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Abstract:  
 
The following paper provides a description of the January 6, 2005 night time train collision in 
Graniteville, South Carolina in the United States. This collision resulted in the derailment and 
breach of tanker cars of chlorine and the release of a cloud of chlorine gas. The exposure of 
industrial workers, residents and emergency responders to toxic levels of the chlorine 
subsequently resulted in nine fatalities and the treatment of 500 individuals for various levels 
of exposure to the chlorine gas. The cloud of gas traveled through portions of Graniteville and 
the Avondale Mills manufacturing facility. An analysis of the critical response actions 
affecting the safety of emergency workers during the response phase of the Graniteville 
incident will be provided in this paper. The problems that arise when no site incident safety 
officer is designated at the beginning of the response phase of a chemical emergency will be 
outlined. A description of the incident safety officer’s role in actions such as the designation 
of the hot zone and exclusion zone, the establishment of emergency evacuation routes and 
warning systems, specific standards for exposure monitoring and the development of a site 
safety plan will be presented.  Future actions to reduce the risk to responders during the 
response and recovering phases of a complex technological disaster such as the one that 
struck Graniteville will be recommended. 
 
Introduction 
 
On January 6, 2005 early in the morning at 2:40 a.m. a freight train collided with a second 
stationary train also carrying freight and resulted in the release of chlorine gas and other toxic 
chemicals. The second train operated by the same national railroad system was on a rail spur 
or siding. This collision occurred within the town of Graniteville in South Carolina is a town 
near the Georgia state border. The cause of the wreck was a switch being left open directing 
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second train onto the same side rail occupied by the first train. If the switch had been properly 
closed the two trains would have been prevented from traveling on the same track. The train 
collision occurred in Graniteville a small town of 7,000 residents near the larger town of 
Aiken South Carolina and 20 km north of the Department of Energy’s Savannah River 
Nuclear Site. (Buckley et.al.2007, Priest et. al. 2006, Hajer, M. et al 2005) 
 
The train collision occurring in the middle of the night resulted in the derailment of tanker 
cars transporting industrial chemicals including liquefied chlorine being punctured.  When a 
tanker car ruptured deadly chlorine gas was discharged rapidly into the atmosphere and 
covered low lying areas. of the town. Chlorine gas becomes a dense heavy toxic cloud when it 
is released from a container such as a tanker car into the atmosphere and because it is heavier 
than regular air it moved down into the shallow valleys and low areas. The initial discharge of 
chemicals from ruptured tank cars produced a heavy dense cloud of aerosols and toxic gas. As 
more chlorine gas was released the chlorine cloud rapidly spread engulfing an adjacent textile 
mill with 500 employees and moving rapidly into adjacent residential areas of town. Several 
mill employees who attempted to leave the mill by car and/or call from pay phones near the 
parking lot to get help directly after the train wreck were over come by fumes and died. Those 
mill workers who climbed to the top floor of the mill as directed by a fellow worker who 
understood that most toxic gases were heavier than air survived. (Henry et al. 2005, Buckley 
et.al.2007, Priest et. al. 2006, Hajer, M. et al 2005) 
 
Nine individuals died as a result of exposure to the toxic chlorine gas which leaked from 
damaged rail cars and more than 500 individuals were injured.  Most of the injured were 
treated at area hospitals but those who suffered damage to their lungs from exposure were 
expected to have a permanent impairment.  Of the nine individuals who died from toxic gas 
exposure a majority of the individuals were employees working on the night shift at the textile 
mill located near the train derailment, and one person was a resident who died when he was 
trapped in his home and exposed to toxic chlorine gas. (Hart, Ariel, 2005, Buckley et.al.2007) 
  
The evacuation of more than 5,400 local residents to prevent greater exposure of citizens to 
high levels of toxic gas was initiated as experts from the railroad company arrived on site to 
determine how to stop the toxic gas from leaking from the damaged derailed cars. It was 
reported by the media that all community residents were not fully evacuated from the area 
until 12 hours after the actual train collision occurred. Once evacuated most residents were 
required to stay away from their homes for at least nine days. These 5000 residents were 
required to evacuate and local businesses to close not only because of the toxic properties of 
the chlorine gas that had already ruptured but also because of the threat of additional future 
ruptures or the failure of fragile patches placed on damaged cars. As residents evacuated 
emergency workers representing more than  15 local, state and federal agencies and railroad 
personnel attempted to maintain temporary patches, assess the current level of toxic gas in the 
air, and transfer toxic chlorine gas under pressure from the damaged railroad tankers to new 
cars. (Buckley et.al.2007, Priest et. al. 2006, Hajer, M. et al 2005) 
 
The closest local responding agency was the community fire department.  This unit’s fire 
department building was inundated by the chlorine gas cloud because the building was located 
near the textile mill which limited access to local resources.  Railroad employees representing 
the large freight rail company arrived on onsite shortly after the incident and were directly 
involved in providing onsite response. Railroad employees and subcontractors assessed the 
level of damage to the rail tanker cars, determined the best method to attempt to patch the 
damaged cars and designed the best method to remove the remaining toxic chlorine liquid still 
under pressure without causing further release into the air.  The railroad company retained 
several contractors to respond to different components of this incident.  One contractor was 
retained to patch the damaged car and offload the remaining chlorine to a new rail car.  That 
contractor had retained a subcontractor to provide health and safety, and supervise the 
decontamination procedures for their operations.  Railroad had contracted another firm to 

  



provide health and safety directly for onsite workers employed by the railroad. The railroad 
had contracted another firm to perform area air quality monitoring and to organize the process 
of re-entry to previously evacuated areas. Multi-agency response operations are typically 
managed through a Unified Command Structure (UCS)3. Under the Incident Command 
System4 (ICS), the incident Safety Officer is an important member of the Command Staff, 
reporting directly to the Incident Commander.  The Incident Command System handbook 
defines the Safety Officer’s responsibilities as monitoring and assessing unsafe or hazardous 
conditions and recommending measures for assuring personnel safety.  
However, the railroad company did not take on the role of establishing a unified command 
system at Graniteville and no onsite safety officer was initially designated to coordinate safety 
procedures for the whole site. (Bowman, 2003, Buckley et.al.2007, Cole, 2000, Belflower et. 
al., 2005) 
 
T
 

hesis 
The rapid designation of a trained incident site safety officer at the beginning of a disaster 
response operation is critical to ensure that response workers are exposed to the minimum 
risk. This practice is the most successful method of reducing risk during workers efforts to 
complete a successful response and recovery operation involving a chemical release, major 
forest fire or terrorist attack. 
 
S
 

ources of Information 
This paper was prepared by the authors using government publications, the published findings 
of research studies and through a review of public documents such as after action reports 
focused on the safety and effectiveness of actual emergency response operations for specific 
emergency response operations in the United States. The direct experience of the authors in 
the evaluation of emergency response exercises and the authors’ direct onsite observation of 
actual response operations also served as additional sources of information for this paper 
addressing the role of the incident safety officer. 
 
Findings and Discussion 

In the initial effort of responders to evacuate over 4,500 mill workers and community 
residents in the middle of the night and stop the release of chlorine gas spewing from the 
damaged tank cars at the site of Graniteville Train Derailment, each agency and private 
response company followed their own safety procedures and requirements. Without the 
immediate designation of an incident Safety Officer trained in the Incident Command System 
(ICS) and assigned to coordinate safety procedures for all agencies and private contractors 
many safety procedures were not uniformly implemented.   Without an incident safety officer 
onsite no site safety plan was developed as part of the overall incident action plan. Unsafe 
conditions resulted from this lack of overall safety coordination. The lack of the development 
and adoption and use of a uniform warning system to alert emergency workers when they 
should evacuate the area was one example of a significant unsafe condition. Many low cost 
options were available to implement when establishing a functional onsite warning system for 
Graniteville. One effective low tech warning system used during the 9/11 response phase used 
in New York that could have been initially implemented at Graniteville under the guidance of 
an incident safety officer was the use of hand-held air horns “to signal site-wide 
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emergencies.” (Vincoli, Black, and Burkhammer 24)  A further example of problems that 
arose when no incident safety officer was initially assigned to the first Graniteville response 
command center location was placed too close to the actual wreck and toxic gas release site. 
This initial location greatly increased the vulnerability of the entire command center and its 
response workers and managers to harm from subsequent chlorine gas releases which could 
have occurred from the still damaged railroad tank cars and once this safety issue was 
reevaluated the command site was moved farther from the collision location. (Belflower et. 
al., 2005) 

The initial lack of the designation of a qualified site safety officer with training in incident 
command at the Graniteville disaster site was in violation of federal Occupational Safety and 
Health Administration Regulations. The United States Occupational Safety and Health 
Administration regulations requires every agency responding to incidents that involve 
hazardous materials or chemicals to have both a designated incident commander and a safety 
officer who are specifically responsible for oversight of the operation and  safety of all 
responders. However in practice the incident commanders do not always appoint a Safety 
Officer. This oversight may in large part be due to the lack of sufficient and/or available 
personnel trained specifically as a Safety Officer under the Incident Command System used in 
emergency response. (Belflower et. al., 2005) 

In the case of disasters involving chemical releases, United States Environmental Protection 
Agency (EPA) has oversight of the response activities and required to closely monitors site 
safety activities.  If at anytime the federal Environmental Protection Agency (EPA) 
determines that the response activities are not sufficient to protect human health and the 
environment, a Letter of Federal Interest is presented to the principally responsible party 
(PRP) locally and the EPA becomes the lead agency in the response. This mechanism also 
allows EPA to mobilize federal resources to affect the response.  During the initial response at 
Graniteville EPA assisted the local lead agency in setting up a Unified Command structure in 
which all response agencies and the principal responsible parties were represented.  However, 
the original Unified Command structure did not assigned a Safety Officer to develop the Site 
Safety Plan and to coordinate the safety activities of all responders under one plan. Initially 
EPA attempted to fill this need by designating a subcontractor, the United State Coast Guard 
(USCG), to fill the role of Safety Officer under the now established EPA’s Command Staff. 
(Cole, 2000) 

While performing this role, USCG reported to EPA that each agency and contractor was still 
operating under their own individual safety plans and reported that there was no continuity 
concerning safety procedures at the response site.  EPA then made the decision to bring in an 
EPA Safety Officer trained in the Incident Command System to address this important issue 
(Cole, 2000). On the eleventh day of the response, a sustained high level of chlorine gas was 
detected by monitors in the hot zone where the unloading operations were underway.  
Workers in the hot zone assessing this high level thought a breach of a patch fitted to a 
damaged rail car still containing toxic chlorine gas had occurred.  Those workers with 
knowledge of this change in the level of chlorine gas stopped operations and evacuated the 
hot zone.  However since a coordinated uniform evacuation warning system had not been 
developed at the beginning of the response, no evacuation alarm was initiated by this 
evacuating group to warn other workers in the hot zone as well as those working in the 
adjacent exclusion zone to evacuate. Those workers did not stop work because they received 
no warning of the change site air quality conditions and if a break had actually occurred rather 
than some type of wind shift the safety of these response workers would have been put at risk. 
Once the assignment of a site EPA safety officer trained in Incident Command System was 
achieved a warning system was established, a site safety plan developed and implemented. 
The initial command center was also moved further from the chlorine release site to reduce 
the possibility that the actual command center site itself could be disabled if another toxic 

  



release occurred. The emergency responders at Graniteville were fortunate that the initial lack 
of warning, evacuation and safety planning for the emergency response work site did not 
result in the death or injury of responders. (Belflower et. al., 2005) 

The experience at Graniteville provides a clear example of how critical a role an onsite 
incident safety officer’s role is when a chemical split is involved in the emergency. The use of 
multiple agencies and many private contracted responders was not unique to the Graniteville 
train wreck and is a very common practice in the response phase to large emergencies or 
disasters in the United States.. During the response to previous large disasters in the United 
States such as the response to 9/11 it was reported that many agencies and contractors worked 
during the response stages with little or no prior knowledge or experienced in emergency 
response procedures. Many responders who worked without coordinated health and safety 
oversight have experienced subsequent negative impacts on their health.  Authors Vincoli, 
Black, and Burkhammer noted these findings after studying the response to the 9/11 disaster 
in an article published in Journal of Professional Safety. The authors state “No thought was 
given to personal hygiene – and even less regard was given to the use of personal protective 
equipment.” (Vincoli, Black, and Burkhammer, 2002)These unsafe working conditions were 
found although the safety, health and environmental team onsite had recommended that  “all 
workers at the site wear, at a minimum, a hard hat, safety glasses, long pants, shirts with 
sleeves and sturdy shoes (preferably safety shoes). In addition, anyone within 25 feet of the 
pile or downwind of the site was required to wear respiratory protection.”(Vincoli, Black, and 
Burkhammer, 2002) 

The tasks and responsibilities of the designated incident safety officer include: 
• The identification of individuals responsible for the site safety and health 

for each agency and contractor on-site. 
• The development of a Site Safety Plan for inclusion in the Incident Action 

Plan. 
• Establish limits for areas to be included in the hot zone and the exclusion 

zone based on monitoring data and planned response activities.  
• Establish criteria that must be achieved before a hot zone or exclusion zone 

can be reduced in sizes or eliminated. 
• Define which personnel have access to a zone and how personnel will be 

identified at the point of entry. 
• Establish a method of tracking the entry and exist of responders into the hot 

or exclusion zone and insuring that the system is used. 
• Establish the role of the incident safety officer in scene control to insure 

safety of responders and others working near the response site. 
• Enforce minimum standards for personal protective equipment and for 

decontamination of all onsite personnel. 
• Establish safety procedures and policies insuring the safety disposal of used 

personal protective equipment during decontamination. 
• When site monitoring indicates possible exposure to contaminants that may 

require an increase in health monitoring, the safety officer must set the 
minimum standards for the additional monitoring. 

• The incident safety officer must also address the minimum qualifications of 
workers in the hot zone and exclusion zone and establish a very strict safety 
policy on the use of volunteer workers rather than employees in the 
response operation. (Cole, 2002) 

While this list represents examples of the duties of the incident safety officer these 
responsibilities of an assigned incident safety office do not reduce the responsibility of each 
agency and/or subcontractor to insure the safety of their own response work force. Each 
contractor and agency must review the site safety plan with all employees and provide the 

  



safety officer with documentation that this training was completed. (Bowman, 2003, Cole, 
2000) 

The need for the onsite incident safety officer to be assigned promptly and at the beginning of 
the emergency response was also clearly emphasized by the After Action Report published 
following the Cedar Fire damaging San Diego California in 2003. The San Diego Fire 
Department issued an after action report stating that several near misses and violations of 
accepted safety practices by emergency responders occurred. These safety violations were 
linked in the report to the fact that an incident safety officer was not appointed until late in the 
fire response. The lack of availability of a trained and qualified site safety officer was 
documented in the report focused on lessons learned and corrective actions for the lack of the 
immediate appointment of a incident safety officer.  One of issues stated in the lessons 
learned part of  the after action report was that the “adapt and overcome” attitude of the 
responders to meet all challenges can influence their judgment of risk vs. benefit and lead 
them into high risk situations that might be avoided. This “adapt and overcome” attitude can 
in certain cases endanger the life of the emergency responders themselves. The site incident 
safety officer can provide a broad prospective of the importance of the safety of emergency 
responders and provide this ongoing advice directly to the incident commander. The site 
safety officer can set site specific guidance or parameters for fire crews to allow them to more 
effectively determine whether crew safety should precipitate a retreat or revision in strategy 
for a fire in impacting a specific situation. (Bowman, 2003, Cole, 2000) At the present time a 
majority of the recommendations for a stronger onsite presence of a safety officer needed in a 
major fire are found in the specific after action reports following a disaster event. No 
published research or nationwide survey of disaster managers covering this issue was found 
by the authors. 

The initial lack of a safety officer responsible for the site following both the toxic release in 
Graniteville South Carolina and the Cedar Bluff Fire near San Diego, California resulted in 
onsite operations that lacked many of the common safety procedures recommended to protect 
emergency responders. Although the responders in both cases representing local, state and 
federal response agencies were all highly trained in either hazardous chemical or wildfire 
response and Incident Command structure the needs for specific site safety coordination were 
not implemented. Without the immediate designation and subsequent supervision of an onsite 
safety officer for the response site the aspects of safety that require onsite coordination 
between agencies or crews may not occur.  The lack of development and implementation of a 
coordinated a site wide specific safety plan and no person whose sole job was to insure 
coordinated safety allowed the lack of a coordinated site safety response to introduce 
unnecessary high risk to responders. (Bowman , 2003, Cole, 2000) 

When a site safety officer is not appointed the individuals responsible for the management of 
the emergency response are making the assumption that all emergency responders will act in 
a safe manner and not endanger themselves or their fellow responders.  During emergency 
operations even the best trained responders or incident commanders can fail to focus on the 
over all safety of the responders when he or she is also managing all major components of a 
critical incident response. (Davis and Walters, 2005) 

S
 

ummary 
State and federal response agencies in the United States have conducted training in Incident 
Command Structure (ICS) as directed by the Department of Homeland Security, for many of 
the federal personnel involved in emergency response. Only a portion of those trained have 
experience in the field of site safety management. Not all local agencies and private response 
contractors are proficient or have had sufficient practice using the processes and procedures of 
the ICS structure. Most responders are not trained as professional safety managers. 
Emergency responders are generally well trained to perform their assignments in a safe 

  



manner, but unique situations arise during emergency operations that require additional risk 
analysis. (Bowman, 2003)   
 
The number and type of agencies involved in a response can also increase the risk to 
responders. When responders are working with representatives from many state and federal 
agencies and/or contractors who have a different level of safety awareness the risk to 
emergency responders can be amplified. A site safety officer trained in incident command 
structure should always be appointed at the very beginning of a response operation to insure 
the site safety plan and safety procedures for emergency responders are uniformly 
implemented Emergency planners, managers and responders must take actions to insure that a 
well qualified incident safety officer is promptly appointed to all major response operations 
involving chemical releases, explosive or flammable materials. Further more, additional 
policies, resources and training programs must be implemented at the local, state and federal 
levels in the United States to insure that those responsible for emergency response operations 
have access to capable incident safety officers. For these changes to be implemented decision 
makers must 1) understand the importance of rapidly assigning an onsite incident safety 
officer to work directly under the site commander 2) recognize the specific safety procedures 
that the incident safety officer should immediately implement at the site and 3) insure that 
agencies have the resources needed to increase the number and availability of individuals 
trained as  incident safety officers.  
 
Until all agencies and private companies participating in multi-agency responses have 
implemented ICS training as directed in the National Response Plan, the federal and state 
agencies will be called upon to provide resources to fill the incident Safety Officer role under 
the Unified Command structure.  This role is best filled by someone who has experience 
working with contractors in the field and has completed ICS 420 Safety Officer training.   
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