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Industry Summary: 
On October 23 and 24, 2023, Michigan State University hosted a day-and-a-half event for the 
National Pork Board (NPB) to educate stakeholders in the swine industry on methods of 
depopulation and carcass management in the event of a highly consequential disease 
response. Two demonstrations on how to achieve desirable outcomes with 1) depopulation 
and 2) carcass management were the primary components of this learning activity, but 
classroom presentations, open discussion, surveys, and question/answer sessions were also 
included. Participants included selected representatives and stakeholders from AASV 
(American Association Swine Veterinarians) member veterinarians, MDARD (Michigan 
Department of Agriculture and Rural Development) regulatory representatives, members of 
AVMA (American Veterinary Medical Association) Guidelines for the depopulation of animals 
working group, and producers invited through the NPB national task force on depopulation. 
For the depopulation portion of this program the focus was to provide a comprehensive 
overview of four different methodologies for mass depopulation of swine. For the carcass 
management portion of this program, the intent was to improve the efficiency of mass 
carcass management from barn to compost windrow. Conducting this program at a public 
university required significant planning to obtain approvals for human, animal, and 
environmental safety. Communication and documentation were completed with awareness of 
the public sensitivity arising from the sacrifice of swine during the depopulation 
demonstration. To support the protection of sensitive subject matter and participant safety 
NPB retained SES, Inc. (Lenexa, KS). 

Depopulation Demonstration 
Attendees learned about four methods of swine depopulation and tools to assist in human 
resiliency. Details about conducting this educational program were included in the National 
Pork Board & Michigan State University Depopulation Field Days Participant Guide. Dr. 
Andrew Bowman and crew from The Ohio State University demonstrated depopulation using 
water-based foam. Ms. Lucia Hunt and colleagues from the Minnesota Department of 
Agriculture demonstrated the use of gaseous CO2. Mr. Jeff Hill and associates from 
Agricultural Emergency Services, Inc. demonstrated depopulation with N2 filled foam. These 
methods were described by operators on both days of the program. On the second day of the 
program, three trailer loads of 22 to 26 head were depopulated using each of these 
approaches. The methods were 100% effective in the mass depopulation of swine. Attendees 
observed and compared approaches. They were able to assess the time and management 
required from loading of hogs to unloading of carcasses. Regulatory and policymakers, and 
invited stakeholders, departed with firsthand observations with which to consider updates to 
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the AVMA Guidelines on Depopulation of Swine. Based on their willingness, presenters may 
or may not have provided procedural documentation to attendees. 
On day one, Dr. Marie Culhane from the University of Minnesota conducted a bench-scale 
demonstration of a second approach to high expansion N2 foam technology (HEFT).  
The American Association for Swine Veterinarians (AASV) Animal Depopulation Resiliency 
Check-In Tool (included in Participant Guide) for people directly or indirectly exposed to 
animal depopulation, was presented, and made available to attendees. 

Carcass Management Demonstration 
From the carcass management demonstration, the use of tub grinder mixer-wagons to reduce 
carcass size and conserve resources was shown to be effective for the prompt decontamination 
treatment through composting. Two pull-type, twin-screw, tub grinder mixer-wagons were used. 
The discharge conveyors had been modified to pile mixed material up to 6’ high. The composting 
of swine carcasses took place on an asphalt pad. A compost windrow was constructed 75’ long, 
14’ wide at the base, 6’ in height, and 193 yd3 when completed. The windrow was capped with 6 
to 8” ground amendment using the tub grinder mixer-wagons. A tissue density of 25 lb. of 
tissue per cubic foot of amendment in the windrow core was planned. 
The number of times carcasses and compost amendments are mechanically moved is less 
with the use of tub grinder mixer-wagons than other mechanical approaches. We learned 
that with four tub grinder mixer wagons and one telehandler, with the compost windrows 
located close to staging, the carcasses from the depopulation of a 2000-head finishing barn 
with market-sized swine, could potentially be completed in one 10-hour day. The use of tub 
grinder mixer-wagons may be the best option for an affected herd in the event of a highly 
consequential disease outbreak. The resumption of pork production most quickly and at the 
least expense is likely. 
Key Findings:  

• Mass depopulation of mature market hogs was demonstrated at a public university. 
• MSU provided transparency for all involved. Conversations were opened that may not 

happen in other venues. 
• MSU unit leadership asked the project directors and conference services for critical 

information about the program plans. Through correspondence, supplemental 
documentation, and meetings, plans were approved. 

• NPB provided an opportunity for education of stakeholders, animal health officials, 
staff, and producers. A journalist was hosted by NPB. 

• Procedures and the throughput of mass carcass management were successfully 
demonstrated and assessed using tub grinder mixer-wagons. 
Keywords: 
Swine, educational program, mass depopulation demonstration, mass carcass management 
demonstration  
Scientific Abstract: 
Michigan State University’s College of Agriculture and Natural Resources and College of 
Veterinary Medicine in collaboration with the National Pork Board, hosted a 1.5-day event on 
October 23 and 24, 2023, at its south campus farms and Pavilion for Livestock Education. 
This educational program focused on demonstrating methods of emergency swine 
depopulation and mass carcass management for invited representatives and stakeholders. 
Mass depopulation methods demonstrated using a water-based foam, gaseous CO2, or N2 
foam. Three trailer loads of 22 to 26 head were depopulated using each of these approaches. 
The methods were 100% effective in the mass depopulation of swine. The use of tub grinder 
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mixer-wagons to reduce carcass size and conserve resources was shown to be effective for the 
prompt decontamination treatment through composting. With a 7-minute mix time, a batch 
size of 5,000 lb. of carcasses, four tub grinder-mixer wagons, and windrows three minutes 
from the staging area, an estimated 58,833 lb. of carcasses could be ground, mixed, and 
placed into windrows per hour. Carcasses weighing 290 lb. at the time of depopulation of a 
fully populated 2000-head finishing unit, could be placed into compost windrows in about 10 
hours. Demonstrations provided information to consider in updating guidelines for the mass 
depopulation of swine and guidelines for managing mass accumulation of carcasses. 
Introduction: 

Depopulation Demonstration 
Depopulation of swine may need to be implemented for a variety of reasons, including foreign 
animal disease introductions, agroterrorism, intoxications or adulterations, radiologic or 
nuclear incidents, and natural disasters (Leary et al., 2019). In 2018, an outbreak of African 
Swine Fever in China prompted Secure Pork Supply, a foreign animal disease preparedness 
training and traceability program in the United States. In preparation for a potential 
outbreak of African Swine Fever or other Foreign Animal Diseases (FAD), state and federal 
agencies have prepared many farms and participated in emergency planning and mock 
animal disease outbreak exercises. However, due to widespread human illness caused by 
COVID-19 among farm caretakers, feed providers, and workers at the slaughter plant, the 
results were not only interruptions in the supply chains for caregiving, feed, and transport 
but also the slowdowns or closures of packing plants. The result of the market disruption 
was overcrowding of the barns, which jeopardized the welfare of the pigs due to inadequate 
access to food and water.  
While the American Veterinary Medical Association (AVMA) working group had recently 
developed and published guidelines for the depopulation of livestock (AVMA Guidelines for 
the Depopulation of Animals: 2019), commercial barns were limited in plausible methods. 
The preferred method using barbiturate overdose was not feasible, and due to the disruption 
of available human and material resources such as ballistics and CO2 gas, producers were 
limited in their choice of depopulation methods, resulting in the implementation of untested 
methods and mental stress to farmers and workers.  
In rapid response, the National Pork Board (NPB), through Pork Checkoff Research dollars, 
prompted research requests for proposals for depopulation methods that are safe, 
dependable, and able to induce unconsciousness and death for a large population of swine. 
Research outcomes of this RFP include solutions that are both humane and dependable, 
including water-based foam, nitrogen, and high-expansion nitrogen-filled foam, and 
refinements to CO2 distribution. To educate and demonstrate these methods and the adjunct 
training in the management of resulting mortality and to improve the mental health and 
resiliency of caretakers, the NPB has facilitated depopulation workshops and demonstrations.  

Carcass Management Demonstration 
Managing carcasses in a composting process following the mass depopulation of a herd requires 
time, labor, carbon amendments, and mechanical equipment. The overall goal of the composing 
operation is to minimize these inputs while obtaining maximum decontamination and 
decomposition of the carcasses and other potentially infected organics on the farm. The mass 
composting of carcasses would be completed more quickly and with less expensive if the 
operation used less carbon amendment, a smaller site or footprint, and fewer mechanical 
movements of carcasses or animal tissue from ‘barn to windrow.’  
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Currently, a mass carcass composting system utilizing a horizontal belt grinder with excavator, 
bucket loaders and a self-propelled windrow turner is viewed as most favorable. With such, 
there are five or more mechanical movements from barn to compost:  

1) Live animals from barn to depop trailer 
2) Carcasses from depop trailer to the ground at carcasses staging area. 
3) Carcasses from the ground to the infeed of horizontal belt grinder with use of an 

excavator. 
4) Ground tissue-amendment mixture from grinder discharge to bucket of loader, or from 

grinder discharge to ground. Discharge onto the ground can be avoided if there are two 
or more 10 yd3 bucket loaders that received the ground tissue-amendment mixture 
directly into the loader bucket and drive to the windrow to unload the mixture onto the 
compost windrow base. 

5) Ground tissue-amendment mixture from ground to loader bucket. 
6) Ground tissue-amendment mixture from loader bucket onto windrow base. 
7) Capping of windrow with bucket loader. 
8) Aeration and further mixing of compost within windrow with compost turner. 

Alternatively, the use of tub grinder mixer-wagons, modified to discharge directly onto the 
windrow base at a height of 6’, would involve fewer movements and provide a more uniform 
ground tissue-amendment mixture. Mechanical movements would be:  

1) Live animals from barn to depop trailer 
2) Carcasses from depop trailer to the ground at carcasses staging area. 
3) Carcasses from the ground into the tub grinder-mixer wagon. 
4) Ground tissue-amendment mixture from tub grinder mixer-wagon discharged directly 

onto windrow base. 
5) Capping of windrow with tub grinder mixer-wagons; or with bucket loader. 
6) Aeration and further mixing of compost within windrow with compost turner. 

Historically, tub grinder-mixer wagons have had less throughput because of the mixing time 
nearing 10 minutes. Shorter times should be explored. However, the advantage of the mixing is 
a more uniform mixture of ground tissue and amendment. The benefits of greater uniformity 
may be enhancing the speed at which optimal compost activity is achieved, as indicated by 
rapid rise in temperature. Uniformity may decrease the probability of exposed clumps of tissue, 
which result when using the horizontal belt grinder system. Uniformity may decrease odors and 
flies.  
Earlier this year, NPB completed a preliminary evaluation of animal tissue densities of 10, 15, 
20 and 25 lb./ft3 of core amendment. About 100 carcasses were included in the greatest 
density. The smaller section of windrow with 25 lb./ft3 maintained its shape, flies were modest, 
and odors minimal. Historically, a tissue density of only 10 lb./ft3 has been recommended. 
Confirming that a density of 25 lb./ft3 can be used without drawbacks in the composting 
process, has merit.  
Objectives: 

Depopulation Demonstration 
• In a classroom setting, provide a comprehensive overview of four different methodologies 

for mass depopulation of swine.  
• Demonstrate mass depopulation of swine using three methodologies and equipment 

required so that stakeholders can see, hear, and discuss learnings.  
• Provide participants with a high-quality and safe program, including observational 

situations to view trailers and methodology.  
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• Provide support to all participants with professionals and researchers to address 
questions and concerns. 

• Provide a comfortable venue during class time, meals, breaks, and demonstrations. 
Carcass Management Demonstration 

• To decrease management/mechanical movement of carcasses/animal tissue from barn to 
compost windrow.  

• To estimate carcass throughput when using tub grinder mixer-wagons to construct 
compost windrows. 

• To confirm that with carcass reduction, an animal tissue density of 25 lb. of tissue per 
cubic foot of amendment is effective, expeditious, and without unacceptable aesthetics. 
Materials & Methods:  

MSU CANR Events Services 
A great deal of planning preceded the actual demonstrations. This was particularly true since 
the program was being hosted at a land-grant, public, university. Events Services in the College 
of Agriculture and Natural Resources at Michigan State University was retained to help with the 
preparation for and the conductance of this program. Assistance and(or) activities which Events 
Services provide were: 

• Create timeline and manage deadlines to ensure project was completed on time.  
• Create budget and track expenses to ensure budget remains on track to stay within 

budget.  
o Seek estimated prices from various units. 

• Determine all units involved at MSU.  
o Environmental Health Services  
o Police and Public Safety  
o Risk Management  
o IPF Services  

 Setup 
 Trash services.  
 Equipment and materials  
 Electrical  
 Busing  

o Legal  
o Purchasing/Procurement and Financial Accounting  
o Grants and Contracts  
o Health 4U and MSU Extension  
o University Farm Services  

 Swine farm  
 General farm services  
 Composting  

• Collaborate with National Pork Board, SES and MSU Team to create an educational 
program plan.  

o Work with MSU team to ensure we can create a statement of work that meets 
MSU’s needs and National Pork Board’s needs.  

o Develop specific timed rotation plan to ensure all educational objectives can be 
met.  

o Develop run of show instructions to ensure plan can be executed and all partners 
involved understand process.  



 Provide pre-event onsite support and provide virtual support during 
program due to event conflict.  

• Work with various MSU teams to determine the best site location for both 
demonstrations.  

o Analyze logistical, environmental and safety advantages and disadvantages. 
o Meet with environmental health services, police and public safety, risk 

management, university farms and core MSU planning team to determine safety plan 
requirements, changes required for multiple unit approval on campus.  

o Ensure the project directors had the necessary information to share with state 
partners at the Michigan Department of Agriculture and Rual Development (MDARD) and 
the Michigan Department of Environment, Great Lakes, and Energy (EGLE) to ensure we 
had higher level support for the program.  

• Work with core MSU planning team to develop environmental and safety plans for the 
program and ensure we have incorporated current standard safety plans for university farm 
locations. Develop contingency plans for weather, protestors, gas and equipment failure, 
livestock movement issues, sentience, and compost process.  

o Request reviews and incorporate all relevant changes.  
o Ensure we had all approvals to move the project forward for execution.  

• Work with MSU legal to determine all requirements for the legal agreement process 
required by various MSU units to approve the project.  

• Collaborate with demonstration vendors to ensure we had proper safety plans and MSU 
provided a proper setting, materials and safety protocols for their equipment, demonstrators, 
and drivers. Help source specific materials and equipment as requested.  

o Negotiate costs associated with various required items to ensure the best price or 
work to find solutions using resources already available at MSU and work to modify 
those resources to serve our required needs. For example, using an existing tractor for 
the compost turning to avoid significant charges to rent an additional tractor.  

• Coordinate and contract logistical needs for the program including tents, tables, chairs, 
food, equipment, fencing, blockades, and bleachers.  

• Coordinated transportation, including finding, contracting, and arranging busing.  
• Arrange the necessary PPE, including shoe covers, hard hats, and ear protection for the 

safety of those running the demonstrations, as well as the attendees.  
• Coordinate collaboration with ERAIL program to better utilize hogs for multiple purposes 

to help project directors create a better justification for IACUC and other animal use approvals.  
• Work with MSU Health 4U, MSU Extension mental health specialists and Dr. Elizabeth 

Strand to ensure participants and employees had resources and support available to process 
the experience and use in other similar situations.  

• Work with MSU, SES and National Pork communication teams to ensure proper planning 
for media coverage and plans for communicating the importance of the program while ensuring 
no onsite issues during the program.  

o Assist with the creation of an FAQ and other media materials with program 
coordinators and communications professionals.  

• Schedule dry runs and work through program plans with farm groups, vendors, and 
clients.  

o Develop route materials and other instructions for each role in the program to 
ensure the program runs smoothly.  

• Make onsite adjustment with MSU team based on dry runs prior to program to ensure 
participant safety and program success. Work with MSU units to ensure program expenses are 
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submitted and properly match the budget within the required period for reimbursement from 
the National Pork Board. 

• These demonstrations were approved by MSU units of IACUC, Environmental Health 
Services, Police and Public Safety, Risk Management, Legal, Health 4U, Extension, and South 
Campus Farms. 

• Participants and observers signed a waiver and Non-Disclosure Agreement prior to the 
demonstration. 

• Observers were provided with an incident action plan safety analysis. 
• Photography and videography were by Bryan Deimeke, SES Inc., only. All others were not 

allowed. 
Participant Guide 

Over the course of planning for these demonstrations, a “Participant Guide” was developed 
(National Pork Board & Michigan State University Depopulation Field Days Participant Guide). In 
it, the two-day event is described in detail, including a complete schedule and maps illustrating 
the routing of movements of animals, carcasses, and attendees. Portions of the guide pertinent 
to program methods or operation are included in Appendix A. 

Depopulation Demonstrations - Day One Presentations 
The didactic portion was held on day one at the MSU Pavilion (4301 Farm Lane, Lansing, MI, 
48910). Dr. Andrew Bowman, Ohio State University, led the presentation on research and 
validation of livestock depopulation using water-based foam. Jeff Hill, Agriculture Emergency 
Services Inc. presented and demonstrated depopulation using N2 filled foam. Dr. Lucia Hunt, 
Minnesota Department of Agriculture, discussed depopulation using CO2, including a patented 
method of CO2 distribution. Dr. Marie Culhane, University of Minnesota, described a small-
scale N2 gas High Expansion Foam Technology (HEFT) generator unit. Dr. Elizabeth Strand, 
University of Tennessee, introduced the Animal Depopulation Resiliency Check-In Tool (included 
in Appendix A). This tool is a self-administered questionnaire for people to monitor the 
emotional effects of people experiencing direct or indirect exposure to the depopulation of 
animals. 
An evening tour of the depopulation site, with all equipment ‘off’ allowed initial interactions of 
participants with depopulation technology and equipment operators. 

Depopulation Demonstrations - Day Two Market Hog Depopulation 
Dr. Andrew Bowman and the research team from The Ohio State University demonstrated 
depopulation using water-based foam. Ms. Lucia Hunt and colleagues from the Minnesota 
Department of Agriculture demonstrated the use of gaseous CO2. Mr. Jeff Hill and associates 
from Agricultural Emergency Services, Inc. demonstrated depopulation with N2 filled foam. 
Methods used were those of the operators and it was their prerogative, along with NPB, to 
distribute written documentation of methodology. In planning for this program, Dr.’s 
Bowman and Hunt submitted operational documentation (Appendix B and C, respectively), 
addressing critical elements such as time to silence, cessation of movement, and dwell time. 
A total of 209 market hogs were depopulated during the demonstration over nine repetitions 
(three per method). Pigs were loaded into customized semi-trailers developed for water-based 
foam and CO2 gas depopulation (Photo 1 and 2, respectively). A temporarily modified trash 
roll-off container was used for depopulation with N2 filled foam (Photo 3). Between 20 to 25 
pigs walked onto each trailer/container per repetition. Time zero was the fill start time of 
each depopulation method. Time to silence and cessation of movement: With all three 
methods, cessation of movement occurred within 7 minutes of the start of CO2, water-based 
foam, and N2 filled foam. 



The unloading of trailers/container at the Compost Facility Staking Shed constituted the end 
of each depopulation repetition (Photo 4). Two veterinarians and farm staff were responsible 
for monitoring pigs for any signs of consciousness. The two-person team walked through the 
area where depopulated hogs were unloaded, and each was examined for signs of 
consciousness. Veterinarians were prepared to implement a secondary method of euthanasia, 
using a captive bolt device.  

Carcass Management Demonstration 
Carcasses were staged inside the ‘Stacking Shed’ at the MSU South Campus Composting 
Facility. Trailers used in the depopulation demonstration unloaded at this location (Photo 4).  
This is the open-sided, concrete walled, amendment storage barn at the compost facility. Doors 
allowing large equipment to pass in and out were located on either side and the end of this 
staking area. Composting amendment was in the same area so expedite the loading of the tub 
grinder mixer-wagons. 
Pavilion solids (stall bedding and wasted feed) was the composting organic amendment used. It 
had been accumulated in the Stacking Shed for months prior to this demonstration. This 
material had been received at the Stacking Shed from the MSU Pavilion for Livestock and 
Agriculture Education. It is primarily bedding (shavings, wood chips, straw) from stalls, 
manure, and wasted feed. Because this facility is an exhibition site, stalls are cleaned and re-
bedded daily or with great intensity. Depending on the amount of bedding used and daily 
management, the C:N of pavilion solids ranges from 23 to 49, with moisture ranging from 53 to 
71% (Chastain, 2022). Without the addition of any other compostable organic material, pavilion 
solids are readily compostable alone. When used for this demonstration solids were undergoing 
decomposition, warm to touch and emitting steam when moved and mixed. 
A telehandler (JCB TM320, 130 hp, with 3 yd3 bucket) was used in the staging area to place 
amendment and carcasses the tub grinder-mixer wagons (Photo 5). 
Two pull-type tub grinder mixer-wagons were used, a Supreme 800Twin and a Supreme 
900Twin (Wetaskiwin, AB, CA), manufactured with vertical twin-screws fitted with additional 
blades. The maximum payload for the 800T and 900T was 18,000 and 24,000 lb., respectively. 
Each was equipped with a four-point scale system for weighing batches. The discharge 
conveyors (8’ and 10’ long, for 800T and 900T model, respectively) had been modified by the 
lessor to be able to pile mixed material up to 6’ high. The tub grinder mixer-wagons were leased 
from Brodie Ag and Industrial Inc. (Tavistock ON, CA), who also provided two experienced 
people to operate these mixers at the demonstration. Each was powered by a New Holland 
T7.290 HD, 270 horsepower, Auto Command™ continuously variable transmission, tractor, 
having three pairs of hydraulic attachment points, and a standard 10-spline PTO shaft designed 
to transfer power at a maximum speed of 1000 revolutions per minute, or rpm (Photo 6). 
The composting of swine carcasses took place on the 150’ x 650’ asphalt pad located 
immediately outside of the Stack Shed (Photo 3). The drive from the staging area to the compost 
windrow was less than 200’. The compost windrow was planned to be 75’ long, 14’ wide at the 
base, 6’ in height, and 193 yd3 when completed. The base of the windrow (38 yd3) was 
comprised of pavilion solids which had been ground and mixed prior to placement using tub 
mixer-wagons and discharged so to spread the solids 1’ deep over the 14’ x 75’ windrow area. 
The telehandler was used sparsely to achieve uniform depth overall. The core of the windrow 
was planned to be 104 yd3. To finish the construction of the windrow, 6 to 8” ground pavilion 
solids (52 yd3) were spread over the windrow core as a cap. Wagons were used to cap the 
windrow by driving along both sides while discharging ground pavilion solids. 
With this windrow design, a tissue density of 25 lb. of tissue per cubic foot of amendment in the 
windrow core was accomplished (0.37 yd3 of the amendment blend will be used per 250 lb. 
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carcass). A 1:1 ‘weight’ ratio of amendment to carcass was planned to achieve this animal tissue 
density. In each batch, 5000 lb. pavilion solids were put into the tub grinder-mixer wagon first 
(at the bottom), followed by the addition of 16 to 22 carcasses (number adjusted to obtain 5000 
lb. of carcass). Tub grinder-mixers were operated for 10 minutes for all batches, but one. The 
last batch was a partial batch planned to be mixed for 7 minutes. Mix time began with the first 
addition or bucket full of carcasses. So, the last telehandler bucket of carcasses was ground 
and mixed in less than 10 minutes. Tub grinder-mixer wagons were discharged onto the base of 
the compost windrow by driving on one side only (Photo 7). 
During the carcass management demonstration Dr. Zac Williams, University of Arkansas, 
supervised the composting activities. 
Following construction of the windrow, temperatures within the windrow were monitored daily 
according to USDA protocol. The windrow was turned weekly after initial construction, until 
December 19, using a pull-type, windrow turner (Model: CT1400, Windrow Trner® Composter, 
Kooima Ag, Rock Valley, IA). The turner’s tunnel dimensions were 14’ wide by 7’ tall. Water was 
not added at any time. 
Results: 

Depopulation Demonstration 
The depopulation methods demonstrated were effective in ending life. Each method resulted 
in 100% mortality. No pigs were found conscious by the veterinary team at the time trailers 
or container were emptied. 
Noise from N2 filled foaming method was less when ran for longer continuous time. To run 
longer, the foam dispensed onto the ground prior to the filling of the roll off container was 
carried away by the wind.  
Foam from the trailer or container was dispersed along the route from the depopulation site 
to the Composting Facility Stacking Shed. Biocontainment, if in the event of disease, would 
be compromised. 
The depopulation demonstration provided a platform for exercising the Animal Depopulation 
Resiliency Check-In Tool. The tool has continued to be used at MSU in other settings.  
The depopulation demonstration provided Dr. Bowman, The Ohio State University, with a 
setting to conduct a research survey. 

Carcass Management Demonstration 
Information in Table 1 describes the ten batches of mortality compost made by placing the 
pavilion solids amendment with swine carcasses in the tub grinder-mixer wagons.  
The first two batches were made while demonstrating the loading, mixing, and discharging of 
the wagons to attendees. These were not timed for evaluation of throughput as the staging of 
carcasses was dictated by the timing of the depopulation demonstrations. 
From 11:22 AM to 12:05 PM, four batches were completed with all equipment operating 
continuously to assess the throughput of this system. Eighty to 90 carcasses were 
reduced/mixed in 43 minutes with a 10-minute mix time. The carcasses from four depop 
trailers had accumulated in the staging area before this testing. 
The duration of a complete batch, or the time from the start of the loading of the tub mixer 
wagon, through mixing, and until all contents were discharged was measured for each of the 
last four batches. Batches seven through nine used 10-minute mix times. The last batch, 
number ten, used a 7-minute mix time. The staging of carcasses during these batches was 
inconsistent (an outcome of the depopulation demonstration schedule), tub grinder-mixer 
wagons idled and waited between batches. Wagons were loaded in five minutes or less. Wagons 



were driven to the windrow composting site while mixing. Discharging was completed in about 
five minutes. The average duration of a batch with a 10-minute mix time was 19.6 minutes, 
which included the time to drive back to the staging area in the Stacking Shed. 
Weights of amendment and carcasses in the batches made in the 800T tub grinder mixer wagon 
averaged 4,413 and 5,426 lb., respectively. This was a 1:1.2 ratio. The average weights of the 
amendment and carcasses, in batches made in the 900T tub grinder mixer wagon, were 6,520 
and 8,153 lb., respectively. This was a 1:1.3 ratio. The last batch, end-of-day cleanup, included 
remaining carcasses and was not full. 
Weights of carcasses exceeded the planned amount of 5,000 lb. per batch. Carcass weight, as 
determined by the wagon scales was a mixture of carcasses, water, trailer shavings, straw, and 
pavilion solids (Table 2). A bag of shavings was used in each depop trailer to provide footing for 
the swine. Also, two straw bales were used to lessen leaking from the back of the trash roll off 
used as the N2 trailer. For every trailer of water-based foam there was about 200 gallons of 
water used. Every trailer of N2-based foam used 50 gallons of water. One 3-yd3 bucket of 
pavilion solids was spread onto the Stacking Shed floor with the unloading of each depop trailer 
to allow veterinarians to walk among carcasses to confirm no sentience and to absorb water. So, 
after three repetitions of each of these depopulation methods, we had used or accumulated 
about 13,000 lb. of water, shavings, straw, and pavilion solids in the carcass staging area. 
These were contained and simultaneously added with carcasses into tub grinder mixer batches. 
The 7-minute grind-mix time resulted in a similar reduction of the carcasses. For both mixing 
times, the largest pieces would have been strips of hide, limbs, and large bones about 5’ in 
length (Photo 8). Muscle and lipid tissues were minimally apparent. 
Compost temperatures were taken daily at depths of 18 and 36 inches into the windrow. They 
were taken at five separate locations representing the entire length of the windrow. Daily 
averages for both depths are presented in Figure 1. Temperatures taken shortly after windrow 
construction on October 24 indicated what was known, that the pavilion solids were composting 
in the Stacking Shed prior to use as a mixing amendment. Twenty-four hours later and through 
the subsequent 8 weeks, temperatures at both depths exceeded 130 degrees F on all days 
except November 29. On that day, temperatures were recorded 4 hr. after the mechanical 
turning of the windrow. The turning happened late morning that day, rather than the afternoon 
of the preceding day. All other turnings occurred on Tuesday afternoon, shortly after the taking 
of temperatures that day. 
Composting activity, as indicated by temperatures, was sustained for eight weeks. Precipitation 
was the only water addition; both falling onto the windrow and amounts that soaked up into the 
base of the windrow as it accumulated on the asphalt pad. The windrow was set perpendicular 
to the slope of the pad so to limit runoff from the pad. Turning distributed the wetter material at 
the base into the rest of the windrow weekly. Soft tissue was not observed after the fourth week 
of composting. The turning process reduced the size of bone pieces. At the end of the 
composting period bone pieces could be crumbled under foot (Photo 9.) 
Discussion: 

Depopulation Demonstration 
The three methods are extremely effective and far exceeded the expectations for mass 
depopulation of swine described in the AVMA depopulation guidelines, which states that a 
method should only be used if it results in a greater than 95% death rate in less than one 
hour. 
Attendees were able to observe and compare a complete system of mass depopulation. They 
were able to have a sense of how long each cycle is required to load hogs onto the trailer and 
the method of setup and implementation. Regulators, policymakers, and producers were 
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provided with firsthand observations, with which they can consider revisions to the AVMA 
Guidelines on Depopulation of Swine. 
Attendees learned about managing human resiliency. Observers were able to walk between 
the depopulation demonstrations, meet with MSU mental health experts, and travel to the 
compost site to observe the efficacy of the methods and equipment used for mortality 
management. Professional counseling was available if needed by direct or indirect 
participants.  
MSU unit leadership (DPS, EHS, Legal, Risk Management) asked the MSU project directors 
and conference services for critical information about the program plans. Through 
correspondence, supplemental documentation, and meetings, MSU units approved the plans 
(protesters, safety, environmental protection, social media, SES, Inc. scanning). SES, Inc. 
would have done more, but MSU needed to do much of this setup since MSU was the host 
and had units providing oversight of the risks associated with the demonstrations.  
MSU now has available depopulation methods to use on campus as needed. MSU addressed 
their own gaps in depop and continue to address them.  

Carcass Management Demonstration 
Tub grinder mixer-wagons provide several advantages to the composting process used to 
manage mass carcass amounts. They do not drive on base to compact it, leaving greater 
amounts of oxygen in the base, and potentially greater microbial activity quickly. Greater 
temperatures quickly leading to quicker pathogen destruction. The mixing activity provides for 
uniform microbial activity throughout the windrow core. Greater tissue densities, 25 lb. of 
tissue per cubic foot of amendment in the windrow core, can be achieved with carcass reduction 
and compost mixing using tub grinder mixer-wagons. Body water in the carcasses is managed 
most efficiently, minimizing the risk of leachate from the compost windrow. 
Tub grinder mixer-wagons could be loaded every five minutes. So, one telehandler loader could 
be used to load a fleet of four wagons every 20 minutes, depending on the rate of depopulation 
and the distance from staging to windrows or the composting site.  
Why batch 6 was only 15 minutes, was questioned. Mix time could not have been 10 minutes 
with the loading start time and discharge end time recorded. Dr. Williams thought he may have 
recorded the start loading time incorrectly. It may have also been that the mix time was slightly 
less. 
Use of a 7-minute mix time increases throughput by 15 to 20% over the use of a 10-minute mix 
time. A standard mix time of 7 minutes could be used for growing and finishing swine. With a 
7-minute mix time, a batch size of 5,000 lb. of carcasses, four tub grinder-mixer wagons, and 
windrows three minutes from the staging area, an estimated 58,833 lb. of carcasses could be 
ground, mixed, and placed into windrows per hour. If this were a finishing unit and the hogs 
weighed 290 lb. at the time of depopulation, then 2,086 carcasses could be managed in 10 hr. 
15 min workday. In the table we see that more than 5,000 lb. was added per batch, suggesting 
that the average batch size may be greater, resulting in greater throughput per day than this 
estimate. Greater amounts daily if 900T wagons could be used, as there was more per batch, in 
the same 20 minutes of time. The distance from the carcass staging area to the compost 
windrows is an important consideration when developing estimations of throughput. 
With the modified discharge, the forming a 6’ high windrow was placed upon the windrow base 
without any additional mechanical work. The tub grinder mixer-wagons could also facilitate the 
capping of the windrow. 
Carcass management and depopulation processes are part of the greater emergency response 
challenge and must be viewed as a system. The throughput of depopulation does impact the 



speed at which composting is accomplished. Staging of carcasses is critical and affects carcass 
management flow. Water and other organics used in the depopulation process need to be 
accounted for in managing the carcasses regardless of the composting methods used. If staging 
occurs on an impervious surface and water and organics are contained, they then can be added 
to tub grinder mixer-wagons easily. 
Acknowledgments: 
Megghan Honke Seidel, MSU CANR Publication and Events Manager, program planning, scope, 
approvals, financials, execution, and evaluation. 
Andrew Den Dekker, President, Brodie Ag & Industrial Inc., tub grinder mixer-wagon vendor 
and operator. 
Al Brodie, Previous owner/CEO, Brodie Ag & Industrial Inc., tub grinder mixer-wagon mortality 
composting consultant and operator. 
Dr. Zac Williams, University of Arkansas Extension Poultry Specialist, composting management. 
Dr. Jerry Kehr, MSU South Campus Animal Farms Attending Veterinarian, monitoring 
depopulated pigs for any signs of consciousness. 
Dr. Justin Kieffer, The Ohio State University Clinical Veterinarian, Professional Practice 
Associate Professor, monitoring depopulated pigs for any signs of consciousness. 
Kevin Turner, Manager MSU Swine Farm, and Christopher Rozeboom, Assistant Farm Manager, 
provision of live market hogs for sale to program. 
Tony Boughton, Farm Manager, MSU University Farms and Service Center, host depopulation 
site and Safety Officer. 
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Photo 1. Customized semi-trailer used for water-based foam depopulation of swine. 

 
Photo 2. Customized semi-trailer used for CO2 depopulation of swine. 
  



 
Photo 3. Modified roll-off used for N2 filled foam depopulation of swine. 

 

 
Photo 4. Unloading of water-base foam depopulation trailer inside of Stacking Shed. 
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Photo 5. Telehandler loader used to load tub grinder mixer-wagons. 
 

 
Photo 6. A tub grinder mixer-wagon and tractor that was used to reduce carcasses, prepare compost, and construct the compost windrow. 
  



 
Photo 7. The discharging of one batch of compost from a tub grinder mixer wagon onto the base of the windrow. 
 

 
Photo 8. Large piece of carcass observed after the discharging of all batches managed using tub grinder mixer-wagons. 
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Photo 9. Examples of bone pieces observed lying next to the base of the windrow after turning on December 12, 2023. 
 

 
Figure 1. Daily average compost temperatures at depths of 18 and 36 inches into the windrow (average of five locations over the entire 
length of the windrow). 
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Table 1. Log of operation times and compost quantities during the demonstration of carcass 
reduction and mixing by tub grinder mixer-wagons. 

Batch Mixer 
Time Start 

Loading 
Time End 
Discharge 

Total Time, 
min 

Pavilion 
Solids, lb. 

Carcasses, 
lb. Total, lb. 

Demonstration of tub mixer-wagon loading 
1 900 - - - 4,400 5,300 9,700 
Demonstration of tub mixer-wagon discharging 
2 900 - - - 6,690 8,410 15,100 
Throughput assessed 
3 800 11:22 11:42 20 4,400 5,400 9,800 
4 900 11:26 11:45 19 6,540 8,250 14,790 
5 800 11:44 12:04 20 4,450 5,565 10,015 
6 900 11:50 12:05 15 6,300 7,600 13,900 
Batch duration assessed 
7 800 12:19 12:39 20 4,515 5,665 10,180 
8 900 12:30 12:52 22 6,550 8,350 14,900 
9 800 12:41 1:02 21 4,300 5,200 9,500 
10 900 12:54 1:10 16 4,220 3,280 7,500 

 
 
Table 2. Total water and materials accumulated from the entire depopulation demonstration 
and included with carcasses as they were staged for loading into tub grinder mixer wagons. 
Item Total, lb. 
Bag of shavings (30 lb. ea.) per trailer, 9 trailers 270 
N2-based foam, 2 straw bales (30 lb. ea.) per trailer, 3 trailers 180 
Water-based foam, 200 gallons per trailer, 3 trailers 4,800 
N2-based foam, 50 gallons per trailer, 3 trailers 1,200 
Pavilion solids, 1 bucket (3 yd3) per trailer, 9 trailers 5,940 
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Demonstra t ion  Background 
In 2018, an outbreak of ASF in China created an urgency around foreign animal disease 
preparedness.  Starting in the spring of 2020, the COVID-19 pandemic derailed swine production 
systems nationwide, highlighting gaps in knowledge for large-scale depopulation and mortality 
management. In response, pork producers nationwide have identified foreign animal disease 
(FAD) preparedness as a priority.  In response, the National Pork Board (NPB) has run fully 
functional foreign animal disease response exercises in 2022 and 2023, utilizing multiple 
methods of depopulation and carcass management.  These exercises have both validated research 
as well as driven additional research as state FAD response plans are put into action.  In these 
exercises, stakeholders have identified several depopulation methods as being most compatible 
with current disease mitigation and response plans and policies.  These methods include the use 
of water-based foam, Nitrogen (N2)-filled foam, and Carbon Dioxide (CO2) gas technologies.  
During these exercises, these methods are applied independently, never on a side-by-side 
comparative basis.   
To educate a broader set of industry stakeholders about depopulation methods in the event of 
FAD or other catastrophic event, NPB is facilitating this event to demonstrate the three types of 
depopulation methods described above.  This opportunity is being offered by invitation only and, 
due to the nature of the subject matter, every precaution is being taken to ensure a safe and 
secure environment for all involved.  
Day 1 will consist largely of classroom presentations ending with a non-operational 
tour/explanation of the three depopulation technologies, not in operating modes.  Day 2 will be 
devoted to a field demonstration of the three depopulation methods mentioned above.  In 
addition, Michigan State University (MSU) will conduct a presentation on carcass management, 
focusing on composting.  Dr. Andrew Bowman, Ohio State University (OSU), will lead the 
water-based foam presentation and demonstration; Ms. Lucia Hunt, Minnesota Department of 
Agriculture (MDA), will lead the presentation and demonstration of gaseous CO2; and Mr. Jeff 
Hill, Agricultural Emergency Services, Inc. (AES), will lead the presentation and demonstration 
of N2-filled foam.  Dr. Marie Culhane, University of Minnesota, will have a bench-scale N2 gas 
High Expansion Foam Technology (HEFT) unit present to provide demonstration participants 
with an introduction to the HEFT technology.  Dr. Zac Williams, University of Arkansas, will 
demonstrate carcass management through carcass grinding.  The ground carcass material will be 
loaded into a Supreme International, Ltd. vertical tub mixer wagon, with multiple carbon blends, 
to develop different types of compost mix.  The various compost mixtures will then be placed 
into compost windrows. 
On Days 1 and 2, Dr. Elizabeth Strand will introduce the American Association for Swine 
Veterinarians (AASV) Animal Depopulation Resiliency Check-In Tool1 (Resiliency Tool, 
Attachment 3).  The tool is designed for people directly or indirectly exposed to animal 
depopulation.  The tool provides a self-administered questionnaire for people to monitor the 
changing effects of experiencing animal depopulation.  The tool is intended to identify when the 
effect of experiencing a depopulation event may warrant the support or intervention of mental 
health professionals.    

 
1 The AASV Resiliency Tool can be found at https://aasv.org/Resources/welfare/depopulation_debrief.pdf  

https://aasv.org/Resources/welfare/depopulation_debrief.pdf


 

Par t ic ipant /Observer  Guide l ines 
• All participant parking will be at the MSU Pavilion for Agriculture and Livestock Education, 

4301 Farm Lane, Lansing, MI, both days.  Transportation to field demonstrations sites will 
be provided by MSU.  Personal vehicles are not allowed at the field demonstration locations. 

• Participants must sign in every day and wear the color-coded vest designated for their role in 
the exercise.  At sign-in, Observers will be assigned to one of three groups for the 
demonstration activities.   

• Observers will be issued green observer vests.  Exercise staff will wear blue vests.  
Technology demonstrators will wear red vests.  These vests must be worn throughout the 
demonstration.   

• Only participants who have submitted a signed waiver and Nondisclosure Agreement (NDA) 
will be allowed to participate in the demonstration activities.  (Attachment 1). 

• Remember to check the weather and dress appropriately.   

• Observers must stay in designated Observer areas and follow the instructions of their group 
leaders and all exercise staff.  Failure to do so may result in the Observer being asked to 
leave. 

• Observers must follow the safety protocols for this demonstration and abide by any direction 
provided by the safety officer(s).  Failure to follow the demonstration safety guidance will 
result in participants being expelled from the demonstration.  A safety plan for Observers is 
presented in Attachment 2. 

• No pictures or recordings are allowed while at the exercise site; only select exercise staff 
have been authorized to take pictures and record videosa.  These personnel will be identified 
on Day 1. 
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Time Activity Location 
12:30 p.m.  Registration/Check-in   

MSU Pavilion 
Auditorium / 

Classroom CD 

1:00 p.m.  Introduction / Welcome 
1:30 p.m.  Review of related NPB and other research  
2:10 p.m.  Break  
2:20 p.m.  Presentations on four depopulation strategies 
3:20 p.m.  Presentation on the AASV resiliency tool / Intro and overview  
3:35 p.m.  Break  
3:45 p.m.  Overview of the demonstration schedule and safety briefing  

4:15 p.m.  Break/Bus transportation to equipment area  
Travel to MSU 
South Farms  

4:30 p.m.  Equipment viewing or presentation on the AASV resiliency tool  MSU South Farms 
Service Center AASV presentation times: 4:40 p.m. | 5:05 p.m. | 5:30 p.m.  

6:00 p.m.  Dinner service / Networking  MSU Pavilion 
Auditorium / 

Classroom CD 7 p.m.  Meeting adjourns for evening  

T
ue

sd
ay

, O
ct

ob
er

 2
4,

 2
02

3 

6:30 - 7:30 
a.m.  Check-in and bus transportation to equipment area MSU Pavilion 

7:45 a.m.  Breakfast and check-in  
Welcome/intro/safety brief   

MSU South Farms 
Service Center Shop 

8:15 a.m.  Start Nitrogen demonstration  Group A 
8:20 a.m.  Start H2O demonstration  Group B 
8:25 a.m.  Start CO2 demonstration Group C 
8:40 a.m.  Board buses for compost area or stay for Dr. Strand presentation  

 8:55 a.m.  View compost area / Dr. Strand presentation  
9:40 a.m.  Board buses for depopulation demonstration area  
10:05 a.m.  Start Nitrogen demonstration  Group B 
10:10 a.m.  Start H2O demonstration  Group C 
10:15 a.m.  Start CO2 demonstration Group A 
10:30 a.m.  Board buses for compost area or stay for Dr. Strand presentation 

 10:45 a.m.  View compost area / Dr. Strand presentation 
11:15 a.m.  Board buses for depopulation demonstration area  
11:35 a.m.  Start Nitrogen demonstration  Group C 
11:40 a.m.  Start H2O demonstration  Group A 
11:45 a.m.  Start CO2 demonstration Group B 

12:00 p.m.  Wrap up Discussion and Lunch  MSU South Farms 
Service Center Shop 

1:30 p.m.  Program concludes return to MSU Pavilion via bus  

 
2 Maps of the demonstration sites are presented in Attachment 4. 



 

Key Demonstra t ion  Contacts  
Exercise Role Contact 

Demonstration Director Dr. Dale Rozeboom, MSU 
Demonstration Director Ms. Stephanie Wisdom, NPB 
Assistant Demonstration Director Dr. Madonna Benjamin, MSU 
MSU Safety Officer Mr. Tony Boughton, MSU 
Participant and Lodging 
Coordinator Ms. Sarah Catharine Arthur, NPB 

Logistics Coordinator Ms. Megghan Honke-Seidel, MSU 
Assistant Logistics Coordinator Ms. Oliva Walker, MSU 
Observer Group Management Mr. Bryan Deimeke, SES, 573-721-0055 
Observer Group Management Ms. Megan Eastman, SES, 641-425-6383 
Observer Group Management Mr. Eric Hess, SES, 913-530-2989 
Observer Group Management Ms. Lindsey Mott, SES, 417-718-8368 
AASV Resiliency Tool  Dr. Elizabeth Strand, UT 
CO2 Gas Depopulation Ms. Lucia Hunt, MDA 
N2-Filled Foam Depopulation Mr. Jeff Hill, AES 
Water-Based Foam Depopulation Dr. Andrew Bowman, OSU 
N2 Gas-HEFT Depopulation Dr. Marie Culhane, UMN 

Demonstra t ion  Communicat ion  P lan 
The primary mechanism for exercise conduct communication and emergency communication 
will be through handheld radios supplied by MSU.  These radios will be provided to the exercise 
participants listed below.  In addition, the cellular telephone numbers for all SES personnel are 
listed above as a secondary communication method3.   
 
Dr. Rozeboom (Exercise Director) 
Ms. Stephanie Wisdom (Exercise Director) 
Dr. Madonna Benjamin (Assistant Exercise 
Director) 
Animal loading manager (TBD) 
Bus driver 1 (TBD) 
Bus driver 2 (TBD) 
Bus driver 3 (TBD) 
Mr. Tony Boughton, MSU Safety Officer 
Mr. Eric Hess (Group Manager) 

Ms. Meghan-Honke Seidel (Logistics Coordinator) 
Ms. Marguerite Tan (NPB) 
Mr. Jeff Hill (N2-gas filled foam) 
Ms. Lucia Hunt (CO2 gas) 
Dr. Andrew Bowman (water-based foam) 
Dr. Elizabeth Strand (AASV Resiliency Tool) 
Ms. Megan Eastman (Group Manager) 
Mr. Bryan Deimeke (Group Manager) 
Ms. Lindsey Mott (Group Manager)  

 

 
3 SES staff will have the cellular telephone numbers of the key contacts listed above. 



 

Classroom and Park ing  Locat ion  
The MSU Pavilion for Agriculture and Livestock Education will be the location of Day 1 classroom activities.  In 
addition, all participant parking for Days 1 and 2 will be in the pavilion parking lot (Figure 1).  MSU will provide 
buses to shuttle participants between the Pavilion and field demonstration locations.  The address for the Pavilion 
is: 4301 Farm Lane, Lansing, MI. 
 

Figure 1: MSU Livestock Pavilion – Classroom and Parking Locations 

 
 
 

  



 

Attachment  1 :  MSU Waiver  and NPB NDA 
MICHIGAN STATE UNIVERSITY 

NATIONAL PORK BOARD (NPB) AND MICHIGAN DEPOPULATION DEMONSTRATION FIELD DAY 
ASSUMPTION OF RISK, WAIVER AND RELEASE OF LIABILITY AGREEMENT 

 
Michigan State University (“MSU”) will host the National Pork Board (NPB) and Michigan Depopulation Demonstration Field Day. The 
Depopulation Training includes, but is not limited to, handling animals, and using animal handling and euthanasia equipment, climbing 
scaffolding to view trailers and being in the vicinity of gases and foams used for euthanasia.  In consideration of your participation in 
the National Pork Board (NPB) and Michigan Depopulation Demonstration Field Day, you agree as follows: 

1. ASSUMPTION OF RISK.  You understand and acknowledge that National Pork Board (NPB) and Michigan Depopulation 
Demonstration Field Day involves risk, including but not limited to, risk of death, serious bodily injury, and property damage. 
These risks may result from the training itself, from the acts of others or animals, or from the unavailability of emergency medical 
care. You acknowledge and agree that you are voluntarily assuming all the risks that may arise out of your participation in the 
National Pork Board (NPB) and Michigan Depopulation Demonstration Field Day.  You acknowledge that participation in the 
National Pork Board (NPB) and Michigan Depopulation Demonstration Field Day is voluntary, and you may withdraw at any time. 

2. INSTRUCTIONS, POLICIES, AND PROCEDURES.  At all times during participation in National Pork Board (NPB) and Michigan 
Depopulation Demonstration Field Day, you agree to fully observe and implement all instruction provided by any employee or 
representative of MSU with respect to safety procedures and with respect to your conduct and actions while participating in the 
National Pork Board (NPB) and Michigan Depopulation Demonstration Field Day Training.  MSU staff and representatives reserve 
the right to revoke your permission to participate in National Pork Board (NPB) and Michigan Depopulation Demonstration Field 
Day and request that you to leave immediately for any violations of the rules of MSU, including rules related to your conduct 
during National Pork Board (NPB) and Michigan Depopulation Demonstration Field Day. 

3. SUPERVISION OF MINORS. You understand that minors are required to be supervised by a parent, guardian, or other adult at 
all times. 

4. WAIVER AND RELEASE.  To the fullest extent permitted by law, you hereby release, waive, and discharge Michigan State 
University, its Board of Trustees, officers, employees, agents, students, or volunteers from any and all claims, actions, causes of 
action, suits, liability, losses, demands, damages, expenses, fees, and costs for any property damage, property loss or theft, 
personal injury, death or other loss arising from or relating to your participation in National Pork Board (NPB) and Michigan 
Depopulation Demonstration Field Day.  You release and discharge Michigan State University from any claim that arises or may 
arise due to any first aid, medical treatment, or service rendered to you. 

5. CHOICE OF LAW; JURISDICTION.  This agreement shall be governed in all respects by the laws of the State of Michigan.  The 
Michigan Court of Claims or Federal District Court for the Western District of Michigan will hear any action arising out of this 
agreement, and you consent to jurisdiction in the State of Michigan.    

6. SEVERABILITY.  You expressly agree that the foregoing agreement is intended to be as broad and inclusive as permitted by 
Michigan law and that if any portion thereof is held to be invalid, the remainder of the agreement shall continue in full legal 
force and effect. 

You acknowledge that you have read the foregoing and that you are aware of the legal consequences of this agreement, including that it 
releases Michigan State University from claims you may have if you are injured, or your property is damaged as a result of your 
participation in National Pork Board (NPB) and Michigan Depopulation Demonstration Field Day. 

Signature: _________________________________________________ 

Printed Name: _____________________________________________  Date:  __________________  

  



 

Confidentiality Agreement 
 

This Confidentiality Agreement (this “Agreement”) is entered into as of  , (the “Effective Date”) by and between 
the National Pork Board, a governmental entity with offices at 1776 NW 114th Street, Clive, IA 50325 (“NPB”), and  , with offices at 
 (“Participant”). Participant and NPB are collectively referred to as the “Parties,” and each 
individually as a “Party.” 

 

For good and valuable consideration, the adequacy and receipt of which is acknowledged by each Party: 
 

1. Confidential Information. Participant acknowledges that, as an invitee to NPB’s event 
  Michigan State University Demonstration and Mortality Management Event   (the “Event”) which will be held on 
 October 23-24, 2023 , it will have access to confidential information, including the fact that the Event is taking place. 

 
2. Use of Confidential Information. Participant agrees to keep strictly confidential all information about the Event 

and its participants and is strictly prohibited from taking photographs or video or audio recording at the Event. Participant will refrain 
from any disclosure or use of confidential information unless permitted under this Agreement. 

 
3. Duration of Obligations; Degree of Care; Access by Employees. Participant must keep their participation in the 

event confidential until after the event occurs. Any information learned by participant at the event is not restricted from use, so long as 
Participant uses the same degree of care to avoid the unauthorized disclosure, dissemination, or use of the information as Participant 
uses to protect its own sensitive or confidential information, but in no case less than reasonable care. Participant shall restrict the 
possession, knowledge and use of information learned at the Event to the directors, officers, employees, agents and advisors to 
Participant and its Affiliates (collectively, “Representatives”) who have a need to know such information. 

 
4. Required Disclosures. Recipient may disclose information about the Event as required to comply with a valid and 

effective subpoena or order of a governmental entity or court with proper jurisdiction or as otherwise required by applicable laws, rules 
or regulations, provided that Recipient (A) gives NPB prompt written notice to allow NPB to seek a protective order or other 
appropriate remedy (except to the extent Participant’s compliance with the foregoing would cause it to violate a court order or other 
legal requirement), (B) discloses only such information as is required by the order or other legal requirement, and (C) uses reasonable 
efforts to obtain confidential treatment of the information so disclosed. 

 
5. Injunctive Relief. Recipient acknowledges that disclosure or use of Confidential Information of Discloser in 

violation of this Agreement will cause irreparable harm to NPB for which monetary damages would be an inadequate remedy and 
difficult to ascertain. Participant therefore agrees that NPB shall have the right, in addition to any other rights and remedies, to 
obtain injunctive relief for any violation of this Agreement by Participant with no requirement to post any applicable bond and 
without further proof of irreparable harm. 

 
This Confidentiality Agreement is executed by Participant of the Effective Date. 
 

 

       Participant Name 
 
 

Signature:  

Name: 

Title:  
 
  



 

Attachment  2 :  Observer  Safe ty  P lan 
INCIDENT ACTION PLAN SAFETY ANALYSIS (ICS 215A) 

 

1. Incident Name: 
NPB-MSU Depopulation Training and Demonstration 

2. Incident Number: 
Not Applicable 

3. Date/Time Prepared: 
Date: Time: 

4. Operational Period: Date From: 10/23/23 Date To: 10/24/23 
Time From: 1230 Time To: 1300 

5. Incident Area 6. Hazards/Risks 7. Mitigations 

Classroom 
presentations 

Presentations will be at the MSU livestock pavilion.  
There is the potential for live animals (livestock) to be 
present at the pavilion.  While the classroom 
presentations will be away from the animal 
handling/housing areas, approaching or encountering 
livestock can result in personal injury (e.g., falls, 
trampling, bites, etc.). 

Classroom participants will move directly from 
the parking lot to the demonstration classroom.  
If livestock are encountered during this 
movement, participants will cease movement 
until the livestock have been moved out of the 
way, so contact is not possible. 
 
Classroom participants will not enter any animal 
living or handling areas in the pavilion. 

Live animal 
handling 

This demonstration will involve live swine of varying 
sizes.  Trained animal handlers will move and load 
animals into the demonstration technologies.  There is a 
risk that live animals will escape.  Approaching or 
encountering live swine can result in personal injury 
(e.g., falls, trampling, bites, etc.). 

If animals escape, participants will not attempt to 
assist animal handlers in capturing the loose 
animals, or otherwise approach loose animals.  
Participants will abide by the directions given by 
the animal handlers, to avoid contact with the 
loose swine.   

Nitrogen Foaming 
and CO2 gas 
demonstration 

While the depopulation systems are in use, excessive 
noise may be produced (>85 decibels [dB]).  Some of 
the technologies may exceed the 105 dB, the OSHA 1-
hour/day exposure limit. 

SES will monitor sound levels generated by the 
demonstrated technologies.  Any participant in 
an area that is exposed to 85 dB or more of 
sound will wear hearing protection.  Foam ear 
plugs will block at least 20 dB of sound (noise 
reduction rating [NRR]).  Foam ear plugs will be 
used in areas where sound levels are between 85 
and 100 dB.  Observers/workers in areas 
exceeding 100 dB of sound will wear over-the-
ear muffs with a NRR of at least 23dB and foam 
ear plugs. 



 

5. Incident Area 6. Hazards/Risks 7. Mitigations 
CO2 gas 
depopulation area 
and carcass 
dumping from the 
CO2 gas system 

CO2 gas is heavier than air.  This gas is an asphyxiant, 
and at concentrations above 40,000 parts per million 
(ppm) can replace oxygen in blood, creating an 
Immediately Dangerous to Life and Health (IDLH) 
environment.  At lower concentrations it can cause 
headaches, dizziness, difficulty breathing, and tremors.  
When CO2 gas is pumped into the depopulation 
container, there is a chance some gas will leak out of the 
system, into the environment.  Prior to dumping 
carcasses out of the gas chamber, the CO2 will be 
released.  When dumping or due to leakage, the gas will 
disperse due to turbulent or laminar mixing.  Turbulent 
mixing will rapidly disperse the gas, dropping its 
concentration below hazardous thresholds.  Laminar 
mixing will not result in rapid dispersion of the gas and 
will allow the gas to accumulate in low lying areas or 
depressions.  In these cases, the low-lying areas or 
depressions could build up CO2 concentrations that 
would be hazardous to human health.  The transition 
from laminar to turbulent air flow is at approximately 3 
miles per hour (2015, Dependence of Turbulent 
Velocities on Wind Speed and Stratification, L.Mahrt, 
et.al, Boundary Layer Meteorology 155, 55-71). 

Demonstration participants will avoid any low 
areas or depressions within 100 feet of a CO2 gas 
source or container that are deeper than their 
waist, relative to the normal grade of the area.  If 
wind speeds exceed 10 miles per hour, this 
restriction will be lifted. 
 
Wherever possible, CO2 gas monitors or oxygen 
level meters will be used to monitor the ambient 
gas levels in the workspace.  Work will be 
stopped, and workers evacuated, in any area with 
a CO2 concentration above 5,000 ppm.   

Nitrogen-filled 
foam and water-
based foam 
depopulation area 
and carcass 
dumping from foam 
systems 

The foam used for depopulation of livestock works by 
asphyxiation.  This happens when the animals are 
submerged in the foam.  When foam is generated, there 
is the potential for some amounts to be spilled into the 
general work environment.  When carcasses are dumped 
for disposal, they will be covered with foam.  Any 
participants entering an area where there is uncontained 
foam will be exposed to slip, trip, and fall hazards.  
Falling into this foam could result in asphyxiation and 
death, even in foam depths of inches.   

Participants should not contact uncontained foam 
during this demonstration.  If this becomes 
necessary, any participants entering uncontained 
foam must use a buddy system for 
accountability; in addition, a third person will be 
staged outside the foam area to monitor the 
status of participants in the foam.   
 
Prior to entering foam, participants should use a 
portable leaf-blower to clear the foam, or other 
mechanism to disperse or dissipate the foam.   
 
If both participants in the foam go down, the 
observer will notify exercise staff who will 
determine the appropriate course of action, given 
the supplies and equipment present. 

Foam mixing areas The Phos-Chek foam being used is considered a skin and 
eye irritant.    

Participants handling the foaming concentrates 
will wear rubber or nitrile gloves and eye 
protection.  Any skin or eye exposures will be 
immediately treated by flushing with clean 
water. 

Foam container 
viewing area 

Participants will be allowed on elevated structures to 
view the foam filling on the water-based and nitrogen 
system.  An elevated platform presents a slip, trip, and 
fall hazard. 

Participants on elevated surfaces for viewing the 
foaming will stay behind safety rails and not lean 
on the safety rails.  One person on a viewing 
platform will monitor the observers to prevent 
them from exceeding the protection provided by 
the safety rails. 



 

5. Incident Area 6. Hazards/Risks 7. Mitigations 
Compost area and 
carcass grinding 
area 

Building compost piles will require the use of heavy 
equipment to move carcasses and carbon source.  Often 
the visibility for equipment operators is limited, outside 
their front view.  This poses a crush hazard for people 
around the equipment. 
 
Carcass grinding requires the use of heavy equipment to 
move and load carcasses into the grinder, and to move 
the grinder output.  Often the visibility for equipment 
operators is limited, outside their front view.  This poses 
a crush hazard for people around the equipment.  In 
addition, the grinder presents a maceration hazard that 
will result in death. 

Participants will be restricted to an observation 
area outside all heavy equipment operation areas, 
and outside or not in-line with the grinder-throw 
safety cone.  Depending on the type of grinder, 
this safety cone can extend up to several hundred 
feet past the discharge conveyor.   

   

   

   

   

8. Prepared by (Safety Officer): Name: E r i c  H e s s   
Signature:   

ICS 215A Date/Time: S e p t e m b e r  1 0 ,  2 0 2 3  



 

ICS 215A 
Incident Action Plan Safety Analysis 

Purpose. The purpose of the Incident Action Plan Safety Analysis (ICS 215A) is to aid the Safety Officer 
in completing an operational risk assessment to prioritize hazards, safety, and health issues, and to 
develop appropriate controls.  This worksheet addresses communications challenges between planning 
and operations and is best utilized in the planning phase and for Operations Section briefings. 

 
Preparation. The ICS 215A is typically prepared by the Safety Officer during the incident action 
planning cycle.  When the Operations Section Chief is preparing for the tactics meeting, the Safety 
Officer collaborates with the Operations Section Chief to complete the Incident Action Plan Safety 
Analysis.  This worksheet is closely linked to the Operational Planning Worksheet (ICS 215).  
Incident areas or regions are listed along with associated hazards and risks.  For those assignments 
involving risks and hazards, mitigations or controls should be developed to safeguard responders, and 
appropriate incident personnel should be briefed on the hazards, mitigations, and related measures.  
Use additional sheets as needed. 

 
Distribution. When the safety analysis is completed, the form is distributed to the Resources Unit to 
help prepare the Operations Section briefing.  All completed original forms must be given to the 
Documentation Unit. 

 
Notes: 
• This worksheet can be made into a wall mount and can be part of the IAP. 
• If additional pages are needed, use a blank ICS 215A and repaginate as needed. 

 
Block 

Number Block Title Instructions 

1 Incident Name Enter the name assigned to the incident. 
2 Incident Number Enter the number assigned to the incident. 
3 Date/Time Prepared Enter date (month/day/year) and time (using the 24-hour clock) 

prepared. 
4 Operational Period 

• Date and Time From 
• Date and Time To 

Enter the start date (month/day/year) and time (24-hour clock) and end 
date and time for the operational period to which the form applies. 

5 Incident Area Enter the incident areas where personnel or resources are likely to 
encounter risks. This may be specified as a Branch, Division, or Group. 

6 Hazards/Risks List the types of hazards and/or risks likely to be encountered by 
personnel or resources at the incident area relevant to the work 
assignment. 

7 Mitigations List actions taken to reduce risk for each hazard indicated (e.g., specify 
personal protective equipment or use of a buddy system or escape 
routes). 

8 Prepared by (Safety Officer 
and Operations Section 
Chief) 
• Name 
• Signature 
• Date/Time 

Enter the name of both the Safety Officer and the Operations Section 
Chief, who should collaborate on form preparation.  Enter date 
(month/day/year) and time (24-hour clock) reviewed. 



 
 

 
 

Attachment  3 :  AASV Resi l iency Tool  and 
Worksheet  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

Attachment  4 :  Demonstra t ion  S i te  Maps 
 

Field Demonstration Layout – University Farm Service Center 
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Best Practices for  

Water-based Foam Depopulation  
Use & Operation for Swine 

FINAL VERSION 8/11/2023 

Purpose 
Depopulation of swine can be effectively accomplished using a water-based foam (WBF) delivery 
system.  Recent studies have shown this method to be humane and effective in controlled experiments 
and has been successfully used in field research. It is currently under investigation by several institutions 
for scientific validation. Depopulation in this manner improves animal welfare and the mental health of 
veterinarians and farm workers by eliminating the need for individual animal handling and restraint.  
Private, state, and federal resources exist in Ohio to accomplish depopulation needs on a mass scale.  
Depopulation (“Depop”) trailer modifications and equipment specifications are detailed in a build 
manual, this document contains the best practices on how to use them effectively. 

Personnel Needed 
Process/Confirmation of Death Manager (1-2): Manages application and timing of WBF to occupied 
depop trailer. Is aware of safety issues with the equipment and ensures compliance of all staff with 
safety protocols and equipment.  Records application times, ensures insensibility and lack of movement 
indicating death on animals exposed to WBF, communicates frequently with WBF Manager. 
Recommend DVM or experienced animal welfare specialist for the position; must be experienced with 
WBF system.  

Animal Movement Handlers (4): Coordinates movement of live animals from the barn, transport, or 
holding pen and ensures they are safely loaded onto the depop trailer. Operates interior cut gate, 
loading ramp and rails, and closure of loading door when loading is complete.  Recommend experienced 
animal handlers or farm staff. Consider personnel from other facilities to allay mental health concerns. 

WBF Production Manager/Team (3): Manages foam application, water-foam concentrate 
preparation, and connection of lines between holding tanks, water pumps, and foam nozzles. Ensures 
sufficient levels of water-foam concentrate solution are available prior to applying WBF to depop 
trailer.  Able to troubleshoot issues that prevent the production of foam. 

Driver (1):  Operates tractor cab connected to dedicated depopulation trailer. Positions trailer for 
loading, moves trailer from application to disposal site, operates hydraulic end-dump, ensures tractor-
trailer is properly cleaned and decontaminated as necessary.    

Dependent on scope of the depopulation operation, additional personnel may be needed to rotate in for 
relief breaks.   

Equipment Needed 
A complete water-based foam depopulation system consists of 3 components: 

Appendix B. 



Depopulation (“Depop”) Trailer (1-2): a 40’ dump trailer that has been modified with a sliding door 
for loading, a midpoint cut gate to contain animals, and a ceiling with safety rails and access ladders.   

Tractor Cab (1-2): a semi equipped with a single wet line, auxiliary lighting hook-up, and hydraulic pack 
to raise and lower the depop trailer. A second dump trailer may be used in tandem to alternate loads. 

Water-Based Foam Delivery System: 2” high pressure water pump with fire hose adapter and 
pressure relief valve (3), 1.5”x 50’ fire hose (3-6), 2” round hose strainer (3), 2” x 20’ PVC suction hose 
assembly (3), medium expansion foam nozzle (3), 300 gallon water holding tank (3), garden hoses, 10’ 
ropes (3), Class A foam concentrate (Phos-Chek® WD881 or equivalent).  

Trailer Setup/Route Layout 
The Depop trailer should be backed up directly to the barn's loading door, transport trailer, or loading 
chute.  After loading, the trailer may be moved to a secondary position to apply WBF.  Once the resting 
period is over, the trailer will move to the Mortality Disposal Area to empty and return to the loading 
area.   

Water-Based Foam Set-Up Procedure 
This procedure is based off operation of the current Manual for a Water-Based Foam Depopulation 
utilizing The Ohio State University’s customized depopulation trailer and WBF delivery set-up. 
Components and setups may vary and should be operated according to the manufacturer’s 
recommendations. 

The WBF Process Manager oversees these activities: 

1. Fill watertight holding tanks with water using garden hoses. 
2. Position 2” high pressure water pumps in front of each water tank.  
3. Attach 1.5” fire hose adapter to water pump. Tighten. 
4. Attach 2” round hose strainer to one end of PVC suction hose. 

a. If holding tank has a drain outlet, connect PVC suction hose directly to the outlet. 
5. Attach free end of PVC suction hose to water pump.  
6. Roll out fire hose, remove any kinks. 
7. Attach fire hose to fire hose adapter on water pump. Tighten. 
8. Attach medium expansion foam nozzle to free end of fire hose. Tighten.  
9. Tie 10’ ropes to foam nozzles with a safety knot.  
10. Attach pressure relief valve to water pump. Tighten.  
11. Attach garden hose to pressure relief valve.  
12. Mix 1% ratio of foam concentrate into the full water tank. Add 1 gallon concentrate for every 

100 gallons of water in the holding tank. Stir to mix well.  
Safety Consideration:  Eye protection must be worn while handling foam concentrate to include measuring, pouring, and mixing.   

13. Lower round hose filter into prepared foam concentrate-water solution.  
a. Skip this step if the PVC hose is connected to the water tank drain outlet.  

14. Check equipment by priming and starting pump and verifying foam production, and proper foam 
volume and density. Foam should stand with form, not puddle.   

Safety Consideration:  In order to avoid injury and damage to equipment, utilize proper tools when assembling foaming equipment.  



 

Loading 
1. Driver will:  

a. Ensure the depop trailer is properly positioned to receive animals. 
b. Ensure that air brakes are engaged on the vehicle and tail gate is closed and locked. 
c. Ensure ceiling tarp is retracted. 

2. Process Manager will:  
a. Ensure truck is prepared for animal loading. 
b. Ensure WBF delivery system is fully assembled and functional. 

3. Animal Movement Handlers will: 
a. Prepare the depopulation trailer to receive pigs. 
b. Ensure cut gate is locked in place and door is open. 
c. Open loading door.  
d. Lower loading ramp and assemble safety rails.   
e. Load pigs into front half of depop trailer.  

Safety Consideration:  Experienced animal handlers are recommended to avoid injury to unskilled personnel. 

f. CLOSE the cut gate door. 
a. Load pigs into back half of depop trailer.  

i. Space allowance per animal will follow TQA recommendations (i.e.~8-9 sq. ft. 
per sow or up to 30 sows per cycle) 

Safety Consideration:  Use of driving aids such as pig boards are encouraged to ease loading and avoid injury to handlers. 

b. Disassemble and close loading ramp. 
Safety Consideration:  Ensure that all humans are off the trailer before closing the loading ramp.  

c. Close and lock loading door.  
d. Communicate end of loading process to Process Manager  

 

Foam Administration 
1. WBF Production Manager/Team will:  

a. Don safety harnesses.  
b. Climb safety ladders to the roof of the trailer. 

i. The first person on top should put up the safety railing and lock it into the brace.  
c. Hook tethers to the safety line at the bottom of the rail.  

Safety Consideration:  All personnel on top of the trailer MUST be equipped with a safety harness and tethered to the safety line.  

d. Use ropes to hoist foaming equipment to the top of the trailer.  
e. Manager will ensure team members are ready. 
f. Manager will direct the water pumps to be started. 

Safety Consideration:  Ear protection should be worn by all personnel in the vicinity of the water pumps to include all team members and 
any other people who may be present (farm owners, etc.)  

g. Manager will instruct team members to begin foaming. 
Safety Consideration:  DO NOT LEAN over the edge of the roof to peer inside the trailer AT ANY TIME. Falling into the foam will likely result 
in DEATH. Falling into a trailer with live animals (without foam) could cause serious injury or death.  



h. Manager will give orders to discontinue foaming and shut off water pumps when the 
trailer is full.   

i. Team members will apply and discontinue foam as directed.  
Safety Consideration:  Hoses are under high pressure. Kneeling will help prevent loss of balance. Position as far back from opening as 
possible. Ensure tether is securely fastened to safety line before foam application.  

j. Lower foaming equipment to the ground.  
k. Descend the safety ladder. Do not disconnect tether from safety line until fully 

positioned to climb down.  
i. The last person off should unlock and lower the safety rail (if necessary, 

depending on location of disposal site). 
2. Process Manager will:  

a. Start timer at the beginning of foaming.  
b. Ensure at least 7.5 minutes of dwell time elapses before animals are removed from the 

trailer.  
3. Driver will:  

a. Ensure tarp is closed (if necessary, depending on location of disposal site). 
 

Unloading  
The WBF Process/Confirmation of Manager (or delegate) oversees these activities: 

1. Driver will position trailer at predetermined disposal site. 
2. Unlock all latches on the back of the trailer. 
3. Unlock cut gate from outside trailer.  
4. Dump the suspension.  
Safety Consideration:  Failure to dump the suspension could cause the truck to tip over during the dumping process.  

5. Move tailgate switch to open.  
6. Process Manager ensures that 7.5 min dwell time has elapsed and signals driver to empty the 

trailer.   
7. Support personnel look for signs of life once the trailer has been emptied. 
Safety Consideration:  Personnel should stand far away from the back and sides of the trailer until it has been lowered to its original 
position.   

8. If signs of life are noted, the animal will be euthanized by captive bolt. 
Safety Consideration:  If the captive bolt is necessary, proper firearms safety procedures should be followed: clear personnel from the 
area, practice muzzle awareness, wear hearing protection, etc. 



Best Practices for  

CO2 Depopulation Trailer  
Use & Operation for Swine 

FINAL VERSION 4/9/2021 

Purpose 
Depopulation of adult swine can be effectively accomplished using a carbon dioxide trailer system.  The 
AVMA approves this method as acceptable and humane, it has been validated by research, and used 
successfully in the field.  Depopulation in this manner improves animal welfare and the mental health of 
veterinarians and farm workers by eliminating the need for individual animal handling and restraint.  
Private, state, and federal resources exist in Minnesota to accomplish depopulation needs on a mass 
scale.  Depopulation (“Depop”) trailer modifications and specs are detailed in a build manual, this 
document contains the best practices on how to use them effectively. 

Personnel Needed 
Process Manager (1-2 people can operate up to 4 trailers): Manages application and timing of CO2 
to occupied depop trailer.  Is aware of safety issues with the equipment and ensures compliance of all 
staff with safety protocols and equipment.  Connects CO2 lines to depop trailer, administers CO2 and 
records application times, communicates frequently with CO2 Manager.  Recommend DVM for the 
position. 

Animal Movement Handler (4): Ensures that live animals are safely loaded from the barn, transport, 
or holding pen onto the depop trailer.  Operates interior gate and closure of loading door when loading 
is complete.  Recommend experienced animal handlers from other facilities to allay mental health 
concerns. 

Confirmation of Death Manager (1):  Ensures insensibility and lack of movement indicating death on 
animals exposed to CO2.  Recommend DVM or experienced animal welfare specialist for the position. 

CO2 Production Manager (1-2): Manages delivery, loading, and connection of lines between liquid 
CO2 tanks, vaporizer, and holding tanks.  Ensures sufficient levels of CO2 are available prior to opening 
the inlet valve to depop trailer.  Able to troubleshoot issues that prevent the constant flow of CO2. 

Other (1):  A driver of a tractor cab outfitted with a wet kit is dedicated to each depopulation trailer and 
moving it from the loading/application area to the disposal site.  Farm staff authorized to be inside the 
barn may be responsible for moving animals from pens to the loading chute. 

Dependent on scope of the depopulation operation, additional personnel may be needed to rotate in for 
relief breaks.   

Equipment Needed 
A complete CO2 depopulation trailer system consists of 3 components: 

Appendix C. 



CO2 DEPOP TRAILER  
OPERATIONAL PLAN 
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Depopulation (“Depop”) Trailer (1-2): a 40’ dump trailer that has been modified with a sliding door 
for loading, a midpoint gate to contain animals, a ceiling, and plumbing to deliver CO2.  This unit is 
transported by a semi equipped with a wet pack to raise and lower the depop trailer. A second dump 
trailer may be used in tandem to alternate loads. 

Vaporizer Trailer (1): Contains liquid CO2 tanks and a vaporizer unit to expand liquid CO2 to ambient 
temperature vapor.  Heated in cold weather.  This enclosed trailer is pulled by a pickup truck. 

Holding Tank Trailer (2):  Carries 2-4 securely attached low pressure holding tanks.  This flatbed trailer 
is pulled by a pickup truck.   

Trailer Setup/Route Layout 
The Depop trailer should be backed up directly to the barn's loading door, transport trailer, or loading 
chute.  After loading, the trailer may be moved to a secondary position to apply CO2.  Once the resting 
period is over, the trailer will move to the Mortality Disposal Area to empty and return to the loading 
area.   

The Vaporizer Trailer and Holding Tank Trailer must be parked near each other so the CO2 Manager can 
easily perform all monitoring tasks.  Based on the layout of the farm, the pair can be placed near the 
depop trailer loading area or they can be located outside of the biosecurity line so the loaded depop 
trailer can park alongside them for CO2 application.  If the operation straddles the biosecurity line, care 
must be taken so that personnel do not cross the line and hoses are properly cleaned and disinfected 
when leaving the Dirty side. 

Liquid CO2 to Vapor CO2 Procedure 
This procedure is based off operation of current MDA-owned equipment using a passive 8-fin vaporizer. 
Components and setups may vary and should be operated per manufacturer’s recommendations. 

The CO2 Manager oversees these activities: 

1. Connect vaporizer to liquid valve on CO2 cylinder and vapor hose to holding tank(s) 
2. Open recirculation valve on CO2 tank 
3. Keep valve closed on vaporizer 
4. Very slowly open liquid valve on CO2 cylinder to build pressure in vaporizer 
5. Do NOT let pressure in vaporizer exceed 100psi 
6. Close liquid valve on CO2 cylinder and let sit for several minutes (this will allow any dry ice to 

sublimate) 
7. Open all inlet valves on holding tanks 
8. Slowly open both the liquid valve on the CO2 cylinder and the valve on vaporizer at the same 

time, keeping the pressure in the vaporizer near 100psi. 
9. A high-pitched sound should be audible from the vaporizer. 
10. Monitor the formation of frost on the fins of the vaporizer.  If the frost line gets close to the end 

of the vaporizer (near the valve/regulator) turn off liquid valve on CO2 cylinder and allow to sit 
for several minutes. 

11. Continue vaporizing CO2 until desired pressure (100-120psi) is reached in the holding tanks. 



CO2 DEPOP TRAILER  
OPERATIONAL PLAN 
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12. Once holding tanks are filled and depop trailer is loaded, the Process Manager will attach vapor 
supply lines from holding tanks to low side inlets on depop trailer.   

13. Once depop trailer is shut and sealed begin flowing CO2 vapor into depop trailer.   
14. At approximately 2 minutes 30 second of CO2 vapor flow, close shut off valves on high side of 

trailer. 
15. Continue to flow CO2 vapor into dump trailer at a consistent rate for the full 5 minutes.   
16. When emptying the CO2 vapor storage tanks, DO NOT let the pressure get to ZERO.  Leave 

approximately 5-10 psi in the tank(s).  This backpressure is needed for the efficient formation of 
CO2 vapor during the next cycle. 

17. After five minutes, shut off CO2 flow to dump trailer and allow 10 minutes to pass.   

Safety Consideration:  NEVER close inlet valve(s) on holding tank(s) while the liquid CO2 tank valve is 
open.  If CO2 production is complete, turn off liquid CO2 valve first, then allow any residual liquid CO2 in 
the vaporizer to vaporize.  Slowly close inlet valve(s) on holding tank(s).  Be sure to watch the pressure 
gauge on the vaporizer after all valves are closed. 

Cold Weather considerations:   
• Vaporizer trailer must be heated to at least 70⁰F before the vaporizer unit is put into use 
• Place a construction heater blowing directly on the vaporizer unit to keep CO2 flow into holding 

tanks steady  
• Wrap outdoor plumbing with insulated electric heat tape to keep CO2 from cooling as it flows 

from the vaporizer to the holding tanks to the depopulation trailer 

Loading 
Prior to loading, the CO2 Manager signals sufficient pressure in holding tanks. 

1. Process Manager will:  
• Ensure CO2 truck driver is OUT of cab and air locks are LOCKED OUT  
• Ensure CO2 hose is OFF and hooked up to CO2 trailer  
• Ensure Middle Divider Gate is UNLOCKED 

2. Animal Movement Handlers will ensure that the CO2 trailer is ready to receive pigs:  
• Ceiling doors are OPEN 
• Divider gate is OPEN 
• Loading gate is OPEN 

3. Animal Movement Handlers load pigs into front half of CO2 trailer then CLOSE the divider gate 
• Space allowance per animal will follow TQA recommendations (i.e.~8-9 sq. ft. per sow or 

up to 30 sows per cycle) 
4. Process Manager readies exterior 

• LOCKS divider gate 
• Install shut off valves and drop pipes on high side of depop trailer 

5. Animal Movement Handlers load pigs into back half of CO2 trailer 
6. When trailer is full, Animal Movement Handlers: 

• Close back gate 
• Close ceiling doors  
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• Communicate end of loading process to Process Manager  

Safety Consideration:  Driver should exit the cab during loading and CO2 administration activities to 
avoid accidental movement of the unit. 

CO2 Administration 
Process Manager will initiate Cycle START Process  

1. Start timer and record start time 
2. Open valve on flex hose to 100% open for 5 minutes (minimum) 
3. After 5 minutes gradually close flex hose valve 
4. Record CO2 stop time 
5. Close CO2 valve on trailer and remove CO2 flex hose.  
6. After 10 minutes have passed since CO2 was turned off, stop timer and record cycle stop time.  

• Trailer can be released and transported to Mortality Disposal Area during the 10-minute 
resting period.  

• Communicate end of cycle to Confirmation of Death Supervisor to allow for the 
unloading process to begin.  

Process Manager will confirm Cycle STOP 
 

7. Once the Process Manager has cleared the trailer, UNLOCK CO2 trailer and clear driver to re-
enter cab 

Cold weather considerations: 
• Use at least one CO2/O2 monitor inside (at the draftiest point near the end door) the 

depop trailer to measure gas levels.  A CO2 displacement rate of 20% of the container 
volume per minute for 5 minutes will result in unconsciousness within 2 minutes.  CO2 
flow may be slower in cold weather and require longer fill times. 

• Use a CO2/O2 monitor in the enclosed trailer to protect workers from overexposure 

Unloading  
1. CO2 trailer will drive to Mortality Disposal Area 
2. Engage the wet pack on the semi and tip the end dump trailer so the back door swings open but 

carcasses do not slide out 
3. Confirmation of Death Manager looks inside the trailer for signs of life 
4. Confirmation of Death Manager signals the driver to tip the trailer up until all carcasses are 

removed and confirms death as carcasses exit the trailer 
5. If signs of life are noted, the animal will be euthanized by captive bolt 
6. Confirmation Manager will report back to Process Manager any # of animals euthanized after 

cycle is completed 
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