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16. A bs t ro ct ~~~
The report is an analysis of personnel tasks on vessel systems trans-

4 porting bul k hazardous and noxious chemicals. The recomendations relate
to qualifications and training of chemical handling personnel aboard tank-
ships and tank barges for two cargo containment systems (i.e., ambient-
pressure-ambient temperature, and high pressure-ambient temperature). Topics
discussed are Initial personnel certification, renewal of certification,
time frame for renewal and retraining. One of the results of this study is
a data bank of tasks performed by marine personnel handl ing bulk chemical
cargo (bound separately as Appendices J and K). In addition, an educational
curriculum guideline was developed that may be useful to anyone interested

- in designing a training program for marine chemical handling personnel. -
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PREFACE

It Is probable that technical advances in marine transportation sys—
- tems may have exceeded human capabilities in some Instances, and therefore more

attention should be devoted to human factors research. The Coast Guard spon-
-
~ sored human factors analysis being done by OR! is a large step In the right

direction towards reducing human error in marine transportation.

This study was performed under the general direction of Mr. Leonard A.
- 

Stoehr, Program Director, by Dr. Paul A. Martino, Principal Investigator. The
- method of analysis used in this study is called Functional Job Analysis (FJA) ,
- a technique developed by Dr. Sidney Fine, a specialist In human factors and

job analysis. Dr. Fine, as a consultant to OR!, trained OR! team members in the
application of FJA, and also provided constructi ve criticism throughout the
period of study which greatly contributed to the analysis. His enthusiasm and -

•

personal Interest in this study is appreciated. Al so, Ms. Janice Smith’s
assistance in the development of task statements and the task designator-cur—

. riculum matrix is appreciated.F ,

- 
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EXECUTIVE SUMMARY

INTRODUCTION

This is a final report on the analysis of personnel tasks on vessel
systems transporting bulk hazardous and noxious chemicals. The analysis was
conducted as Task 3 of Human Factors Requirements Contract No. DOT-CG-41903-A.

The primary objective of the analysis Is the development of a set of
qualification standards for personnel responsible for safe handling of hazard-
ous chemicals transported In bulk by tankshlps and tank barges. One of the
resul ts of this study is a data bank of tasks performed by marine personnel
handling bulk chemical cargo.

In addition, the study developed an educational curricul um guideline
that may be useful to Coast Guard evaluators when they examine proposed chem-
ical handling personnel training programs.

One of the key findings as a result of this study is that chemical
cargo tankermen should be certified for the type of chemical cargo contain-
ment and handling system (i.e., ambient pressure—ambient temperature, high
pressure—ambient temperature, etc.). In addition, the level of personnel
qualifications and training is dependent on: (1) special chemicals having
unique or unusual handling procedures (e.g., chlorine, ethylene oxide, etc.),
(2) the type of vessel (e.g., tankshlp, tank barge, etc.), and (3) class of
vessel (i.e., cargo size). The importance of distinguishing containment sys-
teins will be borne out in the text of this report. The class of vessel is

III

JL_~~~~~A _~~~ ~~~~~~~ 1& .~~~~~~~ .~~_____



— ~ --— — --—-‘-- --- — w-._ ~~ — _-_ . — -,.—--. .
~- - ~~•-• - - , -- -,--. —-•

~~
‘----. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~

¶

important because as chemical cargo size increases , so does the magnitude of
hazardous cargo accidents. Al so, larger cargo loads usually require faster
handling rates to reduce vessel turnaround time, which increases the likeli-

— hood of accidents due to human error. Cargo containment system complexity
varies with vessel type, which implies that training and qualification of per—
sonnel must vary accordingly to assure proficiency and competence.

In general, the Coast Guard should qualify chemical cargo handling
personnel on the basis of satisfactory completion of training. The level of
training should reflect the degree to which the personnel are involved with
the chemical cargo. The training should include a general understanding of
the safety principles Involved In bulk chemical transportation, as well as all
the hazards an individual may encounter duriflg bulk chemical cargo handling
operations. A period of practical experience in applying these principles
should be required for a particular containment system. This analysis con-
sists of tasks performed by the person-in-charge of bul k chemical handling
operations aboard tank vessels. Levels of training are also defined for other
personnel.

The general recommendations in this summary relate to qualifications
and training of personnel responsible for handling bulk chemical cargo on two
bulk chemical cargo containment systems (i.e., ambient pressure-ambient temper-
ature, and high pressure-ambient temperature). The recommendations address
such topics as initial personnel certification, renewal of certification, time —

frame for renewal , and retraining.

REC OMMENDATIONS

1. CertificatIon of chemical cargo tankermen should be
tied not only to regulatory dangerous cargo classifi-
cations (i.e., fl ammabl e liquids, combustible liquids,
compressed gases , etc.), but moreover, to types of
chemical cargo containment systems (e.g., ambient
pressure-ambient temperature, high pressure-ambient
temperature, etc.).

2. DIstinct endorsements to a certificate should be required
for handling especial chemicals having unique or unusual

4 -
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hazards and handling procedures. Selection of these
“special” chemical cargoes should be based on a scientific
approach. That is, it shoul d be based on a consistent
reliable hazard rating. Further research should be con-
ducted to establish an acceptable criterion.

3. CertIfi cate endorsements should be required for handling
bulk chemicals on different types of vessels (i.e., tank-

-~ ship, tank barge, other) and class of vessel (i.e., cargo
size), because c~’em1cal cargo containment complexity varies
with vessel type and the potential of cargo accidents in-
creases with cargo size.

- 
- 4. ?nitlal certification should be based on (1) completion of an

approved formal shoreside training program and (2) written cvi-
dence from a responsible member of industrial management, stating
that the applicant has learned to operate cargo handling controls

- - and equipment In a competent and safe manner. Satisfactory com-
pletion of a Coast Guard aóninistered examination may be substi-

I • tuted for (1).

5. To maintain a high level of safety, the Coast Guard should
I require an applicant for initial certi fication to demon—

— 

I strate his ability to read and understand the English language
before issuing a chemical cargo tankerman ’s certificate.

6. Renewal of certi fication should be required when there is
- 

~ one-year lapse in chemical cargo handling experience.
Formal shoreside training should be required prior to renewal
of certi fication. If these reconinendations are followed,

. there is no need to change the existing license renewal time
frame requirement of fi ye years to a more frequent one.

7. On-the-job training is a necessary condition, but not suf-
- - 

ficient for maintaining a high level of safety. In addi—
tion, personnel should attend some type of formal shore-
side chemical cargo handling training school on a periodic

‘
V
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basis to maintain a high level of proficiency. The train-
ing programs of such schools should be approved by the
Coast Guard and approval should be based on an examination
of courses, number of course hour s, and training aids .
(Recommended training curriculum outlines are presented in
Appendices C and D.)

8. The use of a liquid cargo handling simulator at formal
shoreside schools is recommended for refresher training . 

-

and performance testing, especially for those chemical
cargo officers assigned to tankships with centralized
cargo control consoles . Reconmiendati ons concerning the
scope of performance tests are given on page 11.

9. Where centralized cargo controls are utilized, the sub-
stance of on-the-job training should be in concert wi th
not only the scope and degree of the hazards presented

— by the chemical cargo, but moreover , the operation of
cargo equipment controls, reading and interpretation of
gauges, chart recordings and other data displ ays. Cargo
handling personnel should be taught to handle centralized
controls in normal and abnorma l situations according to
prescribed procedures. Recommendations concerning con-
tent of prescri bed procedures are on page 17.

10. Future training needs should be anticipated. For cx-
ample, chemical tankships may someday be fitted wi th
advanced centralized cargo control systems. Some sys-
tens will be set up with computers to control pumping
operations, as well as compute vessel stability, trim
and stress data for various cargo plans. Training re-
quiremnents should include tests on how to operate
such sys tems.

-~ 11. Applicants for initial certification as a chemical tanker-
man should be required to have sufficient experience.
Active participation as an assistant to a qualified person

vi
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in a minimum number of chemical cargo transfers within a
specified time frame would meet this requirement.

12. The number of chemical cargo transfers required of per-
sonnel to qualify them as having sufficient experience
should be determined from known operations. The Coast
Guard should seek the cooperation of chemical and marine
transportation industry representatives through established
rule—maki ng procedures to formulate practical experience
standards . As a first approximation, a minimum of six
months apprenticeship as an assistant to a person hold—
ing an appropriate tankerman’s license and participation
in at least 12 relevant chemical cargo transfers (six
loadings and six dischargings) should be sufficient cx-
perlence on a tankshlp. The same experience for barge
personnel is recommended; however, the six—month time
period requirement should be wai ved or tied to a marine
terminal rather than a vessel .

13. On-the-job training progr~ conducted either on a tank-
ship or marine terminal should be designed to supplement
formal shoreside training. Films and other visual aids
should be used to indoctrinate personnel in specific char-
acteristics of a chemical cargo handling system.

14. Terminal personnel responsible for loading and discharg-
ing bulk chemical vessel s and shipyard personnel respon-
sible for cleaning and gas—freeing bulk chemical vessel s
should be required to have a tankerman’s license subject
to the same special endorsements discussed in reconinenda-
tlons 2 and 3 in this listing.

15. Wri tten operating procedures and checklists should be re-
quired on chemical tankers and terminals to improve bulk
chemical handling safety. Checklists should be designed
to assure a “systems approach” in the inspection of

I: - . 

chemical cargo equipment and safety equipment. This
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will facilitate the detection of material deterioration
early enough to take corrective action. It Is especially
important to requi re a system’s checklist for inspection

- of vessel equipment prior to transfer of chemical cargo.

16. Safety regulations are the main foundations on which
- operating procedures are built. It may be difficult for I

field personnel to formulate clear, concise and easily
understood operating procedures , if the Federal regulations
themselves present complications. Current maritime hazard-
ous chemical regulations are difficult to interpret be-
cause they are scattered about in several subchapters of
the Code of Federal Regulations. Another complicating
factor is cargo handling operational requirements are
intermingled with vessel construction and equipment spe-
cifications. The consolidation of Coast Guard regulations
relating to bul k chemical cargo handling operations into
a single cohesive set of regulations should alleviate
these problems. The development of a handbook or guide
describing these regula~ions in a form that can be easily
read and understood by marine transportation chemical
handling personnel would also be helpful .

17. Task analyses should be performed on the remaining two
containment systems defined In this study (i.e., ambient
pressure—low temperature, and ambient pressure-high
temperature).

18. A study should be conducted to determine why personnel -

do not wear available protective gear when exposed to
dangerous conditions during chemical cargo handling on
tankships and barges .

~~~ 
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I. INTRODUCTION

The transportation of bulk hazardous chemical cargo presents complex
problems for personnel responsible for cargo handling. Many of the chemicals
have a variety of hazards, including reactivity, flammability, and toxicity.
Another complicating factor that presents a potentially hazardous situation
is the state of the chemical cargo during transport and handling . Some chem-
icals are- handled as pressurized liquefied gas in high pressure cargo contain—

- - ment systems, while others are transported as cryogenic liquids , or as solids
in a molten state at elevated temperatures.

In the analysis of personnel tasks being reported here, the first
level of approach of the study team has been to differentiate the types of
containment and handling systems in use today by specifying conditions of
chemical cargo transport. When this is done, four distinct systems are
defined:

1. Ambient pressure-ambient temperature
2. High pressure-ambient temperature

- 3. Ambient pressure-low temperature
4. Ambient pressure-high temperature.

The first and second containment systems are the only ones analyzed
in this study.

In the ambient pressure-ambient temperature containment system,

- 

chemical liquid cargo is handled near atmospheric pressure (1 atmosphere ) -
-

- 

1
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and normal temperature (about 7Q0 F). The chemical liquids are usually trans-
— ported on conventional tankships in tanks that may be separated from each other

by void spaces or tanks containing a mutually compatible cargo. High pressure-
ambient temperature systems contain pressurized liquefied chemical gas cargo
at or near the vapor pressure of the gas at ambient temperature. There are
only a few pressurized liquefied gas tankships currently in use today. Pres-
surized liquefied gas cargo is usually transported in pressure vessel tanks
on tank barges operating on the inland waterways of the United States.

It is possible to have more than one containment system or a combina-
tion of different systems aboard a single vessel; however, in the interest of
efficiency and simplicity, this analysis considers only a single system for a
particular vessel type. It was decided that the analysis could be best accom-
plished by assigning the ambient pressure-ambient temperature cargo containment
system to a tankship and the high pressure-ambient temperature cargo contain-
ment system to an unmanned barge. Although there will be some variation in
personnel tasks depending on whether the containment system is on a tankship
or tank barge, the difference is considered negligibl e for the purposes of
this study.

Typical chemicals transported by these two containment systems are
listed in the tables of Appendices A and B. It should be noted that each chem-
ical has a variety of hazards which are revealed in the National Academy of
Sciences (NAS) hazard ratings, and also shown inthe tables. Itis of interest
to note that in most cases, the federal regulatory classification for each
chemical indicates only one hazard (which in general appears to have the
highest NAS rating), but gives no indication of the other hazards a chemical
may possess. This could be dangerously misleading because the regulatory
classification points only to a primary hazard and masks other hazards which
may be harmful to personnel responsible for handling the cargo. Personnel
should be trained in all hazards they may encounter in handling bulk chemicals
rather than, for example, a “flammable cargo tankennan” receiving training in
only flamability hazards. Table 1 illustrates one way in which chemical
cargo tan kermen endorsements may be appl ied.

The method of analysis used in this study is Functional Job Analysis
(FJA), developed by Dr. Sidney Fine, a special ist in human factors and job

2
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analyses. FJA was selected because it focuses on the functions of man-machine
interactions, and it takes a systems approach of maintaining a broad perspec-
tive which is essential for the development of good reccimiendations relating
to personnel training qualifications. The concepts and techniques of FJA are
discussed very briefly in this report since they have been covered adequately
elsewhere.1 

- —  

-

ORGANIZATION OF THE REPORT

It was recognized in the later stages of the study that, due to great
similari ty in content, a single report would be more effective for the analysis
of both containment systems. Therefore, both systems are covered in this report
but treated separately whenever necessary to point out major differences. Recom-
mendations relating to educational curricula for personnel handling bulk hazard-
ous chemicals at ambient pressure and temperature, and at high pressure and
ambient temperature are contained in Section II. Al so, recommendations relat-
ing to operating procedures, safety regulations and checklists are discussed In

- 

Section II. A brief summary on how functional job analysis was applied in this
- 

4 study is contained -In Section III. Recommended future analyses related to this
work are discussed In Section IV.

— - To maintain clarity, functional job analysis task data and related in-
formation are Included in the appendices. Typical chemical cargoes transported
in each containment system (i.e., ambient temperature-ambient pressure, and
high pressure-ambient temperature) are contained in Appendices A and B. Curric-
uluin outlines for both containment systems are in Appendices C and 0. Appendix
E contains a bibliography of the literature reviewed on tanker chemical cargo
equipment and procedures relating to bulk chemical cargo handling operations.

4 Persons contacted in the chemical distribution and marine transportation field
- during this study are listed in Appendix F. The task statement scales of worker

j function, instruction level , and general educational development defined in

1 For a detailed discussion of EJA, see An Introduction to Functional Job An- .

alysis, Sidney A. Fine and Wretha Wiley 11971); Functional Job Analysis,
- 

~ Sidney A. Fine, Ann II. Holt and Maret F. Hutchinson (1974); Functional Job
-
. - Analysis Scales Sidney A. Fine (1973); and Handbook for the Development of

Qualifications ~or Personnel Tn New Technology Systems, c~ r Technical Report
1012 (1976),

4
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Functional Job Analysis Scales, A Desk Aid, by Sidney A. Fine ar! provided In
Appendix I. The detailed task statements which describe tasks, performance
standards, training and basic educational requirements for personnel handling

— chemical cargo are bound separately because of the large amount of data de-
veloped from an analysis of both containment systems. The task statements are
contained in Appendices J and K.
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II. RECOI’VIENDATIONS ON TRAINING

EDUCATIONAL CURRICU LA

In addition to documentation of tasks, the analysis develops a cur-
riculum outline which may be used as a guide by the Coast Guard when evaluat-
ing proposed chemical cargo handling training programs. The task statements
themselves serve as detailed recommendations for training; however, this an-
alysis extends the work of previous studies2 to include a curriculum outline.

The first step in the curricul um design was to identify curr iculum
titles. This was accomplished by careful examination of the FJA task state-
ments, The skills and knowledge s hown on the task statements were compiled
and grouped into clusters to derive course titles. Thus, the course titles
are constructed directly from the task analysis developed in this study.

A list of recommended course titles for training personnel handling
bulk chemicals for both containment systems is shown in Table 2. The key
points and distinctions in personnel training requirements are highlighted
in the discussion below.

The person-in—charge of chemical cargo handling is the only person
required to have training in all the courses shown. The other chemical cargo

-
~ 1

2 RecommendatIons for Qualifications of Liquefied Natural Gas Cargo Personnel, —

Operations Research, Inc., Tecimical Report 997, January 1976, and Reconinen-
dat-Ions for Qualifications of Engineering Personnel of Nuclear-Powered Sh!p,~Operations Research, Inc., Technical Report 1011, 1976.LI

~
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TABLE 2
RECO*IENOED COURSE TITLES

TRAINiNG TRAINING RESOURCE I PERS(WIi]
_____________________________ ________ _____ 

_e 
________ _____________ ___________ —

Shoresid. ~ O-J-T Train ing Person-in-charge. Other Cheu,lcal 1
Curriculum Course Titles Training ~~~~ Vesse l /Chemical Simulation Chemical Cargo Handling Other Vessel

School am Terminal Cargo Handling Personnel Personnel

I.  Chemical Properties. Hazards
and Hazard Control
A. Physical and chemical

properties and char- (16) x o x
4 

- acteristics —
B. Chemical hazards (24) x x o
C. Hazard detection and (16) ~ o

II. Containment Desipe Concepts
and Safet~y Features
A. Mechanical design features

of chemical cargo contain- (8) o 0 x x
ment and handling system

B. Design, components and
functions of cargo con- ‘8 o x x xtainment control
umchanlsms

C. Components and functions
of safe ty Instrument s- ‘8’ ~ 0tion and emergency
systems

- III. Chemical Cargo Equipeent
Operation and Maintenance
A. Functions of chemical cargo 40 ~ xcontrol fnstrtrentatlon
B. Purpose and operation of ‘40’ 0 K K Kcargo equipment ‘ ‘
C. Safety principles and pro- ‘20) ~ Kcedures of equipment setup
D. Maintenance of chemical 

~ ~ 0 K X Kcargo and safety equipment
IV. Safety and Emergency Procedures

A. Safety precaution s during
chemical cargo transfer (16) x o x K x K

operations
I. Fire fighting techniques

and procedures for c h —  (16) * o * x K K K

- ical firs, 
-

C. Purpose and use of per-
sonnel protection and (16) * 0 K K x K
safety equipment

0. First aid procedures (16) x 0 x K * K K

V. Proger Procedures and Safety
— P~ cautIons in Conformance

wTtJl ~.vsrtwient Regulations &Industry Safety toda s
A. Pvrpose and content of

Coast Guard da gerous ‘8~cargo and water pollution Z

regulatio ns
I. Purpose and content of in-

ternaticoal shIpping (6) x K 0 *safety codas and guides
C. Purpose and content of in-

dustry codes and govern — (8) K K 0 K
mint safety guides 

_________ ______ _____________ _________ _______________ _____________ ___________ 
-~

Notes : * • Primary Traini ng Resource ; o • Augeents Primary Training; C ) • Necoemended Mlnim, N,~~er of Class Hours

8 - .

____—

- _ _

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~, - — ~~~~
- - 

~~~~~~~~



- - ~~
__

- ~~~~~~~~ 
-- -—----—-— ——~ —---~~~—--~~—-~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ---- ~~~~~~~~~~~~~~~~~~ - -

handling personnel perform lower level tasks and therefore require a lower
level of training and qualification. The scope of their training is essen-
tially the same as for the person--tn-charge; however, they do not need a
tra ining course in:

• Proper procedures and safety precautions -In conformance
wi th government regulations and industrial safety codes.

Instead, they must be familiar with standard operating procedures
based on current safety regulations. Al so, It does not appear necessary for
them to be knowledgeable in such areas as:

• Hazard detection and control

• Physical and chemical properties and characteristics.

It is assumed that tasks requiring knowledge in these subject areas
will be performed by the person-In-charge. Other personnel associated with
the vessel do not need as much training as cargo handling personnel, but they
should have training in:

• Chemical hazards
• Fire fighting techniques and procedures
• Purpose and use of personnel protection and safety

equipuent.
• First aid procedures.

The delineation of testing and training procedures (i.e., shoreside
training, on-the—job training, s imula tion and wr itten e xam inations ) is also
shown in the table. It should be noted that classroom instruction is con-
sidered the best method for teaching courses in:

• Chemical properties, hazards and hazard control
• Proper procedures and safety precautions in conformance

- wi th government regulations and industrial safety codes.

In comparison , on—the—job training should be utilized for such courses as:

• Containment design concepts and safety features
• 

• Chemical cargo equipment operations and maintenance.

_ _ _ _ _ _ _ _ _ _ _ _ _  j  - - 
-



Simulators can be used to increase personnel proficiency in standard operat-
ing procedures (and especially emergency procedures which rarely occur during
actual operations). Simulators will enhance teaching methods for such courses
as:

• Functions of chemical cargo control
Instrumentation

• Safety precautions during chemical
cargo transfer operations.

The use of simulation warrants further discussion. It is known that chemical
liquid cargo simulators are not available today at formal training schools.
The Maritime Institute of Technology and Graduate Studies, LinthicLin Heights,
Maryland, has a liquid cargo simulator, but they do not have a program to
train personnel in the many problems associated with bulk chemical liquid
cargo handling. There are other alternatives which can be pursued. Modern
chemical ships have cargo control consoles which can be used to simulate
chemical loading/discharging operations. These facilities can be used for
training , to ensure personnel and equipment are properly integrated through
prepared procedures.

The subject of simulation leads to operational performance testing,
which is a good training method to minimi ze operational errors. Haniner dis-
cusses operational errors and states that they are primarily control and pro-

F 
cedural types.3 Types of human errors generated by procedural problems in—
d ude problems with the procedures themselves, “which may be lacking, incor-
rect, lengthy, awkwar d, poorly written and hard to understand.”~’ Control
errors occur even when a procedure Is followed according to a specified plan.

¶ Indicators can be read incorrectly and evaluations or jud~nents can be based
on inaccurate settings. A few examples of possible marine transportation
chemical cargo accidents caused by control errors include:

~ Willie Haniner, Handbook of System and Product Safety, Prentice Hall , Inc .,
1972.

‘ Ibid., p. 194.

- ~

• 

- 
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- • Cargo tank overf low due to an excess ive loa ding rate
during topping off operations.

• Mixing of reactive chemical cargoes due to pushing the
wron g button on a cargo control console or opening the
wrong valve.

• Cargo hose rupture caused by too fast a flow rate at
the start of cargo transfer.

Performance tests should be designed to test the person’s understand-
ing of a particular cargo handling subsystem and his familiarity with the con-
trol s and operating procedures. They should be administered by a responsible
representative of industry. The test should require the person to demonstrate

an understanding of: 
-

• Start-up procedures for chemical cargo transfer opera-
tions including the status of associated equipment which
could affect the safety 0f chemical cargo handling opera-
tions (such as tankship engines, boiler s, combustion equip-
ment, other craft alongside the vessel, etc.).

• The instrumentation system and the significance of chemical
cargo instrument readings.

• The manipulation of console controls required to bring
the chemical cargo from start of flow conditions to
designated steady state pumping rates and to topping off
conditions.

• The significance of alarms and signal s indicating an
out—of—limits chemical cargo condition and response
procedures for remedial action.

• The control manipulation required to obtain desired
chemical cargo conditions during abnormal and emergency
situations.

• The operation of sys tems coupled to the cargo handling
operation such as bal lasting, tank cleaning and gas-
freeing.

- 9 11
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Some type of simulat ion or role playing is also required for such
courses as:

- 
• Fire fighting techniques and procedures in chemical

- fi res -

• Purpose and use of personnel protection and safety
equipment

• First aid procedures.

Personnel can learn fire fighting techniques by attending established shoreside
fire fighting schools where they will have an opportunity to fight fimmuable
liquid fires approaching nearly realistic conditions. In addition, personnel
can learn how to use personnel protection equipment and administer first a-Id
at such schools. -

Al so shown in the table are the reconinended minimum number of class—
- - - room hours for each course. These are estimates based on known training pro- 

-

grams currently offered at marine safety schools (e.g., fire fighting schools).
I No estimates were made on required number of Instructors or class size because

— 

- they vary widely depending on such factors as the number of applicants seek-
ing training in a given locality. Instructors at these shoreside schools

- 

- should be familiar with maritime operations, preferably have some prior mari-
time or naval experience and formal education in fundamentals of chemistry and
physics. Merchant marine academies and union schools should have adequate
facilities for the development and administration of chemical cargo handling
training programs.

— CURRICULUM DETAILS
The development of a detailed curriculum outline required synthesiz-

ing material from the literature with information specified in the task state-
ments. The method described here produces the same course titles for both
containment sys tems, but differences occur in the details of the curricul4an
outline. These differences are attributed primarily to dissimilar character-
istics of the cargo In each system. In one case, we have a chemical liquid
in i ts natura l state at atmos pheric pressure and norma l temperature , and in

-
. the other, we have pressurized liquefied chemical gas at high pressure and am—

bient temperature. There are also differences because of variations in cargo
- handling equipment. For example, when transferring chemical liquid at ai~ient

12
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pressure-antient temperature, on a tankship, the person responsible for cargo
handling operations will probably have to know how to operate cargo valves and
controls to a deep-well cargo pump. The transfer of pressurized liquefied gas
on a barge, on the other hand, may require knowledge of how to open a cargo
valve on a barge to regulate t he cargo flow from a shores ide compressor or
vaporizer. It should be noted that the curriculum outline is essentially in-
sensitive to whether the particular containment system is on a tankship or
tank barge. Thus, the curriculum outline appears adequate for personnel han-
dl ing bul k chemicals on both tank barges and tankshlps. A detailed curricu-
lum outline for each cargo containment system is contained in Appendices C
andD.

OPERATING PR OCEDURES

A relationship between task distribution and FJA instruction level
is shown as a histogram in Figure 1. The task distribution relating to general
educational level in reasoning, math and language is shown in Figures 2 and 3.
The figures show that most of the work is a combination of prescribed and dis-
cretlonary tasks which require personnel to have good skills , a relatively
high educational level and a great deal of work experience.

Caution should be exercised when conducting an analysis of data shown
- in these figures. For example, Figure 1 shows a greater number of discretionary 

-

tasks for the high pressure-ambient temperature containment system on a tank
barge than for the ambient pressure-ambient temperature system on a tankship.
This may not be true in all cases, and such a conclusion can be misleading
and misrepresentative of the real world situation. It may be safe to say,
however , that since a high percentage of tasks are more nearly prescriptive
than discretionary, It follows that written operating procedures and checklists
should be required on chemical tankers and terminals to improve bulk chemical

- handl ing safety. -

-

Checklists should be designed to assure a “systems approach” in the
inspection of chemical cargo equipment and safety equipment. This will facili-
tate the detection of material deterioration early enough to take corrective
action. It is especially important to have a system’s checklist available for
inspection of vessel equipment prior to transfer of chemical cargo.

1:: 
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A written operating procedure is of primary importance when training
chemical cargo handling personnel on the job. Operating procedures should
include:

1. A general description of chemical hazards and precautionary
— measures to be followed.

2. The significance of chemical hazards including permissible
levels of chemical vapor exposure to unprotected personnel.

3. An emergency plan for a particular chemical cargo contain-
ment system and duties assigned under the plan.

4. A detailed description of the required chemical cargo
handling operating procedure, including labeling and
color coding of controls and vel~~~. -

5. The specification of system variables, such as time,
temperature and pressure.

6. A clear definition of each sequence with special hazards
noted for each sequential operation.

- ‘ 
7. A clear definition of operating instructions and emergency

shut down procedures.
8. A procedure on when and how to report malfunctioning equip-

ment, or an unsafe practice.

It should be mentioned here that while well—written operating proce-
dures may be important, they do very little if personnel do not have the lan-
guage ability to read and understand them. This analysis (Figures 2 and 3)
shows that many tasks require a relatively high language ability (FJA rating
of 4). An FJA language rating of 4 means that the individual in many cases
should be able to understand technical manuals and verbal instructions, as well
as drawings and specifications associated with chemical cargo handling opera-
tions .

One other important point should be made here concerning federal

- . hazardous materials regulations. Safety regulations are the main foundations
- - - :  on which operating procedures are built. It may be difficult for field per-

sonnel to formulate concise and easily understood operating procedures, if
the federal regulations themselves present complications. CUrrent maritime

- • -
. 
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hazardous chemical regulations are difficult to interpret because they are
scattered about in several subchapters of the Code of Federal Regulations.

- Another complicating factor is that cargo handling operational requirements
are intermingled with vessel construction and equipment specifications. The
consolidation of Coast Guard regulations relating to bulk chemical cargo han-
dling operations Into a single cohesive set of regulations should alleviate
these problems. The development of a handbook or guide describing these
regulations in a form that can be easily read and understood by marine trans- -

- portation chemical handling personnel ~~uld also be helpful .

p
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I I I .  FUNCTIONAL JOB ANALYSIS

- 

- The following discussion sununarizes how FJA was applied in this study.
Much of the information presented here can be found in the Handbook for Develop-
ment of Qualifications for Personnel in New Technology Systems , ORI Technical

I Report 1012, 1976. Excerpts from the Handbook are included here only in the
- interest of completeness.

METHODOLOGY OUTLINE

The procedure for developing training qualification requirements and
licensing criteria for personnel in marine chemical handling systems can be
subdivided into ten separate activities. These activities are illustrated
in the flow chart shown in Figure 4. The figure is designed to point up the

I fact that although the ten activities are performed in sequence, there Is a
good deal of back-fl ow during progress toward completion. System diagra ing
(Activity 2 in the figure) may point up a need for more information (ActivIty 1);
so may the task editing activities send the analysts back for more information.
Each step continues, is Consulted, and is resumed as needed throughout the

analysis.

Early In the study a literature review was conducted to examine the
chemical cargo equipment in use on tankships and tank barges, as well as an

. examination of the procadures followed in chemical carg o handling operations.

19
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A bibliography of this literature is presented in Appendix E. Other sources
of Information included interviews with chemical loading/discharging super-

-
~ visors and marine department managers of major chemical companies. Appendix F

contains a list of people contacted by telephone, mail, and person-to-person
Interviews. Wri tten information in the form of operating manuals was received
from Marine Transport Lines, Inc., and Socony Mobil Oil Company. EXXON Inter-
national stated that they did not have any materials which they considered
useful for this study. Hendy Brothers has extensive manuals based on a
systems approach for handling vinyl chloride monomer; however, their manuals
were not made available for proprietary reasons. Chemical distribution
terminals, chemical tankers and tank barges were visited whenever arrange-
ments could be made during this study. Information on specific chemical cargo

— handling operations were obtained through interviews of chemical cargo handling
personnel and inspection of vessels , cargo equipment arrangements, and controls.

Visits to Dow Chemical Company’s bulk chemical distribution terminal
in Freeport, Texas, were extremely helpful . One of the largest bulk chemical
distribution centers in the world, the facility handles a wide range of chem-
icals with a variety of hazards. Also, observations of personnel conducting
cargo transfer operations aboard Union Carbide’s chemical tanker, the ALASKAN,
provided good data to Improve task statement reliability.

Based on a review of the information gathered, a flow diagram of each
containment system was developed to assist in the identification of system
functions. Figures 5 and 6 illustrate two examples of typical chemical cargo
transfer schemes. Figure 5 represents chemical liquid transfer from the
terminal to a tank vessel , and Figure 6 illustrates the transfer of pressurized
liquefied chemical gas from a tank vessel to the terminal . The purpose, goals,
and objectives of each containment system were delineated in accordance with
FJA methodology. Figures 7 and 8 illustrate the functional purposes, goals,

1 I and objectives of the ambient pressure-ambient temperature and high pressure-
ambient temperature containment systems, respectively. Tasks performed by the
person—in—charge of chemical cargo handling on tankshlps and tank barges were
Identified, conceptualized and formulated in relation to the purposes, goals
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and objectives of the system. Task descriptors and curriculum outlines for
both containment systems are presented in matrix form in Appendices G and H.
Functional Job Analysis task statements for each containment system are bound
separately in Appendices J and K.

FJA TASK STATEMENT
A complete FJA task statement has nine parts:

1. Goal to which the task contributes.
2. Objective to which the task contributes.
3. A description of the task, written according to a

prescribed format to include a standard set of
content elements.

4. Measures of the orientation of the worker’s function
in the task, i.e., extent to which it invol ves the
worker with data, people, and things. The extent of
involvement of each kind is expressed as a percentage.

5. Measures of the level of the involvement with data,
people, and things, i.e., the complexity of the worker’s
action with respect to data, people, and things. Com-
plexity is determined from scaled descripti ons that have
numerical ratings assigned to them.

6. An indicator of the level of compl exity of the instruc-
tions the worker must follow. Level of instructions
Is also given a numerical rating according to a corn-
plexity scale.

7. Indicators of the general education development (GED)

-: reQuired to do the task, i.e., the level of language,
math, and reason ing s kills. These leve l s are al so
given numerical ratings according to complexity scales.

8. Performance standards - the criteria by which performance
will be evaluated.

9. Training content — what the worker has to know and be
trained to do to perform the task to the standards
indicated .I.-.
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The tenns Ntask statement” and “task statement form” refer to all ni ne
parts or their documentation. “Task description” is the verbal statement of
the task only.

Figures 9 and 10 are example FJA task statements for each containment
system. Both tasks deal with the operation of cargo controls to start and

- conduct cargo transfer operations. The example shown in Figure 9 is concerned
with an ambient pressure—ambient temperature containment system, and describes
starting and regulating chemical liquid flow by controlling the operation of
a cargo valve. In contrast, the task statement shown in Figure 10 describes
how pressurized liquefied chemical gas flow is controlled by adjusting a
cargo valve on the barge and coninunicating with shoreside personnel control-
ling a vaporizer to heat the cargo. The scales for both tasks are the same,
even though the equipment operation differs in principle. The task statement
scales of worker function, instructional level , and general educational de-
velopment defined in Functional Job Analysis Scales, A Desk Aid , by Sidney A.
Fine, are provided for ready reference in Appendix I. The scale ratings for
the complexity of task content, instruction, and language/reasoning/math skills
provide checks on the accuracy of the task description.

WRITING AN FJA TASK STATEMENT
— The goals and objecti ves have already been defined in the process of

delineating system function and are recorded on the task statement forms as
appropriate.

Tasks are Identified and prepared for each objecti ve . The structure
and language prescribed by FJA is used to wri te a complete description of each
task. The other parts of the task statement are completed in turn, using each
as a check on the veracity of the preceding parts. When a task statement is
wel l done , the parts complement each other -- they make a sensible and logical
whole.

The processes of describing tasks and completing the remainder of
the task statement form are explained individually in the following paragraphs.
It shoul d be remembered that in the actual performance of this process , it is
often necessary to loop back to check and adjust preceding parts.
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F
Task Description

The quality of the task sta tement as a whole flows from the quality
-: of the task description. Consistency, clarity and comparability of task de-

scriptions result from:
• Controlled content elements
• Controlled language to describe content elements. . -

The FJA procedure provides for both. The developers of FJA have this to say
about required content elements : “The two most Important elements of a task
statement are :

1. The action the worker is expected to perform.
Example: As ks ques tions , l istens to responses ,
and wri tes answers on standard forms.

2. The resul t expected of the worker action.
Example: To record basic identifying in-
formation suc h as name, address , etc.”

“The worker action(s) phrase in the task description represents
the wor ker ’s activity as concretely as possible. The result
phrase describes explicity what his action is expected to produce
or what gets done, which identifies the worker’s concrete con-
tribution to a process or work system objective. Al though

• action and result are the two most critical elements in a task
description , and can be thought of as the skeleton of a task,
the description must include additional items of information
to coninunicate clearly and consistently.”5

Figure 11 is a checklist excerpted from Fine and Wiley6 that states all of the

information needed -In a task description.

The use of language is also important in FJA. Writing task descrip-
tions requires practice in the precise use of terms. The reader of a task
should be able to visualize the task clearly.

~ An Introduction to Functional Job Analysis, Sidney A. Fine and Wretha W.
Wiley , W .E. Upjohn Inst itute for Employment Research, 1971, p. 10—11.

6 Ibid.
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1. Who? (Subject)

The subject of a task description is understood to be
simply “worker”. The description contains no subject
since it is always assumed to be “worker”.

2. Performs what action? (Action Verb and Object)

A task description requires a concrete , explicit action
verb. Verbs which point to a process (such as develo ps ,
prepares , interviews, counse ls , evalua tes and assesses)
should be avoided or used only to designate broad pro-
cesses , methods, or techniques which are then broken
down -Into explicit, discrete action verbs.

3. To accomplish which ininediate results?

• The purpose of the action performed must be explicit
so that (1) its relation to a system objective is
clear and (2) performance standards for the worker
can be set.

4. With what tools, equipment, or work aids?

A task description should identify the tangible
4- instruments a worker uses as he performs a task;

for example, telephone, pencil/paper, checklists,
written guides, wrench, etc.

5. A task description should reflect the nature and
source of instruction the worker receives. It
should indicate what in the task is prescribed by
a superior and what Is left to the worker’s dis—
cretion or choice.

FIGURE 11. INFORMATION NEEDED TO DESCRIBE A TASK
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Assessment of Task Func tiona l Leve l and Orientation
After writing the task description, an assessmen t of the functiona l

= I level and orientation of the task is required. The following explanation of
this step is adapted from Fine and Wiley’s Functional Job Analysis, footnoted
previously.

— 

What workers do as they perform the tasks that make up their jobs,
they do in relation to Data, People, and Things. All jobs Involve the workers,
to some extent, with information or ideas (Data), wi th clients or co-workers
(People) , and with machines or equipment (Things). Workers function In unique
ways in each of these areas. For example, when a worker’s task Invol ves him
with machines or equipment (Things), the worker draws upon his physical re-
source s (s trength, dexterity, motor coor dinat ion , etc.). When a worker’s task
involves him with information or ideas (Data), the worker calls his mental re-
sources into play (knowle dge, thought, intuition, insight, etc.). When a
wor ker ’s task Invol ves him with clients, cus tomers , and co-workers (People),
the worker draws upon his interpersonal resources (empathy , courtesy, warmth,
openness, guile, etc.). All jobs require the worker to relate to each of these

-
• 

areas and in doing so require him to draw upon his resources in each of these
areas to some degree.

The three hierarchies of Data, People , and Things functions provide
two measures for systematically comparing and measuring the requi rements of
any task in any job. These two measures are level and orientation.

The level measure indicates the relative complexity or simplicity of
a task when it is compared to other tasks. It is expressed by selecting the
function that best describes the pattern of behavior in which the worker en-
gages to perform a given task effectively. The ordinal position of the func-
tion is the level measure. For example, to say that a worker in dealing with
the Data content of a task is compiling, one has indicated that he is function-
ing at level 3B on the Data scales as shown in Appendix I . This requires a
higher level of functioning than is required in copying information (level 2)
but it is a lower level function than is required for analyzing data (level 4).

32
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The orientation measure provided by FJA indicates the relative In-
volvenient of the worker with Data, People , and Things as he performs a given

task. It is unusual for the worker to be equally Involved with all three In
any given task and his relative involvement with any of -the three may change
from task to task. For example, in performing one task In his job, a worker
may be involved almost exclusively with Data; that is, something like 75 per—

— cent of his involvement and the resources he draws upon to perform a task are
related to Data at the compiling level ; but in order to accomplish the task,
he must also be inolved interpersonally in exchanging information with co-
workers (perhaps 15 percent) as well as -In calling upon physical resources tn
handling var ious docume nts , paper, and pen (10 percent). The worker’s
total functional Invol vement with Data (75 percent), People (15 percent), and
Things (10 percent) adds up to 100 percent and must always do so.

Assessmen t of Ins truc tiona l Leve l

The next step toward the completion of the task statement deals with
worker instructions. All work is a mix of prescription and discretion; what-
ever is not prescribed is discretionary and vice versa. High level tasks have
a greater proportion of discretion in relation to prescription.

The prescribed and discretionary mix of work is described in FJA by
an ordinal scale called the Worker Instructions Scale. It will be found fol-
lowing the Worker Function Scales in Appendix I.

Each task description contains information about the instructions
the worker received (the prescription) and what is left to the worker to de—
c-Ide (discretion). This information should be adequate to determine the level
of instructions on the Worker Instructions Scale.

The instructions rating is compared to the data rating selected
from the Worker Function Scale for Data. If there is a difference of more than
one leve l between those two ratings, the two ratings are rechecked. High-
level instructions are not appropriate for a low-level data task , and vice
versa.
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I
Assessment of Basic Educational Skill Requirements

The Scales of General Educational Development (GED) presented In
Appendix I provide a tool for determing the basic educational skill requIrements
necessary to perform a job at specified Things, Data, and People functional
levels. Basic educational skills refer to reasoning, math, and language skills. . 

-

The level of skill the task requires In each of these basic areas is
critical Information to anyone setting qualification standards. The general
education requirement for a job can best be set based on the actual require-
ments of the tasks assigned to workers in the job. Requirements set in this
way have a much firmer foundation than those based on academic credentials.
For example, “high school diploma” is a meaningless requirement unless it
guarantees possession of certain skills (which It often does not), and only
then if those skills are actually the ones needed for successful task perform-
ance. Arbitrary diploma and degree requirements are no guarantee to an em-
ployer and they may screen out capable, motivated people.

The GED Scales in Appendix I are ordinal , like the Worker Function
and Worker Instructions Scales, and they are used similarly. The whole
task description, but particularly the worker action and the instructIons
must be considered, as well as, the worker function levels and orientation.
Those data should lead naturally to the appropriate GED levels.

Determination of Performance Standards

The next step in completing an FJA task statement Is to determine
appropriate performance standards. These standards establish the rigor of
any qualification testing that may be required. They provide a basis for
evaluating the performance of candidates on such tests. The standards also
will be important Information for the development of training and measures
of training outcomes.

Two types of performance standards are defined in FJA: descriptive
and numerical . The developers of FJA explain the difference as follows.

- 

- 

Descriptive standards are performance criteria which are generally
nonspecific and subjective; e.g., “please type this letter as quickly as

34
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possible;” “be reasonably accurate in checking these figures;” “don’t spend
too much time in compiling this report;” “be as complete as possible in col—
lecting the information.” They tell in general terms which is expected; but
they are wide open to interpretation.

Numerical standards are objective performance criteria which require
no interpretation. They usually take the form of numerical or categorical
statements; e.g., “please have this letter typed by 5:00 P.M.,” “please double-
check these figures to ensure that there are no errors.” Since they are ob-
jective, they explicitly coninunicate the standards by which performance will
be assessed.

In a given work situation, most workers learn through experience
(which may be quite frustrating), how to interpret descriptive standards cor-
rectly and produce acceptable results. However, descriptive standards are
inadequate by themselves for use in setting personnel qualifications. There
are some tasks for which it is very difficult to specify numerical or cate-
gorical standards. However, if it is not possible or appropriate to be ex-
plicit about how the worker’s action and the results are to be evaluated, then
the task should not affect qualifications. In some cases, it might appear that
there are no appropriate numerical or categorical standards at first, but they
tend to become evident when the descriptive standards are written.

Performance standards are determined according to coimlon sense in-
formed by the task description and the worker function scale levels. The
worker orientation measure is also considered. If a task is 80% Thing-
oriented, then the standard(s) should be set for the worker’s functional level
in relation to things. In that case, it is not necessary to set a standard
for the results of the Involvement with, say, People, unless that invol vement,

4 

- 

though relatively minor as a percentage of total involvement is critical and
is not measured by the standard(s) set for Things results. Such a situation
is unl ikely, “nd if it appears, consideration should be given to whether the
task is actually two tasks that ought to be separated.

EDIT OF TASK STATEMENTS

Following completion of the task statements, the editing process
begins. The purposes of the edit are:
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• To assure that all content elements are incl uded
and that their wording in the task description is
clear.

• To check whether the task description accurately
represents the functional level and orientation,
the instructional level and the basic skill
requirements of the task.

• To check whether the performance standards and
training content appear to be usable operationally
(by workers , supervisors, and trainers) and are -

logically supportable in view of the other parts
of the task statement.

• To determine whether the whole task statement gives
a sense of reality about the task action and its
context.

The edit is done by indi vidual editors. The analysts who Intially
write the task statement may exchange them for this activity, or other people
may perform the edit. The editors must be versed in the use of FJA, and it
is helpful if they are knowledgeable about the field of the work system.
(When the editor is not familiar with the field, he has to question the writer
of the task statement more to clarify a task). The editor provides feedback
to the analyst in the manner that is most convenient to resolve problems and
finalize the task statements for field review. Dr. Sidney Fine played a major
role in editing the material developed in this study.

SUBMIT TASK STATEMENTS TO FIELD REVIEW

The purpose of the field revi ew is to validate the task statements
by obtaining feedback from the people who are most knowledgeable about
the system. In this study, task statements were given to marine department
personnel when visiting chemical terminals and vessels. Follow up telephone

4 calls were made to discuss questions raised during the review of task state-

ments.

-_—_-~~~~~~—~~~~ --—--—-— -~~~ ‘—~~~~~~~~~
--

~~--~~~ 
~~~~ -



~f l - - — —..-- — - ~~~~~~~~~~~~~~~~~~~~~~~ -~~~-—~ - -~~-~~~~— -

The field review answers the following questions:

• Do the task statements caninunicate the same thing
to all concerned readers?

• Does everyone concerned agree that the task

I statements represent reality?

- Differences of opinion are resolved by discussion and, when necessary, by
4 writing and comparing task descriptions that reflect the differing opinions.

When the two questions above are answered affirmatively, FJA has
created the empirical data necessary for determining personnel qual ifications

- and for performing other kinds of occupational analysis.
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IV. RECOMMENDED FUTURE WORK RELATED TO THIS STUDY

CONTAINMENT SYSTEMS

It is reconinended task analyses be performed on the remaining two
containment systems defined in this study (i.e., ambient pressure - low
temperature and ambient pressure - high temperature). A large part of the
work performed in connection with Ambient pressure - low temperature cargo
containment was analyzed under task lb of Human Factors Requirements Contract
DOT-CG-41903-A (Analysis of personnel tasks aboard LNG vessels). Additional
work is needed, however , to define training requirements for handling other
refrigerated liquefied gas chemicals (e.g., anhydrous aninonia) and to specify
more detailed training requirements in the form of a curriculum outline.
Probably the most important system yet to be analyzed is the ambient pressure—
high temperature system, which generally transports solids in a molten state 

-

— at elevated temperatures (e.g., molten sulfur). The disappearance of the
S.S. MARINE SULFUR QUEEN In 1963, a tank vessel of U. S. registry, underlines
the need for an assessment of personnel tasks for such a containment system.

PERSONNEL WEARING PROTECTIVE CLOTHING AND EQUIPMENT
During visits to chemical vessels and terminals, it was noticed that

a great majority of chemical handlers did not wear personal protective gear} when transferring chemical cargo even though equipment was available on the
ship or at terminal facilities. Personnel injuries have occurred due to ex-

L posure of chemicals and their vapors during handling . It is reasonable to

1~
-
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assume that personnel injury could have been prevented if protective gear had
been worn.

A study shoul d be conducted to determine why personnel do not wear
available protective gear when exposed to dangerous conditions during chemical

— cargo handling on tankships and barges. Chemical cargo handling safety is a
concept which involves both human and hardware parameters. On the human side, —s

— safety-oriented behavior is desirable, while hardware must be effective. Per-
sonal attitudes toward wearing protective gear should be identified. Under
certain conditions, wearability attitudes may be influenced primarily by phys-
ical defects of a device (e.g., face shiel d fogging of protective masks).
Various personal protective clothing and equipment should be examined to de-
fine optimum designs and wearability.

One of the goals of the future study would be to estimate the rela-
tive Impacts of various personnel protective gear design parameters on weara-
bility and to use this information for possibly improving personnel wearing
behavior.

-L -
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APPENDIX A
TYPICAL CHEMICAL BULK CARGOES TRANSPORTED

AT AMBIENT PRESSURE AND TEMPERATURE
National Acad~~ of Sciences Hazard Ratinqs 1 

________________________ ____________________

Ciwei ca ls Fi re ~~~lth POUUtj OO R*actlvity Fed 
S~~~~~~~~~ ?Vapor Liquid or 

~ 
Nuaan Aquatic Aesthetic Other Self-

Irritant Solid IrrItant ~ ~~~~ Tosicity Tgalcity Effect Che.icals Water Reaction ____________________
Acetic Acid 2 2 3 2 1 2 2 2 0 0 Cc.bustible Liquid,

_____________ — 
_____________________ ___________________ _________________ 

Grade D

Acetic Anhydride 2 3 3 3 2 2 3 2 - 0 Cc~~ust ib le Liquid,
Grade D

Acetone Cysnohydrin 1 2 4 4 3 3 2 3 0 Conbust ib le Liquid .
Grade C, Class B Poison

Acetonitrile 3 1 1 3 2 1 1 2 o 0 Hawable Liquid .
Grade C -

Acrylonltrile 3 3 1 3 4 3 2 3 0 3 Flaar3able Liquid.
Grade C

Adiponitrile 3 1 1 3 3 2 3 2 0 0 COmbustible Liquid ,
- Grade E

A1lyl AIchohol 3 3 2 3 2 3 2 2 0 1 Flainnable Liquid .
____________________________ _________________________ 

Grade C. Class B Poison

Allyl Chloride 3 3 2 3 2 1 2 2 0 1 Fl.ew.able Liquid .
Grade B, Class B Poison

Minoetbyl Ethano— 1 1 3 1 1 3 3 0 0 Combustible Liquid.
l i ne  

— _______________________________ 
____________________________ _________________________ Grade C

Aenoni,,, Hydroxide ______________________________ ___________________________ hot Listed

Aniline T 1 1 3 3 2 4 3 0 0 COmbustib le Liquid .
Grade C, Class B Poison

Benzene 3 1 1 3 1 3 2 1 0 0 Flamable Liquid ,
- _________________ 

Grade C -

n—Butyl Ac ry late 2 1 1 1 1 2 2 2 0 3 Combustible Liquid.
Grade D

Butyraldehyde. (n) T 2 1 2 1 3 3 2 - 0 1 -  Fla,noable Liquid.
- 

— ______________________ ____________________ _________________ 
Grade C

Camphor Oil (light) 2 0 1 1 3 1 2 2 0 0 Combustible Liquid .
Grido

- Carbon Disulfide 4 2 2 3 1 2 3 2 0 0 Fla,r,nable Liquid.
- Grade B

Carbon Tetrachloride 0 1 1 2 
— 

1 2 2 1 0 0 hot Listed
Chlorobenzene 3 0 1 2 1 3 2 1 0 0 Combustible lJquid . 

- Grade 0
Chloroform 1 2 1 2 1 2 2 1 0 0 Not Listed

ChlorohydrinS 2 2 1 3 3 2 2 2 0 0 Coiibustibl e Li quid,
(crude) - Grade D
Chlorosulfonic Acid 0 4 4 4 2 3 

- 
2 4 4 0 Corro%ive Liquid

Cresols 2 3 2 . 3 4 2 0 0’ Combustible Liquid ,
___________________ _________________ 

Grade E
Crotoniidehyde 3 3 3 3 3 3 3 2 0 1 Fl~~,ibIe Liquid.

- Grade C

Dichloropropane 3 1 1 3 1 3 2 1 0 0 flapeeble Liquid,
Grade C

Dietha no lamine 1 2 2 2 1 1 2 3 0 0 Combustible Liquid.
_________________ 

Grade C

Diethylenetriaiiene 1 2 2 2 2 2 3 3 0 0 Combustible Liquid,
— 

p 
______________ — _______________________ ____________________ __________________ 

Grade l

Diisopropan o lamine 1 2 2 2 2 2 2 3 0 0 Combustible Liquid,
_________________ 

Grade C

£pichlorohy dr in 3 3 3 4 3 3 2 
- 

3 1 2 Combustible Liquid.
______________________________ ___________________________ 

Grade 0, Class B Poi~
Ethyl Acr yla te 3 3 2 3 2 2 2 2 0 3 Flameble Liquid.

- __________________ 
Grade C

Ethy l Ether 4 1 - 0 2 

— 
0 1 1 1 0 0 Fisenable Liquid.

___________________ _________________ 
Grade A

Evaluation of the Hazard of Bulk Water Trans rtatio n of Indest rial Cheni cals. A Tentative Guide, National Acadamy of Sciences , National Research
Co~mcil . Washington. D.C., 1970. This reporrdescrlbss a hazard evaluation syste. based on four nain classes of hazards, end further subdivided -

- - -~ into ten subclass es. Under •adi subclass , a nt.erlcal rating of 0, 1. 2, 3, and 4 is assigned to indicate the relative degree of potential h.zari
• (zero being the lowest rating) .
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1

National Academy of Sciences Hazard Ratings

Chemicals Health PolIut~on Reactivity Federal Regulations
— Vapor Liquid or F~ Human Aquatic Aesthetic Other Self-

Irritant Solid Irritant 0 sons Toxicity Toxicity Effect Chemicals Water Reaction
2—Ethyl. 2 3 2 2 1 2 2 2 - 1 2 Combustible Liquid.
3-Propyl Acrol.in 

— ______________________________ ___________________________ ________________________ 
Grade C

Ethylene Cyano. 1 0 0 2 1 2 2 2 0 0 Combustible Liquid.hydrin 
_______________________________ ____________________________ _________________________ 

Grade C
Ethylene Diamine T 3 3 3 2 3 2 3 0 0 Comb ustible Liquid ,

- Grade 0
— 

- 
Ethylene Oich lori de 3 2 2 - 3 3 2 2 1 0 0 Fla able Liquid .

Grade C - 
-

EthyIsneimine 3 3 2 4 4 3 3 3 1 3 Fla,ru~able Liquid.
___________________ _______________________________ ____________________________ 

Grade C
Formaldehyde sol u- 2 3 2 3 3 3 2 2 0 1 Combustible Liquid, 

-

Formic Acid j~ 3 3 3 3 2 2 2 0 0 Combustible Liquid ,
______________________ ____________________________________ _________________________________ 

Grade C

— Furfural 2 2 2 3 3 3 2 2 0 1 Combustible Liquid,
- Grade C

Hydrochloric Acid C 3 3 2 2 2 2 3 0 0 Corrosive L i q u i d
Aqueous (28-35%) 

__________________________________ ______________________________ ___________________________

Nydrofluoric Acid C 4 4 4 4 3 2 3 0 0 Corrotive Liquid
— Aqueous (lot ) 

_______________________________ ____________________________ _________________________ _____________________
Isoprene 4 1 1 1 0 1 1 2 0 3 Plamable Liquid
Methyl Acrylate 3 - 3 2 3 2 2 2 2 0 3 Flarmable Liquid ,

______________ _______________________ _____________________ Grade C
Methyl Methacry late 3 3 2 3 2 2 2 2 0 3 Flaum~able Li quid,

______________ _______________________ _____________________ __________________ 
Grade C

Monoethanolamine 1 2 2 2 2 1 2 3 0 0 Combustible Liquid .
Grade C

Nanoisopropano- •T 1 2 1 2 1 2 3 0 0 Combustible LIquid ,
lamine 

— —___________________ Grade C
Morpholine 3 1 1 1 2 2 2 3 0 0 Combustible Liquid.

Grade 0
Motorfuel Antiknoc k 2 1 1 2 3 3 3 1 0 3 Com bustible Liquid,
Con~ounds (tetraethy l - Grades 0 or C. Class
lead and mixtures) 

— ___________________________ 
B Poison

Oleua 0 4 4 3 2 3 - 2 4 3 0 Corrosive liquid
Phenol V 2 3 3 2 3 3 2 0 Combustible Liquid ,

— _______________________________ ____________________________ _________________________ Grade C, Class B Poisor
Phosphoric Acid 0 0 3 1 2 3 2 3 0 0 Corrosive Liquid
Propionic Acid 2 2 3 2 2 2 2 - 2 0 0 Com bustible Liquid .

______________ - _____________________ __________________ 
Grade D

Styrene Wano.er 3 2 2 2 1 3 2 2 0 3 Combustible Liquid.
Grade D

Sulfuric Acid ~~~ 2 4 2 2 3 2 4 3 0 Corrosive Liquid
Triethanolaatine 1 0 1 1 1 1 2 3 0 0 Combustible Liquid.

______________ — _______________________ _____________________ __________________ 
Grade t

- 
Trtetby lene Tetra - 1 2 2 I 1 1 3 3 0 0 Combustible Liquid ,
mine 

— 

- Grade C
Viny l Acetate 3 1 1 2 2 1 2 2 0 3 Flaim,able Li qu id.

______________ — _______________________ _____________________ ___________________ 
Grade C

Vinylidene Chlo r- 3 2 2 3 0 2 2 2 0 3 FI.mable Liquid ,
ide, inhibited - Grade A

-  A-2
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APPENDIX B
TYPICAL CHEMI CAL BULK CARGOES TRANSPORTED

AT HI GH PRESSURE-AMBIENT TEMPERATURE

National Acadepy of Sciences Hazard Ratings -

Chemicals fire 
Health on Reactivity Federal Regulatlons

Vapor Liquid or Poison s Human Aquatic Aesthetic Other Water Sel” -
— 

Irritant Solid Irritant Toxicity Toxicity Effect Chemicals Reaction ____________________
Acataldeh yds 4 3 1 2 2 3 2 2 0 1 Fla..abl. Liquid ,

__________________ _________________________________ ____________________________ _________________________ Grade A

~~snia, anhydrous 1 4 2 2 2 - 2 2 3 2 0 Nonflameable Compres-
sed Gas (liquefied )

lutadisne. inhib- ~ 1 1 0 1 1 2 0 3 Flauuaable Compressed G
itad (Iiquefied)

.

~~~~~~~~ 4 2 4 2 3 2 4 1 0 Nonflameable Compres-
sed Gas (liquefied )

Dichiorodifluor- F 0 0 1 0 0 0 1 0 0 Nonflenunable Comipres-
.sthane sed Gas (liquefied )
Ddesthylemlne T 2 2 2 2 3 2 3 0 0 Flaumi able Compressed

Gas (lIquefied)
Ctliyl Chliride T 1 1 1 0 1 1 1 0 0 - Flanniable Liquid.

Grade A
Ethylene Oxide 4 3 3 2 3 2 1 3 1 4 Flamable Liquid .

Grade A
Hydr ogen Chlor ide ~~~~~~ 4 3 3 2 2 2 4 2 0 Nonf lameeble Compres-

sed Gas (liq uefied )
Methy l Bromide • T  3 3 4 

- 
1 2 1 0 0 Cl ass B Poison

Methy l Chlor ide T p 2 
- 

0 1 0 1 0 0 Flaimnable Compressed
Gas (liquefied )

MonochIorodifluro- ~~~ 0 0 1 0 0 0 1 0 0 Nonflammable Conpresse
__________________ _________________________________ ____________________________ _________________________ Gas_(liquefied)

Propylene Oxid e T 3 2 2 2 1 I 3 1 3 Flaivntable Liquid,
- . - Grade A -

Vinyl Chloeiuue T~~ 2 1 2 0 0 0 2 0 2 Flameeble Compressed -

___________________ — 
___________________________________ ______________________________ ___________________________ Gas (liquefied)

* B-i -
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APPENDIX C
CURRICULUM OUTLINE 1

BULK CHEMICAL CARGO AT AMBIENT PRESSURE - AMBIENT TEMPERATURE

Chemical Properties, Hazards, and Hazard Control
A. Physical—Chemical Properties and Characteristics

- a. Interpretation of chemical liquid technical data Indicated
on chemical safety guides relating to physical and chemical
properties :
1. Definition and explanation of liquid and vapor density.
2. Vapor pressure and viscosity as a function of tempera-

ture.
3. Evaporation rate as a function of heat input.
4. Solubility of chemicals in water.
5. Liquid heat capacity and volumetric coefficient of

expansion.
b. Behavior of confined liquids and basic principles of fluid

mechanics.
B. Chemical Hazards

a. Interpretation of hazard information indicated on safety
• guides and the significance of hazards outlined below:

1. Fire relating to definition and explanation of flash-
point, flaninable limits in air , and autoignition point.

2. Health relating to definition and explanation of toxicity
by Inhalation (threshold limit value, short-term inha-
lation limits), toxicity by ingestion (lethal dosage),
delayed injuries caused by toxicity, symptoms following
human exposure to inhaled vapor, swallowed liquid ,

‘ liquid contact with eyes or skin, vapor irritant char-
acteristics (burns to skin, eyes, exposure time rela-
tionships), odor threshold (human sensitivity to odors),
masked odors, chemicals tha t deaden sense øf smell.

3. ReactIvity relating to definitions and explanations of• chemical reactivity such as: reactivity with water,
other chemicals, with coninon materials, self-reaction,
polymerization, exothenn ic reactions , chemical stability
(hazardous chemical decomposition , stabilizers/inhibiters),
chemical compatability charts.

4. Pollution relating to definitions and explanations of
- 

- 
water pollution (aquatic and waterfowl toxicity), bio-
logical oxygen demand and significance of the accumula-

-~ -
. tion of pollutants in the food chain, potential hazards

of human consumption.
5. Static electricity relating to cause and effect.

- 

- 
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C. Hazard Detection and Control
a. Purpose, use, operation and calibration of hazard detection

equipment:
1. Portable chemical vapor concentration indicators.
2. Oxygen indicators.
3. Flasemable and costhustible gas indicators.

b. Purpose of chemical inhibitors/stabilizers: - 

-

1. Chemical additive sampling devices.
2. Additive circulation techniques.

II. Containment Design Concepts and Safety Features
A. Mechanical Design Features of Chemical Liquid Cargo Containment

and Handling Systems
a. Cargo tank -Isolation and vessel hull design.
b. Arrangement of gravity tanks, integral tanks, pumprooms,

deepwell pumps, cargo pumps and valves, cargo vents, ballast
tanks and piping, slop tanks, cofferdams, voids, empty tanks,
sea and ballast valves, overboard discharge valves.

c. Materials of cargo tank construction and tank coatings.
B. Design , Components and Func tions of Cargo Containment Control

Mechanisms
a. Pressure-vacuum valves, flame screens, gaging devices.
b. Inert cargo pad equipment.
c. Detection equipment.

C. Components and Functions of Safety Instrumentation and Emergency
Systems
a. Signals.
b. Automatic and manual features.
c. Temperature and pressure alarms.
d. Remote shutdown valves and switches.

III. Chemical Cargo Equipment Operation and Maintenance
A. Functions of Chemical Cargo Control Instrumentation

a. Operational performance tests on centralized control con-
soles utilizing :

• -
~~ 1. Standard and emergency controls.

2. Monitoring gages and recorder readouts.
3. Loading computers.
4. Pollution monitors.

C 2
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B. Purpose and Operation of Cargo Equipment
a. Characteristics of hydraulic systems.
b. Principles and functions of deepwell pumps, centrifugal

pumps, positive displacement cargo pumps, ballast pumps,
cargo tank cleaning machine (butterworth machines).

c. Principles and functions of inert gas systems.
d. Principles and functions of cargo heating systems.

C. Safety Principles and Procedures Relating to Equipment Set-up
for Liquid Cargo Transfer
a. Purpose and operation of cargo hose lift and support equip-

ment such as capstans, windlasses, cranes, and loading/dis-
charging arms.

b. Layout of piping systems and cargo hose.
c. Location and identification of components.
d. Proper connection of electrical bonding wire.
e. Installation of scuppers, warning signs, and fire hose.

D. Maintenance of Chemical Cargo Equipment and Safety Equipment
a. Inspection, maintenance, malfunction diagnosis and repair

procedures pertinent to liquid cargo equipment.
1. Cargo tanks and slop tanks (Tanks containing cargo

residual, cleaning fluids and water).
2. Tank internals (piping, heating coils, remote control

valve rods, monitor tubes).
3. Cargo valves and cargo hose.
4. Gaging devices, pressure-vacuum valves and flame

screens.
— ( b. Inspection, maintenance, malfunction diagnosis and repair

procedures pertinent to equipment connected to cargo and
ballast systems.
1. Sea chests, sea va lves, sea strainers, and bilge in-

jection valves.
c. Awareness of hazards which may arise during performance of

maintenance activities.
1. Cleaning and gas-freeing tanks .
2. Testing cargo pumps, rel ief val ves, cargo piping , and

cargo hoses .
d. Disassembly, for inspection and repair, of defective cargo

equipment.
1. Gages and valves.
2. Relief devices.
3. Manifold flanges and gaskets.

-
~~~ ~ C—3
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e. Inspection, maintenance, malfunction diagnosis and repair
procedures pertinent to safety equipment.
1. Respiratory protection equipment.
2. Medical kits.
3. Chemical resistant protective clothing .
4. Rescue lines.
5. Explosion proof lamps (portable and fixed).
6. Self-contained and fresh air breathing apparatus.
7. Decontamination shower and eyewash equipment.

IV. Safety and Emergency Procedures
A. Safety Precautions During Chemical Cargo Transfer Operations

a. Supervision of chemical cargo loading/discharging operations.
b. Effects of chemical bulk cargo on vessel -stability and sea-

worthiness.
c. Interpretation of cargo data.
d. Identification of emergency signals.
e. Proper action in event of fire, spill , or vapor emission.

B. Firefighting Techniques and Procedures for Chemical Fires
a. Abnormal behavior of chemical fires.
b. Chemistry of fire and hazards from chemical decomposition.
c. Flanmiable vapor clouds.
d. Chemical polymerization.
e. Explosions.
f. Control of tank relieving capacity in fires.
g. Types of firefighting equipment and media for chemical fires .
h. Practical firefighting exercises.

• l C. Purpose and Use of Personnel Protection and Safety Equipment
a. Fresh air breathing apparatus and self-contained breathing

apparatus.
b. Detection equipment.
c. Explosion proof lamps and safety matches.

D. First A-Id Procedures
a. Personnel exposure to vapor and liquid by: 

-

- 
• 1. Inhalation.

2. Ingestion.
-

~~~~~~ 3. Eye and skin contact.

C-4
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b. Treatment of shock.
c. Administration of artificial respiration.
d. Equipment and procedures available for reducing the effect

of exposures :
1. Wash down.
2. Decontamination.

e. When medical assistance is required.
f. The use of medical reference material such as:

1. First aid handbooks.
2. International Medical Guide for Ships.
3. Medical First Aid Guide for Use In Accidents Involving

Dangerous Goods.
V. Proper Procedures and Safety Precautions in Conformance with Government

Regulations and Industry Safety Codes
A. Purpose and Content of Coast Guard Dangerous Cargo and Water

Pollution Regulations Relating to Cargo Operations
a. 46CFR98, special construct ion , arra ngement and prov isions

for certain dangerous cargoes in bulk.
b. 46CFR151, requirements for unmanned tankbarges carrying

certain dangerous cargo in bulk.
c. 46CFR39, regulations for bulk flaninable or combustible

liquids having lethal characteristics .
d. 46CFR40, regulations for certain flanmiable or combustible

cargoes .
— e. 33CFR154-156, water pollution regulations.

B. Purpose and Content of International Shipping Safety Codes and
Guides
a. Maritime Dangerous Goods Code.
b. Tanker Safety Guides.

1. InternatIonal Chamber of Shipping Tanker Safety
Guide (Chemicals).

2. International Oil Tanker Terminal Safety Guide.
C. Purpose and Content of Industry Codes and Government Safety

Guid es
a. Manufacturing Chemists Association chemical safety data

sheets
b. Coast Guard Chemical Hazards Response Information System,

(CHRIS) Hazardous Chemicals Data.

L c. CG-388, Chemical Data Guide for Bulk Shipment by Water.

C-5
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APPENDIX D
CURRICULUM OUTLINE 2

BULK CHEMICAL CARGO AT HIGH PRESSURE - AMBIENT TEMPERATURE

I. Chemical Properties, Hazards and Hazard Control
A. Physical and Chemical Properties and Characteristics

a. Interpretation of liquefied chemical gas technical data
indicated on chemical safety guides relating to physical
and chemical properties :
1. Definition and explanation of physical states of

chemica l gases as a function of temperature and
pressure.

2. Critical temperature and pressure.
3. Density and viscosity of gases as a function of

temperature.
4. CoefficIent of thermal expansion of gases .
5. Specific heats of liquefied gases.
6. DensIty of liquefied gases as a function of temperature.
7. Latent heat of vaporization.
8. Solubility of gases.

b. Behavior of confined pressurized liquefied gas and funda-
mental relationships.
1. Ideal gas law.
2. Partial pressure.
3. Compression and liquefaction of gases.
4. Adiabatic flow.

B. Chemical Hazards
a. Hazards associated with pressurized liquefied gas.

1. Large volumes of vapor result from small liquid leaks.
2. Burns on human skin caused by rapid evaporation.

b. Interpreta t ion of hazard In formation Ind icated on chemical
data safety guides and the significance of hazards outl ined
below.
1. Fire relating to definitions and explanations of flash-

point, fl anunable limits in air and auto-Ignition point.
2. Health relating to definition and explanation of toxicity

- , by inhalation (threshold limit value, short—term inha-
lation limits), toxicity by ingestion (lethal dosage),
delayed injuries caused by toxicity, symptoms following

- - 
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human exposure from Inhaled vapor, swallowed liquid ,
l iqu id contact with eyes or sk in, vapor irritant
character istics (burns to skin, eyes, exposure time
relationships), odor threshol ds (human sensitivity
to odors), masked odors, chemicals that deaden sense
of smell.

3. Reactivi ty relating to definitions and explanations
of chemical reactivity such as reactivity with water,
other chemicals, with cosmnon materials, self-reaction,

- - 
polymerization, exothennic reactions, chemical sta-
bility (hazardous chemical decomposition, stabilizers/
inhibiters) and chenical compatability charts.

4. Pollution relating to definitions and explanations
water pollution (aquatic and waterfowl toxicity), bio-
logical oxygen demand, signifi cance of accumulation
of pollutants in the food chain, potential hazards of
human consumption. -

C. Hazard Detection and Control
a. Purpose, use, operation and calibration of hazard detection

equipment.
1. Portable chemical vapor concentration indicators.
2. Oxygen ind icators.
3. Flanmiable and combustible gas indicators.

b. Purpose of chemical inhibi tors/stabilizers.
1. Use of chemical additive sampling devices.
2. Additive circulation techniques.

II. Containment Design Concepts and Safety Features
A. Mechanical Design Features of Pressurized Liquefied Chemical

Gas Cargo Containment and Handling Systems

— 
a. Arran gement of independent pressure vessel cargo tan ks,

high pressure cargo pumps, high pressure valves, compres-
sors , vaporizers and pressure vessel venting.

b. Materials of pressure vessel cargo tank construction.
B. Design, Components and Functions of Cargo Containment Control

Mechanisms
a. High pressure safety relief devices .
b. Inert cargo displacement equipment.
c. Inert cargo pad systems.
d. High pressure gaging devices. F
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C. Components and Functions of High Pressure Instrumentation and
Emergency Systems
a. Signals.
b. Automatic and manual features.
c. Excess flow valves. -

d. Temperature and pressure alarms.
e. Remote shutdown valves and switches.

III. Chemical Cargo Equipment Operation and Maintenance
A. Functions of High Pressure Cargo Control Instrumentation

a. Operational performance tests on centralized control
consoles utilizing :
1. Standard and emergency controls.
2. Monitoring gages and recorder readouts.
3. Loading computers.
4. Pollution monitors.

B. Purpose and Operation of High Pressure Cargo Equipment
a. Types of compressors used in the compression of gases.
b. Vaporizers.
C. Inert gas equipment.

C. Safety Principles and Procedures Relating to Equipment Set Up
for Pressurized Liquefied Gas Cargo Transfer
a. Purpose and operation of cargo hose lift and support equip-

ment such as capstans, windlasses , cranes and loading/dis-
charging arms.

b. Layout of high pressure flexible metallic hose.
c. Location and identification of components.
d. Proper connection of electrical bonding wire.
e. Installation of warning signs and fire hoses.

D. Maintenance of Chemical Cargo Equipment and Safety Equipment
a. Inspection, maintenance, malfunction diagnosis and repair

procedures pertinent to high pressure gas cargo equipment.
1. Pressure vessel cargo tanks.
2. Compressors and vaporizers.
3. High pressure cargo valves and safety relief devices.
4. Flexible metallic cargo hose.
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b. Awareness of hazards which may arise during performance
of maintenance activities.
1. Cleaning and gas-freeing tanks .
2. Testing high pressure pumping equipment, safety

relief devices, high pressure piping and cargo hose.
c. Disassembly, for inspection and repair of defective cargo

equipment.
1. High pressure valves.
2. Safety relief devices.
3. High pressure manifold flanges and gaskets .

d. Inspection, maintenance, malfunction diagnosis and repair
procedures pertinent to safety equipment.
1. Respiratory protection equipment.
2. Medical ki ts .
3. Chemical resistent protective clothing.
4. Rescue lines .
5. Explosion proof lamps.
6. Self-contained and fresh air breathing apparatus.
7. Decontamination shower and eyewash equipment.

IV. Safety and Emergency Procedures
A. Safety Precautions During Chemical Cargo Transfer Operations

a. Supervision of pressurized liquefied chemical gas cargo
loading/discharging operations.

b. Effects of pressurized liquefied chemical gas bulk cargo
on vessel stability and sea worthiness.

c. Interpretation of pressurized liquefied chemical gas cargo
data.

d. Identification of emergency signals , proper action in event
of pressurized liquefied chemical gas fire, spill and vapor
emission. -

B. Firefighting Techniques and Procedures for Chemical Fires
a. Abnormal behavior of pressurized liquefied chemical gas fires.
b. Chemistry of fire and hazards from chemical decomposition.
c. Flaniiiable vapor clouds.
d. Polymerization.
e. Explosions.
f. Control of pressure vessel tank relieving capacity in fires.
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- g. Types of firefighting equipment and media for pressurized
liquefied chemical gas fires.

h. Practical firefighting exercises.

C. Purpose and Use of Personnel Protection and Safety Equipment

a. Fresh air breathing apparatus.

b. Self-contained breathing apparatus.
- c. Detection equipment.

d. Explosion proof lamps and safety matches.

- 

I 

- D. First Aid Procedures
a. Personne l exposure to chemical vapor and l iquid by:

1. Inhalation.
2. Ingestion.
3. Eye and skin contact.

b. Treatment of Shock.
c. )~dministration of artificial respiration.

d. Equipment and procedures available for reducing the effect
of exposures .
1. Washdown .
2. DecontaminatIon .

e. When medical assistance is required.

f. The use of medical reference material.
1. First Aid Handbooks.
2. International Medical Guide for Ships.
3. Medical First Aid Guide for Use in Accidents Invol ving

Dangerous Goods .
V. Proper Procedures and Safety Precautions in Conformance with Government

Wequlations and Industry Safety Codes
A. Purpose and Content of Coast Guard Dangerous Cargo and Water

Pollution Regulations Relating to Cargo Operations
a. 46CFR98, special construction, arrangement and provisions

for certain dangerous cargoes in bulk.
b. 46CFR151, requirements for unmanned tankbarges carrying

certain dangerous cargo in bulk.
c. 46CFR40, special construction, arrangement and other pro-

visions for carrying certain flaimnable or combustible
dangerous cargoes (-I.e., ethylene oxide and propylene ox-
ide).

d. 33CFR154-156 , water pollution regulations.

111:
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- B. Purpose and Content of International Shipping Safety Codes
- and Guides

a. Maritime Dangerous Goods Code.
b. Tanker Safety- Guides. -

-r 1. International Chamber of Shipping. -

2. Tanker Safety Guide (Chemicals).
C. Purpose and Content of Industry Codes and Government Safety 

-

Guides -

a. Manufacturing Chemists Association Chemical Safety Data
Sheets . -

b. Coast Guard Chemical Hazards Response Information System, -

(CHRIS) Hazardous Chemical Data. -

c. CG—388, Chemical Data Guide for Bulk Shipment by Water.
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Tanker Conference , May 12-14, 1969, by the Central Coninittee on
Transportation by Water , American Petroleum Institute.
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Officers and Seamen.

3. Code of Federal Regulations , Title 46, Subchapter 0, Certain Bulk
Dangerous Cargoes, Part 151, Unmanned Barges .

4. Congress of the United States , Office of Technology Assessment ,
“Oil Transportation by Tankers : An Analysis of Marine Pollution
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5. Hanuner, Willie , Handbook of System a-nd Product Safety, Prentice Hall ,
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6. Inter-Governmental Maritime Consultative Organization, “Code For
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in Bulk ,” October 1971.
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- • 1975.

8. InternatIonal Chamber of Shipping, “Tanker Safety Guide (Chemicals),”
— 1975.
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Proceedings on Bulk Transportation of Hazardous Materials by Water
in the Future, by the Coninittee on Hazardous Materials, National
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APPENDIX F

PERSONS CONTACTED IN THE CHEMICAL DISTRIBUTION
AND MARINE TRANSPORTATION FIELD

1. Mr. Dennis Alsop
• Marine Operations Manager

Union Carbide
New York, New York

2. Mr. Mel Anderson
Marine Department
Union Carbide
New York , New York

3. Mr. Ted Anderson
Hendy Brothers
Los Angeles, California

4. Mr. Max Carpenter
Maritime Institute of Technology

and Graduate Studies
Linthicuin Heights , Marl and

5. Capt. C. D. Davies
• . Keystone Shipping Co.

Philadelphia, Pennsyl vania

6. Mr. Al DelllPaol i
Marine Department
EXXON International
New York , New York

7. Mr. Chuck Erickson
- - 

Hendy Brothers
~~~ ~ Los Angeles , California
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8. Mr. George Feldman
Transportation Department
E.I. Dupont deNemours
Willington, Delaware

9. Mr. Bob Gregg
Marine Department
Dow Chemical U.S.A.
Freeport, Texas

10. Capt. A.L. Gertsen and
Mr. Arthur Bruce (Chief Mate)

Chemical Tanker (Alaskan)

11. Mr. Bill Hanmiond
Marine Department
PPG Industries
Pittsburgh, Pennsylvania

12. Mr. Walter Kneal
Keystone Shipping Co.
Philadelphia, Pennsyl vania

13. Mr. N. J. Shiebel
- 

I I Fleet Manager
Marine Transport Lines , Inc.
New York, New York

14. Capt. Sid Vass
Vice President in Charge of Operations
Marine Transport Lines, Inc.
New York , New York

The above management representatives were contacted by mail and/or telephone.
They provided many useful coninents which contributed to the study. In some
cases , they arranged interviews wi th on-the-job personnel (i.e., tankermen,
pumpmen, etc.) and allowed interviewers to observe actual cargo- handling op—

erations. Their cooperation is appreciated.
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10. Manufacturing Chemists Association Safety Data Sheets, Technical
Bulletins and Safety Guides .

11. National Academy of Sciences , “Evaluation of the Hazard of Bulk
Water Transportation of Industrial Chemicals,” Washington, D.C.,
1970.

12. National Transportation Safety Board, Special Study Risk Concepts
in Dangerous Goods Transportation Regulations, Washington, D.C.,
January 27, 1971, NTSB-STS-71-1.

13. Socony Mobil Oil Co. , Inc., Tanker Manual, 1962.

14. U.S. Coast Guard, “A Manual for the Safe Handl ing of Inflaninable
and Combustible Liquids,” March 1964.

15. U.S. Coast Guard, Rules and Regulations for Tank Vessels , CG-123,
January 1973.

16. U.S. Coast Guard, Oil Pollution Control for Tankennen, Washi ngton,
D.C., February 1973.

17. U.S. Coast Guard, Rules and Regulations for Cargo and Miscel laneous
Vessel s, CG-257, Washington, D.C., April 1973.

18. U.S. Coast Guard, An Analysis of Oil Outflows due to Tanker Accidents,
1971-1972, WashIngton, D.C. , November 1973.

19. U.S. Coast Guard, Chemical Data Guide for Bulk Shipment by Water ,
CG—388, Washington, D.t., 1973.

20. U.S. Coast Guard , Chemical Response Information System, CHRIS, Hazard-
ous Chemical Data, CG 446, ~anuary 1974.

21. U.S. Coast Guard, Fi re Fighting Manual for Tank Vessel s, CG-329,
January 1974.

22. John Wiley & Sons , Inc., International Oil Tanker m d  Terminal Safety
Guide, 2nd edition, 1974.
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APPENDIX G
MATRIX OF FJA TAS K DESCRIP TORS AND CURRICULU M OUTLINE

FOR A~~IENT PRESSURE-AMBIENT TEMPERATURE CHEMICAL CARGO
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APPENDIX H
MATRIX OF FJA TASK DESCRIPTORS AND CURRICULUM OUTLINE
FOR HIGH PRESSURE-AMB IENT TEMPERATURE CHEMICAL CARGO

I -

I I 
- 

H—i

I 
—-  - 

4

_
_ _• _ - ;-4 ~-- 

_ 
- - -



F - — — - - - - - — _ - ---- - -
--_—-.--_-,~~~

—
~~~~~—- 4-

- rn-— TUT JL ,

-~~~~ ‘ ..i ~.... ~~ — ‘.— ,. ..-
1_I -

_--

I ~~~~~~~~~~~~~~~~~~~ : _ 
_ _

_ _ _  

K 
_ _  

K

_________ - _ _ _ _ _  

x 

_ _ _ _ _ _  — — — —- —

I ~~ _ _  _  _ _

* 2  
- 

K :  

_ _ _ _

K K K K K K K K K K K

K X  K :  K K K

IL ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ K K X  K :  W

5 ~~
,~
3i K : :  K :  K K K

= ___
~ ‘. ~

••. ~~~~ ~~

iii 
K K  K 

_ _ _

_ _ _
:

~~

-
_ :

~~

_ _

,/“ I u i 1 h g I 1 I 1i i !~ I i1d iii II~ I J I I ~ iii ii I !LI !1111 11
p1*: / ________ ~dIh JflI h~ ~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~ ~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -



!F 

~~
H

_ _ _  

___ 

— 

_ _ _ _ _  _ _ _

P K K *

- - I ~~ _ _

K K

9 K

a 
— _ _ _ _ _ _  _ _ _ _  *

~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-__ _

iL ~~~~~~ _ _ _ _  

K K N

— __ 
____ - ___ 

- - - -

K K K K

K * K K K K K K K K K K

- - 

— ____ _ _ _

I _I ~~~~~~~~~~ K K  N K K
_ _  — _ _ _ _  _ _ _

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

--  - _ _ _  _ _

K N K K K 

-
!“ 

_ _ _  

::~ _ _ _

I / ~
I 

ii 11 11 1i’i4 1ii I 4.-

/
/ di Jiij 1111 iiJ.i!i Ii1~j IIIIUMI

I / ‘

V
H-4 

T~~~T - _ _



- r ~~~~~~~ r’~~~~~~~~ 4 - ’  ~~~~~~‘ 4_a -- ~~
----• —-~~~~~~- -aflr-- ~~~~~~~-~ — -- ~

—

ftIft~~~~~~~~
_  _I _ _ _  

__
~~~:_ ~~~~_ i :  

_ _

U K K K

Jil __ :III=E:E==III _ _  III
~~~~~~~~ K K K K K K K K K K K N K K K

— p ~~~~~~~~~~ _ _ _  

K x

~1i 
_ _ _  

K :

ii - 

_
~_ . 

_ _

_ _  

_ _ _  

:~~
— —

:- - - -~~~~~~~~~~~~~~~~~~ --~~~ :-~~
/ i

- - - - -

’ 

_ •

;

_

/  ~ ; I : i - ‘r j i~ ‘-t~ ’~’i-

I h!huiIIIIhhI~iI!IIi_ii1iii~ii~~

/ 
_ _ _ _  _ _ _  _ _

‘
i
, I  

H-5 

—4--- - ~~~~~~~~~~~~~~~~~~~~~~~~~~ -4_~



r~i - -- ~~~‘~~,‘4V.~~ r—,---4— 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

—4.4,~~~-4- --4.-- -- --—- -- _________________________________

-

I ~~~~~~~~~~~~~~~~~~~~II ~~~~~~~~~~~~~~~~~~~~~~
—

~~~~~

- - - - --_ _  - -

ili ~~~~~ s~~- -- - - -- -  -

~~[j ~~~~~~~~~~~~~ — - - -  - _ :_  _ _   -
_ 

-

K 

-

N K K K *

K K * X K K X K *  * *

— jE~ K K K K K K K

~~~~~~~~~~~~~~~~~~~~~~~~~ K K K K K ~ K K K K K K

j~ N~~~~~~~~~~~~~~~~~~~~~~
Q K X K K N  K I

_ _ _  

~~ ~~~~~~ :::: -— K

- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

- - - - - - - -  

N

--- -”

-

: ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

/ 4  ~ -1

/“ i 1~ ~IJ 
_ _ _ _ _ _ _ _ _ _ _ _ _ _  

JI1iIIII1iil~JI~LILI!L!!~U—  ;.., ~~~~~~~~~~~~~~~~~~~~~~~~ :1 •

a

H-6

~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
— - 

_ _ _ _ _



4-77 47 
-44--w-’ —- ’-4  -7- ----- 7- 74-4 -_•~

_
~• 4 a,p.~~~~—.--——-.’- -47-7-V7-4•4.•-4~4~ -

— -4  ? - - -- - - - - -

JIifl~~~~~~~~~~~~~~~~~
_ _  _  _  

_
-

I * __-- - -  -_ - --- -_ - - _-
-- -a -  — 

K~~~ 
_ _

a 
_ _ _ _  _ _  _ _  _ _  —_

~:~
--  - -  -

~ii ~~~~~~~~ - - - - - _ - - - - - _ - - _ -
_:::: _  _  _

_ _  K K K K K

U - - - -  — _ _  - - - - —  _ _  - -  _ _  —

.- x :  

— 

K X  K 
_ _ _  — —  _ _ _  —

~!i ~~~~~~ 
* :  K :  

_ _  - -  _ _  —

K :  

— -  _ _ _  —
a 

K : X  K K :N  

_ _  - -  

K X  

-

-

~h N : :: K  x : : K  

_ _  - -  _ _

H 
_ _  _ _ _

h / 
::_ :..i _ _  

K K

I •jI -;j I 
~

_ _ _ _ _ _ _ _ _ _ _ _ _ _  

i J ’ 1 1 1 1 1 iIII1III~_
liii

_
lb

/ _ _ _ _ _  

~~~~~~~ ~1b~~’h~a 

~~ H-i 
- -  - — —

i 

~~ 

- -

~~~~~ ~~ 

—
-

- ,- --- _ 
-—----------- 7-- 4 

-
~~~~~ 

. - ~~ ~~ - 



- -  -— ~~~~~~~~~~~~~~~~~~~~~~~~~

APPENDIX I
- FJA SCALES

-
~ 4

~ 4

~~~~~~~ 
-

I;

- I—i

- -~-- i---
~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

—



¶ r —v — — ——-— ~~~~~~~~~~~~ — —-74-— ——

I g

Q
I Z - 

~~~

~rr11”LD Ir r1 T_ -7
I z ~

N cd

4 Hri~~ .
H ,

Cl) ZI-

-

I

1-3

II 
- 

—--—--4- -7—- — -— — — —
________ - -


