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ABSTRACT 
 
In response to the attack of the World Trade Center (WTC) on September 11, 2001, the International Union 
of Operating Engineers (IUOE) National Hazmat Program (OENHP) assembled and deployed a HAZMAT 
Emergency Management Team (Team) to the disaster site (Site).  The response team consisted of a 
Certified Industrial Hygienist and a rotating team of industrial hygienists, safety professionals, and certified 
HAZMAT instructors.    Through research funded by the Department of Energy (DOE) Office of 
Environmental Management (EM) and managed by the National Energy Technology Laboratory (NETL), 
the IUOE conducted human factors assessments on baseline and innovative technologies during real-world 
conditions and served as an advocate at the WTC disaster site to identify opportunities for the use and 
evaluation of DOE technologies.  From this work, it is clear that opportunities exist for more DOE 
technologies to be made readily available for use in future emergencies. 
 
INTRODUCTION 
 
On September 11, 2001, the terrorist attack on the twin towers of the WTC caused astronomical loss of life 
and property.  Systems in place to manage disaster response were strained because key first responders 
were among the casualties when the towers collapsed.  In addition, the evolution of events required 
immediate response in a rapidly changing and extremely hazardous situation.  Rescue, recovery, and 
cleanup became an overpowering and sustained effort that would utilize the resources of federal, state, and 
local governments and agencies.  Included in the initial and continued effort were the skilled crafts, 
firefighters, police, National Guard, and private organizations.  The IUOE was one of the first-responder 
organizations and continued to be an integral part of the rescue, recovery, and subsequent cleanup.  
Working continuously in extremely hazardous conditions, IUOE personnel risked exposure to hazards both 
known and unknown, which were magnified because of the urgency of this particular event. 
 
The Operating Engineers National HAZMAT Program (OENHP) Emergency Management Team arrived at 
the Site on September 16, 2001, to assist in the disaster relief effort.  Through the deployment of 
equipment, material, and staff, including safety and health professionals and master safety and health 
instructors, the Team initiated an effort that would be sustained throughout the rescue and recovery effort.  
The DOE through EM and NETL supported the Team’s efforts at the Site.  OENHP’s accomplishments 
included: 
 

 Advocated the use of DOE technologies when appropriate by establishing contact with other 
federal, state, and local agencies, Site contractors, and other organizations with workers at the Site 

 Coordinated the deployment of the Petrogen Oxy-Gasoline Cutting Torch at the Site 
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 Provided round-the-clock staffing to the Personal Protective Equipment/Heat Stress station as 
requested by the City of New York Department of Design and Construction 

 Worked with several major medical institutions to examine the physical and psychological effects 
of the rescue, recovery, and cleanup operations on Site workers 

 Conducted Safety and Health Orientation Training for over 1,500 workers at the Site 
 Distributed over 11,000 respirators with proper cartridges and other personal protective equipment 

(PPE) to workers at the Site 
 During rescue operations, the IUOE trained workers on positive and negative fit checks in 

accordance with 29 CFR 1910.134; as operations moved into recovery, the IUOE, in cooperation 
with the New York Department of Health and OSHA, provided respirator fit testing, physical 
evaluations, and training in order to comply with OSHA regulations 

 Conducted sampling on heavy equipment operators and coordinated and shared these results with 
federal, state, and local agencies 

 Provided user-friendly brochures and other written information on the hazards and protective 
measures at the Site; this included information on asbestos, lead, heavy metals, silica, dust, 
benzene, heat stress, and the type of respiratory protection that was needed; a number of these 
were also translated into Spanish 

 Maintained a 24-hour toll-free hotline staffed by industrial hygiene and safety experts to answer 
questions on health, safety, hazardous material cleanup, and access to DOE technologies 

 Monitored the health and safety issues at the Fresh Kill recovery site, located on Staten Island 
 

Operating Engineers National Hazmat Program (OENHP) 
 
The OENHP International Environmental Technology and Training Center (IETTC)is located in Beaver, 
West Virginia, on the campus of the Department of Labor’s Mine Safety and Health Administration 
(MSHA) Academy.  The OENHP organization has over twenty years experience in Hazardous Materials 
and Emergency Response training.  The staff is experienced in Human Factors Assessment and supports 
DOE with the emerging technologies in the EM program.  The organization is staffed with safety and 
health professionals, industrial hygienists, and a complement of Master Safety and Health Instructors and 
operating engineers throughout the country.  The OENHP conducts Hazardous Waste Operations and 
Emergency Response (HAZWOPER) training, as well as other safety and health related training.  This 
training is available to the entire membership as well as DOE sites, other trades, and other requesting 
organizations.  The OENHP routinely develops new training modules to keep the organization on the 
cutting edge of workforce safety and health training.  The OENHP also has the ability to provide necessary 
information in Spanish to Spanish-speaking workers who do not have the ability to understand such 
technical information in English or who do not speak English at all. 
 
The OENHP IETTC facilities in Beaver, West Virginia, consist of a main administration office and a 
technology test facility for the evaluation of EM emerging technologies, which include PPE and other 
safety-enhancing technologies.  The test facility houses state-of-the-art training and computer classrooms.  
A distribution center houses the latest safety response equipment and coordinates generation and 
distribution of communication materials.  The OENHP has a DOE-funded mobile unit that can deploy 
within hours and includes highly trained response personnel and state-of the-art emergency response 
equipment. 
 
The technical staff form the OENHP Morgantown, West Virginia office supports the field team through 
technical guidance and research in the area of safety and health hazards.  This technical support allows 
information necessary for worker protection to be developed and available for response personnel upon 
arrival at the emergency scene. 
 
MAKING THE DIFFERENCE:  OENHP ACTIVITIES AT THE SITE 
 
The OENHP mobile response unit arrived at the Site on September 16, 2001.  The initial activity was to 
establish a command center for deployment of personnel.  This mobile unit was also the distribution center 
for PPE and the staging area for industrial hygiene sampling and personnel training on PPE.  In addition, 
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coordination with other agencies was managed out of this location.  The command center was set up as a 
mobile office for the coordination of all OENHP activities onsite. 
 
The mobile unit, shown in Figure 1 below, was set up with telecommunication equipment in order to 
communicate with the technical support offices in Morgantown and Beaver, West Virginia, as well as with 
the Occupational Safety and Health Administration (OSHA) and other agencies.  The telecommunication 
lines provided the mobile office with Internet and fax capabilities.  All communications were set up to 
gather, exchange, and disseminate safety and health information for worker protection and protection of the 
public. 
 

 
Fig. 1.  OENHP mobile command center. 
 
The Team, supervised by a Certified Industrial Hygienist (CIH) and Certified Safety Professional (CSP), 
included industrial hygienists, safety professionals, Master Safety and Health Instructors from OENHP, and 
operating engineers from New York Locals 14,15, 30, and 94.  The command of the unit was under the 
direction of the Center Director of the IETTC.  Additional staff was brought to the site to aid in 
administrative work associated with distributing PPE and technology coordination. 
 
The activities of the OENHP at the WTC were broad in scope.  The OENHP conducted human factors 
studies on baseline and innovative technologies under a real-life scenario.  A significant part of the studies 
included PPE, including distribution; i.e. respirators, and respirator cartridges.  Distribution of PPE, 
particularly respirators, was in support of all workers at the Site. Respirators, respirator cartridges, and 
other applicable PPE (baseline technologies with respect to worker protection) were given to all who 
requested; i.e., any skilled craft worker, firefighters, police, National Guard, FBI, FEMA, etc. 
 
During rescue operations, respirator fit checks were conducted to ensure that the respirators fit properly and 
proper cartridges were used.  These were not quantitative fit tests, but were determined to be adequate in 
the interim.  The IUOE was instrumental in providing quantitative fit testing, which occurred through a 
partnership with, NY Department of Health, OSHA and 3M and MSA, producers of respirators. 
 
Industrial Hygiene sampling was a rigorous and long-term effort.  The sampling included nuisance dust, 
asbestos, silica, volatile organic compounds (VOC’s), lead, fibrous glass, inorganic acid gases, freon-22 
and heavy metals.  Concerns existed about vapors from decaying flesh, leaking and burning freon from the 
largest chiller plant in the world, and vapors from burning plastics.  Sampling activities were coordinated 
with other agencies, such as OSHA and the Environmental Protection Agency (EPA), and information 
shared freely between all organizations.   
 
The OENHP Emergency Management Team worked with respirator experts from the National Institute for 
Occupational Safety and Health (NIOSH) in Morgantown, West Virginia to determine the appropriate type 
of respirator and respirator cartridges to require for Operating Engineers and other workers at Ground Zero.  
All of the sampling that followed demonstrated that the original choice was correct; half-face air purifying 
respirators with combination high efficiency particulate filters capable of protecting against organic vapors 
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and acid gases (P100/OV/AG) become the standard used on the site.  This was formalized by NIOSH in a 
policy statement on September 27, 2001.  These type of respirators and respirator cartridges are often the 
standard (baseline technology) used on many DOE sites during environmental clean up activities.  
Evaluations of baseline technologies included types of equipment being used; i.e. traditional heavy 
equipment, torches and cutting tools, decontamination facilities being used, background noise levels, air 
monitoring equipment being used, worker protection being used; i.e. respiratory protection, heat stress 
management, etc., and other ancillary equipment being used. 
 
The DOE Commitment 

 
The Environmental Management Office of Science and Technology (EM-50) program is aimed at 
developing technologies that offer “better, safer, and cheaper” alternatives to current baseline technologies.  
This program works closely with the NETL so that technology development and deployment are paralleled 
by concurrent attention to worker and public safety and health.  This commitment was extended to the 
WTC disaster through rescue, recovery, and cleanup, in particular with the required worker protection 
during this adverse situation.  DOE-funded innovative technologies added an additional measure of worker 
safety during this difficult time.  The technologies recommended for use by OENHP were: the oxy-gasoline 
torch, the guzzler, soft-sided containers, robotics (particularly robotic heavy equipment), and the PICS 
cooling garment.  Due to various reasons, many of the technologies did not make it to the WTC.  Those 
used include a variation of the guzzler used by the EPA to clean dust and debris from city streets, and the 
oxy-gasoline torch.  
 
NETL manages the OENHP’s human factors program for EM-50 and is committed to the facilitation of 
deployment of emerging technologies.  This organization was instrumental in providing guidance on 
technology selection and aid in deployment of emerging technologies at the WTC. 
 
The OENHP served as an advocate for and recommended the use of new and emerging DOE technologies 
that are safer and more efficient than the baseline methods currently in use.  OENHP was instrumental in 
bringing EM-developed technologies to the WTC site.   
 
Worker Protection 
 
Initial and continuing activities were directed at the protection of the workers during rescue, recovery, and 
cleanup at the Site.  Activities included evaluation of the potential airborne hazards to which the operators 
were subjected.  The operators were running cranes, grapplers, bucket scoops, cutting machines, and 
bulldozers.  During the entire process, these operators were working on debris piles, which were initially 
about ten stories high.  The debris was unstable and burning at extremely high temperatures.  The surfaces 
were hot and the air thick with smoke.  During flame-up of the debris piles, operators working on 
equipment disappeared from view due to the dense black smoke generated.  Due to the extreme danger of 
the site, reaching and communicating hazards to workers was almost impossible. 
 
Evaluation of the WTC Worker Environment 
 
The overall strategy for sampling had three tiers.  The first was the rapid overall analysis of all inhalation 
and contact hazards to which workers would have potential exposure.  The second strategy was to leverage 
efforts with other agencies to evaluate hazards.  The third strategy was to implement the infrastructure to 
accomplish this effort for the length of time necessary to complete the recovery and cleanup. 
 
The implementation of the evaluation protocol included personal sampling, area sampling and evaluation, 
and the utility and usage of PPE.  The industrial hygiene sampling efforts covered the following hazards: 
total nuisance dust, asbestos, silica, heavy metals, volatile organic compounds (VOCs), acids, freon-22, 
lead, fibrous glass, and inorganic acid gases. 
 
The collection of the personal samples required that standard protocols be followed.  The approach 
incorporated selection of the method, preparation of the sampling media, deployment, and subsequent 
retrieval of the sample.  Sample collection subjected the industrial hygienists and safety specialists to the 
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same hazards as the workers operating the equipment.  It was necessary to access the unstable debris pile, 
avoid continuously moving heavy equipment, hang the sampler, and then repeat the process to retrieve the 
collected sample.  Locating the operator or the machine when the sampling time had elapsed was an 
exercise in tenacity.  Some sampling systems took weeks to find and recover.  Sampling systems using real-
time remote radio frequency sampling capability such as DOE assessed Life•Line monitoring system and 
the VitalSense system would have eliminated numerous safety and health hazards for the people 
conducting the monitoring.  In addition, if this type of real-time monitor was available, workers could be 
pulled out of an area (or never enter the area) when contaminant levels are too high instead of finding out 
how much they were exposed to after the fact. 
 
Safety Observations 
 
While many of the IUOE activities were aimed at the membership, general observations of the disaster site 
were conducted, since these ancillary activities affected the general work environment of the operators.  
Selection and use of proper PPE was key to worker protection.  An example of a worker wearing the proper 
PPE is shown below in Figure 2.  Selection of PPE, specifically respirators, was based on evaluation of 
hazards and air sampling.   
 

 
Fig. 2.  Worker wearing proper PPE, including hardhat, safety glasses, and respirator. 
 
Getting workers to wear the respirators was another problem faced by OENHP staff.  A study conducted 
during the week of October 11-18, 2001, indicated that respirator usage among twenty-two heavy 
equipment operators on the debris pile was approximately 30 percent.  Other safety observations and 
challenges include but was not limited to: respirator use among other workers was also inconsistent, hazard 
zones were not always clearly marked, overhead hazards, moving vehicles, open pits, confined spaces, PPE 
use inconsistently enforced, and inconsistently followed decontamination procedures. 
 
Baseline Technology Evaluation for the Worker 
 
The OENHP interacted with many other agencies to protect workers during the response to the terrorist 
attacks.  The Team worked with respirator experts from NIOSH in Morgantown, West Virginia, OSHA, 
EPA, NY Department of Health, and New York Committee for Occupational Safety and Health 
(NYCOSH).   
 
OENHP worked with NIOSH to determine a change-out schedule for the respirator cartridges.  OENHP 
gathered used cartridges at the end of a shift and sent them to NIOSH.  NIOSH scientists ran a standard test 
on the cartridges to determine whether breakthrough had occurred.  Breakthrough did not occur on any 
cartridge. This information helped OENHP determine a change-out schedule with a large factor of safety.  
Since all respirators were worn for at least eight hours with no breakthrough, OENHP decided to 
recommend changing out cartridges at the end of each shift, usually every 12 hours. 
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OENHP maintained a working relationship with many other agencies.  OENHP assisted OSHA with 
numerous issues including providing access to the heavy equipment operators so they could conduct air 
sampling.  The results of the air sampling the OENHP conducted and those conducted with OSHA were 
then shared with all other agencies on the site.   
 
OENHP also participated in conference calls with the Consortium, which was composed primarily of 
federal, state, and local agencies.  During these conference calls, sampling data and updates were shared.  
Collaborating with these agencies in such a way allowed OENHP to maintain an excellent working 
relationship and to keep up with the ever-changing site.  This offered a valuable opportunity to act as an 
advocate for DOE technologies, letting all Consortium participants know what technologies were available 
and providing them information on the technologies. 
 
Human Factors Assessment for Heavy Equipment Operators 
 
Observations were made during rescue, recovery, and cleanup on heavy equipment operators working on 
both the debris pile and the perimeter.  The intent was to further identify issues of concern to enhance the 
operator’s safety and to identify approaches to minimize these hazards. 
 
Equipment in use included eleven metal track backhoes, five rubber-tired front loaders, one 1000-ton crane, 
six metal track grapplers, and one steel-tracked pile driver.  The areas of potential safety concerns were 
identified as follows: 
 

 Hazardous access/egress for equipment cabs 
 Use of cab enclosures to minimize exposure to dust and vapors 
 Wearing PPE to minimize exposure to exhaust, noise, inhalation hazards, and potential hot 

surfaces when entering or leaving the cab 
 Heat stress for equipment operators from 12-hour shifts exposed to heat from the unseasonably 

warm fall temperatures and fires on the piles 
 
Baseline Technology for Environmental Control 
 
Initially, access to the site was not limited to certain personnel.  Later, after a secure perimeter was setup, 
access was to be limited only to those personnel who needed to be onsite, such as firefighters, policemen, 
and operating engineers.  It was observed by many that anyone who “looked” as if they belonged onsite 
could gain access with little or no action from the guards.  Better control of access was needed to keep 
unnecessary, untrained people off the site.  The OENHP promoted the Soft-Side Container to be used not 
only as a waste packaging system but once filled as an effective barrier system for controlling access and 
egress of the site. 

 
Egress from the site was also poorly controlled in some areas.  Personnel decontamination procedures and 
stations were often inadequate.  Workers either left the site by unofficial exit locations or did not 
completely and properly decontaminate before leaving by the official exit locations.  Vehicle 
decontamination was inadequate also.  Heavily loaded trucks went through the same station that attempted 
to spray the debris as they drove through.  Using fire hoses, workers attempted to spray the vehicle from 
several different angles but could not assure all parts of the vehicle were decontaminated.  In addition, 
many vehicles, especially the small vehicles (Gators) that were being used on the site were taken into areas 
surrounding Ground Zero without ever going through the vehicle decontamination points. 
Dust control at the Site was accomplished by wetting down the debris pile.  This was primarily achieved 
using fire hoses and specialized trucks that sprayed water.  Other methods of dust control included wet 
sweepers, vacuum sweepers, worksite clothing, trucks covered with tarps, and spray washing of trucks 
carrying debris from disaster site.  The Concrete Dust Suppression System was reviewed, as a potential 
candidate to help with dust suppression at Ground Zero and issues with it “not making it” will be discussed 
in a later section. 
 
The decontamination tent set up by the EPA, shown below in Figure 3, was effective for the cleaning of 
clothing, respirators, boots, and the body.  The tent was equipped with heavy-duty brushes for cleaning of 
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boots, large sinks for cleaning of hands and face, and bleach solution for proper cleaning of respirators.  
Many workers did not use the decontamination tent and therefore did not clean the contaminants from their 
clothing.  Workers were encouraged to clean up at the completion of each shift, but decontamination 
methods were not enforced.  Observations regarding the use of the decontamination tents include a lack of 
enforcement on decontamination of footwear, a shortage of available containers for soiled outer garments, 
improper storage of respirators, and improper disposal of cartridges. 
 

 
Fig. 3.  The EPA decontamination tent, affectionately referred to as the Taj Mahal, was equipped with a 
decontamination area, showers, and a dining area where the Red Cross served hot meals and consoled the 
rescue and cleanup workers. 
 
DOE TECHNOLOGY DEPLOYMENT 
 
Bringing DOE Technologies to WTC 
 
The OENHP contacted personnel at DOE, at both NETL and EM Headquarters, to determine DOE 
technologies that could potentially benefit the rescue, recovery, and cleanup efforts at the Site.  The Team 
was able to provide information on the constantly changing situation at the Site, which enabled the contacts 
at DOE to recommend appropriate technologies.  The DOE contacts were able to provide OENHP with an 
extensive list of technologies, developers/vendors, and site contacts and information on where the 
technologies were located. 
 
Based on this input, the OENHP researched each recommended technology to determine its 
appropriateness for use at the Site.  OENHP contacted technology developers/vendors to obtain further 
information as to the applicability of the technology to the operations at the Site.  Additionally, information 
was gathered on the technology’s availability, developer’s/vendor’s ability to get the technology to the site 
and how long it would take, and the developer’s/vendor’s desire to donate or to be reimbursed for the 
technology use. 
 
The Team evaluated baseline technologies in use at the Site, looked for opportunities to use DOE 
technologies, and advocated deployment of DOE technologies when appropriate.  The Team discussed 
perceived equipment needs with workers; rescue personnel; federal, state, and local agencies; site 
contractors; site safety and health professionals; and others.  Equipment discussed included PPE, 
monitoring, demolition, and search and rescue.  The Team identified opportunities for DOE technologies to 
be deployed, especially to increase safety at this extremely hazardous site. 
 
The Consortium was composed primarily of federal and New York state and city agencies.  During these 
conference calls, sampling data and updates were shared.  Collaborating with these agencies in such a way 
allowed OENHP to maintain an excellent working relationship and to keep up with the ever-changing site.  
OENHP also used their participation in conference calls with the “Consortium” to discuss and advocate the 
use of DOE technologies, when appropriate.   
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Fig. 4. Hazardous work area, note workers 
in the man lift.  Both workers and 
compressed gases were transported to the 
pile. 

 
In the initial days after the attack, daily safety and health meetings were held each morning and evening, 
with meeting frequency later dropping to once daily.  OENHP was a regular participant in these meetings, 
which included all organizations working at the Site.  At each meeting, a summary of the safety and health 
issues from the day before was presented and discussion on what to do about them was conducted.  
OENHP used these meetings to discuss and advocate the use of DOE technologies, when appropriate.  
These meetings also established OENHP, as a resource for others working at the Site to consult when 
technology needs would arise. 
 
OENHP established a working relationship with the safety and health managers for the main site 
contractors, as well as with the contractors who were tasked with the overall site safety and health.  As with 
the safety and health meetings, these working relationships allowed OENHP to discuss, advocate, and 
advise on technology needs when appropriate. 
 
Through a working relationship with the National Technology Transfer Center (NTTC) at Wheeling Jesuit 
University in Wheeling, West Virginia, the OENHP was able to coordinate with FEMA to assist in the 
transfer of useful DOE technologies to the Site.   
 
DOE Technologies at the Site 
 
Two DOE technologies that were available for use at the site were the Petrogen Oxy-Gasoline Torch and 
the CORETECH™ Personal Ice Cooling System. 
 
The Oxy-Gasoline Torch is fueled by a mixture of gasoline 
and oxygen, which is delivered to the torch via hoses from 
a pressurized gasoline tank and a cylinder of oxygen.  At 
the WTC, oxygen/acetylene welding and cutting methods 
were used.  Oxygen and acetylene tanks were transported 
in lift baskets with personnel, leading to an increased 
hazard.  Many times these tanks were not secured to the 
lift basket, resulting in bodily damage when a worker 
would be struck by a moving tank.  This technology 
reduced the hazard associated with the baseline technology 
(oxygen/acetylene cutting torches), including the ability to 
use the oxy-gasoline torch in confined spaces.   
 
The CORETECH™, previously called Personal Ice 
Cooling System (PICS), is a highly effective body 
temperature control system engineered to cool or heat the 
body in response to thermal stress.  The OENHP sent two 
CORETECH™ systems to the Site, and numerous other 
systems were available from DOE sites.  However, 
OENHP was not successful in convincing any organization 
to use the systems.  The time when these suits would have 
been of greatest benefit was during the rescue operation 
phase of the operation. Consequently, that was not a time 
when activities could be stopped to explain the use of a 
new technology. 
 
DOE Technologies “That Did Not Quite Make It” 
 
OENHP advocated the use of several other DOE technologies at the Site, but for various reasons, these 
technologies were not accepted for use.  These technologies included:  the Breath Analyzer; Keibler 
Thompson Robotic Heavy Equipment; Transport Plastics, Inc., Soft Sided Waste Containers; NOCHAR 
PetroBond Absorbent Polymer Oil Solidification Agent; Excel Automatic Locking Scaffold; Brokk Remote 
Controlled Concrete Demolition System; and Blade Plunging Cutter. 
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The breath Analyzer was developed by Pacific Northwest National Laboratory (PNNL) to measure the 
exhaled breath of workers to collect data on actual exposures.  Two things that made this technology 
unacceptable for use at Ground Zero was (1) workers would have to stop for a significant amount of time to 
be tested and (2) the cost for use was prohibitive. 
 
Keibler Thompson made available remotely controlled demolition equipment at Ground Zero.  The use of 
remotely controlled heavy equipment would have been a huge increase in safety for workers who were 
operating standard heavy equipment on the unstable debris pile.  However, the standard heavy equipment is 
what the workers and the contractors are familiar with and under the type of conditions that existed, they 
were not interested in the use of unfamiliar equipment.   
 
The Lift-Liner™ soft-sided waste packaging system includes a woven outer polypropylene fabric shell with 
a water resistant coating and a double layer polypropylene inner liner.  The Lift-Liner™, in addition to 
providing an effective means of disposal of debris, was advocated as a means (once filled) to block access 
to the site, thus improving site security and worker safety and health.  As was the case with the Keibler 
Thompson equipment, the baseline method of loading debris into trucks was preferred. 
 
NOCHAR PetroBond Absorbent Polymer Oil Solidification Agent (the agent) is a polymer-solidifying 
agent.  The company has extensive experience in major commercial oil and oil-spill operations.  The agent 
will absorb oil with no mixing required.  The OENHP could not obtain any interest in the use of this 
technology at Ground Zero. 
 
The Excel Automatic Locking Scaffold is a positive locking system scaffold.  The trigger release horizontal 
bearers attach to the vertical legs without the use of hand tools.  This reduces the need for the tedious, 
repetitive clamp tightening associated with baseline scaffolding systems.  Pre-manufactured snap-together 
attachments (swing gates, floor hatches, ladders, trusses, cantilevers, lifting devices and trolley systems) 
increase safety and utility.  During rescue and recovery operations, the unstable ground at the Site made the 
use of any scaffolding system impossible.  As the operations shifted to cleanup, contractors were not 
interested in using this innovative system, once again due to comfort with baseline systems. 
 
The Brokk BM 150 uses a remote operated articulated hydraulic boom with various tool head attachments 
to perform the work.  The machine is designed primarily to drive a hammer and has a reach of fifteen feet.  
The machine can be operated from 400 feet away.  In comparison with the baseline technology of manual 
jack hammering, the Brokk technology is that it is much faster and safer during the demolition process; 
thus, the amount of exposure to the workers is considerably reduced.  However, as with many of the 
innovative technologies recommended by OENHP, the workers and contractors were familiar with the 
baseline and were not interested in the use of the remotely operated equipment. 
 
The Blade Plunging Cutter, BPC-4, is a commercially available metal-cutting technology.  The BPC-4 is 
specifically designed for cutting a range of sizes, materials, and contours used extensively in the industrial 
sector.  The tool can be attached to a weight-nulling device, which supports, balances, and holds the BPC-4 
unit, while the technicians guide the tool toward the work piece to perform the cutting operation without 
having to carry the weight of the tool. OENHP was not successful in establishing any interest in the BCP-4. 
 
PERFORMANCE OF BASELINE TECHNOLOGIES 
 
The responders at the Site used accepted and approved PPE for worker protection.  Assessment of the 
hazards was conducted continuously to ensure adequate worker protection and that proper PPE was used.    
The real issue then became how to get workers to use the proper respirator to protect themselves from the 
airborne hazards at the Site.  As in many instances where respiratory protection is required, workers had 
many excuses to not wear the respiratory protection.  These reasons included the following: 
 

 The respirator was too hot 
 The respirator significantly reduced visibility 
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 The respirator made it harder to breathe (to quote one worker, “I am congested enough, why do I 
need more restriction on my face?”) 

 Forgot to bring it with them to the job site 
 The respirator is uncomfortable (cuts into nose and face) 

 
The need for improved technology for respiratory protection (from air purifying respirators to self 
contained breathing apparatus) has been discussed in the past by many organizations including DOE and 
NIOSH.  The circumstances at the Site only serve to emphasize the reality of this need and the necessity of 
this type of research and development. 
 
The assessment of the hazards, particularly the airborne contaminants, exposed the industrial hygienist or 
safety specialist to the same workplace hazards as the workers.  While the sampling protocols used were 
accepted methods, it was necessary to access the area to collect and retrieve the sample.  Hours to days 
were required to complete the analysis.  In all cases, this approach worked well within the framework of 
personnel exposure monitoring. 
 
What are not captured with these methods are the instantaneous or short-term exposures to which the 
worker can be subjected.  Rapid or real-time monitoring was not done during this effort.  Using real-time 
detectors, such as handheld VOC analyzers and laser based particle analyzers, could have provided 
additional protection during the hazard assessment.  The use of remote detection systems such as infrared 
gas analyzers would have been an opportunity to assess localized hazard levels in real time.  Robotic 
systems could have been utilized for collection of environmental samples.  These systems could have 
utilized standard protocols while minimizing exposure of safety and health personnel to airborne and safety 
hazards at the Site. 
 
OENHP and the John Hopkins medical staff conducted pulmonary function tests (PFTs) on operators at the 
Site.  Out of hundreds of operators onsite, John Hopkins staff was only able to test 20 operators, which is 
roughly 10 percent of all the tests they performed onsite.  To achieve that number, the technicians had to 
take the testing equipment up into the cab of the operating equipment and perform the PFTs there.  The 
PNNL Breath Analyzer for the measurement of VOCs in exhaled breath would have given more valuable 
data on actual exposures, since it can quantify the chemical exposure of an individual worker, estimate the 
target tissue dose from that exposure, and provide a scientifically based evaluation of the potential adverse 
health risk due to the exposure.  The PFTs could only tell if a worker’s respiratory function was affected at 
that point in time, and could not tell if it would be affected later or if any other body organ or system could 
be at risk.  This is another example of how real-time testing and monitoring methods could have improved 
worker safety at the Site. 
 
PREPARING FOR FUTURE DISASTERS 
 
Since the attacks of September 11, 2001, there have been many meetings, conferences, lessons learned 
workshops, and discussions of all sorts on what went wrong, what went right, and how to prepare for future 
disasters.  One theme that has continually appeared is the need for improved technology in areas of 
communications, monitoring, worker protection, search and rescue equipment, and recovery and cleanup 
related equipment. 
 
The DOE and other agencies have valuable experience to offer with the development of technologies to 
make the mission better, safer, and cheaper.  OENHP recommends several strategies that would improve 
preparedness for future disasters: 
 

 The establishment of a clearinghouse where technology status and availability information could 
be obtained instantaneously to rapidly deploy any technology 

 The development of a consortium of government, academic, and private entities that would bring 
together experts in technology development to determine research and development needs and 
priorities; this consortium should include members from labor unions, emergency-response 
organizations, and contractors 
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 The development of infrastructure for all organizations to share knowledge and information on 
what technologies are available should another incident of this type occur 

 
Congress has begun to think in these terms by introducing a bill (S. 2037) to mobilize technology and 
science experts to respond quickly to the threats posed by terrorist attacks and other emergencies.  This bill 
calls for the establishment of a national emergency technology guard, a technology reliability advisory 
board, and a center for evaluating antiterrorism and disaster response technology with the National Institute 
of Standards and Technology.  (Note:  The bill was referred to the House Science, House Transportation 
and Infrastructure, and House Energy and Commerce Committees on September 4, 2002.) 
 
LESSONS LEARNED AND CONTINUED DOE/OENHP ACTIVITIES 
 
Many agencies are pondering the question, “What would we do differently?”  Many things could and 
should have been done differently, but many things were also done correctly.  The examination of lessons 
learned from the WTC disaster can lead to improved emergency preparedness for future incidents. 
 
Having an infrastructure in place as a mechanism to collaborate before an incident occurs is essential.  At 
the time any emergency occurs, the emergency-responder community, skilled support personnel, and the 
public in the area will likely be focused on the rescue of survivors.  A well-informed and trained 
emergency-response community will be able to utilize the best forms of personal protection, including 
innovative technologies, from the onset of response operations. 
 
To continue with its commitment to Homeland Security, the OENHP will be a member on the Federal 
Response Plan Hazardous Material Health and Safety Task Force being formed by the Environmental 
Protection Agency Emergency Response Team.  The mission of this task force is to improve responder and 
site worker health and safety associated with Weapons of Mass Destruction/Counter Terrorist response in 
accordance with the Federal Response Plan and National Contingence Plan.  This will also provide OEHNP 
with another mechanism to disseminate information on the DOE technologies that can be used if an 
incident occurs. 
 
OENHP is leading the safety and health training arena with their newly formed Homeland Security 
Division.  This new division will train heavy equipment operators and stationary engineers how to 
recognize and respond to large-scale disasters, whether from a terrorist attack or a natural disaster.  These 
trainees will have the proper training needed to respond in case of such as disaster.  The OENHP is also 
developing a registry of heavy equipment operators and stationary engineers who have been trained and are 
available to respond to large-scale disasters.  Such an extensive network of workers, along with an 
established infrastructure and OENHP’s experience in assessing and advocating the use of DOE 
technologies, will be an effective means to expedite a rapid response and deployment of DOE technologies. 
 
The collaborative efforts of many agencies will allow OENHP to take a lead role in the protection of heavy 
equipment operators.  The Consortium the OENHP participated in at the Site proved to be an effective 
method for providing and disseminating much needed information in a timely manner.  It also provided a 
forum for professionals to help one another when needed.  Training is the key to understanding, whether it 
is safety and health issues, use of technologies, or how working at such a site may affect you 
psychologically. 
 


