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I ntroduction

Mogt U.S. Public Hedlth Service (PHS) deployments have been typicaly clinicaly oriented regardiessof the
disaster. Engineers, however, are a critical component of a comprehensive public hedth response team.
This report is intended to familiarize the reader, primarily managers charged with organizing the PHS
response to disasters and emergencies, with the capatiilities of the engineering disciplines and to facilitate
selection of the most appropriate engineer for the emergency at hand. A cadre of PHS engineers, formed
from avariety of disciplines, is committed to responding to disasters and emergencies on short notice and
meaking a positive contribution.

Overview of Capabilities

Engineers apply the theories and principles of science and mathematics to research. They develop
economica solutions to technica problems. Their work is the link between scientific discoveries and
commercia applications. They possess strong problem-solving and organizationd skills. They have the
andyticd and technicdl skillsto evauate problems, develop solutions, and bring those solutions to redlity.
Engineersdesign, congtruct, operate, and repair dl of the systems and equipment that the generd public hes
cometo rely upon in their every day activities.

While engineers specidize, their capabilities tend to transcend their specidization. For example, a civil
engineer and an environmental engineer both typicaly possess expertise in water resources. While dl
engineers tend to possess many common characteristics that are desirable in most deployment scenarios:

Engineers are problem solvers -- they can contribute to pre-deployment planning.

Engineers are detall oriented  -- they can contribute to logidtics, including shelter, food &
water, and transportation.

Engineers have computer skills -- they can offer hardware support, database management,
and electronic record keeping.

Engineers have technica kills -- they can operate, maintain, and repair equipment (eg.,

radios, computers, biomedical devices, pumps).

More than 25 mgor specialties are recognized by professonal societies. The mgor branches have
numerous subdivisons. In this report, the engineering specidties within the PHS are described and the
contribution an engineer can make during emergency/disaster deployments are discussed. The two tables
provided inthisdocument identify (1) the different types of engineering duties'tasks/problemsthat may need
to be addressed during natural or man-made disasters and (2) the particular engineering specidities that



could be utilized to perform those duties'tasks/problems. More detailed descriptions of the different types
of engineers are included in the enclosed glossary.

Using the description and information provided by personne a the disaster area and the two enclosed
tables, the appropriate authorities can determine which type of engineer(s) will meet the needs of the
misson. The glossary can dso be used to comparing the mission requirements with the capatiilities of the
various engineering specidties. If the misson requires that the engineers will provide detailed engineering
evauations (e.g., development of congtruction plans or detailed evaluation of asystem [e.g., water supply
digtribution system]), theengineer or thelead engineer for the mission should be professondly licensed (i.e,
Professona Engineer [P.E.]) or have asmilar credentid (e.g., Certified Industria Hygienis).

In addition to solving the problems identified in the two tables. PHS engineers can dso provide generd
team (medicd or otherwise) support such as.

Pre-deployment planning,

Logigtics (including shelter, hygiene, food, water, and trangportation management),
Communications,

Computer support,

Hazards evaluation,

Management, and

Security.

The engineersinthe PHS are committed to making ava uable contribution to the nations emergency/disaster
relief efforts. We bdieve this report will serve as a useful tool when forming an emergency/disaster
response team.

Plansfor the Future

PHS engineers believe strongly in the contributionswe can makein emergency/disaster response. Wehave
generd <Kkills that are desrable and specidized skills that are critical. We gtrive to seek continuous
improvement and believewe can further develop our genera skillsto augment our contribution. Our hopeis
that every engineer of every disciplinein our cadrewill becomefamiliar with, if not certified through training
and evauation, in each of the following aress.

Administrative Services
Adminidrative officer reponghilities, information officer respongibilities, command structure, staff
organization, information management, and patient records management.

Communications



Communications officer respong bilities, Office of Emergency Preparedness operations, basicradio
operation, hardware components, telecommunications systems, Federal Emergency Management
Agency (FEMA), National Disaster Management System (NDMS) and Department of Defense
frequencies, police, fire& public safety frequencies, preplanning, deployment, and departureissues.

Medical Product Logistics
Capita equipment, consumables, procurement, maintenance, and modernization issues.

Hazardous M aterials M anagement (HazM at)
Physicd and chemical science safety, hedlth hazards of chemicd, biologica, radiologica materid,
HazMat command and communications, preplanning for incidents, incident tactics, cleanup and
restoration.

Water, Waste Water, Solid Waste M anagement
Trestment systems and testing methods.

Facility M anagement
Structurd integrity; electric power supply systems; heating ventilation and air conditioning (HVAC)
systems, and solid and biologicd waste management.

Health Care Provider (desirable skills)
CPR certification (required), First Aid (required), first reponder certification, EMT certification,
fiedld management of mass casudties.



Table 1 - Different Types of Engineering Duties'Tasks/Problems That May Need to be Addressed During Natural or Man-M ade Disaster s

Problems Natural Disasters Man-Made Disasters
with Hurricane | Tornado | Flood | Earthquake | Heat | Blizzard | Terrorism | Famine | Refuge Air Industrial | Nuclear Fires
Wave Criss | Pollution | Disaster | Incidents
Drinking Water & & V-1 & & & & &
Waste Water & & & & &
Solid Waste & & et e & &=
Hazardous Waste & vt & & & =
Radiologic Waste V-t & & & & &
Medica Waste & -t vt = ¥t ¥t &
Power & & & & & & & & & &
Shelter .t & .t & .t & Vg Vg
Medical Fecilities & ¥t v
Medical & & &=
Equipment
Communication & & & & & & & & & & s &
Systems
Computer & & & & & & & & &
Systems
Environmental g Vot Vot at & & V- &

Monitoring




Table 1 - Different Types of Engineering Duties'Tasks/Problems That May Need to be Addressed During Natural or Man-M ade Disaster s

Problems Natural Disasters Man-Made Disasters
With
Hurricane | Tornado | Flood | Earthquake | Heat | Blizzard | Terrorism | Famine | Refuge Air Industrial | Nuclear Fires
Wave Criss | Pollution Disaster | Incidents
Air Qudity & & V-1 & & & & & &
Industrial & & & & 5
Facilities
Medical Records & £ & & & & & Vs &
Roads & ¥ &5 5
Transportation

Note: This matrix is not comprehensive. It isintended to provide guidance to officias responsible for identifying assgnments that Public Hedlth Service
engineers could perform during natura or man-made disasters.




Table 2 - What Particular U.S. Public Health Service Engineering Speciality Could be Assigned to a Solve a Particular Problem

Problems Engineer Specidities Available from the U.S. Public Hedth Service
With
Architectur Biomedica Chemica Civil Computer Electronics | Electrica Environmenta Environmenta Fire Health Industrial Material Mechanica Mining Nuclea Occupational Petroleum
e | | | | | Preventio Facilities s | r Safety and
Health n Health
Protection

Drinking Water Yt & &
Waste Water & )t et et &
Solid Waste & et et
Hazardous &5 & e e e & &
Waste
Radiological & & & & &
Waste
Medical Waste & & & & g
Power et
Shelter & &5 &5 &5 &5 &
Medical & &5 &z V-1 Vst Vst &5 25
Facilities
Medical &5 25 &5
Equipment
Communication & &5
Systems
Computer & &
Systems
Environmental = = & et et et et =
Monitoring




Table 2 - What Particular U.S. Public Health Service Engineering Speciality Could be Assigned to a Solve a Particular Problem

Problems Engineer Specidities Available from the U.S. Public Hedth Service
With
Environmenta Fire Occupational
| Preventio Safety and
Health n Health
Protection
Air Quality & &
Industrial & &
Facilities

Medical Records

Roads &
Transportation

Note: Thismatrix isnot comprenensive. It isintended to provide guidance to officias responsible for identifying assgnmerts that Public Hedlth Service

engineers could perform during natural or man-made disasters. Some engineers may have experience beyond their specidity.




GLOSSARY OF ENGINEER SPECIALITIESAND SUB-SPECIALTIES
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Engineering Explained in “Plain English”

Theinformation below istaken from the US Department of Labor, Bureau of Labor Statistics, Oocupationd
Outlook Handbook, 2000-01 Edition. Please see hitp://stats.bls.gov/ocohomehtm for additiond
information on the discipline of engineering.

Engineersapply the theoriesand principles of science and mathematicsto research and devel op economical

solutions to technica problems. Their work is the link between scientific discoveries and commercia

goplications. Engineers design products, machinery to build those products, factories in which those
products are made, and the systems that ensure the quaity of the product and efficiency of the workforce
and manufacturing process. Engineers design, plan, and supervise the congruction of buildings, highways,
and trangt systems. They devel op and implement improved waysto extract, process, and useraw materids,
such as petroleum and natura gas. They develop new materids that both improve the performance of

products and help implement advancesin technology. They harnessthe power of the sun, the Earth, atoms,
and dectricity for usein supplying the Nation’ s power needs, and creste millions of products using power.
Engineering knowledgeis gpplied to improving many things, including the quality of hedlth care, the safety of
food products, and the efficient operation of financia systems.

Engineers consder many factorswhen developing anew product. For example, in developing anindustrid
robot, engineers determine precisay what function the robot needsto perform; design and test therobot’s
components, fit the components together in an integrated plan; and evaduate the desgn's overdl
effectiveness, cog, rdiability, and safety. This process applies to many different products, such as
chemicas, computers, gas turbines, helicopters, and toys.

In addition to design and development, many engineerswork in testing, production, or maintenance. These
engineers supervise production in factories, determine the causes of breakdowns, and test manufactured
products to maintain quality. They dso estimate the time and cost to complete projects. Some work in
engineering management or in sales, where an engineering background enables them to discuss technica
aspects and asss in product planning, ingtdlation, and use.

Most engineers specialize. Morethan 25 mgor specidtiesare recognized by professona societies, andthe
mgor branches have numerous subdivisons. Some examples include structura, environmenta, and
trangportation engineering, which are subdivisons of civil engineering; and ceramic, metdlurgicd, and
polymer engineering, which are subdivisons of materids engineering. Engineersmay aso specidizein one
industry such asmotor vehiclesor in onefield of technology, such asjet engines or semiconductor materids.
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Architecture - Understands the generd principles of building design that are responsive to human needs
and are Structuraly sound.
Design/Construction: Possesses a comprehensive understanding and skill to use pertinent
agpects of the condruction industry, engineering, and physical sciences to design and construct a
new building or improve an exiging building.
Structural: Possesses a comprehensive understanding and skill to design and construct new
dructures that are sound in routine and non-routine (e.g. earthquake or flood zones) Stuations.
Also possessesan ability to evauate existing structuresfor structura integrity and, if found defician,
to determine the needed improvements.

Biomedical Engineering - Understandsthe basic principlesof many engineering disciplinesaong withthe
sciences of anatomy and physiology. Uses these skills and understanding to devel op devices to monitor
human biologicd activities and to correct human hedlth problems.
Clinical Applications: Possessesspecid skill to design, maintain, test, and repair medica devices.
Understands the operation of the medica device, theinterfaceto the human body, and the human
body’ s response.
Resear ch and Development: Possessesspecid skill in designing medica devicesto meet dinicd
needs, understands human factors designissues, undersands environmental conditionsinwhichthe
deviceisused (e.g. temperature extremes, interference, and physica abuse), and understands the
human body interface and response to the device.

Chemical Engineering - Understandsthe principlesof chemistry, particularly asit relatesto the kinetics of
reacting systems, transport of mass and energy, and balance of materid and energy. Possessesknowledge
and skill in control of pollutants and hazardous materids in chemical and related industries. Understands
laboratory design, operations, instrumentation and anadlyses as it relates to chemica engineering.

Civil Engineering — Understandsthe principles of materia strengths, structures, fluid mechanics, geology,
and surveying. Understands aspects of planning, designing, congtruction and/or maintenance of structures
and facilitiesthat provide shelter, support transportation systems, or control natural resources.
Condgtruction: Possesses an understanding of the congtruction industry. Understands materia
selection, avallability, and conditions of use.
Geotechnical: Possessesspecid skill in understanding the fundamenta physica propertiesof sol
and rocks.
Highway/Transportation: Possesses specid skill in roadway planning, air qudity, surface
treatments, pavement structures and roadway drainage systems.
Structural: Possesses special skill indesign and analysis of structurestaking into account location,
materids, loads, and supports.
Water Resources. Possesses specid skill in design of water supply and wastewater trestment
fadilities
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Computer Engineering - Understandsthe principlesof research, design, devel opment and maintenance of
computer equipment and interfaces (hardware) and applications and support (software).
Data Base M anager: Possesses specid skill to develop and deploy database programs.
Hardware Developer: Possesses specia kill to design, production and implementation of
computer hardware.
Hardware Administrator: Possessesaspecia understanding of computer hardware and would
be respongible for its oversght and maintenance.
Network Administrator: Possesses specid skill to maintain a network, including upgrades,
backups, and maintenance of the “Back Office” equipment.
Network Designer: Possesses pecid skill to design, implement, and maintain a network;
including the wiring, LAN, WAN, routers, and communication equipment.
Softwar e Developer: Possesses specid skill to conduct the needs andlysis, design, production
and implementation of computer gpplication programs.
System Architect: Possesses specia skill to design the overal computer system, suchasLAN,
WAN, Network Architecture, Network operating system, and workstations and theinteraction of
al theses components.

Electronics Engineering - Provides guidance and designs for eectronic circuits, circuit eements,
equipment, and systemsfor purposes of communi cation, computation, sensing, control, measurement, and
navigetion.
Communications: Possesses specid sKill to supervise communicationssystems, i.e., the planning,
development, integration, utilization, or modification of communicationsfacilities, procedures, and
networks.
Facilities: Possesses pecial skill to design, review designs, and supervise congruction of eectric
power distribution and utilization systems or eectrica generating equipment of limited scope and
complexity such asthat used for smdl ordinary office buildings.
Instrumentation and Measurements: Possesses specid skill to design and supervise the
manufacture and operation of dectrica and eectronic systems, including semiconductor, magnetic,
radio-frequency, microwave, optica, and superconducting equipment; flat- pand disdlays dectronic
insrumentation; and dectrica power gpparatus and systems.

Electrical Engineering: Designs, troubleshoots designs, and supervises congruction of eectric power
digtribution or electricd generating equipment of large scope and complexity for projects such as high and
low voltage eectric power didribution systems for large inddlations or buildings, eg., dam complexes,
hydroelectric power plants, hospitals, industrid shops, arfields, or technica |aboratories.

Environmental Engineering - Understands the principles of how chemicas and biologica organiams
movein the environment and to design and construct facilitiesto improve the qudity of the environment and
to protect human hedth.
Air Quality: Employs knowledge of the fallowing in ar qudity management and emisson
standards devel opment: air pollution control and prevention gpproaches; monitoring/measurement
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of ambient air pollution and emissions, hedth effects of ar pollution; and methods of estimating
emissons. Develops policy and guidance for States, Tribes, and industry in addressing Clean Air
Act requirements and Federd ar pollution regulations.

Hazardous Waste: Conducts Ste evaudions to determine the hedth and environmenta
consequences of hazardous waste Spills, illegd dumping, incineration, and trangport. Advises
communities on mitigation options and oversees cleanup efforts to determine compliance. Plans,
designs and monitors facilities built for the lega disposal of hazardous wastes.

Solid Waste: Involved in the planning, design and condruction of facilities for the transfer and
disposa of municipa solid wastes. Serves as a consultant to communities on hedth and
environmenta issues relates to the generation, trangport and disposa of solid wastes.
Water/Waste Water: Plans, desgns, and manages the congtruction of drinking water and
wadtewater trestment facilities to serve both individuals and communities. Investigates, evauates,
advises on, and regulates existing water and wastewater systems to maintain the public’s hedth.

Environmental Health - Undergandsthe principlesof hedth intervention and how to develop engineering

solutions to the problems.
Community Injury Prevention: Assesses, designsand implementsintervention programsfor the
protection of the public from unintentiond injury such as automobile crashes or drowning. This
work involves data gathering and interpretation, program design, prioritization and devel opment of
prevention strategies.
Hazardous Waste: Evauates work sites and conditions that may affect worker health due to
hazardous conditions or materias. Provides guidance and oversees safety programs on persona
protective equipment, respirators, hazardous atmospheretesting, confined space entry and materia
safety data sheets.
Industrial Hygiene: Identifies conditions at work Stes that affect the hedth and efficiency of
employees, iminates occupationa disease hazards, and promotes industria health programs.
Advises on hazards identification, ergonomics, chemica handling, engineering controls, and plant
design asrelated to worker hedlth and safety.
Radiological Health: Performswork thet dealswith the protection of public from the hazards of
ionizing radiation. Thiswork incudesknowledge of the regulation and Sandards governing ionizing
radiation, ingpection of radiologica equipment, detection and measurement of radiation exposure
and the implementation of protection techniques.
Vector Control: Involved in the study, control and eradication of insect and rodent vectors and
peststhat act as agentsin the spread of diseaseto man. Thiswork involvesthe use of appropriate
surveillance methods, the formulation and gpplication of insecticides for control, public education
and risk assessment.
Water Resources. Provides guidance to communities and individuas on drinking weter
protection and regulatory compliance. Assesses systems in terms of well head and water shed
protection, water quality standards, monitoring requirements, public notification, chlorination and
records keeping.
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Fire Prevention/Protection Engineering - Description covers positionsthat supervise or perform work
to control and extinguish fires, rescue persons endangered by fire, and reduce or eiminate potentid fire
hazards. 1t dso coversfire service postionsthat control hazardous materidsincidents; trains personnd in
fire protection and prevention; develop and implement fire protection and prevention plans, procedures, and
standards.

Materials Engineering - Understands the properties (strength, machine ability, failure modes, etc.) and
uses of varioustypes of materias such as protective coatings (paints, plagtics, enames, metas), lubricants
(greases, powders, liquids), and construction materials (metds, plastics, composites, wood, concrete and
ceramics).

Health Facilities Engineering - Understands the specid requirements of hedth care facilities. Knows

how to design, congtruct, and maintain the equi pment and structures associated with providing medicd care.
Biomedical: Experiencewiththedesign, construction, operation, and maintenance of devicesand
equipment specifically developed for medicd care, including defibrillators, fetd heart monitors,
cardiac and respiratory monitoring devices, ord suction units, ventilators, xray and ultrasound
imaging devices, and oxygen delivery devices or sysems.
Condgruction:  Experience with building condruction principas and component ingalation
technique gecificdly for hedth care fadllities. Is familiar with condruction and component
indalation sandards as they relate to health care facilities congruction. Isfamiliar with pertinent
aspects of the congtruction industry, engineering and standard |CBO congtruction certificationsto
manage the congtruction or renovetion of anew or renovated hedth care facility for minimum safe
hedlth care, particularly under post disaster Stuations.
Electrical: Experiencewith desgns, desgn reviews, andingalationsof eectric power distribution
and generating equipment and darm and sgnd systemsfor hospitalsand hedth careprojects. Must
be familiar with minimum safeingallation of componentsand equi pment as defined by: NFPA 101
Life Safety Code, NFPA 72 Fire Alarm Code, NFPA 99 Hedlth Care Facilities, NFPA 110
Generator Code, and NFPA 70 (National Electric Code), IEEE National Electrical Safety Code
(NESC), and power reliability standardsof ANSI 493. Must dso befamiliar with proper and safe
operation of eectrica equipment, smokeffire detection and darm systems, sgnd systems, dectrica
digribution systems, essentid dectrical systems and IES minimum lighting standards for safe
operation of medica facilities.
Mechanical/HVAC: Experience with desgns, design reviews, and design and congtruction of
mechanica systems for hospitals and hedlth care projects. Should be familiar with codes and
gandards including the following: NFPA 101Life Safety Code, NFPA 99 Hedth Care Facilities,
Uniform Plumbing Code, Uniform Mechanica Code, and American Society of Heeting, Ventilation,
and Air Conditioning (ASHRAE) sandards. Typicd design rdated skillsinclude heating, ventilaion
and air conditioning (HVAC); water digtribution and drain & waste systems; elevator equipment,
fire sprinkler systems, and medical gas systems.
Operation: Experience with the principas and practice of plant engineering for medica facilities.
Isfamiliar with hedlth care space functiond requirements, such as AIA Guidelinesfor Hedth Care
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Fecilities. Has experience with managing maintenance and repar crews for operating and
maintaining hedth care fadlities. Has experience with mandatory facility equipment testing and
records. Isfamiliar with OSHA standards for safe plant operation. s familiar with Hedlth Care
Emergency Preparedness (NPFA 99, Chapter 11).

Structural: Experiencewith thedesgns, design reviews, and construction of structura sysemsfor
hospitds and hedth care projects.  Should be familiar with codes and standards including the
Uniform Building Code, the American Concrete Ingtitute, the American Ingtitute of Sted
Condtruction, the Masonry Indtitute of America, the American Indtitute of Timber Construction,
FEMA 178 and 273, dong with other stlandard national structural codes. Typica design related
skillsinclude andyssand understanding of soils, foundations, Structurd materids, internd structurd
loading, externa wind and seismic loading, and related supports for structurd lifeines within the
envelope of the hedlth care fadilities.

Industrial Engineering - Understandsthe generd principlesof designing, condtructing, and supervising the
operationa processes that manufacture products (e.g., assembly lines).

M echanical Engineering — Understands the generd principles of designing, congtructing, and operating
meachines.

Equipment Design: Making equipment do its required functions within the bounds of various
safety and performance standards. Undergtands the environmental conditions under which
equipment must function.  Also familiar with the need for proper ergonomics, which studies the
interaction between humans and machines.

HVAC: Hesting, ventilation and air conditioning (HVAC) design and control. Understands the
heating and cooling load conditions necessary to maintain climate control within abuilding. Thisis
usudly for human comfort, but it isoccasonaly for specid purposes such asspecific manufacturing
processes or materia storage conditions.

Industrial Ventilation: Ventilation necessary in an indudtrid setting to meet worker air quality
standards and manufacturing process needs. Thisusudly involvesfiltration and movement (viafans
or other means) of large volumes of air. Applications include structures such as factories and
warehouses, trangportation tunnels, and specia purpose facilities such as clean rooms.
Plumbing Sysems/Pumps & Controls: Desgn and control of water distribution and waste
remova systems. The requirements of such a system include the following: water storage, pumps
and piping capacity, fluid pressures, and valving. The system can berdatively smdl, such onethat
would service asingle building. The system can be larger, such as one that would service asmal
gte with severd buildings, or possible service amuch larger area such asatown or smdl city.

Mining Engineering: Thefied of mining engineering isbroad inscope. Itincludesmeta oresof dl kinds,
nonmetallic minerd's, and solid fuelsand energy sources such as cod and nuclear materids. 1t encompasses
the variouskinds of mining systems such as underground mining, strip mining, and placer mining. In addition
to traditional mining activities, there is much mining engineering work being donein the heavy congtruction
industry, involving rock excavation, and support for highways, tunnels, and underground chambers. Mining
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engineering effortsaso involve exploration and devel opment of minera depositslocated under large bodies
of water.
Health and Safety: Concerned with the hedlth and safety of mineworkersand the public through
mine waste disposd and related activities. Also includes environmenta control, which involves
water control and drainage, and control of mine atmaosphere (including methane gas), temperature,
and humidity.
Rock Mechanics: Understandsthe various aspects of excavation such as— Rock disntegration:
drilling, blasting, mechanica mining, leeching, and solution; Materiads handling: loading and mine
transportation of broken naerid; Ground control: controlling or stabilizing the voids created
through remova of the minerd.

Nuclear Engineering: Concerned with various aspects of nuclear power generation and handling of
radioactive materids. Undergandshedthimplicationsof handling radioactive materids. Concerned withthe
protection of the public from potentid hazards of radiation and radioactive materials. Research,
development, design, condruction, testing, ingtdlation, monitoring, operation and maintenance of nuclear
reectors (fisson or fuson) and other nuclear systems and immediate auxiliary or ancillary systems and
equipment. Activitiesinclude dl aspectsof the manufacture, transportation, and use of radioactive materids.

Occupational Safety and Health Engineering - Understands the generd principles of how workers
preform tasks and designs, constructs and supervisesthe operation of equipment that protectsthe hedlth of
workers.

Petroleum Engineering - Undersandsthegenera principles|ocating petroleum, extracting petroleum from
underground, transporting petroleum, and processing petroleum into useful products (e.g., gasoline). Is
capable of desgning, congtructing, and supervising the operationa processes used to extract, trangport and
refine petroleum.
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