Steven Broccolo
Coordinator, Emergency Management
Kansas State University

Theresa Crubel, R.N.
Director, Occupational Health Services
Mercy Regional Health Center, Manhattan,
Kansas

Kentucky
Morgan P. Elliston
Freedom of Information Coordinator
Kentucky Division of Water

Vivian Nutsch, R.N.
Infection Control Nurse
Mercy Regional Health Center, Manhattan,
Kansas

Robert Stout, DVM
Executive Director
Office of the State Veterinarian
Kentucky Dept. of Agriculture

Sandy Johnson
Homeland Security Specialist
Office of the Secretary
Kansas Dept of Agriculture

Sue K. Billings, DVM, MSPH
Deputy State Veterinarian
Office of the State Veterinarian
Kentucky Dept. of Agriculture
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Michigan
Chris Sinicropi
Administration Section Secretary
Michigan Dept. of Natural Resources
Water Bureau

Nebraska
Daniel C. Hiller
Supervisor, Planning Dept.
Nebraska Emergency Management Agency
Dennis A. Hughes, DVM
Nebraska Dept. of Agriculture
Bureau of Animal Industry

Marcia Weld
Dept. Analyst
Michigan Dept. of Agriculture
Animal Industry Division

Rachel Ahrens
Staff Assistant
Nebraska Dept of Environmental Quality

Minnesota
Tamara D. Dahl, MPCA
Data Specialist, Pollution Control
Minnesota Pollution Control Agency
Stacey Schwabenlander, DVM, M.P.H.
Minnesota Board of Animal Health

North Carolina
Bruce Shankle
Manager
Livestock Section, NCDA & CS
Marketing Division

Beth Thompson, JD, DVM
Senior Veterinarian
Minnesota Board of Animal Health

Tom Ray, DVM, M.P.H.
Director, Animal Health Programs, Livestock
NCDA&CS, Veterinary Division

Missouri
Linda Hickham, DVM
Missouri Dept of Agriculture
Division of Animal Health

Keith Larick
Animal Feeding Operations Unit Supervisor
North Carolina Division of Water Quality

Sarah Wilkinson
Senior Office Support Assistant
Missouri Dept. of Agriculture
Division of Animal Health

Ohio
Charles King, MD
Professor of International Health
Case Western Reserve University
Center for Global Health and Diseases

Sherwet Witherington
Agri‐Security Manager
Missouri Dept. of Agriculture
Division of Animal Health

Jon Bernstein
Environmental Specialist
Ohio Environmental Protection Agency
Division of Surface Water

Taylor Woods, DVM
State Veterinarian
Missouri Dept. of Agriculture
Division of Animal Health

Oklahoma
Becky Brewer‐Walker, DVM
State Veterinarian
Oklahoma Dept. of Agriculture
Food and Forestry

Tony Dohmen
Environmental Specialist
Missouri Dept. of Natural Resources
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Food and Forestry
Texas
Jim Hay
Open Records Coordinator
Texas Commission on Environmental Quality
(TCEQ)
Open Records & Reporting Services

Elizabeth Tennery
Assistant General Counsel
Oklahoma Dept. of Agriculture
Food and Forestry
South Dakota
Kent R. Woodmansey, P.E.
Natural Resources Engineering Director
Surface Water Quality Program

Barbara Hallmark
Program Supervisor
Program Records Dept.
Texas Animal Health Commission

Todd Tedrow, DVM
Animal Industry Board Veterinarian
South Dakota Animal Industry Board

Wisconsin
Cindy Adamson
USDA
National Agricultural Statistics Service
Wisconsin Field Office

Lacey Poile
Records Supervisor
South Dakota Animal Industry Board

8.2.6 Persons that Provided Additional Data for Modeling
Aaron Reeves
Research Associate
Animal Population Health Institute
Dept. of Clinical Sciences
Colorado State University
John Sterman
Director, MIT Systems Dynamics Group
Sloan School of Management
Massachusetts Institute of Technology
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