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Executive Summary

Chairman's Remarks

Research Diving at sea provides the scientist with a variety of unique capabilities.

e Direct observation of the behavior and interactions of individual organisms and their collection in
near-surface (0 to 150 feet) open-ocean waters is possible. The organisms collected are frequently
so delicate that other techniques, such as netting, are disruptive and destructive. Additionally, these
organisms are frequently transparent and image poorly on even sophisticated cameras.

e Scientific diving teams are able to access, observe, quantify and collect near-surface benthic
communities far from shore in a cost effective manner.

o Efficient, in-place servicing and securing of bottom and water-column data-gathering devices under
open-ocean conditions can be performed.

Future implementation of these techniques is expected to increase and be extended, in state-of-the-art
hyperbaric applications as well as through advances in the use of one-atmosphere in situ methods.

The marine operators and Masters of the academic fleet's vessels have expressed their desire for better
role definition in assuring the safety of over-the-side, manned operations. Although scientists who dive
and administrators of the research diving safety programs share the same concerns for safe diving
procedures, they need assurance that implementation of safety regulations will not unduly impede
scientific efficiency.

In order to address these issues, two workshops were funded by the National Science Foundation (NSF)
and the National Oceanic and Atmospheric Administration (NOAA). The grant was administered by the
Undersea and Hyperbaric Medical Society (UHMS). The first workshop was conducted by the UHMS
and the second by the Graduate School of Oceanography (GSO) of the University of Rhode Island (URI).
The workshops' objectives included establishing research diving related guidelines for marine operators
and Masters, and reviewing existing shipboard research diving safety documentation (especially that
related to distant scientific programs). The workshop participants were tasked to look to the future as in
situ technologies evolve for both hyperbaric and one-atmosphere applications.

This report contains the results of the URI/GSO workshop. It is divided into three sections. The first
supplies background by detailing the history of the issues, the mechanics of the workshop and
perspectives of the attending constituencies; the second and third sections are composed of position
papers prepared by session chairpersons which reflect the participants' consensus. The second section
deals with specific, current issues while the third deals with the issues the participants see on the horizon.
Summaries of the sessions' Findings and Recommendations start on the next page.

Through out the report there are "NOTES" which serve to define terms or set editorial notes off from the
rest of the document.
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e Masters and mates are prepared to respond to life-threatening events at sea on an ad hoc basis.

e Diving cruises require specific plans to deal with medical advisory communication, evacuation, and
location of operational hyperbaric chambers that have medical support.

e Available chamber location information receives little distribution even though it is useful in
operational area planning.

Recommendations

e The On-Board Diving Supervisor should be given primary responsibility for the assembly of the
information and protocols that go into the Pre-cruise Dive Plan.

e [f an accident occurs, the Master of the main vessel has the responsibility for establishing
communication with pre-defined medical advisory personnel. Both the scientific party and the
ship's crew should understand how to communicate with the agencies involved in medical
emergency and rescue.

e Research divers (working with the vessel EMT when present) should be prepared to deal with
oxygen administration and emergency management.

e Emergency drills should be held on vessels conducting diving operations.

e With the appropriate approval of UNOLS, an emergency planning file should be established at the
UNOLS office. The file would contain past emergency plans including information on medical and
evacuation support, recompression facilities, response chart documenting 'response-radius' of the
evacuation facilities and other emergency contacts. An on-line computer data base that keeps track
of the plans in the file should be an integral part of this project.

e As part of a diving cruise emergency plan, the On-Board Diving Supervisor must include details
concerning: contacting medical advisory groups; evacuation procedures; diving operations; and
emergency chain of command, including 'first-responder aid' communication. A 'response-radius'
chart should also be prepared. A copy of all emergency plan documentation should be sent to the
UNOLS office for inclusion in the Emergency Plan file.

¢ General cruise emergency planning would benefit from documentation in existing UNOLS and
RVOC marine safety publications.

Recompression Chambers
Findings

e A review of the history of academic research diving does not justify requirement of on-board
recompression chambers.

e Chambers may be desirable for diving techniques/equipment that are outside the current practices
of the scientific diving community .

e Of the chambers available, a double lock multi-place unit is the superior choice

Recommendations

e Normal at-sea scientific diving from UNOLS vessels does not require provision or use of an on-
board recompression chamber.

¢ Diving beyond the experienced norm, especially in a remote site, should reviewed on a case-by-
case basis as part of the dive planning process to determine if chamber is warranted

o The general level of emergency medical preparedness should be enhanced encouraging the training
of crew members (and even interested research divers Emergency Medical Technicians) .

¢ In-water, oxygen decompression or the use of NITROX should be evaluated as techniques capable
of providing greater safety margins.



Findings and Recommendations: Looking Ahead

New Technologies
Findings

e Relatively new technologies such as hyperbaric use of NITROX, HELIOX, new diving tables,
diving computers, and multiple tethered diving have now entered the academic diving community.
Additionally, both manned submersibles (including One Man Atmospheric Diving Systems:
OMADS) and unmanned (Remote Operated Vehicles: ROV, and Autonomous Underwater
Vehicles: AUV) technologies are extending our subsea horizons.

e Regulatory mechanisms appropriate for hyperbaric exposure exist, but while satisfactory for
classical diving techniques, they must now address emergent innovations.

e Issues to be dealt with include availability of access to vehicles and resources, handling technical
complexities, and training of scientist participants.

Recommendations

e UNOLS should establish a standing committee (i.e., the In-Situ Science Committee: ISSC),
composed of competent, interested, and involved parties including vessel operators, academic and
commercial submersible operators, scientists, Diving Safety Officers, organizational
representatives (e.g., UNOLS/RVOC, AAUS) and representatives from interested Federal agencies
(e.g., NSF, NOAA, ONR, Department of the Interior, Department of Energy). The committee
should deal with issues such as the establishment of standards for operating, contracting, safety and
insurance, coordinating and scheduling, and shared use as well as provide advice to agencies. This
recommendation (establishment of the ISSC) is similar to one of the UNOLS Submersible Science
Study's (S3 ) recommendations.

e The ISSC is visualized as occupying a position comparable to the Research Vessel Operators
Committee (RVOC) and the Fleet Improvement Committee (FIC) and should encompass the
current ALVIN Review Committee (ARC) in addition to newly established interest groups dealing
with submersibles (other than ALVIN), OMADs, ROVs, and AUVS. Two mechanisms that could
be employed in the structuring of this committee (apart from the ARC component) are: (1) appoint
a large ISSC whose members are divided into functional groups to address identified problems; or
(2) create a smaller standing ISSC which would convene ad hoc panels of outside experts to deal
with specific issues.

Future Needs and Projects
Findings

e Since 1977 the AAUS has been the national body representing the U.S. Scientific Diving
Community. However, no formal links exist between AAUS and UNOLS /RVOC despite
commonality of interest and congruity of membership.

e AAUS has the expertise to provide services to UNOLS/RVOC in the diving information, standards,
statistics, reciprocity, expert assistance, and representation as well as a forum for resolving research
diving issues.

Recommendations
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Section One: Introduction, Overview and
Perspectives

Introduction

Note: Endnotes are enclosed in "[ ]".
Background

To understand the issues underlying the current concerns regarding scientific diving at sea, one must go
back in time to the late seventies. On 5 November 1976 Federal OSHA first issued standards [1]
regulating commercial diving in which they defined commercial diving as 'any diving in which an
employee/employer relationship existed.' Under these rules, OSHA classified diving researchers as
commercial divers thereby putting significant operational and safety constraints on diving by the
scientific community. Among the problems with the OSHA regulations that were cited by members of the
scientific diving community were a number of specified changes in operating methods which the
scientific diving community considered unsafe [2]. Additionally, these changes would have caused a
substantial reduction in useful science time and -vessel space at sea by reducing operational efficiency.

The scientific community strongly disagreed with the OSHA action, feeling that the scientific community
had established and maintained an excellent safety record as a self-regulated entity. In order to respond to
this perceived threat, the American Association of Underwater Sciences (AAUS) was formed. The group
effectively presented the scientific community's diving safety record, as well as its needs and
requirements. After protracted hearings and reversals, OSHA finally exempted the research diving
community on 26 November 1982. OSHA's ruling withstood a subsequent court challenge.

NOTE: In exempting the scientific diving community OSHA determined that, '. . . there are significant
differences between commercial diving and scientific diving . . .', and amended its rules to exempt
scientific diving that is'... . under the direction and control of a diving program utilizing a diving safety
manual and a diving control board meeting certain specified criteria.'

OSHA's amendment to Subpart T was finalized when the 7th Circuit of the U.S. Court of Appeals denied
the Petition of The United Brotherhood of Carpenters and Joiners on the grounds that the union lacked
standing to bring the suit. This was the first time in history that a court had denied a labor union standing
in such a case.

The University National Oceanographic Laboratory System (UNOLS) adopted the AAUS standards in
1985 for all shipboard diving undertaken at member institutions. In 1988 the National Science Foundation
(NSF), a major supporter of both UNOLS and the academic institutions within the organization,
expressed concern about the application of these safety standards and their relation to research-related
accidents that had taken place within the scientific community. Some of the accidents occurred within the
marine field, both at sea and ashore, and included two shipboard diving non-fatalities and one remote site
diving fatality.

NOTE: UNOLS is an association of institutions. Each member institution uses, or operates and uses,
sea-going facilities and maintains an academic program in marine science. UNOLS' objective is to
coordinate and review the utilization of facilities of academic oceanographic research, access to these
facilities, and the current match of facilities to the needs of academic oceanographic programs. UNOLS
makes appropriate recommendations of priorities for replacing, modifying or improving the numbers and



mix of facilities for the community of users.

Because of this, and especially because of concerns expressed by UNOLS ship operators, NSF decided
that there was a need to precipitate useful discussions among the parties involved in scientific diving
operations. The ship operators felt uneasy with over-the-side diving operations, especially in the open
ocean, the diving scientists felt somewhat put upon by the rules, regulations and complications of meeting
the diving regulatory requirements, and the campus diving administrations found themselves in the
middle of these issues.

NOTE: Throughout the report the term 'campus' is used generically and refers to a local administrative
unit that something is part of. 'Campus diving administration' is also used as a general term, to
accommodate the differences in the assignment of authority at different institutions. At some institutions
the actions assigned to the campus diving administration may require only the work of a single individual
while at others it may require a committee or board meeting.

The UHMS Workshop on Safety Guidelines for Diving from Ships at Sea

A workshop to discuss the diving-related issues was conducted on Friday, 29 April 1988, by the Undersea
& Hyperbaric Medical Society (UHMS) under NSF/NOAA sponsorship. Its goals were defined as:
establishment of guidelines for the oceanographic vessel Masters; review and assessment of control of
research diving operational safety; the development of an annotated bibliography dealing with scientific
diving at sea, its problems and issues (i.e., physiology, training, experience, etc.); and publishing the
results of the deliberations. UHMS is in the process of completing the output from this initial workshop

[3].

The workshop convened three primary groups: commercial divers, Navy divers, and scientific diving
administrators. A review of the transcripts from the workshop showed that while each of the parties had
good and sufficient reasons as to why they conduct diving operations as they do, each party had differing
missions, philosophies, strategies, and resources. As a result, no substantial beneficial interaction
occurred. The discussion did not include a definition of responsibility for, and authority over diving
operations, which led to the conclusion that further efforts were required to address the needs and
interests of the scientific community. A vigorous debate regarding chamber use also appeared to warrant
additional discussion.

The URI/GSO Workshop on Shipboard Scientific Diving Safety

Subsequent to the UHMS workshop, the need to bring together a broader and different group of people to
continue the process of establishing safety guidelines and standards for research diving was reinforced by
a number of events. A major effort had gone into revision of the UNOLS Shipboard Safety Standards [4]
(which included a section covering research diving); the Research Vessel Operators' Committee (RVOC)
Safety Training Manual [5] was in development (which also included a chapter on research diving); and
the UNOLS Submersible Science Study (S3) was in progress.

NOTE: The RVOC is a committee of UNOLS. Its purpose is to promote cooperation among the marine
science research and educational institutions and to represent their interests in the areas of marine
operations, government regulations, labor relations, and public relations as those areas effect their
research fleets. Membership in the RVOC, while based on representation from UNOLS operator
institutions, is also open to non-UNOLS institutions who operate research vessels for purposes similar to
UNOLS.

Other new information that needed examination came from the AAUS, which had just put forth new
medical examination schedules and published material that had not been considered at the UHMS



workshop, concerning cold water diving, diving computers, and safe rates of ascent. Additionally, 58
campus diving administration representatives (Diving Safety Officers and Diving Control Board
members) from 41 institutions met at Woods Hole Oceanographic Institution, as part of the AAUS
Annual Symposium, and documented their concerns [6] relative to topics of safety, equipment,
procedures, training, new diving technologies and reciprocity.

NOTE: The first S3 Committee compiled a report in 1982 which was primarily concerned with the
ALVIN upgrade. The present S3 was charged by UNOLS to draft a plan for conducting a study of the
broad scientific program requirements for submersibles and related technologies in the next decade and
beyond.

The study was focused on two principal objectives:

o To assess the trends, patterns, and directions for academically-based ocean science research
programs that can best be served by submersible systems, both manned and unmanned. This
assessment was to cover the full range of depth requirements needed by science.

o To develop a comprehensive submersible science facilities plan which satisfies the science
requirements identified above, including the rationale for such facilities, and possible funding and
management arrangements.

Specific tasks for the URI/GSO workshop included:

e 1) Study of the new information available on remote site and shipboard diving safety and
effectiveness;

e 2) Utilization of new information in a detailed review of diving section of the UNOLS Shipboard
Safety Standards and the RVOC Safety Training Manual;

e 3) Review of the consensual research diving safety standards of which the AAUS is custodian and
which serves as the backbone of the diving section of the current UNOLS Shipboard Safety
Standards; and

e 4) Examination of the need for a potential extension of the UNOLS standards to specifically
address the concerns raised by the operators of academic research vessels and the needs resulting
from research diving conducted at remote sites.

The planning for the URI/GSO workshop differed somewhat from that for the UHMS workshop.

The primary goal was to bring together experts from inside UNOLS and scientific diving community to
review both the output from the UHMS workshop and the new material that was available. This review
was targeted at providing the greatest possible assistance to UNOLS in the establishment of research
diving safety guidelines and standards that were efficient with respect to scientific resources.

A clear part of assuring diving scientists' safety was meeting the goal of improving communication
between organizations and the members of the on-site teams involved with the diving. General concepts
and specifics concerning the assignment of responsibility and authority for shipboard diving is unclear
and contradictory especially when one asks the on-board participants who is in charge of what. This is of
special concern to ship Masters at sea. Documentation dealing with the qualification and interchange of
research divers among institutions is poorly defined as is the transmission, updating, and storage of that
documentation.

Phase One

The URI/GSO workshop began with an examination of the structure of the scientific diving community.
Figure 1 shows the interrelationships defined by that examination. The federal agencies (NSF, the Office



of Naval Research (ONR) and others) are coupled together through the mechanism of UNOLS to deal
with academic fleet operations. UNOLS includes not only all of the academic Vessel operators (who make
up the membership of the RVOC) but also other institutions
who conduct major scientific research activities at sea. This
strongly linked system is driven by science needs. Science,
through peer review, determines funding of research and this |'
involvement of the working scientist in both UNOLS and \ _
AAUS activities creates a strong, but informal, link. \ NT;E'EL

Additionally, AAUS is highly responsive to campus diving — > r—
administrations. However, as Figure 1 shows, there is no L
direct linkage between the AAUS and the ship operators. o S .
Therefore, one of the purposes of this second workshop was | b

to determine if a link was important and, if it was, to find an

effective means to establish and maintain it.
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Figure 1; Links in the Scientific Diving Commuaity.

Although there are no formal links between the organizations, there is commonality in membership. The
Marine Technology Society (MTS) estimates that there are 350 marine research institutions in the nation.
Fifty-six of these are members of UNOLS (Figure 2). An examination of AAUS membership within

UNOLS shows that all but eight UNOLS institutions have
J4n . . <% | AAUS Individual Members on campus, 16 of the UNOLS
| T institutions are AAUS Organizational Members, and seven are
et oy —— @ | in the process of joining (Table 1). Of the 56 UNOLS
e e Ih | institutions, 21 are members of the RVOC. Eleven RVOC
= & ' institutions are AAUS Organizational Members, four RVOC
: .. i i institutions are in the process of becoming AAUS
| ! i i Organizational Members, and all of the RVOC members have
i vtn has ;;r; Individual Members of AAUS on campus. Despite this high
s i e degree of organizational correspondence, no formal
Vigure 2 UNOLS, RVOC and AALS membership . mechanism exists for making use of these interrelationships.

Communication between organizations is not the only issue. In addition, there are issues concerned with
responsibility and authority, liability and qualifications, safety and accident management, scientific
efficiency, documentation, new technology and practices, and continuity. An overriding objective in
dealing with these problems is to avoid setting up excess bureaucracy that would inhibit the
accomplishment of primary tasks. To address these concerns, communication can and must be improved.
Better communication is required between the organizations, between the individuals at the dive site, and
between the organizations and the on-site individuals.

There are new technologies that will require the science community to deal with operational safety issues
similar to those raised by research diving at sea. An example is the use of non-dedicated vessels with
OMADS. Although one workshop is unlikely to resolve all these issues. it was hoped that, by providing a
forum for knowledgeable people to respond with individual points of view, either agreement on the
various issues, or equally important, documentation of disagreement would be produced so that the
community could develop solutions to its problems.

NOTE: OMADS, or One Man Atmospheric Diving Systems, are small, light, scientist piloted
submersibles. They range from simple human powered systems such as armored diving suits like the JIM
and NEWT Suit to small, light, one-person submersible system such Deep Rover.

Figure 3 compares the approach taken in the UHMS workshop with that of the URI/GSO workshop. The
UHMS brought together groups of divergent viewpoints, practices and concerns about diving safety.



URI/GSO brought together the groups with specific -

concerns with, and influence over, scientific diving UHMS Workshop

(ship operators, scientists, and campus diving - W
administrations) together with representatives of AAUS : ’

and UHMS. Each of these three constituencies brought il Diving - ®

various organizational affiliations which typically were: | ° e
ship operators (UNOLS and RVOC), scientists . '.

(UNOLS and AAUS) and campus diving \“--..__' 8. My g
administrations (AAUS). -

Copies of existing documentation were provided to the |
workshop participants (i.e., UNOLS Shipboard Safety - i Ricorns
Standards: Section 15 - Diving; RVOC Safety Training : W
Manual: Diving Section; and AAUS Standards for
Scientific Diving Certification and Operation of
Scientific Diving Programs). URI Workshop
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Figure 3: Pamicipating constituencies in the TTHMS and URTAGSO
The charge to the panel was to produce: Workshugps.,

¢ 1) A statement, addressing the special problems of multi-institution cruises, which outlines the
responsibility and authority of: the diving scientist, the research vessel operator, the research vessel
Master, and the campus diving administration;

e 2) A review of the diving section in the UNOLS Shipboard Safety Standards and the RVOC Safety
Training Manual, with recommendations for changes as needed;

¢ 3) Recommendations to UNOLS/RVOC covering special equipment and procedures requirements
for diving from UNOLS vessels (i.e., small boats, medical equipment, decompression tables and
procedures, and recompression chambers);

¢ 4) Recommendations to UNOLS/RVOC concerning requirements for special personnel when
diving is conducted from UNOLS vessels.

e 5) Detailed checklists for diving cruise and remote site planning including casualty evacuation;

e 6) Recommendations to UNOLS/RVOC for standards defining the minimum diving skill and
knowledge required of diving researchers who work from UNOLS vessels or at remote sites; and

¢ 7) Recommendations for linking the diving scientists, the marine operators and the Diving Safety
Officers together in a manner that will improve the effectiveness of the above items.

Phase Two

Once the workshop participants were identified, they were supplied with the documents of interest and
met in Washington D.C. from 18-20 February, 1990 for two and a half days. Resulting documents were
prepared, exchanged and edited, and then a small working group convened at the W. Alton Jones Campus
of the University of Rhode Island on 2-3 July 1990 for a day and a half to provide editorial assistance
with the final report and complete work on some unresolved issues. The following is the report from the
Washington D.C. and W. Alton Jones meetings.
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Table 1: UNOLS Members showing RVOC and AAUS Affiliations.

The URI/GSO Workshop on Shipboard Scientific Diving Safety, an Overview

The URI/GSO Workshop on Shipboard Scientific Diving Safety, held in Washington, DC from Sunday
through Tuesday, 18-20 February 1990, consisted of eight major elements (Appendix A: Schedule of the
URI/GSO Workshop on Shipboard Scientific Diving Safety). The 21 participants (Appendix B: List of
Attendees) represented various academic institutions, national oceanographic laboratories and other
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Figure 4: Use of the Marrix oo develog a statement of

Hesponsibahiy and Aothorty by examining cuse studies,

involved organizations including: American Academy of
Underwater Sciences, Harbor Branch Oceanographic
Institution, Marine Biological Consultants Applied
Environmental Sciences Inc., Northeastern University's
Marine Science Center, Research Vessel Operators'
Committee, Smithsonian Institution, Texas A & M University,
University of Rhode Island's Graduate School of
Oceanography, University of California at San Diego's Scripps
Institution of Oceanography, University of Miami's Rosenstiel
School of Marine and Atmospheric Sciences, University of
Maine's Darling Marine Center, University National
Oceanographic Laboratory System and Woods Hole
Oceanographic Institution. Although the Director of the

NOAA/NURC (National Oceanic and Atmospheric Administration/National Undersea Research Center)
program was unable to attend the URI/GSO workshop, NOAA was a co-sponsor. The attendees were
selected to assure representation from science, ship, and diving administration constituencies. Each
constituency was asked to state its perceptions of shipboard scientific diving safety and expectations for

the workshop.

Following a slide presentation illustrating blue water diving techniques, a session was held to present a
short example of the application of a matrix (Appendix C: The Matrix) to a case study. This matrix was
then used for detailed examination and review by three task groups (Figure 4).

Each task group was carefully designed to include members from each constituency. One task group was
chaired by a representative of each constituency. The task groups were asked to perform three

assignments:

1) Review each cruise event, determine which listed individuals and organizations were involved in that
event (adding any overlooked participants) and rank the participants' involvement with respect to their
own subjective appreciation of the participants' level of combined authority and responsibility.

2) Conduct a detailed examination and review of several case studies to determine that their rankings

were appropriate.

3) Apply the task group's matrix results to case studies.

Formal presentations and discussions were held on the following topics: multi-institutional diving cruises,
special personnel for diving cruises, responsibility statements, diver training standards, small boats and
small boat operators, emergency planning and accident management, recompression chambers, new
technologies issues, and future needs. The closing sessions defined requirements to complete the current

tasks.

The participants were asked to make recommendations to NSF to concerning the safety of scientists



diving at sea. The workshop also developed a few examples of recommended procedures, such as the Pre-
Cruise Dive Plan form, for use by organizations concerned with the process of scientific diving from
academic research vessels at sea (e.g., NSF, UNOLS, RVOC, NOAA, AAUS). It is hoped that these
organizations and others such as the Medical Advisory System will, through their normal processes, make
the best possible use of this information.

NOTE: MAS is a private contractor to UNOLS (and others) It supplies medical advice to ships at sea.

Perspectives on the Problem

The first formal session of the workshop was designed to give the participants the opportunity to present
their organization's shipboard diving concerns, their perceptions of the issues and to state their views on
required workshop output. The format used was to have a representative of each constituency make a
presentation, followed by discussion among the attendees.

UNOLS/RVOC - Jim Williams

In 1986 the revised UNOLS Shipboard Safety Standards, which for the first time included a diving
section, was published. The standards are updated periodically, most recently in 1989. The RVOC makes
the point that these safety standards are to be considered as minimum guidelines for UNOLS research
vessels. All UNOLS ship operators and users of UNOLS vessels are expected to be thoroughly familiar
with these standards and comply with their recommendations. More detailed or stringent requirements, if
necessary, are included in institutional policy documents and even state law.

The crucial test for a set of standards is the critical experience that one goes through in an investigation
following an accident. Did the standards answer the hard questions that are asked such as: 'who is in
charge of safety? How much training has been done? Have regulations been posted? Have inspections
been held?' Pressure to provide increased protection for all employees has produced substantial changes
in shipboard policy documents.

Discussion

All activities have recognized hazards and going to sea has its own. The scientific community, in concert
with academic institutions, the sponsors of science programs, and UNOLS, has worked hard to do
everything possible to provide a safe working environment. This consensual effort has been highly
effective and has resulted in the establishment of a clear standard of practice for the U.S. research fleet,
the UNOLS Shipboard Safety Standards. These standards reference the American Academy of
Underwater Sciences Standards for Scientific Diving Certification and Operation of Scientific Diving
Programs as the accepted standard of practice of the UNOLS research diving community.

Comparing the academic community to others, it is clear that the academic community does not
document either general shipboard or diving activities to the extent that, for example, the U.S. Navy does,
with its extensive manpower availability and special needs. However, the academic community does
claim to document in more depth than commercial operators. The most significant difference in concept
between academic and commercial diving is that the primary responsibility for safety rests with the
individual research diver. This approach is quite unlike the military or commercial system in which
primary responsibility rests with the line supervisor. Additionally, institutions interact as equals in a
collegial relationship. One does not 'boss' the other, and this underlines the principle of local control.

One of the workshop objectives was to determine if available policy documentation (e.g., the UNOLS
standards, AAUS manual, etc.) are sufficiently detailed to reflect shipboard needs, including definition of



items such as the Master's responsibility. An energetic debate between shipboard operators and divers
swirled around the issue of degrees of specificity desirable for written procedures. The participants from
the research vessel community took the position that more specific definition of responsibility and
authority is desirable. The research diving community felt it was best to establish minimum standards in
no greater detail than was absolutely necessary, details being best established on the local level as the
situation demands.

It was pointed out that the divers need to keep up with advances in equipment, such as: buoyancy
compensators, NITROX, dry suits and diving computers. AAUS felt that they fulfill this role by holding
workshops and disseminating information on new technology to the campus diving administrations
(Appendix D: AAUS Bibliography for details of various workshop proceedings). In addition to
establishing standards, AAUS stated that they also accumulate statistics relative to shipboard diving
experiences and accidents in the form of a database.

NOTE :NITROX is a 'man-made' breathing mixture composed of nitrogen and oxygen. These gases are in
a rough ratio of four to one in regular air. By producing a mixture that has a higher proportion of
oxygen, it is possible to lessen the narcotic effect of breathing nitrogen under pressure and to reduce the
amount of nitrogen absorbed by the diver which limits the time a diver can stay underwater safely. Some
amount of nitrogen must be present since oxygen becomes toxic when breathed at a partial pressure of
two atmospheres or more. HELIOX (an expensive mixture of Helium and Oxygen) is used for very deep
diving where oxygen toxicity, the narcotizing effect of nitrogen and the density of the breathing gas are
limiting factors.

The point was made that, regardless of the specificity of the standards, external control of the diver ceases
when the diver drops over the side. At that point the individuals must be operationally responsible for
their own safety. It became clear from the discussion, however, that in order to keep the standards
generic, the ship's Master requires a clear responsibility/authority document. He is held, by both the
institution and the U.S. Coast Guard, to be responsible for the ship and the people on board even when
they are over the side and even though it is clear that he has no actual control over a diver in the water.

It was further suggested that the concept of having an On-Board Diving Supervisor specifically identified
from among the research party whose primary responsibility is the safety of the operation is desirable.
However, it is frequently impractical due to cost and space limitations to have someone on board
uniquely for that role. The point was made that personnel controlling the diving operation must have the
confidence of the ship's Master and have a relationship similar to that of the Master and the Chief
Engineer.

RVOC Safety Training Manual Subcommittee - Jack Bash

The creation of the RVOC Safety Training Manual grew out of a realization within the RVOC that
commonality in training and further definition of the shipboard operators' role was required. The concept
was underlined by the results of fleet inspection teams that review the research vessels every two years. A
committee was set up through the RVOC (with UNOLS endorsement) to draft a specific training manual,
now in preparation with publication expected during the summer of 1990. In contrast, the UNOLS
Shipboard Safety Standards is a policy document that provides RVOC members with minimum
guidelines for research vessel safety. Section 15 of these standards covers diving safety.

The Safety Training Manual is written for a seaman, under the presumption that he or she has not read
other manuals. The first chapter of the manual (there are 14 chapters) is designed to be used as a summary
orientation document for the scientist. In a sense, it will be two manuals in one: training for the crew, and
orientation for the scientist. The definition of its approach, contents, and downstream usage is expected to



be subject to continual redefinition. Training procedures, and training video tapes, may come out of this
manual. The RVOC can consider minor changes prior to the publication date. The manual is a living
document, designed to accommodate changes in technology and be revised periodically.

Discussion

Questions were raised about the necessity of technical changes in the document to reflect current diving
practice. For instance, the Trendelenburg position (a left-side-down, head low transport position) featured
in the present document, has been shown recently not to be helpful.

The average non-diving crew members focus on the danger of an equipment failure resulting in running
out of air. This is not a problem that occurs with any frequency. In any case, the crews' concern should be
focused on the organization and control of the emergency aspects of the operation, not on a diver's
potential individual problem.

The 592 & 60HN7WDQQ) 0 DXDOontains more specific details on diving techniques than are included
in the AAUS manual. This is because AAUS standards and guidelines are at the policy level (as are the
UNOLS Safety Standards) while the 592 & 60HN7UWDQQJ 0 DAXD® more specific and should be
viewed at the same level as AAUS technique documents. The definition of terms should be constant
within all of the documentation. Ideally, there should be no discrepancy between guidelines and training.

It was critical to define, with specificity, the role of the lead institution's Chief Scientist and the Principal
Investigator of the diving program in order to allow a clear decision regarding which person or
organization is responsible. For example, the lead institution's campus diving administration is not always
a part of the Principal Investigator's home institution.

The comment was made that there are significant differences between the operations of coastal benthic
divers and open-ocean divers. Concern was expressed that both the 8 12/ 6 6KISEROUGEDHY6\RELG/
and the 592 & 60HN7WIQQI 0 DQAXDs they exist, do not fairly represent benthic-oriented diving from
relatively large ships offshore, where the divers work with both comparatively heavy research equipment
and samples. The operational differences become less distinct as ships get closer to shore and smaller.

It was also felt that the 592 & 60HNV7WIQQI 0 DQD@oes not deal with equipment support diving in
which untethered scuba diving takes place in connection with OMADS and tethered vehicles such as the
Remote Underwater Manipulator (RUM). A plea was made for a formal review mechanism to be
established involving the concerned parties. This mechanism would not be unlike the treatment given the
radiological section of the 812/ 6 6MEO(i.c., have the document reviewed by the diving community
through AAUS).

NOTE: 7KH580 LVDXQIXHYHIFB®I G CH5 W BHHRQURGBHG\WWURXI K D FDEG FRGHANRQ VR \WH\XUDRH
, WAL O/ DR \WHERWP  DQGIHOMUHY G5 Z DMJFDSCEMNV DQDGYDAHG P DASXOWWUDGD KLIK
TXOONVYGRM WM WDOQFW VAHQMFH SHIPHOWV ' IYHY DUHXVHGWR KHS OXAAK DG UHRYHJIMK)
WHRSHORAHDQ

The participants clearly felt that more mission-specific details should be developed as part of an onboard
cruise dive plan. A vigorous discussion on the subject of degrees of specificity took place. The final
outcome favored the inclusion of details. The identifying of exact marine band communications rather
than simply saying 'radio' was cited as an example. Additionally, questions dealing with the configuration
of the vessel and its abilities need to be addressed. Will there be open-ocean diving? Live boating? Will
the boat be underway? In the case of saturation diving habitats and shore-based operations, ships are not
considered to be the controlling element.



It was considered critical to specify more interaction among the small boat crew, the primary vessel, and
the research divers under both normal and emergency conditions. This is especially important in
situations such as in the Antarctic where, for instance, outboard motors must be kept running or they
freeze even though diver safety considerations would suggest shutting them down.

The discussion then shifted to the responsibility of the small boat operators and the vessel from which the
actual diving takes place. Should the operator be primarily a competent seaman or a research diver? The
tenor of opinion was that competent seamanship is more important but diving knowledge could be
advantageous, especially in the case of accidents and the early recognition of problems such as an injured
or lost diver. In large-scale operations, a dive-ready, back-up diver should be in the boat, but it was not
recommended that the boat tender leave his vessel to interact with the in-water operations. It was felt that
the On-Board Diving Supervisor should generally remain on the large vessel observing the operation,
linked to the communication system and in a position to take charge in emergency situations. It was stated
that activities in which the most dangerous conditions occurred was loading and off-loading of personnel
between the main vessel and the smaller dive boat.

If an accident occurs, the Master of the main vessel has the responsibility for establishing communication
with pre-defined medical advisory personnel. The diving people working with the vessel EMT(s) should
be prepared to deal with oxygen administration and emergency management. The idea of having
emergency drills on board a vessel conducting diving operations was put forward. Both the scientific
party and the ship's crew must clearly understand how to communicate with the agencies involved in
medical emergency and rescue. The Master's ultimate responsibility and full-scale involvement in the
process was emphasized.

AAUS - Chuck Mitchell

In 1976 Federal OSHA and the U.S. Coast Guard issued draft emergency standards covering commercial
diving operations. The driving force behind these standards was that the commercial diving industry had
experienced unacceptable levels of employee injury, primarily in North Sea oil exploration work. For the
purposes of these standards, commercial diving was defined as 'those activities in which there was an
employee/employer relationship.' This categorization included diving by scientists.

The scientific diving community reacted vigorously, pointing out to OSHA that it had been self-
regulating since 1951, had an excellent safety record, and that some of the standards required by the
OSHA standards were both inappropriate and unsafe. Upon receipt of this information, OSHA and the
U.S. Coast Guard indicated that scientific diving would be exempt; however, when the standards came
out in 1977 scientific diving had been removed from the U.S. Coast Guard documents but was still
included in OSHA's regulations.

Because Federal OSHA recognizes individual state OSHA organizations, California, with its closely knit
scientific diving community, prepared unique standards for their own state. These standards were
approved, and the federal government allowed the national issue to be reopened. The work-loss-injury
rate quoted for scientific divers at that time was just under that for bankers: 0.0037/200,000 man hours. In
consideration of these data, scientific divers were finally exempted because of their decades of self-
regulation and maintenance of in-house standards covering operations, training, and individual diver
control over the operation.

AAUS was formed in 1977, and incorporated in 1981 in the State of California as a nonprofit
organization. Its scientific diving safety standards are generic; they cover certification of scientific divers
and operation of scientific diving programs. They do not cover specific types of diving such as shipboard
operations. They include minimum standards for such things as diver training levels and medical exams.
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definition of lead institution, establishment of the individual in charge, and institutional certification of
divers.

Research diving is labor intensive and often involves volunteers, some of whom are undergraduate and
graduate students. Issues involved with certification, training, insurance, liability, and support of this
subset of divers, while especially critical, are often ill defined. In some cases, the problem is alleviated by
confining volunteer help to noncritical tasks such as working with collections, tank filling, etc.

There is a high degree of variation between cruises and between operators as to what science brings to
ships as well as what ship operations bring to science. Inconsistencies exist relative to availability and
configuration of critical tools such as air compressors, inflatable boats, outboard motors, tanks, etc.
Typical emergency questions include: Is there breathing oxygen on board? Does it work? Who knows
how to use it? Who is responsible in a medical emergency? Some diving emergency equipment such as
medical oxygen has other applications, such as for heart attacks. Other questions: Should the scientists
back up ship's gear with their own equipment? Who should equip the small boat with emergency
equipment? What equipment is required? Discussion on who is responsible for provision and operation of
small boats, the crew or science, is frequently an open issue. Protocol between ship Master and small boat
operator involving such things as surface separation should be worked out ahead of time. This is
especially critical when the ship is new to the area and the local conditions and may result in a conflict of
judgment in which case the Master has the ultimate responsibility.

A good solution to a number of these problems is to have a pre-cruise consultation among the parties. The
discussion of how the dives will be conducted should be quite specific, including details on equipment
(i.e., compressor, oxygen tanks, sources, capabilities, and control). A pre-cruise conference with a full
and clear checklist or agenda involving the Principal Investigator, On-Board Diving Supervisor and the
Master is critical. It was noted that most ship accidents do not involve diving, and that statistic is biased
by the relative low frequency of diving cruises.

While it would be nice to have agency diving support equipment available on all vessels, rather like
CTDs are, this is unlikely due to infrequency of use. The problem of supplying equipment can be
lessened by the availability of fully equipped diving vans and designation of specific vessels for diving
Cruises.

NOTE: A CTD is an electronic instrument that is lowered through the water on a cable, simultaneously
measures conductivity, temperature and depth. While instruments are occasionally supplied by individual
investigators, they are more often part of a pool of oceanographic equipment that are available on a rate-
basis to researchers using a given ship.

There may well be different appreciations of equipment condition and suitability by the ship and the
diver, especially regarding items such as compressors and small boats. The use of both air quality
determination equipment and emergency oxygen requires specialized training. Interesting questions arise
such as what is the difference between welding oxygen and medical oxygen? The only apparent
difference is that medical oxygen requires that the tank must be completely emptied and refilled rather
than just 'topped off' in order to assure that impurities are not present in the tank. Some states require
prescriptions for medical oxygen.

Discussion

Shipboard diving safety is not a new concern. Documentation relating to techniques goes back to the late
sixties and early seventies (Appendix E: Historical Shipboard Diving Procedures). Many of the items in

the various standards, as well as ideas that are brought up at this workshop, have been informal standard
operating practice for many years.
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One way of obtaining access to complex technologies such as NITROX is NOAA's National Undersea
Research Center (NURC) program at University of North Carolina - Wilmington (UNCW). UNCW
provides on-board expertise, training and all the unique gear. The use of NITROX allows the scientists to
almost double their bottom time and may be a useful technique for NSF-supported vessels. Though
expensive when compared to conventional scuba, NITROX is very cost effective when viewed in terms
of in-water research time available per cruise day. There is not yet a critical mass of users within the
academic diving community to warrant the development of such a facility within UNOLS; however, the
participants expect that such proposals will be received by NSF in the future.

NOTE: The NURC program is a system of undersea research facilities funded by NOAA and operated
through the University of Alaska, the Caribbean Marine Research Center, the University of Connecticut,
the University of Hawaii, and the University of North Carolina at Wilmington. These facilities make
available research facilities including submersibles, ROVs and advanced scuba and surface supplied
diving systems.

NOAA and Harbor Branch Oceanographic Institution have requirements for pre-cruise training relative to
emergency actions. The specific accident management training is done over two to three days in the
spring of each year. They also conduct on-board emergency drills and require medicals and check-out
dives for use of NITROX gear.

Within NOAA check-out dives for air scuba are not required. They are called for only where special
equipment such as dry suits are to be used or if diving frequency or interval requirements are not met. The
requirement for 12 dives per year is designed to assure that a diver is competent and in good physical
condition. In temperate climates this can be a problem when the dives are clumped into the warm months.
Reciprocity of diver credentials between NOAA and AAUS would be desirable but is not being formally
pursued at this time.

AAUS provides a framework for an efficient reciprocity between institutions relative to basic and
specialty diving competence. Standardized reporting and perhaps a 'scientific diver passport' or card
suitable for all Organizational Members is currently underway. The card would contain the individual's
name and institution and would signify that the diver has been trained and will operate under AAUS
standards. Any specialized training would be listed as well. Establishment of a central data repository is
most desirable. While such a mechanism provides entre to initially qualified research divers, it cannot
provide an assessment of current capability, a matter to be addressed by the Diving Safety Officer prior to
the cruise.

A checklist for cruise diving procedures should be made a uniform requirement for the entire academic
fleet. The checklist should include procedures, responsibilities, schedules, sequences, and documents. The
impact of additional diving requirements, paperwork, and infrastructure is significant for smaller
institutions. The repetitive paperwork load should be reduced. For instance, in cases of doing interagency
work, multiple diving logs and physical examination requirements, such as yearly blood typing, should be
avoided. A national medical database, perhaps maintained by AAUS or the Medical Advisory System,
could be made available to institutions in need through FAX. Diving EMTs, while useful and desirable,
probably do not offer enough of an advantage over regular EMTs to merit that as a requirement.

NOTE: Emergency Medical Technicians are carried on some research vessels. These individuals are
typically members of the ship's crew who have received special medical training and who take on this
responsibility in addition to their normal duties. There is a special category of EMT the Diving Medical
Technician (DMT). The DMT program was designed to meet the specialized medical needs of the offshore
diving industry. While, to the best of the workshop participants' knowledge, there are no DMTs among
the crew members of the UNOLS vessels, at least one scientific technician has received this type of



training.

The question of telling a physician the details of how to do his job was broached. If a campus diving
administration is willing to accept the physical examination results, why should it constrain the
physician? The diving medical exam has eliminated a few candidates on the initial exam. Few, if any,
problems have been picked up on renewal physicals. The guidelines should not dictate to the physician
what to do, but should identify the conditions that might present medical problems for the diver. An ideal
physician for this service would have recent training in diving medicine.

The question of whether or not the ship should conduct other activities during diving operations (i.e.,
hydrocasts and netting) was discussed. On-site consultation between research divers and the Master
appears to be the best method of resolving this type of conflict, though in general it is considered
preferable to constrain the ship from doing anything that could preclude its ability to move rapidly in an
emergency. A surfaced diver with a problem, while the rest of the team is still below, compounds the
difficulty of bringing a rescue vessel into the area where divers will soon surface.

In summary, a scientist needs the ability to plan research and to plan cruises in such a way that there are
no on-site surprises and there is efficient interaction with the small number of other people (i.e., Diving
Safety Officers, ship operations people, and agency personnel) critical to the mission.

1. 41 Federal Register 48950

2 Federal Regulation of Scientific Divers, Sharkey, P. and Austin, L.: 1983, in Oceans '83 Proceedings,
Marine Technology Society, Washington, D.C.

3 'Safety Guidelines for Diving from Ships at Sea,' Greenbaum, L. (Editor): Draft, Undersea and
Hyperbaric Medical Society, Bethesda, MD.

4 "UNOLS Shipboard Safety Standards,' 1989: University National Oceanographic Laboratory System,
University of Washington. Seattle, WA.

5 'Research Vessel Operators' Committee Safety Training Manual,' Bash, J. (Chairman): In Press,
University National Oceanographic Laboratory System, University of Washington, Seattle, WA.

6 'Minutes of the Annual Research Diving Safety Officers Meeting: 1989', Sharkey, P. (Chairman): 1989,
American Academy of Underwater Sciences, Costa Mesa, CA.



SECTION TWO: Safety Issues

Authority and Responsibility

Prepared by Phil Sharkey and Jack Bash

The session on Authority and Responsibility issues was wide ranging and included many examples of
problems drawn from past experience. The workshop participants read over the current Section 15 of the
UNOLS Shipboard Safety Standards and discussed its advantages and disadvantages. There was
agreement that the Section 15 needs revision and that it could be a primary vehicle for creating a clearer
definition of shipboard diving authority and responsibility. There was little controversy over the exact
direction that a revision should take. It was felt that the current Section 15 of the UNOLS Shipboard
Safety Standards should be revised to-

e Clarify the definitions of authority and responsibility.

o Assist the Master's understanding by defining cruise participants' jobs. In this way the Master's task
changes from having to get these things done personally to assuring himself that others have gotten
them done.

¢ Include a requirement for appropriate personnel to provide the Master with a detailed precruise
briefing.

e Require that appropriate personnel provide the Master with regular briefings during the cruise
concerning the details of the diving operation.

There were disparate opinions concerning the precise wording of the proposed revision. An ad hoc group
undertook carrying these concepts forward into a full revision of Section 15. The subgroup's work was
reviewed by the entire workshop, and it is recommended that it be forwarded to the RVOC for
coordination within the RVOC of their revision of Section 15 of the Research Vessel Safety Standards.
This revision would then go to UNOLS for final approval and promulgation. The text of the suggested
revision follows shortly.

Additional observations, suggestions and questions included:

e [t should be recognized in planning and documentation that the Principal Investigator and Chief
Scientist are not always the same person. A single cruise may have several projects (and several
Principal Investigators) aboard, but there is only one Chief Scientist.

e Most of the ship-related pre-cruise decisions are made by the Marine Office since the Master is at
sea. The Marine Office, via electronic contact, can review these decisions with the Master to keep
him informed and receive his comments and suggestions. During the cruise the Master may be
required to make decisions relative to situations not anticipated in the PreCruise Dive Plan.

e The more information that is available to the Master, the more helpful he is able to be.

e Masters are uncomfortable with diving because they are in charge of a vessel with divers on board
and the diving safety protocols are not clear in their mind. Masters are often not fully aware of the
details of the diving operation and thus do not know how, specifically, they should operate their
ship with regard to divers in the water.

e The number of UNOLS ship-operating institutions without a campus diving administration should
be determined. These institutions should establish such boards following the AAUS model.

o If there are UNOLS ship operating institutions without such a campus diving administration, should
diving cruises be conducted from their vessels?

e If diving cruises are to be conducted when the operator does not have a campus diving



administration. what are the details of responsibility and authority with respect to the diving
operation?

e The general practice (within UNOLS) is that the Master receives a letter (or copy of a letter to the
Marine Office) from the operating institution Diving Safety Officer listing the approved divers and
a plan describing the nature of the diving. This letter also provides the name of the person who is
the On-Board Diving Supervisor appointed for that cruise. This practice should be standard
procedure for all UNOLS institutions.

e Development of educational materials concerning research diving should be encouraged, including
but not limited to training manuals, slide shows and videotapes that are aimed at helping the Master
and crew to understand research diving in general, as well as the specifics of research diving
operations for the upcoming cruise.

o A list of protocols for various diving situations and respective responsible individuals should be
developed. It should be no more than a page or two of guidelines and should detail those persons
who are ordinarily considered responsible for given items.

e The relationship between the Master and the On-Board Diving Supervisor needs to be clearly
defined. This might be modeled on the relationship between the Master and the Chief Engineer.

Draft Section 15 - UNOLS Shipboard Safety Standards

15: Diving Operations

15.0 Policy: Scientific diving is a normal part of oceanographic research vessel operations. Such diving
conducted from a University National Ocean Laboratory System (UNOLS) vessel must be under the
auspices of a diving program that meets the minimum American Academy of Underwater Sciences'
(AAUS) Standards for Scientific Diving Certification and Operation of Scientific Diving Programs.
Operators without a program may accommodate scientific diving cruises which are under the auspices of
an institution with such a diving program.

15.1 Diving Procedures, Rules and Regulations: For all cruises a single lead institution's campus diving
administration will be designated. This is usually accomplished by agreement of all campus diving
administrations involved. Items which refer to the campus diving administration may, in fact, be the
concern of the Diving Safety Officer according to the practices of the institutions involved. The
procedures, rules and regulations that govern the diving operation are those of the designated lead
institution, subject to the approval of the operator's Marine Office.

15.2 Cruise Planning: In a timely fashion prior to the cruise:

1. The Principal Investigator will insure that a cruise dive plan is supplied to his or her campus diving
administration who will forward the cruise plan, once approved, to the lead institution's campus
diving administration. The dive plan, prepared in a standard format includes: diving credentials for
all diving members of the scientific party, detailed operational plans, emergency plans including
accident management and emergency evacuation protocols, a list of needed medical supplies, a
specified quantity of medical grade oxygen with a positive pressure demand delivery system, and
required diving support equipment (e.g., small boats).

2. The lead institution's diving administration will, after approving this plan, forward it to the
operator's Marine Office.

15.3 Cruise Personnel:

1. The Master has responsibility for the safety of all activities aboard including diving (Section 13.4).



2. The Chief Scientist is responsible for the co-ordination and execution of the entire scientific
mission (Section 13.5).

3. The Principal Investigator of the diving project (who may or may not be the Chief Scientist) is
responsible for the planning and co-ordination of the research diving operations.

4. The On-Board Diving Supervisor will be proposed by the Principal Investigator and approved by
the lead institution's diving administration. The On-Board Diving Supervisor is responsible for the
execution of the research diving operations in accord with the cruise dive plan. He or she has the
authority to restrict or suspend diving operations and alter the cruise dive plan in consultation with
the Master and the Principal Investigator/Chief Scientist. The On-Board Diving Supervisor's
responsibilities include:

e A) Meeting with the Master and Chief Scientist to review the cruise dive plan and emergency
procedures prior to diving.

¢ B) Remaining in regular communication with the Master on the progress of the research
diving operation.

e () Assuring that both the lead and operating institution's diving manual are available to the
scientists and crew aboard the vessel.

e D) Inspecting high pressure cylinders and breathing air compressors to assure that they meet
the lead institutions' standards.

9. Research Divers must recognize their individual responsibility for their safety.

Multi-Institutional Cruises

Prepared by Larry Madin

The simplest diving cruise is when the scientific party members are all from a single institution, and are
going out on a ship operated by their home institution. It is increasingly the case that the science party
includes participants from several institutions, including foreign institutions and institutions without
formal diving programs. There may even be some volunteers or observers with no institutional affiliation.
The ship may be operated by still another institution, which may or may not have a diving program or
regulations appropriate to the scientific diving planned.

The procedure for handling these situations that has developed informally over the last few years works
well. It was the consensus of the group that this should continue, as formalized in the revised texts of
Section 15 of the UNOLS Shipboard Safety Standards (See Section above.) and Chapter 14 of the RVOC
Safety Training Manual and are reflected in the proposed Pre-Cruise Dive Plan Form (Page 1 - Pre-Cruise
dive Plan, Page 2 - Personnel, Page 3 - Equipment and Personnel Needs).

The roles in a multi-institutional diving cruise include the Project Principal Investigator, the cruise Chief
Scientist, the On-Board Diving Supervisor, the science party members, the vessel Master, the research
vessel operator and the campus diving administrations and Diving Safety Officers of all the institutions
under whose auspices these individuals work.

The model process for planning a diving cruise involving all these parties is :

e A) The Principal Investigator of the project requiring diving is responsible for choosing the
scientific divers and consulting with the cruise Chief Scientist (if a different person) and his or her
home campus diving administration on the selection of a lead institution's campus diving
administration and an On-Board Diving Supervisor,



¢ 1) Commonly, the lead campus diving administration will be that of the institution operating
the ship, but if the operating institution lacks a campus diving administration, or does not
have regulations and procedures that cover the proposed diving (e.g., tethered blue-water or
NITROX), then another campus diving administration might be proposed as the appropriate
lead group. In any case, the campus diving administrations of the operating institution and
the other institutions involved must agree with the choice of lead institution's campus diving
administration.

e 2) The On-Board Diving Supervisor will often be the Principal Investigator, the Chief
Scientist or a member of the science party, but it may be another person approved by the lead
institution's diving administration or the operating institution. Funding for the On-Board
Diving Supervisor (e.g., salary, travel, special equipment) has been an area of conflict and
needs to be clearly defined.

¢ 3) Decisions made should be agreed to by all parties well before the cruise.

e B) The Principal Investigator ensures that each diver has submitted the necessary credentials to his
or her home campus diving administration, who can then provide a letter to the lead institution's
campus diving administration certifying the qualifications of the diver.

e 1) Divers who do not have a home campus diving administration need to obtain research
diver status within a formal research diving program. This can be accomplished by affiliating
with the research diving program at the Principal Investigator's home institution, the
operator's institution or another institution with such a program.

e 2) The required credentials normally include research diver certification, a current physical
exam, recent diving logs, and evidence of appropriate insurance coverage. Sometimes the
home or lead institution's diving administration may require additional information, forms or
actual check-out dives.

¢ 3) Credentials of foreign divers (i.e., CMAS Scientific Diver Brevet) may be sent to the
AAUS Standards Committee for an explanation of the equivalency of their qualifications
with AAUS standards.

NOTE: CMAS is the acronym (in French) for the World Underwater Federation. This international
organization has a Scientific Committee that issues an internationally recognized scientific diver
certification based on a diver being a legitimate researcher and meeting a set of equivalencies of training
and experience.

e 4) The cost of special training, travel, equipment, etc., necessary for a scientific diver to meet the
requirements of the lead institution's diving administration are normally borne by the science
project in which the diver is participating.

e () The lead institution's campus diving administration summarizes information pointed out in (A)
above in a letter to the ship operator (Marine Superintendent and Master). This letter appoints the
On- Board Diving Supervisor and lists the other divers, their certification limits and any regulations
or restrictions particular to the planned diving.

NOTE: Marine Superintendent' is used as generic term. The individual holding this position is referred
to by different institutions (e.g., Port Captain, Marine Manager)

e 1) All diving on the cruise is under the supervision of the On-Board Diving Supervisor, and
follows the regulations of the lead institution's diving administration and any special restrictions.
e 2) The On-Board Diving Supervisor is always authorized to restrict diving activity during the
cruise and under special circumstances to advance diver certification levels and even certify



research divers.

e D) The cruise Chief Scientist prepares and submits to the lead institution's diving administration
and operating institution a Pre-Cruise Dive Plan on the suggested standard form.

e E) At the beginning of the cruise, the On-Board Diving Supervisor meets with the Master and Chief
Scientist to review both the diving and emergency plans.

There may occasionally be situations that are not explicitly covered in this procedure, but the general
mechanism of communication among the parties involved and final approval by the lead institution's
campus diving administration should work in these cases as well.

Small Boats and Small Boat Operators:
Are There Adequate Rules and Guidelines for
the Use of Small Boats Launched From Research Vessels?

Prepared by Tim Askew

The primary issue is whether or not adequate rules and guidelines presently exist in the UNOLS
Shipboard Safety Standards, the RVOC Safety Training Manual, and/or the AAUS Standards for Scientific
Diving Certification and Operation of Scientific Diving Programs covering the use by divers of small
boats launched from research vessels.

Specific questions are:

e 1) Are diving-related small boat standards needed?

2) If so, what should these standards cover?

3) What types of small craft are best for the diver/ship?

4) What qualifications should a boat operator have?

5) Should the boat operator be a crew member, a member of the science party, and/or a diver?

Question 1: Are diving-related small boat standards needed?

The consensus is that rules and regulations exist, but these are not consistent or consolidated in one easy
format. Most institutions have a manual with a section on small boats, normally outlining small boat
operations, boat operator requirements, U.S. Coast Guard required equipment and safety procedures.
These procedures often pertain to land-based operations and sometimes ignore small boats launched from
larger vessels.

Most vessel operators have rules and regulations pertaining to small boat operations. These are written
and unwritten, and are slightly different for each organization. There seems to be a wide range of
procedures when it comes to scuba diving activities conducted from small boats launched from larger
vessels either in the open oceans or in more protected areas.

The operators, at the workshop, recommend basic written standards pertaining to all small boat operations
especially diving-related ones. In addition to these standards, each organization might have certain rules
that only pertain to them or their operation.

Question 2: If so., what should these standards cover?

Small boat standards should cover all aspects of small boat operations including the following:



A) Operator Requirements

1) Certification (i.e., U.S.C.G., institutional, other).

2) At sea check-out for operator consisting of launch and recovery, radio operation, emergency
procedures, tending divers, approaching another vessel, etc.

3) Show proficiency in establishing relative position of the boat position by using available
navigational aids (e.g., use of charts, compass, LORAN, etc.)

4) Demonstrate proficiency with all pertinent operational and safety equipment.

5) Indicate ability to use and negotiate expected environmental features (e.g., negotiate kelp beds
and coral reefs, read water colors and depths).

6) Demonstrate expertise in following divers (e.g., following diver bubbles, float lines, etc.).

B) Operational Procedures

1) Launch and recovery

e a) Diving equipment in or out of boat during launch and recovery.
e b) Operator in or out of boat or skiff during launch and recovery. If so, the tackle must be
man-rated.

2) Divers climbing in or out of small boat from mother vessel with gear on or off.
3) Divers entering or exiting the water, to or from a small boat with engine running or not running.
4) Lifejackets for operator and/or divers.

e a) Buoyancy compensators, wetsuits and drysuits as substitutes for lifejackets.
e b) Small boat size determines whether or not lifejackets can be carried (i.e., not enough room
along with diving gear).

5) Radio Communications

e a) Reporting when divers submerge and resurface.
e b) Reporting if something looks amiss.
e ¢) Reporting status on a predetermined schedule.

6) Special Requirements

a) Blue-water diving

b) Diving out of sight of mother ship

c¢) Cold water diving

d) Operating in low visibility conditions: fog, haze, and night operations or any other
condition that may reduce or hinder line-of-sight visibility.

7) Float Plans and Dive Plans: Generally up to diving party to fill out and have approved prior to
leaving the mother ship; serves as notification to vessel Master that small boat will be required and
where it is going.

8) Check List: Used by operator to ensure boat's operational status and presence of safety
equipment.

9) Weather report and/or status, including sea conditions.

10) Emergency Procedures

e a) Safety Equipment: could include any or all of the following: Radar reflector; Strobe lights;
VHEF radio with RDF (radio direction finder); Mylar Balloons; EPIRBs (Emergency Position



Indicating Radio Beacons).

b) Method or procedure of recalling divers to surface.
c¢) Assistance to injured diver.

d) Disabled boat.

e) Loss of communications.

Question 3: What types of small craft are best for the diver/ship)?

Most operators and divers feel that the inflatable boat is the most suitable for scuba diving operations.
The most desirable inflatable is the hard bottom version, which provide a very stable platform. In
addition, inflatable boats can take a considerable amount of abuse when alongside the mother vessel.
Many operators use small to medium size Boston Whaler-type boats to support diving operations. These
boats are adequate in most cases, and many vessels carry two boats: one inflatable and one Boston
Whaler-type. Research divers in cold waters may require a larger boat due to the bulky nature of their
protective suits and the amount of lead needed to offset their suits' buoyancy.

Engine/drive designs are available that improve on the relative hazards of propellers, such as jet drives or
a protective shroud around a regular propeller. These designs should be considered whenever a motor or
boat is replaced.

Question 4: What qualifications should a boat operator have?

Reference Question 2. In addition, qualifications may be determined by operating organization.

Question 5: Should the boat operator be a crew member. a member of the science party. and/or a diver?

The majority of the time, the boat operator is a member of the ship's crew, and therefore the Master of the
vessel is assured of his/her qualifications. If a member of the science party is designated as a small boat
operator, he/she must be able to demonstrate small boat operator qualifications to the satisfaction of the
vessel Master. It is desirable, but not required, that the boat operator be a diver. If the operator is a diver,
participation in diving operations should not allow leaving the small boat unattended.

Conclusions:

There appear to be two distinct views concerning small boat activities: one is the vessel operator/Masters'
point of view, the other the scientists/users' point of view. The Master's concerns are centered around the
small boat operator's qualifications, whereas operators from the user's organization may be fully qualified,
yet not possess a document stating so. The scientists/users in many cases are competent and qualified
small boat operators having been trained by their own organizations. However, their requirements may or
may not meet the ship operating organization's requirements. Some science groups furnish their own
boats and operators while conducting science missions from another organization's vessel, and in most
cases their members do not possess a document stating that they are qualified small boat operators. This
leaves the Master in the position of having to decide whether or not to accept a verbal claim that a person
is qualified.

UNOLS vessels routinely conduct small boat operations. Each organization should have rules and
regulations in place, and while many are similar, none are the same. There is a need for a common set of
rules that all organizations can either follow or use as guidelines to further supplement their own
regulations. These basic guidelines should be incorporated into the UNOLS Shipboard Safety Standards
and/or the RVOC Safety Training Manual.



Diver Training and Evaluation Standards

Prepared by Chuck Mitchell and Phil Sharkey

The bulk of scientific diving experience is gained from operations in the near-shore environment
involving small boats or shore-based diving. As was noted, 'Shipboard diving is quite different from small
boat or shore-based operations and is, therefore, worthy of comments to aid the inexperienced'[7]. The
protocol for diving operations from large oceanographic ships requires a higher level of skills and
knowledge due to the more complex logistics and communication requirements and the increased safety
margin necessitated by remote operations. This is true for both ship personnel and the scientific party.

The assumption that all members of such expeditions have been adequately trained and indoctrinated in
the tasks to be performed may not always be valid because of ship or scientific party schedules. When it
is perceived that personnel may not be qualified for the task to be performed, there is an added burden
placed on the crew and operators of the vessels which may cause unnecessary workloads. Similar impacts
are observed on the scientific party, who have not only the operational aspects to deal with but also the
pressure of accomplishing the science.

Based on the collective experience of vessel Masters, Diving Safety Officers, and senior scientists,

the following areas of difficulty have been identified:

Insufficient planning.

Conflicts in the evaluation of diving skills.
Operational skills.

e Communications between all parties involved.

Evaluation of Basic Diver Skills

It is not uncommon for expeditions to include diving personnel from institutions other than the vessel
operator. When such field efforts are planned, it is the responsibility of the Principal Investigator to
assemble and review the participating divers' qualifications and proficiency level for the diving mode and
task to be performed. This information is then forwarded to the lead institution's Diving Safety Officer for
review and approval. At this point difficulties may arise from the use of different criteria for the
evaluation of a divers' proficiency and skill.

The American Academy of Underwater Sciences sets forth standards for training and qualifying divers,
and operating research diving safety programs [8]. Most of the UNOLS membership is active within
AAUS, and UNOLS references in their own standards [9] the AAUS standards. AAUS standards cover
basic diver training but do not directly address day-to-day shipboard scientific diving operations.

Research divers at AAUS Organizational Member institutions are provided with institutional 'diver
certification cards' which indicate that their training corresponds to a consensual minimal level, that they
have a current medical exam, and have maintained their skills by continuing their diving activity at or
above a minimum defined level. The community's accident/incident experience demonstrates that AAUS
standards are effective for shore-based scientific diving. It has always been the policy of AAUS that the
specifics of the actual research diver training and qualification process, as well as the day-to-day
operational procedures, are the responsibility of each diver's home institution. This provides the home
institution with appropriate authority over its divers and allows each institution to ensure the skills and
experience that are necessary to its diving operations and the particular environment in which their
scientists are working. AAUS has sought to establish full reciprocity among institutions; however, there



remain differences between the specific requirements and procedures of Organizational Members. This
should not be viewed as negative, but simply as a reflection of how various institutions have approached
specific problems in their operational environment.

It is often difficult for foreign divers and divers from institutions without an AAUS model research diving
safety program to demonstrate (or document) their qualification for research diving cruises.
Arrangements for the testing and certifying of such divers prior to a cruise involves either bringing the
diver to a location where there is such a program or having the Diving Safety Officer (or a designated
representative) travel to the diver's location. Both of these solutions can be expensive, time consuming
and always raise the issue of who should pay for such services. An alternative is the inclusion of the
Diving Safety Officer (or a designated representative) in the scientific party. This latter approach makes
the researchers' ability to dive during the cruise uncertain (since the checkout dive does not occur until the
start of the cruise), and may also be expensive in terms of funds (for travel and salary) and scientific
berths.

The development of common policy approaches, criteria and evaluation protocols for the testing of the
proficiency of shipboard scientific divers and support personnel is needed. This would alleviate the
conflicts that sometimes occur between the visiting scientist and the host institution concerning both the
evaluation of diver's proficiency for the task to be performed and the assignment of charges for such
evaluations.

Evaluation of Operational Skills

As has been indicated above, diving operations from large oceanographic ships require additional skills
for both ships' crew and scientific personnel. Logistics, communication and operations are generally more
complicated for world-ranging vessels than for smaller coastal vessels. It is therefore imperative that all
parties involved be versed and familiar with the tasks to be performed, and how those tasks will be
accomplished. The initial measure of operational skill is most likely to be the submission of a complete
and well formulated dive plan. This plan, submitted by the On-Board Diving Supervisor, must be
reviewed with the vessel Master, as well as the Marine Office and Diving Safety Officer of the vessel-
operating institution. Review of this plan can alleviate conflicts that sometimes arise due to differences in
expectation between visiting scientists and the host institution with respect to operational protocols.
Before diving operations begin, the Principal Investigator must meet with vessel crew who are expected
to be directly involved with the operation, as well as with diving personnel, to review the dive plan and
clarify lines of communication and authority. Emergency plans, which are an integral part of the dive
plan, need to be reviewed and discussed at this time.

Development of New Training Standards

At present, the responsibility for establishing minimum training standards for scientific divers rests with
AAUS. The implementation of these standards rests with the various campus diving administrations.
When there is a call for a new diving procedure (and training for it), the steps often go this way:

A) A scientist identifies his or her need to dive under some special circumstance, with special gear and/or
in a special way.

B) This scientist (and other researchers who want to use the technique) must convince his or her peers on
the Diving Control Board that the use a new diving procedure is safe and warranted.

C) The researchers explore the ways other communities have used these procedures and, with the
oversight of the campus Diving Control Board, either obtain training or develop new protocols.



D) As other researchers learn of the usefulness of the procedure, they convince their own Diving Control
Boards of the need to use the procedures and the reasonableness of the way in which the procedures are
currently in use at other institutions. At this time the procedures are often modified to adapt them to
environmental conditions other than those for which they were developed.

E) If the use of these procedures spreads through the community, then the AAUS may hold a workshop or
conference that results in a new community standard (See Appendix F:AAUS Guidelines for the Use of
Diving Computers and Appendix G: AAUS Safe Ascent Recommendations); or

F) If the new technique is only of interest to a few divers or universities, then they will, with the campus
Diving Control Board, evolve and use those protocols individually.

Summary

Use of well developed and accepted community standards result in confidence that the diving and support
teams are qualified to perform the tasks required. The process of staging a diving cruise would be
facilitated by the development of consensual evaluation and operational standards for diving from
academic research vessels similar to that now in existence for small-boat and shorebased diving. Such
standards should be developed by Organizational Members of the AAUS who represent a cross section of
vessel operating institutions and diving scientists. A critical test of the success of such future standards is
the acceptance of them by the research diving community as would be demonstrated by the evolution of a
community expectation the all UNOLS institutions be Organizational Members of the AAUS.

Emergency Plans

Prepared by Chuck Mitchell and Robert Sand

Medical emergencies arising from injury are a long standing problem for persons at sea due to the remote
location. Traditionally, ships are equipped with basic medical supplies and equipment to provide first aid
and stabilization of victims prior to their transfer to the nearest appropriate medical facilities. Ship's
traditional protocols for handling such emergencies are well established. However, in the event of a
diving accident, where an individual may require recompression and specialized treatment, sources of aid
and medical support are limited and require additional planning consideration.

Written requirements for diving emergency plans go back to the first diving safety manual developed at
Scripps Institution of Oceanography [10] in the early 1950s. This document, and all similar subsequent
documents, have required that emergency plans exist for all diving operations, ship-based or shore-based.
As aresult, diving cruises have a specific requirement for the preparation of an emergency plan,
'...emergency plans which are acceptable to the lead DCB and to the operator's Marine Office must be
prepared'. [11] This requirement for more than an ad hoc plan does not exist for non-diving cruises.

NOTE: 'DCB' is the acronym for 'Diving Control Board' which is the title usually applied to the campus
diving administration.

Diving emergency plans are specifically designed to respond to a diving accident and generally require
identifying and verifying:

A) Mechanisms for establishing communication links to medical advisory care (phone numbers and/or
radio frequencies for medical advice, U.S. Coast Guard, foreign coast guards).



B) Evacuation contacts (phone numbers and/or radio frequencies for coast guards, navies) and working
aircraft evacuation ranges for the operational area of the cruise.

C) In non-US waters, location of operating hyperbaric chambers and appropriate medical support.
D) Level of on-board medical assistance available/required (e.g., CPR, EMT).

The emergency plan represents a data source for specific information on regional sources of emergency
medical support and transportation. While sources of such information are readily available within the
waters of U.S., support services in remote areas are frequently lacking. At present, information on
available facilities and support is compiled and accumulated by Principal Investigators and Diving Safety
Officers of individual institutions and receives limited distribution. Such information is an important
planning element for researchers involved in diving operations in remote areas, and for reference during
operations in the event of a diving accident. Ship and research personnel should conservatively assume
that they must be self-contained to respond to emergencies while working in remote areas.

Both facilities and support have to be integrated since the presence of shore-based recompression
chamber facilities without medical support is of little use. As many evacuation options as possible should
be documented. For example, within the service area of the U.S. Coast Guard, the U.S. Navy can also
respond in certain situations as can various police departments. In addition, there may be private air
ambulance services available. Medical information and support services such as MAS or Divers Alert
Network (DAN) are available from the private sector, as well as the U.S. Coast Guard and U.S. Navy

NOTE: DAN is member-based public service organization headquartered at Duke University's F.G. Hall
Hyperbaric Center. It sponsors conferences. distributes information and publications, and provides a free
24 hour hyperbaric medical consultation and referral service.

The driving issue centers first on a determination whether the diving operations represent a unique set of
requirements to the safe operation of the vessel and the health of crew and scientific party. If there are
unique requirements, then clearly unique plans need to be made.

Even when diving operations do not present unique or complex accident management problems, they do
represent an additional layer of logistical concern since research divers, when submerged, are not in direct
contact with surface personnel. In the event of an accident, the victim will require extraction from the
water and transport to the support vessel. After transfer to the support vessel, the emergency protocol is
not different from that required by other medical emergencies: provision of first responder aid,
stabilization of the victim, communication with medical support and advisory services, preparation for
evacuation, and transportation to medical treatment facilities.

Inasmuch as the direction of, and authority over, all diving operations lies with the On-Board Diving
Supervisor, he or she must assemble the information and protocols that go into the Pre-cruise Dive Plan.

Emergency Plan File & Database

To assist Principal Investigators, On-Board Diving Supervisors, and ship personnel in the formulation of
an emergency plan, it is proposed that a centrally located file consisting of past emergency plans be
assembled and kept by geographic area. Part of this file would be a collection of response charts, each
annotated with the location of evacuation facilities. The response charts would be scribed with 'response-
radii’ indicating the geographic areas that are within specific expected air evacuation response times. It is
not intended that these charts serve as an 'off-the-shelf' product that is routinely maintained and up-to-
date. Rather, these charts would serve as a starting point to be updated by the On-Board Diving
Supervisor prior to a cruise in the area to be covered. The file's contents would be catalogued in an on-



line computer database so that those responsible for preparing emergency plans would know what
information was available as a starting point. This file would aid the determination of what facilities and
support would be available and the general protocol to be followed in the event of a diving accident
requiring hyperbaric treatment.

In practice, even the most well conceived plans are subject to a host of factors over which vessel
operators and scientific staff have little or no control. Historically, it has not been uncommon to have
evacuations take many hours due to sea and weather conditions when only a few hours were anticipated.
Additionally, medical information and support is sometimes not immediately available. Such occurrences
serve to illustrate the need for alternative plans to minimize delays which could be life threatening.

Portions of the database are already available. Some lie within resource documents of the Undersea &
Hyperbaric and Medical Society [12], Divers Alert Network[13], and certainly within the research diving
safety programs and marine offices of UNOLS institutions and AAUS Organizational Members. These
materials could be collated at (and made available from) the UNOLS office. They should be updated
whenever additional material was accumulated.

To provide an effective, readily available database, pre-printed entry forms should be developed and
provided to UNOLS for distribution to Principal Investigators. Principal Investigators would complete
and/or confirm the data during the Pre-Cruise Planning phase.

I ' Summary:

I f The Emergency Plan Database is a file containing a list
#‘ of facilities and support services available by region. It
would be utilized by Principal Investigators, Diving

** Officers and ship personnel as an aid in emergency
Fies planning.

i g Example | What is proposed is a long-term dynamic program,
U ; Only capable of growing and becoming more refined as data
* are accumulated and assimilated. The assembly of such a
ol A Secompreesion Chambes L ction | database would best be accomplished by a group
i ) e R ; familiar with and sensitive to the requirements of both
Figure 5 Sumple charl showing recompression chamber locations - the vessel operators and the scientific divers. A
aned helicopier response. Sk 'response-radius' chart should be required for all diving
cruises as should the use of a form like the one above. The chart is filed by geographic area and the form
is kept in an on-line database that could be queried by anyone putting together an emergency plan for a
diving cruise




UNOLS Emergency Planning Form

Date: Data Provided By

Operational Latitude and Longitude

ASER Standard Navy Ocean Area Designation

Primary Mame

Medical A

Informaticn
Service Phone/Telex/Radio
MName _

Primary Address
Evacuarion :

Bervices Phone/Telex/Radio

Range of Support:

Medical histories should be registered with MAS

Recompression Chambers:
Are They Needed on UNOLS Vessels During Diving Cruises?
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NOTE: The one incapacitating accident occurred in 1983. An analysis of this case reveals several
contributing facts w should be noted.:

A) The diver had been making repeated, multi-level, bounce dives ranging between 50 80 feet of sea
water (fsw); he ran out of air and was forced to make a free, possibly uncontrolled ascent. He was
diagnosed as having subcutaneous emphysema.

B) There was no breathing oxygen or mask on board the ship. As a result, welding oxygen was
administered through a cutting torch, first using cupped hands to direct it to his face, then by a Styrofoam
cup with the torch stuck through. It is doubtful if he received more than 50 percent oxygen at any time.

C) This diver had a previous history of air embolism in 1977 from which he made an apparently complete
recovery without chamber treatment t. His authorization as a research diver was canceled by his home
institution. After several years of petitioning and medical review, his diver status was restored.

D) The circumstances surrounding this (and the previous incident) raise the question of the presence of
the existence of a patent foramen ovale, a heart condition involving a small hole between the atria. In
divers this may permit venus blood, containing bubbles that normally would be filtered out by the lungs,
to pass through into the arterial side. These bubbles then expand on ascent and create a blockage of
blood supply referred to as an air embolism.

Most of the workshop participants feet that there is no reason to require the presence of a chamber on
UNOLS diving cruises. This opinion is based on the thousands of open-ocean dives made by research
divers with no decompression incidents. A small minority of workshop members stated that a chamber
should be considered whenever diving is being undertaken.

If, as a result of an unusual cruise requirement, it were desirable to place a chamber on a UNOLS vessel,
and provisions made for proper procedures and properly trained personnel, the following points relating
to the type of facility need to be considered:

A) Multi-place chambers. There is no doubt that, from the standpoint of flexibility of treatment, a double-
lock, multi-place chamber is preferable.

e 1) The benefits of a double-lock chamber are:

e a) Allow more than one diver to be treated simultaneously.

e b) Allow one or more attendants to be present in the chamber. This is especially important in
the event of a seriously incapacitated or unconscious patient.

e ¢) Allow treatment at 165 fsw, which is indicated for air embolism.

e 2) The negative aspects of a multi-place chamber are:

e a) The cost. A turn-key installation based around a 'used and in good condition' chamber and
including compressors, installation, etc., would cost about $80,000. A chamber must be
maintained year after year in a high state of readiness even though it may not be used, and
must meet Coast Guard specifications and inspection. Minimum maintenance and upkeep
would cost between $1,000 and $2,000 per year, exclusive of personnel and floor space.

e b) The weight and size. This could range from a low of two to as much as twenty tons (five
to six tons is likely) and could require 400+ square feet of floor space. An additional five tons
of hardware would be needed.

e ¢) The need for an air compressor which produces breathing-quality compressed air. This
could cost from $6.,000 to $27,000, used.
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e D 2 QD WHSDMQNDQEHSORHSLQWHKTP EHU , | \WHSDIHQN XQFRQARXVRUP LIKW
DSUDMYRP ¢ LWZ LEHQL | LEXOWR UK KPP RUKHUEHFDXAH\WHRKDP EHUP XWWORAEH
GHRP SIHMG L WHHLYDEGANDIHR WHOLZ D V RULL WHSDMHQAVFRQXAIQ) |, WIOR

PD SUAWHQGUREGP VR WD HULQ) DSDNHQAR DP XAV SOFHRKCP EHU
o E ,WHIXUWR\JHD ZKIEKPD BHGHIYHIGIQWRZ D V

o L UMK HWHRKDP EHUDQGI GRGIVZ MR \ JHD , | WLV WP LVXVHG WP D EH
GHRHAOY \RFDW @IXGR \ JHOEHFDXAHKMYWSHR XQWHNXUUYIBHIGZ R R\ JHD
\KURXIKRXAMHWIHDIR HQWV , VBURETE® Z RXGSUHTXUUHDERAW  ERABVR KLIK SURRKUA
R\ JHOWR AW RAVDMQIGWHDA HV ) XWH Z KHOWHATXGR] \ JHOLY MRS \WHH
LV FROWBQAAYCSRIDARQ HYHOWRXIK WY QRAEHQ) XWVHG $ MQIBHIIOR D JDIRQ
BN FRUVCERXW HOFK. DG XQBW/AKH\BN LY SXURKDHG \WHIHZ LOEH FRQWEIQNV
GP XUDJHAKOUHY 2 HWKSSTHURKDJHY  SHUP RO YDVHS ROWHSUHYLRAVWEN
UFRGR OANR BHB/ IWYFRFHYTEGIKDAKHS 12/ 6 SIRIUP FRXGKDYH\GHWV

ROWKLY FRWNDERGHZ WWRXAWRQUGHIQ) \WHLQWIOFRWR FKOP EHY 2 QH
\IKFK P RR SOFHFKCP BHUGRZ. FRAVICERAW DINRXIK KLY SUFHFRX@ SURTTE®
EHUHSFHE\R CERW G-BHIAQ) XSROWHWSH \RSKIMIFDINRQ DQG YHIERU

e ' HIVHUR\JHDE PDWN XMQJ DGP DQGUIXDRU , Q\WMVFDH \KHFKTP BHUZ RXG
EHFRP SUAMHGZ LW LU 7 KLV UHTXLUA/ DO URRP SURKRUVR EHXVHG 6 XFK DFRP SUAXRU
HWWHUP XWEH QRO RODEIFDAS RIWHHP XWEHDQH FHDOALUI LM AP \R
UP RYHRODQGFUERQP RQR LGHZ KLIFK R WRLY SURGFHE L DQROOEUFDAMS
FRP SUAXRU , W RX@ KRZ HYHJ UHSAEHWWHUHTXLUHP HOVRUR] \ JHOVRLDIH

e F O RMWWP RQR SDRHRKEP EHYKDYHDP O IP XP RSHDAMY SIHAXUHHIXAYDBOAR  1\Z
DANRAIK WP D EHSRMEBIWR KDTHRIHEXOWDN L@QIRGHSHJ 7KHXVHR I\VZ IRU
WHOKF HOAR DUHP BRDP LV TXHMRHGE VRP HSK MADY EXVRKHY DIHXMCQ) IWRU
HP BRDWP VZ DNK\XHHW

e G (YORADINRQR DYIRWP |URP \WHRKDP BHNR DCRKHUICHOW LVYHY GLTLEXOV2 GFH
DR HOAV BHIXQLQDRKEP BHU MDD P XWAKQWR ARP SBURQ

7 KHHDUHWUHHLWNWP VD 3WGA.SD0, QrHAM DRURLO . DUIGH6 XSHIQMIGHNVKRXG FRQIGHZ KHOGHAAQ \R
SOFHDRKTP BHUDEROGDS 12/ 6 YHAMHI RUD\SHALLE FOO\H

$ ' MUFHWR DK SHIEDUF FKOP BHJ , WP XWNEH FRQWERE HP SKDU] HS\WDAAYILQ) KD/UMNVZ KLIFK \WH



QYHUFDIRADYRGDIXP Q) + DYLQ) \KHERWWAKTP BHUDGGP RWATNXOT LHG DIWQEQNLP P HADMD
DYDLOEG FOQERADAKXUH\KDAKH G YHUZ LR | HIVHLRXVRUI DECFRQHNHIAHY 6RP HGHXURRILFDD
SURE®P VA EHRP HILWYHMEGIZ MODI HZ. P LMY DOGXQEHMEK VMMDMRQY HYHQODLP P HADMD
DYDOEGIFKTP EHUP D QRABUIHYHNHIRXVFROHDHIHY 1 RADIDH LWZ KIEK MW\ DQ \SHALLF

SHP DMEGIGHD WP HI RURYHUSUSAKUHLOWURY &HORBOL HYRXVE\ WP &1 6 RUYHXEXQUEHIB/

' LYHYWHDMG DVERQ) DVNHYHIDOE VO UMWY KDYHP DEHDQESIUHO® | XQUHRYHY 1URP 7\SH $Q
DRV WP HR \WUHHKRXWKDVEHHQVHAR. \RP HSK\ IALDQVDVDSHIP DMWIEGIWP HI ROWHDR HYGHD

2 \KHUSK\ IALDQVI HHOKDAL DUHYCRONRQRIVRP HRKHUP HIQVR WEQSRMBAROLY GRABITRINFDCY. \KLQ
V[ KRXY \KHSURECELOW R \KFFHM XONHDF HQAW QP LOVKHG

% $PRQW 1 MRIHDS SIBNH 7 KVLYDIXRANROR WHG-BW DQGOQIWR QYH/D/Z HOD/\KH
IUDHRA R GYQ) |, WW/FBOMDMHUNR EHIB/LV.JUDMAHGHEHMWHQYHUIRY WHBQHKH

X! VDQGWWHP RUHI UHNXHQ® GYH/DHFRQGAMG

& S5MDNR HPERDP ,W/SRWEGI RUDAYHMR HP ERT] HD/DUAKOWR DEWDN KRTQ) DRHOWVURP
\KUHHI HAAR \WH\XU DPHLQ\RP HALLRXP WEIGRHY |, WA/ DOR SRMEGIKDAKHQAYHUP D KDYHDSDMQWV

| RIDP HQRYDBIEHA HHQ\WWHDMDR \KHKHDWS GRRXIK DSDAMVR P HQRYDBIKDVEHHDI RXQGLQD@UH
SHFHQIHR QYHYZ KRKDHGHYHBSHG 7\ SH,, EHIGY LI DAYHKD/DERQY KIMRY R GYIQ) Z WRXW
XQEHHYHGEHIRY P DQ SK\ MALDQV| HHOW/XQINHD \WDAKHRUMKHKDVAKAK DQCEQRUP DDW $ FDXMRY
CERXVWY FROBWRQ\KRXG EHLFOGHELQWHAYLQ) Z DYHMR WDADDAYHYDHP DEHIY DHR WY
QZ O GHMMESIREDP DG FRXGKDYHWMLYFKHANHGL WH |HOWZ HHDFRGAHD

127( ' HRPSIHMRQIQWUH/ DORNRZ QDVWH EHIB/ DIHAYIGHGIQR 'R QLI HHIMSHY

7\ SH2 GHYQB/ Z KK KDYHCQR GHXURBILEDOK P SIBPV LRXOVRP EXEEGVIQWNQFDSIAURVRU
NRLQIWDQGWSLED@ FOXVHDWNQUDWK RUNKQASDLQ DQG

7\ SH7ZRYUHXV ZKIFK DIHP XK P RIHVHIRXY DG UIRXOWRP EXEERVHIHANY CHYH/RUWHRIDQ/
R BEDDAHLIQWHLQHJHDU

SURM FRMGHIQ) DRKEP BHJ WRXIKWKRX@ EHILYHOWR RKHUZ D VR SIRVIAQ) DIUDMIRSHDINRIO
VO HY [ CARU 7 KHDGYBRM H LV \WKDAKHVALG-DY DUH SURYHRYH UIDKHWDQ FRUHARYH 6 HYHIDGZ. KLIFK \KRX@

EHFRQIGHIHGDH

$ 7KHXHR 1QZ DMIF \ JHQGHFRP SBAWRY 7 KLVIVCRNQ Z DMJWHDR HOAR EHQGV 7 KVWWAKQTXH
ZD/XVHGWHHAX® 1Q  IRIRMHU  \OHWRD@ GHRP SIHMRQGYHAR G-BKVEHR HD

R IHHAA WH' HBDUWW HQAR 1 DAWDCS UKODHRBI\ DVH D/$ 0 8 QYHIW ' HRP SURMRQ
\ME®V | RNV WAKQTXHZ HHGYHBSHGE ' U9 ORR ' XN\H8 QYHMW 7 KHSURHNEYIQ) \BEGV XMHG
B 812/6 8 6 1D\ RUP RHFRQHYDAYH DHKLIKO WHITE® + RZ HYHJ BQDBGAWRIOO HV I DARU

Z RAGEHRBEGHGE XMQ) 1QZ DM\ JHODN 1\Z 7KHOYHR R\ JHOH SRKUHLQWLY SURFHEWA
GRYQRWUIDMDA@YHIR R\ JHOW] LAW | WP LIKWKRZ HYHJ MW\ DQR] \ JHQWR] LELW \ROLDHH
\AUHIQ) \WINRQAYHY 7 KHVREOFRWIR 1Q Z DMUR \ JHOGHRP SIMRQLYI DUGMWAKDO\WDAR D
UHFRP SUMWIRQFKTP BHU

% 8\H1,752; BUDMQ P L[ WUHLQFRIMQRIRDZ W DUEDHG\EEBY 7 KLVZ RXTGFRIWWP RUH\KDD

VP SO XMQ R \ JHRLQWHZ DMJ EXWA/D YICEGEWDALQ) JD/DEMIDMYH , W RXG UHTXLUHVRP H
DEAVRIOMIQQ) DQGOR JRRGAYHIFRXTGSP DARULW, W/ FBOUNDAMQ) DOHUFKHGR \ JHOP L[ VUH
Z LOQRNI XDLDQMH DI DQMEHG/ DIKRXI K WWMVKDYH\KRZ Q\WDAMDGE/DQH WD HWV [ CRRULL XVHGZ W
DUATEGY DATSSURSUDM G-B\WY

& G6FUHRDUB 12/ 6 AYHYIRMHSIWHFHR DSDAMNVRIP HORYDBID/DSOWR \WHUSUHAYIQ)
SK\ MFDCH TP LQDIRY 6XFK DVAUHHIQ) FOQEHGRHE \RP HSK\ MADYY + HHDIOQ DINRXIK \WHFRWV



Z RX@ BEH\VHYHDCKXQBHC AR WP LIKWAHESFHWHSRWHOW R BQXH SICGHSADHR BHBY W
VKRX@ EHSRQMS RAMNWKRZ HYHJ WDARREED P B GYHYDHAYIQ) \WFHFHM X@ Z W DIRIP HQRYDH
\KDAY QRWHIBG 2 HSK MADRZ KRAVPAMWHGWWLYVLVR WHRSL.QRQWDAKH@W\R | BUDYDOEBIAR (RV
Z DDA LHVABHHQ R QYHY

7 MQSHYRQIHOR EHIEGI\R DEP LQMMIQADYHIRXVATXG/AKK D/ H WDQ 5 R DIV H DV$
0 8 QYHYW G-P ROMDAMS\WDMOQP RINQXNGRHY GRSSBUCHARIE®IEXEEGVIQIRDNZ W EHXB/Z HH
UHEAHE DG HHRGMBSHIG 7 KLVIGHD GHHE/AR EHVMAHG | XUKHURQKXP DOV

SRFOMRY

&DHXCDDOMVR PRHWHD  \ HOWR UMK GYIQ) H I RIWGRH/QRADAKLY WP H LQAFDMD\D HV
SUREGP KD RBM/HWHUD UHNXLUHP HOWVRUWHLOQWBIDARQR DFKTP EHURQDS 12/ 6 YRAMHOKDAY
FRIGANY DAVIQ) FUMWHRUIMHXVHR WHP HXRG/R LGRUDIQ) VO HIV P DLILQAKDADHCGHRI GG CERVH
* LYHQ\WHH PHDOMEDWHFREG DG FOH XODMHR 812/ 6 GYIQ) IVWAVXQINHD \WDAD UYL HQVRU
DFKCP EHUZ L@EHZ DUDQRGLOWHI XWMUH + RZ HYHJ OBRQWHTXHIMRQR CESURSUDM\O HIV P DL/
\KRX@ FRQMXHWR EHFRTBAMG DG UYL HG

5 HRP P HIGG$ RNRYY

7 KHHDHWUHADM RIHVR UHARP P HIADWNRQY

$ &KDP BHUHNXUP HW ,QYLHZ R \WHSDW8 1 2/ 6 H SHIHIFH QRAKTP BHMKRX@G EHUTXUHG | RU
AYIQ) FXO\AY + RZ HYHJ DRKOWR DOERAH/R Z DMUFRQUXRXVVRWHS 6  LGHRI LQ) \WHEFDIRQR
DYDLOEGIVKRUH EDHGWHDR HQWVKTP EHY \RIHAHUZ W LQ RP DIRQRQWHDYDGHON R HYOFDIRY

HMXLSP HQAVDQG UHIRNRQWP HIRUFP HIHIR HYDPXDNRQVKRX@ EHSUHSOUHG DG UHYLEZ HE\R GHMIP LCH

SRMEBIHIPDONIRQWP L
% 3URP RIRQR QYLQ) SURFHEXUA\KDZ RXGE | XUKHULGRUDHGYIQ) \OIHWV

e QDIIMROWRWHS 12/ 6 BINXUHP HVI RUDKHHIHWRWWHS $ 8 6 UAWHIAK GYIQ) BB/
WHS 12/ 6 UMK AYLQ) FRP P XQW LYV HIARXUDI HG\R XM HWH I X GHIQHY GHYHBRSHG DAWH

$ P HIFDQ$ FOGP\ R 8 QGHZ DMJGAHFH/Z RIVKRSY HI ' IY1Q) &RP SXMY \WHYARP HAKDQFV
R 60H$ \FHQW

e, QZDMR\ JHGHRP SHMROWKRXGEHFRQIGHHSD/DZ D R SUIRMIAQ) DQH WD\ HV
P OULQ 7KWVP LIKWRBZ \WH\EEGVGYHBRSHGE ' U5 LFKDWG9 DOQDV XANHS QYHMW DG
PAUHQ® XVHGE \WH, QUAMR 1 DANDCS URKCHRE\ 7 KLY UHHDUAK \KRX@S DARW\KHDGEG
\OHHIV | CRRUUAXENY |URP WHXVHR 1QZ DRMUR \ JHDIRUGHRP SIAMRD 1 RM 7 KLVIVQRAIQ
Z DMJWHDR HOAR GHRP SIHMRQMENCGHW

e  7KHXWHR 1,752; EUDKQ P L \WMUWWVIRMPHS 12/ 6 AYLQ) \KRXGEHFRQIGHIE $Q
DAHP HOAR \WHWRKQTXH\KRXGLFOGHFRQIGHDAROR \WHIP RXQAR DEFG\OHV QYL R
WHWSHR @YLQ) \BNQ) SOFHRQS 1 2/ 6 KISV DvZ HODV\WHDEGHS FRWRYHUDUG YL

& ( FRADIHIXMHUWDFK OP HSDV

e ' HHBSQ Q¥ WKQTXHVIRUGHARIY SDMIVRIP HQRYDBYRURKHUDWMIR YHIRXAVAKXQN
e ' HMPIQQ U ROEROGR \ JHQIHHDRYZ RXGEHFRWAH I HAH DQGZ KDAL DQ QLI LEXGW
Z RXGEHSIAVHOMGE. \WHSUAHIFHR | LYHSHAHOADJRQIQWMYR \ JH) $ G DOR\KRXGEH
XQGHENHQWR GHMIP LGHL \IXFK DQR \ JHRIHHDRUZ RX@S EHSUIRIFDO RUR \ JHQVKSSO |RU
UAXAABIRLY DQGLO Z DRUGHRP SAMRQDVZ HTDVI RAVKLSEROGP RR SOFHDQGP XQVSOFH

FKTP BHY



( CGRW

6KISEROG' LYIQ) 3URFHEXUWW 6\WEZ DWW 5 IQ30W,, R 7 KHERUSSV, QAMMNROR

2 FFOQRIUSK 0 DUQH7 HKQADQV+ DQERAN |, QMPAMR 0 DUCHS HRXUA/ / D-R &$  , FOGGIO
KLY UHSRWDV$ SSHA[ (

VMOV RUIGHHANLE" IMQI &HWIFDNRQDGWH2 SHDNRQR 6HHANIE' IMQ 3WRIUP YV +HMH
- &KOWP DD $ P HIFQ$ FDGP\ R 8 QGHZ DMJGHHHAV &RIBO HD &$

812/ 6 6KISEROLG60 HV 6\IQELB/ 6HANRD 8 QYHYW 1 DARIDOR AHIQRIUSKIF/ CERIDRLY
6\ P 8 QYHMWR : DKIQ\RQ 6HOWBI: $

7KHS8 QYHMW* XICHIRU IMIQJ 60HNV 8 QYHMW &RQHHIFHR ( QNMURGP HQEDH HDGK DG 60 HV
2 1IFHY 8 QYHMWR &DORAD YHNHD &$

812/ 6 6KISHROG60HN 6\ 6HANRQ 8 QYHYW 1 DR A-DRIWSKIF
/ CERDRY 6\ WP 6HDNBI : $

+\ SHEDUF &KOP EHYIQWHS QWWGE\BM/DQGE&DIDD YDN 3 *  0\HY5 $ 0 (O/
8 QGHYFDDQG+\ SHEDWF O HIFD6RAHY YHAH@ 0

7KH $1 8 QHZDMJ IMQ $ FAHGY/0 DOCOSHIMMHG( GQWRQ O HEDQH* < ' IAN$ 3
" LYHYS$ GIWL HEZ RN * XNH8 QYHMIW * XWKIP 1 &
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Medical histories should be registered with MAS




6HAMRD 7 KUH / RRNQ $ KHDG

1H 7 HKQRBILWY

SUEDHGR / \ QH&DYMH DRORQ
YOMNIURXQG6XP P DY

7KHHDHP DD WKQRBRILHVARP 1Q) LQRXVHE, \KHVALHQWLE GYIQ) FRP P XQW \KDAHEH RIG\WRH
WDAWRDD XHGE \AHQNIFQYHY 0 D) R \WHHQY \WKQRRILHVDHQRAH. DADD EXVWDHD &Y
KIMRY R LOGMMDODQGRMHJGYHUI RS XODIH HI 12$$ XWHR 1,752;  : KHODEROWY

DEAWR DOAMKRRILHVIQRWHUSHWLUUHR \AHQNIE GYIQ) DYDUHIVR P HKDQ\WP VKDYHEHHQXHG
Z KK DQIHIRP SHYRDOAVAXWRQARWHFRHAQ) R DZRIWKRS HJ  $ P HIFDR$ FOGP\ R

8 QGHZ DMJGAHFH : RINKRSRY' LYLQJ &RP SXMY DQGGHYHESP HOAR \WBQEGY| RUDGGE \KH
FRP P XQW 7 KHI RUSHYSHRRYHYFRIPHIHS Z LW DEAWR DOMKQRRILHVDQG P HKDQ\WP VR GHDCY WK
WP DH

7 KH\KLS RSHIDRUZ W RYHDIUASRQUELDN | RURYHU\KH IGHRSH DIRQ/

7 KHVALHQMVZ LW KLY RUKHUGHHG DQG GAMUH\R DFFRP SDWK JRRGVAHIH

7 KHVAHQMWV KRP HLOQWIMNRO Z W IWFRQPHOQVI RAVDIHV CCELOW DG UHEXBIRY DG
7KHIXQAQ) DIHR Z KIFK LVURSRLYHWR FRP P XQW G-P DGV DQG DANHVLP H\WP HUASRQIE®
IR CP RQY RKHY \DHNV | LD DQG SUHRHEHNAMG) WXH/

127( 7KHIHHDOMP GYQ) LVXHG\RLQEFDMAXED RUKUDFH\KSSTHEAYQ) EXVWIRW PXMRYY
EHQHDK \WH\VXUDFHIQHWHUDQ2 0 $' 6 RUD P XAV SOFH\VXEP HME®!

&RQNRCR DOK SHEDUFH SRXUHB HP SR HVR UV LOXYANRQY KDVWDAWRDD URAMSGZ [\

" IMQ &RQNRS/ARDDY 7 KHHJIURXSV DUH BAR BHERQUE® I RIMHGYHBRSP HOWR QHZ SIRRFRY DG
MG/ RUGHZ. HTASP HQADQGMWYDANRYY H) GYMQ ARPSXWMY +(/,2; 1,752; FRGZDMJ
aviQJ GYQ \BEGV P XAMBBIWAKHIAYIQ) HF 5 HHQ® \WRIMXHVR BURDG ARGAH QW \WWHVAHQWNLF
AVQ FRP P XQW GY1Q ARP SXMYDQGHRP HKDQFVR DAHQV KDYHEHHQDEAWWGE $$86
ZRINKRSV

7KH\SHALLFVR DU QYHDHQRMDGURDD \WHFRFHOR \WHKLS RSHDRYD/&Q) DAKH [HD
FRQ LGHQWKDAWH SOIQQQ) KDVEHHD VX | LELHQVWR URKENQ DVD H DQG\KFFHM XCRSHIDARY 7 KH

HABEQKP HOAR FIP SXYVQYLQ DR LQWDIRYVIQWHIRP R ' LYLQ & RQNRY/ROB/DYGRAXP HOMGE
$$8 6 WIQELB/KDY/EHHDZ HOCFRHBIMG DG \MAFHW XO 7 KHGHYHESP HWR XBV WAL/ DG
SIRRFRYIRUGY. SHYRIDCHIXSP HQZ LO@INHD | RTBZ \WHWDAWRIP RAHR [ LKAVDRLGRBDHLO
LQMIWE WHURMHDIK GYIQ) FRP P XQW IRJXHR WH\WWKGRR)\  \WHR\WHGHYHESP HR D

FRP P XQW QA5

- KHQIWARP VR DEIROGUDQIHR DXH/UHDMSWR A YIQ)  \WHH DUHRKHUII URGSV DG \VRAHNV\KDADH

DG WKRXG FRQMXHWWR EH LOYROHG ) RUH 0P S WHIMXHR \WHI UHNXHR DIGARQMYAR DAY
PHIAH CP VP RIHFROW WHSXUE. R DIURXS XK DVWWH8 +0 6 \WWDR$$86 0 76 RUB12/ 6

7KHMXH/R DOOEON DvZ HODY SURRFRY DOG\BQELB/ GHYHESP HWDHQRAD/FBOD GHIGHDMS

Z KHQLWARP HARWKHXVHR 2 GHO DQ$ WRSKHIE' IMQJ 6\ MMV 20 $' 6 DG5S HP RMD 2 SHDAG
9HAFBY 529V 30WR WLYUAKXKWIURP \WHHQEZ \WKGQRBRILHVGRY HADARQQ) WHOYHIR XVHWWDV
|RUH CP SB VALHQWLE GYLQ) KDVUHRKHG 7 KHIHZ D/DWP HIQWHKIRY R \AHQINIF \PXEDGYQ) Z KHD
\WZ D/XQU XDMEDQGDSIRHUDANW $ VIWEHTP HP RIHUIXOLD X\ HG BFRIQUWRQR WHQHG



| RUMBQELB/ DOG I X CHIH/ERXI KWIERAWHUGHYHBSP OV

/| DKIKHJGYHIR XVHDQGFRP P RDIWR Q7 \WAKGRBILEVLYI RIAHHD \MHD SURRFRY DOG WIOELB/
GHG\REHGYHBSHG $ J0Q XMQ) \WHUAHIK GYLQ) DRI\ WP DNHVHOH\KDARHXVHUFRP P XQW/
EH\HD UHIX@IY DOGFRAL JHHDD CFRHBWS SUIRNFHEH RUHR WX RINCE®I DQG RAFDIRDM

DY HRXVXBV DG B XONRY/DHLP SRHSIURP \WWHRXNIGH 7 RG-DCY W \WHSRIP. DQG\MAKQEDD
IMXHVR DYDOELQN \MAKQEDORRP SBf LW DQGWRQQ) DOG\VIHV R DIUAHIURK \KEP HMEGV P DOgHG

DQGXQP DQOHS WHHXEEQKP HOAR D8 12/ 6 FRP P LWWH WH, Q6L 6FLHIFH&RP P IWKH 668 LV
\KIJHIAMG 7KH, 668 \KRX@ C\NHWHS $ 8 6 6\BOELB/&RP P WH EHOFF-BWGE. WHFRP P XQW DQGWH
DIHARY

7 KHMWXH UHDMG R I GHICHGYHBRSP HQVRUWHXVHR XQGHZ DMJYHKIFGY FBQEHAYIGHGLQRD
QP BLUR WRP HIY H/RYHMBS Q) DBV

o DYDOELON QWP VR \AHNIE GHHG XVHUP HRKDQ\P V URRXUAHY DG YHLEGY
o \NHWRKQEDCFRP SO W R RSHDAY DQGP DQEQQ) WHYHKE®! LGFOQQ) RYHWH ICH

FRMGHDIRY/ DG

o \WHWDQQ DQGMVOIHVR XMQ) DVAHIAXDV SLARW

$ YOOE QW

o BGAHOMIEQHG 7KHHDHDQ® BHUR WERW HJ 7KH-HQQIVSHRW @ 12$$ WH/ RZ
&RWB 2 9 DOG6XEP HUED!: RINWKRSSHERWS @ \WHS QYHMWR 5 KRCH, DIQGVE&HMI RU
2 D0 DI HP HY/G\MAHY DOG\WHS 12/ 6 6XEP HUEBIGAHFHEWG > @WDSRQNRXWDN
SRMRQVR \KHVAHFFHARP P XQW KD/HDUHNXLUHP HFOWVRULGFUDHG DYDMELON R XQEHYWHD
YHLFBV $ FFRAQ) \R\KHS 1 2/ 6 6XEP HUMEBIGAHFHEWG 6

o 7KHSUGASDOSIREGP FRQURQNY \WH RAFDQRIWDEKIE UAHOURK FRP P XQW V\WH@ANR
CFRHWAR\XEP HMEGI WP V 7 KRHZ LOEHSUP DY \RRYR \WHQH WHHDIRQR

RAHDCRIWSKHY \ HAZ KL WHWHRKRBRI\  FRQMHV MR HYROH WHGYHBRSP HOAR URVHDUK
P HKRGRBI LHV 1 RAWHUXWT DARQLY @IJLQ) | DUEHKIG

7KWVFRP P HQAH GRWWHIURZ 1Q) BFRIQURQR \WHLP SRMIGFHR \WHHQHZ \RRYR \WHDGYDR-P HOV
R RAHDQRIUBK\

e 8\HJP HKDQ\P V LHRXUAHVDQG YHKIF®Y 7KHXVHR 20 $' 6 Z \WIHEHDOXQAQ) VDY

LP SRUBQNARKH\KDABTXLUA/ARP HDARQNRY 7 KHHLY QR FRQUIMMYBRIA CFRURWAKHI HEHIDD

JRYHIP HOVRMHXHR 20 $' 6 12$$ GRVQRADIEZ HHWHFRQIGHDIRQR 20 $' 6 DVD
\RRO RUX\VHZ IMWHUI XQAQ) Z KIBHL 6) KDVIXQEHGE20 $' 6 GP ROMDAR)QYH/D/Z HTD/

\KFFHAM XA IHBSWRIUP VDQG1 36 ' 2, 1 DARDOBONGHYLIFH ' HEDWW HOAR \WH, QMIRU KD/
HIFRXUDIHG20 $' 6 XVHDV\KHP RWISSURSUDMRRO RUNSHALLE VAHQINLE SURWRN 7 KHIHDSSHOLY
\R EHD FROGHANRQ EHE HOWHON R FROMMMIWVHEH.DCSRIAHY \WHOANR | HEHDD WRIQ] HS
RSHDMRDOWERELS/ DQG \WHI HEHDOWOREGRHWR P DNHWHHGH. \WRKQRBILEV DA DYDOEGIR
\KHVAHFHARP P XQW 7 KHUHSRWHMG CERYHWEBM XGHTXUYRAOD \KDAKHGP DG RAMHXHR
P DQQHG DQGXQP DQUHS \WKEP HMEGIV WP VZ LOFROMXH\RIUZ. $ \WBIEDLE] HGP HAKOQ\P
P XWAEH GHYHBRSHG\R DAXUHVD HIV DQGH | LAHGR. DvZ HODV'SURYLGH I HEH.DOFROMMR 1Q
DYDXOE® VFDOUARXUH/I RAMHXVHR P DQCHG DQGXQP DQHG\KEP HMEGVI RAAHQNLE SXERA/
7KHP HAKOQWP FRX@ X\ HHWHUGADO P RHBGROWDR D' LYLQJ) & RQMRO/ROG RUDIRTD
OH\KHS $ 8 6 6\BUELB/&RP P WkH P RGHY\R CFFRP SOWK \IMY/JRD0G-BHAQ) RQ YHKLE®!

FRP SBf LW DQGFRW

o $QRNHDSPNR \MVAGPPDMVKDAR FRIV KRLVIRQ) WRSD " 7KVLVDYDIGFRFHD 7KHH

DHWRHLOWHARP P XQW Z KR HHOKDAKHXVHR DQ \KEP HYEBIKRXG EHANHWHX\HR



$/ 9,1 RUHIXQUNKLSIP H 7 KDY UHNXHVT RAVKEP HMEBIVXSSR WKRX@ EHKDQEDG\WURKIK
UHIX@UI H3H.DO ROV XQAQ) RKOQEHY 7 KHIHDHRKHY Z KR | HOKDAKH\AHFHEXGI HAVKRXE
AUA® IXGWHXHR \WHHQEZ \WKQRBILHY 7 KHHLYDP HKDQ\WP 1RUP RIQ) Q2 P DUCH
WHKQRBILH/I| P \WHGIY 1Q) EROGWURXIK \WHSURYLQ) \WIH + RZ HYHJ \WHP HKDQ\WP GRVGRW
IRTBZ \WURIK B\ BUQILQ) WRHSIRVHR Q. WKGRBILVRQ @H 7 KHDIHAH/QH-GR FRP SOIM
WHERS \WDAWH  KDHHABEQKHGE. GAYHBSQ) DP HRRGWRIXQG\WWHXHR SIRVHOQHZ
WRKQRBILHY 7KLVIXQAQ) P HKOQWP P XWEHUASRQLYHR\KHGP DQG/R  \WHVALHQWLE XA
FRP P XQW

7 HKQFDORRP SBf LW

2 QWHWRKQLFDOMGH \WHFRP P XQW KDVUHRHQ® UHIHGROWHWMQNA - GDVHS YHKLEGIDBSURDFK Z KUK
LFOGV\WHRZ GHURSHDRUY SHYRQGHD SIRRFRY DQG SUIRWAHY 7 KH YDUHIV DQGWSHR YHUFGV\KDADLA
D/OOEGIFRQMH\RIURZ W RXT EHXVH XOR WH\AHQNLE FRP P XQW \R KDYHDP HRDQ\P \R
HYDODMDQGXWM] HQ. FOSCEMNAYDAH . FRP HRQAH 7 KHBDHP HMRGKDYZ RINHGZ HODQGEUQIV
Z WK VWRH\WMAKQFDOFRP SRHAP SRUBQAR \KFFHW XCRSHIDIRYY ) RUS 2 9 V \WHFRP P XQW KDVHWHU
X\ H5RSHDRUGHHBSHE SRRFRY GHYHBSHG\WHURZ QGRAXP HQIMG SURFHEXUAV RUUHIHG RQWH
RSHDAY SURFHUWGYHBSHGE 0 76> @( YHQZ M DODHDSSURIFK. \MHHKDYHEHHD LI XOUMAY
IQWHDYDOMEON R YHWFBVIRUXVHE, \KHVAHQINLE FRP P XQW Z WP XFK R \H LI XU
RIWLCDAY 1URP \WHDYDLOELDN MWAKH/ GVFXWHG CERYH

7WNAQY 6 HHOMNWD/ 3LV

7KHWULGIMXHR \WHVAHMWXADY SIGRNBE/IWHD R FRP P XQW CRNRQWURXI K WHGYHBSP HQAR
MBEG/R WRAQQ) VOHY DG SIRNAHP XK NHWHVHD GAYHBSHGDQGVHD 1P SRHGAYHMQQ)
MEQAG/R WHS$86 $ AKRXIK$ $8 6 LVQRAWHERMRI D] DNRQI RMHGYHBSP HQAR \WHH
SIRERY WP HKBQWP VDHDJIRRGP RFHORIR®Z 7 KHERXDOGHYHBSP HYAR MGV FRXGEH®IW
R LQMAIMG XQYHMW BROGY LOFRRSHDNRQZ W YHIFIRSHIDRY DG \VXEP WHG VR \WWH RYHMI KW
JURXS RUBHSWHBEDWHGE \WH, 66& INHD

&RIFOAQ) &RP P HOWV

7KHZ RINVKRS SDMASDQVH SHAWQEHZ DMUYHKIEBIXVH HGHADD 20 $' 6 \REHFRP HZ LGRS
7 KV/Z LO@HNXUHWHFRAL LFDMRQR DVHAR QDARICP LQP XP RSHDI) WEELGY $ VD UKW
FOFDOKDAKH, 66& EHP DEHXS R SHRSMBIZ W H SHWAHDQGLOMIWAQWHXHR P DQHED0G

XQP DQOHGXQEHZ DMMAKQRBILEY 7 KH, 66& VDAKR MY DG XVH XQHWV G-BHIB/ XSROWHOYHR

H SHWHR WP HP BHY 7 KHXVHUFRP P XQW Z LOFRHD Z DK WHDESRQRN HYGURAHW/ DG Z LAOENH

\WWH, 66& DOGIWUHRP P HEEDWNRQAHIRA\WO RO L WH [ HHOWERK UWHSUARHEYH DG NRZ GG HED

7 KHGHYHBRSP HOAR IXLGHIQHY DG HDAMG NP VE\ DFRP P XQW DFR-BINMGRUDG] DIRQZ RXG\VHYH\R
UHGAHWHDG LHVR WHVKLS RSHDRLY UHDMGVR WHRQ EROLG DOG RYHUWH MGHXHR  DOXQGHZ DA
YHE®V DEAHWFRIHOQ/R \WHIXQAQ) DIJHIAH/UHDAG\R\D HIV SURFHEXUAYDOG ADELMN DG EHDI LA
RS LOWHGHYHBSP HQAR DP HKDQWP \R SURP RMXS GDMYDQG EHRUFRP P XQFDIRQRQ\WH
D/O@EDN X\H DIGSIRRIFRY HDMWR Q. \WKGRRILHY 7 KHHOHP D) FRFHO/\KDNRXGEH
DEAHVHGE \WH, 668 \WDIZ RXGEHEHH LADD 7 KX LFOCHBEXVIHQRATP IMG\R LQMUIDGFH \OTHWV
SERMDQQ) \KSFROGKDEY  LOAMPNRDCRSHDIR)Y KIS R RSSRWMAW QM HY GDIQ)

P HAKOQ\P V DG U XOULQAUJURXS FRP P XQFDIRQVDQGXS DM/ HI P HAMJVEREHDS8 12/ 6
5928& Q¥ FRP P IWH/ DJHAHY \AHDIVNV $$86 HN

o &RQUGHIQ) WHIERYHAVRAWRY WHIRTBZ Q) UHRP P HOGDWRQVUHXGAG
o $$86 \KRXGFRUMHW EHLQYRYHS LQ QRO \KEP HMEGNAHMLE AYHULRKHY
o 2 WHI\RAHABAKRXG BEHHIFRXAIHG\R UP DQLQYRYHSLQMAH/R \KHUH SHIANH



o 5HUAHOBRYH/R WHYDURXV.JURKSVAKRXGP HANRIHAMHISHIRGFD®M \R | CAQBM
FRP P XQFDIR) DG

812/ 6 \KRX@ HWEQK DWRQEQ] ARP P MWWHFD@BG WH, Q61 6AHFH& RP P WWMH ,66& R

o DIWHWWHPXUHGHYHBSP HOAVDYDMEON DQGLSSIRSUDMISSIFDARY/R G WRKQRBILHVI RU
LOVWY\AHFH

e DOMH16) 215 12$$ DUGRMHIHEHDOD HAH/RQLOVYY WHKQREILHY/ \WHUHYROMRQDQG
DSSIFDIRY

o |RUIWIMWHLFRRSRIDNIROR WHHQ WKQRBILHY/IQR | HEHDD | XQEHGP DUCHUAHIK

o HWBEDK FROMANRSHDIRDOWBELSGY | RUGE. WKQRBI\ HIXLSP HOWVRUXVHE\ \KH\AHGFH
FRP P XQW

o  HWBEDK IXGHIGHYDQG SURYLGHRYHILI KWRWHFRQMANY \DIHV DQGLQUGRHI RUBDHG 1Q
VW G \WAKGRBRI\ HIXLSP HQWI RIHLI QDG GRP N

o FRRAMDYGSRP RMWHH | IEHARQNAKHHOY R \KEP HMEGVRURKHILQMYY HTXLSP HOARQ
RIQMIDIHA EDLY O

o  SURP RMWHHXEEQKP HINR D\KDUHS XVHHTXLSP HABRRODQG \RRAQMHRLY

( P SKDUVIRWMMH, 66& Z RX@EHRQPXWHINXEP HIMEMI\WKRBILHYD/Z HODY GHZ \WHRKQRBI\  WXHY

\KDAQYRYH\XEWEQMOG-S0MUHI URP FXUHABITRIFHLQ RAHDQRI UDBKLE UAVHDURK Z WK URSHRAR
RSHIDARQ/ VO HIV SURAHEXUHY RUSHYRQQHORDIQQY ([ TP SBVZ RYXGLGFOGH EXVWIHQRMP WG\R

\KEP HUEBV 20 $' 6 529V $89V DUGARP BQDIRYY , W RXTS CRAQYRYHWHD LOVAHDINLE SURSRVXC
UYL EXWDM-UPRXG R | HMWRKQFDIDQG RSHDMRIDOHYH. IQWHIRP R DWHAP HQVDQGDEHNTRA R
\KH\FRY DG WH SURFHXU SURSRHG

WKHVI RUFRQUGHDIRQE \MLYFRP P LWWHFRXG DUVHI URP Z WQWWHFRP P LIWHRUIURP \RXURH/RANIGH
WFOGQQ)

812/6

| HAHDO XQAQ) DIHAH/

RKMHIRYHP HONERAH/

\KHOFDG-P LF RAHDQRIWDSKLE \AHPHFRP P XQW/

P DUCHWRKGRBI\ LOGAOMY

LQMIDNRIOP DUCHVAHNAV DG LOXMMNRY DG
RMHULOMIMMG DQG CESURSUDM SO/

\RKHYZ KIEK \KLYFRP P WWH GHHP VLQDESURSUDAM | RUMWFRQUGH DNRQ FRX@S EHUH HIFGVR RMHUH SHW
ERAHV HJ 8+0 6 |RUP HAFDOFRAHIOY $$8 6 IRAVPEDQYLQ) IMKHY DGO 76 | RUHILGHHICY
TXHIRY/ HF

&P P \WH&RP SRAWRD

7 KWVARP P WWH\KRX@S ELIRDBD UHBUIAHQAWKHP DUCHFRP P XQW LGFOQQ) SOMASIONI URP \KHI RTZ LY
JURKSV

UAHOURK YRAMHORSHDRLY

FRP P HIADCP DUCHWAKGRBRI\ FRP P XQW/

OFDG-P LF RAHDQRIUDSKLE FRP P XQW/

' IVQ) 6OHN2 [LFHYIURP 812/ 6 LOXNMAMRYY DG
DVREVHYHY USUAHRBYH/R WHIXQAQ) DOGUHIXDRY DIHAHY

&RP P WhH 6 \WKRMUH




,QWH8 12/ 6 WKRMUHWH,66& Z RAGRFXS. DSRUWRQFRP SDIEBIVR\WWHS 9 2 & DIGWH) GHWV
,P SIRYHP HQARP P WkH ) ,&  6LCRHWHRDUIHW\WWH, 66& HIFRP SDWHY DRIQVWY \WHKRBILHY (W
Z RA@\HP GIIHIOKDMHS 5 & Z RXAGHHIXOW BHRP HDSHIP DLHNXERRP P WHZ DKLIQLW

127( 7KH) GHVP SIRYHP HYRP P IWHLYDFRPPIWMHR 812/ 6 , W RINVAR DWXUHWHFRQIXLQ)
H FAHB{AHR WH8 12/ 6 IGHMR P SURYHWHFDSCHOW DQGH THARMHHW R LAGYGDOWKLSV DGR
DWXUIHWDWKHQP B-U P L DQGRYHDOAOSCHOMNR \WKISVIQWHS 12/ 6 1GHAP DWK \WHVAHFH
UHPDXAUUHP HOWR DADGP IF RAHDQRIWDSK LlQWHS 6, WHRP SRHGR D &KDIWUDQGMAHRP HP BHY/ZKR
DUHH SHIHAGLOWLS RSHDWRQVDQGDUHIURP . LOXYMNRQY Z KIFK DIHHWHURSH DR RUXVHY/R
812/ 6 HWHIUK YRAHY

7 KHHDUHE R P HKDQ\WP VAKRDIVRXG EHHP SBR HELOWHWIKRXUQ) R \KLVARP P IMkH CEOWURP \WH
$58& FRP SRHW 2 (HM\R CSSROQAD@UIH, 668 FRP P IMKHZ KRHP HP EHYFRXGEHAYIG-GIOR

| XQRNRCDO) URXSV\R DEGAN LGHQNLHG SUREGP V 7 KHVHFRQGP HKDQMWP Z RX@FUHDMD\P DEBUMBAQY
,668& Z KIFK FRX@FRHHOGKRF SICHYR RANGHH SHWWR GOOZ W \SHALLLE DWXHY

) X\MUH1 HHEVDQG 3 LIRWRWV
SUSDUHGE\ 0 INH/ DY

2 GHR WHSUP DV BDRQVI RAKLYZ RINKRS Z DAR LGFUHDHARP P XQEDINRQ EHE HHQ\WH YOURXY SO
LQRYHGLQDUAHIK GYIQ) FOOVH 9 HAMHCRSHDRYULHD NJRZ R WHH IMMFHR UK GNQJ

\DHV SIRIUP VRQDQ FIP SXYVEXWKHURZ QDG GHWRDOANR 1 LIWKDQGH SHIHFH RN FRJLGHIH

QDY UWAHIUAK GYLQ) VO HWV SIRIUP VRAHMDQWHRHRQWHURTP SXV 7 KLY IJHHDO HHIQ) R
Q\ARP IRVWH DFHEDMGE. \WHQAL | LEXAWY DOGRFDIRDM FRQXMRD \KURXQAQ) \WHTXOU LFDARQR

UK AYHY/Z KRHKRP HLQXMANROY GR GRAKDYHD UAHIK GYIQ) \OIHIV SIRIUP

7RKHS \WHLP SBP HQBIRQR Z RIMKRS UHFRP P HIEDIRYY LQXUHWHR.EH® HYROMROR | XM
\MIQELBYDQGIXGHICH/ P HAVXMUHGHHE/R WHUAHIURK GYIQ) FRP P XQW DQGOFDGP LE | GHADQG
REYLDM\WHGHHG\R FROGPNDZ RUIWKRS P LA KLY RHLQWHGQHIUI XWMUH | RUP DODONVEHE HHQ\WH
P DVURLIDQ] DARQ/FRFHHGZ WK \KLSEROUG UK GYIQ) GHHE\REHIRUHG

7KHOANR DIRP DOMKPMHONQ 812/ 6592& $$86 DQ512$$ FRIHOQ/I RUHIFK GV
\O HIV KDVEHHQDQLP SHAP HYMWR URAMHSURI UAWRQLWKHVR UAHIK GYIQ) VO HIV Z WOQ\KHDFDGHP LF
| GHA7 KVORN R LQMJUHDIRQKLS DOGFRRAMIRQEHAH8 12/ 6 592 & DIG$ $ 8 6 LVSHSD] L
GFHD\VEMBQIDOFRYJ AW R P HP BHYKIS H IMWEREHHD8 12/ 6 592 & DUG$$86 DUG\WHHLY/D
KUK BYHR $$86 DRAMWZ MKQWHS 12/ 6 59 2 & FRP P XQW DQGD\MI QL LFDQAARP P RDDW R

LQMIY

7KWVFRP P RDDW R LQMBMWHMGHFHGE H WLYHLQ RP DODONAKK DV$ $ 8 6 P HP EHY
FRQUEX\WY VHRIRQV\R DG UYL LQ) VHRMRQVR \WHS 1.2 / 6 6KL.SERDUG6DI HIV6\BQEDLG/DOGWHS 92 &
6DHNV7WIQQ) 0 DOCO$ $ 8 6 IMKXQ) DYGSHIRAFM WVIMQ \WHAYLQ) \WIQEB/XQGEHIZ KIEK
UK QYHYD/8 1 2/ 6 LOXYMNRQY DUHWEIQHS DG PHWLHG DG Z KUK DUHXVHG | RUWHDEP LOVRDARD
R UWDUK QYLQ) SRIUP VDB 12/ 6 LOXMANRDY $$8 6 SIRVIAQ) \WHRQD | WP HZ RIN I RUQAMJ

LQINNRDOSHASURAW DG OA-BMAHR - WAV QYHURHWIFDNRQZ MWQWHS 1.2/ 6 FRP P XQW

$$86 KDVEHHQWHMQIGIQDIRIDOERG. UHBURHRIY \WHS QWMG6\BAY UK AYLQ) FRP P XQW I RU

P RIH\WDQDGHDGH $$.8 6 KDVUHBIAHIMG UMK AYIQ) FRP P XQW LOMMWEH RIH3UWMGHMD

&RP P MIRQY/DG) HHHDIIHAHY SIRVIGHG\WHRQ® MIQILEDQADIRIDORXP |RAMHH FKDJHR

LQ RUP DR GHAFDMG\R XQEHZ DMMNAHHIFFRP SOKHGE. UK GYHY FROHHGSDGHYR H SHW



RVXG DQGVKSSO IXNAFHROWHXVHR G GYIQ) WRKQRBILHY SURYIGHS DRLQMIDFHZ W \KH
LQMIDIRDOUAHIFK GYIQ) FRP P XQW FRP SIBGWBINIAY FRIHQQ) UK GYIQ) RN/
CFAGHVDGH SRKUW DOGSUIRMGHGDIRXP IRUWH' LYLQ) 60 HNV 2 | [ LEHY DOGLOMMNR DD
UBUAHQEBAYHAR P HHADQG AVRXWINWP VR FRP P RQLQMIY

812/65928& DG$$ 86 ZLOFRAUMHWRZ RINRQEHKDD R \WHUP HP BHIKLSV Z MKMOWH\VARSHR
\KHUP \WIRQDQG DYD.MEGI UARXUHY 7 KHGYHBRSP HOAR DWKPMUHLQM DAY UK GYIQ) \OTHWY
FRFH.QV/Z LODGEGWR UAHDUAK AYHMI HIV DQGH SDOG\WHFDSCELONAYR \WHUAHDURK GYIQ) FRP P XQW

B HAEQKQ) FROMMMP DIGUHEHQ) CXSIFDMRQR HIRW( [ DP SBVR EHH IWLGFOH

e 0INQ $$86 PRHDMOEG DGALR® UASRALYH VRS 12/ 6 59 2 & | RUFRQXSBMRQDG
DGYLFHRQ TXHWRQYFRIFAHQQ) RUDH HANMY UAHDURK GV

o +DMQJ$$86 SUIRVIGH D/B 12/ 6 WHNXHWAVDOH \MCDOMEZ | XQRIRQIRIAYIQ) FOMH/

e 3URVIGQ) DWIKRMUHI RUSHHUUAMEZ R \AHFHSIRSRDV QRO UK GYIQ) Z KIFK Z RX@

LFOGH\WHERWDYDOEBIUVH. R GYLQ) RSHDMRDO HIV DG HDUELON FRMUGHDIRY/
5 HRP P HIEDIRY/

$ ) RPDODNWEREHA812/ 6 59 2 & WKRXGLFOAH EXWRNEHTP WG

e SHIXUQ 2 UDQ] DARDOD HPEHIKISIQ$$86 R 812/ 6 LOXMNRQ/NKDN

e D 2 SHDMYHAVHYFDW 1Q) BWHIUK GYQ) FOOHY DG
e E ! KRKDHWHIK QYHYSDMWASDNY LOVKHK FOXAVH/

o 5HASURFDOSBURHRBIRQ DMK RKHY/ P HAMYV
o GQULHG\HANRYV/LOHIK RKHY Q7 \GWHY DQG
e 2 FDIRDORQNP NIV

% 6XSSOLQ WHKQFDOIXNY D/SDWP SBP HQBNRQR WH6 5 HSRW \WURKIK 812/ 6 VHMYJ XSD
" IMQ) 60 RNV 2 1IFHY\XE FRP P IWHXQGHMHSIRSRHG, Q6 WY 6 AHFHEXE &RP P IWH ,66& DG
WH$ $8 6 YROGR ' WHARYNVANGQI XSD812/ 6" IMQ) 2 | IFHI&RP P IWHZ MNKIQWHS $ 8 6

& SHHFKQYHMIHN DGHIIAHHR Z RGEHHXDRGU IQDCAWRQWRIHDMNYI 812/ 6 592 &

QNVZIW$$86 MP LOUANV DMHRSHDNRDOWHIFK GYIQ) GBYHOZ HHRFDMSZ W12 $ $
$HGPIFAYIQI DG12$$ GYQ SIRIUP VKRXG DJJWHMYHD SXYXHDUHHSRAW DJUHHP HQWV

FRYHUQ) UK QYHUFHWLFDNRY 7 KIVAN ARX@B SURYIGH D P RAHD RUINXUH FRRSHIDNRQ RQWH\O HV
HIIHHR  DIGARQMMMNNM DNRQR GHZ \WHKCRBILHY

( ERMW/

1H " IWHANRQYVIRUL 2 $$ V8 QGHYHDS DK 3WRIUP  -HQQIV) 7HDv$ O
8 QYHMW &RBIHGVBNR)Y;

7KHO DUCH5 HHDUK &RP P XQW DQG/ RZ &RW6 2 9 VDQG6XEP HUEGY 1 H3/DQG3WREHW
+IRRY & &HIMJIRU2 FHDQO DQIHP HYB\MAHY 8 QYHMWR 5 KRGH, VOGS . LQIWRQ 5,

6XEP HUEBIGAHIHEWE 5REVRD % &KOLP DD 8 QYHYW 1 DARDCY AHOQRIWUSKIE
/ CERDRY 6\ VAP 8 QYHMWR : DKIQVRQ 6HDMBI © $

2 SHDNY * XGHXH/IRIBS HP RMD 2 SHDMGO HIFBY @ HOD 5/ &KOWP DY 0 DUCH



7HKQR®)\ 6RAHNV 600’ LHIR6HAIRY 600" LHIR &$



6FKHGX®IR 7KH8 5,

681' $<

%JHDNI DVW KU

) (#58$5<

: HOFRPH DQG , QAURGXFW.RQ

ODULQH 2SHUDWRU DQG ' LYLQJ , WXHV
20JDQL] DW.RQ ' HVFULSW.RQ
3HUVSHFW.YHV RQ WKH SUREOHP
SHYLHZ Rl ' REXPHQW/

%4JHDN KU

3HUVSHFW.YHV RQ VWKH 3URECHP 6FLHQFH , WXHV

* 62 .

$SSHU[ $

RINWKRS RQ6AHIN G 6KISERDUG! LYIQ) 601HN

'ROO ' LHWHU | RU 16)
/ HRQ * UHHQEDXP | RU 8+06

-LP :LOOLDPV 812/ 6
-DFN %DVK  592&

&KXFN OLWFKHOO  $$86

/DU 0DGLQ $OLFH $O0GUHGIH 9RE 6WHQQHFN

| XQFK KU
Y%OXH : DWHU ' LYLQU YRE 6DQG
* HVFULSW.RQ DQG 7HUPLQRORJ\
7KH ODWIL[ 7RRO SLP *ULITLQ  9RE 6DQG
$ *HQHUDO ([ SODQDWL.RQ
, QMWRGXFW.RQ WR &DVH 6WKGLHV -LP *ULITLQ
7DVN * URXS OHHWL.QIV *URXS ~ URE *URXS  -LP *URXS  -LP
*URXS FKDLUSHUVRQ LV BWHOOHFN  3KLO : LOOLDPV $OLFH BWHZDUW - RQ
XQGHUOLQHG LQ _EROG W SH 6KDUNH\  7LP $VNHZ $OOGUHGIH - LP :LWPDQ - DFN
%00 )LIH /\QWH *ULI1LQ -DFN 9YDVK  &KXFN
+DQVRQ ' ROO\ 'LHWHU  1LFKROV OLNH OLWFKHOO 7RP
' DYLG &DVLOHV /DQ [ HRQ +DO0  URE 6DQG
* UHHQEDXP /DU ODGLQ

YUHDN KU ' LQQHU KU
7DVN * URXS SHSRUW/

"DLO.  DGVRXUQPHQW UHYLHZ

021" $< )(¥%68%85<
YUHDNI DVW KU
, QMRGXFW.RQ VR 7RSLF 6HWLRQV

7RSLF 6HWLRQ
OXON. , QMEVKW.RQDO ' LYLQU &UXLVHV

7RSLF 6HVWLRQ
$GELW.RQDO 3HUVRQQHO | RU ' LYLQJ &UXLVHV

95 ( $. PLQ
7RSLF 6HWLRQ SHVSRQVLELOLW 6 WDWHPHQW/
| XQFK KU  PLQ

7RSLF 6HWLRQ
7UDLQLQU 6VDQGDUGY

7RSLF 6HWLRQ
6PDO0 YRDW DQG 6PDOO %RDW 2 SHUDVRUV

YUHDN PLQ
7RSLF 6HWLRQ
(PHUWHQR 30DQQLQI DQG $FFLGHQW 0DQDI HPHQW

7RSLF 6HWLRQ
SHFRPSUHVVLRQ &KDPEHUV
9%4JHDN KU ' LQQHU KU

7RSLF 6HVLRQ
1HZ 7HFKQRORILHV , WXHV

' DLO DGVRXUQPHQW UHYLHZ
78(6 $<0251,1* ) (%8%$5<
9%JHDNI DVW KU
&KHFNRXW Rl KRWHO
&KHFNOLVW ' HYHORSPHQW
&RONLQXLW DQG 1HZ 7DVNV

9%4JHDN PLQ

7DVN *URXS &KDLWV | URP

-LP *ULITLQ

-LP *ULITLQ

/DU _O0DGLQ - LP 6WHZDUW 9RE6DQG
-DFN %DVK  &KXFN OLWFKHOO

-LP :LOODPV YRE 6WHQQHFN
-LP 6VWHZDUW - DFN 9%DVK

-DFN %DVK  $OLFH $O0GUHGIH

&KXEN OLWFKHOO - RQ : LWPDQ 3KLO ' LYHU
6KDUNH\  7LP $VNHZ

7LP $VYNHZ -DFN 1LFKROV OLNH /DQJ
$OLFH $O0GUHGIH ' DYLG &DVLOHV

7RP +DOO 9RE 6DQG -LP :LOOLDPV
-DFN 1LFKROV /HRQ *UHHQEDXP 9%RE 6WHQQHFN

%0 )LIH $O.FH $O0GUHGIH 7RP +DCO
3KLO 6KDUNH\  7LP $VNHZ

L\ QOH +DVRQ /DU 0DGLQ - DFN
1LFKROV -LP :LOOLDPV OLNH /DQJ 9%.00 )LIH

-LP *ULIILQ

-DEN %DVK 7LP $VNHZ ' DYLG &DVLOHV - RQ : LWPDQ

OLNH /DQJ  $OLFH $OOGUHGIH 'ROO ' LHWHU /\ QQH
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% RORJLFDO 6FLHQFHV
8QLYHUVLW R &DOLI RUQLD
6DQWD YDUEDUD  &$

2SHUDW.RQV ' LUHFWRU

+DUERU %JDQFK 2FHDQRIUDSKLF , QUWLWKWL.RQ
20G ' L[ LH +LJKZD\

) RUW 3LHUFH )/

ODULQH 6XSHUL QWHQGHQW
* UDGXDWH 6FKRRO Rl 2FHDQRJUDSK\

8QLYHWLW RI 5KRGH , VODQG
1DUUDIDQVHWN 5,

5HVHDUFK 9HVWHO &DSWDLQ  UHW
) DOPRXVK 0%

3URJUDP ODQDIHU

6KLS 2SHUDW.RQV

' LYLVLRQ 21 2FHDQ 6FLHQFHV

5RRP

1DW.RQDO 6FLHQFH ) RXQGDW.RQ
* BW 1

' DVKLQIWRQ ' &

" LUHFVRU

+\ SHUEDULF / DE

7TH DV $ 0 8QLYHUVLW
&ROCHIH 6WODW.RQ 7,

([ HFXW.YH 6HFUHWDUL\

8QGHUVHD  +\ SHUEDULF OHGLFDO 6RFLHW
5RFNYLOOH 3LNH

%MKHVGD 0

" LUHFWRU RI ) DFLOLW.HV

* UDGXDWH 6FKRRO Rl 2FHDQRJUDSK\
SQALYHWLW RI 5KRCH , VODQG
1DUUDI DQVHWN 5,

6SHFLDO 2SHUDW.RQV ' LUHFWRU
OHGLFDO $GYLVRU\ 6\ VWHP

YR 3HQQW OYDQLD $YH ([W
2ZLQIV 0

([ HFXW.YH ' LUHFVWRU

&HQWHU | RU 2FHDQ 0DQDI HPHQW 6VWKGLHV
SQALYHWLW RI 5KRCH , VODQG

. LQQWRQ 5,

6SHFLDO 2SHUDW.RQV ' LUHFWRU
OHGLFDO $GYLVRW 6\ W\HP

"R 3HQQW OYDQLD $YH ([W



OLFKDHO / DQJ

/ DXUHQFH 0DGLQ

&KDUOHV OLWFKHOO

- DFN 1LFKROV

S5REHUW 6DQG

3KLOOLS 6KDUNH\

S5REHUW 6 VWWHQHFN

- DPHV 6WHZDUW

- RQ : LWPDQ

- DPHV : LOCLDPV

2ZLQQV 0O

3UHVL GHQW ( OHFW $$86

6FLHQALI LF ' LYLQJ 211 LFHU 2$65
$ , 9XLOGLQJ 5RRP
6PLVKVRQLDQ , QUWLWKW.RQ
 DVKLQIWRQ ' &

6HQLRU 6FLHQALVW
: RRGV +ROH 2FHDQRIUDSKLF , QVWALWKWAH
:RRGV +RCH 0%

3UHVLGHQW $$86

ODULQH %.RORJLFDO &RQVXONDQW/ , QF
1HZKDOO 6WUHHW

&RWD OHVD &S$

'LYLQJ 6Dl HW 211 LFHU
560$6 ' LYH 21| LFH
8QLYHUVLW Rl OLDPL

5LFNHQEDFNHU &DXVHZD\
OLDPL )/

&KDLUPDQ ' LYLQJ &RQMRO YRDUG
* UDGXDWH 6FKRRO Rl 2FHDQRJUDSK\
8QLYHUWLW RI 5KRGH , VODQG
1DUUDI DQVHWN 5,

"LYLQJ 6Dl HW 211 LFHU

* UDGXDWH 6FKRRO Rl 2FHDQRJUDSK\
SQALYHWLW RI 5KRCH , VODQG
1DUUDI DQVHWN 5,

3URI HWRU
' DUOLQJ ODULQH &HQWHU
8QLYHWLW Rl ODLQH

: DOSROH  0(

'LYLQJ 6Dl HW 21| LFHU

ODLO &RGH $

BFULSSV , QUWLWKW.RQ Rl 2FHDQRJUDSK\
/D -ROOD &$

3URI HWWRU

1RUNKHDVWIHP 8 QL YHUVL W
ODULQH 6FLHQFHV &HQWHU
( DVW 3RLQW

1DKDQN  0$

ODULQH 6XSHUL QWHQGHQW
BFULSSV , QUWLWKW.RQ Rl 2FHDQRJUDSK\

1LPLW ODULQH ) DFLOLW
32 IR
6DQ ' LHIR &$



$ SSHXA[ &

1 RMW/RQWHO D[
SUBDUHGE\ 3KICBKDUNH
YARNI URX

$ SUP DY JRDCR WHZ RINKRS Z D/FRHH CP LLDARQR \WHURSRQUEQWN DG DAWWRIWR 81 2/ 6 GYIQ) FXA\H
SDWASION 7 KV GHHFHGWR BEHGRHWR WDAZ RINWKRS UHRP P HEAEDWRQY FABEOWKHG FRQIUHR  BRX HOWH WP V
BRG HHIM\KDNIRK FOXAMVH SDINASDQADG DXAKRUIMY RYHUBQG WRVHWKWD/WH SDWA SDQAZ. DY URSRQUEBH T RU 7 KLV LVDQ
H AHHEQO ARP SBf BN P DEHP RHIRP IGEGIR  \WHARQ CRNEHA HQWHWDAWRQWDAD\KLS VO DAMULY

BRZ HIIE® | RUDDKDADESHY/ DG WH UHDDW \WWDNIRHDAK QYHY RFHWH  DUHLQWHZ DMJ DIHQRAQFRQBRAZ LW
\WH\KLS DQGRSHDMLQG-SHG-MAR DR RANGHARQARO

7KHP DAY Z D/GMIQHSDVDWROKDAZ RX@G VXSSO DWWKRMXUHI RURYDOOMY \WHDAMIQP HONR DAKRIW DG
URSRQUELDW | RUHIAK FRP SRHOWR DROAOVHWR DOBHYRQHIQYRYHG LQWHRXIH |, W DVGAI GHG R SURYLGH

$ DI SROVRUIKHZ RIWKRS \WD/Z RXTS | REXVRQ\KH FUMFDOMAKHY

% DOYHIR REMPLMIV VR \KH TXHWIRQVUINVHG SOMFXOLD WRHLQYRIYLQ) DAKRUMY DOGARQURO
& DQREMANYHP HIQ/R GMWHRANY \WHDEP LQVADRYH@ HYLQYRYHSZ W \KLISEROG AN

' DIUP HZ RINIRUGVPXWIQ) WHFRP SB]  LOMUHDWE\RSIFY DG

( DAKHAN I RUFRQAMRQVZ KHHDVROMRQZ RX@SH DRHEDMRUFGXG DIRMHUMAKH V

7 KHORXDOGHYHBRSP HOAR WHZ ROWKRS YHYRQR \WHP DAY LGFOGHS

e $ $ OXWR DOOAHPUOHSDMASION LQAVIGOYDIGRIDY] DIRYY Z KRP LIKWEHIQRYHSIQOD@AYIQ) FX\H
Z D/SWEDUG 7 K OWZ D/ DUDQIHG LRI XGRAMRIDOXQW \KFK DVAKLS VSHYRIGHO\AHFHSOW DOGAYIQ)
0P LQVDIRQ

e % 6IPLO® \WHHHV UDCD/Z HODVFRAHYTE®! R DAYIQ) FOOHZ HHARP SGBG QG DUDYHGIOR
FKURRBILFDOR G

o & 7KHRXOHSOMASIQVZ HHSORHGROWHRAMMR DRKOWIGE\WHHHIVRQWHLEVAMD
' 7KHP DA Z D/ALFXOWGE\R \WDARYHEBRNHE FUVH SDMASDON RUHYHWVFRXG EHDREHS

( 7KHP DAY Z D/DSSTHG\R FDHWXAH/IRP GYIQ) FXVAYDYDRKHAN I RUFRP SBIMHN

$ VWKDABROAKHP DA, Z DVVHNRXAWR DQY RINVKRS P HP EHY 7KH Z HHDINHGWR LQSHRAMDQG R CSSO  LVWR D
avQ FXMVHRDHWAH/\KWH KDG

( DD LQWHZ RIWKRS D\HMRQZ DVKHIB\R SUWHDWKRYW [P SBIR \WHCSSTFDARQR \WHP DAY \R DFDHWXG
7 KHZ RUNKRS SOMASDOVAVIGHGLOR\KUBHBN JURSVAR H P LGH\WHP DAY LQGHBIO( CRK\BINJURXS Z D/

FOUH X@® GMIGHE\RLGFOGHP HP BHYI URP HIFK FRQAMMHIR  RSHIDARU \AHIAH GYIQ) OGP LOVDARD 2 GHVBN
JURXS Z DVAKOLHGE, DUBIAHBYHR HIFK FROMMHER 7 KHVBINJURXSVZ HHDWNHGWR SHURP \B R DAMIQP HON

e $ 5HMHZ HIFKFOOHHHWEAMP LCHZ KIFK QXM LQAYIGDY DGR DY) DNRQYVZ HHLQYRYHGLQWDNYHN
D3EQ) DR RYHIBRNHG SDWASIQN DG UDN \WWH SDUNALSDQNV LQYROYHP HQAZ W URSHRWR \WWHURZ Q\XBEWMRRYH
CESUHADINRQR \WHSDWA SDOV GIYHCR FRP BCHG DXAWRUWY DG UASRQUELDNY

e % FRRIGADGINGGH OP LCDNRQDIGUWHYIH. R \HYHDCFDHWAH/ DG GAMP LCHWDAKHUWDNQIVZ HH
CESURSUDM

7KHZ RINKRS P HP BHY L.QWXOP SIHWWRQZ D/\AKDAKHP DY P LI KWEHDQXQUDWRIEGICP RXQMR ZRIN KRZ HYHU
DOKHBWN JURXSVARP SBIMS\WHUURYLHZ. DG DABDINRHFDHWXG  LQWH DTBRWHG \WWUHH KRXUWP HSHIRG 7 KHIHZ D/
DI UHHP HQAWDAKHP DA, P H/AKH WWUHH I RDY QWG CERYH

,VZ DVP RIHX\VH XOKDQDMP SBIFKHANDA7 KHP D, G-DYLQW R AP HMRYY Z KL DFKHAINDWW XQAP HMRID
BLGAH\KHP DVRUZ ROWKRS \BWN GHDYZ W LQMIDAQ) JURXSVR SHRSB! WHP DAY VARQUEXWRQVR LGHW LQJ \WH
SRON DGHIHW R IQMIRNR)Z DVYLMED



7 KUHDWXP SWRQVZ HHLGHQWIHG DOG FRFHORYHMEP Z DVH SUWHG

e $ ' UITHHNQINNRQY FRGPNMHUBMCHVIQGITHHAZ D VXMQ Gl THHMWKRMBY \W@8Y RN 7KLY
ARP STHDMY GHIEHIDINRQY DG FRX@G GDG W P VARQMKLQ LA QI DG UHRP P HIADWNRQY

e % 7KHP DA G-MJIQZD/EDHEGRQRXMWHIXQGEGWUIRAIK 1 6) Z KK DIHARQGAMSDERDG8 12/ 6 YHWHY
7KVRRXGHED/\WHP DAY DBOMY DG WHXOV DG GWHWHSSTHHOW R 11QAQIVDGUHRP P HIEDWNRQ/\W
REHOWSH/R GYIQI FUOVHY HJ SMRP VR RSSRIQW 12$$  LOMPANRIDD | XQEGRX\WH ( 3%

o & 7KHP DA WEMWZ W SURSROCY UMY DG LY RUHME\R HYHQVDQGCRIRYY | WERHY QRADGEHN/ WH\N.QY
NFZ GGIHDQGH SHIHFH RUOANWHIR - WD/AWKH YOURXY FOOVHSDMA SDQVELIQ) \R\WWHSURFHW $ VDUAKEV
IQAQIVDIGUHFRP P HIEDIRY/FRFHAQ WHWIAQ) R FX\VHSOMASIQNZ LOEHP MWHGE. DDOMVR \KH
P DM

6SHALLF UFRP P HIEDARY| RUFKDQIHVIQWHP DAY LGFOGHG

$ $GQAWROR DAHIRNSHADD HSWRQQ) LIOWHAYQ) WRKQTXHAR EHHP SR H3GXUQ) DRXAVHVKRK DVD
QYHWDAYFROGAME DAKHWEVR \WHFOOH

% $GAWRQR D BUH GYHWP WP Z KIFK LFOGH/ DALIQGYHWP URBV

& $GAWROR DD LGHN\ SRAMNICKT] DB/ROVM QCH

' $GAWROR DAHIRUNHELQ) Z DK RQWHQYHWP |URP \KH\KLS

( $GAWRQR DACHIRUP HAFOR \ JHD

) &RPEDIRQR \KH \P DTERDMMXSP HOADQG\WH \P DOERDAP HIHFR HIXSP HOAMDGHY

* (O LQDMRQR OH/FRIAHQQ) \SHADOSHYRQHY KIFK FRXG EH\KEVKP H3 XQEHURKHUFDMI RUHY

+ (P LDNRQR \WHUQER R FEDDMQGH/IRMNSHAI 1Q) RBEIQQ) LQSHAWY DOGLSSRNQ)

7 KHZ RINKRS SDMASDOMWWRXI KWKDAMOQDI X@ GHYHBSHGIRP \WHP DAY Z RXG\VHYHDVDQH | HFAYHIXGHIRU
DXXUQ) FRP SIDJFHZ LW W XOWRQYDQG WIELBY , W RXEGDOREHR KHS LQDI0] LQ) DFAGHVICAGHONZ W DD
H HVR FOOUHUGH LQWROR URSRQUELDNA/NR \KD/BUREBP \/FRXTS EHDYRGHGLOWHI XMUH 7 KHSOMASDQV

UHFRP P HIGHG\WDIVXUKHUGHYHBSP HQAR WHP D] EHRLIDQ H3WR LOMADMWDAD FOOHKDAKMBHSKDH/Z KHH

QLI HHVBUP DY JURKSVIQMIFW

e $ $VWWHWIWR DSIRILP \WH3UGA.SDO QXM DRUGHYHESVDSURSRICDOG FRP P XQFDM/| BNXHQ® Z LW
\WHO DUCH2 || LFHDQGKRP HFCP SXYVAYLQ) DGR LQVWDARD

e % 7KHQH VBDHEHILQ/Z KHYWHSURSRDOKDY EHHDI XQEHGE DQG SUHEDUDIRQ| RAKHFUXAVHEHILQY 7 KLYSKDH
LQMRYH\KHFTP SXVAYLQ) DEP LQMADARQR WHKRP HDQGRSHDIY LOWNANRQY DOGWHVAHFHSOW
IQMIRNY LODYDUHVR ZD V

e & ' XUQ WHRSHDARDOSKDH \WHLQMIANRQYDUHSUP DU® EHE HHYWHSHRSBIRQERDGWHKLS \WH
0 DAMJFBZ \AHFHSDW 2 QURIEG' IMQJ 6XSHYLRU HN

&DH/R HNXOODNG) R URERMELDN Z HH, GRNHGE DDKHBNJIURXSV 7 KVAGGRAP HIQWDMYHY RQH
|GHQNLHGKDG\R SHIRP WHVBWN RURKHAIN RQWHLWP - EXVWKDADDKRVHLGHRINVHG KDG YHR SRZ HIRYHAHRXRRP H
) RUH CP S® DSSURQ) WHHP HIHR SDQZ DAHHQWR IQRYHWHO DUCH2 11L1FH WH\KLS VO DX \WHKRP HDQG
RSHDRU LYLQJ 601HV 2 | LFHYDQGFIP SXAYIQ) DGR .QVADMRQ/DOGWH2 QUROEG! Q) 6XSHYIMRU $ @KHH
SOMASDQVAGQRAMDYHWR EHLQYRYHSLQWHSUHSDDIROR \WHSDQ EXVITR \WHP KOG \KH UL KWWR VHOG WEDAN\R
WHALY L) BROG

) L\WHGL I HHOAP D FHIYZ KHH\KHO DXMUZ DVIQYRYHGZ HHIGHQINIHGE, RHBINJURXS 7 KLY UAXOVKBUIMAG
WH\BWN JURXS |, W DV\HHD DV DFBDU RS LOWH U KWAUHRANRQ DQG Z D/AMG DvD YDOTEG FRQUEXIROR \KH
P D] \KDANKRX@ EHERXIKWRANL WHIHLY | XUMUHGHYHESP HWR \WHP DAY

7KHHH MV B GMJIQ DKUIK FRUHDNRQEHE HQWHP DM \KH8 12/ 6 6KLSERDUG6DIHIV6\BQEDUDY WHS $ 8 6
\IQEB/DOGWHAYLQ) \OTHV P DQOYR P RUWQIANRDY ) XMUHZ RINRQWHP DA GMIQZ LAUHRIQ] HWHH
H LMY \X WP VR \WBIQEG SITRNAHY $ VP XPK DV SRMEGIKHP DAY Z LODOR UH GRAKHGRQ | RIP DCSUIRNAH/\KDA

PXUMH® DAXUHFOXOH SOMALSDQWRP P XQFDARD HJ  \KHO DUCH2 1 IFHFRQERMWHO DWMU \KHO DWMUFRQERV
\WHEUGIHRUHILGHURRP DQG YLFHYHD

, W D/NXIJHANMG \WWDAD FRQG-FGIRP R WHP DAY, EHXMHGDVDRKHANDWY, | DDKH WP VOXMGRQWHP DAY Z HH
SOWR DRHAINDWWMKDAZ RX@ BEHWHEDUF EEANERCHR - Z KDAKRX@\MNHSDHHRQDRX\H 6 XFK DRKHAINDWYKRXA G



start even before the proposal is submitted, since it would result in the early identification of requirements for diving-
safety-related equipment and personnel. A Principal Investigator would thus cover all the safety bases and there

would be no surprises after a budget has been approved.

Summary:

In a fully developed form, the matrix would serve as an effective guide for assuring compliance with regulations and

standards. It would also be of help in analyzing accidents/incidents with an eye to clearer definition of responsibilities
so that problems could be avoided in the future. The workshop recommends that efforts be made to develop the
matrix further.
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$ P HIFDQ$ FDGHP\ R 8 QGH.Z DIMJGAHAHVY4EQRILDSK\

3URFHHGLQIV W.WOH (GLWRU
"LYLQ | RU 6FLHQFH SEVWUDFW/

"LYLQI | RU 6FLHQFH SEVVUDFWY/

"LYLQ | RU 6FLHQFH SEVWUDFWY/

"LYLQ | RU 6FLHQFH SEVWUDFWY/

$$86 &0$6 ' LYLQ | RU 6FLHQFH 3URFHHGLQIV & 7 OLWFKHOO

$$86 &0$6 ' LYLQI | RU 6FLHQFH 3URFHHGLQIV $GGHQGXP & 7  OLWFKHOO

"LYLQ | RU 6FLHQFH 3URFHHGLQIV & 7 OLWFKHOO

&ROG : DWHU ' LYLQJ | RU 6FLHQFH 3URFHHGLQIV 0% /DQ

6SHFLDO 6HVWLRQ RQ &ROG : DWHU ' LYLQ) 3URFHHGLQIV 0% /DQ DQG & 7 OLWKHOO
$GYDQFHV LQ 8QGHUZDWHU 6FLHQFH 0% /DY

$$86 ' LYH &RPSXWHU : RUNVKRS 3URFHHGLQIV 0$ /DQ DQG5 : +DPLOARQ
"LYLQ | RU 6FLHQFH 3URFHHELQIV 0$ /DY DQG: & -DDS

% RPHFKDQLFV Rl 6Dl H $VFHOW : RUNVKRS 3URFHHGLQIV 0% /DQ DQEG * + (JVVRP

$'0,1,675%$7,21

$ FRPSXWHUL] HG GLYH OR] \WHP  3DXO +HLQPLOOHU

ORGHO VDI H SUDFW.FHV PDQXDO | RU GLYLQI RSHUDW.RQV DQG PRGHO WUDLQLQJ UHFRUG  3KLO 6KDUNH

6FLHQALI LF GLYLQ) QRZ DQG WKHQ ~ $QGUHDV 5HFKQLW HU

5HFLSURFLW Rl GLYLQJ VDI HW UHIXODWRQY /ORG) S$XVW.Q

$ SURSRVHG ) ORULGD 6WWH 8QLYHUVLW 6\ VWHP VWDWHZLGH UHVHDUFK GLYLQ) SURJUDP  * 6

" HYHORSLQJ DQG VHFXULQJ DGHTXDWH PHGLFDO DGYLFH DQG VXSHUYLVLRQ | RU XQLYHULW DFDGHPLF XQGHUZDVHU HGXFDW.RQDO UHVHDUFK RSHUDWLR
6FLHQWLI LF GLYLQJ SURJUDPV 3URECHPV VROXW.RQV DQG QRQVROXW.RQV / + BRPHUV

SHFLSURFLW EHWZHHQ UHVHDUFK GLYLQ) DIHQFLHV $ ZRUNLQJ PRGHO * 6

7KH GLYLQI ORFNHU DV OLEUDW\ 9%XLOGLQJ D VSHFLDO FROOHFW.RQ RQ GLYLQ) DQG GLYHU VDIHW [RU D VFLHQALILF GLYLQ) LYW VKWRQ 0 5Ll
$ XQLI LHG FDPSXV ZLGH GLYLQJ SURJUDP *UHJJ 5 6WDQWRQ

"LYLQ) LQAR FRPSXWHUV  OLFURFRPSXWHUL] LQ) D VFLHQW.ILF GLYLQ) SURJUDP  ODUJDUHW $ 5LRX[

&RGHV R SUDFW.FH | RU PDQUHG VXEPHUVLEOHV - RKQ 3ULW ODI | DQG 3KLO 6KDUNH

7KH XQLYHULW EDVHG GLYLQI ORFNHU  *UHJJ 6VDQWRQ

%2/ 2* &%/ 6&,(1&(6

“LYLQU | RU VQRZ EHORZ WKH HXSKRWLF JRQH - RODWKDQ 7UHQW DQG - .  2U] HFK

, O'HVWLIDW.RQ R WKH &DOLI RUQLD VSLQ OREWHU 3DQXOLUXV LQWHUUXSWKY LQ WKH /D - ROOD ODULQH ( FRORILFDO 5HVHUYH — 9DOHULH - 3DXO
6HDZHHG | DUPLQ) | RU ELRFRQYHUVLRQ LQ QRUWKHDWAHUQ ZDWHUV  %AXFH $  ODFOHU

&XON.YDW.RQ FKDUDFWHULVALFV RI / DPLQDULD VDFKDULQD LQ / RQ , VODQG ZDWHWV ~ %XFH $ ODFOHU

. HOS EHG PDFURELRWD LQYHWLIJDW.RQV RI | VKRUH 6DQ 2QRI UH 1XFOHDU * HQHUDWL.Q) 6WW.RQ GXULQ) FRQVWWXFW.RQ Rl XQLW/  DQG 5REHUW 5 : D
3HQEOHVRQ DUWLI LFLDO UHHI  +HLGL 7RIVWDG

5HVHDUFK GLYLQ) DQG PDULQH KDELWDW HQKDQFHPHQW LQ : DVKLQIWRQ 5D\ PRQG 9%XFNOH\

7KH 2ZHQLD HSLGHPLF RI 7UDFHV R WKH ULVH DQG | DOO R DQ RSSRMKQLVWLF SRSXODW.RQ ' RQDOG

% &DGELHQ

7KH UROH Rl VHD XUFKLQV 6WJRQI\ ORFHOWJRWKY | UDQFLVFDQXV LQ WKH | RUPDWLRQ PDLQMHQDQFH DQG SHUVLWWHQFH Rl EDUUHQ DUHDV LQ D JLDQ
$EDORQH HQKDQFHPHQW LQ BRXVKHUQ &DOLI RUQLD  3HWHU /  +DDNHU

( FRORJLFDO VLJQLI LFDQFH Rl WKH VXEW.GDO GLWWLEXW.RQ RI DQJDH DORQ) D YHUMLFDO JUDGLHQW  YUXFH $ ODFOHU

6KDOORZ ZDWHU | LVK LQYHVWLIJDW.RQV LQ WKH *XO Rl $ODVND  5LFN 5RVHQAKDO

7KH HFRORJ\ R EHQWKLF | RUDPLQLI HU LQ OFOXUGR 6RXQG  7HG (' H/ DFD

$ | LHOG WKG R WKH VSHENHOHG ED\ VFDOORS  $UJRSHFWHQ DHTXLVXOFDVWKYV DW $JXD +HGLRQGD /DJIRRQ ~ &DUOVEDG &DOLIRUQLD  3HWHU /  +DDNH

$VWHWPHQW R WKH EHKDYLRU Rl VLQN JLOO QHW DQG WKH PDIQLWKGH DQG HI | HFW Rl JKRVW QHW/ LQ WKH *XO R ODLQH D PXOALSOH WHFI
SDWDVWWURSKH LQ WKH NHOS | RUHVW  7KH (O 1LQR OLD - 7HIQHU

&KHPLFDO GHI HQVH LQ WJURSLFDO JUHHQ DQJDH RI VWKH RUGHU &DXOHUSDOHV  9DOHULH - 3DXO

*HQHUDO | HDWKUHV Rl VIKH 6RXWKHUQ 2UHJRQ FRDVW DV LW UHODWHV WR GLYLQJ DQG LW/ SRWHQWL.DO | RU VHD XUFKLQ KDUYHWLQJ - DPHV /

ODULQH UHVRXUFHV  &RQVHUYDW.RQ DQG PDQDIHPHQW UROHV | RU WKH GLYLQJ VFLHQALVW  5DQGDO ' 2UMRQ
2EVHUYDW.RQV RQ | LVKHV Rl , VOD 6DQ %HQLWR DQG WKHLU LPSRUMDQFH LQ ( DVWAHUQ 3DFLI LF ] RRIHRJUDSK\ SREHUW 1 /HD DQG . ULWLQH & +HQGHU
7KH HI I HFW R GLVFKDUJHG GULOOLQU | OXLGV | URP DQ H[ SORUDWRLA GULOOLQJ RSHUDW.RQ LQ VKH : HVWWHUQ 6DQWD  %DUEDUD &KDQQHO ' DQH +DUGLQ
$ SUHOLPLQDU\ UHSRUW DQG SKRWRJUDSKLF GRFXPHQADW.RQ RQ &DULEEHDQ UD] RUILVKHV ' 6KHQ

"HHS UHH UHVHDUFK ZLWK D VXEPHUVLEOH /LYLQ) SOHXURWRPDULDQ VOLW VKHOOV 0 & 5RVHVP\ WK

* HYHORSPHQW R DUMLI LFLDO KDELWDW | RU FRPPHUFLDO VSHFLHV DQG RSHQ VHD | LVK FXOMKULQ) LQ WKH  6RXWKHDVWHUQ OHGLWHUUDQHDQ  ( 6SDQLI
(DUO JURZWK Rl JUHHQ DEDORQH LQ KDWFKHU DQG ILHOG ' / /HLIKWRQ

( SLEHQWKLF FRPPXQLW GHYHORSPHQW RQ D TXDUWA URFN DUWLILFLDO UHHI ' $ $VHOALQH 5 ' /HZLV . & {LOVRQ DG + $ 7RIVVDG

(VWDEOLVKLQJ D FDSW.YH NHOS | RUHVW ' HYHORSPHQAV GXULQU VKH | LUVW\ HDU DW VWKH ORQWHUH\ 9D\ $TXDULXP - 0 :DWQDEH DQG 5 ( 3KLOOL:

. HCS | RUHVW G\ QDPLFV LQ &KDQQHO , VODQGY 1DW.RQDO 3DUN &DOLIRUQLD  * (' DYLV

1RWHV FRQFHUQLQJ VKH LPSDFW Rl VSHDUI LVKLQI RQ D SRSXCDW.RQ Rl VKHHSKHDG 6HPLFRVW\ SKXV PDFXODVKV 3HUH] + 5 ) XHOMHV

3RZHU DQG Hi | LFLHQR\ Rl D UHVHDUFK GLYHU ZLWK D GHVFULSW.RQ Rl D UDSLG XQGHUZDWHU PHDVXULQI JDXJH 7KHLU XVH LQ PHDVXULQJ UHFUXL'

3UHOLPLQDU\  XQGHUZDWHU REVHUYDW.RQV Rl | LVK DIJUHIDW.QI GHYLFH RI1 6DQ - XDQ 3XHUAR 5LFR DEVWUDFW (' 3BULQFH DQG - . *RQ DOH

SHKDELOLMWDW.RQ Rl GHSOHVHG | LVKHULHV ~ %URRG VWRFN WUDQVSODQAY DV DQ DSSURDFK WR DEDORQH HQKDQFHPHQW DEWWDFW 0 - 7HIQHU
(QFORVXUH HI I HFW LQ VWKH WXG Rl O\ VLV UHOLFWD SUHGDW.RQ DEVWUDFW & /HYLWQ 3 6DZ\HU DQG & * ROGPDQ

7KH RFFXUUHQFH Rl H RALF FUD\ | LVKHV LQ WKH 1HWKHUODQGV $ GH *UDDI

7KH VKHOOI LVK GLYHUW DQG WKH PDQDJHPHQW SURECHP Rl EHQWKLF ELRORJILFDO UHVRXUFHV DORQU VKH 6RXWKHDVWHUQ 3DFLI LF &RDVW DEVWUDFW

&DYH GLYLQJ DV D UHVHDUFK WRRO XQFRYHW D OLYLQJ IRWLO ' : :LOOLDPV DQG - <DJHU

, Q VLWK REVHUYDW.RQV R OHGLWHUUDQHDQ ] RRSODQ\WRQ E\ 6&8% DQG EDWK\ VFDSKH LQ WKH / LIXULDQ 6HD LQ $SULO C & %IV 3 /|

7KH TXDOALMDW.YH VDPSOLQ) Rl GHPHUVDO ] RRSODQNWRQ LQ 2QVORZ 9D\ 1RUK &DUROLQD & 5 7URQR / % &DKRRQ DQG ' % ) UHHPDQ

7KH UROH Rl VHGLPHQW ZDWHU FROXPQ LQWHUDFW.RQV LQ WKH FRQALQHQWDO VKHO HFRWWHP /% &DKRRQ

) LHOG DVSHFW Rl WKH VHSLROLG VTXLG 5RWLD SDFLI LFD %{UU\ 5 & $QGHUVRQ

ODQLSXCDWLRQ Rl ZDWHU | ORZ E\ FWHQRSKRUHV 3K\ OXP &WHORSKRUD *, ODWXPRWR
ODULQH HFRORJ\ Rl 3XJHW 6RXQG  DEVWUDFW /| - 6KDZ

6XEVWL.GDO PDULQH DOJDO FRPPXQLW.HV R WKH 1RUAKHUQ %HULQJ 6HD ' LVWWILEXW.RQ DEXQGDQFH DQG WKH HI IHFW Rl LFH VFRXU - 1 +HLQH
7KH VHDUFK | RU GUXJV | URP 2UHJRQ FRDWADO PDULQH RUJDQLVPY DEVWUDFW 0 %HUQDUW $ / RSH|

OF&CDWFKH 0 ORJKDGGDP ' 1DJOH 0 6ROHP DQG: + *HUZLFN
SQGHUZDWHU UHVHDUFK LQ WKH 6RXVKHUQ 2FHDQ RQ WKH $QADUFW.F NULCO  ( XSKDXVLD VXSHUED DQG RQ EDOHHQ ZKDOHV  : 0 +DPQHU DQG * 6
%JKDYLRUDO HFRORJ\ Rl SRGGHG UHG NLQJ FUDEV 3DUDOLVKRGHV FDPWFKDW.FD & 9D WRQ ' HZ
7KH UHSURGXFWLYH DFW.YLW DQG UHFUXLWPHQW Rl / DFXQD YLQFVD ORQWDIX LQ WKH *XO Rl ODLQH ( GZDUG - ODQH -U DQG -RKQ 3 (EHUVRO

$ KLIK GHQULW ORZ GLYHUWLW RFWRFRUDO FRPPXQLW LQ WKH 6RXVKZHWHUQ *XO Rl OH LFR - RKQ
7XQQHOO DQG 7HUL - 1HOVRQ
$Q DQDOVLV Rl ELRW.F LQAHUDFW.RQV RQ WKH ( DVW) ORZHU *DUGHQ YDQN *XO Rl OH[LFR XVLQ VKRUW WHUP W.PH ODSVH SKRWRJUDSK\ - -
$VSHFW Rl D PDW.QU DIJUHIDALRQ RI VKH VSLGHU FUDE /LELQLD HPDUILQDWD  5REHUW (' H*RXUVH\ DQG 3HWHU -  $XVWHU
% RORJILFDO PRQLVRULQY Rl KDUG ERWARP UHHI FRPPXQLWLHV RI1 ' DGH &RXQW ) ORULGD &RPPXQLW GHVFULSW.RQ BWHSKHQ 0 %ODLU DQG %AJLDQ |
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% ROXPLQHVFHQFH Rl JHODW.QRXV | RRSODQNVRQ LQ WKH * UHHQODQG DQG YDUHQW 6HDV  1LJKWOLIKW/ LQ WKH ODQG
9% RPHGLFDO UHVHDUFK LQ WKH VHD $ VHDUFK | RU GUXJV DQG QRYHO FRPSRXQGV  -RKQ . 5HHG DQG 6KLUOH $

" HSWK UDQIH Rl SURGXFW.YH EHQWKLF PLFURDQIDH /DZUHQFH % &DKRRQ DQG - DFRE (  &RRNH

"LYHU LQYHOARW R D PLGVKHO UHHI |LVK FRPPXQLW LQ 2QVORZ %\ 1 &  3UHOLPLQDU\ UHVXOW | RU
2EVHUYDW.RQV Rl VKH LQWHUDFW.RQV R JHODW.QRXV ] RRSODQNRQ LQ D QHDUVKRUH HQYLURQPHQW  3HWHU -
2FFXUUHQFH R WURSLFDO | LVKHV LQ 1HZ (QIODQG ZDWHWV ~ ODU & &XUUDQ

5HG XUFKLQ VXUYH\ Rl 1RUMKHUQ &DOLI RUQLD  3KLOOLS %XVWARCSK

' ,9(56$)(7<$1' 75%,1,1*

8&/$ 'LYLQU 6D HW SHVHDUFK 3URMHFW *OHQ + (JVWURP

$UFWF GLYLQI -DPHV 5 6WHZDUW

,PSDFW R GLYLQU HTXLSPHQW RQ XQGHUZDWHU SHUI RUPDQFH  *OHQ + (JVWURP

$ ZDYH JHQHUDW.QJ EDVLQ DV D WUDLQLQU | DFLOLW | RU GLYHW  -DPHV / : DVKEXUQ
BFLHQALI LF GLYLQJ LQ YWLW.VK &ROXPELD  SREHUW (  6SDUNV

1HZ DSSURDFKHV VIR VXU DFH VXSSOLHG GLYLQI ~ 6VHYHQ 0 YDUVM

SPELOLFDO GLYLQJ DW WKH &DWDOLQD ODULQH 6FLHQFH &HOWHU  5RQQLH /' DPLFR

"LYLQJ DFFLGHQW PDQDJHPHQW LQ UHPRWH ORFDWL.RQV  $QGUHZ $ 3LOPDQLV

BFLHQALI LF GLYLQJ LQ &DQDGD SHVXOW Rl VKH &$86 QDWL.RQDO VXUYH\  SREHUW ( 6SDUNV
" LYHU PHGLFDO WHFKQLFLDQV ( GXFDW.RQ DQG DSSOLFDW.RQ ' XGOH\ - &URWRQ

7UDLQLQJ | RU YLVXDO F\ OLQGHU LQVSHFWRUWY Rl UHVHDUFK VFXED F\ OLQGHUWV  :LOOLDP /  +LJK
3URSRVDO Rl +9%2 +\ SHUEDULF 2[\JHQ 7KHUDS\ 1HWZRUN | RU GLYHWW DEVWDFW < ODQR
1$8, V QHZ LQYWIWKW.RQDO SURJUDP DEVWUDFW 1 &UDLJ

6FLHQALI LF EOXH ZDWHU GLYLQ) JXLGHOLQHV - 1 +HLQH

BFLHQALI LF GLYLQ) LQ &DQDGD &$86 DFW.YLWHV 5 (  6SDUNV

6FLHQALI LF GLYLQ) WUDLQLQ) DW' DOKRXVLH 8QLYHUVLW 6 ) : DWW

BFLHQALI LF WUDLQLQU | RU XQLYHUVLW WWKGHOW 3 9VIAROSK

7KH RYHUKHDG GLYLQJ HQVLURQPHQW 6WDQEDUGY 0  OXUSKH

SQGHUZDWHU WUDQVHFW WUDLQLQU B\ WKH 8QLYHUVLW Rl +DZDLL ODULQH 2SW.RQ 3URJUDP 6 ' 0D\ QDUG DQG *
&DYH GLYLQU UHVHDUFK WHFKQLTXHV DEVWUIDFW -  9R] DQLF

16) BKLSERDUG GLYLQJ VDI HW VWMDQGDUGY DQG UHVHDUFK GLYLQJ  3KLO 6KDUNH

$$86 DQG VSRUW GLYHU LQAHUDFW.RY' - $ ' XQEDU

"LYLQU PHGLFV LQ VKH VFLHQWLILF ILHOG ' - &URWRQ

1HZ GDVD RQ DFRXVWWLF QDYLJDWRQ E\ GLYHWW  + +ROOLHQ

3URSRVHG $$86 2YHUKHDG HQYLURQPHQW GLYLQJI WADQGDUGY 0 OXUSKH\

6SRUW GLYHU HGXFDW.RQ 2ULHQWDW.RQ WR XQGHUZDWHU DUFKDHRORJ\ &  %HHNHU

7UDLQLQU XQLYHUWLW VVKGHQW LQ XQGHUZDWHU UHVHDUFK WHFKQLTXHV * $ )UDQN DQG * 6

VIDQARQ
7UDLQLQI YROXQWHHU GLYHW WR UHVHDUFK DQG GREXPHQW DUWLI LFLDO UHHI V | RU WKHLU FRPPXQLW - *  +DOXVM

"LYLQI DFFLGHQW PDQDJHPHQW ZLWK SDUW.FXODU UHI HUHQFHV VIR UHPRWH ORFDW.RQV 5 ' XQ RUG DQG & BNLOHV
“U VXLWGLYHU WIDLQLQ FRXUVH & 0 ) ODKDQ

$ONHUQDWH DLU VRXUFHV  3URECHPV DQG SURFHGXUHV ' *UDYHU
&ROGZDWHU 6&8%% GLYLQJ VHDUFK DQG UHFRYHW RSHUDW.RQV & /HZLV
&ROG ZDWHU GLYLQJ ORILWALFV - 5 6WHZDUW

2SHUDW.RQDO VWUDWHILHV | RU $UFW.F UHVHDUFK GLYLQI % ( 7RZQVHQG

KH XQGHU LFH GLYH / + BRPHWV

7UDLQLQI VFLHQALI LF GLYHWV | RU ZRUN LQ FROG ZDWHU DQG SRODU HQYLURQPHQAY  / + 6RPHWV

$ SUHOLPLQDU WG\ Rl WKH FXPXCDW.YH HI | HFW Rl PXOALSOH GLYLQJ HTXLSPHQW RQ GLYHU VDI HW - DPHV
&RPPHUFLDO DLU FUDI W FDELQ GLI | HUHQW.DO SUHVWXUH VHWALQIV DQG DFWKDO FDELQ DOAWKGHY GXULQU | OLIKW
6D HW FRQVLGHUDW.RQV | RU GLYLQJ DW ZDVWHU ZLWKGUDZDOV DQG GDPV  *HRUIH $  6ZDQ

7KH UROH Rl KHOLFRSWHU DHURHYDFXDW.RQ LQ WKH PDQDJHPHQW Rl GLYLQ) DFFLGHQW YLFW.PV  7RP 6 1HXPDQ
$GYDQFHG EXR\ DQF\ FRQAURO ' HQQLV * UDYHU

6FLHQALI LF GLYHU WUDLQLQU DQG FHUWLI LFDW.RQ /HH + BRPHUWV

&DYH GLYLQU DQG GLYH FRPSXVHWY  -RKQ 7 &UHD DQG 3DUNHU $  7XUQHU

"$1 V UHVXOW DQG SHUWSHFW.YH Rl '& XVH 5LFKDUG ' 9DQQ - 'RYHQEDWHU - 9%RQG % RQG - 5XVW
*LYH FRPSXWHU ORJ | RU WKH (GJH RU 6NLQQ' LSSHU  OLFKDHO 1  ( PPHUPDQ

*LYH FRPSXWHU SHUVSHFWL.YHV -RKQ 0 (QICH

"LYH &RPSXVHUV  7KH $XVWJDOLDQ ([ SHULHQFH  &DUO ( GPRQGV

"LYH FRPSXWHUV GLYH WDEOHV DQG GHFRPSUHWLRQ  *OHQ + (JVWURP

YLHOG XVH Rl GLYH FRPSXWHUV LQ D XQLYHWLW SURJUDP  3KLO 6KDUNH

3UHVHOADW.RQ R WKH GLYH FRPSXWHU LWXHV ~ $QGUHZ $ 3LOPDQLV

3URI HWLRQDO GLYHW XVH Rl GLYH FRPSXVHW - RQ +DUG

BXUYH\ Rl ' & XVHW DQG SRWHQALDO XVHUWY ~ OLFKDHO 1  ( PPHUPDQ

7KH 8 6 1DV\ GLYH WEOHV DQG QR WRRS GLYLQI 7RP 6 1HXPDQ

8VH R '& V DWGLYH UHVRUW DQG OLYH DERDUG YHWHOV  YUXFH ( YDVWHWV

"LYH FRPSXWHUV LQ VFLHQALI LF GLYLQ) SURJUDPV  /HH + BRPHW

7TKRXJKW RQ WDEOHV DQG FRPSXWHUWV - DPHV 5  GWHZDUW

$ FRPSDULVRQ R UHFUHDW.RQDO DQG VFLHQALI LF GLYH WDEOH XVDIH ZLVK VXJJHWALRQV | RU D UHFUHDW.RQDO
“LYHU HI I LFLHQF\ /RZ GUDJ PD[ LPXP WKUXVW DQG WKH FKHFN LV LQ WKH PDLO  B6WHYHQ % 3DXOHW DQG ' DYLG
(PHUJHQF\ PHGLFDO FDUH LQ WKH WURSLFV ~ (GZLQ O  +D\ DVKL

7UDLQLQI  HTXLSPHQW DQG RSHUDW.RQDO SURFHGXUHV | RU FRQGXFW.QJ VFLHQWLI LF VDWKUDWLRQ GLYLQU DFW.YLW.HV
$ KLVWRULFDO ORRN DW DVFHQW 5HY (GZDUG + /DQSKLHU

% RPHFKDQLFV R EXR\ DQF\ FRPSHQVDW.RQ DQG DVFHQW UDWH  *OHQ + (JVWLRP

% RPHFKDQLFV RI 6Dl H $VFHQW : RUNVKRS LQARGXFWL.RQ *OHQ + (JVWIRP

, QULIKW JDLQHG ' LYLQ) DFFLGHQW FRQFHUQLQU DVFHQA/ - RQ +DUG

$ UHYLHZ R DVFHQW SURFHGXUHV | RU VFLHQALI LF DQG UHFUHDW.RQDO GLYLQI - RKQ ( /HZLV

9XR\ DQF\ FRQAURO DQG DVFHQW UDWHV  : DOWHU )  +HQGULFN 6U

“U VXLWEXR\ DQF\ FRQAURO  5LFKDUG / RQU

5HFUHDW.RQDO WUDLQLQU DJHQFLHV DVFHQW WUDLQLQJ SROLF\ WIDWHPHQW  1$8, 66, <0&$ 3%',

(48,30 (17

*HDU VHOHFWLRQ | RU 1RUMKHUQ &DOLI RUQLD UHVHDUFK GLYLQI  3KLO 9XVWAROSK

("*( (OHFPWURQLF GLYH JXLGH D GLYHU FDUULHG GHFRPSUHWLRQ FRPSXWHU  &UDLJ %DUVKLQIHU
1HZ GHYHORSPHOW LQ VHQVRU\ PDQLSXODVRWY  9AXFH 3LHUR\

6HO FRQWDLQHG XQGHUZDWHU YLGHR V\ VWHPV DUH KHUH - RVHSK -. 9DOHQFLF

$SSOLFDW.RQV R XQGHUZDWHU VHO FRQADLQHG FRORU YLGHR V\ WPV - RVHSK -. 9DOHQFLF
/LI H VXSSRUW HTXLSPHOW | RU VFLHQALI LF GLYLQI ~ 6VHYHQ 0 YDUVM

, QAHOOLJLELOLW WHWW/ Rl WKH 6XSHUOLMH  GLYLQJ KHOPHW 6 0 9DUVN\

2QVWKH QZ P G6HDWRSLD SURMHFW LQ -DSDQ + 1DND\DPD DQG . 6HNL

"HVLJQ Rl | XOO  UHGXQGDQW DXWRQRPRXV OLI H VXSSRUW WV WHPV  : & BWRGH

"LYHU VR GLYHU FRPPXQLFDW.RQ LV VWW.OO D SURECHP 3 +ROOLHQ DQG + +ROOLHQ

( YDOXDW.RQ Rl D GLYHU RSHUDWHG FRPSXWHU DV D WRRO | RU XQGHUZDWHU DUFKDHRORJ\ - &DUWHU DQG -
+HOLXP 3UHWWXUH , W/ HI I HFW RQ GLYHU V VSHHFK - : +LFNV

7HFKQLFDO VSHFLI LFDWLRQV R D V\ VWHP | RU FRQADPLQDWHG ZDWHU GLYLQJ  6WHYHQ 0 9DUVN

Rl VKH PLGQLIKW VXQ  &KULWR
RPSRQL

DG ,OHDQD (  &ODYLMR
$XVWHU SREHUW (' H*RXUVH\ D

6DLQW

: DVKEXUQ
OLFKDHO 1  ( PPHUPDQ

& :DFKKRQ 5 ( ORRQ ( 0 .

YHWLRQ R WKH 8 6 1DY\ GHFR
/' OF/ HDQ

'RXJ . HVOLQ) DQG 5LFKDUG %1

&RYLOO
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" HFRPSUHWLRQ FRPSXVWHUV 3URV DQG &RQV . (  +XJILQV
2SW.PL] LQJ DFRXWILF FRPPXQLFDW.RQ | RU TXDOLW DQG UDQIH LQ GLYHU DQG VXEPHULECH DSSOLFDW.RQV 7 : OXUGRFK
2[\ JHQ FDSDELOLW | RU VPDOO ZHWERDW 7 0 5LRX
7KH XVH R GHFRPSUHWLRQ FRPSXVHUV LQ VFLHOWI LF GLYLQ DEWMDFW 3 $ +HLQPLOOHU
&ROG ZDWHU GLYLQU ZLWK YXOFDQL] HG UXEEHU G\ VXLW/ 6 0  9DUVA\
([ SRVXUH SURVHFWLRQ ' U\ VXLW DQG WKHUPDO LQUXODWRQ 5 /RQ
2EVHUYDW.RQV RQ | ORRGHG G\ VXLW EXR\ DQF\ FKDUDFWHULVWLFY  6WHYHQ 0 9DUVN\ DQG -RKQ 1 +HLGH
8QGHUZDWHU GHFRPSUHVVLRQ FRPSXWHLV ~ $FWKDO YHUWXV LGHDO . DUO (  +XJILQV
8VH R RSW.PDO HQULFKHG DLU EUHDWKLQJ PL[WKUHV WR PD[ LPL] H GLYH W.PH DQG RSHUDW.RQDO | OH LELOLW "DYLG $ ' LQVPRUH
"LYH &RPSXWHU &RPSDULVRQ  &KXFN / RFNH 86 ' LYHUV &RPSDQ
* LYH FRPSXWHU H[ SHULHQFH LQ &DQDGD  5RQDOG < 1LVKL
([ SHULHQFHV ZLWK GLYH FRPSXWHUV LQ : HVW *HUPDQ  OD[ + +DKQ
258% LQGXVWWLHY GLYH FRPSXWHUV ~ 3DXO $  +HLQPLOOHU
7KH ' DADPDWHU ,,  $ | XQGDPHQADOO\ GLI | HUHQW FRPSXWHU ~ -RKQ (  / HZLV
7KH KLWRW Rl XQGHUZDWHU GHFRPSUHVWLRQ GHYLFHV DQG FRPSXWHUV . DUO (  +XJJLQV
7KH 6XXQWR 60( 0/ SUHVHQAV WKH FRQFHSW Rl PXOW. CHYHO GLYLQ) 5RQ &ROH\  9%.00 20LYHU DQG $UL 1LNNROD
&ORVHG FLUFXLW R[\ JHQ UHEUHDWKHWV $ QHZ DSSURDFK  )UDQN -  7RDO
2585 V QHZ ' (/ 3+, FRPSXWHUW , PSDFW RQ WKH GLYLQU FRPPXQLW  3DXO $ +HLQPLOOHU
7KH GHYHORSPHQW Rl DQ LOAHIUDWHG VHO FROWDLQHG YLGHR ZLUHOHWW GLYHU FRPPXQLFDW.RQ W WHP . HQQHVWK ' - RKQV
8VH Rl WZR SULPDU\ EUHDWKLQUI PL[WKUHV | RU HQULFKHG DLU GLYLQJ RSHUDW.RQV ~ B6WHSKHQ - ODWWUR
"LYH FRPSXWHU PRQLWRUHG DVFHQW ~ 3DQHO /DQl :DOVK /HZLV &ROH  +XJILQV
“U VXLW YDOYHV DQG SHU RUPDQFH  5REHUW 7  6W.QARQ

*(2/2%<$1' $5&+$(2/2*<

8QGHUZDWHU JHRORJILF UHVHDUFK DURXQG WKH KHDG R &DUPHO VXEPDULQH FDQURQ &DUPHO %0\ &DOLIRUQLD -RKQ 5 'LQIOHU 5REHUW- $QLPD D
$UFKDHRORILFDO VXUYH Rl )W *XLMDUURV LQ 6DQ ' LHIR 9%\  5R\ 3HWKV

6RPH QRWH VRQ DQ XQGHUZDWHU DUFKDHRORILFDO H[ SHELWLRQ -RKQ 0 ' XI 1\

6KLSV FKLQDZDUH RI WKH 3DFLILF 1RWKZHW -DPHV 6 : KLWH

7KH ORJLVW.FDO DVSHFW/ R WKH H] FDYDW.RQV DW WKH DQFLHQW KDUERU RI &DHVDUHD  BWHSKHQ YUHLWMWHLQ

*LYLQI JHRORJLFDO UHVHDUFK LQ VKH OHGLWHUUDQHDQ DEVWDFW 3  &RODQWRQL

5XLQV RQ WKH RFHDQ | ORRU 6DOYDILQJ WKH . DL\R ODUX 6 $UDNL

8QGHUZDWHU DUFKDHRORILFDO UHVHDUFK LQ WKH 1DW.RQDO 3DUN 6HUYLFH ' - /HQLKDQ

7KH WG R DQFLHQW KDUERU HQILQHHULQJ LQ , VUDHO DEVWUIDFW  $ 5DEDQ

* URXQGZDWHU GLVFKDUJH LQ D GHHS FRUDO UHHI KDELWDW (YLGHQFH | RU D QHZ ELRIJHRFKHPLFDO F\FOH' * 0 6LPPRQV DQG -  1HVKHUWRQ

7KH KLWARW DQG | XWKUH Rl DUFKDHRORJLFDO DQG SDOHRQWRORILFDO ZRUN DW : DNXOOD 6SULQIV 3 5 * HUUHOO

7KH ZDUP PLQHUDO VSULQIV DUFKDHRORILFDO UHVHDUFK SURMHFW &XUUHQW UHVHDUFK DQG WHFKQRORILFDO ~ DSSOLFDW.RQV  : $  &RFNUHCO

$UFPW.F GLYLQ) DFWL.YLWHV R WKH 8 6 *HRORILFDO 6XUYH 7 ( 5HLW DQG ( : . HPSHPD

0DSSLQ) WKH , VDEHOOD VKLSZUHFN - 6 : KLWH

$ VWXFWKUDO LOWHUSUHWDW.RQ RI 6FULSSV VXEPDULQH FDQURQ  'DUUHQ $ : HEE

$GYDQFHV LQ 8QGHUZDWHU * HRORJLF SHVHDUFK RQ 1HDUVKRUH 6DQG %G '\ QDPLFV  -RKQ 5 ' LQICHU

7HDFKLQJ PDULQH DUFKDHRORJ\ DW) ORULGD . H\V &RPPXQLW &ROCHIH 5 * XQFDQ ODWKHZVRQ , , ,

2EWDLQLQY XQGLWWIKUEHG VHGLPHQW FRUHV | RU ELRIJHRFKHPLFDO SURFHW WKGLHV XVLQJ 0 0 ' RUQECDVHU - IXFNHU * 7 9D . + )R

81' (5: $7(55(6($5&+ 0 (7+2' 6$1' 7(&+1,48(6

$GYDQADIHY DQG RSHUDW.RQDO FRQVLGHUDWLRQV | RU OLJKWZHLIJKW PL[ HG JDV GLYLQ) - ORUIDQ : HOOV DQG 5LFKDUG 5XWKRRZVNL
3ROOXWHG ZDWHU GLYLQD  &XUUHQW WADVKYV ~ WHFKQLTXHV DQG HTXLSPHQW  ORUJDQ : HOOV DQG 5LFKDUG 5XWNRZVNL

8QGHUZDWHU WUDQVHFW OLQHV ~ ODUN 6 20WRQ

FRPSDULVRQ R UHHI | LVK FRPPXQLW DVWHWPHQW XVLQ] WKH WUDQVHFW PHWKRG DQG WKH UDQGRP FRXQW PHWKRG ODUN +HOYH\

$ NHOS FRPPXQLW WG LQ D UHJILRQ Rl ORZ XQGHUZDWHU YLVLELOLW  7HFKQLTXHV DQG UHVXOW - DPHV 3 7KRPSVRQ

$Q XQGHUZDWHU YLVLELOLW FRPSDULVRQ Rl / DNH 7DKRH DQG &UDWHU /DNH ' RQDOG *  ORUULV DQG &DURO 5 ORUULV

YOXH ZDWHU GLYLQU  3UHVHQW DQG | XWKUH UHVHDUFK DSSOLFDW.RQV  :LOOLDP 0  +DPQHU

6DWKUDW.RQ GLYLQJ DV D WRRO | RU PDULQH VFLHQALWW  BVHYHQ 1HXGHFNHU

SDWKUDW.RQ UHVHDUFK GLYLQ) $ QHZ WRRO | RU PDULQH UHVHDUFK ' DOH $QGHUVRQ

8VH Rl OLQH LQWHUFHSW VDPSOLQJ | RU VKH HVWLPDW.RQ Rl WKH GHQVLW RI QRQ PRW.OH EHQWKLF RUJDQLVPV 3KLO 6KDUNH
"LYLQN IRU GLVFRYHU\  2WAR -  2U] HFK

25% $ QRYHO SODW RUP | RU VFLHQWLI LF GLYLQJ ~ &KDUCHV % %.VKRS

SHVHDUFK GLYLQ) RQ WKH VWUDWHILF SHWUROHXP UHVHUYH SURMHFW 1RUAKHUQ *XO Rl OH LFR ' RQDOG ( +DUSHU DQG /DUW ' OF. LQQH
7KH VKDUN REVHUYDW.RQ VXEPHUWLECH $ GLYHU YHKLFOH | RU WKH WKG. Rl VKDUN EHKDYLRU ' RQDOG 5 1HOVRQ

%HWAHU VDPSOLQ) WKURXJK WHFKQRORJ\ ' DQLHO 5LFKDUGY

(LIKW LGHDV WKDW ZRUNHG ' $OODQ : DWHUI LHOG
JRUOLQHV  $Q XQGHUVHD LQYHVWLIDW.RQ  :LOOLDP / +LJK
2EVHUYDWLRQV Rl SODQWIRQLF RUJIDQLVPV XVLQI WAVKHU DLU DQG ZD\ VWDW.RQ | DFLOLW.HV DW &06& - DPHV 6WUHWEK DQG : LOOLDP 0 +DPQHU

8VH R WHMKHU GLYLQ) WR FRQGXFW H[ SHULPHQW DW QLJKW  5LFKDUG %JD\ DQG $00DQ 0LOOHU

“LYHU VDPSOLQJ Rl PDFURLQYHUMHEUDWHY RQ 1RUWKZHVWHUQ *XO R OH[ LFR KDUGERWARP DUHDV 5 -  5XQQHOV

SHVHDUFK PHWKRG Rl GHYHORSPHOW | RU DVWHWPHQW Rl VXEW.GDO FRPPHUFLDO PDFURSK\WHV 5 ( 6HPSOH

7KH UHFRYHU Rl GLDPRQGV | URP WKH VXU JRQH Rl VKH 6RXVIK $WODQWLF QHDU VKH 20LI DQAV 5LYHU & + {DONHU DQG - - *XUQH

7KH XVH R GLYLQI WHFKQLTXHV | RU LQ VLWK JHRDFRXVWLF PHDVXUHPHQW RQ VKH VHD |ORRU 7 $NDO

8QGHUZDWHU SKRARJUDSK\ E\ D GLYLQJ VFLHQALVW $ XVHI XO FRPELQDW.RQ R REVHUYDW.RQV DQG GRFXPHOADWL.RQ VR GHVLJQ DQG DSSO.  RFHDQRIUD:

8QGHUZDWHU UHVHDUFK PHWKRGRORILHV | RU OLPQRORILFDO LQYHVW.JDW.RQV DW/DNH 7DKRH &DOLI RUQLD 1HYDGD 3HULSK\ VRQ  JURXQGZDWHU DQG ] |
8SGDVWH RQ WKH | HGHUDO UHIXODWLRQ Rl VFLHQALI LF GLYLQJ 3KLO 6KDUNH\
$FTXLVLW.RQ Rl ZDWHU TXDOLW GDWD E\ GLYHW LQ 6RXVK ' XEOLQ %D\ , UHODQG DEVWUDFW % ODWHUVRQ 3 ( 2 &RQQRU 0 ' o0

$XGLRYLVXDO FKDUDFWHUL] DWLRQ RI WKH ) ORULGD OLGGOH *URXQG WKH QRUVKHUQPRVW ELRWKHUP LQ WKH *XO Rl OH LFR DEVWUDFW 7 6 +RSNLQV
$ FRPSDFW DQG SRUWDECH GLYLQJI V\WMHP | RU VFLHOALW  / +  6RPHWV

$ SKRWRJUDPPHWULF DSSDUDVKV | RU UDSLG DUHDO EHQMKLF VXUYH\V @ & -DDS

&DYH GLYLQJ DV D WHFKQLTXH | RU LQYHQARW LQU ) ORULGD FDYH I DXQDV - $ 9DXHU

([ SHELW.RQ FDYH GLYLQI $ QHZ VFLHOMLILF WRRO 5 - 3DCPHU

1ILWR GLYLQ) LQ VFLHGFH ' -  &URWRQ

7KH VFLHQALI LF | XWKUH Rl FDYH GLYLQI : & BNLOHV

7UDZO GLYLQJ $ PHWKRG XVHG E\ | LVKLQJ JHDU WHFKQRORILVW/ VR HYDOXDWH WUDZOLQ) VW WPV, . : RUNPDQ

$ PHWKRG | RU WKH PHDVXUHPHQW Rl PHWDEROLF KHDW WUDQVI HU | URP YDULRXV ERG\ UHILRQV R RFHDQ PDPPDOV LPPHWHG - - .DFLUN DQG
YOXH : DWHU GLYLQU DERYH VKH $UFW.F &LUFOH  3KLO BKDUNH\ DQG - - *ULIILQ

“LYHU V VOHG DQG ODVHU ORFDW.RQ | RU VDOPRQ VSDZQLQU VXUYH\V  * $ 6ZDQ
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%HQNKLF PDULFXOWKUH DQG UHVHDUFK ULJ GHYHORSHG | RU GLYHU RSHUDWRQV * 5 +DPSVRQ ' & 5KRDGV DQG © . &ODWN

&ROOHFW.QJ PDULQH VSHFLPHQV | RU UHVHDUFK - RKQ 9DORLV

"LYLQ) LQ VXSSRUWRI EXR\ HQILQHHULQ] 7KH 57($0 SURVHFW 6HDQ O . HW

"LYLQ) WHFKQLTXHV LQ PDULQH PHVRFRVPV  (ULF . ORV

211 VKRUH RLO SODW RUPV LQ WKH *XO Rl OH LFR FRQYHUVLRQ WR DUMLI LFLDO UHHI V  $Q RSSRUAMKQLW | RU ORQ WHUP ELRORILFDO WG
AXDQAMDW.YH GLYHU YLVXDO VXUYH\ V RI LQQHUVKHO QDWKUDO DQG DUVLI LFLDO UHHI V LQ 2QVORZ %\ 1 &  3UHOLPLQDU\ UHVXOW | RU DQG
6DPSOLQ) WKH ERWARP LQ ORZ YLVLELOLW  $QQ 6FDUERURXJK 9%CO
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&RPSXVHU VLPXODW.RQ QR WARS GLYHV DQG VI

5 900
., % OHNMVDYLF

RQ VLFNGHWW  DUMHULDO JDV HPERCLVP 5 . HOO\ +L0O -U
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“UXIV IURP WKH VHD  $ 85(3 SURVHFW LQ 7RQID DQG )LM. ' RXJ OF RQDOG
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12$$ 86& 1DW.RQDO 8QGHUVHD 5HVHDUFK 3URJU
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YHWHOV - - *ULI I LQ DQG 3KLO 6KDUNH

529 V DV GDWD DFTXLVLW.RQ WRROV LQ GHHS VHD FRQGLW.RQV 6 9 %QHFK
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6KISERDUG' IMQJ 3 UIRRHGEGXUWHY

B\ -DPH/5 6WZDUN

BKLSEROGAYLY IV TXWMGL T HMHOVURP \P DOERDAAYLQ) ROVKRUH EDHS RSHIDMRQ/DQGLY \WHH R
ZRW R FRP P HOMROGWHIGH SHIHFHS $ WP H/IWP XWAEHXQEHXRRG\WDANH\KLS VO DWRUKDY

I LDOGHAMR/IQD0. RSHDMRQFRFHAQ) KIVYHIHD

127( 7KYVDINFHLYLCFOGHE W SIRMGH KMRUFDOSHSHRARYH DG W LAXVADM \WHEQ WQE Q)
HIHARH VHD U XODWRQR WHS 6 IRHDURK AMQ FRPPXQW : KIBIVRP HR \WH GABLOY LOWWH \VHRNRQY
RQ_MQJ (TSP HONDQG' MQ) 3URAHEAH/DIH@MS WHEUNH3 @AAQ) 3WH' IYH3URAHKAHW/DG
(PHIHRA 3URFHSXUH/NHRINRQY DUH TXWM PXUHNT KLY DINFBZ DV RI D@ SXEOWKHG DV 6KISHRDUG

" IMQ) SURRHXUHVIQ3DYY,, R 7KHERISSV, QUYANROR 2 AHOCRIWDSK 0 DUCH7HKQHADQV+ DOEERRN

, & UKVH3 OOQQ)

$Q FUOHIQRNG GYIQ) RSHDIRQ/NKRXE EHSDQUHGLODEYDFH\R DIBZ. GDAQ) SRIMRQQ) DQG

VHRXUQ) R FUMFDCHTXSP HFOM.H  FRP SURRLY YROP HEDON GYLQ) \BQNV HF 7 KHFRP SIRARUNKRXTS
EHSRIMRHGZ WY IQENH\RZ DGWHERZ RO\KHWKLS \WH\KLS Z LOVZ 1Q) LQR\KHZ LQGZ KIBIDADIFKRU
ZD IR H KDMVIURP POQ D] A0V RUDD RKHUHILGH DQGIUHIRP 1XP HFRQEP LCDIRQI URP

SOQABNHY RUIDRICHDQGRAHAMRYHKOORIY &RROXQQQ) R WHRRP SUAKRUBTXUWVIRRG

YHQIMIDIRY DQG\KRXTS EHSHKDEVXVHERQD DALIKWOQKRWKIP DAY :  KHDI LA DUR QQEHY \DOZ DMJ
|URP \KH\KLSVM-D Z DAMUM WP P D EHWWCHG RQ\WH\BQNY DVDFRRDIQA? LOOEUFDMEFRP SUXRY

\KRX@ KDYH\RP HWSHR RCZ DMM-SDDRUBEXOVQR\WHW P DG LWYKLIK® GALIEGIWR KDYHD
I LAOWDNRQFROP QZ KIFK HIP LADMV&?2 & K\ GIRAUERYY ROZ DAU DQGDQ. RKHUFRQEP LAODQNLQ
CFFRUEDAHZ LW BUHDKQ) DUNSHALLFDIRQY $ OR GAMLIE®ILYD\P DOFDERUP HME \MXAVWR GHAMP LGHOU

TXODN  3HP DOHWRP SUAARULQUBIIDARQY \KRX@S EHXQEHUMUVARNROR \KHVKLS VHILGHHIQ) K|
| RUP DQMIFHSXUSRA/ DIGD® N-BWRUUHYEZ. R DESURSUDMRCDOG  LAGMURKDQIHY

, 1 IMQJ ( TXLSP HQW
' IVQ) HIXLSP HWKRX@ EHRUHG LD DD Z KHHIWDQEHGUHS 7KYGMIDAG ' INQ) / RANHU

\VKRX@ EHZ HOYHQMDMS DG GANCEG] Z DMKWKHNA XQAHMHSHYIMROR WH\KLSVO DXMJ 0 LQP XP
HIXASP HQAMFG\E R FRP SBIMVHVR \WHIRTZ 1)

D UHJXODVRWY | VORUNHOV

E DLU F\ OLQGHUW DQG EDFN SDFNV J  NQLYHV

F GHSVK JDXJHV K  ZHLIJKW EHOW DQG DW CHDVW D V\RWDO
G PDVNV RI SRXQGV Rl ZHLIKW/

H ILQV ZLWK DGVKVWDEOH \WDSV L LQ ODWECH OLI H YHWW

$ VIO SUAXRKUHIDKIH DQDARW HWR JRRG. EDIV DQG\GIUWVR \WHJHDU@WMG CERYH DUH DEAMRD0
EDME UHTXLUHP HQIV 3HYRQDCZ HAVKWDQGZ DRKHVDHSIRVIGHSE. HFK GYIQ) LQAYIGD06XUDH
\LQY QU Z KM@V DOG\RP HVRWR DOMKDUN GAYLFHY DHUTXUHGLORSHOVHDAYIQY 7KH P XWW
EHIGFOGHGDQGXWHG

vy SUH' IMQI 3URAHGEXWHY
7TKHWISVO DAMIXCN DMD KDV DAWRIMY RYHUAYLQI RSHDNRQ/IURP KLV YHWHD + HVKRX@ LOXUHWKDNV



\WRHSURSRIQ) \R GYHKDYHSURSHUDAKRU DARD HAKHUS QYHYIW & HWIFDARQFLB/RJ GINY/R
DESURYDD $ @AVQ) MR EHFRQGARGLQOFFRIEDGFHZ W WHS QYHYW* XIGHIRU IMQ) 60HNV 7KH
6HARU LYHJ GHAMP IGHGGAUQ) WHEDWH3OORQ) SKDH Z L@IPAD/AINRQZ MW WH\KISVRBY.  DQG
CAAD/AKSHYDRUR GYIQ) RSHDIRYY + LV UASRQIELONA LGFOGHIQXUQ) WDMBURSHIHTXSP HQAY
D/OMEBILQIRRGFRIEMRY RIJLQ) GYHYIQDIGRMR \WHZ DA FRMGHIQ) HP HIHR DGR
HIXSP HQADQG SURAHGXUY DOGP DQEIQQ) SRSHWFR B/

/ IDNRQ BRGH/IHHIDORP P XQEDIRQ EHE HHDGAYLQ) DG RKHUISHYRQQHO\SHA LEDD LQYRYH/
QR LQJ \WHO DX WH\KLS VHILQHHY DQG\WHARRN JOUEIHRYHEROUG LV DO DMEREQA R
SWEDDARYYI RUGYLQ) RSHDIRYY DOGWDQP W) DVOIHJIR DKHDG URGROH\R \WHQAYHYEH RIHDQ RH
HOMY\KHZ DA

9 ' IMQJ 3URAHGXWHY

6P DOERDVRUID WDHIHHDD GHFHADY 1RUZ DAUHQY  |RUXVHDVSDARP V RJRMIQSRMIIRY $
\KLLGSHYRQ DABDIMKRXTS UHP DQLOWKHERDAE XUHIWR WD DUHVK | LFLHQ® | DXV SIREMDAYH
IURP \ZIP P LQJ XS WHP R UHMDWRWHERON  KHODGYHLYP DEHXQEHMHKX@RUZ KHPXUHON
QUANRQLYNIRZ Q HOW \R\KHZ DMMKRXGEHP DEHRYHMHERZ DQG\WWH DRKRUQHXHG | RUGHAHV
QAYHYREYIRA® \KRXGZ RNXSWULP [Z D [URP WHKLS WP HP BHIQ) FXUHONMMOGWR EHI DXRMY
\RZ DG \KH\KUDFH

8 Q@AJZD AYQ GHHMARM/\X R ERDAMIGHY REHWR EXEE® Z DK DG DMMAKHQAYHY DIGRHWUXQ
\WHERDWV, QDGYDAHR \WWHH  HIRVAHWH BRSO VKRG EHGAMP LCHSWR SHIP VWKHQYHY/ VR WA

\RIHKHJZ KLAIWHBRDAP DLHKYHYVR\WWHP, Q WNEGIA HYHIW DG BRMKDN GYIHH NQYHY P XWAEH
ZROAUIHSIORSHOMDAYIQ) ZRN

) DWKLQ) DOGAYLQY RSHDIRQYP XWAHYHUEH FDUHG RQMP XARGHRAO 1 GYLQ) XQEHMH\KLS LV

LP SHDIYHGHWR I RXQQY R WHSURSHIBU KHDA \RRYRXIKWR EH®Z HIG\R WHAYHUIQD JRRG EDY
2 HAYHU R DSOU \KRX@Z RIN Z KLBIDVHRQG DRVDY GR\RW %H RIHDQ. Z DMUHQN  QYHY\KRXG
FKHANVR\VFHLL \KDUNY DUHI RTBZ LQ) \WWH\KLS

9 (PHJIHRA 3WRAGXUH

5 RAMH/DQG HNXLSP HWKRX@ EHRAEHG EH RHHP EDING) 7 KHWKLS VSK\ MADQVKRX@SKDYH

NRZ BEIHR GYIQ) DFRGHWDQG UMMM LG SURFHEXUWY 5 HHIHPRAKAK D/8 6 1 DA ' INQY
0 DOCOKRXGEHLFOGHGIQKYARDY 5 HRP SUMMRQFKTP EHYDQGWHP HOQVR JHAY DAYHAR
ROHRXI KVWR EH KDY | RONHHMHIMCH Y

7KHHP D EHRABQHSIURP 0 LCHEDHV'S SSIDFHERSRDARY ' THIHJ&R SRIDMRQDQG. MWRZ D
&RSRDIR)
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$Q QYHJGMUQ) \WHDSSIRYDOR XVHDAYHARP SXMUD/DP HIQVR GHAMP LAQ) GHFRP SIRMRYQ
DXV XWAZESO R\WH' IYIQ) & RQNRO/RDLG FRP SBIMDQ DSSURSUDM SULIRIFDOARQIQ) \AMRQDIGSDN
DZ UMKDH P LODARD

( DK QYHJUOLQ) RODAYHARP SXAMME STQGA.YH/ DOGLQAFDMRUGHMP LGHGHRP SURMRQ MY
P XWKDYHKLVRZ QXQW

2 QD JIYHOAYH RN AYHYIQWHEXG3 SOUP XWWRIBZ \WHP RIWHRQHYDRYHAYHFRP SX\WMU
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$ AYHMRXGR/AYHIRY  KRAYEH RIHCRR/DY DAYHHARP SXURMUMR XVHLVWR FRQURCKLY GYLQ)
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RPWHGRY  KRAWKDYHHDBVHG Z KIFKHYHUFRP HYI LIV

: KHQXVQ) DAYHFRP SXWAU QRO HP HIHIR  DRHQIVDUH\R BHDAKHUDM\SHAL LHG | RAKHP DNHDQG
P RGHR QYHFRP SXAUEHQ) X\WHG

$ \VFHOANDMNKDODCRW AHG 1I\VZ P IQIOWHODW  1\Z

. KHHYHUSUIANDO GYHY XMQ DAYHARP SAWNKRXGP DNHDOWS BHEHD D06 THHVRUILYH
P LMY HEADD IRIAYHVEHBZ I\Z

2 @ RHAYHRQWHGAYHFRP SXMIQZ KIFK\WH1 ' / R \KH\EEGYRUGYHFRP SXMIKD/EHD
HAHEGPD EHPOAHIQD)  KRXUSHIRG

5 FBHIMWYHDG P XAQVGYHOAYIQ) SURAHGAUH \VKRXGWIWWHGAYH RAVHIH/R QYH/ DAKRHP O LIP XP
SOQHGAEBW IRBZ HGE \MEVHDXHMNAYH/R \KDBZ HJH SRXUHY

0 XABBIGH5 AYH/UHPAUHVGHH DOHRQUGHDNRQ



Appendix G

AAUS Safe Ascent Recommendations

It has long been the position of the American Academy of Underwater Sciences that the ultimate
responsibility for safety rests with the individual diver. .

The time has come to encourage divers to slow their ascents,
1. Buoyancy compensation is a significant problem in the control of ascents.
2. Training in, and understanding of, proper ascent techniques is fundamental to safe diving practice.

3. Before certification, the diver is to demonstrate proper buoyancy, weighing and a controlled ascent,
including a 'hovering' stop.

4. Divers shall periodically review proper ascent techniques to maintain proficiency.
5. Ascent rates shall not exceed 60 feet of sea water per minute.
6. A stop of the 10 to 30 feet of sea water zone for three-to-five minutes is recommended on every dive.

7. When using a dive computer or tables, non-emergency ascents are to be at the rate specified for the
system being used.

8. Each diver shall have instruments to monitor ascent rates.
9. Divers using dry suits shall have training in their use.
10. Dry suits shall have hands-free exhaust valves.

11. BC's shall have a reliable rapid exhaust valve which can be operated in a horizontal swimming
position.

12. A buoyancy compensator is required with dry suit use for ascent control and emergency flotation.

13. Breathing 100 percent oxygen above water is preferred to in-water air procedures for omitted
decompression



